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Forward

Architectural research investigates issues related to the physical, aesthetic, and social aspects of the 
built environment, including the well-being of its inhabitants. Architectural education promotes the 
understanding of principles, concepts and lessons learned from practice and architectural research. 
In practice, designers and clients exchange a variety of ideas, problems, strategies, and solutions. 
Ultimately, we seek ways to link research and practice to the classroom so that our students will 
become better stewards of the environment.

This year’s theme, “Green Challenges” offers a venue for participants to present research issues that 
help move architectural education to a greener and sustainable future. The conference is open to 
a diversity of topics yet focused on current research, innovations, programs, and activities, which 
participants will present in parallel sessions. Roundtable discussions will allow participants to discuss 
green topics, exchange ideas, and develop potential collaborations on research projects.

These proceedings present papers that address a number of issues including:
• Would applying (what are claimed to be) sustainable design principles be enough to protect and 

guarantee the sustainability of our environment?
•  What are the new issues that architectural researchers and educators should now focus upon?
•  How does current building design protect the inhabitants from extreme changing climates? Or 

should we be more adaptable in our behavior? 
• What are the top ten, most important design moves that students should know how to do in order 

to design carbon neutral buildings?
All papers published in these proceedings went through rigorous, blind refereeing processes by the 3 
reviewers from the ARCC Board and Technical Committee. We received 47 paper submissions by authors 
from 30 institutions in the United States, Canada, and Korea. Of these, 32 were accepted with revisions 
and 1 author withdrew. There were five invited presentations and five keynote presentations that are 
not included in the proceedings.

The final 31 papers presented in these proceedings are categorized into a number of topics:
• Building Case Studies 
•  Community and Urban Design
• Daylighting and Electric Lighting 
• Education
•  Energy and Resource Efficiency 
•  Human Context
•  Materials and Construction 
•  Philosophy and Theory for Advancing Green Design 

On behalf of the Architectural Research Centers Consortium, we would like to express our gratitude to 
all the reviewers who contributed their time in the review process of the papers.

Alison G. Kwok
Conference Organizer

© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007
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Ç Ü Ü Ç Ä À Å À Ç ¿ Å Ç À ß Â ¿ Å À È Æ Å Þ Â À Ã Û Ç ¿ Û Â Ã ¿ Ä á ë À Ä Å Ç Ã À Û Ü Ã Â Ä Â Ã Á Ø Å À Ç ¿ À Ä Å Ä à Ø ¿ Å Â ß Å Þ Â Þ À Ä Å Ç Ã À Û Ý Í À Ú ß À ¿ Ê � è Û ê À ¿ Ú Â Æ Ï ¿ ¿ Â ä �Ã Â ¿ Ç Á Ø Å Â ß á . Ç Û Ø Ú Ý Í Ä À ¿ Â Ä Ä Ú Â Ø ß Â Ã Ä ß À ß ¿ Ç Å Ä Í Ü Ü Ç Ã Å Å Þ Â Û Þ Í Ã Û Þ ú Ä Ã Â 	 Í Â Ä Å È Ç Ã Ä À Ê ¿ À È À Û Ø ¿ Å Á Ø Ã À Ø ¿ Û Â Ä á Ñ Þ Â Ä Å Í ß Â ¿ Å Äß À ß ¿ Ç Å à Ø ¿ Å Å Þ Â Ú Ø Ã Ê Â Ü Ø Ã â À ¿ Ê Ê Ø Ã Ø Ê Â À ¿ À Å À Ø Ú Ú Æ Ü Ã Ç Ü Ç Ä Â ß Ý Æ Å Þ Â Û Þ Í Ã Û Þ Ë à Þ À Û Þ Ø Û Û Ç Ù Ù Ç ß Ø Å Â ß Ç Á Â Ã ø þ ù Û Ø Ã Ä á Ñ Þ Â ÆÈ Â Ú Å Å Þ À Ä à Ç Í Ú ß Â ¿ Û Ç Í Ã Ø Ê Â ß Ã À Á À ¿ Ê Ç Á Â Ã Ø Ú Å Â Ã ¿ Ø Å À Á Â Ù Â Ø ¿ Ä Ç È Å Ã Ø ¿ Ä Ü Ç Ã Å Ø Å À Ç ¿ á Ï ¿ ß Å Þ Â Æ à Ø ¿ Å Â ß Å Þ Â Ý Í À Ú ß À ¿ Ê Å Ç Ý Âß Â Ä À Ê ¿ Â ß À ¿ Ø à Ø Æ Å Þ Ø Å à Ç Í Ú ß Ù À ¿ À Ù À å Â À Å Ä Â ¿ Á À Ã Ç ¿ Ù Â ¿ Å Ø Ú À Ù Ü Ø Û Å à Þ À Ú Â Ü Ã Ç Á À ß À ¿ Ê Ü Í Ý Ú À Û Ú Æ Ø Û Û Â Ä Ä À Ý Ú Â Ç Ü Â ¿ Ä Ü Ø Û Â áÕ ¿ Ã Â Û Ç ¿ Ä À ß Â Ã À ¿ Ê Å Þ Â ß Â Ä À Ê ¿ Ë Å Þ Â Û Ç ¿ Û Â Ü Å ß Â Ä À Ê ¿ Å Â Ø Ù Ä Å Ã Â Ä Ä Â ß Å Ç Å Þ Â Û Þ Í Ã Û Þ Å Þ Ø Å Å Þ Â Ü Ã Ç é Â Û Å Ä Þ Ç Í Ú ß Ã Â Ä Ü Ç ¿ ß Å ÇÅ Þ Â Ä Â Û Ç ¿ Û Â Ã ¿ Ä Ø ¿ ß À Å Ä Þ Ç Í Ú ß È À Å à À Å Þ À ¿ À Å Ä Û Ç ¿ Å Â ä Å à Þ À Ú Â Û Ç ¿ Å Ã À Ý Í Å À ¿ Ê Å Ç Å Þ Â Ú Ø Ã Ê Â Ã ¿ Â À Ê Þ Ý Ç Ã Þ Ç Ç ß Ä Å Ã Í Û Å Í Ã Â á Ñ Þ ÂÞ À Ä Å Ç Ã À Û Ý Í À Ú ß À ¿ Ê Ä Þ Ç Í Ú ß Ý Â Ã Â ¿ Ç Á Ø Å Â ß Ø ¿ ß À ¿ Û Ç Ã Ü Ç Ã Ø Å Â ß À ¿ Å Ç Å Þ Â Ç Á Â Ã Ø Ú Ú Û Ø Ù Ü Í Ä ß Â Ä À Ê ¿ Ë Å Þ Â Þ Â À Ê Þ Å Ç È Å Þ Â ¿ Â àÝ Í À Ú ß À ¿ Ê � , Â ¿ Â Á Ø ë Ø Ú Ú � Ä Þ Ç Í Ú ß ¿ Ç Å Â ä Û Â Â ß Å Þ Ã Â Â È Ú Ç Ç Ã Ä � æ À Ê á � � Ë Ø Ä À Ê ¿ À È À Û Ø ¿ Å Ü Í Ý Ú À Û Ú Æ Ø Û Û Â Ä Ä À Ý Ú Â Ü Ú Ø å Ø Ä Þ Ç Í Ú ß Ý ÂÜ Ø Ã Å Ç È Å Þ Â ß Â Ä À Ê ¿ Ë Ø ¿ ß Ä Å Ã Í Û Å Í Ã Â ß Ü Ø Ã â À ¿ Ê Ä Þ Ç Í Ú ß Ý Â â Â Ü Å Å Ç Ø Ù À ¿ À Ù Í Ù á Õ ¿ Å Â Ã Ù Ä Ç È Â ¿ Á À Ã Ç ¿ Ù Â ¿ Å Ø Ú Ä Å Â à Ø Ã ß Ä Þ À Ü ËÅ Þ Â ß Â Ä À Ê ¿ Ä Þ Ç Í Ú ß Ë Ø Å Ø Ù À ¿ À Ù Í Ù Ë Ø Ú Ú Ç à È Ç Ã Ü Ø Ä Ä À Á Â Û Ç Ç Ú À ¿ Ê Ø ¿ ß Þ Â Ø Å À ¿ Ê Ë Ø ¿ ß Ø Ý Í ¿ ß Ø ¿ Å ¿ Ø Å Í Ã Ø Ú Ú À Ê Þ Å À ¿ Ê á
� ö ( 5 � � � � 3 � � ) ) ö ) ( 8 � 9 * � � 1 � � ö � ) % � ö � ÷ � � � � ÷ : 9 � � � ö � ) 3 � 5 � ; � � + 6 � � < � � � 9ê ¿ Ç à ¿ Ø Ä , Â ¿ Â Á Ø ë Ø Ú Ú Ë Å Þ Â ¿ Â à Ý Í À Ú ß À ¿ Ê � Û Â ¿ Å Â Ã À ¿ À Ù Ø Ê Â Ø Ý Ç Á Â � Ã Â Ä Ü Â Û Å Ä Å Þ Â Û Ç Ã ¿ À Û Â Ú À ¿ Â Â Ä Å Ø Ý Ú À Ä Þ Â ß Ý Æ Ø ¿Â ä À Ä Å À ¿ Ê ¾ ¿ À Á Â Ã Ä À Å Æ Ç È Ó Ø Ú À È Ç Ã ¿ À Ø ß Ç Ã Ù À Å Ç Ã Æ � Ú Â È Å � Ø ¿ ß Å Þ Â Û Þ Í Ã Û Þ ú Ä Â ä À Ä Å À ¿ Ê Ä Ø ¿ Û Å Í Ø Ã Æ � Ã À Ê Þ Å �= > ? @ A B C D ? E ? F G H I A J A K ? D L M ? L NÑ Þ Ã Ç Í Ê Þ Ç Í Å Å Þ Â Ã Â ß Â Ä À Ê ¿ Ë Û Ç Ù Ù Í ¿ À Û Ø Å À Ç ¿ à À Å Þ Å Þ Â ¿ Â À Ê Þ Ý Ç Ã Þ Ç Ç ß Ê Ã Ç Í Ü Ä Ø ¿ ß Å Þ Â Û Ç ¿ Ê Ã Â Ê Ø Å À Ç ¿ à Ø Ä Â Ä Ä Â ¿ Å À Ø Ú Å ÇÂ ¿ Ä Í Ã Â Å Þ Ø Å Ø Ú Ú Ü Ø Ã Å À Â Ä Ã Â Ù Ø À ¿ Â ß Û Ç Ù Ù À Å Å Â ß Å Ç Å Þ Â ¿ Â à ß À Ã Â Û Å À Ç ¿ á æ Ç Ã Å Þ Â Û Ç ¿ Ê Ã Â Ê Ø Å À Ç ¿ Ë Ü Â Ã Þ Ø Ü Ä Å Þ Â Ù Ç Ä Å ß À È È À Û Í Ú ÅÜ Ø Ã Å Ç È Å Þ Â Ã Â ß Â Ä À Ê ¿ à Ø Ä Å Þ Â Ã Â ¿ Ç Á Ø Å À Ç ¿ Ç È Å Þ Â Þ À Ä Å Ç Ã À Û Ý Í À Ú ß À ¿ Ê á è Ø ¿ Æ Ù Â Ù Ý Â Ã Ä à Â Ã Â Ä Å À Ú Ú Ý À Å Å Â Ã Ø Ý Ç Í Å Å Þ Â Ú Ø à Ä Í À ÅØ ¿ ß à Â Ã Â Í ¿ À Ù Ü Ã Â Ä Ä Â ß à À Å Þ Å Þ Â Ý Í À Ú ß À ¿ Ê ú Ä Ø Ü Ü Â Ø Ã Ø ¿ Û Â á Ñ Þ Â � ù ù ã Æ Â Ø Ã Ç Ú ß Ý Í À Ú ß À ¿ Ê à Ø Ä Ã Ø Å Þ Â Ã Ã Í ¿ ß Ç à ¿ Ø ¿ ß À Å ÄÝ Ø Û â Ä À ß Â È Ø Û Â ß Å Þ Â Û Þ Í Ã Û Þ Ü Ã Ç Ü Â Ã Å Æ á Ñ Ç Ø ß ß Ã Â Ä Ä Å Þ À Ä Û Ç ¿ Û Â Ã ¿ Ë Å Þ Â Ã Â Á À Ä Â ß Ü Ú Ø ¿ Û Ø Ú Ú Â ß È Ç Ã Ø Ú Ú ¿ Â à Â ä Å Â Ã À Ç ÃÙ Ø Å Â Ã À Ø Ú Ä Å Ç Ã Â Ü Ú Ø Û Â Å Þ Â ß Â Å Â Ã À Ç Ã Ø Å Â ß Ã Ç Ç È À ¿ Ê Ø ¿ ß Ä À ß À ¿ Ê Ø ¿ ß Ë Ù Ç Ã Â Ä À Ê ¿ À È À Û Ø ¿ Å Ú Æ Ë Å Þ Â Ü Ú Ø ¿ Û Ø Ú Ú Â ß È Ç Ã Ã Ç Å Ø Å À ¿ Ê Å Þ ÂÝ Í À Ú ß À ¿ Ê � � ù ß Â Ê Ã Â Â Ä Ä Ç Å Þ Ø Å À Å Ä Â ¿ Å Ã Æ Ü Ç Ã Û Þ Û Ç Í Ú ß È Ø Û Â Ø ¿ Â à Ü Ú Ø å Ø Ç ¿ Å Þ Â Û Þ Í Ã Û Þ ú Ä Ü Ã Ç Ü Â Ã Å Æ á æ Ç Ã Å Þ ÂÜ Ã Â Ä Â Ã Á Ø Å À Ç ¿ À Ä Å Ä Ë Å Þ À Ä Ã Ç Å Ø Å À Ç ¿ Û Ø Í Ä Â ß Ä Ç Ù Â ß À Ä Ü Ú Â Ø Ä Í Ã Â á Î Ç Ù Â Å Þ Ç Í Ê Þ Å Å Þ Ø Å À È Å Þ Â Û Þ Í Ã Û Þ Û Ç Í Ú ß Ã Ç Å Ø Å Â Ø Þ À Ä Å Ç Ã À ÛÝ Í À Ú ß À ¿ Ê Ë Å Þ Â ¿ Ç Å Þ Â Ã Ç à ¿ Â Ã Ä Ç È Þ À Ä Å Ç Ã À Û Ü Ã Ç Ü Â Ã Å À Â Ä Ù À Ê Þ Å à Ø ¿ Å Å Ç ß Ç Å Þ Â Ä Ø Ù Â á Ð Í Å Ø È Å Â Ã ¿ Í Ù Â Ã Ç Í Ä ß À Ä Û Í Ä Ä À Ç ¿ Ä Ë Ø Ú ÚÜ Ø Ã Å À Â Ä Ø Ê Ã Â Â ß Å Þ Ø Å Ã Ç Å Ø Å À ¿ Ê Å Þ Â Ý Í À Ú ß À ¿ Ê à Ø Ä À ¿ Å Þ Â Ý Â Ä Å À ¿ Å Â Ã Â Ä Å Ç È Å Þ Â Û Þ Í Ã Û Þ Ø ¿ ß Å Þ Â Ý Í À Ú ß À ¿ Ê á Ð Â Û Ø Í Ä Â Ç È Å Þ À ÄÛ Ç Ú Ú Ø Ý Ç Ã Ø Å À Á Â Ü Ã Ç Û Â Ä Ä Ë à Þ Â Ã Â Â Ø Û Þ Ü Ø Ã Å Æ ú Ä Ê Ç Ø Ú Ä à Â Ã Â Ù Â Å À ¿ Ø à Ø Æ Å Þ Ø Å Ä Å À Ú Ú Ø Ú Ú Ç à Â ß È Ç Ã Ã Ø Å Þ Â Ã Û Ã Â Ø Å À Á Â Ä Ç Ú Í Å À Ç ¿ Ä ËÅ Þ Â Å Þ Ã Â Â ¿ Â À Ê Þ Ý Ç Ã Þ Ç Ç ß Ê Ã Ç Í Ü Ä Å Þ Ø Å Ç Ü Ü Ç Ä Â ß Å Þ Â À ¿ À Å À Ø Ú Ü Ã Ç é Â Û Å à Ã Ç Å Â Ú Â Å Å Â Ã Ä Å Ç Å Þ Â û Ç ¿ À ¿ Ê Ð Ç Ø Ã ß À ¿ È Ø Á Ç Ã Ç È Å Þ ÂÃ Â Á À Ä Â ß Ü Ú Ø ¿ á Ñ Þ À Ä Ä Í Ü Ü Ç Ã Å à Ø Ä Â Ä Ä Â ¿ Å À Ø Ú á Õ ¿ Å Þ Â Â ¿ ß Ë Å Þ Â Û Ç ¿ Ê Ã Â Ê Ø Å À Ç ¿ Í ¿ Ø ¿ À Ù Ç Í Ä Ú Æ Ø ß Ç Ü Å Â ß Å Þ Â Ã Â Á À Ä Â ß Ü Ã Ç é Â Û ÅØ ¿ ß Å Þ Â û Ç ¿ À ¿ Ê Ð Ç Ø Ã ß Í ¿ Ø ¿ À Ù Ç Í Ä Ú Æ Ø Ü Ü Ã Ç Á Â ß Å Þ Â Ø Ü Ü Ú À Û Ø Å À Ç ¿ á Ó Ç ¿ Ä Å Ã Í Û Å À Ç ¿ Û Ç Ù Ù Â ¿ Û Â ß À ¿ Å Þ Â Ä Í Ù Ù Â Ã Ç È ø ù ù ÿØ ¿ ß È Í Ú Ú Ç Û Û Í Ü Ø ¿ Û Æ Ç Û Û Í Ã Ã Â ß À ¿ ø ù ù � áO � � P � � í ñ ì í � î Q � ó ð í ó � � î ð R S � í T ì ï ð í U � í î � V W ñ � X ì � í/ � � � Y ) ; � 1 � � ö ) ( � � � � � � Z � ; � [ ÷ \ 5 � � ö � � � * ) 1 ö � � ) 4 � ) � ÷Ï Ý Í À Ú ß À ¿ Ê Â ä À Ä Å Ä à À Å Þ À ¿ Ø Û Ç ¿ Å Â ä Å Å Þ Ø Å Þ Ø Ä ¿ Ç Ü Ã Ç Ü Â Ã Å Æ Ú À ¿ Â Ä á ô Þ À Ú Â ¿ Â Â ß Ä Ç È Ü Ã Ç Ü Â Ã Å Æ Ç à ¿ Â Ã Ä Ù Í Ä Å Ý Â Ø Û Û Ç Í ¿ Å Â ßÈ Ç Ã Ë Å Þ Â Ç à ¿ Â Ã Ä Ù Í Ä Å Ø Ú Ä Ç Ã Â Ø Ú À å Â Å Þ Ø Å Å Þ Â À Ã Ü Ã Ç é Â Û Å Ä Þ Ø Á Â À Ù Ü Ø Û Å Ä Ý Â Æ Ç ¿ ß Å Þ Â À Ã Ü Ã Ç Ü Â Ã Å Æ Ú À ¿ Â Ä á Ñ Þ Â Ä Â À ¿ Û Ú Í ß ÂÁ À Ä Í Ø Ú Ë Ø Â Ä Å Þ Â Å À Û Ë Ø ¿ ß Â ¿ Á À Ã Ç ¿ Ù Â ¿ Å Ø Ú À Ù Ü Ø Û Å Ä á Ð Í Å À È ß Â Ä À Ê ¿ Â Ã Ä Ç ¿ Ú Æ Û Ç ¿ Ä À ß Â Ã Å Þ Â Â ¿ Á À Ã Ç ¿ Ù Â ¿ Å À ¿ À Å Ä ¿ Ø Ã Ã Ç à Â Ä ÅÅ Â Ã Ù Ä Ë À ¿ Å Â Ã Ù Ä Ç È Â ¿ Â Ã Ê Æ Í Ä Â Ø ¿ ß Ù Ø Å Â Ã À Ø Ú Ä Â Ú Â Û Å À Ç ¿ Ë Å Þ Â Æ Ù Ø Æ Ã Í ¿ Å Þ Â Ã À Ä â Ç È ¿ Ç Å Ê Â Å Å À ¿ Ê Ø ¿ Æ Å Þ À ¿ Ê Ý Í À Ú Å á Õ ¿ Å Þ ÂÜ Í Ý Ú À Û Ø Ü Ü Ã Ç Á Ø Ú Ü Ã Ç Û Â Ä Ä È Ç Ã Å Þ À Ä Ü Ã Ç é Â Û Å Ë Å Þ Â Ä Â À ß Â Ø Ä Û Ø Ã Ã À Â ß Ú À Å Å Ú Â à Â À Ê Þ Å Ë Â Á Â ¿ À ¿ Ø Û À Å Æ Ø Ä Ü Ã Ç Ê Ã Â Ä Ä À Á Â Ø ÄÐ Â Ã â Â Ú Â Æ á è Ç Ã Â À Ù Ü Ç Ã Å Ø ¿ Å à Ø Ä Å Þ Â È À Å Ý Â Å à Â Â ¿ Å Þ Â Ü Ã Ç Ü Ç Ä Â ß Ü Ã Ç é Â Û Å Ø ¿ ß À Å Ä Ä Ç Û À Ç ã Û Í Ú Å Í Ã Ø Ú Û Ç ¿ Å Â ä Å áÕ È Ö Ê Ã Â Â ¿ × À Ä Ø ¿ Â ¿ Á À Ã Ç ¿ Ù Â ¿ Å Ø Ú Û Ç ¿ Û Â Ü Å Ø Ü Ü Ú À Û Ø Ý Ú Â Å Ç Å Þ Â ß Â Ä À Ê ¿ Ø ¿ ß Û Ç ¿ Ä Å Ã Í Û Å À Ç ¿ Ç È Ý Í À Ú ß À ¿ Ê Ä Ø ¿ ß Ú Ø ¿ ß Ä Û Ø Ü Â Ä ËÅ Þ Â ¿ à Â Ä Þ Ç Í Ú ß ¿ Ç Å Ú À Ù À Å Å Þ Â Ä Û Ç Ü Â Ç È Å Þ Â Û Ç ¿ Û Â Ü Å Ä Ç Ú Â Ú Æ Å Ç Å Þ Â ¿ Ø Å Í Ã Ø Ú Â ¿ Á À Ã Ç ¿ Ù Â ¿ Å á Ò Ø Å Þ Â Ã Ë à Â Ä Þ Ç Í Ú ß À ¿ Û Ú Í ß Ââ Â Æ Ö Â ¿ Á À Ã Ç ¿ Ù Â ¿ Å Ä × À ¿ à Þ À Û Þ ß Â Ä À Ê ¿ Â Ã Ä Ç Ü Â Ã Ø Å Â Ë À ¿ Û Ú Í ß À ¿ Ê Å Þ Â Ä Ç Û À Ç ã Û Í Ú Å Í Ã Ø Ú Ë Ü Ç Ú À Å À Û Ø Ú Ë Ø ¿ ß ¿ Ø Å Í Ã Ø Ú Â ¿ Á À Ã Ç ¿ Ù Â ¿ Å Ä áÕ ¿ Å Þ À Ä Ü Ã Ç é Â Û Å Ë Å Þ Â ß Â Ä À Ê ¿ Å Â Ø Ù Ã Â Û Ç Ê ¿ À å Â ß Å Þ Ø Å Å Ç Ý Â Ö Ê Ã Â Â ¿ Ë × Å Þ Â ß Â Ä À Ê ¿ Ù Í Ä Å Ã Â Û Ç Ê ¿ À å Â Å Þ Â À ¿ Å Â Ã Ã Â Ú Ø Å À Ç ¿ Ä Þ À ÜÝ Â Å à Â Â ¿ Å Þ Â Ä Â Ù Í Ú Å À Ü Ú Â Â ¿ Á À Ã Ç ¿ Ù Â ¿ Å Ä á
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Û Ç ¿ Å Ã Ç Á Â Ã Ä À Ø Ú ß Â Ä À Ê ¿ Å Þ Ø Å Ê Â ¿ Â Ã Ø Å Â ß Ä À Ê ¿ À È À Û Ø ¿ Å Ç Ü Ü Ç Ä À Å À Ç ¿ á 7 Â À Ê Þ Ý Ç Ã Þ Ç Ç ß Ê Ã Ç Í Ü Ä È Ç Ã Ù Â ß Å Ç Ý Ú Ç Û â Å Þ Â Ü Ã Ç é Â Û Å áb Ø Ã ß Ä À Ê ¿ Ä Ä Ü Ã Ç Í Å Â ß Ø Ã Ç Í ¿ ß Å Þ Â Û À Å Æ Í Ã Ê À ¿ Ê ß Â ¿ À Ø Ú Ç È Å Þ Â Û Ç ¿ Ê Ã Â Ê Ø Å À Ç ¿ ú Ä Ü Â Ã Ù À Å Ø Ü Ü Ú À Û Ø Å À Ç ¿ á Ï È Å Â Ã Û Ç ¿ Ä À ß Â Ã Ø Ý Ú Âß Â Ú Ø Æ Ë Å Þ Â Ü Ã Ç é Â Û Å à Ø Ä Ø Ü Ü Ã Ç Á Â ß Ý Æ Ç ¿ Â Û Ç Ù Ù À Ä Ä À Ç ¿ Å Þ Â ¿ ß Â ¿ À Â ß Ý Æ Ø ¿ Ç Å Þ Â Ã á Ñ Þ Â Ü Ã Ç é Â Û Å Â ¿ ß Â ß Í Ü Ç ¿ Ø Ü Ü Â Ø Ú Å ÇÅ Þ Â Û À Å Æ Û Ç Í ¿ Û À Ú á Ï Å Û Ç Í ¿ Û À Ú ß À Ã Â Û Å À Ç ¿ Ë Å Þ Â Ü Ø Ã Å À Â Ä à Â ¿ Å Å Þ Ã Ç Í Ê Þ Ä Â Á Â Ã Ø Ú Ã Ç Í ¿ ß Ä Ç È ¿ Â Ê Ç Å À Ø Å À Ç ¿ Ä Ø ¿ ß Ã Â ß Â Ä À Ê ¿ Ý Â È Ç Ã ÂØ Ü Â Ã Ù À Å à Ø Ä È À ¿ Ø Ú Ú Æ À Ä Ä Í Â ß á Ñ Þ À Ä à Ø Ä Ø ¿ Ç Í Å Û Ç Ù Â Å Þ Â ß Â Ä À Ê ¿ Å Â Ø Ù Ø ¿ ß Ü Ø Ä Å Ç Ã Ø Ú Ä Å Ø È È Ø Å æ À Ã Ä Å ç Ã Â Ä Ý Æ Å Â Ã À Ø ¿ Ó Þ Í Ã Û Þß À ß ¿ Ç Å à Ø ¿ Å á æ Ç Ã Å Í ¿ Ø Å Â Ú Æ Ë Å Þ Â Û Ç Ú Ú Ø Ý Ç Ã Ø Å À Á Â Ü Ã Ç Û Â Ä Ä Å Þ Ø Å Ý Ã Ç Í Ê Þ Å æ À Ã Ä Å ç Ã Â Ä Ý Æ Å Â Ã À Ø ¿ Ó Þ Í Ã Û Þ ú Ä Ü Ç Ú À Å À Û Ø Ú Ç Ü Ü Ç ¿ Â ¿ Å ÄÀ ¿ Å Ç Å Þ Â ß Â Ä À Ê ¿ Â È È Ç Ã Å Ä Í Û Û Â Â ß Â ß À ¿ Û Ã Â Ø Å À ¿ Ê Ø Ä Í Ü Ü Ç Ã Å À Á Â Ü Ç Ú À Å À Û Ø Ú Â ¿ Á À Ã Ç ¿ Ù Â ¿ Å á Ñ Þ Â Ã Â à Â Ã Â ¿ Ç Æ Ø Ã ß Ä À Ê ¿ Ä áÑ Þ Â Ü Ç Ú À Å À Û Ø Ú Â ¿ Á À Ã Ç ¿ Ù Â ¿ Å à À Å Þ À ¿ Å Þ Â Û Þ Í Ã Û Þ à Ø Ä Ø Ú Ä Ç Ø Û Þ Ø Ú Ú Â ¿ Ê À ¿ Ê Ç ¿ Â á Î Ü Â Û À È À Û Ø Ú Ú Æ Ë Ù Ø ¿ Æ Ù Â Ù Ý Â Ã Ä Ç È Å Þ ÂÛ Ç ¿ Ê Ã Â Ê Ø Å À Ç ¿ ß À ß ¿ Ç Å à Ø ¿ Å Å Ç Ä Ü Â ¿ ß Ø ¿ Æ Ù Ç ¿ Â Æ Ç ¿ Ã Â ¿ Ç Á Ø Å À ¿ Ê Å Þ Â è Û ê À ¿ Ú Â Æ Ï ¿ ¿ Â ä á Î Â Á Â Ã Ø Ú Ü Ã Ç Ù À ¿ Â ¿ Å Ù Â Ù Ý Â Ã ÄÄ Å Ã Â ¿ Í Ç Í Ä Ú Æ Ç Ü Ü Ç Ä Â ß Ã Â Ù Ç Á À ¿ Ê Ø Ä À Ê ¿ À È À Û Ø ¿ Å Å Ã Â Â Ç ¿ Å Þ Â Ä À Å Â Ë à Þ À Û Þ à Ø Ä Í ¿ È Ç Ã Å Í ¿ Ø Å Â Ú Æ À ¿ Å Þ Â à Ø Æ Ç È Û Ç ¿ Ä Å Ã Í Û Å À Ç ¿ áÉ Å Þ Â Ã Ù Â Ù Ý Â Ã Ä à Ø ¿ Å Â ß Å Þ Â Ý Í ß Ê Â Å ß Â Á Ç Å Â ß Ø Ú Ù Ç Ä Å Ä Ç Ú Â Ú Æ Å Ç Ý Í À Ú ß À ¿ Ê Ù Ç Ã Â Ü Ø Ã â À ¿ Ê á Ï ¿ ß Å Þ Â Ã Â à Â Ã Â Ù Â Ù Ý Â Ã Äà Þ Ç Ä À Ù Ü Ú Æ Û Ç Í Ú ß ¿ Ç Å é Í Ä Å À È Æ Ä Ü Â ¿ ß À ¿ Ê Ä Ç Ù Í Û Þ Ù Ç ¿ Â Æ Ç ¿ Û Ç ¿ Ä Å Ã Í Û Å À Ç ¿ à Þ Â ¿ Ä Ç Ù Ø ¿ Æ Ü Â Ç Ü Ú Â Ø Ã Ç Í ¿ ß Å Þ Â à Ç Ã Ú ßà Â Ã Â À ¿ ¿ Â Â ß Ç È Ý Ø Ä À Û Þ Â Ø Ú Å Þ Û Ø Ã Â Ë È Ç Ç ß Ë Ø ¿ ß Â ß Í Û Ø Å À Ç ¿ á Ï Å Ç ¿ Â Ü Ç À ¿ Å Ë Å Þ Â Î Â ¿ À Ç Ã ç Ø Ä Å Ç Ã Ë è Ø Ã â . Ø Ý Ý Â Ã Å Ç ¿ ËÃ Â Ù À ¿ ß Â ß Å Þ Â ß Â Ä À Ê ¿ Å Â Ø Ù Å Þ Ø Å Ç ¿ Â Ù Ø À ¿ Ã Â Ø Ä Ç ¿ Û Þ Í Ã Û Þ Â Ä Ä Ü Ú À Å À Ä Ç Á Â Ã Û Ç ¿ Ä Å Ã Í Û Å À Ç ¿ Ü Ã Ç é Â Û Å Ä á ô À Å Þ ß Ç å Â ¿ Ä Ç ÈÛ Ç Ù Ù À Å Å Â Â Ä Ø ¿ ß Þ Í ¿ ß Ã Â ß Ä Ç È Û Ç ¿ Ä Å À Å Í Â ¿ Å Ä Ë Å Þ À Ä à Ø Ä Ø Ã Â Ø Ú Ü Ç Ä Ä À Ý À Ú À Å Æ á Ñ Þ Ã Ç Í Ê Þ Ç Í Å Å Þ Â Ü Ã Ç Ê Ã Ø Ù Ù À ¿ Ê Ø ¿ ß ß Â Ä À Ê ¿Ü Ã Ç Û Â Ä Ä Ë Ø Ú Ú Ç È Å Þ Â Ä Â Û Ç ¿ Ä Å À Å Í Â ¿ Å Ä Þ Ø ß Å Ç Ý Â Þ Â Ø Ã ß Ë À ¿ È Ç Ã Ù Â ß Ç È Å Þ Â Ü Ã Ç Ê Ã Â Ä Ä Ë Ø ¿ ß Ø Å Å À Ù Â Ä Â ß Í Û Ø Å Â ß Ç ¿ Å Þ Âß Â Û À Ä À Ç ¿ ã Ù Ø â À ¿ Ê Ü Ã Ç Û Â Ä Ä Ø ¿ ß Ç Í Å Û Ç Ù Â Ä á/ � c � � � � d � � 5 � � � * ) 1 ö � � ) 4 � ) �Ñ Þ Â ¿ Ø Å Í Ã Ø Ú Â ¿ Á À Ã Ç ¿ Ù Â ¿ Å À Ä Ü Â Ã Þ Ø Ü Ä Å Þ Â Â Ø Ä À Â Ä Å Ç ¿ Â Å Ç ß Â Ø Ú à À Å Þ À ¿ Å Þ Â ß Â Ä À Ê ¿ Ü Ã Ç Û Â Ä Ä á Ï Ã Û Þ À Å Â Û Å Ä Ø Ã Â Å Æ Ü À Û Ø Ú Ú Æà Â Ú Ú Â ß Í Û Ø Å Â ß À ¿ à Ø Æ Ä Ý Í À Ú ß À ¿ Ê Ä Ä Þ Ç Í Ú ß Ã Â Ä Ü Ç ¿ ß Å Ç Û Ú À Ù Ø Å Â Ø ¿ ß Å Þ Â Â ¿ Á À Ã Ç ¿ Ù Â ¿ Å á è Ç Ã Â Ç Á Â Ã Ë Ù Ø ¿ Æ Ç È Å Þ ÂÄ Å Ã Ø Å Â Ê À Â Ä Â Ù Ü Ú Ç Æ Â ß Ý Æ Ø Ã Û Þ À Å Â Û Å Ä Ø Ã Â ¿ Ç Å Û Ç ¿ Å Ã Ç Á Â Ã Ä À Ø Ú Ø ¿ ß Ã Â Û Â À Á Â Ú À Å Å Ú Â ¿ Ç Å À Û Â á 7 Í Ù Â Ã Ç Í Ä Ã Â È Â Ã Â ¿ Û Â Ý Ç Ç â Ä Â ä À Ä ÅÅ Þ Ø Å Û Ø ¿ Ê Í À ß Â Å Þ Â ß Â Ä À Ê ¿ Ü Ã Ç Û Â Ä Ä á Õ ¿ Å Þ À Ä Û Ø Ä Â Ë , á û á Ð Ã Ç à ¿ ú Ä � ø ù ù ù � e f g h i j g k h l g k m j n o p à Ø Ä Â Ä Ü Â Û À Ø Ú Ú Æ Þ Â Ú Ü È Í Ú á` Â Â Ü Ç Á Â Ã Þ Ø ¿ Ê Ä Å Þ Ø Å Ä Þ Ø ß Â Ä Ç Í Å Þ Â Ú Â Á Ø Å À Ç ¿ Ä Ë Ã Â Û Â Ä Ä Â ß à À ¿ ß Ç à Ä Å Þ Ø Å Ý Ú Ç Û â ß À Ã Â Û Å Ä Í Ù Ù Â Ã Ä Í ¿ Ë ¿ Ø Ã Ã Ç à à À ¿ Ê Ä Å Þ Ø ÅØ Ú Ú Ç à Ú À Ê Þ Å À ¿ Ç ¿ Ù Í Ú Å À Ü Ú Â Ä À ß Â Ä Ë Å Þ À Û â à Ø Ú Ú Ä Å Þ Ø Å Ø Û Û Ç Ù Ù Ç ß Ø Å Â Ø Ù Ü Ú Â À ¿ Ä Í Ú Ø Å À Ç ¿ Ë Ø ¿ ß Ç Ü Â Ã Ø Ý Ú Â à À ¿ ß Ç à Ä Å Þ Ø ÅÄ Í Ü Ü Ç Ã Å ¿ Ø Å Í Ã Ø Ú Á Â ¿ Å À Ú Ø Å À Ç ¿ Ø Ã Â Û Ç Ù Ù Ç ¿ Ä Â ¿ Ä Â Ø Ü Ü Ã Ç Ø Û Þ Â Ä Å Ç ß Â Ä À Ê ¿ À ¿ Ê Ö Ê Ã Â Â ¿ × Ý Í À Ú ß À ¿ Ê Ä á æ Ç Ã Å Þ À Ä Ü Ã Ç é Â Û Å Ë Å Þ Âß Â Ä À Ê ¿ Å Â Ø Ù Ø Ú Ä Ç Ý Â ¿ Â È À Å Â ß È Ã Ç Ù Å Þ Â Ó À Å Æ Ç È Ð Â Ã â Â Ú Â Æ ú Ä , Ã Â Â ¿ Ð Í À Ú ß À ¿ Ê Ü Ã Ç Ê Ã Ø Ù Ë à Þ À Û Þ Ü Ã Ç Á À ß Â ß Ü Â Â Ã Â Á Ø Ú Í Ø Å À Ç ¿Ç È Å Þ Â ß Â Ä À Ê ¿ Ø ¿ ß Ø Û Ç Ù Ü Ú À Ø ¿ Û Â Ã Â Ü Ç Ã Å Å Þ Ø Å ¿ Ç Å Â ß Å Þ Â Ü Ã Ç é Â Û Å ú Ä Ä Í Û Û Â Ä Ä È Í Ú È Â Ø Å Í Ã Â Ä Ø ¿ ß Ç È È Â Ã Â ß Ã Â Û Ç Ù Ù Â ¿ ß Ø Å À Ç ¿ ÄÈ Ç Ã À Ù Ü Ã Ç Á Â Ù Â ¿ Å Ä á Ñ Þ Â Ã Â Ü Ç Ã Å ¿ Ç Å Â ß Ë È Ç Ã Â ä Ø Ù Ü Ú Â Ë Å Þ Ø Å Ð Â Ã â Â Ú Â Æ ú Ä Ù À Ú ß à Â Ø Å Þ Â Ã Ù Ø â Â Ä Å Þ Â Ø Ã Â Ø À ß Â Ø Ú È Ç Ã Ø Ü Ü Ú Æ À ¿ ÊÜ Ø Ä Ä À Á Â Þ Â Ø Å À ¿ Ê Ë Û Ç Ç Ú À ¿ Ê Ë Ø ¿ ß Á Â ¿ Å À Ú Ø Å À Ç ¿ Å Â Û Þ ¿ À 	 Í Â Ä Ï ¿ ¿ Í Ø Ú Ú Æ Ë Å Þ Â Û À Å Æ Þ Ø Ä é Í Ä Å � ÿ Û Ç Ç Ú À ¿ Ê ß Â Ê Ã Â Â ß Ø Æ Ä� Û Í Ù Í Ú Ø Å À Á Â ¿ Í Ù Ý Â Ã Ç È ß Â Ê Ã Â Â Ä Ü Â Ã Æ Â Ø Ã Ø Ý Ç Á Â � � á ÿ q Ó � Ø ¿ ß � Ë � � ø Þ Â Ø Å À ¿ Ê ß Â Ê Ã Â Â ß Ø Æ Ä � Ý Â Ú Ç à � � á ÿ q Ó � ár � S � ï � � í W X î ï � î � � ì � X# � � � � � � � ö � ÷ � s 4 � � � � � ö 1 �  0 � ) � 1 � � ö � )Ð Â È Ç Ã Â Û Ç ¿ Ä À ß Â Ã À ¿ Ê Ç Å Þ Â Ã Ä Å Ã Ø Å Â Ê À Â Ä Ë ß Â Ä À Ê ¿ Â Ã Ä Ø ¿ ß Ç à ¿ Â Ã Ä Ä Þ Ç Í Ú ß Ú Ç Ç â Å Ç Ã Â ¿ Ç Á Ø Å À Ç ¿ Ø Ä Å Þ Â È À Ã Ä Å Ö Ê Ã Â Â ¿ ×À Ù Ü Â Ã Ø Å À Á Â á Õ È Ø Ý Í À Ú ß À ¿ Ê ú Ä Ú À È Â Û Æ Û Ú Â Û Ø ¿ Ý Â Â ä Å Â ¿ ß Â ß Ë Å Þ Â ¿ Å Þ Â Â ¿ Á À Ã Ç ¿ Ù Â ¿ Å Ø Ú Ø ¿ ß Â Û Ç ¿ Ç Ù À Û Û Ç Ä Å Ä Ø Ä Ä Ç Û À Ø Å Â ß à À Å Þß Â Ù Ç Ú À Å À Ç ¿ Ø ¿ ß Å Þ Â Ü Ã Ç ß Í Û Å À Ç ¿ Ç È ¿ Â à Ù Ø Å Â Ã À Ø Ú Ä Û Ø ¿ Ý Â Ø Á Ç À ß Â ß á æ Ç Ã æ À Ã Ä Å ç Ã Â Ä Ý Æ Å Â Ã À Ø ¿ Ó Þ Í Ã Û Þ Ë Å Þ Â � � � á ø Ä Ù� � Ë � � � Ä È � è Û ê À ¿ Ú Â Æ Ï ¿ ¿ Â ä � æ À Ê á ø � Ø ¿ ß þ Ë ø þ ÿ á ÿ Ä Ù � þ � Ë þ � � Ä È � Ó Þ Ã À Ä Å À Ø ¿ Ì ß Í Û Ø Å À Ç ¿ Ý Í À Ú ß À ¿ Ê à Â Ã Â Ä Ø Á Â ß áÒ Â ¿ Ç Á Ø Å À Ç ¿ Ç È Å Þ Â È Ç Ã Ù Â Ã À ¿ Û Ú Í ß Â ß Ý Ã À ¿ Ê À ¿ Ê Å Þ Â Ç Ú ß Ý Í À Ú ß À ¿ Ê Í Ü Å Ç Ó Ø Ú À È Ç Ã ¿ À Ø ú Ä Å Ã À Û Å Â ¿ Â Ã Ê Æ Ë Ø Û Û Â Ä Ä À Ý À Ú À Å Æ Ë Ø ¿ ßÄ Â À Ä Ù À Û Ä Å Ø ¿ ß Ø Ã ß Ä á Ñ Þ Â Ç ¿ Ú Æ ¿ Â à Ý Í À Ú ß À ¿ Ê Ý Í À Ú Å Ø Ä Ü Ø Ã Å Ç È Å Þ Â Ü Ã Ç é Â Û Å à Ø Ä , Â ¿ Â Á Ø ë Ø Ú Ú � æ À Ê á ÿ � á

� ö ( 5 � � ÷ / t � u � ) 2 # t � u � \ ; v ö ) � � 9 ! ) ) � w t � � + � u � ) 2 � � � ) � x y � ) � 1 � z � � � t � ö ( � � uÑ Þ Â Ã Â ¿ Ç Á Ø Å Â ß Ø ¿ ¿ Â ä ß Â È À ¿ Â Ä Ç ¿ Â Â ß Ê Â Ç È Å Þ Â ¿ Â à Ü Ú Ø å Ø á , Â ¿ Â Á Ø ë Ø Ú Ú Û Ç ¿ Å À ¿ Í Â Ä Å Þ Â Ä Å Ã Â Â Å à Ø Ú Ú Ø Ú Ç ¿ Ê Ó Þ Ø ¿ ¿ À ¿ Êô Ø Æ Ø ¿ ß Ü Ã Ç Á À ß Â Ä Ø Ã Û Ø ß Â Ä Ø ¿ ß Ø Û Ú Â Ø Ã Ú Æ ß Â È À ¿ Â ß Å Ç à Â Ã Ù Ø Ã â À ¿ Ê Å Þ Â Ü Í Ý Ú À Û Â ¿ Å Ã Æ À ¿ Å Ç Å Þ Â Ü Ú Ø å Ø á= C D ? E ? M F G H I A J A K ? D L M ? L N
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Î Í Ã Ü Ã À Ä À ¿ Ê Ú Æ Ë Å Þ Â Û Ç Ä Å È Ç Ã Ã Â ¿ Ç Á Ø Å À Ç ¿ à Ø Ä Â Á Â ¿ ø ù - Ú Â Ä Ä Å Þ Ø ¿ ¿ Â à Û Ç ¿ Ä Å Ã Í Û Å À Ç ¿ á è Ç Ã Â Ç Á Â Ã Ë Å Þ Â Û Þ Í Ã Û Þ à Ø Ä Ø Ý Ú ÂÅ Ç Ê Â Å Ø Ã Â Ù Ø Ã â Ø Ý Ú Â Ý Í À Ú ß À ¿ Ê Ë à À Å Þ Ú Ø Ã Ê Â à À ¿ ß Ç à Ä Ø ¿ ß � ã Ù Â Å Â Ã Þ À Ê Þ Û Â À Ú À ¿ Ê Ä á Ï Ú Å Þ Ç Í Ê Þ Ù Ø ¿ Æ Ù Â Ù Ý Â Ã Ä Ç È Å Þ ÂÛ Þ Í Ã Û Þ à Â Ã Â Ã Â Ú Í Û Å Ø ¿ Å Ä Í Ü Ü Ç Ã Å Â Ã Ä Ç È Ã Â ¿ Ç Á Ø Å À ¿ Ê è Û ê À ¿ Ú Â Æ Ï ¿ ¿ Â ä Ë ¿ Ç à Å Þ Ø Å À Å À Ä À ¿ Í Ä Â Å Þ Â Ý Â ¿ Â È À Å Ä Ø Ã Â Û Ú Â Ø Ã á É ¿ ÂÇ Û Û Í Ü Ø ¿ Å à Þ Ç ß À ß ¿ Ç Å à Ø ¿ Å Å Ç Ù Ç Á Â È Ã Ç Ù Þ Â Ã Ç Ú ß à À ¿ ß Ç à Ú Â Ä Ä Û Ç Í ¿ Ä Â Ú Ú À ¿ Ê Ã Ç Ç Ù Ä Ë ¿ Ç à Ã Ø Á Â Ä Ø Ý Ç Í Å Þ Â Ã Ú À Ê Þ Å È À Ú Ú Â ßÇ È È À Û Â Ä Ø ¿ ß Ä Ø À ß Ë Ö ô Â ú Á Â Ý Â Â ¿ Û Ç Í ¿ Ä Â Ú Ú À ¿ Ê Ø Ú Ú Å Þ Â Ä Â Æ Â Ø Ã Ä À ¿ Å Þ Â ß Ø Ã â Ø ¿ ß ß À ß ¿ ú Å Â Á Â ¿ Ã Â Ø Ú À å Â À Å á 7 Ç à à Â ú Ã Â À ¿ Å Þ ÂÚ À Ê Þ Å Ë Ü Þ Æ Ä À Û Ø Ú Ú Æ Ø ¿ ß Ä Ü À Ã À Å Í Ø Ú Ú Æ × � ë Â ß Ú Í ¿ ß Ë ø ù ù � � á# � / � ! 3 � 4 � 5 ÷ ! � � � � � ; � � � y � � � ) ' � ÷ ö ( )Ñ Þ Â Â ä À Ä Å À ¿ Ê Û Ø Ù Ü Í Ä Þ Ø ß Å Þ Ã Â Â Ý Í À Ú ß À ¿ Ê Ä Ë Ø Ä Í Ã È Ø Û Â Ü Ø Ã â À ¿ Ê Ú Ç Å Ë Ø Ú À Å Å Ú Â Í Ä Â ß Û Ç Í Ã Å Æ Ø Ã ß Ë Ø ¿ ß Ø Ã Ø Å Þ Â Ã Ø Å Å Ã Ø Û Å À Á ÂÜ Ø Å À Ç Å Þ Ø Å È Ã Ç ¿ Å Â ß Å Þ Â Ä Ø ¿ Û Å Í Ø Ã Æ á . À Å Å Ú Â Å À Â ß Å Þ Â Ý Í À Ú ß À ¿ Ê Ä Å Ç Ê Â Å Þ Â Ã Ç Å Þ Â Ã Å Þ Ø ¿ Ø È Â à à Ø Ú â à Ø Æ Ä á Ñ Þ Â ß À Ä Û Ç ¿ ¿ Â Û Å Â ß¿ Ø Å Í Ã Â Ç È Å Þ Â Û Ø Ù Ü Í Ä Ú Â ß Å Þ Â Û Þ Í Ã Û Þ Å Ç Å Þ À ¿ â Ç È Å Þ Â Ý Í À Ú ß À ¿ Ê Ä À ¿ À Ä Ç Ú Ø Å À Ç ¿ á Ñ Þ Â Ù Â Ù Ý Â Ã Ä Û Ç ¿ Ä À ß Â Ã Â ß è Û ê À ¿ Ú Â ÆÏ ¿ ¿ Â ä à Ç Ã Å Þ Ú Â Ä Ä Ø ¿ ß Ø Û Ø ¿ ß À ß Ø Å Â È Ç Ã ß Â Ù Ç Ú À Å À Ç ¿ á Î Ç Ù Â Ä Ø à Å Þ Â Â ä À Ä Å À ¿ Ê Ä Ø ¿ Û Å Í Ø Ã Æ Ø Ä Ø Ê Ú Ø Ä Ä ã à Ø Ú Ú Â ß é Â à Â Ú Å Þ Ø ÅÄ Þ Ç Í Ú ß Ä Å Ø ¿ ß Ø Ú Ç ¿ Â á Õ ¿ Ø ß ß À Å À Ç ¿ Ë Å Þ Â Â ä À Ä Å À ¿ Ê Â ß Í Û Ø Å À Ç ¿ Ý Í À Ú ß À ¿ Ê � ô Â Ä Å Ù À ¿ Ä Å Â Ã ë Ø Ú Ú � à Ø Ä Ë Ø Û Û Ç Ã ß À ¿ Ê Å Ç Å Þ Â È À Ã Ä ÅØ Ã Û Þ À Å Â Û Å Ë Å Ç Ç Ç Ú ß Å Ç Â È È À Û À Â ¿ Å Ú Æ Ý Ã À ¿ Ê Í Ü Å Ç Û Í Ã Ã Â ¿ Å Ä Â À Ä Ù À Û Ä Å Ø ¿ ß Ø Ã ß Ä á ë Ç à Â Á Â Ã Ë Ç ¿ Û Â Å Þ Â ¿ Â à Û Ç ¿ Û Â Ü Å ß Â Ä À Ê ¿Å Â Ø Ù Ä Þ Ç à Â ß Ø Ä â Â Å Û Þ Å Þ Ø Å Í Ä Â ß Ø Ú Ø Ã Ê Â ¿ Â à Ü Ú Ø å Ø Å Ç Ú À ¿ â Å Þ Â Å Þ Ã Â Â Â ä À Ä Å À ¿ Ê Ý Í À Ú ß À ¿ Ê Ä à À Å Þ Å Þ Â ¿ Â à Â ß Í Û Ø Å À Ç ¿ Ø ¿ ßØ ß Ù À ¿ À Ä Å Ã Ø Å À Ç ¿ Ý Í À Ú ß À ¿ Ê Ë Ù Ø ¿ Æ À ¿ Å Þ Â Û Þ Í Ã Û Þ Ý Â Ê Ø ¿ Å Ç Ä Â Â Å Þ Â Á Ø Ú Í Â À ¿ Û Ã Â Ø Å À ¿ Ê Ø Ã Â Ø Ú Û Ø Ù Ü Í Ä ü Ø Ü Ú Ø Û Â à Þ Â Ã ÂÝ Í À Ú ß À ¿ Ê Ä Ä Þ Ø Ü Â Ç Í Å ß Ç Ç Ã Ã Ç Ç Ù Ä Ë à Þ Â Ã Â à Ø Ú â Ä Ø Ã Â ß À Ã Â Û Å Ø ¿ ß Û Ç Ù È Ç Ã Å Ø Ý Ú Â Ë Ø ¿ ß à Þ Â Ã Â Ú Ø ¿ ß Ä Û Ø Ü À ¿ Ê Ä Ç È Å Â ¿ Ä Å Þ ÂÂ ß Ê Â Ä � æ À Ê � � á Ñ Þ À Ä Ú Â ß Å Ç Ø Ù Ç Ã Â À ¿ Å Â Ê Ã Ø Å Â ß Á À Â à Ç È Å Þ Â À ¿ ß À Á À ß Í Ø Ú Ý Í À Ú ß À ¿ Ê Ä Ë à Þ À Û Þ à Â Ã Â ¿ Ç à Ü Ø Ã Å Ç È Ø à Þ Ç Ú ÂÂ ¿ Ä Â Ù Ý Ú Â á Ò Ø Å Þ Â Ã Å Þ Â ¿ Ä À Å À ¿ À Ä Ç Ú Ø Å À Ç ¿ { Å Þ Â Ý Í À Ú ß À ¿ Ê Ä Û Ç Í Ú ß à Ç Ã â Å Ç Ê Â Å Þ Â Ã Å Ç Û Ã Â Ø Å Â Ø à Ø Ú â Ø Ý Ú Â Û Ø Ù Ü Í Ä á Õ ¿ È Ø Û Å Ë Ø Ú ÚÅ Þ Â Ý Í À Ú ß À ¿ Ê Ä à Â Ã Â ¿ Â Â ß Â ß Å Ç Ü Ã Ç Á À ß Â Ä Ü Ø Å À Ø Ú ß Â È À ¿ À Å À Ç ¿ Å Ç Å Þ Â Û Ø Ù Ü Í Ä á Ñ Þ Â à À ß Â Ú Æ Ä Í Ü Ü Ç Ã Å Â ß Ü Ú Ø ¿ � Ø Å Ú Â Ø Ä Å à À Å Þ À ¿Å Þ Â Û Þ Í Ã Û Þ � Å Ç ß Â Ù Ç Ú À Ä Þ Å Þ Â è Û ê À ¿ Ú Â Æ Ï ¿ ¿ Â ä Ø ¿ ß ô Â Ä Å Ù À ¿ Ä Å Â Ã ë Ø Ú Ú à Ø Ä Å Ø â Â ¿ Ç È È Å Þ Â Å Ø Ý Ú Â Ú Ø Ã Ê Â Ú Æ Ý Â Û Ø Í Ä Â Ç È Å Þ ÂÛ Ø Ù Ü Í Ä Ø Ü Ü Ã Ç Ø Û Þ Å Ç ß Â Ä À Ê ¿ á

� ö ( 5 � � c � 3 � 4 � 5 ÷ � � � ) % � ö � ÷ � � � � ÷ : 9 � � � ö � ) 3 � 5 � ; � � + 6 � � < � � � 9, Â ¿ Â Á Ø ë Ø Ú Ú ú Ä ¿ Ø Ã Ã Ç à à À ¿ Ê Ä Ø ¿ ß Ø Ã Â ¿ Ç Á Ø Å Â ß è Û ê À ¿ Ú Â Æ Ï ¿ ¿ Â ä Þ Â Ú Ü Ä Þ Ø Ü Â Å Þ Â ¿ Â à Ç Í Å ß Ç Ç Ã Ü Ú Ø å Ø á| } ~ � � � � � � � � � � � � � � } � � � � � � � � � � � � } � � � � � � � � � � � � � � � � � � �
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# � # � y � � � ) ö ) ( � � � 6 5 ö � 2 ö ) ( ÷  ! ] ö 4 � � ö + ö � 2 ! � � � � � ; �æ Ç Ã Å Þ Â À ¿ ß À Á À ß Í Ø Ú Ý Í À Ú ß À ¿ Ê Ä Ë Ã Ø Å Þ Â Ã Å Þ Ø ¿ Ã Â Ú Æ Ç ¿ Û Ç Ù Ü Ú Â ä Ø Û Å À Á Â Ä Æ Ä Å Â Ù Ä Ë Å Þ Â Û Ç ¿ Û Â Ü Å ß Â Ä À Ê ¿ Å Â Ø Ù È Ç Û Í Ä Â ß Ç ¿Ü Ã Ç Á À ß À ¿ Ê Ú Ø Æ Ç Í Å Ä Å Þ Ø Å Ý Â ¿ Â È À Å È Ã Ç Ù Ü Ø Ä Ä À Á Â Ä Å Ã Ø Å Â Ê À Â Ä È Ç Ã Ú À Ê Þ Å À ¿ Ê Ë Þ Â Ø Å À ¿ Ê Ë Ø ¿ ß Û Ç Ç Ú À ¿ Ê á Ñ Þ Â È À Ã Ä Å Ù Ç Á Â à Ø Ä Å Ç¿ Ø Ã Ã Ç à Å Þ Â ¿ Â à Ý Í À Ú ß À ¿ Ê Ä Í Ý Ä Å Ø ¿ Å À Ø Ú Ú Æ È Ã Ç Ù Å Þ Â Ç Ã À Ê À ¿ Ø Ú ß Â Ä À Ê ¿ á Ò Ø Å Þ Â Ã Å Þ Ø ¿ ß Â Ä À Ê ¿ Ø ÿ ù ã Ù Â Å Â Ã à À ß Â Ý Í À Ú ß À ¿ Ê Ë Å Þ Â¿ Â à Ä Å Ø ¿ ß Ø Ã ß à Ø Ä È Ç Ã à Þ Ø Å Ø Ã Û Þ À Å Â Û Å Ó Þ Ã À Ä Ï Ú Â ä Ø ¿ ß Â Ã � � � � � � Û Ø Ú Ú Ä � ô À ¿ Ê Ä Ç È . À Ê Þ Å á ú ô Þ À Ú Â ¿ Ç Å Ø Ä ¿ Ø Ã Ã Ç à Ø ÄÏ Ú Â ä Ø ¿ ß Â Ã ú Ä Ü Ø Å Å Â Ã ¿ Ë Ø Å � � Ù Â Å Â Ã Ä Å Þ Â ¿ Â à Ý Í À Ú ß À ¿ Ê ú Ä à À ¿ Ê Ä Ø ¿ ß À ¿ Å Â Ã ¿ Ø Ú Ê Ú Ø å À ¿ Ê Ø Ú Ú Ç à Ú À Ê Þ Å Å Ç Â ¿ Å Â Ã Ø Ú Ù Ç Ä Å Â Á Â Ã ÆÄ Ü Ø Û Â È Ã Ç Ù Å à Ç Ä À ß Â Ä � æ À Ê Í Ã Â þ � á Ñ Þ À Ä Þ Ø Ä Ø Ü Ç Ä À Å À Á Â Â ¿ Á À Ã Ç ¿ Ù Â ¿ Å Ø Ú Ø ¿ ß Â Ù Ç Å À Ç ¿ Ø Ú Â È È Â Û Å á Ñ Þ Â Ç Á Â Ã Ø Ú Ú Ú Ø Æ Ç Í Å Ø ¿ ßÍ Ä Â Ç È Ç Ü Â Ã Ø Ý Ú Â à À ¿ ß Ç à Ä Ø Ú Ú Ç à Ä È Ç Ã Ü Ø Ä Ä À Á Â Á Â ¿ Å À Ú Ø Å À Ç ¿ Ø ¿ ß Â Ú À Ù À ¿ Ø Å Â Ä Å Þ Â ¿ Â Â ß È Ç Ã Ø À Ã ã Û Ç ¿ ß À Å À Ç ¿ À ¿ Ê á ¾ Ä À ¿ Ê ¿ Ø Å Í Ã Ø ÚÁ Â ¿ Å À Ú Ø Å À Ç ¿ � a À Ù Ü Ã Ç Á Â Ä Ø À Ã 	 Í Ø Ú À Å Æ Ë Â ¿ Ä Í Ã Â Ä Ê Ç Ç ß Á Â ¿ Å À Ú Ø Å À Ç ¿ Ø ¿ ß Ä Ø Á Â Ä Ý Ç Å Þ Â ¿ Â Ã Ê Æ Ø ¿ ß Ù Ç ¿ Â Æ Ë � Ø Û Û Ç Ã ß À ¿ Ê Å Ç. Â Ç ¿ , Ú À Û â Ä Ù Ø ¿ Ë ß À Ã Â Û Å Ç Ã Ç È è Õ Ñ � Ä Ð Í À Ú ß À ¿ Ê Ñ Â Û Þ ¿ Ç Ú Ç Ê Æ ç Ã Ç Ê Ã Ø Ù � Û À Å Â ß À ¿ Î Å Ø Í È È Â Ã ø ù ù � Ô � � á è Ç Ã Â Ç Á Â Ã Ë Ø Û Û Ç Ã ß À ¿ ÊÅ Ç 7 Ø ¿ Û Æ Î Å Ø Í È È Â Ã Ç È è Õ Ñ ú Ä . Ø Ý Ç Ã Ø Å Ç Ã Æ È Ç Ã Ì ¿ Â Ã Ê Æ Ø ¿ ß Å Þ Â Ì ¿ Á À Ã Ç ¿ Ù Â ¿ Å Ë Ä Å Í ß À Â Ä Þ Ø Á Â Ä Þ Ç à ¿ Å Þ Ø Å Ü Â Ç Ü Ú Â Ê Â ¿ Â Ã Ø Ú Ú ÆÈ Â Â Ú Ù Ç Ã Â Û Ç Ù È Ç Ã Å Ø Ý Ú Â À ¿ Ø ¿ Ø Å Í Ã Ø Ú Ú Æ Á Â ¿ Å À Ú Ø Å Â ß Ý Í À Ú ß À ¿ Ê Å Þ Ø ¿ À ¿ Ø ¿ Ø À Ã ã Û Ç ¿ ß À Å À Ç ¿ Â ß Ç ¿ Â � Î Å Ø Í È È Â Ã ø ù ù � � á Õ Å À ÄÍ ¿ È Ç Ã Å Í ¿ Ø Å Â Å Þ Ø Å È Â à Û Ç Ù Ù Â Ã Û À Ø Ú Ý Í À Ú ß À ¿ Ê Ä Ã Â Ú Æ Ç ¿ ¿ Ø Å Í Ã Ø Ú Á Â ¿ Å À Ú Ø Å À Ç ¿ á Ì Á Â ¿ À ¿ Ð Â Ã â Â Ú Â Æ Ë Å à Ç Ã Â Û Â ¿ Å Ú Æ Û Ç Ù Ü Ú Â Å Â ßÝ Í À Ú ß À ¿ Ê Ä à À Å Þ Ä À Ù À Ú Ø Ã È Í ¿ Û Å À Ç ¿ Ä � À á Â á Â ß Í Û Ø Å À Ç ¿ Ø ¿ ß Ø ß Ù À ¿ À Ä Å Ã Ø Å À Ç ¿ � à Â Ã Â Ý Í À Ú Å à À Å Þ È À ä Â ß à À ¿ ß Ç à Ä Ø ¿ ß Ø Ã Â Ú À Ø ¿ Û Â Ç ¿Ø À Ã Û Ç ¿ ß À Å À Ç ¿ À ¿ Ê á ç Â Ã Þ Ø Ü Ä Å Ç Ç È Â à Ý Í À Ú ß À ¿ Ê Ç à ¿ Â Ã Ä Û Ø ¿ Å Ç Ú Â Ã Ø Å Â Å Þ Â Å Ã Ø ß Â ã Ç È È ã ã Ø Ê Ã Â Ø Å Â Ã À ¿ Å Â Ã ¿ Ø Ú Å Â Ù Ü Â Ã Ø Å Í Ã ÂÄ à À ¿ Ê á Ï ß Ù À Å Å Â ß Ú Æ Ë Å Þ Â Å Â Ù Ü Â Ã Ø Å Â Û Ú À Ù Ø Å Â Ç È Ð Â Ã â Â Ú Â Æ Û Â Ã Å Ø À ¿ Ú Æ Þ Â Ú Ü Ä á 7 Â Á Â Ã Å Þ Â Ú Â Ä Ä Ë Ç Û Û Í Ü Ø ¿ Å Ä Ä Å À Ú Ú Â ä Ü Â Ã À Â ¿ Û Âß Ø À Ú Æ Å Â Ù Ü Â Ã Ø Å Í Ã Â Ä à À ¿ Ê Ä Ç È Í Ü Å Ç � ß Â Ê Ã Â Â Ä Ó Â Ú Ä À Í Ä á Î Í Ã Ü Ã À Ä À ¿ Ê Ú Æ Ë Å Þ Â Ã Â Þ Ø Á Â Ý Â Â ¿ È Â à Û Ç Ù Ü Ú Ø À ¿ Å Ä Ç ¿ Å Þ Â Ç È È À Û ÂÈ Ú Ç Ç Ã Ç Ã À ¿ Å Þ Â Û Ú Ø Ä Ä Ã Ç Ç Ù Ä Ø Ý Ç Í Å À ¿ ß Ç Ç Ã Å Â Ù Ü Â Ã Ø Å Í Ã Â Ä Â À Å Þ Â Ã Ý Â À ¿ Ê Å Ç Ç Þ Ç Å Ç Ã Å Ç Ç Û Ç Ú ß á Ñ Þ À Ä Û Ø ¿ Ý Â Ø Å Å Ã À Ý Í Å Â ß À ¿Ü Ø Ã Å Å Ç Å Þ Â È Ø Û Å Å Þ Ø Å Å Þ Â Ç Û Û Í Ü Ø ¿ Å Ä ¿ Â Á Â Ã Ý Â Û Ø Ù Â Ø Û Û Í Ä Å Ç Ù Â ß Å Ç Å Þ Â Ù Ç Ã Â Â ä Ø Û Å Å Â Ù Ü Â Ã Ø Å Í Ã Â Ä Ø Á Ø À Ú Ø Ý Ú Â à À Å Þ Ø À ÃÛ Ç ¿ ß À Å À Ç ¿ À ¿ Ê Ø ¿ ß Å Ç Å Þ Â È Ø Û Å Å Þ Ø Å Å Þ Â Æ Û Ø ¿ Ç Ü Â ¿ Ç Ã Û Ú Ç Ä Â Å Þ Â à À ¿ ß Ç à Ä Ø Ä ¿ Â Â ß Â ß Ë à Þ À Û Þ Ê À Á Â Ä Ç Û Û Í Ü Ø ¿ Å Ä Ø ¿À Ù Ü Ç Ã Å Ø ¿ Å Ä Â ¿ Ä Â Ç È Û Ç ¿ Å Ã Ç Ú Ç Á Â Ã Å Þ Â À Ã Â ¿ Á À Ã Ç ¿ Ù Â ¿ Å Ä á Õ È Å Þ Â Ç Û Û Í Ü Ø ¿ Å Ä Û Ø ¿ Ø Û Û Â Ü Å Ù Ç Ã Â È Ú Í Û Å Í Ø Å À Ç ¿ À ¿ Å Þ Â À ¿ Å Â Ã À Ç ÃÅ Â Ù Ü Â Ã Ø Å Í Ã Â Ë Å Þ Â Â ¿ Á À Ã Ç ¿ Ù Â ¿ Å Ø Ú Ý Â ¿ Â È À Å Ä Ø Ã Â Ä Í Ý Ä Å Ø ¿ Å À Ø Ú á ô À Å Þ À Å Ä ¿ Ø Å Í Ã Ø Ú Á Â ¿ Å À Ú Ø Å À Ç ¿ Ë ß Ø Æ Ú À Ê Þ Å À ¿ Ê Ë Ø ¿ ß Ü Ø Ä Ä À Á ÂÞ Â Ø Å À ¿ Ê Ë Í Ä À ¿ Ê Û Ç ¿ Ä Â Ã Á Ø Å À Á Â Ù Â Ø Ä Í Ã Â Ä Ë Å Þ Â Ã Â Á À Ä Â ß Ü Ú Ø ¿ Ä Ø Á Â Ä Ø ¿ Â Ä Å À Ù Ø Å Â ß � � Ë ù ù ù â ô Þ Ü Â Ã Æ Â Ø Ã Ë à Þ À Û ÞÅ Ã Ø ¿ Ä Ú Ø Å Â Ä À ¿ Å Ç Ø ¿ Ø ¿ ¿ Í Ø Ú Â Ä Å À Ù Ø Å Â ß Ó É ø Â Ù À Ä Ä À Ç ¿ Ã Â ß Í Û Å À Ç ¿ Ç È ø � Ë � ÿ � â À Ú Ç Ê Ã Ø Ù Ä � � � Ë � ù ù Ü Ç Í ¿ ß Ä � á Ñ Þ À ÄÃ Â Ü Ã Â Ä Â ¿ Å Ä Ø ø � - Ä Ø Á À ¿ Ê Ä Ç Á Â Ã Å Þ Â Ç Ã À Ê À ¿ Ø Ú Ü Ú Ø ¿ á É Á Â Ã Ø þ ù ã Æ Â Ø Ã Ü Â Ã À Ç ß Ë Å Þ À Ä Â 	 Í Ø Å Â Ä Å Ç Ä Ø Á À ¿ Ê Ä Ç È ¿ Â Ø Ã Ú Æ � á �Ù À Ú Ú À Ç ¿ â ô Þ Ø ¿ ß ¿ Â Ø Ã Ú Æ � á � Ù À Ú Ú À Ç ¿ â À Ú Ç Ê Ã Ø Ù Ä Ç È Ó É ø Â Ù À Ä Ä À Ç ¿ Ä á

� ö ( 5 � � � � ] � ; � ) 2 � � � � � � � � ) % y � ) � 1 � z � � �Ñ Þ Â ¿ Â à Ý Í À Ú ß À ¿ Ê ú Ä ¿ Ø Ã Ã Ç à à À ¿ Ê Ä Ø Ú Ú Ç à È Ç Ã Ú À Ê Þ Å Å Ç Â ¿ Å Â Ã Å à Ç Ä À ß Â Ä Ç È Â Á Â Ã Æ Û Ú Ø Ä Ä Ã Ç Ç Ù Ë Â À Å Þ Â Ã ß À Ã Â Û Å Ú Æ Å Þ Ã Ç Í Ê Þà À ¿ ß Ç à Ä Å Ç Å Þ Â Â ä Å Â Ã À Ç Ã Ë Ç Ã À ¿ ß À Ã Â Û Å Ú Æ Å Þ Ã Ç Í Ê Þ Ê Ú Ø Ä Ä ß Ç Ç Ã Ä Ø ¿ ß Ä À ß Â Ú À Ê Þ Å Ä á Õ ¿ Ø ß ß À Å À Ç ¿ Ë Ø Ú Ú Ç Û Û Í Ü À Â ß Ø Ã Â Ø Ä Þ Ø Á Âà À ¿ ß Ç à Ä Ë À ¿ Û Ú Í ß À ¿ Ê Å Þ Â â À Å Û Þ Â ¿ Ë Ä Å Ø À Ã à Ø Æ Ä Ë Û Ç Ã Ã À ß Ç Ã Ä Ë Ø ¿ ß Ý Ø Å Þ Ã Ç Ç Ù Ä á Î Ù Ø Ú Ú Ý Ø Ú Û Ç ¿ À Â Ä Ø ¿ ß Å Â Ã Ã Ø Û Â Ä Ç ¿ Å Þ Â Ä Ç Í Å ÞØ ¿ ß à Â Ä Å Ä À ß Â Û Ç ¿ ¿ Â Û Å Å Þ Â À ¿ Å Â Ã À Ç Ã Ø ¿ ß Â ä Å Â Ã À Ç Ã à Þ À Ú Â Ä Þ Ø ß À ¿ Ê Å Þ Â Ê Ú Ø å À ¿ Ê Ý Â Ú Ç à á
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c � 3 � d 3 & Y ] s � dÕ ¿ Å Þ À Ä Ü Ã Ç é Â Û Å Ë Å à Ç Ø Ã Û Þ À Å Â Û Å Ä Þ Ø ß Ø Á Â Ã Æ ß À È È Â Ã Â ¿ Å Í ¿ ß Â Ã Ä Å Ø ¿ ß À ¿ Ê Ç È Å Þ Â Ü Ã Ç é Â Û Å á Ñ Þ Â Ç Ã À Ê À ¿ Ø Ú ß Â Ä À Ê ¿ Â Ã Ä È Ç Û Í Ä Â ß Ç ¿Ø Â Ä Å Þ Â Å À Û À Ä Ä Í Â Ä Ë ¿ Ç Å Ç ¿ À Ä Ä Í Â Ä Ç È Ä Í Ä Å Ø À ¿ Ø Ý À Ú À Å Æ á ô Þ À Ú Â Å Þ Â Æ ß À ß Ø ¿ Ø ß Ù À Ã Ø Ý Ú Â é Ç Ý Ç È Ã Â Ä Ü Ç ¿ ß À ¿ Ê Å Ç Å Þ Â Û Ú À Â ¿ Å ú ÄÜ Ã Ç Ê Ã Ø Ù ¿ Â Â ß Ä À ¿ Å Â Ã Ù Ä Ç È Ä Ü Ø Û Â Ë Å Þ Â Æ È Ø À Ú Â ß Å Ç Á Ø Ú À ß Ø Å Â Å Þ Ç Ä Â Ã Â 	 Í À Ã Â Ù Â ¿ Å Ä Ø Ê Ø À ¿ Ä Å Å Þ Â Ú À Ù À Å Â ß Ý Í ß Ê Â Å Ç Ã Å Þ ÂÄ À Å Â ú Ä Û Ç ¿ Å Â ä Å Í Ø Ú Û Ç ¿ Ä Å Ã Ø À ¿ Å Ä á ô Þ Ø Å Â Ù Â Ã Ê Â ß à Ø Ä Ø ¿ Í ¿ Ý Í À Ú ß Ø Ý Ú Â Ü Ã Ç é Â Û Å á Ñ Þ Â ¿ Â à Û Ç ¿ Û Â Ü Å ß Â Ä À Ê ¿ Å Â Ø Ù Ã Â È Ã Ø Ù Â ßÅ Þ Â ß Â Ä À Ê ¿ Ø ¿ ß Â ¿ Û Ç Í Ã Ø Ê Â ß Å Þ Â Û Ú À Â ¿ Å Å Ç Å Þ À ¿ â Ç È À Ä Ä Í Â Ä Ý Â Æ Ç ¿ ß Ä Ü Ø Û Â Ø ¿ ß Ø Â Ä Å Þ Â Å À Û Ä á Ñ Þ Â Û Ú À Â ¿ Å ¿ Â Â ß Â ß Å ÇÃ Â Û Ç Ê ¿ À å Â Å Þ Ø Å Å Þ Â À Ã � Û Ç Ù Ù Í ¿ À Å Æ ú Â ä Å Â ¿ ß Â ß Ý Â Æ Ç ¿ ß Å Þ Â À Ã Ü Ã Ç Ü Â Ã Å Æ Ú À ¿ Â Ä Ø ¿ ß Í ¿ ß Â Ã Ä Å Ø ¿ ß Å Þ Ø Å Å Þ Â Ä À Å Â Û Ç Í Ú ß ¿ Ç ÅØ Û Û Ç Ù Ù Ç ß Ø Å Â Ø Ú Ú Ç È Å Þ Â À Ã ß Â Ä À Ã Â Ä Ë à Þ À Û Þ Ú Â ß Å Ç Ø Ã Â Ü Ã À Ç Ã À Å À å Ø Å À Ç ¿ Ç È ¿ Â Â ß Ä á Ñ Þ Â Ã Ç Ú Â Ç È Å Þ Â ß Â Ä À Ê ¿ Â Ã À Ä ¿ Ç Å Ä À Ù Ü Ú Æ Å ÇÙ Ø â Â Ø ¿ Ø Â Ä Å Þ Â Å À Û Ø Ú Ú Æ ã Ü Ú Â Ø Ä À ¿ Ê Ý Í À Ú ß À ¿ Ê Ë à Þ À Û Þ À ¿ Ø ¿ Æ Û Ø Ä Â À Ä Þ À Ê Þ Ú Æ Ä Í Ý é Â Û Å À Á Â Ë ¿ Ç Ã Ä Þ Ç Í Ú ß Å Þ Â ß Â Ä À Ê ¿ Â Ã Ä À Ù Ü Ú ÆÙ Â Â Å Å Þ Â Û Ú À Â ¿ Å ú Ä À ß Â ¿ Å À È À Â ß Ä Ü Ø Û Â ¿ Â Â ß Ä á Ò Ø Å Þ Â Ã Ë ß Â Ä À Ê ¿ Â Ã Ä Ä Þ Ç Í Ú ß Û Ç Ú Ú Ø Ý Ç Ã Ø Å Â à À Å Þ Å Þ Â À Ã Û Ú À Â ¿ Å Ä Å Ç Û Ã Â Ø Å Â ß Â Ä À Ê ¿ ÄÅ Þ Ø Å Ã Â Ä Ü Ç ¿ ß Å Ç Å Þ Â Ý Í ß Ê Â Å Ë Ù À Ä Ä À Ç ¿ Ø ¿ ß Û Ç ¿ Å Â ä Å � Ü Þ Æ Ä À Û Ø Ú Ë Ü Ç Ú À Å À Û Ø Ú Ë Û Í Ú Å Í Ã Ø Ú Ë Ø ¿ ß Â ¿ Á À Ã Ç ¿ Ù Â ¿ Å Ø Ú � áÑ Þ Â Û Ç ¿ È Â Ã Â ¿ Û Â Ç Ã Ê Ø ¿ À å Â Ã Ä Ø Ä â Â ß Ü Ø Ã Å À Û À Ü Ø ¿ Å Ä Å Ç Û Ç ¿ Ä À ß Â Ã Ë � ô Þ Ø Å Ø Ã Â Å Þ Â Å Ç Ü Å Â ¿ Ë Ù Ç Ä Å À Ù Ü Ç Ã Å Ø ¿ Å ß Â Ä À Ê ¿ Ù Ç Á Â ÄÅ Þ Ø Å Ä Å Í ß Â ¿ Å Ä Ä Þ Ç Í Ú ß â ¿ Ç à Þ Ç à Å Ç ß Ç À ¿ Ç Ã ß Â Ã Å Ç ß Â Ä À Ê ¿ Û Ø Ã Ý Ç ¿ ¿ Â Í Å Ã Ø Ú Ý Í À Ú ß À ¿ Ê Ä õ ú ô Þ À Ú Â ¿ Ç Å Ç Á Â Ã Ú Æ Å Â Û Þ ¿ À Û Ø Ú Ë Å Þ À ÄÛ Ø Ä Â Ä Å Í ß Æ Ü Ã Ç Á À ß Â Ä Ä Å Í ß Â ¿ Å Ä Â ä Ø Ù Ü Ú Â Ä Ç È ¿ Í Ù Â Ã Ç Í Ä � ß Â Ä À Ê ¿ Ù Ç Á Â Ä á ú Î Ü Â Û À È À Û Ø Ú Ú Æ Ë Ä Å Í ß Â ¿ Å Ä Ä Þ Ç Í Ú ß Ô� á Ú Â Ø Ã ¿ Þ Ç à Å Ç Ã Â Í Ä Â Ý Í À Ú ß À ¿ Ê Ä à Þ Â ¿ Â Á Â Ã Ü Ç Ä Ä À Ý Ú Â Ëø á ß Â Ä À Ê ¿ Ý Í À Ú ß À ¿ Ê Ä à À Å Þ ¿ Ø Ã Ã Ç à à À ¿ Ê Ä Å Ç Û Ø Ü Å Í Ã Â Ú À Ê Þ Å Ç ¿ Ù Í Ú Å À Ü Ú Â Ä À ß Â Ä Ëÿ á Ú Ø Æ Ç Í Å Ü Ã À Ù Ø Ã Æ Ã Ç Ç Ù Ä Ä Ç Å Þ Ø Å Å Þ Â Æ Þ Ø Á Â À ¿ Û Ç Ù À ¿ Ê ¿ Ø Å Í Ã Ø Ú Ú À Ê Þ Å È Ã Ç Ù Ø Å Ú Â Ø Ä Å Å à Ç Ä À ß Â Ä Ë� á Ø Ú Ú Ç à È Ç Ã ¿ Ø Å Í Ã Ø Ú Ú À Ê Þ Å Å Ç Ø Û Û Â Ä Ä ¿ Â Ø Ã Ú Æ Â Á Â Ã Æ Ä Ü Ø Û Â ü À ¿ Û Ú Í ß À ¿ Ê Ú Ç Ý Ý À Â Ä Ë Þ Ø Ú Ú à Ø Æ Ä Ë Ø ¿ ß Ý Ø Å Þ Ã Ç Ç Ù Ä Ëþ á Ü Ã Ç Á À ß Â Ç Ü Â Ã Ø Ý Ú Â à À ¿ ß Ç à Ä Å Ç Ø Ú Ú Ç à È Ç Ã ¿ Ø Å Í Ã Ø Ú Á Â ¿ Å À Ú Ø Å À Ç ¿ Ø ¿ ß Í Ä Â Ã Û Ç ¿ Å Ã Ç Ú Ë� á Ø ß ß Å Þ Â Ã Ù Ø Ú Ù Ø Ä Ä à Þ Â Ã Â Ü Ç Ä Ä À Ý Ú Â Å Ç Û Ø Ü Å Í Ã Â Ä Ç Ú Ø Ã Ê Ø À ¿ Ø ¿ ß Ã Â ß Í Û Â Þ Â Ø Å À ¿ Ê ß Â Ù Ø ¿ ß Ë� á À ¿ Û Ú Í ß Â ß Â Â Ü Ç Á Â Ã Þ Ø ¿ Ê Ä Ë Ø Ã Û Ø ß Â Ä Ë Ø ¿ ß Ã Â Û Â Ä Ä Â ß à À ¿ ß Ç à Ä Å Ç Ý Ú Ç Û â Å Þ Â Þ À Ê Þ Ä Í Ù Ù Â Ã Ä Í ¿ Ë� á Ø Á Ç À ß Ø À Ã ã Û Ç ¿ ß À Å À Ç ¿ À ¿ Ê Ë Ø ¿ ß Ë À È Ü Ç Ä Ä À Ý Ú Â Ë Ø Á Ç À ß È Ç Ã Û Â ß Ø À Ã Ä Æ Ä Å Â Ù Ä Ø Ú Ú Å Ç Ê Â Å Þ Â Ã Ë� á Ù Ø â Â Ý Í À Ú ß À ¿ Ê Ä Ä Ç Û Ç Ù È Ç Ã Å Ø Ý Ú Â Ø ¿ ß È Ú Â ä À Ý Ú Â Å Þ Ø Å È Í Å Í Ã Â Ç à ¿ Â Ã Ä à À Ú Ú Ø Á Ç À ß ß Â Ù Ç Ú À Å À Ç ¿ Ë Ø ¿ ß� ù á Ú Â Ø Ã ¿ Å Ç Ç Ü Â Ã Ø Å Â à À Å Þ À ¿ Å Þ Â Ä Ç Û À Ç ã Û Í Ú Å Í Ã Ø Ú Ë Ü Ç Ú À Å À Û Ø Ú Ë Ø ¿ ß ¿ Ø Å Í Ã Ø Ú Â ¿ Á À Ã Ç Ù Â ¿ Å Ä áô Þ À Ú Â Å Þ Â Ä Â Û Ç ¿ Û Â Ü Å Ä Ø Ã Â Þ Ø Ã ß Ú Æ Ç Ã À Ê À ¿ Ø Ú Ë Å Þ Â ß À Ä Ø Ü Ü Ç À ¿ Å À ¿ Ê È Ø Û Å Ã Â Ù Ø À ¿ Ä Å Þ Ø Å Â Á Â ¿ ¿ Â à Â Ã Ý Í À Ú ß À ¿ Ê Ä Ä Í Ü Ü Ç Ã Å À ¿ ÊÄ À Ù À Ú Ø Ã Í Ä Â Ä Ø Ã Â Ý Â À ¿ Ê Ý Í À Ú Å À ¿ Ð Â Ã â Â Ú Â Æ Ø ¿ ß Ø Ã Ç Í ¿ ß Å Þ Â Û Ç Í ¿ Å Ã Æ à À Å Þ Ç Í Å È Ç Ú Ú Ç à À ¿ Ê Ø ¿ Æ Ç È Å Þ Â Ä Â Ü Ç À ¿ Å Ä á Ï Ä Â Ã À Â Ä Ç ÈÅ Â ¿ Ü Ç À ¿ Å Ä Ø ¿ ß Ø à Â Ú Ú ã À ¿ Å Â ¿ Å À Ç ¿ Â ß Ü Ã Ç Û Â Ä Ä Ë Ú À â Â Å Þ Â Ç ¿ Â Í Ä Â ß Ý Æ Å Þ Â À ¿ À Å À Ø Ú Ø Ã Û Þ À Å Â Û Å Ä Ë à À Ú Ú ¿ Ç Å Ë Ý Æ Å Þ Â Ù Ä Â Ú Á Â Ä Ë Ú Â Ø ßÅ Ç Ê Ã Â Â ¿ Ý Í À Ú ß À ¿ Ê Ä á ` Â Ä À Ê ¿ Â Ã Ä Ù Í Ä Å Ã Â Ä Ü Â Û Å Å Þ Â Ä Ç Û À Ç ã Û Í Ú Å Í Ã Ø Ú Â ¿ Á À Ã Ç ¿ Ù Â ¿ Å Ø ¿ ß Â ¿ Ê Ø Ê Â à À Å Þ Å Þ Â Ü Ç Ú À Å À Û Ø ÚÂ ¿ Á À Ã Ç ¿ Ù Â ¿ Å À ¿ Ç Ã ß Â Ã Å Ç Ü Ã Ç ß Í Û Â Ý Í À Ú ß À ¿ Ê Ä Å Þ Ø Å Ù À ¿ À Ù À å Â Ç Í Ã À Ù Ü Ø Û Å Ç ¿ Å Þ Â ¿ Ø Å Í Ã Ø Ú Â ¿ Á À Ã Ç ¿ Ù Â ¿ Å á� ó � í ð � V � ñ � � U � í î XÑ Þ À Ä Ø Í Å Þ Ç Ã à Ø Ä Å Þ Â Ó Ç ¿ Û Â Ü Å Ï Ã Û Þ À Å Â Û Å Ø ¿ ß ç Ã Ç é Â Û Å è Ø ¿ Ø Ê Â Ã È Ç Ã Å Þ Â Ü Ã Ç é Â Û Å Ø ¿ ß à Ç Í Ú ß Ú À â Â Å Ç Ø Û â ¿ Ç à Ú Â ß Ê Â Å Þ Âà Ç Ã â Ç È Å Þ Â È À ¿ Ø Ú Ï Ã Û Þ À Å Â Û Å ü Ì . Î Ë Ø ¿ ß Å Þ Â Ù Â Ù Ý Â Ã Ä Ç È Å Þ Â æ À Ã Ä Å ç Ã Â Ä Ý Æ Å Â Ã À Ø ¿ Ó Þ Í Ã Û Þ ú Ä æ Ø Û À Ú À Å À Â Ä Ñ Ø Ä â æ Ç Ã Û Â Ø ¿ ßÏ Ã Û Þ À Å Â Û Å Í Ã Â Ø ¿ ß Ì ¿ Ê À ¿ Â Â Ã À ¿ Ê Ó Ç Ù Ù À Å Å Â Â á Ñ Þ Â Ø Í Å Þ Ç Ã à Ç Í Ú ß Â Ä Ü Â Û À Ø Ú Ú Æ Ú À â Â Å Ç Å Þ Ø ¿ â ç Ø Í Ú Ð Â Ã Ã Æ Ø ¿ ß � À Ù Ó Þ À Ú ß Â Ã Ä áï � R � ï � í ó � XÏ Ú Â ä Ø ¿ ß Â Ã Ë Ó Þ Ã À Ä Å Ç Ü Þ Â Ã Ë Î Ø Ã Ø Õ Ä Þ À â Ø à Ø Ë è Í Ã Ã Ø Æ Î À Ú Á Â Ã Ä Å Â À ¿ á � � � � á � � l p p � � g m l g n f l n � � �   ¡ g ¢ h £ f j ¤ k j g n ¢ h¥   g ¢ p � f ¦ p j   g § É ä È Ç Ã ß ¾ ¿ À Á Â Ã Ä À Å Æ ç Ã Â Ä Ä Ô 7 Â à b Ç Ã â áÏ ¿ ß Â Ã Ä Ç ¿ Ë Ò Ø Ú Ü Þ Ø ¿ ß Õ Ã Ú Ó Ø Ã Å Â Ã á � � � ù á ¨ f © l g £ � o l ª j   � l g k p o � e   ¦ j l ¤ « g ª j �   g © � g p � � e   ¦ j l ¤ e ¬ ¢ p � © ¢�   �   l ¦ o § Ï Ú ß À ¿ Â ß Â , Ã Í Æ Å Â Ã Ô 7 Â à b Ç Ã â áÐ Ã Ç à ¿ Ë , á û á Ø ¿ ß è Ø Ã â ` Â â Ø Æ á ø ù ù ù á e f g h i j g k l g k m j n o p � � � ¦ o j p � ¦ p f � l ¤ ® � ¢ j n g e p � l p � n j � ¢ h ¯ g k « k j p j   g § � Ç Þ ¿ô À Ú Â Æ Ø ¿ ß Î Ç ¿ Ä Ô 7 Â à b Ç Ã â á` À 7 À Å Å Ç Ë ` À Ø ¿ Ø á � � � � á e   ¦ j l ¤ i � ¤ ° l � � � �   ¤ j p j ¦ ¢ l g k � f ± ¤ j ¦ �   ¤ j ¦ ¬ § ç Ã Â ¿ Å À Û Â ë Ø Ú Ú Ô Ì ¿ Ê Ú Â à Ç Ç ß Ó Ú À È È Ä Ë 7 Â à � Â Ã Ä Â Æ áë Â ß Ú Í ¿ ß Ë Î Ø ¿ ß À á ø ù ù � á ç Â Ã Ä Ç ¿ Ø Ú Õ ¿ Å Â Ã Á À Â à á. Ø Ä Ä à Â Ú Ú Ë ë Ø Ã Ç Ú ß á � � ÿ � á �   ¤ j p j ¦ ¢ � i o   ² � p ¢ i o l p h i o � g h l g k ¨   ¡ § æ Ã Â Â ç Ã Â Ä Ä Ô 7 Â à b Ç Ã â áÒ Ø Ü Ç Ü Ç Ã Å Ë Ï Ù Ç Ä á � � � ø á � É ¿ Ó Í Ú Å Í Ã Ø Ú . Ø ¿ ß Ä Û Ø Ü Â Ä á ú � � l k j p j   g l ¤ ® ¡ � ¤ ¤ j g n ¢ l g k e � p p ¤ � © � g p ¢ ³ � ª j � ¡ Õ Õ Õ Ë ¿ Ç á Õ Õ Ô ÿ ÿ ã � � áÎ Å Ø Í È È Â Ã Ë 7 Ø ¿ Û Æ á ø ù ù � á ¥   © °   � l ± ¤ � £ f j ¤ k j g n ¢ h ¨   ¤ k p o � � j � ¥   g k j p j   g j g n § . Ø Ý Ç Ã Ø Å Ç Ã Æ È Ç Ã Ì ¿ Â Ã Ê Æ Ø ¿ ß Å Þ ÂÌ ¿ Á À Ã Ç ¿ Ù Â ¿ Å Ë è Ø Ä Ä Ø Û Þ Í Ä Â Å Å Ä Õ ¿ Ä Å À Å Í Å Â Ç È Ñ Â Û Þ ¿ Ç Ú Ç Ê Æ Ô Ð Ç Ä Å Ç ¿ Ë è Ï á Ï Á Ø À Ú Ø Ý Ú Â Ø ÅÞ Å Å Ü Ô ´ ´ à Â Ý á Ù À Å á Â ß Í ´ ¿ Â à Ä Ç È È À Û Â ´ ø ù ù � ´ Ý Í À Ú ß À ¿ Ê Ä á Þ Å Ù Ú µ Ø Û Û Â Ä Ä Â ß � Ø ¿ Í Ø Ã Æ ÿ Ë ø ù ù � ¶ á
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ABSTRACT: In design studio projects we often see schemes with inspired, yet unvalidated, 
gestural sketches related to wishful green strategies. Yellow and blue magic arrows represent 
hypotheses about the behavior of daylight and/or air flow in and about buildings. This paper 
provides an overview of ó ô õ ö ÷ õ õ ø ù ú û ü ý þ ÿ � ø ü � þ þ � , recently published as a resource for 
designers seeking clear guidelines for integrating green design strategies into the conceptual and 
schematic phases of design. The book contains a discussion of the integration of green strategies 
and how building form, orientation, and spatial layout are critical to the proper performance of 
certain green strategies; 40 green design strategies in six broad topic areas, each providing a 
catalog of information for common strategies that must be implemented at the schematic design 
phase; and nine case studies that show how various green strategies work together in a finished 
building. This paper provides excerpts of several design strategies and one case study and 
suggests a variety of ways that the book may be used. 
 
Keywords: green design, case studies, education, schematic design 
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In design studio, students often draw upon precedents to inspire their design work. Gesture sketches are refined 
and further developed. Green design strategies are commonly relegated to magic arrows (to show air flow) or 
yellow lines (to show the path of the sun or flux of light). Often, design hypotheses are left untested or 
unquestioned simply because there is no readily available method or means to appropriately size windows for 
cross ventilation or determine how much light will enter a room under particular sky conditions. This paper gives 
an overview of a number of green design strategies and case studies from a recently published work— ó ô õö ÷ õ õ ø ù ú û ü ý þ ÿ � ø ü � þ þ � (Architectural Press: Oxford, 2007)—which is offered as a resource to assist students 
(and practitioners) in integrating green strategies into the beginning stages of design. 
 ó ô õ ö ÷ õ õ ø ù ú û ü ý þ ÿ � ø ü � þ þ �  presents guidelines for the application of selected environmental strategies during 
the schematic design of green buildings. The ÿ � ø ü � þ þ �  provides a discussion of green design at the schematic 
design phase and an essay on integrated design. The majority of the book is devoted to 40 design strategies, 
each providing: brief descriptions of principles and concepts, step-by-step approaches for integrating the strategy 
into the early stages of design, annotated tables and charts to assist with preliminary design sizing, key issues to 
be aware of when implementing the strategy, and references to further resources. This information is reinforced 
with conceptual sketches and photos illustrating each strategy. A chapter with case studies of several green 
building projects provides context for the strategies presented.  
 
The rationale for this book arose from an observed need for a resource that could provide a concise catalog of 
information for a range of green strategies to help the designer not only understand how each strategy functions, 
but also offer data, information, and a sequence of design steps to give a preliminary estimate of sizing, 
appropriateness, and links to related strategies. The designer may practice “smart aesthetics” by linearizing part 
of the design process to achieve valid, initial design moves. The fundamental premise of this book is that if 
appropriate strategies are not included during the schematic design phase of a project, they may never be 
included since many such strategies are demandingly form-giving. Poor decisions related to building orientation, 
massing, and layout are nearly impossible to rectify in later design phases in an attempt to back-integrate high 
performance daylighting, passive heating, or passive cooling systems. 
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This paper includes four parts: 

 a discussion of the schematic design process, where design decisions about certain green strategies 
become critical to building form, orientation, and spatial layout; 

 a review of several strategies describing the principle/concept, design procedure, and examples; 

 a description of one of the case studies and its integrated strategies, including information regarding the 
designers’ intentions with regard to green design, related design criteria, design validation methods 
used (modeling, simulation, hand calculations), and post occupancy validation methods if available; 

 a discussion of how this book may be used in design studio and potentially in other areas of the 
curriculum. 

 
  � �  
 � � � � � � 
 � �  � � � � � � 
 �  
 
As a multifaceted pursuit, the design process includes cultural, technical, formal, and programmatic emphases 
that ultimately result in a proposed architectural expression. The green design process, by necessity, requires 
the designer (at least in the early schematic stages) to assume a greater than normal degree of expertise in 
several technical areas in order to pursue an integrated design. This necessity also represents an opportunity for 
innovation. 
 � � � � � � � � � � � � � � � �  ! " � #
 � � � � � $ % � � # & '

The early design process incorporates the moments when the project is conceptualized, the 
intentions are elaborated, and an organizational logic is settled upon—whether that logic is strict or informal, 
internalized or driven by externalities, or simply a geometric gesture. The first sketches or outlines, a plan of 
action, a systematic or organized framework can provide the opportunity to define goals and to set criteria that 
will benchmark success. This is the time to set a direction for form and to gather ideas and concepts. It is not the 
time, however, to close the mind and crystallize all relationships. The initial steps toward achieving an integrated 
design, such as forming a team with a shared set of green goals and a desire for innovation (and learning), is the 
territory wherein green strategies are initially discussed, adopted, and integrated. Opportunities for many of 
green strategies will be lost forever if not incorporated during schematic design. 
 � � � � ( ) � � � � � �  � * '

At the beginning a project, it is important to define owner and design team expectations for 
building performance. It should be decided whether the building will perform to minimum standards (as embodied 
in building codes) or will strive to surpass them—which must be the case for a green building. What kinds of 
performance will be emphasized: energy efficiency, quality of light, or air quality? What degree of green design is 
to be considered? The intentions must be clear because they point to the refinements of process, the type of 
team, and the potential strategies and technologies that will be most appropriate for a given project. Sometimes, 
a charismatic and knowledgeable team member can convert others to a deep green commitment. 
  � � � � + , � � � � � � & '

Project criteria are the standards by which judgments and decisions are tested. They are often 
established by a legal authority, local/regional custom, or general consent; but for innovative projects the truly 
critical criteria are often internally established. What is really meant by green? Who decides; and on what basis? 
Criteria can be derived from quantitative standards (such as energy efficiency) or from qualitative values (such 
as a desired lighting effect). Criteria should be realistic so they can be met; they should also be stringent enough 
to provide a challenge and meet design intent. 
 � � � � - . & " � / & � �  � '

The design team must be conscious of the types of issues to be framed and the most 
appropriate design methods and strategies to address the focus issues. The way a designer frames issues 
speaks to the outcomes. More importantly, a knowledge-based profession reflects upon previous efforts and 
specifically learns from successes and failures. Collapses occurred during the construction of Chartres. 
Calculations and formulations about how materials work under the forces of gravity were rethought and the 
building of the famous cathedral continued. Knowledge-based design is also needed when dealing with 
environmental forces, although they are often more subtle, complex, and variable than gravity. A different type of 
feedback loop is required, one not founded upon collapse, but one that is part of an integrated process—
involving learning from others and learning from analysis. The analysis of an existing project (as a precedent or 
case study) informs the development of hypotheses of how things should work on future projects. 
 � � � � 0 � � �  � � � � 1 � � � '

It is important to give order to intentions and goals. Prioritizing goals helps the designer and 
client to understand what is most important, what can be discarded, and how flexible are proposed solutions. As 
with any design process, one works through sets of ideas to get to a clarification of goals. This is particularly 
important with green design because one strategy can negate or conflict with another. 
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Light has clearly been understood as a formgiver throughout the history of architecture. The 
Pantheon dramatically captures light from an enormous oculus; Alvar Aalto’s buildings use light scoops to utilize 
the low solar resource of the northern latitudes. Traditional passive solar design uses solar-oriented glazing in 
combination with thermal mass to provide heating. Windows, however, must be carefully sized and arranged to 
provide a balance between the correct amount of thermal resistance, light admittance, and solar collection. To 
arrive at a daylighting strategy, appropriate lighting level criteria should be established based upon the functions 
and needs of the various spaces, then potential solutions proposed, tested, and evaluated using daylighting 
models or other available tools. Such studies should provide for distinct lighting effects—and result in a distinct 
building form.� � ( � ( � & * * � 3 � & � / 5 % � � 3 � $ � � & � � � � � * '

Passive design means that nature (and the architect) does the work. 
Passive strategies adjust to environmental conditions primarily through the architecture and should be 
considered before active. This means that the architect must be strategic. It means using the resources on site 
rather than importing energy from a remote source. The careful placement of walls, windows, and overhangs can 
help to “green” a project; otherwise mechanical equipment (and engineering consultants) will be forced to do the 
job.  
 
 6 � � � � � � � �  � � �  � � � � � � � � 
 
The book contains 40 strategies (see Table 1), each with a brief description of underlying principles and 
concepts, a discussion of architectural design and implementation issues, a step-by-step design procedure to 
assist with preliminary design sizing, key issues to be aware of when considering a given strategy, conceptual 
sketches and photographic examples, and pointers to sources for further information. There are both active and 
passive strategies, but many more passive strategies are included since they require early implementation during 
the design process and are typically more form-shaping. Many green strategies (such as material finishes) are 
not included as they have virtually no impact on schematic design decisions. The book is not a catalog of green 
design strategies—it is a catalog of green strategies for schematic design.  
 7 & ! " � �

: Green Strategies in ó ô õ ö ÷ õ õ ø ù ú û ü ý þ ÿ � ø ü � þ þ �  
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Insulation Materials  
Strawbale Construction 
Structural Insulated Panels 
Double Envelopes 
Green Roofs 
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Daylight Factor 
Daylight Zoning 
Toplighting 
Sidelighting 
Light Shelves 
Internal Reflectances 
Shading Devices 
Electric Lighting 
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Composting Toilets 
Water Reuse/Recycling 
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Green roofs can be used for rainwater detention or retention, to increase the thermal resistance and capacitance 
of a roof assembly, to reduce the urban heat island effect, and/or to provide habitat for animals or an amenity for 
people on what would otherwise be a hard-surfaced area. Green roofs are of two basic types: extensive and 
intensive. 
 
Extensive green roofs have a relatively shallow soil base, making them lighter, less expensive, and generally 
easier to maintain than intensive green roofs. Extensive roofs usually have limited plant diversity, typically 
consisting of sedum (succulents), grasses, mosses, and herbs. They are often not accessible to building users, 
but may provide for “natural” views from adjacent rooms or neighboring buildings.  Extensive green roofs can 
work at slopes of up to 35 degrees, although slopes above 20 degrees require installation of a baffle system to 
prevent soil slump. These roofs can be used in both urban and rural settings, are applicable to a wide variety of 
building types, and can be used in both new and existing construction. 
 ( � ( � � C � 4 5 � % � � � � % � D � & " ) * * D � * '

Successful green roofs require a building massing that permits appropriate 
solar exposure for the intended types of vegetation. Shading from adjacent buildings or trees can have a big 
impact on the success of rooftop plantings. Building massing can also be used to create rooftop surfaces that are 
relatively protected from wind. Building form will also determine how building occupants can interact with a green 
roof. A green roof is a user amenity only if it is at least visible to occupants. If it is also accessible to building 
occupants, greater integration of the green roof with appropriate interior spaces is desirable. Structural system 
design, careful detailing of drainage systems, irrigation systems, and penetrations of the roof membrane are key 
concerns.
 

 

2 � � D � � � '
2005 Rhode Island School of Design Solar Decathlon House with a green roof for outdoor dining. 
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Cross ventilation establishes a flow of cooler outdoor air through a space; this flow carries heat out of a building. 
Cross ventilation is a viable and energy-efficient alternative to mechanical (active) cooling under appropriate 
climate conditions. The design may focus upon direct cooling of occupants as a result of increased air speed and 
lowered interior air temperature or upon the cooling of building surfaces (as with nighttime flushing) to provide 
indirect comfort cooling. Air speed is critical to direct comfort cooling; air flow rate is critical to structural cooling. 
The effectiveness of cross ventilation is a function of the size of the inlets, outlets, wind speed, and outdoor air 
temperature.  
 
Cross ventilation cooling capacity is fundamentally dependent upon the temperature difference between the 
indoor air and outdoor air. Cross-ventilation cooling is only viable when the outdoor air is at least 3°F [1.7°C] 
cooler than the indoor air. Lesser temperature differences provide only marginal cooling effect (circulating air at 
room temperature, for example, cannot remove heat or reduce room temperature). Outdoor air flow rate is 
another key capacity determinant. The greater the air flow, the greater the cooling capacity. 
 
Buildings are typically best naturally-ventilated when they are very open to breezes yet shaded from direct solar 
radiation. Building materials in a cross ventilated building may be light in weight, unless night ventilation of mass 
is intended—in which case thermally massive materials are necessary.  
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Successful cross ventilation requires a building form that maximizes exposure 

to the prevailing wind direction, provides for adequate inlet area, minimizes internal obstructions (between inlet 
and outlet), and provides for adequate outlet area. An ideal building footprint is an elongated rectangle with no 
internal divisions. Siting should avoid external obstructions to wind flow (such as trees, bushes, or other 
buildings). On the other hand, proper placement of vegetation, berms, or wing walls can channel and enhance 
airflow to windward (inlet) openings.
 ( � + � ( ) # B " � # � � � & � �  � ,  � * � / � � & � �  � * '

Cross ventilation for occupant comfort may direct air flow through any 
part of a space if the outdoor air temperature is low enough to provide for heat removal. At high outdoor air 
temperatures, cross ventilation may still be a viable comfort strategy if air flow is directed across the occupants 
(so they experience higher air speeds). Cross ventilation for nighttime structural cooling (when adequate wind 
speed exists) should be directed to maximize contact with thermally massive surfaces. A design caution: high 
outdoor relative humidity may compromise occupant comfort even when adequate sensible cooling capacity is 
available.
 ( � + � + � � * � � � � �  % � / D � � '

Cross ventilation should normally be analyzed on a space by space basis. An exit 
opening equal in size to the inlet opening is necessary. This procedure considers only sensible loads and 
calculates the size of the inlet (assuming an equal sized outlet). 
 

1. Arrange spaces to account for the fact that building occupants will find spaces near inlets (outdoor 
air) to be cooler than spaces near outlets (warmed air). Substantial heat sources should be placed 
near outlets, not near inlets. 

2.   Estimate design sensible cooling load (heat gain) for the space(s)—including all envelope and 
internal loads (but excluding ventilation/infiltration loads). E û ø ý ú F � ÷ õ  G ú û H ô þ ÷ I J  

3. State the design cooling load on a unit floor area basis. G ú û H ô K ú L þ ÷ I H M L
4. Establish the ventilation inlet area (this is free area, adjusted for the actual area of window that can 

be opened and the estimated impact of insect screens, mullions, shading devices) and the floor 
area of the space that will be cooled. The inlet area may be based upon other design decisions 
(such as view) or be a trial and error start to cooling system analysis.  K ú L þ ÷ M L

5. Determine the inlet area as a N õ ÷ O õ ø ú � P õ  of the floor area: (inlet area / floor area) x 100 

6.   Using Figure 2 (see below), find the intersection of the inlet area percentage (Step 5) and the 
design wind speed (from local climate data). This intersection gives the estimated cross ventilation 
cooling capacity—assuming a 3

o
F [1.7

o
C] indoor-outdoor air temperature difference. Design wind 

speed should represent a wind speed that is likely to be available during the time of design cooling 
load. 

7.    Compare estimated cooling capacity (Step 6) with the required cooling capacity (Step 3).  

8. Increase the proposed inlet area as required to achieve the necessary capacity; decrease the 
proposed inlet area as required to reduce excess cooling capacity.  

This design procedure addresses “worst case” design conditions when outdoor air temperatures are 
usually high. Extrapolation beyond the values in Figure 2 for greater ts is not recommended as a 
means of sizing openings. On the other hand, greater temperature differences will exist during the 
cooling season permitting a reduction in inlet and outlet size under such conditions. Extrapolation for 
higher wind speeds is not recommended due to discomfort from too-high indoor air speeds.  Also, wind 
speeds at airport locations can be very different than at the city center or in suburban areas, depending 
upon the terrain. During schematic design, adjustments can be made to account for these variations by 
comparing “local” and airport wind speed data. As a rough estimate, urban wind speeds are often only 
a third of airport wind speeds; suburban wind speeds two-thirds of airport speeds.  
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Cross ventilation cooling capacity. Heat removed per unit floor area (based upon a 3°F [1.7°C] 

temperature difference) as a function of size of inlet openings and wind speed.  
 
 Q � 
 �  �  � 	 � � � 
 
The nine case studies presented in the book (see Table 2) include a range of buildings selected to provide a 
diversity of geographic locations, climates, building types, and strategies. The design teams for these projects 
have made strong statements about green design intentions and have provided fertile ground for designers to 
learn from their projects.  Each case study is organized as follows:  

 A general description of the project 

 A sidebar "scorecard" with building, climate, client, and design team information 

 A statement of design intent and related design criteria 

 Design validation methods employed (modeling, simulation, hand calculations, etc.) 

 A description of the green strategies used 

 Post occupancy validation results (if available). 
 7 & ! " � (

: Case Study Projects in ó ô õ ö ÷ õ õ ø ù ú û ü ý þ ÿ � ø ü � þ þ �  
 � 9 8 R : , 7 = 8 , 5 7 ) 8 < 5 9 , > ) 7 : , 7

Arup Campus Solihull  

Beddington Zero Energy Development 

Cornell Solar Decathlon House  

Druk White Lotus School  

Habitat Research and Development Centre  

The Helena Apartment Tower  

Lillis Business Complex  

National Association of Realtors Headquarters 

One Peking Road 

Solihull, UK 

Surrey, UK 

Ithaca, NY, USA 

Ladakh, India 

Windhoek, Namibia 

New York, NY, USA 

Eugene, OR, USA 

Washington, DC, USA 

Hong Kong, China 

Arup Associates 

Bill Dunster Architects 

Cornell University 

Arup Associates & ARUP 

Nina Maritz 

FX FOWLE 

SRG Partnership 

The Gund Partnership 

Rocco Design Ltd. 
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The University of Oregon’s Lundquist College of Business needed to replace an aging building that connected 
three existing smaller buildings. The building’s site, along an axis between the historic entrance to the college 
and the main library, gives it a high profile. The university had in place a campus-wide sustainable development 
plan and Lundquist College had a commitment to certain sustainability goals—as a result both parties had a 
mutual desire to aim for the greenest building possible. 
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The University engaged a Construction Manager/General Contractor who was brought into the project early in 
the design process. This enabled the design team to work closely with the GM/GC as the design developed, 
ensuring that the design was feasible and within the established financial parameters. Lillis was a complex 
project—to be built in the middle of an active campus, while minimally disrupting classes.  

 2 � � D � � + '
 Early conceptual sketch (left) of air flow patterns through the Lillis Business Complex atrium 

(courtesy of SRG Partnership); entry plaza (right) with a façade of laminated glass with integrated photovoltaics. 
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The client and designers began with a goal to achieve a building that would 
be at least 40% more efficient than required by the Oregon Energy Code. The designers were also asked to 
follow a process that could result in a solution with the performance of a LEED (the US Green Building Council’s 
Leadership in Energy and Environmental Design program) accredited building. The decision to pay for the formal 
LEED process, however, was not made until after the designers had finished working drawings. To make these 
goals a reality, the design team developed complementing strategies involving daylighting, solar control, natural 
ventilation, electricity generation using photovoltaic arrays, expanding the thermal comfort zone (by occupant 
cooling with ceiling fans), night ventilation of thermal mass, and wiring half of all the plug load receptacles and 
lighting circuits in faculty offices on occupancy sensors. A team of consultants, including energy engineers and 
daylighting experts, modeled various designs to determine how well design concepts were meeting project goals. 
The CM/GC agreed to recycle 95% of the demolition waste from the existing buildings (related to LEED Materials 
& Resources credits). 
 + � � � ( $ � � & � � � � � *+ � � � ( � � 8 � � � � � & � �  � & � / �  � #

. The designers conceived of the building as a long and thin form running along an 
east-west axis. The north- and south-facing windows are easy to control relative to daylighting and solar gain and 
they take advantage of the prevailing seasonal wind directions on site (from the north and south).  
 + � � � ( � ( < & � D � & " 3 � � � � " & � �  �

. In addition to the long and thin form, the auditorium and lecture hall push out beyond 
the primary edge of the building, providing these rooms with more building skin, and more opportunity for 
clerestory windows and skylights to act as inlets/outlets for natural ventilation. A four-story atrium organizes the 
building spatially and provides a means for stack ventilation.  
 + � � � ( � + $  " & � %  � � �  " & � / / & 4 " � � � � � � �

. When the building is in cooling mode, computers automatically close 
shades or skylight louvers in unoccupied rooms to minimize solar gains. When people enter a room, the 
computer control opens the shades/louvers as far as necessary to reach a targeted illuminance for the space. 
Using daylight not only makes people happy and more productive, it is a “free” source of light and produces less 
heat for a given illuminance than electric lighting. Lightshelves are used on the south-facing windows. External 
overhangs shade the windows, especially from the high summer sun, and effectively reduce cooling loads.  
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  2 � � D � � - '
 Light shelves and ceiling fans in a south-facing Lillis classroom (left photo courtesy of 

Emily J. Wright; right photo courtesy of SRG Partnership). 
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 Outside air is used to cool the building and the occupants as much as 
possible before relying on mechanically-cooled air. A mixed-mode cooling system, as well as night ventilation of 
mass, provides for a high-efficiency cooling approach. 
 + � � � ( � 0 > 4 ! � � / 3 � � � � " & � �  � �

 Classrooms have raised concrete floors, arranged into risers for seating. Air is drawn 
in from the outdoors, passes under the floor slab and enters the room through outlets in the risers. If the outdoor 
air is too warm to effectively cool a space, it can be mixed in a plenum with mechanically-conditioned air. The air 
from the classroom is exhausted into the atrium, rising to the top and exiting through gravity ventilators. Eugene’s 
cool nighttime temperatures make night ventilation of mass a viable strategy. The raised concrete floor slab 
absorbs heat during the day as the outside temperature rises and the sun and occupants add heat to the space.  
 + � � � ( � U � �  �  3  " � & � % * �

The south-facing glass curtain wall with integrated polycrystalline photovoltaic cells 
comprises a 5.9 kW array. There are translucent PV panels in the skylights, which are equivalent to a 2.7 kW 
array. Roof panels on the mechanical room produce 6.2 kW, and other roof sub-arrays provide 29.9 kW—for a 
grand projected total of 45 kW of PV power. The local utility played a key role in providing financial incentives for 
this signature renewable energy feature.  
 
 
 � � 
 V 	  � � � 
 ó ô õ ö ÷ õ õ ø ù ú û ü ý þ ÿ � ø ü � þ þ �  is purposely not a comprehensive manual on building science; nor is it a “how-to-
get-a-green-rating” handbook. Although the book is partly a compilation of strategies, it is intended that these 
strategies be applied in the context of a well-organized design process—where the architect is an active 
participant in the shaping of a green building and in coordinating the integration of green design strategies.  
Passive or active strategies can be used to achieve green building status. While these approaches may provide 
similar quantitative building performance, the way they reach that point is very different in both process and form.  
 
It is our belief that architects are the ones who must guide the inclusion and integration of green strategies. The 
ability to do so is becoming increasingly critical in the face of growing client and societal interest in green 
buildings, burgeoning discussion of “sustainability,” and a recent call to develop carbon-neutral (or carbon-
responsible) buildings. We hope and expect that this book is adopted by students as a self-selected required 
reading for their design courses. Practice is essential to confidence; the how-to experience gained through studio 
implementation will become more and more a part of the graduating designer’s inner understanding. Then it will 
flow into practice. Students are likely to be the real agents of change. 
 
 � 
 W � � X V � � � � � � � � 
 
The authors gratefully acknowledge the contributions of Laura Briggs and Jonathan Knowles to ó ô õ ö ÷ õ õ øù ú û ü ý þ ÿ � ø ü � þ þ � Y F  chapter on design process, portions of which are presented (in edited form) in Section 1 of 
this paper. The nomograph shown in Figure 2 was developed by Kathy Bevers from equations in Z õ O ô � ø ý O � [ � ø ü\ [ õ O ú ÷ ý O � [ \ ] û ý N M õ ø ú K þ ÷ G û ý [ ü ý ø P F ^ 10
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 edition.  
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ABSTRACT: School transportation in the U.S. is mainly made by vehicles, which consume a 
lot of energy and degrade our living environment. Walking and biking are alternative “green” modes 
of transportation with additional health and social benefits. However, the physical environment 
around school often makes walking and biking difficult, if not impossible, for children. 

The primary section of this study reviews empirical studies on the relationship between 
physical environment and children’s walking and biking to school, or parents’ decision-making of 
such behaviors. A conceptual framework is proposed according to socio-ecological theory and the 
literature, and is used to organize research findings. For the relationship between objective 
physical environment and parents’ decision-making, perceptions of physical environment act as 
mediators, while personal and social factors function as moderators. The environmental support for 
walking and biking to school can be classified into macro-level walkability/bikability of urban forms 
(including distance, infrastructure, density, street connectivity, and land-use mix), micro-level 
walkability/bikability of urban design and architectural qualities (such as aesthetics, amenities, and 
maintenance), and safety from traffic and crime. Long distances, traffic dangers, and crime are 
topmost barriers for children’s walking and biking to school. A follow-up discussion explores the 
implications of these findings for evidence-based design and policy interventions. 

The secondary section applies previous findings to a case study in Austin, TX, where 73 public 
elementary schools are analyzed for their attendance areas’ walkability and safety. Schools with 
higher percentages of Hispanic children appear to be more walkable in terms of macro-level urban 
forms, yet less walkable in terms of crime safety and micro-level urban design and architectural 
qualities.  

Findings from this study supplement current knowledge about physical environment and 
“green” school transportation. They imply the importance of targeted interventions for specific 
contexts and populations in promoting walking and biking to school. 
 
Keywords: School, environment, walking, biking 
 
 K L M N O P Q R M K O L

 
In the U.S., children’s school transportation is mainly made by vehicles, which consume a lot of energy and 

degrade our living environment. Walking and biking are alternative “green” modes of school transportation, which 
also have additional benefits such as increasing children’s physical activity and fostering the sense of community. 
However, the physical environment around school often imposes barriers to this walking or biking trip. A national 
survey has been conducted with children’s (5-18 years) parents in 2004 by the Centers for Disease Control and 
Prevention (CDC), and has reported long distances, traffic dangers, and crime as topmost barriers for children’s 
walking to school (Martin & Carlson 2005). Currently, various programs are being developed to improve the 
relevant environmental support. In 2005, the United States federal transportation bill “Safe, Accountable, Flexible, 
Efficient Transportation Equity Act: A Legacy for Users” (SAFETEA-LU) authorized federal funding in the amount 
of $612 million for the 5-year period (2005-2009) of the national Safe Routes to School Program.  

The primary section of this study reviews empirical studies on the relationship between physical environment 
and children’s walking and biking to school, or parents’ decision-making about such behaviors. Fifteen articles 
and one dissertation were identified from online database, including the Web of Science, PubMed, and the 
National Transportation Library. The secondary section applies findings from literature review to a case study in 
Austin, Texas, where 73 public elementary schools are analyzed for their attendance areas’ walkability and safety. 
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S T U K M V N W M Q N V N V X K V Y
 Z [ Z [ \ ] ^ _ ` a b ` c d e e ^ _ b f d b g h i b j ^ k e l d m n _ d ] ^ o i _ p

The socio-ecological theory was widely employed in previous studies, addressing the impact of personal, 
social, and physical environmental factors, as well as the interactions among them. The physical environment 
has been measured both objectively and subjectively, and has shown related yet different results in terms of the 
environment itself or its impact on school travels. There was growing agreement that perceptions of physical 
environment acted as mediators between objective physical environment and parents’ decision-making.  

Based on socio-ecological theory, literature review, and McMillan’s framework for children’s school travels 
(McMillan 2005), I propose a conceptual framework to reflect the emerging patterns about the relationship 
between objective physical environment and elementary-aged children’s school travels (Figure 1). As most 
previous studies, this framework assumes that parents are the primary decision-makers for children’s school 
travels. Perceptions of physical environment act as mediators, while personal and social factors function as 
moderators, interacting with physical environment (both objective and subjective) and influencing the strength 
and direction of this environment-behavior relationship. 
 q r s t u v w x q w s r x u v w x

Children’s and parents’ 
personal and social factors 

Children’s 
walking/biking to school 

Parents’ 
decision-making 

Objective  
physical environment 

Perceived 
physical environment 

y z s r { r z s r z v | u x t u } ~ r � r { r z s r z v | u x t u } ~ rn a ` l _ ^ Z
: Conceptual framework for physical environmental correlates of elementary-aged children's walking 

and biking to school (Based on McMillan 2005)Z [ � [ � ^ e � i g f � f ^ g a b c _ ^ � a i l f � e l g a ^ f
Previous studies varied from each other in terms of study settings, sample, research design, measures, data 

collection, and analysis, making it difficult to synthesize findings. Except two studies from Australia (Merom et al. 
2003; Timperio et al. 2006), 14 other studies were conducted in the U.S. Two categories of research design were 
identified, including cross-sectional studies examining the environment-behavior relationship, which were the 
majority of studies and included two national surveys (Fulton et al. 2006; Martin & Carlson 2005), and 
intervention studies using pre-post comparisons or intervention-control comparisons, which might have the 
power to identify causality but were relatively rare (Boarnet et al. 2005 a, b; Staunton et al. 2003). The sample 
size varied across studies, ranging from 235 to 4,665 students. Elementary school children were the primary 
populations of these studies, although a few studies did focus on middle school or high school youth.  

The dependent variable was either walking to and from school, or the combination of walking and biking as 
an active mode of school travels. The independent variable – physical environment – has been measured from 
various aspects and scales, and will be introduced in the following section. Ten studies out of 16 have controlled 
for one or more confounding variables, including personal factors of the child (such as age, gender, ethnicity, 
body mass index, and attitude toward walking) or the parents (such as education level, income level, martial 
status, and attitude toward walking, etc.). A few studies have also controlled for social factors such as family 
support or social and cultural norms about school travels. 
Data collection primary relied on surveys with parents for information about children’s school travels, family 
background, and parents’ perceptions of the physical environment. In some studies, Geographic Information 
Systems (GIS) and field audits have been used for objective measures of the physical environment.Z [ � [ c � � f a j d m \ b � a _ i b ] ^ b e d m h i _ _ ^ m d e ^ f

 
Various physical environmental variables have been examined in these studies. According to the units of 

analysis, they could be classified into two categories, including macro-level walkability/bikability of urban forms 
on relatively larger scales (such as the neighborhood or traffic analysis zone), and micro-level 
walkability/bikability of urban design and architectural qualities on smaller scales (such as the street segment). In 
addition, traffic danger and crime were also frequently studied variables with strong environment-dependent 
characteristics. They were also classified as physical environmental variables in this discussion. Details of 
selected studies are presented in Table 1.  
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As would be expected, distance to school is a significant correlate of walking and biking to school, with 

longer distances hindering walking and biking. In the 2004 CDC survey, parents reported long distances as the 
most significant barrier (61.5% of parents reporting it) (Martin & Carlson 2005). Other studies have also provided 
empirical evidence, even after controlling for the child’s age, gender, family’s socioeconomic status, and some 
other background information (Black et al. 2001; Ewing et al. 2004; Merom et al. 2006; McMillan 2006; Timperio 
et al. 2006). Some studies have tried to identify threshold values of walkable distances for school travels, and 
reported that children living within 1.6 kilometers (1 mile) (McMillan 2003) or 0.8 kilometer (0.5 mile) (Timperio et 
al. 2006; Merom et al. 2006) from schools were significantly more likely to walk than those living further away.  

However, it is important to recognize that the impact of distances may vary depending on the child’s age, 
parents’ perceptions, or other physical environmental factors. Meanwhile, in the U.S., even for students living 
within 1.6 kilometres (1 mile) from school, only 31% of trips were made by walking in 1995 (U.S. Department of 
Health and Human Services 2000), indicating there were other factors at work.  

Quality of infrastructure is another important correlate of walking and biking to school, with better sidewalks, 
bike lanes, crosswalks, and traffic signals encouraging walking and biking. Evidence has been seen in not only 
cross-sectional studies (U.S. Environmental Protection Agency [EPA] 2003; Ewing et al. 2005; Fulton et al. 
2005), but also pre-post intervention studies in California (Staunton

 
et al. 2003). Among California’s Safe Routes 

to School projects (Boarnet et al 2005b), sidewalk gap closure at locations with moderate or heavy per-existing 
pedestrian traffic showed great success, with 30%, 38%, and 70% increase in the rates of walking for three 
schools respectively. Replacement of four-way stops with traffic signals also showed evidence of success, while 
the pedestrian and bicycle crossing improvement showed only limited success. 

Other urban form features such as population density, land-use mix, and street connectivity have also been 
studied, yet have reached less consistent findings. Although identified as significant correlates in a study of 34 
California public elementary schools (Braza

 
et al. 2004), population density (positive correlate) and land-use mix 

(negative correlate) were not significant in another study in Gainsville, Florida (Ewing et al. 2004). Also in the 
California study, street intersection density was significant in pairwise correlations, yet was not significant in 
multiple regressions. These findings also have some inconsistencies with the literature on adults’ walking, where 
density, land-use mix, and street intersection density were often reported as positive correlates. One explanation 
might be that the school trip has fixed destinations (schools and homes) and specific populations (children), and 
therefore make factors such as the land-use mix less important. In addition, inconsistent findings were further 
complicated by various definitions and measures used across studies.  

The difference between objective and perceived physical environment is also worth noting. A study in King 
County, Washington (Kerr et al. 2006) indicated that perceived land-use mix and street connectivity were 
significant correlates of walking and biking to school after controlling for socio-demographic features, yet their 
objective measures were insignificant. Furthermore, such perceived measures were no longer significant when 
entered together with the composite objective measure of walkability. Overall, there was a lack of attention on 
the relationship between objective and perceived measures of physical environment in the literature. q t � x w � � r | r ~ � u ~ � u } t ~ t v � � � t � u } t ~ t v � w � � x } u z � r � t � z u z s � x � � t v r � v � x u ~ � � u ~ t v t r �

As compared with the macro-level walkability/bikability of urban forms, the micro-level walkability/bikability of 
urban design and architectural qualities is understudied. However, the study in King County, Washington (Kerr, 
et al. 2006) did report neighborhood aesthetics as an independent predictor of walking and biking to school after 
considering socio-demographic features, parental safety concerns, and macro-level walkability. Amenities on 
streets also showed certain impact. A study in Australia (Timperio et al. 2006) identified the objectively assessed 
steep slope and perceived lack of lighting and crossing as negative correlates. The presence of street trees 
within 0.4 kilometre (0.25 mile) of school has also been reported as a positive correlate. McMillan’s study (2003) 
examined the impact of amenities such as street lighting, street width, speed bumps, abandoned buildings, and 
windows facing streets. Yet the results were either insignificant or not in the theoretically derived direction. More 
targeted research is needed on these variables and their measurement methods. � x u � � t � � u z � r x u z s � x t � r

In addition to walkability/bikability, traffic danger and crime also have significant impact on children’s school 
travels. Kerr’s study (2006) reported that parental safety concerns was a much stronger correlate than 
walkability, aesthetics, and access to local stores and facilities.  

Traffic danger was a secondly important barrier reported in the 2004 CDC survey, with 30.4% of parents 
reporting it as a barrier (Martin & Carlson 2005). However, findings about real and perceived traffic dangers were 
not consistent. Although traffic accident is one of the leading causes of child death, the objective data showed 
that the pedestrian injury/death rate had declined 51% from 1987 to 2000 among children aged 14 years and 
under, suggesting parents’ perceptions might be exaggerating the actual dangers. An Australian study reported 
the perceived lack of street lighting and crossings, and objectively assessed busy roads as negative correlates, 
indicating the roles of both real and perceived traffic dangers (Timperio et al. 2006). Yet in a Britain study, the 
real and perceived traffic dangers did not predict children’s school travels by car (DiGuiseppi

 
et al. 1998). More 

research is needed on real and perceived traffic dangers, their relationships, as well as their possible interactions 
with other factors such as walkability or perceived control. 
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Threat from crime was another important barrier identified in the 2004 CDC survey, with 11.7% of parents 
reporting it. Studies in UK (DiGuiseppi

 
et al. 1998) and the U.S. (Eichelberger 1990) have reported the fear of 

abduction as a strong predictor of car travel to school. However, some scholars (e.g., Robin Moore 1986) argued 
that parents might have exaggerated the crime danger, and have overly limited children’s freedom of movement 
and opportunities to interact with outdoor environments, which were very important for child development. On the 
other hand, as compared with parents’ strong concerns about traffic danger and crime, a study has reported that 
children were most concerned about being approached to smoke or being bullied while in transit (Lee & Rowe).  

Finally, in addition to previously mentioned variables, temperature and weather also played important roles 
in children’s school travels (Martin & Carlson 2005; Sirard et al. 2005). � d � m ^ Z

: Summary of empirical studies about physical environmental correlates of walking and biking to school 
 

Author 
(year) 

� �   ¡ ¢ £ ¤ ¥ ¦ £ §¨ © � ª £ « � ¨ £¬ £ ¤ ¥ ¨  §   £ � ¤ ® © £ §¯ ® ° ± ¯   £ ² � © ¥ � ³ ¢ £ ´ µ ¶ ¤ ¥ ± � ¢ £  ² ¥ © ¯    £  ° � ¢ ² � © ¥ � ³ ¢ £ ¤ � ¤¥  ª £ ¡ £  ª £  ° ² � © ¥ � ³ ¢ £ ¤ · ¤ ¤ ¯ ¸± ¥ � ° ¥ ¯  � ° � ° ¥ ¤ ° ¥ ± � ¢� ª ¹ ® ¤ °   £  °
Boarnet 
(2005a) 

862; 3
rd

-5
th

 grade 
Inte; O; W & B 

Safe routes to school construction projects (+) None 

Sidewalk gap closure (+) 

Replacement of 4-way stops with traffic signals (+) 

Pedestrian/bicycle improvement (+) 

Boarnet 
(2005b) 

1,243; 3
rd

-5
th

 grade 
Inte; O & P; W & B  

Development of bicycle facility (X) 

None 

Population density (+) 

Street intersection density (X) 

Braza  
(2004) 

2,993; 5
th

 grade 
CS; O; W & B   

School size (-) 

School level SES 
& Eth  

Sidewalk coverage on main roads (+) 

Sidewalk completeness for origin and destination 
zones 

 
(+) 

Travel time (distance) (-) 

Population density (X) 

Street tree coverage in vicinity of school (X) 

Age of school (X) 

School size (enrolment) (X) 

(Residential + job) density (X) 

EPA 
(2003); 
Ewing 
(2004, 
2005) 

709 trips; K-12
th

 
grade 
CS; O; W 

Land-use mix (X) 

SES, car 
ownership, 
students’ driver 
license ownership,
& number of family 
members 

Perceived neighborhood safety (X) Fulton 
(2005)  

1,395; 4
th

-12
th

 
grade 
CS; P; W & B 

Neighborhood location (including central city, 
small city, town, suburban, and rural) 

 
(+)  

A, G, Eth, & some 
parental factors  

Parental safety concerns (-) 

Walkability in high-income neighborhood (+) 

Walkability in low-income neighborhood (X)  

Neighborhood aesthetics (+) 

Kerr 
(2006) 

259; 5-18 year 
CS; O; W & B 

Perceived access to local stores and B/W facilities (+)  

A, G, & parental 
education  

Distance (61.5% reporting it as a barrier) (-) 

Traffic danger (30.4% reporting it as a barrier) (-) 

Martin 
2005 
 

4,213; 5-18 year 
CS; P; barrier for W 

Crime (11.7% reporting it as a barrier) (-) 

None 

Neighborhood safety (X) McMillan 
(2006) 

1,244; 3
rd

-5
th

 grade 
CS; P; W & B Distance < 1.6 kilometres (1 mile) (+) 

A, G, In, & other 
parental/ 
household factors 

Neighborhood not safe (-) 
Need to travel on road with speed > 30 mph (-) 
Perceived lack of sidewalks (-) 
Sidewalk completeness within 1/4 mile buffer of 

school 
 
(X) 

% of street segments with windows facing streets (X) 
% of street segments with street lighting (-) 
% of street segments with no abandoned buildings (-) 
Average street width (+) 

McMillan 
(2003) 

2,128; 3
rd

-5
th

 grade 
CS; O & P; W & B 

Average block length (X) 

In, parental 
education, number 
of children, % of 
Hispanic students 
at school, 
household 
transportation 
option, & 
social/cultural 
norms 
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% of street segments with speed humps (X) 
% of street segments with mixed land-use (X) 
Neighborhood location (urban vs. suburban) (X) 

Distance  (-) Merom 
(2006) 
 

812; 5-12 year 
CS; P; W & B Unsafe roads to school (-) 

A, G, Eth, & other 
child/parent/ 
household factors 

Distance (-) 

Intersection density (-) 

Dead end density (-)  

Route directness (X)  

Having major roads on route (X) 

Sch-
lossberg 
(2006) 

292; 6
th

-8
th

 grade 
CS; O; W 

Having railroad tracks on route (-) 

None 

Sirard 
(2005) 

3,911; 1
st
-6

th
 grade 

CS; O; W & B  
School location (urban vs. suburban) (X) None 

Parents’ perceptions:  

Heavy traffic (X) 

Strong concerns of strangers (X) 

Strong concerns of road safety (X) 

No light/crossings (-)  

Need to cross several roads (X) 

Limited public transport (X) 

Not many other children around (-) 

Children’s perceptions (10-12 year):  

Heavy traffic (X) 

Concerns about strangers (X) 

Roads not safe (X) 

Objective measure of route to school  

Distance < 800m (0.5 mile) (+) 

Busy road barriers along route (-) 

Direct route to school for 5-6 year (X) 

Direct route to school for 9-12 year (+) 

Slope barriers for 5-6 year (-) 

Timperio 
(2006) 
 

235, 5-6 year; 677, 
10-12 year 
CS; O & P; W & B  

Slope barriers for 9-12 year (X) 

G, parental 
education, 
clustering of 
children by school,
& area-level SES 

Staunton 
(2003) 

4,665 
Inte; O; W & B 

Multi-level interventions including engineering 
improvement 

 
(+) 

None º w v r »
 (+), positive association; (-) negative association; (X), insignificant; A, age; B, biking to and from school; 

CS, cross-sectional study; Eth, ethnicity; G, gender; In, family income; Inte, intervention study; O, objective 
measures of physical environment; P, perceptions of physical environment; SES, socioeconomic status; W, 
walking to and from school Z [ ¼ [ c ^ _ f i b d m d b g � i j a d m h i _ _ ^ m d e ^ f

Personal and social factors were recognized as important correlates of walking and biking to school in most 
previous studies. Yet empirical findings were not always consistent. Child’s gender has been reported as a 
significant factor (Cooper et al. 2003; McMillan et al. 2006; Fulton et al. 2005; Evenson et al. 2003), with girls 
being less likely to walk. Age differences were observed in a national survey (Fulton et al. 2006) and a statewide 
study in North Carolina (Evenson et al. 2003), yet was insignificant in an Oregon study (Schlossberg 2006). 
Overall, middle school and high school youth had a lower rate of walking to school than elementary school 
children. This might be explained by the longer distances that middle schools and high schools were located 
from students’ homes. Finer age differences among 3

rd
-5

th
 grade children have been reported by McMillan 

(2006), where the odds of active travel reduced by 27% with each year’s increase in age. Yet in an Australian 
study, children aged 11-12 were more likely to walk than those aged 5-9 (Merom et al. 2003). 

Ethnic differences were reported in several studies, where minority children (Evenson 2003; Braza 2004; 
Merom et al. 2003) or Hispanic children (Fulton et al. 2005) walked more often. Yet some other studies reported 
ethnicity as insignificant (Schlossberg 2006). The child’s body mass index was a negative correlate in Evenson’s 
study (2003), yet was insignificant in Fulton’s study (2005). Child’s positive attitude toward walking has been 
reported as a positive correlate (Merom et al. 2003). 

Family income was identified as a negative correlate in a Florida transportation study (EPA 2003) and a 
California study, yet was found to be insignificant in an Oregon study (Schlossberg 2006). There were some 
other parental or household factors that have been reported as significant factors in a few studies yet had 
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conflicting findings from other studies. Examples of such factors included parental education level (Fulton et al. 
2005), marital status (Fulton et al. 2005; Merom et al. 2003), perceived importance of physical activity, perceived 
convenience of driving (McMillan 2006), individual history of active transport to school, active commute to walk 
(Merom et al. 2003), the number of parents living in the home (Fulton et al. 2005), the gender of the responsible 
parent (Merom et al. 2003), car ownership (Merom et al. 2003; Schlossberg 2006), and the level of freedom 
given to children by parents (Merom et al. 2003; Ziviani

 
et al. 2004).  

As to social factors, family support has been reported as a positive correlate. Education programs have also 
shown significant effects on promoting walking and biking to school. In addition, in the 2004 CDC survey, 6% of 
parents reported those school policies that discouraged walking to school as a barrier (Martin & Carlson 2005).  Z [ ½ [ ¾ b e ^ _ d j e a i b f d ] i b ` c ^ _ f i b d m ¿ � i j a d m ¿ d b g c � � f a j d m \ b � a _ i b ] ^ b e d m h i _ _ ^ m d e ^ f

As indicated by socio-ecological theory and the conceptual framework proposed in this study, the personal, 
social, and physical environmental correlates of walking and biking to school are interrelated with each other. 
McMillan’s study (2006) tested possible interactions between the child’s gender and six variables, including 
parents’ perceived neighborhood safety, family income, parents’ walking behaviors, family approval of walking to 
school, parents born in the U.S., and parents’ education levels. Findings only supported one significant 
interaction, where caregivers’ own activity levels moderated the influence of gender on walking to school. 
Although girls were generally less likely to walk, an active caregiver increased the possibility that a girl would 
walk. 

The King County study (Kerr et al. 2006) has also reported some significant interactions. Firstly, the 
interaction existed between the composite measure of macro-level walkability and neighborhood income level, 
where higher walkability encouraged walking to and from school only in high-income neighborhoods, but not in 
low-income neighborhoods. One possible explanation is the higher rate of parental safety concerns in low-
income neighborhoods. Secondly, the interaction existed between walkability and parental safety concerns, 
where parents with serious safety concerns kept their children from walking even if the neighborhood was highly 
walkable in terms of urban forms. 

Finally, it was noticed that most studies had ignored the differences between the trip to school and trip from 
school. Schlossberg’s study (2006) of four middle schools found that although only 15% of students walked or 
biked to school, 25% of them walked or biked from school to home. A survey in California (1999) with children (9-
11 years) found the walking-to-school rate was 18%, yet the walking-home-from-school rate was 26% (Braza et 
al. 2004). Since the trip from school is less limited by time constraint, children may engage in other activities 
before getting home. Future studies should explore the specific potential of trips from school to home. Z [ À [ ¾ ] k m a j d e a i b f Á i _ \ � a g ^ b j ^ Â Ã d f ^ g Ä ^ f a ` b d b g c i m a j � ¾ b e ^ _ � ^ b e a i b f

In summary, a pattern emerged from the literature, indicating the perceived physical environment was 
mediating the effect of objective physical environment on parents’ decision-making about children’s school travel 
modes, while personal and social factors were moderating this environment-behavior relationship. Although 
evidence is still limited, it did provide important guidance for evidence-based design and policy interventions.  

Firstly, personal, social, and physical environmental factors all have significant impact on walking and biking 
to school. Therefore, multi-level strategies should be emphasized in interventions. Secondly, pre-post 
intervention studies are especially valuable because they can identify causality between physical environment 
and behavior changes, and can compare effects of different interventions, as indicated by the study on the 
California Safe Routes to School projects (Boarnet et al. 2005b). More pre-post studies should be conducted by 
collaborating with various intervention programs that are being implemented. Such studies can help to develop a 
priority list for designers and policy-makers. On the other hand, research findings should be generalized with 
cautions about the contexts. For example, sidewalk gap closure was proven to be extremely useful in areas with 
moderate or heavy pre-existing pedestrian traffic, yet was much less effective in areas with low volumes of pre-
existing pedestrian traffic (Boarnet et al. 2005b). Different interventions are needed for different contexts.  

Thirdly, findings about significant interactions among personal, social, and physical environmental factors 
can inform the development of tailored interventions and policies. Gender-specific and neighborhood-specific 
strategies should be considered. For example, the interaction between walkability and neighborhood income 
level suggests different strategies for neighborhoods with different socioeconomic status (Kerr et al. 2006). In 
low-income neighborhoods, parents’ safety concerns are more important barriers than the walkability itself.  

From another perspective, some findings have significant implications for school siting. For example, 
significance of the distance implies the need for centrally located neighborhood schools (Ewing et al. 2005). A 
study found that schools built before 1983, which were small-scale neighborhood schools, had four times more 
students walking to school (Kouri 1999). However, some current policies tend to encourage constructions of new, 
large-scale schools in remotes sites that are difficult to access by walking or biking. Examples of such policies 
include the funding formulas in many states that favour new school constructions over renovations, the minimum 
acreage standards that may be met only at Greenfield locations, the school districts’ exemptions from planning 
and zoning laws that enable them to disregard local policies and plans, as well as building codes that apply 
similar standards to new constructions and renovated schools (EPA 2003). 
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Overall, future research should phrase research questions, generate hypotheses, and design studies in a 
way that is knowledge-based and is more relevant to practice and policy, as suggested by Robinson and Sirard’s 
solution-based paradigm (2005). Collaboratives should be developed between researchers and professionals, 
using intervention projects as research sites. Such pre-post studies can go beyond the limit of cross-sectional 
studies, and can generate solid knowledge about the causality between physical environment and children’s 
walking and biking to school. In addition, various policies, such as school siting, transportation, urban 
development, and land use legislations should consider their potential impact on walking and biking to school. Å T R W Æ V Æ M Q P Ç K L W Q Æ M K L È M V É W Æ
 

Based on literature review, I conducted a case study in Austin, Texas, where 73 public elementary schools 
were analyzed for their attendance areas’ walkability and safety. This study measured the environmental support 
for walking to school from three perspectives, and was presented in a conference (Zhu 2007). The macro-level 
walkability (urban forms) and safety were measured using GIS, with the school’s attendance area as the unit of 
analysis. Variables for the macro-level walkability included distance-based walker estimates (percentages of 
residential units located within half a mile street network distance from school), pedestrian facilities (sidewalk 
completeness and traffic signal density), residential density, street connectivity (street density and street 
intersection density), and land-use mix. Variables for safety consisted of traffic safety (traffic volumes and 
percentages of high-speed streets) and yearly crime rates. The micro-level walkability (urban design and 
architectural qualities) was assessed through filed audits on 200-meter street segments sampled from the 
attendance areas. Relevant variables included various attributes of sidewalks, streets, and roadside buildings, as 
well as the overall impressions of convenience, aesthetics, amenities, maintenance, and perceived safety.  

Regression analysis was run between the percentage of Hispanic students attending the school and each 
environmental variable. Results showed that the percentage of Hispanic students was positively associated with 
the crime rate and most macro-level walkability variables, but negatively associated with most micro-level 
walkability variables ( Ê  < 0.05). No significant associatoin was found for traffic safety. 

Analysis of variance was used to compare the means of each environmental variable between the top-
quartile schools with the highest percentages of Hispanic students (  82.1%) and the bottom-quartile schools (< 
37.6%). For macro-level walkability, the group with the highest percentages of Hispanic students had 27.9% 
more students living within half a mile street network distance from school, had 15% higher sidewalk 
completeness, had one more traffic signal per 16-kilometer (10-mile) street segment, had about 427 more 
residents and eight more street intersections per 100 acres, and had a 0.165 higher land-use mix index on the 
zero to one scale ( Ê  < 0.05). In contrast, for micro-level walkability, the building maintennce, visual quality of 
buildings, and overall aesthetics, amenities, and maintenance were all rated at least one point lower on a five-
point scale ( Ê  < 0.05). In addition, some micro-level variables were marginally significant at the 0.1 level, 
showing that street segments in the top-quartile schools’ attendance areas were more likely to have sidewalk 
obstructions, on-street parking, and power lines along the segment. What’s more important, these schools had 
162 more criminal offenses per 1,000 persons per year in their attendance areas (mean = 239) ( Ê  < 0.05). 

Findings showed that schools with higher percentages of Hispanic children featured attendance areas with 
higher macro-level walkability, but much lower micro-level walkability and crime safety. Threats from crime 
tended to grow with the increase of land-use mix and street connectivity, which were usually considered to 
encourage adults’ walking. Therefore, targeted research is needed for the impact of these intertwining factors on 
children’s walking to and from school, especially for low-income, Hispanic neighborhoods. In addition, the micro-
level walkability should be studied as an important and holistic aspect parallel with the macro-level walkability of 
physical environment. For future practice, findings from this study suggested tailored intervention strategies for 
specific contexts and populations. 
 R O L R U Q Æ K O L Æ
 

Overall, current knowledge about the relationship between physical environment and children’s 
walking/biking to school is still constrained to associations for limited contexts and populations. More intervention 
studies are needed in order to identify causality for this environment-behavior relationship. In addition, more 
attention is needed for the relationships among various scales and aspects of physical environment, especially 
for the relationships between macro-level walkability and micro-level walkability, and between walkability and 
safety. Finally, more targeted research is needed to understand differences across various contexts and 
populations, so that tailored strategies can be developed for design and policy interventions. 
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 �ù ì � é å ä ú ê ë � ì þ ì ú ë ó � � ç ä æ ç þ ì � ç ð ä ý � � å þ ý å ä ú é ë é ê ç ü é � ç í í å û å ç ä û å ç é ó ð ä ý  � � ð é é å æ ç é ì þ ð è ç ä ç è ú ë� ê å þ å � ð ê å ì ä � î ù ç é ê � ý ë å ä ê ç ú è ð ê ç ý é ç æ ç è ð þ é å ü � þ ð ê å ì ä ê ì ì þ é å ä ê ì ð � è ì û ç ý � è ç ê ì ð é é ç é é ê ù ç å ü � ð û ê ì íç ð û ù ý ç é å ú ä � ð è ð ü ç ê ç è ì ä ê ù ç û ì ú ç ä ç è ð ê å ì ä é ë é ê ç ü � ç è í ì è ü ð ä û ç � î ù å é ð é é ç é é ü ç ä ê � è ì û ç ý � è çå ä û þ � ý ç ý ø ý ç æ ç þ ì � å ä ú ð � ð é ç ÿ þ å ä ç ü ì ý ç þ è ç � è ç é ç ä ê å ä ú ê ë � å û ð þ ý ç é å ú ä û ù ð è ð û ê ç è å é ê å û é ì í ã � ñ �è ç é å ý ç ä ê å ð þ û ì ü ü � ä å ê å ç é � ð é é ç é é å ä ú ê ù ç û ì ú ç ä ç è ð ê å ì ä é ë é ê ç ü � é � ç è í ì è ü ð ä û ç � å ê ù å ä ê ù å é ü ì ý ç þ � é å ä úê ù è ç ç � ç è í ì è ü ð ä û ç å ä ý å û ð ê ì è é ø � ç è û ç ä ê ð ú ç ì í è ç ý � û ê å ì ä å ä � è å ü ð è ë ç ä ç è ú ë � é ç ó � ç è û ç ä ê ð ú ç ì íè ç ý � û ê å ì ä å ä ÷ � � ç ü å é é å ì ä é � ð ä ý å ä ê ç è ä ð þ è ð ê ç ì í è ç ê � è ä � ð é é ç é é å ä ú ê ù ç å ü � ð û ê ì í ç ð û ù � ð è ð ü ç ê ç è ì äê ù ç é ë é ê ç ü � ç è í ì è ü ð ä û ç ê ù è ì � ú ù ý ç æ ç þ ì � å ä ú 
  ý ç é å ú ä æ ð è å ð ê å ì ä é ì í ê ù ç � ð é ç ÿ þ å ä ç ü ì ý ç þè ç � è ç é ç ä ê å ä ú � ì ê ç ä ê å ð þ û ù ð ä ú ç é å ä ç ð û ù � ð è ð ü ç ê ç è ð ä ý û ð þ û � þ ð ê å ä ú ê ù ç ê ù è ç ç å ä ý å û ð ê ì è é í ì è ç ð û ùæ ð è å ð ê å ì ä � ð ä ý í å ä ð þ þ ë ó � é å ä ú ð ü � þ ê å ÿ ð ê ê è å � � ê ç ý ç û å é å ì ä ð ä ð þ ë é å é ü ç ê ù ì ý ì þ ì ú ë ê ì ç æ ð þ � ð ê ç ê ù ç è ç þ ð ê å æ çå ü � ð û ê ì í ç ð û ù � ð è ð ü ç ê ç è ì ä ê ù ç û ì ú ç ä ç è ð ê å ì ä é ë é ê ç ü � ç è í ì è ü ð ä û ç � î ù ç é ê � ý ë è ç é � þ ê é é ù ì � ê ù ð ê� þ ð ä ä å ä ú � ð è ð ü ç ê ç è é ù ð ý ð ù å ú ù ç è å ü � ð û ê ì ä ê ù ç û ì ú ç ä ç è ð ê å ì ä é ë é ê ç ü � ç è í ì è ü ð ä û ç ê ù ð äð è û ù å ê ç û ê � è ð þ ì ä ç é � ò þ é ì ó ð é å ú ä å í å û ð ä ê û ì è è ç þ ð ê å ì ä � ð é í ì � ä ý � ç ê � ç ç ä ý ç é å ú ä û ù ð è ð û ê ç è å é ê å û éå ý ç ä ê å í å ç ý ð é í ð æ ì è ð � þ ç í ì è ê ù ç û ì ú ç ä ç è ð ê å ì ä é ë é ê ç ü � ç è í ì è ü ð ä û ç ð ä ý ê ù ì é ç ì í é � é ê ð å ä ð � þ çè ç é å ý ç ä ê å ð þ û ì ü ü � ä å ê å ç é � î ù ç é ç å ä û þ � ý ç ù å ú ù ý ç ä é å ê å ç é ó ù å ú ù � é ç ü å ï ó å ä ê ç è û ì ä ä ç û ê ç ý é ê è ç ç êä ç ê � ì è � é ó ð ä ý ü å ï å ä ú ì í ù ì � é å ä ú ê ë � ì þ ì ú å ç é � î ù å é å ä ý å û ð ê ç é ð ù å ú ù ç è � ì ê ç ä ê å ð þ í ì è å ä ê ç ú è ð ê å ä úû ì ú ç ä ç è ð ê å ì ä é ë é ê ç ü é å ä é � é ê ð å ä ð � þ ç û ì ü ü � ä å ê å ç é �� ç ë � ì è ý é ø û ì ú ç ä ç è ð ê å ì ä � è ç é å ý ç ä ê å ð þ � ü å ï ç ý � é ç û ì ü ü � ä å ê å ç é � ç ä ç è ú ë ç í í å û å ç ä û ë � ý å é ê è å û ê ù ç ð ê å ä ú� � � � � � � � � � � � � � � �  � ! " � � � � � " � # � $ % � & " � �  � � ' ( % ) " � " $ � � � % �* ä ê ù ç � ð é ê ê ù è ç ç ý ç û ð ý ç é ó ê ù ç ä ç ç ý í ì è ð ý ì � ê å ä ú ê ù ç � è å ä û å � þ ç é ð ä ý � è ð û ê å û ç é ì í é � é ê ð å ä ð � å þ å ê ë ù ð é � ç ç ä û þ ç ð è þ ëç é ê ð � þ å é ù ç ý ê ù è ì � ú ù è ç é ç ð è û ù ð û ê å æ å ê å ç é ó � ì þ å ê å û ð þ û ì ä æ ç ä ê å ì ä é ó ð ä ý � è ì ê ì û ì þ é � + ù å þ ç ð þ ð û � ì í û ì ä é ç ä é � é é ê å þ þ ç ï å é ê éì æ ç è ê ù ç ý ç í å ä å ê å ì ä ì í é � é ê ð å ä ð � þ ç ý ç æ ç þ ì � ü ç ä ê ð ä ý ê ù ç å é é � ç é å ê é ù ì � þ ý ð ý ý è ç é é ó ç ï å é ê å ä ú é û ù ì ì þ é ì í ê ù ì � ú ù êð ú è ç ç ì æ ç è ê ù ç ä ç ç ý í ì è � ð þ ð ä û å ä ú å ê é ê ù è ç ç ü ð å ä û ì ü � ì ä ç ä ê é ø ç ä æ å è ì ä ü ç ä ê ð þ ó ç û ì ä ì ü å û ó ð ä ý é ì û å ð þ é � é ê ð å ä ð � å þ å ê ë �î ù ç ä ç ç ý í ì è ç ä æ å è ì ä ü ç ä ê ð þ é � é ê ð å ä ð � å þ å ê ë é ê ç ü é í è ì ü ê ù ç ú è ì � å ä ú é ç ä é ç ì í è ç é � ì ä é å � å þ å ê ë ü ì ê å æ ð ê ç ý � ë ê ù çè ç ð þ å � ð ê å ì ä ì í ê ù ç é ç è å ì � é ç ä æ å è ì ä ü ç ä ê ð þ � è ì � þ ç ü é í ð û å ä ú � ì è þ ý û ì ü ü � ä å ê å ç é , ç � ú � ú þ ì � ð þ � ð è ü å ä ú ó è ç é ì � è û ç éý ç � þ ç ê å ì ä ó å ä û è ç ð é ç ý � ì þ þ � ê å ì ä ó ç ê û � � � - ä ç è ú ë å é ð û ç ä ê è ð þ å é é � ç å ä ê ù ç é � é ê ð å ä ð � å þ å ê ë ý ç � ð ê ç ð í í ç û ê å ä ú ð þ þ ê ù è ç ç ì í å ê éû ì ü � ì ä ç ä ê é , . ì ù ð ä é é ì ä � / ì þ ý ç ü � ç è ú � 0 0 � � � î ù å é � å ý ç å ü � ð û ê ì í ç ä ç è ú ë å ä ý å û ð ê ç é ê ù ð ê ç ä ç è ú ë ç í í å û å ç ä û ë ó � ù å þ ç� ç è ù ð � é ä ì ê ð é � í í å û å ç ä ê û ì ä ý å ê å ì ä í ì è é � é ê ð å ä ð � å þ å ê ë ó å é û ç è ê ð å ä þ ë ð ä ç û ç é é ð è ë ì ä ç � î ù ç � � å þ ê ç ä æ å è ì ä ü ç ä ê � þ ð ë é ðü ð 1 ì è è ì þ ç å ä ê ù ç ã � ñ � ç ä ç è ú ë é ë é ê ç ü � ì ê ù ý å è ç û ê þ ë ó ê ù è ì � ú ù ç ä ç è ú ë � é ç å ä ê ù ç è ç é å ý ç ä ê å ð þ ð ä ý û ì ü ü ç è û å ð þ é ç û ê ì è é ó� ù å û ù å ä � 0 0 
 ð û û ì � ä ê ç ý í ì è � � � � 2 � � 3 � � 2 ì í ê ì ê ð þ ã � ñ � û ì ä é � ü � ê å ì ä è ç é � ç û ê å æ ç þ ë , - * ò � 0 0 � � ó ð ä ý å ä ý å è ç û ê þ ë óê ù è ì � ú ù å ê é å ü � ð û ê ì ä ê ù ç ê è ð ä é � ì è ê ð ê å ì ä é ç û ê ì è ó � ù å û ù ð û û ì � ä ê ç ý í ì è ð ä ð ý ý å ê å ì ä ð þ � 3 � 4 2 ì í ê ù ð ê û ì ä é � ü � ê å ì ä, - * ò � 0 0 � � � ñ � � é ç 5 � ç ä ê þ ë ó å ä û è ç ð é å ä ú ç ä ç è ú ë ç í í å û å ç ä û ë å ä ê ù ç � � å þ ê ç ä æ å è ì ä ü ç ä ê û ð ä � ì é å ê å æ ç þ ë å ü � ð û ê å ê éé � é ê ð å ä ð � å þ å ê ë � 6 � ü ç è ì � é é ê � ý å ç é û ì ä ý � û ê ç ý ì ä ê ù ç è ç þ ð ê å ì ä é ð ü ì ä ú é � é ê ð å ä ð � å þ å ê ë ó � è � ð ä í ì è ü ó ð ä ý � � å þ ý å ä úý ç é å ú ä ó é ì ü ç ì í � ù å û ù ð è ç þ å é ê ç ý å ä ê ù ç û ì ü å ä ú é ç û ê å ì ä ó å ä ý å û ð ê ç ð û þ ç ð è � ì ê ç ä ê å ð þ í ì è ð û ù å ç æ å ä ú é å ú ä å í å û ð ä êè ç ý � û ê å ì ä é å ä ç ä ç è ú ë û ì ä é � ü � ê å ì ä ê ù è ì � ú ù å ä ê ç þ þ å ú ç ä ê ð ä ý é � é ê ð å ä ð � þ ç � þ ð ä ä å ä ú ð ä ý ð è û ù å ê ç û ê � è ç � * ä û è ç ð é å ä ú ê ù çç ä ç è ú ë ç í í å û å ç ä û ë ì í ä ç � è ç é å ý ç ä ê å ð þ û ì ü ü � ä å ê å ç é å é ì í � ð è ê å û � þ ð è é å ú ä å í å û ð ä û ç å ä þ å ú ù ê ì í ê ù ç � è ì 1 ç û ê ç ý å ä û è ç ð é ç é å äè ç é å ý ç ä ê å ð þ ç ä ç è ú ë � é ç ý � ç ê ì å ä û è ç ð é ç é å ä � ì � � þ ð ê å ì ä ð ä ý ä ç � ù ì � é å ä ú é ê ì û � � 7 ì � ç æ ç è ó é ê ð ê å é ê å û é é ù ì � ê ù ð ê ê ù çü ð 1 ì è å ê ë ì í ê ù ç ä ç � ã � ñ � ù ì � é å ä ú é ê ì û � ð è ç ý ç ê ð û ù ç ý é å ä ú þ ç í ð ü å þ ë ù ì � é ç é ê ù ð ê ð è ç ê ë � å û ð þ þ ë þ ð è ú ç è å ä é å � ç ð ä ý
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û ì ä é � ü ç ü ì è ç ç ä ç è ú ë ê ù ð ä û � è è ç ä ê ð æ ç è ð ú ç ã � ñ � ù ì ü ç é � ñ � û ù ê è ç ä ý é � ì � þ ý í � è ê ù ç è å ä û è ç ð é ç ê ù ç ç ä æ å è ì ä ü ç ä ê ð þå ü � ð û ê ì í ê ù ç è ç é å ý ç ä ê å ð þ é ç û ê ì è � ò û þ ç ð è ä ç ç ý ó ê ù ç è ç í ì è ç ó ç ï å é ê é í ì è è ç é ç ð è û ù ð û ê å æ å ê å ç é ê ù ð ê ð å ü ê ì ç ï � þ ì è çð þ ê ç è ä ð ê å æ ç ý ç é å ú ä é ê è ð ê ç ú å ç é ó û ù ð è ð û ê ç è å é ê å û é ó é ë é ê ç ü é ó ð ä ý ê ç û ù ä ì þ ì ú å ç é ê ù ð ê ð å ü ê ì å ä û è ç ð é ç ê ù ç ç ä ç è ú ëç í í å û å ç ä û ë ð ä ý è ç ý � û ç ê ù ç ç ä ç è ú ë ý ç ü ð ä ý ì í ê ù ç è ç é å ý ç ä ê å ð þ é ç û ê ì è �- þ ç û ê è å û å ê ë � è ì ý � û ê å ì ä è ç é � þ ê ç ý å ä 	 8 2 ì í ç ä ç è ú ë ÿ è ç þ ð ê ç ý ã � ñ � ÷ � � ç ü å é é å ì ä é å ä � 0 0 	 , - * ò � 0 0 
 � � 9 å é ê è å � � ê ç ýú ç ä ç è ð ê å ì ä , 9 / � å é ð ä ç é ê ð � þ å é ù ç ý ð þ ê ç è ä ð ê å æ ç ê ì ç ï å é ê å ä ú � ì � ç è é ë é ê ç ü é ê ù ð ê ù ð é ê ù ç � ì ê ç ä ê å ð þ ì í ð û ù å ç æ å ä úû ì ä é å ý ç è ð � þ ç ç ä æ å è ì ä ü ç ä ê ð þ ð ä ý ç û ì ä ì ü å û � ç ä ç í å ê é � î ù ç � é ç ì í û ì ú ç ä ç è ð ê å ì ä ó ð ê ç û ù ä ì þ ì ú ë ê ù ð ê ú ç ä ç è ð ê ç éç þ ç û ê è å û å ê ë þ ì û ð þ þ ë ð ä ý � ê å þ å � ç é ê ù ç ê ù ç è ü ð þ ç ä ç è ú ë � ë � è ì ý � û ê ì í ê ù ç ú ç ä ç è ð ê å ì ä � è ì û ç é é å ä ê ù ç è ü ð þ ç ä ý � é ç é é � û ùð é é � ð û ç ð ä ý � ð ê ç è ù ç ð ê å ä ú ó í � è ê ù ç è å ä û è ç ð é ç é ê ù ç ç í í å û å ç ä û ë ð ä ý ê ù ç � ì ê ç ä ê å ð þ � ç ä ç í å ê é ì í 9 / � ÷ ì ü � å ä ç ý � å ê ùç ä ç è ú ë û ì ä é ç è æ ð ê å ì ä ü ç ð é � è ç é ó è ç é å ý ç ä ê å ð þ û ì ú ç ä ç è ð ê å ì ä é ë é ê ç ü é ì í í ç è ê ù ç � ì ê ç ä ê å ð þ í ì è ü ç ç ê å ä ú ü ì é ê ì è ð þ þ ì í ê ù çç ä ç è ú ë ä ç ç ý é ì í è ç é å ý ç ä ê å ð þ û ì ü ü � ä å ê å ç é å ä ð ü ì è ç ç û ì ä ì ü å û ð ä ý ç ä æ å è ì ä ü ç ä ê ð þ þ ë í è å ç ä ý þ ë ü ð ä ä ç è �÷ ì ä é ç 5 � ç ä ê þ ë ó å ä ê ç ú è ð ê å ä ú û ì ú ç ä ç è ð ê å ì ä ê ç û ù ä ì þ ì ú å ç é å ä ê ì ä ç � è ç é å ý ç ä ê å ð þ û ì ü ü � ä å ê å ç é û ð ä ü å ê å ú ð ê ç ê ù ç ç ï � ç û ê ç ýå ä û è ç ð é ç é å ä ê ù ç å è ç ä æ å è ì ä ü ç ä ê ð þ å ü � ð û ê � ö ç é å ý ç ä ê å ð þ û ì ú ç ä ç è ð ê å ì ä é ë é ê ç ü é ð è ç û � è è ç ä ê þ ë � ê å þ å � ç ý å ä é ç æ ç è ð þ- � è ì � ç ð ä û ì ü ü � ä å ê å ç é , ç � ú � � è ì ä é � ç è ú ÷ ì ü ü � ä å ê ë å ä 7 ð ä ä ì æ ç è ó / ç è ü ð ä ë � ð ä ý õ ç ý ý å ä ú ê ì ä : ç è ì - ä ç è ú ë9 ç æ ç þ ì � ü ç ä ê å ä ; ì ä ý ì ä ó ã � � � * ä ê ù ç ã � ñ � ó ù ì � ç æ ç è ó � ù å þ ç û ì ú ç ä ç è ð ê å ì ä å é � ç þ þ ç é ê ð � þ å é ù ç ý å ä ü ð ä ë é ç û ê ì è é ó ç � ú �ê ù ç å ä ý � é ê è å ð þ ð ä ý ç ý � û ð ê å ì ä ð þ ì ä ç é ó å ê é � é ç å ä ê ù ç è ç é å ý ç ä ê å ð þ é ç û ê ì è å é é ê å þ þ æ ç è ë þ å ü å ê ç ý å ä é � å ê ç ì í ê ù ç é å ú ä å í å û ð ä êç ä ç è ú ë ð ä ý ç ü å é é å ì ä é è ç ý � û ê å ì ä é � ì ê ç ä ê å ð þ ê ù ð ê ê ù å é ê ç û ù ä ì þ ì ú ë � è ç é ç ä ê é , é ç ç / � ä ç é � - þ þ å é � 0 0 	 � õ è ð � ä ç ê ð þ �� 0 0 
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The Architectural Research Centers Consortium 

 
 

The Architectural Research Centers Consortium, Inc. (ARCC) is an international association of 

architectural research centers committed to the expansion of the research culture and a 

supporting infrastructure in architecture and related design disciplines. Since its founding as a 

non-profit corporation in 1976, ARCC has represented a concerted commitment to the 

improvement of the physical environment and the quality of life. 

 

Historically, ARCC's members have been schools of architecture who have made substantial 

commitments to architectural research, often by forming centers directed to research programs. 

At the same time, ARCC has sponsored many projects, conferences, and other activities 

involving the broader architectural research community, including industrial laboratories, 

government agencies, and private practitioners engaged in research. 

 

ARCC members are engaged in sponsored research and in graduate studies intended to develop 

a more comprehensive research infrastructure for architecture -- an infrastructure of researchers, 

facilities, equipment, research centers, and academic programs working to expand the knowledge 

base for practice. A recent survey of members identified over $21 million in funded research 

projects in areas such as: 

 

•Acoustics •Adaptive environments •Building economics •Building systems •Commercial 

and institutional buildings •Community development and design •Computer-aided design 

•Construction materials and processes •Earthquake, fire, and environmental hazards 

•Energy, resources, and sustainability •History and theory of architecture •Health and 

related facilities •Housing •Indoor environments •Lighting and daylighting •Practice of 

architecture •Preservation and rehabilitation •Simulation and representation •Tropical 

planning and design •Urban and rural design 

 

As an organization of researchers and research centers, ARCC sponsors workshops, undertakes 

sponsored projects, sustains networks, and exchanges information and experience intended to 

help build a research culture and infrastructure -- in architecture schools and beyond. 

 
 
 
 
 
 
 
 
*for more information and contact details visit our website: www.arccweb.org 
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Forward

Architectural research investigates issues related to the physical, aesthetic, and social aspects of the 
built environment, including the well-being of its inhabitants. Architectural education promotes the 
understanding of principles, concepts and lessons learned from practice and architectural research. 
In practice, designers and clients exchange a variety of ideas, problems, strategies, and solutions. 
Ultimately, we seek ways to link research and practice to the classroom so that our students will 
become better stewards of the environment.

This year’s theme, “Green Challenges” offers a venue for participants to present research issues that 
help move architectural education to a greener and sustainable future. The conference is open to 
a diversity of topics yet focused on current research, innovations, programs, and activities, which 
participants will present in parallel sessions. Roundtable discussions will allow participants to discuss 
green topics, exchange ideas, and develop potential collaborations on research projects.

These proceedings present papers that address a number of issues including:
• Would applying (what are claimed to be) sustainable design principles be enough to protect and 

guarantee the sustainability of our environment?
•  What are the new issues that architectural researchers and educators should now focus upon?
•  How does current building design protect the inhabitants from extreme changing climates? Or 

should we be more adaptable in our behavior? 
• What are the top ten, most important design moves that students should know how to do in order 

to design carbon neutral buildings?
All papers published in these proceedings went through rigorous, blind refereeing processes by the 3 
reviewers from the ARCC Board and Technical Committee. We received 47 paper submissions by authors 
from 30 institutions in the United States, Canada, and Korea. Of these, 32 were accepted with revisions 
and 1 author withdrew. There were five invited presentations and five keynote presentations that are 
not included in the proceedings.

The final 31 papers presented in these proceedings are categorized into a number of topics:
• Building Case Studies 
•  Community and Urban Design
• Daylighting and Electric Lighting 
• Education
•  Energy and Resource Efficiency 
•  Human Context
•  Materials and Construction 
•  Philosophy and Theory for Advancing Green Design 

On behalf of the Architectural Research Centers Consortium, we would like to express our gratitude to 
all the reviewers who contributed their time in the review process of the papers.

Alison G. Kwok
Conference Organizer

© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007

i



Organizing and Technical Committees

Organizing Committee

Alison G. Kwok (Chair)   University of Oregon

Brook Muller (Paper Review Chair)   University of Oregon

Alexandra Rich (GRF)   University of Oregon

 

ARCC 2006-07 Board

   

Michel Mounayar (President)    Ball State University 

Kirsten van Aalst (Vice President)    Norwich University

Stephen Weeks (Treasurer)    University of Minnesota 

Leonard Bachman (Secretary)    University of Houston

Lucie Fontein     Carleton University

Jane Greenwood     Mississippi State University 

Michael Kroelinger    University of Nevada Las Vegas

Brian Sinclair     University of Calgary

ARCC Ex-Officio  

Brooke Harrington    Temple University

Walter Grondzik      Tallahassee, Florida 

Michael Hagge     University of Memphis

Fatih Rifki     American University of Sharjah

Technical Committee / Paper Reviewers

G.Z. Brown      University of Oregon

Mark Cabrinha     Rensselaer Polytechnic Institute

Virginia Cartwright   University of Oregon

Tim Castillo     University of New Mexico

Nancy Cheng     University of Oregon

Tom DiSanto    California Polytechnic State, San Luis Obispo

Stephen Duff     University of Oregon

Ihab Elzeyadi     University of Oregon

Michael Fifield     University of Oregon

Urs Peter Flueckiger    Texas Tech University

Tom Fowler     California Polytechnic State, San Luis Obispo

Mark Gillem      University of Oregon

Geoff Gjertson     University of Louisiana at Lafayette

Esther Hagenlocher    University of Oregon

Bruce Haglund     University of Idaho

Nico Larco      University of Oregon

Michael Lucas     California Polytechnic State, San Luis Obispo

Margot McDonald     California Polytechnic State, San Luis Obispo

Matt Powers     Florida A&M University

Nicholas Rajkovich    RSK Architects Inc.

John Reynolds     University of Oregon

Veronica Soebarto    University of Adelaide

Alison Snyder     University of Oregon

Sandy Stannard     California Polytechnic State, San Luis Obispo

Randy Teal     University of Idaho

Kevin Van Den Wymelenberg   University of Idaho, Integrated Design Lab

James Wasley     University of Wisconsin, Milwaukee

Jenny Young      University of Oregon

ii



Table of Contents

Foreword   

Organizing and Scientific Committees

 

 

 

 

 

 

Case Studies—Lighting
 

Configuring Structure to Improve Daylight Access in Multistory Buildings

 Christine Theodoropoulos, G.Z. Brown, Arthur Johnson, Michael Hatten,     

 Christopher Flint Chatto, Jeff Kline, Dale Northcutt

Green In The Balance: Visual Comfort Inside Offices With Tilted Facades

 Ihab Elzeyadi

A Lower Cost, Higher Performance Classroom: will innovation lead to market transformation?

 G.Z. Brown, Jeff Kline, Dale Northcutt

 

Measurement And Education

How Are We Doing? A Protocol For Building Performance Reviews

 Cathy Turner

Considering The Whole: Developing a Whole–house Calculator

 Michael O’Brien, Ron Wakefield

A Systemic Model For Designing Energy Optimized Buildings

 Audrey Kay Werthan

Awareness: the ground for sustainable design

 Randall F. Teal

Innovative Sustainable Water Management Practices in Solar Residential Design

 C. Jason Mabry, Franca Trubiano

Theory For Advancing Green Design

Ocean and Prairies: New Metaphors for Design*

Laura Briggs

Themes Of Function

Donald Corner, Michael Magee

What’s On Your Mind, What’s In Your Heart? An Exploration on Our Perceived Environment

Missa Aloisi

Expo 2005–Nature’s Wisdom: An Ecological Pedagogy For Sustainable Transformation

Michael Zaretsky

In Poetic Association: Acts of Architecture in the Realm of Landscape Ecology

Brook Muller

3

11

19

27

39

47

55

67

75

83

91

99

i

ii

iii



Materials and Construction

Straw-Bale Eco-Center: Demonstrating How to Live Sustainably in the Midwest

 Timothy Gray

The Design of Residential Building Skins—Solar Power and Structurally Insulated Panels

 Joe Jamgochian and Franca Trubiano

Enabling Material Constraints in the Digital Design Process Through a Plywood Gridshell

 Mark Cabrinha

In the Purple Palace: Environmentally Responsible Vocabulary for Materials and Construction*

 Richard Hayes

Site Interface*

 Laura Briggs 

 

Education

Lab-coats Back in Studio. Can Sustainability Bring Design and Research Back Together?

 Fernando Luiz Lara

A Green Studio Pedagogy: Using Scale Changes to Influence Architectural Design for Sustainability

 Keelan P. Kaiser

Education, Environmental Attitudes and the Design Professions

 Traci Rose Rider, Jack Elliott

The Green Studio Handbook: Environmental Strategies for Schematic Design

 Alison G. Kwok, Walter Grondzik

Interdisciplinary Comprehensive Design Studio: Carbon Neutral Field Campus*

 Bruce Haglund

 

143

151

157

169

175

183

191

 

 

 

 

 

Case Studies—Human Context

Effect of Building Design on Pressure-related Problems In High-rise Residential Buildings

Jae-Hun Jo, Myong-Souk Yeo, Kwang-Woo Kim

Thermal Comfort in a Naturally-Ventilated Educational Building

David Mwale Ogoli

The Green Church

Mark L. Gillem

Environmental Studies of Vernacular Architecture

J. Brooke Harrington, Judith Bing

109

117

125

133

iv



Community and Urban Design

Research x Design: Urban Design Charrettes from the Design Centre for Sustainability 

at the University of British Columbia*

 Ron Kellett

Phantom Housing: The Rise and Fall of Public Housing in North America

 Benjamin Gianni

Mapping Urbanity: A Trajectory of Urbanity and Its Role in the Morphology of the Biosphere

 Maria del C. Vera, Shai Yeshayahu-Sharabi

School Environment and “Green” Transportation

 Xuemei Zhu

Community Design Parameters and the Performance of Residential Cogeneration Systems

 Hazem Rashed-Ali

203

211

217

225

Theory for Advancing Green Design

Intimate Encounters: Social Capital, Emotional Ecology, and Sustainable Design

 Kaarin Knudson

The Role of Connectedness Theory in Sustainable Architecture

 Anthony W. Layne

The Sustainability of an Architectural Practice

 Lucas Gray

Advancing Green Design Through Theory*

 Martha Bohm

The Trouble With Sustainability

 Walter Grondzik 

  

* Invited oral presentations

  

237

243

251

259

Author Index

The Archtiectural Research Centers Consortium

Sponsors 267

266

265

v



!



Theory For Advancing Green Design

Ocean and Prairies: New Metaphors for Design*

Laura Briggs

Themes Of Function

Donald Corner, Michael Magee

What’s On Your Mind, What’s In Your Heart? An Exploration on Our Perceived 

Environment

Missa Aloisi

Expo 2005–Nature’s Wisdom: An Ecological Pedagogy For Sustainable Transformation

Michael Zaretsky

In Poetic Association: Acts of Architecture in the Realm of Landscape Ecology

Brook Muller

* Invited Oral Presentation

1



!

2



� � � � � � � � � � 	 
 � � � � 	 �  � � � � � �  � � � � 	 �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 	 � 
 � 	 � � � � � � � � 	 
 
 � � � � � 	 �   ! � � � � � � � � � 	 " � � �� � � � � 	 � �  � � � � � � # � � 
 	 � � � � � � � � � � � � � � � 	 � � � � � � # � � � ! � � � � � � � � $ � � � � � � 	 � �  
 � � � � � � � � 	 � � �	 � � � � � � � � � � � 	 � � � � � � � 	 
 � � � � 	 � � % � � � � � � � � 	 � ! � � � � � � � � � � 
 � � � � � 	 � � � � � � � � � � � � � � � � � 	 

 � � � � � 	 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 	 
 ! � � � � � � � � � � � 	 � � � � % � � � � � � � � � � � � � � � 	 � � � � � 	 
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � 	 � ! � � � # � � 
 � � � � �  � � � � � � � 	 � � � � � � � � � � � � � 	 � � � � � � � �� � � � � � � � � � � # � � � 
 � � � � � � � 	 
 � � � � � 	 � � � � � � � � ! � � # � � � 	 � � � � � � � � � � � $ � � 	 � � � � 	 � � � � � � � � � � � � �� � � � 	 � � � � � 	 � � � � � � 	 � � % � � 
 � � � � � � � � � � � � ! � � 	 � � � 	 � � � 	 � � � � $  � � � � � � � � � � � � � � �� 	 � � � & � � � � � � � � � 	 � � � � � � � � � � � � � � � � � � � � � � � � � 	 � � 	 ! � � � � � � � � � � % ' � � � � � � � � � � � � � � � � � � � � � � �� � � � � �  � � ! � � � � � � � � � 
 	 � � � � � � ! � � � � � � � � 	 � � � � 	 � � � � � � � � � � � � � � � � � � � � � % � 	 � � � � � � � �� � � � � �  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 	 
 � � � � 	 � � � � � � � � � � � � � � 
 	 � � � � � �( � � � 	 � � � � ) � � � � 
 � � � � � � � � � � � � � � 	 � �* + , - . / 0 1 , * . +� � � � � � � � � � � � � � � � � � � � � � 	 � � � � � � 	 � 	 
 � 	 � � � � � � � � � � # 	 � � � 	 � � � � � �  � � � � � � 	 � � � � � �  � � � 
 	 � � � � � � � � � � � � � �� � � � � � � � � � 	 
 � � � 	 � � � � � � � � � � � � 	 � ! � � � � � � � � � � 
 	 � � � � � � � � � � � ! � � � % � � � # � � � � � 	 
 � � � � � � � � � � � � � � � � 	 � �  � � �! � � � � � � � � � � � � � � 	 � � � � � �  � � � # � 	 � � � � 	 � � � � � 	 	 � 	 
 � � 	 � � � � � � � � � � � � � 	 
 
 � � � � � 	 � %  2 3 4 � � � � � � � � � � 
 � � � � � � � � � � � � � � � � � ! � � � � ! 	 � � � � � � � � � $ � � � � � � � � � � 	 � � � � � � � 
 � � � � � � � � ! � � 	 
 � � � � � � � � � � � � � 	 � � % � � � � � � � � � � �� � � � � � � � � � � � � 	 
 � � � � � �  
 � � � � � � � � � � � � 	 � � � 	 � � � 
 � � � $ � � � � � � 	 � � 	 
 ! � � � � � � � � � % � � � � � � � 	 � � � � � � 
 	 � � � � � � � � � � � � � � � � � � � � � 	 � � � � � $  � � � � � � � � � � � � � 	 � � � � � � � 
 	 � � � 	 � � � � � � � � � � � � � � � � � % � 	 	 	 
 � � � � 
 	 � � 	 
� � � � � � 	 � � � � � �  � � � � � � % � � 	 � � � � � � � � � � � � � " 	 � � � � �  � � � � � � � � � � � � � � � 
 � � � � � � � � � 
 � � � � � � � � � � 
 � 	 � � � �� 	 � � � � � � � � � � � � � � � � � � % 5 � � � � � � � � � � � � � � � 	 � � � 
 � � 
 � � � � �  � � � � � � � � � � � � � � � � � � � � 	 � � � 	 � � � � � � � � � � 
 � � � � � 	 �  ! � � � � � � �� � � � � � � � � � 	 � � � � � 	 � � � � � � � � � 
 	 � � � � � � � # � � � ! � � � � � � � � 
 	 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ! � � � � %� � � � � � � � 	 � ! � � � � � � � � � � 
 � � � � � 	 � � � � � � � � � � � � � � � � � 	 
 
 � � � � � 	 � � � � � � � � � 	 � � � � � � � � � � � � � � � � � � � � � � � � 	 
! � � � � � � � � � � � 	 � � � � % � � � 
 � � � � � � � � � � � � � � � � � � � � � 	 
 � � � � $ � � � � � � � 	 � � 	 
 	 � � � � � � � � � � � � � � � � � � � � � % � � � � 	 � � �� � � � � 	 	 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 	 � � � � � � � � � 	 � � � � � � � � � ! � � � � � � � 	 � � � � � % � � � � 	� � � � � � � � � � � � � � � � � � � � � � � 
 	 � � � � � � � � � � � � � 
 	 � � � � � � % � � � � � � � � � � � � � � ! � � � � � � � � 	 � � � 	 � � � � � �  � � � � � � 	 � � � � � � � � � 	 $ � � � � � � � � � � � � � 	 � � � � � � � # � � % � � � � � � � � � � � � � � � � 	 � � � � � � � � � � � � � � � � � � � � � � � 	 
 � � � � � � %' � � � � � � � � � � 	 � � � � � � 	 � � � � # � � � � 	 ! � 	 � � � � � � � � � � $ � � � � � � � � 	 
 ! � � � � � � � �  � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � 	 � � � � � � � � � � � � � � � � � � 	 � � 	 
 � � � � � � � � � � � ! � � � � � � � � � � 	 � � � � � � � � � 	 � � � � � � � � � � 	 � � % � 	 � � 	 � � � � � � � � � � � � � � � � 	 � � 	 
 � � � � 	 � � � ! � � � � � � � � � � � �  � � � � � � � � � � � � � � � � � � � � � 	 � � � � � � � � � � � � 	 � � � � � � � � � � � # � � � � � 	 � 	 � � � � % 6 � �� � � � � 	 � 	 � � � � � � � � ! � � � � � � � � � � � 	 � 	 � � � � � � � � � � 
 	 � � � � 
 	 � � �  ! � � � � � 
 	 � � � � � � 	 
 � � � � � � � � � � 
 � � � � � 	 � 	 
 � � �� � � # � � � � ! � � � � � � � � � � � � � � � � � � � � � � � � 	 
 � � � � � � � � � � � � � � � � � � � � 	 � %7 	 � � � � � � � � � � � #  � � � � � � � � � � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � � � � � � � � � � # � � � � � � � � � � 	 
 � � � � � � � � � � � � � �� � � � � � � $ � � � � � � � � � � � � � 
 	 � � � � � � � ! � � � � � � 	 # � 	 � # � � 	 � � � � � � 	 � � % 2 8 4 � � � � � � � � � � � � 	 
 � � 	 � #  � � � � � � � 	 � � � � � � � � � � � � � � ! � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 
 � � � � � � � � � % � � � � � 	 � � � � � � � � � � � � � � � � � � 	 � 	 
� � � � � 	 � 	 � � � � � � � � � � �  � � � � � � 	 � � � � � 	 � # 	 
 � � 
 � � � � � � � � � � � � � � � � � � 	 ! 	 � � � � � � � � � � � � � � � � � � � � � 	 � � � � � � � � � � %9 
 � � � � � � � � � 
 � � 	 
 : � 	 
 � � � 	 � � � � � � � � #  � � � � � � � � � 	 � � � ; � � � � � � � � � � � � � � � � � � � � �  � � � 	 � � � � � � � � �  � � < � � 
 � � �� � � � � � � � � � � � � � � � � � � 	 � � � � � % 9 � � � � � � � � � � ! � � � 	 � � � � � � 	 � � � ! � � � � � � 	 & � � � � � 	 � � � � � 
 
 � � � 	 
 � � � � � � 	 � � � � 	 �� � � � � � � � ! � � � � � � � � � � � � � & � � % 9 � � � � � 	 � � � � � � � 	 � � ! � � � � � � � � � � � � � � � � � � � � � � � � � � 	 � 
 � 	 � � � � 	 � � � � � � � � � � � 	 

 � � � � � 	 � � � � � 	 � � ! � � � � � � � 	 � � � � ! � � 
 	 � � � � � � � � � � � � � � � 
 	 � � � � � � 	 
 � � 	 � � 
 � � � � � 	 � � = 9 
 � � � $ � � � � � � � �� � � � � � � � 	 
 	 � � � � � � � � � � � �  � � � � � � � � � � � � � � � � � � 	 
 � � � � � � � � � � � � � � � � � � � � � � & � � � � � 	 � � � � � � � � � � � 	 � �� � � � � � � � � 
 � � � � � %
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

3



> ? , @ A - B * + C 1 - A A + D - * + 1 * D E A9 � � � � 3 F G H I � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 	 � � � � � � � � � � � � � � � � � � � � � 	 � � � � �  � � � � � � � � � � � � � � � � � � � � � � �
 	 � � � � � � � � � � & � � � � ; � � � � � � � � � � � � %  9 � � � � � � � � 	 � � � � � � � � � � � � � ! � � � � � � � � � � � � � � � � � � � � � � � � � 
 	 � � � � � � � � � � �� 	 � � � � � � � � 	 �  � � � � � � � � � � � � � � � � � � � � � 	 � � � � � � � � � � � 	 
 � � � ! � � � � � � � � � � # � � % 2 J 4 9 � � � � � � � � � � � � � � � � ! � �  � 	 � � � � � � � � � � � � � � # � � � � ! � � � � � � � � � � � � � � 	 � � � � � � � � 	 � 
 � � � � � �  � � � � � � � � 	 � � � 	 � � � � � � % 9 � � � � � � � � 	 
 � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 	 � � � � � � � � � � 	 
 
 � � � � � � 
 � � � � 	 � � � � � � � � � � � � � ! � � � � � � � � � � � � ! � � % � � � � � � �� � � � � � � � � $ � � � � � � � � � � � � � � � � � 
 	 � � � � � � � � � � � � ! � � 	 � � � � � � � � � � � � � � � � � 	 � � 	 � � 	 � � � � � � � � ! � � � � � � � 	 � � �! � � � � � � ; � � � � � 
 � � � � � � � � 	 
 � � � � 	 � � � � � � � � � � � % � � � � � � � � � � � � � � � � � � � � � � ; � � � � � � � � � � � � � � � 	 � � 	 
 � � �� 	 � � � 	 � � � � � � � � � � � � � � � � � � ! � � � � � � � � � � � � � � K � � � � � � � � � � 	 
 � � 	 � � � � � � � � � � � � 	 � � � � � � � � � � � � � � # � � � 
 � � � � � � � � � �� 	 � � � � � � � � ; � � � � � � � � � � � � � � � � � � � � � 	 � � % 2 ' � � � � � 3 4 9 � � � � � � � # � � � 	 
 
 � � � � � � � � � � � � � � � �  � 	 � � � � 	 � � ! � � � � � � � � � � �� 	 � # � � � � � � � � � � � � � � � � � � 	 
 � 	 � � � � � � � %

' � � � � � 3 � L � � � � � � 	 
 � � � � � � � � � � � � � � � � � � � � � � � � ! � � � � � � ! � � � � � � M � � � 3 F G 3 %� � � � � � � � � � � � � � � � 	 	 � ! � � � � � 	 � � � � � � � � � � � � � � � � � � � � 	 
 � � � 
 � � � � � � � # % � � 	 � � � � � � � � � � � � � � � � $ � � � � � � � �7 � � � � � � � � � � � � I � 6 � � � � � � � � � � � � � � � � � � � � � � � � � � �  � � � � 
 � � � � � � � � � 	 � � � " 	 � � � � � � � � � � � 	 
 � � � � � � 	 � � � � � ! � % � � �� � � � � 
 � � � � � � 	 
 � � � � 	 � � � � � � � � 	 � � 	 � � 	 � � � � � � � � � � � 	 
 � � 	 � � � � � 	 � � � � � � � 	 � � � ! � � # � 	 � # � � �  � � 	 � � � � � � �� � � � 	 
 � � � � � � # � � � � � � � � � � � � � � � � � � � � 	 � � � 	 
 � � � � � � � 	 � � � � 	 � � � � � � � � � � � � � � � 	 � � � 	 � � � � � � � � % � � � � � 	 � � � � �� � � � � � � � � � � � � � � � � � � � � � I � � � � � � 	 
 � � � 	 �  ! � � � 	 � � � � � � � � � � � � � � � � $ � � � � � � � � 	 � 	 
 � � � � � � � � � � � � � � � � � � � � � �: 	 � � < � 	 � � � � � � � % 2 ' � � � � � 8 4 � � � � � � � � � � � � � � � � � � � � 	 � � � � � � �  � � � � � � ! � � � � � � � �  � � � � 
 � � � � � � � � � � � � � � ! � � # � 	� � � � � � � 	 � � � � � � � � � � � � � � # � � � 	 � � % � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 	 	 � � 	 
 � � � � � 
 
 � � � � � � � � 	 � � � � � � � & � � � � � 	 � �	 
 � � � � � � � � 	 � � 	 � � 	 � � � � # � � 
 � � � � � � � � � � � � � � � � � 	 � � � � � � � � � � � � � � � � � � $ � � � � � � � � 
 � � � � � � � � � � � � 	� 	 � � � � � 	 � � ! � � � � � � =� � � � � � � � � � � � � � 	 
 	 � � � " 	 � � � � � � � � 	 � � � � � � � �  � � � � � � � � � � � � � � � 	 � �  � 	 � 
 � � � � � � � � � � � � 
 � � � � 	 � � � � � � � � � � �
 	 � � � � � � � � � � � � � � � 	 � � � � � � � � 	 � � � � 	 � % � � �  � � � � � � � � � � � � � � � � � � � � � � � 	 � � � � � � � � � � � � 	 � � � � � � 	 
 � � � � 	 � � � � � =� � � � � 	 � � � � � � � � � � � � � � � � � � � � � � � � & � � � � � � � � � �  � � 	 � � � � � � 	 � � 	 � � 	 � 	 � � � � 	 
 � � 	 � � � � � 	 �  � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � �  	 � � � � � � � � � � � � � � � � 	 � � ; 	 � � � � " 	 � � � � % � � � � � � � � � � � � ! � � � � � � � � � �
 � 
 � � � � � � � � � 	 � � � $ � � � � � � � � � � � � � � � � � � � � � � � � � � % 2 N 4 L � 	 � � � � � 	 � � � 
 � � � � � � � � ! 	 � � � � � � 	 � � � � � � � � 	 
 � � �� � 	 � � � � � � 
 � � � � � � � � � � 	 � � � � � � � � � � � � � $ � 	 � � � � % � � � � � � " 	 � � � �  ! � � # � � � � ! � � � � � � � � � � � � � � � � � 	 � � � � � � 	 � �� � � � � � � � � � � � � � � 	 � � � � � � � � � � � 	 � � � � � � � � � � � � � 
 	 � � � � � �  ! � � � � � � � 	 � � � � 	 � � � � � � 	 � � � � � � � � $ � � � � � � � � � � � � � �� � � � � � � � � %: � � � � � � � � � � 	 � � � � � 	 � � � � � � � � � � � � � � 	 � 	 
 � � � � � � � � � � � � � � � � ! � � � � � � ; 	 : � � � 	 % � � � ! � � � # � � � � � � 	 
 � � �9 � � � M � � 	 " � � � � � : � � � � � � � � � 
 
 � � � � � � � $ � � � � � % � 	 � � � ! � � � # � � � � � � � � � � � � � � � 	 � � � � � � � � � � � � 	 � � � � � � � � � " 	 � � � �� � � � 	 � � � ! � � � � � � � � � � � � � � � % O � � � � � � � � � � � � � � � � � � � 	 � $ � � � � � � � 	 � � � � � � � � � � � � � � � � � � 	 � � � � ; � � � � 	 � � � � � 	 � � � � � 	 � � � � � � � � � � � � � ! � � � # � � � � � � � � 
 � � � � � � � � � � � � � � � � � � � 	 � � 	 � � � ! � � ! � � � � � 	 � 	 � � � � � � � � � � � � � % 2 ' � � � � � J 4
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

4



� � : � � � 	 I � � � � � � M � � � $ � 	 � � � � � � � : � � � �  � � � � � � 	 � � � � � � � � � � � � � � � � � � � � � � � � � � � 
 � 	 � � 	 
 ) ' � � 2 � � � � � <
 � ! � � < � � � � 
 	 � � � � � 	 � � � � � � 4 � � � � � � � � � � % � � � � � � � 	 � � $ � � � � � 	 � � � � � � � 	 � � � 
 	 � � � � � � � � � � 	 � � � � � � � � � � � � � � � � �� � � � � 
 � � � � 	 � � � � � � 	 
 � � � � 	 � � ; 	 � � � � " 	 � � � �  ! � � � � � � � � � � � � � � � � � � � 	 � � � � � � � ! � � � � � � � � 
 	 � � � � � � � � � � � � � � % � � �� � � � � � � � � � 	 
 � � � � � � 	 � � � � � 	 � � � � � � � � � 	 � � � � 	 � � � 	 � � 	 
 � � � ) ' � � � � � � � �  � � � � � � � � � � � � � � 	 " 	 � � � � � � � � � ! � � # <� � � � � � � � � � � � � � � � � � � � � � # � � � � 	 � � � � � � 	 � � � � � 	 � % M � � � � � � � �  � � � � � � � � 
 � � � � 	 
 � � � � � � 	 � � � � � � � � � � � � � � 	� � � � 	 � � � � � � � � � 	 � � � � � � � � � � � � � 	 � � � � � � � � � % 9 � ! 	 � � 	 
 � � � � � � $ � � � � � � � � � � � � � � � � � � � � � � ! � � 	 � � � � �� � � � � � � 
 	 � � � � � � � � � � � � � $ � � 	 � � � � 	 � � � � � � � � � 
 � � ! � � 	 � � � � � 
 � � � � � 	 � � � ! � � � � 	 
 � � � � � � � % � � � � � � � � � � � 	 ! " � � � � � �� � � 	 � � < � � � � 	 � � � � � 	 � 	 �  � � $ � � � � � � � � � � � � � 	 � � � ! � � � � � � � 
 � � � � � � � � � � � � � � � 	 � � � � � � � � 	 � � � � � � � � � � � � � � � � � 	 � 
 	 � �� 	 � � � � 	 � � � � � � � � � � � � �  ! � � 	 � � � � � � � � � � � � � � � � � � � � � 	 � � � � � � ! � � � � � � � � � � 
 	 � � � � � � %

' � � � � � 8 � � 	 � � � ! � 	 � # � 
 � � � 	 � � 	 
 � � � � � � � � � � � � � 	 � � � � � � � � % 6 � � �� � � � � � � � � � � � �  � � � � � � � � �  ) � � � � � �  3 F P P  7 � � � � � � � � � � � �  � � � � � � � � � %

' � � � � � J � � 	 � � � ! � � � # � � � � � � � � � � � � � � � � � � � � � � � � � � 	 � � � � � � � � � � 	 � � %9 � � � M  : � � � �  ' � � � � �  3 F P F % � � � ; 	 : � � � 	 � � � � � � � � 5 	 � # � � 	 � %Q ? R . + . D * B + .� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ! � � � � � �  � � � ; 	 : � � � 	 
 � � � � � � � � � � � � � � � � � 	 � � � � � � � � � � � � � � � � �� � 	 � 	 � � � � 	 %  2 S 4 � � � � � � � � � � � � � � � � 
 	 � � � 	 � � �  	 � � � < � � � � � � � 	 � � � � � � � � 	 
 	 � � � � � � � � � � � �  � � � � � � 
 � 	 �� ! 	 � � � � � ! � � 	 � ! � � � � 	 
 � � � � � � � � � � � � � � � � � 	 � 	 � � � � � 	 � � � � � � � � � � % � � � 	 � � � � 
 � 	 	 � � � � � � � � � � � � � �
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

5



� � � � � 	 � # � � � 	 � � � � � � � � � 	 � � � � � 	 � � � � � � � � � � � � � � � � � % � ! 	 � � � � � � � � � � � � � � � � � � � � $ � � � � � � � � � � � � � � � � � �� 	 � � � 	 � � � � � � � � 
 � � �  � � � � � � � �  � � � � � � � � � � � � � � � � � �  � � � � � � � �  � 	 � � � � � � � � � � � � � � � � � � � � � � � � � � 	 � % 2 ' � � � � � N 4 � � �� 	 	 
 � � � 
 � � � � � � � � 	 � � � 
 	 � � � � � � � � ! 	 � � � � � � � � � 	 � � � � � ! � � � � � � � � � � � 	 � � � 3 T S 	 
 � � � � $ � 	 � � � � � � 
 � � � 	 � � � �� � ! � 	 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 	 	 � � 	 ! � � 	 	 � $ � � � � � � � � 	 � � � � � � 	 � � � � � � � � � � $ � � � � 	 � % � � � � 	 
� � � � � � 	 � 	 � 	 � � � 	 � � � 	 � � � � � � � � � � & � � � � � � � � � 
 � � � � 
 	 � � � � � 	 � � 	 � � � � � � � � � � � � � � $ � 	 � � � � 	 � � � �  � 	 � � �� � � � � � �  	 � ! 	 � � % � � � � � � � � � 	 ! � 
 � � � 	 � � � � � � � � � � � � � � � � � � � � � � � 	 
 � $ & � � � � � � � � � � � � % � � � � 	 	 
 � � � � � � � 	 � �� � � � � � � � � � $ � 	 � � � �  ! � � � � � � � � � � 	 � � � 	 � � � � � � � � � � � � � � � � � � 	 � � � � � � � � 	 � � � � ! � � � 	 � 	 
 � � � � � � � � %

' � � � � � N � � � � � � � � 	 
 � � � � � 	 � 	 � � � � 	  � 	 � � � � � � � � � � ! � � � � � " � 9 � � � � �  M � � 8 H H S %� � � � � � � � � � � � � � � � � � � � � � � 	 � 	 � � � � 	  � � � � 	 � � � � � � � � � � � � � � � � �  ! � � 	 � � � � � � � � � � � � � � � � ! � � � � � � � � � � � � � � �� 	 � � � � � 	 
 � � � � � 	 � � � � � � � � � � � � ! � � � � � 
 � � � � � � � � � < � 	 � # � � % � � � � � � � � � � � � � ! � � � � � � � � � � 	 
 � � � � � � 	 � � � �� � � � � � � 	 	 
 � � � � � � � � � � � � � � � � � � � � � � � � 	 � � % � � � ! � � � � � � � � � � � � � � � 	 	 � 
 � � � � � � � � � � 	 � � � � � 	 
 � � � � � � �� � � � � 	 
 � � � � � � $ � 	 � � � � 	 � � � � # � % � � � � � � � � � � � 	 � � � � " � � � � 
 � � � � � ! � � � 	 � � � � � � � � � 	 � � 	 � � � � � 	 � � � � � � � � 	 � � � 	 �� � � � � � � 	 � � � � � � 	 � � � � � � � ! � � � � � � � � � � � � � � � � � � � 	 	 
 � 	 � � � 	 � � � 
 	 � � � � � � % � � � � � � 	 	 
 � � � � � 	 ! � � � � � 
 � � � � � �� � � 	 � � � � � � � � � 	 � � # � 
 � � � � � � � � � � � � � 	 � # % O 	 � � � � �  � � � � � � � � � � � �  
 � � � � � � 
 
 � � � � � � � � � � � � ! 	 � � � � � � � � � � � � �� � � � � � � � � � ' 	 � � � � � � 	 �  � � � � � � �  � � � � � � � � � � � � � 	 � � � � � � � � � � � � � � � � � � � 3 H H U 	 
 � � � � � � � � � � � � � � 	 � � � � � �� � � � � � � � � % 2 V 4 � 	 � � � 	 � � � � � � � � � � � � � � � $ � � � � � 	 
 � � � � � � � � � 
 � � � � 	 � � � � � � � � 	 ! � � � 	 
 	 � � I � 	 � � � � # � � � � 	 � � � � � � � � � � � 
 � � � � � � � � � ! � � 	 � � %� � � � � ! � � � � � � � & � � 	 
 � � � � � � � � � � 	 	 
 � � � � � 	 � � � � � ! � � � � ; 	 : � � � 	 I � 	 � � � � ! � � & � � � � � 	 � # % � � � � � � � � � � � 	 � � 	� � � O � � � M � � � � � � � � � � � � � �  � 	 � � � � � � � � � � � � � � � � ! 	 $ � � 	 
 � � � � � � � � � � � 
 	 � � � � � ! � � � � � � � � � � 3 H H H � # � � � � � � � % 2 G 4� � � � � 	 � 	 � � � � 	 
 � � � � � � � � � � � 	 � � � � � � � � 	 � � � � � � � � � � � � 	 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � < � � � 	 � � � � � � �� 	 � � � � � � � � 	 � % L 	 � � � � � � � 	 � � � # � � 	 � � � � � � �  
 � � � � � � � � � � � �  � � � � � � � � � � � � � � � � ! � � � � � � � � � � � � � # � �� � � � � ! � � 	 
 � � � � � � � � � � � � � � � � � =� � � ; 	 : � � � 	 I � � 	 	 
 � � � � � � � 	 � � � � � � � � � 	 � � � � � � � ! � � � � � � � � � � � � � < 
 � � � � � � � � � � $ � � � � � � � � � � � $ � � 	 � � 	 � � 	 ! �� � � � � � � � � ! � � � � � � � � � � � � � 	 
 
 � � � � � 	 � % 9 
 � � � � 	 	 
 � � � � � ! � � � � � � � � 	 � � � � � F H � � � � � � �  � � � � ! � � 	 � � � � � �� � � � � 	 � � � � � � 	 � ! � � � # � � 
 � � � � � % � � � � � � � 
 � � � � � � � � � � 	 � � � � � � � � � � � � � � � � � � 	 
 � 	 � � � 	 � � � � � 
 � � � � � � � � � � � � � � � � 	� � � 
 � � � � � � � � � �  � � � � � � � � � � � � � 	 � � � � � � � � � � � � � � 	 � � � ! � � � � � � � � � � % 9 � � � � �  
 	 � : � � � 	 I � � � � � � � � � � � 
 
  � � � � �� � � 	 
 � � � � 	 � ! � � � # � � � � � � 	 � ! � � � � � � � � � � � � � � � � � � � �  ! � � � � 	 � � � � � � � 	 � � � � 	 � 
 � 	 � � � � � � � � � � � 	 � �� 	 � � � � � � � � % 2 P 4
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

6



W ? , @ A / . 0 X E A C Y * + Z B 1 B / A[ � # � � � � � � � � � � � � � � � � � � ! � 
 	 � � � �  � � � � 	 � ! � � � # � � 
 � � � � � � � � 	 � � � � � 	 � � � � � � � � � � � � � � � % L � � � � � � � � � � � � �! � � � � � � 	 � � � � � � � � � � � � � � � � � � � 	 � � � � � � � � 	 � � � � � � � � � � � � � � � � � � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � 	 � � � � $ � � � � 	 � %� � � � � � � � � � � � � � � � � � � � � � � � � 	 � � 	 � � � 	 � � � � � � 	 � � � � 	 
 � � � � � � � � � � � � � � � ! � � � � � � � � � � 	 � � � � � � � � � 	 � % � � � � �� � # � � � � � � � � � � � � � �  � 	 � ! � � 
 � � � � � � � � � � � � 	 � � � � � � 	 � � � � � � � � � � � � � � 
 	 � � � � � � � ! 	 $ � � � � 	 �  � � � � � 	 � � � � � ; � � �� � � � � � � � � � � � � � � � � � � � 	 � � � � 	 � � � � % � � � � 	 � � � � � � � � � � � � � � �  � � � � 	 � � � � � � � $ � � � � � 	 � � � � 	 � %� � � � � � � � � � � � 	 � � � � � � 	 � � � � � 	 � ! � � � # � � � � � � � � � 	 � � � � � � 	 � � � � � � � � � � � � � � � � � � � 	 � � � � � � 	 � � � ; �  � � � � � � � �� � � � � � � � � 	 
 � � � � � � � � � � � � � % � � � � � � � � � � � � � � � � � � � 	 " � � � � � � � � � � � � ! � � � � � � � � � � � 
 � � � � � � � � � � � ! 	 � � ! � 
 	 � �� � � � 
 � � � � 	 � � � � � � � � 	 � % 2 F 4 2 ' � � � � � S 4 � � � � � 	 � � � � � � � �  � � � � � � � � � � 	 " � � � � 
 	 � � � � � � � � � � 	 � ! � � � # � � � 	 � � � � � �� � � � ! � � � � � � � � � � � �  ! � � � � � � � � � � � � � � 	 � � � � � ! � � � � � � � � � � � � � � � $ � � � � � � 	 � � � � � � � � � 	 � � � � 	 � � � � � 	 � �
 � � � 	 � � � � � � � � � & � � � � � � � � � � � � � � 
 	 � � � � � � % 2 3 H 4 2 ' � � � � � V 4 [ � # � � � � � � � � � � � � � �  � � � � 	 � ! � � � # � � 	 
 
 � � � � � 	 � � � � 	 �� 	 � � � 	 � � 	 � � � � � � 	 � � � � � � � � � � � � � � � �  � � � � � 	 � � � � � � � � � � 	 � � � � � � � � � � 	 � � � � � 	 � � � � ! � � � � � � � 
 � � � � �  
 � � � 	 
� � � � � 	 � � � � � � � � � � � � � � 	 � � � � � 	 � � % 9 � � � � � � � 	 � � 	 � � � � � 	 � � � � � 	 � � 	 � � � � �  	 � � � � � � � � � � � � � � � � � � � 
 � � � � � � � � � � � � � � �� � � � � 	 � � � � � � � 	 
 � � � � � � � � � � � � � � � � �  � � � � � � � � 	 � � � � � � � � � � � � � � � � 	 � � � � 	 � � 	 � � � � 	 �  � � � � � � � � 
 � � � �  � 	 � � � � �� � � 	 � � � � ! � � � � � � � � � � � � � � � � � � � � � � 
 � � � � � % � � # � � � 	 � � � � $ � � � � �  � � � � � � � � � � � 
 � � � � � ! � � 	 � � � � � � � 
 <� � � � � � � � � � � � � � � � � � � � � � ! � � � � � 	 � � � � � � � � � 	 � � � � � � � � � � � � 	 � � � � � � � 	 � � � � � 
 � � � 	 
 � � � � � 	 � � � �� 	 � 
 � � � � � � � 	 � % � � � � � � � � � � � � � � � 	 � � � � � � � � � 	 � � � � � � � � � � 	 
 � 	 � 
 � � � � � � � ! 	 � � � � � � 	 � � 	 � � � � 	 � 	 
 � � �
 � � � � � T � � 	 � � �  � 	 � � � � � � � 	 � � � � � � � ! � � � � � � � � � � � � � � 	 � % � � � � � � � � � � 
 � � � 	 � � � � 	 � # � � 
 	 � � � � � � 	 � 
 � � � � �� � � � 	 � � � � � � � 
 � � � � � � � % � � � � � � � � � �  � � � � � � � � 
 � � � � � � 	 � � � � � � � � � � � � � � � � � � � � � � 	 � 
 � � � � %

' � � � � � S � � � � � � � � � � � � � � � � � 	 � ! � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � 
 	 � � � � � � 	 
 � ! � � � � � � �� � � � � � � � � � � 	 � 
 � 	 	 � � � � � �  � 	 � � � � � � � � � �  � � � � � � � � 	 	 � � � �  � � 	 � � � � � � � � � � � � �  � � � � � � � � � � � �� � � � � � � � � 	 �  � � � � � � � � � � � � ! � % M \ � � � � � � � 	 �  M � � � � �  ) � � � � � �  8 H H J % � � � � � � �  � � � � � � � 5 � � � � � � %L 	 � ! � � 
 � � � � � � 	 � � � � � � � � � � � � 
 � � � � � � � � � � � 	 � ! � � � � � � 
 � � � � � 	 � � � � � � � � � � � � � � � � � 	 
 
 � � � � � 	 �  ! � � � � �� � � # � � � � � � ! � � � � � � � � � % � � � � � � � � � � � � � � � � � � � � � � � ! � � � � � � $ � � � � � � �  � � � � � � � � � � � 	 � 	 � � � � $ � � � � � �� � � � � � � � � � � � � � � � � � � � # � 	 � � 
 � � � � � � � � � � � � � 
 
 � � � � � � % 9 
 � � � � 	 � � � � � � � � � � � � � � � � � � 	 � � � � � 	 � � � � � � � � 	 �  � �� � � 	 � � � 	 � � � � 	 � � # � 
 � � � � 	 � ! � � 
 � � � � � � 	 � # � � � � � � � � � � � % 5 � � � � � � � � 	 � � # � 	 � � � � � � � � � � � � 	 � � � � � � �! � � � � � � � � � 
 � � � � � � � � � � � � � � � � � � 	 � � � � � � � � � � � � � � � � � � � 	 � � � � � � 
 
 � � � � � � � � � � � � � % � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � �  � � � � � 	 � � � � � � ! � � � 
 � � � � � � � � � � ! � � � 	 � � � � � % � � � 	 � � � � � �  � � � � � � � � � � 	 � � � � 	 � ! � � � # � �� � � � � � � � � 	 � � � � � � � � � � � � � � � � � � � � � � � � � � � � 	 � � � � � � � � � � � � � � � ! � � � � � � � % � � � � � � � ! � � 	 � � � � � � � � � � � � � � � � � � � � � � � �� � � 
 � � � � � � � � � � � � � � � � � ! � � � 
 � � � � � � � � 	 � � � � � � � � � � � O � � � � � � � � � � 	 � � � � � � � �  � � � � � � � � � 	 � � � � � � ! � � � � � � � �' � � � � � � � � � � � � � � � � � � [ 	 � � 	 � % 2 3 3 4O � � � � 	 � � � �] � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  � � � � � � � � � � �  � � � � � � � � � � 	 %] ' � � � � � � 	 � � � � � � � � 	 � � � � � � � �  � � � � � �  � � � � � � � � � �  � 	 � � 	 � � � � � %] M � � � � � � � � � � � � � � � � � � � � � � � ; �  � � � � � 	 � #  � 	 � � � 	 � � � � � � � � %
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

7



� 	 
 � � 	 � � � �] � � � � � � � � � � � � � �  � 	 	 � � � �  � � � � � � � � %] � � � � � � � 	 � � � 	 � � � 	 �  � � � � � � � � � � �  � � � � � � %] L � � � � 	 � � � � � � � 	 � � 	 
 � � � � � � �  � � � � 	 � � � � 	 � � � � � � � 	 � � � 	 � � � � � � � � � %O � � � � 9 � � � � � � �] � � � � � � � � 	 � 
 	 � �] � � 	 � � � � � ! � � � 
 � � �] ^ � � � � � � 	 
 � � � � �] � � � � � � � 	 
 � � � � � � �] � � � � 	 � � � � � � � � � � 	 � � � � � � �] 9 � � 	 � � � ! � � � � � � 	 
 � � � � � � � 	 � � � 	 �� � 	 � 	 � � � � � 9 � � � � � � �] � 	 � � � � � 	 
 � � & � � � � � � � � � � � � � � %] � � � # � � � � � � 
 � ! � � � � � � 	 � � � 	 � � � � %] : 	 � � � � � � � 
 	 � � � < � � � 	 
 � � � � � � � � � � � � � 	 � � 	 � � � � � %] � � � ! 	 � � & � � � � � � � � %O 	 � 	 
 � � � � � � � � � $ � � � � � � � ! � � � � � � � � � � � � � � � � � � 	 � � � � � � � � � � � � � � � � � � � � � � # � � � � 	 � � 
 � � � � 	 � � � � � � � � � � �
 � � � 	 � � � 	 
 � � � � � 	 � � � � 	 � � � � � � � � � � � � 	 � � � � � � % 9 � � � � � � � � � � � � � � 	 
 � � � � � � � � � � � 	 � 	 � � � � = 9 � � � � 	 � � 	 � � � � # � � � � � � �� � � � � � � � � � � � � � 
 � � � � � � � � � � � � � � � � � � � 	 � � � � � � � � � � 	 
 � < � � � 	 � � � � � � � � � � 	 � � = � � � � 	 � ! � � 
 � � � � � � � � � 3 H H U� � � ; � � � � � � � � � 
 � � � � 	 � � ! � � � � � � � � 	 � � � � % 9 � � � � � � 	 � � � � � � � � � � ! � " � � � � 
 � � � � � � � � � � 	 
 � � � 	 � � � � � �� � � � � � � � � 	 � 	 
 � � � � � � � � � � � 	 � � � � � � � � � % [ � � � �  � � 	 ! � � � � � � � � 
 � 	 	 � � � � � � � � � � � 	 � � 	 � � � � � � � � � � � � � � � �! � � � � � � �  � � � � � � � � � � � � 	 � 	 � � � � � � � 
 � � � � � � � � � � � � % 5 � � � 	 � � � � � � � � � � � 	 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ! � � � � � � � � � � � 	 � ! � � ! � � � 	 � 	 � � � � � � � � � � � � � � � � � � � � � � � 	 � � � � 	 � � � � � � � � � � � � � � � � 	 � 	 
 � � � � � � � � % � 	� 	 � � � 	 � � � 	 � � � � � � � � � � � � ! � � � � � � � � � � � 	 � � � � � � 	 � ! � � � # � � � � � ! � � � � � � � � � �  � � � � � � � � � � � � � � 	 � � � � 	 � � � � � � 	 �� � � � � � � � � � � � � � � � � � � � � � 
 � � � � � � � � � %� � � � � � � � � � � � � � � � � � � � 
 � � � � $ � � � � � � � � 	 � � � � � � � � � � � � � � � � � & � � � � � 	 
 � � � � � � 	 � � � � � � � � � � 	 � � � � � � � �  ! � � � 
� � � � � � � � � � � � � � 	 
 � � � � � � � � � � � 	 � � � � � � � � � �  � � � � 	 � � � � � � 	 � � � 	 � � � ! � � � � � � � � � � � 
 
 � � � � � % � � � � � � 	 � 
 � 	 	 � � � � � � ! � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � & � � � � � � � � � � � � � � � � � � � ; � � � � � � � � � � ! � � ! � � � 	 � 	 � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 	 � � � � ! � � � � � � � � � � � � � � � � 	 � � � � 	 � � � � � � � � 	 � ! � � � # � � % � � � � � � � � �� � � 
 � � � � � � � 	 
 � � � ! � � � � � � � � 	 � � � �  � � � � � � � � � � 	 � � 	 
 � � � � # � � � 	 � � � � 	 � 	 � � 	 � � � � � � � 	 � � 	 
 	 � � � � � � 	 � � � �� � � � � � � � � � � � � � � 	 � � � � � � � � % � � � � � 	 � � � � � � � � � � � � � � � � � 	 
 � � � � � ! � � � � � � � � � � � 	 � � � � � � � � � � � � � � � � � � � � � � 	� � � � � � � � � � � 	 � � � � � 	 � � � � � � � 	 � � � � � � � � � � � � � � � � � � � � � � � � � � ! � 
 � � � � � 	 � 	 � 
 � � � � 	 � � � � � � � 
 	 � # � � � � �� 	 � � %

' � � � � � V � � � � � 	 � ! � � 
 � � � � � � � � � 	 � % 5 � � � � � � � � � � 	 � � � � � � � � � � � �  � � � � 	 
 � � � 	 � � � �� � � � � � � � 
 � � � � 	 	 � � � � � � � � � � � � ! � � � � � � � % [ � � � � � ! � � # � � � � � 5 � � � � � ! � � �  O � � �S _ V  � � � � � � � � �  ) � � � � � �  8 H H N % 5 	 � � M � � � � � � � � � � � � � � � � # � � � %
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

8



` ? a - A A + X 0 * E / * + a� � � � � � � � � � � � 	 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 	 � � � � � 	 � � � � � � � 	 " � � � � � ' � � � � � � � � � � � � � � � � � � � � �� � � � � � � � 	 
 � � � � � � � � � � � � � � � � � � � � � � 	 � � �  � � � � � 	 � � � � � � � � � � � � � � � � � � � � � % 2 3 8 4 � � � � � � � 	 � � � � 
 � � � 	 � � � � � 	 " � � �� � � � � � � � � � � � � � � � � � � �   � � � � 	 � � � � � � � � � 	 ! � ! � � � � � 
 � � � � � � � � � � � � � � � 
 � 	 � � � � � � � � � � � � � � � � � � � � � � � ! � � � � � � � � # � �! 	 � � 	 
 � � � � � � � � � � � � � % 9 � � � � � � � 
 � �  � � 	 ! � ! � � � 	 � � � � � � $ � � � � � � � � � � � � � � � � � & � � � � � � � � � � � � % 6 � � � � � � � � � � �  � � � �� � � � # � � � � 	 � � � � � � � � � � � � � � � " 	 � � � � � 	 
 
 � � � � 	 � � � � � � � � � % [ 	 	 � � � � 
 � � � � � � � 	 
 � � � � � 	 � � � � ! � � � � � # � � � 	 � � �� � � 	 � � � � � � � � � � % 9 
 � � � � � � � � � 	 � � � ! 	 � � � � � � � � � � � � � � � � � � �  � � � � � � � 	 � 	 � � ! � � � � � � � � � � � � � & � � � 	 � � � � � � �� � � � � � � � % � � � 	 � � � � � � � � 	 � � � � 	 � 	 
 � � � � � � � � � � � � � � � � � � � � 	 � ! � � � # � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � 
 	 � � 	 � � � � � � 
 � � � � � � � % � � � � � � 	 � � � � � � 	 � � % � � � � � � 
 
 	 � �  	 � � � � 	 � �  � 	 � � � � � � � � =) � � � � ! � � � � � � � � � � � ! � 	 � � � � � 	 
 � � � � � � � � � � 	 � � � 	 � � � � $ � � � � � � � � � � � � 	 � ! � � � # � � 
 � � � � � % ) 	 	 � � 	 � � � � 	 � �� � � � � � � & � � � � � � � � 	 	 � � � � � � � � � � � � � � � � � 	 � 	 
 � � � � � � � � � � � � � � � � � � � � � � � � � ! � � � � � � � % 9 � � � � � � � 	 �  � � � � � � & � � � �� � 	 � � � � 
 � � � � � � � � � 	 � � 	 � � � � � � � � � � � � � � � � � � � � � � � % 5 � � � � � � � � 	 � � � ; � � � � � � � � � � � 	 
 	 � � � � � � � � � � � 
 � � � � � � �
 � 	 � � � � � 	 � � � � � � 	 
 � � � � � � � � � � � � � � � � � � � � 	 � � � � 	 � � � � � � � � � $ � � � � � � � � 	 
 � � � 	 � � � � � � � � % ) � � � � � � � �� 	 � � � � $ � � �  � � � � � � � � � ! � � � � 	 � � � � 	 � � � � � � � � % 9 
 � � � � � � 	 � � � � � 
 � 	 � � � � � 	 � � � �  � � � � � � 
 � � � # � � � � � � � 	 � � 	 � �� � � � � � � 	 � � � � � � 	 � � � � � � 	 � � � � � � � � � 	 � � 	 � � � � � � � � � % 5 � � � � � 	 � � � � � � � � � 	 � � � � � � � � � � � � 
 	 � � � � � � � � � � � � � � � � � 	� � ! � � # � � � � � � � � � � 	 � � � � � � � � � � � � � � � � � � � � 	 � � � � � � � %  � � � � � � � � ! � � � � � � � � 	 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 	 � � 	 
 � � � � � � � � � � � � % 6 � � � � ! � 
 	 � � � � � � � � � 	 
 � � � � � �� 	 � � � � � � � � � � � � � � � � � � � ! � � � � � � � � � � # � � � � � 	 � � 	 � � � � � � � 	 � 	 
 � � � � % � � � � � � � � � � 	 
 � � � � � � � � � 	 � �  � � � � � � � �� � � � 	 � � 	 � � � � � ! � � 	 
 � � 	 � � � � � 	 � � � � � � � � � ! � � � � � � � �  � � � � � � � � � � � � � � 	 � � � � � � � � � � � % ) � � � � � � � � � � � � �	 
 � � � � � � � � � � � � � � � � � � � � � �  � � � � � � # � � � � � 	 	 � � � � � 	 � � � � � � 	 
 
 � 	 � � � % 5 � � � � � ! � � � � � � � � � � � � � � 	 � � # �! � � � � � � � � � � � � � � � ! 	 � � � � � � � � � � � � � b c d � 
 
 � � � � � � % � 	 � � � � � � � 	 	 � � 	 � � � � � � 	 � �  � � � � � � � � � � � � � � � � 	 � � � � � � � � � 	
 � � � � 	 � � � � � � � e f b g � � � 
 	 � � � � � � %A + / + . , A C3 % ) � � � M 	 � �  � � � � 	 � � � � � � � � � � � �  L � � � � ! � � 8 H H V % � � � � � � � � � � 	 
 � � � � 	 � � � 	 
 � � � 	 � M 	 � � � � � � � � � � � � � � �� � � 	 � � � 	 
 [ 	 � � � 9 % ( � � � %8 % 7 	 � � � � � � � � � � � #  � � ! � � � � � � � � � � � � � � � � � � � � � � � � � 	 
 � � � � 	 �  M � � 3 F P P %J % � � � � � � � � � � � � � � : � � � � � � � � � � � : � � � � � � � � & � � � � ; � � 5 � � � L � � � � �   � � � � � � � � � � � � � � � 5 � � � �  � � � � � � 	 9 � � � � 	 � � � � � � � � � � � � � � � � � � � � � � � � M � � � 
 � � � � � � � � � � � 	 � � � � � 	 �  ' � ! � � � � �  3 F G 3 %N % � � � � � � � � �  ) � � � � � �  � � � � � � � � � ! � � � � � � � � 	 �  7 � � �  3 F F H %S % � � � � " � 9 � � � � �  � � � � 	 � � � � � � � � � � � �  M � �  8 H H S % � � � ; 	 : � � � 	 � � � � � � � � 5 	 � # � � 	 �  h � � � � �  9 � � � � %V % � � � � �  � � � � ; � � � � � �  � � � � � � � � � ! � � � � � � � � 	 �  M � �  8 H H S %G % M � � # � � � � 	 � �  � � � � 	 � � � � � � � � � � � �  M � �  8 H H S % � � � ; 	 : � � � 	 � � � � � � � � 5 	 � # � � 	 �  h � � � � �  9 � � � � %P % � � � � " � 9 � � � � �  M � �  8 H H S %F % [ � �  � � � � � 	 � � � � [ � � � � � � � � � � # � � � � 6 � � � 	 � � � [ � ! 	 � � � 	 � � % � O � � � : � � 
 	 � � � � � � � 	 � � � � � � � � � � � � � � � �' � � � � � � %  : � ! � � � 9 � � � � � � � � � � � � � � � � � � � � � : � 	 � � � � � � � � S H H < 8 H H V < H S 8 < � � 3 S % � � � � � � � � � 	 � � � � � 
 	 � � � �� � � � � � � 	 � � � � � � 	 �  8 H H V %3 H % � 	 � � � �  L 	 � � � � % � � � � � � � � ) � � � � = 9 � � � � � � � � � � � � 	 � � � � � � 
 � � � � � 
 	 � � 	 � ! � � � # � � 
 � i � � � � =  7 	 � � � � � 	 
� � � � � � � � � � � � 	 � � � � L � � � � �  5 � � � � � � � 	 �  L � � 6 9 � � � T � � � � �  � � � � � � 8 H H V  3 F < 8 N %3 3 % � � � � � � O � � � � � � M � # # � � ( � � � �  � 	 � � � � � ! � � � � � � � � � � 	 �  � � � � �  8 H H S % � � � � ' � � � � � � � � � � � � � � � �  [ 	 � � 	 � � � � � � � � %3 8 % � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � j [ 	 � � 	 � k  6 	 � � � ! � �  8 H H V  V J < V S %
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

9



!

10



 

l m n o p q r n s t u v w q p x u m y z { x p m p y w q p x u m| } ~ � � | � � � � � n r � � � p q q p p o � � { � s p r s � p � { q q p m s � q � � s n � p r � m � o � � { � s n u m � q u � p r r p r v u q r { r s � n m � � � p � p r n x m � tp � � � n m n m x s � p � p v n m n s n u m u v � � � s � u m r s n s { s p r r { r s � n m � � � p n m q p � � s n u m s u s � p � p s � � � u q u v � � { n � � n m x � r � p q r u m � � � n r� p s � � � u q � � � u � r s � p q p � � p q s u v n m � � � p p � p q � p � m n m x u v r { r s � n m � � n � n s t � p � n m � n s r r { q v � � p p � � q p r r n u m � � � p{ m � p q � t n m x x u � � n r s u p � � � u q p � � u q p � { � � m p � � � q u � � � s u r { r s � n m � � n � n s t s � � s x u p r � p t u m � s � p r { q v � � p u vu { q r p � o p r � m � u { q � q u v p r r n u m � m � � p o p � u � � m p � y � { � s n � n r � n � � n m p � � � q u � � � s � � s s u { � � p r u { q � u q p r �� p t � u q � r � � { � � m � u m s p � s y � � n � u r u � � t y s � p u q t u q r { r s � n m � � n � n s t� � � � � � � � � � � �| q � � n s p � s { q p n r � m p � � u � n � p m s u v s � p { m � p � r { q � � � p � � � q � � n s p � s { q p n r � m p � � q p r r n u m u v � � m � rn m r s n s { s n u m r � � � p r p n m r s n s { s n u m r r s p � v q u � s � p � � p x n m m n m x � � � p m � � m � � � p s u q p � � n � p � n r � � p r n q p r � u q� n m r � n q � s n u m r � � � � p � � n m n m r � n q � s n u m r � q p s � u r p s u � p � q m y s u � n o p y s u � u q � y s u � p p s y s u � { p r s n u m y � m � s up � � q p r r � � � u q � { q x   ~ � � { � � � ¡ ¢ £~ { r s � n m � � n � n s t n r � u q p s � � m r � n m � p p � ¤ n s x u p r � p t u m � s � p r { q v � � p y n m s u s � p n m s p m s n u m r u v � � � � � p � ¥ u � � u � p v n m �s � p o u � � � { � � q t v u q s � n r � p p � p q � p � m n m x � m � � u � � u � p � � � � t s � p � s u s � p � q � � n s p � s { q � � � q � � s n � p ¦ � � p { r p � u q � rs � q u { x � � p s � � � u q r � � � u � { r s u § { � � u { s u v s � p � u m v n m n m x � u � p r u v u { q n m � n o n � { � � � q u v p r r n u m r � m � � q u r r n m s u u s � p q� n r � n � � n m p r n m u q � p q s u � q p � s p � � u � � u m � � m x { � x p � m � � � u � � p � s n o p { m � p q r s � m � n m x u v u { q � { n � s p m o n q u m � p m s s � � sp � � u � n p r r { r s � n m � � n � n s t �¨ © ª «w { q � n m � r � m � u { q � p � q s r � � o p � q p � s p � � m { m � p r n q p � r p � � q � s n u m s � q u { x � u { q � u m r � n u { r m p r r y � � p m n m v � � s u m p� u p r m u s p � n r s � n s � u { s s � p u s � p q � ¬ p r � t y  � � � s � r u m t u { q � n m � ¦ ¬ � � s � r n m t u { q � p � q s ¦ � � r n v u m p n r u m s � pu { s r n � p � m � � � m � p s u { � � p � � m � { m � p q r s u u � y � � n � p s � p u s � p q n r u m s � p n m r n � p { m � � � p s u � p q � s n u m � � � t � p v n m p � � � � p� u q � r { r s � n m � � n � n s t n m s � p v n p � � u v � q � � n s p � s { q p � � s r � n � p s � p � n m � � m � � p � q s ¤ n s � r s � p v � ® � � p � m � s � p r � p � s v q u � s � px { s r n m r n � p s � � s v � � p y � m � s � p { m q p r u � o p � � p s � p p m s � p s � u � ¥ u � p o p q n m u { q � { � s { q p y r { r s � n m � � n � n s t � � r � p � u � p� p q p � t � m u � § p � s s � � s � � r � p � u � p � u m r s q � n m p � s � q u { x � u { q r u � n p s t � m � � � � � p � { � u m � n p q � q � � n � � � p o � � { � s n u mr t r s p � r � } t � � � � n m x � o � � { p { � u m n s r p o p q t � n r r p � s n u m � p � n � � m p o p q � � � u � r { r s � n m � � n � n s t s u � � s { � � � t � � � n p o p n s rx q p � s p r s n m s p m s n u m r �| r � u m r � n u { r � { � � m r � p x q � � � � p � n s � v n m � n m x s � p � u r s � � � { q � s p � p r � q n � s n u m r s u p � � q p r r � u � � p { m � p q r s � m � s � p� u q � � � q u { m � { r � � � p r p � p r � q n � s n u m r � u � p v q u � u { q � � m x { � x p � m � s � p � � t u { q � { � s { q p � � r p o u � o p � n s r { r p u v n s �¯ � m x { � x p � � r � p � u � p u { q � n q p � s � n m � s u s � p q � s n u m � � � u q � � � | r � � � q p � { � � m r � p � s s p � � s s u { m � p q r s � m � s � p r p� p r � q n � s n u m r s � q u { x � u { q r p m r p r � ¬ � p m � p r p p s � p r { m q n r p � m � s � p � u � u q r � m � s p � s { q p r � � � p { r � q p � s � � p r r � p� m u � s � � s s � n r n r � p � { s n v { � p o p m s � u { x � n s r � q p � s n u m q p � � n m r � � t r s p q t � ¬ � p m � p � p q � p n o p s � p � u q � � s � q u { x � s � n r
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

11



� q u � p r r u v u { q r p m r p r y � p q � p � s n u m r � m � � � m x { � x p y n s n m v � { p m � p r � u � � p � r n m � n o n � { � � r p � � q p r r u { q r p � o p r � m �� q p � s p s � p p m o n q u m � p m s � q u { m � { r � � � n r � n q � { � � q � q u � p r r � � r m u p m � n m x � ° s n r � � u { s s � p § u { q m p t � � � p � u q p v { r p �s � n r p m � n q � � n m x � p � u � p r s � p � u q p � p � p x n m s u q p � � � t r p p � w m � t s � q u { x � s � p � q u � p r r u v q p � p � r n m x s � p � u m r s q � n m s r u vu { q � u q � � n m r n � p � m � u { s � u � p q p � � � t r p p �

 ± n x { q p ¢ � ° m s p m s n u m r � n s � n m s � p � � t p q rw { q � n m � r � m � � p � q s r � q p s � p � q u � p q s t u v s � p r p � v ¤ � u � p o p q n m u { q r u � n p s t � p � p v n m p x q p � s � n m � r u q x q p � s � p � q s r� r r u � p s � n m x � p � m n m x v { � � ° r s � n r � p � m n m x v { � m p r r � � q p � s n u m v q u � s � p n m � n o n � { � � u q s � p � u � � p � s n o p � � u � p ¦ � � m s � p� u � t n m s p q o p m p � n s � s � p r p � p v n m n s n u m r s u p m � � � p { r s u � � � p � � n v v p q p m � p n m u { q u � m � n o p r � r � � u � � p � s n o p � � u � p ¦s � p r u � n � � � p � m n m x r � � n � � � q p � s s � � � p � s u � � q s n � { � � q � u � n � t v u q � r � m � � p q v u q � � m � p r s p m � s u � p � u � pn m s p q m � � n � p � � m � p � p q s � u � p q v { � n m v � { p m � p u m � m n m � n o n � { � � � r r p m r p u v r p � v � m � v p p � n m x r u v n m m p q � u q s � �� ~ � � n � � n m x � ² ¡ £� � p s � n m x r s � � s q p r n � p n m u { q � u q p � q p � � q � s u � { s s u � u q � r � { s s � p t � � � p { � � � u � p � q p � � � p r p n m m p q o � � { p r s � � s� u � p v q u � u { q � p � q s � m � u { q x { s r � q p n � � u r r n � � p s u � { � m s n v t y � m � n s � u { � � � u � � q � s u s q t     � � u � u { � � � � m s s u� � � � p � � n � n s u m � u o p ¦ ~ u s � p � { p r s n u m � p � u � p r y n r u { q u { s � � q � p � � q p r r n u m u v o � � { p r � u { q q � s n u m � � n � � s n u m ³ � n m � £� � � p � s � � � p s u � { s n m s u � � s p x u q n p r y � { � m s n v t � m � � { � � n v t � � p m n m v � � s s � p t r s p � v q u � u { q q u u s � m � � q p � � r u � � q s u vu { q o p q t � p n m x ¦´ � � { p r p � � � m � v � u � y s � p t � p � u � p � q n u q n s n p r � m � s � p m r � n � n m s u s � p � � � � x q u { m � � x � n m � } p n m x � � � q s u v � � p r s p q m� { � s { q p n s n r � � q � s u � p � n � � p q n v s � p { r p r u v s � p r p o � � { p r � q p m � s { q � � u q n v q � s � p q s � p t � � o p � p p m s � { x � s s u { r � r �� � t s u � u � n m � s p { r � r � � u � { � � s n u m u q � r n m � n o n � { � � r �n m � � { � s { q p � � p q p � u m p t n r s � p � p � r { q p u v o � � { p y � � p q p n s n r � p � n p o p � s � � s p o p q t s � n m x � m � p o p q t � u � t� � m � p � u { x � s y n s n r � n v v n � { � s s u r { r s � n m � n v v p q p m s o � � { p r � � ¥ u u � r � µ ² £
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

12



´ � � { p r � q p p m s n q p � t n m � n o n � { � � n � p � ¤ r u � u � � � m � p � r � � { � s { q p p o p m s q t s u � � � � p s � p � u m � � n p q � q � � n � � � r t r s p � ¦s � p � u q p � p u � � p � s s � � � o � � { p s u � u � � p � u u � � m � � � � s � p � u � n s � u { q � u � n p r y s � p x q p � s p q � q p s � p� q p r r { q p r v u q � p u � � p � r r p � v   n � p m s n s n p r s u � p � u � p � q � � � p � { � � n s � s � p n q � u � n p r � n m � q p � r p �n m � n o n � { � � n � � s n u m u v u { q � u � n p r n r n � � u q s � m s y � u � p o p q s � p � u m v � n � s r � � n � � { r p � s u u � � { q � p s � p p m � u � n p r� � o p m u � � u o p � � n s � n m p � � u � n p � n m � n o n � { � � r � r � q p r { � s u v s � p q n r n m x � p � � m � r u v � v v p � s � u m s q u � � � � n rr n s { � s n u m s p m � r s u � p � o p { r � � u m p � n s � u { q � u � n p r ¤ n m o p r s n m x � u q p s n � p � m � p v v u q s n m s � p n q � u m n s u q n m x y� u m s q u � � m � � � � p � q � m � p y � m � t p s � u r n m x � � m t u v s � p r u { q � p r u v r � s n r v � � s n u m � p u m � p x � n m p � v q u �s � p � � � ~ � � n � � n m x � ¢ ¢ ¶ £· � � ª � � � ¸ ¹ ¨ ¨ © ª «~ { r s � n m � � n � n s t n r � o � � { p � m � � u � p r v q u � � n s � n m { r ¤ n s � n p r u m u { q r � n m � m � � { � � r s � q u { x � p o p q t o p n m � � u u m pn m � n o n � { � � u q r t r s p � � � m � p v n m p n s v u q t u { � ¯ n o n m x � n s � n m � � � � n s � � n r s � { � s { q p � p � � o p � p p m n m v � { p m � p � � t s � p { r p u v� � m x { � x p � q u { m � { r � w v s p m s n � p r u { q r u � n p s t � n r { r p r � � m x { � x p n m u q � p q s u � q p � s p � q p � � s n u m v q u � { r n m r s p � � u vp m � u { q � x n m x { r s u � p � u q p � q u � � s n o p � } t � u n m x r u u { q � { � s { q p � � r � s s p � � s p � s u � p v n m p s � p � u q � � � q u { m � { r y v u q{ r � ° v � u � t � � q � � n s p � s { q p £ n r m u s � � � p n m x � � { s � o � q n � � � p � u { m � � q t y � r { q v � � p � � u r p � p q � p � � n � n s t n r� u � n s n � � � � t q p x { � � s p � y � r n x m n v t n m x � q � � s n � p � n s � n m � � { � s { q � � v n p � � u v x p m � p q � r { r s � n m � � � p £ � n p q � q � � t � m �� u � � { � r u q t � p s p q u r p � { � � n s t y s � p m � � � s � � m x { � x p n r � p v s v u q { m � p q r s � m � n m x s � p � u q � u q p � � p m � � s � p m s yx p m � p q � r { r s � n m � � n � n s t £ y s � � s � u m r s n s { s p r n s r � n m s p q n u q � r n x m n v n � � s n u m u m n s r r { q v � � p ¦ � � p m � p � � � º » £
 ¼ p m � p q  � n � p r { r s � n m � � n � n s t � n r � r u � n � � � u m r s q { � s � m � n s n r m u s � s � m x n � � p s � n m x ¤ n s r � n v s r u o p q � u q � p q r � m � � u { m � � q n p rn m s u r u � p s � n m x � p p � p q � ° s n r s � p � n � n m � � ¤ s � p s � q p r � u � � y s � p � u o p � p m s v q u � u m p r s � s p s u � m u s � p q y � m � n s n r � n s � n ms � n r � � � � p s � � s � p � � o p s � p � u s p m s n � � s u � p � u r s � � n o p � m � � u r s � � � q p � � u m v n m n m x s � p � p v n m n s n u m s u � m � � � � n p �� � s p q n � � � � m � � q � n s r n m s p m s n u m r �� � � n s � � n r s r u � n p s n p r � u m s q u � u { q � { n � s p m o n q u m � p m s � m � � q p � q n o p m � t s � p � { q q p m s p � u m u � n � r t r s p � � � � p x { s r ³ � p � q s� p � u � p s � p r � � � t q p x n u m u v u { q � p n m x r y � � p s � p q n s n r � n s � n m { r u q s � p � � t p q r � n s � n m u { q � { n � s p m o n q u m � p m s � m � n r n ss � p m m � s { q � � s u s q t s u � { � m s n v t s � n m x r � p � u m � s p o p m � � o p � o u � � � { � � q t v u q ¦� p � � m r s n � � � p � u o p � � p p � � t � t � { n � � n m x r t p s � � o p m u � � p � { � s p s p q � r s u � p � � � n s � s � p v � � s � ¬ p � q pm u q � � � � t o p q t � n r n m � � n m p � s u s � � � � � u { s s � n r n m s � p r � � p � � t s � � s � p v n m � � o p q � � � � � � u { m s u v r p � { � �� s s q � � s n u m s u � p � u � p � p r r � t n m � � p � { � s p � � ¬ n � r u m � ¡ £� � m � p q p � � � � � u � � p � s n o p � u m r p m r { r v u q � u � � p � p v n m p u { q p m o n q u m � p m s ¦ ½ u � p � � o p r p m r p r s � � s x u � p t u m �u { q q � s n u m � � � � � n s � � n r s s � u { x � s � � n m � £ s � � s x u � n q p � s � t s u u { q � u q p r � � p � q s ³ x { s £ ¤ � � m s � p r p r p m r p r � � r u � p � � { r� p v n m p s � p � u q � � � m � n m v � { p m � p u { q � p q � p � s n u m r � m � � { n � s p m o n q u m � p m s ¦ z o p m � p s s p q t p s � � m s � p t � p � � { r � p � u � p� � � q p u v u { q u � m � q p   � u m � p n o p � � p q � p � s n u m r s � � s r u � n p s t � � r � p s p q � n m p � v u q { r � m � � � m s � p t � n r r p � s s � p � � t p q ru v r u � n � � s � u { x � s n m u q � p q v u q { r s u q p � � � t   r p p ¦¨ � ¨ � ¹ � � � � ¸ � � � ¨ © ª ¾ © ¨¿ u { � u m u s � � q p � s p � u q � r p s � � u q p n � p u � u x t � ¿ u { � n r � u o p q � u q p n � p u � u x t � ° s n r m u s � p q n o p � � t � u u � n m x s us � p p � s p q m � � p m o n q u m � p m s ¤ t u { x p s n s � t � u u � n m x n m r n � p � ° s � � r s u � p � { s � p m s n � � ¿ u { � � m � s v � � p � mn � p u � u x t � � � | � q � � � r � º ² £
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

13



¬ n s � s � p � q p � s n u m u v ¯ z z ½ u { q x u o p q m � p m s � � r � � � � p � � o � � { p u m s � p � u q � r { r s � n m � � � p y � r n v n s n r r u � p s � n m x s � � s� � m � p � { � � n v n p � u q � { � m s n v n p � { m n v u q � � t u o p q u { q p m s n q p � u � { � � s n u m � � � n r q p x { � � s n u m � � m � m � n r � p r s q { � s n o p � m �� q u � n � n s n o p s u u { q � { � s { q p � m � � n � n s r � u � � p � r n m � n o n � { � � r � � m p � � q p r r u { q r p � o p r s � q u { x � s � p � { n � s p m o n q u m � p m s �½ p � p m � n m x u m � u � � { � � s � p � { n � � n m x � u m v u q � r s u s � p r p q p x { � � s n u m r s � p � n x � p q s � p s � � n m � p m s n o p r s � p x u o p q m � p m sq p � � q � r s � p � q u § p � s � n s � v u q � � � p q n m x s u s � p n q o � � { p r �° m � { n � � n m x r y � n x � � p q v u q � � m � p n r � p s s p q s � � m � u � � p q v u q � � m � p y � { s � � t q � s � p q s � p m � u u � n m x � s � p q v u q � � m � p � � t� u m � s � p � u u � � s s � p m p p � s u � p q v u q � ¦ | r n m � n o n � { � � r � p o � � { p � � � s � r n m u { q � u q p p o p m � u q p s � p m � � � s n r u m s � pu { s r n � p y r u � � t n r s � n r m u s � � r u q p � u x m n � p � � m � � � � n q p � n m s � p � { n � s � u q � � ¦

 ± n x { q p À � � � q s u u m � p � n � s n m x � � m x { � x p { r p � � ~ u { q � p � Á � q s n � � � t � � n � r � � u � y { r p � � n s � � p q � n r r n u m � t � u � } � � � p q £~ u � n � � q p � � s n u m r y n m p � { � � n s n p r � m � u � � q p r r n u m � q p � � m n v p r s m u s r n � � � t n m s � p v u q � u v � n v v p q p m s n � � � � � p r rs u p � u m u � n � y p � { � � s n u m � � u q � { � s { q � � q p r u { q � p r � { s � q p p � � u � n p � � � ~ � � n � � n m x � ¢ ¶ º £¬ � p m ° � u u � � s x q p � s � { n � � n m x r � � n � � r u � n p s t � � r s u � � � p � q p r { r s � n m � � � p y ° � r � � t r p � v � � � s s � p r p � { n � � n m x rp � � u � t u q � u q p n � � u q s � m s � t � � � s � q p s � p n q n m s p m s n u m r ¦ � � p � { n � � n m x r � p � u � p � v u q � u v x q p p m p � � q p r r n u m n r � u q� x q p p m � � r � n m x � � � � � p { � u v � { � m s n v n � � � p � � q s r s � p x q p p m q u u v y s � p � n x � q p v � p � s n o p x � � r r y s � p r u � � q � � m p � r y p s � �� � p r p � { � m s n v n � � � p � � q s r x n o p s � p � � � p � q � m � p u v � � � s u { q � { � s { q p � � r � p v n m p � � r r { r s � n m � � � p � p r n x m y t p s � � � s � q ps � p s � n m x r s � � s x u � p t u m � s � p r { q v � � p � m � � � m s � p t � � o p p � { � � o � � { p ¦ ¬ n s � n m s � p � u q p u v � � { n � � n m x � q p n s r o � � { p r �� � n r � u q s � n r m u s � { � m s n v n � � � p x n o p m s � p � n � n s p � o u � � � { � � q t u v u { q r p m r p r ¤ � u � p o p q y n s � r � n s � n m y s � � s � p � � o p s � p� � n � n s t s u � p � q m � u r s � � u { s u { q r p � o p r � m � u { q � { � s { q p � Â u r s � q � � n s p � s { q � � � u o p � p m s r � � o p q p v � p � s p � s � p n r r { p r u vs � p s n � p y � � p q p � r � u � p q m n s t � � r t p s s u q p v � p � s s � p � p u � � p �° s n r m u s s � p q � s n u m � � n � � s n u m s � � s � � r � q u m x n m s � p v n q r s � � m � m u � � � r s £ � p q n u � u v � u � p q m � q � � n s p � s { q p � s � p� q u m x m p r r � n p r n m s � p v � � s s � � s s � p q � s n u m � � n � � s n u m � � r m u s x u m p � p p � p m u { x � � | � o � q | � � s u � ¬ n � r u m � À £| q � � n s p � s r � p � n � p p o p q t � � r s � p s � n � u v � � { n � � n m x � m � � { � � n v t s � u r p � � s p q n � � r s � p t � q p � � � p { � u v s u � u � � � p s p s � p� � u � p � | q � � n s p � s r � m � � � � m m p q r u o p q q p x { � � s p � m � n m s p q v p q p � n s � p o p q t � r � p � s u v � p r n x m � p � � { r p � p � q p � v q � n � u v
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

14



u { q n m m p q v p � q r y u { q o { � m p q � � n � n s n p r � | r � � q s u v � � � � n s � � n r s r u � n p s t � p � � o p � p p m s q � n m p � s u � u s � n r � p � � { r p s � p q p n rm u s q { r s � ¬ p � u m � s � p � n p o p s � � s � � u m s q � � s u q � n � � � � s { � � � t � { s � { � � n s t n m s u � � q u § p � s � p � � { r p s � p t r n � � � t � � q p � � u { ss � p n q � u q � � m � � u � s � p t � q p n m v � { p m � n m x r u � n p s t � ¬ p � � m m u s x p s � ¯ z z ½ � u n m s v u q n m r n r s n m x s � � s s � p � u m r s q { � s n u m� u q � p q r s � � s � { n � � � � { n � � n m x x p s s q p � s p � v � n q � t � m � p � { � � � t n m u { q r u � n p s t � ¥ u � p o p q y � t � u n m x r u � p � � � u � s � u r p� u q � p q r s u � p u v � u q s � � m � s � p t n m q p s { q m x p s � � � s s � p t m p p � s u r { r s � n m s � p � r p � o p r � m � s � p n q v � � n � n p r n m � � p � � s � t� � t � ° � � x n m p n v � p u � � p � p � � � p n � � u q s � m s q � s � p q s � � m s � n m x r u q u � § p � s r y � m � � { � � n s t � u { � � p � n r s u m n s r � u � m� p � � { r p p o p q t u m p � u { � � v p p � s � p t � q p x p s s n m x � � � s s � p t � q p � u q s � y s � � s { � s n � � s p � t s � p t � u � � o p � o u n � p n mp � � q p r r n m x s � p � r p � o p r n m u { q r u � n p s t � ¥ p � � u � m u � r � p � � r p m u { x � n r q n � � � � | � q � � r � º Ã £

 

 ± n x { q p ¡ � ¯ z z ½ q p   � p v n m p � s u n m � u q � u q � s p r { r s � n m � � n � n s tÄ © � � © Ä � � � � ¨� � p ± u q � � u { x p | r r p � � � t n m Â n � � n x � m � t ¬ n � � n � � Â � ½ u m u { x � n r s � u { x � s s u � p � � u m � p q v { � p � � � � � p u vr { r s � n m � � � p � q � � n s p � s { q p � ° s n r � u � p s u s � p � � q x p r s x q p p m q u u v n m s � p � u q � � � m � n m � u q � u q � s p r r u � � q � � m p � r � m � r s � s pu v s � p � q s � x q p p m � s p � � m u � u x t � ¥ u � p o p q y � p s � r s � � p � � u u � � p t u m � s � p r { q v � � p s u s � n r � { n � � n m x � r n m s p m s n u m r s u r { r s � n mu { q � { � s { q p � ° s n r � m � r r p � � � t � � � m s s � � s � � m { v � � s { q p r ± u q � � { s u � u � n � p r � � u � � m { v � � s { q p s � p r p o p � n � � p r s � p � � � m s{ r p r � m p � u q � n s � m s � � u { m s u v q p r u { q � p r r { � � � r y r s p p � y u n � y � m � � � s p q � ° � � m u m � t � r r { � p s � � s ¬ n � � n � � � r q � s n u m � � pv u q s � � n m x u m r { � � � � q u § p � s � � r s u � � � p � m � � q p � � t m p x � s n o p s � n m x n m u { q r u � n p s t � � p s s p q s � n m x y � � s � u { x � n m � n r� u u � Å Æ Ç È É Ê Ë Ì Å Æ Ç È É Ê � p { r p r s � p � � q � r p v u q u m p u v � n r � � � � s p q r y  ¬ � t � p n m x � p r r � � � y n r m u x u u � � � ° r s � n r � mp s � n � � � � � t s u � q � � s n � p � q � � n s p � s { q p ¦  ° � r � � t r p � v � � ° v s � n r � { n � � n m x n r � r { r s � n m � � � p � � � u n s n r r { � � u r p � s u r { r s � n m ¦° m u q � p q s u x p s s u s � p v n m � � � q u � { � s y s � p p s � n � � � v � � s u q � p � u � p r � u � � � m t � p u � � p � p � � � p n � � � � n � p � n m n m x s � p n q u m y� u � � � m t r p � � r � n p � v q u � s � p � � r s u n � s � m � p q r � n � � y � u � � � m t n m m p q � n s t � � n � � q p m � � o p � p p m � n � x m u r p � � n s �� r s � � � � p � � { r p u v n m � � � n m x � � q x p q � � u { m s r u v � { s u � u � n � p p � � � { r s ¦ � � p r p p o p m s r � q p � � � � � q s u v s � p n m s p m s n u m r u vs � p � { n � � n m x � � u � � m { v � � s { q p � u q p o p � n � � p r � p � m r s � � s � p � r � � { � s { q p � p � u � p � u q p � p � p m � p m s u m � � p � � p s n m xr { � r s � m � p s � � s � p � q p m u � p m x � x p � n m � � q u o p q � ¥ � o n m x � u q p � � q r � u p r m u s � q u � u s p � � � � � � � p � n s n p r � � p q p s � p
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

15



� u � � { m n s t � � r s � p u � � u q s { m n s t s u n m s p q � � s � n s � u m p � m u s � p q � ° r s � n r m u � � r { r s � n m � � � p � { n � � n m x ¦ ° s m p x � p � s r s � p� u q p u v u { q � p n m x r � m � v � n � r s u q p v � p � s u { q � { � s { q p � m � s � p � q u x q p r r � p � u { � � � n � p s u � � � n p o p � r � r u � n p s t �� u   � u { r n m x n r � m u s � p q p � � � � � p u v r { r s � n m � � � p � q � � n s p � s { q p � ° s � s s p � � s r s u � q n m x � p u � � p s u x p s � p q � r � � u � � p � s n o p� � u � p � � p q p p o p q t u m p � � r � o u n � p n m s � p � p � n r n u m r � � � p u v � u � s u � n o p n m � r { r s � n m p � � � m m p q � � u   � u { r n m x n r{ r { � � � t � u � � q n r p � u v r p o p q � � � u { r n m x { m n s r y � p s � � � p � u q � s s � � � p � y � n s � � u � � { m n s t � { n � � n m x r � � p q p � p u � � p � � m� � o p r � � q p � � p � � r � m � r p q o n � p r � � � p t � q p � q u o n � n m x v u q s � p � r p � o p r s � p r p q o n � p r u { q � u � � { m n s n p r � { q q p m s � tm p x � p � s � ~ u s � p m � � � s � � � p r s � p � � n v v p q p m s v q u � � { q q p m s x � s p � � u � � { m n s n p r s � � s � � o p s � p r p r � � p n m s p m s n u m r ¦ ° ru m p � u q p  r { r s � n m � � � p � s � � m s � p u s � p q ¦ Í { r s � n � p Â � ½ u m u { x � � � r � u r r n � � t q � s n u m � � n � p � s � � s � u q � n m x v u q s � p ± u q �v � � s u q t � m � � � � � t n m x �  x q p p m � � r � � s u s � p r { q v � � p n r � r { r s � n m � � � p � � t s u � q � � s n � p � q � � n s p � s { q p y � u   � u { r n m x � � r� u r r n � � t � � r u q � s n u m � � n � p � s � � s n r u � � s n m x � � u � � { m n s t n m u q � p q s u x q u � n s r u � m v u u � � m � � n o p s u x p s � p q � u � � p � s n o p � t n r� r { r s � n m � � � p � � t s u � n o p � � u   � u { r n m x y § { r s � r u { q � { q q p m s x u o p q m � p m s � � r � p v n m p � r { r s � n m � � � p � q � � n s p � s { q p y � � r� p � u � p � r p q n p r u v � � � � n p �  x q p p m � � r � n m x � s � � s n � r s u x n o p s � p � � � p � q � m � p s � � s s � p � { n � s v u q � n r q p v � p � s n o p u v n s rn m m p q � u q p � � � m � p o p � u � n m x u m x q p p m � � m � p o p m � p � u m r n � p q p � r { r s � n m � � � p ¦ ° v s � p n m s p m s n u m n r s u � u m r p q o p � � m �s � p m � � t � u m � s � u   � u { r n m x x q u { � r � { t � � m � s � � s s � p t q p v { r p s u � { n � � u m y � � u m x � n s � r u � p n m m p q � n s t � q u � m v n p � �r n s p r � � q p � � t m p x � p � s p � � n s � n m s � p { q � � m v � � q n � ¦ � � n r � � � q u � � � � u { � � � � � u � v u q � � m � � u m r p q o � s n u m � m � � r { r s � n m p �n m s p q � � s n u m � p s � p p m s � p � � q p � � t p � n r s n m x � u � � { m n s n p r � m � � � r s � p � u s p m s n � � s u r s q p m x s � p m s � u r p � u m m p � s n u m r r us � � s � � � � p u � � p � � m � p r { r s � n m p � �� � � t s u � p � q m s � p s q { p � p � m n m x u v � u � � { m n s t � n r s u £ p m � � s r � � q n m x u v q p r u { q � p r s � � s � u { � � m p � p r r � q n � t� n r � � m s � p � n p q � q � � t � m � s � p � n v v p q p m � p � � ¥ u u � r � ¡ º £

 ± n x { q p µ � ° m m p q o � � { p r � � u q p u v r p � v
 

© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 
16



 

 

 ± n x { q p Ã � ° m m p q o � � { p r � � u q p u v � { n � � n m x
 � © Î ¹ Ä Ä � � ¹ � Ï © ¨~ u s � p � { p r s n u m � p � u � p r y � u � � u � p � r � n q p s u � p n m r u � n p s t ¦ ½ u � p � n r � s u � u m s n m { p u � � q p r r n u m � m � n m p � { � � n s tu q � u � p � � m s s u � r � n q p s u r u � p s � n m x � u q p � ° v � p � � m � n r r p � s s � p � � t p q r u v r p � v � p � � m � n r r p � s s � p � � t p q r u v �� { n � � n m x y � t � u n m x r u � u { � � m u s � p o � � { p s � p � � u � p y � { s q � s � p q � � � n m x s � p � � u � p p o p m � � p � q p q � | r � q � � n s p � s r � p� q p s � p � p � n � s u q r u v s � p r p s u � n � r � m � � � m � � u u r p s u � � � q p r r s � p � u q n x m u q p s � p � � ° v � r � r u � n p s t � p � u m s n m { p s um u s r p p s � p { m r p p m y s � p s � n m x r � � n � � � q p n m u { q � u q p s � p m � p � n � � � u m s n m { p s u � p � � n m p y � p � � { r p m u � � s p q n � � y v � � p yu q v � ® � � p � � m � p r { r s � n m p � y � p � � m m u s q p x { � � s p n s y � m � n v � p � n � � p � u { � � � u � � q � s u n s � m � u { q r p � o p r � m � m p o p qq p � � n � p n s r v { � � p r s � u s p m s n � � �r u � n � � q n s t � n m o n s p r { r s u p � � q � � p � m p s � n � r u v � u � � � r r n u m � m � r � � q n m x s � � s � n � � q p m p � � r � n q n s u v � u o n m x� n m � m p r r � m � � u � � { m n u m s � � s � � m r { r s � n m � m � p m � � � p { r s u � n o p n m � � q � u m t � n s � s � p � � u � p � u q � � �� ¥ u u � r � µ º £� � p � q � � s n � p u v � q � � n s p � s { q p m p p � r s u p � � � m � � p t u m � n s r � { q q p m s � u { m � � q n p r s u n m � u q � u q � s p u s � p q v n p � � r u v� n r � n � � n m p r n m u q � p q s u � p � � � p s u r u � o p s � p � p r n x m � q u � � p � r u v s u � � t s � � s s q { � t s u { � � s � p � u q � � n m � r { r s � n m � � � p� � m m p q �
 

© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 
17



¹ � Ð � � Î ª © � ¸ © Ñ © � �� � n r � u � { � p m s � � r � � u � s p � v q u � � � � n s p � � � p q � p o p � u � p � v u q Á q u v p r r u q } q u u � Â { � � p q � s s � p l m n o p q r n s t u vw q p x u m y ~ { r s � n m � � n � n s t s � p u q p s n � � � { m � p q � { q q p m s r � � � r r y � { q n m x s � p ~ � q n m x s p q � y À ¶ ¶ » �
 

 � © « © � © � � © ¨| � q � � r y Í u � m � Ò Ó Ê Å Ì Ô Õ Ç Ö × Ø Ê Ù Ê Ê Õ Ú Û Ê Ü Ö Ý Ê Ö Ë Ü Ö Þ ß Ô Ç É É à á ß Ü Ö Ê ß ß â Ì Æ Õ Ê Ì Õ É Ê ã ä Ì Ô Ô á Ö Ü Ë × Ç Ö È Õ É Ç ä Ê ¤ � � p � r p �¼ q p p m Á { � � n r � n m x � u � � � m t y À ¶ ¶ Ã¥ u u � r y } p � � � å Ó Ê Æ Ê Ø Ê æ Ë Ç Ö È Ú Å É Ç ß ß ç Ç Ë Ë Ê Æ ß ¤ � u { s � p � x p y À ¶ ¶ ¶� u � p q x   ~ � � { � � y � � q n r s n � m � Ù Ó Ç Ö ã è Ê Ü È Ê Þ Þ Ê Æ Ç Ö È Ë Ó Ê é Ç Ö Þ á Ç Þ Ê Ì â ê Æ ä Ó Ü Ë Ê ä Ë á Æ Ê �Â � ½ u m u { x � y ¬ n � � n � � ¤ } q � { m x � q s y Â n � � � p � � Å Æ Ç È É Ê Ë Ì Å Æ Ç È É Ê Ú Û Ê Ô Ç ë Ü Ö Þ Ë Ó Ê å Ç × å Ê ç Ç ë Ê Ò Ó Ü Ö Þ ß � � u q s � Á u n m sÁ q p r r � À ¶ ¶ À� p m � p � � y Í � m p ¤ Á p m m p q y } � q � � q � ¤ } u q � p m y ° � n m � ì Ê Ö È Ê Æ æ Õ Ç ä Ê ê Æ ä Ó Ü Ë Ê ä Ë á Æ Ê ã ê Ö í Ö Ë Ê Æ È Ü ß ä Ü Õ É Ü Ö Ç Æ × í Ö Ë Æ Ì È á ä Ë Ü Ì Ö �� u { s � p � x p � À ¶ ¶ ¶~ � � n � � n m x y � � q n r � ~ p � u m � p � n s n u m Ò Ó Ê à Ì È × Ç Ö È æ Ì ä Ü Ç É Ò Ó Ê Ì Æ × � ~ | ¼ z Á { � � n � � s n u m r ¯ s � � À ¶ ¶ ¡¬ n � r u m y � u � n m ~ � Í u � m � ê Æ ä Ó Ü Ë Ê ä Ë á Æ Ç É Û Ê â É Ê ä Ë Ü Ì Ö ß ã ß Ë á È Ü Ê ß Ü Ö Ë Ó Ê Õ Ó Ü É Ì ß Ì Õ Ó × Ç Ö È Õ Æ Ç ä Ë Ü ä Ê Ì â Ç Æ ä Ó Ü Ë Ê ä Ë á Æ Ê y ~ p � u m �z � n s n u m y Â � m � � p r s p q l m n o p q r n s t Á q p r r � À ¶ ¶ ¶± n x { q p ¡ � ¯ z z ½ � � p � � � n r s y î ï ï ð ñ ò ò ó ó ó ô õ ï ö ÷ ø ù ú û ô ü û ý ò þ ÿ ö õ õ ò þ ü ü � � � ò � � � � þ î ü þ � ÿ � õ ï ô ð û ø ô± n x { q p Ã � ° m m p q o � � { p r u v � { n � � n m x �w n � v n p � � r � { q m n m x � � s s � � ³ ³ � � � � m � s n u m � � x p u x q � � � n � � � u � ³ m x � ³ ¢ ¶ ¶ � p r s ³ n � � x p r ³ r s u q t ½ � � � n m � § � x µ ³ ¢ À ³ ¶ »± u q � � u { x p v � � s u q t � � � � � q � s n � � � � u q x ³ � u   x � u � � � n � p ³ n � � x p r ³ x n o p � � � � ¡ � § � x� u m r s q { � s n u m � u q � p q r � � � � � � � n � t m p � { r � � u � ³ � � � ³ § � ¢ À � � ¶ µ   ½ ¯ ¼   � u m r s q { � � § � x

© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 
18



	 
 � �  � � �  � � � � � � � � � � � 
 � � � � � � � � � � �� � � �  ! " � # $ % & ' � � ( � � � ) # � * ' � � ( � � � ) # � * + , � %- . / 0 1 - ' 0 2 3 � / 4 ! � � 5 6 7 7 8 * 9 : 4 % 6 7 7 8 % 4  �  ; � � # ,  - � ( , � < ! % � � � (  % & = ) 4 ) � > 0 ,  # ,  ?  % &@ ) # A !  B " C � " ; % ? D ) " !  ( % 5 � � E  ; � � ) 4 F  # , % ! ) % & ; � & &  ! � � 5 ) ! ( , � #  ( # A ! ) F  : 4 !  " " � % � " > 0 ,  � � � #  ;/ # ) #  " ;  ( � ;  ; A 4 % � ) !  ( # ) � 5 A F ) ! G % : ( % � " # ! A ( # � % � D � # , ) ; � 5 � # ) F & ) H ) ;  % & ) G � F F % D � � 5 - ?  ! � ( ) � & F ) 5) � ; @ ) # A !  B " C � " ; % ? ) " !  4 !  "  � #  ; G $ ) 4  ! " % � ; !  " "  ; ) " .  � I ) ? � � J ! ) � K F � � 4 !  "  � # � � 5 # ,  ; � " ( % �  ! $ % &  F  ( # ! � ( � # $ >L $ !  " 4 % � "  # % # ,  ( , % "  � " $ ? G % F � " ? % & # , � "  : 4 !  " " � % � % & @ ) # A !  B " C � " ; % ? � � ) 5 F % G ) F ( % � #  : # D ) "# ,  � ? 4  # A " & % ! ) ;  " � 5 � " # A ; � % ) # # ,  / ) � ) � � ) , ' % F F  5  % & - ! # ) � ; M  " � 5 � � � / 4 ! � � 5 6 7 7 8 > 0 , � "" # A ; � % D ) " # ,  #  " # N G  ; & % ! ) � ) 4 4 ! % ) ( , # % #  ) ( , � � 5  ( % F % 5 � ( ) F ( % � " ( � % A " �  " " ) � ; #  " # � � 5 # ,  4 % #  � # � ) F # % � ? 4 ! % �  ;  " � 5 � ( !  ) # � � � # $ ) � ; O A ) F � # $ # , ! % A 5 , ) ;   4  ! A � ;  ! " # ) � ; � � 5 % &  ( % F % 5 � ( ) F" $ " #  ? " >0 , � " 4 ) 4  ! ;  " ( ! � G  " # ,  @ ) # A !  B " C � " ; % ? " # A ; � % ) � ; ) �  ( % F % 5 � ( ) F " $ " #  ? " 4 ! % (  " " > 3 # # ,  � ) " K " � &) � ; , % D ;  " � 5 �  ; A ( ) # % ! " ? � 5 , # � � ( % ! 4 % ! ) #  # ,  " # A ; $ % &  ( % F % 5 � ( ) F " $ " #  ? " ) " ) G ) " � " & % !( % � (  4 # A ) F ;  " � 5 � ;  �  F % 4 ?  � # >P  $ D % ! ; " 2 9 ( % N " $ " #  ? * <  ; ) 5 % 5 $ * M  " � 5 � / # A ; � %Q R S T U V W X S Q U RY Z [ \ ] ^ ^ _ \ ` ` a b c d \ d e a [ a \ [ f a \ ` d e a g \ b f h i j \ [ [ \ b d k j l d m d \ n \ o a d \ p a d e a b i j h h l c n k c c d e a o i j m p f \ q i f l c c k a cd e i d ` i n a e k o i j r l j h s t d l c i [ f i n a d \ q b l j p d \ p a d e a b d e a g \ b f h u c d i f a j d d \ n b a i d a i o \ h a f n \ o o k j l d m ` \ b d e a ` k d k b ag e a b a e k o i j c n i j f l v a l j e i b o \ j m g l d e j i d k b a s w3 � / 4 ! � � 5 6 7 7 8 * 9 : 4 % 6 7 7 8 % 4  �  ; � � # ,  - � ( , � < ! % � � � (  % & = ) 4 ) � > 0 ,  # ,  ?  % & @ ) # A !  B " C � " ; % ? D ) "!  ( % 5 � � E  ; � � ) 4 F  # , % ! ) % & ; � & &  ! � � 5 ) ! ( , � #  ( # A ! ) F  : 4 !  " " � % � " > 0 ,  � � � #  ; / # ) #  " ;  ( � ;  ; A 4 % � ) !  ( # ) � 5 A F ) ! G % :( % � " # ! A ( # � % � D � # , ) ; � 5 � # ) F & ) H ) ;  % & ) G � F F % D � � 5 - ?  ! � ( ) � & F ) 5 ) � ; @ ) # A !  B " C � " ; % ? ) " !  4 !  "  � #  ; G $ ) 4  ! " % �; !  " "  ; ) " .  � I ) ? � � J ! ) � K F � � 4 !  "  � # � � 5 # ,  ; � " ( % �  ! $ % &  F  ( # ! � ( � # $ >L $ !  " 4 % � "  # % # ,  ( , % "  � " $ ? G % F � " ? % & # , � "  : 4 !  " " � % � % & @ ) # A !  B " C � " ; % ? � � ) 5 F % G ) F ( % � #  : # D ) " # ,  � ? 4  # A "& % ! ) ;  " � 5 � " # A ; � % ) # # ,  / ) � ) � � ) , ' % F F  5  % & - ! # ) � ; M  " � 5 � � � / 4 ! � � 5 6 7 7 8 > 0 , � " " # A ; � % D ) " # ,  #  " # N G  ; & % ! ) �) 4 4 ! % ) ( , # % ) ; ; !  " " � � 5 # ,  ) 4 4 ) !  � # F ) ( K % &  ( % F % 5 � ( ) F ( % � " ( � % A " �  " " � � # ,   : � " # � � 5 - ?  ! � ( ) � < ) � � F � % � ) � ;#  " # � � 5 # ,  4 % #  � # � ) F # % � ? 4 ! % �  ;  " � 5 � ( !  ) # � � � # $ ) � ; O A ) F � # $ # , ! % A 5 , ) ;   4  ! A � ;  ! " # ) � ; � � 5 % &  ( % F % 5 � ( ) F" $ " #  ? " >0 , � " 4 ) 4  ! ;  " ( ! � G  " # ,  @ ) # A !  B " C � " ; % ? " # A ; � % ) � ; ) � ) # #  ? 4 # # % ; � !  ( # F $ � � ( % ! 4 % ! ) #  ) �  ( % F % 5 � ( ) F " $ " #  ? "4 ! % (  " " � � ;  " � 5 � " # A ; � % > 3 # # ,  � ) " K " � & ) � ; , % D ;  " � 5 �  ; A ( ) # % ! " ? � 5 , # � � ( % ! 4 % ! ) #  # ,  " # A ; $ % &  ( % F % 5 � ( ) F" $ " #  ? " ) " ) G ) " � " & % ! ( % � (  4 # A ) F ;  " � 5 � ;  �  F % 4 ?  � # > 0 $ 4 � ( ) F F $ *  � � � ! % � ?  � # ) F ) � ;  ( % F % 5 � ( ) F ( A ! ! � ( A F ) ) !  ; � " # � � ( # & ! % ? ) ! ( , � #  ( # A ! ) F ;  " � 5 � " # A ; � % > C , ) # 3 ) ? ) ; ; !  " " � � 5 � � # , � " 4 ) 4  ! � " ) � ) 4 4 ! % ) ( , # % ) 4 4 F $ � � 5  ( % F % 5 � ( ) F4 ! � � ( � 4 F  " D � # , � � # ,  ;  " � 5 � 4 ! % (  " " > 3 ) ? � % # ( F ) � ? � � 5 # , ) # � # D ) " D , % F F $ " A ( (  " " & A F * G A # � # ? ) $ % & &  ! ) " # ) ! # � � 54 % � � # & % ! ;  " � 5 �  ; A ( ) # % ! " >- " ) " # A ;  � # ) � ;  ; A ( ) # % ! * 3 , ) �  & % A � ; # , ) # !  O A � !  ; ( F ) " "  " % � # ,   � � � ! % � ?  � # � � ) ! ( , � #  ( # A !   ; A ( ) # � % �! ) !  F $ , ) �  ) ; � !  ( # ) & &  ( # % � " # A ; � % ;  " � 5 � D % ! K > x x C , � F  # ,  !  , ) " G   � ) �  : #  � " � �  ) ? % A � # % & D ! � # � � 5 ;  � % #  ; # % ( % F % 5 $ ) � ; ;  " � 5 � � � 5  �  ! ) F * # ,  !  , ) " G   � F � # # F  D ! � # #  � ) G % A # � � ( % ! 4 % ! ) # � � 5  ( % F % 5 � ( ) F 4 ! � � ( � 4 F  " � � # ,  ;  " � 5 �4 ! % (  " " > + �  % & # ,  ? % " # % & #  � N O A % #  ; ) A # , % ! " % � ;  " � 5 �  ; A ( ) # � % � � " M ) � � ; C > + ! ! * ; � !  ( # % ! % & 9 � � � ! % � ?  � # ) F/ # A ; �  " ) # + G  ! F � � � � � �  ! " � # $ > y � " D ! � # � � 5 � " A � O A  " # � % � ) G F $ � � " 4 � ! ) # � % � ) F ) � ; � � & % ! ?  ; * G A # ,  � " � % # #  ) ( , � � 5 � � );  " � 5 � " # A ; � % > 0 ,  % � F $ #  : # # , ) # 3 & % A � ; # , ) # ) ; ; !  " "  ; # ,  � � ( % ! 4 % ! ) # � % � % & # ,  "  4 ! � � ( � 4 F  " D � # , � � # ,  ;  " � 5 �4 ! % (  " " � " ) G % % K ;  � % #  ; # % F ) � ; " ( ) 4  ) ! ( , � #  ( # A !   � # � # F  ; z { | } | ~ � � � � � � � � ~ � � � � � � � � | � � � � | � � � � � � � � ~ > 0 ,  ) A # , % ! " ( F  ) ! F $ ; � & &  !  � # � ) #  G  # D   �  ( % F % 5 $ ) " ) � & ! ) ?  D % ! K & % ! A � ;  ! " # ) � ; � � 5 � �  ! " A "  ( % F % 5 $ ) " ) " ( �  � (  >
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

19



C , � F  3 ) ? "   K � � 5 ) 4 4 F � ( ) # � % � " % &  ( % F % 5 $ ) " ) & ! ) ?  D % ! K & % ! A � ;  ! " # ) � ; � � 5 * # ,  $ " # ) #  # , ) # � � # , � " #  : # * # ,  $ ) !  !  &  ! ! � � 5 # % # ,  " ( �  � (  % &  ( % F % 5 $ * x x x 3 ) ? "   K � � 5 4  ; ) 5 % 5 � ( ) F ) 4 4 ! % ) ( ,  " # %  ? G  ; ; � � 5 ) � � � O A � " � # � �   : 4 F % ! ) # � % � % &  ( % F % 5 $ ;   4 F $ D � # , � � # ,  � � " # � � ( # A ) F ;  " � 5 � !  " 4 % � "  % & " # A ;  � # " >3 D ) " � � & F A  � (  ; G $ # ,  % ! �  " # , ) # = ) � � �  .  � $ A " ) ; ; !  " "  ; � � � � | � � � � { � � D , � ( , " ,  ;  & � �  ; ) " � � ) �  D " ( �  � (  # , ) # " # A ; �  " � ) # A !  � " ? % ;  F " ) � ; # ,  � � ? � # ) #  " % ! # ) K  " � � " 4 � ! ) # � % � & ! % ? # ,  "  ;  " � 5 � " ) � ; 4 ! % (  " "  " # % " % F �  , A ? ) � 4 ! % G F  ? " > � x � C , � F  # ,  4 ! � � ( � 4 F  " % & G � % ? � ? � ( ! $ , ) �  ? A ( , # % % & &  ! * # ,   : ) ? 4 F  " , ) �  G   � F ) ! 5  F $#  ( , � % F % 5 � ( ) F ) " % 4 4 % "  ; # % ( % � (  4 # A ) F % ! 4  ; ) 5 % 5 � ( ) F > 3 ) # #  � ;  ; ) .  � $ A " F  ( # A !  ) # � !   � G A � ; 6 7 7 8 D , � ( ,) ; ; !  " "  ; # ,  4 % #  � # � ) F % & ( % F F ) G % ! ) # � % � " G  # D   � G � % F % 5 $ ) � ; % # ,  ! " ( �  � (  " ) " # % % F " & % ! ) � " D  ! � � 5 ;  " � 5 �( , ) F F  � 5  " > / ,  ; � " ( A " "  ; # ,  � ? 4 % ! # ) � (  % & � � ( % ! 4 % ! ) # � � 5 " ( �  � # � " # " D � # , � � # ,  ;  " � 5 � 4 ! % (  " " & ! % ? � # " � � (  4 # � % � *G A # ( F  ) ! F $ " # ) #  ; # , ) # " ,  � " ) " ( �  � # � " # * � % # ) ;  " � 5 � " # A ; � % 4 ! % &  " " % ! > 3 ( % ? 4 F  #  F $ ) 5 !   D � # , # ,  �   ; & % !( % F F ) G % ! ) # � % � * G A # ) F " %  � ( % A ! ) 5  ;  " � 5 � " # A ;  � # " # % "   # ,  � � ,  !  � # 4 % #  � # � ) F % &  ( % F % 5 � ( ) F F $ � � " 4 � !  ; ;  " � 5 �D � # , � � # ,  � ! % D � 4 ! % (  " " >C � F F � ) ? L ( M % � % A 5 , ) � ; L � ( , )  F . ! ) A � 5 ) ! # B " � � & F A  � # � ) F #  : # � � � � } � � | � � � � } � � " !  O A � !  ; !  ) ; � � 5 & % ! " # A ;  � # " % & ( % F % 5 � ( ) F ;  " � 5 � * G A # � � ? $  : 4  ! �  � (  * � # � � & F A  � (  " " # A ;  � # " B ? ) #  ! � ) F ( , % � (  " ? % !  # , ) � # ,  � ! ( % � (  4 # A ) F;  " � 5 � 4 ! % (  " " > C , � F  # ,  � ! ( % � " � ;  ! ) # � % � % & # ,  F � &  ( $ ( F  % & # ,  ( ,  ! ! $ # !   !  &  ! " # % ) �  ( % " $ " #  ? * � # � " F  " " ) G % A ## ,  4 !  (  ;  � (  % & # ,   ( % " $ " #  ? � � ;  " � 5 � # , ) � � # � " ) G % A # # ,  G  ) A # $ % & # ,  ( ,  ! ! $ G F % " " % ? " > �3 !  ( % 5 � � E  , % D ( ! � # � ( ) F # ,  ( % F F ) G % ! ) # � % � % & " ( �  � # � " # " *  ( % F % 5 � " # " * F ) � ; " ( ) 4  ) ! ( , � #  ( # " * 4 F ) � �  ! " *  � 5 � �   ! " ) � ;% # ,  ! " ) !  # % ) # ! A F $ , % F � " # � (  ( % F % 5 � ( ) F ;  " � 5 � 4 ! % (  " " > - " ) 4 ! % &  " " % ! % & ) ! ( , � #  ( # A !  * 3 "   ? $ "  F & ) " ) ?  ; � ) # % !G  # D   � ) � % �  ! D ,  F ? � � 5 ) ? % A � # % & ( ! � # � ( ) F � � & % ! ? ) # � % � ) � ; $ % A � 5 " # A ;  � # "  ) 5  ! # % & % ( A " % � ;  " � 5 � D , � F  � 5  # # � � 5 # , ! % A 5 , � # ,  % # ,  ! !  O A � !  ; ( % A ! "  ? ) #  ! � ) F >� � � U � � � � � R �   ¡ ¢ £ ¤ ¥ ¦ § ¥ ¨ © ª« e i j r c d \ b i [ l h d a n e j \ f \ p l n i f h a v a f \ [ o a j d ¬ d e a ] ^ d e  a j d k b m g i c n e i b i n d a b l ® a h q m o i c c ¯ [ b \ h k n d l \ j i j h o i c c ¯n \ j c k o [ d l \ j ¬ g e l n e l j d k b j f a h d \ o i d a b l i f l o [ b \ v a o a j d c l j \ k b h i l f m f l v a c s ° d d e a c i o a d l o a ¬ d e a c a d b a j h cb a c k f d a h l j v i b l \ k c p f \ q i f l c c k a c c k n e i c h a c a b d l ` l n i d l \ j ¬ p f \ q i f g i b o l j p ¬ i j h i c e \ b d i p a \ ` j i d k b i f b a c \ k b n a c s ° cd e a c a l c c k a c n i j j \ d q a b a c \ f v a h q m i j m \ j a j i d l \ j ¬ d e a l j d a b j i d l \ j i f n \ o o k j l d m j a a h c d \ k j l d a l j n \ j ` b \ j d l j pd e a o ± g a o k c d n \ o a d \ p a d e a b i j h c e i b a \ k b a Z [ a b l a j n a i j h g l c h \ o ¬ l j \ b h a b d \ n b a i d a i j a g h l b a n d l \ j ` \ be k o i j l d m g e l n e l c q \ d e c k c d i l j i q f a i j h e i b o \ j l \ k c g l d e j i d k b a s ² w0 ,  O A % #  F � " #  ; ) G % �  !  4 !  "  � # " # ,  � � " � % � "  # & % ! # , G $ # ,  = ) 4 ) � - " " % ( � ) # � % � & % ! # ,  6 7 7 8 C % ! F ; 9 : 4 % " � # � % � >0 ,  � � #  � # � % � " % & # ,  9 : 4 % D  !  � ? 4 !  " " � �  > 0 ,  � ! � 9 ( % F % 5 � ( ) F M  ( F ) ! ) # � % � � � � ( F A ;  ; # ,  & % F F % D � � 5 " � : & ) ( # % ! " 2³ > 3 ? 4 F  ?  � # ) # � % � % & ' % � "  ! � ) # � % � L  ) " A !  " � ;  � # � & �  ; � � # ,  9 � � � ! % � ?  � # ) F 3 ? 4 ) ( # - " "  " " ?  � # 1  4 % ! #6 > M  �  F % 4 ?  � # % & / � #  < F ) � � � � 5 D � # , 9 � � � ! % � ?  � # ) F ' % � " � ;  ! ) # � % �´ > 3 � # ! % ; A ( # � % � % & - ; � ) � (  ; 0  ( , � % F % 5 $ < ! % ? % # � � 5 ) � 9 ( % N ( % ? ? A � � # $µ > 3 � # ! % ; A ( # � % � % & # ,  ´ 1 " ¶ 1  ; A (  * 1  A "  * 1  ( $ ( F  ·8 > < ! % ? % # � % � % & 0 ! ) � " 4 % ! # ) # � % � D � # , L � � � ? ) F 9 � � � ! % � ?  � # ) F 3 ? 4 ) ( #¸ > < ! % � � ; � � 5 9 � I % $ ) G F  9 ; A ( ) # � % � ) F + 4 4 % ! # A � � # �  " # , ! % A 5 , 9 �  � # " ) � ; 9 : , � G � # � % � "- � $ % �  D , % , ) " ) � $ "  � "  % &  � � � ! % � ?  � # ) F ( % � " ( � % A " �  " "( ) � ) 4 4 !  ( � ) #  # ,  � � " � % � "  # & % ! # , G $ # ,  ;  �  F % 4  ! " % & 9 ¹ < +6 7 7 8 > 0 ,  !  ( % 5 � � # � % � # , ) # D  ? A " # ) ; ; !  " "  � � � ! % � ?  � # ) F� " " A  " % � ) 5 F % G ) F ( % � #  : # � " " % ?  # , � � 5 # , ) # , ) ; ) F !  ) ; $ G   �) ; ; !  " "  ; � � # ,  P $ % # % < ! % # % ( % F % & ³ º º » � � D , � ( , ³ ¸ 7( % A � # ! �  " ( % ? ? � # #  ; # % ? ) � ; ) #  ( , ) � 5  # , ) # D % A F ; !  " A F # � � );  ( !  ) "  � � 5 !   � , % A "  5 ) "  ? � " " � % � " > 0 ,  � � � #  ; / # ) #  "; � ; � B # " � 5 � # ,  P $ % # % < ! % # % ( % F ) � ; # ,  ;  " � 5 � ;  ( � " � % � " : 4 !  " "  ; � � # ,  - ?  ! � ( ) � < ) � � F � % � "   ?  ; # % � 5 � % !  )!  " 4 % � "  # % � @ ) # A !  B " C � " ; % ? � >0 ,  4 ) ! # � ( � 4 ) # � % � % & # ,  � > / > � � 9 : 4 % 6 7 7 8 D ) " F ) ! 5  F $4 % F � # � ( ) F > 0 ,  � > / > ; � ; � % # 4 ) ! # � ( � 4 ) #  � � 9 : 4 % 6 7 7 7 � � y ) � % �  ! *�  ! ? ) � $ ) � ; # , ) # � " % & #  � F � " #  ; ) " % �  % & # ,  !  ) " % � " D , $ � #D ) " & � � ) � ( � ) F F $ A � " A ( (  " " & A F > 3 � 6 7 7 ´ * < !  " � ;  � # . A " ,4 ! % ? � "  ; < ! � ?  L � � � " #  ! P % � E A ? � % & = ) 4 ) � # , ) # # ,  � > / > D % A F ;G  4 !  "  � # ) # 9 : 4 % 6 7 7 8 > 0 ,  $ " � 5 �  ; ) ( % � # ! ) ( # % � = A F $ 6 º *6 7 7 µ # , ) # 5 A ) ! ) � #   ; # ,  4 !  "  � (  % & # ,  � > / > D � # , # ,  " A 4 4 % ! # % & 4 ! � � ) #  ( % ! 4 % ! ) #  & A � ; � � 5 > 0 , � " F  & # F  " " # , ) � � � �  ¼ 
 ½ ¾ ¿ À Á � � � Â � � 
 �  Ã �  Ä 
 � 
 Å Ã  � � Æ Ç Å È ¿ ¿ É � � 
 � � 
 � Ê  Ç  Ã
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

20



? % � # , " # % ;  " � 5 � * & ) G ! � ( ) #  ) � ; G A � F ; # ,  - ?  ! � ( ) � < ) � � F � % � > � x x3 F  ) ! �  ; % & # ,  & % !  " , % ! #  �  ; ;  " � 5 � # � ?  F � �  D ,  � 3 ?  # D � # , # ,  4 ) � � F � % � ;  " � 5 �  ! . A ; y % F F % ? ) � � � - 4 ! � F 6 7 7 8 >y  ! A � " ) " ? ) F F & � ! ? � � = ) ( K " % � * L � " " � " " � 4 4 � # , ) # , ) ; 4 !  � � % A " F $ ( % ? 4 F  #  ; % � F $ " ? ) F F 4 ! % I  ( # " > 0 ,  $ D  !  ) D ) ! ;  ; # ,  ( % ? ? � " " � % � G  ( ) A "  # ,  $ , ) ; 4 !  � � % A " F $ D % ! K  ; D � # , # ,   : , � G � # ;  " � 5 �  ! " . 1 ' 3 ? ) 5 � � ) # � % � - ! # " *3 � ( > 0 ,  !  D ) " � % 4 !  (  ;  � # � � y % F F % ? ) � - ! ( , � #  ( # " % ! . 1 ' 3 ? ) 5 � � ) # � % � - ! # " & % ! ) � $ 4 ! % I  ( # " !  ? % #  F $ ;  � % #  ;# % � @ ) # A !  B " C � " ; % ? > �0 ,  � � � #  ; / # ) #  " < ) � � F � % � D ) " ;  " � 5 �  ; & % ! 5 % ) F " # , ) # "   ? # % , ) �  ) #  � A % A " !  F ) # � % � " , � 4 # % � @ ) # A !  B "C � " ; % ? > �« e a Ë s Ì s [ i b d l n l [ i d l \ j i d Y Í Î Ï ] ^ ^ _ c e \ g n i c a c d e a h m j i o l c o i j h n b a i d l v l d m \ ` ° o a b l n i i j h e l p e f l p e d c \ k b n \ b aj i d l \ j i f v i f k a c ¯ ¯ e \ [ a ¬ \ [ d l o l c o ¬ a j d a b [ b l c a i j h ` b a a h \ o s ² w w w0 ,  !  " 4 % � "  # % # ,  ( F  ) ! F $ " # ) #  ; % G I  ( # � �  " % & @ ) # A !  B " C � " ; % ? � " & % A � ; � � % �  % & # ,  & � �   : , � G � # " 4 ) (  " � 0 ,  J ! ) � K F � � / 4 � ! � # * ) " ;  " ( ! � G  ; ,  !  N« e a o i l j c e \ g l j d e a Ë s Ì s Î i v l f l \ j l c « e a Ð b i j r f l j Ì [ l b l d ¬ i o k f d l ¯ o a h l i [ b a c a j d i d l \ j d e i d n a f a q b i d a c d e a Y Í Î Ïd e a o a \ ` Ñ i d k b a Ò c Ó l c h \ o g l d e i v l c l d ` b \ o Ô a j Õ i o l j Ð b i j r f l j \ j d e a a v a \ ` e l c Ö ^ ^ d e q l b d e h i m s Ð a g ° o a b l n i j ce i v a k j h a b c d \ \ h ¬ n i [ d k b a h i j h c e i b a h Ñ i d k b a Ò c Ó l c h \ o g l d e o \ b a c k n n a c c d e i j d e a p b a i d Ë s Ì s c d i d a c o i j i j h` \ k j h l j p ` i d e a b Ô a j Õ i o l j Ð b i j r f l j s × l c c d k h l \ k c \ q c a b v i d l \ j \ ` j i d k b a f a h d \ j k o a b \ k c f l ` a ¯ n e i j p l j p l j j \ v i d l \ j c ¬o \ c d j \ d i q f m d e a e i b j a c c l j p \ ` a f a n d b l n l d m d e b \ k p e e l c a Z [ a b l o a j d c g l d e f l p e d j l j p s« e a Ð b i j r f l j Ì [ l b l d b a ` f a n d c d e a k j l Ø k a f m ° o a b l n i j [ a b c [ a n d l v a \ ` Ô a j Õ i o l j Ð b i j r f l j s Ó l d e i c a j c a \ `g \ j h a b o a j d ¬ e a f a i h c Î i v l f l \ j v l c l d \ b c d e b \ k p e d e a d a n e j l n i f ¬ c \ n l i f i j h i p b l n k f d k b i f i h v i j n a c d e i d e i v a d i r a j[ f i n a c l j n a d e a Ù Ú ^ ^ c s × a i n r j \ g f a h p a c d e i d d e a ] Ù c d n a j d k b m l c i j a Z n l d l j p d l o a d \ q a i f l v a i c e a f \ \ r c l j d \ d e a` k d k b a ¬ [ b a h l n d l j p i h v i j n a c d e i d g l f f l o [ b \ v a d e a f l v a c \ ` [ a \ [ f a g \ b f h g l h a s w Û3 � ( % � # ! ) " # # % # ,  � � � #  ; / # ) #  " * " % ?  ( % A � # ! �  " !  " 4 % � ;  ; D � # , 4 ) � � F � % � " # , ) #  � 5 ) 5  ; # ,  ( % � (  4 # % & � ) # A !  B "D � " ; % ? ) "  : 4 !  " "  ; D � # , � � # ,  � ! ( A F # A !  > J % !  : ) ? 4 F  * �  ! ? ) � $ B " 4 ) � � F � % � G ! �  & " # ) #  " *« e a d e a o a \ ` Y Z [ \ ] ^ ^ _ ¯ Ü Ñ i d k b a u c Ó l c h \ o Ü ¯ l c d \ c d l o k f i d a k c d \ a Z [ f \ b a d e a [ b l j n l [ f a c \ ` j i d k b a ¬ i j h d \ b a c [ a n di j h l j d a p b i d a d e a c a l j \ k b h i l f m f l ` a s Ð \ b n \ j d l j k a h h a v a f \ [ o a j d \ ` e i b o \ j m q a d g a a j j i d k b a i j h d a n e j \ f \ p m ¬ l d l cj a n a c c i b m d e i d g a l j d a b [ b a d j i d k b i f [ e a j \ o a j i j \ d i c n \ j d b i b m d \ d a n e j \ f \ p m ¬ q k d b i d e a b i c l d c ` \ k j h i d l \ j i j hc \ k b n a \ ` l j c [ l b i d l \ j s Ó l d e d e a e a f [ \ ` Ü q l \ j l n c Ü ¯ d e a d e a \ b m \ ` k c l j p d a n e j l n i f i [ [ f l n i d l \ j c \ ` j i d k b i f [ b l j n l [ f a c ¯Ý a b o i j m [ b a c a j d c l d c a f ` i d Y Z [ \ ] ^ ^ _ i c i n \ k j d b m \ ` d a n e j \ f \ p l n i f n \ o [ a d a j n a ¬ l j j \ v i d l v a i n e l a v a o a j d c i j hl j d a j c l v a b a c a i b n e g \ b r ¬ i j h l f f k c d b i d a c e \ g l o [ \ b d i j d i j h i d d e a c i o a d l o a a Z n l d l j p d e a i d d a o [ d d \ [ b a c a b v a \ k bn l v l f l c i d l \ j u c e i b o \ j m g l d e j i d k b a n i j q a s Û
¼ 
 ½ ¾ ¿ È � Æ Ç Å È ¿ ¿ É Þ � � Â  Ã �  Ä 
 � 
 Å Ã ¼ 
 ½ ¾ ¿ ß � Æ Ç Å È ¿ ¿ É à á �  Ä 
 � 
 Å Ã0 ,  < ) � � F � % � % & # ,  � � � #  ; P � � 5 ; % ? D ) "  � # � # F  ; � < F ) �  # % & . F  " " � � 5 ) � ; . A ; ; � � 5 > � 0 ,  � ! ) 4 4 ! % ) ( , D ) " A � � O A  N× i f ` d e a [ i v l f l \ j i b a i l c \ n n k [ l a h q m i g \ \ h f i j h p i b h a j ¬ l j n f k h l j p â ^ f l o a d b a a c i j h v i b l \ k c ` i o l f l i b ` f \ g a b c d e i di h \ b j d e a Ô b l d l c e c a i c \ j c ¬ c k n e i c h i ` ` \ h l f c ¬ q f k a q a f f c ¬ ` \ Z p f \ v a c i j h i j p a f l n i c s ° o \ j p d e a d b a a c i b a c a v a jo \ f h a h g \ b r c [ b \ h k n a h q m j l j a n \ j d a o [ \ b i b m Ô b l d l c e i b d l c d c s Ó e l f a g i f r l j p d e b \ k p e d e a g \ \ h f i j h ¬ v l c l d \ b c n i ji [ [ b a n l i d a d e a n \ f \ b ` k f g \ b r c \ ` i b d ¬ l j c [ l b a h q m j i d k b a s Ë [ \ j [ i c c l j p d e b \ k p e d e a g \ \ h f i j h ¬ d e a m i b b l v a i d d e a[ i v l f l \ j s Û w

© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 
21



S ã � ä å S � T R ä S Q æ � W ç è ç � ä æ Q å Q U R. ) "  ; % � ) G  F �  & # , ) # # ,  ( , % "  � - ?  ! � ( ) � 9 : 4 % 6 7 7 8 ;  " � 5 � ? ) $ � % # , ) �  G   � # ,  ? % " # "  � " � # � �  % &!  " 4 % � "  " # % ) � � � #  ! � ) # � % � ) F ; � " ( A " " � % � % � @ ) # A !  B " C � " ; % ? * 3 4 ! % 4 % "  ; ) " # A ; � % ) # # ,  / ) � ) � � ) , ' % F F  5  % &- ! # ) � ; M  " � 5 � � � D , � ( , & % A ! # , $  ) ! ;  " � 5 � " # A ;  � # " D % A F ; " 4  � ; % �  #  � N D   K O A ) ! #  ! � � �  " # � 5 ) # � � 5 ) F #  ! � ) # � �  "& % ! # ,  - ?  ! � ( ) � < ) � � F � % � � � 9 : 4 % 6 7 7 8 >- ;   4 A � ;  ! " # ) � ; � � 5 % & # ,  � ) # A !  ) � ; 4 ! % (  " "  " % &  ( % F % 5 � ( ) F " $ " #  ? " � " ) � % 4 4 % ! # A � � # $ & % ! " # A ;  � # " # % F  ) ! �) G % A # # ,  A � G  F �  � ) G F  ( ) 4 ) ( � # $ ) � ; ( !  ) # � � � # $ % & # ,  F ) D " % & � ) # A !  ) � ; # ,  ! ? % ; $ � ) ? � ( " > 3 " ) D ) 4 ! % I  ( # G ) "  ;% � � @ ) # A !  B " C � " ; % ? � ) " ) � � ;  ) F % 4 4 % ! # A � � # $ # % #  " # # ,  4 % #  � # � ) F % & ) �  ( % N " $ " #  ? � � �  " # � 5 ) # � % � ) " ) ( % � (  4 # A ) F;  " � 5 � ;  ! � � ) # � �  & % ! ) ;  " � 5 � 4 ! % I  ( # > 0 ,  5 % ) F D ) " # % ,  F 4 A " A � ;  ! " # ) � ; # ,  ( % ? 4 F  : � # $ ) � ; ( !  ) # � � � # $ % & ( % F % 5 � ( ) F " $ " #  ? " D � # , !  " 4  ( # # % ) F F & % ! ? " % &  �  ! 5 $ A "  ; ) � ; ) F F # ! ) � " & % ! ? ) # � % � " % & # , ) #  �  ! 5 $ ) � ; # ,  � ) 4 4 F $# , ) # # % # ,  ( % � (  4 # A ) F ;  " � 5 � 4 ! % (  " " > - � $ ( % � (  4 # � % � % & D ) " #  D ) " # % G  ( , ) F F  � 5  ; >0 ,  " ( ) F  N F  " " ) " 4  ( # % &  ( % F % 5 � ( ) F " $ " #  ? " D ) " ) ( ! � # � ( ) F ( % ? 4 % �  � # % & # , � " ;  " � 5 � " # A ; � % > - " " ( �  � # � & � (  � � ;  � (  ( % � # � � A  " # % 4 ! % �  * # ,  !  � " � % O A  " # � % � # , ) # # ,  & % ! ? ) � ; & F A � ; � # $ % & � ) # A ! ) F " $ " #  ? " # ! ) � " (  � ; " " ( ) F  > é x x x < ) # #  ! � "% & 4 F ) �  # ) ! $ ? % �  ?  � # ( ) � G  & % A � ; ) # ) F F " ( ) F  " � � � ) # A !  > 0 , � " � " % �  ) " 4  ( # % &  ( % N " $ " #  ? " # , ) # ) F F % & # ,  " # A ;  � # " ) # #  ? 4 #  ; # % ) ; ; !  " " � � # ,  � ! !  "  ) ! ( , >0 ,  " # A ; � % " % A 5 , # # % � � " 4 � !  # ,  " # A ;  � # " # , ! % A 5 , � � ; � � � ; A ) F � � �  " # � 5 ) # � % � ) � ; ) ! # � ( A F ) # � % � % & ) � ) ! ( , � #  ( # A ! ) F : 4 !  " " � % � % & @ ) # A !  B " C � " ; % ? ) " � � & F A  � (  ; G $ " 4  ( � & � (  ( % F % 5 � ( ) F " $ " #  ? " > / # A ;  � # " D  !  ) " K  ; # % G  5 � � D � # ,!  "  ) ! ( , % & ) �  : � " # � � 5 � ) # A ! ) F  ( % F % 5 � ( ) F " $ " #  ? ) # ) � $ " ( ) F  > 0 ,  "  � � ( F A ;  ;  �  ! $ # , � � 5 & ! % ? # ,  5 ! % D # ,4 ) # #  ! � % & ) !  ; D % % ; # !   * # ,  F � &  ( $ ( F  % & ) & � !  ) � # * # ,  D ) $ # , ) # D ) #  ! � " ;  ) F # D � # , % � # ,  " K � � % & ) # !   & ! % 5 ) � ;% # ,  ! " > / # A ;  � # " , ) ; % �  & A F F D   K # %  : 4 F % !  # ,  "  " $ " #  ? " ) � ; ; � ) 5 ! ) ? ) F F  �  ! 5 $ ) � ; & % % ; # , ) # D ) " ( % ? � � 5 � �) � ; ) F F # , ) # D ) " ( % ? � � 5 % A # # % A � ;  ! " # ) � ; D ,  !  � # ( ) ?  & ! % ? ) � ; D ,  !  � # D  � # > C  D  !  ( % ? 4 ) ! � � 5 # ,  "  ( F % "  ; N F % % 4 " % & 4 ! % ; A ( # � % � # % % A ! % D � " 4  ( �  " B A # � F � E ) # � % � % & !  " % A ! (  " > 0 ,  A � � O A  �  " " % & # ,  , A ? ) �4 ! % F � &  ! ) # � % � % & D ) " #  # % % K % � ) �  D ( % � #  : # >3 � # ,  G  5 � � � � � 5 % & D   K # D % * # ,  !  D ) " ) ( ! � # � O A  % & # ,  � ) # A ! ) F" $ " #  ? " � � �  " # � 5 ) # � % � ) � ; ) ; � " ( A " " � % � % & # ,  "  " $ " #  ? " ) "4 !  (  ;  � # " & % ! ;  " � 5 � > 0 ,  5 % ) F D ) " ) # , % ! % A 5 , "  # % & ; � ) 5 ! ) ? " # , ) #D % A F ; # ! ) � " (  � ; # ,  " 4  ( � & � ( � # $ % & # ,  � ) # A ! ) F " $ " #  ? ) � ; ) ( , �  �  )F  �  F % & ) G " # ! ) ( # � % � # , ) # ( % A F ; G  # ! ) � " F ) #  ; # % ) ;  " � 5 � 4 ! % I  ( # ) #? A F # � 4 F  " ( ) F  " >0 ,  4 !  N ;  " � 5 � D % ! K � � ( F A ;  ; " � #  ) � ; ( A F # A ! ) F ) � ) F $ " � " * 4 !  (  ;  � #" # A ; �  " % � 4 !  � � % A " 9 : 4 % " � # � % � " ) " D  F F ) " # ,  ) ! ( , � #  ( # A !  % & � � � #  ;/ # ) #  " ) � ; % # ,  ! " � 5 � � & � ( ) � # 4 ) � � F � % � " > 0 ,  !  D ) "  : #  � " � �  4 ! % 5 ! ) ? ? ) # � ( ) � ; " � #  ) � ) F $ " � " > 0 ,  9 : 4 % 6 7 7 8 F ) $ % A # ( % � (  4 # 4 F ) (  ;( % A � # ! �  " � � ; � " # � � ( # !  5 � % � " ( ) F F  ; � F % G ) F ' % ? ? % � " � � " # ! ) #  5 � (F % ( ) # � % � " � �  ) ( , ( % ? ? % � " > 0 ,  � > / > 4 ) � � F � % � D ) " 4 F ) (  ; � � � F % G ) F' % ? ? % � 6 N � 0 ,  - ?  ! � ( ) " � ) # # ,  & ) !  � ; % & ) � % � ) F " , ) 4  D � # , )4 % F � (  " # ) # � % � ; � !  ( # F $ � � & ! % � # % & � # ) � ; ) " #   4 " F % 4  G  , � � ; � # D , � ( ,, ) ; ( % � # � � A % A " 4 % F � (  D ) # ( , F % % K � � 5 % �  ! # ,  - ?  ! � ( ) � 4 ) � � F � % � >0 ,  F ) $  ! " % & ( % ? 4 F  : � # $ ) � ; F  ) ! � � � 5 % 4 4 % ! # A � � # �  " # % ) 4 ! % I  ( # " A ( ,) " # , � " ) !  % A # " # ) � ; � � 5 > 3 ? ?  ; � ) #  F $ ) 4 4 ) !  � # ) !  � " " A  " % & ( A F # A ! ) F; � & &  !  � (  * # ,  4  ! (  4 # � % � % & # ,  � � � #  ; / # ) #  " � � ) 5 F % G ) F ( % � #  : # * # ,   : 4 !  " " � % � % & � @ ) # A !  B " C � " ; % ? � G $ - ?  ! � ( ) * # ,  , � " # % ! $ % & 9 : 4 %< ) � � F � % � " * # ,  ( , ) F F  � 5  % & ;  " � 5 � � � 5 D � # , % A #  �  ! � � " � # � � 5 # ,  " � #  * # ,  ( , ) F F  � 5  % & ;  " � 5 � � � 5 � � = ) 4 ) � ¶ ) ( % A � # ! $ D � # , D , % ? # ,  � > / > , ) " )( % ? 4 F  : , � " # % ! $ · ) " D  F F ) " ? ) � $ % # ,  ! & ) ( # % ! " > 3 D ) � #  ; # % F � ? � # # ,  � � � # � ) F � � �  " # � 5 ) # � % � # % # ,  ) ! ( , � #  ( # A ! ) F  : 4 !  " " � % � % & @ ) # A !  B " C � " ; % ? >0 ,  " % ( � % N 4 % F � # � ( ) F & ) ( # % ! " D  !  ) ; ; !  " "  ; F ) #  ! � � # ,  O A ) ! #  ! >+ A ! � � #  � # � % � D ) " # % ;   4  � # ,  A � ;  ! " # ) � ; � � 5 % & � ) # A ! ) F " $ " #  ? " ) ") G ) " � " & % ! ;  " � 5 � * # , % A 5 , G  ( ) A "  % & % A ! ³ 7 N D   K O A ) ! #  ! D  , ) ;% � F $ % �  D   K & % ! # ,  "  � � �  " # � 5 ) # � % � " > - # # ,   � ; % & # ,  D   K * # ,  " # A ;  � # " 4 !  "  � #  ; # ,  � ! D % ! K ) � ; # ,  !  " A F # " D  !  ? � :  ; > 0 ,  $� � ( F A ;  ; L ) # # J A !  ; $ ¶ & � 5 > 7 µ · D , % D ) " � � �  " # � 5 ) # � � 5 " $ ? G � % # � (!  F ) # � % � " , � 4 " G  # D   � & % ! ? " % & & � " , ) � ; ) � � ? ) F F � &  ) � ; # ,  ( % ! ) F !   &) � ; / A " ) � M $  ! D , % D ) " � � �  " # � 5 ) # � � 5 # ,  & % ! ? % & # ,  ( % ! ) F !   & ) " )¼ 
 ½ ¾ ¿ ê � Æ Ç Å È ¿ ¿ É 	  � � ¼ ë � � ì �
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

22



!  " A F # ) � # % & � ) # A ! ) F & F % D " % & D ) #  ! ) � ; ) � ! > = %  / � � ( F ) � ! ;  �  F % 4  ; ) � � ? 4 !  " " � �  � � �  " # � 5 ) # � % � % & # ,  " % ( � ) F" # ! A ( # A !  % & F  ) & ( A # #  ! ) � # " > y  # ,  � A "  ; # , � " ) " ) ? % ;  F & % ! ) �  ( % F % 5 � ( ) F " # ! A ( # A !  & % ! , � " 4 ! % I  ( # > - � ; L  5 , ) �/ # % ! ? ¶ & � 5 > 7 8 · � � �  " # � 5 ) #  ; # ,  " K � � % & # ,  & ! % 5 D , � ( , * ) ( ( % ! ; � � 5 # % ,  ! * � ( % F % ! " * 4 ! % #  ( # " * G !  ) # ,  " * ? % � " # A ! � E  " *4 ! % #  ( # " * # ,  ! ? ) F F $ !  5 A F ) #  " * ) � ; � " ) " # ! A ( # A ! ) F  � �  F % 4  > �- � $ % �  � � #  !  " #  ; � � " A " # ) � � ) G � F � # $ � " ) D ) !  % & # ,  � � #  ! ( % � �  ( #  ; �  " " % & � ) # A ! ) F " $ " #  ? " > 3 � �  " # � 5 ) # � � 5 # , � "4 ! % (  " " % &  ( % N " $ " #  ? " D ) " � � " 4 � ! ) # � % � ) F ) � ; � � & % ! ? ) # � �  & % ! ) F F % & A " > y % D  �  ! * # ,  " #  4 % & # ! ) � " F ) # � � 5 # , � " # %" % ?  # , � � 5 ?  ) � � � 5 & A F & % ! ) ;  " � 5 �  ! D ) " ( , ) F F  � 5 � � 5 > J % ! / # % ! ? * � # D ) " % � F $ ) & #  ! " ( ,  ? ) # � ( ;  " � 5 �  : 4 F % ! ) # � % � "# , ) # " ,  A � ;  ! " # % % ; , % D # % # ! ) � " F ) #  # ,  4  ! ?  ) G � F � # $ % & # ,  & ! % 5 B " " K � � � � # % ) ( % � (  4 # & % ! ) G A � F ; � � 5 B " " K � � > / ,  ; � ; � % # F % % K ) # # ,  & ! % 5 B " " K � � ) " ) & % ! ? ) F 4 !  (  ;  � # * G A # � � " #  ) ; # ! ) � " F ) #  ; # ,  4  ! ?  ) G � F � # $ % & # ,  F ) $  ! " � � # % )4 ! % I  ( # � � ( % ! 4 % ! ) # � � 5 � # ,  � ;  ) " % & D ) #  ! ( � ! ( A F ) # � % � ) � ; % " ? % " � " & % ! D ) #  ! ( % F F  ( # � % � # , ! % A 5 , ( % � �  ( # � �  ,  ) # & F % D) � ; ( % � ;  � " ) # � % � > � y  ! G A � F ; � � 5 ;  " � 5 � D ) " ) �  F  5 ) � # ? % � A ?  � # ) F ) ! ( , D � # , ) ? % G � A " " # ! � 4 4 ) # , D ) $ D � � ; � � 5) ! % A � ; � # > / ,  4 F ) (  ; # ,  4 % ! % A " " K � � % � # ,  � � #  ! � % ! % & ,  ! ) ! ( , D ,  !  � � , ) G � # ) � # " ( % A F ; � � #  ! ) ( # D � # , # ,  & F % D ") � ; 4 % % F " % & D ) #  ! >/ # % ! ? D ) " ) " # ! % � 5 " # A ;  � # G  & % !  # , � " " # A ; � % > 3 ( ) � B # 4 ! % � � ;   : ) ? 4 F  " % & ,  ! 4 !  � � % A " D % ! K * G A # # ,  % # ,  !4 ! % I  ( # " % & ,  ! " # , ) # 3 " ) D D  !  ) F F "  � " � # � �  * " � ? 4 F  * ( F  ) ! ) � ; 5 ! ) 4 , � ( ) F F $ � ? 4 !  " " � �  > C , ) # " , � & #  ; � � # , � " " # A ; � %D ) " ) " $ ? G � % " � " % &  F  5 ) � # & % ! ? � � ) � ) # A ! ) F " $ " #  ? � ( ( % � #  : # > 3 � ) ; ; � # � % � # % # ,  D ) #  ! ( $ ( F  * # ,  & % ! ?  � % F �  ;& ! % ? ) G F ) ;  % & 5 ! ) " " ) � ; # ,  ? % G � A " " # ! � 4 ;  �  F % 4  ; & ! % ? ) � � � �  " # � 5 ) # � % � % & � A ?  ! � ( ) F 4 ) # #  ! � " & % A � ; � � � ) # A !  >¼ 
 ½ ¾ ¿ É í ¿ î � Æ Ç Å È ¿ ¿ É 	 � ½ �  Ã

© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 
23



3 � ? $ #  ) ( , � � 5 * 3 ) " K " # A ;  � # " # % # ! ) � " F ) #  ) F F ) " 4  ( # " % & # ,  � ! ;  " � 5 � 4 ! % (  " " � � # % ; � ) 5 ! ) ? ? ) # � ( & % ! ? > 3 # � " � � ) �) G " # ! ) ( #  ; * " ( ) F  N F  " " ; � ) 5 ! ) ? D � # , � � D , � ( , % �  ( ) � ? % " # ( F  ) ! F $ !  ( % 5 � � E  ;  " � 5 � 4 % #  � # � ) F > 3 � " #  ) ; % &) G " # ! ) ( # F $ ; � ) 5 ! ) ? ? � � 5 # ,  � ) # A ! ) F " $ " #  ? " ) " !  O A  " #  ; * # ,  " # A ;  � # " ;  " ( ! � G  ; # ,  ? 5 ! ) 4 , � ( ) F F $ ¶ & � 5 > 7 µ · > = %  / � � ( F ) � ! B " ; � ) 5 ! ) ? % & # ,  " % ( � ) F " $ " #  ? % & # ,  F  ) & ( A # #  ! ) � # " ¶ & � 5 > 7 º N ³ 7 · � " % �  % & # ,  &  D ) # #  ? 4 # " ) # ; � ) 5 ! ) ? ? � � 5# ,   ( % " $ " #  ? > 0 , % A 5 , � # D ) " � % # ) ; � ) 5 ! ) ? % & # ,  ( % ? 4 !  ,  � " � �  " $ " #  ? * � # D ) " ) � ) G " # ! ) ( # � % � # , ) # D % A F ; F  ) ;# % ) � % ! 5 ) � � E ) # � % � ) F " # ! A ( # A !  & % ! , � " 4 ! % I  ( # > 0 ,  & A F F ;  " ( ! � 4 # � % � % & # ,  " % ( � ) F ) � ; � A # ! � # � % � ) F " # ! A ( # A !  % & # ,  F  ) & ( A # #  ! ) � # " # % % K & % A ! 4 ) 5  " & % ! / � � ( F ) � ! # % ;  " ( ! � G  * G A # ,  & % ( A "  ; " 4  ( � & � ( ) F F $ % � % �  ; � ) 5 ! ) ? ,  & % A � ; � � )#  : # > y  ) G " # ! ) ( #  ; # , � " ) � ;  : 4 F % !  ; " A " # ) � � ) G F  " # ! ) #  5 �  " D � # , � � # , � " � � � % � ) # � �  " # ! A ( # A !  >0 ,  � ) # A ! ) F " $ " #  ?  : 4 F % ! ) # � % � ; � ;  � ( % A ! ) 5  " % ?  � � � % � ) # � �  & % ! ? " ) " D  F F ) " � � �  " # � 5 ) # � % � " � � # % # ,  " $ ? G � % # � (� ) # A !  % &  ( % F % 5 � ( ) F " $ " #  ? " > / � � ( F ) � ! B " ) 4 4 ! % ) ( ,  � % F �  ; & ! % ? , � " � � �  " # � 5 ) # � % � % & # ,  " % ( � ) F " # ! A ( # A !  % & # ,  ) � # " > y  ;  ( � ;  ; # , ) # ,  �   ;  ; # % ? � � � ? � E  , � " � ? 4 ) ( # % � # ,  F ) � ; ) � ; ,  ;  ! � �  ; # ,  ) ( # A ) F G A � F ; � � 5 & % ! ? & ! % ?# ,  & % ! ? % & # ,  F  ) & ( A # #  ! ) � # " % ( �  # $ >

¼ 
 ½ ¾ À ¿ � Æ Ç Å È ¿ ¿ É Ê Å � ï 
 Ã � �  
 �¼ 
 ½ ¾ ¿ ð � Æ Ç Å È ¿ ¿ É Ê Å � ï 
 Ã � �  
 �

¼ 
 ½ ¾ À À � Æ Ç Å È ¿ ¿ É Ê Å � ï 
 Ã � �  
 � ¼ 
 ½ ¾ À È � Æ Ç Å È ¿ ¿ É Ê Å � ï 
 Ã � �  
 �� X U è ñ è S � ò è ä R V è U X Q U å U ó ñ3 � ,  !  � # D � # , � � # , � " " # A ; � % 4 ! % 5 ! ) ? D  !  ? ) � $ " % ( � ) F ) � ; 4 % F � # � ( ) F " # ! A 5 5 F  " > - " ) " # A ; � % * D  ) ; ; !  " "  ; # ,  "  � " " A  " * G A # ? % !  4 % #  � # F $ * D  ) ; ; !  " "  ; # ,  ! % F  % & # ,  ;  " � 5 �  ! � � # ,  " % ( � ) F ) � ; 4 % F � # � ( ) F !  ) F ? > 0 ,  ? % " #� � # ! � 5 A � � 5 ;  " � 5 � !  " 4 % � "  & ! % ? ) " % ( � % N 4 % F � # � ( ) F 4  ! " 4  ( # � �  D ) " 1  G  ( ( ) L % ! 5 ) � D , % ;  �  F % 4  ; ) G A � F ; � � 5 NF  " " ;  " � 5 � # , ) # D ) " ) 4 % � ; D � # , ) # ! ) � " F A (  � # D ) F F D � � ; � � 5 # , ! % A 5 , � # ¶ & � 5 > ³ ´ · > 0 ,  !  D  !  " #  4 " % �  ) ( , " � ;  !  4 !  "  � # � � 5  ) ( , ( % A � # ! $ ) # # ,  9 : 4 % > C ,  � " % ?  % �  " #  4 4  ; % � ) " # % �  ) � ; 4 A # # ,  � ! , ) � ; % � # ,  D ) F F * # ,  $( % A F ; ,  ) ! ) # ! ) � " F ) # � % � % & D , ) #  �  ! " % ?  % �  % � # ,  % # ,  ! " � ;  % & # ,  D ) F F D ) " " ) $ � � 5 > 3 # D ) " ) 4 %  # � ( " # ) #  ?  � #% & D , ) # ;  ? % ( ! ) ( $ ) � ; 5 F % G ) F � " ? ( % A F ; G  > y % D  �  ! * � # D ) " � % # " 4  ( � & � ( ) F F $ � � " 4 � !  ; G $ ) � $ � ) # A ! ) F " $ " #  ? " >
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

24



9 �  ! $ ;  " � 5 � 4 ! % I  ( # , ) " � � ,  !  � # " % ( � ) F ) � ; 4 % F � # � ( ) F & ) ( # % ! " G A # )4 % F � # � ( ) F F $ ( , ) ! 5  ; 4 ! % I  ( # % & &  ! "  : ( � # � � 5 ;  " � 5 � ( , ) F F  � 5  " % � � # " % D �5 ! % A � ; " > 0 , % A 5 , " % ( � % N 4 % F � # � ( ) F ) " 4  ( # " % & ;  " � 5 � ) !  % & #  � � 5 � % !  ; G $4 ! ) ( # � (  ) � ;  ; A ( ) # � % � ) F " $ " #  ? " * # ,  "  & ) ( # % ! " ( % A F ; � B # G  � 5 � % !  ; � �9 : 4 % 6 7 7 8 > / % ?  " # A ;  � # " & % A � ; ) F � � K G  # D   �  ( % " $ " #  ? " ) � ; " % ( � % N4 % F � # � ( ) F " $ " #  ? " D , � F  % # ,  ! " D  !  % �  ! D ,  F ?  ; G $ # ,  ? A F # � 4 F � ( � # $ % &;  " � 5 � ( % � " � ;  ! ) # � % � " > � � �  � # ,  !  ) F � # �  " % & # ,  ;  " � 5 � ;  ( � " � % � N ? ) K � � 5 *3 # , � � K ;  " � 5 � ( % � " � ;  ! ) # � % � " G  $ % � ; & % ! ? �   ; 5 !  ) #  ! ) # #  � # � % � >- ; ; !  " " � � 5 ) ;  " � 5 � 4 ! % I  ( # D � # , ) 4 !  � � % A " F $ ;  & � �  ; " $ " #  ? " ? % ;  F( % A F ; 5 % ? ) � $ D ) $ " > 3 � # , � " " # A ; � % * D , ) # 3 ; � " ( % �  !  ; D ) " # , ) # # ,  ( !  ) # � �  ) � ; " $ ? G % F � ( ) " 4  ( # " % & # , � " ;  " � 5 � 4 ! % I  ( # ( % A F ; G  � ) " # F $� ? 4 ! % �  ; D ,  � ) � ) # A ! ) F " $ " #  ? " ? % ;  F D ) " ) � ) � F ) G F  >¼ à Á à ô � � � � � õ ö � Á õ ÷ ø ï ÷ ¼ � ö ÷ í ï ù ï Á � 	 ï � � � � õ ö � Á õ ÷ ø ï« i r a j d \ l d c f \ p l n i f n \ j n f k c l \ j ¬ d e a p \ i f \ ` o i r l j p i f f \ ` \ k b c d k h a j d ca n \ f \ p l n i f f m f l d a b i d a g \ k f h b a c d \ b a d e a l h a i d e i d a h k n i d l \ j l c ` l b c d i j h ` \ b a o \ c di f i b p a n \ j v a b c i d l \ j g l d e d a n e j l n i f i c [ a n d c ¬ j \ d o a b a f m i d a n e j l n i f c k q Õ a n d s Û w ²- " ) ;  " � 5 �  ! ) � ;  ; A ( ) # % ! * 3 "   ? $ ! % F  ) " ) ( !  ) # � �  4 ! % G F  ? " % F �  !"   K � � 5 # % ,  F 4 " # A ;  � # " G  ( % ?  ( % 5 � � E ) � # % & # ,  � ! 4 % #  � # � ) F ) & &  ( # % � # ,  G A � F # D % ! F ; > C � # , # , � " " # A ; � % * D  � � # ! % ; A (  ; " # A ;  � # " # % ;  " � 5 � " # , ) # , ) �  ) & &  ( # " % � # ,  D % ! F ; # , ) # ) !  & A � ; ) ?  � # ) F F $ ; � & &  !  � # & ! % ? # ,  D ) #  ! * �  ! 5 $ ) � ; ? ) #  ! � ) F ;  4 F  # � % � 4 !  � ) F  � # � � % A ! � � ; A " # ! �  " >0 , � " " # A ; � % D ) " ) & � ! " # N " #  4 # % D ) ! ; " ) � ) 4 4 F � ( ) # � % � % &  ( % F % 5 � ( ) F4 ! � � ( � 4 F  " � � # ,  ( % � (  4 # A ) F ;  " � 5 � 4 ! % (  " " > 3 ;  ) F F $ * # , � " ( F ) " " D % A F ;� � ( F A ;  F  ( # A !  " & ! % ? � � ; A " # ! � ) F  ( % F % 5 � " # " * G � % F % 5 � " # " *  � 5 � �   ! " ) � ;% # ,  ! " > L $ , $ 4 % # ,  " � " � " # , ) # # ,  ;   4  ! # ,  A � ;  ! " # ) � ; � � 5 % &  ( % F % 5 � ( ) F" $ " #  ? " * # ,  ? % !  � � ,  !  � # F $  ( % F % 5 � ( ) F 4 ! � � ( � 4 F  " D � F F G  � � 5 ! ) � �  ; � � # %# ,  ;  " � 5 � 4 ! % (  " " % & " # A ;  � # " � � # ,  & A # A !  > 3 !  ( % 5 � � E  # , ) # " # A ;  � # " ) !   � 5 ) 5 � � 5 D � # ,  ( % F % 5 � ( ) F " $ " #  ? " � � ) ? ) � �  ! # , ) # ? ) $ G  !  F ) # � �  F $( A ! " % ! $ * G A # # ,  , % 4  � " # , ) # # , � " K � % D F  ; 5  D � F F � � " 4 � !  ( A ! � % " � # $ D  F FG  $ % � ; D , ) # � " ( % �  !  ; � � #  � D   K " >3 G  F �  �  # , ) # # ,  !  � " 4 % #  � # � ) F # % ) ; ; !  " " ;  " � 5 � 4 ! % G F  ? " D  F F G  $ % � ;# ,  ? % ;  ! � � " # & % ! ? ) F � " ? " # � F F ( % ? � � 5 % A # % & ? ) � $ ) ! ( , � #  ( # A !  " ( , % % F " >' A F # A ! ) F * " % ( � ) F ) � ;  ( % � % ? � ( � " " A  " ) F F , ) �  # ,  4 % #  � # � ) F # % G  � � & % ! ?  ;G $ ) ;   4 A � ;  ! " # ) � ; � � 5 % &  ( % F % 5 � ( ) F 4 ! � � ( � 4 F  " > ¼ 
 ½ ¾ À ß � Æ Ç Å È ¿ ¿ É ô � ú � � �  	 Å � ½  Ã0 ,  !  D ) " ? � :  ; " A ( (  " " ) ? % � 5 " # # ,  " # A ;  � # " B ) G � F � # �  " # % ) G " # ! ) ( # # ,   ( % F % 5 � ( ) F " $ " #  ? " � � # % ?  ) � � � 5 & A F( % � (  4 # A ) F ;  " � 5 � 4 % #  � # � ) F > + �  ( , ) F F  � 5  D ) " # ,  �   ; # % !  ? ) � � " A & & � ( �  � # F $ ) G " # ! ) ( # # , ) # " A G I  ( # � �  ) " " % ( � ) # � % � � " ? � � � ? � E  ; > . ) " � ( ) F F $ * " % ?  # , � � 5 " D  !  # ) K  � # % % F � #  ! ) F F $ > / % ?  ( % ? 4 % �  � # " % & � ) # A ! ) F " $ " #  ? "D  !  ; � !  ( # F $ # ! ) � " F ) #  ; � � # % & % ! ? " ) " % 4 4 % "  ; # % G  � � 5 A � ;  ! " # % % ; ) " & F A � ; *  � % F � � � 5 " $ " #  ? " > - " D  " ) D � �/ # % ! ? B " 4 ! % I  ( # * # ,  � � �  " # � 5 ) # � % � % & ) & ! % 5 B " " K � � F  ; # % ) 4 ! % I  ( # � � D , � ( , D ) #  ! G  ( ) ?  G % # , # ,   �  ! 5 $ " % A ! (  ) " D  F F ) " # ,  ( % � (  4 # > 3 � / � � ( F ) � ! B " 4 ! % I  ( # * # ,  ; � & &  !  � # E % �  " % & ) � ) � # B " , ) G � # ) # D  !  F � #  ! ) F F $ # ! ) � " & % ! ?  ; � � # %E % �  " % & , � " 4 ! % I  ( # > 0 ,  � * # ,  ; � & &  !  � # E % �  " D  !  ) " " � 5 �  ; # % ) ; ; !  " " 4 ) ! # � ( A F ) !  �  ! 5 $ % ! D ) #  ! � " " A  " > -;   4  ! A � ;  ! " # ) � ; � � 5 % & # ,  % ! 5 ) � � E ) # � % � % & # ,  ) � # B " , ) G � # ) # ) � ; 4 ! % (  " "  " ? � 5 , # , ) �  F  ; # % ) ? % !  ) G " # ! ) ( #� � #  ! 4 !  # ) # � % � >0 , � " � " % �  ) 4 4 ! % ) ( , # % ) ; ; !  " " � � 5 # ,  O A  " # � % � * � y % D ; % D   & &  ( # � �  F $ #  ) ( ,  ( % F % 5 � ( ) F ;  " � 5 � û � 3 , ) �  & % A � ;# , ) # # ,  " A � 4 ) # , ; � ) 5 ! ) ? " ) � ; 4 " $ ( , ! % ?  # ! � ( ( , ) ! # " ) !  A � ;  ! " # % % ; ) � ; � � ( % ! 4 % ! ) #  ; � � # ,  ;  " � 5 � 4 ! % (  " " G $% � F $ ) " ? ) F F 4  ! (  � # ) 5  % & ) ! ( , � #  ( # A !  ;  " � 5 � " # A ;  � # " > 0 ,  � � ( % ! 4 % ! ) # � % � % &  ( % F % 5 � ( ) F 4 ! � � ( � 4 F  " � � # ,  ( % � (  4 # A ) F ;  " � 5 � 4 ! % (  " " ? ) $ % & &  ! % �  D ) $ % &  � ( % A ! ) 5 � � 5 ) � ; ;  �  F % 4 � � 5 ) 4 4 F �  ; " $ " #  ? " # , � � K � � 5 D � # , � � # ,  " # A ; � % ;  " � 5 � 4 ! % (  " " >
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

25



Q ò ä ó � èJ � 5 > 7 ³ 0 ,  - ?  ! � ( ) � < ) � � F � % � 9 : 4 % 6 7 7 8 N , # # 4 2 ü ü D D D > A " 4 ) � � F � % � > ( % ? ü 4 ) � � F � % � ü � � ;  : > , # ? * ;  ( > 6 7 * 6 7 7 ¸ >J � 5 > 7 6 0 ,  �  ! ? ) � < ) � � F � % � 9 : 4 % 6 7 7 8 � & ! % ? �  ! ? ) � < ) � � F � % � 4 , % # % G ) � K N, # # 4 2 ü ü K %  F � ?  " "  > � � ) G � F ; > ;  ü � : & � F  " ü ? ) � ; ) � # F % 5 � � ü K %  F � ?  " "  ü ;  ü ) K # A  F F   : 4 % * ;  ( > ´ 7 * 6 7 7 ¸J � 5 > 7 ´ 0 ,  � > P > < ) � � F � % � 9 : 4 % 6 7 7 8 N , # # 4 2 ü ü D D D >  : 4 % 6 7 7 8 > % ! > I 4 ü  � ü � ) # � % � " ü µ ? > , # ? F * ;  ( > 6 ³ * 6 7 7 ¸ >J � 5 > 7 µ 9 ( % " $ " #  ? � � �  " # � 5 ) # � % � & ! % ? @ ) # A !  B " C � " ; % ? 9 : 4 % 6 7 7 8 " # A ; � % � L ) # # J A !  ; $J � 5 > 7 8 9 ( % " $ " #  ? � � �  " # � 5 ) # � % � & ! % ? @ ) # A !  B " C � " ; % ? 9 : 4 % 6 7 7 8 " # A ; � % � L  5 , ) � / # % ! ?J � 5 > 7 ¸ 9 ( % " $ " #  ? � � �  " # � 5 ) # � % � & ! % ? @ ) # A !  B " C � " ; % ? 9 : 4 % 6 7 7 8 " # A ; � % � L  5 , ) � / # % ! ?J � 5 > 7 » J � � ) F < ! % I  ( # & ! % ? @ ) # A !  B " C � " ; % ? 9 : 4 % 6 7 7 8 " # A ; � % � L  5 , ) � / # % ! ?J � 5 > 7 ý J � � ) F < ! % I  ( # & ! % ? @ ) # A !  B " C � " ; % ? 9 : 4 % 6 7 7 8 " # A ; � % � L  5 , ) � / # % ! ?J � 5 > 7 º 9 ( % " $ " #  ? � � �  " # � 5 ) # � % � & ! % ? @ ) # A !  B " C � " ; % ? 9 : 4 % 6 7 7 8 " # A ; � % � = %  / � � ( F ) � !J � 5 > ³ 7 9 ( % " $ " #  ? ? % ;  F & ! % ? @ ) # A !  B " C � " ; % ? 9 : 4 % 6 7 7 8 " # A ; � % � = %  / � � ( F ) � !J � 5 > ³ ³ / ( ,  ? ) # � ( " K  # ( , & ! % ? @ ) # A !  B " C � " ; % ? 9 : 4 % 6 7 7 8 " # A ; � % � = %  / � � ( F ) � !J � 5 > ³ 6 J � � ) F < ! % I  ( # & ! % ? @ ) # A !  B " C � " ; % ? 9 : 4 % 6 7 7 8 " # A ; � % � = %  / � � ( F ) � !J � 5 > ³ ´ J � � ) F < ! % I  ( # & ! % ? @ ) # A !  B " C � " ; % ? 9 : 4 % 6 7 7 8 " # A ; � % � 1  G  ( ( ) L % ! 5 ) �T � þ � T � R X � è- " " % ( � ) #  ; < !  " " * < ) ! # �  ! " , � 4 . ! �  & � � 5 * D D D > A " 4 ) � � F � % � > ( % ? ü 4 ; & ü 4 ) ! # �  ! " , � 4 ÿ G ! �  & � � 5 > 4 ; & * ;  ( > ¸ * 6 7 7 ¸ >.  � $ A " * = ) � � �  * � � | � � � � { � � � � � � | � � � � | � � � � � � � � � � � � � � � � � * y ) ! 4  ! <  !  � � � ) F * 6 7 7 6 >' % � " # ) � # � �  * M ) � � ; * � � � � � | | � � } � � � 	 � � � � � � � � 
 � � � � � � } � � � � � � � | � � �  � * @  D � % ! K 0 � ?  " * - A 5 A " # ³ 8 * 6 7 7 ¸ >9 : 4 % 6 7 7 8 C % ! F ; 9 : 4 % D  G " � #  * , # # 4 2 ü ü D D D >  : 4 % 6 7 7 8 > ( % ? ü * � % � > ³ 7 * 6 7 7 ¸ >= ) 4 ) � - " " % ( � ) # � % � & % ! # ,  6 7 7 8 C % ! F ; B " 9 : 4 % " � # � % � * L  " " ) 5  & ! % ? = ) 4 ) � 2 � @ ) # A !  B " C � " ; % ? � *, # # 4 2 ü ü D D D >  : 4 % 6 7 7 8 > % ! > I 4 ü  � ü D , ) #  : 4 % ü ?  " " ) 5  ÿ 7 7 > , # ? F * � % � > 7 ¸ * 6 7 7 ¸ >= % , � " % � * . ) ! # ) � ; P ! � " # � � ) y � F F * z { | } | ~ � � � � � � � � ~ � � � � � � � � | � � � � | � � � � � � � � ~ * 3 " F ) � ; < !  " " * 6 7 7 6 >P � G  ! # * ' , ) ! F  " *  # > ) F > * � | � � � � � { � � | � z { | } | ~ � � � � � � � � � � � � � � � � � � � | � � � � � � � � � } � � � ~ � * / 4 % � < !  " " * 6 7 7 6 >L ( M % � % A 5 , * C � F F � ) ? ) � ; L � ( , )  F . ! ) A � 5 ) ! # * � � � � } � � | � � � � } � � � � � � � � � ~ � � � � � � � � � � � � � � � � ~ � * @ % ! # ,< % � � # < !  " " * 6 7 7 6 >+ ! ! * M ) � � ; * � 9 ( % F � #  ! ) ( $ 2 0 ,  �  ) ! � � � 5 ' A ! �  � * 1  " A ! 5  � (  + � N F � �  ? ) 5 ) E � �  � " " A  6 6 ¸ *, # # 4 2 ü ü D D D > !  " A ! 5  � (  ü � " " A  " ü % ! ! 6 6 ¸ > , # ? * &  G ³ » * 6 7 7 » >� ) � ;  ! 1 $ � * / � ? ) � ; / # A ) ! # ' % D ) � * z { | } | ~ � { � } � � � � ~ � * 3 " F ) � ; < !  " " * ³ º º ¸ >0 ,  � > / > < ) � � F � % � C % ! F ; 9 : 4 % 6 7 7 8 D  G " � #  * , # # 4 2 ü ü D D D > A " 4 ) � � F � % � > ( % ? ü 4 ) � � F � % � ü � � ;  : > , # ? * ;  ( > ´ 7 * 6 7 7 ¸ >0 � ? 4 " % � * C � F F � ) ? L > *  # > ) F > * � � � � � � { � � { � } � � � � � | � � � � { � � � ~ � � � � � � � � � � } � � � � � | � � � { � � � ~ � � � z � � � � | � � � � � 	 � � �z { | � | � � � � � � | { � � � � * - # D % % ; < A G F � " , � � 5 * 6 7 7 ¸ >� R V R U S � èw Y Z [ \ ] ^ ^ _ Ó \ b f h Y Z [ \ g a q c l d a ¬ e d d [ ± � � g g g s a Z [ \ ] ^ ^ _ s n \ o � ¬ j \ v s Ù ^ ¬ ] ^ ^ � sw w Ì \ o a \ ` d e a n b l d l n i f d a Z d c \ j a n \ f \ p m i j h h a c l p j l j n f k h a � n × i b p ¬ � a c l p j Ó l d e Ñ i d k b a ¬ v i j h a b � m j ¬ Y n \ f \ p l n i f � a c l p j ¬Ô a j m k c ¬ Ô l \ o l o l n b m ¬ � n � \ j \ k p e i j h Ô b i k j p a b d ¬  b i h f a « \  b i h f a ¬w w w � \ e j c \ j ¬ [ s ] _ ¬ j \ d a Ù sw ² Ô a j m k c ¬ Ô l \ o l o l n b m ¬ e d d [ ± � � g g g s q l \ o l o l n b m s j a d � l j d b \ s e d o f ¬ h a n s Ö ^ ¬ ] ^ ^ � s² � n � \ j \ k p e ¬ Ó l f f l i o i j h � l n e i a f Ô b i k j p i b d ¬ � �  ! " # $ % � �  ! " # & ' # (  ) * + , - . # /  0 / # 1  ) # $ . * + , 2 ¬ [ [ s Ú ] ¯ Ú Ö² w � i [ i j ° c c \ n l i d l \ j ` \ b d e a ] ^ ^ _ Ó \ b f h Ò c Y Z [ \ c l d l \ j ¬ � a c c i p a ` b \ o � i [ i j ± 3 Ñ i d k b a Ò c Ó l c h \ o 4 ¬e d d [ ± � � g g g s a Z [ \ ] ^ ^ _ s \ b s Õ [ � a j � g e i d a Z [ \ � o a c c i p a 5 ^ ^ s e d o f ¬ j \ v s ^ � ¬ ] ^ ^ � s² w w ° c c \ n l i d a h Î b a c c ¬ Î i b d j a b c e l [ Ô b l a ` l j p ¬ g g g s k c [ i v l f l \ j s n \ o � [ h ` � [ i b d j a b c e l [ 5 q b l a ` l j p s [ h ` ¬ h a n s � ¬ ] ^ ^ � s² w w w « e a Ë s Ì s Î i v l f l \ j Ó \ b f h Y Z [ \ ] ^ ^ _ g a q c l d a ¬ e d d [ ± � � g g g s k c [ i v l f l \ j s n \ o � [ i v l f l \ j � l j h a Z s e d o ¬ h a n s Ö ^ ¬ ] ^ ^ � sw Û « e a Ë s Ì s Î i v l f l \ j Ó \ b f h Y Z [ \ ] ^ ^ _ g a q c l d a ¬ e d d [ ± � � g g g s k c [ i v l f l \ j s n \ o � a Z [ \ � l j h a Z s e d o ¬ h a n s Ö ^ ¬ ] ^ ^ � sÛ Y Z [ \ ] ^ ^ _ ¬ Ý a b o i j Î i v l f l \ j ¬ e d d [ ± � � g g g s a Z [ \ ] ^ ^ _ ¯ h a k d c n e f i j h s h a � c l d a � ` f i c e � l j h a Z s [ e [ 6 f i j p 7 a ¬ h a n s Ö ^ ¬ ] ^ ^ � sÛ w Y Z [ \ ] ^ ^ _ ¬ Ë j l d a h 8 l j p h \ o Î i v l f l \ j ¬ e d d [ ± � � g g g s a Z [ \ ] ^ ^ _ s \ b s Õ [ � a j � j i d l \ j c � â o s e d o f ¬ h a n s Ö ^ ¬ ] ^ ^ � sÛ w w w  \ j c d i j d l j a ¬ � i v l h ¬ $ . # 0 9 % % ) : " * ) # ; < = - $ . # � # > 2 : 9 * - - " # 1  - - # � % ? @ * A # ¬ Ñ a g B \ b r « l o a c ¬ ° k p k c d Ù _ ¬ ] ^ ^ � sÛ w ² Ï b b ¬ � i v l h ¬ 3 Y n \ f l d a b i n m ± « e a C a i b j l j p  k b v a 4 ¬ � a c k b p a j n a Ï j ¯ f l j a o i p i ® l j a l c c k a ] ] � ¬e d d [ ± � � g g g s b a c k b p a j n a � l c c k a c � \ b b ] ] � s e d o ¬ ` a q Ù Ú ¬ ] ^ ^ Ú s
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

26



D E F G H I J F K L M N O I H P M E Q R S P H E H Q O TU V W X T U Y X Z X [ F J \ ] \ H I ^ H J _ I F ` H J a H K ] \ [ M I F _ ] b H E P ] P H a H E K M N H _ M b M P L ] J ] J K I ] K H P L N M I ^ H J F P E F E P[ S a ] E F E [ ] ` F K ] K F M E _ ] K ] b L c H ^ ` L ] E ^ J S \ \ M I K F G H M N [ H ] b K [ L S I ` ] E H _ M J L J K H a J d U _ ] J H F J a ] ^ H N M IK [ H F a \ M I K ] E _ H ] E ^ K F a b F E H J J M N _ M b b ] ` M I ] K F M E ] E ^ _ M E _ H \ K S ] b ] J J M _ F ] K F M E ` H K e H H E ] I _ [ F K H _ K J ] E ^b ] E ^ J _ ] \ H H _ M b M P F J K J d f H g K Q K [ H U S J K I ] b F ] E ] I _ [ F K H _ K T F _ [ ] I ^ h H \ b ] J K I F H I i J E M K F M E M N ] I _ [ F K H _ K S I H ] Jj N S I E F J [ F E P e F K [ \ ] I K F _ S b ] I \ S I \ M J H K [ F J b ] I P H I I M M a e H ] I H F E k l J S P P H J K F G H M N ` M K [ K [ H ] I _ [ F K H _ K i JI M b H ] E ^ K [ H _ M E K H g K M N ] E ] I _ [ F K H _ K S I ] b S E ^ H I K ] m F E P l F J H g ] a F E H ^ ] J ] \ I M K M K L \ H N M I ] \ \ I M ] _ [ F E P\ I M ` b H a J M N ^ H J F P E F E ] E H E G F I M E a H E K ] b b L J H E J F K F G H a ] E E H I d U \ F b M K J K S ^ F M ] K K H a \ K K M H E P ] P HH _ M b M P F _ ] b F J J S H J K [ I M S P [ a H K ] \ [ M I F J ^ H J _ I F ` H ^ Q ] E ^ ` S F b ^ F E P N I M a K [ F J H g \ H I F a H E K ] E ^h H \ ] J K I F H I i J J K ] K H a H E K Q ] \ ] b H K K H M N j [ S a ] E ] _ K n H E G F I M E a H E K k _ ] J H J K S ^ L a H K ] \ [ M I J F J M N N H I H ^ N M IS J H F E ^ H J F P E d h ] J K b L o M N N H I ] a H K [ M ^ M b M P L N M I K H J K F E P K [ H J H a H K ] \ [ M I J F E ] ^ G ] E _ H ^ ] I _ [ F K H _ K S I ] b^ H J F P E J K S ^ F M J ] E ^ H G ] b S ] K F E P K [ H F I F E N b S H E _ H M E J K S ^ H E K J i ^ H J F P E K [ F E m F E P ] E ^ K [ H H E G F I M E a H E K ] bI H J \ M E J F G H E H J J M N \ I M p H _ K J K [ ] K I H J S b K dq H L e M I ^ J Z U I _ [ F K H _ K S I ] b r H J F P E Q h ] E ^ J _ ] \ H R _ M b M P L Q s H K ] \ [ M It u v w x y z { v t x u| } ~ � � � � � } � � � � � � � } ~ � � � � � � � � � � � � � � � � � � � � � ~ � � � � � � � � � � � � � ~ � � � � � � � ~ � � ~ � � � � � � � ~ � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � ~ � ~ � � � � � � } � � � � � � � � � � ~ � � � � � � � � � � � � � � � � } ~ � � � � � � ~ � � � � � � � � � � � � � ~ � �� � � � � � � � � ~ � � � � � � � � � � � � � � ~ � � ~ � � � ~ � � � ~ � � � � � � } ~ � � � � � � � � � � � � � � � � � � � ~ � � ~ � � � � � � � � � � � � � � � � � } � � ~ � � �� � � � ~ � ~ � � � � � � � ~ � � � ~ � � � � � � � � � � ~ � � ~ � � ~ � � � � � � � � ~ � � � � � � � ~ � ~ � � � � � � � � � � � � �   � � ¡   ¡ ¢ £ ¤ ¥ � � � ¤ � ¤ ¥ � ¦ � � �� � ¤ § � ¥ � ¢ � � ¤ ¡ ¨ ¤ © ¡ § ¡ � ª « � ¥ ¬ � ¡   ¤ £  ¤ © � ¨ � © � § § ª § � ¥ ¬ £ © �  ¤ ¤ © ¡ § ¡ � ª « � ¤ � ¥ ¨ ¡   �   © � � � ¤ © � £ ® ¯ ~ � } � � �� � � � � � � � � � � � � � � � � � � ~ � � � � � � � � � � � � � � � � � � � � ~ � ~ � ~ � � � � � � � � ~ � � ~ � � � � } � � � � � � � � � � � � � � � � � ~ � �� � � � � � � ~ � � � � � � � � � � � ~ ° � � � � ± � � � � � } � � � ~ � ~ � ~ ° � � � � � � � � � � � � � } � � � � � � � � � ~ � � � � � � ~ � ~ � � � � � � � ~ � � � } ~ � �� ~ � } � � � � � � � � ~ � � � � � � � � � � � � ² ³ � � � � � � � � } � � ~ � � � � � � � � � � ~ � � ~ � � � � � � � � ~ � � � � � � � � � � ~ � � � � � � � � � �� � � � � � � � � � } � � � � � � ~ � � � � � � ~ � � � � � ~ � ~ � � � ~ � � � � � � � � } ´ � � � � ~ µ � � � � � � � � � � � � � � � � ´ � � � � ~ � � � � � � � � � � � � � � � �} � � � � � � � � � � � � � � � � � � � � � � � � � � � } ~ � � � � � � � � � � � � � � � � � � � � } ~ � � � ~ � � � � } � � � � � � ~ � � � � � � � ~ � � ² ¶ | ~ � }� � � � ~ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ~ � } ~ � � � � � � � } � � � � � ~ � � � � � � � � ~ � ~ � � � � � � � � � � � ~ � ~ � �� � � � � � � ~ � � } � � � � � � } � � � } ~ � � � � � � � � � � � � � � � ~ � � � � � � � � � � � ~ � � � ~ � � � � � ~ � � � � � � � } ~ � � � � � � ²· � � � � � � � � ~ � � � } � ~ � � � � � � � � � � � � � � � ~ � � � � � � � � � ~ � � � � � } � � � � � � ~ � � � � ~ � � � � � � � ~ � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � } ~ � � � � � � ¸ ¹ � � } � � � � } � � � � � � � � � ~ � � � � � � ~ � � � � � � � � �� ~ � � ~ � � ~ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ~ � � � � � � � � ~ � � � ~ � � � � � ~ � � � � ~ � � � � � � � � ~ � � � � � � � � � �� � � � � � � ~ � � } � � � � } � � � � � � � ~ � � � � � � � � ~ � � � � � � � � � � � � � � � � | } ~ � � � � � � � � � � � � � � � � � ~ � � � � � � � � � � � �� � � ± � � � � ~ � � � � � � ~ � � ~ � ~ � � � � � � � � � � � � � � � � � � � � � � � � � � � ~ � � � � � ~ � � � � � � ~ � � � � � ~ � � � � � � � � } � � � ~ � � � � �� � � } � � } � � ~ � � ~ � � ~ � � � ~ � � � ~ � � � � � ~ � � � � � � ~ � � � � � � � � � � � ~ � � � ~ � } � } � º � � � � � � � � ~ � � � � � � � � � � � ~ � � � � � � � � � � �� � � � º � � � · � � � � � � » � � � � � � � � � � � � � ~ ° � � � } � � � ~ � ~ � � � ~ � � � � � � � � � � � � } ~ � � � � � � �j ¼ H a S J K e M I m ] K K [ F J ^ H a M _ I ] K F _ J _ ] b H M N M e E H I J [ F \ Q K [ H J F E P b H b M K M I K [ H J F E P b H N ] I a M I I ] E _ [ Q K M] _ [ F H G H H _ M b M P F _ ] b [ H ] b K [ ` H L M E ^ \ S ` b F _ b ] E ^ J ] E ^ ` H L M E ^ K [ H ] E M a ] b F H J M N \ I F G F b H P H ^ ] E ^H E b F P [ K H E H ^ b ] E ^ ^ H G H b M \ a H E K d o E K [ H D E F K H ^ W K ] K H J Q e [ H I H I H _ H E K b H P ] b ^ H _ F J F M E J [ ] G H K H E ^ H ^ K ME ] I I M e b L F E K H I \ I H K \ S ` b F _ F E K H I H J K J F E b F a F K F E P \ I F G ] K H ½ \ I M \ H I K L I F P [ K J Q ] E ^ e [ H I H J K I M E P _ S b K S I ] bK I ] ^ F K F M E J N ] G M I K [ H I F P [ K J M N b ] E ^ M e E H I J K M ^ M e [ ] K K [ H L ^ H H a a M J K J S F K ] ` b H M E K [ H F I b ] E ^ Q M G H I ] b bH _ M b M P F _ ] b [ H ] b K [ ^ H \ H E ^ J M E K [ H ] P P I H P ] K F M E M N F E E S a H I ] ` b H F E ^ F G F ^ S ] b b ] E ^ M e E H I i J ^ H _ F J F M E J d k ¾
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

27



| ~ � } � � � � � � � � � � � � � � � ~ � � � ~ � � � � � � ~ � � � � � � � � � � � � � � � � � � � � � ~ � � � � � � � � � ¿ � � � ~ � � � � � } � � � � � � � � � � � � � �� � � ~ � � ~ � � � � � � � � � � � � � � � � } � ~ � � � � � � � � } � � � ~ � � ~ � � � � � � � � � ~ � � � � � � � � � ~ � � � � � � � � � � � � � } ~ � � � � � � � � � � �� � � � � � � � ~ � ~ � � � � � � � � � } � � � � � � � � � � � � � � � � � � � � � � � � ~ � � � � � � � � � � � � � } � � � � � ~ � � � � � � � � � � � � } �� � � � ~ � � � � � ~ � � � � � � ~ � � ~ � � � � � � � � � � � � � � � � � µ � � � � � � } � � � � � } � � � � ~ � � � ~ � � � ~ � � � ~ � � � � � � � � } ~ � � � � � � � � ~ � � �� } � � � � � � � � � � � � � � � � ~ � � � ~ � � � � � � ~ � � � � � } � � � � � � µ ~ � � � � � � ~ � � � � � � � � � ~ � � � � � � ~ � � � � � � � ~ � � � � �� � � � � � � � � � � À � � � � ~ � � � � � � } � � � } � � � � � � � � � } � � � � ~ � � ~ � � ~ � � � � � � � � � � � � � � � � � } � � � � � � � � � � ~ � � � � � �� } � � � ~ � � � ~ � � � � � � � � ~ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ~ � � ~ � � � � � � � � � � � � � � � � � � � � µ � � � � ~ � � � � � � � � ~ � � �� � � ~ � � � ~ � � � � � ~ � � � � � � � � � � � ~ � � � � � � ~ � � � � } � � � � � � � � � � ~ � � � � � � � � � � � � � ~ � � � � � � � ~ � � � � � � � � �� � � � � � � Á · � � � � � � � � ~ � � � � � � � � � � � � � � � � � � � � } � � ~ � � � � � � � � � � ~ � � ~ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � ~ � ~ � � � � ~ � � � � � � � � � � � } ~ � � � � � � � � � } ~ � � ~ � � � · � ~ � � � ~ � � � � � � � � � � � � � } � À � � � � � � ~ � � � � � ~ � � � � Â ~ � } � � �Ã � � � � � � � ~ � � � � � � � � � � � ~ � � � � � } � � � ~ � � � � � � � � � � � } � � � � } ~ � � � � � � � } � � � � � � � � � ~ � } ~ � � � ~ � } � � � � ~ � � � � �� � � � � � � � } ~ � � � � � � � � � � � � � � � � ~ � � � � � � � ~ � � � } � � � � � � ~ � � � � � � } � � � � � � � � � � � µ � � � � � � � � } �� � � � � � � � ~ � � � � � � � � � � � � � � � � ~ � � � � � ~ � � � � � � } � � � � � � � � � � � � � � � ~ ° � � ~ � � � � � � � � } ~ � � � � � � � � � � } � � � � � � � � �� � � ~ � � ~ � � � � � ~ � � � ~ � � � � � � � � } � � � � ~ � � � � � � � � � � � � � � � ~ � ~ � � � } � � � � � � ~ � ~ � � ~ � } � � � � � � � � � � � � � � ÄÅ Æ Ç È É v Ê Ë Ì x w t { Í Ê u y Ë x É v t { Í x Î Î z w u t Í Ì t u Ï v Ì t Í Ð Ê w Ï É w w x x ÈÑ Ò Ó Ô Õ Ö Ó × Ø Ô Ø Ù Ú Ó Û Ô Ü Ö Ô Ý Ü Ü Ø Ó × Ø Ô Ö Ó Û Ó Ý Ý Ô Þ Ü Ø Ó ß à Õ Ö Ù á Ó á Ù Û Ý Ó Ó Ü Ø Ó ß à Ø Ô â Ý Ó Ø Ô Ö ã Ý Ù Û ã Ü Ø Ó ß à à Ó ä ß Ô Û Ù Öå Ô â Û Ü Ù ß Û Ý Ô à × Ô Ô ã Ý Ù Ý × ß Ü Ø ß Û Ü Ø Ó Ý Ù å Ó Ý Õ Ø Ó à Ó æ ç l è ] I L W E L ^ H I éê ¥ � � ¤ ë ì ì í î § ¤ ¥ ¥ ï ¢   © ¢ � � ð   © � � � ¤ © � ¢   ¤ ñ ï � £ � ¤   ò ó § � £ £ � ¥ ô ¤ ¦ õ ¡ ¢ � � � � § ¤ £ « ð ¢ £ �   � § � � « £ � ¢ ¬ ¤ ¥ � £ ¦ ¤   ¤� £ ö ¤ ¬ � ¡ ¬ ¤ £ � � ¥ � � � § § ¤   ª � ¥ � ÷ ¡ ¦ § ø £ � �  ¤ ¬ � ¤ � ¬ ¡ ¦ � ¬ ù � © ¤ ¥ � � ¡ ï ¢   © ¢ � � ú £ û � ü ¤   £ ¬ � § ¤ ý ¬ ¢ © � � � ¡ ¥ � §û ¤ �   ¤ � � ó ¤ ¥ � ¤   þ í ÿ ÿ ÿ � � � ¢   � ¥ � � £ � � ¤ ü � £ � � � ¥ � � ¤    ¤ § � � � ¥ �   ª £ � � � ¤ £ ¡ ¨ ¬ ¤ £ � � ¥ « �   © � � � ¤ © � û � © � �   ¬� ¤  § � £ �   � ¤   £ ¢ � � ¤ £ � ¤ ¬ � � ¤ � � £ ö ¡ ¨ � � ¤ �   © � � � ¤ © � ¦ � £ � ¡ ñ ¨ ¢   ¥ � £ � ¦ � � �  �   � � © ¢ § �    ¢    ¡ £ ¤ � � � £ § �   � ¤     ¡ ¡ �¦ ¤ �   ¤ � ¥ « ò � ¥ ¡ � � ¡ ¥ � � � � ¨ ¡ £ � ¤   ¤ ¬ � ¥ ¡ ü ¤ § ¢ ¥ ¬ ¤   £ � � ¥ ¬ � ¥ � ¡ ¨ � � ¤ ¬ ¤ £ � � ¥ ¤   ú £   ¡ § ¤ � ¥ ¬ � ¤ � � � � ¤ ¥ ¤ ¬  ¤ © ¤  � � ü � � ª � ¡ ¦ �   ¬ £ § � ¥ ¬ £ © �  ¤ � ó ¡ ¥ © ¤ � ü � ¥ � � � ¤ � � § § ¤   ª ¥ ¡ � � £ � ¥ ¡ ÷ ù ¤ © � � ¥ � ¨ � ¤ § ¬ ÷ ¢ �   � � � ¤   � ¥� £ £ ¤ � ÷ § � � ¤ ¡ ¨ ñ ¨ ¢   ¥ � £ � � ¥ � ø § � ö ¤ ò £ ¤ � � � ¥ � £ � ¥ � ÷ ¡ ¦ § ø £ � �  ¤ ¬   ¡ ¡ � § � ÷ ¤   � � ¤ ¬ £ � ¢ ¬ ¤ ¥ � £ � ¡ ñ  ¢ § § � � ¤ ÷ ¢ � § ¬ � ¥ ��  �   � « ò � ¡ © ¡ ¥ £ � ¬ ¤   � � ¥ � � � §    ¡ ü � £ � ¡ ¥ � ¥ � ¡ ¨ £ � ¤ § � ¤   ¨ ¡   � � ¥ ª ¡ ¨ � � ¤ £  � © ¤ � £ � © © ¤  � � ÷ § ¤ « � ¥ ¬ � ¡   ¡  ¡ £ ¤    ¡ ù ¤ © � £ ¡ ¨ ¬   � � � � � © ¤ ¨ ¨ � © � ¤ ¥ © ª «   � © � ¥ ¤ £ £ � ¥ ¬ ¤ ¥ ü �   ¡ ¥ � ¤ ¥ � � §   ¤ £  ¡ ¥ £ ¤ �� } ~ � � � � � � � � � � � � � � � � � � µ � � � ~ � � � � ~ � � � � � � � ~ � � � � � } � � � � � � � ~ � � } ~ � } � � � � � � � � � � } � � ~ � � � � � � �� � � � � � � � � � � µ � � � ~ � � � � � � � µ � } � � � � � � � � � ~ � � � � � � } ~ � � � � � � ~ � � � � � � � � � � � � } � � � ~ � � � � � Ã � � � � � � � ~ � � � �� � � ~ � � � � � � � � � ~ � } ~ � � � } ~ � � � � � � � � � � � � � � � � � � � ~ � � � ~ � � � � � � � � � � � ~ � ~ � � � � � � � � } � � ~ � � �� � � � � � � � � ~ � ~ � � � � � � 	 � � � � � � � ~ � ~ � � ~ � } � ~ � � � � } � } ~ � } � � � � � � � � µ � � � � � � � � � � } ~ � � � � � � � � � � � � ~ � � ~ � �� } � � � � � � � ~ � � ~ � � � � � � � } ~ � � � � � � � � � � � � � � � � � � � � � � � � � ~ � � � � � � � � � ~ � � � � � � � � � � ~ � } ~ � � � � � � � } � � � � � � � � � �� ~ � } � � � � � � � � � � � � � � � � � ~ � � � � � � � 	 � � � � � 
 	 � � � � ~ � ~ � � ~ � } � ~ � � � � } � } ~ � } � � � � � � � � µ � � � � � � � � } �� � � ~ � � � � � � � � � � � � � � � � ~ � � ~ � } � � � � � � � � ~ � � ¿ � � � ~ � ~ � � � � } � � � � } � � � � � � � � � � � � � � � � ~ � � � � � � ~ � � ~ � � � � �� � � � ~ � � � } � � � � � � � � � ~ � � � � � � � � � � � � � � � � ~ � ~ � � � � � � � � � } ~ � � 	 � � � � ~ � � � · � � � � � � ~ � ~ � � � � � � � � � � � �Ã � � � � � � � ~ � � � � � � � � � � � � � � � � � � � � � � � � � � ~ � � � } ~ � � ~ � � � � � � � � � � � ~ � } � � � � � � � � � � � � � � � � � � � � � � � � } �� � � ~ � � � � � � � � · � � � � � ~ � � � � � ~ � � � 	 � � � � � � � � � � � } ~ � � � � � � � � � � � � � � � � ~ � � � � � � } ~ � � � � � � � � � } � � � � � � � � �� � � � ~ � ~ � � � � � � � � � � � � � � � � � � � � � 
 	 } � � � � � � � ~ � � � � � � � } � � � � � � � ´ � � � � � � � � ~ � } � � � � � � � � � � � � � � � � � � �� } � � � � � � � � ~ � � � � � � � � � � � � � � � ~ � } � � � � � � � } � � � � � � � � � � � � � � � � � � � � � ~ � ~ � ~ � ~ � � � � � � � � � � ~ � � � � � }� � � � � � � � � � � � � � � ~ � � � � � � � � ~ � � � � � � � � ~ � } � } � � � � � � � � � � � � � � �
� �  � � � � � X e M a H K ] \ [ M I J ] I H _ M a \ M S E ^ H ^ K [ I M S P [ \ M H K F _ ] J J M _ F ] K F M E K M \ I M ^ S _ H ] E H e � K [ F I ^ � a H ] E F E P

© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 
28



¼ ~ � } � } � � � � ~ � � � � �   © � � � ¤ © � ¢   ¤ � £ ¨ ¢   ¥ � £ � � ¥ � � � � £ § �   � ¤     ¡ ¡ � � � � � ~ � � � � � ~ � � ~ � � � � � � � � � � � � � � � � �� � � � � � � � ~ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ~ � ~ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ~ � � � �� � � � � � µ � � � � � � � � � � ~ � � ~ � � } � ~ � � � � � � ~ � � � � � � � � } � � � ~ � ~ � ~ � � � � � � � � � } ~ � � � � � � � � � � � � ~ � } ~ � � � � � � � � � � � �� � � � � ~ � � � µ � � � � ~ � � � � � � � � � � ~ � � � � � � � � � } � � ~ � � � � � � � � � � � � � � ~ � � � � � � � � � � � � � � � � ~ � � � � ~ � } � � ~ � � � ~ � � � � �� � � ~ � � � � � � � � � } � � ~ ° � � � � � � � � � � � � � � � � � � � } � � � � � � � � } � � � � � } � ~ � � � � � � � � � � � � � � � � ~ � � ´ ~ � } � � ~ � � � ~ � �� � � � � ~ � � � � } � � � ~ � � � � � ~ � � � � � ~ � � ~ � � } � � � � � � � � � � � ~ � } � ~ � � � ~ � � � � � � � � � � � � } ~ � � � � � � � � � � � � � � � � � � � ~ � ~ � � �� ~ � } � � � ~ � Ã � � � } � � � � � � � � � � � � � � � � � � � � � � � } � � � � � � � � � } ~ � � � � � � ~ ° � � � � � � � � � ~ � � � ¿ � ~ � � � � � � ~ � } ~ �� � � � � � � � � � � ~ � � � � � � � � � � � � � � � � � � � � � � � · ¿ � � � � � } � � � � � � � � � � � � � � � � } � � � � � �j f M J F E P b H H b H a H E K F E ] J \ ] K F ] b H E J H a ` b H F J \ M J F K F M E H ^ K M J K ] E ^ M S K N I M a ] b b K [ H I H J K � E M J F E P b H \ F H _ HM N H � S F \ a H E K M ` K I S ^ H J F K J H b N F E K M M E H i J ] e ] I H E H J J Q H ] _ [ _ M H g F J K J e F K [ M K [ H I J F E ] J K ] K H M N J [ ] I H ^b ] K H E _ L Q e ] F K F E P Q M E H a F P [ K J ] L Q E M K \ ] J J F G H b L b F m H ] a F I I M I Q ` S K e F K [ ] K H E ^ H E _ L M I ^ F J \ M J F K F M E K M\ I H N F P S I H \ ] K K H I E J M N ` H [ ] G F M I Q e [ F _ [ F J [ M e ] I _ [ F K H _ K S I H _ M E N H I J M I F H E K ] K F M E d k �j h F m H K [ ] K M N F K J ] E K H _ H ^ H E K Q K [ H ` b F E ^ i J N b H g F ` F b F K L ] b b M e H ^ F K K M J H I G H ] J ] I H P F J K H I ] E ^ I H _ H \ K ] _ b H M NK [ H b ] E ^ J _ ] \ H Q e H b _ M a F E P F K e [ H E F K \ I H J H E K H ^ F K J H b N P H E K b L Q H g _ b S ^ F E P F K e [ H E F K I ] P H ^ e F K [ N S I L d k �j ¼ H ` H P F E K M J H H K [ ] K K [ F J _ M I \ M I H ] b J _ [ H a ] F J H E a H J [ H ^ e F K [ F E ] E H g \ ] E ^ F E P I ] E P H M N ^ F J K ] E _ H J Q] J K I S _ K S I H ^ K M \ M P I ] \ [ L K [ ] K F E _ b S ^ H J e [ H I H o ] a Q e [ F _ [ F J K M J ] L e [ H I H K [ H K [ F E P J o E M e E H H ^ ] I He F K [ F E I H ] _ [ Q ] a F ^ ^ b H ^ F J K ] E _ H Q ] E ^ ] E H g \ ] E J F M E K M e ] I ^ J K [ H _ b H ] I ` b S H [ M I F c M E � ] E H � S F \ a H E K ] b Q\ I ] _ K F _ ] b ] E ^ H E G F I M E a H E K ] b [ M I F c M E d f M K M E H M N K [ H J H _ ] E ` H J H \ ] I ] K H ^ N I M a K [ H M K [ H I J Q [ H E _ H K [ Hb ] K H I ] b J \ I H ] ^ M N K [ H H E J H a ` b H K [ ] K F E K H P I ] K H J K [ H J H j I F E P J k F E K M M E H N F H b ^ Q K H I I ] F E M I K M \ M P I ] \ [ L lK [ H ^ F E F E P I M M a Q K [ H J K I H H K Q ] E ^ K [ H K M e E M I b ] E ^ J _ ] \ H l ^ F N N H I H E K F ] K H ^ ` S K I H _ F \ I M _ ] K F E P d k �  ! � � Ã � � � } � � � � � � � � � � � � ~ � } ~ � � � � � � � � � } � � � ~ � � � � � � � } � � � � � � ¥ ¬ � � � � � � � � � � ¥ ¬ � � � ~ � ~ � � � � � � ~ � � � � � �� } � ~ � � � � � � � � � � � � � � � � � " � � } Ã � � � } � � � � � � � � � � � Ã � � � � � � � ~ � � � � � � � � � � � � � � � � � � � � � } � � � } �� � � ~ � � � � � � � � � � } ~ � � � � � } � � À � � � � � " � � � � � � � � � � � � � � � � ~ � � ~ � � � ~ � � � � � � � � � � � � � ~ � ~ � � � � � � � � � � � � � � � � � �� ~ � � � � � � � � � ~ � � � � � � ¿ � � � � � � } � � ~ � � ~ � ~ � � � � ¿ � � � � � � } � � � ~ � � � � � � � ~ � � � � � � � � � � � � � } � � } � ~ � � � � � � � � ~ � � � �� � � � � � ~ � � � � � � � � � � ~ � � � � � � � � � � � � � � ~ � � � � � � � � � � � � � � � � � � � � } � � � � � � � } � � � � � � � ~ ° � � � � � } � � ~ � � � � �� � ~ � � � � � } � � � � � µ � � � ~ � � � � � " � � � � � � � � � � � � � ~ � � � } � ¿ � � � � ~ � � � � � } � � µ � � � � � � � } ~ � } � } � � � ~ � ~ � �� � � � � � � � � � � � ~ � � ~ � � � � � � � Ã � � � } � � � � � � � � � } � � � � } � � � } ~ � � � � � � � } � � ¿ � ~ � � ~ � � � � � ~ � ~ � � � µ � � � ~ � � � �� � ~ � � � � � ¿ � ~ � � � � � � � } � � � � � � � � � ~ � � � � � � � � � � � } � � � � � } � � � � � � � � � � � ~ � } � � ~ � � � � � � � } � � ~ � � �� µ � � � ~ � � � ~ � � � � � � � � � � } � � � � � ~ � ~ � � � � � � � � � � ¿ � � � � � � � � � � � � � � � � � � � � � 	 � � � � � � � � � � � � } � � ~ � � � � � � � � � �� � � � � � � ~ � � � � � � � � � � � � � � � � � � � � � � � � ~ � ~ � � ~ � Ã � � � � � � � ~ � � � � � ¡ ¨ ¢   ¥ � £ � « � � � � � � ~ � � � ~ � � � � ~ � � � � � � } � �� � � � � ~ � � � � � � � � } ~ � � � � � � � � ¥ ¬ � } � � � � � � � ~ � � } ~ � } ~ � ~ � � � � � � � � � � ~ � � � � � �| ~ � } � � � � � � � � � � � � � � ~ � � � � � � � ~ � � � � Ã � � � } � � � � � � � � � � � � � � � ~ � � ~ � � � � � ~ � } � � ~ � � � ~ � � � � � � } � � ~ � � � � � �� � � � � � � � � � � ~ � � � � � � � ~ � � � � � � � � � � � � � � � � � � � � � � � � ~ � � � � � � } � � � } � � ~ � � � � � � � � � � � ± � � � � � � � � · �� } � � } � � � � � � � µ � � � � � � � ~ � � } � � � � � � � ~ ° � } � � � � � µ ~ � � � � � � � � � ~ � � � ~ � � ~ � � � � � � � � ~ � � � � � � � � � � } � � � � }� ~ � � � � � � � � � � � � � � � � � � � ~ � ~ � � � � � � ~ � � � � � � � � � � � } � � � ~ � � � � � � � � � � � � � � � � � � � � � � ~ � } ~ � � � � � � � �� � � � � � � � � � } � ~ � ~ � � � � � � � � � � ² � � � � � � � � ~ � � � ~ � � � � � � � } � � � � } � � � � � � � � ~ � � � � � � � � � � � � � � � ~ � � � � � � ~ � } � �� � � � � � � } ~ � � � � � � � � ~ � � � � � ~ � � � � ~ � � � � � � µ � � � � � � ~ � � � � � � � � � � � � � � ¯ � � � � � � � � � � � ~ � � � � � � � } ~ � � � � � � � � �� � � � � � � � � � � � � � � � � � � � ~ � � � � ~ � � � � � � � � � � � � � � ~ � � � � } � � � � � � � � ~ � � � � ~ � } � � � ~ � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � ~ � ~ � � � � � � � � � } � � � � } � � � � � � ~ � � � � � � � � � } � � ~ � � � � � � � � � ~ � � � � � � � � � � � � ~ � � �� � � � � ~ � ~ � � � � � � � � � � ~ � � � � � � � � � ~ � � � � � � � � � � � � � � � � � ¯ � � � � � � � � � � � � � } � � � � � � � � � � � � � � � � � � � � � � � �# � � � � ~ � } � � � � � � � � � � � � � ~ � � � � � } � � � � � � � � � � � � � � � � � ~ � � � � ~ � � � � } � � � � � � � � � � � � � � � � � � � � � � ~ � � ~ � �� � � � � � � ~ � � ~ � � � ~ � � � � � � � � � � � } � � � � � � � ~ � � � � � ~ � � � � � ~ � � � � � � � � � � � � � � � } � � � � � �Ã � � � � � � � � � � � � � ~ � � � } � � � � � ~ � � � � Ã � � � } � � � � � � � � � � ~ � � � � � � � � � � � � � � � } � � ~ ° � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � ~ � � � � � � � � � � � � � � � � � � � � � ~ � � � � � � � � � � ~ � � � � � } � � � � � � � � � � � � � � � ~ � � � � � � � � � µ ~ � � � } � � � } �� � � � � � � � � � µ � � � ~ � � � � ~ � � Ã � � � � � � � ~ � � � � � � � � � � ~ � � � � � � � � � � � � ~ � } � } � � � � � � � � � � } � � ~ ° � � � �� � ~ � � � � � ~ � � ² 	 � � � } � � � � � � � � � � � � � ~ � � ~ � � � � � � � ~ � � � � � ~ � � � � � � � � � } � � � } � � � � � � � � � � ~ � � � � � � � � � � � �� } � � � � � � � � � � � � � � } ~ � � � � � } � � � � � � � � ³ � � � � �j $ H F ^ H P P H I i J _ M E K I F ` S K F M E K M K [ F J [ F J K M I L � M N \ b ] _ H � F J K M a ] m H I M M a J S _ [ ] a H ^ F ] K I F g H g \ I H J J b L ` LG F I K S H M N K [ H F E P I H ^ F H E _ L M N I H P F M E Q e [ M J H ] a \ b F K S ^ H ] E ^ ^ L E ] a F J a a ] m H \ M J J F ` b H K [ H P H E H I ] K F M E
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

29



M N \ b ] _ H ] E ^ J \ ] _ H ] b F m H d % M I K [ H H N N H _ K M N I H P F M E F J K [ H _ I H ] K F M E M N K [ H G H I L J \ ] K F ] b F K L � I ] H S a b F _ [ m F H K Zb F K H I ] b b L Q j I M M a b F E H J J k � N I M a e [ F _ [ \ b ] _ H F J \ I H _ F \ F K ] K H ^ ] E ^ J \ ] _ H ^ F J _ H I E H ^ d k � &À � ³ � � � � ~ � � � � � � � � � � � ~ � � � � � � � � � � � � � ~ � � � � ~ � } � � ~ � ~ � � ~ � � � � � ~ � ~ � � � � � � � � � � � � � � � � � ~ � ~ � � � ~ � � �� � � � ~ � ~ � � � � � � � � � � � � � � � Ã � � � � � � � ~ � � � � � � � ~ � � � À � � � � � � � ~ � � � } � � � � � } � � � � � � � � � � ~ � � � � � � � � � � � � �~ � � } � � � � � � � � � � � ~ � � � � � � � � � � � � � � } � � � � � � � � } � � } � � � � � � ~ � � � � � � � � � � � � � � � � � � � � � � } � � ~ � � ~ � } �� � � � � � } � � � � � � � � � � � � } ~ � � � � � � � � � � � � � � � � � � � } � � ~ � � � � } � � � � � � � ~ ° � � ~ � � � � } � � � � � � � � � � ~ � ~ � � � � � � � � � � �¿ � � � ~ � ~ � � � � � � � ± � � � � � � � � � � ~ � � � � � ~ � ~ � � � � � � � � � µ � � � } ~ � ~ � � � � ~ � � � � � � � � � � � } � � � � � � � � � � � � ~ � } ~ � � � �~ � � � � � � � � � � � � � � � � � � � � � � � � � } � � � � � � �' Æ Ç v Ì É Î x Ð t Ê Ï É x Î Ê w { Ì t v É { v z w ÉÑ ( Ø Ó Ù Û ß å Ù Ö × Ô à Ö ã Ù Û ã Ü Ø Ù Ü Ô Þ Õ Ö Ù Û Ü Ö ß Þ Ó Ù à Ó Û Ô Ü â Ü ß Ö ß ) Ó ã å Ó à Ó Ö * + Ó á Ù â Ý Ó Ü Ø Ó * Ù à Ó Ü Ø Ó à Ó , + â Ü + Ó á Ù â Ý ÓÜ Ø Ó * Ý â ä ä Ó Ý Ü Ù å Ô ã Ó Ô Þ Ü Ø Ô â ä Ø Ü æ ç l Y b ] S ^ H h H G F ½ W K I ] S J J � ¾Ñ - Ô × Ù Û ß Û á à Ó Ù Ý ß Û ä Ö * â à + Ù Û Õ Ô Õ â Ö Ù Ü ß Ô Û Þ Ó Ù à Ý Ù Û * ß Û Ü ß å Ù á * × ß Ü Ø â Û á Ô Û Ü à Ô Ö Ö Ó ã Û Ù Ü â à Ó , Ó Ý Õ Ó á ß Ù Ö Ö *ã Ù à . Û Ó Ý Ý æ ç ½ / M [ E W K F b P M H � 01 � � � � � � � ~ � � } � � ~ � � � � 
 2 2 3 � � � ~ � � � } � � � } � ³ � � � � � � � � � � } ~ � � � � � � � � � � � ~ � � � � � � ~ � � � � � � � � � � � �� � � � ~ � � � ~ � � � � � � � � � � � � � � � � � ~ � � � � � ~ � � � � � � � � � � � � � ~ � � � � � � � � � � � � � � � £ ¡ ¥ ¤ � ¥ � ¤     ¤ § � � ¤ ¬    ¡ ÷ § ¤ � �� } � � � � � ~ � � � � � ~ � ~ � � � � � � µ � � � � � � � ~ � � � � � � � � � � � � � ~ � � � � ~ � � � � � � � � � � � � � � ~ � � ~ � � � � � � � � � � � � � � ¥ ¬ � � �} � � ~ � � � � � � � � � � � ~ � � � � � � ~ � � � � � � � ~ � � � � � � � � � � � ~ � } � � � } � � � ~ � � � � � � � � � � � � � � � � ~ � } � � � � � � �� � � � ~ � � � � � � � � � � ~ � � } � � � � � � � � � � � ~ � � � � � � � � � � � � � � � � } ~ � � � � � � � � � � ~ � } ~ � � � � ~ � ~ � � � � ~ � � � ~ � � � � � � ~ � � � �� ~ � � ~ � � � � � � } � � ~ � � � � � � � � } � � � � � � � � � � � � ~ � � � À � � � � � � � � � � � � � � � ~ � � � ~ � } � µ � � � � ~ � � � µ � � � ~ � � � � ~ � � � �} � � ~ � � � � � � � � � � � ~ � � � � � � � � � � � � ~ � } � } � � � � } � � � � � � � � � � � � � } � � � ~ � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � ~ � � � � ~ � � � � � µ ~ � � ~ � � � � � � � ¥ ¬ � � � � � � � � � � � � � ~ � � � � � � � � � ~ � � � � � � � � � � � � # � � � � � ~ � � � � � �� } � � � � � � � � � � � � � � � � � � � � � � � � � �
� �  � � � 4 5 6 7 8 9 � � b H N K � Z f H F P [ ` M I [ M M ^ P M ] b K M � I H � _ I H ] K H e F b ^ b F N H _ M I I F ^ M I J J M ] J K M _ M E E H _ K j _ M I H k [ ] ` F K ] K J �� a F ^ ^ b H Q I F P [ K � Z W F K F E P ] E ^ _ M E N F P S I ] K F M E M N E H e F E N F b b ^ e H b b F E P S E F K M E H g F J K F E P b M K F E I H J \ M E J H K M E H F P [ ` M I [ M M ^J _ ] b H H _ M b M P F _ ] b P M ] b M N _ M I I F ^ M I _ M E E H _ K F G F K L � ^ I ] e F E P J ` L U b H g ¼ L E ^ [ ] a Q s ] J K H I M N U I _ [ F H _ K S I H _ ] E ^ F ^ ] K H �· � ~ � ~ � � � � � � µ � � � � � � � � � � � � ~ � � � � � � � } � � � � � � � � � � � � � � � � � � ~ � � � � � � � � � � � � � � ~ � � � � � � � � � } � � ~ � � �� � � � � ~ � � � � � � � � � � � ~ � � � } � ~ � ~ � � ~ � } � � � � � � � � � � ~ � � � � � � � ~ � � � � � ~ � � � � � � } � � � � � � � � � � � � � � � �� � � � � � ~ � � � � � � � � � � � � � � ~ � � � � � � ~ � � � ~ � � � � � ~ � � � � � � � } � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � ~ � ~ � � � � } � � � � � � � � � � � � } � � � � ~ � � � � } � � � � � ~ � � � � ~ � � � � � � � � � � � � � � � � � � � � ~ � � � } � � } � � � ~ � ~ ° � �� � � � � � � � � � � � � � � � � ~ � � � � � � � � � � � � ~ � � � � � ~ � � � � � � � � � � � } � � ~ � � � � � � � � � � ~ � � � � � � � � � � : � � � � � � � ~ � �� � � ~ � � � � � � � � � � ~ � � � � � � � � ~ � � } � ¿ � � � � � � � � } � � � � } � } � � � ~ � � � � � ~ � � � ~ � � � � � � � � � � � � � � � � ~ � � � � � � � � } � } �� � � } ~ � � � � � � � � ~ � � � ~ � � � ~ � � � � � � } � ~ � � � � � � � � � ~ � � � � � � � � � � � � � � � � � � � � � � ~ � � ~ � � � � � £ � � ¤ ª  ¤   � � � ¥ � ¡£  ¤ © � ¨ � © � � ÷ � � � � © ¡ ¥ ¬ � � � ¡ ¥ £ � � � � � } � � ~ � � ~ � ~ � � � � � � � � � � ~ � � � � � � � � � � � � � � � � } � � � � � � � � � � � � � � ~ � � � � ~ � �� � � � � � � � � � � � � � � µ � � · � � � � � ~ � � � ~ � � � ~ � � � � � ~ � � � � � � � � � � � } � � � � � � � ~ � � � � � � � � � ~ � � � � � � � ~ � � � � � � � � � �� ~ � � � � � � � � � � � � � � ~ � } ~ � � � � � � � � ~ � � � � � � � � � � � � � � � � ~ � } � � � � � � � � ~ � � � � � � � � ~ � � � � � � � � � � � � � � � � � ~ � � � �� � � � ~ � ~ � � � � � � � � � } � � � � � � � � � � � � � � � � � � � � � � � � ~ � � � � � � � � � � � � � � ~ � � � � � � ~ � ~ � � � ~ � � � � � � � � � � � � � � } �� � � � � � � � � � � � ¿ � ~ � � � � � � � � � } � � � � � � � � � � � � � � � � �

© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 
30



� �  � � � 4 ; 6 < 8 = � V I H E K W K S I b ] S P J M E i J M ] m \ ] K K H I E F a ] P H Q k T H ` H m ] [ s ] K [ H E L i J ] b b H L e ] L \ M e H I b F E H J F a ] P H Q ] E ^s F J J ] U b M F J F i J j h F N H b F E H J k [ L ` I F ^ M ] m n ] b b H L j N M I a ] E ] b M P k J K S ^ L� ~ � � � � � � � � � ° � � � � ! � � ~ µ � � � � � � � ~ � ~ � � } � ~ � � � � � � � � � � � � � � � ~ � � � � � � � � � ~ � � � ð > � ¡ ¢ £ � ¥ ¬ ? § � � ¤ � ¢ £ � � � � � �� } � � � } ~ ° � � � � ~ � � � � � � � } � � � � � � � � � � � � � � � � � � � ~ � � � � � � ~ � ~ � � � � � ~ � � ~ � � � � � � � � � � ~ � � � } ~ � � � � ~ � � � � ~ � � � � �� � � � � � � � � � ~ � � � � � � � � � � � � � � � � � � � � � � � � } � � � � � � � � � � � � � } � � ~ � � � � ~ � � � � � � � � � � � � � ~ ° � � � � � � � � � � · � � �� � ~ � � � } � � � � � � � � � � � } � � � � � � � � } � � � � � � } � � } � � � � � � � � � � � � � � � � � � � ~ � � � ~ � ~ � � � � � � � � � � � � � � � } � � �� � � � � � � � ~ � � � � ~ � � � � ~ � } � � � � ~ � � � � � ~ � � � ~ � } � � � � � � � � ~ � � � � � ~ � � � ~ } � � � � � µ � � � � ~ � � � � � � � ° � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � } � � � � � � � � � � ~ � � � � � � � � � � ~ � � � � � � � � � � � � � � � � � � � � � � � � ~ � � ~ � � � � � � � � � � ~ �~ � � � � � � ~ � � � ~ � � � ~ � ~ � � � � � � ~ � ~ � ~ � ~ � � � � � � � � � � ~ � � � � � � � � � � � � � � � � � � � � � � } ~ � � � � � � � ~ � � � � � � � ~ ° � � ~ � � � � �� � ~ � � � � � � � � � � � � � � � | ~ � } " � � � � 1 � � � � � � � � � � � � � � } � � � � � � � µ � � � � � � � � � � � ~ � � � � � � � � � � � � � � � } � � �� � � � � � � � � � � � � � � � � � ~ � � � � � � � � ~ � � � � � � � � � � � � � � ~ � � � � � � � � � � � � � � � � � � � � � � � � � ~ � � � � � � � � ~ � � � � � � ~ � �� � � � ~ � } � � � � � ~ � � � � } ~ � � � � � � ~ � � � � � � ~ � � � � � � � � � ~ ° � � ~ � � � � � � � � � � � � ¯ ~ � � � À � � ~ � ~ � � ~ � � � ~ � � � ~ � � � � ~ � � ~ � } �� � � � } � � � � � � ~ � � � � � � � � � ~ � � � � � � ~ � � } � � � � � � � � � � � ~ � � � � � � � � � � � � � ~ � � � � � � � � } � � � � � � � � �� µ � � � ~ � � � ~ � � � � � ~ � � � � � � � � � � � µ � � � � � � ~ � � � ~ � } � � � � � � � � � � ~ � � � � � � � � � � � � � � ~ � � � � � � ~ � ~ � � � � � � �� � � � � � � � � ~ � � � � � � � � � � � � ~ � ~ � � � � � � � � � � � � � � � 	 � � ~ � } � } � } � � � � ~ � } � � ~ � � � � � � � � � ~ � � � � � � } � � � � � ~ � � } � � �� � � � � � � � � � � � � � � � � � � � � � � � � � ~ � � � � � � � � � � � � � � � � � � � � � � � ~ � } ~ � � � � � � � � � � � � � � ~ � � � ~ � � � � � � � � � � � �� } � � � � � � � � � � � � � � � � � � � � � � } � � � � � # � � � � ~ � � � � � � � ~ � � � � } � � � ~ � � # � � � � } � � � } � � � � � � � � � � � � � � � � �� � � � � � ~ � � � � � � ~ � � � � � � � � } � � � � � � � � � � � ~ � � � � � ~ � � � � � � ~ � � � � � � � � � } � � � � � } � � � � } � � � � � � � � � ~ � � � � � � �� � � � � � � ~ � � � � � � � � � � � � � ~ � � � ~ � � � ~ � ~ � � � � � � � ~ � � � � } ~ � � � � � � � � � � � � � � � � � � µ � � � � ~ � � � � � � � � � � � � � ~ � � �| ~ � } À � � µ | � � � } � � � � � � � � ~ � � � � � � � � � � � � ~ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � }� � � ~ � � � � � � � ~ � � � ~ � � � } � � � � � � � � � � ~ � � � � � � � � � ~ � � � � ~ � � � ~ � } � � � � � � � � � � � | ~ � } � � � � � � � � � � � ~ � � � � ± � � � � � � } �� � � � � ~ � � � µ � � � � � ~ � � � � � � � � � � � � � � � � � � � � � ~ � � � � � � � � � � � ~ � � � � � � � � � � � � ~ � } � � � � � µ ~ � ~ ° ~ � � } � � ~ ° � � � � �� � � � ~ � � ~ � � � � � � � � � ~ � � � � ~ � � � � � � µ � � � ~ � � � � � � � � À � @ 2 2 � ¿ � � � � � � � � � � � � � ~ � � � � ~ � � � � � � � � � � � � � �� � � � ~ � � � � } � � � � � � � � � � � ~ � � ~ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � } � � � � ~ � � � } � � � � µ � � � � � �� � ± � � � � � � � � � � � � � � � � � � � � } � � � } � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ~ � � � � � � � ~ � � � � �

� �  � � � A Z U b H g ¼ L E ^ [ ] a i J N F E ] b \ I M p H _ K j r H _ F ^ S M S J $ M S J H k
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

31



· � � ~ � � � � � � � � � � � � } ~ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ~ � � � � � � � � � � � � � � � ~ � � � � � � � � � ~ � � �� � � � � � � � � � � � � ~ � � � � � � � � � � � � � ~ � } � � � � � � � � � � ~ � � � � � � � � � � � � � ~ � � � � � � } � ¹ � � ~ � ~ � » � � � } � � � � � º � � � � � �� ~ � � � � � � � � � � � � � � � � � � � � � } � � ~ � } � � µ � � � � � � � � � � � � � � � � B � � � � � � � � � � � � � � � � � � � � � � � � � � � �~ � � � � ~ � � � � � � � � � � � � ~ � � � } � ~ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � | ~ � } � � � ~ ° � � ~ � � � � � � � � � ~ ° �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � ~ � � ~ � � � � � � � � � � � � � � � � � ~ � � � � � � � � � � � � � ~ � � � � � � � ~ � � � � � � � � � � �� � � � } � � C | ~ � } � � � � ~ � � � � � } � � � � � � � � � ~ � ~ � � � � � � � � ~ � � � � � ~ � � ~ � � � � � � � � � � � � � � ~ � � ~ � � � � � ~ � � ~ � � ~ � } � �j X [ H [ H b F M b M P F _ ] b a H K ] \ [ M I K S I E J ] e ] L M S I P b ] E _ H d % M I F K [ ] J ] b e ] L J ` H H E ` H b F H G H ^ K [ ] K a H K ] \ [ M I JH g _ S b \ ] K H Q b F N K K [ H e H F P [ K M N K [ F E P J ] E ^ M N ] _ K J d o N K [ H I H F J E M [ F J K M I L Q H g _ H \ K K [ I M S P [ b ] E P S ] P H Q ] E ^ F Nb ] E P S ] P H F J H b H a H E K ] b b L a H K ] \ [ M I F _ ] b Q V M I P H J F J _ M I I H _ K Q D E H I [ ] \ J S E F G H I J ] b [ F J K M I L F J ` S K K [ H[ F J K M I L M N J H G H I ] b a H K ] \ [ M I J d i h F P [ K F J M E b L M E H H g ] a \ b H M N D J H G H I ] b i N S E ^ ] a H E K ] b D a H K ] \ [ M I J Q i ` S Ke [ ] K ] E H g ] a \ b H F ¼ [ M e F b b H G H I ^ M a F E ] K H F K Q e [ M e F b b H G H I \ I M E M S E _ H F K i J a H ] E F E P e F K [ M S K N F I J K` H F E P \ I M E M S E _ H ^ ` L F K G k � éH Æ Ç Ê Ë Ê Ð É v v É x Î Ì z È Ê u Ê { v I É u J t w x u È É u v K { Ê Í É L È É v Ê Ë Ì x w ÍÑ ( Ø Ó Ó Õ Ø Ó å Ó à Ù Ö ß Ü * Ô Þ Ù Ö Ö Ô â à Ù á Ü Ý Õ â Ü Ý â Ý ß Û Ü Ô Ù . ß Û ã Ô Þ × ß Ö ã Ó à Û Ó Ý Ý M ß Û M Ü ß å Ó ç l è ] I L W E L ^ H I � �Ñ N Þ Ü Ø Ó Ô + O Ó á Ü Ý Ô Þ Ü Ø Ó Ó Û Ú ß à Ô Û å Ó Û Ü × Ó à Ó Ô Û Ö * Ù Ý Õ Ö Ù Ý Ü ß á Ù Ý Ü Ø Ó å Ù Ü Ó à ß Ù Ö Ý Ô Þ Õ Ô Ó Ü ß á Ù à Ü , å Ó Û × Ô â Ö ãÛ Ó Ú Ó à Ø Ù Ú Ó + Ó Ó Û Ô + Ö ß ä Ó ã Ü Ô Ø Ù Ú Ó à Ó á Ô â à Ý Ó Ü Ô á à Ó Ù Ü ß Ô Û ß Û Ü Ø Ó å Ó ã ß â å Ô Þ × Ô à ã Ý æ ç l / M [ E r H e H L � �� } � � � � � � � � � � � � � � ~ � � � ~ � � � � � � � � ~ � � � � � � � � } � � � � � � � � � � � � ~ � � } � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � } � � � � � � � � � ~ � � } � � � � ~ � � � � � � ~ � � " � ~ � � ~ � � � � � � Ã � � � � � � � ~ � � � � � � � � � � � � � � � ~ � � � � � � } �� � � ~ � � � } � � � } � ³ � � � � � � � � ~ � � � � � � � ~ � � µ � � � ~ � � � � � � � � � � � � � � ~ � � � � � � � µ � � ~ � ~ � � � � � � � � } � � � � � � � � �� � � � � � � � � � � � � � � � � � � � } � � � � � � � � } � � � � ~ � ~ � } � � � � � � ~ � � � � � � � � ° � � � � � ~ � ~ � ~ � ~ � � � � � � � � � ~ � ~ � �� � � � � � � � � � � � � � � � � � � � � µ � � � � � � � � � ¿ � � � � � � � � � � } ~ � � � � � � � � ~ � � � � � � � � ~ � � � À � ~ � � � � 
 2 2 P � | ~ � �� � � � � ~ � � � � � � � ~ � � � � � ~ � � � � } � � ~ � � � � � � � � � � � ~ � � � � ~ � � � � � � � � � } � � � � � � � � � � � � � � � � ~ � � � � � � � � � � � � } �� � � ± � � � � � � � � � ~ � � � � ~ µ � � � � � � � � � � � � � � � � � � � ± � � � � � � � � � ~ � � � ~ � � ´ � ~ µ � � } � � � � � � � � � � � ~ � � � � � � � � � ~ �¹ � � � � � � � � � Â � � � � ~ � ~ � � � � � � } � � � ~ � � � � � � � � � � 
 2 2 P ¹ � � � � � � � ¯ � � � � 1 � � � ~ � � � � » � � � � � ~ � » � ~ � } � � � } � � � � �� � � � � � ~ � ~ � � � � � } ~ � } � } � � � � } � � ~ � � � � � ~ � � � � � � � � � � � � � � � 1 � � � � � � � � ~ � � � � � � � � � 
 � � � � Q � � � � ¿ � ~ � � � �� � � � ~ � � � � � � � � � � � � � � � � � � ~ � � � ~ � � � ~ � � } � ¿ � � � � � � � } � � � ~ � � � � ¿ � ~ � � � � � � � ~ � � � � � � � � � � � � } � � � � � } �� � ~ � � ~ � � � � � � � � � � � � � ~ � � � � ~ � } � } � � µ � � � � � � ~ � � � } � � � � � } � � ~ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � } � � � � � � � � � � � � ~ � } } � � � � � � � � � � � } � � � � } � � ~ � � � ~ � � � } � � � � } � � � 	 � À � � � � � ~ � � � � � � � µ � � ~ � �� } � � } � � � } � � � � � � } � � � ~ � � � � � � � � � } � � � � � � � � ~ � � � � � � � ~ � � � � � � � � � � � � } � � � � � � � � � � ~ � } } � � � � � � � � �� � � � � � ~ � � � ~ � � � � ¥ ¬ � } � � � � � � � ~ � � � ~ � � � � � ~ � � � � � � ~ � � ~ � ~ � � � � � � ~ � ~ � � � � � � � ~ � � � � � � } � � ~ � � � � �� } � � � � � � � � � � } � � � ~ � � � � � � �R ¨ § � � � � £ � ¥ ¬  ¤   © � � ¥ � £ � § ¡ ¥ � � �   ¤ ¤ ¥ ¨   � � ¤ R ¬ � £  ¤   £ � ¥ � © ¡     � ¬ ¡   £R  ¤ ¥ � ¥ £ ¢ § �   � ¥ � ¤   ¬ � � � � � � � ¡ ¥ R § � ª ¤   £ ÷ ¢ ¨ ¨ ¤   � ¥ � © ¡   ¤ £R ¨ ¡ § ¬ £ � § ¡ ¥ � ¦ � � ¤    ¡ © ö ¤ � £ R £ � � � © � � ¥ � � � �   � © ¤ £ � ¥ ¬ © ¡   ¤ £R ¤ � ÷   ¡ � ¬ ¤   ¤ ¬  § ¤ � � £ � ¥ �   ¤ ¤ ¥ ¦ ¤ ¬ � ¤ £ R ¦ � � ¤   � �   ö £R ¤ ¥ © � �  � ¤ ¥ � £ � ¥ � �   ¤ ¤ ¥ ¨ � ÷   � © R ÷ ¡ ¢ § ¬ ¤   � �   ¬ ¤ ¥ � ¥ ¬ � ÷   � � ¬ ¤ ¬ £ �   ¤ � �1 � � � � � � � � � } � � � � � � � � � � � � } � � � � � � � � ~ � � � � � � � � � � � � � � � � ~ � � � � � � � � � � ~ � � � � � � � � � � � � � � � � � �� � ~ � � � � � ~ � � � � � � ~ � � � � � � � � � µ � � � � � � � � ~ � � � � � � � � } � � � � ~ � � � � � � � ~ � � � � � � � � � � � ~ � � � � � � � � ~ � � � � � � � � � � � �� � � ~ � � � � � � � � � ~ � � � � � ~ � ~ � � � ~ � � � ~ � � � � ~ � � � � � ~ � � � ~ � � � � � � � � � � � � � � � } � � ~ � � � � � � � � � � � � � } � � � � � } � � �� � � � ~ � � � } ~ � � � � � } ~ � � � � � � � � � � � � � � � � � � � � � ~ � � � � � � ~ � � � � � � � ~ � } � � � � � � � � � ~ � � � � � � � ~ � } � � � � � � � � � } ~ � � �� � � � � � � � � � � � � � � � � � } � � � ~ � � � � � � � � � � � � � � � � � � � ~ � � � � � ~ � � � ~ � � � � � ~ � � � � � ~ � � � � } � � � � � � � ~ � ~ � � � ~ � } �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 1 ~ � ~ � � � � � � � � � � � � ~ � � � � � � � � � � � ~ � � � � � �� � � � � � � � � � � � � � � � � ~ � � � � � � � � � ° � � � � � � } � � ~ � � � � � � � } � � � � � } � � � � } � � � � � � � " � � � ¿ � � � � � � ~ � ~ � ~ � � � ~ � }� � � � � � � � ~ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � } � � � � � � � � � � � � � � � � � � � � � � � � � � � � } ~ � � � � ~ � � ~ � �� � � � � � � � � � � � � � � � � � } � � � � � � � � � � � � � � � � � � &  À � � � � � � � � � � � } � � � � � � ~ � � � � � � � � � � � � � � � � � �� � � � � � � � � � ~ � � � } � � � � � � � � � � � � � � � � ~ � � � } � � � � } ~ � � � � � � � � � ~ � � � � � � � � ~ � � � � � � � � � � ~ � � � � � � � � � � � � � �~ � � � � � ~ � � � � � � � � � � � � � } � � � ~ � � � � � ~ � � � � � 	 � } � � � � � � � ~ ° � � ~ � � � � � � � � � � � � � � � � � � ~ � � � � � � � � � � � ~ � � } � � � �� � � � � � � � � ~ � } � � � � � � � � } � � ~ � � ~ � � � � � � � � � � � � � � � � � � � � � ~ � � � � � � � � � � � � � � � � � ± � � � � � � ~ � � �
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

32



· � � } � � � � � � � � � } � � � } ~ � � � � � ~ � � µ � � � ~ � � � � · � ~ � � � � � � � � � � � } � ~ � � � � � � � � } � � � � � � � � � � } � � � � � � } �� � � ~ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ~ � � � ~ � � � � � � � � � � � � � � � � � � � ± � � � � � � } ~ � � ~ � � � � � � ~ � � � 	� µ � � ~ � � � ~ � � � � � } � � � � � � � � � � } � � � � } � � � � � � � � � � � � ~ � ~ ° � � B � 
 	 � � � � � � � ~ � � � � � } � � � � � � � � � � � � � � � ~ ° � �� } � � � ~ � � ~ � � � � � � � � � � � � � } � � � � ± � � � � � � � � � � � � ~ � � � � � ~ � � � � � � � � � � ~ � � � � � � � } � � � � � � � � � � � � �� � � � � } � � � � � � � � � � ~ ° � � ~ � � B � Q 	 � � � � � � � ~ � � � ~ � � � � � } � � � � � � � � � � � � � � � � � � � ~ � � � � � � � � � � � � � ± � � � � � } � �� � � � � � � � � � � � � ~ � � � � � � � � � � � � � ~ � ~ � � � � B � S 	 � � � � � ~ � � � ~ � � � � � � � � � � � � � ~ � � � � � � � � � � � � � � � � ~ � � � � � � �� � � � � � � � ~ � ~ � � � � � � � � � � � ~ ° � � � � ~ � � ~ � � � � � ~ � � � } � � � � � � � � � � � � � � � � } � � � � � � � � � � � � � � � � � � � � � � � �� � � � ~ � ~ � � � � � · � � � � ~ � � � � � � � � � � � � � � } � � � � � � � ~ � � � ~ � � � � � � � � � � � � � � � � � ± � � � � � } � � � � } � � � � ~ � � � � � ~ � � � � �� µ � � � � � � � � ~ � � ~ � � � � � � � � ~ � � � � } � � � � � � � � � � � � � � � ~ � � � � � � � } � � � � � � � � � � � � � ~ � � � ~ � � � � � � } � � � � � � � �� � � � � � ~ � � B � � � � � � � � � � � � � � � � � � � ~ � ~ � � � � � � } � � ~ � � � � � � � � � � � � � � � ~ � � ~ � � � � � � ~ � � � � � ~ � � � � ~ � } � � � � � � �� � � ~ � ~ � � � � � ~ � � � ~ � � � � � � � � � � � } � � � � } � } � � ~ � � � � � � ± � � � � � } � � ~ � � � � � � � � � � � � } � � � � ~ � � � � � � ~ � � � � � � � � � �� � � � � � � � ~ � � � ~ � � � � � � ~ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ~ � � � � � � � � � � � � � � � � � � � ~ � � � ~ � � � � � � ~ � � � � �T Æ Ç v w Ê U É { v x w t É ÍÑ V á Ô Ý * Ý Ü Ó å ã Ó Ü Ó à ß Ô à Ù Ü ß Ô Û W Û Ó Ó ã Ý Ü Ô + Ó Ù ã ã à Ó Ý Ý Ó ã + * Ù Ý Ó à ß Ó Ý Ô Þ + Ô Ö ã Ó X Õ Ó à ß å Ó Û Ü Ý Ü Ô Ü Ó Ý Ü Ü Ø ÓÝ â á á Ó Ý Ý Ô Þ ß Û Ü Ó ä à Ù Ü Ó ã å Ù Û Ù ä Ó å Ó Û Ü ç l / H I H a L / ] _ m J M E H K d ] b d & �Ñ Y ß Û á Ó å Ù Û × Ù Ý á Ô Û Ý Ü ß Ü â Ü Ó ã Ù Ü Ù Ü ß å Ó × Ø Ó Û Ö Ù Û ä â Ù ä Ó × Ù Ý ã Ô Ô å Ó ã Ü Ô ã ß Ý Õ Ó à Ý ß Ô Û , × ß Ö Ö Ø Ó Û Ô Ü + Óã ß Ý Õ Ó à Ý Ó ã × Ø Ó Û Ö Ù Û ä â Ù ä Ó à Ó ä Ù ß Û Ý ß Ü Ý â Û ß Ü * Z ç l s F _ [ ] H b % M S _ ] S b K & &� } � � } ~ � � � � � } � � � � � � � � ³ � � � � � � ~ � � � ~ � � � � " � : � � � � � � � � � � � � � � � � � ~ � � � � � � � � � � � � ~ � � � � · � � � � � } � �� � � � � � � ~ � � � � � � � � � � ~ � � � � � � � � ~ � � ~ � ~ � � � � ~ � � � � � � � ~ � � � � � � ~ � ~ � � � � � � � � � � � } � � � � � � � µ � � � � ~ � ~ � � � � ¸ [! � � � � � � } ~ � � � � � } � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ~ � � � � � � � � } � � ~ � ~ � � � � � � � � � � � � � � � � � � � � } ~ � �� � ¿ � ~ � � � � } � � � } � � } ~ � � � � � � � � � � � � � � � � � } � ¿ � � � � ~ � � � � ¸ Á \ � � � � ~ � � � � � ~ � ~ � � � ~ � � ~ � � } � � ~ � � � � �� � � � � � � � � � � � � � � � � � � � � � } � � � � � � � � � � � } ~ � � � � � � � � � � � � } ~ � � � � � � � ~ � � � � � � � � ~ � � � � � � � � � � � � �� � � � � � � � � � � � � � ~ � � � � � � � � � � � ~ � � � � � ~ � � � � � } � � � ~ � ¿ � ~ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � } � �� � � � � � � � � � � � � � � ~ � � � � � ~ � � � } � � � ~ � � � � � � � ~ � � � � � � ~ � ~ � � � � } � � ³ � � � � � � � ~ � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � ~ � � � � � � ~ � � � � � � ~ � � � � � � � � � ~ � � ~ � � ~ � � � ~ � � } � � � � � � � � �] � � ~ � � � � � � � � � � � � � � � � ~ � ~ � � � � � � � � � � ~ � � � � � � � � � � ~ � � ~ � � � � � � ~ � � � } ~ � � � � � � � � � � � ~ � � � � � � � � � � � �� � � ~ � � � � � � � � � } � � � � � � � � � � } � � � � � � � ~ � � � � � � � � � � � � � � � � � � � � � � � � � � � � ~ � � � � � � � ~ � ~ � � � ~ � � � ~ � � �� } � � � � � � � � � � � � � ~ � � � } � � ~ � ~ � � � � � � � � � � � � � � } � � � � � � � � � � ~ � � � � � � � � � � � � � � } � � � � � � � ´ � � � � � � � � � � � ~ � �� � � � � � � � � ~ � � � � � � � � ² ¹ � � } � � � � � � ~ � � � � � � � ~ � � � � } � � � � � � � � ~ � � � � � � � � � � � � � } ~ � � � � � � � � � � �� � � � � � ~ � � � � � � � � � � � � � � � ~ � � � � � � � � � � � � } � � � � � � � � � � } � � � � � � � � � � � � � � � � � � � � � � � � � } � � � � � � � ~ � � � �� � � � � � � � � � � � � � } � � � � } � � � � � ~ � � ~ � � � � � � � � } � � ~ � � � � } ~ � � ~ � � � � � � � � � � � � � � � Â ~ � } � � � Â � � � � � � � � � � � � � �� } � � � � � � � � � ~ � � � � � � � � � � � � � � � � � � ~ � } � } � � ~ � � � � � � � � � � � � � ~ � ~ � � � � ~ � } � � ~ � � � � � � � � � � � µ � �� � � � ~ � � � � � � � } � � � ~ � � � � � � � ~ � � � � � � � � � � � � � � � � � � � � ~ � � � ~ � � � ~ � � � � � � � � � � � ~ � � � � � � � � � � � � � � � �~ � � � � � ~ � ~ � ~ ° � � ~ � � � � � � � � � � ´ � � � � � � � � ~ � � � ~ � � � } � � ~ � � � � � � � � � } � � � � ¿ � � � � � � � � } � ~ � � � � ~ � � � � ~ � � � ¸ Ä
� �  � � � ^ � R G M b G F E P I H b ] K F M E J [ F \ J M N E ] K S I H n _ S b K S I H ] E ^ H _ M b M P L n ] I _ [ F K H _ K S I H � ] E ^ M S I ^ H J _ I F \ K F M E J K [ H I H M N �! � � � � � � � � � � ~ � � } � � � � � ~ � � � � � � � ~ � � � � � � � � � ~ � ~ � } � � � � � } � � � � � � � � � � � � � � � ~ � � � � � � � � � � � � � � �� � � � � } � � � � � � } � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ~ � � � � � } � � � } � �~ � � � ~ � ~ � � � � � ~ � � � � � � � � � � � ~ � � � � � � � ~ � � � � � � � � � � � � � ~ � � ~ � � � � � � � ~ � � � � � � � � � � ~ � � � � � � ~ � � � � � � � � � � �� � � ~ � ~ � � � ~ � � � � � � � � � � � � � � � � � � � � � � � � � � } � � � � � � � � � } � � � � � � � � � � � � � � � } � � � � } � µ � � � � � � � � } � � � �

© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 
33



� � � ´ � � � ~ � � � � � � � � � � � � } � � � � ~ � ~ � } � � � � � � � � � � � � � � � � � � � � � � � � � � } � ~ � } � � � � � ~ � � � � � � � � � � � � � � �� � � } ~ � � � � � � � � � � � � � � � � ~ � � � � � � � } � � � � � � � � � � � � � � � � � � ± � � � � } � � � � ~ � ~ � � � � � � � � � � � ~ � � � � � � � � � � � � ~ � � �� � � � � � � � � � � � � � � � � } � � � � � � ~ � � � � ~ � � ~ � � � ~ � � � � � } � � ~ � � ~ � � } � � � � ~ � � � � � � � � � � � � ~ � � � � � � � � � & éÀ � � � � � � � � � } � � � } � ~ � � � � ~ � ~ � � � � � � � � ~ � ~ � � � � � � � ~ � � � � � � � � � � � � � � � � } � � � � � � � � � � � � � � � ~ ° � � � � � � �� � � � � ~ � � � } ~ � � � � � � � � ~ � � � � � � � � � � � � � � � � � ~ � � � � � � � ~ � ~ � ~ � ~ � � � � � � ~ � � � � � � � � � � � � � � � � � � ~ � � � � �� � � � � � ~ � � � � � ~ � � � ~ ° � � ~ � � � � � � � � ~ � � ~ � � � � � � � � � � � � � � � � � � � � � � � � � � � ~ � � � � � � � � } ~ � � � � � � � � � � � � � � ~ � � � � � }� � � � � � ~ � � � � � � � � � � � � � � ~ � � � � ~ � � � � � � � � � � � µ �w É Î É w É u { É Í� % I M a T F _ [ ] I ^ X d X d % M I a ] E _ s F _ [ H b è M ^ I M E Q ` Ù Û ã Ý á Ù Õ Ó V á Ô Ö Ô ä * Q f H e a M I m Z / M [ E ¼ F b H L _ W M E J Q b c d e& s M E F _ ] è d X S I E H I Q T M ` H I K $ d è ] I ^ E H I ] E ^ T M ` H I K f d O i f H F b Q ` Ù Û ã Ý á Ù Õ Ó V á Ô Ö Ô ä * ß Û ( Ø Ó Ô à * Ù Û ã Ò à Ù á Ü ß á Ó gÒ Ù Ü Ü Ó à Û Ý Ù Û ã Ò à Ô á Ó Ý Ý , f H e a M I m Z W \ I F E P H I W _ F H E _ H ] E ^ V S J F E H J J s H ^ F ] Q o E _ d Q h i i b Q \ d b¾ / M ] E o G H I J M E f ] J J S ] H I Q j Y S b K S I ] b W S J K ] F E ] ` F b F K L Z U b F P E F E P U H J K [ H K F _ J ] E ^ R _ M b M P L k F E Ò Ö Ù á ß Û ä - Ù Ü â à Ó g j â Ö Ü â à ÓÙ Û ã ` Ù Û ã Ý á Ù Õ Ó V á Ô Ö Ô ä * Q / M ] E o G H I J M E f ] J J S ] H I Q H ^ d � ¼ ] J [ F E P K M E Q r d Y d Z o J b ] E ^ E I H J J Q b c c k � Q \ d k b0 / ] a H J r d E I M _ K M I ] E ^ V I H E ^ M E s d $ d h ] I J M E Q j R _ M b M P L Q Y M a \ b H g F K L Q ] E ^ s H K ] \ [ M I Q k F E l ß Ô Ý á ß Ó Û á Ó f M b S a H m m Qf M d b h Q r H _ H a ` H I Q h i i m Q \ d b i e eC % M I ] K [ M I M S P [ _ M E J F ^ H I ] K F M E M N h H \ b ] J K I F H I i J ] I K F _ S b ] K F M E Q \ b H ] J H J H H a L \ ] \ H I J j s H K ] \ [ M I Q U I _ [ F K H _ K S I ] b r H J F P E] E ^ R E G F I M E a H E K ] b T H J \ M E J H Q k n à á Ø ß Ü Ó á Ü â à Ù Ö o Ó Ý Ó Ù à á Ø j Ó Û Ü Ó à Ý j Ô Û Ý Ô à Ü ß â å p V â à Ô Õ Ó Ù Û n Ý Ý Ô á ß Ù Ü ß Ô Û Ô Þn à á Ø ß Ü Ó á Ü â à Ù Ö V ã â á Ù Ü ß Ô Û N Û Ü Ó à Û Ù Ü ß Ô Û Ù Ö j Ô Û Þ Ó à Ó Û á Ó Q E [ F b ] ^ H b \ [ F ] Q E U Q h i i e ] E ^ j h F P [ K E H J J M N V S F b ^ F E P Z% S I E F J [ F E P ] T H P H E H I ] K F G H U I _ [ F K H _ K S I H Q k n å Ó à ß á Ù Û j Ô Ö Ö Ó ä ß Ù Ü Ó Y á Ø Ô Ô Ö Ý Ô Þ n à á Ø ß Ü Ó á Ü â à Ó n Û Û â Ù Ö j Ô Û Þ Ó à Ó Û á Ó Qh M S F J G F b b H Q q a Q h i i qé è ] I L W E L ^ H I Q j V b S H s M S E K ] F E J Y M E J K ] E K b L ¼ ] b m F E P Q k F E ( Ø Ó Ò à Ù á Ü ß á Ó Ô Þ Ü Ø Ó r ß Ö ã Q ¼ ] J [ F E P K M E Q r d Y d Z W [ M H a ] m H I] E ^ $ M ] I ^ Q b c c i Q \ d b b h� s L S E ^ H I J K ] E ^ F E P M N a H K ] \ [ M I [ ] J ` H H E F E N b S H E _ H ^ P I H ] K b L ` L è H M I P H h ] m M N N ] E ^ s ] I m / M [ E J M E Q F E \ ] I K F _ S b ] IK [ H F I \ F M E H H I F E P e M I m J s Ó Ü Ù Õ Ø Ô à Ý r Ó ` ß Ú Ó l * ] E ^ Ò Ø ß Ö Ô Ý Ô Õ Ø * ß Û Ü Ø Ó t Ö Ó Ý Ø� r ] G F ^ h H ] K [ H I ` ] I I M e Q u Û á Ô å å Ô Û v à Ô â Û ã g n à á Ø ß Ü Ó á Ü â à Ó , ( Ó á Ø Û Ô Ö Ô ä * , ( Ô Õ Ô ä à Ù Õ Ø * , Y ] a ` I F ^ P H Z s o X E I H J J Qh i i i Q \ d b m k� r ] G F ^ h H ] K [ H I ` ] I I M e Q \ d b q d�  r ] G F ^ h H ] K [ H I ` ] I I M e Q \ d e e� � / M [ E r H e H L , w â å Ù Û - Ù Ü â à Ó Ù Û ã j Ô Û ã â á Ü , s F E H M b ] Q f a Z r M G H I E S ` b F _ ] K F M E J Q o E _ d Q h i i h � M I F P F E ] b b L \ S ` b F J [ H ^ ` L$ H E I L $ M b K _ Y M a \ ] E L Q f H e a M I m Q b c h h � Q \ d b k c� & R ^ e ] I ^ W d Y ] J H L Q ( Ø Ó t Ù Ü Ó Ô Þ Ò Ö Ù á Ó g n Ò Ø ß Ö Ô Ý Ô Õ Ø ß á Ù Ö w ß Ý Ü Ô à * Q V H I m H b H L Q Y U Z D E F G H I J F K L M N Y ] b F N M I E F ] E I H J J Qb c c k Q \ d h m h� ¾ Y b ] S ^ H h H G F ½ W K I ] S J J Q ( Ô Ü Ó å ß Ý å Q T M ^ E H L f H H ^ [ ] a Q K I ] E J d Q V M J K M E Z V H ] _ M E E I H J J Q b c e h Q \ d b q� 0 / M [ E W K F b P M H Q j h ] E ^ % H ] I Z ¼ F b ^ E H J J ] E ^ K [ H V H e F b ^ H I a H E K M N K [ H Y F K L r e H b b H I Q k F E n à á Ø ß Ü Ó á Ü â à Ó l Ô Ý Ü Ô Û Qs ] I _ [ n U \ I F b h i i q Q \ \ d h i� C W H H / S E i F _ [ F I M X ] E F c ] m F Q N Û Ò à Ù ß Ý Ó Ô Þ Y Ø Ù ã Ô × Ý , X [ M a ] J / d $ ] I \ H I ] E ^ R ^ e ] I ^ è d W H F ^ H E J K F _ m H I Q K I ] E J Q f H e$ ] G H E Q Y X Z h H H K H i J o J b ] E ^ V M M m J Q b c k k� é / ] _ � S H J r H I I F ^ ] Q j f F M b H E _ H ] E ^ s H K ] \ [ L J F _ J Q k F E r à ß Ü ß Û ä Ù Û ã x ß Þ Þ Ó à Ó Û á Ó , U b ] E V ] J J Q K I ] E J d Q Y [ F _ ] P M Z D E F G H I J F K LM N Y [ F _ ] P M E I H J J Q b c k d Q \ d c h� � è ] I L W E L ^ H I Q j O E K [ H E ] K [ Q O N N K [ H X I ] F b Q k F E ( Ø Ó Ò à Ù á Ü ß á Ó Ô Þ Ü Ø Ó r ß Ö ã Q ¼ ] J [ F E P K M E Q r d Y d Z W [ M H a ] m H I ] E ^$ M ] I ^ Q b c c i Q \ d b e m� � / M [ E r H e H L , \ \ d h m e ½ h m k� � E ] S b Y ] H e M M ^ $ H b b a S E ^ ] E ^ r ] E F H b W M a H I J W a F K [ Q x Ó Ý ß ä Û ß Û ä v à Ó Ó Û × Ù * Ý g Y â Ý Ü Ù ß Û Ù + Ö Ó ` Ù Û ã Ý á Ù Õ Ó Ý Þ Ô à- Ù Ü â à Ó Ù Û ã Ò Ó Ô Õ Ö Ó , ¼ ] J [ F E P K M E Q r d Y d Z o J b ] E ^ E I H J J Q h i i m Q \ \ d h ½ q&  W H H è F b b H J r H b H S c H i J ( Ø Ó t Ô Ö ã g ` Ó ß + Û ß ) Ù Û ã Ü Ø Ó l Ù à Ô y â Ó Q X M a Y M E b H L Q K I ] E J d Q s F E E H ] \ M b F J Z D E F G H I J F K L M Ns F E E H J M K ] E I H J J Q b c c q ] E ^ E ] S b Y ] H e M M M ^ $ H b b a S E ^ ] E ^ r ] E F H b W M a H I J W a F K [ Q \ \ d h ½ q& � / H I H a L V d V d / ] _ m J M E Q H K d ] b d Q j $ F J K M I F _ ] b O G H I N F J [ F E P ] E ^ K [ H T H _ H E K Y M b b ] \ J H M N Y M ] J K ] b R _ M J L J K H a J Q kY á ß Ó Û á Ó Q f M b S a H h c q f M d m m q i Q / S b L h k Q h i i b Q \ \ d e h c ½ e q d& & s F _ [ ] H b % M S _ ] S b K Q ( Ø Ó z à ã Ó à Ô Þ ( Ø ß Û ä Ý g n Û n à á Ø Ù Ó Ô Ö Ô ä * Ô Þ Ü Ø Ó w â å Ù Û Y á ß Ó Û á Ó Ý Q f H e a M I m Z f F E K ] P H V M M m J Qb c c { H ^ F K F M E Q \ d q d e& ¾ R ^ e ] I ^ W d Y ] J H L Q v Ó Ü Ü ß Û ä l Ù á . N Û Ü Ô Ò Ö Ù á Ó g ( Ô × Ù à ã Ù - Ó × u Û ã Ó à Ý Ü Ù Û ã ß Û ä Ô Þ Ü Ø Ó Ò Ö Ù á Ó r Ô à Ö ã Q V b M M a F E P K M E Q o f ZD E F G H I J F K L M N o E ^ F ] E ] E I H J J Q b c c q Q \ d h m c& 0 $ ] E J ½ è H M I P è ] ^ ] a H I Q ( à â Ü Ø Ù Û ã s Ó Ü Ø Ô ã Q / M H b ¼ H F E J [ H F a H I ] E ^ r M E ] b ^ è d s ] I J [ ] b b Q K I ] E J b d Q h M E ^ M E ZY M E K F E S S a E S ` b F J [ F E P è I M S \ Q h i i { H ^ F K F M E Q \ d q m k& C T F _ [ ] I ^ T M I K L Q j U ¼ M I b ^ ¼ F K [ M S K W S ` J K ] E _ H J M I R J J H E _ H J Q k F E Ò Ø ß Ö Ô Ý Ô Õ Ø * Ô Þ Y Ô á ß Ù Ö w Ô Õ Ó Q f H e a M I m Z E H E P S F EV M M m J Q b c c c Q \ d { e& é R I F _ $ F P P J Q - Ù Ü â à Ó l * x Ó Ý ß ä Û g Ò Ó Ô Õ Ö Ó , - Ù Ü â à Ù Ö Ò à Ô á Ó Ý Ý Ù Û ã V á Ô Ö Ô ä ß á Ù Ö o Ó Ý Ü Ô à Ù Ü ß Ô Û Q Y ] a ` I F ^ P H Q s U Z s o XE I H J J Q h i i q Q \ d k
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

34



!

35



!

36



Case Studies—Lighting

Configuring Structure to Improve Daylight Access in Multistory Buildings

Christine Theodoropoulos, G.Z. Brown, Arthur Johnson, Michael Hatten,

Christopher Flint Chatto, Jeff Kline, Dale Northcutt

Green In The Balance: Visual Comfort Inside Offices With Tilted Facades

Ihab Elzeyadi

A Lower Cost, Higher Performance Classroom: will innovation lead to market 

transformation?

G.Z. Brown, Jeff Kline, Dale Northcutt

37



!

38



| | } ~| | |� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � �   � � � � � � � � ¡ � � � � � � � � � � � � � � � � � � � � � � � � �� � � ¢ � � � ¢ £ ¢   � � ¤ � ¤ � � � � � � � � � � � � ¤ � � ¥ � � � � � � � � � � � ¤ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � ¦ � �   � � � ¦ ¤ � � � � � � � � � � � � � � � � � �   � � � �   � ¤ � � � ¦ � � � � � � ¦ � � � � � � � � � � � � � � � � � �   � � ¤ � � � � � � � � � � � � � §¨ � � © � ¦ � � � � � � � � � � � � � � � � � � � ¦ � � � ¤ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � ¤ � � � � � � � �   � � � � � � � �ª � � �   « � � � � � � � � � � ¦ � � � �   � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¦ ¤ � � � � � � � �� � � � � � � � � � � � � � � � � � � � � �   � § � � � � � � � �   � � � � � � ¦ � � � � � � � �   � � � � � � � ¦ � � � � � � � � � � � � � � � � � � � � � � � � � �  � � ¤ � � � � � � � � � � � � � � � � � � � � � � � � � � � � « � � � � � � � ¤ � � � � � � � � � � � � � � ¤ ¤ � � � �   � � � � � � � � � � � � � � � � � ¦ � � � § ¢   �¦ � � � � � � � � ¦ � � � � � � � � � � � � � ¤ ¤ � � � �   � � « � � � � � � �   � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � § ¨ �� � � � � � � � � � �   � � � � � � � � � � � � � ¦ � � � � � � � � � � � � � � � ¦ ¤ � � � � � � � ¬  � � � � � � � � � � � � � � � � � � � � � � � � � ¦ � � � � �� � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¤ ¤ � � � �   � � § � � � � � � � � � � � � � � � � � �   � « �   � � � � � � � � � � � � � �� � � � � � � � � � � � � ¦ � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � ¦ � � � � � � � � � � � �   � � ¤ � � � � � � � � � � � � ��   � � � � � � � � � � � � � � � � � � � � � � � �   � � � £� � � � � � � � � � � � � � � � � � � � � � � � � ¦ ¤ � � � � � � � � � � � � �   � � � � � � � � � ¤ � � � ¦ � � � � � ¤ � � � � � � � � � � � � ¤ � � � � � �� � � ¦ � ®¦ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¦ � � � � ¦ �   � ¤ � � � ¦ � � � � ¯ � � � � � �   � � � � � � � � � � � � � � � ¯ � � � � � ��   � � � � � � � � � ®� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¬  � � � � � � � ¦ � � � �   � � � � � � � � � ¤ � � � ¦ � � � � � � � � � � � � � �� � � ¦ � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � �   � ¤ � � � ¦ � � � � « � � � ® � � ��   � ¤ � � � ¤ � � � ¦ � � � � ¯ � � � � � � � � � � � � � � � � � � � � � « � � � � «   � � �   � � �   � £¢   � � � � � � � � � « � � �   � � �   � � � � � � � � � � ¦ �   � � � � � � � � � � � � � � � � � � � � « � � � � � � � � � � � � � � � � � � � � � � � � � � �   � ��   � � � � � � � � «   � �   � � � � � � � � � � � � � � � � � � � � � �   � � © � � � � � � « � � �   � � �   � ° � � � � � � � � � � � � ¤ � � ¤ � � � � � � � §� � � « � � � � £ � � � � � �   � � � � � � � � ¤ � � � ¦ � � � � ¯ � � � � � � � � � � � ¤ � � � � � � � � � ¦ � � � � � � � �   � � � � � � � �± ² ³ ´ µ ¶ · ¸ ³ ± µ ²¹ � � � � � � � ¤ � � � � � � � � �   � � � � � � � � � � ¦ � � � � � � � � � � � � � � � � � � � � � � � ¤ � � ¤ � � � � � � � � � � � � � � � � � � � ¦ � � ¦ � �   � � � � � � � � � � � ¦ �� � � � � � � � � � � � � � � � � ¤ � � � � � � ¦ � � � � � � � � ¦ � � � � � � � � º � � � � � � � � � � � ¦ � � � � � � � � � � �   � � � �   � � � � � � � � ¦ � �   � � ¦ � � � �� � � � � � � � ¥ � � � � � � � § ¹ � �   � � ¤ � � ¥ � � � « � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � ¦ » � � � � � �   � � � � » � � �   � � � � � � �� ¤ ¤ � � � �   § ¼ � � � � �   � � � � � � � � � � � º � � � � � � � � � ¦ � �   � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � �� � �   � ¤ � � � � � � � � � � � � � � � � � � � � � � � § ¹ � � � � � � � � � � � � � � � �   � ¦ � � � � � � � � � � �   � ¤ � � � � � � � � � � � � � � � � � � � « � � ½ � � � � � �  � � ¤ � � � � � � � � � � � « � � � � � �   � « � � � º � � � � � � � ¤ � � � � � � � §¼ � � � � �   � � � � � «   � �   � � � � � � � � � � � � � � � � � � � � � � � � ¤ � � � « � � � º � � � � � �   � � � � � � � � � � ¦ ¤ � � � � � � �   � � � � ¤ � � � � � � � � � � ¦ §� � � � � � ¾ � � ¦ ¦ � � � ¯ � � �   � � � � � � � � � � � �   � ¤ � § ¢ � � � � � � ¯ � � � � � � � � � � � � � � � � � � � � � � � � ¦ � � � � � � � � � � � �   � � ¦ � � � � � � �� � � � � � � � � � � � � � � � � � � �   � � � « � � � � � �   � � � � � � � � � � � �   � � � � � � � � � � � � � ® �   � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � �� � � � � � � � � � � � � � � �   � � � � ¦ ¿ ¯ � � � � � � � � � � � � � � � � � � � � À � � � « � � � � « � � � � � � � � «   � �   � � � � � � � � � � � � � � � � � � �   � � � � � � � �� � � ¦ � � � ¦ � � � � � � � �   � � � ¤ � � � � � � � � � � � � � � � � � � � � � � � � � � � ¬  � � � � � � � ¦ � � ¦ ¤ � � � � � � § ¢   � � � � � � � � � � � � � � �¬  � � � � � � � � � � � � � � � � � ¦ ¤ � � � � � � � � �   � � � � � � � � � � � � � � � � ¦ ¤ � � � � � � � � � � �   � � � � � � � § � � � � © � ¦ ¤ � � � �   � � � ¯ � � � �¤ � � � � � � � � � �   � ¤ � � � ¦ � � � � � � � ¦ � � � � � � � � � � � � � � � �   �   � � �   � � �   � � � �   � � � � � � �   � � � � « � � � � « §
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 39



Á Â Ã Ä Å Æ Ç £ ¢   � � � � � � � � � �   � ¤ � � � « � � � � � � � � �   � � � ¥ � � � � � � � � � � � �   � � � � �   � � � � � � � � � � � � � � �¢ « � � � ¤ � � � � � � � � � � � � � «   � � � � � � � � �   � ¤ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � ¦ ¤ � � � � � �   � � ¤ � � � � � � � �� � � � � � � � � � � � � � � § ¢   � � � � � ¤ � � � « � � � º � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � �   � � ¤ � � � � � � �� � � � � � � � � � � � � � � � � � � � � ¦ � � � � � � � « � � � ½ � � « � § ¬ � « � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � « � �  � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � ¦ È � � � � � � � � � � ¤ � � � � � � � ¦ ¤ � � � � � � � � � � �   � � � � ¤ � � � � � ¦ � � � � §� � � � � � � � � � � �   � � � �   � « � �   � � �   � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � « � �   � � � � � � � � � � � � � � � � � � � � � �   � � � � � � ¦ � � �� � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � « � �   � � � � � � � � � � � � ¯ � � � � � � � � � � �   � � � � � � � � � � � � � � � � º � � º � � � � �  � � �   � � �   � � « � � � � � � � � ¦ ¦ � � � � �   � �   � � � � � � � �   � « � � � � « � § ¢   � � � � � � � � � � � �   � � ¤ � � � � � ¦ � � � � � � � � � � � � ¦ �� ¤ ¤ � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � ¬  � � � � � � � ¦ � « � �   � � � � � �   � � � � � � � � � � � � � � § � � � � � � É � � � � � � � � � � �   � « �� � � � � � � � � � � � � � � � º � � º � � � � �   � � �   � � � � � � � �   � � � � � �   � � � �   � � � � � � � � � � � � � ¤ ¤ � � � �   � � « � � � � « « � � � � � � � � � � � �� � � � � � � � � � � � � ¬  � � � � � � � � § ¢   � � � � � � � � � � � � � � � � � � � � � � � � � « � � � � «   � � �   � � �   � � � � � � � � � � � � � � � � � � � � � �   � � � �� � � � � � � � � � � �   � � � � � � � � � �   � � � � ½ � � �   � � � � ¦ § ¢   � � � � � �   � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � §

Á Â Ã Ä Å Æ Ê £ � ¤ � � � � � � � ¤ � � � � � � � � � ¦ � � � � ¦ � � � � � « � �   � � � � � � � ¬  � � � � � � � ¦ � � � � �   � ¤ � � � � � � � � � � ¤ � � � � � �� � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � º � � º � � � � �   � � �   � � � �   � � ¤ � � � � � � � ¦ � § � � � � � � £ ¿ � � � « � É Ë Ë Ì ÀÍ Î ¸ Ï Ð Ñ Ð ³ · ¶ Ò Ï Ó Ó ´ µ Ï ¸ Ô¨ � � © � ¦ � � � � � � � ¦ � � � � � � � � � � � � � � � � � � � � ¤ � � � � � � � � � � � ¤ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � ¤ � � � � � � ��   � � � � � � � � ª � � �   « � � � � � � � � � � � � � � � � � ¤ ¤ � � ¤ � � � � � � � � � � � � � � � � � � � �   � � © � � � � � � � � � � � � � � � �   � � « � � � � � � � � � � � � � � � � � �� � � � � � � �   � � � �   � � � � � � � � � ¤ � � � ¦ � � � � §� � � � � � � � � � � � � � � � �   � � � � � � � � � �   � � � ¤ �   � � �   � � � � � �   � � � � � � � � � � � ¤ � � � ¦ � � � � � � � � � � � � � � � � � ¦ � � � � � ¦ ¤ � � � � �¦ � � � � � �   � � � � � � � � � � � � � � ¦ � ¿ � � � � � � � � � ¬  � � � � � � � � � � � � � � � � � � � � ¤ � À � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � ¦ � � � � �� � � � � � � ¤ � � � � � Õ � � � � ¦ � � � � § � � �   � � �   � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � § ¹ � � � � � � � � � � � � � � � � � � � � � � � �� ¦ ¤ � � � � � � � � � �   � � � � � ¤ ¤ � � � � � � � � � � � � � � � � �   � � ¤ � � � � � �   � � � � � � � � � � � � � � � � � � � § ¢   � ¦ � � � � � � � � � � � � � � � � � � � � � �� � Õ � � � � ¦ � � � � � �   � � ¤ � � � � � � � � � � � � � � � ¤ � � � � � � � � � ¦ � � � � � � � � � � � � � � � � �   � � � � � Õ � � ¤ ¦ � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � ¦ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � © º � � � � � � � � � � � �   � � � � � � ¦ � � � � � � � � � §� � � � � � � � � � � � ¤ � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � « � � � � � � � � � � ¤ � � � � � � �
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 200740



  � � ¤ � � � � � § � � �   � � �     � � ¤ � � � � � � � � � � � � � � � � � ¤ � � � � � � � � � � � Õ � � � � � � � � � � � � � � � � � � � � � « � � � � � � �   � � � � � � � �   � � � �� � � � � � � � � � � �   � � ¤ � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¦ � � � � � � � � � � � � � � � � � �   � « ¤ � � � ¦ � � � � � � � � � � � � � � � � � ¬  � �� � ¦ ¤ � � � � � � � � � � � � � � � ¥ � � � � � � � � ¦ ¤ � � � � � � � � � � � � � � � � � �   � §Ç Ö Ç × Ø Ù Ú Â Û Ü Ý Ù¬ � � ¤ � � � � � � � �   � � � � � � � � ª � � �   « � � �   � � � � � ¤ � � � � � � � � � � � � � � � � � � � � � « � �   � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¦ �� � � � � � � � � � � � § � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � «   � �   � � � � � � � � � � � � � � � � � � � � � � � � �� �   � � ¤ � � � � � «   � � � �   � � � � � � � � � � � � � � � Õ � � ¤ ¦ � � � � � � ¤ � � � � � � � � ¦ � � � � � � � � � � � � § � � � � � � � � � � � � � � � �   � � � � � � � � � � � �« � � � � � � � � � � º � � � � � � � � � � § Þ � � � � � � � � � � � � �   � � �   � ¦ � � �   � � ¤ � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � ¦ � � � « � �   � � � � � � � � � � � � ¦ � � � � � � � ½ � � � � � � � � � � § � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � �   � � ¤ � � � � � � � � � � � � � � � �   � �� � � � �   � � � � � � � � � � � ¦ � � � � � � � � � � � � � � � � ¦ � § ¨ � �   � � � � � � � � ¦ � � � � � � � � � � � �   � � ½ � � � � � � � � � � ¤ ¤ � � � � � � � � � � � � � �� �   � � � � � � �   � � � � � � � � � � � � � � « � �   � � � �   � � � � � � � � � ¤ � � � � � � � ¤ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � § � � � � � � � � ¦ � � �� � � � � � � � �   � � ¤ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � « � � � � � � � � � �   � � � � � ¤ � � § � �   � � ¤ � � � � � � � � � � � � � � � � � � � �� � Õ � � � � � � ¦ � � � � � � © � � � � � � � � �   � « �   � � � � � � � � � � � � � � � � � � � � � ¤ � � � � � � � ¦ � � � � � � � � � � � � � � � � � � � � � � � � ¤ � � � � � �� � � � « � � �   � � � � � Õ � � ¤ ¦ � � � � � � � � � � � � � � � ¤ � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � § ¿ � � � � º � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � ¤ � � � � � � � � � � � � � � � � � �   � � À § � � � � � º � � º � � � � �   � � �   � � � �   � � ¤ � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � ¤ � � � � � � � � �   �� � � � � � � � � � � � �   � � � � � � � � � � � � � � � ¤ � � � � � � � � �   � � � � � � �   � � ¤ � � � � � � � � � � � � � � � � � � � � � ¦ � � � � � � � � � � � � � � � � � �   � � � �� � � � § � � � � � � � �   � � ¤ � � � � � � � � � � � � � � � ¤ � � � � � � � � � � � � �   � � � � � � � � � � � � � ¹ ¦ ¤ � � � � � � � � � � � � � § ¢   � ¦ � � � � ¦ ¤ � � � � � �   �¹ ¦ ¤ � � � � � � � � � � � � � � � � � �   � � � � � � � � � È � � � � � � � � � � � � � � � � � � � � � � � � � � � ¦ ¿ � � � � À § ¼ � � � � � � � � � � � � � � � � � � � � � �   � �� � � � ¤ � � � � � � � � � � � � � � � � � � � � � � � � � � � ¾ § Ì � �   � � � � � � � � � � � � �   � � � ¯ � � � � « � � �   � � � ¦ � � � � � �   � � � � ¦ � � � � � � �   �� � � � §� � � � ¦ � � � � �   � � ¦ � � ¯ � � � � � �   � � ¤ � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � ¤ � � � � � � � � � � © � ¦ � � � ¦ � �   � � � � � � � �� � � � � � � � � � � �   � ¤ � � � ¦ � � � � � � � � � � � � � � � � � � « � � � � ß � � � � � � � �   � § � � � � � � � � � � � � ¦ � � � ¦ � ¦ � � � � � � � � � � �   � � ¤ � � � �¤ � � � � � � � � � ¦ � § � � � � � � � � � �   � ¤ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ß � � ¦ � � � � � � � � � � � � ¤ � � � � � � � � � Õ � � � � ¦ � � � �� � � « � � � ¤ � � � � � � ß � © � ¦ � � � ¦ � � � � � � ¥ � � � � � � � � � � � � � � � ¦ � � �   � � ¤ � � � � ¬  � � � � � � � ¦ � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � ¦ � � � � �   � � � � � � � � � � � � � � ¦ � § ¬ � « � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � ¦ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � ¤ ¤ � � � � � � ¤ � � � ¦ � � � � ¤ � � � � � � � � � ¦ � § ¢ � ¤ � � � � � � � �   � � � � Õ � � � � � � � � � � � � � � ¿ � � � ¦ � � � � � � � � � � � � � � � � � � � � � � � � � � � À� � � � � �   � � ¤ ¤ � � � � � � � � � � � � � � � � � � � §  � � � � � � � � � � � �   � � � � � � � � � � � � � � � � �   � � � � � « � �   � � ¤ ¤ � � � � � � � � � � � ¦ � � � �� � � � � � � � � � � �   � � � � � � � � � � � � � � � � § � � � � ¦ � � � � � � � ¦ � � � � � � � � � � « � �   � � � � �   � � � � � � � � � � � � � � ¦ ¦ � � � � � � � � � ¦ � � � �� � � � � � � � � � � � � � � � � ß � � � � � � � � � � � � � � � � � � � � � � �   � � � � ¦ à � � � � � � � � ¤ � � � � § ¢   � � � ¤ � � � � � � ¤ �   � � � � � � � �   � � � � � � á � � ¾ É� � �   � � § ¹ � �   � � � � � � � � � � � � � � � � � � � � « � � ½ � � � � � � � � « � �   ¤ � � � ¦ � � � � � � � � � � � � � � � � � � � � � �   � ¤ � � � � � � � � � � � � ¦ � � � ¦ � ¯ � � §¨   � � � � � ¦ � � � � � « � � ½ ¦ � � � � � � � � � � � � �   � � © � � � � � � « � � � � � � � � � � ¤ � � ¤ � � � � � � � � � � � �   � « � � � � � � � � � � � � � � � � ¦ � � � §� � ¦ �   � � ¤ � � � � � � � � � � � � � � � � � �   � � � � � � � ß � ©   � � � � � � � � � � � ¤ � � � � �   � ¤ � � � ¦ � � � � « � � � � � ¦ � � � ¦ � ¯ � � � � � � � � � �¦ � � � � � � � � § ¢   � � � � � � � � � � � � � � � � � � � � � � � ¦ � � � � � � � � § ¹ � �   � � � � � � � � � � � �   � ¤ � � � � � � � � � � � � � � � � � � � « � �   � � � � � � � � � � � �� � � � � �   � � � � � � � ¦ � � � � � � � � � � � � � � � � � � � � � � �   � � � � � « � � ½ � � � � � ¤ � � � � � � � � � �   � « � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � ¯ � � � � � � � � � � � � � � � � � � � � « � �   � � � � ¦ � � � � � � � � � � � � � � �   � � � � §Ç Ö Ê â ã ã Â ä Æ å Ä Â Ý æ Â ç Ã Ù� � � � � � � � � � � � � � � ¦ � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � ª � � �   « � � � � � � � � � � � � � � � � � « � �   � � �   � � � � � � � � � � � � � � � � ��   � � �   � � � � � � � ¦ � � � � � ¦ ¦ � � § � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � ¦ �� � � � � � � � � � � � � � � ¦ � § � � Õ � � � � ¦ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¦   � � ¤ � � � � � § � � � � � � � � � � � � � � � � � � � � �   � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � ¦ � � � � � � � � � � � � � � � � � � � � � �   � � � � � � �   � � � � « � � § ¬ � « � � � � � � � � � � �� � � � � � � � � � � � � � � � � �   � � � � � � ¦ � � � � � � � � � � � � � � � � �   � � �   � � � � � � � � � � � � � � � � � � � � � � � � � � � ¤ � � � � � � � � ¤ � � � �¤ � � � � � � � � «   � �   ¦ � ½ � � � � � ¦ � � � ¦ � ¦ � � � �   � � � � � � § � � � � � � � � � � � � � � Õ � � � � ¦ � � � � � � � �   � � � � � � � � ¦ � � � � � � Õ � � � � � ��   � � � �   � � ¤ � � � � � § ¹ � � � � � � � � � � � � � � � � � � � � � � � � � � � ¤ � �   � ¯ � � � � � � ¤ � � � � �   � � � � ¤ � � � � � � � ¤ � � � � � � � � � ¦ � � � �� � � � � � � � « �   � � � � � � ¤ � � � º � � � � � � � � � � � � � � � � � � � � � � « � �   � � � � � � � � � � � � � � ¦ � � � � � � ¦ � � � � � � � � � � � � �   � � � �   �   �� � � � § ¢   � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¤ ¤ � � ¤ � � � � � � � � � � � � � � � � � � � � � � � � � � ¤ � � � � � � � � � � � � � �   � � � � � � �� � � � � � � � � § � � � � � º � � º � � � � �   � � �   � � � � � � � ¤ � � � � � � � « � � � � � � � �   � � � � � � � ®   � « � � � � � � � � � � � � � � � � �   � � � � � � � �   � « � � � � � � � º� � º � � � � �   � � �   � � � � � � � � � � � ¾ è � � � � §� � � � � � ¬  � � � � � � � ¦ � � � � � � � � � � � � � � � � � � � � � � � � ¦ � � � � �   � � � � � � � � � � � � � � ¦ � § � � ¤ ¤ � � � � � � � � � � � � � � � � � � � � � ��   � � � � � � � � � � � � � � � � �   � � � � � ®   � « � � � � � ¦ � � � ¦ � � � � � � � � � � � � � � � ¬  � � � � � � � � � � � � � � � � � � � � � � ¤ � � � ¦ � � � � �   � � ¦ � �¯ � � � �   � � � � � � � ¤ �   � � � � � � � � � � � ¦ ¾ Ë � � ¾ Ì � � � � � � � � � ¦ �   � � © � � � � � � « � � � § Þ � � � � � � � � � � � � � � � ¦ � � � � � � � � � � � � � � � �� � � � � �   � � � � � � � � � � � � � � � � ¦ � � � � � � � � � ¯ � � � � � � ¦ ¦ � � ¤ � � � � � � � � � � � � � � � � � � ¤ ¤ � � � � � � � � � « � � ½ � � � ¦ �   � ¤ � � � ¦ � � � �� � � ¦ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � é « � �   ê �   � � � � � � � � � �   � � � � � � � � � � © � � � � � � « � � � � � � � � � � § ¢   � � � � � � � � �� � � � � � � � « � �   � ¤ � � � ¦ � � � � � � « ¤ � � � � � � � � � � � �   � � � � � � � � � � ¤ � � � � � � � � � �   � « � � � � � � � � � � � � � � � � � � � � � � � � � © � � � �� � � � � � � � � � º � � ¤ � � � � � � � � � � � § � � � � � � � � � ¤ � � � � � � � � � � � � � � � � ¤ �   � � � � � � � � � � � � � � � É è � � �   � � � � � � � � � � � � �¤ � � � ¦ � � � � ¯ � � � � � � � � § � � � � � � � � � � � ¤ � � � ¦ � � � � � � � � � � � � � � ¤ ¤ � � � � � � �   � � � � � � ¤ �   � � � � � � � � � � ¦ � � � � � � � � ¤ � � � � � � ¾ É� � �   � � � � � � � � § � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¤ � � � � ¦ � � � � � � � ¦ � � � « � �   � ¦ � � � ¦ � ¦ � �   � � � � � � � §
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 41



Ê Ö ë ì í â î î ì ï ð ì ð ñ ò ë ó ò ì ô õ ì ñ Á â ë õ î ö ë â ÷ õ ï ô ð ó ø ù õ ô × ò ó í í ì ñ ñÊ Ö Ç â Ú Û Â ú Â û Æ æ Ü ü Ý Â Ã ý Û Ã Ý Ü û Â ç Ã Ù Â û Æ Ü ç æ Ú Ý Ü ä Æ ú Æ ç Û¢   � � � � � � �   � � � � � � � � � � � � � � � � ¤ � � � � � � � � ¤ � � � � � � � � � � ¦ � � � � � � �   � � ¦ � � � � � � � � � � � �   � � � � ¯ � � � � � � �   � � � � � � � � �� � �   � � ¤ � � � � � � ¦ �   � « � � � � « § � � � � � � � � � � � � ¦ ¤ � � � � �   � � � � � � � � � � � � � � � � � � � � �   � « � �   � � �   � � � � � � � � � § ¢   � � � � � � �� � � � ¦ ¤ � � � �   � � � � � � � � � � �   �   � � �   � � � �   � � � � � � �   � « � � � � « « � �   � � � � � � � � � � � � � � � � � � � � § ¬ � �   � � « � � � � « � � � ¤ ¤ � �¦ � � � � � �   � � � � �   � � � � � � �   � � � � � � � � � � «   � �   � � � � � �   � � � � � � �   � �   � � � �   � � � �   � � ¤ � � � § � � � � � � � þ � � � è �   � « �   �� � � � � � � � �   � ¤ � � � « � � � « � � � � « � � ¯ � � « � � � � «   � � �   � � � � �   � � � � � � �   � � � � � � � � «   � �   � � � � � � � � � � � �   � � � � � � � � � � � � � � � �� � � � ¦ � � � � � � � � � � ¦ � � � � � �   � ¿ ¦ � � � � � � � � � � � � � � � � ¤ � � � � � � � © ¤ � � � � � � � � � � � � � � � � � � � � � � ¤ � � � À � � � © � � � � � �� � � � ¦ � � � � � � � � � � ¦ � � � � � � � � � � � ½ � § ¿ ¹ � �   � � � � � � � � ª � � �   « � � � � «   � � � � � � � � � � � � ½ � � � � � � � � ¦ ¦ � � � �   � � � ¤ � � � � � � � � � �� � ¥ � � � � � � � � � � � �   � � � � � � � � � � �   � � � � � � � � � É § Ë � � � � � � � � � � � � �   � � � � � � � � � � � � �   � � � � ¯ � � � � «   � �   ¦ � � � © � � � � � ¤ � �þ Ë È � � � � � ¦ �   � ¤ � � � ¦ � � � � § � � � � � � �   � � � � � � � � � É § Ë ¦ � � � � �   � � É ÿ � � �   � � � � � � � � � � � � ¦ � � � � � � � � � � �   � � �   �¦ � � � � � � ¦ � � � ¤ � � � � ® � � � ¾ Ë Ë Ë � � � � � � � � � � � � � � � � � � � ½ � « � � � � � � ¤ ¤ � � É Ë � � � � � � � � � � � � � �   � � ¤ � � � � � � � � � � § À

Á Â Ã Ä Å Æ � � ¼ � � � � �   � � � � � � � � � � « � � � � « � � � � � � � � � � ¯ � § � � � � � � � £ ¿ � � � � ¦ � � � � ¾ � á � § ¬ � ¤ ½ � � � � � � ¾ � á á § � � � � � � � � ¾ � � á À

Á Â Ã Ä Å Æ � � ¼ � � � � �   � � � � � � � � � � « � � � � «   � � �   � � � « � � � § � � � � � � � £ ¿ � � � � ¦ � � � � ¾ � á � § ¬ � ¤ ½ � � � � � � ¾ � á á § � � � � � � � � ¾ � � á À
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 200742



¢   � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � �   � � � � � � � � ¤ � � � ¦ � � � � « � � �   � � �   � � � � « � � � � ¤ ¤ � � � � � � � � � ¦ � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � « § ¢   � � � � � � � � � � � � � ¦ � � � � � � � � � � � � ¤ � � � � � � � � « � � �   � � �   � �   � � � � � � � � �� � � � � � � � � � � � � � « � � � � «   � � �   � � �   � � � � � � � � � � � � � © � � � � � � « � � �   � � �   � � � � ¤ � � � � � � � § ¢   � � � � � � � � � � � � � « � � �� � � � � � � � � � « � � � � «   � � �   � � �   � � � � � � � � � � � � � � � © � � � � � � « � � �   � � �   � � � � � ½ � � � � � � � ¦ � � � � � � � � � � � � � � � �   � � � �� � � � � � � � � � � � � � � � � � þ � � �   � � ¤ � ¤ � � §Ê Ö Ê ë Æ æ Ä ä Æ Ù Ú Ü ç æ Å Æ Ý æ Æ Ú Û ý¢   � � � ¤ �   � � �   � ¤ � � � ¦ � � � � � � � ¦ � � � ¦ ¦ � � � � � � � � � � �   � � ¤ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � ��   � � � � « � � � � � ¦ � � � � � � � � § ¬ � « � � � � � � � � � � � � � �   � � � ¦ � � � � � � © � � � � � � � � � � ¦ � � � � � � � � � � � ¤ � � � � � � � ¤ � � � � �� � � � � � � � � ¦ � � � � � � � � � � � � � � � � � � � � � � � ¤ � � � � � � � � ¤ �   � � � � ¤ ¤ � � © � ¦ � � � � � Ì Ë ÿ � �   � � ¤ � � � � � � � � � � � � � � � � �   � � �   � � �� � � � � � � � � � � � �   � « � � � � « � § ¨ � � © � ¦ � � � � � � � � � � � � � � � � � � «   � �   �   � � © � � � � � � � � � � ¦ � � « � � � � � � � � � � « � �   � ��   � � � � � � � �   � � � � � � � � � � � � � ¦ � � � � � §¢ � � � � ¾ �   � « � �   � � � � � � � � � ¤ � � � � � � � � ¤ �   � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � ¦ � � � � � ¤ � � � ¦ � � � �� � � � ¦ � � � � � � � � � � � � �   � � ¤ � � � � � � � � � � � � � � � � � � � � � � § ¹ � � � � � � � � � � � � � �   � � � � � � � � � � � « � � � � «   � � �   � � �   � � � � � � �� � � ¦ � � � ¦ � � � � � � � ¤ � � � ¦ � � � � � � � � � � � � �   � � � � � � � � � � � ¬  � � � � � � � §ò Ü å Ý Æ Ç � ¼ � � � � � � � � © � � � � � � � � � � ¦ � � £ � � � � � � ¤ � � � � � � � � « � � � � «   � � �   � � � � � � � � � � � � © � � � � � � « � � �   � � �   � � � � � � � � �� ¤ � � � � � � � � ¤ �  � � � � � � � � � � � � � � ¤ � � � Õ � � � � � � � �� � � � � � � � �   � � � ¦ � � �� � � © � � � � � � � � � � ¦ � � � � � ¦ � � � � � � � � �� � � � � � � � � � � �   �¤ � � � ¦ � � � � � � � � ¬  � � � � � � �¤ � � � Õ � � � � � � � �� � � � � � � á � � § � � ¾ þ � � § � Ë § É Ë � � � � � � � � � � � § � � ¾ Ì � � § � Ë § þ Ë � � � è § Ì Ë� � � � � � � �¬ � � ¤ � � � � � Ì � � § � � ¾ É � � § ¡ � Ë § á Ë � � � þ § ¾ Ë� � � � � � � � ¾ Ë � � § � � ¾ � � � § º � Ë § � Ë � � � � � � � �Ê Ö � ë Ü Â Ù Æ Ø Å Ä Ú Û Ä Å ç Ù Ú Ü ç æ Å Æ Ý Ù� � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � ¤ � � � � � � � � � � ¦ � � � � ¤ � � � � � � � � � « �   � � � � � � � � � � � � � �   �   � � �   � � � ¤� � �   � � ¤ � � � � � � � � � ¦ � � � � � � « � �   �   � � � ¤ � � �   � � � � � � � � � � § ¼ � ¤ � � � � � � � � �   � �   � � ½ � � � � � � �   � � � � � � � � � � � �   � �¤ � � � � � � � � � � ¦ è � � � � � �   � � � � � � � � � � � � � � � © � � � � � � « � � �   � � �   � § � � � � ¦ � � � « � � �   � � �   � � � � � � � � � � � � � � � ¤ � � � � � � �� ¤ � � � � � � � � � ¦ � � � �   � � �   � � � � � � � � � � � � � � � � � �   � � � � � � ¦ � � � � � � � � �   � � ¤ � � � � � � § ¢   � � ¤ � � � � � �   � � � � � � �   �� � � � � � � � � � � � ¤ � � � � � � ¯ � � � � � © � � � �   � � � � � � � � �   � � �   � � �   � � � � � � � � � � � � � « � � � � � � � � �   � � � � ¯ � � � � � � � � � � � � � � � � � �� � � � � � � � ¤ � � � � � � ¦ � � � � � � � � �   � � � � � �   � � � � � � � � � � � � � � � � � § � � � � � � � � � Ì § ¹ � �   � � � � � � � � � � � � � � � � � � � � �   � ¤ � � � � � � �� � ¦ � ¦ � � � � � � ¦ � � � � �   � ¤ � � � ¦ � � � � � � � �   � � � � � � � � � � � � �   � � � � � � � � � ¦ � � � � � �   � ¤ � � � ¦ � � � � ¯ � � �   � � � � � � � � � � � � � �� ¦ ¤ � � � � � �   � � � � � � � � � � � � � � � � � ¤ � � � � � � � � ¤ � � � � � � � § ¹ � ¦ � � � � � � � � �   � ¦ � � � � � � � � ¦ � � � � � � � � � � � � � � � « � � � � � � �   � �� � � � � � � � � � � �   � � � � � � � � � � � � ¦ � � � �   � � � � � � � � � � � �   � � ¤ � � � � � � � � � � ¦ � � �   � � � � � � � ¤ � � � � � � � ¤ � � � � � � � � � ¤ � � � � � � � � �� � � � � � � � � � � � �   � � � � � � � � � ¤ � � � ¦ � � � � §
� ¤ � � � � � �� � � � � �� � � � � � � �Á Â Ã Ä Å Æ � � � � � � � � � � � � � � � � � � � � � ¤ � � � � � � « � � � � � � � � � � ¤ � � � � � � � �   � « � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �¢ � � � � É �   � « � �   � � � � � � � � � ¤ � � � � � � � � ¤ �   � � � � � � � � � � � � � � � � � � � � � � � ¤ � � � � � � � �   � � ¤ � � � � � � � � � � � � � � � � �  � � ¤ � � � � � � � � � � � � � � � � � � � � � � § ¹ � � � � � � � � � � � � � �   � � � � � � � � � � � « � � �   � � �   � � � � � � � � � � ¦ � � � ¦ � � � � � � � ¤ � � � ¦ � � � � � � � � �� � � �   � � � � � � � � � � � ¬  � � � � � � � § �   � � � � � � �   � ¤ � � � � � � � � � �   � � ¤ � � � � � �   � � �   � ¤ � � � � � � � � � � � � � � � � �   � « � � �   � � �   �� � � � � � � �   � « � � � � «   � � �   � §ò Ü å Ý Æ Ê � � ¤ � � � � � � � ¤ � � � � � � � £ � � � � � � ¤ � � � � � � � � « � � � � «   � � �   � � � � � � � � � � � � © � � � � � � « � � �   � � �   � � � � � � � � �� ¤ � � � � � � � � ¤ �   � � � � � ¤ � � � Õ � � � � � � � �� � � ¤ � � � � � ¤ � � � � � � � � � ¦ � � � � � � � � �� � � � � � � � � � � �   �¤ � � � ¦ � � � � � � � � ¬  � � � � � � �¤ � � � Õ � � � � � � � �� � � � � � � ¾ É � � § � � É è � � § ¡ � Ë § ¾ Ë � � � ¾ § è Ë� � � � � � � � � � � § � � ¾ Ì � � § � Ë § þ Ë � � � è § Ì Ë� � � � � � � �¬ � � ¤ � � � � � ¾ Ë � � § � � É è � � § ¡ � Ë § ¾ Ë � � � ¾ § Ë Ì� � � � � � � � ¾ Ë � � § � � ¾ � � � § º � Ë § � Ë � � � � � � � �

© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 43



Ê Ö � ë Æ Ý Ø ä Ü Û Æ ù Ü Û Æ Å Ü Ý ù Ø Ü æ ë Æ Ù Â Ù Û Â ç Ã ñ ü Ù Û Æ ú í Ø ú Ú Ø ç Æ ç Û Ù� � � � � � � � � � � � � � � � � � � � � � � ¦ � � � � ¤ � � � � � � � �   � � � � � � � � � ¤ � � � ¦ � � � � � � ¦ � � « � � � � « � � � � § Þ � ¦ � � � � � � ¦ � � � � Õ � � � �� � � ¤ � � � � � ¦ � � � � « � � � � � � � � ¦ � � § ¢   � � � � � � � � � � � � ¤ � � � � � � � � � � � � � � � � ¦ � � � � � � � � � � � � � � � � � � � � � � ¦ � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � « � � �   � � � � � � � � � � � �   � � � � � � � � � � � � � � � ¦ � � � � � ¤ � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � §¢   � � � � � � � � � � � � � �   � � � � � ¦ ¤ � � � � � � � � �   � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � ¦ � �   � � � � � � � � � � � � � �� � � � � � � � � � � � � �   � � � �   � ¤ � � � ¦ � � � � §
	 
 � � �  � � � � 
 � � � � � 
� � � �  � � � � � � � �  �� 
 � � � �
� � � � � � � � � � �  �� � � � � � �  � � 
 � � � � �� � � � � �  �  � ! 
 � " � �� # # � � � � � $ � % � � � � �� � 
 & # � & 
 � � ' 
 � �( ) * + , - . , *Á Â Ã Ä Å Æ / � � � � � ¼ � � � � � ¦ � � � � � ¦ � � � � ¦ � ¦ � � � � � � ¦ � � �   � � � � � � � � � � � � � � � � � � � � � ¦ � � � � �¢ � � � � þ �   � « � �   � � � � � � � � � � � « � � � � « « � � �   � � �   � � � � � � � «   � � � � � � � � � � � � � � � � � � � � � � � � � ¦ � � � � � � � « � � � �   � � � � �� � � � � � � � � � � � � � � � � � � � « � � � ¦ � � � � � « � � � � � ¦ �   � � � � � � � � � ¤ � � � ¦ � � � � � � � �   � � ¤ � � � � � � � �   � � � � ¤ � � � � � �   � ¦ « � � �� ¤ � � � � � � § ¢   � � � � � � � � � � � « � � � � � � � � � � � � � � � � ¦ � � � ¦ � � � � � � � ¤ � � � ¦ � � � � � � � � � � � � �   � � � � � � � � � � � ¬  � � � � � � � � � �   �� � ¦ � � � � � � �   � ¤ � � � � � � � � « � � �   � ¦ � � §ò Ü å Ý Æ � � � � ¤ � � � � � � � � � Þ � ¦ � � � � � � ¦ � � £ � � � � � � ¤ � � � � � � � � « � � � � «   � � �   � � � � � � � � � � � « � � �   � � �   � � � � � � � � �� ¤ � � � � � � � � ¤ �   � � � � � ¤ � � � Õ � � � � � � � � � �¦ � � � ¦ � ¦ � � � � � � ¦ �� � � � ¤ � � � � � ¤ � � � � � � � � � ¦ � � � � � � � � �� � � � � � � � � � � �   �¤ � � � ¦ � � � � � � � � ¬  � � � � � � �¤ � � � Õ � � � � � � � �� � � � � � � É è � � § � � É � � � § ¡ � ¾ § É Ë � � � É § Ì Ë� � � � � � � � � � � § � � ¾ Ì � � § � Ë § þ Ë � � � è § Ì Ë� � � � � � � �� Ö ö ó ø õ ï ô Á â ë ð ó ø ù õ ô × ò 0 ñ õ ï ô ñ ò ë 0 í ò 0 ë ó ù 1 × ÷ ó í ó ï ð ì ï í ù â ñ 0 ë ì í â ñ ò ò ë ó ð ì â Á Á ñ¹ � ¦ � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¬  � � � � � � � ¦ � �   � � � � � � « � � � � � � � � � � � � � � � � � � � �� � � � � �   � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � ¤ � � � � � � � �   � � � � � � � � � � � � � � � �   � � � � � � º � � º � � � � �   � � �   � � ��   � � � � � � � � � § ¢ � � � � è �   � « � � � � � � � � � � ¯ � � � © � ¦ ¤ � � � � � ¤ � � � � � � � � � � � � � � � � � � � � � � � � � � ¤ � � � � � � � � � � � � � � º � � � � � � � � � �� � � ¦ � � � � � � � � � � � � � � � § ¹ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � « � �   � ¾ è º � � � � � � � � � º � � º � � � � �  � � �   � � � � � � � � � � � � � � � ¦ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¬  � � � � � � � � � � � � � � � � � ¦ § � � � ¤ � � � � � � � �   � � ¤ � � � � � � � �� � � � � � � � � � � � � �   � � � � �   � � � � � � � « � � ½ � � � � � � � � � � � � � � � � � � � � � � ¤ � � � ¦ � � � �   � � � � � � � � � � � ¦ � �   � � � � � � � � � � « � � �  � � �   � � � �   � � � � � � � � � ¤ � � � ¦ � � � � « � � � � � � � � � � � � � � ¤ ¤ � � © � ¦ � � � � � þ Ë � � �   � � ¤ � � � � � � � § � � ¾ ¾ º � � �   � � � � � � � � � � � �   �� © � � � � � � « � � �   � � �   � ¤ � � � � � � � � � � � � � �   � � � � � � � �   � �   � � � � � � � �   � � � � � � � � � � � � � � ¬  � � � � � � � ¦ � � �   � � � � � � � � � � � �� ¤ ¤ � � © � ¦ � � � � � ¾ � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � �   � « � � � � « � � � � � � � � � � � �   � « � � � � «   � � �   � � �   � §

© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 200744



ò Ü å Ý Æ � £ � � � � � � � � � � � � � � � � � � � � � � � � � � � ¤ � � � � � � � � � � � � � � º � � � � � � � � � � � � � ¦ � � � � � � � � � � � � � � �2 0 õ ù ð õ ï ô ð ó ò óó 3 Æ Å Ü Ã Æ ä Ø Ù Û Ø ã Ù 4 Â ç �� Ì Ì ¤ � � � Õ � � � � � � � � � �� © � � � � � � « � � �â Å Â Ã Â ç Ü Ý ã Ý Ø Ø Å 5 Û Ø 5 ã Ý Ø Ø Åý Æ Â Ã ý Û �¾ è � � � �ö Æ Å Â ú Æ Û Æ Å Ý Æ ç Ã Û ý Ø ã ÜÛ ü Ú Â ä Ü Ý ã Ý Ø Ø Å �É © É Ë Ë � � � � ¡ É © � É � � � � 6Ì á è � � � �ñ Ú Ü ç æ Å Æ Ý æ Æ Ú Û ý Ù å Æ Ý Ø 7ã Ý Ø Ø Å Ù Ý Ü å �¾ è � � �   � � � � � � � � � � ¨ � � �� � � � � � �É è � � �   � � � ª � � �   � � � � � � �  � � � � � � �

2 0 õ ù ð õ ï ô ð ì ñ í ë õ ö ò õ â ï¢   � � � � � º � � � � � � � � � � � � � ¦ � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � ¤ � � � � � � � É � � � �� � É Ë Ë � � � � « � �   �   � � � � � « � � � � � � � ¦ � � � � � É � � � è ¾ � � � � � � � � § � � � � � � � � � �� � � � � � � � � � � � � É è � � �   � � � � É � � � �   � � � � � ¤ � � ¤ � � è ¾ � � � � � � � � � ¤ ¤ � � � ¾ á º� � �   � � � ¤ ¤ � � � � � � � � � � � � � � � � � � � � � � � § � � � � � � � « � � � � � � � � � � ¦ � � � � � � � � � � �� � � � � � � � � � � © � � � � � � � � � � � º � � � � � � � � � ¦ � � §
ó ð ð ì ð í â ñ ò ö ì ëñ Û Å Ä ä Û Ä Å � § ¾ Ë ß � �Ë § á Ë ß � �Ë

ö ë â ö â ñ ì ðî ñ� ¤ � � ¤ � � � � � � � � � � � �   �� �� � � � � ¤ � � � ¦ � � � � � � � � � « � �   « � � � º ¦ � � � � � �
Á ù â â ë Æ0 ç Â Û ä Ø Ù Û � � ¾í Ø Ù Û Ú Æ Å ã Ý Ø Ø Å �� ¾ � � Ë è Ë× ÷ ó í �0 ç Â Û ä Ø Ù Û �í Ø Ù Û Ú Æ Å ã Ý Ø Ø Å �� � � � è Ëò Ø Û Ü Ý� É � � � �

â ð õ Á õ í ó ò õ â ï�̈ � ¤ �   � � �   � � ¤ � � � � � � �� � � � « �   � � � � � �   � � � � � � �� � � � � ¦ � � � �   � � � � �   � � �� � � �   � � � � � � �   � � � � � � � �� � �   � � ¤ � � � � � � � � � ¤ � � � � � � �« � �   �   � � © � � � � � � « � � � � � �� ¤ � � � � � � � �   � � � � º � � � � � �� � � ¦ � � ¤ � � � � � � � � � �   � � �   �� � � � � � � � � � � � � � � � � � ¤ � � �   ��   � � © � � � � � � « � � � � « � ¤ � � ¤ � � � � � � � ¤ �� � � � � � � � � � � � � � � � � � � � � � � � � �  �  � � � � � � � � � � ¾ Ë � � � � � � � ½ � � � ¦ �   �¤ � � � ¦ � � � � « � � � § � � � � ¦ � � � � � � � § ¢ � � � � �   � � � � � � � � � � � � � � � � � �í â ñ ò ï ì 0 ò ë ó ù × ì õ ô × òØ Ù Û Ú Æ Å Ý Â ç Æ Ü Å ã Ø Ø Û Ø ã 7 Ü Ý Ýá è � � � � 6 � è � § è Ë ¤ � �Ä ä Û Â Ø ç Û ý Ü Û Ø ã ã Ù Æ Û Ù§ è Ë ß � Ì Ì ¤ � � � Õ � � � � � � � � À ©
  � � � � � � � � � � ½ � � � � � � ¦ ¤ � � � � � � � � � � � ½ « � �   ¦ � � � � � � � � � � � ¤ ¤ � � � � � � � �   � � �ë ì ð 0 í ò õ â ïíÚ Æ Å ã Ý Ø Ø Å �� É � � � � Ë ß Ì� � � � � � � � � �× Æ Â Ã ý Û Å Æ æä Ø Ù Û¿ � è �¾ É 6 ¾ ¾ � � �   � �

¢� � � � � � � � § � � � ¤ � � � � � � � �   � � ¤ � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � ¤ �   �� � � � � � � � � � � � ¦ � � � � � Õ � � � � � � � ¦ � � � ¦ � ¯ � � � � � ½ � � � � � �   � ¦ � � � � � � � � � � � � � � �¦ � � � � � � � � � § � � � � � � � � � � � � � ¤ ¤ � � © � ¦ � � � � � ¾ ¾ � � �   � � � � � © � � � � � � « � � � ¤ � �� � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � ¬  � � ¦ � � � � � � � � � � � � §
8 õ ï ð â 8 × ì ó ð × ì õ ô × òÆ Â Ã ý Û Ã Ü Â ç Æ æ å ü Ä Ú Û Ä Å ç Â ç Ã� § » ¾ ¾ � � �   � � 6Æ æ å ü Æ Ý Â ú Â ç Ü Û Â ç ÃÜ Ù Æ

¢   � � � � � � � � � « � � � � � � � � � � � � � � � � � � � � � � �   � � �   � � � � � � � � � � � � «   � �   � � � Ì 9� ¦  � � � � � � � � � � � ¾ � § Ì � � �   � � � � « � � � � «   � � �   � � �   � � �   � � � � � � � � � � � � � � � �õ ï í ë ì ó ñ ì×Ù Ú Ü ç æ Å Æ Ý Ù �¾ è � � § ¡ Ì § Ì �� § Ì � � �   � �× Æ Â Ã ý Û Ã Ü Â çÚ Æ Å Â ú Æ Û Æ Å æ Ä ä Û � ¾ Ë � � �   � �8 Â ç æ Ø 7 ý Æ Ü æ ý Æ Â Ã ý Û Â ç ä Å ÆÜ ä ý Â Æ 3 Æ æ � ¾ � § Ì � � �   � �
� � �   � � �   � � ½ � � � � � � � � � � � � � � � � � �   � � ¤ � � � � � � � § ¹ � �   � ¤ � � ¤ � � � � � ¤ � � � � � �� ¤ � � � � � � � �   � ¦ � � �   � � � � � � ¦ � � � � � � � � �   � � ¤ � � � � � � � � � � � � � « � �   �   � � � � �� � �   � � � � � � � � � � § ¢   � � � � � � � � � �   � � � � � � � � ¤ �   � � �   � ¤ � � � ¦ � � � � � � � � � � � � � � �Ì 9 � � �   � � §¢� � � � � �   � « � � � � «   � � �   � � � � � � � � � � � � �   � « � � � � « � � � � � � � � � � �   � � � � � � �   �� � � � � � � � � � � � � � � �   � « � � � � � � � � � � þ � � � è � � � � � � « � �   �   � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � �   � ¤ � � � � � ¦ � � � � � ¦ ¤ � � � � ¦ � � � � §

© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 45



¸ µ ² ¸ : · Ð ± µ ² �   � « �   � � � � � � � � � � � � � � � � � � � � � � � � � � � ¦ � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � ¦ � � ��   � � ¤ � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � �   � � � �   � � � � � � � � � � � � � � � � � � �   � � � � � � ¦ ¤ � � � � � � �   � Õ � � � � � �
½ �   � ª � � �   « � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¤ ¤ � � � � � � �   � � ¤ � � ¥ � � � � � � �   � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � §� � � � � � � � É Ë Ë É § ; < = > ? @ = A ? B @ C D ? B E F G C E H C ? I J D H = K L L M § ¢   � ¹ � � � � � � � � � � � � � � � � � � � � � � � ¹ � � §

� � � � � � § � § ¤ ¤

� � � � � � � � � � � � � � � � �¦ � � � � � � � � � � � � � � � � �� � � � � � ¤ � � � � © ¤ � � � � � � � � � � � � � � � � � � �   � � � � � � � � � ¦ � � � � � � � � � � � � � � � � �   � � � � § � � � ¤ � � � � � � � � � � � � �   � ½ � � � � � � � ¤ � � �� � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � ¦§ ¢ � ¦ � � � �   � �   � � � � � � � � � � � � � � � � � � « � �   � � � � � � � � � � � � � ¤ ¤ � � � �   �   � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � �� ¤ � � ¦ � ¯ � � �   � � � ¦ � � � � � ¤ � � � � � ¦ � � � � � � � � � � � � � � � � � ¬  � � � « � � � � � � � � � � � � � � � � � � � �   � � � � � � ¦ � � � � �   � � � � � � ¦ � � �� � � ¤ � � � � � � � � � � � � � ¤ � � � � � � � ¤ ¤ � � � �   � � «   � �   � � � ¦ � ¦ � � � � � � �   � � � � � � � � � � ¦ � � � ¦ � � � � « � � � � � �   � � � � � � �   �� ¦ ¤ � � � � � � � � � � � �   � � � � � � � � � � � � � � � � §Ï ¸ N ² µ O : Ñ ¶ P Ñ Q Ñ ² ³ Ð¢   � � � �   � � � « � � � � � � ½ � � � �   � ��   � � � � � � � � � � � � � � � � � � � È � �� �´ Ñ R Ñ ´ Ñ ² ¸ Ñ Ð¹ � � � � � � � � � � � � � � � �� � � « � � S § T § � � § � � § K L L U V B W E C I < @ C ? I X B @ C = ? @ Y D D Z [ C ? \ D A @ < ] = [ @ ^ D [ _ C @ B E [ § � ¤ � � ¥ � � � � � ¤ � � � ¤ � � ¤ � � � � � � �   �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � §� � � � ¦ � � � � ` § � ¾ � á � § F Y a V B W E C I < @ X A D @ A B b @ D A [ § ¬ � � Þ � ¥ � � � � à � � � � � � � � � � � � � � � � � � � � � � � � §¬ � ¤ ½ � � � � � � � § S § � � � �   � � � � � � � � � � § � � � � � � � � ¦ � � � � ` § � ¾ � á á § V B W E C I < @ C ? I § ¨ � � � � � ¦ ¬ � � � � ¦� � � � � � � ¤ É Ì Ë §� � � � � � � � � � � � � � � § � ¾ � � á § V B W E C I < @ C ? I c V = [ C I ? B ? H d ? B E W [ C [ §  � � ª � � � � � � � � � � �   � � � � � § � ª � « e � � ½è � É º è � þ §

© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 200746



f g h i j k l h m n o p q k j r o g s t u r j v j s w x j r y vz { | } ~ z � } � � � � � � � � � � � � � � � x � � v � x � � � � v � � � � � � v � u � � � � v � y v � � � � y x � x � � y � � � x � � � � � u � � � � v � � �� � � � v � � � u � � � � � v � � � � � � � � � � � y � v � � x � � � � � � � � � � � � � � � � v x � � u � � � y y � � v � � y � � � � � � � � v � � y � vy � � x � � � x � � u � � � y v � v � v � x � � � v � � u � � � � v � y � � x � � � y v � y � � � � � � � � � � x � � � � u x x � v � � x � v � � � v � y � � � x � � � �� u � � � � v � � � � � � � v u � � � � � � � � � v � � � v � y � � � y � � � x � � � � v � � � � � � � � � x � � y � u � � y v y v � � � � x � � � � � y v � �y x � � y � y v � � � � � � � y x � � x � � y � � � � x � � � � � � � � � � � y � � � � x � � u � � � v � v y v � y x � � y � y v � � � v � � x � y x � � � � � y v � � �y � � u � � v � � � � u � � � v � � � � � � y � y � � � � � � y � � y x � � x � v y � � � � � � � � y v � � � � x � � � � x � � � y u � � � u � � � � � v � � � � � � �� � � � v � � � � � � � � � v � � � � � x � � u x � x � � � � � � � y � � � � � � � � � � � � �� � � � � � � � x x � � y x � � y v � � � x � � u � � � y � � � u � � � � � � � � y � � x � � � � x � � � x y � � � � � y � � � v � v � � � x y � � � � � � � � y v � �� u x � � � � � � � � v � v � � � � x � � � � � � v � y � � � x � � � � y v � � � � � v � � x x � � � y u � � v � v y � � � � � � u � � � � v � � v � � � � v � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � u � � � � v � � � u � � � � � � � y � � u � � � � y � � � � � � v � � � � y y x � � y � y v � � � v � � � �� � � � � � � � �   � � � � � � � � � � ¡ v � � � � v � � v � � � x � � � � � � � � x � � � v � � u � � � � � � � x y u � � � � � � � x � v � y � � � � � � � � � � v � � � v� � � � u � � � � v � � � � � � � � � v � � v � � � x � � � � � � � � x � � � � � � � � � � � x � � � y v � � � y � � � u � � � x � � x � v � y � � � � � � �¢ � y � � � y � £ £ ¤ � � x � � � � � � v � � ¥ x � � x � � � v � � v � � � � � y � � � � � � y � � � � � � � � � � � � ¦ y � � � � � � � � � � � � � � v �� � � � � y � y � � � � � � � x � � � � � � � � � � � � � � � � y � � u � � v � � § � y � � y x � � � � � � � � � v � y y x � � � � � x � � u � � � v � � x y � � � � � � �� � � � � � � � � x � � � � � u � � � � � ¨ � � � � y � � � � � � � u � � v � � y u x x � � � � x � � � v � � x u � � v � � ¢ © u � � � � y v v � � x � � � � x u � � u x � �� v � � x � � � � � � � � y � y � x � � � � � � v � � � � � � v y � � � ¥ � � y � � � � � � � � � v � y � � � � � � � � � � � � � � � � y � � u � � v � § �� � x � � � � � y v y � � � v � y � � x y � � � � � � � � � x � � � � � � � � � � � y x � � x � � � � � � � � � � � � v � � � � � � y u � v � � � � ª � � v � � v � v � �� v � � � � � y � � y x � � � � x � � � x � � � y v � � � � � � � � � � � � � � � � x � � � � y v � x � � y x � � � � � � � � � �� � � � � u � � § � y � � � � � � � � � � � y � � � � y x � � � � � � x � � � � � x � � � � � � � � � � � � � � y � � u � � v � § � � � � � � � y x � v x � � � y v � �� y � � x � � v � � � � � v � � x � � � � � � � � y � � � � � � � � � � � � � � � v � � � � � � � � v � � � � � y x � � � � � v � � v � � v � x � �� y v � � x � � � � y v � � � � � � v � � v � � � � � � y � � � � � � � � � � y � � � � y x � � � � � � � y x � � � � � u � � � y v � � v � � � � � � � � � � � � �� � � � � � � � � � � � � � u � � � � � v � � � � � � � v � � � � x � � � � � v � � y � � y x � � � � � � � � � � � � y � � � � � � � y x � u � u x � � v � � � � � � � � � y v � �ª y � � � � � y x � � v � � � � � � � u � � � � � � � � � � � � � � � v � x � v � � � � y � y y « � � � x � � v � u � � � � v � � � x � � � � � � � � x y � � � y � � � � � �� � x � � � � � � � � � � � � y � � v � � � � y � � � � u � � � � v � � � � x y � � � � � � � � v � � u � � � � � � � � � � � � � � � � � � � y � y � � � � � � � v �� � � � � y � y � � � � � � � � � v � � y v � y � � � � � v � � x y v � � v � � v � � � � � x � � � � � � � y v � u � � � � v � � y x � �¬ � � � y x � � � � � � � � � � � y � � � x �  � y x � � � v � y y x � y � � y x � � y � � � � � � u � � � � v � � � � x � � v � x � � � � � � � u x �® ¯ ° ± ² ³ ´ µ ° ® ² ¯¡ v � � y v � � � v � � � � � � v � � v � � v � � x y v � � v � � � � � � � � � � y � � x � � � � � � � u x � � y v � x y v � � � � v � � � � � � � v � � � � y � v � y x � y x � � � � y � � x v� v � � u � � � � v � � � � � � � � v y � y � � � � � � � � � v � � � � � � � � � � � v � � ¶ y v � u x x � v � � � � � x � � � � � � � u x � � � � v � � u � v � � � � � y � � � x � � � � � � � � v � �� u � � � � � v � � v � � x � v � � v � � � � � � y � y � � � � y � � � � x � � u � � y � � � � « y � � u � � � � � � v � � y � � u v � � � � � y v � � � � � � v � � � � �� � � � � � � � v � � � � � � � � � y x � � � v � � v � � x y v � � v � � � � � � � � � � � x � v y � � � � � � � � y v � � � � x � � � � � v � y v � � � � y x � x � � v � � v � x � �� � � � � � � v � � u � � � � v � � � x � � � � � � v � � � y x y � � u � � v � � y � � y x � ¢ · x � � � � � � � � � u � � x ¸ ¦ � � � � � � £ ¹ º º ¥ � � � � � x � � � � x � � � � � � � y� � � � y x � � y � � � � � � � � � � � v y � � u � � v � � � � � � � � � � � � � � � � � � � v � � � � � � y � y � � � � � � � � � � � � x � � u � � � v � � x y � � � � v � � � � � � � � vy � � � y v � � � � � � � � v � � � v � y � � � � � � ¡ v � � � � � � � � y x � � � y v � � � � � v � � � � � u � � ¢ y � � u � � v � ¥ � v � � � �  � � x � v � � x y v � � v � ¢ � u � � � � v � ¥� x � � y v � � � � � � � � � � x � � y � y v � � v � � x � � � � y v � � � � � � � � ¢ ª � x « u � � £ ¹ » ¼ ¥ �� � � y � � u � � v � § � � � � u � � � � � � � � � � � � y v � � � � � � y � � x � � � y v � � �   � � � � � � � u � � � y � � y x � � � � � � � � � � � � � � � � � © u � � � � � y � � � � � v � y y x� � � � � � � � y � � u � � v � � � x � � � � � � � x y � � � � � � � � � � � � � y v � � � u x � � � y v y � � � � � u � � � � v � ¢ ½ �   � � � � � � ¼ � � � ¥ � � � � � � � � x � � � x � � y� � � � v � � � � � � � � � � � � � � � v � y �  � � � � � � � � � v � � � x y � � � � � � x y u v � � � � � x � � � � � � � y v � � � � x � � � � � � � � v � ¢ ¾ � � u x � £ ¥ � ¿� � v � y � � � v � � � � � � � x � � � � � � u � � � x � � y � � � � � � � � « � y x � y � v � � x � � y � � � � � � � � x y u v � � � � v � � � y � v � � x � � � � � � �� � v � y � � � x � � v � x � � � � v � � � � � � v � u � � � � � � � x � � v � � x � � � � � � v � y v � � � � y x � x � y � � � � � � u � � � � v � � � � � y x � � � � x � x y � � v � y � � x
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 47



� � � � � v � ¢ � � u � � £ ¹ ¹ À ¥ � � v � x � � � y v � � x � � � � y v � y � � v � � � � ¢ � � u � � £ ¹ ¹ À ¥ � � � � � � � � � � � � � x � � � � � � � � � � � � � � � ¢ ½ �   � � � � � �£ ¹ ¹ » ¥ � � � � � � � v � � � � � � � � � y v � y v � � v � x � � � � y v � � � � � � � � � � y � � � � � � � � � � � � � � � � � � v �
Á Â Ã Ä Ã Å Ã Æ Ç È É Ê Ê Ë Ì É Í Ã Î Ë Ï Í É Ç Ð Ñ Ì Í Ã Ò É Í Ó Ô Ð Õ Æ Æ Ê Ë Ô Å Ö Å × É Í Å Ø Ñ Í Ò É Ç Ó

Ù Ú Û Ü Ý Þ ß � � � � � x � � v � ¨ y � v � � x � à � v � y �  ¾ � � � � � � � � �á â ° ® ã ° ä ³ å æ µ æ ³ ä ç ® ¯ è ± ä ä ¯ æ ¯ ³ µ ² ¯ ° ä é ê ² ± æ ± ë æ ± µ ì ® ° ä µ ° ´ ± ä� y � � x � � � � � � � � � � � � � � v � y � � v � x � � � � � � � � � v � � � � � � � � v � � x � � v � x y � � � � � � u � � � � v � � � � � � � � � � � � � � y � � � x � � �� � � � � � � � ¢ ¦ y u � � « x � � � � � � £ ¹ ¹ £ ¥ � ª � � v � � � � � � � x � � � � � � � � � y v � � x v � � � � � � � � � � u � � � � v � § � � y x � � � � � � � � � � � � � � � � �� x � � � � � � y v � y � u � � � � � � � � � y � � � � � � � � y x � � � y � v � x � � � � � � � � u � � � � v � í � � y � � � � � � � � ¢ ¾ � � � � � � £ ¹ ¹ À ¥ � � � � � � � � � � � � v �� v � � � � y x « � y � � y � � � y v � � � � y x � x � � x � � � � � � � � � u � � � � ¾ x � v « · � � x � � v � � � � ¬ y y � � � � � ¢ ¾ � � u x � ¼ ¥ � � � � x � � y � u � � y v� � � � v � � � � � � � y � � � � v � � y v � � � � � � � � � y � � � � � y � � x v � � � � � � y x � � � y � � u x � � y x � � � � � � y � � � � y � � � � � � � � y v y � � � �� u � � � � v � � v � � � y � � � y � x � � � � � y x � � y � � � � � � � � � v � � � � � � � § � u x � � v � y x � ¢ ¾ � � � � � � £ ¹ ¹ À ¥ � ¡ v � � � � � � y v � � � � � � � � � � � � � �� � � y � � � � � � � y � v � x � � � � � � � � � � � � � � y v � � � � � y � � � � � u � � � � v � � v � � � � v � � � � � � y � � � � � x � � � � � � � � � � y � � � � � � � � v �� � � � y � � ¢ � � u � � £ ¹ ¹ À ¥ � � y � � � � x � � u � � � � � � v � � � � � v � � y v � � x � x � � � � � � � v � y � � � � � � u � � � y � � y x � y � � � � y � � u � � v � � v � � � �� � � � � � u � � � � v � � � ª � v � � x � � � y u � � � u � � � � x � � y � � � v � � � � � � � � u � u x � x � � � � x � � � � y u � � � v � � � � � � � � � � � � � � � � y � � �� � � u � � � x � � � x � v � � y � � � v � y � � y x � � v � � � � � � � v � � � � y x « � v � � x y v � � v � ¢ � � � x � � � � v � £ ¹ ¹ � î ¦ y u � � « x � � � � � � £ ¹ ¹ £ ¥ �

Ô Ñ É Å Å Ê Ñ Ì Ö Ä Ê Ã Ð ï Ã Ä Í É Í Ó ð Ô Ñ É Å Å Ê Ñ Ë ñ Ô ò ó ô ô Ã Ð Ñ É Ç õ ö Æ Ò Ò Ñ Í Ð Ã É Ê ÷ Ö Ã Ê õ Ã Ç × ø Ï Í É Ç ù ô Ö Í Å É Ò ú É Ã Ç Ë Ø Ñ Í Ò É Ç ÓÙ Ú Û Ü Ý Þ û � ¶ y v � � � � y x � x � ¿ x � � � � � � � u x � � v � � � � � � � ¾ � � � � � ¶ y � � � � � � � �
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 200748



� � � � y x � � � � � � � y � � u � � v � � § � x � � � x y x � � y � y v � � � � � � v � u � � � � v � � ¢ ½ �   � � � � � £ ¹ ¹ » ¥ � � � u � � � � � � y � � � � � � u � � v � � � vx � � y � v �   � � � � � � � � y v � � x y � � � � � � x � � � � � � � � � � v � � � u x � � � y � � � � � � � � v y v � � � � x � � ¢ · � � � y v ¸ ª y � x � x � £ ¹ � º ¥ �� � � x � � y x � � � � � � � � � � � � � � � � � v v y � � � � � u v v y � � � � � � � � � � � u � � � � v � § � y � � u � � v � � � � � � � � y � y � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � y x � � � � � � � � � � � � � � � � � � � � � � � � � y v � � � y � � u � � v � § � � � x � � � � � y v y � � � � y u � � y y x � v � � x y v � � v �¢ � � � x � � � � v � £ ¹ ¹ � ¥ � � y � � � � y x � � � � x � � � � � y v � � � � � � � � � � v � � v � y �  � � � � � � � � � � � v � y � � u � � v � § � � � � u � � � y � � y x � � �x � � � � x � � � y � � � ¢ � y v � � � � u � � � x � � � � y x « ¥ � � � � � y v � x � � � y u � x � � � � x � � � � � � � � � � v � � ¢ ½ �   � � � � � £ ¹ ¹ » ¥ � � � x y u � �� � � � � y � � � � � y � � � � � � � � � � � � � � v � � � � � � y � y � � � � � � � x � � � � � � � � � � � � � � � � y � � u � � v � § � � y � � y x � � � � � � � � � v � y y x � � � � �x � � u � � � v � � x y � � � � � � � � � v � y � � � � x � � � � � u � � � � � � � � � � � u � � � � � v y � � � � � � � � � y � � � � � � � � � � � � � � � v � � u � � y � � � � � v � � �« v y � � � � � � x � � � x � � v � � � � � � � v y � � v y v u v � � x � v � � � � � � � � � y v � ¡ v � � � � � � � � u � � � � � � � u � � � � � � � � x y � � � � y � v � � � � � � � � �� � � � y � � y � � v � x � � � � x � � © u � � � � y v � � ¢ £ ¥ ¿ x � � � � y � � u � � v � � � y � � y x � � � � � � � � � � � � � � � � � y � � � � � v � y y x � � � � � x � � u � � � v �� x y � � � v � y � � v � � � � � � � � � � � ü ¢ ¼ ¥ � y � � y � � � y � � u � � v � � � � � � � � � v x � � � y v � � � y � � � � � � � � x � v � � v � � � � y � � � � � � � � � � � ü¢ � ¥ ¨ y � � � y � � u � � v � � � � � � � � y � � � � v � y y x v y v � y x � � y � y v � � � � � � � ü ¢ À ¥ à � � � � x � � � � � � � � � � � � � v � � � � � � y � y � � � � �� � x � � � � � � � � � � � � � � � � � � � y � � u � � v � � § � � � u � � � y � � y x � x � � � x � � v � � � � � � � � � y � � � � � x y � � � � � � � � � � � � � � � � � � � � � � � � v � y �� � � � � ü � v � ¢ ¤ ¥ à � � � � � � v � � � y x � y � � � � � � � � y v � � y � � � y � � u � � v � � � u � � � � � � y � � � x y � � � � � � x � v � y y x � v � � x y v � � v � � vy x � � x � y � � � � � �   � � y � � y x � üý â þ ® ç ´ æ ã µ ² é å ² ± ° æ ¯ ³ ° ® ã ° ä ³ å æ µ æ ³ ä çà � v � y � � � � � � � v � v � u � � � � � x � � � � y � � � x � � � � � � y x � � � � x � � v � � � � � � � x � � � � y v � � v � � � � y x « � � � � � ¢ ¦ u � � � x ¸ ¦ � v � x � £ ¹ º ¹ ¥ �� � x � � � � � � � � � � x � � � � y v � � x � � y � � � � � � � � � y � y � � � � � � � u � � � � � � � � � � x � � y � � � � � � � � � � � � � � � � y x � � v �   � � � y v � y x � � x � � � v � � î� u � � � y v � � x u � � � � x � � u � � � � � � � � � v v � � u x � � v � � � v � � � � � x � x y � y v � � � x � y v � y � � � y � � � x ¢ ¦ u � � � x ¸ ¦ � v � x � £ ¹ º ¹ ¥ � w v� � � y � � � x � � v � � � � � � x � � v � � � � � � � x � � � � y v � � u � � � � � � � x � � x � � � � � � � v � � � � v � � � � v � � v � v � � � � v � � y � � � y x � y � � � � � � � �� v � � y v � � � v � � v � � � � x � � � � � � ¢ ¦ y u � � « x � � � � � � £ ¹ ¹ £ ¥ ¢ ¾ � � u x � � ¥ � � � � � � � � � � � � � � � � � � x � � x � � � � � � y x � � � � x � � v � � � � � � u � �� � � � x � � � � y v � � � � x � � � � � x � y � � � � � u � � � � v � � x y v � � v � � � � � x � � � x � � � y � � v � y � � � y � � � x � � y � � � � � � � � � y � � u � � v � § �� y � � y x � ¢ � � � x � � � � v � £ ¹ ¹ � ¥ �

Ù Ú Û Ü Ý Þ ÿ � � � x � � � � � � � v � ½ � � � x � � v � � � ¨ � � � x � � � � y v � Ù Ú Û Ü Ý Þ � � � � � � � � ª y � � � y � � � � u � � ¶ y � � y x �� � � � � � u � � � u � � � � y v � � � � y � � � y � � � � u � � � y � � y x � � x � � � y u � � � � � � � � v � � � � � � � � u � � y x ¢ � � � ½ �   � � � � � � £ ¹ ¹ » ¥ � � � � u � �� y � � y x � ¢ � ¶ ¥ � v � � � � � u � � � � � � � � y � � � ¢ ¾ � � u x � À ¥ � � � � � � v � � � � � � � � � � � � � � 	 
 � � � � �  � � � � � � � � � � � � � � � � � � � 
 � � � � 	 �  � � � � �  � � � � � � � � 	 �  � �  � �  � � � 	  � �  � �  � � � � � � � � �  � � � � � � � � � � � � � 
 	 � � � � � � � 	 � � � 	 � � 	 � � �  � � � 	 
 � � � � � � �� � � 
 	 � � � � � � � � � � � � 	 � � � � � � � � � � � � � � � � � � � � �  � � � � � � 	 � 	 � � � � � � � �  � � � � � � 	 
 �  � 	 	 � � � � � � � � � � �  � � � � � � ��  � � � � � � � � � 	 
 �  � � � 	  �  � 
 � � � � � � � � � � � � � � � � � 
 	 � � �  � � � � ¢ ½ �   � � � � � � £ ¹ ¹ » � ¼ ¼ ¥ � ¡ v � � � � � y � � � � ¶ � � � � � u � � � � y � �� v y u � � y � � y � � � y � v � � x � � � � y v � � � y v � � x u � � � � � � � � � � � � � v � � � � � � y � y � � � � � � � � u � � � � � � x � � � � y v � � � � � � � � � y � � � � � y �� � � � x � � � � y v � � � x � � � � � � � � � � � v � � y � � � � � � u � � § � � v � � � � v � � v � � � x � � � � � � � � � � � � � x � � � v � � � y � � � v � y � � � � � � � x y � � � � � �� v � � y � � � � y v � y � � v � y � � � � � � � y � � � � � � v � � � v � � � � y u � � y y x � � � � � � x � � y � � � v � y � � � � �   � v � � x y � � x � � � � � � v � � � y y x � � � � � � �� � � u � � � � � � x � � � � y v � � � � � � � � � � u v � � x � � � � � � � � � � � � � � � � v � � u � � � � � � x � � � � � v � � v � v � � � � � � � � � � � � � � � � v � x � � � � � � � v � � �� � � � � y � y � � � � � � � � � x � � � � y v � � x � x � � � � � � � y � � � u � � � � x � � � � � y v y � v y v � y x � � y � y v � � � � � � � � � � � x � � � � � y v y � � � �� x � � � � � � � y v � � � � x � � � � � � � v � � � � � v y � � � � � � y � � � � � � � � � v � � x � � � � y v � � � � � � y � � � � � � � � x � � � � � � � � v � v � u � � £ � � � � � � � � y v � �x � � � y v � � � � � � � � � � � � � � � ¢ � � � � y � � y x � � � � x � � � � � u � � � � u � � � � � x � � � � v � � � � � � � � � y x � � x � � v � y y x x � � � � � � � y v � � ¸ � � � � v � v � ¥� v � � � � � v � � � � � y � y � � � � � ¢ � � � � � y x � � v �   � � � y v � � � � � � y u � v � � � � � � � � � � � � � � � � � � � � � � � �  � � � x � � � x � � � v � � � � x y � � � � � � � v �� � � � v � � ¥ � w � � u � � v � � � � � � � � y � � � � � � � y � � � x � � � � � � � y � � � � � � � � � � u � � � y � � y x � y x � � � u � � � � � � y � � y x � � � � x � � � � � � � � �� � � � � y v � � � � u � � � y � � � ¢ ¾ � � u x � ¤ ¥ �
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 49



Ù Ú Û Ü Ý Þ � � ¶ y v � � � � u � � � � � � � x � � ª y � � � y � � � � u � � ¶ y � � y x � � v � � � � � � � ¾ � � � � � � â µ æ ç ä ç ° ´ ³ ë ! ¯ æ ° ® ² ¯ æ ã æ ç ç ² µ ® æ ° ® ² ¯ ² å ì ² é ä " ´ ® ã ³ ä ± ç # $ æ ç ì ® ¯ è ° ² ¯ # ³ µ¿ � � � x � � � x � � u � � x � � � � � � � u x � � � y � y � � � � � � u � � � � v � � � � � � � y � � � � � � � � � � � � � � � � � � � � � � � � � � y v � � ¿ � � y � � � � � y v y � � y � �¦ u � � � � x � ¢ � ¿ � ¦ ¥ y � � � � � � © u � x � � x � � v à � � � � v � � y v � ¨ ¶ � � � � � � � � � � � � y x � � � � v � � � � � � � � � y v � � � � � x � � � x � � � y x � � � �� � � � � � � y v � � � � � � � � y v � ¢ £ ¥ � � � � � � � � � � � � � � � y � y � � � � � � � � � � � � � � � � � � � � x � v � � � � � � � � � � �  � � y � � � x � � � � � � � v � � � � � � �y x � � v �   � � � y v ¢ � � v � � y v � � � � � � � y � � � � � u � � � � v � � y � � � � � � � � � � x � � � � � � � v � � � � � � � � � � � y � � � x � � � � � � � � x � � � x � � � � � ¥� v � ¢ ¼ ¥ � � � � v � x � � � � � � v � � y � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � y � � � � � u � � � � v � � � � � � x y � � � � y � � y �� � � � v � � � v � y y � � v � � y � � � ¢ � � � � � u � � £ ¹ ¹ À � ½ �   � � � � � £ ¹ ¹ » ¥ � � � � � � � � � � � � y x � y � � � � � � u � � � � v � � � � � � � v � � � � � � v � � v � · �¬ � � v � ¸ � � x � v � x � y � � � � � � � � � � � � � � � � � � y � � � v � � � y v y � � � � % � � � � � � � � � � % � v � � � � % � � x � � � � � � � � � % � � v � y � � � � � � � � � � � � � �� y u � � � � � � � � � � � � y � � � � � � u � � � � v � � � � � � � � � � y � v � � x � � � � � � x � � � � x y � � � � � � x � � � � � � � � � � � � � x � � � y � � � � � � � � � � �¢ v y x � � � � � � � � y u � � � � � � � ¸ v y x � � � � � � ¥ � x � « � � � � � x � � � � � � ¿ v � v � y y x � � v � y � � � � � � � � � v � � � x � � v � u � � x � x y � � � � � � � y v � � � �� � � x � � � y y � � � � � � y u � � � � � � � � x � � v � � � v � � © u � � � � v � � v � � � v � � � y x � � � � y � � � � � � � � � � ¢ ¾ � � u x � & ¥ �

¾ x y v � ¾ � � � � � y � � ¿ ¿ ¦ � � � � � � � � � � � � ¾ � � � � � � � � � � � x � � � � � ¾ � � � � � y � � ¿ ¿ ¦
¡ v � � x � y x � � � � � y � y � � � � � � ¡ v � � x � y x � � � � � y � y � � � � � �Ù Ú Û Ü Ý Þ ' � � � � � y v � � ¿ � � y � � � � � y v y � � y � � ¦ u � � � � x � ¦ u � � � � v � � v à � � � � v � � y v � ¨ ¶ � � � u � � � � � � � v �

© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 200750



� � � � � u � � u � � � � � u x � � � � � � � � v � � � � y � y � y � � u � � v � © u � � � � y v v � � x � � � � � x u � � u x � � � v � � x � � � � � � � � y � y � x � � � � � � v � � � � � �v y � � � � � � � � � � y � � � � � � y v � v � � x u � � v � � � � � � � � � � � � � � y � � � � � � � y � � x � � � x � y � y � � � y � u � � � x � y v � � � ¢ ( u v � �¿ u � u � � ¥ � ¾ y x � � � � x � � v � y � � y � � y � � u � � v � � � v � � � � � � � � � � � � � � � ¢ � y u � � � � � � ¥ � � � � � y v y � � � � � u � � � � v � � v � y � � u � � v � � � v� � � � � x � � � � � y x � � y � y v � � � � � � � � � � � � � y v � ¢ v y x � � � � � � � v y x � � � � � � � � y u � � � � � � ¥ y � � � � � � � � � u � � � � v � � y � u v � � � x � � � y� � x � � � � � � � � � v � � � � � u � � � � � � � � � � � y � � � � � � � �   � � y � & ¼ � v � ¤ � x � � � y v � � v � � � x � � � � � � � � � � � � ¿ � � � y u � � � � � � � � v � � �� � x � � v � � � � � � � � y � � � � � � � � � v y v � � © u � � � � � v � � � � � � � � �   � � � � � y � � � � � � � � � � � � y � v � u x � � x � v � y � � � � � � � � � � �x � � x � � � v � � � � � � y � u � � � � y v y � � u � � � v � � y � � � � � � � � � � � � � v � y � � � � � � � � y v � v � � � � � � x � � � � � � � v � y � � � � � � � � y v y � � � �� u � � � � v � � � � � � � � � � � � � � � � � y � � x � y y « � � � v u x � � v � � v � � � � � � � � � �   � � � � � � � � � � � � x � � y � � � x � � � � � � � � � � � � � � � u x �� x � � � � v � � � � � � � � � « � � � � � � � v � � � � u � � � � v � � v � � � � � u x x y u v � � v � � � x u � � u x � � � � u v � � v � � x � � � y v � � � � y � u � � � � � � �� � � � � � y � v � � x � � � � � y � � � � � y u � � � � � � � � � � � � � v � � � � � � � � v � � x y � � � � u x � � x � � � y v � � � � � x � � y � � � x � � � � � � � � � � �� � � � � � � � � � v � � � x x � v � y � � � � � � � � � � � � � � � u � � � � � � � v � � u � � � x � � � � � y y x � � � � � � � u � � � x � v � � x y � � � u x � � v � u x � � � � � � � � �� � � � � � � �   � � � � � y � � y � � � y � � � � � y � � � � � y x « � v � v � � � � y � � � � � � � � � v � y � � v � v y v � � � � � � � ¢ � � x � � � � � ¥ � � v � y � � � v � � �� � � y v � � � � � x � � � v � � y u x � � � � y y x � � � � � x � � � x � v y � � v � � x � � � � � y x y � � � x � � � � � � � � � y � u � � � � y v x � © u � x � � � v � � � � v « � � � y� � � � � u � � y � � � x � � � v � � � � � � � u � y � y � � � � � � � � � y � � � � y x « � v � � v � � � x � � � � x � � � � � � � � � v � � �¨ � � � � y � � � � � � y v � � � � � v � � � � � � � y x � � v � � y � u � � v � u � � � � � � � � � x y � � � � x y � � � u x � � � y � � v y � � y � x � � � � � � �� y v � � � � v � � � � � � � y � � � � � � x � � � � � � v � � � � � � � © u � � � � y v v � � x � � y x � � � � x � � u x v � � � v � � � � � � � � � � � v � v � � � y � � � � � � � � � � �� � � � � � � � � y � � � � � � � x � � u � � � © u � � � � y v v � � x � � � � � � � x y � � � u x � � � � � � � � � � � � u � � � � � � � y v y � � � � � � � � � y � � � � � � y v � � � � � � y� x y � � � � � � � � y � � � � í � x � � � � � � � � � � y v � � v � � � � � � � � y u � � � � � � � � � v � � © u � � � � y v v � � x � � � v � � y � � � � � v � � � � � � � � � � �� v � � � y � � � � v � � x y � � � � � � � � � � � v � � � y � � � y � � � u x v � � y � � x � y � � � � � v � � � � � � � � y x � v � x � � � x � � � y v � y x � � � � � v � � � � � � �� � � � y v � � v � � � � y � � � x � � � � � � � � � x � � � � � v � v � � � � y � � � v � � x � � � � � � � � � � « � � � � � � � � x y � x � � � � � y � y v � � �© u � � � � y v v � � x � � y x � �¿ � � � � � � � � � � x � � � � � � � � � � � � � � � � � � v � � � � � � y � � � � © u � � � � y v v � � x � � � � � � y � � � � � � � � x y � � � � � � � � � � � � � y v � u � � � � � v y x � � x� y � � � � � y � � v y � � x � � � � y � � � � x � � � y v � � � � v � � � x � v � y � � � � � u � � � � � � í � � � � � u � � � v � � � � � � � � � v � � ¿ � � � y x � � � � � �� � � � � � y � � � � x � � � y v � � v � � � � y � v � � � � � � � � � � � x � � � � � v � v � � � � y � � � v � � x � � � � � � � � � � � � � � y � � � � � � � � � � � y x � � � � � �� � � � � � � � � � � � � � � � � � � � y x � � v � � y � � � � � x � � � � � � v � � § x � � � y v � � � � y � � � © u � � � � y v v � � x � � ¡ � � � � � y � � y � � � y �� � � � y � � � � � � y x � � y x � � � � � � x � � � x � � � y v � � � � y � � � � � � � � � � � � y � � � x � ¢ � � � � � � � � y � � � � � � y � � x � � � � x � � � � �� y � � y x � � � � �  u v � y � � y x � � � � � � � � � � � � � � � � ¥ � v � � � y � � � � y x � � y x � � � � y v � � � � � � v � � v � � � � � � u y u � x � � � y v � � � � y � � �© u � � � � y v v � � x � © u � � � � y v � �� � � � � � � � � � � � � v � � � x � � � � � u � � � � £ ¤ � � � v u � � � � � � � v � � � � � £ º � ¼ � � � � � � x � v � � � � � y � � � � � u x � v � y v � � u � � v � � � � � � �� � � � � � v � � x � � � � � � y y « � � � � � � v � � � � v � � x � � � � � � § � y � � � � � � � � � � � ¨ u x � v � � � � � � � � � u � � v � � � � � � � � � � x � � � � x � � � xy � � u � � � � � v y � � � � � � � � � � v � � � � y � � � � u � � � � v � í � � � � � � � � � � � � � � v � � � u � � � � � � � � � y � � � � x � � v � � � � � � � � � � � � � � � � �� � � u � � � y v y � � � � y � � u � � v � � � � � � x � � � � x � � � x � � � « � � � � x y u � � � � � � � � � � � � � y � � � � � � � � � y � y � x � � � � � � � � � � � � � � x � � � � y �y � � � � � � v � � � � � � � x x � v � � � � v � � � � � � � � � � � y � � � x � � � � � � y � � u � � v � � § � � � � � � y x � v � � � � x � y x « � � � � � � � ¡ v � y x � � �� � � u � � � y v � � x � � � � y v � v � v y v � � � x u � � u x � � � v � � x � � � � � � � x � � � � y � y v � u � � � � � � � � � � � � u � � � � v � y � � u � � v � � � � u � � y � � � v � �� � � � v � � � x � � y x � � � v � � � � � � � � � � � � � � v � � � x � ¨ � � � � y � � � � � � � � v � � � � y x � y � x � � y x � � � � � � � � � � � y � y � x � � � � � � � �x � � � � x � � � x � � � � � v y � � � � � v � © u � � � � y v v � � x � x � � � y v � � � � � x � � v � � �   � � � y � v � � � x � � � x � � � � x � � © u � � � � y v � � x y � y � � �� � x � � � x � � � v � � � � � x � � � � v y � x � y x � v � y x � � � � y v y v � � � � � � v y � � v � u v � � x � � u � � � v � � � � � � � v � � � � � � � � � x � � u x � � � � �� v � � � � � � � � � y v � � � v y � � x y � y � � � � � � y � � � � � � � � � � � � � � � v � � y � � � � � � u � � v � � � � � u � � � � � � � u � � � � � � � x � � � � � � y � y v � � u � �� � � � � v � � v � � � � � � � y v � � � x � � � � x � � � x y � � � � � v � © u � � � � y v � � x � � � v � � � � � x � � � x �) â å ® ¯ ³ ® ¯ è ç ! ² µ µ ´ ê æ ¯ ° ç * µ ² é å ² ± ° æ ¯ ³ å æ + æ ³ ä ° ® ã °¨ � � � � y x x y � y x � � � y v � x y � � � � � � x � v � � y u x � � � � � � � � � � � � � v � � � v y � y v � � � y � � � � « � y x � � � � � � � � � u � � � � y � y � x y � u � �x � � � v � � � � v � y � � x � v � � � � � � x � v � � � � � � � � y � � � � � � � v y � � v � � � � � � � v � � v � � � x � � x � � � v � � � � y � � � � � � � � � � � x � � � � x � �� � � y x � � � � � � � y � � � � � v � � � x x � � � � x � � © u � � � � y v � � � v � � x y � � � � � v � � � � � � � y x � u � u x � x � � � � x � � � � � � � � v � � v � � � x �� � � � � � � � � � u v � � x � � � � � y � � � v � � � � � y x � � � � � � � u � � � � � � x � � � x � v � � � � y x � y � � � � � � � � � � v � � � � � � y � y � � � � � � � � u � �� � � � x � � � � x � �� , ß , - . / 0 Ú 1 2 3 4 Ú 0 Ü 2 3 5 Ú 0 6 Ý 2 1 6 Ú 7 8 0¶ � � � � y x �   � v � x � � � y v � � � � � � � � � x � � v � � � � � � � � � � � � � � � x � � � � y v � � y � � y � � � � � � x � � � � x � � � y � � � � v � � � � � � x � � � � � � v � � §� � x � � � � � y v � y � � � � � � � � x � � � � x � � � x u � � u x � � � v � � � � u � � � v � � x � � � � � � � � � � � � y � � u � � v � � � � � v � � � � � � � � � � � � x � x � � � y v � �� � � � � � � � � � � � � � � � � � � � y x � � � � � y � y � � � � � � � � � x � � � � y v � � � � � � � � � � � � � x � � � � y v � � � x � � � � � � � � � � � u v � � x � � y� � � � � y x � � � � ¢ £ ¥ � � � x � � v � x � � � � � � � v � � y v � � � � � v � y � � � v � � � � v � ¢ ¼ ¥ � � � v � � v � v � � � v � � � � � � � � y v y � � y � � � �� v � y y x � � � � � x � � u � � � v � � x y � � � v � y � � � � � �� , ß , ß , 9 3 2 Ý Þ 2 8 : ~ Þ ; 3 Þ 1 6 2 8 1 Þ� � � � v � � v � � y v � � � � y � � � � y � � x � � � � � y � � u � � v � � � � x � � � � x � y � � � � � v � y y x x � � � � � � � y v � y v � � � � � � � � � u x � � � � � v �� � � � � � x � � � � � x � � � � � � � y v � � � x � � � � � x � � v � � � � � � � � � x � � � � y v � � u x � v � � � � y � � u � � v � í � � � � � � x y u � � v � � ¡ v � � � � � � � y v � �¿ � � y � � � � � y v y � � y � � ¦ u � � � � x � ¢ � ¿ � ¦ ¥ < � v � � � y � � � � � � � � � � � � x � � � < À ¤ = � v � ¤ � = y � � � � x � � � y v � � v � � x � � y x � � �
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 51



� � � � x � � � � y v � � x y � x � � � � � � � y v � � v � � � � x � � x � � � � � � � � � � � � � � y � � � x � � � y £ � = � v � £ ¤ = y v � � � v � � � � � � � � y v y � � � �� u � � � � v � � � � � � � x � � � � � y x � � y � y v � � � � � � � � ¢ ¾ � � u x � » ¥ � � � � � � �   � v � � x y � � x � � � � y � � � � � u � � � � v � � § � � � � � � � � � x � � y v � � � v �� � � � � � v � � � � � � � � � � � � � � � � v � � � � � � x � � � � � � � � � � � � � � � � y v � y � � � � � u � � � � v � � ¨ � � � � � � y � � � � � � � � � x � v � � � � v � y � � xy x � � v � � � � y v y � � � � � � � � � � � � � u v � � v � � x � � � y v � � � � � x � v � � � � � � v y � � � x � � � � � � � � � x � � � � � � � � � � � y � � u � � v � � � u � � y� � � � � v � � � � � � � � � � � � � � � � � � � � u x � � x � � � � � v � � � � y y � � � v � y � � � � � � v � � � � v � � x � y x � � � � � ¢ ¾ � � u x � & ¥ �� , ß , û , > 2 Ú 8 6 Þ 8 2 8 1 Þ 2 8 : | ? 2 1 Þ @ 1 7 8 7 A Ú 1 0ª � � v � � v � v � � � � � y � � x � � � y v � � �   � � � � � � � � x � © u � v � � y � � � � � v � v � � � � � � � � � � � � v � y � � � � � � � � � � � � � � v � y v � y � � � �� � v � y � � y � � y v � v � � ¢ � u � � � � � x y « � v � � � � � � � v � � y x � � v � y � � y � � x � v � � ¥ � � � � � � � � � y � � � � � � � � � x � � u � � y �� � v � y � � � � � � � � � � x � � � � � � � � � � � � � � � � � � � � � x � � � � x � � � � � � � � � � � � � y � � u � � v � � í u � � y � � � � � v � y y x � � � � � � ¾ � � � � � � �� � v � � � x � � v � � u � � y � � � v � x � � y x � � � � � � � � � � � � � � � v � y � � � � x � � � � � � � u � � � y � � v � � � � v � � x � � y � � � � � v � v � � v �� � � v � � v � v � � � ¿ � y v � y � � � � � � � � y � � � � � � y � � � � y x « � � � y x � � � � ¿ � ¦ � y x � � y � � � x � x � � y x � � � � � B � � � � � � �  � � � �� � � � � � � � � � � 	 � � � � � � � C � � � � �  � � � � � � D �  � � � � � � � E F G � ¿ v y � � � x x � � � y v � � v � � y � � � � � v � � � � y u � � � � v � � v � v � � y �� � � � � � � � v � y � � � � � � � � � � � � �H Õ Ñ I Ã Ç õ Æ I Î É Í Ñ Ç Ã Ð Ñ Ä Ö Å Æ J Ñ Í Å Õ Ñ Ó Ñ É Í Î Å Õ Ñ Ó × Ñ Å õ Ã Í Å Ó É Ç õ õ Ã Í Å Ó É Ç õ Å Õ É Å Å É ù Ñ Î É I É Ó ô Í Æ Ò Å Õ Ñ J Ã Ñ I K H Õ Ñ Ó L J Ñ Ç Ñ J Ñ ÍÄ Ñ Ñ Ç É Ä Ê Ñ Å Æ I É Î Õ Å Õ Ñ Ò K H Õ Ã Î Å É ù Ñ Î É I É Ó ô Í Æ Ò Å Õ Ñ Æ J Ñ Í É Ê Ê Ð Æ Ò ô Æ Í Å Ã Ç Å Õ Ñ Æ ô ô Ã Ð Ñ Î M É Ð Ñ K ò Î Ã Å É ô ô Ñ Ð Å Î Å Õ Ñ ô Ñ Ñ Ê Ã Ç × Æ ôÐ Ê Ñ É Ç Ç Ñ Î Î É Ç õ Î É Ç Ã Å É Å Ã Æ Ç Æ ô Å Õ Ñ Æ Í × É Ç Ã N É Å Ã Æ Ç K O P Ç Å Ñ Í J Ã Ñ I Q R S T¨ u x � v � � � � � u � � � y v � � x � � � � y v � � � � � � � � � � x � v � � � � � y � � � � v � � � � � � � � � � � � � � � � � � � x � � y x � � � � � � � y � � y � � v � �H Õ Ñ Í Ñ Ã Î É M Õ Ó Î Ã Ð É Ê I É Î Å Ñ Æ ô Î M É Ð Ñ õ Ö Ñ Å Æ Å Ã Ê Å Ë P I Æ Ö Ê õ Í É Å Õ Ñ Í Å Í É õ Ñ Ã Å ô Æ Í Ò Æ Í Ñ Î M É Ð Ñ Ë Å Õ Æ Ö × Õ Å Õ Ñ Æ ô ô Ã Ð Ñ õ Ñ Î Ã × Ç Ñ Í Î Õ É õÅ Æ Ð Æ Ò Ñ Ö M I Ã Å Õ Æ Å Õ Ñ Í I É Ó Î Æ ô Ò É ù Ã Ç × Å Õ Ñ Æ ô ô Ã Ð Ñ É M M Ñ É Ê Ã Ç × É Î Å Õ Ñ I Ã Ç õ Æ I Å Ã Ê Å Ã Î K O P Ç Å Ñ Í J Ã Ñ I Q U R T¡ � � � v � � � y v � � u � � � � � � � � � v � y � � � � � � � � y u � � � � � � � � � � � � � � � � � � � � � v � � y � y � � y � � u � � v � � � � � � � � � � � � u � � � y � �� � � v � � � v � � � � � � x � � u � � � � � y � � � � � � � � � � y � � u � � v � � � � x � � � � � � � � � � � � � � x � � u � � � v � � x y � � � � � � � � � v � � y � � y � � � � � �� � � � � � � � � � � � y � � y � � u � � � v � � � � � � y � � � � � � � � v � � � � � � � � � � � � � � � � y u � � � x � � � � � � � � � � � y x � y x � � � y y x � � � � � �

V W X V V W X YV W Z Y V W Y V
V W V VV W X VV W [ VV W \ VV W Z VV W Y VV W ] VV W ^ VV W _ VV W ` VX W V V

a b c d b e f g h i j k d l m b
n b m f g e l do l p l q b\ V q b r s g d fo l p l q b

Ù Ú Û Ü Ý Þ t � � � x � � v � � � � � � � y x � � v � ¨ � � � y � � y x � � x y � � � � � � � � � y v � v � · � � x �� , û , - 0 / 1 . 7 3 7 Û Ú 1 2 3 5 Ú 0 6 Ý 2 1 6 Ú 7 8 0� � � � � y � y � � � � � � � � � x � � � � y v � � � � x � � u � � y � � � � � � � � � � � � � x � y � � x � � � y v � � �   � � � v � � x � � y � � � � x � � � y v � � � � v � � � � � �� x y � � x � � � � � � x � � � � � � � � � � � y � � u � � v � x � � u � � � v � � x y � � � � � � � u � � � x y � � � � � v � y � � � � � � � � � � � � � � � � � v � � � � � � � �x � � � y v � � � � � x � � u � � � � � � � � � v � � � � � � x � � � x y � y v � y � � u � � v � � y � � � y � � � x � � � y � � � v � � � � � � � � � � � � y v � � � � � � � � v� � � � �   � v � � � � � � x � � � y v � � � � � � � � � x � � � � � � � y x � � � � � � v � y � � x y � � � � � � � � � � � � � � � � � � � � � � � � � y � � � x y � � � � � � � � � �� � v � y � y x � � � � � � � v � y � � � x � � y v � y � � � x y � � � � v � � � � x � � � � � y v � � � � � � � � y v � � � � � � y x � � � � x � � � � � � � y � � �y � � u � � v � § � � � x � � � � � y v y � � � � � � � v � � � � � v � � � � � � � x y � � x � � � � � v � v y v � y x � � y � y v � � � v � � x y v � � v � � v � � � � � � � � � � y � � � �� � � � � � � � � x y � � x � � � � y � � � � � � � � � � � � � � y v � � � y � � u � � v � § � � � x � � � � � y v y � � y � � y x � � � � � x � � u � � � y � � � � � � � � y � � x � � � � � �� � � � � y x � � � � y � � y � �� , û , ß , u Ú 8 : 7 v - Ý 7 w Ú A Ú 6 /à � v � y � � x y � � � � � � � � � � � v � � � � � � � � � � � u x � � � � y y x � � � � � v � � � � � � � � v � � � y � � u � � v � § � � � � v � � v � � y � � � � y v < � � � v� � � x y � � � � v � � � � � � v � y � < � v � � � � � � v � y � � � � � � � � � y v � y � � � � � � � v � � x � � � � � � � � � � � � � � � � � � � � � y � � u � � v � § �� � x � � � � � y v y � � � � u � � � y � � y x � � � � � � � y v � � x u � � � � � y v � � � � x � � � � � x � � � � � � � � � � x � � � � y v � � � � � v � � � � � � � � � y � � u � � v � § �� y � � � � v � � v � � � y � � � � � � � � � � � � � � u � � � � � y � � � � � � � � v � � v � � y � � � � v � � v � � � � « � u � � y � � � � � v � x � � � � � � � � � � � � � � � �� v � � � y � � x � � � � � x � � � � � � � � � � � � ¡ � � � � v � � x � � � � v � � y v y � � � � � � � � � � � x � � v � � � � y � � � y � � � � � � � � v y � � � � � � y � � � x y � � � � � �� � v � y � � u � � y � � � x y � � � � � � � � � � � y � � � � � � � � � � � � � � � � � � � � v � � � � v � x � � � � � � � & � = � v y � � u � � v � � y � � � � � � � � � � � � �
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 200752



y � � � � � � y � � x � � y � � � � � � � � x � � � � � y v � � � � � � � � � � � � � � � � � v y � � � � v � � � u � � y � � x � � � � � � y � � u � � v � � y � � � � � � � � � � � � �y � � � � � � � � � � � � � � � � � � � � � � � v � � � � y � � � v � � � � « � x y � � � � � � � � � � � u � � y � � � � � � � v � � � � x � � � v � � v � � � � � x � v � � � � x y � � � � � �¢ ¾ � � u x � º � ¸ � ¥ �
x y z x

x y { |
x y x xx y } xx y z xx y ~ xx y � xx y � xx y | xx y � xx y { xx y � x} y x x

� � � � � � � �� � � � � �~ x � � � � � � �� � � � � �� � � � � � � � � � � �� � � � � � � � � � � �
� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �

� � � �� � � �� � � �� � � �� � � �� � � �� � � �
  ¡ ¢ £ ¤¥ ¢ ¦ § ¨ ¡ © ª ¡ « ¬  ª ¬ ¦ ¡ © ® £ ¯ ° ª ¢ ± ¬

² ³ ´ µ ¶ · ¸ ¹ º» ¼ µ ¶ · ¸ ¹ º½ ¾ ¿ À Á Â Ã Ä Å
Æ ÇÈ É Ê Ë Ì Í Î Ï Ð Ñ Ò Ó Ñ Ô Õ Ö × Ñ Ø Ñ Ù Ú Ò Õ Û Ô × Ü Û Ô Ý Ú Þ Ð Ò Ú ß Û à Û Õ á Û Ô â Ñ Ô Ñ Ò Ö ã Ö Ô Ý ä å Ñ Ò Õ Û à Ñæ ç è ç é ê ë ì í î ï É ï ð ñ ò Í Ì ó Í É ô Í õ ö ì Ì É ì ÷ í Í ïø ù Ñ Ù Ñ Ò Ó Ñ Û å Ñ Ý ú Ù Ö Ó Ñ å Ö Ò Û Ö û ã Ñ ú Ò Ñ Ù Ò Ñ ú Ñ Ô Õ Ñ Ý Õ ù Ñ Ö å Ñ Ò Ö × Ñ Ú Ó Ó ü Ù Ö Ô Õ ý ú þ Ñ Ñ ã Û Ô × ú Ö Ô Ý Ý Ñ ú Ó Ò Û Ù Õ Û Ú Ô ú Ò Ñ × Ö Ò Ý Û Ô × Õ ù ÑÚ Ó Ó ü Ù Û Ñ Ý ú Ù Ö Ó Ñ ÿ ø ù Ñ å Ö Ò Û Ö û ã Ñ ú Þ Ñ Ò Ñ Û Õ Ñ à Û � Ñ Ý Ú Ô Ö ú Ñ å Ñ Ô � Ù Ú Û Ô Õ ú Ñ à Ö Ô Õ Û Ó Ý Û þ þ Ñ Ò Ñ Ô Õ Û Ö ã ú Ó Ö ã Ñ ü ú Û Ô × û Û � Ù Ú ã Ö ÒÖ Ý � Ñ Ó Õ Û å Ñ ú ÿ ø ù Ñ Õ Ñ ú Õ Ñ Ý å Ö Ò Û Ö û ã Ñ ú Þ Ñ Ò Ñ þ ü Ò Õ ù Ñ Ò Ó ã Ö ú ú Û þ Û Ñ Ý Û Ô Õ Ñ Ò à ú Ú þ Ù Ñ Ò Ó Ñ Û å Ñ Ý ú Ù Ö Ó Ñ Ù Ò Ú Ù Ñ Ò Õ Û Ñ ú � Ú Ò Ý Ñ Ò Ñ Ý � þ ã Ñ ß Û û ã Ñ �û Ò Û × ù Õ � Ù ã Ñ Ö ú Ö Ô Õ � ú Ù Ö Ó Û Ú ü ú � Ö Ô Ý Ú Ó Ó ü Ù Ö Ô Õ ý ú þ Ñ Ñ ã Û Ô × ú Ò Ñ × Ö Ò Ý Û Ô × Þ Û Ô Ý Ú Þ Õ Û ã Õ � Ó Ú à þ Ú Ò Õ Ö û ã Ñ � þ Ñ Ö Ò ã Ñ ú ú � ú Õ Ö û ã Ñ �û Ö ã Ö Ô Ó Ñ Ý � Ó Ñ Ò Õ Ö Û Ô � � Ú Ò × Ö Ô Û � Ñ Ý � ÿ ø ù Ñ ã Ö Õ Õ Ñ Ò Þ Ö ú þ ü Ò Õ ù Ñ Ò Û Õ Ñ à Û � Ñ Ý Ö Ó Ó Ú Ò Ý Û Ô × Õ Ú Õ ù Ñ Ú Ó Ó ü Ù Ö Ô Õ ú Õ Ö Ô Ý Û Ô × � ú Ñ Ö Õ Ñ ÝÙ Ú ú Û Õ Û Ú Ô ÿ � Û × ü Ò Ñ 	 � 
 � � � Ù Ò Ñ ú Ñ Ô Õ Ù Ñ Ò Ó Ñ Û å Ñ Ý � ü Ö ã Û Õ Û Ñ ú Ú þ Õ ù Ñ Ú þ þ Û Ó Ñ ú Û Ô Õ ù Ñ Õ Û ã Õ Ñ Ý þ Ö Ó Ö Ý Ñ ú Ñ Ó Õ Û Ú Ô � 
 � Ö Ô Ý Õ ù Ñå Ñ Ò Õ Û Ó Ö ã Ú Ò Õ ù Ú × Ú Ô Ö ã þ Ö Ó Ö Ý Ñ ú Ñ Ó Õ Û Ú Ô � � � Ú þ Õ ù Ñ Ú þ þ Û Ó Ñ ú Ù Ö Ó Ñ ú � Ò Ñ ú Ù Ñ Ó Õ Û å Ñ ã á ÿ  Õ Û ú Ú û å Û Ú ü ú Õ ù Ö Õ à Ö Ô á Û Ô Ý Ú Ú Ò � ü Ö ã Û Õ Û Ñ úú ü Ó ù Ö ú û Ö ã Ö Ô Ó Ñ � Ú Ò × Ö Ô Û � Ö Õ Û Ú Ô � ú Õ Ö û Û ã Û Õ á � þ ã Ñ ß Û û Û ã Û Õ á � Ö Ô Ý Ú Ò Ý Ñ Ò Þ Ñ Ò Ñ Ô Ñ × Ö Õ Û å Ñ ã á Ù Ñ Ò Ó Ñ Û å Ñ Ý Û Ô Ú þ þ Û Ó Ñ ú Þ Û Õ ù Õ Û ã Õ Ñ Ýþ Ö Ó Ö Ý Ñ ú ÿ

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � �! � " � � # � � � � � � � � �$ � � % " � � � � � � � �& � � � " � � � � � � � � � � ' ( ) � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � �! � " � � # � � � � � � �$ � � % " � � � � � � �& � � � " � � � � � � � � � ' ( ) � � � � � � �$ * � # � ' + �, " � � � � � �! � � � - �& " � . � % " �� � � � � " / 0 1 2 3 1 4 5 6 7

8 � " � � � & � 9 � � � � ) ) � # � �

: ; < = > ? @ A B B C @ D = D = > < E ? > F

G H I J J G K I J J G L I J J J I J J L I J J K I J J H I J JM N O P Q R S T U V W X P Q U IY T N X P R Q V W X P Q U IZ P [ P Q \ T U V W X P Q U I] P X ^ [ T V W X P Q U I_ T P N [ T W W V W X P Q U IY ` a b V W X P Q U IM N O P Q R S T U V W T P X IY T N X P R Q V W T P X IZ P [ P Q \ T U V W T P X] X P ^ [ T V W T P X I_ T P N [ T W W V W T P X IY ` a b I V W T P X I] c P \ R ` d We [ T P W P Q XZ N R O f X_ [ T g R ^ [ TM N U T N [ h i j

k T N X R \ P [ _ P l P U T M b b R \ T W

m n o p q r s t u u v s w p x y z { y | } ~ �

� �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � ¡ � � � ¢ � � � � � �
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 53



£ â µ ² ¯ µ ã ´ ç ® ² ¯ ! è ± ä ä ¯ ® ¯ ° ì ä " æ ã æ ¯ µ ä� � x y u � � � � � � y x � v � � � � � � � � � � � y � � � � v � � � � � � � � v y � � � y v � � � � � � � � � x � � v � � � � � � � � � y v � < � � � � � � � � � � � � � < y vy � � u � � v � � § � v � y y x � � � u � � � y � � y x � � v � v y � � � � � � � � � � � � � v � y � y u x � � � � � � v � � � � � � v � � � u � � � � y v � v � � � � u x � � � x� y v � � � � x � � � y v � ¾ � x � � � � � � � v � � x y v � � v � � v � � � � y � � u � � v � � � y u � � � � � � x � � � � � � � � � � � � � � � x � � � � x � � � v � � � � y �� � � � x � � � � y � � y v � v � � � ¿ � � � � � � u � � í � � � v � � v � � � � y � � � � � � � � � � � � v � y � � � � � y � � � � � � x � � � � y � � � � � � � � y v � � �� u � � � � v � § � y � � u � � v � � à � � � � � y � � y � � � � � � � � � � � � � � v � � � � � � � � � � y � � u � � v � § � � y � � � � v � � v � � � � � � v � � � x �� � x � � � � � � � � � � � � x � � � � y v � � � u � � � � � � v � y � � x y � � � � � � � � � � v � � v � v � � � � v � � � � � � � � � � � � î � � � � � � � � � � � � y � � � � � � � � x �� � x � � � � � � � � � y x � � � � � � y u � � � � v � � x � � � � � � � v � y � � � y v � � � � � � y v � � � � � � � u � � x � � � � � � � � � � � � y � � y x � � � � � � � �� u � � � � � � � � � � � � u x � � x � � � � � � � y � � � y � � u � � v � � § � � � � � v � � � v � � � � � � � y x � v � � � � � �� � � � � � � � � y � � � � � � � � � � � � � � y v � � � y � � u � � v � í � � � � � � � � � y � � � x y � � � � � � � � v � y � � � y v � y � � � � � � � v � � � � y x � � � � �� � � � � � � � � � � u � � � y � � y x � � v � y � � u � � v � í � � � � � � � � � � � y v � � � � � � � � v � y y x � x � � � v � � v � � � y � � � � � � � � � � � � y u � � � � � y � � � � � �� � � � � � � � � � y v y � � � � � v � � � y u � � � � � � « � v � v � y � y v � � � � x � � � y v � � � v � � � � � v � v � � � � � y x � y � � � � � � � � � � � ¾ u � u x �x � � � � x � � � � y u � � � � � y � v � � � � � � � � � � � � � � � � � � y � � � � � � � � � � � � � � y v � � � y � � u � � v � § � � � x � � � � � y v y � � � � � � � � v � � � � � y v � u �� y � � � � � � v � � v � v � � � � � � � � u � � � y � � u � � � � � � � v � � x � � � � � � � x � � � x � v � � � y x � v � y y x � � v � x � � � � y x � � x � � � � � � � v � y � � � � � � � v� x y v � y � � � � � � v � y � � � � y u � � � � x � � � � x � � � � � � � y x � � � � � � v � v � � � � � � � � � � � � � � � � � � � � � � y � � x � � v � � x � � � y v � u � � y� � x � y u � � � � � � � y x � � v � � � � y v � � � � y v � y � � � � � � � � � � � � y v � y � � � � � � u � � � ¿ � � � y u � � y � � u � � v � � � � x � v y � � u � � � � � � � � � �� � � � � u x � v � � � � � � � � � y � � � � � � y v � � x � y � � � u � u x � � � u � � � � � � y u � � � v � � � � � � � � � � � � � � � � � � y � � � � x � x � � � � � � � y � u v� � v � � x � � � y v y v y � � u � � v � í � � y � � y x � � y x � � � � � � � � � � � � � u � � � � v � � �� � x � � � � � � � � � � � y u � v � � � � x y � � � � � � � � � � � � � � � � � y v � y � � � � x � � y x � � � � y � � � � � � � � � � � � � y � � u � � � � � � � v y � � � y v �¾ u � u x � � � u � � � � � y u � � � v � � � � � � � � � � � � � � � x � � � � v � x � � � � � v � � y y x � x � � � � � � � � v � � x � � � y x � � v � y � � � � � � y u � � � y v � x � � u � �� u � � � y � u � � � � � � � � v � � � � � � � � � � � � � � � � � � y � � � � � � � � � v � y � � y � � x � � � y v ¢ � � � � � � � � � � � y � � � � y � � u � � v � � y y � � v � � �� � v � y � ¥ � ¾ u � u x � � � u � � � � � y u � � � y � � � x � � � � � � � « y � � � v � � � � � � y v � � v � � � � � � y x � u � � � � � � � v � � x � � � � � � � � � � � v �� � v � � � � � � ¡ � � � � � � � y � � � � � � � � y � � � � � � � u � � � y � y v � x � � u � � � y � � � � � � � v � � � � � � v � « v y � � � � � � x � � � � � � � y � � � � � � � � � � y �� � � � � � � � � � � v � � � y � � � x � y v � � � y � � u � � v � � í � � � u � � � y � � y x � � v � � � � � � ª y � � � � � y x � � v � � � � � � y � � x � � � � � � � � � y x � � v � �y � � � y � � � � u � � � � v � � � � � � v � v � � � � � � � � � � � � � � � � u � � � y v y � � x � � v � � � � � v � � x � � � � � � � � � � x � � � � � � � � � v � � � � � � v � x� � � y x � � � y � � � v � � � � � � y � � x y � � � � �æ µ ¤ ¯ ² $ ã ä ³ è ä é ä ¯ °� � � � � � u � � � y u � � � � � � v � � � x � � � v � y � � � � � � � � � � y u � � � � � � x � � � � � � � � y v y � � � � � � � � y � � � � � v � y � � u � � v � � y � � � �� � � � y v � � ¿ � � y � � � � � y v y � � y � � ¦ u � � � � x � ¢ � ¿ � ¦ ¥ � v à � � � � v � � y v � ¨ ¶ � � � ¿ � ª � v � � � � v « � � y ª x �  ¶ � u � « � � � � � � v �ª x � �  ¨ � � v � � x x � � � � � � � � � u � � � � � � � x � � � � � � � u v � � � � � � x � v � � � x y � � � � ¡ v � � x v � � � y v � � ¾ � � � � � � � ª � v � � � � � v �¿ � � y � � � � � y v ¢ ¡ ¾ ª ¿ ¥ � v � � � � y x � � ¡ v � � � � � � x � � · x � v � � � � � � x � u v � � v � � � � � x � � � � x � � � � u � � � � � « v y � � � � � � � � ¿ � �� � y � y � � x � � � � � � � u � � y x ¥ ¡ � � � ½ �   � � � � � �± ä å ä ± ä ¯ µ ä ç� ¦ y u � � « x � � ª � � � u � � � � � � � � ¸ ¦ y � � x � ¦ � ¢ £ ¹ ¹ £ ¥ � ¡ � � � � � y � à � v � y � � �   � � v � � u v � � � � � � � v � � x � � � y v y v w � � � � � à y x « � x � §ª y y � � v � � � � � � � � � � � y v � §  � � � 	  � �  � �  � ¨ � � � � � 	 � � � y � � ¼ � � À � � � � À » À � À ¹ � �� ¦ u � � � x � ¨ � � v � ¦ � v � x � � � ¢ £ ¹ º ¹ ¥ � ½ � � � � � � y � � � � � � v � y v à � v � y � � x � � � x � v � � � � v � ¾ � � � y x � ¿ � � y � � � � � � � � � � � � y � �� x � � � x � v � � � §  � � � 	  � �  � �  � ¨ � � � � � 	 � © � y � � ¼ £ � £ � � � � £ » � � £ �� ½ �   � � � � � � ¡ � ¢ ¼ � � � ¥ � ½ v � � x y v � � v � � � ª « � � � � � � ¿ � � � � � � � � ¾ x � � � � y x « � y x ¶ y v � � � � « � � �   � v � � � y � � � � v � � � � � xà y x « � � � � � � � ¡ v � ¬ � � � �  �  � � � � � 
 	 �  � 	 � � � ®  � 	 � � � � �  � � 	 
 � � � §  � � � 	  � �  � � � ¯ � � � �  ° � � � � � � � ± � � 	 � � � � � 	 § ¯ ° ± ² F � � ³ 	  
 � � �  � � � � � � » £ � » ¹ � � ª � � ¼ ¼ � ¼ & � ª � v v � � � y � � � � ª � v v � � y � � �� ½ �   � � � � � � ¡ � ¢ £ ¹ ¹ » ¥ � � � � � � � � � � y � � � � � � � � � v � y � � y v y � � « � � v � � í � � � « � � � y � � y x � � v v y v � y x � � y � y v � � y � � � � � � � � � � � ��  � � �  � � � 	  � � ´ � � � � � � � � �  � 	 � � � � © µ 	 � � D ¶ G � � y « � � y v � � · � ¡ ¾ ª ¿ ¾ y « v � � � � y v  � � � y x � � �� ¾ � � � � � � ¡ � ½ � � ¢ £ ¹ ¹ À ¥ � ±   � � � 	 
 ¸ � � � � �  � ± � � � � � � � � � � � ¹ º º ² � ¦ � x � � v � ½ x v � � ¸ � y � v � � x � � � � » x ¿ x � � � � � « � « x �� · � � � y v � ( � î � v � ª y � x � x � w � ¢ £ ¹ � º ¥ � ¨ � � � x � � v � v � � y � � � � � � x � � � � � � � � x � � � � � � v � � y x �   y v � � � �  � � � � 	 � 	 � � � � �° � � � � � © � y � � À ¤ � À � � � � � � � � � ¼ � �� · x � � � � � � � � ¡ � � � « � � x � ( � � ¸ ¦ � � � � � � � ¿ � ¢ £ ¹ º º ¥ � � � � � � y � � ¾ y x ½ v � x � � ¶ y v � � x � � v � ¿ � � � y v � ¿ ¶ y � � � x � � y v y � � � �¿ � � � � « � � v � � � v � � � � x � � � ¶ y � � y x � ¿ � � x y � � � � � � ¡ v ¶ � v � � x � ¨ � � � � � � � §  � � � 	  � �  � � � ¬ 	 � � � �  � � � � 	 � 	 � � �¨ y x � x � � � � � ¬ � « � � x ¿ � � � � � � � � « � � � � � � x � �� � � « � � � � ¢ £ ¹ ¹ À ¥ � � � � ½ v � x � � ½ � � � � � � v � � w � � � � � � � à � v � y � � � v w � � � � � ¦ « � � � � v � � � ¼  � � � � � � � � � ½ � � � � � � B � � � � � � B � � �   � � � � �  � � ¬ � � � � ¼  � � � � � � � � © � v � � � x � � � � � � x « � � ¿ � � ¨ � � � x � � � v � y � ¿ x � � � � � � � « x � �� � � � x � � � � v � ( � ¢ £ ¹ ¹ � ¥ � � � � � � � � � y � y � � � � � ¿ � � � � � � y � à � v � y � � � v � à � v � y � ¨ � � � � v � § ¯ ° ± ¶ ¹ ³ 	  
 � � �  � � � 	 � � � � �  � � � � � � ¼ & ¹ � ¼ º � �� ª � x « « � � � � ¢ £ ¹ » ¼ ¥ � ¨ � � � � �  �  � � 
 	 � � �  � � � � � � ¾ y x « � ( y � v à � � � � ¸ � y v � �
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 200754



¿ À Á Â Ã Ä Å Æ Ç È É Á Ê É À Ë Ç É Ì È É À Ã Ê Í Î Ï Ð Â Î Æ Ð Â Ä Ñ Ò À É Ó Á Â Ê É Æ Ä Ð Ô Õ Â Á Ã Ð À Ñ ¿ Ç Ã Á À Á Ñ Õ Â Á Ã Ð ÀÖ Ë Å × Ø Ö Ù × Ú Õ À Á Ð Ô Ð Ç Â Û Â É Ü Î Â Ä Ã Ð Î Ì Ê Î Æ Æ Ý Á ¿ À Á Â Ã Ä Å Æ Ç È É Á Ê É À Ë Ç É Ì È É À Ã Ê Í Î Ï Ð Â Î Æ Ð Â Ä É Ê Æ Ý ÁÆ Â Î À Ê Ô Ð Â Ü Î Æ É Ð À Ð Ô Æ Ý Á Î Â Þ Ý É Æ Á Þ Æ Ç Â Î Ì È Á Ê É Ã À Ü Î Â ß Á Æ Æ Ð Ï Á Ü Ð Â Á Á À Á Â Ã Ä Á Ô Ô É Þ É Á À Æ à Ö Ì Î Â Ã Á Û Î Â Æ Ð Ô Ð Ç ÂÁ Ô Ô Ð Â Æ Ê Æ Ð Æ Ý É Ê Á À È Î Â Á Á È Ç Þ Î Æ É Ð À Î Ì Ñ Ï Ð Æ Ý Ô Ð Â Ü Î Ì Ì Ä Ñ É À Þ Ì Î Ê Ê Á Ê Î À È á Ð Â ß Ê Ý Ð Û Ê Ñ Î À È É À Ô Ð Â Ü Î Ì Ì Ä Î Ê É ÀÐ Ç Â Þ Ð À Ê Ç Ì Æ É À Ã Ð À Ê Û Á Þ É Ô É Þ Û Â Ð â Á Þ Æ Ê à × Ý Á É À À Ð Ó Î Æ É Ó Á Þ Ì Î Ê Ê Â Ð Ð Ü È Á Ê É Ã À á Á Ý Î Ó Á Â Á Þ Á À Æ Ì Ä È Á Ó Á Ì Ð Û Á È É ÊÎ Â Á Ê Á Î Â Þ Ý Û Â Ð â Á Þ Æ Æ Ý Î Æ Á ã Á Ü Û Ì É Ô É Á Ê Æ Ý Á Ê Á Á Ô Ô Ð Â Æ Ê à × Ý É Ê Û Â Ð â Á Þ Æ Ñ È Á Ê É Ã À Á È Ê Û Á Þ É Ô É Þ Î Ì Ì Ä Ô Ð Â Æ Ý Á ä Î Þ É Ô É Þå Ð Â Æ Ý á Á Ê Æ Þ Ì É Ü Î Æ Á Ñ Î Þ Ý É Á Ó Á Ê Á À Á Â Ã Ä Û Á Â Ô Ð Â Ü Î À Þ Á Æ Ý Î Æ É Ê æ ç è Ï Á Æ Æ Á Â Æ Ý Î À Þ Ð È Á Î À È Þ Ð Ê Æ Ê Ì Á Ê Ê Æ ÐÏ Ç É Ì È Æ Ý Î À Î Þ Ð À Ó Á À Æ É Ð À Î Ì Þ Ì Î Ê Ê Â Ð Ð Ü à × Ý Á Û Ð Ê É Æ É Ó Á Â Á Þ Á Û Æ É Ð À Ð Ô Æ Ý Á Þ Ð À Þ Á Û Æ Î À È Æ Ý Á Á À Ê Ç É À Ã É À Æ Á Â Á Ê Æá É Æ Ý É À Æ Ý Á È Á Ê É Ã À Î À È Þ Ð À Ê Æ Â Ç Þ Æ É Ð À Þ Ð Ü Ü Ç À É Æ Ä Ü Î ß Á Ç Ê Æ Ý É À ß Æ Ý Î Æ Î À É À À Ð Ó Î Æ É Ó Á Û Â Ð È Ç Þ Æ Þ Î À Ï Á Î ÀÁ Ô Ô Á Þ Æ É Ó Á Ê Æ É Ü Ç Ì Î Æ Ð Â Ð Ô Ü Î Â ß Á Æ Æ Â Î À Ê Ô Ð Â Ü Î Æ É Ð À à × Ý É Ê Û Î Û Á Â È Á Ê Þ Â É Ï Á Ê Ð Ç Â Ì Ð á Þ Ð Ê Æ Ñ Ý É Ã Ý Û Á Â Ô Ð Â Ü Î À Þ ÁÞ Ì Î Ê Ê Â Ð Ð Ü Þ Ð À Þ Á Û Æ Ñ É Æ Ê Ý É Ê Æ Ð Â Ä Ñ Î À È Æ Ý Á Á ã Þ É Æ Á Ü Á À Æ É Æ Ý Î Ê Ã Á À Á Â Î Æ Á È à é Á Ý Î Ó Á Î Ý Ä Û Ð Æ Ý Á Ê É Ê Î Ï Ð Ç Æá Ý Ä Æ Ý Á Þ Ð À Þ Á Û Æ Ý Î Ê Ï Á Á À Ê Ç Þ Þ Á Ê Ê Ô Ç Ì Ñ Î À È á Á È Á Ê Þ Â É Ï Á Æ Ý Á Á Ó É È Á À Þ Á á Á á É Ì Ì Ï Á Ì Ð Ð ß É À Ã Ô Ð Â Æ ÐÊ Ç Û Û Ð Â Æ Ð Ç Â É È Á Î Ê Î Ê Æ Ý Á Þ Ð À Þ Á Û Æ Þ Ð À Æ É À Ç Á Ê Æ Ð Ï Á Î È Î Û Æ Á È Î À È Â Á Ô É À Á È Ï Ä Ð Æ Ý Á Â Ê Î À È Ð Ç Â Ê Á Ì Ó Á Ê àê Á Ä á Ð Â È Ê Ú Þ Ì Î Ê Ê Â Ð Ð Ü Ñ Ü Î Â ß Á Æ Æ Â Î À Ê Ô Ð Â Ü Î Æ É Ð À Ñ Á À Á Â Ã Ä Á Ô Ô É Þ É Á À Þ Ä Ñ É À Æ Á Ã Â Î Æ Á È È Á Ê É Ã Àë ì í î ï ð ñ ò í ë ï ì× Ý É Ê Û Î Û Á Â È Á Ê Þ Â É Ï Á Ê Î Ê Ç Þ Þ Á Ê Ê Ô Ç Ì Ì Ð á Þ Ð Ê Æ Ñ Ý É Ã Ý Û Á Â Ô Ð Â Ü Î À Þ Á Þ Ì Î Ê Ê Â Ð Ð Ü Þ Ð À Þ Á Û Æ à é Á Û Â Á Ê Á À Æ Î Ý É Ê Æ Ð Â Ä Ð Ô Æ Ý ÁÞ Ð À Þ Á Û Æ Ñ Ð Ï Ê Á Â Ó Î Æ É Ð À Ê á Á Ý Î Ó Á Ü Î È Á Ñ Î À È Î Ý Ä Û Ð Æ Ý Á Ê É Ê Î Ï Ð Ç Æ Æ Ý Á Ó Î Ì Ç Á Ð Ô Î À É À À Ð Ó Î Æ É Ó Á Û Â Ð È Ç Þ Æ É À È Â É Ó É À ÃÜ Î Â ß Á Æ Æ Â Î À Ê Ô Ð Â Ü Î Æ É Ð À à é Á Þ Ð À Þ Ì Ç È Á Ï Ä Ì Î Ä É À Ã Ð Ç Æ Æ Ý Á Æ Ä Û Á Ê Ð Ô Á Ó É È Á À Þ Á á Á á É Ê Ý Æ Ð Þ Ð Ì Ì Á Þ Æ Æ Ð Á Ó Î Ì Ç Î Æ Á Ð Ç ÂÝ Ä Û Ð Æ Ý Á Ê É Ê àó ô ð õ ö ò î ë ÷ í ë ï ì ï ø í ù õ ù ë ú ù ÷ õ î ø ï î û ü ì ò õ ò ý ü ö ö î ï ï ûþ ÿ þ ÿ � � � � � � � � � � � � 	 � � � 
× Ý Á � É Ã Ý ä Á Â Ô Ð Â Ü Î À Þ Á Ù Ì Î Ê Ê Â Ð Ð Ü È Á Ê É Ã À É Ê Î À Î Û Û Â Ð ã É Ü Î Æ Á Ì Ä � ç ç Ê à Ô à Â Ð Ð Ü Ñ Â Ð Ç Ã Ý Ì Ä Ê  Ç Î Â Á Ñ á É Æ Ý Î Þ Á É Ì É À ÃÊ Ì Ð Û É À Ã Ç Û Æ Ð Î Ì Î Â Ã Á Þ Á À Æ Â Î Ì Ê ß Ä Ì É Ã Ý Æ Ñ Î Ê Ê Ý Ð á À É À Ô É Ã Ç Â Á � à � À Æ Î Â Ã Á Æ É À Ã Á À Á Â Ã Ä Î À È Ð Û Á Â Î Æ É À Ã Þ Ð Ê Æ Ê Î Ó É À Ã Ê Ñ á ÁÔ Ð Þ Ç Ê Á È Ð À Æ Ý Á Æ Ý Â Á Á Ü Î É À Ê Ð Ç Â Þ Á Ê Ð Ô Î Þ Ì Î Ê Ê Â Ð Ð Ü � Ê Á À Á Â Ã Ä Ç Ê Á Ú Ý Á Î Æ É À Ã Ñ Þ Ð Ð Ì É À Ã Ñ Î À È Ì É Ã Ý Æ É À Ã à

© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 55



� É Ã Ç Â Á � Ú � É Î Ã Â Î Ü Ð Ô Æ Ý Á � É Ã Ý ä Á Â Ô Ð Â Ü Î À Þ Á Ù Ì Î Ê Ê Â Ð Ð Ü Ê Ý Ð á É À Ã Ì É Ã Ý Æ É À Ã Ñ Ý Á Î Æ É À Ã Ñ Î À È Þ Ð Ð Ì É À Ã Ê Ä À Á Â Ã É Ê Æ É ÞÁ Ì Á Ü Á À Æ ÊÅ Þ Ý Ð Ð Ì Ê Û Â Á Ê Á À Æ Ã Ð Ð È Ð Û Û Ð Â Æ Ç À É Æ É Á Ê Ô Ð Â È Î Ä Ì É Ã Ý Æ É À Ã à Å Þ Ý Ð Ð Ì Ð Û Á Â Î Æ É À Ã Ê Þ Ý Á È Ç Ì Á Ê Ã Á À Á Â Î Ì Ì Ä Þ Ð É À Þ É È Á á É Æ Ý È Î Ä Ì É Ã Ý ÆÝ Ð Ç Â Ê Ñ Î À È Æ Ý Á É Â É Ì Ì Ç Ü É À Î Æ É Ð À Â Á  Ç É Â Á Ü Á À Æ Ê Î Â Á Á Î Ê É Ì Ä Ü Á Æ á É Æ Ý È Î Ä Ì É Ã Ý Æ É À Ã à � Ç Â Æ Ý Á Â Ü Ð Â Á Ñ Â Á Ê Á Î Â Þ Ý Ê Ç Ã Ã Á Ê Æ Ê Æ Ý Î ÆÊ Æ Ç È Á À Æ Ê Ì Á Î Â À Ï Á Æ Æ Á Â á É Æ Ý È Î Ä Ì É Ã Ý Æ � � Á Ê Þ Ý Ð À Ã � Î Ý Ð À Á � Â Ð Ç Û Ñ � � � � � à � Ð á Á Ó Á Â Ñ È Î Ä Ì É Ã Ý Æ É À Ã Î Ì Ê Ð É À Þ Ç Â ÊÞ Ð À Ê Æ Â Ç Þ Æ É Ð À Þ Ð Ê Æ Ê à � Ì Î � É À Ã Î À È Ê Ý Î È É À Ã È Á Ó É Þ Á Ê Î Â Á Ü Ð Â Á Á ã Û Á À Ê É Ó Á Æ Ý Î À Î À Ð Û Î  Ç Á á Î Ì Ì Ñ Î À È Á Ì Á Þ Æ Â É Þ Ì É Ã Ý Æ ÊÞ Î À À Ð Æ Ï Á Þ Ð Ü Û Ì Á Æ Á Ì Ä Á Ì É Ü É À Î Æ Á È à Õ Ç Â Î Û Û Â Ð Î Þ Ý Ñ Æ Ý Á À Ñ á Î Ê Æ Ð È Á Ê É Ã À Æ Ý Á Ì Á Î Ê Æ Þ Ð Ê Æ Ì Ä È Î Ä Ì É Ã Ý Æ Î Û Á Â Æ Ç Â Á Æ Ý Î Æ á Ð Ç Ì ÈÛ Â Ð Ó É È Á Î È Á  Ç Î Æ Á É Ì Ì Ç Ü É À Î Æ É Ð À Ð Ó Á Â Æ Ý Á Ì Î Â Ã Á Ê Æ Û Ð Â Æ É Ð À Ð Ô Æ Ý Á Ð Û Á Â Î Æ É À Ã Ê Þ Ý Á È Ç Ì Á Ñ Î À È Æ Ð Ê Ç Û Û Ì Ä Î À É À Á ã Û Á À Ê É Ó ÁÁ Ì Á Þ Æ Â É Þ Ì É Ã Ý Æ Ê Ä Ê Æ Á Ü Æ Ý Î Æ á Ð Ç Ì È Ï Á Î Þ Þ Á Û Æ Î Ï Ì Á Ô Ð Â Æ Ý Á É À Ô Â Á  Ç Á À Æ Æ É Ü Á Ê É Æ á Ð Ç Ì È Ï Á À Á Á È Á È àÖ Ê É À Ã Ì Á Ê ß Ä Ì É Ã Ý Æ � Î Û Û Â Ð ã É Ü Î Æ Á Ì Ä � � Ô Æ ã � � Ô Æ � Þ Î À Ê Ç Û Û Ì Ä Î Ì Ü Ð Ê Æ Î Ì Ì Æ Ý Á É Ì Ì Ç Ü É À Î Æ É Ð À À Á Á È Ê Ð Ô Æ Ý É Ê Æ Ä Û É Þ Î ÌÞ Ì Î Ê Ê Â Ð Ð Ü à � Ç Ì Æ É Û Ì Á Ê ß Ä Ì É Ã Ý Æ Ê Ü É Ã Ý Æ Û Â Ð Ó É È Á Ï Á Æ Æ Á Â Ì É Ã Ý Æ È É Ê Æ Â É Ï Ç Æ É Ð À Ñ Ï Ç Æ á Ð Ç Ì È Ê É Ã À É Ô É Þ Î À Æ Ì Ä É À Þ Â Á Î Ê Á Þ Ð Ê Æ Ê à � À Ê Æ Á Î ÈÐ Ô Ü Ç Ì Æ É Û Ì Á Ê ß Ä Ì É Ã Ý Æ Ê Ñ Î Þ Á À Æ Â Î Ì Â Á Ô Ì Á Þ Æ Ð Â Ý Î À Ã Ê Ç À È Á Â À Á Î Æ Ý Æ Ý Á Ê ß Ä Ì É Ã Ý Æ Æ Ð Î È È Â Á Ê Ê Æ Ý Á � Ý Ð Æ Ê Û Ð Æ � Ð Ô Þ Ð À Þ Á À Æ Â Î Æ Á ÈÌ É Ã Ý Æ Ï Á À Á Î Æ Ý Î Ê ß Ä Ì É Ã Ý Æ à × Ý Á Â Á Ô Ì Á Þ Æ Ð Â Û Î Â Æ É Î Ì Ì Ä Ê Ý Î È Á Ê Æ Ý Á Â Ð Ð Ü � Ê Þ Á À Æ Á Â Ñ Â Á È Ç Þ É À Ã É Ì Ì Ç Ü É À Î Æ É Ð À Ñ Î À È É Æ Ê Ý É Ã ÝÂ Á Ô Ì Á Þ Æ É Ó É Æ Ä � � � è � Ï Ð Ç À Þ Á Ê Ì É Ã Ý Æ Æ Ð Æ Ý Á Þ Á É Ì É À Ã Î À È Æ Ð Æ Ý Á Â Ð Ð Ü � Ê Á È Ã Á Ê à × Ý Á Þ Á É Ì É À Ã É Ê Ê Ì Ð Û Á È Æ Ð Ô Î Þ É Ì É Æ Î Æ Á Æ Ý ÁÈ É Ê Æ Â É Ï Ç Æ É Ð À Ð Ô Ì É Ã Ý Æ Ñ Û Á Â Ü É Æ Æ É À Ã Î Ì Ì á Ð Â ß Î Â Á Î Ê È É Â Á Þ Æ Ó É Ê Ç Î Ì Î Þ Þ Á Ê Ê Æ Ð Æ Ý Á Ê ß Ä Ì É Ã Ý Æ à × Ý Á Ê ß Ä Ì É Ã Ý Æ É Ê Ê É � Á È Ô Ð Â Æ Ý ÁÜ É À É Ü Ç Ü Á ã Æ Á Â É Ð Â É Ì Ì Ç Ü É À Î Æ É Ð À Þ Î Ê Á � Î È â Ç Ê Æ Î Ï Ì Á Ì Ð Ç Ó Á Â Ê Î Â Á Û Â Ð Ã Â Î Ü Ü Á È Æ Ð Â Á È Ç Þ Á Á ã Þ Á Ê Ê É Ì Ì Ç Ü É À Î Æ É Ð À Î À ÈÇ À á Î À Æ Á È Ý Á Î Æ Ã Î É À àË Á Þ Î Ç Ê Á Æ Ý É Ê Î Â Â Î À Ã Á Ü Á À Æ Þ Î À Û Â Ð Ó É È Á Î È Á  Ç Î Æ Á É Ì Ì Ç Ü É À Î Æ É Ð À Ô Ð Â � � è Ð Ô Ð Û Á Â Î Æ É À Ã Ý Ð Ç Â Ê Ñ Á Ì Á Þ Æ Â É Þ Ì É Ã Ý Æ É À Ã Þ Î À Ï ÁÜ É À É Ü É � Á È à Ö Ê É À Ã Ì Á Ý É Ã Ý É À Æ Á À Ê É Æ Ä È É Ê Þ Ý Î Â Ã Á � � � � � Ì Î Ü Û Ñ Ü Ð Ç À Æ Á È É À Æ Ý Á Þ Á À Æ Á Â Ð Ô Æ Ý Á Â Ð Ð Ü Î À È Ô Î Þ É À Ã Ç Û á Î Â È Ê ÑÛ Â Ð Ó É È Á Ê Æ Ý Á Ê Ð Ì Á Ê Ð Ç Â Þ Á Ð Ô Á Ì Á Þ Æ Â É Þ Ì É Ã Ý Æ � Ï Á Ê É È Á Ê Þ Ð È Á Ü Î À È Î Æ Á È Á Ü Á Â Ã Á À Þ Ä Á ã É Æ Ì É Ã Ý Æ É À Ã � à Ö É Ü Á È Ç Û á Î Â È Î Æ Æ Ý ÁÞ Ì Ð Ê Á È Ì Ð Ç Ó Á Â Ê � Ô Ð Â É À Ê Ç Ì Î Æ É Ð À Î Æ À É Ã Ý Æ � Ñ É Æ Â Á Ô Ì Á Þ Æ Ê Ð Ô Ô Æ Ý Á Ì Ð Ç Ó Á Â Ê Î À È Ç Ê Á Ê Æ Ý Á Â Á Ô Ì Á Þ Æ Ð Â Æ Ð È É Ê Æ Â É Ï Ç Æ Á Ì É Ã Ý Æ � Î Ê
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 200756



È Î Ä Ì É Ã Ý Æ Ï Á Þ Ð Ü Á Ê Î Ó Î É Ì Î Ï Ì Á Ñ Æ Ý Á Ì Ð Ç Ó Á Â Ê Ï Á Ã É À Æ Ð Ð Û Á À Ñ Ï Î Ì Î À Þ É À Ã Á Ì Á Þ Æ Â É Þ Ì É Ã Ý Æ Î À È È Î Ä Ì É Ã Ý Æ à é Ý Á À Æ Ý Á Â Á É ÊÁ À Ð Ç Ã Ý È Î Ä Ì É Ã Ý Æ Æ Ð Ü Á Á Æ Æ Ý Á É Ì Ì Ç Ü É À Î Æ É Ð À Æ Î Â Ã Á Æ Æ Ý Á Ì Î Ü Û É Ê Î Ç Æ Ð Ü Î Æ É Þ Î Ì Ì Ä Ê á É Æ Þ Ý Á È Ð Ô Ô à Ö À Ð Æ Ý Á Â Ñ Ü Ð Â Á Á ã Û Á À Ê É Ó Á ÑÐ Û Æ É Ð À É Ê Î È É Ü Ü Î Ï Ì Á Ê Ä Ê Æ Á Ü Ñ á Ý É Þ Ý Þ Î À Ê Î Ó Á Î Ê É Ã À É Ô É Þ Î À Æ Î Ü Ð Ç À Æ Ð Ô Á Ì Á Þ Æ Â É Þ É Æ Ä È Ç Â É À Ã Æ É Ü Á Ê á Ý Á À Û Î Â Æ É Î ÌÈ Î Ä Ì É Ã Ý Æ É À Ã É Ê Û Ð Ê Ê É Ï Ì Á � È Ç Â É À Ã Æ Ý Á Ý Ð Ç Â Ê É À á Ý É Æ Á É À Ô É Ã Ç Â Á � � àé Á È Á Ó Á Ì Ð Û Á È Î Æ Î Â Ã Á Æ É Ì Ì Ç Ü É À Î Æ É Ð À Ð Ô � ç Ô Ð Ð Æ Þ Î À È Ì Á Ê Ü É À É Ü Ç Ü Æ Ð � ç Ô Ð Ð Æ Þ Î À È Ì Á Ê Ü Î ã É Ü Ç Ü � � ¿ Å å Ö Ñ � ç ç ç � à� À Þ Â Á Î Ê É À Ã Æ Ý Á Ü É À É Ü Ç Ü É Ì Ì Ç Ü É À Î Æ É Ð À Î Ï Ð Ó Á � ç Ô Ð Ð Æ Þ Î À È Ì Á Ê Ñ Î Ì Á Ó Á Ì Î Þ Þ Á Û Æ Î Ï Ì Á É À Ð Æ Ý Á Â Ü Ð È Á Â À É � Á È Þ Ð Ç À Æ Â É Á Ê Ñá Ð Ç Ì È À Á Þ Á Ê Ê É Æ Î Æ Á Ì Î Â Ã Á Â Î Û Á Â Æ Ç Â Á Ê Ð Â É À Þ Â Á Î Ê É À Ã Æ Ý Á Î Ü Ð Ç À Æ Ð Ô Ý Ð Ç Â Ê Æ Ý Î Æ Á Ì Á Þ Æ Â É Þ Ì É Ã Ý Æ É Ê À Á Þ Á Ê Ê Î Â Ä à � É Ã Ç Â Á �Ê Ý Ð á Ê Æ Ý Î Æ Î Â Ð Ð Ü á É Æ Ý Î � è È Î Ä Ì É Ã Ý Æ Ô Î Þ Æ Ð Â É À ä Ð Â Æ Ì Î À È á É Ì Ì Î Þ Ý É Á Ó Á Æ Ý Á Ü É À É Ü Ç Ü É À Æ Á Â É Ð Â É Ì Ì Ç Ü É À Î Æ É Ð À Ð Ô � çÔ Ð Ð Æ Þ Î À È Ì Á Ê Ô Ð Â Î Ì Ì Ï Ç Æ Î Û Û Â Ð ã É Ü Î Æ Á Ì Ä � � ç Ý Ð Ç Â Ê Æ Ý Â Ð Ç Ã Ý Æ Ý Á Á À Æ É Â Á Ä Á Î Â � � � è Ð Ô Ð Û Á Â Î Æ É À Ã Ý Ð Ç Â Ê � Ñ Î Ê Ê Ç Ü É À Ã Î �Î à Ü à Æ Ð � Û à Ü à Ê Þ Ý Á È Ç Ì Á à Å Ý É Ô Æ É À Ã Æ Ý Á Ê Þ Ý Á È Ç Ì Á Î À Ý Ð Ç Â Á Î Â Ì É Á Â Ñ Æ Ý Á À Ç Ü Ï Á Â Ð Ô Ý Ð Ç Â Ê á É Æ Ý É À Î È Á  Ç Î Æ Á É Ì Ì Ç Ü É À Î Æ É Ð Àá Ð Ç Ì È É À Þ Â Á Î Ê Á Ï Ä Î Û Û Â Ð ã É Ü Î Æ Á Ì Ä � � è à Õ Ç Â Â Á Ê Á Î Â Þ Ý Ê Ý Ð á Á È Æ Ý Î Æ Ü Ð Ê Æ Ê Þ Ý Ð Ð Ì È É Ê Æ Â É Þ Æ Ê Ý Î Ó Á Æ Ý Á Û Ð á Á Â Æ Ð Þ Ð À Æ Â Ð ÌÆ Ý Á É Â Ð Û Á Â Î Æ É À Ã Ê Þ Ý Á È Ç Ì Á Ê Ñ Î À È Æ Ý Î Æ Æ Ý Á Ä Þ Ý Ð Ð Ê Á Æ Ý Á É Â Ê Þ Ý Á È Ç Ì Á Ê Ô Ð Â Î Ó Î Â É Á Æ Ä Ð Ô Â Á Î Ê Ð À Ê à

� � �  	 � ! Ú � À Æ Á Â É Ð Â É Ì Ì Ç Ü É À Î Æ É Ð À Î À È Ð Û Á Â Î Æ É À Ã Ý Ð Ç Â Ê á É Æ Ý Î � è È Î Ä Ì É Ã Ý Æ Ô Î Þ Æ Ð Â Ç À È Á Â Ð Ó Á Â Þ Î Ê Æ Ê ß É Á Ê É À ä Ð Â Æ Ì Î À È Ñ Õ Ø àË Á Þ Î Ç Ê Á Ð Ô Æ Ý Á Þ Ì Î Ê Ê Â Ð Ð Ü � Ê Þ Ð Ü Û Ì Á ã Ã Á Ð Ü Á Æ Â Ä Ñ Ü Ç Ì Æ É Û Ì Á Ü Á Æ Ý Ð È Ê Ð Ô Á Ó Î Ì Ç Î Æ É Ð À á Á Â Á Ç Ê Á È à × Ý Á È Î Ä Ì É Ã Ý Æ É À ÃÞ Ð À Þ Á Û Æ á Î Ê È Á Ó Á Ì Ð Û Á È Ç Ê É À Ã Ê É Ü Ç Ì Î Æ É Ð À Ê Ñ Û Ý Ä Ê É Þ Î Ì Ü Ð È Á Ì Ê Ñ Î À È Î Ô Ç Ì Ì " Ê Þ Î Ì Á Û Â Ð Æ Ð Æ Ä Û Á Æ Ð Û Â Á È É Þ Æ È Î Ä Ì É Ã Ý Æ É À ÃÛ Á Â Ô Ð Â Ü Î À Þ Á àÖ Ô Ç Ì Ì " Ê Þ Î Ì Á Û Â Ð Æ Ð Æ Ä Û Á á Î Ê Æ Ý Á À Ï Ç É Ì Æ Î á Î Â Á Ý Ð Ç Ê Á Ê Û Î Þ Á Ñ á É Æ Ý Î Ý Ð Ì Á Þ Ç Æ É À Æ Ð Æ Ý Á Â Ð Ð Ô Ô Ð Â Æ Ý Á Ê ß Ä Ì É Ã Ý Æ à × Ý ÁÜ Î Æ Á Â É Î Ì Ê Ç Ê Á È Æ Ð Þ Ð À Ê Æ Â Ç Þ Æ Æ Ý Á Û Â Ð Æ Ð Æ Ä Û Á á Á Â Á É È Á À Æ É Þ Î Ì Æ Ð Æ Ý Ð Ê Á Ê Û Á Þ É Ô É Á È Ô Ð Â Æ Ý Á Î Þ Æ Ç Î Ì Û Â Ð â Á Þ Æ à × Ý Á Û Â Ð Æ Ð Æ Ä Û ÁÎ Ì Ì Ð á Á È Ô Ð Â Æ Ý Á Æ Á Ê Æ É À Ã Î À È É À Æ Á Ã Â Î Æ É Ð À Ð Ô Ê Ä Ê Æ Á Ü Ê È É Ô Ô É Þ Ç Ì Æ á É Æ Ý Ð Æ Ý Á Â Ü Á Æ Ý Ð È Ê Ñ Ê Ç Þ Ý Î Ê Æ Ý Á Ù ä � Ù Ð À Æ Â Ð Í É Æ Á #Û Â Ð È Ç Þ Æ Ç Ê Á È Ô Ð Â Æ Ý Á Ê ß Ä Ì É Ã Ý Æ Ñ á Ý É Þ Ý É À Æ Á Ã Â Î Æ Á Ê Ì Ð Ç Ó Á Â Ê á É Æ Ý É À É Æ Ê Û Ð Ì Ä Þ Î Â Ï Ð À Î Æ Á Ã Ì Î � É À Ã Î À È Þ Î À À Ð Æ Ï Á Æ Á Ê Æ Á È Î ÆÊ Ü Î Ì Ì Á Â Ê Þ Î Ì Á Ê à � É Ã Ç Â Á � Ê Ý Ð á Ê È Î Ä Ì É Ã Ý Æ Û Á Â Ô Ð Â Ü Î À Þ Á Ô Ð Â Æ Ý Á Û Â Ð Æ Ð Æ Ä Û Á Ñ Â Á Ó Á Î Ì É À Ã Æ Ý Î Æ Ð Ó Á Â Î Ì Ì È Î Ä Ì É Ã Ý Æ É Ê Ì Ð á Á ÂÆ Ý Î À Æ Ý Á Æ Î Â Ã Á Æ � � à � Ó Ê à � à ç � Î À È Æ Ý Î Æ Æ Ý Á Þ Ð Â À Á Â Ê Î Â Á Ç À È Á Â Ì É Æ à � À Æ Ý Á À Á Î Â Ô Ç Æ Ç Â Á á Á á É Ì Ì Ï Á Þ Ð Ì Ì Á Þ Æ É À Ã Û Á Â Ô Ð Â Ü Î À Þ ÁÈ Î Æ Î Ô Â Ð Ü Î Þ Æ Ç Î Ì Þ Ì Î Ê Ê Â Ð Ð Ü Ê Ï Ç É Ì Æ Î Æ � Æ à Ö À Ã Á Ì Ö Ï Ï Á Ä Ñ Õ Â Á Ã Ð À à
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 57



� � �  	 � $ % � Î Ä Ì É Ã Ý Æ ä Á Â Ô Ð Â Ü Î À Þ Á Ð Ô Æ Ý Á ä Â Ð Æ Ð Æ Ä Û Á à × Ý Á À Ç Ü Ï Á Â Ê Î Â Á Æ Ý Á È Î Ä Ì É Ã Ý Æ Ô Î Þ Æ Ð Â � Æ Ý Á Â Î Æ É Ð Ï Á Æ á Á Á À Æ Ý ÁÉ Ì Ì Ç Ü É À Î Æ É Ð À Î Æ Î Û Ð É À Æ É À Ê É È Á Æ Ý Á Ê Û Î Þ Á Æ Ð Æ Ý Á É Ì Ì Ç Ü É À Î Æ É Ð À Î Ó Î É Ì Î Ï Ì Á Ð Ç Æ Ê É È Á � Î Æ Æ Ý Î Æ Û Ð É À Æ É À Æ Ý Á Ê Û Î Þ Á àþ ÿ ! ÿ & � ' � � � � � � � � 	 � � � 
� Á Î Æ É À Ã É Ê Î Ê É Ã À É Ô É Þ Î À Æ Á À Á Â Ã Ä Ç Ê Á Ô Ð Â Æ Ý Á Æ Ä Û É Þ Î Ì Þ Ì Î Ê Ê Â Ð Ð Ü à � Ð á Á Ó Á Â Ñ á É À Æ Á Â Ê Î Â Á Ã Á À Á Â Î Ì Ì Ä Ü É Ì È É À Æ Ý Á ä Î Þ É Ô É Þå Ð Â Æ Ý á Á Ê Æ Ú á Ý É Ì Á Æ Á Ü Û Á Â Î Æ Ç Â Á Ê Ü Î Ä Ð Þ Þ Î Ê É Ð À Î Ì Ì Ä È Â Ð Û Ï Á Ì Ð á � ç ( � Ñ Æ Ý Á Ä Î Â Á Æ Ä Û É Þ Î Ì Ì Ä Ð Ó Á Â � ç ( � Ñ Î Ê Ê Ý Ð á À É ÀÔ É Ã Ç Â Á � à � À Î È È É Æ É Ð À Ñ Æ Ý Á Ì Î Â Ã Á Ê Æ Û Ð Â Æ É Ð À Ð Ô Æ Ý Á Ý Á Î Æ É À Ã Ì Ð Î È É Ê È Ç Á Æ Ð Æ Ý Á À Á Á È Ô Ð Â Ô Â Á Ê Ý Î É Â É À Æ Ý Á Þ Ì Î Ê Ê Â Ð Ð Ü àË Ä Ç Ê É À Ã Î Ý Á Î Æ Á ã Þ Ý Î À Ã Á Â Ñ á Á Â Á È Ç Þ Á È Æ Ý Á Ó Á À Æ É Ì Î Æ É Ð À Î É Â Ì Ð Î È Ï Ä Î Û Û Â Ð ã É Ü Î Æ Á Ì Ä � ç è à � É Ã Ý Ì Á Ó Á Ì Ê Ð Ô É À Ê Ç Ì Î Æ É Ð À É ÀÆ Ý Á Á À Ó Á Ì Ð Û Á � Ø " � � É À Æ Ý Á á Î Ì Ì Ê Ñ Ø " � ) É À Æ Ý Á Þ Á É Ì É À Ã � Ã Â Á Î Æ Ì Ä Â Á È Ç Þ Á Ý Á Î Æ Ì Ð Ê Ê Ð Ó Á Â Æ Ý Á Á À Æ É Â Á È Î Ä à × Ý Á Â Á Ü Î É À É À ÃÌ Ð Î È Þ Î À Ï Á Ü Á Æ Ï Ä Æ á Ð Ç À Ç Ê Ç Î Ì Ï Ç Æ Û Â Î Þ Æ É Þ Î Ì Ê Ð Ç Â Þ Á Ê Ú Î À Á Ì Á Þ Æ Â É Þ Ì É Ã Ý Æ Î À È Æ Ý Á Ê Æ Ç È Á À Æ Ê Æ Ý Á Ü Ê Á Ì Ó Á Ê àÙ Ì Î Ê Ê Â Ð Ð Ü Ê Î Â Á À Ð Â Ü Î Ì Ì Ä Ô Ç Ì Ì Ä Ð Þ Þ Ç Û É Á È Ñ Î À È Æ Ý Á Ê Æ Ç È Á À Æ Ê Æ Ý Á Ü Ê Á Ì Ó Á Ê Î Â Á Î Ê É Ã À É Ô É Þ Î À Æ Ê Ð Ç Â Þ Á Ð Ô Ý Á Î Æ àÙ Î Ì Þ Ç Ì Î Æ É Ð À Ê Ê Ý Ð á Á È Æ Ý Î Æ Ð À Ü Ð Ê Æ È Î Ä Ê Æ Ý Á É Â Û Â Á Ê Á À Þ Á á Î Ê Á À Ð Ç Ã Ý Æ Ð Î Þ Ý É Á Ó Á Î Ï Î Ì Î À Þ Á Û Ð É À Æ á É Æ Ý É À Ð Ç ÂÁ ã Û Î À È Á È Þ Ð Ü Ô Ð Â Æ � Ð À Á à Õ À Æ Ý Á Ð Þ Þ Î Ê É Ð À Î Ì È Î Ä á Ý Á À Æ Ý É Ê Ê Æ Â Î Æ Á Ã Ä á Î Ê À Ð Æ Á À Ð Ç Ã Ý Ñ Ý Á Î Æ Ã Î É À Ô Â Ð Ü Æ Ý Á � � ç " á Î Æ Æ� � � á Î Ê Á À Ð Ç Ã Ý Æ Ð Î Þ Ý É Á Ó Á Þ Ð Ü Ô Ð Â Æ à Ù Á É Ì É À Ã Ô Î À Ê Â Á Þ É Â Þ Ç Ì Î Æ Á Ê Æ Â Î Æ É Ô É Á È Î É Â À Á Î Â Æ Ý Á Þ Á É Ì É À Ã à

� � �  	 � * Ú Ö À À Ç Î Ì Æ Á Ü Û Á Â Î Æ Ç Â Á Ñ ä Ð Â Æ Ì Î À È Õ Ø � × � + � È Î Æ Î �
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 200758



þ ÿ $ ÿ , - - . � � � � � � � 	 � � � 
Ù Ð À Ó Á À Æ É Ð À Î Ì Ü Á Þ Ý Î À É Þ Î Ì Þ Ð Ð Ì É À Ã á Î Ê Á Ì É Ü É À Î Æ Á È Ô Â Ð Ü Æ Ý Á Þ Ì Î Ê Ê Â Ð Ð Ü à ¿ Ì Á Ü Á À Æ Ê Ô Â Ð Ü Æ Ý Á Ý Á Î Æ É À Ã Ê Ä À Á Â Ã É Á Ê Î Ì Ê ÐÊ Á Â Ó Á Æ Ð Â Á È Ç Þ Á Þ Ð Ð Ì É À Ã Ì Ð Î È Ê Ú Ý É Ã Ý É À Ê Ç Ì Î Æ É Ð À Ó Î Ì Ç Á Ê Â Á È Ç Þ Á Æ Ý Á É Ü Û Î Þ Æ Ð Ô Î Ô Æ Á Â À Ð Ð À Æ Á Ü Û Á Â Î Æ Ç Â Á Ê Û Á Î ß É À Ã Ð Ó Á Â) ç ( � Ñ Î À È Æ Ý Á Ý Á Î Æ Á ã Þ Ý Î À Ã Á Â Â Á È Ç Þ Á Ê Æ Ý Á À Á Á È Æ Ð Þ Ð Ð Ì Ó Á À Æ É Ì Î Æ É Ð À Î É Â à× Ý Á À É À Á " Ü Ð À Æ Ý Ê Þ Ý Á È Ç Ì Á Æ Ä Û É Þ Î Ì Ð Ô Ü Ð Ê Æ Ê Þ Ý Ð Ð Ì Ê É Ê ß Á Ä Ñ Î Ê É Æ Á Ì É Ü É À Î Æ Á Ê Æ Ý Á Ý Ð Æ Æ Á Ê Æ Ê Á Î Ê Ð À Î À È Ü Ð Ê Æ Û Á Î ßÆ Á Ü Û Á Â Î Æ Ç Â Á Ê � Ô É Ã Ç Â Á � � à Ö À Ð Æ Ý Á Â Þ Â É Æ É Þ Î Ì Ê Ä À Á Â Ã Ä Ï Á Æ á Á Á À Þ Ì É Ü Î Æ Á Î À È Ç Ê Á É À Ó Ð Ì Ó Á Ê Æ Ý Á È Î É Ì Ä Ê Þ Ý Ð Ð Ì Ê Þ Ý Á È Ç Ì Á à× Ý Á ä Î Þ É Ô É Þ å Ð Â Æ Ý á Á Ê Æ Þ Ì É Ü Î Æ Á É Ê Þ Ý Î Â Î Þ Æ Á Â É � Á È Ï Ä À É Ã Ý Æ " Æ É Ü Á Æ Á Ü Û Á Â Î Æ Ç Â Á È Á Û Â Á Ê Ê É Ð À Ê Ï Á Ì Ð á / ç ( � Ñ Á Ó Á À Ð À Æ Ý ÁÝ Ð Æ Æ Á Ê Æ È Î Ä Ê à Å É À Þ Á Ê Þ Ý Ð Ð Ì Ê Î Â Á � Æ Ä Û É Þ Î Ì Ì Ä � Ç À Ð Þ Þ Ç Û É Á È Î Æ À É Ã Ý Æ Ñ Æ Ý Á Ä Þ Î À Ï Á À É Ã Ý Æ Ó Á À Æ É Ì Î Æ Á È á É Æ Ý Þ Ð Ð Ì Î É Â à é É Æ ÝÆ Ý Á Â Ü Î Ì Ü Î Ê Ê Á ã Û Ð Ê Á È É À Æ Ý Á Ô Ì Ð Ð Â Î À È Ð À Á É À Æ Á Â É Ð Â á Î Ì Ì Ñ É À Æ Á Â É Ð Â Æ Á Ü Û Á Â Î Æ Ç Â Á Ê Þ Î À Ï Á Ï Â Ð Ç Ã Ý Æ á É Æ Ý É À Æ Ý Á Þ Ð Ü Ô Ð Â Æ� Ð À Á Ð À Î Ì Ì Ï Ç Æ Æ Ý Á Ý Ð Æ Æ Á Ê Æ È Î Ä Ê àé É Æ Ý Æ Ý Á Á ã Û Î À È Á È Þ Ð Ü Ô Ð Â Æ � Ð À Á Ñ Þ Ð Ü Û Ç Æ Á Â Ü Ð È Á Ì Ì É À Ã Ê Ý Ð á Á È Æ Ý Î Æ � Ï Î Ê Á È Ð À Ü Ð À Æ Ý Ì Ä Î Ó Á Â Î Ã Á Æ Á Ü Û Á Â Î Æ Ç Â Á Ê �Æ Ý Á Ê Á Ê Æ Â Î Æ Á Ã É Á Ê á Á Â Á Á À Ð Ç Ã Ý Æ Ð Á Ì É Ü É À Î Æ Á Þ Ð Ð Ì É À Ã À Á Á È Ê Á ã Þ Á Û Æ Ð À Æ Ý Á Ü Ð Ê Æ Á ã Æ Â Á Ü Á È Î Ä Ê à é Ý Á À Ð Þ Þ Î Ê É Ð À Î Ìá Î Â Ü Á Â À É Ã Ý Æ Æ Á Ü Û Á Â Î Æ Ç Â Á Ê Ì Á Î È Æ Ð É À Ê Ç Ô Ô É Þ É Á À Æ Ü Î Ê Ê Þ Ð Ð Ì É À Ã Î À È É À Æ Á Â É Ð Â Æ Á Ü Û Á Â Î Æ Ç Â Á Ê Û Á Î ß É À Ã Ð Ó Á Â ) ç ( � Ñ Þ Á É Ì É À ÃÔ Î À Ê Á À Ê Ç Â Á Ð Þ Þ Ç Û Î À Æ Þ Ð Ü Ô Ð Â Æ Ñ Á ã Û Î À È É À Ã Æ Ý Á Þ Ð Ü Ô Ð Â Æ � Ð À Á Ï Ä � 0 � Æ Ð � 0 � � Ö Å � Ø Ö ¿ Ñ � ç ç � � àþ ÿ * ÿ � - 1 � 	 2 - 
 �× Ý Á Ê Ä À Á Â Ã É Á Ê Î Ü Ð À Ã Þ Ì É Ü Î Æ Á Ñ Ç Ê Á Ñ Ê Ä Ê Æ Á Ü Ê Ñ Î À È Ì Ð Î È Ê Þ Â Á Î Æ Á È Ï Ä Æ Ý Á Î Â Þ Ý É Æ Á Þ Æ Ç Â Î Ì È Á Ê É Ã À Â Á Ê Ç Ì Æ Á È É À Ê Ç Ô Ô É Þ É Á À ÆÆ Ð Î Þ Ý É Á Ó Á Î æ ç è Â Á È Ç Þ Æ É Ð À É À Þ Ì Î Ê Ê Â Ð Ð Ü Á À Á Â Ã Ä Ç Ê Á � Ô Ð Â Æ Ý Á ä Ð Â Æ Ì Î À È Ñ Õ Ø Þ Ì É Ü Î Æ Á � á Ý É Ì Á ß Á Á Û É À Ã Þ Ð Ê Æ Ê Ì Ð á Á ÂÆ Ý Î À Î Æ Ä Û É Þ Î Ì Â Á Ô Á Â Á À Þ Á Þ Ì Î Ê Ê Â Ð Ð Ü à é Á Á Ê Æ É Ü Î Æ Á È Î Â Á Ô Á Â Á À Þ Á Þ Ì Î Ê Ê Â Ð Ð Ü Æ Ð Þ Ð Ê Æ 3 � ç æ Ñ � / � Ñ Ð Â 3 � � � Û Á Â Ê  Ç Î Â ÁÔ Ð Ð Æ Ñ á Ý É Ì Á Æ Ý Á Ý É Ã Ý Û Á Â Ô Ð Â Ü Î À Þ Á È Á Ê É Ã À á Ð Ç Ì È Þ Ð Ê Æ 3 � ç / Ñ ) ç � Ñ Ð Â 3 � � � Û Á Â Ê  Ç Î Â Á Ô Ð Ð Æ à � É Ã Ç Â Á � Ê Ý Ð á Ê Ý Ð á Ô É Â Ê ÆÞ Ð Ê Æ Ê Þ Ð Ü Û Î Â Á Ð À Î Ê  Ç Î Â Á Ô Ð Ð Æ Ï Î Ê É Ê à

� � �  	 � 4 Ú � É Â Ê Æ Þ Ð Ê Æ Þ Ð Ü Û Î Â É Ê Ð À � Û Á Â Å � � Ï Á Æ á Á Á À Æ Ä Û É Þ Î Ì Â Á Ô Á Â Á À Þ Á Þ Ì Î Ê Ê Â Ð Ð Ü Î À È Ý É Ã Ý Û Á Â Ô Ð Â Ü Î À Þ Á Þ Ì Î Ê Ê Â Ð Ð Ü à� Å Ð Ç Â Þ Á Ú Ë Õ Õ Ø Ö Ö Â Þ Ý É Æ Á Þ Æ Ê �5 ô í ù õ 6 ñ õ ö í ë ï ì ï ø ë ì ì ï 7 ü í ë ï ì ü ì ð û ü î 8 õ í í î ü ì ö ø ï î û ü í ë ï ì! ÿ þ ÿ 9 	 - : � 2 � � � 
 � - 	 � ' � ; 2  	 	 � � � 
 � ' �  
× Ý Á Þ Ð À Þ Á Û Æ á Î Ê É À É Æ É Î Ì Ì Ä È Á Ó Á Ì Ð Û Á È Ð À Û Î Û Á Â É À Î Ê Æ Ç È Ä Ç À È Á Â Æ Î ß Á À Ï Ä Æ Ý Á ¿ À Á Â Ã Ä Å Æ Ç È É Á Ê É À Ë Ç É Ì È É À Ã ÊÍ Î Ï Ð Â Î Æ Ð Â Ä â Ð É À Æ Ì Ä á É Æ Ý Ë Õ Õ Ø Ö Ö Â Þ Ý É Æ Á Þ Æ Ê Î À È Å Õ Í Ö Ø Ù Ö Â Þ Ý É Æ Á Þ Æ Ç Â Á Î À È ¿ À Ã É À Á Á Â É À Ã à × Ý É Ê á Ð Â ß á Î Ê Þ Ð Ü Û Ì Á Æ Á ÈÉ Î Æ Æ Ý Á Á À È Ð Ô � ç ç � à Å Ç Ï Ê Á  Ç Á À Æ Ì Ä Ñ Æ Ý Á È Á Ê É Ã À á Î Ê Â Á Ô É À Á È Î À È Æ Á Ê Æ Á È á É Æ Ý Î Ô Ç Ì Ì " Ê É � Á Û Â Ð Æ Ð Æ Ä Û Á Î À È Æ Ý Á À Ç Ê Á È Ï ÄÅ Ø � ä Î Â Æ À Á Â Ê Ý É Û Ô Ð Â æ Þ Ì Î Ê Ê Â Ð Ð Ü Ê Î Æ Æ Ý Á À Á á Î Þ Î È Á Ü É Þ Ï Ç É Ì È É À Ã Î Æ � Ð Ç À Æ Ö À Ã Á Ì Ö Ï Ï Á Ä Ñ Å Æ à Ë Á À Á È É Þ Æ Ñ Õ Â Á Ã Ð À� È É Â Á Þ Æ Ì Ä Î Þ Â Ð Ê Ê Æ Ý Á Û Ì Î � Î Ô Â Ð Ü Ö Ì Ó Î Â Ö Î Ì Æ Ð � Ê Ì É Ï Â Î Â Ä � à × Ý Á Þ Ì Î Ê Ê Â Ð Ð Ü Ê Â Î À Ã Á É À Ê É � Á Ô Â Ð Ü � / ç Ê à Ô à Æ Ð � � ç ç Ê à Ô à
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 59



Ë Õ Õ Ø Ö Ö Â Þ Ý É Æ Á Þ Æ Ê É Ê Þ Ç Â Â Á À Æ Ì Ä Ç Ê É À Ã Æ Ý Á È Á Ê É Ã À Ô Ð Â Þ Ì Î Ê Ê Â Ð Ð Ü Ê Ô Ð Â Î Ý É Ã Ý Ê Þ Ý Ð Ð Ì Î È È É Æ É Ð À Û Â Ð â Á Þ Æ É À ä Ð Â Æ Ì Î À È àØ Á Þ Á À Æ Ì Ä Ñ Æ Ý Á Þ Ð À Þ Á Û Æ á Î Ê Î Ì Ê Ð Ê Û Á Þ É Ô É Á È É À Î À Ø Á  Ç Á Ê Æ � Ð Â ä Â Ð Û Ð Ê Î Ì Ê Â Á Ì Á Î Ê Á È Ï Ä Æ Ý Á ä Ð Â Æ Ì Î À È ä Ç Ï Ì É Þ Å Þ Ý Ð Ð Ì� É Ê Æ Â É Þ Æ Ô Ð Â Î Þ Ì Î Ê Ê Â Ð Ð Ü Ï Ç É Ì È É À Ã É À ä Ð Â Æ Ì Î À È Ñ Õ Â Á Ã Ð À Ñ Î À È Æ Ý É Ê Û Â Ð â Á Þ Æ É Ê À Ð á Ç À È Á Â È Á Ê É Ã À Ï Ä Å Ø � ä Î Â Æ À Á Â Ê Ý É Û à � ÀÎ È È É Æ É Ð À Ñ Æ Ý Á ä Ð Â Æ Ì Î À È Å Þ Ý Ð Ð Ì � É Ê Æ Â É Þ Æ É Ê Ì Ð Ð ß É À Ã É À Æ Ð Æ Ý Á Û Ð Ê Ê É Ï É Ì É Æ Ä Ð Ô Î È Î Û Æ É À Ã Æ Ý Á È Á Ê É Ã À Ô Ð Â Ü Ð È Ç Ì Î Â Þ Ì Î Ê Ê Â Ð Ð Ü Ê àÅ Ø � ä Î Â Æ À Á Â Ê Ý É Û É Ê Þ Ð À Ê É È Á Â É À Ã Î Ê Û Á Þ Æ Ê Ð Ô Æ Ý Á Þ Ð À Þ Á Û Æ Ô Ð Â Î � � ç ç Ê à Ô à Ê Û Î Þ Á Î Ê Û Î Â Æ Ð Ô Î Ç À É Ó Á Â Ê É Æ Ä Ï Ç É Ì È É À ÃÂ Á À Ð Ó Î Æ É Ð À à × Ý Á Ë Î ß Á Â Ù É Æ Ä Å Þ Ý Ð Ð Ì � É Ê Æ Â É Þ Æ Ý Î Ê Î Ì Ê Ð Ï Á Á À É À Æ Á Â Á Ê Æ Á È É À Æ Ý Á Þ Ð À Þ Á Û Æ à Ö Ô Æ Á Â É Ê Ê Ç É À Ã Î Ø Á  Ç Á Ê Æ Ô Ð Âä Â Ð Û Ð Ê Î Ì Ê Ñ Æ Ý Á Ä Ê Æ Î Æ Á È Æ Ý Î Æ Æ Ý Á Þ Ð À Þ Á Û Æ Ê Ý Ð Ç Ì È Ï Á Ç Ê Á È Î Ê Î Ü Ð È Á Ì Ô Ð Â Æ Ý Á É Â À Á á Ü É È È Ì Á Ê Þ Ý Ð Ð Ì � Ç À Ô Ð Â Æ Ç À Î Æ Á Ì ÄÆ Ý Á É Â Ï Ð À È Ü Á Î Ê Ç Â Á Ô Î É Ì Á È � à é Á Ý Î Ó Á Î Ì Ê Ð Ï Á Á À Î Ê ß Á È Æ Ð Î Û Û Á Î Â Ï Á Ô Ð Â Á Æ Ý Á + Î Ü Ý É Ì Ì Ù Î Â Ì Æ Ð À Å Þ Ý Ð Ð Ì � É Ê Æ Â É Þ Æ � ç ç �Å Ç Ï Þ Ð Ü Ü É Æ Æ Á Á Æ Ð È É Ê Þ Ç Ê Ê É À Þ Ð Â Û Ð Â Î Æ É À Ã Æ Ý Á È Á Ê É Ã À É À Æ Ð Æ Ý Á É Â Ô Ç Æ Ç Â Á Ê Þ Ý Ð Ð Ì Ï Ç É Ì È É À Ã Ê à× Ý Á � É Ã Ý ä Á Â Ô Ð Â Ü Î À Þ Á Ù Ì Î Ê Ê Â Ð Ð Ü Ý Î Ê Î Ì Ê Ð Ã Á À Á Â Î Æ Á È É À Æ Á Â Á Ê Æ Î Æ Æ Ý Á Ê Æ Î Æ Á Ì Á Ó Á Ì à × Ý Á Õ Â Á Ã Ð À � Á Û Î Â Æ Ü Á À Æ Ð Ô¿ À Á Â Ã Ä Ý Î Ê Ï Á Ã Ç À Û Â Ð Ü Ð Æ É À Ã Æ Ý Á Þ Ð À Þ Á Û Æ Æ Ð Î Â Þ Ý É Æ Á Þ Æ Ê Ñ Á À Ã É À Á Á Â Ê Ñ Î À È Ê Þ Ý Ð Ð Ì È É Ê Æ Â É Þ Æ Ê Î Â Ð Ç À È Æ Ý Á Ê Æ Î Æ Á à! ÿ ! ÿ & � < - � � � 
 � 
 - � � � � = ' .  � - > � � � - = ' � � - � > - 	 ? ' 	 @ � � � 	 ' � 
 > - 	 ? ' � � - �� Î Â ß Á Æ Æ Â Î À Ê Ô Ð Â Ü Î Æ É Ð À É Ê Â Á Ì Î Æ É Ó Á Ì Ä Á Î Ê Ä á Ý Á À Æ Ý Á À Á Á È Ð Â Û Â Ð Ï Ì Á Ü Î À È Æ Ý Á Û Â Ð È Ç Þ Æ Ð Â Ê Ð Ì Ç Æ É Ð À É Ê á Á Ì Ì Á Ê Æ Î Ï Ì É Ê Ý Á È à� À Æ Ý Á Þ Î Ê Á Ð Ô Æ Ý Á À Á á À Á Á È Ê Ð Â Û Â Ð È Ç Þ Æ Ê É Æ É Ê Ü Ð Â Á È É Ô Ô É Þ Ç Ì Æ à � Ð á Á Ó Á Â Ñ É Ô Æ Ý Á Û Â Ð È Ç Þ Æ É Ê É À À Ð Ó Î Æ É Ó Á Î À È Î È È Â Á Ê Ê Á ÊÜ Î Â ß Á Æ Æ Â Î À Ê Ô Ð Â Ü Î Æ É Ð À Ï Î Â Â É Á Â Ê Ñ Ü Î Â ß Á Æ Æ Â Î À Ê Ô Ð Â Ü Î Æ É Ð À Â Á  Ç É Â Á Ê Ü Ç Þ Ý Ì Á Ê Ê Á Ô Ô Ð Â Æ à Õ Ç Â Ý Ä Û Ð Æ Ý Á Ê É Ê É Ê Æ Ý Î Æ Î ÀÉ À À Ð Ó Î Æ É Ó Á Û Â Ð È Ç Þ Æ Þ Î À Ê Æ É Ü Ç Ì Î Æ Á Ü Î Â ß Á Æ Æ Â Î À Ê Ô Ð Â Ü Î Æ É Ð À Ü Ð Â Á Â Î Û É È Ì Ä Æ Ý Î À Î Û Û Â Ð Î Þ Ý Á Ê Æ Ý Î Æ Â Á Ì Ä Ð À Á È Ç Þ Î Æ É À ÃÐ á À Á Â Ê Î À È È Á Ê É Ã À Á Â Ê Î Ï Ð Ç Æ Á ã É Ê Æ É À Ã Þ Ð À Þ Á Û Æ Ê Î À È Ê Æ Â Î Æ Á Ã É Á Ê à Õ Ç Â � É Ã Ý ä Á Â Ô Ð Â Ü Î À Þ Á Ù Ì Î Ê Ê Â Ð Ð Ü Ç Ê Á Ê Ì Á Ê ÊÁ À Á Â Ã Ä Î À È Þ Ð Ê Æ Ê Ì Á Ê Ê Æ Ý Î À Æ Ý Á Þ Ð À Ó Á À Æ É Ð À Î Ì Î Ì Æ Á Â À Î Æ É Ó Á Ñ Î À È É Æ Û Â Ð Ó É È Á Ê Ð Û Û Ð Â Æ Ç À É Æ É Á Ê Ô Ð Â Ê Û Î Þ Á Ó Î Â É Î Æ É Ð À Ê à � Æ á Î ÊÈ Á Ê É Ã À Á È Ê Û Á Þ É Ô É Þ Î Ì Ì Ä Ô Ð Â Æ Ý Á ä Î Þ É Ô É Þ å Ð Â Æ Ý á Á Ê Æ Þ Ì É Ü Î Æ Á Ñ á É Æ Ý Æ Ý Á Â Ð Ð Ô Ð Ô Æ Ý Á Þ Ì Î Ê Ê Â Ð Ð Ü Ý Î Ó É À Ã Î Þ Þ Á Ê Ê Æ Ð Æ Ý Á Ê ß Ä à× Ð Î Þ Ý É Á Ó Á Á À Á Â Ã Ä Û Á Â Ô Ð Â Ü Î À Þ Á Æ Ý Î Æ Þ Î À Á ã Þ Á Á È æ ç è Ï Á Æ Æ Á Â Æ Ý Î À Þ Ð È Á Î Æ Î Ì Ð á Á Â Þ Ð Ê Æ Ñ Î À É À Æ Á Ã Â Î Æ Á È È Á Ê É Ã ÀÛ Â Ð Þ Á Ê Ê á Î Ê Ç Ê Á È Æ Ð É È Á À Æ É Ô Ä Ê Ä À Á Â Ã É Á Ê Î Ü Ð À Ã Þ Ì É Ü Î Æ Á Ñ Ç Ê Á Ñ Ê Ä Ê Æ Á Ü Ê Ñ Î À È Ì Ð Î È Ê Æ Ý Î Æ Þ Ð Ç Ì È Ï Á Þ Â Á Î Æ Á È Ï Ä Æ Ý ÁÎ Â Þ Ý É Æ Á Þ Æ Ç Â Î Ì È Á Ê É Ã À àÕ Ç Â Ü É Ê Ê É Ð À É Ê Æ Ð Â Á È Ç Þ Á Æ Ý Á Á À Ó É Â Ð À Ü Á À Æ Î Ì É Ü Û Î Þ Æ Ð Ô Ï Ç É Ì È É À Ã Ê Ñ Û Â É Ü Î Â É Ì Ä Ï Ä Â Á È Ç Þ É À Ã Æ Ý Á Î Ü Ð Ç À Æ Ð Ô Á À Á Â Ã ÄÀ Á Á È Á È Ô Ð Â Ì É Ã Ý Æ É À Ã Ñ Ý Á Î Æ É À Ã Ñ Þ Ð Ð Ì É À Ã Ñ Î À È Ó Á À Æ É Ì Î Æ É Ð À à Õ Ç Â Ü Î Â ß Á Æ Æ Â Î À Ê Ô Ð Â Ü Î Æ É Ð À Á Ô Ô Ð Â Æ Ê Î È È Â Á Ê Ê Á À Á Â Ã Ä " Á Ô Ô É Þ É Á À ÆÈ Á Ê É Ã À Ê Æ Â Î Æ Á Ã É Á Ê Î À È Æ Á Þ Ý À Ð Ì Ð Ã É Á Ê Ñ Á Ê Û Á Þ É Î Ì Ì Ä Æ Ý Ð Ê Á É À Ó Ð Ì Ó É À Ã È Î Ä Ì É Ã Ý Æ É À Ã Î À È À Î Æ Ç Â Î Ì Ó Á À Æ É Ì Î Æ É Ð À Î À È Ô Ð Þ Ç Ê Ð ÀÆ Ý Á ß Á Ä È Á Þ É Ê É Ð À " Ü Î ß Á Â Ê Ú Î Â Þ Ý É Æ Á Þ Æ Ê Ñ Á À Ã É À Á Á Â Ê Ñ Î À È Ð á À Á Â Ê à � À á Ð Â ß É À Ã á É Æ Ý Æ Ý Á Ê Á Ê Æ Î ß Á Ý Ð Ì È Á Â Ê Ð Ó Á Â Æ Ý Á Ì Î Ê Æ � çÄ Á Î Â Ê Ð Ô Þ Ð À Ê Ç Ì Æ É À Ã Î À È Â Á Ê Á Î Â Þ Ý á Á Ý Î Ó Á Â Á Û Á Î Æ Á È Ì Ä Á À Þ Ð Ç À Æ Á Â Á È Ê Á Ó Á Â Î Ì Ï Î Â Â É Á Â Ê Æ Ð Æ Â Î À Ê Ô Ð Â Ü Î Æ É Ð À à × Ý Á Ü Ð Ê ÆÉ Ü Û Ð Â Æ Î À Æ É À Þ Ì Ç È Á Ú � � Î Û Á Â Þ Á Û Æ É Ð À Æ Ý Î Æ Á À Á Â Ã Ä Á Ô Ô É Þ É Á À Þ Ä Þ Ð Ê Æ Ê Ü Ð Â Á A Ô Ð Â É À Ê Æ Î À Þ Á Ñ Á Ó Á Â Ä Ð á À Á Â Ý Î Ê Î Ì É Ü É Æ Æ ÐÝ Ð á Ü Ç Þ Ý Æ Ý Á Ä Î Â Á á É Ì Ì É À Ã Æ Ð Ê Û Á À È Ô Ð Â Á À Á Â Ã Ä Ô Á Î Æ Ç Â Á Ê Ï Á Ä Ð À È á Ý Î Æ É Ê Â Á  Ç É Â Á È Ï Ä Ï Ç É Ì È É À Ã Þ Ð È Á Ê � � � Î Ì Î Þ ß Ð ÔÎ á Î Â Á À Á Ê Ê Î Ï Ð Ç Æ Æ Ý Á Ï Á À Á Ô É Æ Ê Ð Ô Á À Á Â Ã Ä È Á Ê É Ã À Ñ Ï Ð Æ Ý Á À Á Â Ã Ä Â Á Ì Î Æ Á È Î À È À Ð À " Á À Á Â Ã Ä Â Á Ì Î Æ Á È � � � Î Ì Î Þ ß Ð Ôß À Ð á Ì Á È Ã Á Î Ï Ð Ç Æ Ý Ð á Æ Ð È Á Ê É Ã À Á À Á Â Ã Ä " Á Ô Ô É Þ É Á À Æ Ï Ç É Ì È É À Ã Ê � Î À È � � Î Ô Á Î Â Ð Ô Æ Â Ä É À Ã À Á á Æ Á Þ Ý À Ð Ì Ð Ã Ä � Ê Ç Þ Ý Î ÊÌ É Ã Ý Æ É À Ã Þ Ð À Æ Â Ð Ì Ê � à× Ý Á Þ Ð À Ê Æ Â Ç Þ Æ É Ð À Ï Ç È Ã Á Æ Þ Ð À Ê Æ Â Î É À Ê È Á Ê É Ã À Î À È É Ê Ô Ç À È Î Ü Á À Æ Î Ì Æ Ð Î Ì Ì ß Á Ä È Á Þ É Ê É Ð À Ê B á Ý Á Æ Ý Á Â Æ Ð Ï Ç É Ì È Ñ Ý Ð á Ü Ç Þ ÝÏ Ç É Ì È É À Ã É Ê À Á Á È Á È Ñ á Ý Î Æ Ì Á Ó Á Ì Ð Ô  Ç Î Ì É Æ Ä Æ Ð È Á Ê É Ã À Ô Ð Â Ñ Á Æ Þ à Ù Ð À Ê Æ Â Ç Þ Æ É Ð À Þ Ð Ê Æ Þ Î À Ï Á Ó É Á á Á È Î Ê Î Ï Î Â Â É Á Â Ð Â Î ÀÐ Û Û Ð Â Æ Ç À É Æ Ä É À Æ Ý Á Þ Â Á Î Æ É Ð À Ð Ô Á À Á Â Ã Ä " Á Ô Ô É Þ É Á À Æ Ï Ç É Ì È É À Ã Ê à � Ð Ê Æ Ð Ô Æ Á À Á À Á Â Ã Ä Á Ô Ô É Þ É Á À Þ Ä É Ê Û Á Â Þ Á É Ó Á È Î Ê Î È È É À Ã Æ Ð Æ Ý ÁÞ Ð Ê Æ Ð Ô Î Ï Ç É Ì È É À Ã Ñ Î À È Ê É À Þ Á Þ Ð À Ê Æ Â Ç Þ Æ É Ð À Ï Ç È Ã Á Æ Ê Ã Á À Á Â Î Ì Ì Ä È Ð À Ð Æ Â Á Þ Ð Ã À É � Á Á À Á Â Ã Ä Ô Á Î Æ Ç Â Á Ê Ñ Æ Ý Á Ä Þ Î À Î Þ Æ Î Ê ÎÂ Á Ê Æ Â Î É À Æ Ð À É À À Ð Ó Î Æ É Ð À à � Ð á Á Ó Á Â Ñ Â Á Þ Ð À Ê É È Á Â É À Ã Æ Ý Á Þ Ð À Ê Æ Â Ç Þ Æ É Ð À Ï Ç È Ã Á Æ Þ Î À Á À Þ Ð Ç Â Î Ã Á Á À Á Â Ã Ä Á Ô Ô É Þ É Á À Þ ÄÔ Á Î Æ Ç Â Á Ê à � À Æ Ý É Ê Þ Î Ê Á á Á Î Þ Ý É Á Ó Á È Ê Ä À Á Â Ã É Á Ê Ï Á Æ á Á Á À Á À Á Â Ã Ä Ã Ð Î Ì Ê Î À È Ð Æ Ý Á Â È Á Ê É Ã À Ã Ð Î Ì Ê Î À È Ê Ð Ô Ð Ç À ÈÐ Û Û Ð Â Æ Ç À É Æ É Á Ê Æ Ð Ï Ð Æ Ý Â Á È Ç Þ Á Þ Ð Ê Æ Î À È É Ü Û Â Ð Ó Á Û Á Â Ô Ð Â Ü Î À Þ Á à é Á Á ã Û Ì É Þ É Æ Ì Ä Ê Ý Ð á Á È Æ Ý Á Ó Î Ì Ç Á Ð Ô Æ Ý Á Á À Á Â Ã ÄÊ Î Ó É À Ã Ê Î À È Ü Î È Á Ê Ç Â Á Æ Ý Î Æ Æ Ý Á Þ Ð À Ê Æ Â Ç Þ Æ É Ð À Ï Ç È Ã Á Æ É À Þ Ì Ç È Á È É Æ Á Ü Ê Æ Ý Î Æ á Á Â Á Þ Â É Æ É Þ Î Ì Æ Ð Æ Ý Á È Á Ê É Ã À � Ê Ê Ç Þ Þ Á Ê Ê àé Á Þ Î À É À Ô Ð Â Ü È Á Ê É Ã À Û Â Ð Ô Á Ê Ê É Ð À Î Ì Ê Î À È Ð á À Á Â Ê Î Ï Ð Ç Æ Æ Ý Á Û Â Ð Ó Á À Á À Á Â Ã Ä Ï Á À Á Ô É Æ Ê Ð Ô Æ Ý Á È Á Ê É Ã À Ï Á Þ Î Ç Ê Á á ÁÝ Î Ó Á Ü Ð È Á Ì Ì Á È Æ Ý Á Û Á Â Ô Ð Â Ü Î À Þ Á Ð Ô Æ Ý Á Þ Ð À Þ Á Û Æ Î À È Æ Á Ê Æ Á È Û Â Ð Æ Ð Æ Ä Û Á Ê à å Ð À " Á À Á Â Ã Ä Ï Á À Á Ô É Æ Ê Ñ Ê Ç Þ Ý Î Ê É À Þ Â Á Î Ê Á ÈÐ Þ Þ Ç Û Î À Æ Þ Ð Ü Ô Ð Â Æ Î À È Ê Î Æ É Ê Ô Î Þ Æ É Ð À Ñ Î Â Á Î Ì Ê Ð Ï Á Þ Ð Ü É À Ã É À Þ Â Á Î Ê É À Ã Ì Ä É Ü Û Ð Â Æ Î À Æ É À Ü Î ß É À Ã Æ Ý Á Þ Î Ê Á Ô Ð Â Á À Á Â Ã ÄÔ Á Î Æ Ç Â Á Ê Ñ Á Ê Û Á Þ É Î Ì Ì Ä Î Ê Æ Ý Á Ê Á Â Á Ì Î Æ Á Æ Ð Û Â Ð È Ç Þ Æ É Ó É Æ Ä à � Ð Â É À Ê Æ Î À Þ Á Ñ á Á Û Á Â Ô Ð Â Ü Á È Þ Ð Ü Û Ç Æ Î Æ É Ð À Î Ì Ô Ì Ç É È È Ä À Î Ü É Þ ÊÜ Ð È Á Ì Ì É À Ã Ð Ô Æ Ý Á Æ Ý Á Â Ü Î Ì Û Á Â Ô Ð Â Ü Î À Þ Á Ð Ô Æ Ý Á Þ Ð À Þ Á Û Æ á Ý Á À É Æ á Î Ê Ï Á É À Ã Þ Ð À Ê É È Á Â Á È Ô Ð Â Î Û Â Ð â Á Þ Æ Î Æ � Æ à Ö À Ã Á ÌÖ Ï Ï Á Ä Ñ Õ Â Á Ã Ð À à × Ý É Ê Î Ì Ì Ð á Á È Ç Ê Æ Ð È Á Ê Þ Â É Ï Á Æ Ý Á É Ü Û Î Þ Æ Ð À Æ Ý Á Â Ü Î Ì Þ Ð Ü Ô Ð Â Æ Ð Ô Æ Ý Á Ü Î Ê Ê Î À È À Î Æ Ç Â Î Ì Ó Á À Æ É Ì Î Æ É Ð ÀÔ Á Î Æ Ç Â Á Ê à× Ý Á É À É Æ É Î Ì Û Â Ð â Á Þ Æ á Î Ê Î Þ Ð Ì Ì Î Ï Ð Â Î Æ É Ð À á É Æ Ý Æ á Ð Û Â Ð Ô Á Ê Ê É Ð À Î Ì È Á Ê É Ã À Ô É Â Ü Ê à é Ý Á À Æ Ý Á Þ Ð À Þ Á Û Æ á Î Ê Î È Ð Û Æ Á È Ï ÄÎ À Ð Æ Ý Á Â Ô É Â Ü Ô Ð Â Ç Ê Á É À Ð À Á Ð Ô Æ Ý Á É Â Û Â Ð â Á Þ Æ Ê á Á Þ Ð À Ê Ç Ì Æ Á È á É Æ Ý Æ Ý Á Ü È Ç Â É À Ã È Á Ê É Ã À Î À È Þ Ð À Ê Æ Â Ç Þ Æ É Ð À à Ö Ì Ì Ð Ô Æ Ý É Êá Ð Â ß É À Ó Ð Ì Ó Á È Û Â Ð â Á Þ Æ " Ï Î Ê Á È Á È Ç Þ Î Æ É Ð À A Æ Ý Á É À Ô Ð Â Ü Î Ì Æ Á Î Þ Ý É À Ã Î À È Ì Á Î Â À É À Ã Æ Ý Î Æ Ð Þ Þ Ç Â Ê á Ý É Ì Á á Ð Â ß É À Ã Ê É È Á " Ï Ä "Ê É È Á Ð À Î Û Î Â Æ É Þ Ç Ì Î Â Û Â Ð â Á Þ Æ à é Á Ï Á Ì É Á Ó Á Æ Ý É Ê Æ Ð Ï Á É À Ó Î Ì Ç Î Ï Ì Á Ñ Ï Ð Æ Ý Ô Ð Â Æ Â Î À Ê Ü É Æ Æ É À Ã Ý Ð á " Æ Ð É À Ô Ð Â Ü Î Æ É Ð À Î À È Ô Ð ÂÞ Ð À Ó Á Ä É À Ã Á À Æ Ý Ç Ê É Î Ê Ü Î À È Î Ê Á À Ê Á Ð Ô Æ Ý Á Þ Â Á Î Æ É Ó Á Î Â Þ Ý É Æ Á Þ Æ Ç Â Î Ì Ð Û Û Ð Â Æ Ç À É Æ É Á Ê Ð Ô Á À Á Â Ã Ä È Á Ê É Ã À à × Ý Á Ê Á Û Á Ð Û Ì Á Ñá Ý Ð á Ð Â ß É À Ô É Â Ü Ê Æ Ý Î Æ Ý Î Ó Á Ê Û Á Þ É Î Ì Á ã Û Á Â Æ É Ê Á É À Ê Þ Ý Ð Ð Ì È Á Ê É Ã À Ñ Ý Î Ó Á Ê É À Þ Á Ï Á Þ Ð Ü Á Æ Ý Á Á Î Â Ì Ä Î È Ð Û Æ Á Â Ê Ð Ô Æ Ý ÁÞ Ð À Þ Á Û Æ à Ë Ä Ó É Â Æ Ç Á Ð Ô Æ Ý Á É Â È Á Ê É Ã À á Ð Â ß Æ Ý Á Þ Ð À Þ Á Û Æ Ý Î Ê Î Þ Ý É Á Ó Á È Ã Â Á Î Æ Á Â Ó É Ê É Ï É Ì É Æ Ä Î À È Î Þ Þ Á Û Æ Î À Þ Á à
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 200760



é Á Ý Î Ó Á Ô Ð Ç À È Æ Ý Î Æ Ð À Á Ð Ô Æ Ý Á Ü Ð Ê Æ Á Ô Ô Á Þ Æ É Ó Á á Î Ä Ê Æ Ð Î Ì Ì Î Ä Ô Á Î Â Ê Ð Ô C Ç À ß À Ð á À � Æ Á Þ Ý À Ð Ì Ð Ã É Á Ê É Ê Æ Ý Â Ð Ç Ã ÝÈ Á Ü Ð À Ê Æ Â Î Æ É Ð À à � À Þ Î Ê Á Ê á Ý Á Â Á Æ Ý Á Á À Á Â Ã Ä Ô Á Î Æ Ç Â Á Ê Ý Î Ó Á Ï Á Á À Ç Ê Á È Ï Ä Ð Æ Ý Á Â Ê Ñ Æ Ý Á È Á Ü Ð À Ê Æ Â Î Æ É Ð À É Ê Î Ê Ê É Ü Û Ì Á Î ÊÛ Â Ð Ó É È É À Ã É À Ô Ð Â Ü Î Æ É Ð À Ð À Ê Ç Þ Þ Á Ê Ê Ô Ç Ì Ï Ç É Ì È É À Ã Ê à � Ð á Á Ó Á Â Ñ á Ý Á À á Á È Á Ó Á Ì Ð Û À Á á É È Á Î Ê Ñ á Á Ï Ç É Ì È Ô Ç Ì Ì " Ê É � ÁÛ Â Ð Æ Ð Æ Ä Û Á Ê à × Ý Á Ê Á Û Â Ð Ó É È Á Ü Ç Ì Æ É Û Ì Á Ï Á À Á Ô É Æ Ê É À Æ Ý Î Æ á Á Þ Î À á Ð Â ß Ð Ç Æ Æ Ý Á È Á Æ Î É Ì Ê É À Ð Ç Â È Á Ê É Ã À Ê Ñ Æ Ý Á Î Â Þ Ý É Æ Á Þ Æ Î À ÈÁ À Ã É À Á Á Â Þ Î À Ì Á Î Â À È É Â Á Þ Æ Ì Ä Ý Ð á Æ Ð È Á Ê É Ã À Æ Ý Á Ê Û Î Þ Á Ñ Î À È Æ Ý Á Ð á À Á Â Þ Î À Ý Î Ó Á Î Æ Î À Ã É Ï Ì Á Á ã Û Á Â É Á À Þ Á Ð Ô Æ Ý ÁÉ Ü Û Â Ð Ó Á È Ê Û Î Þ Á Ñ Ü Î ß É À Ã É Æ C Â Á Î Ì D Ô Ð Â Æ Ý Á Ü à Ö Â Ã Ç Î Ï Ì Ä Æ Ý Á Ã Â Á Î Æ Á Ê Æ Ï Á À Á Ô É Æ Ð Ô Æ Ý Á Ô Ç Ì Ì " Ê Þ Î Ì Á Û Â Ð Æ Ð Æ Ä Û Á Þ Ð Ü Á Ê Ô Â Ð ÜÏ Á É À Ã Î Ï Ì Á Æ Ð É À Ý Î Ï É Æ É Æ à × Ý Á Á ã Û Á Â É Á À Þ Á Ð Ô Ï Á É À Ã É À Æ Ý Á Þ Ì Î Ê Ê Â Ð Ð Ü � Ô É Ã Ç Â Á / � Û Â Ð Ó Á È Æ Ý Î Æ É Æ á Î Ê Î Ï Á Î Ç Æ É Ô Ç Ì Ñ á Á Ì Ì "È Î Ä Ì É Æ Ê Û Î Þ Á à × Ý É Ê á Î Ê Î Ç Ê Á Ô Ç Ì Î À È Â Á á Î Â È É À Ã Á ã Û Á Â É Á À Þ Á Ô Ð Â Ï Ð Æ Ý Æ Ý Á È Á Ê É Ã À Æ Á Î Ü Î À È Ô Ð Â Ó É Ê É Æ Ð Â Ê à � Ç Â É À Ã Æ Ý ÁÞ Ð Ç Â Ê Á Ð Ô Æ Ý Á Û Â Ð Æ Ð Æ Ä Û Á � Ê Á ã É Ê Æ Á À Þ Á Ñ Î Û Û Â Ð ã É Ü Î Æ Á Ì Ä Ð À Á Ý Ç À È Â Á È Û Á Ð Û Ì Á Ó É Ê É Æ Á È Æ Ý Á Þ Ì Î Ê Ê Â Ð Ð Ü Ñ É À Þ Ì Ç È É À ÃÎ Â Þ Ý É Æ Á Þ Æ Ê Ñ Æ Á Î Þ Ý Á Â Ê Ñ Ê Þ Ý Ð Ð Ì Î È Ü É À É Ê Æ Â Î Æ Ð Â Ê Ñ Ô Î Þ É Ì É Æ Ä Ü Î À Î Ã Á Â Ê Ñ Ç Æ É Ì É Æ Ä Â Á Û Â Á Ê Á À Æ Î Æ É Ó Á Ê Ñ Â Á Û Ð Â Æ Á Â Ê Ñ Î À È Ð Æ Ý Á Â ÊÉ À Æ Á Â Á Ê Æ Á È É À Á È Ç Þ Î Æ É Ð À Î À È E Ð Â Ã Â Á Á À Ï Ç É Ì È É À Ã à F É Ê É Æ Ð Â Ê á Á Â Á Ç À É Ô Ð Â Ü Ì Ä É Ü Û Â Á Ê Ê Á È á É Æ Ý Æ Ý Á  Ç Î Ì É Æ Ä Ð Ô Æ Ý Á Þ Ì Î Ê Ê Â Ð Ð ÜÎ À È É Æ Ê Á ã Þ Á Û Æ É Ð À Î Ì Á À Á Â Ã Ä Û Á Â Ô Ð Â Ü Î À Þ Á à

� � �  	 � G Ú F É Ê É Æ Ð Â Ê Æ Ð Æ Ý Á � É Ã Ý ä Á Â Ô Ð Â Ü Î À Þ Á Ù Ì Î Ê Ê Â Ð Ð Ü ä Â Ð Æ Ð Æ Ä Û Á× Ý Á Þ Ð Ü Û Ì Á Æ Á È Ï Ç É Ì È É À Ã Î Æ � Æ à Ö À Ã Á Ì É Ê À Ð á Î À Á Ó Á À Ü Ð Â Á Á Ô Ô Á Þ Æ É Ó Á È Á Ü Ð À Ê Æ Â Î Æ É Ð À Ð Ô Ý Ð á Æ Ý Á � É Ã Ý ä Á Â Ô Ð Â Ü Î À Þ ÁÙ Ì Î Ê Ê Â Ð Ð Ü Þ Ð À Þ Á Û Æ Þ Î À Ï Á Ç Ê Á È Æ Ð Þ Â Á Î Æ Á Î Æ Æ Â Î Þ Æ É Ó Á Ñ Ý É Ã Ý Û Á Â Ô Ð Â Ü É À Ã Ê Û Î Þ Á Ê à � É Ã Ç Â Á æ Ê Ý Ð á Ê Ð À Á Ð Ô Æ Ý Á Ì Î Â Ã Á ÂÞ Ì Î Ê Ê Â Ð Ð Ü Ê Î Æ � Æ à Ö À Ã Á Ì à

� � �  	 � H Ú Ö Ù Ì Î Ê Ê Â Ð Ð Ü Î Æ � Æ à Ö À Ã Á Ì Ö Ï Ï Á Ä à I J K L M N O I P Q R S L T U N L V W X Y Z
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 61



[ ô ò ï ì ò ý ñ ö ë ï ì öÕ Ç Â Ì Ð á Þ Ð Ê Æ Ñ Ý É Ã Ý Û Á Â Ô Ð Â Ü Î À Þ Á Þ Ì Î Ê Ê Â Ð Ð Ü Þ Ð À Þ Á Û Æ Ê Ý Ð á Ê Ê É Ã À Ê É Æ á É Ì Ì Î Þ Ý É Á Ó Á Î Ì É Ô Á Ð Ô É Æ Ê Ð á À à é Á á Ð Ç Ì È Î Â Ã Ç ÁÆ Ý Î Æ Æ Ý É Ê É Ê Ï Á Þ Î Ç Ê Á É Æ É Ê Î Ï Á Æ Æ Á Â È Á Ê É Ã À à Ù Ð À Æ É À Ç Á È É À Æ Á Â Á Ê Æ É À Æ Ý Á Þ Ð À Þ Á Û Æ á É Ì Ì Î Ì Ì Ð á Ç Ê Æ Ð Æ Á Ê Æ Ð Ç Â Ü Î Â ß Á ÆÆ Â Î À Ê Ô Ð Â Ü Î Æ É Ð À Ý Ä Û Ð Æ Ý Á Ê É Ê Ñ Ô Ð Â É À Ê Æ Î À Þ Á Ñ Ï Ä È Ð É À Ã Î Ê Æ Î Æ É Ê Æ É Þ Î Ì Î À Î Ì Ä Ê É Ê Ð Ô Æ Ý Á À Ç Ü Ï Á Â Ð Ô Þ Ì Î Ê Ê Â Ð Ð Ü Ê Ï Ç É Ì Æ á É Æ Ý Ð Ç ÂÔ Á Î Æ Ç Â Á Ê É À Þ Ð Ü Û Î Â É Ê Ð À Æ Ð Æ Ý Á À Ç Ü Ï Á Â Ð Ô Ü Ð Â Á Æ Â Î È É Æ É Ð À Î Ì Ì Ä È Á Ê É Ã À Á È Þ Ì Î Ê Ê Â Ð Ð Ü Ê à � Æ Þ Ð Ç Ì È Ï Á  Ç É Æ Á Â Á Ó Á Î Ì É À Ã Æ Ð È ÐÆ Ý É Ê Ê Æ Ç È Ä Æ Ð Ê Ý Ð á Ã Á Ð Ã Â Î Û Ý É Þ Î Ì È É Ê Æ Â É Ï Ç Æ É Ð À Ð Ó Á Â Æ É Ü Á à × Ý Á Þ Ð À Þ Á Û Æ Ý Î Ê Î Û Û Ì É Þ Î Ï É Ì É Æ Ä Ð Ç Æ Ê É È Á Ð Ô Þ Ì Î Ê Ê Â Ð Ð Ü Ê É À Æ Ý Áå Ð Â Æ Ý á Á Ê Æ Ñ Î Ì Æ Ý Ð Ç Ã Ý Æ Ý Á Â Á Þ Á Â Æ Î É À Ì Ä á É Ì Ì Ï Á Ì É Ü É Æ Ê Æ Ð Î Ê Û Á Þ Æ Ê Ð Ô É Æ Ê È Á Ê É Ã À à � Ð Â Á ã Î Ü Û Ì Á Ñ á Ý É Ì Á Æ Ý Á È Î Ä Ì É Ã Ý Æ É À ÃÔ Á Î Æ Ç Â Á Ê á É Ì Ì Ï Á Î È Î Û Æ Î Ï Ì Á Æ Ð á Î Â Ü Á Â Þ Ì É Ü Î Æ Á Ê Ñ Æ Ý Á Þ Ð Ð Ì É À Ã Ô Á Î Æ Ç Â Á Ê Ñ É À Æ Ý Á É Â Þ Ç Â Â Á À Æ Ô Ð Â Ü Ñ Ü Î Ä À Ð Æ à � Ô É À Æ Á Â Á Ê Æ É ÀÆ Ý Á Þ Ð À Þ Á Û Æ Þ Ð À Æ É À Ç Á Ê Æ Ð Ã Â Ð á Ñ Î Ê á Á Á ã Û Á Þ Æ Ñ á Á Ê Ý Ð Ç Ì È Ý Î Ó Á Ð Û Û Ð Â Æ Ç À É Æ É Á Ê Æ Ð Æ Á Ê Æ Æ Ý Á Ì É Ü É Æ Ê Ð Ô É Æ Ê Î Û Û Ì É Þ Î Ï É Ì É Æ Ä àü ò 8 ì ï \ ý õ ð ú õ û õ ì í ö� É ß Á � Î Æ Æ Á À Ð Ô Å Ð Ì Î Â Þ Î À È � Á É À � Ø Ç È Ð Ì Ô Ð Ô Ë Õ Õ Ø Ö Ö Â Þ Ý É Æ Á Þ Æ Ê á Á Â Á Û Î Â Æ À Á Â Ê É À Æ Ý Á È Á Ó Á Ì Ð Û Ü Á À Æ Ð Ô Æ Ý Á Þ Ì Î Ê Ê Â Ð Ð ÜÛ Â Ð Æ Ð Æ Ä Û Á à ê Á À Æ � Ç Ô Ô Ä Î À È Å Ø � ä Î Â Æ À Á Â Ê Ý É Û á Á Â Á Û Î Â Æ À Á Â Ê É À Æ Ý Á È Á Ó Á Ì Ð Û Ü Á À Æ Ð Ô Æ Ý Á Ô Ç Ì Ì " Ê Þ Î Ì Á Û Â Ð Æ Ð Æ Ä Û Á Ê Û Î Þ Á à¿ À Á Â Ã Ä Å Æ Ç È É Á Ê É À Ë Ç É Ì È É À Ã Ê Í Î Ï Ð Â Î Æ Ð Â Ä Ê Æ Î Ô Ô É À Ó Ð Ì Ó Á È á É Æ Ý Æ Ý Á Û Â Ð â Á Þ Æ É À Þ Ì Ç È Á é Î È Á ] Á À Ê Á À Ñ � Î Â ß é É Ì ß Á Â Ê Ð À Ñ Î À È¿ Ü É Ì Ä é Â É Ã Ý Æ Ñ á Ý Ð Ý Á Ì Û Á È È Á Ó Á Ì Ð Û Æ Ý Á Ý É Ã Ý Û Á Â Ô Ð Â Ü Î À Þ Á Þ Ì Î Ê Ê Â Ð Ð Ü È Á Ê É Ã À Ñ Î À È Ù Â Î á Ô Ð Â È Å Ü É Æ Ý Ñ á Ý Ð Ý Á Ì Û Á ÈÈ Á Ó Á Ì Ð Û Ð Ô Æ Ý Á Ô Ç Ì Ì " Ê Þ Î Ì Á Û Â Ð Æ Ð Æ Ä Û Á Þ Ì Î Ê Ê Â Ð Ð Ü à � Æ à Ö À Ã Á Ì Ö Ï Ï Á Ä Î Ã Â Á Á È Æ Ð Æ Ý Á Ç Ê Á Ð Ô Æ Ý Á � É Ã Ý ä Á Â Ô Ð Â Ü Î À Þ ÁÙ Ì Î Ê Ê Â Ð Ð Ü Þ Ð À Þ Á Û Æ Ô Ð Â Æ Ý Á È Á Ê É Ã À Ð Ô Æ Ý Á É Â Ö Þ Î È Á Ü É Þ Ë Ç É Ì È É À Ã Ñ Î À È Û Â Ð Ó É È Á È á Î Â Á Ý Ð Ç Ê Á Ê Û Î Þ Á Ô Ð Â Æ Ý Á Û Â Ð Æ Ð Æ Ä Û ÁÞ Ð À Ê Æ Â Ç Þ Æ É Ð À à × Ý É Ê Û Â Ð â Á Þ Æ á Î Ê È Á Ê É Ã À Á È á É Æ Ý Æ Ý Á Ê Ç Û Û Ð Â Æ Ð Ô Æ Ý Á Ë Á Æ Æ Á Â Ë Â É Þ ß Ê Û Â Ð Ã Â Î Ü Ð Ô Æ Ý Á å Ð Â Æ Ý á Á Ê Æ ¿ À Á Â Ã Ä¿ Ô Ô É Þ É Á À Þ Ä Ö Ì Ì É Î À Þ Á àî õ ø õ î õ ì ò õ öÖ Å � Ø Ö ¿ à � ç ç � à Ö å Å � E ^ _ ` a ^ b _ c d e f d g f h h i j k k l m n o p g q d r b e s t g u e q p e c d r v u e f t c t u e w x u g ` y q d e z { { y | d e { } ~Ö Ü Á Â É Þ Î À Å Ð Þ É Á Æ Ä Ð Ô � Á Î Æ É À Ã Ñ Ø Á Ô Â É Ã Á Â Î Æ É À Ã Î À È Ö É Â " Ù Ð À È É Æ É Ð À É À Ã ¿ À Ã É À Á Á Â Ê Ñ � À Þ à Ú Ö Æ Ì Î À Æ Î à� ¿ Å å Ö à � ç ç ç à n o p � b _ � ^ � t � o c t e � ` d e f � u u � m � � � p f ~ � Ì Ì Ç Ü É À Î Æ É À Ã ¿ À Ã É À Á Á Â É À Ã Å Ð Þ É Á Æ Ä Ð Ô å Ð Â Æ Ý Ö Ü Á Â É Þ Î Ú å Á á+ Ð Â ß à� Á Ê Þ Ý Ð À Ã � Î Ý Ð À Á � Â Ð Ç Û à � � � � à � d } r t � o c t e � t e _ { o u u r w � ^ e � e s p w c t � d c t u e t e c u c o p a p r d c t u e w o t | � p c � p p e� d } r t � o c t e � d e f ` y q d e � p g x u g q d e { p à ä Î Þ É Ô É Þ � Î Ê Î À È ¿ Ì Á Þ Æ Â É Þ Ù Ð Ü Û Î À Ä Ú Å Î À � Â Î À Þ É Ê Þ Ð à

© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 200762



!

63



!

64



Measurement And Education

How Are We Doing? A Protocol For Building Performance Reviews

Cathy Turner

Considering The Whole: Developing a Whole–house Calculator

Michael O’Brien, Ron Wakefield

A Systemic Model For Designing Energy Optimized Buildings

Audrey Kay Werthan

Awareness: the ground for sustainable design

Randall F. Teal

Innovative Sustainable Water Management Practices in Solar Residential Design

C. Jason Mabry, Franca Trubiano

65



!

66



� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � ¡¡ � � ¢ £ ¡ ¤ ¢ ¥ ¢ � � � ¦ � ¦ � § � � � � � § � ¨ � � � � � � � � � �   © ¦   � � ª   « « � ¦ � � « ¬ �  � � � � � �   � � ® ¯ ° ± � ² � � � © � � � � �� � � ¦ §   �   «   � � � � � � � � � �   � � � � � � � � � § ³ � � ¦ � � « � � � � � � � � � «   � � �   � � § � � « � � � � � � � � « § � ´ � � § � � � � � �   ©¦ � �   � � � � � � � � µ � � � � � � � § � � � � § « � «   � � � � � � �   © � � � � � § � � � § � § �  � � � � � � � � §  � � � � � � � � ¦   � � � � � � � ¯ ° ± � � � § � �� � � � � � ¶ ¦ �   § � �   § ¬ � � � � ¬   © � « � � � � � � � § � ¬ � � � � � �   « « � ¦ � � � «   � ©   § � � � · · ¸ ± ± ¹ ´ � � � � � � � � µ �  � � � � � � ¦ §   �   «   � � � � � � ¦ � � � � � � � � � � � � � � � �   � � �   © ´ � � � � � � � «   ¦ � � � � � � § � « � � ¦ ¦ � � « � ´ � � � � ¬ �   � � � � � �� � � § � � � � � � § � � � � � � � � � � ´ ¬ � � � � � § ³ � � § � � � � § « � µ ¢ � � � � � ¦ §   �   «   � ´ § � � ³ � � � � ¯ ° ± � � �   � �  � � � � � � � �   ³ � � ¦ «   � � � � � �   � � � ¦   � � � ´ � � ©   § � ´ � � � « ¸ �  � � · �  � � � � � �   � µ ¢   � § � � � � � �   � � � � � © � �� � © � § � � « � � © §   � § � � � � � ¬ �  � � � � ´ � � � � ©   § � � � �   � � ¸ �  � � · � � ¦ � � � � « � � � � � � � � � � � ¬ � � � � � � � �   « « � ¦ � � �� � §  � ¬ � � � � � � � � � � §  � � � � � � � � � � © � « � � � � ¬   ¦ � § � �   § µ ¡ �   ¦ � �   � � � ¸ �  � � º § �  � � � �   � � � � � ¦ � � � � � �� � � � �   � � � « �   § � « � �   � � § � «   � � � � � � � � � � � � ¸ �  � � · § � ¦   § � µ ¡ � � ¶ � � ¦ � � � � ¦ § � � � � � � �   © � � � � ¬ ¦ � �   ©� � ©   § � � � �   � � � � § � � � © §   � ¸ �  � � · ¦ � �   � � � � � § � � � � � � µ¯   � � ª   « « � ¦ � � « ¬ � � � � § � ¬ ª � � � � � � � � � � � ¬ � ´ � � � � � � � ¦ � § ©   § � � � « �» ¼ ½ ¾ ¿ À Á Â ½ » ¿ ¼� � ¦ §    � � � «   � � � § « � � � ´ � � � � � � � � © © � « � � � « ¬ § � Ã � � § � � © � � � ´ � « ³ �     � � � § � � � � � � � � � � � § �   � � « � � � � § � �   � § « � � � � � � �  « « � ¦ � � � «   � ©   § � � ´ � � � � « � ´ � � � � � � � ¦ � § ©   § � � � « � � � § � § � � ¬ � � � � � § � � µ � � ¬ Ä � � § § � � § � �   � « � � �  � � � © � � � ´ � « ³� � §   � � � � § � � � � �   � � � ¦   � � ª   « « � ¦ � � « ¬ �  � � � � � �   � � �  � ´ � � � � � � � �   « � � � � � � � � ´ � � �   � ¬ � �    � § «   � � µ ¢ � � � ¦ � ¦ � §� � � « § � ´ � � � ¦ §   �   «   � ©   § § �  � � � � � � � « � � � � ´ � � � � � � � ¦ � § ©   § � � � « � � � � � � § � �   � �   © � � § ³ � � § � � � � § « � «   � � � « � � � ´ ¬� � � � � � � � � � � � � � � � � � � � � � � � � «    � § � � � � �   � � ¦   � � � � � � � � ¬ �   � � � � � � § � � � � � � � � � � § � � � � � �   © � � « � § �  � � � � � � � � � ��   � � � � � � § � � ¦ � � « � �   © � � ©   § � � � �   � µ ¢ � � � ¦ � ¦ � § «   � � � � � �   © � � § � � ¦ § � � � § ¬ � § � � � ¥· µ Å � § ³ � � § � � � � § « �   � � � � « � § § � � � � � � � § � � � � � � � � � ´ � § § � � § � �   � ¦ � § ©   § � � � « � �  � � � � � �   � µº µ ¸ � � �   � � © §   � � § �  � � �   © · · � § � � � ´ � � � � � � � � � � ° § � �   � � � � � � � � � � � �   � µÆ µ £ � © � � � � ¦ §   �   «   � � �  � �   ¦ � � � � � � � � � ¦ � � � � � � � � �   � µ� � « « � � � © � � � � ¦ � � � � � � � � �   �   © � � � � § �  � � � ¦ §   �   «   � � �   � � � � « � � �  � � � � © � � ¦ � § ©   § � � � « � © � � � ´ � « ³   � � � � ¬ �   § �´ � � � � � � � � µ Ç �   � � � � �   � ´ � � � � � � � � § � � � � ¬ ¦ � § ©   § � � � � � � � ¦   � � � � � � � �   � � � ¦   � � � § �   ¦ � � � � ¨ � � �  � � � � � © � § � � � §§ � � � « � � � � � � � ¬ «   � � � � � � � ©   � � � § � ¦ §   � � « � �  � �   § ³ � � � � �  � §   � � � � � ©   §   « « � ¦ � � � � µ ¤   � ¦ � � � � � � � � � © � � � ´ � « ³ �     ¦ �    § � � � � � � � � � � � � � § � « � � � ¶ � � � � � � � � � � � � �   � � � � � § � � � � � � �   © � � � § � � � � ´ � � � � � � � � µÈ É Ê Ë ¾ Ì Í ½ ¾ Í Î Í Ë ¾ Â Ï Ð Ñ Ï Ò » Î Ó Í ¾ Ô ¿ ¾ Ê Ë ¼ Â Í ¾ Ë ¾ Í Õ Ò ¾ Í Ö » Í Ñ Í À ×¯   � � ª   « « � ¦ � � « ¬ �  � � � � � �   � ® ¯ ° ± ² � � � � � � � � � § � � � � § � ©   § � ´ §   � � § � � � �   © � « � �  � � � � � � � � � � � � � � � � § � � � � � � � � �   �´ � � � � � � � � ¦ � § ©   § �   � « � � � � ¬ � § � ´ � � � � µ ¯ § � « � � � �   � � § � � � � � � � � � § � � � � � �  � § � � � ¬   © � � � � � � � � � � � « � � � � � �   « « � ¦ � � �� � §  � ¬ � � � � � § � ¬ � � � � � � � § � � � � � � � ¬ � � � � � � � § �  � � �   © ´ � � � � � � � � ¬ � � � � ¦ � § ©   § � � � « � µ ¡ ¯ ° ± � � � § � ¬ � � � � ¬ � � ¬� � « � � � � � � ¬   © � � � ©   � �   � � � � ¥ �   � � � ´ � � � � � � � � � � § � ¬ � � � � � � � � � � � ¬ ® ± Ø � ² «   � ¦ � § � � �   ´ � � « � � � § ³ � � � � � § � ¬ � � � ª � � �� � � � ¬ � � � � � � � «   � ¦ � § � �   � ´ � � � � � � � « � � � � � � � � � � � « � ¦ � � � � � � � § � ¬ � � � ® � � � �   § � � � �   � � � � ª ´ � � � � « � � � ´ § � � �   �   © � � �  § � � � � � � � � � § � ¬ �   � � � ² µ ¢ � � � � � � � ¶ ¦ � � � � § � Ã � � § � � � � � � � § �   © � � � � � � � � � ¦ §   � � ´ � � �  � ©   § �   � �   © � � � � �� « � �  � � � � � µ ¢ � � � � � « � �   � � � � « § � ´ � � � � � � § � � � § � � � � � � § ³ � � § � � � � § « � �   � � �   � � � � § � � � � � � � � � � § � � ¬ � ¶ � � � � � � ¯ ° ±¦ §   �   «   � «   � � � � © ©   § � � ´ � ¬ � � � � � � � � � � � �   © � �   � � �   � � � � � � § � � � � � � � � � � § � � � � � � µ¢ � � �   � � � � � � � ¬ ³ �   � � ¯ ° ± �     � � � � ¬ ´ � � � � ¯   � � ª ° « « � ¦ � � « ¬ £ �  � � �   © � � � � � � � � � � � � � � � � § ± � � � � � � § � � �® ¯ £ ° � ± ² �   § ³ � � Ù § � � � � § � � � � � ® � � � � � �  � � � Å µ � �   § � � � � � � µ � ¸ � � � � � � ¡ µ � ¤   � � � � £ µ � · Ú Ú Û ª º Ü Ü º � � � � � §  � ¬ �     � �� �  � �   ¦ � � � � � � � ¦ ¦   § � � � ´ ¬ � � � ¤ � � � � § ©   § � � � � � � � � ± �  � §   � � � � � � � Ø ¤ ª � � § ³ � � � ¬ µ � � � ¦ ¦ � � § � � � � � �  � � � � � � �´ � � � � § ³ �   � � ¦ §   � � « � � � �  � ´ � � � � � � �   � � � �   � � � © � � � � � � § � � ´ � � � � � � � �    � § � � �   § �   § � ¬ � � § � µ
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 67



Ý Þ Ý Þ ß à á â ã ä á å ã â ã â æ à â ç¢ � � � � � � § � � � § � �   � � � � �   � � � � § � � � � � � � � � � § � � � � � � ´ � � � � � � ¦ §   �   «   � � � § � � � ¬ � ¶ � � � � � ©   § «   � ¦ � � � � � � � ¯ ° ± � � � ��   � � � � � � � � � � � � � � �   © ´ � � � � � � �   � � � § � � � �   � � � § � � � � � � � � � � ¬ � � � � § � � � � � ¦ � § � � � � µ ¢ �   § � « � � � ´     ³ �   � ¯ ° ±� �  � ´ §   � � � � �   � � � � � § � � � ¬   © � � � ³ � ¬ � � � �   � � � � � § � � � �   � � � � µ ® è � � � § � � è � « � � � � � � � ¤   � � « � � � º Ü Ü º é ê � � « � � § � ë µ� � � ¯ § � � � � § � � µ � º Ü Ü Û ² µ ¢ � � � � � � � � § � � � � � � � « § � ´ � � � � � �  � § � � � ¬   © ¯ ° ± ¦ §   �   «   � � � ´ � � © � � ©   « � �   � � � � § � � � � � �� � � � � � � � � � � � � � � � § � � � �   © ´ � � � � � � �   � � � § � µ ¡ � � �   � � � � � � � � � � �   © � �  � § � � ¦ §   �   «   � � � ¦ ¦ � � § �   ´ � � � � © � � � �  � � � � � �   � � � « «   � ¦ � � � � � � � � � �   � � �   © � � � � � � � ´ � � � � � � �   � � � § � � � � � � � � � § � �   © ´ � � � � � � � «   ¦ � � � � � � § � « �� ¦ ¦ � � « � ´ � � � � ¬   © § � � � � � � µ � � � � � � � �   � � � � � � © � � � � � § � ¦ � � � � ´ � � � � � � � � § � ¯ ° ± � � � � � � � § � � � � � � § � � �   © « § � � � « � �� � § ³ � � ´ � § § � � § � µ£ �  � � �   © � � � � � � � § � � � § � � � � � « � � � � � �  � § � � � � � � ª �   « � � � � � � � ´ � § § � � § � �   � « � � �  � � � © � � � ´ � « ³ © §   � � § � � � � �   � � � ¯ ° ± � µ¡ �   � � � � � �   § � � � ´ � � � � � � � � � § � ¥� � � � �   � « � � � § � �   � � � § � � ¦   � � � ´ � � � � ¬ �   «   � � � « � ¯ ° ± � éè � � � � � � ©   § ¯ ° ± � � � �   � � � « � � � � � � � � � � � � � ´ � � � � � � é¢ � � § � � � � � � � � ¬ «   � � �     � � � � �   ´ � ¦ � § « � �  � � � � � � � © � � ©   § � � � � � � � � � � � � � � � � � « � � � � �    � �   � �   � � �� � ¶ � ¦ §   ì � « � �   § �   � �   � � � § � �   � � ¬ �   � ´ � ¦ � � � � � � � � � ¬ � � � � � � § ¦ §   ì � « � � é¢ � « � � � « � � � � � �   � � � � � « � � � � © © � « � � � � � �   © � � � � § � � � � �   ´ � � � � � � � �  � � ´ � � � « � � � � é � � �¢ � � ¯ ° ± § � ¦   § � � � ¬ � � «    � § ¦ §   ´ � � � � � ¦   � � � ´ � ¬ � � � � � � � �   � � ³ � � § � Ã � � � � �   � �   § �  � � � � � ´ � � � � ¬ µ ¡ � � � �  � § ¬� � � � � � ¦ §   © � � � �   � � � � � § � �   � � � � � � � � � § � � � � � � �   � � � § ¦ §   © � � � �   � � � � § �  � � � � � � � � � � § �   § ³ µ¸     ³ � � � � � � � � � � � � § � ´ � � �   � ´ ¬ � � ¨ �   © � � � «   � � � § ¬ í � «   � � � § « � � � ´ � � � � � � � � �   « ³ � � � ¦ � © § � � � � � � � � � � � �   © � � « � � � « � �� � © © � « � � � � � � � � � ¯ ° ± «   � � µ ¡ � � � � � � � è � � � § � · � � � � �   � � § � « � � � ¤   � � � § « � � � � � � � � � � � ± � � § � ¬ ¤   � � � � ¦ � �   � � � §  � ¬® ¤ � ± ¤ � ² � �   � � � � � �    � § î Û ï   © Ø µ � µ «   � � � § « � � � ´ � � � � � � � � � § � � � � � � � � � Ú Æ Ü � ð ® · Ü � Ü Ü Ü © � ð ² µ � � � � � � � � � ´ � �   �ñ � ò Ü Ü � ð ® Û Ü � Ü Ü Ü © � ð ² «   � ¦ § � � �    � § Ú Ü ï   © � � � «   � � � § « � � � ´ � � � � � � � � � � � � © � � � Û Ü ï   © � � � © �     § � ¦ � « � µ ¤   � ¦ � � ¶� � � § � ¬ � � � � � � � � � � � ¬ � � � � � � � � � �   � � �   § � � � � � � � � � � �   � � � « �     � � � § �   © � � � � � � � � � � � ©   § � � « � � � § � � § ´ � � � � � � � �� � � � § � �   � � © ©   § � � ´ � � ´ ¬ � � � � � � � � � § �   © � � � � � � � � � � � § � � § � « � � § � � µ

ó à ô å ã â Ý õ ¤ � ± ¤ � � � � � � � � � � � ¨ � ¹ � � � § � ´ � � �   � � ¤ � � � � � � �  � ¯ � § « � � � � � � � ´ ¬ ¤   � � � � � � ¡ § � �ö ÷ ø ù ø ú û ü ý þ ÿ � � û � � ÿ ý þ � ø � � ü � � � � � � 	 � ÿ ý � 
 � û � � ü � � ù � û � ú ü ý  ÿ 
 � � � � � � � � � ÿ � ø � � û ÿ � � û  � ÿ � ÿ ü � þ � ÿ þ � �Ý Þ � Þ � ä ã � â á ã â � â ä ã � �¢ � � � � ¶ � � � � � �   © � � � � � § ³ � � § � � � � § « � � � � �   ´ � � � � § � � � � § � � � � � ³ � ¬ � � ¦ � « � �   © ¯ ° ± � � � � � ¥ « � § § � � � � � ©   § � � �¦ § � « � � « � � § � � � § � � � � © � � � ´ � « ³   � ´ � � � � � � � ¦ � § ©   § � � � « � � � �   « « � ¦ � � � � � � � � © � « � �   � é � � � �   � � � � � § � « � �  � � � ��   � �  � � � � � � � � � � � � �   © � ¦   � � � � � � � ¯ ° ± �     � é � � � � � � ¦   � � � � � � �  � � � �   © � ¯ ° ± �   � � � � � � � � � § µ � � ª � � ¦ � �� � � � §  � � � � � � � � � § � �  � � � � © §   � � � � � � � �  � � � � � � § � ¦ § � � � � � � � � � � § � � � � § ³ � � ¦ � § � ¦ � « � �  � � ¥ ¦ § �  � � �� �  � �   ¦ � § � �   � � � § � � ¦ � ´ � � « ´ � � � � � � �   � � � § � � � � � � � � � � � � � � � � � ´ � § � µ ¹ � � « � � � �   � � � � � � � � � � � � � � � � � � § � � � �  � � � § � � � � ¦ � � � � � � � � © ¬ ¦ §   © � � � �   � � �   � � �   � �  � � � � �     ´ � � � � ´ � � � � � � � ¦ � § ©   § � � � « � © � � � ´ � « ³ � � � � � � � � � ©   § � � � �   ��   � � � � � © � � �   � � � � µ ° � � � § � � § � « � � � § � ¬ � � � � � � � � � « � �   � � � � � � � � � � � � ¬ � � � � § � � � � � � � � � � � � § �  � � � � � � � � �   � � �� � � � � � � § � « � � � � �   ´ � � � © � � µ �   � �   � � � § � � � � � � � � � � � � � � � � � ´ � § � � � � � � � � � ¬ �   � � � � � � � � � © ©   § � � ´ � �¦ � § ©   § � � � « � �  � � � � � �   � �     � µ è � �   � � � § � � ¬ � � � � � � � « � � � ¬ «   � � � « � � � ©   § � � � �   �   �   « « � ¦ � � � � � � � � © � « � �   � � � � � � � � � §´ � � � � � � � � µ ¢ � � «   � �   © �  � � � � � �   � � � � « � � � � � � � � � � � § � � � � ´ � § § � � § � ©   � �   � � � ´ ¬ �   � � � � � « � �   § � � � � «   � � � § � � � � � µ � �� ¦ ¦ � � § � � � � � � º � Ü Ü Ü �   � Û � Ü Ü Ü � � � � � � � ¶ � � � � � � � � �   � � � � � � § � � � � � ¦ � § � � � � �   � � � ´ � � � � � � � � �   ¦ � ¬ µ ± � � § � ¬ � � �� � �   « « � ¦ � � � � � � � � © � « � �   � � � § � � � � � � � � � � �   � � � � ¦   § � � � � � � � � � � � � �   � � « � � � � µ¢ � � § � � � � � �   © � � � � � � § ³ � � § �  � � � � § � © � § � � � § � � � « § � ´ � � � � � � � � � � � º Ü Ü ò µ
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 68



 É Õ Í Î Î ¿ ¼ Î Ô ¾ ¿ Ê Ó Ë Â » Ô » Â ¼ ¿ ¾ ½ Ï Ñ Í Î ½ Õ Í Í À ! Á » Õ À » ¼ " Î¡ � � � � ¬   © · · § � « � � � ´ � � � � � � � � « � § � � © � � � ´ ¬ � � � Ø � Ù § � � � � � � � � � � � ¤   � � « � � í � ¸ � � � � § � � � ¦ � � ± � � § � ¬ � � �± �  � §   � � � � � � � ¹ � � � � � ® ¸ ± ± ¹ ² ¦ §   � § � � © � § � � � § � � ©   § � � � § � � � � § « � � � �   � ¦ § � « � � « � � � � � � � � � � ¯ � § ©   § � � � « � £ �  � � �¦ §   �   «   � µ ¢ � � � � � � � ¬ � � � � ¦   � �   § � � ´ ¬ � � � ¤ � � « � � � � £ � � �   � Ù § � � � � � � � � � � � ¡ � � � � � « � � � � � � © � § � � � § � � � « § � ´ � � � �¢ � § � � § � º Ü Ü ò µ � � � �  � ¦ § � � � � � � � § ¬ © � � � ´ � « ³   � ¦ § � « � � « � � «   � � � � � § � � �   � � � � � � � � � § � � � � � � ¦ � � ´ � � � � � � � � � � � µ � � � � �  ¦ §    � � � � � � � � � � � � � �   � « � � � � ¦ � § ©   § � � � « � � �  � � �   © � � � � � ´ � � � � � � � � µ ¡ � � ´ � � � � � � � � � � § � � � � � � ¯   § � � � � � � ° § � �   � �  � � � � � � � � � � � � � � � �   � § � � �   � � � � � ´ � � �   « « � ¦ � � � ©   § � � � � � � �   � � ¬ � � § ´ ¬ � � � © � � �   © º Ü Ü Û � � � � � � § � « � § � � © � � � � � � � §� � � Ø � Ù § � � � � � � � � � � � ¤   � � « � � í � ¸ ± ± ¹ ¦ §   � § � � µ � � ¬   � � � � � � � � � � � � § � � ¬ � � � � ´ � � � � � � � �  � § � � � � � � � � ¬ � � � � � « � � � � �  © © � « � � � � ´ § � § ¬ � � � � � � � � � © � � � � ¬ § � � � � � � � � � � © � « � � � � � � � µ � � ¨ � � § � � � � � © §   � · º � Ü Ü Ü �   Æ ò Ü � Ü Ü Ü � Ã � � § � © � � � µ¢ � � § � ¬ ª   � � ´ � � � � � � � � � � � � � � « § � � � § � � � � � � � ¦ § �  �   � � ¦ � § � � § � ¦ � � � � � � § � � � � � � ´ � � �   ¦ � § � � « � ¦ � � � µ ¢ � � · · ´ � � � � � � � �� � � � � © � � � � � � � � ¬ «   � � � � �   © � � � � �   � � � � � �   � � � § � � �   � � § � � � � � � � � � � � � ´ � � �   ¦ §    � � � � � � � � � � � � � � ©   § � � � �   �� � § � � � � � � � � � � � � � � � � � ¬ � � � � © § � � � µ � � � � � � � � � � � �   � � § � � �   � � � � ¦ � �   © � � � � § � � � ´ � � � � � � � � � � � �   � � � ´ � � �     �� � � ¦ � �   �   © �  � � � � ´ � � � � ©   § � � � �   � µ ¢ � ´ � � · � � � � � ´ � � � « « � � § � « � � § � � � � « �   © � � � ¦ � § � � « � ¦ � � � � � ´ � � � � � � � � µ# ä $ % â Ý ¥ ¯ � § � � « � ¦ � � � � � � � � � � � � � �® ¸ ± ± ¹ ¸ �  � � § � © � § � �   � � � � � � ¤   � � � § � « � �   � ® � ¤ ² ¦ §   � § � � � ¶ « � ¦ � � � � § � �   � � � ²& å à % ' à ( ô ) ä $ $ ã â æ à ä á à * ( å � â ' à ( % ä á â ã ô ã ä + � , - à . â ß / / 0 ß / 1 / ß® � � � ¤   � � � § � « � �   � ¦ §   � § � �� ¶ « � ¦ � � � � § � �   � � �2 ó ó 3 4 / - 5 6 0 ß 3 & 7 5 7 3 / -� � � ©   � § Ù � � � § � � ® � Ù ²¯   § � � � � � ° £ · 8 � Ü Ü Ü � Ã © �Æ � �   § � � � � � �  � §ë � � � ê   � � � � � � � � § � � ¤ � ¦ � � � � ¤ � � � � § ® � ¤ ¤ ²¯   § � � � � � ° £ î Ü � Ü Ü Ü � Ã © �Æ � �   § � � � Ù   � �� � � � � � � � � � § � � « � � Å � � � �   � � � ¤   � � � ¬ ¸ � ´ § � § ¬ ® � ¸ ²¯   § � � � � � ° £ · º � Æ Ü Ü � Ã © �· � �   § ¬ Ù   � �Ç � � � � � § � � � ¤ � � � � § ® Ç � ¤ ²� � � � � � � � ¡ Æ º Ü � Ü Ü Ü � Ã © �8 � �   § � � � ¸ ± ± ¹ ª ± � Ù   � �® ± ¶ � � � � � � � � � � � � � � � ¦ §   � § � � ²� � � � � � � ¯ � ´ � � « ¸ � ´ § � § ¬ í � ¤ � � � § � � ¸ � ´ § � § ¬ ® � ¸ ²� � � � � � � � ¡ Æ ò Æ � Ü Ü Ü � Ã © �· · � �   § � � � � � �  � §ê � § � � � � � ¯ � � « � ® ê ¯ ²¯   § � � � � � ° £ · Û � Ü Ü Ü � Ã © �Æ � �   § � � � ¤ � § � � © � � �� � � � � � � � ° ª î ® � �   � ¬ �   � � ² ® ° ª î ² Æ ñ � Ü Ü Ü � Ã © � ¤ � § � � © � � �7 / - 3 0 / 6 # 3 5 ß & 9 3 ß 0 3 6 : -¯   § � � � � � � � � � � Ø � �  � § � � � ¬ � §   � � � � ¬ � � � � � � � � ® � ²®   � � � � ´ ¬ � � � ¯ � Ø ©   � � � � � �   � ²¯   § � � � � � ° £ · Ú 8 � ñ Ü Ü � Ã © �· Ü � �   § � � � � � �  � §¯   § � � � � � � � � � � Ø � �  � § � � � ¬ ± ¦ � � § � � � � ® ± ²¯   § � � � � � ° £ ò ñ � Ü Ü Ü � Ã © �ò � �   § � � � � � �  � §¢ � � � � � § ¬ ¤   � �   � � � � � � � ® � ²¯   § � � � � � ° £ º º Ü � Ü Ü Ü � Ã © �· º � �   § � � � Ù   � �¢ § � � �   � � ¢ � § § � « � ® ¢ ¢ ²� � � � � � � � ¡ Æ º � Ü Ü Ü � Ã © �ò � �   § � � � ¤ � § � � © � � �� Þ Ý / ( â ã ô ; 9 � â� � ¶   © � � � · · ´ � � � � � � � � � � § � � � � � � � � � � �   � � � � � � § � ¬ � � � � � � � � � � � � � ´ ¬ � � � � § � � � � � � � ¹ � � � � � �   � � � � µ < ¹ � � � � � = � �� � � � � � § � § � © � § � �   � � � �   � � � � � � � ¦ §    � � � � � � � � � � � � � � � � � � ¸ ± ± ¹ � � ´ � � � � � � � § � © � � « � � � � � � � § � ¬ � � � � � � � � � �� � � � « � ¦ � � � � � � � § � ¬ � © © � « � � � « ¬ � � � � � § � � µ ¢ � � ¸ ± ± ¹ �   � � � � � � § � ¦ § � ¦ � § � � ¦ § � � � § � � ¬ �   � � � � � � � � � � �  � � � �   ©� � � �  � � � � � � � � § � ¬ � © © � « � � � « ¬ � � � � � § � � � �   � � � « � � � � § � � ¬ �   � « « � § � � � � ¬ ¦ § � � � « � � � � � ´ �   � � � � � �  � �   © �   � � � � � � � � � ¬ � � � � �� � � ´ � � � � � � � µ ¢ � � � � � � � «   � ¦ � § � �   �   © � « � � � � � � � � � � � � � � � �   � � � � � � ¹ � � � � � � � � � � � � � � ´ � � � � � � ¦ ¦ §   ¶ � � � � �� � � � � § � µ Å   § � ¦ § � « � � � «   � « � � � �   � � �   � � � § � Ã � � § � © � § � � � § � � � � ¬ � � �   © « � � � � � � ´ � � � � � � � � � � � � � � � � � � � � � � � � � � � ª´ � � � � � � § � « � � § � � � � � ¬ � � � � � µ ° � � � § � �   � ª � © © � « � � � « ¬ ª § � � � � � � � � © © � § � � « � � � � � « � � � � « � � � �   « « � ¦ � � � � � � ´ � § � � ´ � � � � � � �� � � � � ¦ � � � � § � � � � � � ´ � � � � � � � � � � � � � � � � � ¦ § � « � � « � � �   � � � � � �   � � � � �   ´ � � � � � � � © � � � µè � � � § � º � �   � � ¡ « � � � � � � � ¹ � � � � � � � � § � ¬ � � � � � � � � � � � � � � ® ± Ø � � ² � � � � �   © © � « � � � � § � � � � � � � � � � ´ � � � � � � � � � � « � �   § � � �© §   � �   � � � � �   � � � � � � � � « � � � � ± Ø � µ ¹ � � ¦ � � � � � �  � § � � � ¬   © ´ � � � � � � � � � � � � � � � � � ¬ � � � � � �   © � � � � � �  � � � �  � � « � � � �± Ø � � � � � � � § � � � � �  � � ¬ � � § §   � § � � � �   © Û · Ü �   ò º Û Å ë � � ð � ¬ ® ñ ñ �   Û Û ³ � � � � © � ð � ¬ ² µ �   � � � � � � ´ � � � � � � � í � � « � � � �¦ � § ©   § � � � « � � � � � � � � � � º Ü ï   © � � � ¹ � � � � � �   � � � µ ¢ � � �  � § � � � � « � � � � � ¹ � � � � � § � � �   � � � « �   � � § � � � � � � � � ©   § � � ¬� � � �  � � � � � ´ � � � � � � � ¥ · · Ü ï ©   § � � � ´ � � � � � � � � � � � 8 Ú ï � © � � � � � � � � � � § � � � � � �   © ´ � � � � � � � ° ª î � § � � ¶ « � � � � � µ
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 69



� � � � � � � � ° ª î í � � « � � � � � � � � � � ¶ « � � � � � � � � ¹ � � � � � �   � � � ´ ¬ Æ Ü Ü ï µ ¢ � � � ´ � � � � � � � § � ¦ § � � � � � � � « � � � � � � § � � � �  � � � § � � � � � � § �   © ¦ §   ´ � � � � �  � � ´ � ©   § � � � � � ¯ ° ± � � � � ¬ � � � �   � � µ ¢ � � © � « � � � � ¬ � � � � ¶ ¦ � § � � � « � � � � � � ´ � §   ©� ê ¡ ¤ � ¬ � � � � � � � � � � � � � � � � «   � � §   � ¦ §   ´ � � � � � � § � � � � � � © � § � � © � � ¬ � � § � � � � � ´ � � � � � � � � � � � � � § � © � � � � � � ¬ � � � © � � � � � ¬� � « « � � � � � � � � � � � � � � � � � ¬ � � � � � � � � § � ¦ � � « � � � «   � ¦   � � � � � � � � § � � � « � � � � § ¬ ´ ¬ � � � � � �   © � � � � � � � ¬ ¦ � § �   � µ ¡� � � ¦ � � ©   � �   � ª � ¦ � ¬ � � § � � � � § �   � � � ´ � � � � � § � « � �  � µ¢ � � � � � � � � � � � ¸ � ´ § � § ¬ � � � � « � � �   � � � � � � � � � � � � ¹ � � � � � ± Ø �   © � � � � §   � ¦ � � � � � � � � ´ � §   © � � � � «   � � � § � � � � � � � �� � � � � � § � Ã � � § � � � � � � � � � � � � ¬ ¦ � § � � � � � ¬ � ¶ ¦ � � � � � � � � � � § � ¬ � � � � � � �  � � µ � � � � � � � �   � � � � � � �   � � ¬ � � � � � � � �   § ¬´ � � � � � � � � � � � � � � � � � ¬ � � � � � � � � � � � � § � � § © � « � �      � � � � § � � �   � � � � � � � § � � �   © � � � ´ � � � � � � � � � � � � « � « � � � � �   � � � � �  � § � � � � § � � � � � � � � � � «     � � � � § � Ã � � § � � � � � � µ

ó à ô å ã â � õ ¤   � ¦ � § � � � ¡ « � � � � ± � � § � ¬ Ø � � � � � � � � � � ¬ � � � � � � � � � � � ¹ � � � � � Å   � � � ��   � � � � � � �   � � � � � � � � � � �  � � � � ´ � � ©   § Ç � � � � � § � � � ¤ � � � � § � � � � « � � � � ¸ ± ± ¹ ª « � § � � © � � � � �  � § � �¬ � � § � � © � � § «   � � � § � « � �   � � � � � � § � � � ± ¶ � � � � � � � � � � � � � � ¦ §   � § � � µ� Þ � 2 � � å + ä ( á - å ã æ â ;¡ �   � ª � � � �   « « � ¦ � � � � � §  � ¬ �   � � � � �   � � � � § � � � � ¦ � § « � ¦ � �   � �   © ´ � � � � � � � «   � ©   § � � � � © � � « � �   � � � � � ¬ � � � � �« � � � �   § � � �   © � � � ¦ � § � � � § � � � � § Ã � � � � � ¬ � � � � � � � � � � �   � � � � � � � ¦ � � � ´ � � � © � ¶ � � § � � µ £ � � ¦   � � �   ¦ � �   � � � � § �   � � Û ¦   � � �� « � � � � � � � � « � � � § � � � � � � § � � ¦   � � � µ ¡ � � � �   � � �   § ³ � � � � �   © © � « � ´ � � � � � � � �   § � �  � � � � � § � � � � � � � � � � ´ � � � � � � � � � � § �� �  � � � �  � � � ª � � � � �   ¦ � § � � « � ¦ � � � µ è � � � § � Æ � � � ¦ � � ¬ � � � � � � � � § � � Ã � � � � �   � � � § � « � � § � ©   § � � ¬ ¦ � « � � Ã � � � � �   � µ
ó à ô å ã â > õ � � � ¦ � � � � §  � ¬ Ã � � � � �   �¢ � � � � §  � ¬ § � � ¦   � � � § � � � �   ©   © © � « � ´ � � � � � � �   « « � ¦ � � � � § � � � � � © §   � ñ Ü ï �   î Æ ï µ ¡ § � � ¦   � � � § � � �   © Û Ü ï   §� � � � � § � � � «   � �   � � � § � � � « � � � � � � � §  � ¬ � � � « � � � � � � � � � � � � � « � � � �   « « � ¦ � � � � � § � � �  � � � � �   ¦ � § � � « � ¦ � � � µ � � � � �§ � � � � � � © §   � � ´ � � � � � � � � « � � �  � � � � �   � � § § � � ¦   � � � § � � � �   § � � � �  � § ¬ © � �   « « � ¦ � � � � � � § � �   � � � � � � � � � � � « � � � ¬§ � �   §   � � � �   � � � � � � � ¦ § � © � § � � � � ¬ « � � � � � � � ´ � � � � © � � � � � � � � � � © ¬ � � � � � � � � � � � � � � ´ � � � � � � � µ£ � � � � � � � � � � § � � ¦   � � � § � � � � � � § � � ¶ � § � � � � ¬ �   � � � � � � � � � � ¶ « � ¦ � �   �   © ¢ § � � �   � � ¢ � § § � « � � � � � « � «   � � � « � � � � ¦ � ¦ � §� � §  � ¬ � � § � � � � � � � � � � �   © § � � � � � � � � µ ¢ � � � � � � ©   � �   � � � � ¦ � § � � § � ¦ � � � � � « � � �   � � ¬ � � �   © © � « � § � � � � � � µ° © © � « � § � � ¦   � � � � � � � � § � � � � � § � � � ¬  � § ¬ � � � � � © � � � � � � � � � � � § ´ � � � � � � �    � § � � � � � � �   � � � � � � � � � � � © � � � � � � � � � � � §¦ � § �   � � � �   § ³ � ¦ � « � µ � � � � � © � « � �   � § � � � � � � ©   § �   � � « � � � �   § � � � � � � � � � � � � ¶ « � ¦ � �   �   © �   � � � � �  � � � � � �   � � �¦ § �  � « ¬ � � � § � � ¬ ¦ � « � � � ¬ ¦   � � � �  � µ ¸ � � � � � �  � � � � � � � � § Ã � � � � � ¬ � � § � ´   � � � � � � § � � � ¬ ¦ � § « � �  � � � � ´ � � � � �   � � � � � �� � � ¦ © � � � � � � � � � � � �   § ³ �   � � µ ¢ � � � � � � � � � � © � « � �   � � � � � �   � � � � �  � � � � � � �   � � � ¦ § �  � « ¬ � � � � � �   ´ � � � § � ¦   § � � �   �� � §  � ¬ � ´ ¬   � � � § � � � � � � �   © � � � � � �   « � � � � � � � � �   ¦ � �   © © � « � � �  � §   � � � � � � µ �   § ³ � ¦ � « � �   © � � §  � ¬ § � � ¦   � � � � � �� � § � � ¬ ¦ � « � � � ¬ �   � ¦ � § � � � �   � « � ´ � « � � �   § � � � ³ � � � � � �   ¦ � § � � � �   � � µ è � � � § � ñ � � � � � § � ¨ � � � � � § � � � �   ©   © © � « � ´ � � � � � � �§ � � ¦   � � � �  � § � � � � ©   § � � � ¦ § � � � § ¬ � � §  � ¬ Ã � � � � �   � � µ

© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 70



� � � � � � � � � « � � � �   § � � � § � « � �  � � � ¦   � � � �  � § � � � � � � � � � � ¦ � § � � � § � «   � � � � �   � � � � � � � � �   � � � � � � � � � � � «   § � � � � � � �� � � � � © � « � �   � © � � � � � � � � � � � < �   � � � � � � � � � � � © � � � = § � � � � µ ¡ � �   � � § � � � � �  � � ¬ �   � ¦ � § « � � � � � �   ©   « « � ¦ � � � � ¦ � § « � �  � �� � � ¦ � § � � � § � «   � � � � �   � � � � � � � ¦ � � � �   � � � � � � � § ì   ´ �   � � µ ¡ �   § � � � ª � � ¦ � �   « « � ¦ � � � � � � � ¬ «   � � � � �  � � � � � � � �� � � � � � § � � � � � ¦ §   ´ � � � � � � § � «   � « � � � § � � � � � � � ¦ � « � © � « ´ � � � � � � � �   « � � �   � �   § � � � � � ¦ � « � © ¬ � ¬ ¦ � �   ©   « « � ¦ � � � � µ� � « � � � � � � � � � � §  � ¬ � � « � � � � �   � � ¬ ¸ ± ± ¹ ´ � � � � � � � � � � � � § � � � �   «   � ¦ � § � �   � � � � � < �   � ª � § � � � =   © © � « � � µ �   � �  � § �� � � � � � � � � § � ¬ � � § � « � � § � � � � §  � ¬ � © §   � � � � ¤ � � � � § ©   § � � � � � � � � ± �  � §   � � � � � � � � � « � «    � § � ´ §   � � � ¦ � « � § � �   ©   © © � « �´ � � � � � � � � � � �  � § � ¦   § � � � � � � � � � � ¬ � � � � � �  � � � � § � � � «   � ©   § � � � � � � © � « � �   � � � �   ¦ ¦   � � � �   � � � � � � � � � � ¬ ¦   � � � �  � § � � � � � �� � § � µ ® � � � ¨ � � � � � � � � � º Ü Ü ò ²° � � ¦ � § ¦   � �   © � �   « « � ¦ � � � � � §  � ¬ � � �   � � � � § � � � � � � � � � � § �   � � � � § � ¬ «   � � � � ¦ � �   � � � ¦   � � � ´ � ¬ ´ � � � � � « � � �  � �� � §   � � � § � � � « � � � «   � ©   § � ©   §   « « � ¦ � � � � µ � � � � � � � � � � � � � � � � ¦ � � � � � � § � � � � �   « � � � § § � � � � �   � � � � ¦ ® ¦   � � � �  �   §� � � � � �  � ² ´ � � � � � � � � � � �  � �   © � � � ¦ � § � � � § � � � � � � © � « � �   � � � � ´ � � � � � � � � � � § � ¬ � � � � � � � � � � � ¬ µ

ó à ô å ã â ? õ ¡  � § � � �   © © � « � ´ � � � � � � � � � §  � ¬ § � � ¦   � � � � ´ ¬ « � � � �   § ¬ª º @  � § ¬ � � � � � � � � © � � � é A º @  � § ¬ � � � � � © � � �û B ¸ � � � � � � � � � © � � �   © © � « � é B Å � � � � �   © © � « � é
|

B Å   � � � � � � � © � � �   © © � « �� Þ > C ã * � â ' å ã ä % ß â � � * ( �¢ � � � � � � � ¦ � � � �   � � ª ´ � � � � � � � « � � « � � � � �   � � � �   � � � � � � © � � � � �   � � � �   � � � � � �   � � � « � � � � ¦ � �   � �   © � « � � � �¦ � § ©   § � � � « � µ ¯ §   « � � � § � � � ¬ � «   � � � � � § � ´ � � � � � � � � � § � Ã � � § � � ©   § � � � � � § � � � �  � � � � � ´ � � � « � � � § � ¬ � � � � � � � � � µ¢ �   ¦ § � � � § ¬ © � « �   § � � � � � § � � � � � � � � � � � § � Ã � � § � � � � � ¥ � � � © � « � � � � � �   � � ´ � � � � � � �   � � � § � �   �   � § � � � � � ¦ � � � � � � § � ¬´ � � � � � � � � ©   § � � � �   � � � § � � � � � ¬ � « « � � � � ´ � � ©   § � � � � � � � � � © © � « � � � ¬ � � � � � � � � © ¬ � � � � � � � � � �  � � � � � � � �   � � � � � � �  � � « « � � ��   � � � � � ©   § � � � �   �   § ´ � � ´ � � �   � � � �   § � ¨ � � � � � � � ¬ «   � ¦ � � ¬ § � � � � � �   © � � � � � ©   § � � � �   � µ ¢ � � © � « � � � � � � � � � � � � � ¬ � � �� � � � § � � ¬ © � � � � � ´ ¬ � � � � ¦   � �   § � � � � � �   «   � � �   ¦ � § � � « � ¦ � � � � � ´ � � � � � � �   � � � § � � � � ¬ � �  � § � � � « � � � � � � � � § � � �  � � � « � � � � � ¬ § � � � � � � � � § � � � � � ´ ¬ ´ � � � � � � �   � � � § � µ¢ � � � � � � � ¬ � � �   § �  � � � � � �   � � ´ � � � « � � � ¦ � � � � � � � © � � ³ � � � � § � � � � � � � � � � � � � � � � � � � «   � � � § � « � �   � � «   � � � � � � ¦ � � © ¬ � � � � §� � � � � § � � � � �   © � « � � � � � �  � � � � � « � � �  � � � � � ¦   � � � � � � � � ¬ � � « § � � � � �   � � � � © © � « � � � « ¬ � �  � � � � µ ¢ � � � � � � § � ¬ � � � � � � � �� � �   ¦ � � � © §   � � � �   � � � � � ©   § � � � � § � � � ¦ � � �   � � �   § � � � µ è   § � ¶ � � ¦ � � �   � �   © � � � ¦ § � � � § ¬ � � ¦ � � � � � � � � �   �  � � � � �� � � ¦ � � � � � � � � � � � « � � ´ � � � � � � « ³   © ´ � � � « � � � � � � ¬ � � � � � � � ©   § � � � �   � µ è � � � � § � �   � � � � § � � � �  � � � � � ´ � � � � � � � �   � � �� � � � � � � � �   � � � « � � ¦ � � ¦ § �  � � � � � � � � § � � � � � § � ¨ � � �   �   © � �   � � ª ´ � � � � � � � ¦ � § ©   § � � � « � µD É Ê Ë ¾ Ì Í ½ E Ô ¾ » Í ¼ À Õ Ò Ó ¾ ¿ ½ ¿ Â ¿ Õ À Í Î » " ¼Ø � � � � � � � � � § ³ � � § � � � � § « � § � � � � � � � � � � ¶ ¦ � § � � � « �   © � � � ¸ ± ± ¹ ´ � � � � � � � � � � � ¬ � � � � � § �  � � � § � © � � � � ¦ §   �   «   � �  ¦ � § ©   § � � � � ¦ � � � � � � � � � � ¯ � § ©   § � � � « � £ �  � � � � ® � ¯ £ � ² � � � � «   � � � � � «   � � � � � � � � � �   � � � ´ � � � � § � « � �  � �   � � �� � § ³ � � ¦ � � « � µ ¸ � � �   � � © §   � � � � � � § � � � § � � � ¦ � © � � � � � �   � � � � � � � « � � � �   § � � �   © � � � � � � « � � «   � � � � � � � � � � � � �  � § ¬ µÆ µ · & C 7 0 â � � ã à + á à * (¢ � � ¦ § � � � § ¬ � � � � � � « � ©   § � � � § ³ � � ª © § � � � � � ¬ ¦ §   � � « � � � � � � ´ � � � � � � �   � � � § µ � � � � � � � � � � � � �   © ¯ ° ± � � § �   © � � � � § � � ��   � � � � � � � � � � � � � � �   � � � § � � �  � � �   § � «   � ¦ � � � � � � � � � � § � � � � � � � § � � � � § � ´ � � � � ¬ �   © � � � µ ° � � � § � � �   � � � ´ �� � «   � § � � � � �   « § � � � � � © � � � ´ � « ³ �     ¦ �   � � © � � � � « � � � � � � � � � � � � ©   § © � � � § � ¦ §   ì � « � � µ ° � � � § �   © � � � � � � � � �   � � � � � �
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 71



¦ � ´ � � « ´ � � � � � � � � � § � ¦ � § � � « � � � § � ¬ �     � « � � � � � � � � � ©   § � � ¯ £ � ´ � « � � � �   © � � � � § �   � �   � � � § � � � ¦ ¦ � § �   � � � � � � ©   §¦ � ´ � � « � « «   � � � � ´ � � � � ¬ � � � � ¦   § � ©   � �     © ¦ §   ¦ � § � � � � � � � � « � � ©   § � � �   « � � � ¬ § � � �  � � � ´ � � « � � � § ³ µ¢ � � � ¯ £ § � � � � � � � �   � � � «    � § �   � � � � � � § � ¬ � � � � � � � �   « « � ¦ � � � � � §  � ¬ µ � � � � § � © © � « � � � « ¬ � � ¬ � � �   ´ � «    � § � � �� � � �   � � �   � § � ¶ ¦ � § � � � « � � � � � � � � � � � § § � � � � � � � � � � � � ¬ � � � � � � §   © © � « � ´ � � � � � � � � � § �   © � � � �     � � © § � Ã � � � �   §� � § � � � � ´ � � ©   § � � � © � � § � � � � � � µ ¢ � � § � ¦   § � � �   � � � � � « � � � � � � ©   § � � � �   � � � � � ©   « � � � � � � � � � � � � � �   �   © � � �   � � � §   �� � ¦ §    � � � ´ � � � � � � �   ¦ � § � � �   � � µ è   § ´ � � � � � � � � § � Ã � � § � � � � � � � � � �   � � � � � ©   « � � � �   � � � ´ �   � « § � � � � � � � ¦ � � � � � ¬ �  � « � �   � ¥ � � © � � � � � � � � ¦ � �   � � ¦ §    � «   � ©   § � � � � �   § § � � � « �   ¦ � § � � � � � «   � � � µ ¢ � � � ¯ £ � �   � � � �   � �   � � � �   � � � §� � � � � � � « � � � � « § � � � Ã � � �   © � ¦ � « � © � « � � � � � � � � � � � � � � ® � µ � µ � � � � ¬ � � � � � � � � � � � � � �   § � � � � � � � � ê ¡ ¤ � ¬ � � � � � � � � � � ² µ¢ � � � � �  � �   © § �  � � � �   � � � § � Ã � � § � � � � «   � �   © � � � � � �   � � � � � � � � � � � ¶ ¦ � § � � � � � � � � �   � � � � � � � � � �   �   § � � � � © � �«   § § � « � �  � � « � �   � � � � � � « � � ´ �   ´ � � � � � � ´ ¬   ´ � � §  � � �   � �   © � � � ¦ � § ©   § � � � « � µ¯ §   « � � � § � � � ¬ � � � � � � � � § � � ¯ £ ¦ §   �   «   � � �   � � � ´ � ´ §   ³ � � � � �   � � � � � � � � �   � � � � � � µ ¢ � � © � § � � � �   � � � ´ � � � � � � ¦ � �� � � �   � ª «   � � � � ¦   � � � ´ � � µ ¸   � ª «   � � ¸ �  � � · ¦ §   �   «   � � «   � � � ´ � § � ¦ � � � � � �  � § ¬ ¬ � � §   § � �   µ ¢ � � § � � � � � � �   � � �� � � ´ � �   � � � § � �   «   � ¦ � § �   � � ´ � � � � � � �    � § � � � � � � � � � �   �   «   � ¦ � § � � § � � � �   © ´ � � � � � � � � � � � � � � � � � � § ¦   § � ©   � �   µ¢   � § � � � � � �   � � � � � © � � � � © � § � � « � � © §   � § � � � � � ¬ �  � � � � ´ � � � � ©   § � � � �   � � ¸ �  � � · � � ¦ � � � �   � � � � � « � � � � � © � � � ¬ � � §   ©� « � � � � � � � � � � ¬ � � � � � � � �   « « � ¦ � � � � � §  � ¬ � � � � � � � � � � §  � � � � � � � � � � © � « � � � � ¬   ¦ � § � �   § µ ¢ � � § � � � � � � � � � � � � « � �   § � � � � �§ � © � � « � � � � � � � § � � � ´ � � � � � � � � � ¦ � § ©   § � � � �    � § � � � �   � � � � § � � ´ � � « � � � § ³ � � � � � « � � � ¬ ´ � ´ � � � �   � § � � �   � � � �   § � � �� � � � ´ � � � � � � § � � � � � � � ¬ � � � � � � � « � � � ± � � § � ¬ � � � § �   § � � � � � � � ¶ ¦ � « � � � �   � � ©   § � � � ´ � � � � � � � µ è   § ´ � � � � � � � � �   �� � � � � � � � � � � � � � § � � � � � � � � § � � � � � ¸ �  � � · § � ¦   § � � �   � � � ¦ §    � � � � � � � � � � � � � �   © © � � � � � � � § � � � § � � � � ¦ � § ©   § � � � « �� � � � � � � � � « � � � � � � � § � � � �   � � � § � � � � � � � � � � �   � � � « �     � �   § � � � ¦ � � � � � «   � � � ´ � � � � ¦ © � � µ ¡ �   ¦ � �   � � � ¸ �  � � ¢ �  § �  � � � « � � � � ¦ � � � � � � � � � § � «   � � � � � � � � � � � �   � � � « � � �   ´ � � � � § � � � � � � © ¬ � � � � § � ¬ � � � « � � � � �   © �   § �   � � � �   � � ©   § �� � � � § � � � � � � � � � � � � � � § © � « � � � � ¸ �  � � ° � � µ> Þ � C à % * á # â � á / F ä G + % â¢ � � ¸ �  � � · ¦ §   �   «   � � � � ¦ � �   � � � � � ©   � § � � � � � � � � § ¬ � « �     � � � � � � � � � � � �   � µ è � � � § � Û � �   � � � � � § � ¬ � � � � � ©   §   � �� � � � « �     � � � � § � � � � �   � �   � � �   � � ´ � � � � � � � � � � � � � § � ¦ � � « � � � � � � � � � � � � § � � � � � § � « � ¦   § � ©   � �     © � � � � � � � � § ¬ � « �     � � µ � �� � � � � ¶ � � ¦ � � � � � � � � � ´ � � � � � � � � � � � � � � � � � � � � � � § � ¬ ¦ � § � Ã � � § � ©     � � � � � � � � � � � � § � « � � � � � � � � ´ � � � � � � � � � ¬ �   § �� � � � � � �   � � ´ � � � � � � � � � § � ¦ � � « � � µ ¢ � � ¸ �  � � · § � ¦   § � � � � � � � � � � © � § � � � § � �  � � � � � � � �   �   © � � � � � � � � � � � � �  � � � � � � � �   �� � � ¦   � � � � � � � � � � � © � « � � � � ¬ � � � � � � § � � � � «    � § � � � � � � � � � ´   � � � § � � � ´ � � � § � � � � � � � � � � � � � � � � � �   � � � � � � �� � � � � � µ
ó à ô å ã â H õ ± � � § � ¬ Ø � � � � � � � � � � � � � ©   § � � � � � � � � � � � � � � § ¬ � « �     � � � � � � � ° � � ´ � � � � � � � � � § � ¦ � � « � � µ¹   � � § � ¦ § � � � � � � � � � � � � � � � � § ¬ � « �     � � � � � � � � � � � § � « � ¦   § � ©   � �   µ � � � � � � § � « � � � � � � � § � ¦ § � � � � � � � �´ � � � ® �   � � � � ± Ø � ² Ã � � § � � � �   � � � � � � © � � � � � �   § � � ® � � � � � � � ± Ø � ² Ã � � § � � � �   � � � � § � � � � µ¢ � � � � ¶ � � ¦ � � � � �   � � �   � � � § � � � � � � � ´ � � � © � �   © � � � � � § � � �   « « � ¦ � � � © � � � ´ � « ³ � � � � � � � � � � � � � � ¬ � � � � � µ ¡ � � � � � « � � § � �� � � © © � � � � � � §  � ¬ �   § ³ � § � � � § � � �  � � � � �   «   � ¦ � � � � � ´ § � � ©   � � � � � � � §  � ¬ µ £ � � ¦   � � � § � � � � § � � � � � © §   � ò Ü �   ò 8 ï µè � � � § � ò � �   � � � � � �  � § � � �   « « � ¦ � � � «   � ©   § � � «   § � � ´ ¬ « � � � �   § ¬ ©   § � � « �   © � � � ©   � § � « �     � � � � � � � � � µ ¢ � � � �  � � � � « �     � ´ � � � � � � � � � § � � �   � �   � � � � � � © � � � � � � � � § ³ � � ¦   � � � �  � § � � � � � � � � � � � § � ¬ �  � § ¬ « � � � �   § ¬ � � � � � � § ¦� � � � � � « � �   � �   � � � � �     � � � § � « �     � �   � � � � § � � � � µ ¢ � � � � � � � �  � § � � � � � ©   § � «   � � � � « «   � ©   § � � �   � �   © � � � � � �� « �     � � � � � � ¦ § �  �   � � � ¬ � � � � � � � � © � � � ¦ §   ´ � � � � � � � � « � § § � � � � ¬ ´ � � � � � �  � � � � � � � � � µ

© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 72



I J K LI L K ML K LL K MJ K LJ K M
N O P Q R S T U V W X YZ[ \]̂_̀ab c̀d efg hij[ \_̀ab c̀d efg h

k l m n o p p U q r p s r t u T v w q x y r v x z r u { y r t u T r n | q o p r y } S m ~ � m n o y q n mó à ô å ã â � õ ¡  � § � � � © � � « � �   � � � «   � ©   § � � «   § � � ©   §� �   � � � � « �     � ´ � � � � � � � � ® � � � � � � £ � ¢ ² � � � � �     � � � § ´ � � � � � � � � ® ¡ � ¤ � � � ¹ ± è ²è   � �   � ª � ¦ � � §  � ¬ � �   � �    � § � ¦ � § �   �   © ¬ � � § � � � � � � � « § � � � �   � § � � � � § � � � � � � � �   © � � � � � � § � � �   � � � « � � � � � � §«   � ©   § � § � � � � � � � � � � � ´ � � � � � � � � � � « � � � � � � � � � ´ � � � � � � � � � � � µÂ ¿ ¼ Â Õ Á Î » ¿ ¼� � � � � � � � § � � � � � � � § � � �   � � � � ¦ � § �   © ´   � �   � � � § � � � � � � � � � � � § � � � ³ �   � � � � �   � � � � � ´ � � � � � � � � ¦ � § ©   § � � � � � � ´ � §  © © � « �   § � � �  � � � � � � � � � � � © § � Ã � � � « ¬   © � � � � � § � � � ¦   � � ª   « « � ¦ � � « ¬ ¦ � § ©   § � � � « � µ ¢ � � � ¯ £ ¦ §   �   «   � � � � ³ � �  � � � � § � � � � ¬ � � « § � � � � � � � � � � ´ � §   © � � � © � � ¦ � § ©   § � � � « � § �  � � � � ´ ¬ � ¶ � § � « � � � � ¦ � § ©   § � � � « � � � � � « � �   § � © §   � § � � � � � ¬�  � � � � ´ � � � � � � µ ¡ � � � � � � � ¦ ¦ §   � « � « § � � � � � � � � � ¦ � � ¸ �  � � · § � ¦   § � � � � « � � � © � � � ´ � � � � � � � � � �   � � � � � � � �    � § � � �� ¶ ¦ � « � � � �   � � � � � � � � � © � � � � � � � � ¶ � � � � ¦ � �   � � ³ � � � � � � � �   � � � � � � � � � � � § � ¬ � � � ¦ §   ´ � � � � µ ¯ � �   � � � � � �   © ¸ �  � � · � �  �� �   � � � � � � � � � © � � � � � � � � � � « � � «   � � © §   � «   � ´ � � � � � § � � � � � ¬ �  � � � � ´ � � � � � � © §   � � � � � � ¦ � � �   � § « � � ¥ � � � � � � ¬ ´ � � � � � �� � � ¦ � �   « « � ¦ � � � � � §  � ¬   © © � � « � �   � � � «   � ©   § � � � � � � � � � � � � §  � � � � � � � � © � « � � � � ¬ � � � � � � § � µ è   § � § � � � � � � � � « �¸ �  � � · � � � � � � � � © � § � � � § � �  � � � � � � � �   �   § «   § § � « � �   � � © � § � � � § � �  � �   ¦ � � � � �   § ³ � � � � � � � � � � � � � �   � � § � � � � � � � � � �¦ � � � �   ¸ �  � � º � � � � �   � � � « � � � � � « � �   � µË Â Ì ¼ ¿ Ñ Õ Í À " Í Ê Í ¼ ½¢ � � � �   « � � � � � � § � � �   � � � § ³ � � § � � � � § « � © � � � � � ´ ¬ � � � �   § � � � � � � ± � � § � ¬ ± © © � « � � � « ¬ ¡ � � � � � « � � � � � � � � � ¬   ©¸ ± ± ¹ ´ � � � � � � � ¦ � § ©   § � � � « � © � � � � � ´ ¬ � � � ¤ � � « � � � � £ � � �   � Ù § � � � � � � � � � � � ¤   � � « � � µ ¢ � � � � ¦ ¦   § �   © ´   � � � �   � �  § � � � � ¨ � � �   � � � � � � � � � � � � � � ¦ � § � � « � ¦ � � �   �   ©   � � � § �   © ´ � � � � � � � � � � � � � � � � � � § � � � © � � � ¬ � « ³ �   � � � � � � � µ¾ Í Ô Í ¾ Í ¼ Â Í Îè � � � § � � è � « � � � � � � � ¤   � � « � � � º Ü Ü º � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � è � � � § � � è � « � � � � � � � ¤   � � « � � ¢ � « � � � « � � £ � ¦   § � �   µ · ñ Û � � � � �   � � � ¡ « � � � � ¬ ¯ § � � � �� � � � � � � �   � ¹ ¤ µ� � � � � � � ¹ µ � º Ü Ü ò � �   � � ¡ � � � ¢ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � £ � � � � � � � � � � � � � � � � � � � ¤ � � � � � � � � � � � � � � � � � �� � � � � � � � � «   � � § � « � ¤ · Ü Ü Ú · ©   § � � � �   § � � � � � � ± � � § � ¬ ± © © � « � � � « ¬ ¡ � � � � � « � � ¯   § � � � � � � ° £ µ� � � ¨ � � � � � ¤ µ � ¡ ´ ´ � � ¨ � � � � � � µ � � � � § � � � � ¸ µ � ¡ § � � � � ± µ � º Ü Ü ò � ¥ ¡ � § ¦ � � � � � ¬ � � � ¢ � � § � � � ¤   � ©   § � � � ° © © � « �� � � � � � � � � ¥ £ � � � � � �   © � ¸ � § � � � � �     § ± �  � §   � � � � � � � ¦ � � � � � ¬ � � §  � ¬ � = � � � � � � � � � � � � � § � � � � � � � � � � � � � � � º Ü Ü ò �¸ � � ´   � � ê   � � � � � Æ Ú Æ ª Æ Ú î µ� � � � � �  � � � Å µ � �   § � � � � � � µ � ¸ � � � � � � ¡ µ � ¤   � � � � £ µ � · Ú Ú Û ª º Ü Ü º � ¯ §   ´ � £ � ¦   § � � · � � §   � � � º Æ ¨ � � � � � � � � � � � � � � � �© � � � � � � ª �  � � � � ´ � � � � � ¦ ¥ � � � � � µ � � � ´ � � ´ � � � � � � � � µ «   µ � ³ � � · � Æ � º Ü Ü î «¢ � § � � § � ¤ µ � º Ü Ü ò � � � � ¬ � � � � � � � � � � � � � � � � � � � � � � � �  � � � � � � � ¤ � � � � � £ � � � � � � � � � � � � � � � � � � � � � � � � ¤ � � � � � �¤ � � « � � � � £ � � �   � Ù § � � � � � � � � � � � ¤   � � « � � � ¯   § � � � � � � ° £ µê � � « � � § � ë µ � ¯ § � � � � § � � µ � � � � � � º Ü Ü Û � � � � � � � � � � � � � � � � � � � � � � � � � � � � � µ ± � � �  � � § � � � � � § �   § � � ª � � � � � � � � � �� � § � � � � �   � � Å ¡ µ
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 73



!

74



® ¯® ° ± ² ³ ´ µ ¶ · ¸ ´ ¹ º » ¼ ½ ¹ ¹ ¾ ¹ ¿ À ¹ º ´ Á ³ Â ¼ Á Ã ¹ º Ä Å Ã ³ Æ Ã º Ã · Ç ² ¼ ½ Ä È ¾ · ¼ É ´ Ê Â ³ Æ Ä Å Ã ³ Æ Ã º Ã ·¯ » ¼ ½ ¹ ¹ ¾ ¹ ¿ Ë ³ ¹ Ì ² ³ Á ± Ä À ¹ º ´ Á ³ Â ¼ Á Ã ¹ º · º Í Ë ³ ¹ Î ² ¼ Á ° · º · Æ ² Ï ² º Á Ä Ç ½ ² Ð ¹ ± · ¾ ° ² ¾ Ê ¹ Â ³ º ² Ñ º ´ Á Ã Á Â Á ² ¹ ¿ Ç ² ¼ ½ º ¹ ¾ ¹ Æ ± Ä° ² ¾ Ê ¹ Â ³ º ² Ä Ò Â ´ Á ³ · ¾ Ã ·Ò È » Ç Ð Ò À Ç Ó À ¹ Ï Ì · ³ Ã º Æ Á ½ ² ¼ ½ · ³ · ¼ Á ² ³ Ã ´ Á Ã ¼ ´ ¹ ¿ ¹ º ² ½ ¹ Â ´ ² Á ¹ · º ¹ Á ½ ² ³ Ã ´ ¹ º ² ¹ ¿ Á ½ ² Ï ¹ ´ Á Í Ã ¿ ¿ Ã ¼ Â ¾ ÁÁ · ´ É ´ ¿ · ¼ Ã º Æ · Ì ³ ¹ ´ Ì ² ¼ Á Ã Ô ² ½ ¹ Ï ² Ê Â ± ² ³ Õ Ö · ¼ ½ ½ ¹ Â ´ ² Ã ´ Á ½ ² ³ ² ´ Â ¾ Á ¹ ¿ Á ² º ´ ¹ ¿ Á ½ ¹ Â ´ · º Í ´ ¹ ¿ Í ² ¼ Ã ´ Ã ¹ º ´Ï · Í ² Ê ± Ï · Á ² ³ Ã · ¾ ´ Â Ì Ì ¾ Ã ² ³ ´ Ä Ì ³ ¹ Í Â ¼ Á Ï · º Â ¿ · ¼ Á Â ³ ² ³ ´ Ä Í ² ´ Ã Æ º ² ³ ´ Ä ² º Æ Ã º ² ² ³ ´ Ä ³ ² Æ Â ¾ · Á ¹ ³ ± ¹ ¿ ¿ Ã ¼ Ã · ¾ ´ ÄÏ · ³ É ² Á Ã º Æ Ì ³ ¹ ¿ ² ´ ´ Ã ¹ º · ¾ ´ Ä Ê Â Ã ¾ Í ² ³ ´ · º Í ´ Â Ê ¼ ¹ º Á ³ · ¼ Á ¹ ³ ´ Õ Ö Ô ² º Á ½ ¹ Â Æ ½ Ï · º ± · Ì Ì ² · ³ ´ Ã Ï Ã ¾ · ³ Ä ² · ¼ ½½ ¹ Â ´ ² Ã ´ ² ¿ ¿ ² ¼ Á Ã Ô ² ¾ ± Â º Ã × Â ² Ä · ¹ º ² ¹ ¿ · É Ã º Í · ´ ´ ² Ï Ê ¾ ± Á ½ · Á ¸ Ã ¾ ¾ ´ Á · º Í Ä Ê ³ ² · Á ½ ² Ä Ï · º · Æ ² ¸ · Á ² ³ · º Í´ ½ ² ¾ Á ² ³ Ã Á Ø ´ Ã º ½ · Ê Ã Á · º Á ´ Í Ã ¿ ¿ ² ³ ² º Á ¾ ± ÕË ³ ¹ ¿ ² ´ ´ Ã ¹ º · ¾ ´ Í ² ´ Ã Æ º Ã º Æ Á ½ ² ½ ¹ Â ´ ² Ä ´ ² ¾ ² ¼ Á Ã º Æ Á ½ ² Ï · Á ² ³ Ã · ¾ ´ · º Í Ì ³ ¹ Í Â ¼ Á ´ Á ¹ Ã º ¼ ¾ Â Í ² · º Í Í ² Ô ² ¾ ¹ Ì Ã º ÆÁ ½ ² Ì ³ ¹ ¼ ² ´ ´ ² ´ Â ´ ² Í Á ¹ Í ² ´ Ã Æ º Ä ² º Æ Ã º ² ² ³ · º Í Ì ³ ¹ Í Â ¼ ² Á ½ ² ½ ¹ Â ´ ² ¿ · ¼ ² · Í · Â º Á Ã º Æ º Â Ï Ê ² ³ ¹ ¿ ¼ ½ ¹ Ã ¼ ² ´· ´ ¸ ² ¾ ¾ Õ Ç ½ ² Ã ³ ¼ ½ ¹ Ã ¼ ² ´ · ¿ ¿ ² ¼ Á ½ ¹ ¸ × Â Ã ¼ É ¾ ± Á ½ ² Ï · ³ É ² Á · ¼ ¼ ² Ì Á ´ Á ½ ² ½ ¹ Â ´ ² Ä ½ ¹ ¸ Á ½ ² ½ ¹ Â ´ ² Ê ² ½ · Ô ² ´¸ ½ ² º ´ Á ³ ² ´ ´ ² Í Ê ± ¿ ¹ ³ ¼ ² ´ ¹ ¿ º · Á Â ³ ² · º Í ½ ¹ ¸ ² ¿ ¿ Ã ¼ Ã ² º Á ¾ ± Á ½ ² ½ ¹ Â ´ ² Â ´ ² ´ ² º ² ³ Æ ± Ä ¾ · Ê ¹ ³ Ä · º Í Ï · Á ² ³ Ã · ¾ ´ ÕÇ ½ ² ¸ ½ ¹ ¾ ² µ ½ ¹ Â ´ ² ¼ · ¾ ¼ Â ¾ · Á ¹ ³ Æ ³ ² ¸ ¿ ³ ¹ Ï · ´ ² ³ Ã ² ´ ¹ ¿ ³ ² ´ ² · ³ ¼ ½ Ì ³ ¹ Î ² ¼ Á ´ ´ Ì ¹ º ´ ¹ ³ ² Í Ê ± Á ½ ² Ù ² Ì · ³ Á Ï ² º Á¹ ¿ Ú ¹ Â ´ Ã º Æ · º Í Û ³ Ê · º Ù ² Ô ² ¾ ¹ Ì Ï ² º Á Ø ´ Ü ¿ ¿ Ã ¼ ² ¹ ¿ Ë ¹ ¾ Ã ¼ ± Ù ² Ô ² ¾ ¹ Ì Ï ² º Á · º Í Ð ² ´ ² · ³ ¼ ½ Ó Ý Ë Ò Ç Ú Þ ßà ½ ¹ ¾ ² Ú ¹ Â ´ ² À · ¾ ¼ Â ¾ · Á ¹ ³ á Ä Ý Ò Ë ³ ² ¾ Ã Ï Ã º · ³ ± ° ² Á ½ ¹ Í Á ¹ Ù ² Ô ² ¾ ¹ Ì · À · ¾ ¼ Â ¾ · Á ¹ ³ ¿ ¹ ³ Ö Ô · ¾ Â · Á Ã º Æ Ë ½ ± ´ Ã ¼ · ¾Ù ² ´ Ã Æ º À ½ · ³ · ¼ Á ² ³ Ã ´ Á Ã ¼ ´ · º Í à ½ ¹ ¾ ² Ú ¹ Â ´ ² Ë ² ³ ¿ ¹ ³ Ï · º ¼ ² » ¼ ¹ ³ Ã º Æ á Ä Ý À ³ ² · Á Ã º Æ à ½ ¹ ¾ ² Ú ¹ Â ´ ² » ± ´ Á ² Ï» ¹ ¾ Â Á Ã ¹ º ´ á · º Í Ý Ù ² ´ Ã Æ º Ã º Æ à ½ ¹ ¾ ² Ú ¹ Â ´ ² » ¹ ¾ Â Á Ã ¹ º ´ Õ á Ç ½ ² Ì Â ³ Ì ¹ ´ ² ¹ ¿ Á ½ ² ´ ² Ì ³ ¹ Î ² ¼ Á ´ ¸ · ´ Á ¹Ã º Ô ² ´ Á Ã Æ · Á ² Á ½ ² ¿ ² · ´ Ã Ê Ã ¾ Ã Á ± ¹ ¿ × Â · º Á Ã Á · Á Ã Ô ² · ´ ´ ² ´ ´ Ï ² º Á ¹ ¿ Á ½ ² Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² ¹ ¿ Í ² ´ Ã Æ º · º Í Ì ³ ¹ Í Â ¼ Á Ã ¹ ºÌ ³ ¹ ¼ ² ´ ´ ² ´ Ä Ï · Á ² ³ Ã · ¾ ´ Ä ´ ± ´ Á ² Ï ´ Ä · º Í Á ½ ² Ã º Á ² ³ · ¼ Á Ã ¹ º ´ Ê ² Á ¸ ² ² º Á ½ ² Ï ¿ ¹ ³ Á ½ ² Ì Â ³ Ì ¹ ´ ² ¹ ¿ ¼ ¹ Ï Ì · ³ · Á Ã Ô ²´ ¼ ¹ ³ Ã º Æ ÕÇ ½ Ã ´ Ì · Ì ² ³ ¸ Ã ¾ ¾ Ì ³ ² ´ ² º Á Á ½ ² · Ì Ì ³ ¹ · ¼ ½ Ä Á ½ ² ¹ ³ ± Ä Ï ² Á ½ ¹ Í · º Í ¼ Â ³ ³ ² º Á ´ Á · Á ² ¹ ¿ Í ² Ô ² ¾ ¹ Ì Ï ² º Á ¹ ¿ Á ½ ² ¸ ² Ê µÍ ² Ì ¾ ¹ ± · Ê ¾ ² ¸ ½ ¹ ¾ ² ½ ¹ Â ´ ² ¼ · ¾ ¼ Â ¾ · Á ¹ ³ Õâ ã ä å æ ç è é ê ë ì ç å é æ Ó Ò ´ Ã Á ² í Ã ´ Á ´ Á ¹ Í · ± Ä · ½ ¹ Â ´ ² Ã ´ · Ì ³ ¹ Í Â ¼ Á ¹ ¿ · ¾ Ï ¹ ´ Á Á ¸ ¹ ½ Â º Í ³ ² Í ± ² · ³ ´ ¹ ¿ Á ³ Ã · ¾ · º Í ² ³ ³ ¹ ³Í ² Ô ² ¾ ¹ Ì Ï ² º Á Á ½ · Á ½ · Ô ² · Í Í ² Í · º Í ´ Â Ê Á ³ · ¼ Á ² Í Ï · Á ² ³ Ã · ¾ ´ · º Í ´ Â Ê ´ ± ´ Á ² Ï ´ Á ¹ Á ½ ² ½ ¹ Â ´ ² Ã º ³ ² ´ Ì ¹ º ´ ² Á ¹ ¼ ½ · º Æ Ã º ÆÁ ² ¼ ½ º ¹ ¾ ¹ Æ Ã ¼ · ¾ Ä ´ ¹ ¼ Ã · ¾ · º Í ¿ Ã º · º ¼ Ã · ¾ Ì ³ ² ´ ´ Â ³ ² ´ Õ Ü Ô ² ³ Á ½ ² ¾ · ´ Á ¿ ¹ ³ Á ± ± ² · ³ ´ ´ ¹ Ï ² Ã º Í Ã Ô Ã Í Â · ¾ ´ Â Ê ´ ± ´ Á ² Ï ´î ´ Á ³ Â ¼ Á Â ³ · ¾ ï Á ½ ² ³ Ï · ¾ ð ½ · Ô ² Ê ² ² º ¼ · ³ ² ¿ Â ¾ ¾ ± ´ ¼ ³ Â Á Ã º Ã ñ ² Í Ä ³ ² ´ ² · ³ ¼ ½ ² Í Ä · º Í Í Ã ´ ¼ ³ ² Á ² ¾ ± ¹ Ì Á Ã Ï Ã ñ ² Í Á ¹ Ê · ¾ · º ¼ ²Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² ¹ Â Á ¼ ¹ Ï ² ´ ¸ Ã Á ½ ¿ Ã º · º ¼ Ã · ¾ Ã º Ì Â Á ´ Õ ° ¹ ´ Á ³ ² Ï · Ã º Ã º Æ ´ Â Ê ´ ± ´ Á ² Ï ´ î ¿ ¹ Â º Í · Á Ã ¹ º Ä ² º Ô ² ¾ ¹ Ì ² Ä Ì ¾ Â Ï Ê Ã º Æ Ä¾ Ã Æ ½ Á Ã º Æ ð ¼ ¹ º Á Ã º Â ² Á ¹ Ê ² ¾ · ³ Æ ² ¾ ± Ê · ´ ² Í ¹ º · Ì Ì ³ ¹ · ¼ ½ ² ´ Á ½ · Á ½ · Ô ² ² Ô ¹ ¾ Ô ² Í ¹ Ô ² ³ Á Ã Ï ² Õ Ç ½ ² ³ ² ´ Â ¾ Á Ã ´ · ¼ ¹ Ï Ì ¾ ² í¿ ² Í ² ³ · Á Ã ¹ º ¹ ¿ ´ ² Ï Ã µ Ã º Í ² Ì ² º Í ² º Á ´ ± ´ Á ² Ï ´ ¹ ¿ Í ² ´ Ã Æ º Ä ² º Æ Ã º ² ² ³ Ã º Æ Ä Ì ³ ¹ ¼ Â ³ ² Ï ² º Á · º Í Ì ³ ¹ Í Â ¼ Á Ã ¹ º Ä ² · ¼ ½ ½ · Ô Ã º ÆÍ Ã ´ ¼ ³ ² Á ² ´ Á · º Í · ³ Í ´ Ä Æ ¹ · ¾ ´ Ä · º Í Æ ¹ Ô ² ³ º Ã º Æ ³ ² Æ Â ¾ · Á Ã ¹ º ´ Õ Ç ½ ² Ã º Á ² º ´ ² ¿ ¹ ¼ Â ´ ¹ º Í Ã ´ ¼ ³ ² Á ² ´ ± ´ Á ² Ï ¹ Ì Á Ã Ï Ã ñ · Á Ã ¹ º ½ · ´ Ä Ã º´ ¹ Ï ² ½ Ã Æ ½ ¾ ± Ô Ã ´ Ã Ê ¾ ² ¼ · ´ ² ´ Ä Ì ³ ¹ Í Â ¼ ² Í Â º ² í Ì ² ¼ Á ² Í Ã º Á ² ³ · ¼ Á Ã ¹ º ´ ¸ Ã Á ½ ³ ² ¾ · Á ² Í ¹ ³ · Í Î · ¼ ² º Á ´ ± ´ Á ² Ï ´ Á ½ · Á ½ · Ô ²´ Ã Æ º Ã ¿ Ã ¼ · º Á ¾ ± ¼ ¹ Ï Ì ³ ¹ Ï Ã ´ ² Í Á ½ ² Ã º Á ² Æ ³ Ã Á ± ¹ ¿ Á ½ ² ½ ¹ Â ´ ² · ´ · ¸ ½ ¹ ¾ ² î È ³ ¹ ¸ º ² Á Õ · ¾ Þ ò ò ó ð Õ Ò ¼ ¹ Ï Ï ¹ º ¿ · ¼ Á ¹ ³ Ã º Á ½ ² ´ ²Ã º ´ Á · º ¼ ² ´ ¹ ¿ Í Ã Ï Ã º Ã ´ ½ ² Í Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² ¹ ¿ Á ½ ² ¸ ½ ¹ ¾ ² ´ ² ² Ï ´ Á ¹ Ê ² Á ½ ² ¼ ¹ º ¿ ¾ Â ² º ¼ ² ¹ ¿ · º Ã º º ¹ Ô · Á Ã Ô ² ´ Â Ê ´ Á Ã Á Â Á Ã ¹ º ¸ Ã Á ½ Ã º· ¼ ¹ º Ô ² º Á Ã ¹ º · ¾ · Ì Ì ³ ¹ · ¼ ½ Á ¹ ½ ¹ Â ´ Ã º Æ Í ² ´ Ã Æ º · º Í ¼ ¹ º ´ Á ³ Â ¼ Á Ã ¹ º ÕÇ ½ ² ¼ ¹ º Ô ² º Á Ã ¹ º · ¾ · Ì Ì ³ ¹ · ¼ ½ Á ¹ ³ ² ´ Ã Í ² º Á Ã · ¾ Ê Â Ã ¾ Í Ã º Æ ¼ · º Ê ² Í ² ´ ¼ ³ Ã Ê ² Í · ´ · ´ ² ³ Ã ² ´ ¹ ¿ Ã º º ¹ Ô · Á Ã ¹ º ´ · Ì Ì ¾ Ã ² Í Á ¹ ·Á ³ · Í Ã Á Ã ¹ º · ¾ ¼ ¹ º ´ Á ³ Â ¼ Á Õ È Â Ã ¾ Í ² ³ ´ ¹ ¿ Á ² º · Í ¹ Ì Á · Á ³ · Í Ã Á Ã ¹ º · ¾ · Ì Ì ³ ¹ · ¼ ½ Á ¹ Á ½ ² Ì ³ ¹ ¼ ² ´ ´ ² ´ Ä Ì ³ ¹ Í Â ¼ Á ´ · º Í Í ² ´ Ã Æ º ´ ¿ ¹ ³ Á ½ ²½ ¹ Â ´ ² Á ¹ Ê ² · Ê ¾ ² Á ¹ ¿ ¹ ¼ Â ´ ¹ º Á ½ ² Ì ³ ¹ Í Â ¼ Á Ã ¹ º · º Í ´ · ¾ ² ¹ ¿ Á ½ ² ½ ¹ Â ´ ² Õ Ç ³ · Í Ã Á Ã ¹ º ´ · ³ ² ¿ · Ï Ã ¾ Ã · ³ Ä Í ¹ º Ø Á ³ ² × Â Ã ³ ² ² í Á ² º ´ Ã Ô ²Í ² ´ Ã Æ º ¹ ³ · º · ¾ ± ´ Ã ´ Á ½ · Á ¼ ¹ ´ Á ´ Á Ã Ï ² · º Í Ï ¹ º ² ± Ä · º Í Æ ² º ² ³ · ¾ ¾ ± Ä · ³ ² ´ · ¿ ² Ã º Á ½ ² Ï · ³ É ² Á Ì ¾ · ¼ ² Õ » ¹ Ï ² ¹ ¿ Á ½ ² Á ³ · Í Ã Á Ã ¹ º ´½ · Ô ² Í ² Ô ² ¾ ¹ Ì ² Í ¿ ³ ¹ Ï Ì ² ³ ´ ¹ º · ¾ ´ Â ¼ ¼ ² ´ ´ Ä ¸ ½ Ã ¾ ² ´ ¹ Ï ² ½ · Ô ² Ê ² ² º ½ · º Í ² Í Í ¹ ¸ º · ´ Ê ² ´ Á Ì ³ · ¼ Á Ã ¼ ² ´ Õ Ç ³ · Í Ã Á Ã ¹ º ´ · ³ ²¹ ¿ Á ² º Ì ² ³ ¼ ² Ã Ô ² Í · ´ ½ · Ô Ã º Æ Ê ² ² º ² ´ Á · Ê ¾ Ã ´ ½ ² Í Ê ± Á ³ Ã ² Í · º Í Á ³ Â ² Ï ² Á ½ ¹ Í ´ · º Í ³ ² × Â Ã ³ ² º ¹ ¿ Â ³ Á ½ ² ³ Ã º Ô ² ´ Á Ã Æ · Á Ã ¹ º ÕÇ ³ · Í Ã Á Ã ¹ º ´ ´ ² ¾ Í ¹ Ï Ì ³ ¹ Ô ¹ É ² Ã º º ¹ Ô · Á Ã ¹ º Ä Ê Â Á Á ½ ² ¼ ¹ Ï Ì ² Á Ã Á Ã Ô ² Ï · ³ É ² Á Ì ¾ · ¼ ² Í ² Ï · º Í ´ Ã Á Õ ô Ã º · º ¼ Ã · ¾ · º Í ¾ ² Æ · ¾ ³ Ã ´ É ´Á ² Ï Ì ² ³ Á ½ ² ² í Á ² º Á ¹ ¿ Ã º º ¹ Ô · Á Ã ¹ º Ì ³ ¹ Ì ¹ ´ ² Í Ê ± Ê Â Ã ¾ Í ² ³ ´ Ä · º Í · ¼ ¼ ² Ì Á ² Í Ê ± Ê Â ± ² ³ ´ Õ õ ² ¸ Ì ³ ¹ ¼ ² ´ ´ ² ´ Ä Ï · Á ² ³ Ã · ¾ ´ ¹ ³
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

75



Ì ³ ¹ Í Â ¼ Á ´ · ³ ² Á ± Ì Ã ¼ · ¾ ¾ ± Ã º Á ³ ¹ Í Â ¼ ² Í Ã º Á ¹ Á ½ ² Á ³ · Í Ã Á Ã ¹ º · ¾ Ì ³ ¹ ¼ ² ´ ´ ´ ¾ ¹ ¸ ¾ ± Ä Ã º ´ Ï · ¾ ¾ Ã º ¼ ³ ² Ï ² º Á ´ Ä · Í Í Ã º Æ · º ² ¸ Ï · Á ² ³ Ã · ¾ ¹ ³´ ± ´ Á ² Ï ¹ ³ ´ Â Ê ´ Á Ã Á Â Á Ã º Æ · º ² ¸ Ï · Á ² ³ Ã · ¾ ¿ ¹ ³ · º ¹ ¾ Í ¹ º ² Õ Ü ¿ Á ² º Á ½ Ã ´ ´ Â Ê ´ Á Ã Á Â Á Ã ¹ º Ã ´ Í ¹ º ² ¸ Ã Á ½ ¹ Â Á ¿ Â ¾ ¾ ¼ ¹ º ´ Ã Í ² ³ · Á Ã ¹ º ¿ ¹ ³Ã Á ´ Ã Ï Ì · ¼ Á ¹ º ³ ² ¾ · Á ² Í Ì · ³ Á ´ ¹ ¿ Á ½ ² ´ ± ´ Á ² Ï ¹ ³ Á ½ ² ¸ ½ ¹ ¾ ² Õ Ç ½ ² Ã º º ¹ Ô · Á Ã ¹ º Ã ´ Ã º Á ³ ¹ Í Â ¼ ² Í Á ¹ Á ½ ² Ï · ³ É ² Á ¹ ¿ Á ² º Ê · ´ ² Í ¹ ºÁ ½ ² ³ ² Ì Â Á · Á Ã ¹ º ¹ ¿ Ã Á ´ · Í Ô ¹ ¼ · Á ² Õ Ç ½ ² Ê ² Á Á ² ³ Á ½ ² ³ ² Ì Â Á · Á Ã ¹ º ¹ ¿ Á ½ ² · Í Ô ¹ ¼ · Á ² Ä Á ½ ² Æ ³ ² · Á ² ³ Á ½ ² ¼ · Ì · ¼ Ã Á ± Á ¹ ´ ½ · ³ ² ³ Ã ´ É¸ Ã Á ½ Á ½ ² Ê Â Ã ¾ Í ² ³ ¹ ³ Ê Â ± ² ³ î ö ¹ ² Ê ² ¾ · º Í À · Ô ² ¾ ¾ Ä ÷ ø ø ù ðÇ ½ ² ´ ± ´ Á ² Ï ´ · Ì Ì ³ ¹ · ¼ ½ ´ Á · º Í ´ Ã º ¼ ¹ º Á ³ · ´ Á Á ¹ Á ½ ² ¿ ² Í ² ³ · Á Ã ¹ º ¹ ¿ ¼ ¹ Ï Ì ¹ º ² º Á ´ Ì ³ ¹ Í Â ¼ ² Í Ê ± Á ½ ² ¼ ¹ º Ô ² º Á Ã ¹ º · ¾· Ì Ì ³ ¹ · ¼ ½ Õ Ü º ² ¹ ¿ Á ½ ² Ï · º ± Í ² ¿ Ã º Ã Á Ã ¹ º ´ ¹ ¿ · ´ ± ´ Á ² Ï Ã ´ Ý · Í ± º · Ï Ã ¼ ² º Á Ã Á ± Ä ¾ Ã É ² · ¼ ² ¾ ¾ Ä ¹ ³ Æ · º Ã ´ Ï Ä ¹ ³ Æ · º Ã ñ · Á Ã ¹ º ¹ ³² º Ô Ã ³ ¹ º Ï ² º Á ¸ ½ Ã ¼ ½ Ã ´ ¼ ¹ Ï Ì ³ Ã ´ ² Í ¹ ¿ Ã º Á ² ³ Í ² Ì ² º Í ² º Á Ì · ³ Á ´ Ä ¿ Â º Í · Ï ² º Á · ¾ ¾ ± ¼ ½ · ³ · ¼ Á ² ³ Ã ñ ² Í Ê ± Ã º Ì Â Á ´ Ä Ì ³ ¹ ¼ ² ´ ´ ² ´ ¹ ³Á ½ ³ ¹ Â Æ ½ Ì Â Á ´ · º Í ¹ Â Á Ì Â Á ´ ú Ì · ³ Á ´ Ã º Ã º Á ² ³ ³ ² ¾ · Á Ã ¹ º ´ ½ Ã Ì ´ Á ½ · Á ¸ ¹ ³ É Á ¹ Æ ² Á ½ ² ³ ¿ ¹ ³ Á ½ ² Ì Â ³ Ì ¹ ´ ² ´ ¹ ¿ Á ½ ² ¸ ½ ¹ ¾ ² Õ á Ç ½ ² Ì ½ ³ · ´ ²Ý ¸ ½ ¹ ¾ ² ½ ¹ Â ´ ² á Ã Ï Ì ¾ Ã ¼ Ã Á ¾ ± ´ Â Æ Æ ² ´ Á ´ · ¾ ¾ Ì · ³ Á ´ ¸ ¹ ³ É Ã º Æ ¿ ¹ ³ Á ½ ² Ê ² º ² ¿ Ã Á ¹ ¿ Á ½ ² ¸ ½ ¹ ¾ ² Õ Ç ½ ² ½ ¹ Â ´ ² Ã Á ´ ² ¾ ¿ Ã ´ ´ Ã Ï Â ¾ Á · º ² ¹ Â ´ ¾ ±Á ½ ² ³ ² ´ Â ¾ Á Ä ¹ ³ ¹ Â Á Ì Â Á Ä ¹ ¿ · Ï Â ¼ ½ ¾ · ³ Æ ² ³ ´ ± ´ Á ² Ï · º Í ¹ º ¼ ² ¼ ¹ Ï Ì ¾ ² Á ² Í Ä Ã Á Ã ´ Ä Ã Í ² · ¾ ¾ ± Ä · Í ± º · Ï Ã ¼ ² º Á Ã Á ± Ä · ´ ± ´ Á ² Ï Ã Á ´ ² ¾ ¿ ÕÈ ² ¼ · Â ´ ² · ½ ¹ Â ´ ² Ã ´ Ê ¹ Á ½ Á ½ ² ¹ Â Á Ì Â Á ¹ ¿ · ´ ± ´ Á ² Ï · º Í · ´ ± ´ Á ² Ï Ã Á ´ ² ¾ ¿ Ä Á ½ ² ¼ ¹ º ¼ ² Ì Á ¹ ¿ ¸ ½ ¹ ¾ ² º ² ´ ´ ¹ ¿ Á ½ ² ½ ¹ Â ´ ²² í Á ² º Í ´ Ê ² ± ¹ º Í Ã Á ´ ¸ · ¾ ¾ ´ Õ Ñ Á ´ ¾ Ã º ² · Æ ² ² í Á ² º Í ´ Ê · ¼ É Á ¹ Ã Á ´ ¼ ¹ º ¼ ² Ì Á Ã ¹ º Ä ´ ¹ Á ¹ ¼ ¹ º ´ Ã Í ² ³ · ¸ ½ ¹ ¾ ² ½ ¹ Â ´ ² Ã ´ Á ¹ ¼ ¹ º ´ Ã Í ² ³Ê ¹ Á ½ Ã Á ´ ¼ ¹ Ï Ì ¾ ² Á ² Í ² º Í ´ Á · Á ² û ü ý þ ÿ � � � � � � � � � � þ ÿ û þ � � � ý � � � ý � þ ÕÑ º Á ² ³ ³ ² ¾ · Á ² Í º ² ´ ´ Ã ´ · Í ² ¿ Ã º Ã º Æ · ´ Ì ² ¼ Á ¹ ¿ · ´ ± ´ Á ² Ï Õ Ç ½ ² Í ² Æ ³ ² ² ¹ ¿ Ã º Á ² ³ ³ ² ¾ · Á ² Í º ² ´ ´ ¹ ¿ Á ½ ² Ì · ³ Á ´ · º Í Ì ³ ¹ ¼ ² ´ ´ ² ´ Á ½ · Á¼ ¹ Ï Ì ³ Ã ´ ² Á ½ ² ´ ± ´ Á ² Ï ² ¿ ¿ ² ¼ Á Ã Ô ² ¾ ± ´ ² Á Á ½ ² ¾ ² Ô ² ¾ ¹ ¿ Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² ¹ ¿ Á ½ ² ´ ± ´ Á ² Ï · º Í Á ½ ² Ì ³ ¹ Í Â ¼ Á ´ ¹ ¿ Á ½ ² ´ ± ´ Á ² Ï ÕÇ ½ ² ¹ ³ ² Á Ã ¼ · ¾ ¾ ± Ä · ¾ ¾ Ì · ³ Á ´ · º Í Ì ³ ¹ ¼ ² ´ ´ ² ´ Ã º Á ² ³ · ¼ Á ¸ Ã Á ½ · º Í · ¿ ¿ ² ¼ Á · ¾ ¾ ¹ Á ½ ² ³ Ì · ³ Á ´ · º Í Ì ³ ¹ ¼ ² ´ ´ ² ´ Ã º Á ½ ² ´ ± ´ Á ² Ï · ´ ¸ ² ¾ ¾· ´ Á ½ ² ² º Ô Ã ³ ¹ º Ï ² º Á Ã º ¸ ½ Ã ¼ ½ Á ½ ² ´ ± ´ Á ² Ï Ã ´ ¾ ¹ ¼ · Á ² Í ÕÇ ½ ² ³ ² · ³ ² · Ì Ì ³ ¹ í Ã Ï · Á ² ¾ ± Þ � ß ´ ² Ì · ³ · Á ² Ì · ³ Á ´ Á ½ · Á Ï · É ² Â Ì Á ½ ² 	 � Ä ø ø ø 
 Á ¹ Á · ¾ Ì · ³ Á ¼ ¹ Â º Á Ã º · ½ ¹ Â ´ ² Õ � Ã Ô ² º Á ½ · ÁÁ ½ ² ³ ² · ³ ² · Á ¾ ² · ´ Á ¿ ¹ Â ³ · ¾ Á ² ³ º · Á Ã Ô ² ´ ¿ ¹ ³ ² · ¼ ½ Ì · ³ Á Ä · º Í Á · É Ã º Æ Á ½ ² ´ Ã í ¼ ¾ Ã Ï · Á ² ñ ¹ º ² ´ · º Í ´ Ã í ´ ² Ã ´ Ï Ã ¼ Í ² ´ Ã Æ º¼ · Á ² Æ ¹ ³ Ã ² ´ Ã Í ² º Á Ã ¿ Ã ² Í Ã º Á ½ ² Ñ º Á ² ³ º · Á Ã ¹ º · ¾ Ð ² ´ Ã Í ² º Á Ã · ¾ À ¹ Í ² î Ñ Ð À ð · º Í ¼ ¹ º ´ ² ³ Ô · Á Ã Ô ² ¾ ± · ´ ´ Â Ï Ã º Æ ´ Ã í · ¾ Á ² ³ º · Á Ã Ô ²½ ¹ Â ´ ² Í ² ´ Ã Æ º ´ ¿ · ¼ Ã º Æ ¹ º ² ¹ ¿ ² Ã Æ ½ Á Ì ¹ ´ ´ Ã Ê ¾ ² ¼ ¹ Ï Ì · ´ ´ ¹ ³ Ã ² º Á · Á Ã ¹ º ´ Á ½ ² ³ ² · ³ ² ¹ Ô ² ³ ¿ Ã Ô ² ½ Â º Í ³ ² Í Ï Ã ¾ ¾ Ã ¹ º¼ ¹ Ï Ê Ã º · Á Ã ¹ º ´ ¹ ¿ Á ½ ² ´ ± ´ Á ² Ï î Ü Ø È ³ Ã ² º · º Í à · É ² ¿ Ã ² ¾ Í Ä ÷ ø ø 	 ð ÕÇ ½ ² ¼ ¹ º ´ ¼ Ã ¹ Â ´ · º · ¾ ± ´ Ã ´ ¹ ¿ Á ½ ² Ã º Á ² ³ · ¼ Á Ã ¹ º ´ · Ï ¹ º Æ · ¾ ¾ Á ½ ² Ì · ³ Á ´ Ä Ï · Á ² ³ Ã · ¾ ´ Ä ´ Â Ê ´ ± ´ Á ² Ï ´ Ì ³ ¹ ¼ ² ´ ´ ² ´ Ï · É Ã º Æ Â Ì ·Á ³ · Í Ã Á Ã ¹ º · ¾ ¾ Ã Æ ½ Á µ ¸ ¹ ¹ Í µ ¿ ³ · Ï ² Í ½ ¹ Â ´ ² · º Í Á ½ ² ¼ ¾ Ã Ï · Á Ã ¼ · º Í Æ ² ¹ ¾ ¹ Æ Ã ¼ ¼ ¹ º Í Ã Á Ã ¹ º ´ ¹ ¿ Á ½ ² ´ Ã Á ² Ã ´ ´ ² ¾ Í ¹ Ï Â º Í ² ³ Á · É ² º Õ Ò½ ¹ Â ´ ² Í ² ´ Ã Æ º Á ½ · Á ¸ ¹ ³ É ² Í ¸ ² ¾ ¾ · º Í Ì ¹ ´ ´ ² ´ ´ ² Í · ´ Â Ê Î ² ¼ Á Ã Ô ² ¼ ½ · ³ Ï Ã º ³ Â ³ · ¾ õ ² ¸ Ö º Æ ¾ · º Í Ê ² ¼ ¹ Ï ² ´ · ½ Ã Æ ½ ² ³ ³ Ã ´ É¸ ½ ² º Á ³ · º ´ Ì ¾ · º Á ² Í Á ¹ · ¼ ¹ · ´ Á · ¾ ¼ ¹ Ï Ï Â º Ã Á ± Ã º ô ¾ ¹ ³ Ã Í · î Ò Ð Ò Ä ÷ ø ø ÷ ð Õ Ò ¼ ¾ · Í Í Ã º Æ ´ ± ´ Á ² Ï ¸ Ã Á ½ Í ² ¼ · Í ² ´ ¹ ¿ ´ Â ¼ ¼ ² ´ ´ ¿ Â ¾Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² ¹ º Ï · ´ ¹ º ³ ± ´ Â Ê ´ Á ³ · Á ² ´ Ì Â Á ´ Á ½ ² ´ Á ³ Â ¼ Á Â ³ · ¾ ¿ ³ · Ï Ã º Æ · Á ³ Ã ´ É Ã º · ¸ · ³ Ï Ä ½ Â Ï Ã Í ¼ ¾ Ã Ï · Á ² î È ³ ¹ ¸ º ² Á Õ · ¾ ÕÞ ò ò ó ð Õ Ö Ô ² º ¾ ¹ ¼ · Á Ã º Æ · º Ú Å Ò À Â º Ã Á Ã º · º · Á Á · ¼ ½ ² Í Æ · ³ · Æ ² Ï · ± ¼ ¹ º Á ³ Ã Ê Â Á ² Á ¹ · º Ã º ¼ ³ ² · ´ ² Í ³ Ã ´ É ¿ ¹ ³ · ¿ · Ï Ã ¾ ± Ø ´½ ² · ¾ Á ½ Ì ³ ¹ Ê ¾ ² Ï ´ Ã º ¼ ² ³ Á · Ã º ¼ ¾ Ã Ï · Á ² ´ î Ö Ï Ï ² ³ Ã ¼ ½ ² Á Õ · ¾ Õ ÷ ø ø ß ðÑ Á ´ ² ² Ï ´ Â º ³ ² · ´ ¹ º · Ê ¾ ² Á ¹ · ´ É · Í ² ´ Ã Æ º ² ³ ¹ ³ Ê Â Ã ¾ Í ² ³ Á ¹ ¼ · ³ ² ¿ Â ¾ ¾ ± · º · ¾ ± ñ ² Á ½ ² º Â Ï ² ³ ¹ Â ´ · º Í ¼ ¹ Ï Ì ¾ ² í Ã º Á ² ³ · ¼ Á Ã ¹ º ´ ÕË · ³ Á ¾ ± Ê ² ¼ · Â ´ ² Á ½ ² ³ ² Ã ´ ¾ Ã Á Á ¾ ² ¹ ³ º ¹ Â º Í Ã ´ Ì Â Á ² Í ² Ô Ã Í ² º ¼ ² Á ¹ Ì ³ ¹ Ô ² Á ½ · Á · Á ³ · Í Ã Á Ã ¹ º · ¾ · ³ ¼ ½ Ã Á ² ¼ Á Â ³ · ¾ ½ ¹ Â ´ ² ¿ ¹ ³ Ï¼ ¹ º ´ Á ³ Â ¼ Á ² Í Â ´ Ã º Æ ¼ ¹ º Á ² Ï Ì ¹ ³ · ³ ± ¼ ¹ º Á ³ · ¼ Á Ã º Æ · º Í Ã º ´ Ì ² ¼ Á Ã ¹ º Ï ² Á ½ ¹ Í ´ ¿ ³ ¹ Ï · ¼ ¹ Ï Ê Ã º · Á Ã ¹ º ¹ ¿ Á ³ · Í Ã Á Ã ¹ º · ¾ · º ÍÃ º º ¹ Ô · Á Ã Ô ² Ï · Á ² ³ Ã · ¾ ´ · º Í ´ ± ´ Á ² Ï ´ ¸ Ã Á ½ Ã º · Á ³ · Í Ã Á Ã ¹ º · ¾ Ô Ã ´ Â · ¾ ¾ ± µ Ê · ´ ² Í Ï ² Á ½ ¹ Í ¹ ¿ × Â · ¾ Ã Á ± · ´ ´ ² ´ ´ Ï ² º Á � �   ¿ · Ã ¾ · Á´ ¹ Ï ² · ´ Ì ² ¼ Á ¹ ¿ Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² Ä · º Í Ì · ³ Á ¾ ± Ê ² ¼ · Â ´ ² Á ½ ² ³ ² Ã ´ º ¹ · ¼ ¼ ² Ì Á ² Í Ï ² Á ½ ¹ Í ¿ ¹ ³ · º · ¾ ± ñ Ã º Æ Á ½ ² ½ ¹ Â ´ ² · ´ ·¸ ½ ¹ ¾ ² Õ Ò » À Ö � ó ¼ ¹ º ´ Ã Í ² ³ ´ Á ½ ² ´ Á ³ Â ¼ Á Â ³ · ¾ · ´ Ì ² ¼ Á ´ Ä Ò » Ú Ð Ò Ö ´ Á · º Í · ³ Í ù ÷ Õ ÷ ¼ ¹ º ´ Ã Í ² ³ ´ Á ½ ² Ô ² º Á Ã ¾ · Á Ã ¹ º · º Í · Ã ³× Â · ¾ Ã Á ± Ä Ê Â Á Ã ´ º ¹ Á ± ² Á · ³ ² × Â Ã ³ ² Í ´ Á · º Í · ³ Í Ã º Á ½ ² Ñ º Á ² ³ º · Á Ã ¹ º · ¾ Ð ² ´ Ã Í ² º Á Ã · ¾ À ¹ Í ² Õ ° · Á ² ³ Ã · ¾ Ã º º ¹ Ô · Á Ã ¹ º ´ · ³ ² Ê ² Ã º ÆÃ º Á ³ ¹ Í Â ¼ ² Í ¿ · ´ Á ² ³ Á ½ · º Á ½ ² ³ ² ´ Ã Í ² º Á Ã · ¾ Ê Â Ã ¾ Í Ã º Æ ¼ Â ¾ Á Â ³ ² ¼ · º Á ½ ¹ Â Æ ½ Á ¿ Â ¾ ¾ ± · Í · Ì Á Õ Ç ½ Ã ´ ¾ · ¼ É ¹ ¿ ¼ ¹ º ´ Ã Í ² ³ · Á Ã ¹ º ¿ ¹ ³ Á ½ ²Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² ¹ ¿ Á ½ ² ¸ ½ ¹ ¾ ² ½ ¹ Â ´ ² ´ Ã Á ² Í ¹ º · Â º Ã × Â ² Ì · ³ ¼ ² ¾ ¹ ¿ ¾ · º Í ¿ ³ ² × Â ² º Á ¾ ± ¼ ¹ º Á ³ Ã Ê Â Á ² ´ Á ¹ Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² ¿ · Ã ¾ Â ³ ² ´´ Ã Æ º Ã ¿ Ã ¼ · º Á ² º ¹ Â Æ ½ Á ½ · Á ² Ã Á ½ ² ³ ô Ö ° Ò ¹ ³ ¼ ¾ · ´ ´ µ · ¼ Á Ã ¹ º ¾ Ã Á Ã Æ · Á Ã ¹ º Ã ´ Á ½ ² ½ ¹ Ï ² ¹ ¸ º ² ³ Ø ´ ¹ º ¾ ± ³ ² ¼ ¹ Â ³ ´ ² Õ� ã ä � � � è é � ì � � � ç é ì é æ � å ê � è å æ � ç � � � � é � � Ó » ¹ Ï ² ¹ ¿ Á ½ ² ² · ³ ¾ Ã ² ´ Á Ì Â Ê ¾ Ã ¼ ï Ì ³ Ã Ô · Á ² Ì · ³ Á º ² ³ ´ ½ Ã Ì ´¼ ¹ º ´ Ã Í ² ³ Ã º Æ Á ½ ² ½ ¹ Â ´ ² · ´ · ¸ ½ ¹ ¾ ² ¸ ² ³ ² Â º Í ² ³ Á · É ² º Ê ± Á ½ ² Û Õ » Õ Ù ² Ì · ³ Á Ï ² º Á ¹ ¿ Ö º ² ³ Æ ± È Â Ã ¾ Í Ã º Æ Ò Ï ² ³ Ã ¼ · Ì ³ ¹ Æ ³ · Ï· º Í Á ½ ² Û Õ » Õ Ù ² Ì · ³ Á Ï ² º Á ¹ ¿ Ú ¹ Â ´ Ã º Æ · º Í Û ³ Ê · º Ù ² Ô ² ¾ ¹ Ì Ï ² º Á · º Í õ · Á Ã ¹ º · ¾ » ¼ Ã ² º ¼ ² ô ¹ Â º Í · Á Ã ¹ º Ø ´ Ë Ò Ç ÚÌ ³ ¹ Æ ³ · Ï ÕÇ ½ ² È Â Ã ¾ Í Ã º Æ Ò Ï ² ³ Ã ¼ · Ë ³ ¹ Æ ³ · Ï Ê ² Æ · º Ã º Þ ò ò Þ · ´ · ´ Ï · ¾ ¾ Æ ³ ¹ Â Ì ¹ ¿ Ì · ³ Á º ² ³ ´ ½ Ã Ì ´ Ê ² Á ¸ ² ² º ½ ¹ Â ´ Ã º Æ Í ² ´ Ã Æ º ² ³ ´ Ä² º Æ Ã º ² ² ³ ´ Ä ³ ² ´ ² · ³ ¼ ½ Æ ³ ¹ Â Ì ´ · º Í ³ ² ´ Ã Í ² º Á Ã · ¾ Ê Â Ã ¾ Í ² ³ ´ Õ Ç ¹ Í · ± Á ½ ² Ì ³ ¹ Æ ³ · Ï ½ · ´ ¿ Ã Ô ² ³ ² ´ ² · ³ ¼ ½ Á ² · Ï ´ Á ½ · Á ½ · Ô ²¼ ¹ Ï Ì ¾ ² Á ² Í ¹ Ô ² ³ ÷ ø Ä ø ø ø ½ ¹ Ï ² ´ Ã º ÷ � ´ Á · Á ² ´ Õ Ç ½ ² Ì ³ ¹ Æ ³ · Ï Ã ´ ¿ ¹ ¼ Â ´ ² Í ¹ º ÓÐ ² Í Â ¼ Ã º Æ ¸ ½ ¹ ¾ ² µ ½ ¹ Â ´ ² ² º ² ³ Æ ± Â ´ ² Ê ± � ø � ó ø � · º Í ³ ² Í Â ¼ ² ¼ ¹ º ´ Á ³ Â ¼ Á Ã ¹ º Á Ã Ï ² · º Í ¸ · ´ Á ² úÑ Ï Ì ³ ¹ Ô ² Ã º Í ¹ ¹ ³ · Ã ³ × Â · ¾ Ã Á ± · º Í ¼ ¹ Ï ¿ ¹ ³ Á úÑ º Á ² Æ ³ · Á ² ¼ ¾ ² · º ¹ º ´ Ã Á ² Ì ¹ ¸ ² ³ ´ ± ´ Á ² Ï ´ úÖ º ¼ ¹ Â ³ · Æ ² · ´ ± ´ Á ² Ï ´ µ ² º Æ Ã º ² ² ³ Ã º Æ · Ì Ì ³ ¹ · ¼ ½ ¿ ¹ ³ Í ² ´ Ã Æ º · º Í ¼ ¹ º ´ Á ³ Â ¼ Á Ã ¹ º ¹ ¿ º ² ¸ ½ ¹ Ï ² ´ úÒ ¼ ¼ ² ¾ ² ³ · Á ² Á ½ ² Í ² Ô ² ¾ ¹ Ì Ï ² º Á · º Í · Í ¹ Ì Á Ã ¹ º ¹ ¿ ½ Ã Æ ½ µ Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² ³ ² ´ Ã Í ² º Á Ã · ¾ ² º ² ³ Æ ± ´ ± ´ Á ² Ï ´ ÕÇ ½ ² ¿ ¹ ¼ Â ´ ¹ º ² º ² ³ Æ ± ¼ ¹ º ´ ² ³ Ô · Á Ã ¹ º Á ½ ³ ¹ Â Æ ½ ´ ± ´ Á ² Ï ´ · º Í ¿ Ã ² ¾ Í µ Ì ³ ¹ ¼ ² ´ ´ Í ² ´ Ã Æ º ½ · ´ Ï · Í ² Ã Ï Ì ³ ¹ Ô ² Ï ² º Á ´ Ã º´ Á ³ Â ¼ Á Â ³ · ¾ ´ ± ´ Á ² Ï ´ Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² · ´ ¸ ² ¾ ¾ Á ½ ³ ¹ Â Æ ½ Á ½ ² Ã Ï Ì ¾ ² Ï ² º Á · Á Ã ¹ º ¹ ¿ ¿ ¹ ³ Ï · ¾ × Â · ¾ Ã Á ± Ì ³ ¹ ¼ ² ´ ´ ² ´ Õ Ç ½ ² Ý È ² ´ Á
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

76



Ë ³ · ¼ Á Ã ¼ ² ´ � Â Ã Í ² ´ á · Ô · Ã ¾ · Ê ¾ ² ¹ º Á ½ ² È Â Ã ¾ Í Ã º Æ Ò Ï ² ³ Ã ¼ · Ë ³ ¹ Æ ³ · Ï ¸ ² Ê ´ Ã Á ² ¼ ¹ º Á · Ã º ¹ Â Á ´ Á · º Í Ã º Æ ² í · Ï Ì ¾ ² ´ ¹ ¿ Á ½ ²Ê ² º ² ¿ Ã Á ´ ¹ ¿ ¼ ¹ º ´ Ã Í ² ³ Ã º Æ Á ½ ² ¸ ½ ¹ ¾ ² î È Â Ã ¾ Í Ã º Æ Ò Ï ² ³ Ã ¼ · ÷ ø ø ù ðÇ ½ ² Ë · ³ Á º ² ³ ´ ½ Ã Ì ¿ ¹ ³ Ò Í Ô · º ¼ Ã º Æ Ç ² ¼ ½ º ¹ ¾ ¹ Æ ± Ã º Ú ¹ Â ´ Ã º Æ î Ë Ò Ç Ú ð Ê ² Æ · º ¼ ¹ º ´ Ã Í ² ³ Ã º Æ Á ½ ² ½ ¹ Â ´ ² · ´ · ¸ ½ ¹ ¾ ² ¸ Ã Á ½ Á ½ ²Ì Â Ê ¾ Ã ¼ · Á Ã ¹ º ¹ ¿ Ý à ½ ¹ ¾ ² Ú ¹ Â ´ ² · º Í È Â Ã ¾ Í Ã º Æ Ë ³ ¹ ¼ ² ´ ´ Ð ² Í ² ´ Ã Æ º á · ´ Ì · ³ Á ¹ ¿ Ã Á ´ Ç ² ¼ ½ º ¹ ¾ ¹ Æ ± Ð ¹ · Í Ï · Ì ´ ² ³ Ã ² ´ î õ Ò Ú È Ä÷ ø ø ÷ ð Õ Ñ º Á ½ Ã ´ ³ ¹ · Í Ï · Ì Ä Á ½ ² Ô Ã ´ Ã ¹ º ¿ ¹ ³ Á ½ Ã ´ ³ ² ´ ² · ³ ¼ ½ ² ¿ ¿ ¹ ³ Á ¸ · ´ ´ Â ¼ ¼ Ã º ¼ Á ¾ ± ´ Á · Á ² Í · ´ Ý È Â Ã ¾ Í È ² Á Á ² ³ Ú ¹ Ï ² ´ ô · ´ Á ² ³· º Í · Á ¶ ¹ ¸ ² ³ À ¹ ´ Á á Ä ¸ ½ Ã ¼ ½ ¸ · ´ ¿ Â ³ Á ½ ² ³ ² ¾ · Ê ¹ ³ · Á ² Í Á ¹ Ï ² · º Í ² Ô ² ¾ ¹ Ì Ï ² º Á ¹ ¿ ² ¿ ¿ Ã ¼ Ã ² º Á Ä ¼ ¹ º Á ³ ¹ ¾ ¾ ² Í Ì ³ ¹ ¼ ² ´ ´ ² ´ Á ¹¼ ¹ º ´ Á ³ Â ¼ Á · ½ ¹ Â ´ ² Ã º · ÷ ø Í · ± Ì ² ³ Ã ¹ Í Á ¹ Ì ³ ¹ Ô Ã Í ² ¼ ¹ ´ Á ´ · Ô Ã º Æ ´ Ï · É Ã º Æ ½ ¹ Ï ² ¹ ¸ º ² ³ ´ ½ Ã Ì · Ô · Ã ¾ · Ê ¾ ² Á ¹ ò ø � ¹ ¿ Á ½ ²Û Õ » Õ Ì ¹ Ì Â ¾ · Á Ã ¹ º Õ Ç ½ ² à ½ ¹ ¾ ² Ú ¹ Â ´ ² ³ ¹ · Í Ï · Ì Ã Í ² º Á Ã ¿ Ã ² Í Á ½ ² ´ ² É ² ± Ê · ³ ³ Ã ² ³ ´ Á ¹ · ¼ ½ Ã ² Ô Ã º Æ Á ½ ² Æ ¹ · ¾ ÓÒ ¾ · ¼ É ¹ ¿ ´ ± ´ Á ² Ï ´ ² º Æ Ã º ² ² ³ Ã º Æ · º Í · º · ¾ ± ´ Ã ´ Ã º Á ½ ² Í ² ´ Ã Æ º · º Í ¼ ¹ º ´ Á ³ Â ¼ Á Ã ¹ º ¹ ¿ ½ ¹ Ï ² ´ úÀ ¹ º ´ Â Ï ² ³ ´ ¾ · ¼ É Ã º Æ ² Í Â ¼ · Á Ã ¹ º Ã º Á ½ ² × Â · ¾ Ã Á ± · ´ Ì ² ¼ Á ´ ¹ ¿ · ½ ¹ Ï ² úÑ º ´ Â ¿ ¿ Ã ¼ Ã ² º Á × Â · º Á Ã Á Ã ² ´ ¹ ¿ ´ É Ã ¾ ¾ ² Í ¾ · Ê ¹ ³ úÀ ¹ Ï Ì ¾ ² í · º Í ¾ ¹ ¼ · ¾ ¾ ± Â º Ã × Â ² Ê Â Ã ¾ Í Ã º Æ ³ ² Æ Â ¾ · Á Ã ¹ º ´ úÈ Â Ã ¾ Í ² ³ ³ ² ´ Ã ´ Á · º ¼ ² Á ¹ ¼ ½ · º Æ ² úÈ Â Ã ¾ Í ² ³ ´ ¾ · ¼ É ¹ ¿ ¼ ¹ º Á ³ ¹ ¾ ¹ ¿ Á ½ ² ½ ¹ Ï ² Ê Â Ã ¾ Í Ã º Æ Ì ³ ¹ ¼ ² ´ ´ úÑ º Í Â ´ Á ³ ± ¾ · ¼ É ¹ ¿ ¼ ¹ ¾ ¾ · Ê ¹ ³ · Á Ã ¹ º · º Í ³ ² ´ Ã ´ Á · º ¼ ² Á ¹ ¼ ½ · º Æ ² úÑ º Í Â ´ Á ³ ± ¿ ³ · Æ Ï ² º Á · Á Ã ¹ º úÀ ¹ º ´ Ã ´ Á ² º ¼ ± ¹ ¿ ½ ¹ Ï ² × Â · ¾ Ã Á ± ÕÇ ½ ² Ã Í ² · ¹ ¿ · Ý à ½ ¹ ¾ ² Ú ¹ Â ´ ² á À · ¾ ¼ Â ¾ · Á ¹ ³ ¸ · ´ Í ² Ô ² ¾ ¹ Ì ² Í Á ¹ ´ Â Ì Ì ¹ ³ Á Á ½ ² Æ ¹ · ¾ ´ ¹ ¿ ³ · Ì Ã Í ¼ ¹ º ´ Á ³ Â ¼ Á Ã ¹ º · º Í· ¿ ¿ ¹ ³ Í · Ê Ã ¾ Ã Á ± Ê ± Ê ² Ã º Æ · Ê ¾ ² Á ¹ ¼ ¹ Ï Ì · ³ ² Á ½ ² Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² ¹ ¿ · ½ ¹ Â ´ ² Í ² ´ Ã Æ º ¹ º · ´ Ì ² ¼ Ã ¿ Ã ¼ Ì Ã ² ¼ ² ¹ ¿ ¾ · º Í Á ¹ ·³ ² ¼ ¹ Ï Ï ² º Í ² Í Ì ³ · ¼ Á Ã ¼ ² ´ ½ ¹ Â ´ ² · º Í Ã Í ² º Á Ã ¿ ± ´ ± ´ Á ² Ï ¸ ² · É º ² ´ ´ ² ´ Ì ³ Ã ¹ ³ Á ¹ ¼ ¹ º ´ Á ³ Â ¼ Á Ã ¹ º Õ� ã â � � è � � � � ç � é ê � � ¶ Ã Á ² ³ · Á Â ³ ² ´ ² · ³ ¼ ½ ² ´ ¿ · Ã ¾ ² Í Á ¹ ³ ² Ô ² · ¾ · ½ ¹ ¾ Ã ´ Á Ã ¼ · ´ ´ ² ´ ´ Ï ² º Á Ï ² Á ½ ¹ Í ¿ ¹ ³ ³ ² ´ Ã Í ² º Á Ã · ¾¼ ¹ º ´ Á ³ Â ¼ Á Ã ¹ º ¼ · Ì · Ê ¾ ² ¹ ¿ × Â · º Á Ã ¿ ± Ã º Æ ´ Â Ê Î ² ¼ Á Ã Ô ² · º Í ¹ Ê Î ² ¼ Á Ã Ô ² ¼ ½ · ³ · ¼ Á ² ³ Ã ´ Á Ã ¼ ´ ¹ ¿ Á ½ ² Ì ³ ¹ ¼ ² ´ ´ ² ´ Ä ´ ± ´ Á ² Ï ´ · º ÍÏ · Á ² ³ Ã · ¾ ´ Â ´ ² Í Ã º ³ ² ´ Ã Í ² º Á Ã · ¾ ¼ ¹ º ´ Á ³ Â ¼ Á Ã ¹ º Õ È Â Á Á ½ ² ¾ Ã Á ² ³ · Á Â ³ ² ´ ² · ³ ¼ ½ Í Ã Í ³ ² Ô ² · ¾ · º Ö º Ô Ã ³ ¹ º Ï ² º Á · ¾ Ö Ô · ¾ Â · Á Ã ¹ ºÏ ² Á ½ ¹ Í Í ² Ô ² ¾ ¹ Ì ² Í Ê ± Ù ³ Õ ¶ Â º · È Õ ¶ ² ¹ Ì ¹ ¾ Í ¿ ¹ ³ Á ½ ² Û » � » ¸ ½ Ã ¼ ½ ¸ · ´ ¿ Â ³ Á ½ ² ³ Ï ¹ Í Ã ¿ Ã ² Í Ê ± È · Á Á ² ¾ ¾ ² ¾ · Ê ¹ ³ · Á ¹ ³ Ã ² ´ Õ Ç ½ ²¶ ² ¹ Ì ¹ ¾ Í ï È · Á Á ² ¾ ¾ ² Ï ² Á ½ ¹ Í Â ´ ² ´ · Ï · Á ³ Ã í Á ¹ ¾ Ã ´ Á Ì ¹ ´ ´ Ã Ê ¾ ² · ¼ Á Ã ¹ º ´ ¹ º · ½ ¹ ³ Ã ñ ¹ º Á · ¾ · í Ã ´ · º Í ² º Ô Ã ³ ¹ º Ï ² º Á · ¾ × Â · ¾ Ã Á ±¹ Â Á ¼ ¹ Ï ² ´ ¹ º Á ½ ² Ô ² ³ Á Ã ¼ · ¾ · í Ã ´ Õ Ò º ² í Ì ² ³ Á Æ ³ ¹ Â Ì Ã Í ² º Á Ã ¿ Ã ² ´ Ã Ï Ì ¹ ³ Á · º Á Ã º Á ² ³ · ¼ Á Ã ¹ º ´ Ê ² Á ¸ ² ² º · Í ² ´ Ã ³ ² Í ² º Ô Ã ³ ¹ º Ï ² º Á · ¾× Â · ¾ Ã Á ± · º Í · Ì ³ ¹ Î ² ¼ Á µ ³ ² ¾ · Á ² Í · ¼ Á Ã ¹ º Ã º Á ½ ² ¿ Ã ³ ´ Á Ì · ´ ´ Á ½ ³ ¹ Â Æ ½ Á ½ ² Ï · Á ³ Ã í Õ Ú ¹ ¾ ¾ Ã ¼ É Ä î Þ ò ò ß ð Í ¹ ¼ Â Ï ² º Á ´ ¶ ² ¹ Ì ¹ ¾ Í Ø ´Ì ³ ¹ Ì ¹ ´ Ã Á Ã ¹ º Á ½ · Á Ã ¿ Þ ø ø ¼ ¹ º ´ Á ³ Â ¼ Á Ã ¹ º · ¼ Á Ã ¹ º ´ ¸ ² ³ ² ¾ Ã ´ Á ² Í ½ ¹ ³ Ã ñ ¹ º Á · ¾ ¾ ± Ä · º Í � � ² º Ô Ã ³ ¹ º Ï ² º Á · ¾ ¹ Â Á ¼ ¹ Ï ² ´ ¸ ² ³ ² ¾ Ã ´ Á ² ÍÔ ² ³ Á Ã ¼ · ¾ ¾ ± Ä Á ½ · Á ¸ ½ ² º ¼ · ³ ² ¿ Â ¾ ¾ ± ¼ ¹ º ´ Ã Í ² ³ ² Í Ä · Á ± Ì Ã ¼ · ¾ Ì ³ ¹ Î ² ¼ Á ¸ ¹ Â ¾ Í ¹ º ¾ ± ½ · Ô ² ÷ 	 Á ¹ 	 ø Ã º Á ² ³ · ¼ Á Ã ¹ º ´ Ê ² Á ¸ ² ² º Á ½ ² Ï Ä ·´ Ã Æ º Ã ¿ Ã ¼ · º Á ³ ² Í Â ¼ Á Ã ¹ º ¿ ³ ¹ Ï Á ½ ² Ì ¹ ´ ´ Ã Ê ¾ ² � Ä � ø ø Ã º Á ² ³ · ¼ Á Ã ¹ º ´ Ã º Á ½ ² Ï · Á ³ Ã í Õ î Ú ¹ ¾ ¾ Ã ¼ É Ä Þ ò ò ß ðÇ ½ ² ´ ² ¼ ¹ º Í Ì · ´ ´ Á ½ ³ ¹ Â Æ ½ Á ½ ² ¶ ² ¹ Ì ¹ ¾ Í ï È · Á Á ² ¾ ¾ ² Ï · Á ³ Ã í Ã ´ · ´ ¼ ¹ ³ Ã º Æ Ì · ´ ´ Õ Ç ½ ² Ã º Á ² ³ · ¼ Á Ã ¹ º Ã ´ ³ · º É ² Í ¿ ³ ¹ Ï � Þ ø Á ¹ Þ ø¿ ¹ ³ Ã Á ´ Ì ¹ ´ Ã Á Ã Ô ² î Ê ² º ² ¿ Ã Á ð ¹ ³ º ² Æ · Á Ã Ô ² î ¼ ¹ ´ Á ð ² ¿ ¿ ² ¼ Á Õ Ò Á ½ Ã ³ Í Ì · ´ ´ Á ½ ³ ¹ Â Æ ½ Á ½ ² Ï · Á ³ Ã í · ´ ´ Ã Æ º ´ Á ½ ² ¸ ² Ã Æ ½ Á Ã º Æ ¿ · ¼ Á ¹ ³ ¿ ¹ ³² · ¼ ½ Ã º Á ² ³ · ¼ Á Ã ¹ º Õ Ö º Ô Ã ³ ¹ º Ï ² º Á · ¾ Ì ³ ¹ ¿ ² ´ ´ Ã ¹ º · ¾ ´ ¸ ½ ¹ ½ · Ô ² Â ´ ² Í Á ½ ² ¶ ² ¹ Ì ¹ ¾ Í Ï · Á ³ Ã í ¹ ¿ ¿ ² ³ Á ¸ ¹ ¼ · Â Á Ã ¹ º ´ Õ ô Ã ³ ´ Á Ä Á ½ · ÁÁ ½ ² Â ´ ² ³ Ê ² ¹ º Æ Â · ³ Í Á ¹ Ì ³ ² Ô ² º Á Í ¹ Â Ê ¾ ² ¼ ¹ Â º Á Ã º Æ ¹ ¿ º ² ´ Á ² Í ² ¿ ¿ ² ¼ Á ´ Ä · º Í ´ ² ¼ ¹ º Í Á ½ · Á ² · ¼ ½ Í ² ´ Ã Æ º · ¾ Á ² ³ º · Á Ã Ô ²³ ² × Â Ã ³ ² ´ Ã Á Ø ´ ¹ ¸ º Ï · Á ³ Ã í ÕÇ ½ ² ¶ ² ¹ Ì ¹ ¾ Í ï È · Á Á ² ¾ ¾ ² Ã º Á ² ³ · ¼ Á Ã ¹ º Ï · Á ³ Ã í ¸ · ´ Í ² Ô ² ¾ ¹ Ì ² Í ¿ ¹ ³ Á ½ ² ¿ Ã ³ ´ Á Æ ² º ² ³ · Á Ã ¹ º ¸ ½ ¹ ¾ ² ½ ¹ Â ´ ² ¼ · ¾ ¼ Â ¾ · Á ¹ ³ Õ Ñ Á ¾ Ã ´ Á ² Í Á ½ ²Ì ¹ Á ² º Á Ã · ¾ Ã Ï Ì · ¼ Á ´ ¹ ¿ Á ½ ² ´ ± ´ Á ² Ï Ê ² ½ · Ô Ã ¹ ³ Ô ² ³ Á Ã ¼ · ¾ ¾ ± · º Í Á ½ ² · ¾ Á ² ³ º · Á Ã Ô ² ´ ¿ ¹ ³ Á ½ ² Í ² ´ Ã Æ º · º Í Ì ³ ¹ Í Â ¼ Á Ã ¹ º Ï ² Á ½ ¹ Í ´· º Í ´ Â Ê ´ ± ´ Á ² Ï ´ ¼ ¹ Ï Ì ¹ º ² º Á ´ ½ ¹ ³ Ã ñ ¹ º Á · ¾ ¾ ± Õ Ç ¸ ¹ Á ² ´ Á µ ¼ · ´ ² ½ ¹ Â ´ ² ´ ¸ ² ³ ² ² Ô · ¾ Â · Á ² Í Â ´ Ã º Æ Á ½ Ã ´ · Ì Ì ³ ¹ · ¼ ½ Õ Ç ½ ² ¿ Ã ³ ´ Á¸ · ´ · ¼ ¹ º Ô ² º Á Ã ¹ º Ì ³ ¹ Í Â ¼ Á Ã ¹ º ½ ¹ Â ´ ² Ï · Í ² Â Ì ¹ ¿ ò ß ´ ± ´ Á ² Ï ´ ¼ ½ ¹ Ã ¼ ² ´ Á ½ · Á ¸ ² ³ ² ´ ¼ ¹ ³ ² Í ¹ º ÷ ß Ì ² ³ ¿ ¹ ³ Ï · º ¼ ²¼ ½ · ³ · ¼ Á ² ³ Ã ´ Á Ã ¼ ´ · º Í � Ä ß ÷ � ´ ± ´ Á ² Ï ´ Ã º Á ² ³ · ¼ Á Ã ¹ º ´ Õ Ç ½ Ã ´ ½ ¹ Â ´ ² ´ ¼ ¹ ³ ² Í Þ 	 Õ � Þ � ¹ ¿ · Ê ² ´ Á Ì ¹ ´ ´ Ã Ê ¾ ² ´ ¼ ¹ ³ ² ¿ ¹ ³ · ½ ¹ Â ´ ²¸ Ã Á ½ ò ß ´ ± ´ Á ² Ï ´ ¼ ½ ¹ Ã ¼ ² ´ Õ à ½ Ã ¾ ² Á ½ ² ´ ² ¼ ¹ º Í ½ ¹ Â ´ ² ¸ · ´ · ´ ± ´ Á ² Ï ´ µ · Ì Ì ³ ¹ · ¼ ½ ½ ¹ Â ´ ² Ï · Í ² Â Ì ¹ ¿ � � ´ ± ´ Á ² Ï ´¼ ½ ¹ Ã ¼ ² ´ ´ ¼ ¹ ³ ² Í ¹ º ÷ ß Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² ¼ ½ · ³ · ¼ Á ² ³ Ã ´ Á Ã ¼ ´ · º Í ß Ä � ó ÷ ´ ± ´ Á ² Ï ´ Ã º Á ² ³ · ¼ Á Ã ¹ º ´ Õ Ç ½ Ã ´ ½ ¹ Â ´ ² ´ ¼ ¹ ³ ² Í ÷ ù Õ � � ¹ ¿ ·Ê ² ´ Á Ì ¹ ´ ´ Ã Ê ¾ ² ´ ¼ ¹ ³ ² ¿ ¹ ³ · ½ ¹ Â ´ ² ¸ Ã Á ½ � � ´ ± ´ Á ² Ï ´ ¼ ½ ¹ Ã ¼ ² ´ Õ Ç ½ ² ¿ Â ¾ ¾ ¼ · ¾ ¼ Â ¾ · Á Ã ¹ º Ï ² Á ½ ¹ Í · º Í ³ · Á Ã ¹ º · ¾ ² Ã ´ Í ² ´ ¼ ³ Ã Ê ² ÍÃ º Ý � � � �  � � � ü � û  û  � �  û þ � � ! � � " � û  � û þ � ü � # ÿ $ � � � û  � � � � � ü  ÿ û � û � þ � � � � þ � � � û ü ý % ÿ �  � & � � � � # � � ! � � ' û ü � �( � � � � ü � ) * # � �  � ' � ü û � $ + � þ ÿ � ý , î Ü Ø È ³ Ã ² º · º Í à · É ² ¿ Ã ² ¾ Í Ä ÷ ø ø 	 ð ÕÇ ½ Ã ´ ¿ Ã ³ ´ Á Æ ² º ² ³ · Á Ã ¹ º · Ì Ì ³ ¹ · ¼ ½ ¸ · ´ Ì Â Ê ¾ Ã ´ ½ ² Í ¹ º Á ½ ² Ú Û Ù Û » Ö Ð ¸ ² Ê ´ Ã Á ² Ã º ÷ ø ø 	 î Ü Ø È ³ Ã ² º · º Í à · É ² ¿ Ã ² ¾ Í Ä ÷ ø ø 	 ð ÕÒ Ì ¹ ´ Á µ Ì Â Ê ¾ Ã ¼ · Á Ã ¹ º · ´ ´ ² ´ ´ Ï ² º Á ¹ ¿ Á ½ Ã ´ Ì ³ ¹ Î ² ¼ Á Ä ¼ ¹ º Í Â ¼ Á ² Í Ê ± õ ² ¸ Ì ¹ ³ Á Ë · ³ Á º ² ³ ´ ¶ Õ ¶ Õ À Õ ³ ² Ô ² · ¾ ² Í ¼ ³ Ã Á Ã ¼ · ¾¸ ² · É º ² ´ ´ ² ´ Ã º Á ½ ² ¾ Ã Ï Ã Á ² Í º Â Ï Ê ² ³ ¹ ¿ ² í Ì ² ³ Á ´ Ì ³ ¹ Ô Ã Í Ã º Æ Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² · º Í Ã º Á ² ³ · ¼ Á Ã ¹ º ´ ¼ ¹ ³ Ã º Æ Ä Á ½ ² Í Ã ¿ ¿ Ã ¼ Â ¾ Á ± Á ½ ²Æ ² º ² ³ · ¾ Ì Â Ê ¾ Ã ¼ ¹ ³ Ì ³ ¹ ¿ ² ´ ´ Ã ¹ º · ¾ Ê Â Ã ¾ Í ² ³ ¹ ³ Í ² ´ Ã Æ º ² ³ ¸ ¹ Â ¾ Í ½ · Ô ² ¸ Ã Á ½ Í ² ´ ¼ ³ Ã Ê Ã º Æ Á ½ ² Ì ³ ¹ ¼ ² ´ ´ ² ´ Ä ´ ± ´ Á ² Ï ´ · º ÍÏ · Á ² ³ Ã · ¾ ´ Ï · É Ã º Æ Â Ì Á ½ ² ½ ¹ Â ´ ² Ä Á ½ ² ´ ¼ ¹ ³ Ã º Æ Ï ² Á ½ ¹ Í ¿ ¹ ³ ´ ± ´ Á ² Ï ´ Ã º Á ² ³ · ¼ Á Ã ¹ º ´ Ä Á ½ ² Ã Ï Ï ² º ´ ² Æ · Ì ´ Ã º · ¼ ¼ ² Ì Á ² Í³ ² ´ ² · ³ ¼ ½ ¿ Ã º Í Ã º Æ ´ ³ ² ¾ · Á ² Í Á ¹ ´ ¼ ¹ ³ Ã º Æ Ä Á ½ ² ¾ · ¼ É ¹ ¿ Ã º ¿ ¾ Â ² º ¼ ² ¹ ¿ ¾ ¹ ¼ · ¾ ¼ ¾ Ã Ï · Á Ã ¼ · º Í Æ ² ¹ ¾ ¹ Æ Ã ¼ ¿ · ¼ Á ¹ ³ ´ Ä Á ½ ² · Ê ´ Á ³ · ¼ Áº · Á Â ³ ² ¹ ¿ Á ½ ² º Â Ï ² ³ Ã ¼ · ¾ ´ ¼ ¹ ³ ² · º Í Á ½ ² ¾ Ã Ï Ã Á ² Í Á ² ´ Á Ã º Æ ¹ ¿ Á ½ Ã ´ Ã º Ã Á Ã · ¾ Ï ² Á ½ ¹ Í Õ Ñ Á ¸ · ´ ¼ ¾ ² · ³ · º ² ¸ Ï ² Á ½ ¹ Í ¸ · ´³ ² × Â Ã ³ ² Í Õ- ã ä ç . / � / 0 1 2 3 4 � / 2 / 5 6 7 8 1 2 � . 1 9 / � 1 : ; / ì 6 9 0 : 9 6 7 1 5 ç . / 1 5 < � Ç ½ ² ¼ ¹ ³ ² Á ½ ² ¹ ³ ² Á Ã ¼ · ¾ Ì ³ ¹ Ì ¹ ´ Ã Á Ã ¹ º ¹ ¿ Á ½ ² ¸ ½ ¹ ¾ ²½ ¹ Â ´ ² ¼ · ¾ ¼ Â ¾ · Á ¹ ³ Ã ´ Á ½ · Á Á ½ ² ¼ ¹ º ¿ Ã Æ Â ³ · Á Ã ¹ º Ä Í ² ´ Ã Æ º Ä ¼ ¹ º Á ³ · ¼ Á Ã º Æ ¿ ¹ ³ Ï · º Í × Â · ¾ Ã Á ± µ · ´ ´ Â ³ · º ¼ ² Ï ² Á ½ ¹ Í ´ Á ½ · Á Æ Â Ã Í ² Á ½ ²
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

77



´ ² ¾ ² ¼ Á Ã ¹ º Ä ¾ ¹ ¼ · Á Ã ¹ º Ä ´ Ì ² ¼ Ã ¿ Ã ¼ · Á Ã ¹ º Ä Í ² Á · Ã ¾ Ã º Æ · º Í Ã º ´ Á · ¾ ¾ · Á Ã ¹ º ¹ ¿ ´ Â Ê ´ ± ´ Á ² Ï ´ · º Í Ï · Á ² ³ Ã · ¾ ´ ¼ ¹ Ï Ì ³ Ã ´ Ã º Æ · ½ ¹ Â ´ ² Ä Ã º ·´ Ì ² ¼ Ã ¿ Ã ¼ ¾ ¹ ¼ · Á Ã ¹ º ½ · Ô Ã º Æ Â º Ã × Â ² ¼ ¾ Ã Ï · Á ² · º Í Æ ² ¹ ¾ ¹ Æ Ã ¼ ¼ ½ · ³ · ¼ Á ² ³ Ã ´ Á Ã ¼ ´ Ä Ì ¾ · ± ´ · ´ Ã Æ º Ã ¿ Ã ¼ · º Á ³ ¹ ¾ ² Ã º Á ½ ² Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² ¹ ¿´ · Ã Í Í ² ´ Ã Æ º Ä ´ Â Ê ´ ± ´ Á ² Ï ´ Ä Ï · Á ² ³ Ã · ¾ ´ · º Í Á ½ ² ½ ¹ Â ´ ² · ´ · ¸ ½ ¹ ¾ ² Õ- ã â ç � � � � ì é æ ê � � æ � è � ç å é æ ì � � ì ë � � ç é è � � ç � é ê � ¶ Ã É ² Á ½ ² ¿ Ã ³ ´ Á Æ ² º ² ³ · Á Ã ¹ º ¼ · ¾ ¼ Â ¾ · Á ¹ ³ Ä Á ½ ² ´ ² ¼ ¹ º ÍÆ ² º ² ³ · Á Ã ¹ º ¼ · ¾ ¼ Â ¾ · Á ¹ ³ Â ´ ² ´ · Í · Á · Ê · ´ ² ¹ ¿ Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² ´ ¼ ¹ ³ ² ´ Ä Ï ¹ Í Ã ¿ Ã ² Í Ê ± ¾ ¹ ¼ · Á Ã ¹ º µ ´ Ì ² ¼ Ã ¿ Ã ¼ ´ ± ´ Á ² Ï ´ ¸ ² Ã Æ ½ Á Ã º Æ¿ · ¼ Á ¹ ³ ´ Ä Ï ¹ Í Ã ¿ Ã ² Í Ê ± Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² Ã º Á ² ³ · ¼ Á Ã ¹ º ´ Á ¹ · ³ ³ Ã Ô ² · Á · ´ ¼ ¹ ³ ² ¿ ¹ ³ ² · ¼ ½ ´ ± ´ Á ² Ï ´ ¼ ½ ¹ Ã ¼ ² Õ Ç ¹ Í ² Ô ² ¾ ¹ Ì · Í · Á · ´ ² Á¹ ¿ Á ½ ² Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² ¹ ¿ Í ² ´ Ã Æ º Ä ´ ± ´ Á ² Ï · º Í Ï · Á ² ³ Ã · ¾ ¼ ½ · ³ · ¼ Á ² ³ Ã ´ Á Ã ¼ ´ Ä · Ì · º ² ¾ ¹ ¿ ´ Ã í Ê Â Ã ¾ Í Ã º Æ ´ ¼ Ã ² º Á Ã ´ Á ´ ¸ Ã Á ½ ² í Ì ² ³ Á Ã ´ ²Ã º ´ Á ³ Â ¼ Á Â ³ · ¾ ´ ± ´ Á ² Ï ´ Ä Á ½ ² ³ Ï · ¾ ´ ± ´ Á ² Ï ´ Ä Ï ¹ Ã ´ Á Â ³ ² Ï · º · Æ ² Ï ² º Á Ä Ã º Í ¹ ¹ ³ · Ã ³ × Â · ¾ Ã Á ± · ´ Ì ² ¼ Á ´ Ä Ì ³ ¹ Í Â ¼ Á Ã ¹ º Ï ² Á ½ ¹ Í ´· º Í × Â · ¾ Ã Á ± Ä Í Â ³ · Ê Ã ¾ Ã Á ± · º Í ´ ± ´ Á ² Ï ´ · Ì Ì ³ ¹ · ¼ ½ ² ´ Á ¹ ³ ² ´ Ã Í ² º Á Ã · ¾ ¼ ¹ º ´ Á ³ Â ¼ Á Ã ¹ º ¸ · ´ · ´ ´ ² Ï Ê ¾ ² Í Ê ± õ ² ¸ Ì ¹ ³ Á Ë · ³ Á º ² ³ ´¶ Õ ¶ Õ À Õ Ç ½ ² Ì · º ² ¾ Ï ² Ï Ê ² ³ ´ ¸ ² ³ ² · ´ É ² Í Á ¹ ´ ¼ ¹ ³ ² · ´ ² Á ¹ ¿ 	 ø ÷ ´ ± ´ Á ² Ï ´ ¼ ½ ¹ Ã ¼ ² ´ ¼ ¹ Ô ² ³ Ã º Æ · ³ · º Æ ² · ¾ Á ² ³ º · Á Ã Ô ²Ï ² Á ½ ¹ Í ´ ¹ ¿ Ù ² ´ Ã Æ º À ½ · ³ · ¼ Á ² ³ Ã ´ Á Ã ¼ ´ · º Í Ë ³ ¹ Í Â ¼ Á Ã ¹ º Ë ³ ¹ ¼ ² ´ ´ ² ´ Ä ô ¹ Â º Í · Á Ã ¹ º ´ Ä » Â Ì ² ³ ´ Á ³ Â ¼ Á Â ³ ² Ä Ö º Ô ² ¾ ¹ Ì ² Ä Ñ º Á ² ³ Ã ¹ ³Ë · ³ Á Ã Á Ã ¹ º ´ · º Í ô Ã º Ã ´ ½ ² ´ Ä ° Ã ¾ ¾ ¸ ¹ ³ É · º Í Ò Ì Ì ¾ Ã · º ¼ ² ´ Ä Û Á Ã ¾ Ã Á ± Ù Ã ´ Á ³ Ã Ê Â Á Ã ¹ º Ä Ö ¾ ² ¼ Á ³ Ã ¼ Ë ¹ ¸ ² ³ · º Í ¶ Ã Æ ½ Á Ä » ² ¸ ² ³ · º Í à · Á ² ³· º Í Ç ½ ² ³ Ï · ¾ » ± ´ Á ² Ï ´ Õ Ç ½ ² ´ ¼ ¹ ³ ² ´ ¸ ² ³ ² Ã º Ì Â Á · Á · ¸ ² Ê ´ Ã Á ² Í ² ´ Ã Æ º ² Í Ê ± � ß » ± ´ Á ² Ï ´ Ñ º ¼ Õ · º Í · ¾ ¾ ¹ ¸ ² Í Á ½ ² ² í Ì ² ³ Á ´Á ¹ ³ · º É Á ½ ² · ¾ Á ² ³ º · Á Ã Ô ² · ´ º ¹ Á · Ì Ì ¾ Ã ¼ · Ê ¾ ² î õ Ò ð ¹ ³ · ´ ¹ º · º Ã º ² Ì ¹ Ã º Á ´ ¼ · ¾ ² ¿ ³ ¹ Ï Ý Ë ¹ ¹ ³ á Á ¹ Ý È ² ´ Á á ¿ ¹ ³ ² · ¼ ½ ¹ ¿ ´ Ã í¼ ¾ Ã Ï · Á ² ³ ² Æ Ã ¹ º ´ ¹ ¿ Á ½ ² Û º Ã Á ² Í » Á · Á ² ´ Õ Ç ½ ² Ö í Ì ² ³ Á Ë · º ² ¾ Í · Á · Ê · ´ ² ¸ ² Ê Ì · Æ ² Ã ´ ´ ½ ¹ ¸ º Ê ² ¾ ¹ ¸ Ã º ô Ã Æ Â ³ ² Þ Õ

ô Ã Æ Â ³ ² Þ Õ Ö í Ì ² ³ Á Ë · º ² ¾ Ù · Á · Ê · ´ ² Ä Ñ Ï Ì ¹ ³ Á · º ¼ ² » ¼ ¹ ³ Ã º Æ Õ » ¹ Â ³ ¼ ² Ó Ò Â Á ½ ¹ ³

ô Ã Æ Â ³ ² ÷ Õ Ö í Ì ² ³ Á Ë · º ² ¾ Ù · Á · Ê · ´ ² Ä Ð ² · ´ ¹ º Ã º Æ » ¼ ¹ ³ Ã º Æ Õ » ¹ Â ³ ¼ ² Ó Ò Â Á ½ ¹ ³
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

78



Ç ½ ² ´ ± ´ Á ² Ï ´ ´ ¼ ¹ ³ ² Í Ã º Á ½ ² ¾ ¹ ¸ ² ³ Þ ø � · º Í Á ½ ² Â Ì Ì ² ³ Þ ø � Æ ² º ² ³ · Á ² Í · ´ ² Á ¹ ¿ ¿ ¹ ¾ ¾ ¹ ¸ µ Â Ì × Â ² ´ Á Ã ¹ º ´ Á ¹ Ã º × Â Ã ³ ² Ã º Á ¹Á ½ ² ³ ² · ´ ¹ º Ã º Æ Ê ² ½ Ã º Í Á ½ ² ´ ² ½ Ã Æ ½ · º Í ¾ ¹ ¸ ³ · º É Ã º Æ ´ · ´ ´ ½ ¹ ¸ º Ã º ô Ã Æ Â ³ ² ÷ Õ Ç ½ Ã ´ ¸ · ± Ä Á ½ ² 	 ø ÷ · ¾ Á ² ³ º · Á Ã Ô ² ´ ± ´ Á ² Ï ´¼ ½ ¹ Ã ¼ ² ´ ¸ ² ³ ² ´ ¼ ¹ ³ ² Í · ¼ ³ ¹ ´ ´ ´ Ã í Û Õ » Õ ³ ² Æ Ã ¹ º ´ Ê ± ´ Ã í Ï ² Ï Ê ² ³ ´ ¹ ¿ Á ½ ² ² í Ì ² ³ Á Ì · º ² ¾ Ì ³ ¹ Í Â ¼ Ã º Æ · Í · Á · Ê · ´ ² ¹ ¿· Ì Ì ³ ¹ í Ã Ï · Á ² ¾ ± Þ � Ä ø ø ø ² º Á ³ Ã ² ´ Õ Ç ½ ² ´ ¼ ¹ ³ ² ´ ¿ ¹ ³ ² · ¼ ½ · ¾ Á ² ³ º · Á Ã Ô ² ´ ± ´ Á ² Ï ´ ¼ ½ ¹ Ã ¼ ² ¸ ² ³ ² · Ô ² ³ · Æ ² Í Ã º Á ¹ · ´ Ã º Æ ¾ ²Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² ¿ · ¼ Á ¹ ³ ¿ ¹ ³ ² · ¼ ½ ´ ± ´ Á ² Ï ´ ¼ ½ ¹ Ã ¼ ² Ã º ² · ¼ ½ ³ ² Æ Ã ¹ º ¹ ¿ Á ½ ² Û Õ » Õ ´ ² ² º Ã º Á ½ ² Ï · Ì ´ ¹ º ô Ã Æ Â ³ ² ´ Þ · º Í ÷· Ê ¹ Ô ² Õ- ã � ë � � è å æ � ë ç � Ç ½ ² ´ ² ¼ ¹ º Í µ Æ ² º ² ³ · Á Ã ¹ º ¼ · ¾ ¼ Â ¾ · Á ¹ ³ Ã ´ Ã º Á ² º Í ² Í ¿ ¹ ³ Â ´ ² Ê ± ³ ² ´ Ã Í ² º Á Ã · ¾ Í ² ´ Ã Æ º ² ³ ´ · º Í Ê Â Ã ¾ Í ² ³ ´Í ² ´ Ã Æ º Ã º Æ º ² ¸ ´ Ã º Æ ¾ ² µ ¿ · Ï Ã ¾ ± Í ² Á · ¼ ½ ² Í ½ ¹ Ï ² ´ Õ Ç ½ ² ² í Ì ² ³ Á Ì · º ² ¾ Ì ³ ¹ Ì ¹ ´ ² Í Á ½ Ã ´ ´ ¼ ¹ Ì ² ¾ Ã Ï Ã Á · Á Ã ¹ º · ´ · º Ã º Ã Á Ã · ¾Ì ³ ¹ Á ¹ Á ± Ì Ã º Æ ´ Á ² Ì Õ Ç ¹ Ê ² Æ Ã º Â ´ Ã º Æ Á ½ ² Á ¹ ¹ ¾ Ä Á ½ ² Â ´ ² ³ ¾ ¹ Æ ´ Ã º Á ¹ Á ½ ² ¸ ² Ê ´ Ã Á ² · º Í Ã º Ì Â Á ´ Á ½ ² ¾ ¹ ¼ · Á Ã ¹ º ¹ ¿ Á ½ ² ½ ¹ Â ´ ² · ´´ ½ ¹ ¸ º Ã º ô Ã Æ Â ³ ² ß Õ

ô Ã Æ Â ³ ² ß Ó Û ´ ² ³ » Á · ³ Á Â Ì » ¼ ³ ² ² º Õ » ¹ Â ³ ¼ ² Ó Ò Â Á ½ ¹ ³

ô Ã Æ Â ³ ² � Û ´ ² ³ Ñ º Ì Â Á » ¼ ³ ² ² º ¿ ¹ ³ Ò ¾ Á ² ³ º · Á Ã Ô ² » ± ´ Á ² Ï ´ À ½ ¹ Ã ¼ ² ´ ´ ½ ¹ ¸ Ã º Æ Æ ¾ ¹ ´ ´ · ³ ± Ì ¹ Ì Â Ì Õ » ¹ Â ³ ¼ ² Ó Ò Â Á ½ ¹ ³
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

79



Ç ½ ² ¼ · ¾ ¼ Â ¾ · Á ¹ ³ Í ² ¾ Ã Ï Ã Á ´ Á ½ ² Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² Ä Ã º Á ² ³ · ¼ Á Ã ¹ º Ä · º Í ´ ± ´ Á ² Ï ´ ¸ ² Ã Æ ½ Á Ã º Æ Í · Á · Ê · ´ ² ´ Ê · ´ ² Í ¹ º Á ½ ² ¾ ¹ ¼ · Á Ã ¹ º Á ¹´ Ì ² ² Í Ì ³ ¹ ¼ ² ´ ´ Ã º Æ ³ ² ´ Ì ¹ º ´ ² ´ Õ Ç ½ ² Â ´ ² ³ Ã ´ Ì ³ ² ´ ² º Á ² Í ¸ Ã Á ½ · º Ã º Ì Â Á Ì · Æ ² Ä ´ ½ ¹ ¸ º Ã º ô Ã Æ Â ³ ² � Õ Ç ½ ² Ï · Î ¹ ³´ Â Ê ´ ± ´ Á ² Ï ´ ¹ ¿ Á ½ ² ½ ¹ Â ´ ² · Ì Ì ² · ³ Ã º Á ½ ² Þ ø Á · Ê ´ · ¼ ³ ¹ ´ ´ Á ½ ² Á ¹ Ì ¹ ¿ Á ½ ² ´ ¼ ³ ² ² º Õ à ½ ² º Á ½ ² Â ´ ² ³ ¼ ¾ Ã ¼ É ´ ¹ º Á ½ ² Á · Ê Ä Á ½ ²· ¾ Á ² ³ º · Á Ã Ô ² ´ Á ¹ ² · ¼ ½ ´ ± ´ Á ² Ï ´ ¼ ½ ¹ Ã ¼ ² · Ì Ì ² · ³ ´ ¸ Ã Á ½ ² Ã Á ½ ² ³ ¼ ½ ² ¼ É Ê ¹ í ² ´ î · ¾ ¾ ¹ ¸ Ã º Æ Ï Â ¾ Á Ã Ì ¾ ² ´ ² ¾ ² ¼ Á Ã ¹ º ´ ð ¹ ³ ³ · Í Ã ¹Ê Â Á Á ¹ º ´ î ¿ ¹ ³ ´ Ã º Æ ¾ ² ´ ² ¾ ² ¼ Á Ã ¹ º ´ ð Õ � ¾ ¹ ´ ´ · ³ ± ² í Ì ¾ · º · Á Ã ¹ º ´ Ì ¹ Ì Â Ì ¸ ½ ² º Á ½ ² Â ´ ² ³ · ¾ ¾ ¹ ¸ ´ Á ½ ² Ï ¹ Â ´ ² ¼ Â ³ ´ ¹ ³ Á ¹ ½ ¹ Ô ² ³¹ Ô ² ³ Á ½ ² ´ ± ´ Á ² Ï ´ ¼ ½ ¹ Ã ¼ ² ¿ ¹ ³ · Í Í Ã Á Ã ¹ º · ¾ ¼ ¾ · ³ Ã ¿ Ã ¼ · Á Ã ¹ º ¹ ¿ Á ½ ² Á ² ³ Ï Ã º ¹ ¾ ¹ Æ ± Õ Ð ² ¼ ¹ Ï Ï ² º Í ² Í Ì ³ · ¼ Á Ã ¼ ² ´ ¿ ¹ ³ Á ½ ² ¾ ¹ ¼ · Á Ã ¹ º ¹ ¿Á ½ ² ½ ¹ Â ´ ² · ³ ² ½ Ã Æ ½ ¾ Ã Æ ½ Á ² Í Ã º ¾ Ã Æ ½ Á Æ ³ ² ² º Õ Ò ¿ Á ² ³ ² º Á ² ³ Ã º Æ Á ½ ² ½ ¹ Â ´ ² ¼ ¹ º ¿ Ã Æ Â ³ · Á Ã ¹ º Ä Á ½ ² Â ´ ² ³ ¼ ¾ Ã ¼ É ´ ¹ º Á ½ ²Ý » Â Ê Ï Ã Á ï Å Ã ² ¸ » Â Ï Ï · ³ ± á Ê Â Á Á ¹ º Á ¹ ³ ² ¼ ² Ã Ô ² Á ½ ² ³ ² Ì ¹ ³ Á ¼ · ³ Í ¿ ¹ ³ Á ½ ² ½ ¹ Â ´ ² Õ- ã - è � ì é � � � æ ê � ê � è � ì ç å ì � � Ó Ð ² ¼ ¹ Ï Ï ² º Í ² Í Ë ³ · ¼ Á Ã ¼ ² ´ ½ ¹ Â ´ ² ´ · ³ ² ¼ ¹ º ¿ Ã Æ Â ³ ² Í ¿ ¹ ³ ² · ¼ ½ ¼ ¾ Ã Ï · Á ² ³ ² Æ Ã ¹ ºÊ · ´ ² Í Â Ì ¹ º Á ½ ² È Â Ã ¾ Í Ã º Æ Ò Ï ² ³ Ã ¼ · Ý Ð ² ¼ ¹ Ï Ï ² º Í ² Í Ë ³ · ¼ Á Ã ¼ ² ´ � Â Ã Í ² ´ á î È Â Ã ¾ Í Ã º Æ Ò Ï ² ³ Ã ¼ · Ä ÷ ø ø ù ð Ç ½ ² Í ² ´ Ã Æ º¼ ½ · ³ · ¼ Á ² ³ Ã ´ Á Ã ¼ ´ Ä × Â · ¾ Ã Á ± Ì ³ ¹ ¼ ² ´ ´ ² ´ Ä ¼ ¹ º Á ³ · ¼ Á Ã º Æ Ï ² Á ½ ¹ Í ´ Ä ´ ± ´ Á ² Ï ´ · º Í Ï · Á ² ³ Ã · ¾ ´ ¼ ½ ¹ Ã ¼ ² ´ · ³ ² ¼ ¾ ¹ ´ ² ¾ ± Ï · Á ¼ ½ ² Í Á ¹Á ½ ¹ ´ ² Ì ³ ² ´ ² º Á ² Í Ã º Á ½ ² È Â Ã ¾ Í Ã º Æ Ò Ï ² ³ Ã ¼ · � Â Ã Í ² ´ Õ Ç ½ ² À · ¾ ¼ Â ¾ · Á ¹ ³ ¼ ¹ Ï Ì · ³ ² ´ Á ½ ² ½ ¹ Â ´ ² Ã º Ì Â Á Ê ± Á ½ ² Â ´ ² ³ Ä Á ¹ Á ½ ²³ ² ¼ ¹ Ï Ï ² º Í ² Í Ì ³ · ¼ Á Ã ¼ ² ´ ½ ¹ Â ´ ² Á ¹ · ³ ³ Ã Ô ² · Á Á ½ ² ´ ¼ ¹ ³ ² ¿ ¹ ³ ² · ¼ ½ ´ Â Ê ´ ± ´ Á ² Ï · º Í Á ½ ² · ´ ´ ¹ ¼ Ã · Á ² Í ¾ ² Á Á ² ³ Æ ³ · Í ² Õ Ñ Á Ã ´Ì ¹ ´ ´ Ã Ê ¾ ² Á ¹ ¼ ¹ º ¿ Ã Æ Â ³ ² · ½ ¹ Â ´ ² Á ¹ ² í ¼ ² ² Í Á ½ ² ´ ¼ ¹ ³ ² ¹ ¿ Á ½ ² ³ ² ¼ ¹ Ï Ï ² º Í ² Í Ì ³ · ¼ Á Ã ¼ ² ´ ½ ¹ Â ´ ² Ä · ´ Á ½ ² ³ ² ¼ ¹ Ï Ï ² º Í ² ÍÌ ³ · ¼ Á Ã ¼ ² ´ · ³ ² º ¹ Á Ã º Á ² º Í ² Í Á ¹ ³ ² Ì ³ ² ´ ² º Á Á ½ ² · Ê ´ ¹ ¾ Â Á ² ½ Ã Æ ½ ² ´ Á Ô · ¾ Â ² ´ Ã º Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² Ä Ê Â Á ½ · Ô ² Ê ² ² º Í ² Ô ² ¾ ¹ Ì ² Í · ´· Ê · ¾ · º ¼ ² Ê ² Á ¸ ² ² º Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² · º Í ¼ ¹ ´ Á Õ- ã = � � � ç � � � � � å � � ç å æ � > � ì ç é è � � ¶ ¹ ¼ · ¾ ¼ ¹ º Í Ã Á Ã ¹ º ´ ¼ · º ´ Ã Æ º Ã ¿ Ã ¼ · º Á ¾ ± · ¿ ¿ ² ¼ Á Á ½ ² Ã Ï Ì ¹ ³ Á · º ¼ ² ¹ ¿ Á ½ ²Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² ¹ ¿ Á ½ ² ´ Â Ê ´ ± ´ Á ² Ï ´ Õ Ç ½ Â ´ · Í · Á · Á · Ê ¾ ² ¹ ¿ ¼ ¾ Ã Ï · Á Ã ¼ · º Í Æ ² ¹ ¾ ¹ Æ Ã ¼ ¼ ½ · ³ · ¼ Á ² ³ Ã ´ Á Ã ¼ ´ ¸ · ´ Í ² Ô ² ¾ ¹ Ì ² Í ¿ ¹ ³ Á ½ ²ß Ä Þ � Þ Û Õ » Õ À ¹ Â º Á Ã ² ´ ¿ ¹ ³ Á ½ ² ¿ ¹ ¾ ¾ ¹ ¸ Ã º Æ ¼ ½ · ³ · ¼ Á ² ³ Ã ´ Á Ã ¼ ´ ú à Ã º Í » Ì ² ² Í Ä » ² Ã ´ Ï Ã ¼ Ð Ã ´ É Ä Ð · Í ¹ º Ð Ã ´ É Ä Ð ² ¾ · Á Ã Ô ² Ú Â Ï Ã Í Ã Á ± ÄË ³ ² ¼ Ã Ì Ã Á · Á Ã ¹ º Ä Ú ² · Á Ã º Æ Ù ² Æ ³ ² ² Ù · ± ´ · º Í À ¹ ¹ ¾ Ã º Æ Ù ² Æ ³ ² ² Ù · ± ´ Õ à ½ ² º ² Ô ² ³ Ì ¹ ´ ´ Ã Ê ¾ ² 	 ø µ ± ² · ³ ¼ ¾ Ã Ï · Á ² º ¹ ³ Ï · ¾ ´ ¸ ² ³ ²Â ´ ² Í Á ¹ ² ´ Á · Ê ¾ Ã ´ ½ Á ½ ² ´ ² Ô · ¾ Â ² ´ Õ Ç ½ Ã ´ Í · Á · ¸ · ´ ¿ Â ³ Á ½ ² ³ Ï · Ì Ì ² Í Á ¹ � ÷ Ä Þ ò ÷ ? Ã Ì ¼ ¹ Í ² ´ Á ¹ ´ Ã Ï Ì ¾ Ã ¿ ± Â ´ ² ³ Ã º Ì Â Á Õ» ± ´ Á ² Ï ´ ¸ ² Ã Æ ½ Á Ã º Æ ¿ · ¼ Á ¹ ³ ´ ¿ ¹ ³ ² · ¼ ½ ¾ ¹ ¼ · Á Ã ¹ º ¸ ² ³ ² Í ² Á ² ³ Ï Ã º ² Í Ê ± Í Ã Ô Ã Í Ã º Æ Á ½ ² ² í Ì ² ¼ Á ² Í Ã º Á ² º ´ Ã Á ± ¹ ¿ Á ½ ² º · Á Â ³ · ¾¿ ¹ ³ ¼ ² ¿ ¹ ³ · ¼ ¹ Â º Á ± Ê ± Á ½ ² Í Ã ¿ ¿ ² ³ ² º ¼ ² Ê ² Á ¸ ² ² º Á ½ ² ½ Ã Æ ½ · º Í ¾ ¹ ¸ Ô · ¾ Â ² ¿ ¹ ³ Á ½ · Á ´ · Ï ² ¿ ¹ ³ ¼ ² · ¼ ³ ¹ ´ ´ · ¾ ¾ ¼ ¹ Â º Á Ã ² ´ ¹ ¿ Á ½ ²Û º Ã Á ² Í » Á · Á ² ´ Õô ¹ ³ ° ¹ Ê Ã ¾ ² À ¹ Â º Á ± Ä Ò ¾ · Ê · Ï · Ä Á ½ ² · º Á Ã ¼ Ã Ì · Á ² Í Ì ² · É ¸ Ã º Í ´ Ì ² ² Í î 	 ø ± ² · ³ ³ ² ¼ Â ³ ³ ² º ¼ ² ð Ã ´ Þ 	 ø Ï Ì ½ Õ Ç ½ ² Í Ã ¿ ¿ ² ³ ² º ¼ ²Ê ² Á ¸ ² ² º Á ½ ² ½ Ã Æ ½ Ô · ¾ Â ² î Þ 	 ø ð · º Í ¾ ¹ ¸ Ô · ¾ Â ² î � 	 ð Ã ´ ù 	 Õ ° ¹ Ê Ã ¾ ² Ø ´ Þ 	 ø Ï Ì ½ Í ² ´ Ã Æ º Á · ³ Æ ² Á Í Ã Ô Ã Í ² Í Ê ± Á ½ ² º · Á Ã ¹ º · ¾ ½ Ã µ¾ ¹ ¸ Í Ã ¿ ¿ ² ³ ² º ¼ ² Ä ù 	 Ä ² × Â · ¾ ´ · ¸ ² Ã Æ ½ Á Ã º Æ ¿ · ¼ Á ¹ ³ ¹ ¿ ÷ Õ ß ø ó ù ò ÷ ß Õ Ç ½ Ã ´ ¸ ² Ã Æ ½ Á Ã º Æ ¿ · ¼ Á ¹ ³ Ã ´ Â ´ ² Í Á ¹ Ï Â ¾ Á Ã Ì ¾ ± Á ½ ² ³ ² ´ Â ¾ Á ¹ ¿Á ½ ² Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² ´ ¼ ¹ ³ ² ´ ¿ ¹ ³ · ¾ ¾ ´ ± ´ Á ² Ï ´ ¼ ½ ¹ Ã ¼ ² ´ Ì ² ³ Á · Ã º Ã º Æ Á ¹ Á ½ ² ´ Â Ì ² ³ ´ Á ³ Â ¼ Á Â ³ ² ¹ ¿ Á ½ ² ½ ¹ Â ´ ² Á ¹ · ³ ³ Ã Ô ² · Á ·¸ ² Ã Æ ½ Á ² Í Ã Ï Ì ¹ ³ Á · º ¼ ² ¿ ¹ ³ Á ½ ² ´ Â Ì ² ³ ´ Á ³ Â ¼ Á Â ³ ² ´ ± ´ Á ² Ï Õ Ù Â ³ Ã º Æ Í ² Ô ² ¾ ¹ Ì Ï ² º Á · º Í Á ² ´ Á Ã º Æ Ä · Í ² Ê Â Æ ¿ Â º ¼ Á Ã ¹ º ¸ · ´Ã º ¼ ¾ Â Í ² Í Ã º Á ½ ² ¼ · ¾ ¼ Â ¾ · Á ¹ ³ Á ¹ · ¾ ¾ ¹ ¸ Ï · º Â · ¾ ¼ ½ ² ¼ É Ã º Æ ¹ ¿ Á ½ ² ¼ · ¾ ¼ Â ¾ · Á Ã ¹ º ´ Õ ô Ã Æ Â ³ ² 	 Ê ² ¾ ¹ ¸ ´ ½ ¹ ¸ ´ Á ½ ² ÷ Õ ß ø ó ù ò ÷ ß¸ ² Ã Æ ½ Á Ã º Æ ¿ · ¼ Á ¹ ³ î ½ Ã Æ ½ ¾ Ã Æ ½ Á ² Í Ã º Á ½ ² Ê ¾ Â ² ¼ Ã ³ ¼ ¾ ² ð · Ì Ì ¾ Ã ² Í Á ¹ Á ½ ² ¿ ¾ ¹ ¹ ³ ¿ ³ · Ï Ã º Æ ´ ± ´ Á ² Ï ´ ¼ ½ ¹ Ã ¼ ² ´
ô Ã Æ Â ³ ² 	 Õ à ½ ¹ ¾ ² Ú ¹ Â ´ ² » Â ³ Ô ² ± Ç ¹ ¹ ¾ î Í ² Ê Â Æ Ï ¹ Í ² ¹ º ð Õ » ¹ Â ³ ¼ ² Ó Ò Â Á ½ ¹ ³Ç ½ ² ´ ¼ ³ ² ² º ´ ½ ¹ Á Ã º ô Ã Æ Â ³ ² 	 ¸ · ´ ¼ · Ì Á Â ³ ² Í ¸ Ã Á ½ Í ² Ê Â Æ Ï ¹ Í ² ¹ º Õ Ñ Á ´ ½ ¹ ¸ ´ Á ½ ² Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² ´ ¼ ¹ ³ ² î 	 ð Ä ¸ ² Ã Æ ½ Á Ã º Æ¿ · ¼ Á ¹ ³ ´ ¿ ¹ ³ ¸ Ã º Í î ÷ Õ ß ø ó ù ò ÷ ß ð Ä ´ ² Ã ´ Ï Ã ¼ î Þ ð · º Í ½ ² · Á Ã º Æ Í ² Æ ³ ² ² µ Í · ± ´ î Õ ÷ 	 ø ø ß Þ ß ð · º Í Ã º Á ² ³ · ¼ Á Ã ¹ º ¿ · ¼ Á ¹ ³ ´ ¿ ¹ ³ ¸ Ã º ÍÃ º Í Â ¼ ² Í ¼ ¹ ¾ ¾ · Ì ´ ² 
 Þ · º Í Ï ¹ Ã ´ Á Â ³ ² ³ ² ¾ · Á ² Í ´ Á ³ Â ¼ Á Â ³ · ¾ Í ² Æ ³ · Í · Á Ã ¹ º µ Þ Õ- ã @ � � � ç � � � å æ ç � è � ì ç å é æ > � ì ç é è � � Ñ º Á ² ³ · ¼ Á Ã ¹ º ¿ · ¼ Á ¹ ³ ´ ¸ ² ³ ² ² ´ Ì ² ¼ Ã · ¾ ¾ ± Í Ã ¿ ¿ Ã ¼ Â ¾ Á Á ¹ · Í Í ³ ² ´ ´ Ã º Á ½ ² ´ Á · Á Ã ¼Á · Ê ¾ ² ¿ ¹ ³ Ï · Á Â ´ ² Í Ã º Á ½ ² ¿ Ã ³ ´ Á µ Æ ² º ² ³ · Á Ã ¹ º ¸ ½ ¹ ¾ ² ½ ¹ Â ´ ² ¼ · ¾ ¼ Â ¾ · Á ¹ ³ Õ Ñ Á ¸ · ´ Í Ã ¿ ¿ Ã ¼ Â ¾ Á ¿ ¹ ³ Á ½ ² ² í Ì ² ³ Á ´ Á ¹ ¼ ¹ º ´ Ã Í ² ³ · º Í´ ¼ ¹ ³ ² ¼ ¹ Ï Ì ¾ ² í Ã º Á ² ³ · ¼ Á Ã ¹ º ´ Ê ² Á ¸ ² ² º ¿ Ã Ô ² Á ¹ ´ ² Ô ² º Í Ã ¿ ¿ ² ³ ² º Á · ¾ Á ² ³ º · Á Ã Ô ² ´ ± ´ Á ² Ï ´ ¼ ½ ¹ Ã ¼ ² ´ Õ Ç ½ ² Ï ² Á ½ ¹ Í ² Ï Ì ¾ ¹ ± ² Í Ã ºÁ ½ ² ´ ² ¼ ¹ º Í µ Æ ² º ² ³ · Á Ã ¹ º ¼ · ¾ ¼ Â ¾ · Á ¹ ³ Â ´ ² ´ · ´ ² Á ¹ ¿ ¾ ¹ Æ Ã ¼ ´ Â Ê ³ ¹ Â Á Ã º ² ´ ´ ² ¾ ² ¼ Á ² Í Ê ± Á ½ ² Ã ³ · Ì Ì ³ ¹ Ì ³ Ã · Á ² º ² ´ ´ Á ¹ Á ½ ² ¾ ¹ ¼ · Á Ã ¹ º¹ ¿ Á ½ ² ½ ¹ Â ´ ² Õ Ò Á Á ½ Ã ´ Á Ã Ï ² Á ½ ² ´ ² ¼ ¹ º Í Æ ² º ² ³ · Á Ã ¹ º ¼ · ¾ ¼ Â ¾ · Á ¹ ³ ½ · ´ Þ Þ ´ ± ´ Á ² Ï ´ Ã º Á ² ³ · ¼ Á Ã ¹ º ´ Ì ³ ¹ Æ ³ · Ï Ï ² Í Õ Ö · ¼ ½Ã º Á ² ³ · ¼ Á Ã ¹ º ´ Â Ê ³ ¹ Â Á Ã º ² Ã ´ Ý Á ³ Ã Æ Æ ² ³ ² Í á Ê ± · ¼ ½ · ³ · ¼ Á ² ³ Ã ´ Á Ã ¼ ¹ ¿ Á ½ ² ¼ ¾ Ã Ï · Á ² ¹ ³ Æ ² ¹ ¾ ¹ Æ ± ¹ ¿ Á ½ ² ½ ¹ Â ´ ² ¾ ¹ ¼ · Á Ã ¹ º Õ Ü º ¼ ²Á ³ Ã Æ Æ ² ³ ² Í Ä Á ½ ² Ã º Á ² ³ · ¼ Á Ã ¹ º ´ Â Ê ³ ¹ Â Á Ã º ² ¼ ½ ² ¼ É ´ Á ½ ² ¾ Ã ´ Á ¹ ¿ ´ ± ´ Á ² Ï ´ ¼ ½ ¹ Ã ¼ ² ´ ´ ² ¾ ² ¼ Á ² Í Ê ± Á ½ ² Â ´ ² ³ Õ ô ¹ ³ ² Ô ² ³ ± ´ ± ´ Á ² Ï ´¼ ½ ¹ Ã ¼ ² Á ½ · Á ½ · ´ Ê ² ² º ¼ ½ · ³ · ¼ Á ² ³ Ã ñ ² Í · ´ · Ý ¼ ¹ º Á ³ Ã Ê Â Á Ã º Æ á ¿ · ¼ Á ¹ ³ Á ¹ Á ½ ² Ã º Á ² ³ · ¼ Á Ã ¹ º Ä Á ½ ² ´ Â Ê ³ ¹ Â Á Ã º ² ´ Â Ê Á ³ · ¼ Á ´ ¹ º ² ¿ ³ ¹ ÏÁ ½ ² ´ ¼ ¹ ³ ² Õ ô ¹ ³ ² Ô ² ³ ± ´ ± ´ Á ² Ï ´ ¼ ½ ¹ Ã ¼ ² Á ½ · Á ½ · ´ Ê ² ² º ¼ ½ · ³ · ¼ Á ² ³ Ã ñ ² Í · ´ · Ý Ï Ã Á Ã Æ · Á Ã º Æ á ¿ · ¼ Á ¹ ³ Ã º Á ½ ² Ã º Á ² ³ · ¼ Á Ã ¹ º Ä Á ½ ²´ Â Ê ³ ¹ Â Á Ã º ² · Í Í ´ ¹ º ² Á ¹ Á ½ ² ´ ¼ ¹ ³ ² Õ Ç ½ ² ´ ² · ³ ² Á ½ ² Ý 
 Þ á · º Í Ý µ Þ á Á ½ · Á · Ì Ì ² · ³ Ã º ô Ã Æ Â ³ ² ß Õ Ù Ã Ï ² º ´ Ã ¹ º ¾ Â Ï Ê ² ³ Ä ´ Ã Á ²¿ ³ · Ï ² Í Ã ´ · Ï Ã Á Ã Æ · Á Ã º Æ ¿ · ¼ Á ¹ ³ Ã º Á ½ ² Ý Ú Ã Æ ½ à Ã º Í À ¹ ¾ ¾ · Ì ´ ² á Ã º Á ² ³ · ¼ Á Ã ¹ º ´ Â Ê ³ ¹ Â Á Ã º ² î 
 Þ ð · º Í · ¼ ¹ º Á ³ Ã Ê Â Á Ã º Æ ¿ · ¼ Á ¹ ³ Ã ºÁ ½ ² Ý » Á ³ Â ¼ Á Â ³ · ¾ Ù ² Æ ³ · Í · Á Ã ¹ º ¿ ³ ¹ Ï Ö í ¼ ² ´ ´ Ã Ô ² ° ¹ Ã ´ Á Â ³ ² ¶ ² Ô ² ¾ ´ á Ã º Á ² ³ · ¼ Á Ã ¹ º î µ Þ ð Õ- ã A ç � � � � é � � � é ë � � è � � é è ç ì � è ê Ó Ò ¿ Á ² ³ ¼ ¹ Ï Ì ¾ ² Á Ã º Æ Á ½ ² ´ ² ¾ ² ¼ Á Ã ¹ º ´ ¿ ¹ ³ Á ½ ² ´ ± ´ Á ² Ï ´ ¼ ½ ¹ Ã ¼ ² ´ Â º Í ² ³ ² · ¼ ½´ ± ´ Á ² Ï ´ Á · Ê Ä Á ½ ² Â ´ ² ³ ¼ ¾ Ã ¼ É ´ Á ½ ² Ý » Â Ê Ï Ã Á ï Å Ã ² ¸ » Â Ï Ï · ³ ± á Ê Â Á Á ¹ º Á ¹ ³ ² ¼ ² Ã Ô ² Á ½ ² Æ ³ · Í ² µ ´ ½ ² ² Á ¿ ¹ ³ Á ½ ² ½ ¹ Â ´ ² Õ ô Ã Æ Â ³ ²

© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 
80



ù ´ ½ ¹ ¸ ´ Á ½ ² ´ Â Ï Ï · ³ ± Ì · Æ ² Õ Ç ½ ² ½ ¹ Â ´ ² ¼ ¹ º ¿ Ã Æ Â ³ ² Í Ê ± Á ½ ² Â ´ ² ³ Ã ´ ¼ ¹ Ï Ì · ³ ² Í Á ¹ Á ½ ² ³ ² ¼ ¹ Ï Ï ² º Í ² Í Ì ³ · ¼ Á Ã ¼ ² ´½ ¹ Â ´ ² ¿ ¹ ³ Á ½ ² ´ · Ï ² ¾ ¹ ¼ · Á Ã ¹ º Õ Ò ¾ ´ ¹ Ô Ã ´ Ã Ê ¾ ² Ã º ô Ã Æ Â ³ ² ù Ã ´ Á ½ ² ¿ · Ã ¾ Â ³ ² º ¹ Á Ã ¼ ² Õ à ½ ² º ² Ô ² ³ · ½ ¹ Â ´ ² ¼ ¹ º ¿ Ã Æ Â ³ · Á Ã ¹ º³ ² ¼ ² Ã Ô ² ´ · Æ ³ · Í ² ¹ ¿ Ý Ù á ¹ ³ ¾ ² ´ ´ ¿ ¹ ³ Á ½ ² ´ Â Ì ² ³ ´ Á ³ Â ¼ Á Â ³ ² ´ ± ´ Á ² Ï Ä Á ½ ² ½ ¹ Â ´ ² · ´ · ¸ ½ ¹ ¾ ² Ã ´ ¿ · Ã ¾ ² Í · º Í · º ¹ Á Ã ¼ ²Í Ã ´ Ì ¾ · ± ² Í Á ¹ ² º ¼ ¹ Â ³ · Æ ² Á ½ ² Â ´ ² ³ Á ¹ ³ ² Ô Ã ´ Ã Á ´ ¹ Ï ² Í ² ¼ Ã ´ Ã ¹ º ´ Ã º Á ½ ² ´ Â Ì ² ³ ´ Á ³ Â ¼ Á Â ³ ² ´ ± ´ Á ² Ï Á ¹ ² º ½ · º ¼ ² Á ½ ²· º Á Ã ¼ Ã Ì · Á ² Í Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² Õ Ç ½ ² Â ´ ² ³ Ï · ± · ¾ ´ ¹ ¼ ¾ Ã ¼ É ¹ º Á ½ ² Ý Ù ² Á · Ã ¾ ² Í á Ê Â Á Á ¹ º Á ¹ Í Ã ´ Ì ¾ · ± · Ï ¹ ³ ² Í ² Á · Ã ¾ ² Í Í Ã ´ Ì ¾ · ± ¹ ¿Á ½ ² ¿ · ¼ Á ¹ ³ ´ ¼ ¹ º Á ³ Ã Ê Â Á Ã º Æ ¹ ³ Í ² Á ³ · ¼ Á Ã º Æ ¿ ³ ¹ Ï Á ½ ² Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² ¹ ¿ Á ½ ² Ã ³ ½ ¹ Â ´ ² ¼ ¹ Ï Ì · ³ ² Í Á ¹ Á ½ ² ³ ² ¼ ¹ Ï Ï ² º Í ² ÍÌ ³ · ¼ Á Ã ¼ ² ´ ½ ¹ Â ´ ² Õ

ô Ã Æ Â ³ ² ù Õ à ½ ¹ ¾ ² Ú ¹ Â ´ ² Ð ² Ì ¹ ³ Á À · ³ Í Õ » ¹ Â ³ ¼ ² Ó Ò Â Á ½ ¹ ³= ã ä ì é æ ì � ë � å é æ � B � å � å ç � ç å é æ � 6 2 3 > ë ç ë è � � ç � � � � Ç ½ Ã ´ ´ ² ¼ ¹ º Í µ Æ ² º ² ³ · Á Ã ¹ º ¼ · ¾ ¼ Â ¾ · Á ¹ ³ Ã ´ º ¹ Á ¸ Ã Á ½ ¹ Â Á Ã Á Ø ´Ê Â Æ ´ ú Ã Á Ã ´ ¼ Â ³ ³ ² º Á ¾ ± º ¹ Á ² Ô · ¾ Â · Á Ã º Æ ´ ¾ · Ê µ ¹ º µ Æ ³ · Í ² ¼ ¹ º ´ Á ³ Â ¼ Á Ã ¹ º ¼ ¹ ³ ³ ² ¼ Á ¾ ± Õ Ñ Á Ã ´ º ¹ Á Ô · ¾ Â Ã º Æ Á ½ ² ¾ ¹ ¼ · Á Ã ¹ º ¹ ¿ Í Â ¼ Á ¸ ¹ ³ É· Ì Ì ³ ¹ Ì ³ Ã · Á ² ¾ ± Ä Ê Â Á ¹ Á ½ ² ³ ¸ Ã ´ ² Ä Á ² ´ Á Ã º Æ ¹ ¿ ù ¼ · ´ ² ½ ¹ Â ´ ² ´ · ¼ ³ ¹ ´ ´ º Ã º ² ¾ ¹ ¼ · Á Ã ¹ º ´ Ã º Á ½ ² Û Õ » Õ Ã º Í Ã ¼ · Á ² ´ Á ½ · Á Ã Á ´ ² ² Ï ´ Á ¹Ê ² Æ ² º ² ³ · Á Ã º Æ · Ì Ì ³ ¹ Ì ³ Ã · Á ² ´ ¼ ¹ ³ ² ´ Õ Ç ½ ² ¼ · ¾ ¼ Â ¾ · Á ¹ ³ Í ¹ ¸ º Æ ³ · Í ² ´ ´ Á ³ Â ¼ Á Â ³ · ¾ Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² ¹ ¿ · ½ ¹ Â ´ ² ¹ Ì Á Ã Ï Ã ñ ² Í ¿ ¹ ³Á ½ ² ° Ã Í Í ¾ ² Ò Á ¾ · º Á Ã ¼ ¸ ½ ² º Á ² ´ Á ² Í Ã º · ½ Ã Æ ½ ¸ Ã º Í ¹ ³ ´ ² Ã ´ Ï Ã ¼ ñ ¹ º ² Ä Â Ì Æ ³ · Í ² ´ ¼ ¹ º ¿ Ã Æ Â ³ · Á Ã ¹ º ´ ½ · Ô Ã º Æ ³ · Í ¹ º Ï Ã Á Ã Æ · Á Ã ¹ º´ Á ³ · Á ² Æ Ã ² ´ Ã º ½ Ã Æ ½ ³ · Í ¹ º ³ Ã ´ É ¼ ¹ Â º Á Ã ² ´ · º Í Í ¹ ¸ º Æ ³ · Í ² ´ Á ½ ² ³ Ï · ¾ Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² ¹ ¿ ½ ¹ Â ´ ² ´ ¼ ¹ º ¿ Ã Æ Â ³ ² Í ¿ ¹ ³ Á ½ ² À ² º Á ³ · ¾Û Õ » Õ ¸ ½ ² º Á ² ´ Á ² Í Ã º ² Ã Á ½ ² ³ ² í Á ³ ² Ï ² ½ ¹ Á ¹ ³ ¼ ¹ ¾ Í ¼ ¾ Ã Ï · Á ² ´ ÕÀ ¹ Ï Ì · ³ Ã º Æ Á ½ ² Â ´ ² ³ ¼ ¹ º ¿ Ã Æ Â ³ ² Í ½ ¹ Â ´ ² Á ¹ Á ½ ² ³ ² ¼ ¹ Ï Ï ² º Í ² Í Ì ³ · ¼ Á Ã ¼ ² ´ ½ ¹ Â ´ ² ´ ½ · ´ Ï · Í ² Á ½ ² ¹ Â Á Ì Â Á · Ê Ã Á Ï ¹ ³ ²Ï ² · º Ã º Æ ¿ Â ¾ · º Í Ã ¿ Á ½ ² Â ´ ² ³ ¼ ¹ º ¿ Ã Æ Â ³ · Á Ã ¹ º ² × Â · ¾ ´ ¹ ³ ² í ¼ ² ² Í ´ Á ½ ² ³ ² ¼ ¹ Ï Ï ² º Í ² Í Ì ³ · ¼ Á Ã ¼ ² ¼ ¹ º ¿ Ã Æ Â ³ · Á Ã ¹ º Ä ³ ² Í Â ¼ ² Í² º ² ³ Æ ± ¼ ¹ º ´ Â Ï Ì Á Ã ¹ º Ã ´ ¾ Ã É ² ¾ ± Ê ² ¼ · Â ´ ² Á ½ ² ³ ² ¼ ¹ Ï Ï ² º Í ² Í Ì ³ · ¼ Á Ã ¼ ² ´ ¼ ¹ º ¿ Ã Æ Â ³ · Á Ã ¹ º ´ · ³ ² Í ³ · ¸ º ¿ ³ ¹ Ï Á ½ ² È Â Ã ¾ Í Ã º ÆÒ Ï ² ³ Ã ¼ · Ð ² ¼ ¹ Ï Ï ² º Í ² Í Ë ³ · ¼ Á Ã ¼ ² ´ Õ Ç ½ · Á Á ½ ² ¹ Â Á Ì Â Á ´ Ã Ï Ì ¾ ± ¼ ¹ Ï Ì · ³ ² ´ Á ½ ² Â ´ ² ³ ¼ ¹ º ¿ Ã Æ Â ³ · Á Ã ¹ º Á ¹ Á ½ ² ´ Á · Á Ã ¼³ ² ¼ ¹ Ï Ï ² º Í ² Í Ì ³ · ¼ Á Ã ¼ ² ´ Ï ¹ Í ² ¾ ´ Ï Â ´ Á Ê ² ¼ ¹ º ´ Ã Í ² ³ ² Í · º Ã º Á ² ³ Ã Ï ´ Á · Æ ² ¹ ¿ Í ² Ô ² ¾ ¹ Ì Ï ² º Á ¿ ¹ ³ Á ½ ² ¸ ½ ¹ ¾ ² ½ ¹ Â ´ ²¼ · ¾ ¼ Â ¾ · Á ¹ ³ Õ È ² ± ¹ º Í Æ · Á ½ ² ³ Ã º Æ · Í Í Ã Á Ã ¹ º · ¾ ² í Ì ² ³ Á Ã ´ ² Ã º Ì Â Á Á ¹ Á ½ ² Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² ´ ¼ ¹ ³ ² Í · Á · Ê · ´ ² Ä º ² í Á ´ Á ² Ì ´ · ³ ²Ã º Á ² º Í ² Í Á ¹ Ã º ¼ ¾ Â Í ² ´ Ã Ï Â ¾ · Á Ã ¹ º ´ Á ¹ Ì ³ ¹ Ô Ã Í ² Ï ¹ ³ ² · ¼ ¼ Â ³ · Á ² · ¼ ¼ ¹ Â º Á ´ ¹ ¿ Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² · º Í Ï ¹ ³ ² Ã º ´ Ã Æ ½ Á Ã º Á ¹ Á ½ ²¼ ¹ º Á ³ Ã Ê Â Á Ã ¹ º ¹ ¿ ² · ¼ ½ ¼ ¹ Ï Ì ¹ º ² º Á Á ¹ Á ½ ² Ì ² ³ ¿ ¹ ³ Ï · º ¼ ² ¹ ¿ Á ½ ² ´ Á ³ Â ¼ Á Â ³ · ¾ Ä Á ½ ² ³ Ï · ¾ · º Í ´ Â ´ Á · Ã º · Ê ¾ ² ¸ ½ ¹ ¾ ² ÕÒ Á Á ½ Ã ´ ´ Á · Æ ² ¹ ¿ Í ² Ô ² ¾ ¹ Ì Ï ² º Á Ä Á ½ ² ´ ² ¼ ¹ º Í µ Æ ² º ² ³ · Á Ã ¹ º ¸ ½ ¹ ¾ ² ½ ¹ Â ´ ² ¼ · ¾ ¼ Â ¾ · Á ¹ ³ Ï · ± Ê ² · Â ´ ² ¿ Â ¾ Á ¹ ¹ ¾ ¿ ¹ ³ ¼ ¹ Ï Ì · ³ Ã º Æ· ¾ Á ² ³ º · Á Ã Ô ² ¼ ¹ Ï Ê Ã º · Á Ã ¹ º ´ ¹ ¿ ´ ± ´ Á ² Ï ´ ¼ ½ ¹ Ã ¼ ² ´ Ä � þ � û ü ü � þ C � � � ü � � ý � � � ý û � � � ý � � þ � � � ! � � � � � � � � � ! û �  � � � � ! þ ÿ �ÿ � � � � û � û � ÿ �  � Ä Ê Â Á Ì ² ³ ½ · Ì ´ ¸ Ã ¾ ¾ ´ Á Ã Ï Â ¾ · Á ² Á ½ ¹ Â Æ ½ Á · º Í Í Ã ´ ¼ Â ´ ´ Ã ¹ º Ã º Á ½ ² ¾ · ³ Æ ² ³ ¼ ¹ Ï Ï Â º Ã Á ± ¹ ¿ Ò ³ ¼ ½ Ã Á ² ¼ Á ´ ÄÖ º Æ Ã º ² ² ³ ´ Ä » ¼ Ã ² º Á Ã ´ Á ´ Ä È Â Ã ¾ Í ² ³ ´ · º Í Ü ¸ º ² ³ ´ Á ½ · Á ¸ Ã ¾ ¾ Ï · É ² Á ½ ² º ² í Á Æ ² º ² ³ · Á Ã ¹ º ´ Ï ¹ ³ ² Â ´ ² ¿ Â ¾ · º Í ² º ½ · º ¼ ² Á ½ ²Ì ² ³ ¼ ² Ì Á Ã ¹ º ¹ ¿ Á ½ ² ½ ¹ Â ´ ² · ´ · ¸ ½ ¹ ¾ ² ¹ ³ Æ · º Ã ´ Ï Õ= ã â � ì D æ é � � � ê � � � � æ ç � � Ç ½ Ã ´ Ì ³ ¹ Î ² ¼ Á ¸ ¹ Â ¾ Í º ¹ Á ½ · Ô ² Ê ² ² º Ì ¹ ´ ´ Ã Ê ¾ ² ¸ Ã Á ½ ¹ Â Á Á ½ ² ´ Â Ì Ì ¹ ³ Á ¹ ¿ Ç ½ ² Ü ¿ ¿ Ã ¼ ² ¹ ¿Ë ¹ ¾ Ã ¼ ± Ù ² Ô ² ¾ ¹ Ì Ï ² º Á · º Í Ð ² ´ ² · ³ ¼ ½ · Á Á ½ ² Û Õ » Õ Ù ² Ì · ³ Á Ï ² º Á ¹ ¿ Ú ¹ Â ´ Ã º Æ · º Í Û ³ Ê · º Ù ² Ô ² ¾ ¹ Ì Ï ² º Á · º Í Á ½ ²¼ ¹ º Á ³ Ã Ê Â Á Ã ¹ º ´ ¿ ³ ¹ Ï ¿ ¹ ¾ ¾ ¹ ¸ Ã º Æ Ì ² ¹ Ì ¾ ² Ó
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

81



» Â Ê ³ · Á ¹ À ½ · º Í ³ · Ä Ç ½ ² ô ¾ ¹ ³ Ã Í · » ¹ ¾ · ³ Ö º ² ³ Æ ± À ¹ Ï Ï Ã ´ ´ Ã ¹ º Ä È Ã ¾ ¾ À ¹ ¾ Ê ¹ Â ³ º ² Ä · Á Á ½ ² Û Ð » À ¹ ³ Ì ¹ ³ · Á Ã ¹ º Ä Ë · Á Ú Â ² ¾ Ï · º· Á Á ½ ² Û º Ã Ô ² ³ ´ Ã Á ± ¹ ¿ ° Ã º º ² ´ ¹ Á · Ä ° Ã É ² ° · ³ Á Ã º Ä Ç ½ ² Û º Ã Ô ² ³ ´ Ã Á ± ¹ ¿ À ² º Á ³ · ¾ ô ¾ ¹ ³ Ã Í · · º Í È ³ · Í Ü Ê ² ³ Æ · Á Ñ È Ò À Ü » Õ° Ã É ² È ¾ · º ¿ ¹ ³ Í · º Í À · ³ ¾ ¹ ´ ° · ³ Á Ã º ¿ ³ ¹ Ï Á ½ ² Ú Û Ù Ü ¿ ¿ Ã ¼ ² ¹ ¿ Ë ¹ ¾ Ã ¼ ± Ù ² Ô ² ¾ ¹ Ì Ï ² º Á · º Í Ð ² ´ ² · ³ ¼ ½ Ì ³ ¹ Ô Ã Í ² Í ¼ ³ Ã Á Ã ¼ · ¾Í Ã ´ ¼ Â ´ ´ Ã ¹ º · º Í ½ ² ¾ Ì ¿ Â ¾ Ã º Ì Â Á Á ½ ³ ¹ Â Æ ½ ¹ Â Á Á ½ ² Ì ³ ¹ Î ² ¼ Á Õ� ¹ ³ Í ¹ º ° Ã ¾ ¾ ² ³ Ä E ¹ ½ º » Ï Ã Á ½ · º Í Á ½ ² Ã ³ Á ² · Ï · Á � ß » ± ´ Á ² Ï ´ Ñ º ¼ Õ Í ² Ô ² ¾ ¹ Ì ² Í Á ½ ² ¸ ² Ê µ Ê · ´ ² Í Á ¹ ¹ ¾ ¿ ¹ ³ É º ¹ ¸ ¾ ² Í Æ ² Ã º Ì Â ÁÊ ± Á ½ ² ¹ Â Á ´ Ã Í ² ´ ± ´ Á ² Ï ´ ² í Ì ² ³ Á ´ · º Í Í ² Ô ² ¾ ¹ Ì ² Í Á ½ ² Ã º Á ² ³ ¿ · ¼ ² · º Í ¿ Â º ¼ Á Ã ¹ º · ¾ Ã Á ± ¿ ¹ ³ Á ½ ² ¿ Ã º · ¾ ¸ ² Ê µ Ê · ´ ² Í ¸ ½ ¹ ¾ ²½ ¹ Â ´ ² ¼ · ¾ ¼ Â ¾ · Á ¹ ³ Õ° · ³ É õ ¹ ¸ · É ¿ ³ ¹ Ï õ ² ¸ Ì ¹ ³ Á Ë · ³ Á º ² ³ ´ ¶ Õ ¶ Õ À Õ · Â Á ½ ¹ ³ ² Í Á ½ ² à ½ ¹ ¾ ² Ú ¹ Â ´ ² À · ¾ ¼ Â ¾ · Á ¹ ³ À ³ Ã Á Ã ¼ · ¾ Ð ² Ô Ã ² ¸ · º Í¼ ¹ ¹ ³ Í Ã º · Á ² Í Á ½ ² ² í Ì ² ³ Á Ì · º ² ¾ Ï ² ² Á Ã º Æ · º Í Ã º Ì Â Á Ã º Á ¹ Á ½ ² Ë ² ³ ¿ ¹ ³ Ï · º ¼ ² » ¼ ¹ ³ ² Ù · Á · Ê · ´ ² Ç ½ ² ´ Ï · ¾ ¾ · Í Ô · º ¼ ² ´ Ï · Í ²Ã º Á ½ Ã ´ ´ ² ¼ ¹ º Í Æ ² º ² ³ · Á Ã ¹ º ¸ ½ ¹ ¾ ² ½ ¹ Â ´ ² ¼ · ¾ ¼ Â ¾ · Á ¹ ³ ¸ ¹ Â ¾ Í º ¹ Á ½ · Ô ² Ê ² ² º Ì ¹ ´ ´ Ã Ê ¾ ² ¸ Ã Á ½ ¹ Â Á ½ Ã ´ ¼ · º Í Ã Í · ´ ´ ² ´ ´ Ï ² º Á ´¹ ¿ Á ½ ² ¿ Ã ³ ´ Á Æ ² º ² ³ · Á Ã ¹ º ¼ · ¾ ¼ Â ¾ · Á ¹ ³ ÕÒ º Æ Ã ² È · Â Æ ½ Ï · º Ä ¸ ½ ¹ Á ³ · º ´ ¾ · Á ² Í Á ½ ² ² í Ì ² ³ Á Ï ² ² Á Ã º Æ Ì ³ ¹ ¼ ² ² Í Ã º Æ ´ Ã º Á ¹ Ì ³ ² ¾ Ã Ï Ã º · ³ ± ¾ ¹ Æ Ã ¼ Ã º Á ² ³ · ¼ Á Ã ¹ º ´ · º ÍÁ ³ · º ´ ¾ · Á ² Í » ² Ã ´ Ï Ã ¼ Ä à Ã º Í Ä Ë ³ ² ¼ Ã Ì Ã Á · Á Ã ¹ º Ä À ¹ ¹ ¾ Ã º Æ · º Í Ú ² · Á Ã º Æ Ù ² Æ ³ ² ² Í · ± · º Í Ð ² ¾ · Á Ã Ô ² Ú Â Ï Ã Í Ã Á ± Ù · Á · ¿ ³ ¹ Ï Ï · Ì ´Á ¹ À ¹ Â º Á ± µ ¶ ² Ô ² ¾ Í ² Á · Ã ¾ ² Í ´ Ì ³ ² · Í ´ ½ ² ² Á ´ · º Í ° · º ¹ Î ° Ã ´ ½ ³ · Á ³ · º ´ ¾ · Á ² Í Ð · Í ¹ º Ï · Ì ´ Á ¹ À ¹ Â º Á ± µ ¶ ² Ô ² ¾ Í ² Á · Ã ¾ ² Í´ Ì ³ ² · Í ´ ½ ² ² Á ´ Õ Ç ½ ² ± · ³ ² Á ½ ² ´ Ã Æ º Ã ¿ Ã ¼ · º Á ¼ ¹ º Á ³ Ã Ê Â Á ¹ ³ ´ Á ¹ Á ½ Ã ´ Ì ³ ¹ Î ² ¼ Á Õ° · ³ Ã ¾ ± º À · Ô ² ¾ ¾ ¿ ³ ¹ Ï Á ½ ² À ² º Á ² ³ ¿ ¹ ³ Ú ¹ Â ´ Ã º Æ Ð ² ´ ² · ³ ¼ ½ · Á Å Ã ³ Æ Ã º Ã · Ç ² ¼ ½ Ì ³ ¹ Ô Ã Í ² Í · Í Í Ã Á Ã ¹ º · ¾ Ì ³ ¹ Æ ³ · Ï ´ Â Ì Ì ¹ ³ Á · º Í¿ Ã º · º ¼ Ã · ¾ ¹ Ô ² ³ ´ Ã Æ ½ Á Á ½ ³ ¹ Â Æ ½ ¹ Â Á Á ½ ² Ì ³ ¹ Î ² ¼ Á Õè / F / 5 / 2 0 / ; �Ò Ì Ì ¾ Ã ² Í Ð ² ´ ² · ³ ¼ ½ Ò ´ ´ ¹ ¼ Ã · Á ² ´ î Ò Ð Ò ð Ä î ÷ ø ø ÷ ð Õ Ù ² Ô ² ¾ ¹ Ì Ï ² º Á ¹ ¿ ¶ ¹ ´ ´ Ð ² ¾ · Á Ã Ô ² ´ ¿ ¹ ³ à Ã º Í Ð ² ´ Ã ´ Á Ã Ô ² ô ² · Á Â ³ ² ´ ¹ ¿Ð ² ´ Ã Í ² º Á Ã · ¾ » Á ³ Â ¼ Á Â ³ ² ´ Ä ô ¾ ¹ ³ Ã Í · Ù ² Ì · ³ Á Ï ² º Á ¹ ¿ À ¹ Ï Ï Â º Ã Á ± Ò ¿ ¿ · Ã ³ ´ Ä Ç · ¾ ¾ · ½ · ´ ´ ² ² Ä ô ¶ Ä Ì Þ 	 ÕÈ ³ ¹ ¸ º Ä à Ã ¾ ¾ Ã · Ï Ä Û ¾ ¾ ² Á Á Ä E Õ · º Í ö · ³ ³ · Æ Ã ¹ ñ Ã ´ Ä Ò Õ Ä î Þ ò ò ó ð Õ G û � � � � � " H I (   û ý % û   � ) J � � �  þ � ! � � ' û + � � � þ � � �" ü � � ü � � � � ü � ( þ � ý $ K E ¹ Â ³ º · ¾ ¹ ¿ È Â Ã ¾ Í Ã º Æ Ë ½ ± ´ Ã ¼ ´ Ä Þ Þ ò ò ó ú Ô ¹ ¾ Õ ÷ ø Ó » · Æ ² Ë Â Ê ¾ Ã ¼ · Á Ã ¹ º ´ Ä Ç ½ ¹ Â ´ · º Í Ü · É ´ Ä À Ò Ä Ì Ì Õ ÷ ø ùµ ÷ ÷ ù ÕÈ Â Ã ¾ Í Ã º Æ Ò Ï ² ³ Ã ¼ · Ä î ÷ ø ø ù ð Õ J � � � ' ' � ü ý � ý # � û � þ � � � � L � � ý � � Ä½ Á Á Ì Ó ï ï ¸ ¸ ¸ Õ ² ² ³ ² Õ ² º ² ³ Æ ± Õ Æ ¹ Ô ï Ê Â Ã ¾ Í Ã º Æ ´ ï Ê Â Ã ¾ Í Ã º Æ M · Ï ² ³ Ã ¼ · ï Ô Ã ² ¸ ² Í Þ ÷ µ ÷ ø ø ù ÕÖ Ï Ï ² ³ Ã ¼ ½ Ä » Á ² Ô ² º E Õ Ä � ¹ ³ ¿ · Ã º Ä E Õ Ä Ú Â · º Æ Ä ° · º Í Ú ¹ ¸ · ³ Í µ Ð ² ² Í Ä À Õ Ä î ÷ ø ø ß ð Õ * � � û ü ý # �   � þ û ü þ N � û ü � � � � þ ! � � '* þ þ û � ÿ � ý L û � û � � � þ � J � � � ý � ü þ � û  O � � � ü � ( � û � � � Ä õ · Á Ã ¹ º · ¾ Ñ º ´ Á Ã Á Â Á ² ¹ ¿ » Á · º Í · ³ Í ´ · º Í Ç ² ¼ ½ º ¹ ¾ ¹ Æ ± Ä à · ´ ½ Ã º Æ Á ¹ ºÙ Õ À Õ Ì Õ Þ ÷ ÕÚ ¹ ¾ ¾ Ã ¼ É Ä ° Õ î Þ ò ò ß ð Õ * ü H ü þ � � ý � � þ � � ü þ � # � � P � � þ " � û  � û þ � � ü Ä ¶ ¹ º Æ Ï · º À ½ ² ´ ½ Ã ³ ² Ë Á ± Õ ¶ Ã Ï Ã Á ² Í Ä ° ² ¾ Ê ¹ Â ³ º ² Ä Ò Â ´ Á ³ · ¾ Ã · ÕÞ 	 ß µ Þ ù � Õö ¹ ² Ê ² ¾ Ä Ç ² Í · º Í À · Ô ² ¾ ¾ Ä ° Õ Ä î ÷ ø ø ù ð Õ  ÿ û � û � þ � � � � þ � � � � ! H ü ü � � û þ � � � # � � ý � � þ � � ü & � ' � G � �  ý � � � Ä Ü ¿ ¿ Ã ¼ ² ¹ ¿ Ë ¹ ¾ Ã ¼ ±Ù ² Ô ² ¾ ¹ Ì Ï ² º Á · º Í Ð ² ´ ² · ³ ¼ ½ Ä Û Õ » Õ Ù ² Ì · ³ Á Ï ² º Á ¹ ¿ Ú ¹ Â ´ Ã º Æ · º Í Û ³ Ê · º Ù ² Ô ² ¾ ¹ Ì Ï ² º Á Ä à · ´ ½ Ã º Æ Á ¹ º Ä Ù Õ À Õ Ì Õ Ô Ã Ã Õ¶ ² ¹ Ì ¹ Í Ä ¶ Õ È Õ Ä À ¾ · ³ É ² Ä ô Õ Ö Õ Ä Ú · º ´ ½ · ¸ Ä È Õ È Õ · º Í È · ¾ ´ ¾ ² ± Ä Ñ Õ Ð Õ î Þ ò ó Þ ð Õ * � � � � � ý � � � ! � � � � û  � û þ � ü � � ü � � � � ü ' � ü þ û � ' � û � þ Õ � ² ¹ ¾ ¹ Æ Ã ¼ · ¾ » Â ³ Ô ² ± À Ã ³ ¼ Â ¾ · ³ ù � 	 Ä � ¹ Ô ² ³ º Ï ² º Á Ë ³ Ã º Á Ã º Æ Ü ¿ ¿ Ã ¼ ² Ä à · ´ ½ Ã º Æ Á ¹ º Õõ · Á Ã ¹ º · ¾ Ò ´ ´ ¹ ¼ Ã · Á Ã ¹ º ¹ ¿ Ú ¹ Ï ² È Â Ã ¾ Í ² ³ ´ Ä Ð ² ´ ² · ³ ¼ ½ À ² º Á ² ³ Ä î ÷ ø ø ÷ ð Õ % ÿ �  � & � � � � û ü ý G � �  ý � ü � # � � � � � � J � ý � � � � ü ÄË Ò Ç Ú Ç ² ¼ ½ º ¹ ¾ ¹ Æ ± Ð ¹ · Í Ï · Ì ´ ² ³ Ã ² ´ Ä Ü ¿ ¿ Ã ¼ ² ¹ ¿ Ë ¹ ¾ Ã ¼ ± Ù ² Ô ² ¾ ¹ Ì Ï ² º Á · º Í Ð ² ´ ² · ³ ¼ ½ Ä Û Õ » Õ Ù ² Ì · ³ Á Ï ² º Á ¹ ¿ Ú ¹ Â ´ Ã º Æ· º Í Û ³ Ê · º Ù ² Ô ² ¾ ¹ Ì Ï ² º Á Ä à · ´ ½ Ã º Æ Á ¹ º Ä Ù Õ À ÕÜ Ø È ³ Ã ² º Ä ° Ã ¼ ½ · ² ¾ · º Í à · É ² ¿ Ã ² ¾ Í Ä Ð Õ Ä î ÷ ø ø 	 ð Õ � � � �  � � � ü � û  û  � �  û þ � � ! � � " � û  � û þ � ü � # ÿ $ � � � û  � � � � � ü ÿ û � û � þ � � � � þ � � � û ü ý % ÿ �  � & � � � � # � � ! � � ' û ü � � ( � � � � ü � ) * # � �  � ' � ü û � $ + � þ ÿ � ý K Ü ¿ ¿ Ã ¼ ² ¹ ¿ Ë ¹ ¾ Ã ¼ ± Ù ² Ô ² ¾ ¹ Ì Ï ² º Á · º ÍÐ ² ´ ² · ³ ¼ ½ Ä Û Õ » Õ Ù ² Ì · ³ Á Ï ² º Á ¹ ¿ Ú ¹ Â ´ Ã º Æ · º Í Û ³ Ê · º Ù ² Ô ² ¾ ¹ Ì Ï ² º Á Ä à · ´ ½ Ã º Æ Á ¹ º Ä Ù Õ À Õ Ä Ò Ì Ì ² º Í Ã í Þ Õ
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

82



Q R S T U V W S X Y V Z [ \ ] ^ V _ R V ` a b c d b b d e f g e c h i _ j i ` a bd k l m n d o m p d e _ j i q r _ q s b r r t q g u a v r a w a e a t i ` u s j i x q x e g u e r y z i b ` w e i u a e i y z g b u r _ j a b i _ a ys z s q r u s x g e r b r e ` z u a b a ` r u r b q q g t r s i ` b i b ` r b r e ` z g w q i u i { r t f | i y t i b ` s } m g a _ j i r ~ r q j i s s j i x q ca e _ j i q r _ q s _ a b f r b r x i q x e g u | s i b ` a x g e u a y t r s i ` b u g t r y q j a q t r y i b r a q r s w e i g e i q i r s x g e r b r e ` zg w q i u i { a q i g b i b j i ` j w r e x g e u a b _ r f | i y t i b ` } � b r s s r b _ r c q j i s s z s q r u i _ u g t r y e r x i b r s a � r y y �r s q a f y i s j r t a e _ j i q r _ q | e a y _ g b _ r w q x g e r b r e ` z g w q i u i { a q i g b f z w y a _ i b ` a w w e g w e i a q r r u w j a s i s g b q j ra e _ j i q r _ q s � e g y r i b t r s i ` b i b ` x g e r b r e ` z u a b a ` r u r b q a b t t r u a e _ a q i b ` q j r w e i u a e z e r s w g b s i f i y i q i r sg x a e _ j i q r _ q s a b t r b ` i b r r e s } � | b t a u r b q a y t r s i ` b � | r s q i g b s a e r x i y q r e r t q j e g | ` j q j r u g t r y ce r s | y q i b ` i b s w r _ i x i _ r b r e ` z u a b a ` r u r b q s q e a q r ` i r s } m j r w e r s r b q a q i g b g x q j i s u g t r y i s a b r x x g e q q g_ g b q e i f | q r q g q j r _ g y y r _ q i ~ r t i s _ | s s i g b g b � j a q t r x i b r s a ` e r r b c j i ` j w r e x g e u a b _ r f | i y t i b ` c a b t q j i sa | q j g e i b ~ i q r s a x | e q j r e e r x i b r u r b q g x q j i s u g t r y } l | _ j a e a t i _ a y w a e a t i ` u s j i x q c � j i _ j i s s | w w g e q r tf z q j r u g t r y c i s i u w r e a q i ~ r i x � r a e r q g e r t | _ r q j r e g y r g x f | i y t i b ` s i b r b ~ i e g b u r b q a y t r ` e a t a q i g b }� r z � g e t s p � b r e ` z c � w q i u i { a q i g b c � r s i ` b c � � � �� � � � � � � � � � � �d _ _ g e t i b ` q g q j r � r w a e q u r b q g x � b r e ` z � s � � � � � � � � � � � � � � � � � � � �   ¡ � ¢ £ ¤ ¥ ¤ ¦ § § ¨ c _ g u u r e _ i a y a b t e r s i t r b q i a yf | i y t i b ` s _ g b s | u r t g ~ r e © ª « g x a y y ¬ } l } w e i u a e z r b r e ` z a b t r u i q q r t  } ® f i y y i g b u r q e i _ q g b s g x _ a e f g b i b q g q j ra q u g s w j r e r } m z w i _ a y y z c u g t r e b ¬ } l } a e _ j i q r _ q s j a ~ r x g _ | s r t g b t r s i ` b i b ` f | i y t i b ` s w e i u a e i y z x g e a r s q j r q i _ sa b t ¯ g e s j g e q � q r e u _ g s q s a ~ i b ` s e a q j r e q j a b y g b ` � q r e u r b r e ` z g w q i u i { a q i g b } � b x a _ q c u a b z ¬ } l } a e _ j i q r _ q s t g b g qe r _ g ` b i { r q j r w g � r e q j r z j a ~ r q g w e g u g q r s | s q a i b a f i y i q z q j e g | ` j q j r i e t r s i ` b s } d s � t � a e t h a { e i a c a w i g b r r e g x` e r r b f | i y t i b ` c s q a q r t c ° q j r t r s i ` b g x a f | i y t i b ` ± i q s x g e u c x r b r s q e a q i g b c _ g b s q e | _ q i g b u a q r e i a y s c ² y i ` j q i b ` ³ c a b tx i b i s j r s ± y a e ` r y z t r q r e u i b r s q j r f | i y t i b ` � s y i x r q i u r r b r e ` z _ g b s | u w q i g b ´ � µ ¶ ¶ © p · ¶ � } o g b s i t r e i b ` q j a q q j r u a ¸ g e i q zg x f | i y t i b ` r b r e ` z i s | s r t q g y i ` j q c j r a q c a b t _ g g y x g e g _ _ | w a b q _ g u x g e q c t r s i ` b i b ` x g e r b r e ` z w r e x g e u a b _ rx g _ | s r s g b a _ _ g u u g t a q i b ` q j r s r b r r t s a s r x x i _ i r b q y z a s w g s s i f y r c z r q a e _ j i q r _ q s j a ~ r t r w r b t r t w e i u a e i y z g br b ` i b r r e s q g u r r q q j r s r b r r t s } l g u r q i u r s a e _ j i q r _ q s t g i b q r b t q g _ g b s r e ~ r r b r e ` z a b t t g s g f z a t t i b ` g br b r e ` z � s a ~ i b ` q r _ j b g y g ` z c s | _ j a s j i ` j y z r x x i _ i r b q ¹ º d o s z s q r u s g e r ~ r b w j g q g ~ g y q a i _ s c q g q j r i e i b r x x i _ i r b qt r s i ` b s c z r q q j r s r q z w r s g x i b q r e ~ r b q i g b s a e r f a b t � a i t s g y | q i g b s q g i u w e g ~ i b ` f | i y t i b ` r b r e ` z _ g b s | u w q i g b y r ~ r y s }m g t a q r c q j r x r � a e _ j i q r _ q s q j a q j a ~ r q a v r b | w q j r _ j a y y r b ` r q g t r s i ` b j i ` j r b r e ` z w r e x g e u a b _ r f | i y t i b ` s j a ~ rb g q j a t a y g ` i _ a y s z s q r u q g x a _ i y i q a q r q j r i e r x x g e q s f | q j a ~ r j a t q g a w w y z r b r e ` z u a b a ` r u r b q s q e a q r ` i r s i b aw i r _ r u r a y x a s j i g b } m j r s z s q r u i _ r b r e ` z u a b a ` r u r b q u g t r y w e r s r b q r t j r e r c i b q r b t r t q g i b q r ` e a q r r b r e ` zg w q i u i { a q i g b i b q g q j r r a e y z s q a ` r s g x f | i y t i b ` w y a b b i b ` c s r q s t r s i ` b w e i g e i q i r s a b t t i ~ i t r s q j r w e i u a e ze r s w g b s i f i y i q i r s x g e r b r e ` z u a b a ` r u r b q t r s i ` b f r q � r r b a e _ j i q r _ q s a b t r b ` i b r r e s }» ¼ ½ � � ½ � ¾ ¿ � À � Á ¿ ¿ � ¿ � Â Ã Ä Å � Å Â ¿ Ä ¿ � � Ä � � ¿ ÆÇ È Ç É Ê Ë Ì Í Î Ê Ï Ð Ñ Í Ò Ó Ò Ð Ê Ë Ð Ò Ì Î Ô Í Ï Ô Ð Õ Ð Î Ë Í Ñ Ê Ò Ö × Ì Ë Ð Ö Ë Ø Ì Î Ù Ð Ø Ì Ó Î Ì Î Ó Ñ Í Ò Ð Î Ð Ò Ó Ú Õ Ê Î Ê Ó Ð Õ Ð Î Ëd u g e z � g ~ i b s g x q j r n g _ v z h g | b q a i b � b s q i q | q r t r _ y a e r t pÛ Ü Ý Þ ß Þ ß à á Ü â ã Ý á ã â ä ä ã å æ ç â Þ è é æ ê ã Ü Ý ç Ý ë Ý à ã ß ì í ã ê ß î Ý á Ü ß Þ â á ß ì Ý Þ è â Þ Ý Ý à ï ð ñ ã Ý Þ ã Ü Ý ç ß à Ý ã ê ê ò å ä ç ì Ý ß à Þ â Þ èÜ ê ó ã ê ò å â ì æ ä ê î Ý ã Ü â Þ è ã Ü ß ã â ä é ß ä ã Ü Ý ç ä ß ç é ß ì ì è ì ß ä ä ß Þ æ Þ ê ã ó â Þ æ ê ó ä ô Û Ü Ý Þ ã Ü Ý ç õ à Ý æ ê Þ Ý é ã Ü Ý ç ã ê ä ä ã Ü Ýæ à ß ó â Þ è ä ã ê ã Ü Ý î Ý á Ü ß Þ â á ß ì Ý Þ è â Þ Ý Ý à ä é ß Þ æ ä ß ç é ö ÷ Ý à Ý é á ê ê ì ã Ü â ä ø õ ù Ý ä â è Þ â Þ è ß ò å â ì æ â Þ è Þ ê ó ß æ ß ç ä â ä Þ õ ã ã Ý ß îú ì ß ç û â ã õ ä ß à Ý ì ß ç à ß á Ý ô ü ý ß à Þ Ý ã ã þ ÿ ÿ � � � þ �� b q j i s a w w e g a _ j q g f | i y t i b ` t r s i ` b c r b r e ` z _ g b s | u w q i g b i s a b a x q r e q j g | ` j q c q j r e u a y a b t _ g u x g e q _ g b q e g y i sa _ j i r ~ r t w e i u a e i y z f z u r _ j a b i _ a y s z s q r u s c a b t f | i y t i b ` s a e r t r s i ` b r t q g f r s z s q r u i b q r b s i ~ r e a q j r e q j a br b ~ r y g w r i b q r b s i ~ r � h _ � i b b c µ ¶ ¶ · � } ¹ i ` j � w r e x g e u a b _ r f | i y t i b ` c j g � r ~ r e c e r � | i e r s a b i b q r ` e a q r t c � j g y r f | i y t i b `a w w e g a _ j q g w y a b b i b ` a b t t r s i ` b q j a q e r � | i e r s a e _ j i q r _ q s a b t r b ` i b r r e s q g � g e v _ y g s r y z q g ` r q j r e q g a _ j i r ~ r
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007

83



r b r e ` z g w q i u i { a q i g b � j i y r r a _ j u a i b q a i b q j r i e w e i u a e z e r s w g b s i f i y i q i r s } � b t i s w | q a f y z c q j r a e _ j i q r _ q i s w e i u a e i y ze r s w g b s i f y r x g e a f | i y t i b ` � s r s s r b q i a y t r s i ` b c i q s x g e u c i q s r b ~ r y g w r _ j a e a _ q r e i s q i _ s c a b t i q s w r e u a b r b q x i � q | e r s � x g eq j r u g s q w a e q c q j r r b ` i b r r e i s e r s w g b s i f y r x g e y i ` j q i b ` c j r a q i b ` a b t _ g g y i b ` x g e g _ _ | w a b q _ g u x g e q ¤ � �   � ¤ � �   � ¦ ¢¥ �   ¦ � � � � � � � �   � � � � f z | s i b ` s g u r q z w r g x r b r e ` z _ g b s | u i b ` w r e i w j r e a y s z s q r u q g u r r q t r s i ` b s w r _ i x i _ a q i g b s� r b r e a y y z s w r a v i b ` c r b ` i b r r e s | s r r b r e ` z � a e _ j i q r _ q s t g b � q } 	 r q r b r e ` z u a b a ` r u r b q i s a t i e r _ q x | b _ q i g b g x af | i y t i b ` � s t r s i ` b } m j r e r x g e r c a e _ j i q r _ q s b r r t q g f r q q r e | b t r e s q a b t q j r f | i y t i b ` a s a s z s q r u a b t ° q j r e r y a q i g b s j i wf r q � r r b a e _ j i q r _ q | e r a b t q j r b a q | e a y r b ~ i e g b u r b q ´ � h a { e i a µ ¶ ¶ © � }Ç È 
 � Ô Ê Ì Ï Ê � Ï Ð Ð Î Ð Ò Ó Ú Õ Ê Î Ê Ó Ð Õ Ð Î Ë  Ò Ì Î Ö Ì  Ï Ð Øm j r f a s i _ a w w e g a _ j q g t r s i ` b i b ` x g e r b r e ` z g w q i u i { a q i g b i s b g q b r � � i q i s f a s r t g b x | b t a u r b q a y v b g � y r t ` r x g es g | b t a e _ j i q r _ q | e a y t r s i ` b x g e r b r e ` z u a b a ` r u r b q } � g e r � a u w y r c º a | ` j b k e a t s j a � r � w y a i b s q j i s a w w e g a _ j i bq j r r b ~ i e g b u r b q a y q r _ j b g y g ` z q r � q f g g v � � � � � � � � � � § � ¥ ¡ § � � ¢ � ¥   � � p� Ü Ý î ê ä ã ä â î ú ì Ý ß Þ æ â Þ Ý � ú Ý Þ ä â ë Ý ó ß ç ä ã ê ú à ê ë â æ Ý á ê î ñ ê à ã � ß Þ æ ã Ü Ý ê Þ Ý ä ã ê á ê Þ ä â æ Ý à ñ â à ä ã � ß à Ý ã Ü ê ä Ý ã Ü ß ã à Ý æ å á Ýã Ü Ý Ü Ý ß ã â Þ è ß Þ æ á ê ê ì â Þ è ì ê ß æ ä ô � Ý � ã á ê Þ ä â æ Ý à ó ß ç ä ê ñ ä ß ã â ä ñ ç â Þ è ß ú ê à ã â ê Þ ê à ß ì ì ê ñ ã Ü Ý à Ý æ å á Ý æ ì ê ß æ ä ò ç ú ß ä ä â ë Ýä ê ì ß à Ü Ý ß ã â Þ è ê à ú ß ä ä â ë Ý á ê ê ì â Þ è î Ý ã Ü ê æ ä ô ð Þ ì ç ã Ü Ý Þ ß ñ ã Ý à ã Ü Ý ì ê ß æ ä Ü ß ë Ý ò Ý Ý Þ à Ý æ å á Ý æ ê à ä ß ã â ä ñ â Ý æ ò ç ú ß ä ä â ë Ýî Ý ã Ü ê æ ä ß ä ñ ß à ß ä Ý á ê Þ ê î â á ß ì ì ç ñ Ý ß ä â ò ì Ý ä Ü ê å ì æ ß á ã â ë Ý ÷ � � � ä ç ä ã Ý î ä ò Ý æ Ý ä â è Þ Ý æ ô � Þ ä ê î Ý á ß ä Ý ä é â ã î ß ç ò Ýú ê ä ä â ò ì Ý ã ê æ â ä ú Ý Þ ä Ý ó â ã Ü ß Ü Ý ß ã â Þ è ê à á ê ê ì â Þ è ä ç ä ã Ý î Ý Þ ã â à Ý ì ç é ê à Ý ì ä Ý ã Ü Ý ì ê ß æ ä î ß ç ò Ý ä å ò ä ã ß Þ ã â ß ì ì ç à Ý æ å á Ý æò Ý ñ ê à Ý ã Ü Ý ñ â Þ ß ì ä Ý ì Ý á ã â ê Þ ß Þ æ ä â � â Þ è ê ñ Ý � å â ú î Ý Þ ã ô ü � � � � � þ � � �m j i s s j g e q f | q _ g u w e r j r b s i ~ r r � w y a b a q i g b i s a _ g b _ r w q | a y x e a u r � g e v q j a q a i t s i b s r q q i b ` w e i g e i q i r s i b t r s i ` b i b ` a_ y i u a q r � f a s r t c r b r e ` z g w q i u i { r t f | i y t i b ` } � ~ r b q j g | ` j q j i s i s s q a b t a e t v b g � y r t ` r c i q i s e a e r y z a w w y i r t f za e _ j i q r _ q s } m j i s i u w g e q a b q a w w e g a _ j u r e i q s a b a u r a b t s j g | y t f r e r x i b r t s g q j a q i q g x x r e s u g e r t r s i ` b t i e r _ q i g ba b t _ a b f r r a s i y z x g y y g � r t f z a e _ j i q r _ q s } � � � � � o q j r u g s q � i t r y z e r _ g ` b i { r t ¬ } l } ` e r r b f | i y t i b ` s q a b t a e tg x x r e r t f z q j r ¬ } l } � e r r b k | i y t i b ` o g | b _ i y c f r q q r e s g y i t i x i r t q j r _ g b _ r w q i b i q s µ }  ~ r e s i g b i b q g a ° q j e r r � s q r wa w w e g a _ j } ´ m j i s a w w e g a _ j i b _ y | t r t ° � r u a b t e r t | _ q i g b c ° ° ¹ a e ~ r s q i b ` x e r r r b r e ` z c ´ a b t ° � b _ e r a s r t r x x i _ i r b _ z ´ a sa s q e a q r ` z g x q j r � w q i u i { r � b r e ` z  r e x g e u a b _ r � � �  � _ e r t i q � � � � � µ }  µ ¶ ¶ © p  © ! �  © " � c g x x r e i b ` | w q g  ¶ w g i b q sx g e i b _ e r a s r t r b r e ` z g w q i u i { a q i g b } ¹ g � r ~ r e c q j r e r x r e r b _ r ` | i t r g x x r e r t y i q q y r x | e q j r e _ g b _ e r q r t i e r _ q i g b ct r s i ` b a q i b ` g b y z g b r � a b t � a � j a y x w a ` r s g | q g x © ¶ ¶ g b j g � q g t r s i ` b a f | i y t i b ` x g e r b r e ` z g w q i u i { a q i g b } d y s g c� � � � µ }  t i t b g q e r � | i e r q j a q q j r a w w e g a _ j f r x g y y g � r t r ~ r b q j g | ` j i q � g | y t f r ~ i e q | a y y z i u w g s s i f y r q g a _ j i r ~ r ¶ w g i b q s � i q j g | q e r t | _ i b ` f | i y t i b ` t r u a b t a b t e r y z i b ` s g y r y z g b ¹ º d o s z s q r u r x x i _ i r b _ z � l a _ e i s g b µ ¶ ¶ # � }� � � � � o µ } µ c q j r u g s q _ | e e r b q ~ r e s i g b g x x r e s r ~ r b y r s s t i e r _ q i g b � i q j a t g � b s i { r t a t a w q a q i g b c _ g b t r b s i b ` q j rµ }  q j e r r � s q r w ~ r e s i g b i b q g x g | e c s j g e q c f | y y r q r t w a e a ` e a w j s } � b a t t i q i g b c r ~ r b q j g | ` j a e _ j i q r _ q s a b t r b ` i b r r e su | s q � g e v _ y g s r y z q g ` r q j r e x g e a b i b q r ` e a q r t t r s i ` b � l a _ e i s g b µ ¶ ¶ # c k a e b r q q µ ¶ ¶ # � c b r i q j r e q j r q z w i _ a y q r � q f g g vb g e � � � � t r y i b r a q r s � j g i s | y q i u a q r y z e r s w g b s i f y r x g e t g i b ` � j a q } d b r b r e ` z u a b a ` r u r b q u g t r y q j a qx g e u a y i { r s c r � w a b t s g b c a b t f e i b ` s a q q r b q i g b q g j g � q g a w w e g a _ j r b r e ` z g w q i u i { a q i g b i s b r r t r t }Ç È $ É Ê Ë Ì Í Î Ê Ï Ð Ñ Í Ò Ð Î Ð Ò Ó Ú Õ Ê Î Ê Ó Ð Õ Ð Î Ë Õ Í Ù Ð Ïm j r x g y y g � i b ` u g t r y q a v r s � � � � µ } µ � s x g | e x | b t a u r b q a y s q e a q r ` i r s c a y q r e s a b t r � w a b t s q j r u c a b t g x x r e s aw e g _ r s s q j a q t r s i ` b � | r s q i g b s _ a b f r x i y q r e r t q j e g | ` j } m j i s u g t r y i s b g q i b q r b t r t q g f r a _ g u w e r j r b s i ~ r q g g y q ga t t e r s s a y y a e _ j i q r _ q | e a y a b t r b ` i b r r e i b ` i s s | r s q j a q a e i s r � j r b t r s i ` b i b ` a f | i y t i b ` f | q e a q j r e a q r u w y a q r q j a q_ a b f r a t t r t q g a b t a u r b t r t } � | e q j r e c i q _ a b f r a t a w q r t q g a b z f | i y t i b ` t r s i ` b � j r q j r e _ g u u r e _ i a y g ee r s i t r b q i a y } m j r w | e w g s r g x q j r u g t r y i s q g a s s i s q t r s i ` b r e s t | e i b ` q j r r a e y z s q a ` r s g x t r s i ` b a b t w y a b b i b ` q gw e i g e i q i { r r b r e ` z u a b a ` r u r b q i s s | r s a _ _ g e t i b ` q g i u w g e q a b _ r } ¹ g w r x | y y z c q j i s � i y y u a v r r b r e ` z u a b a ` r u r b q i bt r s i ` b s i u w y r e f z w e g ~ i t i b ` a w e g _ r s s c q j r e r f z r b _ g | e a ` i b ` a e _ j i q r _ q s q g e g | q i b r y z i b _ g e w g e a q r w e i b _ i w a y s g xr b r e ` z g w q i u i { a q i g b i b q g q j r i e t r s i ` b s } m j i s i b q | e b � i y y e r t | _ r q j r r b ~ i e g b u r b q a y i u w a _ q s _ a | s r t f z f | i y t i b ` s }% ¼ ¿ � ¿ � Â Ã Ä Å � Å Â ¿ Ä ¿ � � Ä � � ¿ Æ À � � & � � Æ � � � Â � ¿ ¾ � Â � Å � � ¾ Ã ¾ � ¿ Ä ¾m j r u g t r y f r ` i b s � i q j a x g | e s q r w g ~ r e ~ i r � q j a q t i ~ i t r s q j r e r s w g b s i f i y i q i r s f r q � r r b a e _ j i q r _ q s a b t r b ` i b r r e s } de a q i g b a y r x g e r a _ j g x q j r x g | e s q r w s x g y y g � s }' Ê � Ï Ð Ç ( � b r e ` z u a b a ` r u r b q u g t r y g ~ r e ~ i r � x g e f | i y t i b ` t r s i ` b a b t s z s q r u s }�   Ï Ú Ñ Í ) Ò Ø Ë Ð  Ø Ë Í Ð Î Ð Ò Ó Ú Õ Ê Î Ê Ó Ð Õ Ð Î Ë Ù Ð Ø Ì Ó Î * Ø Ú Ø Ë Ð Õ Ø + ) Ð Ø Ë Ì Í Î É Ð Ø  Í Î Ø Ì � Ì Ï Ì Ë Ú, Ë Ð  Ç } -   � � .   � § ¤ � d e _ j i q r _ q, Ë Ð  
 } / ¤ ¡ 0   � ¥ 1 ¤ � � � 0   � � ¥     �   ¡ � ¢ d e _ j i q r _ q, Ë Ð  $ } / ¤ ¡ 0   � ¥ ¤ . ¥ � 0   � � ¥     �   ¡ � ¢ � b ` i b r r e, Ë Ð  2 } 3 � . ¡   ¤ �   / 4 5 � ¤ � � � � � � ¥ � � �   6 6 � . �   � . ¢ � b ` i b r r e
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007

84




 È Ç È , Ë Ð  Ç ( É Ð Ù ) Ö Ð Ï Í Ê Ù� g a t e r t | _ q i g b i s q j r x i e s q a b t u g s q i u w g e q a b q ` g a y g x r b r e ` z u a b a ` r u r b q a b t i b _ y | t r s e r t | _ i b ` f g q j q j r e u a yy g a t a b t r y r _ q e i _ y i ` j q i b ` y g a t } m j r e u a y y g a t i s t r x i b r t a s ° q j r e a q r a q � j i _ j j r a q u | s q f r a t t r t g e e r u g ~ r t x e g ua s w a _ r q g g x x s r q q j r j r a q y g s s r s g e ` a i b s i b g e t r e q g u a i b q a i b q j r i b q r e i g e a i e q r u w r e a q | e r a b t j | u i t i q z a q q j rt r s i e r t y r ~ r y s ´ � k e a t s j a �  ª ª © p ª # � } ¹ r t r s _ e i f r s r y r _ q e i _ y g a t a s ° a t r ~ i _ r q j a q _ g b s | u r s r y r _ q e i _ a y r b r e ` z i bq j r w e g _ r s s g x w r e x g e u i b ` � g e v ´ � k e a t s j a �  ª ª © p µ ª " � } m j r e a q i g b a y r x g e r u w j a s i { i b ` y g a t e r t | _ q i g b i b f | i y t i b ` s_ a b f r y i v r b r t q g a f | _ v r q g x � a q r e } � x q j r f | _ v r q i s y r a v z c � a q r e u | s q _ g b q i b | a y y z f r a t t r t q g v r r w i q x | y y } � x q j rf | _ v r q i s s q e | _ q | e a y y z s g | b t c � a q r e � i y y s q a z i b q j r f | _ v r q a b t u i b i u a y � a q r e � i y y b r r t q g f r a t t r t } d f | i y t i b ` i sq j r s a u r � a z } d � r y y � t r s i ` b r t f | i y t i b ` t g r s b g q ° y r a v ´ j r a q x e g u g e q g q j r s w a _ r _ a | s i b ` a j r a q i b ` g e _ g g y i b `y g a t } � q . § � ¥ ¡ § � � q j r j r a q q e a b s x r e i b a b t g | q g x q j r f | i y t i b ` r b ~ r y g w r } d s � e a | s j a a e c a | q j g e g x � �   ¡ � ¢ ¤ � �7 ¡ § ¦ �   � � § 6 ¤ 8   . � � � . ¤ � � § . �   ¥ ¢ � s a i t c ° d f a e e r y g x g i y s a ~ r t i s r b q i e r y z r � | i ~ a y r b q q g a f a e e r y g x g i y x g | b t c � i q j q j ra t t r t f r b r x i q q j a q s a ~ i b ` g i y ` r b r e a q r s b g a i e w g y y | q i g b g e g q j r e r b ~ i e g b u r b q a y t r ` e a t a q i g b ´ � � e a | s j a a e ª ª © p µ © ! � } k | i y t i b ` r b ~ r y g w r c i q s s j a w r c g w a � | r s | e x a _ r s a b t � i b t g � s a e r q j r x i e s q y i b r g x t r x r b s r a ` a i b s qy g a t s c f g q j q j r e u a y a b t r y r _ q e i _ c a b t i s i b _ g e w g e a q r t i b q g q j r f | i y t i b ` t r s i ` b } m j | s c e r t | _ i b ` q j r y g a t i s w e i u a e i y zq j r e r s w g b s i f i y i q z g x q j r a e _ j i q r _ q }
 È 
 È , Ë Ð  
 ( 9 Ê Ò Ô Ð Ø Ë  Ê Ø Ø Ì Ô Ð Ø Ì Ë Ð Ð Î Ð Ò Ó Ú¹ a e ~ r s q i b ` w a s s i ~ r s i q r r b r e ` z e r x r e s q g q j r ` a q j r e i b ` g x r b r e ` z q j a q r � i s q s b a q | e a y y z g b q j r s i q r s | _ j a s y i ` j q g ej r a q q j a q q j r f | i y t i b ` _ a b x e r r y z | q i y i { r q j e g | ` j i q s r b ~ r y g w r } ° � g e v i b ` � i q j b a q | e r i b s q r a t g x a ` a i b s q i q ´ � k e a t s j a � ª ª © p µ  · � }  a s s i ~ r t r s i ` b e r x r e s q g a f | i y t i b ` r b ~ r y g w r q j a q i s a _ q i ~ r y z t r s i ` b r t q g ° e r _ r i ~ r ´ r b r e ` z i b q g q j rs w a _ r c g x q r b q j e g | ` j � i b t g � s } d t t i q i g b a y y z c i q u a z b g q f r a y q r e a f y r g b _ r i q i s f | i y q } � b _ r i u w y r u r b q r t c q j r s rs q e a q r ` i r s a e r x e r r a b t j a e u y r s s q g q j r r b ~ i e g b u r b q } l | _ j r b r e ` z u a z i b _ y | t r s g y a e e a t i a q i g b i b q j r x g e u g xb a q | e a y y i ` j q g e j r a q a b t b a q | e a y ~ r b q i y a q i g b } ¹ a e ~ r s q i b ` s i q r r b r e ` z w a s s i ~ r y z i s q j r e r s | y q g x i b q r b q i g b a y f | i y t i b `r b ~ r y g w r t r s i ` b � a s s | _ j c i q a y s g x a y y s | b t r e q j r e r s w g b s i f i y i q i r s g x q j r a e _ j i q r _ q }
 È $ È , Ë Ð  $ ( 9 Ê Ò Ô Ð Ø Ë Ê Ö Ë Ì Ô Ð Ø Ì Ë Ð Ð Î Ð Ò Ó Ú� b _ r q j r y g a t s a e r u i b i u i { r t a b t j a e ~ r s q i b ` w a s s i ~ r s i q r r b r e ` z i s g w q i u i { r t q j e g | ` j t r s i ` b c y r s s r b r e ` z i se r � | i e r t q g u a i b q a i b t r s i e r t _ g b t i q i g b s } m j r e r u a i b i b ` r b r e ` z t r u a b t u a z q j r b f r s | w w y r u r b q r t f z j a e ~ r s q i b `a _ q i ~ r s i q r r b r e ` z } m j i s i b ~ g y ~ r s u r _ j a b i _ a y s z s q r u s q j a q _ g y y r _ q c _ g b ~ r e q c s q g e r c a b t q j r b t i s q e i f | q r r b r e ` z q g q j rt r s i e r t f | i y t i b ` y g _ a q i g b � k e a t s j a �  ª ª © � } � b r e ` z q j a q _ a b f r j a e b r s s r t x e g u q j r s i q r � s | _ j a s s g y a e g e � i b t � i s| s r t q g ` r b r e a q r r y r _ q e i _ i q z g e j r a q c � j i _ j _ a b q j r b f r g f q a i b r t x e r r y z a b t t i s q e i f | q r t i b q j r f | i y t i b ` } � g er � a u w y r c w j g q g ~ g y q a i _ _ r y y s _ g y y r _ q s g y a e e a z s a b t _ g b ~ r e q q j r u q g r y r _ q e i _ i q z } l g y a e _ g y y r _ q g e s _ g y y r _ q a b tt i s q e i f | q r j r a q q g s w a _ r s q j a q b r r t i q } m j r s r s z s q r u s a e r w r e i w j r e a y q g q j r f | i y t i b ` i q s r y x a b t x a y y g | q s i t r g x q j re r a y u g x a e _ j i q r _ q | e a y t r s i ` b c a b t a e r c q j r e r x g e r c q j r w e i u a e z e r s w g b s i f i y i q z g x q j r r b ` i b r r e }
 È 2 È , Ë Ð  2 È : Î Ö Ò Ð Ê Ø Ð 9 ; � < Ê Î Ù Ï Ì Ó × Ë Ì Î Ó Ð Ñ Ñ Ì Ö Ì Ð Î Ö Úm j r x i b a y s q r w i b r b r e ` z u a b a ` r u r b q i s q g | s r j i ` j y z r x x i _ i r b q c s q a q r � g x � q j r � a e q u r _ j a b i _ a y a b t y i ` j q i b `r � | i w u r b q } � � | i w u r b q q j a q | s r s s i q r � i u w g e q r t r b r e ` z s j g | y t g b y z f r | s r t � j r b e r t | _ i b ` q j r y g a t s c a b tj a e ~ r s q i b ` s i q r r b r e ` z c f g q j w a s s i ~ r y z a b t a _ q i ~ r y z c t g r s b g q s a q i s x z r b r e ` z t r u a b t s } ¹ a ~ i b ` g w q i u i { r t q j r x i e s qs q r w s c r � | i w u r b q u i ` j q f r s i { r t s u a y y r e g e r y i u i b a q r t a y q g ` r q j r e }= Þ Ý à è ç î ê æ Ý ì â Þ è â Þ ú å ã Ý ß à ì ç æ å à â Þ è ã Ü Ý á ê Þ á Ý ú ã ß Þ æ ä á Ü Ý æ å ì â Þ è æ Ý ä â è Þ ú à ê á Ý ä ä é ê ú ã â î ß ì ò å â ì æ â Þ è î ß ä ä â Þ è ß Þ æê à â Ý Þ ã ß ã â ê Þ é ß Þ æ ß Ü â è Ü ú Ý à ñ ê à î ß Þ á Ý Ý Þ ë Ý ì ê ú Ý ó â ì ì ç â Ý ì æ ß ò å â ì æ â Þ è ó â ã Ü ä â è Þ â ñ â á ß Þ ã ì ç ä î ß ì ì Ý à î Ý á Ü ß Þ â á ß ìÝ ì Ý á ã à â á ß ì ä ç ä ã Ý î ä ã Ü ß Þ á ê Þ ë Ý Þ ã â ê Þ ß ì æ Ý ä â è Þ ä ô � Ü Ý î Ý á Ü ß Þ â á ß ì > Ý ì Ý á ã à â á ß ì á ê ä ã ä ß ë â Þ è ä ß à Ý ã à ß Þ ä ñ Ý à à Ý æ â Þ ã ê ã Ü ÝÜ â è Ü ú Ý à ñ ê à î ß Þ á Ý Ý Þ ë Ý ì ê ú Ý ß Þ æ ú ß ä ä â ë Ý Ý Þ ë â à ê Þ î Ý Þ ã ß ì ä ç ä ã Ý î ä ô ü ? á @ â Þ Þ þ ÿ ÿ � � � A �l i b _ r q j r s r s z s q r u s a e r w r e i w j r e a y q g q j r f | i y t i b ` a b t b g q t i e r _ q y z e r y a q r t q g f | i y t i b ` t r s i ` b c q j r z a e r q j rr b ` i b r r e � s e r s w g b s i f i y i q z }B ¼ ¿ C ½ Å � ¾ � � � � À � Á ¿ ¿ � ¿ � Â Ã Ä Å � Å Â ¿ Ä ¿ � � Ä � � ¿ Æ� g � q j a q a b g ~ r e ~ i r � g x q j r u g t r y a b t a f e i r x r � w y a b a q i g b g x q j r s q r w s j a ~ r f r r b w e r s r b q r t c q j r x g y y g � i b ` q a f y r sw e r s r b q x | b t a u r b q a y t r s i ` b � | r s q i g b s q j a q j a ~ r f r r b x i y q r e r t q j e g | ` j q j r s r w a e a q r s q r w s g x q j r u g t r y x g y y g � r tf z s q e a q r ` i r s q j a q a _ j i r ~ r q j r ` g a y g x q j r i b t i ~ i t | a y s q r w } � i x x r e r b q _ y i u a q r s a b t q j r f | i y t i b ` q z w r s u | s q f ra _ _ g | b q r t x g e � i q j i b q j r u g t r y } � b a t t i q i g b c _ g u w | q r e s i u | y a q i g b s a e r e r � | i e r t q g t r q r e u i b r g w q i u a y s q e a q r ` i r s g eq g x i b r q | b r a s q e a q r ` z } ' Ê � Ï Ð 
 ( k | i y t i b ` s j a w r }D ) Ð Ø Ë Ì Í Î ( E j a q r b r e ` z u a b a ` r u r b q x a _ q g e s b r r t q g f r _ g b s i t r e r t � j r b t r q r e u i b i b ` a f | i y t i b ` � ss j a w r a b t g e i r b q a q i g b FG Í Ù Ð Ï Ø Ë Ð  É Ð Ø  Í Î Ø Ì � Ì Ï Ì Ë Ú , Ê Õ  Ï Ð � ) Ì Ï Ù Ì Î Ó Ø × Ê  Ð Ê Î ÙÍ Ò Ì Ð Î Ë Ê Ë Ì Í Î Ø Ë Ò Ê Ë Ð Ó Ì Ð Ø, Ë Ð  Ç È -   � � .   � § ¤ � d e _ j i q r _ q
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007

85



h i b i u i { r _ g g y i b ` y g a t h i b i u i { r r a s q ¯ � r s q r � w g s | e r� y g b ` a q r a y g b ` s g | q j r e b x a _ a t r� � i q j s j a t r �h i b i u i { r j r a q i b ` y g a t h i b i u i { r s | e x a _ r a e r a c r } ` } c _ | f r, Ë Ð  
 È / ¤ ¡ 0   � ¥ 1 ¤ � � � 0   � � ¥     �   ¡ � ¢ d e _ j i q r _ q¹ a e ~ r s q y i ` j q r b r e ` z � t a z y i ` j q � h a � i u i { r w r e i u r q r e { g b r s � r } ` } c m � c¬ � s j a w r c _ g | e q z a e t a b t a q e i | u �¹ a e ~ r s q _ g g y i b ` a i e � y g b ` a q r q g a | ` u r b q _ e g s s f e r r { r¹ a e ~ r s q s g y a e j r a q � y g b ` a q r a y g b ` s g | q j r e b x a _ a t r x g es g y a e _ g y y r _ q i g b i b � i b q r e � i q j j i ` jq j r e u a y u a s s x y g g e i b ` q g _ g y y r _ qs g y a e j r a q ` a i b H H, Ë Ð  $ È / ¤ ¡ 0   � ¥ ¤ . ¥ � 0   � � ¥     �   ¡ � ¢ � b ` i b r r e � ¯ d, Ë Ð  2 È 3 � . ¡   ¤ �   � ¢ � ¥   �   6 6 � . �   � . ¢ � b ` i b r r e � ¯ dH H � x f | i y t i b ` i s i b q r e b a y y z y g a t t g u i b a q r t c r b s | e r q j a q _ g g y i b ` y g a t i s b g q i b _ e r a s r t }� r q r e u i b i b ` a f | i y t i b ` � s s j a w r a b t g e i r b q a q i g b a e r q j r u g s q i u w g e q a b q a e _ j i q r _ q | e a y t r _ i s i g b s x e g u f g q j a ba r s q j r q i _ a b t r b r e ` z r x x i _ i r b _ z ~ i r � w g i b q } m a f y r µ a t t e r s s r s q j i s � | r s q i g b } m j r s j a w r g x q j r f | i y t i b ` b g q g b y zi u w a _ q s q j r e u a y y g a t s f | q a y s g y i ` j q i b ` r b r e ` z } o g u w a _ q s j a w r s e r t | _ r s | e x a _ r r � w g s | e r q g q j r g | q s i t r c q j r e r f ze r t | _ i b ` j r a q y g s s q j e g | ` j _ g b t | _ q a b _ r } � y g b ` a q i b ` q j r s j a w r q g u i b i u i { r r a s q a b t � r s q x a _ a t r s e r t | _ r s s g y a e` a i b q j a q i s t i x x i _ | y q q g w e r ~ r b q | s i b ` s j a t i b ` t | e i b ` q j r u g e b i b ` a b t a x q r e b g g b } m j r e r x g e r c s g | q j r e b r � w g s | e ru | s q f r a t t e r s s r t a y g b ` � i q j q j r � i b t g � t r s i ` b � | r s q i g b q j a q x g y y g � s e r ` a e t i b ` � i b t g � q g � a y y e a q i g a b tr � q r e b a y s j a t i b ` } � a e e g � i b ` q j r f | i y t i b ` f z | s i b ` a e _ j i q r _ q | e a y t r s i ` b x r a q | e r s s | _ j a s _ g | e q z a e t s a b t a q e i | u sg e s j a w r s s | _ j a s ¬ � c m � c � � c a b t � � s j a w r t w e g ~ i t r s a _ _ r s s q g � i b t g � s g x x r e i b ` g w w g e q | b i q i r s x g e b a q | e a y y i ` j q i b `a b t ~ r b q i y a q i g b } o g u w | q r e s i u | y a q i g b � i y y j r y w t r q r e u i b r i x i q i s u g e r a t ~ a b q a ` r g | s q g u i b i u i { r s | e x a _ r a e r a s q ge r t | _ r q j r j r a q i b ` y g a t g e q g r y g b ` a q r s | e x a _ r a e r a s x a _ i b ` s g | q j q g e r t | _ r _ g g y i b ` y g a t a b t j a e ~ r s q b a q | e a yy i ` j q i b ` a b t s g y a e j r a q }d f | i y t i b ` r b ~ r y g w r u a q r e i a y s a t t q g q j r f | i y t i b ` � s a e _ j i q r _ q | e a y t r s i ` b _ j a e a _ q r e i s q i _ s a b t t r q r e u i b r j g � � r y yq j r f | i y t i b ` _ g b q e g y s j r a q q e a b s x r e f r q � r r b q j r i b s i t r a b t g | q s i t r } m a f y r © a t t e r s s r s q j i s � | r s q i g b }' Ê � Ï Ð $ ( k | i y t i b ` r b ~ r y g w r ± � w a � | r s | e x a _ r s }D ) Ð Ø Ë Ì Í Î ( E j a q r b r e ` z u a b a ` r u r b q x a _ q g e s b r r t q g f r _ g b s i t r e r t � j r b t r q r e u i b i b ` f | i y t i b `r b ~ r y g w r g w a � | r s | e x a _ r s � � a y y s a b t e g g x � FG Í Ù Ð Ï Ø Ë Ð  É Ð Ø  Í Î Ø Ì � Ì Ï Ì Ë Ú , Ê Õ  Ï Ð � ) Ì Ï Ù Ì Î Ó Ð Î Ô Ð Ï Í  Ð I J  Ê + ) ÐØ ) Ò Ñ Ê Ö Ð Ø Ë Ò Ê Ë Ð Ó Ì Ð Ø, Ë Ð  Ç È -   � � .   � § ¤ � d e _ j i q r _ qh i b i u i { r _ g g y i b ` y g a t � w q i u i { r q j r e u a y u a s s q g t r y a z j r a qq e a b s x r e i b q g s w a _ r t | e i b ` t a z H� i ` j q � _ g y g e r t e g g xh i b i u i { r j r a q i b ` y g a t � w q i u i { r i b s | y a q i g b n � ~ a y | r q gw e r ~ r b q j r a q _ g b t | _ q i g b g | q g x s w a _ r, Ë Ð  
 È / ¤ ¡ 0   � ¥ 1 ¤ � � � 0   � � ¥     �   ¡ � ¢ d e _ j i q r _ q¹ a e ~ r s q _ g g y i b ` a i e � ¯ d¹ a e ~ r s q s g y a e j r a q � w q i u i { r q j r e u a y u a s s q g e r y r a s rs q g e r t t a z q i u r j r a q i b q g s w a _ r a qb i ` j q � i b t i e r _ q s g y a e ` a i b � H, Ë Ð  $ È / ¤ ¡ 0   � ¥ ¤ . ¥ � 0   � � ¥     �   ¡ � ¢ � b ` i b r r e � ¯ d, Ë Ð  2 È 3 � . ¡   ¤ �   � ¢ � ¥   �   6 6 � . �   � . ¢ � b ` i b r r e � ¯ dH d w w y i r s q g _ y i u a q r s � i q j j i ` j t i | e b a y q r u w r e a q | e r s � i b `d w w e g w e i a q r q j r e u a y u a s s t g r s b g q a _ q | a y y z e r t | _ r j r a q ` a i b q j e g | ` j q j r s | e x a _ r i b q g q j r s w a _ r f | q r � q r b t s i qg ~ r e a w r e i g t g x q i u r } ¬ b t r e q j r e i ` j q _ y i u a q i _ _ g b t i q i g b s c s | _ j a s q j g s r � i q j y a e ` r t i | e b a y q r u w r e a q | e r s � i b ` s cq j r t r y a z _ a b _ a | s r q j r j r a q q g f r _ a w q | e r t a b t s q g e r t � i q j i b q j r s | e x a _ r t | e i b ` q j r j r a q g x q j r t a z c e r t | _ i b `q j r t a z q i u r _ g g y i b ` y g a t c a b t e r y r a s r t i b q g q j r s w a _ r � j r b q r u w r e a q | e r s a e r y g � a b t j r a q ` a i b i s t r s i e r t t | e i b `q j r b i ` j q } � b s | y a q i g b i s a s q a b t a e t i { r t w e a _ q i _ r x g e e r t | _ i b ` j r a q i b ` y g a t c a b t d l ¹ n d � ª ¶ }  c µ ¶ ¶ # e r � | i e r sr s s r b q i a y y z q j r s a u r a u g | b q x g e a y y _ y i u a q r s � d l ¹ n d � µ ¶ ¶ # � } 	 r q i b _ e r a s r t i b s | y a q i g b _ a b s i ` b i x i _ a b q y z e r t | _ r
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007

86



q j r y g a t x | e q j r e i b s g u r _ y i u a q r s } ¹ g � r ~ r e c i x a f | i y t i b ` i s i b q r e b a y y z y g a t t g u i b a q r t c s | _ j a s a b g x x i _ r f | i y t i b `� i q j j i ` j i b q r e b a y j r a q ` a i b c i q i s w g s s i f y r q j a q r � _ r s s i b q r e b a y j r a q u a z f r _ g u r q e a w w r t � i q j i b q j r f | i y t i b ` cq j r e r f z i b _ e r a s i b ` q j r _ g g y i b ` y g a t } d _ g u w | q r e w a e a u r q e i _ s q | t z _ a b t r q r e u i b r q j r g w q i u a y a u g | b q g x n � ~ a y | rx g e a s w r _ i x i _ _ y i u a q r a b t q z w r g x f | i y t i b ` }d f | i y t i b ` r b ~ r y g w r � s x r b r s q e a q i g b t r s i ` b c a v r z f | i y t i b ` a e _ j i q r _ q | e a y t r s i ` b x r a q | e r c _ a b w e g ~ r a f r b r x i q a s � r y ya s a b r b r e ` z y i a f i y i q z i b f | i y t i b ` s c w e r s r b q i b ` a _ j a y y r b ` r x g e t r s i ` b r e s q g f a y a b _ r t r s i e a f y r j a e ~ r s q i b ` g x s i q rr b r e ` z � i q j _ g � r � i s q i b ` | b t r s i e a f y r y g a t s } m a f y r # s j g � s q j a q � i b t g � q j r e u a y y g a t s u | s q f r � r i ` j r t a ` a i b s qj a e ~ r s q r t b a q | e a y y i ` j q a b t s g y a e j r a q � t | e i b ` q j r j r a q i b ` s r a s g b � a b t ~ r b q i y a q i g b q g r b j a b _ r g _ _ | w a b q _ g u x g e q� j r b _ g b s i t r e i b ` � i b t g � � q g � � a y y e a q i g � E E n � }' Ê � Ï Ð 2 ( k | i y t i b ` r b ~ r y g w r ± � i b t g � s a b t x r b r s q e a q i g b }D ) Ð Ø Ë Ì Í Î ( E j a q r b r e ` z u a b a ` r u r b q x a _ q g e s b r r t q g f r _ g b s i t r e r t � j r b t r q r e u i b i b ` � i b t g � t r s i ` b FG Í Ù Ð Ï Ø Ë Ð  É Ð Ø  Í Î Ø Ì � Ì Ï Ì Ë Ú , Ê Õ  Ï Ð � ) Ì Ï Ù Ì Î Ó Ð Î Ô Ð Ï Í  Ð K Ñ Ð Î Ð Ø Ë Ò Ê Ë Ì Í ÎØ Ë Ò Ê Ë Ð Ó Ì Ð Ø, Ë Ð  Ç È -   � � .   � § ¤ � d e _ j i q r _ qh i b i u i { r _ g g y i b ` y g a t h i b i u i { r E E n a q � a b t E x a _ a t r sn r w y a _ r r y r _ q e i _ y i ` j q � i q j t a z y i ` j q� w q i u i { r ~ r e q i _ a y s j a t i b ` g b � L E � ¹ g e i { g b q a yg b l g | q jh i b i u i { r j r a q i b ` y g a t � w q i u i { r E E n q g e r t | _ r � i b t g � _ g b t | _ q i g bn r t | _ r r y r _ q e i _ y i ` j q y g a t � b s q a y y t a z y i ` j q w j g q g s r b s g e s, Ë Ð  
 È / ¤ ¡ 0   � ¥ 1 ¤ � � � 0   � � ¥     �   ¡ � ¢ d e _ j i q r _ q¹ a e ~ r s q _ g g y i b ` a i e � � | i w � i q j g w r e a f y r � i b t g � sd y i ` b � i b t g � s x g e g w q i u a y b a q | e a y~ r b q i y a q i g b ¯ _ e g s s f e r r { r s¹ a e ~ r s q s g y a e j r a q � w q i u i { r � i b t g � w y a _ r u r b q a y g b ` s g | q jx a M a t r x g e t i e r _ q s g y a e j r a q ` a i b t | e i b ` j r a q i b `w r e i g t s� w q i u i { r r � q r e b a y s j a t i b `¹ a e ~ r s q b a q | e a y y i ` j q  y a _ r t a z y i ` j q w r b r q e a q i g b j i ` j i b s w a _ r a b tg q j r e t a z y i ` j q i b ` s q e a q r ` i r s, Ë Ð  $ È / ¤ ¡ 0   � ¥ ¤ . ¥ � 0   � � ¥     �   ¡ � ¢ � b ` i b r r e � ¯ d, Ë Ð  2 È 3 � . ¡   ¤ �   � ¢ � ¥   �   6 6 � . �   � . ¢ � b ` i b r r e � ¯ d¹ a e ~ r s q i b ` t a z y i ` j q q j e g | ` j � i b t g � s i s a b a e _ j i q r _ q | e a y t r s i ` b s q e a q r ` z q j a q e r t | _ r s r y r _ q e i _ a y _ g b s | u w q i g b f g q jx e g u e r t | _ i b ` q j r y i ` j q i b ` t r u a b t a b t q j r _ g g y i b ` y g a t _ a | s r t f z q j r y i ` j q i b ` } d e _ j i q r _ q | e a y t a z y i ` j q i b ` t r s i ` bs q e a q r ` i r s i b _ y | t r _ y r e r s q g e z _ r i y i b ` s c y i ` j q s j r y ~ r s c s v z y i ` j q s c j i ` j � i b t g � s c a b t y i ` j q _ j i u b r z s } � a z y i ` j q i b `s r e ~ r s a s a b r b r e ` z _ g b s r e ~ r e g b y z � j r b q j r t a z y i ` j q t r s i ` b i s r � | i w w r t � i q j t a z y i ` j q w j g q g s r b s g e s q j a q ° q e a _ vq j r t a z y i ` j q r b q r e i b ` a e g g u ´ a b t q j r b ° t i u ² s ³ q j r r y r _ q e i _ y i ` j q i b ` i b w e g w g e q i g b q g q j r a u g | b q g x t a z y i ` j qt r q r _ q r t ´ � o j r b µ ¶ ¶ ® p # � } � e a b _ i s n | f i b s q r i b g x q j r � a � e r b _ r k r e v r y r z � a q i g b a y � a f g e a q g e z j a s t r ~ r y g w r t a b r �u a q j r u a q i _ a y a y ` g e i q j u q j a q r b j a b _ r s q j r a f i y i q z g x w j g q g s r b s g e s q g r x x r _ q i ~ r y z _ a y i f e a q r a b t u a i b q a i b _ g b s q a b qy i ` j q y r ~ r y s � o j r b µ ¶ ¶ ® � } E j r q j r e g e b g q q j r � i b t g � t r s i ` b i s r b j a b _ r t x g e t a z y i ` j q i b ` c w j g q g s r b s g e s s q i y y g x x r eq j r w g q r b q i a y g x e r t | _ i b ` r y r _ q e i _ y g a t f z q a v i b ` a t ~ a b q a ` r g x � j a q r ~ r e b a q | e a y y i ` j q r b q r e s q j r s w a _ r } � | e q j r e c ay a e ` r E E n w e g ~ i t r s x g e u g e r t a z y i ` j q j a e ~ r s q i b ` g w w g e q | b i q i r s c z r q a y y g � s j r a q y g s s q j e g | ` j � i b t g � _ g b t | _ q i g ba b t j r a q ` a i b x e g u s g y a e e a t i a q i g b } m j r s r i b q r e a _ q i g b s u | s q f r g w q i u i { r t | s i b ` _ g u w | q r e s i u | y a q i g b f g q j x g er b r e ` z a b t t r s i ` b x g e r ~ r e z _ y i u a q r c s i q r c a b t x a _ a t r q g g f q a i b q j r ` e r a q r s q b r q r b r e ` z f r b r x i q }� i ` | e r  i y y | s q e a q r s j g � s j a t i b ` g b q j r s g | q j _ a b g w q i u i { r r b r e ` z x a _ a t r f z w e g w r e y z _ g b q e g y y i b ` j r a q ` a i b } l | _ js j a t i b ` w e r ~ r b q s s g y a e j r a q ` a i b t | e i b ` q j r s | u u r e u g b q j s � j r b q j r s | b � s a y q i q | t r i s j i ` j a b t a y y g � s s g y a e j r a q` a i b t | e i b ` q j r � i b q r e u g b q j s � j r b q j r s | b � s a y q i q | t r i s y g � }
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007

87



N Ì Ó ) Ò Ð Ç ( E i b t g � � i q j s j a t i b ` a q q � g s g y a e r � | i b g � r s a b t q � g s g y s q i _ r s } � � _ g q r _ q µ ¶ ¶ ® �m j r s j a t i b ` g ~ r e j a b ` u | s q f r _ a e r x | y y z s i { r t i b g e t r e b g q q g i b _ e r a s r j r a q ` a i b i b i b q r e b a y y z y g a t � t g u i b a b qf | i y t i b ` s q j a q u a z e r � | i e r _ g g y i b ` r ~ r b t | e i b ` q j r j r a q i b ` u g b q j s }E i b t g � q z w r s r y r _ q i g b c t i s _ | s s r t b r � q c i s g b r g x q j r u g s q i u w g e q a b q t r _ i s i g b s a b a e _ j i q r _ q _ a b u a v r i b r b r e ` zg w q i u i { a q i g b f r _ a | s r � i b t g � s r y r _ q i g b a b t � i b t g � t r s i ` b ` g j a b t i b j a b t } m a f y r · w e r s r b q s a b g ~ r e ~ i r � g x q j rx a _ q g e s q g _ g b s i t r e � j r b s r y r _ q i b ` � i b t g � q z w r }' Ê � Ï Ð O ( k | i y t i b ` r b ~ r y g w r ± � i b t g � a b t x r b r s q e a q i g b s r y r _ q i g b }D ) Ð Ø Ë Ì Í Î ( E j a q r b r e ` z u a b a ` r u r b q x a _ q g e s b r r t q g f r _ g b s i t r e r t � j r b s r y r _ q i b ` � i b t g � s FG Í Ù Ð Ï Ø Ë Ð  É Ð Ø  Í Î Ø Ì � Ì Ï Ì Ë Ú , Ê Õ  Ï Ð P Ì Î Ù Í P Ø Ð Ï Ð Ö Ë Ì Í Î Ø Ë Ò Ê Ë Ð Ó Ì Ð Ø, Ë Ð  Ç È -   � � .   � § ¤ � d e _ j i q r _ qh i b i u i { r _ g g y i b ` y g a t � w q i u i { r l ¹ � o� w q i u i { r r � q r e b a y s j a t i b `h i b i u i { r j r a q i b ` y g a t � w q i u i { r ¬ � x a _ q g e, Ë Ð  
 È / ¤ ¡ 0   � ¥ 1 ¤ � � � 0   � � ¥     �   ¡ � ¢ d e _ j i q r _ q¹ a e ~ r s q b a q | e a y y i ` j q � b _ e r a s r m Q q j e g | ` j � i b t g � s¹ a e ~ r s q _ g g y i b ` a i e  e g ~ i t r g w r e a f y r � i b t g � s x g e g _ _ | w a b q_ g b q e g y g x b a q | e a y ~ r b q i y a q i g b¹ a e ~ r s q s g y a e j r a q � w q i u i { r l ¹ � o� w q i u i { r r � q r e b a y s j a t i b `, Ë Ð  $ È / ¤ ¡ 0   � ¥ ¤ . ¥ � 0   � � ¥     �   ¡ � ¢ � b ` i b r r e � ¯ d, Ë Ð  2 È 3 � . ¡   ¤ �   � ¢ � ¥   �   6 6 � . �   � . ¢ � b ` i b r r e � ¯ d� ~ r b q j g | ` j � i b t g � s g x x r e a e _ j i q r _ q s u a b z r b r e ` z f r b r x i q s c r s w r _ i a y y z e r ` a e t i b ` t a z y i ` j q i b ` c q j r z a y s g _ a b f r au a ¸ g e s g | e _ r g x q j r e u a y y g a t s i b q g q j r s w a _ r x e g u s g y a e e a t i a q i g b a b t j r a q _ g b t | _ q i g b } E i b t g � q r _ j b g y g ` z j a sa t ~ a b _ r t s i ` b i x i _ a b q y z i b e r _ r b q z r a e s c z r q � j r b w g g e y z s r y r _ q r t c � i b t g � s _ a b a y y g �  µ q i u r s q j r a u g | b q g x j r a qq e a b s x r e g x a � r y y � i b s | y a q r t � a y y � k e a t s j a �  ª ª © � } m j r e r x g e r c a � i b t g � � s ¬ � x a _ q g e c q j r u r a s | e r g x b g b � s g y a e j r a q_ g b t | _ q a b _ r q j e g | ` j q j r � i b t g � g ~ r e a w r e i g t g x q i u r a b t i q s l g y a e ¹ r a q � a i b o g r x x i _ i r b q � l ¹ � o � c q j r e a q i g g xs g y a e e a t i a q i g b q j a q w r b r q e a q r s q j e g | ` j q j r � i b t g � _ g u w a e r t q g q j r s g y a e e a t i a q i g b g x a s q a b t a e t i { r t _ y r a e c s i b ` y rw a b r g x ` y a s s c u | s q f g q j f r a w w e g w e i a q r y z t r q r e u i b r t x g e q j r _ y i u a q r c s i q r c a b t x a M a t r } � r q r e u i b i b ` l ¹ � o i s a_ j a y y r b ` i b ` � i b t g � _ j a e a _ q r e i s q i _ q g g w q i u i { r f r _ a | s r q j r s a u r � i b t g � q j a q a y y g � s s g y a e j r a q q g r b q r e q j r s w a _ ri b q j r � i b q r e u a z a y s g w e r ~ r b q i q x e g u r b q r e i b ` i b q j r s | u u r e } � b a b i b q r e b a y y z y g a t � t g u i b a q r t f | i y t i b ` c | b y r s ss j a t i b ` i s i u w y r u r b q r t c a ~ r e z y g � l ¹ � o u a z f r b r _ r s s a e z r ~ r b i b a _ g y t _ y i u a q r q g u i b i u i { r _ g g y i b ` y g a t q gr b s | e r q j a q q j r f | i y t i b ` t g r s b g q g ~ r e j r a q } m j r ¬ � x a _ q g e c a b r s w r _ i a y y z _ e i q i _ a y � i b t g � _ j a e a _ q r e i s q i _ i b a _ g y t_ y i u a q r c u i b i u i { r s j r a q i b ` y g a t s _ a | s r t f z � i b t g � _ g b t | _ q a b _ r } � b a t t i q i g b c a � i b t g � � s ~ i s | a y q e a b s u i s s i g b� m Q � g x q j r � i b t g � c q j r x e a _ q i g b g x ~ i s i f y r e a t i a q i g b x e g u g | q t g g e y i ` j q q j a q i s q e a b s u i q q r t q j e g | ` j q j r ` y a s s c i s a ba e _ j i q r _ q | e a y y z i u w g e q a b q t r s i ` b x r a q | e r a b t u | s q f r a s j i ` j a s i s w g s s i f y r i b g e t r e q g g w q i u i { r t a z y i ` j q i b `x r a q | e r s c a s � r y y a s q g a r s q j r q i _ a y y z f e i ` j q r b q j r s w a _ r } m r _ j b g y g ` i _ a y y z c j g � r ~ r e c i q i s a _ j a y y r b ` r x g e a � i b t g �q g a y y g � y i ` j q i b � j i y r r � _ y | t i b ` s g y a e ` a i b } � g � � r u i s s i g b � i b t g � s j a ~ r f r r b t r ~ r y g w r t q j a q _ a b a _ _ g u w y i s j q j i sq a s v � j i y r e r t | _ i b ` j r a q i b ` a b t _ g g y i b ` y g a t s } d w a e a u r q e i _ _ g u w | q r e s q | t z u a z f r e r � | i e r t q g t r q r e u i b rg w q i u a y � i b t g � _ j a e a _ q r e i s q i _ s x g e a w a e q i _ | y a e s i q r } l r r _ a s r s q | t z q g x g y y g � }
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007

88



� g � q j a q q j r u a ¸ g e a e _ j i q r _ q | e a y � | r s q i g b s a t t e r s s i b ` f | i y t i b ` y g a t e r t | _ q i g b a b t j a e ~ r s q i b ` g x w a s s i ~ r s i q rr b r e ` z j a ~ r f r r b a t t e r s s r t c a b t q j r f | i y t i b ` i s g w q i u a y y z x | b _ q i g b a y a s a b i b t r w r b t r b q | b i q c i q i s q i u r x g e q j rr b ` i b r r e q g r b s | e r q j a q a y y t r s i ` b _ g u x g e q w a e a u r q r e s a e r u r q }' Ê � Ï Ð R ( l z s q r u s | w w y r u r b q s q g f | i y t i b ` t r s i ` b }D ) Ð Ø Ë Ì Í Î ( E j a q w r e i w j r e a y _ g g y i b ` c j r a q i b ` c a b t r y r _ q e i _ a y s z s q r u s s | w w y r u r b q f | i y t i b ` t r s i ` b FG Í Ù Ð Ï Ø Ë Ð  É Ð Ø  Í Î Ø Ì � Ì Ï Ì Ë Ú , Ê Õ  Ï Ð 9 ; � < Ê Î Ù Ï Ì Ó × Ë Ì Î Ó Ø Ú Ø Ë Ð Õ Ø, Ë Ð  Ç È -   � � .   � § ¤ � d e _ j i q r _ q, Ë Ð  
 È / ¤ ¡ 0   � ¥ 1 ¤ � � � 0   � � ¥     �   ¡ � ¢ d e _ j i q r _ q, Ë Ð  $ È / ¤ ¡ 0   � ¥ ¤ . ¥ � 0   � � ¥     �   ¡ � ¢ � b ` i b r r e � ~ a w g e a q i ~ r _ g g y r e s H j g q g ~ g y q a i _ s� r g q j r e u a y j r a q w | u w � h a e e i g q q µ ¶ ¶ ® �l g y a e j r a q i b `l g y a e y i ` j q i b `, Ë Ð  2 È 3 � . ¡   ¤ �   � ¢ � ¥   �   6 6 � . �   � . ¢ � b ` i b r r e ¹ i ` j r x x i _ i r b _ z y i ` j q i b `l q a q r � g x � q j r � a e q ¹ º d o s z s q r u¹ i ` j l � � n a b t � � n� b r e ` z e r _ g ~ r e z � h a e e i g q q µ ¶ ¶ ® �� w q i u a y a i e s z s q r u � h a e e i g q q µ ¶ ¶ ® �H d w w e g w e i a q r x g e j g q c t e z _ y i u a q r s H H d w w e g w e i a q r x g e j g q c j | u i t _ y i u a q r sm a f y r · a t t e r s s r s i s s | r s e r y a q i b ` q g r b ` i b r r e i b ` s z s q r u s q j a q s | w w y r u r b q a f | i y t i b ` � s a e _ j i q r _ q | e a y t r s i ` b } � i e s q cq j r r b ` i b r r e y g g v s q g q j r s i q r q g u r _ j a b i _ a y y z j a e ~ r s q a y y w g s s i f y r s g | e _ r s g x x e r r c e r b r � a f y r r b r e ` z f z | s i b `s | _ j s z s q r u s a s w j g q g ~ g y q a i _ _ r y y s a b t ` r g q j r e u a y j r a q w | u w s } m j r b c i x q j r e u a y b r r t s a e r s q i y y | b u r q a j i ` j y zr x x i _ i r b q c s q a q r � g x � q j r � a e q ¹ º d o s z s q r u q j a q e | b s g b s i q r � i u w g e q r t r b r e ` z s j g | y t f r i b s q a y y r t } d i e _ g b t i q i g b r e ss j g | y t j a ~ r a j i ` j l r a s g b a y � b r e ` z � x x i _ i r b _ z n a q i g � l � � n � c a b t a j i ` j � b r e ` z � x x i _ i r b _ z n a q i g � � � n � } � b j r ea e q i _ y r c S � � � 1 �   5 1 1 ¡ § ¤ . �   � ¥ § � �   ¡ � ¢ � 6 6 � . �   � . ¢ T U 1 ¥ � � ¤ � 5 � ¡ � � �   ¡ � ¢ -   . § 0   ¡ ¢ � V   § ¥ �   ¡ � ¤ � � o a e g y h a e e i g q qw e r s r b q s q j e r r u r q j g t s g x i b _ e r a s i b ` s z s q r u r x x i _ i r b _ z x g e � � � � � o µ } µ � �  w g i b q s } � g � q j a q q j r u g t r y j a sf r r b w e r s r b q r t c a s | u u a e z g x a _ a s r s q | t z a w w y z i b ` q j r u g t r y x g y y g � s }W ¼ � Å ¾ ¿ ¾ � � � Ã Å � � Æ ¿ ¿ � � �d s i u w y i x i r t _ g u w | q r e s i u | y a q i g b _ a s r s q | t z g x a µ c © µ © u X � µ · c ¶ ¶ ¶ x q X � g x x i _ r f | i y t i b ` � a s | b t r e q a v r b q g s r r j g �u | _ j r b r e ` z � g | y t f r e r t | _ r t a b t j g � u a b z � � � � µ }  � �  w g i b q s c g | q g x q r b u a � i u | u c _ g | y t f r g f q a i b r t f zi u w y r u r b q i b ` s g u r f a s i _ s q e a q r ` i r s | b t r e q j r x i e s q q � g s q r w s g x q j r r b r e ` z u a b a ` r u r b q u g t r y } � E r e q j a b µ ¶ ¶ ® �� w q i u i { r t f | i y t i b ` r b ~ r y g w r a b t � i b t g � s � r e r _ g u w a e r t q g a f r b _ j u a e v f a s r t g b d � l � ¯ d l ¹ n d � ¯ � � l � dl q a b t a e t ª ¶ }  � µ ¶ ¶ # c � �   ¡ � ¢ � ¥ ¤ � � ¤ ¡ � 6 § ¡ � � � � � � � � �   Y .   1 ¥ Z § [ \ - � �   -   � � �   � ¥ � ¤ � � � � � � � � � � � b r e ` z o g s q k | t ` r qh r q j g t x g e � r q e g i q c h i _ j i ` a b }   ] ^ � � 8 � a b j g | e y z � r a q j r e t a q a _ g u w | q r e s i u | y a q i g b w e g ` e a u c � a s | s r t q gu r a s | e r q j r r b r e ` z _ g b s | u w q i g b g x q j r s i u | y a q r t f | i y t i b ` s } n a q r s � r e r f a s r t g b q j r r b r e ` z | q i y i q z x g e � r q e g i q } d_ g u w | q r e s i u | y a q i g b w a e a u r q e i _ a b a y z s i s � a s x i e s q | b t r e q a v r b q g t r q r e u i b r g w q i u a y n � ~ a y | r s x g e q j r e g g x a b t� a y y s c a b t g w q i u a y l ¹ � o a b t ¬ � x a _ q g e x g e q j r � i b t g � s a b t n � ~ a y | r s x g e q j r e g g x a b t � a y y s a b t g b r � i b t g � � a s_ j g s r b x g e q j r w e g w g s r t t r s i ` b f a s r t g b q j r g w q i u a y ~ a y | r s } � a z y i ` j q w j g q g s r b s g e s a b t s j a t i b ` � r e r q r s q r t i bq j r a b a y z s i s a b t t r q r e u i b r t q g f r w a e q g x q j r t r s i ` b } � � � � � o c µ }  t g r s b g q e r � a e t s j a w r g e g e i r b q a q i g bg w q i u i { a q i g b � j r e r a s � � � � � o c µ } µ e r � a e t s g e i r b q a q i g b g w q i u i { a q i g b a y g b r } m a f y r ! s j g � s a w w y i _ a q i g b g x q j ru g t r y q g � i b t g � s a y g b r }' Ê � Ï Ð _ p o g u w | q r e s i u | y a q i g b _ g u w a e i b ` w e g w g s r t q g f a s r y i b r i b w | q s }D ) Ð Ø Ë Ì Í Î ( E j a q r b r e ` z u a b a ` r u r b q x a _ q g e s b r r t q g f r _ g b s i t r e r t � j r b s r y r _ q i b ` � i b t g � s FG Í Ù Ð Ï Ø Ë Ð  É Ð Ø  È ` Ò Í  Í Ø Ð Ù Ø Ë Ò Ê Ë Ð Ó Ú a Ì Î  ) Ë b c Ê Ø Ð Ï Ì Î Ð Ø Ë Ò Ê Ë Ð Ó Ú a Ì Î  ) Ë b, Ë Ð  Ç È -   � � .   � § ¤ � d e _ j }h i b i u i { r _ g g y i b ` y g a t l ¹ � o p ¶ } # ! � i q j s j a t i b ` l ¹ � o p ¶ } µ ® � b g s j a t i b `h i b i u i { r j r a q i b ` y g a t ¬ � x a _ q g e p ¶ }  " ¬ � x a _ q g e p ¶ } # !, Ë Ð  
 È / ¤ ¡ 0   � ¥ 1 ¤ � � � 0   � � ¥     �   ¡ � ¢ d e _ j }¹ a e ~ r s q b a q | e a y y i ` j q m Q p ¶ } ® ® m Q p ¶ } µ¹ a e ~ r s q _ g g y i b ` a i e � w r e a f y r � i b t g � s � g b � g w r e a f y r � i b t g � s
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007

89



¹ a e ~ r s q s g y a e j r a q l ¹ � o p ¶ } # ! � i q j s j a t i b ` l ¹ � o p ¶ } µ ® � b g s j a t i b `, Ë Ð  $ È / ¤ ¡ 0   � ¥ ¤ . ¥ � 0   � � ¥     �   ¡ � ¢ � b ` } � ¯ d � ¯ d, Ë Ð  2 È 3 � . ¡   ¤ �   � ¢ � ¥   �   6 6 � . �   � . ¢ � b ` } � ¯ d � ¯ dm j r w e g w g s r t f | i y t i b ` _ g u f i b r t q j r g w q i u i { r t ~ a y | r s t r q r e u i b r t i b q j r w a e a u r q e i _ s q | t z i b q g g b r � i b t g � � aq e i w y r w a b r c y g � � r c a e ` g b x i y y r t c e g g x a b t � a y y s � n � ~ a y | r s g x µ · x g e f g q j e g g x a b t � a y y s � c t a z y i ` j q w j g q g s r b s g e s a b ts j a t i b ` } m j r f a s r y i b r | s r t a t g | f y r w a b r c e r x y r _ q i ~ r c a i e x i y y r t � i b t g � a b t n �  · x g e e g g x a b t n �  © x g e � a y y s c b gt a z y i ` j q w j g q g s r b s g e s g e s j a t i b ` }' Ê � Ï Ð d p � b r e ` z _ g s q c w r e _ r b q a ` r e r t | _ q i g b c a b t b | u f r e g x � � � � � o µ }  � �  w g i b q s | s i b ` ~ a e i g | s s q e a q r ` i r s }` Ò Í  Í Ø Ð Ù Ø Ë Ò Ê Ë Ð Ó Ú a Í ) Ë  ) Ë b c Ê Ø Ð Ï Ì Î Ð Ø Ë Ò Ê Ë Ð Ó Ú a Í ) Ë  ) Ë b� y r _ q e i _ r b r e ` z e  · c  # ¶ � · " c " © ¶ v E j �® " } # v E j ¯ u X e  " c # · ¶ ª © c · ¶ ¶ v E j" © } © v E j ¯ u X� a q | e a y ` a s e © c ª  · # © c ® ¶ ¶ v E j� # ª ¶ ¶ q j r e u s �® µ } " v E j ¯ u X e ® c " © ·µ · ¶ c ® ¶ ¶ v E j� " · · ¶ q j r e u s � ¶ ! } ª v E j ¯ u Xm g q a y a b b | a y r b r e ` z e  ª c ¶ · ·� e " } µ ¶ ¯ u X g e e ¶ } ! ® ¯ x q X � e µ · c µ " ·� e  ¶ } ª ¶ ¯ u X g e e  } ¶  ¯ x q X �É Ð Ø ) Ï Ë Ø 
 2 È R f Ê Î Ù $ g h h i j < 
 È Ç  Í Ì Î Ë Øm j r e r s | y q s i b m a f y r " s j g � a µ # } ® « r b r e ` z _ g s q e r t | _ q i g b q j a q r a e b r t q j e r r � � � � � o µ }  w g i b q s } � q s j g | y t f rb g q r t q j a q � � � � � o µ } µ a � a e t s x i ~ r w g i b q s x g e q j r s a u r w r e _ r b q a ` r e r t | _ q i g b a b t q j | s g x x r e s u g e r i b _ r b q i ~ r q ga e _ j i q r _ q s q g | s r q j r u g t r y q g g w q i u i { r f | i y t i b ` t r s i ` b }� � � � Æ � ¾ � � �m j i s u g t r y w e g ~ i t r s a e _ j i q r _ q s � i q j a b g ~ r e ~ i r � g x r b r e ` z u a b a ` r u r b q w e i g e i q i r s a b t a _ y a e i x i _ a q i g b g x q j r i e e g y r s cq j r e r f z s | w w g e q i b ` q j r u q g i b q r ` e a q r r b r e ` z u a b a ` r u r b q i b q g q j r i e t r s i ` b s a b t q g � g e v u g e r s | _ _ r s s x | y y z � i q jr b ` i b r r e s q g � a e t a _ g u u g b ` g a y } ¹ g w r x | y y z c i q � i y y j r y w x a _ i y i q a q r q j r w a e a t i ` u s j i x q b r _ r s s a e z q g s q r u q j r q i t r g x` y g f a y � a e u i b ` a b t r b ~ i e g b u r b q a y t r ` e a t a q i g b }� ¿ À ¿ � ¿ � � ¿ ¾d u r e i _ a b l g _ i r q z g x ¹ r a q i b ` c n r x e i ` r e a q i b ` a b t d i e � o g b t i q i g b i b ` � b ` i b r r e s µ ¶ ¶ # } � �   ¡ � ¢ � ¥ ¤ � � ¤ ¡ � 6 § ¡ ¦ � � � � � � � �  Y .   1 ¥ � § [ \ ¡ � �   ¡   � � �   � ¥ � ¤ � ¦ � � � � � � � � � k � l m \ � � � n l d � l � ¯ d l ¹ n d � ¯ � � l � d l q a b t a e t p d q y a b q a c � d }k a e b r q q c � } a b t k e g � b i b ` c E } µ ¶ ¶ # } 5 1 ¡ � �   ¡ § � � � � ¥ ¤ � � ¤ ¦ �   ¦ � � � � � � � l n g _ v z h g | b q a i b � b s q i q | q r p l b g � u a s s c o � }k e a t s j a � c º }  ª ª © } � � � � � � � � . § � ¥ ¡ § � � ¢ � ¥   � � � µ b t � t i q i g b } o g j b E i y r z L l g b s c � b _ } p � r � 	 g e v }o j r b c d y y a b c µ ¶ ¶ · } 3 � 1 ¡ § 0   � . § � ¥ ¡ § � ¤ � � § ¡ � ¥ � � ¤ 1 1   ¤ ¡ � � � ¤ �   Y ¥ \ �   �   ¡ ¤ ¥ � § � � ¤ ¢ � � � � ¥ � � � 1 ¡ § � � . ¥ l � b ~ i e g b u r b q a y� b r e ` z m r _ j b g y g ` i r s � i ~ i s i g b � r � s p k r e v r y r z c o d }� r w a e q u r b q g x � b r e ` z µ ¶ ¶ ® } � � � � � � � � � � � � �   �   ¡ � ¢ � ¤ ¥ ¤ ¦ § § ¨ T E a s j i b ` q g b � } o }� _ g q r _ q c µ ¶ ¶ ® } j q q w p ¯ ¯ s � |  } _ g u ¯ r _ g q r _ q } � a s q ~ i r � r t � r f } µ " c µ ¶ ¶ ! }� e a | s j a a e c o } c a b t n i s q i b r b c n } d }  ª ª © } � �   ¡ � ¢ ¤ � � 1 ¡ § ¦ �   � � § 6 ¤ ¥   . � � � . ¤ � � § . �   ¥ ¢ c µ b t r t i q i g b } o g j b E i y r z a b tl g b s c � b _ } p � r � 	 g e v }h a e e i g q q c o a e g y } µ ¶ ¶ ® } 8 � ¡     � � � 1 �   ¤ 1 1 ¡ § ¤ . �   � ¥ §   �   ¡ � ¢   6 6 � . �   � . ¢ T U 1 ¥ � � ¤ � ¤ � ¡ �   �   ¡ � ¢ ¡   . § 0   ¡ ¢ � �   § ¥ �   ¡ � ¤ � ld l ¹ n d � o g | e b a y p d q y a b q a c � d }h a { e i a c � } µ ¶ ¶ © } 3 ¥ p � ¥ �   ¤ ¡ . � � ¥   . ¥ � ¡   � � ¥ � 1 � � q l g y a e m g t a z } d u r e i _ a b l g y a e � b r e ` z l g _ i r q z p k g | y t r e c o � }h _ � i b b c m } µ ¶ ¶ · } �   ¥ ¥ � � � 6     � 6 § ¡ 1 ¡ § 6 � ¥ ¤ ¦ �   � ¡     � ¦ � � � � � � � 1 ¡ § r   . ¥ � } d l ¹ n d � o g | e b a y p d q y a b q a c � d }l a _ v e i s g b c o } µ ¶ ¶ # } Z � � £   �   ¡ � ¢ ¤ � � ¤ ¥ � § � 1 �   ¡   � . ¡   � � ¥ m s �   ¤ � � ¡ � � �   6 6 � . �   � . ¢ ¥ § � ¤ Y � � � t   1 § � � ¥ � }� b ` i b r r e i b ` l z s q r u l g y | q i g b s } h _ u | a z � b q } p h i b b r a w g y i s c h � }¬ } l } � e r r b k | i y t i b ` o g | b _ i y µ ¶ ¶ © } Z � � £ ¡   6   ¡   � .   � � � �   6 § ¡ �   [ . § � � ¥ ¡ � . ¥ � § � ¤ � � � ¤ r § ¡ ¡   � § 0 ¤ ¥ � § � � 0   ¡ � � § �� l m l l r _ g b t � t i q i g b } ¬ l � k o p E a s j i b ` q g b c � } o }¬ } l } � e r r b k | i y t i b ` o g | b _ i y µ ¶ ¶ · } Z � � £ ¡   6   ¡   � .   � � � �   6 § ¡ �   [ . § � � ¥ ¡ � . ¥ � § � 0   ¡ � � § � � l � l � i e s q � t i q i g b }¬ l � k o p E a s j i b ` q g b c � } o }E r e q j a b c d } c a b t � a ~ ~ a f c h } c µ ¶ ¶ ® } � � � � � � � � £   � � � � � ¥ ¡ ¤ ¥   � �   � ¤ � � 8 �   � ¡ � § � ¥ ¡ � ¦ � ¥ � § � ¥ § � �   ¡ � ¢ 7   ¡ 6 § ¡ � ¤ � .  6 § ¡ Z � � £ �   ¡ ¥ � 6 � . ¤ ¥ � § � } o g | e b a y g x � e r r b k | i y t i b ` } o g y y r ` r  | f y i s j i b ` p � y r b d y y r b c º d }
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007

90



v w x y z { | x } ~ � � � � � � � � � � | � � � � � � � � �� � � � � � � � � � � z � � � x w � w � z � � } z � � w � � � � ~ � w � � � { � � � � } x y z � � � � z | � � } � x w � x w � � � | } z w � z � } � � � y z� � � � w | � z z � z { x w } � } � z x w } z � � z � } � w � � � � ~ � { � � � z z � x w � | } � } z | � � z } � | z w | z � z � � } x � w � � w � x w } � x } x � w� { z } � z | � � { � z � � | � � z � � } � z � � | } � { x � � { ~ � � � � w � � w w z � } x � w | � � x } � x w } � x | | � � x z } � � � x � | � x } � � � � � � |} � � } | � | } � x w � � x � x } ~ � � | � � � | � w x w � � x w � } x � w } � � � { � x w | } { � � z w } � � } � x w � x w � � � � x � � � � } � � � � � { z | � � } x w � x w� � w ~ � z � | � { � � � z � z { � � { � � w � z z w � � w � z � z w } | � � � | � � � | � | � | � z � } x � x � x } ~ } � z w � z w � z { x w � { z | � � } |� x } � � � x | � z { w x � � z � � � � � � | � � � � � | x } x | x � � � | | x � � z } � � � � x z y z � � � � { z � z w | x y z | � | } � x w � � x � x } ~ } � { � � � �� z � � � w x | } x � } � x w � x w � � � � w z � } � z } z � � z { x w � x w � � � z w � z � � � z z � x w � � z � � � z | � { x } x � � � } � } � z � � � { � � { x � } zx � � � z � z w } � } x � w � � } z � � w � � � � ~ � x } � x w } � z � � w } z � } � � | � | } � x w � � � z � z | x � w �� � } � z { } � � w � � | } z { ~ � w � � � w } { � � � x w � { z � | z � � � � { z w z | | � w � � z x � � } z w z � � z { � z � } x � w z w � � � { � � z �{ z � x � { � � � � � w � � � } � � � � ~ � � � z � } x y z { z � � } x � w | � x � � x } � } � z � � � � z | � z � x y z � w � } � z � z � � � z � x } � � � � � � zx w } z { � � } � � � x } x | � z w } { � � } � } � z � z y z � � � � z w } � � � w x w } z � { � � w � } x � w � � | � | } � x w � � x � x } ~ } � � } } � z z � � � � } x � w� � � { � � x } z � } | � w � � z | x � w z { | x w � � � � z } � z � � � } x y � } x � w | � � � � � � � � } x z | � � w � � w � z { | } � w � | } � z � � |z | | z w } x � � } � � � | � � { } � z � � � x w � � � � � � � w z w y x { � w � z w } | �� w } � x | � � � z { � � x � � � x | � � | | x � z � | { z � � } z � } � } � z � z y z � � � � z w } � � } � z | z � � x � x } x z | x w ~ � � w � � z | x � w z { |� w � x � � � | } { � } z � } � { � � � � z � z { � x | z | � w � z { } � � z w x w � | z � � w � ~ z � { | } � � x � | z � � z w � z � � ~ � } } z � � } | } �� � } x y � } z | } � � z w } | � � � � { z w z | | � w � � � � � � w x � � } z } � z y � � � z � � � � z } x � � w � z { | } � w � x w � � w �� � z w � � z w � � � � x � � � z � � � � w � z x w z w y x { � w � z w } � � � z | x � w � � � { } � z { � � { z � � � x � � � z | � { x � z } � z | z z � z { � x | z |� x } � { z � z { z w � z } � } � z x { } � z � { z } x � � � � w � z { � x w w x w � | | � } � � } � } � z { | � x � � } y x z � } � z z � � � � � z | � |� � | | x � x � x } x z | { � } � z { } � � w { � � z | � � } x | � ~ z � { w z | } � � � z } � � } � ~ } z � � � x w � � � � x | } x � � { � � z | | z | } � � }| � | } � x w � � � z � { � � x } z � } � { z � � w � z � x w } � � � | z � � x � � x w � | � x z w � z � x } � � � � � x } � } x y z � � w � z { w | � | � � � � | } � z� � � x � x } � } x � w � � x w } z { � z { | � w � � { z � � } x � w | � } � z y � � � � } x � w � � � � � } � { z � w � � x | } � { ~ � � w � } � z � z z � z w x w � � �� � w w z � } x � w | } � � � } � � z � � � � � � � � w � z x w � | � w � } � z z � { } � x } | z � � � � { z � } x w � � � � � � { z � z w | x y z y x | x � w � �| � | } � x w � � � z � { � � } x � z �� z ~ � � { � | � � z { � z � } x � w � � � z w � � z w � � � � ~ � � z � � � � � ~ �  ¡ ¢ £ ¤ ¥ ¦ § ¢   ¤ ¡� � | } � x w � � x � x } ~ x w x } | � x � � z | } � | � x { � } x � w | � � y z | � | x w } � � � � � | z { { z � � } x � w | � x � � x } � } � z z � { } � � w � x } | � { � � z | | z | � ¨ x y x w �z � � � � � x � � � � ~ | � � � z | } | � � � } x y � } x w � � � { z � } z { � � � { z � x � } x � w � � { � � { © ª « ¬  ® ¬ ¯ ¬ ª ® ¬ ª « � � | x } x � w � x } � x w } � z z w y x { � w � z w }� w � � � { � x w | � x � � x } � } � z � � � � z � � � � � � w x } ~ � � ~ { z � � � x w � } � z | z w | z } � � } � z � { z | � � z � � � | z � � { � } z � { � x � � z { z w }� { � � } � z � � { � � x w � � x � � � z z � x | } � x } � z � � � z | � � | | x � � z } � � w � z { | } � w � � � { � � | x } x � w � � z } x � � � � ~ � | � z x w � � � � } � z z � { } � �{ � } � z { } � � w � � w } � z z � { } � � � � � x | � z { � z � } � � � | � x � } { z � � x { z | x w � { z � | z � � � } x � w � | { z � z � } x y z � � { } x � x � � w } | { � } � z { } � � w� � � x w � } x w � � � � � x w z | �v w � � { } � w � } z � ~ x w � � w ~ � x z � � | � { � } x � w � � � w � } z � � w � � � � x � � � y x z � � � x w } | � � � x w � } z � � � z | � � � z { � z � } x � w � w �� | | z | | � z w } � � � z | z y x z � � � x w } | � { z � � � { � � } z { x ° z � � { x � � { x � ~ � ~ � � } x y z | } � } z | � � � z x w � � � w � } � � | � � � �{ z � z � } x y z � � � � x } x z | � w � � � � � w � z � � w � z { | } � w � x w � | � � � z � { x � x w | � w � w � } � { z � � } � x | � � � � x } ~ � { z � z | � { x � z � � ~± � � � w w � � � � � � w � y � w ² � z } � z � � z w � z | � ~ | �³ ´ µ ¶ ´ · ´ ¸ ¸ ´ ¹ º » ¼ ½ µ · µ ¶ ´ ¾ ½ µ ¾ ¿ º À ´ ¿ Á Â ¸ ¸ Ã ¿ º À ´ µ Ä Â ¸ Â ¾ Å Ã » ¿ » µ ¸ ¸ Å Æ ¶ ´ Ç º À Â ¹ µ ¾ ´ ¿ Â ¹ ¾ ½ ´ È ½ µ ¶ µ È ¾ ´ ¶ º É ´ µ È ½ ½ » À µ ¹Ä ´ Â ¹ ¼ Ê Ë ½ Â ¿ ¸ ´ µ Ç ¿ ¹ ´ È ´ ¿ ¿ µ ¶ Â ¸ Å ¾ º º ¹ ´ ¿ Â Ç ´ Ç ¾ ½ Â ¹ Á Â ¹ ¼ ¿ Â ¹ È ´ À µ ¹ Á ¹ º · ¿ ¾ ½ ´ · º ¶ ¸ Ç º ¹ ¸ Å ¾ ½ ¶ º » ¼ ½ ½ Â À ¿ ´ ¸ É Ã µ ¹ Ç ¾ ½ » ¿½ µ ¿ ¾ ½ ´ ¹ µ Ì Í ´ µ ¶ ¶ º ¼ µ ¹ È ´ ¾ º Ä ´ ¸ Â ´ Í ´ ¾ ½ µ ¾ ¾ ½ ´ · º ¶ ¸ Ç Â ¿ È º ¹ ¿ ¾ ¶ » È ¾ ´ Ç É º ¶ ½ Â À µ ¹ Ç ½ Â ¿ ¿ µ Á ´ Ê Î Ï º ´ ¾ ½ ´ Ð Ñ Ò Ò Ó Ô Õ Ö� x } � x w } � x | x � � � � � w � z � { � � { z | | � w � � � w � � z | } | } � { } } � � z � � � z x w } z { � � � w � z � � � z � w � � � z w � � | � z � } � z � } { z � z |× � � x � � { Ø z | z � ~ � z � x z y z | �Ë ½ ´ ¶ ´ Â ¿ ¸ Â ¾ ¾ ¸ ´ Ç º » Ä ¾ ¾ ½ µ ¾ Ä º ¾ ½ ¾ ´ È ½ ¹ º ¸ º ¼ Å µ ¹ Ç À º Ç ´ ¶ ¹ ¿ È Â ´ ¹ È ´ µ ¶ ´ À º ¾ Â Í µ ¾ ´ Ç Ä Å ¾ ½ ´ ¿ µ À ´ Â ¹ ¾ ´ ¶ ´ ¿ ¾ Ù ¾ ½ ´Ç º À Â ¹ µ ¾ Â º ¹ º É ¶ ´ µ ¸ Â ¾ Å µ ¹ Ç ¾ ½ ´ · Â ¸ ¸ ¾ º Æ º · ´ ¶ Ê Î Ú ´ ¿ ´ ¸ Å Û Ü Ü Ô Ó Û Ô Ð Ö� � w | x � z { x w � | � | } � x w � � x � x } ~ x w � x � � } � � } � x | | } � } z � z w } � � | } { � w � z � � { � � � � � { x | z | � � z { z x w } � z | � � z � { � z { � � } � x w � |Ý } z � � w � � � � ~ Þ } � � } � � y z � � | } z w z � z w y x { � w � z w } � � � z � { � � � } x � w � { z } � z z � � � } | � � z � { � z { � � } � x w � | } � � } � z } � { w } � � � {{ z � z � x � } x � w � ß | � � � x w � } � z � { x � � � � � { � � � � } x y z � } � x w � x w � Ý Ø z | z � ~ à á á â Þ { z � � x { z | } � � } � � { { z � � } x � w | � x � � x } � } � z
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

91



z w y x { � w � z w } � z } z � � z { z � � ~ � � { z � � z w � � { � | � � x w } z { � � } x � w � � { � | ² � z } � z � � z | � w } � | � ~ � ã � | � � � { { z � } x � w ä � zw z z � } � � z y z � � � ã � � � } � z � � w x � z | } � } x � w | � � � � � � w � � � { � � } z { å x w } � � � � � z { z w } � � � � z ä � � � { x � � z � � x � } � � � | � � � zã � � � � { � w � w � z { � � x w � � � � x � x } � } x � w | ä w � } � w � z { | } � w � x w � � � ~ � z � � y z | � � � w ~ ã | } � � � � { w z w z � x z | ä � w � � � ~| � � z } x � z | � z � { z z y z w � z z } x w � � � { | z � y z | � | } � z z w z � ~ � Ý ² � z } � z æ ç è è � â é Þ ê z z � x w � ² � z } � z � | � � y x � z � x } � x w } � z� � w } z � } � � | � | } � x w � � � z � z | x � w | � � � z | } | } � � } x w | } z � � � � | z z � x w � | � � � } x � w | � � � { � � } z { x ° z � � ~ � � w � � z � z w } �� � } z � � { x ° � } x � w � � w � � � w } { � � � } � z � � } � { z � � } � z z w y x { � w � z w } � x � � } { � } � z { � x w � z � � � w � � x � � z � } x � � { � � w � z � x w � z z � x w �� w � w � w ë x w } z � � z � } � � � � { � � z | | z | �� � z w � } x � w � � | � | } � x w � � x � x } ~ � z � z w � | � w � � � x | } x � } � x w � x w � } { � w | � � { � z � x w } � � � � x | } x � � � } x � w � ê � � z y z { � � z � � { z � w z � � wz w � � � z z x } � z { � � � x | } x � } � x w � x w � � { � � � x | } x � � � } x � w x } x | w z � z | | � { ~ } � � x { | } � z { � z x y z x w � � � � x | } x � � � ~ � � � x | } ~ � z � �� z { � z � } x � w x | � � | ± � � z | ß � � x w | � � x w } | � � } � ã å � � � z | } x � w � � } { ~ x w � } � | z z � � { z } � � w � z } � x � | � ä Ý ß � � x w | æ ç ç é � ç ì Þ � � z� � � � z w z | | � | � � � z | } z � � ~ ß � � x w | � � � � � z w } � � w w � } � z � � � � ~ � } } � x w z � y x � } � z � � � x w � w } � � � { � � � � � � � w � � ~ | x | � � | } � zw � } � { z � � } � z � w � � ~ } x � � � x | } � � { � � � z w } � w � � � } � � � � � z � Ý � z { � | � w � æ ç â é Þ � � � � x � x } x w ² � z } � z � | z � { � x z { | } � } z � z w } �ã | � � z � � x � x } ~ � | � � � � ~ � { z � � � x w � } z | x w } � z � � � { � � } z { � � z � � � � � � � w � z x w � ä � x | } � z | � � � z | } x � w } � � } � � | } { � x w x w � � w� } { � � � x z � � � | � � z � x � � } { z | } � { z � � � � w � z x w } � z � � � ~ � � � { { z � } x � w � � x � � � � � w � z � � z { � z � } x � w � x � � } � z � � � x � x } � } z �} � { � � � � } � z } { � x w x w � � � } � z � } { � � � x z � � � � z | � � � | | z | | � z w } � | � z � � �� { x w � x w � } � x | � � � � z w z | | } � } � z � � x � } z w y x { � w � z w } | } � w � | � | } � z � � w � � � z w } � � � � | z � � { | � | } � x w � � � z � z | x � w � w � } � z| z � { � � � � { } � z � z � w | � � � � � x � x } � } x w � } � x | y x | x � w x | } � z � � � � � z w � z � � � � { } x � z � | �Ë ½ ´ Ç Â ¿ ¾ µ ¹ È ´ ¿ ´ Æ µ ¶ µ ¾ Â ¹ ¼ ¾ ½ ´ Â ¹ ¿ ¾ ¶ » À ´ ¹ ¾ µ ¸ µ ¹ Ç È º À À » ¹ Â È µ ¾ Â Í ´ » ¹ Ç ´ ¶ ¿ ¾ µ ¹ Ç Â ¹ ¼ º É µ ¶ È ½ Â ¾ ´ È ¾ » ¶ ´ ¶ ´ Æ ¶ ´ ¿ ´ ¹ ¾ ¿ µ · Â Ç ´¼ µ Æ Â ¹ º » ¶ È º ¹ ¾ ´ À Æ º ¶ µ ¶ Å È » ¸ ¾ » ¶ ´ Ê í ¹ Å ¿ ´ ¶ Â º » ¿ µ ¾ ¾ ´ À Æ ¾ ¾ º Ä ¶ Â Ç ¼ ´ ¾ ½ Â ¿ ¼ µ Æ ¶ ´ î » Â ¶ ´ ¿ µ ¹ ´ · Á Â ¹ Ç º É Á ¹ º · ¸ ´ Ç ¼ ´ ¾ ½ µ ¾È µ ¹ Â ¹ Ç Â È µ ¾ ´ ½ º · ¾ º ¶ ´ È º ¹ È Â ¸ ´ ¼ ´ ¹ » Â ¹ ´ È ¶ ´ µ ¾ Â Í Â ¾ Å µ ¹ Ç È ¶ ´ µ ¾ Â Í ´ ¿ Æ º ¹ ¾ µ ¹ ´ Â ¾ Å · Â ¾ ½ ¾ ½ ´ Æ ¶ º Ç » È ¾ Â Í ´ Æ º · ´ ¶ º ÉÈ º ¹ ¾ ´ À Æ º ¶ µ ¶ Å ¿ È Â ´ ¹ È ´ Ê Î Ú ´ ¿ ´ ¸ Å Û Ü Ü Ô Ó Ô Ö� � � � � z { } � ï z { z ° ë ² � � z ° x } x | � � z � { � � � } } � x | � � w � � � z � � z � x | � � | � z | � ~ | �Ë ½ ´ Â ¿ ¿ » ´ É º ¶ Ç ´ ¿ Â ¼ ¹ Â ¿ ¹ º ¾ À ´ ¶ ´ ¸ Å ð µ ´ ¿ ¾ ½ ´ ¾ Â È ñ º ¶ ð ¾ ´ È ½ ¹ º ¸ º ¼ Â È µ ¸ ñ Ã Â É Ä Å ¾ ½ ´ ¿ ´ ¾ ´ ¶ À ¿ · ´ » ¹ Ç ´ ¶ ¿ ¾ µ ¹ Ç ´ ò È ¸ » ¿ Â Í ´ Ãµ » ¾ º ¹ º À º » ¿ Í µ ¸ » ´ ¿ Ê ó µ ¾ ½ ´ ¶ ¾ ½ ´ Â ¿ ¿ » ´ Â ¿ Æ ¶ Â À µ ¶ Â ¸ Å ´ ¾ ½ Â È µ ¸ Ê Î ô ´ ¶ ´ õ ö Ï º À ´ õ Ð Ñ Ñ Ñ Ã ÷ ø Ö� w � � | � z � � z | � w } � | � ~ �ù ¹ Â Ç ´ ¹ ¾ Â É Å Â ¹ ¼ ¾ ¶ » ¾ ½ · Â ¾ ½ ¿ È Â ´ ¹ È ´ µ ¹ Ç ¿ È Â ´ ¹ È ´ · Â ¾ ½ µ Æ Æ ¸ Â ´ Ç ¿ È Â ´ ¹ È ´ Ã Â Ê ´ Ê ¾ ½ ´ ¾ ½ ´ º ¶ Å º É ¾ ´ È ½ ¹ º ¸ º ¼ Å Ã ¾ ½ ´ ¶ ´ ¿ » ¸ ¾ Â ¿ µ ¹Â ¹ È µ Æ µ È Â ¾ Å ¾ º È º ¹ ¿ Â Ç ´ ¶ ¾ ¶ » ¸ Å ¶ µ Ç Â È µ ¸ µ ¸ ¾ ´ ¶ ¹ µ ¾ Â Í ´ À º Ç ´ ¿ º É ¾ ½ Â ¹ Á Â ¹ ¼ µ ¶ È ½ Â ¾ ´ È ¾ » ¶ µ ¸ ¾ ½ ´ º ¶ Å Î ô ´ ¶ ´ õ ö Ï º À ´ õ Ð Ñ Ñ Ñ Ã ÷ ú Ö� } � z � � � z | � � z � { } � � } } � z � w � | x | � w } � � | z x w y � � y z � x w � { � � x } z � } � { � � z � � � � } x � w } � w z � � } x � } z } � x | | � � x | � � ~� { � y x � x w � � | � x { x w � � z | x � w z { | � x } � w � } � w � ~ � } � w � x � � z | � x � � | z } � � � } � � | � � { z w z � z � | z w | z � � � w } � � � � ~ x w � z | x � w } � � }x | � � w � z { w z � � x } � } � z � � � } x � � � z } z � x w } z { { z � � } x � w � � } x � z � � � w } z � } � z � � � � � ~ � � w � } � z � � � � w � | ~ � � z � û z � � z } � � � |x w � � x � � } � � x � � � � � x } � } � z z w y x { � w � z w } � x � � } � z } � z � z � x w w x w � | � � { � � � { z � � � � � z } z w � } x � w � � | � | } � x w � � x � x } ~ � � |× � y x � ¨ z � } � z { � � { { � � | � � � z | } | � ã å x } x | x w { z � x � { � � x } ~ } � � } } � z { z � � � { � � � � � � � � � z � � x � � x w � x | � � � ~ z � � � } � äÝ ¨ z � } � z { � � { { � � à á á â � æ æ ì Þü ý þ ÿ ÿ �   § þ ¢   ¤ ¡   ¡ þ � ¢ ¦ ¥   ¤ � � ¢ ¢   ¡ �
� � � � � 	 
 � � x } z � z | � � w | z � � � z � x } z � � � { � � w � � x � � x z � w � � } � � x × � � � x w | �� z � � � w x ° x w � � w � � � � x w � } � } z { � | � x } � � � � � � z � � w � } � z � � w � z � } � � � � z w x � | � � � x � x | � w x � � � { } � w } | } � { } x w � � � x w } � � {z � � � � � x � � � � z | x � w � � w y z | } x � � } x w � � w � z w � � � x w � � � � � � z � | } � w � | � | � � { x � � { ~ � � w � z { w x w | x } � � } x w � } z � � w � � � � ~ � w �z w � z w � z { x w � z w y x { � w � z w } � � � � � { z w z | | x w ~ � � w � � z | x � w z { | � � � � � { � x w � } � � � x | } � � � z ² x { � } �í ¹ ´ · · µ Å º É ¸ º º Á Â ¹ ¼ µ ¾ º » ¶ » ¶ Ä µ ¹ ¸ µ ¹ Ç ¿ È µ Æ ´ ¿ È º » ¸ Ç Ç ´ ¸ Â Í ´ ¶ µ Ä ´ ¾ ¾ ´ ¶ Ã À º ¶ ´ È º À Æ ¸ ´ ¾ ´ » ¹ Ç ´ ¶ ¿ ¾ µ ¹ Ç Â ¹ ¼ º É ¾ ½ ´À » ¸ ¾ Â Æ ¸ Â È Â ¾ Å º É Æ ½ ´ ¹ º À ´ ¹ µ µ ¾ ½ µ ¹ Ç Ê ù ¾ È º » ¸ Ç µ ¸ ¿ º ¼ ¶ ´ µ ¾ ¸ Å Â À Æ ¶ º Í ´ ¾ ½ ´ Æ º ¾ ´ ¹ ¾ Â µ ¸ É º ¶ µ ¹ µ Æ Æ ¶ º Æ ¶ Â µ ¾ ´ µ ¹ Ç È º ¹ È ´ ¶ ¾ ´ Ç¶ ´ ¿ Æ º ¹ ¿ ´ ¾ º ¿ Â ¾ ´ Ê � Î ³ µ ¸ Ç ½ ´ Â À Û Ü Ü ú Ó Ñ Ô Ö� � { | x } z � � { } � x | | z � � w � ~ z � { | } � � x � � � | � w � � � w � � w z � � � { x � � � } � { � � x w � � | } { x � � � { z � � � w � � | } � z � x { | } � � | z y z { � �z � z { � x | z | } � � } | � � � � } } � ã � z z � } � z | x } z ä � � | | z y z { � � | } � � z w } | � � } z { � z | � { x � z � x } � � � | � z � z � � � x w � x y x � � � � } � � � � z � x y z| � z } � � z | x w � x � � z { z w } � � � � } x � w | � | } � z ~ � � � � z � } � z | x } z � � � � � | x w � � w } � z x { z � � z { x z w � z � � } � x | � � � � z � ß � � z { x z w � z � � |ê � w | ² z � { � ² � � � � z { z � � � � x w | � ã å � � | � w � } z � � x � � z � x � � ~ � x } � � � x � � | � � z } � x w � { z � � x | � { � | � z � å ä � w � �ã å } � z { z x | � � | � � � � w } z w } } � � } x | � x � z � ~ x z � � � { { z | x � � z } � � } � � � � x { z | � z { � � w z w � z å ä � Ý ² � � � � z { æ ç  ì � ì ì Þ� z � � z � } x w � � w } � x | x � � z � x � � ~ � w � x } | { z | x � � z � | � z ~ | } � � w � z { | } � w � x w � } � x | � � � � z � | } � � z w } | � z { z } � z w } � � { z � } z �

© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 
92



� � � � � � z } � � } � � � � � w x � � } z � � � � } } � z ~ � w � z { | } � � � } � � z } � z z | | z w � z � � } � z x { z � � z { x z w � z Ý � x � � æ Þ � � w { z � � z | } x w � } � � }} � z ~ � � � { z | | } � z z � � } x � w � � � � � z w � � z w � � � � w } z w } � � } � x | z � � z { x z w � z � x { z � } � ~ � � � z w } | � � � { � | } � z � � � � | x ° z } � z� � { � � z } z { | � w } � z � | | x � w � z w } | � z z } � � x � � z � � � x � x } � ~ | } � } z � � ã � � w � } } � x w � x w | ~ � � � � | � � � w � } } � x w � | z � � z w } x � � � ~ �� w � � � w � } � } } z � � } } � � � � � � w x � � } z x w } z � � z � } � � � � ~ ä � � w � | z � { � � � � { } � z z | | z w } x � � } � z x w } z w } x � w � � } � x | � x { z � } x y z � z w }� � � w � } � z � x w z | � � ² � � � � z { � | x � z � | � � � � } } � z w � } � { z � � � { } � � z w � z | � ~ | � ã � � � } } { � } � x | z � � z { x z w � z � } � { � � � � �� � { � � � � { } � ä x w � � � ~ } � � } ã å � | | z { } | x } | z � � � � � x w | } � � � { z � | � w x w � � ä Ý ² � � � � z { æ ç  ì � � x x ë � x x x Þ� � } � � � � � | z y z { � � � { � � z � } | � z { z z � } { � � { � x w � { ~ x w } � z x { y x | � � � x w } z { � { z } � } x � w � � w z z � � { z | | x w � � z � { � } } � z | } � } z � �� z � � ~ � � w � } � z { x w � z � � z � � � { z � � | z � � x � } � z � � x z } z � � } x w z | | � � � w ~ | } � � z w } | � z { z | } { x � � z w � x } � { z � | � w � � w � � � z {� � { z | � � w | z | � z � � � � � � � w � z w z { x � � � � � � { x | � w Ý x � z � � x � } � { z | � � � � � } { � x w | � w � x w � � | } { x � � | } { � � } � { z | Þ � w � | z y z { � �| } � � z w } | � { � � � � z � | ~ � � � � x � { z � { z | z w } � } x � w � x } � � � } z y z w { z � � x ° x w � } � � } � � | � � � } } � z ~ � � � � � w z � � � � x } x � w � � � ~ �� x } � x w } � z � � � { � � � � � � x � � � x w � z � � � � x z � z � x } � x } | � � w � x | � { z z } � z � w x w � } � z { z � � | � � | � � | } { � w � } z w � z w � ~} � � � { � � � { } � � { � � � x � { z � { z | z w } � } x � w �� � z | z { z | � � } | � z { z w � } | � { � { x | x w � � � | z y z w � } � � { z � � y � w � z � � z y z � | } � z | z z � x w � x { { � } x � w � � x } ~ � � � wx w } � x } x y z � z � � z { x z w } x � � � { � � z | | x | � � { � } � � w � z { | } � w � � � w � x w � � � } x w | � � z � � ~ | � w z x | � � � � z � } � z � � � z w } } � z ~� } } z � � } } � � � w � z { | } � w � � x w } � z } { � � x } x � w � � | z w | z � � � z | z � x � � x � � � } x z | | } � w � � | � w z � � � � � z � � � � � � z z � � ~ x w � { � x w z �x � z � | � � � z w z { � � x ° � } x � w � � � � z � } x � x � � } x � w � � w � | ~ � � � � x | � � { z x w } � z � � � � w � x w � � � � } � | ² � z } � z � � | � � x w } z � � � } �ã w � } � x w � � � � � z w | x w � x y x w � w � } � { z } � � } � � z | w � } � z � { | � � z { z � � } x � w } � } � z � � � � z � ä Ý ² � z } � z æ ç è è � æ ì Þ | � } � �| } � � z w } | � z � { w z | } z w � � � z � z w } � x } � } � x | � � � � z � � � � � x w z y x } � � � ~ � � { { ~ | � � z } { � } � � � � � } } � z x { z � � z { x z w � z � � x } � } � x |x w � x w � � � � } z { � | � � { } � x | � � | | x � w � � | � z � | } � � z w } | } � � � � � � � } � } � z | x } z � � � x w � } � z w � � � | � � z } � x w � } � } � z x { � � � � � � z} � � } { z � � z � } z � � � � } � z x { � z { � z � } x � w � � � � z z w � � } z { z � � ~ } � z | z � � w � y x | x } � � � x | { z } � { w } { x � � z � � z � } � � w � � y z { � w �� � � { x � ~ } { � } � | � � { x z � x w } � z � x { | } � � � � � � z | � � w � x w } � x | { z } � { w � | } � � z w } | � � w � z { | } � w � x w � | � � } � z | x } z x w � { z � | z �| x � w x � x � � w } � ~ � � x } � � � w ~ � � | z | � � z { z } � z � � � x } x � w � { � � � � } � { � � � z w } | } � � z } � z { x w � � z � w x w � � � � � � ~ �� ý § ¤ � ¡   ¢   � � ¢ £ þ ¡ � � ¤ £ � þ ¢   ¤ ¡
� � � � � 	 � � � � � w x } x y z � � � | � � ~ � z ¨ z � � z { � � � � | � ß � � � ë ± � � z � � � w � ~ � � { � � w �� � { � | z � � w � z � z { � x | z � � | � � � ~ � � � y x | x } x w � � } � z | x } z � w � � � w | x � z { x w � } � z { z � � } x � w | � x � � z } � z z w � � � � z � w �� � z w � � z w � x w � � x � � z { z w } � � ~ � � � | � z � } � z | } � � z w } | } � � { z � } z � } � { z z � x � z w | x � w � � � � � w x } x y z � � � � � } � z | x } z Ý � x � �à Þ � � � z x � z � � � | } � � } { � } � z { } � � w � � � ~ | x � � � y x | x } � } � � } } � z ~ � z { z } � � z w } � � � ~ { z } � { w } � } � z | x } z � � w � � { � � } � x | � y x | x } �� � � z � � � � z � } � � } { z � { z | z w } z � } � z | x } z � | x } z � x | } z � { z � � } x y z } � } � z x { � z w } � � { z � � w | } x } � } x � w � � } � z z � � z { x z w � z � � |� � � � � � � � { � w � z { | } � w � x w � | � { z { z � � } x � w � � � } � x | � � � � x � � � x � � } | } � z | } { � w � z | } x � � { z | | x � w | � w � � | | � � x � } x � w | � � { } � zx w � x y x � � � � � ± � � z | ß � � x w | � z | � { x � z | } � z � z w } � � z � x } x w � � { � � z | | x w � w z � z { � x | z � � � x | � � w �� ´ ò ¾ ¾ Â À ´ Å º » È º À ´ » Æ º ¹ µ Ä ´ µ » ¾ Â É » ¸ Í Â ´ · Ã À µ Á ´ µ ¿ À µ ¸ ¸ À ´ ¹ ¾ µ ¸ ¹ º ¾ ´ º É · ½ µ ¾ ¿ ´ ´ À ¿ Â ¹ ¾ ´ ¶ ´ ¿ ¾ Â ¹ ¼ µ Ä º » ¾ Â ¾ � Ë ½ ´ ¹¾ » ¶ ¹ µ · µ Å É ¶ º À ¾ ½ ´ ¿ È ´ ¹ ´ µ ¹ Ç ¾ µ Á ´ ¹ º ¾ ´ º É ¾ ½ ´ Ä ¸ µ ¹ Á ¿ Æ º ¾ ¿ Â ¹ Å º » ¶ À ´ ¹ ¾ µ ¸ Æ Â È ¾ » ¶ ´ � ´ µ È ½ ¾ Â À ´ ¾ ½ ´ À ´ ¹ ¾ µ ¸ Æ Â È ¾ » ¶ ´· Â ¸ ¸ ½ µ Í ´ ¼ µ Æ ¿ Â ¹ Â ¾ Ã º É ¾ ´ ¹ ¸ µ ¶ ¼ ´ º ¹ ´ ¿ Ù µ ¹ Ç Â ¹ À Å ´ ò Æ ´ ¶ Â ´ ¹ È ´ Â ¾ È µ ¹ Ä ´ Ç Â É É Â È » ¸ ¾ ¾ º µ ¿ ¿ ´ À Ä ¸ ´ µ ¶ ´ µ ¿ º ¹ µ Ä ¸ ÅÈ º À Æ ¸ ´ ¾ ´ ¿ È ´ ¹ ´ Ê Î � ¸ Á Â ¹ ¿ Ð Ñ Ñ ú Ó Ñ Õ Öê � � z y z { � } � z | z � � | z w � z | � { z w � } w z � z | | � { x � ~ w z � � } x y z � { � } � z { } � z ~ � � } z w { z y z � � | � � z } � x w � � � { } x � � � � { � � � � } } � z� � ~ � � � � � z | � z � � | � w � x } | � w � z { � ~ x w � | } { � � } � { z � � � � { } x � � � � } z } � z x { � z { � z � } x � w | � | } � � z w } | � z { z z w � � � { � � z � } �� � � � x � ~ � { { z � � � z � z { } � x w z � z � z w } | � { z � � } x � w | � x � | � � w � � z | } � z } x � � � � � x } x z | � | } � z ~ | } � � � � � } � � { } � z � � | � z x w �� � � { � � } z { x | } x � � � } � z | x } z � w � x w � x � � } x y z � � } � z x { � � w w z � } x � w | } � x } � � � x | z � z { � x | z � � | x w } z { z | } x w � � | x } | z z � z �z � | x z { } � � { � � � � z � x } � } � z x � z � � � � w z | | z w � z � ~ | } { x � � x w � � � � ~ � � � } � � � | w � } � { � } � z { } � � w } { ~ x w � } � � | | z � � � z� � � � } x | � � � w � } � z { z | � � } | � � � z � { } � � � x � w � x } � ß � � � w � ê � | | z { � � | } � � � � � } } � � } x } x | } � { � � � � � � � { z w } � z | x ° x w � � � w z x |� � � z } � � � � { � � � � � � � { z � � { z � � z w � � z w � � � � x � � � | } � } z � Ý ê � | | z { � æ ç é â Þ � { � | � � � w � � } } | � � } x } � ã � � � � z w x w � x | } �� w � � � � � } { z � � x } ~ x | w � } � ä Ý � � } } | æ ç ì  � æ  æ Þ

© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 
93



� | | } � � z w } | � { z � � } x � w | � x � | � w � � � w | z � � z w } � w � z { | } � w � x w � | � � } � z | x } z � { z � � � w z � x | � � | | x � w � � | � � { } x � � � � { � ~� z � � { � � � z � � | } � � z w } � � � z � � � � � z w } � � � � } � � � | � z � w � � � w ~ � } � z { | � � � | z z � z � } � � z y x z � x w � } � z | x } z� � w y z w } x � w � � � ~ � w � � � � { z | � � w � z � � � x } z � x } z { � � � ~ � ê � � z y z { � � w z � { � � z � } x w } � z � { � � � � � � � � { x | z � � � � } { � w | � � � z w }� � � z x w | x � z � w z w � � � | � { z � � � � � � z w � � } � � } | � � � | } � z � � � | � } � � } � � � | z � � z { } � | z z } � z | x } z � � { z z � z � z w } � � � ~ ë � |� � ~ | } z { x � � | z w } x } ~ � � � � } x w � x w } � z } { z z | � � z y z { � � � } � z { | } � z w � � � � z w } z � � w � � � } � x | � x z � z � � � � � | � | � � { � z �} � z � } � Ý � � � x w Þ { z z y � � � � } z } � z | x } z �� � z | z { z y z � � } x � w | | z z � } � � � x w } } � � w z � z | | � { ~ { z � x � { � � x } ~ � z } � z z w z � � z { x z w � z � w � � � { z y � � � � } x � w | � � } � � | zz � � z { x z w � z | � � w � � � � x } � � } z w } � � z | z | } � � � x | � x w � } � x | � � � � � w x � � } x � w � z } � z z w � x y z � � w � � � z � � z � w � x w } z { � { z } � } x � w} � � { { x y z � } � z z � z { � w � z { | } � w � x w � | � z � � � w � z � y x | x � w � � w � � � { � | � � � � � z w � � z w � � | } � z ~ z � x | } � � w } z { � | � �| � | } � x w � � x � x } ~ } � x | x | � � x w } x | � { x } x � � � � � | � � � x w � � � � w | � � � � � z z � � ~ � z � { w z � � � } } z { w | � � � w � z { | } � w � x w � � ~ z � � x { x � � �� z � w | � � � x � � } � � � � � w � ~ | � { � � � z | � � � w | z � � z w } � ~ � � z w | � { � � � z | � z � � � z } � z { z � � x } ~ � | � � � } x � w | z � � � � � ~ � � � { z | |� w � ~ | � � z { � x � x � � � � w � z { w | �� ý �   � ¡   �   § þ ¡ ¢   ¡ ¢ � £ � � ¡ ¢   ¤ ¡
� � � � � 	 � � � x } z � w } z { y z w } x � w | � � � z � � { � | z { � � } � � x × � � � x w | �� � w w z � } x w � � x } � � z � w x w � x w � � { z w y x { � w � z w } x | � w x � � � { } � w } z � z � z w } x w � � � � w | � | z w | z � � � z � � � z x w � � w � } � � |} � z � y z { � � � � z � � } � � � } � z z � � | ~ | } z � � ê � � z y z { � } � z x w } z � � z � } � � � x } � � � � ~ � � | � z | } � � � { � � z � w x w � } � � } x | � � } � } � w � x � � z� w � � x } z { � � � x w } � { w � { � y x � x w � � z � w x w � | } � � } � { z � � } z w } { x y x � � � � x } � x w } � x | � x w � | z } � � w � � y z { x w � � w � � � � � � w x � � } x w �� z z � z { � z � w x w � � { � y z | � x � � x � � � } � { � | ß � � x w | � � � } | x } � ã x } x | z � | ~ } � � � � z } � z x w y x | x � � z y x | x � � z � � � } � x � � x � � � } } � � � � z x }� z � x z y � � � z � ä Ý ß � � x w | æ ç ç é � æ á � Þ� z } � { w x w � } � } � z x � � � { } � w � z � � � w � w � � x w � � x � � � � } � } � z � x | � � y z { ~ � � � � � { z z � � z � z { � � x � � � { } � � � | � z � | } � � z w } |} � � z � x w � w z � � � � w � z � x } � } � z | x } z � � w � z � � { z } z | } x w � � w � { z ë z y � � � � } x w � } � z x { � w � z { | } � w � x w � | � � � � � } � � � � z z w� � { � z { � ~ � � | � { � z � � w � x w } z { � { z } z � � � w } � x | � { � � z � } } � z ~ � z { z } � � � � � z w } } � z y x | x � w � � } � z | x } z } � � } � � | � z � x w w x w �} � � � w x � z | } x w } � z x { x � � � x w � } x � w � � � } � x | z w � � } � z ~ � z { z } � | � � � z | } � w x w } z { y z w } x � w x w � � x w x � � � � � } | x � w x � x � � w }� � ~ � { z y z � � x w � � x w } z w | x � ~ x w � � � { { z x w } z { � { z } x w � | � � z � � { } x � � � � { � | � z � } � � } � x | � � � � z Ý � x � � � Þ �� w x w x } x � } x w � } � z x � z � � � x w } z { y z w } x � w � w � x } | x w } z { � { z } x y z � � } z w } x � � � z � � � � z � � } � w � � x | � � | | z � � � { � | � ~ � � w � ~² � � � | � � { } � ~ � û x w � � � } � � � � � � { x � w � � � { x | } � � w � ± z � w ë � � � � � z � × � w � � � ± � � � � ß y z | � � z x w � � � � x z � � � { � | � � { � � x � { � � �� � � z { | } � � x � � � w } � � { � � � � w � | ~ � � w � ² � { � � w � � } } � ë � � � { � � � } � � z w } | } � z w � � y z � x w } � | � z } � � x w � � � | | x � � z � x { z � } x � w | �� z y z � � � z � � � � � z � � � } � z x { � � | } � { � � x | x w � x � z � � � w � � � } x � � } z � ~ z y � � y z � } � x | x w } � } � z x { � z | x � w � � | | z � � � x w � x } � � � x w� � � { x | } � ë z | � � z � � ~ � � } � � x } � � � � � z � � { z x w } z { y z w } x � w � x � � � z � � � w � � } z { x w } z { y z w } x � w � � � � } � � � w } � � z � � w z � z ~ x � � � z� � } � z x { x � z � x w � { � � z | | � � w � � � � � w � x � � { � � � � } � z | x } z �� } } � x | | } � � z � � { z � { � � � � w � x w | x � � } | � z { z � z � x w w x w � } � � � � | | � � � | � | } { � w � � { � � � � � � x w � � � { � � � � } | { z | � w � } z �� x } � � � } � y x | x } � { | � w � { z y x z � z { | � � z y z { � � | } � � z w } | � � } � � � � ~ � z { � � { � z � � x } � x w } � z | x } z x w ² � � � | � � { } � ~ � � | � x � w � w �� � � � � z w } z � } � z x { � � ~ | x � � � � � w x � � � � } x � w | � � } � z { | x w } { � � � � z � � w � { } x � x � z Ý | � � z y x | � � � � | � � z � � � x } � { ~ Þ } � � }� � � � � � } z � � w x w x } x � � x � � { z | | x � w � � } � x | � � � � z � � � x � z | } x � � � } � z { | x w } z { y z w z � � x } � � w x w � � w � { � � � | z � z � z w } � } } z � � } x w �} � | } x � � � � } z � � � { z w z | | y x � � x | � � � � z � z w } � � � z | � � � z | | z | x w } � x | � { � � z � } | } � w � � | z y x � z w � z } � | } � � z w } | � � { � � x w �| � � � x | } x � � } x � w x w { z � � { � | } � } � z w � } � { z � � } � z | x } z � � | � � w ~ � z { z | } � { } x w � } � � { z � } z � � w w z � } x � w | } � � � w � z � } z w | x � w |� � � } � z | x � w x � x � � w } � � � � z } � � } } � z ~ � z { z � z � x w w x w � } � � w � � y z { � � w } � x | � � ~ � � z w z { � � � ~ | � z � � x w � � � � z | x � w z { � x w � |� z � w x w � � { | x � w x � x � � w � z x w } � z x { � � w � � { � � ~ x } | � | | � � x � } x � w � x } � } � z x w � z { z w } z w z { � ~ � w � | � z � x � x � x } ~ � � � | x } � � } x � w �� � z w } � x | w � } x � w x | � � � � x z � } � � { � � x } z � } � { z x } � � w � { � � � } z � { z � } z { x w } z � { � } x � w � z } � z z w � � { � � w � � � � � z � � { � |× � y x � ¨ z � } � z { � � { { � � z � � � � x w | �� É º ¶ ¸ µ ¹ Ç ¿ È µ Æ ´ µ ¶ È ½ Â ¾ ´ È ¾ » ¶ ´ µ ¹ Ç µ ¶ È ½ Â ¾ ´ È ¾ » ¶ ´ µ ¾ ¾ ´ ¹ ¾ Â º ¹ ¾ º ¾ ½ ´ µ È ¾ » µ ¸ Æ ½ ´ ¹ º À ´ ¹ µ º É ¾ ½ ´ Â ¶ Æ ¶ º � ´ È ¾ ¿ ½ µ ¿ È º À ´ ¾ ºÀ ´ µ ¹ È º ¹ È ´ ¶ ¹ É º ¶ ¾ ½ ´ Â ¶ ´ ¹ µ È ¾ À ´ ¹ ¾ ¿ Ã É º ¶ ¾ ½ ´ ´ À ´ ¶ ¼ ´ ¹ È ´ µ ¹ Ç Ç Â ¿ µ Æ Æ ´ µ ¶ µ ¹ È ´ º É ¾ ½ Â ¹ ¼ ¿ Ã · ½ Â È ½ À ´ µ ¹ ¿ µ ¸ ¿ º ¾ ½ ´ Â ¶È º ¹ ¾ Â ¹ ¼ ´ ¹ È Å Ã ¹ º ¾ ¾ ½ ´ Â ¶ Î Æ ¶ ´ ¿ » À ´ Ç Ö ¿ ¾ µ Ä Â ¸ Â ¾ Å Ã Â ¹ Ç ´ Æ ´ ¹ Ç ´ ¹ ¾ Â Ç ´ ¹ ¾ Â ¾ Å Ã µ ¹ Ç ð º Ä � ´ È ¾ Â Í Â ¾ Å ñ Ê Î � ´ µ ¾ ½ ´ ¶ Ä µ ¶ ¶ º · Û Ü Ü Ô Ó Ð Û Ö

© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 
94



� x } � } � x | } � � � � � } x w � x w � x } x | x w } z { z | } x w � } � � } � � | | x � � ~ } � z | } { � w � z | } � { � � z � } � � | � w z � � z { z � | } � � z w } � { � � � | z � �| � x � � } � � } � z } z � } � � � z � z w � x w } � z w z � � z � } z � Ý z � x | } x w � Þ } { � x w } { � � � � x { z � } � ~ � z w z � } � } � z � { � x w � � � � x w � | � � � } �| � � � z | } x w � | x � � � } � w z � � | � ~ � � } � } � z � z � � { ~ � � ~ z � { | � � | z { y x � z � w � } � z � � { { z w } � z { z � x � } | } � } z � � } � z { � x � | � � � z� � � x � � � } � x | � � { � � � | � z � � x w x } | � � w w z � } x � w } � � � w � { z � { � � x w � � � � | � � z } � x w � � { z � } z { } � � w x } | z � � � � x � z z � � � � ~ x w �� w � ~ � | } � } z � � | z { y � } x � w � w � � � � { { z | � � w � x w � � � � x � x � � } x � w } � | � � � z | } } � } � � x } ~ �� ý § ¤ ¡ ¢   ¡ ¦   ¢ �
� � � � � 	  � � � y x z � } x � � | � ± z | | z � � { � � z � ± � | � � w � z { | � w � � � � � w } � � � � � � � z {� º Â À µ ¼ ´ · Â ¸ ¸ ¶ ´ Æ ¸ µ È ´ ¾ ½ ´ Â ¹ ¾ » Â ¾ Â º ¹ º É Ç » ¶ µ ¾ Â º ¹ Ã Ä » ¾ À µ ¹ Å Ç Â É É ´ ¶ ´ ¹ ¾ Â À µ ¼ ´ ¿ Ã ¾ µ Á ´ ¹ É ¶ º À î » Â ¾ ´ Ç Â É É ´ ¶ ´ ¹ ¾ º ¶ Ç ´ ¶ ¿ º É¾ ½ Â ¹ ¼ ¿ Ã · Â ¸ ¸ Ä ´ µ Ä ¸ ´ Ã ¾ ½ ¶ º » ¼ ½ È º ¹ Í ´ ¶ ¼ ´ ¹ È ´ º É ¾ ½ ´ Â ¶ µ È ¾ Â º ¹ Ã ¾ º Ç Â ¶ ´ È ¾ ¾ ½ ´ È º ¹ ¿ È Â º » ¿ ¹ ´ ¿ ¿ ¾ º ¾ ½ ´ Æ ¶ ´ È Â ¿ ´ Æ º Â ¹ ¾ · ½ ´ ¶ ´¾ ½ ´ ¶ ´ Â ¿ µ È ´ ¶ ¾ µ Â ¹ Â ¹ ¾ » Â ¾ Â º ¹ ¾ º ¿ ´ Â õ ´ º ¹ Ê Î ! ´ ¶ ¼ ¿ º ¹ Ð Ñ Ô Ñ Ó Ð Ñ Õ Ö� z � { z | z w } � } x � w � � � � ~ | { z � � x { z | } � � } � w � w � x � � z { z w } x � } z � � z { � z � } x � w � z � { � � z w | � } � � } x } � � ~ � z } { � w | � � { � z � � w �{ z � � w | } x } � } z � � ¨ x � z � x | z � z w y x { � w � z w } � � � z | x � w � z � z w � | w � } � � | } � w x w | x � � } � � � � � | z { y � } x � w � � } � � z y z � � � � z w } � �} � � } � � | z { y � } x � w x w } � � � � { � � � � { � z { � | � � } x � � � � w } x w � x } ~ � � w � � � } x � � } z � ~ � � � w � } x � w � � | ~ | } z � � ï z { } x w z w } } � } � x |� { � � � z � x | } � z � � w � z � } w � { { � } x y z x w � � x � � � � | } � z � z | x � w z { � ~ � � z | � z } � z z w � � � � x w � � � w � } � z � � w | x � z { � } x � w � � } � � }� � � x w � � } � z { z x | � w � } } z � � } } � � | | x � x � � } z } � x | � { � � z | | x w } � y z { � � � � z | � { x � } x � w � � � z � � w � z � } w � { { � } x y z � � | } � � �� x } � } � z � z � x � } x � w � � x w } z w } x � w | � � | � z � � � | � z x w � � � { � y � � � } x � w � � } � z � x w � } � x w � { z � | z } � z � � w } x w � x } ~ � � } � z � � { �x w � { � � { z | | �� � � � { } � z { { z y z � � w � � w � z | � � } � z | x } z � � w � } � { z x w � � { � z } � z w � } x � w } � � } | x � w x � x � � w � z x w � { z � � } x � w | � x � z y � � y z | � x } �} � x | � ~ � � x � � � � � w } � � } � w � w � { { � } x y z � w � z { | } � w � x w � � | } � � z w } | � z { z � | � z � } � � z y z � � � � w z � x w � } z � x � � | x w | � x { z � � ~} � z | x } z Ý � x � � â Þ � � w } � x | � x � � � } � z � � � � | � z { z } � { z z � � � � � } � � { � � } x � z } � z w z � � } x � } x � w � z } � z z w x � z � � w � { z � { z | z w } � } x � w �} � � � w | x � z { } � z | x } z � z } � � � � { x � � � � ~ � � w � } � � z � x w } � z � � � � { z � � w } x w � x } ~ x w � } x � z � � | z � � z � x � � �� � z | } { z w � } � � � } � z � x � � z � } x � � � { � � � } x y � } x w � � � � { z w z | | � � | z � z � � � x � x z � x w � w z ~ � � w � � � � � w � | � { � � z | | � � { } � x |� x � � � � � } z { } { z � z w � � � | � x � � x � � � } ~ � x w � x w � � w ~ x w | � x { � } x � w � � � } | � z y z { � | � z � x w � � � ~ � � w � � z � } � � { z � } z � � x { | } { � � � �� � } � � � x � � � { � y z � � � � } � w � � � � � � � | } z { � � { � | } { � } z � � | � z } { x z � | z y z { � � � x � � z { z w } � x { z � } x � w | � w } x � � x w � � � ~ � { { x y x w � � } � wx � z � � � � � � x w � � � x � � } � � } � � | � � � � } � z { | z � { � � � � { x w | � x { � } x � w � � w � z { � x w � � { � � � � � � } � | � z | � � � z � � z { � � | z� � y z { x w � { x � � } � w � z { � z { w � | z � � � } � z � � x � z � x } � � z { � w � � � z } � | z z x } � � w } z { z | } x w � � ~ x } � � | w � } � w } x � � � � ~ � z � � { z } � z� { � � z � } � � | � � z � � x } � � z { | } x � � � w | � { z � � � � � } � z w � x } � { � � � } x } � z � w } � } � � } } � z � � � � z z � � z { x z w � z � { ~ | } � � � x ° z � �× � { x w � � � z z } x w � � � � � � � | � z � � � � � z { { z � � } x � w | � x � } � } � z | x } z � � � � � � w � z � � | � { z | � � } � � } � x | � { � � z | | � � x } � � � }� z | x } � } x w � � | � z � w | � z { z � } � � } � � z w | � z � x { | } � z w } } � z { z w � } � x w � | � � � z } � � z { � � � } w � � � � � | � { } | � � } � x w � | � z { zy x y x � � w � x w � � � z w } x � � } � � z { � � � � } } � x | � � � � z � x } � � | � � | } } � � } } � x | � � � { z � x � } x � w � � | } } � � � | � � z } x � z � � w } � x | | } � } z � z w }� � | � z { z w � x w � � | � z � � � | � w � } � z { � � x w } z � { z � x w � z { � | } � } � z � x � � x � � � } ~ x w � � � { z � z w � x w � | � � } � z } ~ �� w � � � } � } � x | � { � � z � } | � � � w � � � z { � � | } � � z w } | � � � x w � � x � � | � � � � } � z x w � x w x } x � � � ~ � w � � � { z � � | � � z } � x w � � � � x � �� � { � z � � � � x w } x w } � z | } � � x � � � z { z � � w ~ | } � { } z � } � � z { � z x y z } � z � w � � w y z w } x � w � � � z � � } ~ � � } � x | � � � � z � � � w � � x } �} � z � x � x } � } x � w | � � } � z x { � � w � � � x } � � � � z } � � � | � � � | | z | | � z w } � � � z | z � z | | � w | � � � � } � x | } z w x w � | } � w � � � } � | � wx � � � { } � w } | } z � x w } � x | � { � � z | | � � w � � { z { z � � z � } z � x w � � � w � � } } | | } � } z � z w } �" ¹ ´ ¿ ´ ´ Á ¿ µ ¹ Ç ¿ ´ ´ Á ¿ Ã Ä » ¾ È µ ¹ ¹ º ¾ É Â ¹ Ç Ê " ¹ ´ ¼ Â Í ´ ¿ » Æ Ã µ ¹ Ç ¾ ½ ´ µ ¹ ¿ · ´ ¶ È º À ´ ¿ Ä Å Â ¾ ¿ ´ ¸ É Ê Î ³ µ ¾ ¾ ¿ Ð Ñ Õ ÷ Ó Ð ú Ð Ö� � z { z } � z x � � � { } � w � z � � } � z � w | � z { } � � } � � � � z | � ~ x } | z � � � x | } � � } x } x | | � � | } � w } x � � � z � � � | z x } � � | | � { � w � � { � �� x { z � } � � � � � w x � w � x } � } � z � z z � z { � � � { z z } z { w � � � | � z � } | � � � | z } � � � x { � � � | } � w � z | �

© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 
95



# ý þ � ÿ þ £ $

� � � � � 	 % � � � � x } x y z � z | � � w | z | � � � { � � w � � x � � x z � ï � { x | � � w � z { | � ß � � � { � z ~ z | �ï z { � � � | } � z � � | } z } z { w � � � | � z � } � � � w ~ � { � � x } z � } � { � � � { � � � z � x | } � z � � w � x } | z � � � � w � ~ z } � x } � x w � { � � x } z � } � { z } � z� } } x } � � z } � � � { � | } � z � � w � � � | � z z w � x | } � { x � � � � ~ w � { { � � ë � x w � z � � � z � � w | x � z { x w � } � z � � ~ � z | � z � � � w � } � x w � � � � � }� | x } z � � � � � � � { x w � x � � � { } � w } � � � w � z | } � } � z � � ~ � � � x � � x w � � � � z | x w } � � z x w � � w � z w � � � z | x } | | � { { � � w � x w � | � � � � x w} � x | { z � � w | x � z { � } x � w | } � { } | � x } � � � z { � z � } � � � � � � x � x � � } x � w �� ¾ º Ä » Â ¸ Ç ¸ µ ¹ Ç ¿ È µ Æ ´ ¶ ´ î » Â ¶ ´ ¿ ¾ ½ ´ µ Ä Â ¸ Â ¾ Å ¾ º ¿ ´ ´ Â ¾ Ã µ ¹ Ç ¾ ½ ´ Â ¹ µ Ä Â ¸ Â ¾ Å ¾ º Ç º ¿ º È º ¹ ¾ Â ¹ » ´ ¿ ¾ º Æ ´ ¶ À ´ µ ¾ ´ µ ¶ È ½ Â ¾ ´ È ¾ » ¶ µ ¸Ç ´ ¿ Â ¼ ¹ È » ¸ ¾ » ¶ ´ Ê Ë ½ Â ¿ Æ ´ ¶ ¿ Â ¿ ¾ ´ ¹ ¾ Ä ¸ Â ¹ Ç ¹ ´ ¿ ¿ Â ¿ ´ Í Â Ç ´ ¹ ¾ Â ¹ ¾ ½ ´ ¿ ¾ Â ¸ ¸ È º À À º ¹ ¶ ´ È º » ¶ ¿ ´ ¾ º ¾ ½ ´ É Â ¼ » ¶ ´ & ¼ ¶ º » ¹ Ç Æ ¸ µ ¹ Ã· ½ Â È ½ É µ Â ¸ ¿ ¾ º ´ ¹ ¼ µ ¼ ´ ¾ ½ ´ À µ ¾ ´ ¶ Â µ ¸ µ ¿ Æ ´ È ¾ ¿ º É µ ¿ Â ¾ ´ ¶ ´ Æ ¶ ´ ¿ ´ ¹ ¾ Â ¹ ¼ ¾ ½ ´ ¼ ¶ º » ¹ Ç µ ¿ µ Í º Â Ç µ ¶ º » ¹ Ç Ä » Â ¸ Ç Â ¹ ¼ ¿ ÊÎ ³ µ ¸ Ç ½ ´ Â À Û Ü Ü ú Ó Ð Û ÷ Ö� } } � z w | } � w � | } � { z � | � w } � � } � � x y � } � � | � x � } x w z � � � � � x � � � � z | x � w � x � � } � � � � { � � z w � � x � � x w � � w � z � { } � � { z w � }y x z � z � � | � � � � � x } ~ � � w � } � z � { z � } x � w � � � � � x � � x w � x | � � { z � x � z � ~ � w � z { | } � � � � | � � � x � � x w � } � z � � w � � � { � | � � { x } x � � �x w } z { { z � � } x � w � z } � z z w z � { } � � w � | � ~ | � � � � | ã } � � � � { � � � ~ ä Ý ¨ z � } � z { � � { { � � � à á á â Þ � } � � | � � z w x w � � � � � { } � w x } x z | � � { �} { � w | � z w � z w } � w x � w � � � � � � w | � w � w � } � { z } � { � � � � } � z x w } z { � � � ~ � � � � x � � x w � � w � | x } z �ß � � { � � x w � } � x | w � } x � w � w � � � { � x w � � x } � } � z { x � � � w � z { | } � w � x w � | | } � � z w } | � � � � z y z � � � z � } � � � � � � { z y x � � |z � z { � x | z | � } � z � � � { � � � � � � { � � { � x w � � � { � � z � } � x � z � } � � x | � � w } � z } � z � � x � � x w � � | � { z � z � x } � } z � � � � z � } � w � } � z | x } z� | � � � � � z } � ¯ ' « � � � x � � x w � � � x } � � � } � � � x � � x w � � w � | x } z � z y z � � � x w � x w } � w � z � � � z � { w x w � � { � � � w z � w � } � z { � � � w �} � z � � ~ � � w x } x � } x w � } � x | } � | � � � � � � x w � x w � } { ~ x w � } � � y z { } � { z � � } � { z � � w � { z } x ° � } x � w � | z z x w � ( )  * � � � � x w } � z � � ~� { x z � { x � � û x z } ° | � � z � w � z { | } � w � | « + ) ' , + « � � z w � z | � ~ | �� º ¾ ½ Â ¹ ¼ Â ¿ À º ¶ ´ È º À Æ ¶ º À Â ¿ Â ¹ ¼ ¾ ½ µ ¹ µ ¾ ½ º » ¼ ½ ¾ Ê ó µ ¾ ½ ´ ¶ ¾ ½ µ ¹ ¾ ½ ´ ¿ ¾ µ ¾ ´ Æ ¶ ´ È ´ Ç Â ¹ ¼ ¾ ½ º » ¼ ½ ¾ Ã ¾ ½ ´ ¾ ½ ¶ º ¹ ¼ º É Å ´ ¾» ¹ Ä º ¶ ¹ ¾ ½ º » ¼ ½ ¾ ¿ Ã ¾ ½ ´ Æ ¶ º À Â ¿ ´ º É É » ¾ » ¶ ´ ¾ ½ º » ¼ ½ ¾ ¿ Ã ¾ ½ ´ · º ¶ ¸ Ç µ ¿ Â ¾ · µ ¿ Ä ´ É º ¶ ´ Ï º Ç È ¶ ´ µ ¾ ´ Ç Â ¾ Ù µ ¶ ´ È ¶ » Ç ´ ¿ È ´ ¹ È ´º É È ½ µ º ¿ Ù È ½ µ º ¿ Â ¹ Ç » È ´ ¿ Â ¹ ¾ Â À µ ¾ Â º ¹ ¿ Ê Î � Â ´ ¾ õ ¿ È ½ ´ Ð Ñ ú ÷ Ó Ð ú ÷ Ö� w } � x | | � x { x } � { � } � z { } � � w � { z � } x w � � � x � � x w � | | } � � z w } | � z { z � � � { � z � � x } � � x w � x w � } � z x w } x � � } x � w | � x } � x w } � z � � � � | �� z � x w w x w � � x } � � | z { x z | � � � � � x } x y z | � � } x � � � � w | } { � � } x � w | � � z { z | } � � z w } | � z { z { z | } { x � } z � } � } � z � | z � � � { z � � }� � | | � � � � | } x � � | � � � x � � � � | x � � � | z � � | � � z � w | } � � x � x } } � x w � x w � � � x � x w x | � } � z x � � � { } � w � z � � } � z � � � z � } � � w �� � � x � x } � } z x w } � x } x y z { z | � � w | z � ß � � � � � � x } x � w � � | � x { | } � w � � � { z � � | } } � � z � | � � } x � � { z � � ~ } � � � { � z | z � � w � } x w � � { � �} � z z � x | } x w � � � � � z � } x � w � � � � x � � x w � | � | � � � z | � { � � � | � � w � w � } � { � � � z � } � { z | � � { � x w � } � z � { z � Ý � x � � ì Þ � � } � � z w } | } � z w� � w z � } � z | z x w } z { y z w } x � w | � x } � � � � � � z � } x � w � � � � � � x } � } x y z � ~ � z � x w z � � � z w � { z � | } � � } � z { z } � z � z � x w w x w � | � � } � z � ²ï � { � �� � z | z x w } z { y z w } x � w | } � z w � w � z { � z w } � { x } x � � � | � { � } x w ~ � | | } � � z w } | � z { z � x { z � } z � } � | z � z � } � w � } � z { � | � � � z � � � w �� | x w � } � z | � � z � � � � � w z w } | � z w � � w � z } � z � | | z } | � � | � x � � � � z � � � � z � { x � x w � � � � w z { | } � z w { z � � � x � z � } � z x { � � � z � |� w � � z { z � | � z � } � x w } { � � � � z � w z � � � } z { x � � } � � } � � � z � } z � â á á á | � � � } � � { � � � � � ~ } � z | x ° z � � } � z � � � � z { ~ } � � } � � |� � } x � � } z � ~ } � � x w � x } | � � ~ x w } � } � x | � { � � z � } � � � x | | } z � � � | x w } z { z | } x w � � z � � � | z � � x � z z y z { ~ } � x w � � � } � } � x | � � x w } � � �� z z w � � w � � � { � � � } x � � } � z � w z � � � } z { x � � � � � | � � z w � w � x w } { � � � � z � | � � � } � x w � | � | � � z � } � z { | � � x { z | � � { � � z w � × � | �� � � x w | � � � � � z { � { � � z � � y z { } � z � � � z � � { x � � � w | � � w � � � { } ~ � � { w | � � | ~ � � � x � � } x � � � x w z � � � w ~ � � } � z | z� � � x � x � � } x � w | � { � y z � � x | } { � � } x w � � � w � | � � � { x w � } � z w z � } � � � | | | } � � z w } | � z { z � � � x w � | � z � } � � � � � | z | � � z � w zz � | z � | � � � z � � } � x | } x � z { z � � y x w � � w ~ � � { } | } � � } } � z ~ � z � } } � � z | � � z { � � � � � | � } � z w � { � � } � � � z { | � z � } x y z | � x } �� z � � � z } � | � � � � � � } � x | � � � � z � x � � } � z x w � � � x } z � � w � � � } x y � } z � � � � z � � � � � � } � z � � � z � | � � � � x w � x w � z w z { � � � � |} � � x � x w x | � � | z w | z � � � � w z { | � x � | � } � � } } � z | x } z � � � � � { z � � x w � { z z � x w z w } } � { � � � � � � } x w x } x � � � z y z � � � � z w } �� � � x } x � w � � � ~ � � � � � � } � z | z z � z { � x | z | � z { z � x y z w � x } � � � } } � z { z � � z | } � � { � � � � x � � x w � � x w } � z � � � z } � � } � ~ { z � � } x w � } �} � z � � } z w } x � � � � � � { } x � � � � { � { z � | x w } � z | x } z } � z � x w � � � � { � � x � � } | � � � � ~ � � } � z { x } | z � � � � � x w x w � � � { } � z { x w � � { � � } x � w � { � �} � z � { � � { � � � | } { � � } � { z � � w � � � w | x � z { � } x � w � � { } � z � � ~ � z � � � z � � � � � x w } z { � � } } � z { z �� � x | � � � { z � � { � � � z � � � � � | z � � z � } x y z � ~ | � � y z { } z � � � | } x � � � � | z | } � � � � z � � � x � � x w � | � � | | } � � z w } | | � � } � z � x w } � z x {� x w � | � � w � � � | } z { z � � | � { � { x | x w � | z w | x } x y x } ~ � � � w � | } � � z w } | � � � � } � � � } } ~ � z | � � { z | � � w | z | � � � � � � z � � w | x � z { z �
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

96



� � x � � - � w � � � � } � x � � } � z � � � z � � } � z w } x � � � x } � � � � � � { x } ~ { z } � x w x w � � � � w � � z � w } � z � � z | } x � w � � � � � } } � z . © « ¬ � � || � ~ x w � � { � } � z { } � � w � � x w � � � � } « + ¬ / � � w } z � � � w } z { z | } x w � � ~ � � � z y z { � � � z w | } � � z w } | � z { z � x w � � � ~ � x y z w } � z � { � � { � �� � { } � z � � � � z { ~ | � � � z � x } � x w } � z � � { � � � � � { � z w � � � z { � � } � z � � � � � z � � w } � } � z � � x � � x w � � w z � � z � } x w � � � � � � � � � } x } |x w } z { � � } x � w � x } � } � z � { z y x � � | | x } z � z | x � w � � � z � � | z � � } � z � x | � � � z � { x w � | x } z � � � w | z z � | } � � z � w � } � z { � � � z � | } �} � z � x � � x � � � } ~ � � � � � x | } x � } � x w � x w � � | � z � � � | } � z � � � z { � � � � { � z � { | } � � { � � � | � | } { � ~ Ý x w } � x | � � | z � | } � � z w } | � z z � x w �� y z { � � z � � z � � ~ � � � x w � � � { z � � � � � x � � x w � Þ � � w | � x } z � � } � x | � x � { z | | x � w � | } � � z w } | � x � � � � w z � � z � � z w } � � � � � � � } x w � � w �� { x z w } x w � } � z x { � � x � � x w � | � � � � { � x w � } � � � � } } � z ~ � � � � z � { w z � � { � � } � z � { z y x � � | z � z { � x | z | � w � } z w � z � } � { z } � x w} � z x { z � z { � x w � x � z � | � � � � } � � � { � � } z { � | x } { z � � } z � } � } � x | | � z � x � � � � � � z �� � z | z � z � x w w x w � | | z z � z w � � � { � � x w � � | � � | | x � � z � � � w � � } x � w | � � { } � z � z y z � � � � z w } | � | } � x w � � � z z w y x { � w � z w } | � x w} � � } � | } � � z w } | � z � � w } � � { z � } z x w � � � ~ } � � } � � } x y z � ~ z w � � � z � � w � � � { } x � x � � } z � � x } � � � � { } x � � � � { � � � � z � � x } � � � }} � x | } ~ � z � � | z w | x } x y x } ~ � } } � z � � } | z } � � } � z � { � � z � } � { z � � { � � z | | � � � } � z { � � � x � x � � } x � w | � } � z { z � z { } � x w � ~ � � � � � � z� { � y z x � � � x � � } x � w | � � { � } � z � | } } � z � � w � z y x } ~ � � } � z � { � � z � } � w � � � | } � x � z � ~ x } | � � x � x } ~ } � � � � x � x } � } z � � � � w � z � x � � } � |� z � � �§ ¤ ¡ § � ¦ �   ¤ ¡

� � � � � 	 0 � � x w � � × z } � x � | � � x � � � ¨ z � z {� x } � � � { z | | x w � w z z � � � { | � | } � x w � � � z � w � { z � z w z { � } x y z � { � � } x � z | x w � � � � � � � | � � � x � z � x } x | z | | z w } x � � } � � } � z � z � � � z� � { z x w } � � � � � x } � � � { � � { � � �ù ¹ ¾ ½ ´ È µ ¿ ´ º É Ç · ´ ¸ ¸ Â ¹ ¼ Ã É º ¶ Â ¹ ¿ ¾ µ ¹ È ´ Ã ¹ ´ · È º ¹ ¿ ¾ ¶ » È ¾ Â º ¹ Ã À µ ¾ ´ ¶ Â µ ¸ ¿ Ã µ ¹ Ç ¿ ´ ¶ Í Â È ´ ¿ µ ¶ ´ Ä ´ Â ¹ ¼ Ç ´ Í ´ ¸ º Æ ´ Ç º ¹ µÇ Â É É ´ ¶ ´ ¹ ¾ ¸ ´ Í ´ ¸ µ ¹ Ç µ ¾ µ Ç Â É É ´ ¶ ´ ¹ ¾ ¶ µ ¾ ´ ¾ ½ µ ¹ ¾ ½ ´ ¹ µ ¾ » ¶ ´ µ ¹ Ç Æ » ¶ Æ º ¿ ´ º É ¾ ½ ´ Ç · ´ ¸ ¸ Â ¹ ¼ Ã · ½ Â È ½ µ ¶ ´ ¶ º º ¾ ´ Ç Â ¹ ¾ ½ ´È » ¿ ¾ º À ¿ Ã ½ µ Ä Â ¾ ¿ Ã µ ¹ Ç Â ¹ ¾ ½ ´ ¶ ´ ¸ µ ¾ Â Í ´ ¿ ¾ µ Ä Â ¸ Â ¾ Å º É Æ ¶ Â À µ ¶ Å ½ » À µ ¹ ¿ Â ¾ » µ ¾ Â º ¹ ¿ Ê Î Ú ´ ¿ ´ ¸ Å Û Ü Ü Ô Ó Û ú Ö� ï { x � � { ~ � � � � w | x } � � } x � w | � � { z � w � � � { z � � ~ � � { � { x � � { ~ � � � � w � � � � x } x z | � � � z | z � � � � x } x z | � x � � } � z � � w | x � z { z � � |} � z � { � � w � � � { � � � { | � | } � x w � � � z � z | x � w � � | } � z ~ z w � � � { � � z } � z { z x � x � � } x � w � w � { z } z w } x � w � � } � � | z z � z � z w } | } � � }� � � z � x � z � z � w x w � � � � � w � � � { } x � � � � { � � � � z | | � z � x � � �� } } � z x w � z � } x � w � � } � x | | } � � x � � { � � z � } � } � x | | x } z � � | � z { } � x w � ~ w � } | � � { z � � { | � z � x � � � � { � � | } | } � � z w } | � × z | � x } z x } |� � � | z � { � � x � x } ~ } � } � z v w x y z { | x } ~ } � x | � � � � z � � � { z � � x w z � y x { } � � � � ~ x w y x | x � � z � � { � � | } � ~ z } } � { � � � � x } z { � } x y zx w } z { � � } x � w } � z { z z � z { � z � � { z � } � w � z { | } � w � x w � | � w � � � � { z � x � } x � w � � { } � x | � � � � z � û � } � x } � | } � w � x w � | � � z � x � � x � � � } x z |� x } � } � z } � } � � | ~ w } � z | x | � � � � x � � x w � � w � | x } z � � � � | z w � � � { � � z � � ~ | } � � z w } | � � � x � x } ~ } � � x | � � y z { � � { � x w { z | � � w | z } �� � z w � � z w � � w � z � � z { x z w � z � � | � z � � } � z x { � | � � } z { � � � � � z w } | x w � � � x w � { z � x w z � z w } | � � | z � � w � � w � } x � w � w � � | z} � � } � � w } { x � � } z � } � } � z z � z { � z w � z � � | � � z y z { ~ � z � x z y � � � z � � � � � z � � { � � z � } | � Ý � x � � é Þ �� w � } x � z � � z { z � � w ~ � | � z � } | � � � x � z � { z y x z � z � � | } z � � � { � { ~ � w � � x | � � | � � � z � � � � z � � x � w � w } � ~ z y x � z w } � ~ } � z� � � } } � x | | x } z x | w � � � w � z { � � x w � � z � � � x } x � w � � z � � | } | z z � | � | } � x w � � x � x } ~ � w � � { � � � z { � � � w z � � � | } � x w � � x � x } ~ � � w w � }� z � w � z { | } � � � � | | } ~ � x | } x � � x w | } { � � z w } � � � � { � { z | � { x � } x y z � � | � � | } x w � z � � � � � x � � � � { � � } x � z | � x � � � z y z � � � } � � � � � } � zz � } z w | x � w � � � z � w x w � � w � } � z � { � � � } x � w � � { z � � } x � w | � x � | � � x � } � w � � � � � z � x } ~ � w � � � w � z y x } ~ � | } � z ~ { z � � } z } � � � � � z �� w | � � { } � | � | } � x w � � x � x } ~ � � | } � z � x { | } � w � z { | } � � � � | � � { � � � � } � � � � { � � z x w � ë x w 1 } � z ë � � { � � � | � } � � } � � { z w y x { � w � z w } |� � ~ { z � � x w | x � w x � x � � w } �� } � � z w } � { z � � } � { � � � � | � � { x w � } � x | | } � � x � � � � w x � x z � } � z � x � x } � } x � w | � � { � } x � w � � x | } x � � w � z � � x { x � � � � � � z | � �� | | z | | � z w } � | � � z � w | � � � � w w z � } x � w � x } � � � z w � � z w � � � � x � � � � | � z � } | � � � � � � z � � w � x w � | � � x z } ~ } � � } � � | � { { x y z �ã å � } } � z � � { x � � | � � { � � � � å ä � � z { z ã å � z z � x w � � � | � z � � � z � � { z � x � � x � � � } } � � w } � x w � x w � � ä Ý ² x � z � w æ ç ì â � ì è ì Þ x } x |� z � { } z w x w � } � | z z } � � } � � { w � w ë x w } z � � z � } � � � � � � z | � � z w � � � z � z w } � { z w � } � � } � � � � ~ � � | z w } � � w � � � ~ x w � � � } � z
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

97



| } x � � � � } z � � � x } z z � | x � ~ x � � x y z w } � z { x � � } � � } � � ~ | } � � w � x � � } � � } � z | } � � z w } | � { z � � x ° � } x � w | � � � � | } { z } � { w � w � z � � { z � w �z w � � x } � × � � x � � { Ø z | z � ~ � | � z � | � | �ù · º ¹ Ç ´ ¶ Â É Â ¾ Â ¿ ¹ ´ È ´ ¿ ¿ µ ¶ Å ¾ º µ ¶ ¼ » ´ µ ¹ Å É » ¶ ¾ ½ ´ ¶ ¾ ½ µ ¾ Æ º ´ ¾ Â È ¿ Â ¿ ¹ º ¾ µ Ç Â ¿ È Â Æ ¸ Â ¹ ´ Ä µ ¿ ´ Ç º ¹ Ç ¶ ´ µ À ¿ º ¶Â À Æ ¶ º Í Â ¿ µ ¾ Â º ¹ ¿ µ ¹ Ç ¾ ½ µ ¾ Â ¾ È º » ¸ Ç Ä ´ Ã µ ¿ É µ ¶ µ ¿ µ ¶ È ½ Â ¾ ´ È ¾ » ¶ ´ Â ¿ È º ¹ È ´ ¶ ¹ ´ Ç Ã À º ¶ ´ ¶ Â ¼ º ¶ º » ¿ ¾ ½ µ ¹ µ ¹ µ ¹ µ ¸ Å ¾ Â È µ ¸ º ¶È µ » ¿ µ ¸ µ Æ Æ ¶ º µ È ½ Ê Î Ú ´ ¿ ´ ¸ Å Û Ü Ü Ô Ó ø Ò Ñ Ö� � z � x z y z } � � } � { z � } z { � � � { z w z | | � w � � � z } x � x w } z { � { z } � } x � w � � w � z � � } z � � z { } � x w � x w � � x } � � z z x w � � w � � { x w �� � � w } x } � } x y z � } z � � w x � � � � � w � x w } z � � z � } � � � � z } � � � | � � � � � w � z { } � z � � y z { w � w � z � � � w z } � x � � � � { � � z � � { � � � w } � x | � � ~z � � � � � x � � � � � w � z { w | � w � z w y x { � w � z w } � � { z � z � x � } x � w � { z w � } | z z w | } { x � } � ~ � | � � | } { � � } � { � � � z � | � � y x w � � { � x � x w � �� � � � x w z � { � } � z { } � z ~ � z � � � z } � z z � } z w | x � w � � � } z � � � { � � � � � � w x | } x � z � x | } z w � z � � z { z � � � � z � � x | } � { ~ � � w � � � � } � { z� { z � w � z { | } � � � � | z | | z w } x � � z � z � z w } | � � | � | } � x w � � x � x } ~ � | � z � � � � � x | { z z | } � � � x | � z � w � } x � w � � � w } � � � � ~ x w � z | x � w� � � � � | } { z w � } � z w x w } z { � � w w z � } z � w z | | � � z � � � z � y z � x � � z } � } { � w | � z w � � � � � x | } x � } � x w � x w � � � w � � � � z { � � � | x } x � w } �| z z | � | } � x w � � x � x } ~ z � � � } � ~ � | x } | � � � � � � z | z z w 1 � | � � { � � w � � � z w } � � � w z w z | | � x } � } � z � � { � � x w � � x � � � z � x y z �£ � � � £ � ¡ § � �� � � � { x � � � { � � ± z � w � à á á æ � 2 * ¯ ) . . © 3 4 ¬ ¬ 5 6 + 7 ª , ¬ � Ø z { | � � û z � � � { �� z { � | � w � ê z w { x � � { � w | � � } z � � ~ � � ~ � z � � z ¨ � � w � x | � w � æ ç â é � 8 + ¬ 6  ¬ 7 « © 9 ¬ * © ª ® � � � z ï � x � � | � � � x � � � ¨ x � { � { ~ � û z �� � { �� z { � | � w � ê z w { x � � { � w | � � } z � � ~ � � ¨ � ï � � | � w � à á á æ � 8 © * ¬ 7 ª ® (  ¬ ¬ : © 4 4 � × � y z { ï � � � x � � } x � w | � û z � � � { �ß � � x w | � ± � � z | � æ ç ç é � 8 + ¬ ) 3 ; ¬ 6 « . « 7  ¬ . 3 7 6 < = ) ª « + ¬ ª 7 « '  ¬ ) ( . ¬ ¬ © ª , � � x � � w � w � � � � � | } z { � û z � � � { �² � � � � z { � ê � w | ² z � { � � æ ç  ì � 8  ' « + 7 ª ® * ¬ « + ) ® � � z � � � { ~ ï { z | | � û z � � � { �² x z � x � w � � x � � { x z � � æ ç ì â � > ¯ 7 6 ¬ ? « © * ¬ ? 7 ª ® 7  6 + © « ¬ 6 « '  ¬ @ « + ¬ ,  ) : « + ) ( 7 ª ¬ : «  7 ® © « © ) ª � ê � { y � { � v w x y z { | x } ~ ï { z | | �² � z } � z � ± � � � w � � � � � � w � y � w � z � � � x � � z { � × � � � � � | � æ ç è è � > 6 © ¬ ª « © ( © 6 . « ' ® © ¬ . A � � � { � � � � ï � � � x | � z { | � û z � � � { �� � � � { x � � zê � | | z { � � ß � � � w � � � { � w | � � } z � � ~ � x � � x � � ï � � � | } � w � w � ² z � { � z û � � � w x � x � w � � w } { � � � � ~ ² z � { � z û � � � w x � x � w � æ ç é â �8 + ¬ © ® ¬ 7 ) ( ¯ + ¬ ª ) * ¬ ª ) 4 ) , / � û x � � � � � � � � z ê � � � z¨ z � � � � û z x � � æ ç ç  � � z } � x w � x w � � { � � x } z � } � { z � � � � } � z � � z � û z � � � { �¨ z � } � z { � � { { � � � × � y x � � à á á â � 8 ) ¯ ) ,  7 ¯ + © 6 7 4 . « )  © ¬ . = . « ' ® © ¬ . © ª 4 7 ª ® . 6 7 ¯ ¬ 7 ª ® 7  6 + © « ¬ 6 « '  ¬ � v w x y z { | x } ~ � �ï z w w | ~ � y � w x � ï { z | | � ï � x � � � z � � � x �û x z } ° | � � z � � { x z � { x � � � � { � w | � � } z � � ~ � � � } z { � � � � � � w w w � æ ç é  � 8 + ¬ 3 ©  « + ) ( «  7 , ¬ ® / 7 ª ® « + ¬ 6 7 . ¬ ) ( : 7 , ª ¬  �� � w � � � ê � � | z � û z � � � { �ï z { z ° ë ² � � z ° � � � � z { } � � B ¬  * ¬ ª ¬ ' « © 6 . 7 . ® © . 6 ) '  . ¬ © ª ® ¬ . © , ª A � { � � � × z | x � w � | | � z | � Ø � � � � z æ ì Ý à Þ � � � � � z {æ ç ç ç � � �  æ ë  ç �Ø z | z � ~ � × � � x � � { � à á á â � C  6 + © « ¬ 6 « '  ¬ © ª « + ¬ 7 , ¬ ) ( ® © 9 © ® ¬ ®  ¬ ¯  ¬ . ¬ ª « 7 « © ) ª = « + ¬ D ' ¬ . « © ) ª ) ( 6  ¬ 7 « © 9 © « / © ª « + ¬ . + 7 ® ) :) ( ¯  ) ® ' 6 « © ) ª � � � � ï { z | | � � � � � { x � � z� � � � � z x � � � � � { � z | z � � à á á é 8 + ¬ 4 7 ª ® . 6 7 ¯ ¬ '  3 7 ª © . *  ¬ 7 ® ¬  � ï { x w � z } � w � { � � x } z � } � { � � ï { z | | � û z � � � { �� � } } | � � � � w � æ ç ì  � 8 + ¬ : 7 / ) ( E ¬ ª � Ø x w } � � z � � � � | � û z � � � { �� � } } | � � � � w � æ ç é  � 8 + ¬ . ' ¯  ¬ * ¬ © ® ¬ ª « © « / = 7 ª ¬ . . 7 / ) ª )  © ¬ ª « 7 4 * ¬ « 7 ¯ + / . © 6 7 ª ® « + ¬ 6 +  © . « © 7 ª  ¬ 4 © , © ) ª � � � zû � � w � � ~ ï { z | | � û z � � � { �� x } } � z w | } z x w � ¨ � � � x � � æ ç ì è � F + © 4 ) . ) ¯ + © 6 7 4 © ª 9 ¬ . « © , 7 « © ) ª . � � � � � x � � � w � û z � � � { �
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 

98



G H I J K L M N J O P Q R S T P J M U J V P W O X J M L RR Y Z [ \ ] ^ _ ` a b c ^ c d c Z [ e f Z g h a [ i [ ] j k l c i _ a c _ k Y Z [ \ ] ^ _m n o p q m r p s f h ^ b t _ t Z \ g [ u u d a ^ g _ c Z b c h Z \ Z b d i c b [ e _ a _ \ g h ^ c Z g c d \ _ i \ Z b Z _ \ g h t \ [ v Z g c w h ^ g hb [ d ] h c ^ a a [ x _ c ^ x Z y Z b ^ ] a b c \ _ c Z ] ^ Z b e [ \ _ g h ^ Z x ^ a ] Z a Z \ ] j _ a y \ Z b [ d \ g Z Z e e ^ g ^ Z a g ^ Z b ^ a w _ c Z \u _ a _ ] Z u Z a c b j b c Z u b c \ _ y ^ c ^ [ a _ i i j d b Z y ^ a b ^ a ] i Z z e _ u ^ i j h [ d b ^ a ] { ` c y Z b g \ ^ | Z b c h Z Z a ] ^ a Z Z \ ^ a ][ e _ a Z e e ^ g ^ Z a c k u d i c ^ e _ g Z c Z y k _ a y e d i i j ^ a c Z ] \ _ c Z y w _ c Z \ u _ a _ ] Z u Z a c b j b c Z u e [ \ _ y [ u Z b c ^ gZ a x ^ \ [ a u Z a c [ e } ~ ~ b � { e c { k Z a c ^ \ Z i j t [ w Z \ Z y | j b [ i _ \ Z a Z \ ] j { f h Z e [ d \ ^ a a [ x _ c ^ [ a b w h [ b Zy Z c _ ^ i b _ \ Z g [ a x Z j Z y ^ a g i d y Z c h Z d b Z [ e _ i c Z \ a _ c Z u _ c Z \ ^ _ i b e [ \ t ^ t ^ a ] y ^ b c \ ^ | d c ^ [ a _ a y g [ i i Z g c ^ [ a kc h Z d b Z [ e w _ c Z \ ^ a b [ i _ \ Z a Z \ ] j ] Z a Z \ _ c ^ [ a k c h Z y Z b ^ ] a [ e _ | d ^ i y ^ a ] b � ^ a w h ^ g h g _ t ^ c _ i ^ � Z b [ aw _ c Z \ � b g _ t _ g ^ c j c [ b c [ \ Z h Z _ c _ b w Z i i _ b c h Z y Z b ^ ] a [ e _ Z g [ i [ ] ^ g _ i ] \ [ d a y b g _ t Z w h ^ g h \ Z z d b Z b_ a y e ^ i c Z \ b w _ b c Z w _ c Z \ _ a y \ _ ^ a w _ c Z \ {� Z j w [ \ y b � Z a Z \ ] j k t i d u | ^ a ] k h [ u Z y Z b ^ ] a� � � � � � � � � � � �f h ^ b t _ t Z \ g [ u u d a ^ g _ c Z b c h Z \ Z b d i c b [ e _ a _ \ g h ^ c Z g c d \ _ i \ Z b Z _ \ g h t \ [ v Z g c w h ^ g h b [ d ] h c ^ a a [ x _ c ^ x Z y Z b ^ ] ab c \ _ c Z ] ^ Z b e [ \ _ g h ^ Z x ^ a ] Z a Z \ ] j _ a y \ Z b [ d \ g Z Z e e ^ g ^ Z a g ^ Z b ^ a w _ c Z \ u _ a _ ] Z u Z a c b j b c Z u b c \ _ y ^ c ^ [ a _ i i j d b Z y ^ ab ^ a ] i Z z e _ u ^ i j h [ d b ^ a ] { l | d ^ i y ^ a ] � b t i d u | ^ a ] ^ a e \ _ b c \ d g c d \ Z k b d g h _ b ^ c b b d t t i j k y ^ b c \ ^ | d c ^ [ a _ a y w _ b c Z g [ i i Z g c ^ [ a ^ b\ _ \ Z i j _ y y \ Z b b Z y w h Z a y Z x Z i [ t ^ a ] ^ a ^ c ^ _ c ^ x Z b e [ \ ^ u t \ [ x ^ a ] b d b c _ ^ a _ | i Z t \ _ g c ^ g Z b w ^ c h ^ a c h Z g [ a b c \ d g c ^ [ a ^ a y d b c \ j {l a y j Z c k ^ c ^ b t \ Z g ^ b Z i j c h ^ b a Z c w [ \ � [ e t ^ t Z b k x _ i x Z b _ a y g [ a c \ [ i b w h ^ g h t i _ j b _ g [ a b ^ y Z \ _ | i Z \ [ i Z ^ a c h Z c [ c _ iZ a Z \ ] j _ a y \ Z b [ d \ g Z g [ a b d u t c ^ [ a [ e _ a j | d ^ i y ^ a ] { � ^ c h _ a Z j Z c [ _ y y \ Z b b ^ a ] c h ^ b g [ a y ^ c ^ [ a k c h Z e [ i i [ w ^ a ]y Z b g \ ^ | Z b c h Z Z a ] ^ a Z Z \ ^ a ] [ e _ a Z e e ^ g ^ Z a c k u d i c ^ e _ g Z c Z y k _ a y e d i i j ^ a c Z ] \ _ c Z y w _ c Z \ u _ a _ ] Z u Z a c b j b c Z u e [ \ _y [ u Z b c ^ g Z a x ^ \ [ a u Z a c [ e } ~ ~ b � { e c { f h Z e [ d \ ^ a a [ x _ c ^ [ a b w h [ b Z y Z c _ ^ i b _ \ Z g [ a x Z j Z y ^ a g i d y Z c h Z d b Z [ e_ i c Z \ a _ c Z u _ c Z \ ^ _ i b e [ \ t ^ t ^ a ] y ^ b c \ ^ | d c ^ [ a _ a y g [ i i Z g c ^ [ a k c h Z d b Z [ e w _ c Z \ ^ a b [ i _ \ Z a Z \ ] j ] Z a Z \ _ c ^ [ a k c h Z y Z b ^ ] a [ e_ | d ^ i y ^ a ] b � ^ a w h ^ g h g _ t ^ c _ i ^ � Z b [ a w _ c Z \ � b g _ t _ g ^ c j c [ b c [ \ Z h Z _ c _ b w Z i i _ b c h Z y Z b ^ ] a [ e _ a Z g [ i [ ] ^ g _ i] \ [ d a y b g _ t Z w h ^ g h \ Z z d b Z b _ a y e ^ i c Z \ b w _ b c Z w _ c Z \ _ a y \ _ ^ a w _ c Z \ {f h ^ b t _ t Z \ w _ b w \ ^ c c Z a g [ i i _ | [ \ _ c ^ x Z i j | j b c d y ^ [ ^ a b c \ d g c [ \ _ a y ] \ _ y d _ c Z _ \ g h ^ c Z g c d \ Z b c d y Z a c _ c c h Z � [ i i Z ] Z [ el \ g h ^ c Z g c d \ Z [ e c h Z Y Z [ \ ] ^ _ ` a b c ^ c d c Z [ e f Z g h a [ i [ ] j k h ^ ] h i ^ ] h c ^ a ] _ t \ [ g Z b b w h ^ g h [ t Z a i j t \ [ u [ c Z y c h Z ^ a c Z ] \ _ c ^ [ a[ e | [ c h \ Z b Z _ \ g h _ a y y Z b ^ ] a u Z c h [ y [ i [ ] ^ Z b w ^ c h ^ a Z � ^ b c ^ a ] t Z y _ ] [ ] ^ g _ i b c \ d g c d \ Z b c j t ^ g _ i [ e _ \ g h ^ c Z g c d \ Z b c d y ^ [ b {` c y Z c _ ^ i b g [ a y ^ c ^ [ a b w h ^ g h e _ g ^ i ^ c _ c Z y Z � c Z a b ^ x Z g [ i i _ | [ \ _ c ^ [ a b | Z c w Z Z a b c d y Z a c _ a y ^ a y d b c \ j b t Z g ^ _ i ^ b c b k b d t t i ^ Z \ b_ a y _ b b [ g ^ _ c Z y Z a ] ^ a Z Z \ b { l a y g [ a y d g c Z y d a y Z \ c h Z _ d b t ^ g Z b [ e c h Z � [ i _ \ � Z g _ c h i [ a � ~ ~ � � [ u t Z c ^ c ^ [ a k c h Zb c d y ^ [ h Z i y ^ a c h Z e _ i i [ e � ~ ~ � ^ a x [ i x Z y c h Z g [ i i _ | [ \ _ c ^ [ a [ e b ^ � c Z Z a _ \ g h ^ c Z g c d \ Z b c d y Z a c b _ a y _ a Z � d _ i a d u | Z \ [ eZ a ] ^ a Z Z \ ^ a ] _ a y | d ^ i y ^ a ] c Z g h a [ i [ ] j b c d y Z a c b [ t Z \ _ c ^ a ] _ b g [ a b d i c _ a c b { f h Z u _ a y _ c Z c [ y Z b ^ ] a k | d ^ i y _ a yc \ _ a b t [ \ c c [ � _ b h ^ a ] c [ a � � k _ h ^ ] h i j Z e e ^ g ^ Z a c b ^ a ] i Z z e _ u ^ i j h [ d b Z Z a c ^ \ Z i j [ t Z \ _ c Z y d b ^ a ] b [ i _ \ t [ w Z \ w _ b c h Z^ u u Z y ^ _ c Z g [ a c Z � c w ^ c h ^ a w h ^ g h c h Z t i d u | ^ a ] y Z b ^ ] a w _ b y Z x Z i [ t Z y { � _ a _ ] ^ a ] c h Z w _ c Z \ g [ a b d u t c ^ [ a _ a yw _ b c Z \ Z y ^ b c \ ^ | d c ^ [ a [ e _ [ a Z | Z y \ [ [ u k [ a Z | _ c h i ^ x ^ a ] Z a x ^ \ [ a u Z a c d b ^ a ] c h Z i Z _ b c _ u [ d a c [ e Z a Z \ ] j w _ b c h ZZ � t \ Z b b ] [ _ i { ` a _ y y ^ c ^ [ a k c h Z _ g g [ u u [ y _ c ^ [ a [ e _ ] \ Z j w _ c Z \ b j b c Z u e [ \ \ Z g j g i ^ a ] w _ b c Z _ a y \ _ ^ a w _ c Z \ | Z g _ u Z_ a ^ u t [ \ c _ a c e Z _ c d \ Z [ e c h Z i _ a y b g _ t Z y Z b ^ ] a { f h Z b c d y ^ [ w _ b t \ [ y d g c ^ x Z i j g [ a b c \ _ ^ a Z y | j c h Z \ Z _ i i ^ e Z a Z g Z b b ^ c jc [ t h j b ^ g _ i i j | d ^ i y _ a y [ t Z \ _ c Z c h Z \ Z b d i c b [ e [ a Z � b ^ a x Z a c ^ [ a { l i i y Z g ^ b ^ [ a b w ^ i i b Z Z c h Z i ^ ] h c [ e y _ j _ a y | Zb d | u ^ c c Z y c [ c h Z \ ^ ] [ \ [ d b c Z b c ^ a ] [ e _ a ^ a c Z \ a _ c ^ [ a _ i g [ u t Z c ^ c ^ [ a { f h ^ b ^ b c h Z g [ a c Z � c w ^ c h ^ a w h ^ g h c h Z e d i i u Z \ ^ c [ ec h Z w [ \ � y Z b g \ ^ | Z y h Z \ Z | Z i [ w b h [ d i y | Z Z x _ i d _ c Z y { � d c _ b d | z b Z g c ^ [ a [ e c h Z \ Z b Z _ \ g h _ a y y Z b ^ ] a w [ \ �d a y Z \ c _ � Z a | j _ a Z a c ^ \ Z g i _ b b [ e _ \ g h ^ c Z g c _ a y Z a ] ^ a Z Z \ g [ i i _ | [ \ _ c [ \ b k ^ c \ Z ] ^ b c Z \ b c h Z ] _ ^ a b _ g h ^ Z x Z y w h Z a _ b � ^ a ]� d Z b c ^ [ a b t Z \ c ^ a Z a c c [ | d ^ i y ^ a ] t Z \ e [ \ u _ a g Z k b d b c _ ^ a _ | i Z w _ c Z \ u _ a _ ] Z u Z a c t \ _ g c ^ g Z b _ a y c h Z g [ a b c \ d g c ^ [ a [ eb [ i _ \ t [ w Z \ Z y h [ u Z b {
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007

99
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© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007

101
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� ö ( 5 � � ÷ / t � u � ) 2 # t � u � \ ; v ö ) � � 9 ! ) ) � w t � � + � u � ) 2 � � � ) � x y � ) � 1 � z � � � t � ö ( � � uÑ Þ Â Ã Â ¿ Ç Á Ø Å Â ß Ø ¿ ¿ Â ä ß Â È À ¿ Â Ä Ç ¿ Â Â ß Ê Â Ç È Å Þ Â ¿ Â à Ü Ú Ø å Ø á , Â ¿ Â Á Ø ë Ø Ú Ú Û Ç ¿ Å À ¿ Í Â Ä Å Þ Â Ä Å Ã Â Â Å à Ø Ú Ú Ø Ú Ç ¿ Ê Ó Þ Ø ¿ ¿ À ¿ Êô Ø Æ Ø ¿ ß Ü Ã Ç Á À ß Â Ä Ø Ã Û Ø ß Â Ä Ø ¿ ß Ø Û Ú Â Ø Ã Ú Æ ß Â È À ¿ Â ß Å Ç à Â Ã Ù Ø Ã â À ¿ Ê Å Þ Â Ü Í Ý Ú À Û Â ¿ Å Ã Æ À ¿ Å Ç Å Þ Â Ü Ú Ø å Ø á= C D ? E ? M F G H I A J A K ? D L M ? L N
© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 129



Î Í Ã Ü Ã À Ä À ¿ Ê Ú Æ Ë Å Þ Â Û Ç Ä Å È Ç Ã Ã Â ¿ Ç Á Ø Å À Ç ¿ à Ø Ä Â Á Â ¿ ø ù - Ú Â Ä Ä Å Þ Ø ¿ ¿ Â à Û Ç ¿ Ä Å Ã Í Û Å À Ç ¿ á è Ç Ã Â Ç Á Â Ã Ë Å Þ Â Û Þ Í Ã Û Þ à Ø Ä Ø Ý Ú ÂÅ Ç Ê Â Å Ø Ã Â Ù Ø Ã â Ø Ý Ú Â Ý Í À Ú ß À ¿ Ê Ë à À Å Þ Ú Ø Ã Ê Â à À ¿ ß Ç à Ä Ø ¿ ß � ã Ù Â Å Â Ã Þ À Ê Þ Û Â À Ú À ¿ Ê Ä á Ï Ú Å Þ Ç Í Ê Þ Ù Ø ¿ Æ Ù Â Ù Ý Â Ã Ä Ç È Å Þ ÂÛ Þ Í Ã Û Þ à Â Ã Â Ã Â Ú Í Û Å Ø ¿ Å Ä Í Ü Ü Ç Ã Å Â Ã Ä Ç È Ã Â ¿ Ç Á Ø Å À ¿ Ê è Û ê À ¿ Ú Â Æ Ï ¿ ¿ Â ä Ë ¿ Ç à Å Þ Ø Å À Å À Ä À ¿ Í Ä Â Å Þ Â Ý Â ¿ Â È À Å Ä Ø Ã Â Û Ú Â Ø Ã á É ¿ ÂÇ Û Û Í Ü Ø ¿ Å à Þ Ç ß À ß ¿ Ç Å à Ø ¿ Å Å Ç Ù Ç Á Â È Ã Ç Ù Þ Â Ã Ç Ú ß à À ¿ ß Ç à Ú Â Ä Ä Û Ç Í ¿ Ä Â Ú Ú À ¿ Ê Ã Ç Ç Ù Ä Ë ¿ Ç à Ã Ø Á Â Ä Ø Ý Ç Í Å Þ Â Ã Ú À Ê Þ Å È À Ú Ú Â ßÇ È È À Û Â Ä Ø ¿ ß Ä Ø À ß Ë Ö ô Â ú Á Â Ý Â Â ¿ Û Ç Í ¿ Ä Â Ú Ú À ¿ Ê Ø Ú Ú Å Þ Â Ä Â Æ Â Ø Ã Ä À ¿ Å Þ Â ß Ø Ã â Ø ¿ ß ß À ß ¿ ú Å Â Á Â ¿ Ã Â Ø Ú À å Â À Å á 7 Ç à à Â ú Ã Â À ¿ Å Þ ÂÚ À Ê Þ Å Ë Ü Þ Æ Ä À Û Ø Ú Ú Æ Ø ¿ ß Ä Ü À Ã À Å Í Ø Ú Ú Æ × � ë Â ß Ú Í ¿ ß Ë ø ù ù � � á# � / � ! 3 � 4 � 5 ÷ ! � � � � � ; � � � y � � � ) ' � ÷ ö ( )Ñ Þ Â Â ä À Ä Å À ¿ Ê Û Ø Ù Ü Í Ä Þ Ø ß Å Þ Ã Â Â Ý Í À Ú ß À ¿ Ê Ä Ë Ø Ä Í Ã È Ø Û Â Ü Ø Ã â À ¿ Ê Ú Ç Å Ë Ø Ú À Å Å Ú Â Í Ä Â ß Û Ç Í Ã Å Æ Ø Ã ß Ë Ø ¿ ß Ø Ã Ø Å Þ Â Ã Ø Å Å Ã Ø Û Å À Á ÂÜ Ø Å À Ç Å Þ Ø Å È Ã Ç ¿ Å Â ß Å Þ Â Ä Ø ¿ Û Å Í Ø Ã Æ á . À Å Å Ú Â Å À Â ß Å Þ Â Ý Í À Ú ß À ¿ Ê Ä Å Ç Ê Â Å Þ Â Ã Ç Å Þ Â Ã Å Þ Ø ¿ Ø È Â à à Ø Ú â à Ø Æ Ä á Ñ Þ Â ß À Ä Û Ç ¿ ¿ Â Û Å Â ß¿ Ø Å Í Ã Â Ç È Å Þ Â Û Ø Ù Ü Í Ä Ú Â ß Å Þ Â Û Þ Í Ã Û Þ Å Ç Å Þ À ¿ â Ç È Å Þ Â Ý Í À Ú ß À ¿ Ê Ä À ¿ À Ä Ç Ú Ø Å À Ç ¿ á Ñ Þ Â Ù Â Ù Ý Â Ã Ä Û Ç ¿ Ä À ß Â Ã Â ß è Û ê À ¿ Ú Â ÆÏ ¿ ¿ Â ä à Ç Ã Å Þ Ú Â Ä Ä Ø ¿ ß Ø Û Ø ¿ ß À ß Ø Å Â È Ç Ã ß Â Ù Ç Ú À Å À Ç ¿ á Î Ç Ù Â Ä Ø à Å Þ Â Â ä À Ä Å À ¿ Ê Ä Ø ¿ Û Å Í Ø Ã Æ Ø Ä Ø Ê Ú Ø Ä Ä ã à Ø Ú Ú Â ß é Â à Â Ú Å Þ Ø ÅÄ Þ Ç Í Ú ß Ä Å Ø ¿ ß Ø Ú Ç ¿ Â á Õ ¿ Ø ß ß À Å À Ç ¿ Ë Å Þ Â Â ä À Ä Å À ¿ Ê Â ß Í Û Ø Å À Ç ¿ Ý Í À Ú ß À ¿ Ê � ô Â Ä Å Ù À ¿ Ä Å Â Ã ë Ø Ú Ú � à Ø Ä Ë Ø Û Û Ç Ã ß À ¿ Ê Å Ç Å Þ Â È À Ã Ä ÅØ Ã Û Þ À Å Â Û Å Ë Å Ç Ç Ç Ú ß Å Ç Â È È À Û À Â ¿ Å Ú Æ Ý Ã À ¿ Ê Í Ü Å Ç Û Í Ã Ã Â ¿ Å Ä Â À Ä Ù À Û Ä Å Ø ¿ ß Ø Ã ß Ä á ë Ç à Â Á Â Ã Ë Ç ¿ Û Â Å Þ Â ¿ Â à Û Ç ¿ Û Â Ü Å ß Â Ä À Ê ¿Å Â Ø Ù Ä Þ Ç à Â ß Ø Ä â Â Å Û Þ Å Þ Ø Å Í Ä Â ß Ø Ú Ø Ã Ê Â ¿ Â à Ü Ú Ø å Ø Å Ç Ú À ¿ â Å Þ Â Å Þ Ã Â Â Â ä À Ä Å À ¿ Ê Ý Í À Ú ß À ¿ Ê Ä à À Å Þ Å Þ Â ¿ Â à Â ß Í Û Ø Å À Ç ¿ Ø ¿ ßØ ß Ù À ¿ À Ä Å Ã Ø Å À Ç ¿ Ý Í À Ú ß À ¿ Ê Ë Ù Ø ¿ Æ À ¿ Å Þ Â Û Þ Í Ã Û Þ Ý Â Ê Ø ¿ Å Ç Ä Â Â Å Þ Â Á Ø Ú Í Â À ¿ Û Ã Â Ø Å À ¿ Ê Ø Ã Â Ø Ú Û Ø Ù Ü Í Ä ü Ø Ü Ú Ø Û Â à Þ Â Ã ÂÝ Í À Ú ß À ¿ Ê Ä Ä Þ Ø Ü Â Ç Í Å ß Ç Ç Ã Ã Ç Ç Ù Ä Ë à Þ Â Ã Â à Ø Ú â Ä Ø Ã Â ß À Ã Â Û Å Ø ¿ ß Û Ç Ù È Ç Ã Å Ø Ý Ú Â Ë Ø ¿ ß à Þ Â Ã Â Ú Ø ¿ ß Ä Û Ø Ü À ¿ Ê Ä Ç È Å Â ¿ Ä Å Þ ÂÂ ß Ê Â Ä � æ À Ê � � á Ñ Þ À Ä Ú Â ß Å Ç Ø Ù Ç Ã Â À ¿ Å Â Ê Ã Ø Å Â ß Á À Â à Ç È Å Þ Â À ¿ ß À Á À ß Í Ø Ú Ý Í À Ú ß À ¿ Ê Ä Ë à Þ À Û Þ à Â Ã Â ¿ Ç à Ü Ø Ã Å Ç È Ø à Þ Ç Ú ÂÂ ¿ Ä Â Ù Ý Ú Â á Ò Ø Å Þ Â Ã Å Þ Â ¿ Ä À Å À ¿ À Ä Ç Ú Ø Å À Ç ¿ { Å Þ Â Ý Í À Ú ß À ¿ Ê Ä Û Ç Í Ú ß à Ç Ã â Å Ç Ê Â Å Þ Â Ã Å Ç Û Ã Â Ø Å Â Ø à Ø Ú â Ø Ý Ú Â Û Ø Ù Ü Í Ä á Õ ¿ È Ø Û Å Ë Ø Ú ÚÅ Þ Â Ý Í À Ú ß À ¿ Ê Ä à Â Ã Â ¿ Â Â ß Â ß Å Ç Ü Ã Ç Á À ß Â Ä Ü Ø Å À Ø Ú ß Â È À ¿ À Å À Ç ¿ Å Ç Å Þ Â Û Ø Ù Ü Í Ä á Ñ Þ Â à À ß Â Ú Æ Ä Í Ü Ü Ç Ã Å Â ß Ü Ú Ø ¿ � Ø Å Ú Â Ø Ä Å à À Å Þ À ¿Å Þ Â Û Þ Í Ã Û Þ � Å Ç ß Â Ù Ç Ú À Ä Þ Å Þ Â è Û ê À ¿ Ú Â Æ Ï ¿ ¿ Â ä Ø ¿ ß ô Â Ä Å Ù À ¿ Ä Å Â Ã ë Ø Ú Ú à Ø Ä Å Ø â Â ¿ Ç È È Å Þ Â Å Ø Ý Ú Â Ú Ø Ã Ê Â Ú Æ Ý Â Û Ø Í Ä Â Ç È Å Þ ÂÛ Ø Ù Ü Í Ä Ø Ü Ü Ã Ç Ø Û Þ Å Ç ß Â Ä À Ê ¿ á

� ö ( 5 � � c � 3 � 4 � 5 ÷ � � � ) % � ö � ÷ � � � � ÷ : 9 � � � ö � ) 3 � 5 � ; � � + 6 � � < � � � 9, Â ¿ Â Á Ø ë Ø Ú Ú ú Ä ¿ Ø Ã Ã Ç à à À ¿ Ê Ä Ø ¿ ß Ø Ã Â ¿ Ç Á Ø Å Â ß è Û ê À ¿ Ú Â Æ Ï ¿ ¿ Â ä Þ Â Ú Ü Ä Þ Ø Ü Â Å Þ Â ¿ Â à Ç Í Å ß Ç Ç Ã Ü Ú Ø å Ø á| } ~ � � � � � � � � � � � � � � } � � � � � � � � � � � � } � � � � � � � � � � � � � � � � � � �
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# � # � y � � � ) ö ) ( � � � 6 5 ö � 2 ö ) ( ÷  ! ] ö 4 � � ö + ö � 2 ! � � � � � ; �æ Ç Ã Å Þ Â À ¿ ß À Á À ß Í Ø Ú Ý Í À Ú ß À ¿ Ê Ä Ë Ã Ø Å Þ Â Ã Å Þ Ø ¿ Ã Â Ú Æ Ç ¿ Û Ç Ù Ü Ú Â ä Ø Û Å À Á Â Ä Æ Ä Å Â Ù Ä Ë Å Þ Â Û Ç ¿ Û Â Ü Å ß Â Ä À Ê ¿ Å Â Ø Ù È Ç Û Í Ä Â ß Ç ¿Ü Ã Ç Á À ß À ¿ Ê Ú Ø Æ Ç Í Å Ä Å Þ Ø Å Ý Â ¿ Â È À Å È Ã Ç Ù Ü Ø Ä Ä À Á Â Ä Å Ã Ø Å Â Ê À Â Ä È Ç Ã Ú À Ê Þ Å À ¿ Ê Ë Þ Â Ø Å À ¿ Ê Ë Ø ¿ ß Û Ç Ç Ú À ¿ Ê á Ñ Þ Â È À Ã Ä Å Ù Ç Á Â à Ø Ä Å Ç¿ Ø Ã Ã Ç à Å Þ Â ¿ Â à Ý Í À Ú ß À ¿ Ê Ä Í Ý Ä Å Ø ¿ Å À Ø Ú Ú Æ È Ã Ç Ù Å Þ Â Ç Ã À Ê À ¿ Ø Ú ß Â Ä À Ê ¿ á Ò Ø Å Þ Â Ã Å Þ Ø ¿ ß Â Ä À Ê ¿ Ø ÿ ù ã Ù Â Å Â Ã à À ß Â Ý Í À Ú ß À ¿ Ê Ë Å Þ Â¿ Â à Ä Å Ø ¿ ß Ø Ã ß à Ø Ä È Ç Ã à Þ Ø Å Ø Ã Û Þ À Å Â Û Å Ó Þ Ã À Ä Ï Ú Â ä Ø ¿ ß Â Ã � � � � � � Û Ø Ú Ú Ä � ô À ¿ Ê Ä Ç È . À Ê Þ Å á ú ô Þ À Ú Â ¿ Ç Å Ø Ä ¿ Ø Ã Ã Ç à Ø ÄÏ Ú Â ä Ø ¿ ß Â Ã ú Ä Ü Ø Å Å Â Ã ¿ Ë Ø Å � � Ù Â Å Â Ã Ä Å Þ Â ¿ Â à Ý Í À Ú ß À ¿ Ê ú Ä à À ¿ Ê Ä Ø ¿ ß À ¿ Å Â Ã ¿ Ø Ú Ê Ú Ø å À ¿ Ê Ø Ú Ú Ç à Ú À Ê Þ Å Å Ç Â ¿ Å Â Ã Ø Ú Ù Ç Ä Å Â Á Â Ã ÆÄ Ü Ø Û Â È Ã Ç Ù Å à Ç Ä À ß Â Ä � æ À Ê Í Ã Â þ � á Ñ Þ À Ä Þ Ø Ä Ø Ü Ç Ä À Å À Á Â Â ¿ Á À Ã Ç ¿ Ù Â ¿ Å Ø Ú Ø ¿ ß Â Ù Ç Å À Ç ¿ Ø Ú Â È È Â Û Å á Ñ Þ Â Ç Á Â Ã Ø Ú Ú Ú Ø Æ Ç Í Å Ø ¿ ßÍ Ä Â Ç È Ç Ü Â Ã Ø Ý Ú Â à À ¿ ß Ç à Ä Ø Ú Ú Ç à Ä È Ç Ã Ü Ø Ä Ä À Á Â Á Â ¿ Å À Ú Ø Å À Ç ¿ Ø ¿ ß Â Ú À Ù À ¿ Ø Å Â Ä Å Þ Â ¿ Â Â ß È Ç Ã Ø À Ã ã Û Ç ¿ ß À Å À Ç ¿ À ¿ Ê á ¾ Ä À ¿ Ê ¿ Ø Å Í Ã Ø ÚÁ Â ¿ Å À Ú Ø Å À Ç ¿ � a À Ù Ü Ã Ç Á Â Ä Ø À Ã 	 Í Ø Ú À Å Æ Ë Â ¿ Ä Í Ã Â Ä Ê Ç Ç ß Á Â ¿ Å À Ú Ø Å À Ç ¿ Ø ¿ ß Ä Ø Á Â Ä Ý Ç Å Þ Â ¿ Â Ã Ê Æ Ø ¿ ß Ù Ç ¿ Â Æ Ë � Ø Û Û Ç Ã ß À ¿ Ê Å Ç. Â Ç ¿ , Ú À Û â Ä Ù Ø ¿ Ë ß À Ã Â Û Å Ç Ã Ç È è Õ Ñ � Ä Ð Í À Ú ß À ¿ Ê Ñ Â Û Þ ¿ Ç Ú Ç Ê Æ ç Ã Ç Ê Ã Ø Ù � Û À Å Â ß À ¿ Î Å Ø Í È È Â Ã ø ù ù � Ô � � á è Ç Ã Â Ç Á Â Ã Ë Ø Û Û Ç Ã ß À ¿ ÊÅ Ç 7 Ø ¿ Û Æ Î Å Ø Í È È Â Ã Ç È è Õ Ñ ú Ä . Ø Ý Ç Ã Ø Å Ç Ã Æ È Ç Ã Ì ¿ Â Ã Ê Æ Ø ¿ ß Å Þ Â Ì ¿ Á À Ã Ç ¿ Ù Â ¿ Å Ë Ä Å Í ß À Â Ä Þ Ø Á Â Ä Þ Ç à ¿ Å Þ Ø Å Ü Â Ç Ü Ú Â Ê Â ¿ Â Ã Ø Ú Ú ÆÈ Â Â Ú Ù Ç Ã Â Û Ç Ù È Ç Ã Å Ø Ý Ú Â À ¿ Ø ¿ Ø Å Í Ã Ø Ú Ú Æ Á Â ¿ Å À Ú Ø Å Â ß Ý Í À Ú ß À ¿ Ê Å Þ Ø ¿ À ¿ Ø ¿ Ø À Ã ã Û Ç ¿ ß À Å À Ç ¿ Â ß Ç ¿ Â � Î Å Ø Í È È Â Ã ø ù ù � � á Õ Å À ÄÍ ¿ È Ç Ã Å Í ¿ Ø Å Â Å Þ Ø Å È Â à Û Ç Ù Ù Â Ã Û À Ø Ú Ý Í À Ú ß À ¿ Ê Ä Ã Â Ú Æ Ç ¿ ¿ Ø Å Í Ã Ø Ú Á Â ¿ Å À Ú Ø Å À Ç ¿ á Ì Á Â ¿ À ¿ Ð Â Ã â Â Ú Â Æ Ë Å à Ç Ã Â Û Â ¿ Å Ú Æ Û Ç Ù Ü Ú Â Å Â ßÝ Í À Ú ß À ¿ Ê Ä à À Å Þ Ä À Ù À Ú Ø Ã È Í ¿ Û Å À Ç ¿ Ä � À á Â á Â ß Í Û Ø Å À Ç ¿ Ø ¿ ß Ø ß Ù À ¿ À Ä Å Ã Ø Å À Ç ¿ � à Â Ã Â Ý Í À Ú Å à À Å Þ È À ä Â ß à À ¿ ß Ç à Ä Ø ¿ ß Ø Ã Â Ú À Ø ¿ Û Â Ç ¿Ø À Ã Û Ç ¿ ß À Å À Ç ¿ À ¿ Ê á ç Â Ã Þ Ø Ü Ä Å Ç Ç È Â à Ý Í À Ú ß À ¿ Ê Ç à ¿ Â Ã Ä Û Ø ¿ Å Ç Ú Â Ã Ø Å Â Å Þ Â Å Ã Ø ß Â ã Ç È È ã ã Ø Ê Ã Â Ø Å Â Ã À ¿ Å Â Ã ¿ Ø Ú Å Â Ù Ü Â Ã Ø Å Í Ã ÂÄ à À ¿ Ê á Ï ß Ù À Å Å Â ß Ú Æ Ë Å Þ Â Å Â Ù Ü Â Ã Ø Å Â Û Ú À Ù Ø Å Â Ç È Ð Â Ã â Â Ú Â Æ Û Â Ã Å Ø À ¿ Ú Æ Þ Â Ú Ü Ä á 7 Â Á Â Ã Å Þ Â Ú Â Ä Ä Ë Ç Û Û Í Ü Ø ¿ Å Ä Ä Å À Ú Ú Â ä Ü Â Ã À Â ¿ Û Âß Ø À Ú Æ Å Â Ù Ü Â Ã Ø Å Í Ã Â Ä à À ¿ Ê Ä Ç È Í Ü Å Ç � ß Â Ê Ã Â Â Ä Ó Â Ú Ä À Í Ä á Î Í Ã Ü Ã À Ä À ¿ Ê Ú Æ Ë Å Þ Â Ã Â Þ Ø Á Â Ý Â Â ¿ È Â à Û Ç Ù Ü Ú Ø À ¿ Å Ä Ç ¿ Å Þ Â Ç È È À Û ÂÈ Ú Ç Ç Ã Ç Ã À ¿ Å Þ Â Û Ú Ø Ä Ä Ã Ç Ç Ù Ä Ø Ý Ç Í Å À ¿ ß Ç Ç Ã Å Â Ù Ü Â Ã Ø Å Í Ã Â Ä Â À Å Þ Â Ã Ý Â À ¿ Ê Å Ç Ç Þ Ç Å Ç Ã Å Ç Ç Û Ç Ú ß á Ñ Þ À Ä Û Ø ¿ Ý Â Ø Å Å Ã À Ý Í Å Â ß À ¿Ü Ø Ã Å Å Ç Å Þ Â È Ø Û Å Å Þ Ø Å Å Þ Â Ç Û Û Í Ü Ø ¿ Å Ä ¿ Â Á Â Ã Ý Â Û Ø Ù Â Ø Û Û Í Ä Å Ç Ù Â ß Å Ç Å Þ Â Ù Ç Ã Â Â ä Ø Û Å Å Â Ù Ü Â Ã Ø Å Í Ã Â Ä Ø Á Ø À Ú Ø Ý Ú Â à À Å Þ Ø À ÃÛ Ç ¿ ß À Å À Ç ¿ À ¿ Ê Ø ¿ ß Å Ç Å Þ Â È Ø Û Å Å Þ Ø Å Å Þ Â Æ Û Ø ¿ Ç Ü Â ¿ Ç Ã Û Ú Ç Ä Â Å Þ Â à À ¿ ß Ç à Ä Ø Ä ¿ Â Â ß Â ß Ë à Þ À Û Þ Ê À Á Â Ä Ç Û Û Í Ü Ø ¿ Å Ä Ø ¿À Ù Ü Ç Ã Å Ø ¿ Å Ä Â ¿ Ä Â Ç È Û Ç ¿ Å Ã Ç Ú Ç Á Â Ã Å Þ Â À Ã Â ¿ Á À Ã Ç ¿ Ù Â ¿ Å Ä á Õ È Å Þ Â Ç Û Û Í Ü Ø ¿ Å Ä Û Ø ¿ Ø Û Û Â Ü Å Ù Ç Ã Â È Ú Í Û Å Í Ø Å À Ç ¿ À ¿ Å Þ Â À ¿ Å Â Ã À Ç ÃÅ Â Ù Ü Â Ã Ø Å Í Ã Â Ë Å Þ Â Â ¿ Á À Ã Ç ¿ Ù Â ¿ Å Ø Ú Ý Â ¿ Â È À Å Ä Ø Ã Â Ä Í Ý Ä Å Ø ¿ Å À Ø Ú á ô À Å Þ À Å Ä ¿ Ø Å Í Ã Ø Ú Á Â ¿ Å À Ú Ø Å À Ç ¿ Ë ß Ø Æ Ú À Ê Þ Å À ¿ Ê Ë Ø ¿ ß Ü Ø Ä Ä À Á ÂÞ Â Ø Å À ¿ Ê Ë Í Ä À ¿ Ê Û Ç ¿ Ä Â Ã Á Ø Å À Á Â Ù Â Ø Ä Í Ã Â Ä Ë Å Þ Â Ã Â Á À Ä Â ß Ü Ú Ø ¿ Ä Ø Á Â Ä Ø ¿ Â Ä Å À Ù Ø Å Â ß � � Ë ù ù ù â ô Þ Ü Â Ã Æ Â Ø Ã Ë à Þ À Û ÞÅ Ã Ø ¿ Ä Ú Ø Å Â Ä À ¿ Å Ç Ø ¿ Ø ¿ ¿ Í Ø Ú Â Ä Å À Ù Ø Å Â ß Ó É ø Â Ù À Ä Ä À Ç ¿ Ã Â ß Í Û Å À Ç ¿ Ç È ø � Ë � ÿ � â À Ú Ç Ê Ã Ø Ù Ä � � � Ë � ù ù Ü Ç Í ¿ ß Ä � á Ñ Þ À ÄÃ Â Ü Ã Â Ä Â ¿ Å Ä Ø ø � - Ä Ø Á À ¿ Ê Ä Ç Á Â Ã Å Þ Â Ç Ã À Ê À ¿ Ø Ú Ü Ú Ø ¿ á É Á Â Ã Ø þ ù ã Æ Â Ø Ã Ü Â Ã À Ç ß Ë Å Þ À Ä Â 	 Í Ø Å Â Ä Å Ç Ä Ø Á À ¿ Ê Ä Ç È ¿ Â Ø Ã Ú Æ � á �Ù À Ú Ú À Ç ¿ â ô Þ Ø ¿ ß ¿ Â Ø Ã Ú Æ � á � Ù À Ú Ú À Ç ¿ â À Ú Ç Ê Ã Ø Ù Ä Ç È Ó É ø Â Ù À Ä Ä À Ç ¿ Ä á

� ö ( 5 � � � � ] � ; � ) 2 � � � � � � � � ) % y � ) � 1 � z � � �Ñ Þ Â ¿ Â à Ý Í À Ú ß À ¿ Ê ú Ä ¿ Ø Ã Ã Ç à à À ¿ Ê Ä Ø Ú Ú Ç à È Ç Ã Ú À Ê Þ Å Å Ç Â ¿ Å Â Ã Å à Ç Ä À ß Â Ä Ç È Â Á Â Ã Æ Û Ú Ø Ä Ä Ã Ç Ç Ù Ë Â À Å Þ Â Ã ß À Ã Â Û Å Ú Æ Å Þ Ã Ç Í Ê Þà À ¿ ß Ç à Ä Å Ç Å Þ Â Â ä Å Â Ã À Ç Ã Ë Ç Ã À ¿ ß À Ã Â Û Å Ú Æ Å Þ Ã Ç Í Ê Þ Ê Ú Ø Ä Ä ß Ç Ç Ã Ä Ø ¿ ß Ä À ß Â Ú À Ê Þ Å Ä á Õ ¿ Ø ß ß À Å À Ç ¿ Ë Ø Ú Ú Ç Û Û Í Ü À Â ß Ø Ã Â Ø Ä Þ Ø Á Âà À ¿ ß Ç à Ä Ë À ¿ Û Ú Í ß À ¿ Ê Å Þ Â â À Å Û Þ Â ¿ Ë Ä Å Ø À Ã à Ø Æ Ä Ë Û Ç Ã Ã À ß Ç Ã Ä Ë Ø ¿ ß Ý Ø Å Þ Ã Ç Ç Ù Ä á Î Ù Ø Ú Ú Ý Ø Ú Û Ç ¿ À Â Ä Ø ¿ ß Å Â Ã Ã Ø Û Â Ä Ç ¿ Å Þ Â Ä Ç Í Å ÞØ ¿ ß à Â Ä Å Ä À ß Â Û Ç ¿ ¿ Â Û Å Å Þ Â À ¿ Å Â Ã À Ç Ã Ø ¿ ß Â ä Å Â Ã À Ç Ã à Þ À Ú Â Ä Þ Ø ß À ¿ Ê Å Þ Â Ê Ú Ø å À ¿ Ê Ý Â Ú Ç à á
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ABSTRACT: In design studio projects we often see schemes with inspired, yet unvalidated, 
gestural sketches related to wishful green strategies. Yellow and blue magic arrows represent 
hypotheses about the behavior of daylight and/or air flow in and about buildings. This paper 
provides an overview of ó ô õ ö ÷ õ õ ø ù ú û ü ý þ ÿ � ø ü � þ þ � , recently published as a resource for 
designers seeking clear guidelines for integrating green design strategies into the conceptual and 
schematic phases of design. The book contains a discussion of the integration of green strategies 
and how building form, orientation, and spatial layout are critical to the proper performance of 
certain green strategies; 40 green design strategies in six broad topic areas, each providing a 
catalog of information for common strategies that must be implemented at the schematic design 
phase; and nine case studies that show how various green strategies work together in a finished 
building. This paper provides excerpts of several design strategies and one case study and 
suggests a variety of ways that the book may be used. 
 
Keywords: green design, case studies, education, schematic design 
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 � � � �

 
In design studio, students often draw upon precedents to inspire their design work. Gesture sketches are refined 
and further developed. Green design strategies are commonly relegated to magic arrows (to show air flow) or 
yellow lines (to show the path of the sun or flux of light). Often, design hypotheses are left untested or 
unquestioned simply because there is no readily available method or means to appropriately size windows for 
cross ventilation or determine how much light will enter a room under particular sky conditions. This paper gives 
an overview of a number of green design strategies and case studies from a recently published work— ó ô õö ÷ õ õ ø ù ú û ü ý þ ÿ � ø ü � þ þ � (Architectural Press: Oxford, 2007)—which is offered as a resource to assist students 
(and practitioners) in integrating green strategies into the beginning stages of design. 
 ó ô õ ö ÷ õ õ ø ù ú û ü ý þ ÿ � ø ü � þ þ �  presents guidelines for the application of selected environmental strategies during 
the schematic design of green buildings. The ÿ � ø ü � þ þ �  provides a discussion of green design at the schematic 
design phase and an essay on integrated design. The majority of the book is devoted to 40 design strategies, 
each providing: brief descriptions of principles and concepts, step-by-step approaches for integrating the strategy 
into the early stages of design, annotated tables and charts to assist with preliminary design sizing, key issues to 
be aware of when implementing the strategy, and references to further resources. This information is reinforced 
with conceptual sketches and photos illustrating each strategy. A chapter with case studies of several green 
building projects provides context for the strategies presented.  
 
The rationale for this book arose from an observed need for a resource that could provide a concise catalog of 
information for a range of green strategies to help the designer not only understand how each strategy functions, 
but also offer data, information, and a sequence of design steps to give a preliminary estimate of sizing, 
appropriateness, and links to related strategies. The designer may practice “smart aesthetics” by linearizing part 
of the design process to achieve valid, initial design moves. The fundamental premise of this book is that if 
appropriate strategies are not included during the schematic design phase of a project, they may never be 
included since many such strategies are demandingly form-giving. Poor decisions related to building orientation, 
massing, and layout are nearly impossible to rectify in later design phases in an attempt to back-integrate high 
performance daylighting, passive heating, or passive cooling systems. 
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This paper includes four parts: 

 a discussion of the schematic design process, where design decisions about certain green strategies 
become critical to building form, orientation, and spatial layout; 

 a review of several strategies describing the principle/concept, design procedure, and examples; 

 a description of one of the case studies and its integrated strategies, including information regarding the 
designers’ intentions with regard to green design, related design criteria, design validation methods 
used (modeling, simulation, hand calculations), and post occupancy validation methods if available; 

 a discussion of how this book may be used in design studio and potentially in other areas of the 
curriculum. 

 
  � �  
 � � � � � � 
 � �  � � � � � � 
 �  
 
As a multifaceted pursuit, the design process includes cultural, technical, formal, and programmatic emphases 
that ultimately result in a proposed architectural expression. The green design process, by necessity, requires 
the designer (at least in the early schematic stages) to assume a greater than normal degree of expertise in 
several technical areas in order to pursue an integrated design. This necessity also represents an opportunity for 
innovation. 
 � � � � � � � � � � � � � � � �  ! " � #
 � � � � � $ % � � # & '

The early design process incorporates the moments when the project is conceptualized, the 
intentions are elaborated, and an organizational logic is settled upon—whether that logic is strict or informal, 
internalized or driven by externalities, or simply a geometric gesture. The first sketches or outlines, a plan of 
action, a systematic or organized framework can provide the opportunity to define goals and to set criteria that 
will benchmark success. This is the time to set a direction for form and to gather ideas and concepts. It is not the 
time, however, to close the mind and crystallize all relationships. The initial steps toward achieving an integrated 
design, such as forming a team with a shared set of green goals and a desire for innovation (and learning), is the 
territory wherein green strategies are initially discussed, adopted, and integrated. Opportunities for many of 
green strategies will be lost forever if not incorporated during schematic design. 
 � � � � ( ) � � � � � �  � * '

At the beginning a project, it is important to define owner and design team expectations for 
building performance. It should be decided whether the building will perform to minimum standards (as embodied 
in building codes) or will strive to surpass them—which must be the case for a green building. What kinds of 
performance will be emphasized: energy efficiency, quality of light, or air quality? What degree of green design is 
to be considered? The intentions must be clear because they point to the refinements of process, the type of 
team, and the potential strategies and technologies that will be most appropriate for a given project. Sometimes, 
a charismatic and knowledgeable team member can convert others to a deep green commitment. 
  � � � � + , � � � � � � & '

Project criteria are the standards by which judgments and decisions are tested. They are often 
established by a legal authority, local/regional custom, or general consent; but for innovative projects the truly 
critical criteria are often internally established. What is really meant by green? Who decides; and on what basis? 
Criteria can be derived from quantitative standards (such as energy efficiency) or from qualitative values (such 
as a desired lighting effect). Criteria should be realistic so they can be met; they should also be stringent enough 
to provide a challenge and meet design intent. 
 � � � � - . & " � / & � �  � '

The design team must be conscious of the types of issues to be framed and the most 
appropriate design methods and strategies to address the focus issues. The way a designer frames issues 
speaks to the outcomes. More importantly, a knowledge-based profession reflects upon previous efforts and 
specifically learns from successes and failures. Collapses occurred during the construction of Chartres. 
Calculations and formulations about how materials work under the forces of gravity were rethought and the 
building of the famous cathedral continued. Knowledge-based design is also needed when dealing with 
environmental forces, although they are often more subtle, complex, and variable than gravity. A different type of 
feedback loop is required, one not founded upon collapse, but one that is part of an integrated process—
involving learning from others and learning from analysis. The analysis of an existing project (as a precedent or 
case study) informs the development of hypotheses of how things should work on future projects. 
 � � � � 0 � � �  � � � � 1 � � � '

It is important to give order to intentions and goals. Prioritizing goals helps the designer and 
client to understand what is most important, what can be discarded, and how flexible are proposed solutions. As 
with any design process, one works through sets of ideas to get to a clarification of goals. This is particularly 
important with green design because one strategy can negate or conflict with another. 
 

© 2007 ARCC Spring Research Conference, Eugene, Oregon, April 16-18, 2007 192



� � ( 2  � # � � 3 � � *
 � � ( � � � & 4 " � � � � � � � '

Light has clearly been understood as a formgiver throughout the history of architecture. The 
Pantheon dramatically captures light from an enormous oculus; Alvar Aalto’s buildings use light scoops to utilize 
the low solar resource of the northern latitudes. Traditional passive solar design uses solar-oriented glazing in 
combination with thermal mass to provide heating. Windows, however, must be carefully sized and arranged to 
provide a balance between the correct amount of thermal resistance, light admittance, and solar collection. To 
arrive at a daylighting strategy, appropriate lighting level criteria should be established based upon the functions 
and needs of the various spaces, then potential solutions proposed, tested, and evaluated using daylighting 
models or other available tools. Such studies should provide for distinct lighting effects—and result in a distinct 
building form.� � ( � ( � & * * � 3 � & � / 5 % � � 3 � $ � � & � � � � � * '

Passive design means that nature (and the architect) does the work. 
Passive strategies adjust to environmental conditions primarily through the architecture and should be 
considered before active. This means that the architect must be strategic. It means using the resources on site 
rather than importing energy from a remote source. The careful placement of walls, windows, and overhangs can 
help to “green” a project; otherwise mechanical equipment (and engineering consultants) will be forced to do the 
job.  
 
 6 � � � � � � � �  � � �  � � � � � � � � 
 
The book contains 40 strategies (see Table 1), each with a brief description of underlying principles and 
concepts, a discussion of architectural design and implementation issues, a step-by-step design procedure to 
assist with preliminary design sizing, key issues to be aware of when considering a given strategy, conceptual 
sketches and photographic examples, and pointers to sources for further information. There are both active and 
passive strategies, but many more passive strategies are included since they require early implementation during 
the design process and are typically more form-shaping. Many green strategies (such as material finishes) are 
not included as they have virtually no impact on schematic design decisions. The book is not a catalog of green 
design strategies—it is a catalog of green strategies for schematic design.  
 7 & ! " � �

: Green Strategies in ó ô õ ö ÷ õ õ ø ù ú û ü ý þ ÿ � ø ü � þ þ �  
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Insulation Materials  
Strawbale Construction 
Structural Insulated Panels 
Double Envelopes 
Green Roofs 

 = ) ; > 7 ) < ;
Daylight Factor 
Daylight Zoning 
Toplighting 
Sidelighting 
Light Shelves 
Internal Reflectances 
Shading Devices 
Electric Lighting 

 ? 5 7 : 9 5 < � ? 5 $ 7 :
Composting Toilets 
Water Reuse/Recycling 
Living Machines  
Water Catchment Systems 
Pervious Surfaces  
Bioswales 
 Retention Ponds  

, 8 8 = ) < ;
Cross Ventilation 
Stack Ventilation 
Evaporative Cool Towers 
Night Ventilation of Mass 
Earth Cooling Tubes 
Earth Sheltering 
Absorption Chillers  

 > : 5 7 ) < ;
Direct Gain  
Indirect Gain  
Isolated Gain 
Active Solar Thermal Systems 
Ground Source Heat Pumps: < : 9 ; @ � 9 8 � A , 7 ) 8 <
Plug Loads  
Air-to-Air Heat Exchangers 
Energy Recovery Systems 
Photovoltaics  
Wind Turbines  
Microhydro Turbines 
Hydrogen Fuel Cells  
Combined Heat and Power 
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Green roofs can be used for rainwater detention or retention, to increase the thermal resistance and capacitance 
of a roof assembly, to reduce the urban heat island effect, and/or to provide habitat for animals or an amenity for 
people on what would otherwise be a hard-surfaced area. Green roofs are of two basic types: extensive and 
intensive. 
 
Extensive green roofs have a relatively shallow soil base, making them lighter, less expensive, and generally 
easier to maintain than intensive green roofs. Extensive roofs usually have limited plant diversity, typically 
consisting of sedum (succulents), grasses, mosses, and herbs. They are often not accessible to building users, 
but may provide for “natural” views from adjacent rooms or neighboring buildings.  Extensive green roofs can 
work at slopes of up to 35 degrees, although slopes above 20 degrees require installation of a baffle system to 
prevent soil slump. These roofs can be used in both urban and rural settings, are applicable to a wide variety of 
building types, and can be used in both new and existing construction. 
 ( � ( � � C � 4 5 � % � � � � % � D � & " ) * * D � * '

Successful green roofs require a building massing that permits appropriate 
solar exposure for the intended types of vegetation. Shading from adjacent buildings or trees can have a big 
impact on the success of rooftop plantings. Building massing can also be used to create rooftop surfaces that are 
relatively protected from wind. Building form will also determine how building occupants can interact with a green 
roof. A green roof is a user amenity only if it is at least visible to occupants. If it is also accessible to building 
occupants, greater integration of the green roof with appropriate interior spaces is desirable. Structural system 
design, careful detailing of drainage systems, irrigation systems, and penetrations of the roof membrane are key 
concerns.
 

 

2 � � D � � � '
2005 Rhode Island School of Design Solar Decathlon House with a green roof for outdoor dining. 
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Cross ventilation establishes a flow of cooler outdoor air through a space; this flow carries heat out of a building. 
Cross ventilation is a viable and energy-efficient alternative to mechanical (active) cooling under appropriate 
climate conditions. The design may focus upon direct cooling of occupants as a result of increased air speed and 
lowered interior air temperature or upon the cooling of building surfaces (as with nighttime flushing) to provide 
indirect comfort cooling. Air speed is critical to direct comfort cooling; air flow rate is critical to structural cooling. 
The effectiveness of cross ventilation is a function of the size of the inlets, outlets, wind speed, and outdoor air 
temperature.  
 
Cross ventilation cooling capacity is fundamentally dependent upon the temperature difference between the 
indoor air and outdoor air. Cross-ventilation cooling is only viable when the outdoor air is at least 3°F [1.7°C] 
cooler than the indoor air. Lesser temperature differences provide only marginal cooling effect (circulating air at 
room temperature, for example, cannot remove heat or reduce room temperature). Outdoor air flow rate is 
another key capacity determinant. The greater the air flow, the greater the cooling capacity. 
 
Buildings are typically best naturally-ventilated when they are very open to breezes yet shaded from direct solar 
radiation. Building materials in a cross ventilated building may be light in weight, unless night ventilation of mass 
is intended—in which case thermally massive materials are necessary.  
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Successful cross ventilation requires a building form that maximizes exposure 

to the prevailing wind direction, provides for adequate inlet area, minimizes internal obstructions (between inlet 
and outlet), and provides for adequate outlet area. An ideal building footprint is an elongated rectangle with no 
internal divisions. Siting should avoid external obstructions to wind flow (such as trees, bushes, or other 
buildings). On the other hand, proper placement of vegetation, berms, or wing walls can channel and enhance 
airflow to windward (inlet) openings.
 ( � + � ( ) # B " � # � � � & � �  � ,  � * � / � � & � �  � * '

Cross ventilation for occupant comfort may direct air flow through any 
part of a space if the outdoor air temperature is low enough to provide for heat removal. At high outdoor air 
temperatures, cross ventilation may still be a viable comfort strategy if air flow is directed across the occupants 
(so they experience higher air speeds). Cross ventilation for nighttime structural cooling (when adequate wind 
speed exists) should be directed to maximize contact with thermally massive surfaces. A design caution: high 
outdoor relative humidity may compromise occupant comfort even when adequate sensible cooling capacity is 
available.
 ( � + � + � � * � � � � �  % � / D � � '

Cross ventilation should normally be analyzed on a space by space basis. An exit 
opening equal in size to the inlet opening is necessary. This procedure considers only sensible loads and 
calculates the size of the inlet (assuming an equal sized outlet). 
 

1. Arrange spaces to account for the fact that building occupants will find spaces near inlets (outdoor 
air) to be cooler than spaces near outlets (warmed air). Substantial heat sources should be placed 
near outlets, not near inlets. 

2.   Estimate design sensible cooling load (heat gain) for the space(s)—including all envelope and 
internal loads (but excluding ventilation/infiltration loads). E û ø ý ú F � ÷ õ  G ú û H ô þ ÷ I J  

3. State the design cooling load on a unit floor area basis. G ú û H ô K ú L þ ÷ I H M L
4. Establish the ventilation inlet area (this is free area, adjusted for the actual area of window that can 

be opened and the estimated impact of insect screens, mullions, shading devices) and the floor 
area of the space that will be cooled. The inlet area may be based upon other design decisions 
(such as view) or be a trial and error start to cooling system analysis.  K ú L þ ÷ M L

5. Determine the inlet area as a N õ ÷ O õ ø ú � P õ  of the floor area: (inlet area / floor area) x 100 

6.   Using Figure 2 (see below), find the intersection of the inlet area percentage (Step 5) and the 
design wind speed (from local climate data). This intersection gives the estimated cross ventilation 
cooling capacity—assuming a 3

o
F [1.7

o
C] indoor-outdoor air temperature difference. Design wind 

speed should represent a wind speed that is likely to be available during the time of design cooling 
load. 

7.    Compare estimated cooling capacity (Step 6) with the required cooling capacity (Step 3).  

8. Increase the proposed inlet area as required to achieve the necessary capacity; decrease the 
proposed inlet area as required to reduce excess cooling capacity.  

This design procedure addresses “worst case” design conditions when outdoor air temperatures are 
usually high. Extrapolation beyond the values in Figure 2 for greater ts is not recommended as a 
means of sizing openings. On the other hand, greater temperature differences will exist during the 
cooling season permitting a reduction in inlet and outlet size under such conditions. Extrapolation for 
higher wind speeds is not recommended due to discomfort from too-high indoor air speeds.  Also, wind 
speeds at airport locations can be very different than at the city center or in suburban areas, depending 
upon the terrain. During schematic design, adjustments can be made to account for these variations by 
comparing “local” and airport wind speed data. As a rough estimate, urban wind speeds are often only 
a third of airport wind speeds; suburban wind speeds two-thirds of airport speeds.  
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Cross ventilation cooling capacity. Heat removed per unit floor area (based upon a 3°F [1.7°C] 

temperature difference) as a function of size of inlet openings and wind speed.  
 
 Q � 
 �  �  � 	 � � � 
 
The nine case studies presented in the book (see Table 2) include a range of buildings selected to provide a 
diversity of geographic locations, climates, building types, and strategies. The design teams for these projects 
have made strong statements about green design intentions and have provided fertile ground for designers to 
learn from their projects.  Each case study is organized as follows:  

 A general description of the project 

 A sidebar "scorecard" with building, climate, client, and design team information 

 A statement of design intent and related design criteria 

 Design validation methods employed (modeling, simulation, hand calculations, etc.) 

 A description of the green strategies used 

 Post occupancy validation results (if available). 
 7 & ! " � (

: Case Study Projects in ó ô õ ö ÷ õ õ ø ù ú û ü ý þ ÿ � ø ü � þ þ �  
 � 9 8 R : , 7 = 8 , 5 7 ) 8 < 5 9 , > ) 7 : , 7

Arup Campus Solihull  

Beddington Zero Energy Development 

Cornell Solar Decathlon House  

Druk White Lotus School  

Habitat Research and Development Centre  

The Helena Apartment Tower  

Lillis Business Complex  

National Association of Realtors Headquarters 

One Peking Road 

Solihull, UK 

Surrey, UK 

Ithaca, NY, USA 

Ladakh, India 

Windhoek, Namibia 

New York, NY, USA 

Eugene, OR, USA 

Washington, DC, USA 

Hong Kong, China 

Arup Associates 

Bill Dunster Architects 

Cornell University 

Arup Associates & ARUP 

Nina Maritz 

FX FOWLE 

SRG Partnership 

The Gund Partnership 

Rocco Design Ltd. 
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The University of Oregon’s Lundquist College of Business needed to replace an aging building that connected 
three existing smaller buildings. The building’s site, along an axis between the historic entrance to the college 
and the main library, gives it a high profile. The university had in place a campus-wide sustainable development 
plan and Lundquist College had a commitment to certain sustainability goals—as a result both parties had a 
mutual desire to aim for the greenest building possible. 
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The University engaged a Construction Manager/General Contractor who was brought into the project early in 
the design process. This enabled the design team to work closely with the GM/GC as the design developed, 
ensuring that the design was feasible and within the established financial parameters. Lillis was a complex 
project—to be built in the middle of an active campus, while minimally disrupting classes.  

 2 � � D � � + '
 Early conceptual sketch (left) of air flow patterns through the Lillis Business Complex atrium 

(courtesy of SRG Partnership); entry plaza (right) with a façade of laminated glass with integrated photovoltaics. 
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The client and designers began with a goal to achieve a building that would 
be at least 40% more efficient than required by the Oregon Energy Code. The designers were also asked to 
follow a process that could result in a solution with the performance of a LEED (the US Green Building Council’s 
Leadership in Energy and Environmental Design program) accredited building. The decision to pay for the formal 
LEED process, however, was not made until after the designers had finished working drawings. To make these 
goals a reality, the design team developed complementing strategies involving daylighting, solar control, natural 
ventilation, electricity generation using photovoltaic arrays, expanding the thermal comfort zone (by occupant 
cooling with ceiling fans), night ventilation of thermal mass, and wiring half of all the plug load receptacles and 
lighting circuits in faculty offices on occupancy sensors. A team of consultants, including energy engineers and 
daylighting experts, modeled various designs to determine how well design concepts were meeting project goals. 
The CM/GC agreed to recycle 95% of the demolition waste from the existing buildings (related to LEED Materials 
& Resources credits). 
 + � � � ( $ � � & � � � � � *+ � � � ( � � 8 � � � � � & � �  � & � / �  � #

. The designers conceived of the building as a long and thin form running along an 
east-west axis. The north- and south-facing windows are easy to control relative to daylighting and solar gain and 
they take advantage of the prevailing seasonal wind directions on site (from the north and south).  
 + � � � ( � ( < & � D � & " 3 � � � � " & � �  �

. In addition to the long and thin form, the auditorium and lecture hall push out beyond 
the primary edge of the building, providing these rooms with more building skin, and more opportunity for 
clerestory windows and skylights to act as inlets/outlets for natural ventilation. A four-story atrium organizes the 
building spatially and provides a means for stack ventilation.  
 + � � � ( � + $  " & � %  � � �  " & � / / & 4 " � � � � � � �

. When the building is in cooling mode, computers automatically close 
shades or skylight louvers in unoccupied rooms to minimize solar gains. When people enter a room, the 
computer control opens the shades/louvers as far as necessary to reach a targeted illuminance for the space. 
Using daylight not only makes people happy and more productive, it is a “free” source of light and produces less 
heat for a given illuminance than electric lighting. Lightshelves are used on the south-facing windows. External 
overhangs shade the windows, especially from the high summer sun, and effectively reduce cooling loads.  
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  2 � � D � � - '
 Light shelves and ceiling fans in a south-facing Lillis classroom (left photo courtesy of 

Emily J. Wright; right photo courtesy of SRG Partnership). 
 + � � � ( � - ) � � � � � & � � / %   " � � � * 4 * � � # * �

 Outside air is used to cool the building and the occupants as much as 
possible before relying on mechanically-cooled air. A mixed-mode cooling system, as well as night ventilation of 
mass, provides for a high-efficiency cooling approach. 
 + � � � ( � 0 > 4 ! � � / 3 � � � � " & � �  � �

 Classrooms have raised concrete floors, arranged into risers for seating. Air is drawn 
in from the outdoors, passes under the floor slab and enters the room through outlets in the risers. If the outdoor 
air is too warm to effectively cool a space, it can be mixed in a plenum with mechanically-conditioned air. The air 
from the classroom is exhausted into the atrium, rising to the top and exiting through gravity ventilators. Eugene’s 
cool nighttime temperatures make night ventilation of mass a viable strategy. The raised concrete floor slab 
absorbs heat during the day as the outside temperature rises and the sun and occupants add heat to the space.  
 + � � � ( � U � �  �  3  " � & � % * �

The south-facing glass curtain wall with integrated polycrystalline photovoltaic cells 
comprises a 5.9 kW array. There are translucent PV panels in the skylights, which are equivalent to a 2.7 kW 
array. Roof panels on the mechanical room produce 6.2 kW, and other roof sub-arrays provide 29.9 kW—for a 
grand projected total of 45 kW of PV power. The local utility played a key role in providing financial incentives for 
this signature renewable energy feature.  
 
 
 � � 
 V 	  � � � 
 ó ô õ ö ÷ õ õ ø ù ú û ü ý þ ÿ � ø ü � þ þ �  is purposely not a comprehensive manual on building science; nor is it a “how-to-
get-a-green-rating” handbook. Although the book is partly a compilation of strategies, it is intended that these 
strategies be applied in the context of a well-organized design process—where the architect is an active 
participant in the shaping of a green building and in coordinating the integration of green design strategies.  
Passive or active strategies can be used to achieve green building status. While these approaches may provide 
similar quantitative building performance, the way they reach that point is very different in both process and form.  
 
It is our belief that architects are the ones who must guide the inclusion and integration of green strategies. The 
ability to do so is becoming increasingly critical in the face of growing client and societal interest in green 
buildings, burgeoning discussion of “sustainability,” and a recent call to develop carbon-neutral (or carbon-
responsible) buildings. We hope and expect that this book is adopted by students as a self-selected required 
reading for their design courses. Practice is essential to confidence; the how-to experience gained through studio 
implementation will become more and more a part of the graduating designer’s inner understanding. Then it will 
flow into practice. Students are likely to be the real agents of change. 
 
 � 
 W � � X V � � � � � � � � 
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ABSTRACT: School transportation in the U.S. is mainly made by vehicles, which consume a 
lot of energy and degrade our living environment. Walking and biking are alternative “green” modes 
of transportation with additional health and social benefits. However, the physical environment 
around school often makes walking and biking difficult, if not impossible, for children. 

The primary section of this study reviews empirical studies on the relationship between 
physical environment and children’s walking and biking to school, or parents’ decision-making of 
such behaviors. A conceptual framework is proposed according to socio-ecological theory and the 
literature, and is used to organize research findings. For the relationship between objective 
physical environment and parents’ decision-making, perceptions of physical environment act as 
mediators, while personal and social factors function as moderators. The environmental support for 
walking and biking to school can be classified into macro-level walkability/bikability of urban forms 
(including distance, infrastructure, density, street connectivity, and land-use mix), micro-level 
walkability/bikability of urban design and architectural qualities (such as aesthetics, amenities, and 
maintenance), and safety from traffic and crime. Long distances, traffic dangers, and crime are 
topmost barriers for children’s walking and biking to school. A follow-up discussion explores the 
implications of these findings for evidence-based design and policy interventions. 

The secondary section applies previous findings to a case study in Austin, TX, where 73 public 
elementary schools are analyzed for their attendance areas’ walkability and safety. Schools with 
higher percentages of Hispanic children appear to be more walkable in terms of macro-level urban 
forms, yet less walkable in terms of crime safety and micro-level urban design and architectural 
qualities.  

Findings from this study supplement current knowledge about physical environment and 
“green” school transportation. They imply the importance of targeted interventions for specific 
contexts and populations in promoting walking and biking to school. 
 
Keywords: School, environment, walking, biking 
 
 K L M N O P Q R M K O L

 
In the U.S., children’s school transportation is mainly made by vehicles, which consume a lot of energy and 

degrade our living environment. Walking and biking are alternative “green” modes of school transportation, which 
also have additional benefits such as increasing children’s physical activity and fostering the sense of community. 
However, the physical environment around school often imposes barriers to this walking or biking trip. A national 
survey has been conducted with children’s (5-18 years) parents in 2004 by the Centers for Disease Control and 
Prevention (CDC), and has reported long distances, traffic dangers, and crime as topmost barriers for children’s 
walking to school (Martin & Carlson 2005). Currently, various programs are being developed to improve the 
relevant environmental support. In 2005, the United States federal transportation bill “Safe, Accountable, Flexible, 
Efficient Transportation Equity Act: A Legacy for Users” (SAFETEA-LU) authorized federal funding in the amount 
of $612 million for the 5-year period (2005-2009) of the national Safe Routes to School Program.  

The primary section of this study reviews empirical studies on the relationship between physical environment 
and children’s walking and biking to school, or parents’ decision-making about such behaviors. Fifteen articles 
and one dissertation were identified from online database, including the Web of Science, PubMed, and the 
National Transportation Library. The secondary section applies findings from literature review to a case study in 
Austin, Texas, where 73 public elementary schools are analyzed for their attendance areas’ walkability and safety. 
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S T U K M V N W M Q N V N V X K V Y
 Z [ Z [ \ ] ^ _ ` a b ` c d e e ^ _ b f d b g h i b j ^ k e l d m n _ d ] ^ o i _ p

The socio-ecological theory was widely employed in previous studies, addressing the impact of personal, 
social, and physical environmental factors, as well as the interactions among them. The physical environment 
has been measured both objectively and subjectively, and has shown related yet different results in terms of the 
environment itself or its impact on school travels. There was growing agreement that perceptions of physical 
environment acted as mediators between objective physical environment and parents’ decision-making.  

Based on socio-ecological theory, literature review, and McMillan’s framework for children’s school travels 
(McMillan 2005), I propose a conceptual framework to reflect the emerging patterns about the relationship 
between objective physical environment and elementary-aged children’s school travels (Figure 1). As most 
previous studies, this framework assumes that parents are the primary decision-makers for children’s school 
travels. Perceptions of physical environment act as mediators, while personal and social factors function as 
moderators, interacting with physical environment (both objective and subjective) and influencing the strength 
and direction of this environment-behavior relationship. 
 q r s t u v w x q w s r x u v w x

Children’s and parents’ 
personal and social factors 

Children’s 
walking/biking to school 

Parents’ 
decision-making 

Objective  
physical environment 

Perceived 
physical environment 

y z s r { r z s r z v | u x t u } ~ r � r { r z s r z v | u x t u } ~ rn a ` l _ ^ Z
: Conceptual framework for physical environmental correlates of elementary-aged children's walking 

and biking to school (Based on McMillan 2005)Z [ � [ � ^ e � i g f � f ^ g a b c _ ^ � a i l f � e l g a ^ f
Previous studies varied from each other in terms of study settings, sample, research design, measures, data 

collection, and analysis, making it difficult to synthesize findings. Except two studies from Australia (Merom et al. 
2003; Timperio et al. 2006), 14 other studies were conducted in the U.S. Two categories of research design were 
identified, including cross-sectional studies examining the environment-behavior relationship, which were the 
majority of studies and included two national surveys (Fulton et al. 2006; Martin & Carlson 2005), and 
intervention studies using pre-post comparisons or intervention-control comparisons, which might have the 
power to identify causality but were relatively rare (Boarnet et al. 2005 a, b; Staunton et al. 2003). The sample 
size varied across studies, ranging from 235 to 4,665 students. Elementary school children were the primary 
populations of these studies, although a few studies did focus on middle school or high school youth.  

The dependent variable was either walking to and from school, or the combination of walking and biking as 
an active mode of school travels. The independent variable – physical environment – has been measured from 
various aspects and scales, and will be introduced in the following section. Ten studies out of 16 have controlled 
for one or more confounding variables, including personal factors of the child (such as age, gender, ethnicity, 
body mass index, and attitude toward walking) or the parents (such as education level, income level, martial 
status, and attitude toward walking, etc.). A few studies have also controlled for social factors such as family 
support or social and cultural norms about school travels. 
Data collection primary relied on surveys with parents for information about children’s school travels, family 
background, and parents’ perceptions of the physical environment. In some studies, Geographic Information 
Systems (GIS) and field audits have been used for objective measures of the physical environment.Z [ � [ c � � f a j d m \ b � a _ i b ] ^ b e d m h i _ _ ^ m d e ^ f

 
Various physical environmental variables have been examined in these studies. According to the units of 

analysis, they could be classified into two categories, including macro-level walkability/bikability of urban forms 
on relatively larger scales (such as the neighborhood or traffic analysis zone), and micro-level 
walkability/bikability of urban design and architectural qualities on smaller scales (such as the street segment). In 
addition, traffic danger and crime were also frequently studied variables with strong environment-dependent 
characteristics. They were also classified as physical environmental variables in this discussion. Details of 
selected studies are presented in Table 1.  
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As would be expected, distance to school is a significant correlate of walking and biking to school, with 

longer distances hindering walking and biking. In the 2004 CDC survey, parents reported long distances as the 
most significant barrier (61.5% of parents reporting it) (Martin & Carlson 2005). Other studies have also provided 
empirical evidence, even after controlling for the child’s age, gender, family’s socioeconomic status, and some 
other background information (Black et al. 2001; Ewing et al. 2004; Merom et al. 2006; McMillan 2006; Timperio 
et al. 2006). Some studies have tried to identify threshold values of walkable distances for school travels, and 
reported that children living within 1.6 kilometers (1 mile) (McMillan 2003) or 0.8 kilometer (0.5 mile) (Timperio et 
al. 2006; Merom et al. 2006) from schools were significantly more likely to walk than those living further away.  

However, it is important to recognize that the impact of distances may vary depending on the child’s age, 
parents’ perceptions, or other physical environmental factors. Meanwhile, in the U.S., even for students living 
within 1.6 kilometres (1 mile) from school, only 31% of trips were made by walking in 1995 (U.S. Department of 
Health and Human Services 2000), indicating there were other factors at work.  

Quality of infrastructure is another important correlate of walking and biking to school, with better sidewalks, 
bike lanes, crosswalks, and traffic signals encouraging walking and biking. Evidence has been seen in not only 
cross-sectional studies (U.S. Environmental Protection Agency [EPA] 2003; Ewing et al. 2005; Fulton et al. 
2005), but also pre-post intervention studies in California (Staunton

 
et al. 2003). Among California’s Safe Routes 

to School projects (Boarnet et al 2005b), sidewalk gap closure at locations with moderate or heavy per-existing 
pedestrian traffic showed great success, with 30%, 38%, and 70% increase in the rates of walking for three 
schools respectively. Replacement of four-way stops with traffic signals also showed evidence of success, while 
the pedestrian and bicycle crossing improvement showed only limited success. 

Other urban form features such as population density, land-use mix, and street connectivity have also been 
studied, yet have reached less consistent findings. Although identified as significant correlates in a study of 34 
California public elementary schools (Braza

 
et al. 2004), population density (positive correlate) and land-use mix 

(negative correlate) were not significant in another study in Gainsville, Florida (Ewing et al. 2004). Also in the 
California study, street intersection density was significant in pairwise correlations, yet was not significant in 
multiple regressions. These findings also have some inconsistencies with the literature on adults’ walking, where 
density, land-use mix, and street intersection density were often reported as positive correlates. One explanation 
might be that the school trip has fixed destinations (schools and homes) and specific populations (children), and 
therefore make factors such as the land-use mix less important. In addition, inconsistent findings were further 
complicated by various definitions and measures used across studies.  

The difference between objective and perceived physical environment is also worth noting. A study in King 
County, Washington (Kerr et al. 2006) indicated that perceived land-use mix and street connectivity were 
significant correlates of walking and biking to school after controlling for socio-demographic features, yet their 
objective measures were insignificant. Furthermore, such perceived measures were no longer significant when 
entered together with the composite objective measure of walkability. Overall, there was a lack of attention on 
the relationship between objective and perceived measures of physical environment in the literature. q t � x w � � r | r ~ � u ~ � u } t ~ t v � � � t � u } t ~ t v � w � � x } u z � r � t � z u z s � x � � t v r � v � x u ~ � � u ~ t v t r �

As compared with the macro-level walkability/bikability of urban forms, the micro-level walkability/bikability of 
urban design and architectural qualities is understudied. However, the study in King County, Washington (Kerr, 
et al. 2006) did report neighborhood aesthetics as an independent predictor of walking and biking to school after 
considering socio-demographic features, parental safety concerns, and macro-level walkability. Amenities on 
streets also showed certain impact. A study in Australia (Timperio et al. 2006) identified the objectively assessed 
steep slope and perceived lack of lighting and crossing as negative correlates. The presence of street trees 
within 0.4 kilometre (0.25 mile) of school has also been reported as a positive correlate. McMillan’s study (2003) 
examined the impact of amenities such as street lighting, street width, speed bumps, abandoned buildings, and 
windows facing streets. Yet the results were either insignificant or not in the theoretically derived direction. More 
targeted research is needed on these variables and their measurement methods. � x u � � t � � u z � r x u z s � x t � r

In addition to walkability/bikability, traffic danger and crime also have significant impact on children’s school 
travels. Kerr’s study (2006) reported that parental safety concerns was a much stronger correlate than 
walkability, aesthetics, and access to local stores and facilities.  

Traffic danger was a secondly important barrier reported in the 2004 CDC survey, with 30.4% of parents 
reporting it as a barrier (Martin & Carlson 2005). However, findings about real and perceived traffic dangers were 
not consistent. Although traffic accident is one of the leading causes of child death, the objective data showed 
that the pedestrian injury/death rate had declined 51% from 1987 to 2000 among children aged 14 years and 
under, suggesting parents’ perceptions might be exaggerating the actual dangers. An Australian study reported 
the perceived lack of street lighting and crossings, and objectively assessed busy roads as negative correlates, 
indicating the roles of both real and perceived traffic dangers (Timperio et al. 2006). Yet in a Britain study, the 
real and perceived traffic dangers did not predict children’s school travels by car (DiGuiseppi

 
et al. 1998). More 

research is needed on real and perceived traffic dangers, their relationships, as well as their possible interactions 
with other factors such as walkability or perceived control. 
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Threat from crime was another important barrier identified in the 2004 CDC survey, with 11.7% of parents 
reporting it. Studies in UK (DiGuiseppi

 
et al. 1998) and the U.S. (Eichelberger 1990) have reported the fear of 

abduction as a strong predictor of car travel to school. However, some scholars (e.g., Robin Moore 1986) argued 
that parents might have exaggerated the crime danger, and have overly limited children’s freedom of movement 
and opportunities to interact with outdoor environments, which were very important for child development. On the 
other hand, as compared with parents’ strong concerns about traffic danger and crime, a study has reported that 
children were most concerned about being approached to smoke or being bullied while in transit (Lee & Rowe).  

Finally, in addition to previously mentioned variables, temperature and weather also played important roles 
in children’s school travels (Martin & Carlson 2005; Sirard et al. 2005). � d � m ^ Z

: Summary of empirical studies about physical environmental correlates of walking and biking to school 
 

Author 
(year) 
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Boarnet 
(2005a) 

862; 3
rd

-5
th

 grade 
Inte; O; W & B 

Safe routes to school construction projects (+) None 

Sidewalk gap closure (+) 

Replacement of 4-way stops with traffic signals (+) 

Pedestrian/bicycle improvement (+) 

Boarnet 
(2005b) 

1,243; 3
rd

-5
th

 grade 
Inte; O & P; W & B  

Development of bicycle facility (X) 

None 

Population density (+) 

Street intersection density (X) 

Braza  
(2004) 

2,993; 5
th

 grade 
CS; O; W & B   

School size (-) 

School level SES 
& Eth  

Sidewalk coverage on main roads (+) 

Sidewalk completeness for origin and destination 
zones 

 
(+) 

Travel time (distance) (-) 

Population density (X) 

Street tree coverage in vicinity of school (X) 

Age of school (X) 

School size (enrolment) (X) 

(Residential + job) density (X) 

EPA 
(2003); 
Ewing 
(2004, 
2005) 

709 trips; K-12
th

 
grade 
CS; O; W 

Land-use mix (X) 

SES, car 
ownership, 
students’ driver 
license ownership,
& number of family 
members 

Perceived neighborhood safety (X) Fulton 
(2005)  

1,395; 4
th

-12
th

 
grade 
CS; P; W & B 

Neighborhood location (including central city, 
small city, town, suburban, and rural) 

 
(+)  

A, G, Eth, & some 
parental factors  

Parental safety concerns (-) 

Walkability in high-income neighborhood (+) 

Walkability in low-income neighborhood (X)  

Neighborhood aesthetics (+) 

Kerr 
(2006) 

259; 5-18 year 
CS; O; W & B 

Perceived access to local stores and B/W facilities (+)  

A, G, & parental 
education  

Distance (61.5% reporting it as a barrier) (-) 

Traffic danger (30.4% reporting it as a barrier) (-) 

Martin 
2005 
 

4,213; 5-18 year 
CS; P; barrier for W 

Crime (11.7% reporting it as a barrier) (-) 

None 

Neighborhood safety (X) McMillan 
(2006) 

1,244; 3
rd

-5
th

 grade 
CS; P; W & B Distance < 1.6 kilometres (1 mile) (+) 

A, G, In, & other 
parental/ 
household factors 

Neighborhood not safe (-) 
Need to travel on road with speed > 30 mph (-) 
Perceived lack of sidewalks (-) 
Sidewalk completeness within 1/4 mile buffer of 

school 
 
(X) 

% of street segments with windows facing streets (X) 
% of street segments with street lighting (-) 
% of street segments with no abandoned buildings (-) 
Average street width (+) 

McMillan 
(2003) 

2,128; 3
rd

-5
th

 grade 
CS; O & P; W & B 

Average block length (X) 

In, parental 
education, number 
of children, % of 
Hispanic students 
at school, 
household 
transportation 
option, & 
social/cultural 
norms 
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% of street segments with speed humps (X) 
% of street segments with mixed land-use (X) 
Neighborhood location (urban vs. suburban) (X) 

Distance  (-) Merom 
(2006) 
 

812; 5-12 year 
CS; P; W & B Unsafe roads to school (-) 

A, G, Eth, & other 
child/parent/ 
household factors 

Distance (-) 

Intersection density (-) 

Dead end density (-)  

Route directness (X)  

Having major roads on route (X) 

Sch-
lossberg 
(2006) 

292; 6
th

-8
th

 grade 
CS; O; W 

Having railroad tracks on route (-) 

None 

Sirard 
(2005) 

3,911; 1
st
-6

th
 grade 

CS; O; W & B  
School location (urban vs. suburban) (X) None 

Parents’ perceptions:  

Heavy traffic (X) 

Strong concerns of strangers (X) 

Strong concerns of road safety (X) 

No light/crossings (-)  

Need to cross several roads (X) 

Limited public transport (X) 

Not many other children around (-) 

Children’s perceptions (10-12 year):  

Heavy traffic (X) 

Concerns about strangers (X) 

Roads not safe (X) 

Objective measure of route to school  

Distance < 800m (0.5 mile) (+) 

Busy road barriers along route (-) 

Direct route to school for 5-6 year (X) 

Direct route to school for 9-12 year (+) 

Slope barriers for 5-6 year (-) 

Timperio 
(2006) 
 

235, 5-6 year; 677, 
10-12 year 
CS; O & P; W & B  

Slope barriers for 9-12 year (X) 

G, parental 
education, 
clustering of 
children by school,
& area-level SES 

Staunton 
(2003) 

4,665 
Inte; O; W & B 

Multi-level interventions including engineering 
improvement 

 
(+) 

None º w v r »
 (+), positive association; (-) negative association; (X), insignificant; A, age; B, biking to and from school; 

CS, cross-sectional study; Eth, ethnicity; G, gender; In, family income; Inte, intervention study; O, objective 
measures of physical environment; P, perceptions of physical environment; SES, socioeconomic status; W, 
walking to and from school Z [ ¼ [ c ^ _ f i b d m d b g � i j a d m h i _ _ ^ m d e ^ f

Personal and social factors were recognized as important correlates of walking and biking to school in most 
previous studies. Yet empirical findings were not always consistent. Child’s gender has been reported as a 
significant factor (Cooper et al. 2003; McMillan et al. 2006; Fulton et al. 2005; Evenson et al. 2003), with girls 
being less likely to walk. Age differences were observed in a national survey (Fulton et al. 2006) and a statewide 
study in North Carolina (Evenson et al. 2003), yet was insignificant in an Oregon study (Schlossberg 2006). 
Overall, middle school and high school youth had a lower rate of walking to school than elementary school 
children. This might be explained by the longer distances that middle schools and high schools were located 
from students’ homes. Finer age differences among 3

rd
-5

th
 grade children have been reported by McMillan 

(2006), where the odds of active travel reduced by 27% with each year’s increase in age. Yet in an Australian 
study, children aged 11-12 were more likely to walk than those aged 5-9 (Merom et al. 2003). 

Ethnic differences were reported in several studies, where minority children (Evenson 2003; Braza 2004; 
Merom et al. 2003) or Hispanic children (Fulton et al. 2005) walked more often. Yet some other studies reported 
ethnicity as insignificant (Schlossberg 2006). The child’s body mass index was a negative correlate in Evenson’s 
study (2003), yet was insignificant in Fulton’s study (2005). Child’s positive attitude toward walking has been 
reported as a positive correlate (Merom et al. 2003). 

Family income was identified as a negative correlate in a Florida transportation study (EPA 2003) and a 
California study, yet was found to be insignificant in an Oregon study (Schlossberg 2006). There were some 
other parental or household factors that have been reported as significant factors in a few studies yet had 
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conflicting findings from other studies. Examples of such factors included parental education level (Fulton et al. 
2005), marital status (Fulton et al. 2005; Merom et al. 2003), perceived importance of physical activity, perceived 
convenience of driving (McMillan 2006), individual history of active transport to school, active commute to walk 
(Merom et al. 2003), the number of parents living in the home (Fulton et al. 2005), the gender of the responsible 
parent (Merom et al. 2003), car ownership (Merom et al. 2003; Schlossberg 2006), and the level of freedom 
given to children by parents (Merom et al. 2003; Ziviani

 
et al. 2004).  

As to social factors, family support has been reported as a positive correlate. Education programs have also 
shown significant effects on promoting walking and biking to school. In addition, in the 2004 CDC survey, 6% of 
parents reported those school policies that discouraged walking to school as a barrier (Martin & Carlson 2005).  Z [ ½ [ ¾ b e ^ _ d j e a i b f d ] i b ` c ^ _ f i b d m ¿ � i j a d m ¿ d b g c � � f a j d m \ b � a _ i b ] ^ b e d m h i _ _ ^ m d e ^ f

As indicated by socio-ecological theory and the conceptual framework proposed in this study, the personal, 
social, and physical environmental correlates of walking and biking to school are interrelated with each other. 
McMillan’s study (2006) tested possible interactions between the child’s gender and six variables, including 
parents’ perceived neighborhood safety, family income, parents’ walking behaviors, family approval of walking to 
school, parents born in the U.S., and parents’ education levels. Findings only supported one significant 
interaction, where caregivers’ own activity levels moderated the influence of gender on walking to school. 
Although girls were generally less likely to walk, an active caregiver increased the possibility that a girl would 
walk. 

The King County study (Kerr et al. 2006) has also reported some significant interactions. Firstly, the 
interaction existed between the composite measure of macro-level walkability and neighborhood income level, 
where higher walkability encouraged walking to and from school only in high-income neighborhoods, but not in 
low-income neighborhoods. One possible explanation is the higher rate of parental safety concerns in low-
income neighborhoods. Secondly, the interaction existed between walkability and parental safety concerns, 
where parents with serious safety concerns kept their children from walking even if the neighborhood was highly 
walkable in terms of urban forms. 

Finally, it was noticed that most studies had ignored the differences between the trip to school and trip from 
school. Schlossberg’s study (2006) of four middle schools found that although only 15% of students walked or 
biked to school, 25% of them walked or biked from school to home. A survey in California (1999) with children (9-
11 years) found the walking-to-school rate was 18%, yet the walking-home-from-school rate was 26% (Braza et 
al. 2004). Since the trip from school is less limited by time constraint, children may engage in other activities 
before getting home. Future studies should explore the specific potential of trips from school to home. Z [ À [ ¾ ] k m a j d e a i b f Á i _ \ � a g ^ b j ^ Â Ã d f ^ g Ä ^ f a ` b d b g c i m a j � ¾ b e ^ _ � ^ b e a i b f

In summary, a pattern emerged from the literature, indicating the perceived physical environment was 
mediating the effect of objective physical environment on parents’ decision-making about children’s school travel 
modes, while personal and social factors were moderating this environment-behavior relationship. Although 
evidence is still limited, it did provide important guidance for evidence-based design and policy interventions.  

Firstly, personal, social, and physical environmental factors all have significant impact on walking and biking 
to school. Therefore, multi-level strategies should be emphasized in interventions. Secondly, pre-post 
intervention studies are especially valuable because they can identify causality between physical environment 
and behavior changes, and can compare effects of different interventions, as indicated by the study on the 
California Safe Routes to School projects (Boarnet et al. 2005b). More pre-post studies should be conducted by 
collaborating with various intervention programs that are being implemented. Such studies can help to develop a 
priority list for designers and policy-makers. On the other hand, research findings should be generalized with 
cautions about the contexts. For example, sidewalk gap closure was proven to be extremely useful in areas with 
moderate or heavy pre-existing pedestrian traffic, yet was much less effective in areas with low volumes of pre-
existing pedestrian traffic (Boarnet et al. 2005b). Different interventions are needed for different contexts.  

Thirdly, findings about significant interactions among personal, social, and physical environmental factors 
can inform the development of tailored interventions and policies. Gender-specific and neighborhood-specific 
strategies should be considered. For example, the interaction between walkability and neighborhood income 
level suggests different strategies for neighborhoods with different socioeconomic status (Kerr et al. 2006). In 
low-income neighborhoods, parents’ safety concerns are more important barriers than the walkability itself.  

From another perspective, some findings have significant implications for school siting. For example, 
significance of the distance implies the need for centrally located neighborhood schools (Ewing et al. 2005). A 
study found that schools built before 1983, which were small-scale neighborhood schools, had four times more 
students walking to school (Kouri 1999). However, some current policies tend to encourage constructions of new, 
large-scale schools in remotes sites that are difficult to access by walking or biking. Examples of such policies 
include the funding formulas in many states that favour new school constructions over renovations, the minimum 
acreage standards that may be met only at Greenfield locations, the school districts’ exemptions from planning 
and zoning laws that enable them to disregard local policies and plans, as well as building codes that apply 
similar standards to new constructions and renovated schools (EPA 2003). 
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Overall, future research should phrase research questions, generate hypotheses, and design studies in a 
way that is knowledge-based and is more relevant to practice and policy, as suggested by Robinson and Sirard’s 
solution-based paradigm (2005). Collaboratives should be developed between researchers and professionals, 
using intervention projects as research sites. Such pre-post studies can go beyond the limit of cross-sectional 
studies, and can generate solid knowledge about the causality between physical environment and children’s 
walking and biking to school. In addition, various policies, such as school siting, transportation, urban 
development, and land use legislations should consider their potential impact on walking and biking to school. Å T R W Æ V Æ M Q P Ç K L W Q Æ M K L È M V É W Æ
 

Based on literature review, I conducted a case study in Austin, Texas, where 73 public elementary schools 
were analyzed for their attendance areas’ walkability and safety. This study measured the environmental support 
for walking to school from three perspectives, and was presented in a conference (Zhu 2007). The macro-level 
walkability (urban forms) and safety were measured using GIS, with the school’s attendance area as the unit of 
analysis. Variables for the macro-level walkability included distance-based walker estimates (percentages of 
residential units located within half a mile street network distance from school), pedestrian facilities (sidewalk 
completeness and traffic signal density), residential density, street connectivity (street density and street 
intersection density), and land-use mix. Variables for safety consisted of traffic safety (traffic volumes and 
percentages of high-speed streets) and yearly crime rates. The micro-level walkability (urban design and 
architectural qualities) was assessed through filed audits on 200-meter street segments sampled from the 
attendance areas. Relevant variables included various attributes of sidewalks, streets, and roadside buildings, as 
well as the overall impressions of convenience, aesthetics, amenities, maintenance, and perceived safety.  

Regression analysis was run between the percentage of Hispanic students attending the school and each 
environmental variable. Results showed that the percentage of Hispanic students was positively associated with 
the crime rate and most macro-level walkability variables, but negatively associated with most micro-level 
walkability variables ( Ê  < 0.05). No significant associatoin was found for traffic safety. 

Analysis of variance was used to compare the means of each environmental variable between the top-
quartile schools with the highest percentages of Hispanic students (  82.1%) and the bottom-quartile schools (< 
37.6%). For macro-level walkability, the group with the highest percentages of Hispanic students had 27.9% 
more students living within half a mile street network distance from school, had 15% higher sidewalk 
completeness, had one more traffic signal per 16-kilometer (10-mile) street segment, had about 427 more 
residents and eight more street intersections per 100 acres, and had a 0.165 higher land-use mix index on the 
zero to one scale ( Ê  < 0.05). In contrast, for micro-level walkability, the building maintennce, visual quality of 
buildings, and overall aesthetics, amenities, and maintenance were all rated at least one point lower on a five-
point scale ( Ê  < 0.05). In addition, some micro-level variables were marginally significant at the 0.1 level, 
showing that street segments in the top-quartile schools’ attendance areas were more likely to have sidewalk 
obstructions, on-street parking, and power lines along the segment. What’s more important, these schools had 
162 more criminal offenses per 1,000 persons per year in their attendance areas (mean = 239) ( Ê  < 0.05). 

Findings showed that schools with higher percentages of Hispanic children featured attendance areas with 
higher macro-level walkability, but much lower micro-level walkability and crime safety. Threats from crime 
tended to grow with the increase of land-use mix and street connectivity, which were usually considered to 
encourage adults’ walking. Therefore, targeted research is needed for the impact of these intertwining factors on 
children’s walking to and from school, especially for low-income, Hispanic neighborhoods. In addition, the micro-
level walkability should be studied as an important and holistic aspect parallel with the macro-level walkability of 
physical environment. For future practice, findings from this study suggested tailored intervention strategies for 
specific contexts and populations. 
 R O L R U Q Æ K O L Æ
 

Overall, current knowledge about the relationship between physical environment and children’s 
walking/biking to school is still constrained to associations for limited contexts and populations. More intervention 
studies are needed in order to identify causality for this environment-behavior relationship. In addition, more 
attention is needed for the relationships among various scales and aspects of physical environment, especially 
for the relationships between macro-level walkability and micro-level walkability, and between walkability and 
safety. Finally, more targeted research is needed to understand differences across various contexts and 
populations, so that tailored strategies can be developed for design and policy interventions. 
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 ð û û ì � ä ê ç ý í ì è � � � � 2 � � 3 � � 2 ì í ê ì ê ð þ ã � ñ � û ì ä é � ü � ê å ì ä è ç é � ç û ê å æ ç þ ë , - * ò � 0 0 � � ó ð ä ý å ä ý å è ç û ê þ ë óê ù è ì � ú ù å ê é å ü � ð û ê ì ä ê ù ç ê è ð ä é � ì è ê ð ê å ì ä é ç û ê ì è ó � ù å û ù ð û û ì � ä ê ç ý í ì è ð ä ð ý ý å ê å ì ä ð þ � 3 � 4 2 ì í ê ù ð ê û ì ä é � ü � ê å ì ä, - * ò � 0 0 � � � ñ � � é ç 5 � ç ä ê þ ë ó å ä û è ç ð é å ä ú ç ä ç è ú ë ç í í å û å ç ä û ë å ä ê ù ç � � å þ ê ç ä æ å è ì ä ü ç ä ê û ð ä � ì é å ê å æ ç þ ë å ü � ð û ê å ê éé � é ê ð å ä ð � å þ å ê ë � 6 � ü ç è ì � é é ê � ý å ç é û ì ä ý � û ê ç ý ì ä ê ù ç è ç þ ð ê å ì ä é ð ü ì ä ú é � é ê ð å ä ð � å þ å ê ë ó � è � ð ä í ì è ü ó ð ä ý � � å þ ý å ä úý ç é å ú ä ó é ì ü ç ì í � ù å û ù ð è ç þ å é ê ç ý å ä ê ù ç û ì ü å ä ú é ç û ê å ì ä ó å ä ý å û ð ê ç ð û þ ç ð è � ì ê ç ä ê å ð þ í ì è ð û ù å ç æ å ä ú é å ú ä å í å û ð ä êè ç ý � û ê å ì ä é å ä ç ä ç è ú ë û ì ä é � ü � ê å ì ä ê ù è ì � ú ù å ä ê ç þ þ å ú ç ä ê ð ä ý é � é ê ð å ä ð � þ ç � þ ð ä ä å ä ú ð ä ý ð è û ù å ê ç û ê � è ç � * ä û è ç ð é å ä ú ê ù çç ä ç è ú ë ç í í å û å ç ä û ë ì í ä ç � è ç é å ý ç ä ê å ð þ û ì ü ü � ä å ê å ç é å é ì í � ð è ê å û � þ ð è é å ú ä å í å û ð ä û ç å ä þ å ú ù ê ì í ê ù ç � è ì 1 ç û ê ç ý å ä û è ç ð é ç é å äè ç é å ý ç ä ê å ð þ ç ä ç è ú ë � é ç ý � ç ê ì å ä û è ç ð é ç é å ä � ì � � þ ð ê å ì ä ð ä ý ä ç � ù ì � é å ä ú é ê ì û � � 7 ì � ç æ ç è ó é ê ð ê å é ê å û é é ù ì � ê ù ð ê ê ù çü ð 1 ì è å ê ë ì í ê ù ç ä ç � ã � ñ � ù ì � é å ä ú é ê ì û � ð è ç ý ç ê ð û ù ç ý é å ä ú þ ç í ð ü å þ ë ù ì � é ç é ê ù ð ê ð è ç ê ë � å û ð þ þ ë þ ð è ú ç è å ä é å � ç ð ä ý
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û ì ä é � ü ç ü ì è ç ç ä ç è ú ë ê ù ð ä û � è è ç ä ê ð æ ç è ð ú ç ã � ñ � ù ì ü ç é � ñ � û ù ê è ç ä ý é � ì � þ ý í � è ê ù ç è å ä û è ç ð é ç ê ù ç ç ä æ å è ì ä ü ç ä ê ð þå ü � ð û ê ì í ê ù ç è ç é å ý ç ä ê å ð þ é ç û ê ì è � ò û þ ç ð è ä ç ç ý ó ê ù ç è ç í ì è ç ó ç ï å é ê é í ì è è ç é ç ð è û ù ð û ê å æ å ê å ç é ê ù ð ê ð å ü ê ì ç ï � þ ì è çð þ ê ç è ä ð ê å æ ç ý ç é å ú ä é ê è ð ê ç ú å ç é ó û ù ð è ð û ê ç è å é ê å û é ó é ë é ê ç ü é ó ð ä ý ê ç û ù ä ì þ ì ú å ç é ê ù ð ê ð å ü ê ì å ä û è ç ð é ç ê ù ç ç ä ç è ú ëç í í å û å ç ä û ë ð ä ý è ç ý � û ç ê ù ç ç ä ç è ú ë ý ç ü ð ä ý ì í ê ù ç è ç é å ý ç ä ê å ð þ é ç û ê ì è �- þ ç û ê è å û å ê ë � è ì ý � û ê å ì ä è ç é � þ ê ç ý å ä 	 8 2 ì í ç ä ç è ú ë ÿ è ç þ ð ê ç ý ã � ñ � ÷ � � ç ü å é é å ì ä é å ä � 0 0 	 , - * ò � 0 0 
 � � 9 å é ê è å � � ê ç ýú ç ä ç è ð ê å ì ä , 9 / � å é ð ä ç é ê ð � þ å é ù ç ý ð þ ê ç è ä ð ê å æ ç ê ì ç ï å é ê å ä ú � ì � ç è é ë é ê ç ü é ê ù ð ê ù ð é ê ù ç � ì ê ç ä ê å ð þ ì í ð û ù å ç æ å ä úû ì ä é å ý ç è ð � þ ç ç ä æ å è ì ä ü ç ä ê ð þ ð ä ý ç û ì ä ì ü å û � ç ä ç í å ê é � î ù ç � é ç ì í û ì ú ç ä ç è ð ê å ì ä ó ð ê ç û ù ä ì þ ì ú ë ê ù ð ê ú ç ä ç è ð ê ç éç þ ç û ê è å û å ê ë þ ì û ð þ þ ë ð ä ý � ê å þ å � ç é ê ù ç ê ù ç è ü ð þ ç ä ç è ú ë � ë � è ì ý � û ê ì í ê ù ç ú ç ä ç è ð ê å ì ä � è ì û ç é é å ä ê ù ç è ü ð þ ç ä ý � é ç é é � û ùð é é � ð û ç ð ä ý � ð ê ç è ù ç ð ê å ä ú ó í � è ê ù ç è å ä û è ç ð é ç é ê ù ç ç í í å û å ç ä û ë ð ä ý ê ù ç � ì ê ç ä ê å ð þ � ç ä ç í å ê é ì í 9 / � ÷ ì ü � å ä ç ý � å ê ùç ä ç è ú ë û ì ä é ç è æ ð ê å ì ä ü ç ð é � è ç é ó è ç é å ý ç ä ê å ð þ û ì ú ç ä ç è ð ê å ì ä é ë é ê ç ü é ì í í ç è ê ù ç � ì ê ç ä ê å ð þ í ì è ü ç ç ê å ä ú ü ì é ê ì è ð þ þ ì í ê ù çç ä ç è ú ë ä ç ç ý é ì í è ç é å ý ç ä ê å ð þ û ì ü ü � ä å ê å ç é å ä ð ü ì è ç ç û ì ä ì ü å û ð ä ý ç ä æ å è ì ä ü ç ä ê ð þ þ ë í è å ç ä ý þ ë ü ð ä ä ç è �÷ ì ä é ç 5 � ç ä ê þ ë ó å ä ê ç ú è ð ê å ä ú û ì ú ç ä ç è ð ê å ì ä ê ç û ù ä ì þ ì ú å ç é å ä ê ì ä ç � è ç é å ý ç ä ê å ð þ û ì ü ü � ä å ê å ç é û ð ä ü å ê å ú ð ê ç ê ù ç ç ï � ç û ê ç ýå ä û è ç ð é ç é å ä ê ù ç å è ç ä æ å è ì ä ü ç ä ê ð þ å ü � ð û ê � ö ç é å ý ç ä ê å ð þ û ì ú ç ä ç è ð ê å ì ä é ë é ê ç ü é ð è ç û � è è ç ä ê þ ë � ê å þ å � ç ý å ä é ç æ ç è ð þ- � è ì � ç ð ä û ì ü ü � ä å ê å ç é , ç � ú � � è ì ä é � ç è ú ÷ ì ü ü � ä å ê ë å ä 7 ð ä ä ì æ ç è ó / ç è ü ð ä ë � ð ä ý õ ç ý ý å ä ú ê ì ä : ç è ì - ä ç è ú ë9 ç æ ç þ ì � ü ç ä ê å ä ; ì ä ý ì ä ó ã � � � * ä ê ù ç ã � ñ � ó ù ì � ç æ ç è ó � ù å þ ç û ì ú ç ä ç è ð ê å ì ä å é � ç þ þ ç é ê ð � þ å é ù ç ý å ä ü ð ä ë é ç û ê ì è é ó ç � ú �ê ù ç å ä ý � é ê è å ð þ ð ä ý ç ý � û ð ê å ì ä ð þ ì ä ç é ó å ê é � é ç å ä ê ù ç è ç é å ý ç ä ê å ð þ é ç û ê ì è å é é ê å þ þ æ ç è ë þ å ü å ê ç ý å ä é � å ê ç ì í ê ù ç é å ú ä å í å û ð ä êç ä ç è ú ë ð ä ý ç ü å é é å ì ä é è ç ý � û ê å ì ä é � ì ê ç ä ê å ð þ ê ù ð ê ê ù å é ê ç û ù ä ì þ ì ú ë � è ç é ç ä ê é , é ç ç / � ä ç é � - þ þ å é � 0 0 	 � õ è ð � ä ç ê ð þ �� 0 0 
 � � � ä ç ì í ê ù ç ü ð å ä è ç ð é ì ä é û å ê ç ý í ì è ê ù å é þ å ü å ê ç ý � é ç å é ê ù ç ù å ú ù å ä å ê å ð þ é ë é ê ç ü û ì é ê ó ç é � ç û å ð þ þ ë í ì è ý å é ê è å û êù ç ð ê å ä ú ä ç ê � ì è � é , � ù ç ê ê ç � þ ð û ç � 8 8 � � ó ð é � ç þ þ ð é ê ù ç � ä é � å ê ð � å þ å ê ë ì í ê ù ç ç ä ç è ú ë � é ç û ù ð è ð û ê ç è å é ê å û é ì íû ì ä æ ç ä ê å ì ä ð þ ã � ñ � è ç é å ý ç ä ê å ð þ û ì ü ü � ä å ê å ç é , � å ê ù ê ù ç å è ù å ú ù ý ð å þ ë ð ä ý é ç ð é ì ä ð þ æ ð è å ð ê å ì ä é � ê ì ê ù ç ä ç ç ý é ì íû ì ú ç ä ç è ð ê å ì ä é ë é ê ç ü é � ò ä � ü � ç è ì í � ì é é å � þ ç é ê è ð ê ç ú å ç é í ì è å ä û è ç ð é å ä ú ê ù ç � é ç ì í è ç é å ý ç ä ê å ð þ û ì ú ç ä ç è ð ê å ì ä ù ð æ ç� ç ç ä ý å é û � é é ç ý å ä ê ù ç þ å ê ç è ð ê � è ç ó ì ä ç ì í � ù å û ù å é ê ì å ý ç ä ê å í ë � ì ê ç ä ê å ð þ è ç é å ý ç ä ê å ð þ ü ð è � ç ê é � å ê ù ü ì è ç é � å ê ð � þ ç ç ä ç è ú ë� é ç û ù ð è ð û ê ç è å é ê å û é ê ù ð ê û ð ä ð û ê ð é ü ð è � ç ê ç ä ê è ë � ì å ä ê é í ì è ê ù ç é ç ê ç û ù ä ì þ ì ú å ç é , ã � ñ � 9 � - ó � 0 0 	 � �î ù è ì � ú ù ì � ê ê ù ç ã � ñ � ó ð ä � ü � ç è ì í ä ç � ó é � é ê ð å ä ð � þ ç ó è ç é å ý ç ä ê å ð þ û ì ü ü � ä å ê å ç é ð è ç � ç å ä ú ý ç æ ç þ ì � ç ý ó � ù å û ù ð ê ê ç ü � êê ì å ä ê ç ú è ð ê ç ê ù ç � è å ä û å � þ ç é ì í é � é ê ð å ä ð � å þ å ê ë ð ä ý ç ä ç è ú ë ç í í å û å ç ä û ë í è ì ü ê ù ç ç ð è þ ë é ê ð ú ç é ì í ê ù ç å è ý ç é å ú ä � î ù ç ý ç é å ú äû ù ð è ð û ê ç è å é ê å û é ì í ê ù ç é ç û ì ü ü � ä å ê å ç é ð è ç û ì ä é å ý ç è ð � þ ë ý å í í ç è ç ä ê í è ì ü ê ù ì é ç ì í û ì ä æ ç ä ê å ì ä ð þ ì ä ç é ê ù � é è ç é � þ ê å ä ú å äå ü � è ì æ ç ý ç ä ç è ú ë � é ç û ù ð è ð û ê ç è å é ê å û é � î ù ç é ç û ì ü ü � ä å ê å ç é ð è ç ð þ é ì � é ç ý ê ì ý ç ü ì ä é ê è ð ê ç ê ù ç � ç è í ì è ü ð ä û ç ì íç ü ç è ú å ä ú ê ç û ù ä ì þ ì ú å ç é � + ù å þ ç ê ù ç å è ä � ü � ç è å é é ê å þ þ þ å ü å ê ç ý ó é � û ù û ì ü ü � ä å ê å ç é è ç � è ç é ç ä ê ð � ì ê ç ä ê å ð þ ü ð è � ç ê í ì è ê ù çå ä ê ç ú è ð ê å ì ä ì í û ì ú ç ä ç è ð ê å ì ä é ë é ê ç ü é � î ù å é å ä ê ç ú è ð ê å ì ä û ð ä è ç é � þ ê å ä í � è ê ù ç è è ç ý � û ê å ì ä é å ä ê ù ç û ì ü ü � ä å ê å ç é �ç ä æ å è ì ä ü ç ä ê ð þ å ü � ð û ê ð é � ç þ þ ð é ê ì � å ý ç è ð û û ç � ê ð ä û ç ì í ê ù ç é ç ç ü ç è ú å ä ú ê ç û ù ä ì þ ì ú å ç é ð ä ý å ü � è ì æ ç ü ç ä ê é å ä ê ù ç å èç û ì ä ì ü å û é ü ð � å ä ú ê ù ç ü é � å ê ð � þ ç í ì è ì ê ù ç è ü ð è � ç ê é � î ù ç è ç í ì è ç ó ð ä ç ç ý ç ï å é ê é ê ì å ä æ ç é ê å ú ð ê ç ê ù ç å ü � ð û ê ì í ê ù çý å í í ç è ç ä ê ý ç é å ú ä û ù ð è ð û ê ç è å é ê å û é ì í é � é ê ð å ä ð � þ ç û ì ü ü � ä å ê å ç é ó û ì ü � ð è ç ý ê ì ê ù ì é ç ì í û ì ä æ ç ä ê å ì ä ð þ ì ä ç é ó ì ä ê ù ç� ç è í ì è ü ð ä û ç ì í ê ù ç û ì ú ç ä ç è ð ê å ì ä é ë é ê ç ü é ð ä ý ê ù ç è ç í ì è ç ì ä ê ù ç å è í ç ð é å � å þ å ê ë � ñ � û ù é ê � ý å ç é û ð ä ê ù ç ä � ç � é ç ý ê ìý ç æ ç þ ì � ý ç é å ú ä ú � å ý ç þ å ä ç é ê ù ð ê û ð ä å ä í ì è ü ý ç é å ú ä ç è é ì í é � é ê ð å ä ð � þ ç û ì ü ü � ä å ê å ç é � ù ì � å é ù ê ì å ä ê ç ú è ð ê çû ì ú ç ä ç è ð ê å ì ä å ä ê ì ê ù ç å è � è ì 1 ç û ê é � ò é ê ù ç ý ç é å ú ä ì í è ç é å ý ç ä ê å ð þ û ì ü ü � ä å ê å ç é � ê å þ å � å ä ú û ì ú ç ä ç è ð ê å ì ä é ë é ê ç ü é å ä æ ì þ æ ç éð þ ð è ú ç ä � ü � ç è ì í � ð è ð ü ç ê ç è é ì ä ê ù ç � þ ð ä ä å ä ú ð ä ý ð è û ù å ê ç û ê � è ç é û ð þ ç é ó ê ù å é é ê � ý ë í ì û � é ç ý ì ä é ç þ ç û ê ç ý� ð è ð ü ç ê ç è é ì ä ç ð û ù é û ð þ ç ð ä ý ð é é ç é é ç ý ê ù ç å è å ä ý å æ å ý � ð þ å ü � ð û ê ì ä ê ù ç � ç è í ì è ü ð ä û ç ì í û ì ú ç ä ç è ð ê å ì ä é ë é ê ç ü �î ù ç é ç é ç þ ç û ê ç ý � ð è ð ü ç ê ç è é ð è ç ø � � ý ç ä é å ê ë ó � � � é ç ü å ï ó 	 � é ê è ç ç ê û ì ä í å ú � è ð ê å ì ä ó 
 � ù ì � é å ä ú ê ë � ì þ ì ú ë ó � � ç ä æ ç þ ì � çð ä ý � � å þ ý å ä ú é ë é ê ç ü é � ç í í å û å ç ä û å ç é ó ð ä ý  � � ð é é å æ ç é ì þ ð è ç ä ç è ú ë � ê å þ å � ð ê å ì ä � î ù å é ð é é ç é é ü ç ä ê ð å ü é ê ì ý ç ü ì ä é ê è ð êê ù ç å ü � ð û ê ê ù ð ê å ä í ì è ü ç ý ý ç é å ú ä û ð ä ù ð æ ç ì ä å ä û è ç ð é å ä ú ê ù ç í ç ð é å � å þ å ê ë ì í ç ü ç è ú å ä ú ê ç û ù ä ì þ ì ú å ç é ó é � û ù ð éè ç é å ý ç ä ê å ð þ û ì ú ç ä ç è ð ê å ì ä ó ð ä ý ê ù ç è ç í ì è ç ì ä å ü � è ì æ å ä ú ê ù ç ç ä æ å è ì ä ü ç ä ê ð þ å ü � ð û ê ì í è ç é å ý ç ä ê å ð þ û ì ü ü � ä å ê å ç é � * ä ê ù å éû ì ä ê ç ï ê ó ê ù ç í ì þ þ ì � å ä ú é ç û ê å ì ä é � å þ þ � è ç é ç ä ê ð � è å ç í þ å ê ç è ð ê � è ç è ç æ å ç � ý ç ð þ å ä ú � å ê ù é � é ê ð å ä ð � å þ å ê ë ó ù ì � å ê è ç þ ð ê ç é ê ì ê ù ç� � å þ ê ç ä æ å è ì ä ü ç ä ê ó ý å é ê è å � � ê ç ý ú ç ä ç è ð ê å ì ä ð ä ý û ì ú ç ä ç è ð ê å ì ä ó ð ä ý � ç è í ì è ü ð ä û ç ð é é ç é é ü ç ä ê é ê � ý å ç é ì í è ç é å ý ç ä ê å ð þû ì ú ç ä ç è ð ê å ì ä � ñ � � é ç 5 � ç ä ê þ ë ó ê ù ç ü ç ê ù ì ý ì þ ì ú ë � é ç ý å ä ð é é ç é é å ä ú ê ù ç ý ç é å ú ä � ð è ð ü ç ê ç è é � å ü � ð û ê ì ä ê ù çû ì ú ç ä ç è ð ê å ì ä é ë é ê ç ü � ç è í ì è ü ð ä û ç � å þ þ � ç ý ç é û è å � ç ý í ì þ þ ì � ç ý � ë ð é � ü ü ð è ë ð ä ý ð ä ð þ ë é å é ì í ê ù ç ð é é ç é é ü ç ä êè ç é � þ ê é � < å ä ð þ þ ë ó é ç æ ç è ð þ û ì ä û þ � é å ì ä é ê ù ð ê û ð ä � ç ý è ð � ä í ì è ü ê ù ç é ç è ç é � þ ê é � å þ þ � ç ì � ê þ å ä ç ý ð ä ý ý å é û � é é ç ý �= � � � � " $ � � � $ " $ " # � " >? @ A @ B C D E F G H F I G J G E K L M H M N O K L F H P E Q M I C G J E M H R G N S H T M H E+ ù å þ ç æ ð è ë å ä ú å ä ç ü � ù ð é å é ó ç ï å é ê å ä ú ý ç í å ä å ê å ì ä é ì í é � é ê ð å ä ð � å þ å ê ë ð ä ý é � é ê ð å ä ð � þ ç ý ç æ ç þ ì � ü ç ä ê , ç � ú � + ÷ - 9 � 8 4 3 �ð þ þ é ê è ç é é ê ù ç ä ç ç ý í ì è � ð þ ð ä û å ä ú ç ä æ å è ì ä ü ç ä ê ð þ ó ç û ì ä ì ü å û ð ä ý é ì û å ð þ û ì ä é å ý ç è ð ê å ì ä é � ù å þ ç ü ð å ä ê ð å ä å ä ú ð ú ì ì ý5 � ð þ å ê ë ì í þ å í ç � ò é ê è ì ä ú ð ä ý ý å è ç û ê þ å ä � ç ï å é ê é � ç ê � ç ç ä ç ä æ å è ì ä ü ç ä ê ð þ é � é ê ð å ä ð � å þ å ê ë ø å ä û þ � ý å ä ú å é é � ç é ì í ü å ê å ú ð ê å ì äì í ç ï å é ê å ä ú ç ä æ å è ì ä ü ç ä ê ð þ � è ì � þ ç ü é ó � è ì ê ç û ê å ì ä ì í ç û ì ÿ é ë é ê ç ü é ó ü ì è ç ç í í å û å ç ä ê � é ç ì í ä ð ê � è ð þ è ç é ì � è û ç é ó ð ä ý� å ì ý å æ ç è é å ê ë � ð ä ý � ç ê � ç ç ä ç ä ç è ú ë ð ä ý ç ä ç è ú ë é ë é ê ç ü é � . ì ù ð ä é é ì ä � / ì þ ý ç ü � ç è ú , � 0 0 � � ý ç é û è å � ç û ì ä æ ç ä ê å ì ä ð þé ì � è û ç é ì í ð ä ý ð � � è ì ð û ù ç é ê ì � è ì æ å ý å ä ú ð ä ý � é å ä ú ç ä ç è ú ë ð é � ä é � é ê ð å ä ð � þ ç ð ä ý þ å ä � ê ù ç ü ê ì é å ú ä å í å û ð ä êç ä æ å è ì ä ü ç ä ê ð þ ó é ì û å ð þ ó ð ä ý ù ç ð þ ê ù � è ì � þ ç ü é � ì ê ù û � è è ç ä ê þ ë ð ä ý å ä ê ù ç í � ê � è ç � î ù ç ë ð þ é ì é � ú ú ç é ê é ç æ ç è ð þ ð þ ê ç è ä ð ê å æ çé ê è ð ê ç ú å ç é ê ì ð û ù å ç æ ç ð ü ì è ç é � é ê ð å ä ð � þ ç ç ä ç è ú ë å ä û þ � ý å ä ú ø ü ì è ç ç í í å û å ç ä ê � é ç ì í ç ä ç è ú ë � ð û û ç þ ç è ð ê ç ýý ç æ ç þ ì � ü ç ä ê ð ä ý ý ç � þ ì ë ü ç ä ê ì í ä ç � ç ä ç è ú ë ê ç û ù ä ì þ ì ú å ç é � ý ç û ç ä ê è ð þ å � ð ê å ì ä ì í ê ù ç � ì è þ ý ç ä ç è ú ë é ë é ê ç ü é � ð ä ýå ä û è ç ð é ç ý � é ç ì í è ç ä ç � ð � þ ç ç ä ç è ú ë è ç é ì � è û ç é � * ä û è ç ð é å ä ú ê ù ç ç ä æ å è ì ä ü ç ä ê ð þ é � é ê ð å ä ð � å þ å ê ë ì í ê ù ç � � å þ ê
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The Architectural Research Centers Consortium 

 
 

The Architectural Research Centers Consortium, Inc. (ARCC) is an international association of 

architectural research centers committed to the expansion of the research culture and a 

supporting infrastructure in architecture and related design disciplines. Since its founding as a 

non-profit corporation in 1976, ARCC has represented a concerted commitment to the 

improvement of the physical environment and the quality of life. 

 

Historically, ARCC's members have been schools of architecture who have made substantial 

commitments to architectural research, often by forming centers directed to research programs. 

At the same time, ARCC has sponsored many projects, conferences, and other activities 

involving the broader architectural research community, including industrial laboratories, 

government agencies, and private practitioners engaged in research. 

 

ARCC members are engaged in sponsored research and in graduate studies intended to develop 

a more comprehensive research infrastructure for architecture -- an infrastructure of researchers, 

facilities, equipment, research centers, and academic programs working to expand the knowledge 

base for practice. A recent survey of members identified over $21 million in funded research 

projects in areas such as: 

 

•Acoustics •Adaptive environments •Building economics •Building systems •Commercial 

and institutional buildings •Community development and design •Computer-aided design 

•Construction materials and processes •Earthquake, fire, and environmental hazards 

•Energy, resources, and sustainability •History and theory of architecture •Health and 

related facilities •Housing •Indoor environments •Lighting and daylighting •Practice of 

architecture •Preservation and rehabilitation •Simulation and representation •Tropical 

planning and design •Urban and rural design 

 

As an organization of researchers and research centers, ARCC sponsors workshops, undertakes 

sponsored projects, sustains networks, and exchanges information and experience intended to 

help build a research culture and infrastructure -- in architecture schools and beyond. 

 
 
 
 
 
 
 
 
*for more information and contact details visit our website: www.arccweb.org 
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