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A RESIDENTIAL ACADEMIC EXPERIENCE FOR TALENTED HIGH SCHOOL STUDENTS AT UC SAN DIEGO  

 

C 
osmos is here and what a 

week it has been!  The 

students are settling in, 

making new friends and becoming 

familiar with the campus. This 

newsletter, the first of our weekly 

newsletters, will provide you with 

a glimpse into your studentsõ lives 

over this past week.   

Week 1 Newsletter  
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REMINDER! 

 

 

RESIDENTIAL LIFE 

Y 
our minds will be at ease to know that your student is alive and kicking. As a 
matter of fact, students have been kicking soccer balls, kicking and screaming 
when we make them go to sleep at 11pm, and kickin it with their neighbors, 

cluster mates, and the staff. Activities have included Laundry 101, basketball, chalkboard 
design, soccer, ice cream socials, ice breakers galore and more. And that was just the 
first four days. They have 
also been hard at work 
preparing their cheers and 
choreographing their danc-
es/skits for the famous 
COSMOlympics competi-
tion between clusters for 
Friday afternoon. We are 
thrilled to report that we 
have had no major injuries 
so far despite housing 184 teenagers. Though safety has been our number one priority, 
the students have been successful in creating a chatty and energetic community in a 
short period of time. All in all COSMOS has been off to a great start in and out of the 
classroom. We hope to continue developing the community next week as we go to the 
zoo; we try out the beach; make it over to the natatorium; and continue to kick it! 

RECAP of OPENING DAY 
One hundred and eighty four students arrived on the UCSD 
campus for the greatly awaited COSMOS 2016 program to 
begin. Families and staff were found dispersed throughout the 
Eleanor Roosevelt College (ERC) as students moved into their 
suites, their home for the next month. The joyful music and 
friendly environment was very welcoming.  All people present 
then walked to Peterson Hall for the Introduction presenta-
tion and Welcoming remarks.  Students then split into their 
clusters and took a tour around campus led by the Residential Advisors. They then returned to ERC 

and said their good-byes to their families.  The clusters had ice-breakers for 
the students to begin meeting each other, for they will be working and learning 
closely together throughout the program.  Dinner was well-enjoyed at the col-
lege dining hall, Cafe Ventanas. After dinner, the rules and boundaries for the 
program were clearly explained.  There were still plenty of activities left to do 
for the day.  More ice-breakers were played by everyone together and others 
that involved friendly competition between the clusters. Eventually, everybody 
headed to their suites, where they finished moving in and met with the group 
of people with whom they will be living.  Lights were out by 11:00pm, to en-
sure enough energy for the next day. This was only the beginning...  
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F 
amily Weekend is July 22nd through July 24th. Students must be 

checked out by an adult specified on the Family Weekend Form between 6-9pm 

on Friday and must return between 2 -5pm on Sunday. Optionally, students 

can be checked out at 6pm on Friday and returned by 9pm that same evening or alter-

nately, 2pm on Sunday, returning by 5pm that day. We do not have the staff to accommo-

date individual schedules. All students MUST be back to campus by 5pm on Sun-

day. PLEASE speak with your child and let us know by email if their choice for the week-

end has changed so we can staff appropriately. There are many students who will be stay-

ing on campus during the weekend and the RAs have a full schedule of activities and fun 

planned for those students. If you have any questions, please call our of-

fice at (858) 822 -4361 or email  

cosmos@ucsd.edu.  

T 
ƘŜ ƛŘŜŀ ƻŦ ƛƴǾƛǎƛōƛƭƛǘȅ Ŏƭƻŀƪǎ ƛǎ ƴƻǘ ƴŜǿΣ ŀƴŘ ǘƘŜȅ ƘŀǾŜ 
ŜȄƛǎǘŜŘ ƛƴ ǘƘŜ ǇŀǎǘΦ IƻǿŜǾŜǊΣ ǘƘŜȅ ŀǊŜ ǾŜǊȅ ƭŀǊƎŜ ŀƴŘ 
ōǳƭƪȅΦ ¢ƘŜ ŬǊǎǘ 5ƛǎŎƻǾŜǊȅ [ŜŎǘǳǊŜΣ ƘŜƭŘ ōȅ 5ǊΦ .ƻǳπ

ōŀŎŀǊ YŀƴǘŜ ŦǊƻƳ ǘƘŜ 9ƭŜŎǘǊƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ŘŜǇŀǊǘƳŜƴǘ ƘŜǊŜ 
ŀǘ ¦/ {ŀƴ 5ƛŜƎƻΣ ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ ŎǊŜŀǝƻƴ ƻŦ ŀ ƴŜǿ ǘƘƛƴ ŀƴŘ 
ƭƛƎƘǘǿŜƛƎƘǘ ƛƴǾƛǎƛōƛƭƛǘȅ Ŏƭƻŀƪ ŎŀƭƭŜŘ ŀ ŎŀǊǇŜǘ ŎƭƻŀƪΦ IŜ ǎǘŀǊǘŜŘ 
ƻũ ōȅ ŘŜǎŎǊƛōƛƴƎ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ƭƛƎƘǘ ŦƻǊ Ƙƻǿ ǿŜ ǎŜŜ ŜǾŜπ
ǊȅǘƘƛƴƎ ŀǊƻǳƴŘ ǳǎΦ IŜ ŀƭǎƻ ŘƛǎŎǳǎǎŜŘ ǘƘŜ ǘƘŜƻǊȅ ƻŦ ǘǊŀƴǎŦƻǊƳŀǝǾŜ ƻǇǝŎǎ ŀƴŘ Ƙƻǿ Ƙƛǎ 
ƭŀō ǿŀǎ ŀōƭŜ ǘƻ ǘŀƪŜ ǘƘŜ ǘƘŜƻǊȅ ŀƴŘ ŎƻƴǎǘǊǳŎǘ ƳŜǘŀƳŀǘŜǊƛŀƭǎΦ 5ǊΦ YŀƴǘŜΩǎ ǘƘƛƴ ƛƴǾƛǎƛōƛƭƛǘȅ 
Ŏƭƻŀƪ ǘǊƛŎƪǎ ǇŜƻǇƭŜ ƛƴǘƻ ǘƘƛƴƪƛƴƎ ǘƘŜǊŜ ƛǎ ŀ ƅŀǘ ǎǳǊŦŀŎŜ ōȅ ŘƛǎǘƻǊǝƴƎ ǘƘŜ ǊŜƅŜŎǝǾŜ ƭƛƎƘǘ 
Ǌŀȅǎ ǿŜ ǎŜŜΦ tŜƻǇƭŜ ǎŜŜ ƻōƧŜŎǘǎ ōŜŎŀǳǎŜ ǘƘŜȅ ǊŜƅŜŎǘ ƭƛƎƘǘ ƛƴǘƻ ƻǳǊ ŜȅŜǎΣ ŀƴŘ Ƙƛǎ Ŏƭƻŀƪ 

Ƙŀǎ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ŘƛǎǘƻǊǘ ǘƘŜ ƭƛƎƘǘ Ǌŀȅǎ ŀǎ ǘƘƻǳƎƘ ǘƘŜȅ ŎŀƳŜ 
ŦǊƻƳ ŀ ƅŀǘ ǎǳǊŦŀŎŜΦ 5ǊΦ YŀƴǘŜ ŀƭǎƻ ŘƛǎŎǳǎǎŜŘ Ƙƻǿ ǘƘƛǎ ƴŜǿΣ 
ǘƘƛƴ ŘŜǎƛƎƴ ǿƻǳƭŘ ƴƻǘ ŀƭǘŜǊ ǘƘŜ ōǊƛƎƘǘƴŜǎǎ ƻŦ ƭƛƎƘǘ ǎǳǊπ
ǊƻǳƴŘƛƴƎ ǘƘŜ ƻōƧŜŎǘ ōŜƛƴƎ ƘƛŘŘŜƴΣ ŀ ǳǎǳŀƭ ǘŜƭƭǘŀƭŜ ǘƘŀǘ 
ǎƻƳŜǘƘƛƴƎ ƛǎ ǳƴŘŜǊ ǘƘŜ ŎƭƻŀƪΦ 5ǊΦ YŀƴǘŜ ǘƘŜƴ ǿŜƴǘ ƻƴ ǘƻ 
ŘƛǎŎǳǎǎ ǘƘŜ ŦǳǘǳǊŜ ŀǇǇƭƛŎŀǝƻƴǎ ƻŦ ǘƘƛǎ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ Ƙƻǿ 
ƛǘ ŎƻǳƭŘ ōŜ ŀǇǇƭƛŜŘ ƛƴ Ƴŀƴȅ ŘƛũŜǊŜƴǘ ŬŜƭŘǎΦ  

DISCOVERY LECTURE SERIES 
òSeeing is Believingó   

FAMILY WEEKEND REMINDER  

!ŘƳƛǎǎƛƻƴǎ tǊŜǎŜƴǘŀǝƻƴΥ тκнп Ϫ оǇƳΦ tŀǊŜƴǘǎ ǿŜƭŎƻƳŜ ǘƻ ŀǧŜƴŘΗ 
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CLUSTER 1: COMPUTERS IN EVERYDAY LIFE 
Cluster 1: http://ucsdcosmoscluster1 -2016.blogspot.com/  

hƴ 5ŀȅ м ƻŦ /h{ah{Σ /ƭǳǎǘŜǊ м ƘŀŘ 
ƴƻǘ ƻƴƭȅ ƎƻǧŜƴ ŀ ƎƭƛƳǇǎŜ ƻŦ ǿƘŀǘ 
ǿŀǎ ƛƴ ǎǘƻǊŜ ŦƻǊ ǘƘŜ ƴŜȄǘ ŦƻǳǊ ǿŜŜƪǎΣ 
ōǳǘ ŎǊŜŀǘŜŘ ŀƴ !ƴŘǊƻƛŘ ŀǇǇΗ 5ǳǊƛƴƎ 
ǘƘƛǎ ŬǊǎǘ ǿŜŜƪΣ ǿŜ ōŜƎŀƴ ǘƻ ƭŜŀǊƴ 
!ǇǇLƴǾŜƴǘƻǊΦ Lǘ ƛǎ ŀ ǎŎǊƛǇǝƴƎ ƭŀƴπ
ƎǳŀƎŜ ǿƛǘƘ ŀ ƎǊŀǇƘƛŎŀƭ ƛƴǘŜǊŦŀŎŜ 

ǿƘƛŎƘ ŀƭƭƻǿŜŘ ǳǎ ǘƻ Ǉǳǘ ǘƻƎŜǘƘŜǊ 
ƻǳǊ ǎƛƳǇƭŜ ŀǇǇ ƛƴ ŀ ƳŀǧŜǊ ƻŦ ƘƻǳǊǎΦ 
!ǇǇLƴǾŜƴǘƻǊ ŀƭƭƻǿǎ ǳǎ ǘƻ ŘŜǾŜƭƻǇ 
ŀǇǇƭƛŎŀǝƻƴǎ ŦƻǊ !ƴŘǊƻƛŘ ōŀǎŜŘ ŘŜπ
ǾƛŎŜǎΣ ƭƛƪŜ ŎŜƭƭ ǇƘƻƴŜǎΦ {ƻƳŜ ƻŦ ƻǳǊ 
ŬǊǎǘ ŀǇǇƭƛŎŀǝƻƴǎ ŦƻǊ ǘƘŜ !ƴŘǊƻƛŘ 
ǇƘƻƴŜ ƛƴŎƭǳŘŜŘ ƘŀǾƛƴƎ ƻǳǊ ǇƘƻƴŜ 
Ŏƻǳƴǘ ŀƭƻǳŘ ŀǎ ǿŜ ŎƘŀƴƎŜŘ ƛǘǎ ƻǊƛŜƴπ
ǘŀǝƻƴ ŦǊƻƳ ǇƻǊǘǊŀƛǘ ǘƻ ƭŀƴŘǎŎŀǇŜΦ 
bŜȄǘ ǿŜ ǿƻǊƪŜŘ ƻƴ ƻǳǊ ƻǿƴ ǳƴƛǉǳŜ 
ŀǇǇ ǿƛǘƘ ƻǳǊ ǇŀǊǘƴŜǊΦ LŦ ǿŜ ǿŀƴǘŜŘ 
ǘƻΣ ǿŜ ŎƻǳƭŘ Ǉǳǘ ƻǳǊ ŀǇǇǎ ǳǇ ŦƻǊ ǎŀƭŜ 
ƛƴ ǘƘŜ !ƴŘǊƻƛŘ aŀǊƪŜǘΗ ²Ŝ ǿŜǊŜ 

ǇŀƛǊŜŘ ǳǇ ƛƴ ǘŜŀƳǎ ŀƴŘ ƳŀŘŜ ŀ 
ƎǊƻǳǇ ŀǇǇ ǿƘƛŎƘ ǿŜ ǿŜΩƭƭ ǇǊŜǎŜƴǘ ƻƴ 
¢ƘǳǊǎŘŀȅ ŀƊŜǊƴƻƻƴ ǘƻ ǘƘŜ ŎƭǳǎǘŜǊΦ Lƴ 
ŀōƻǳǘ ǘƘǊŜŜ ŘŀȅǎΣ ǿŜ ƘŀŘ ŎǊŜŀǘŜŘ ŀƴ 
ŀǇǇ ŀƴŘ ŎƻǳƭŘ ǎŜŜ ǿƘŀǘ ƻǘƘŜǊ ŦŜŀπ
ǘǳǊŜǎ ǿŜ ǎǝƭƭ ƘŀŘ ǘƻ ǿƻǊƪ ƻƴΦ  

hƴ ²ŜŘƴŜǎŘŀȅΣ ǿŜ ǇǊŀŎǝŎŜŘ ƴǳƳπ
ōŜǊ ŎƻƴǾŜǊǎƛƻƴǎ ōŜǘǿŜŜƴ ŘƛũŜǊŜƴǘ 
ōŀǎŜǎ ς ōƛƴŀǊȅΣ ƻŎǘŀƭ ŀƴŘ ƘŜȄŀŘŜŎƛπ
ƳŀƭΦ ¢ƘŜƴ ǿŜ ǇƭŀȅŜŘ ά!ǊƻǳƴŘ ǘƘŜ 
²ƻǊƭŘέ ǿƘŜǊŜ tǊƻŦΦ 5ƛōŀ ǎƘƻǿŜŘ ǳǎ 
ŀ ƅŀǎƘ ŎŀǊŘ ǿƛǘƘ ŀ ōƛƴŀǊȅ ƴǳƳōŜǊ ƻƴ 
ƛǘ ŀƴŘ ǿŜ ƘŀŘ ǘƻ ƎƛǾŜ ǘƘŜ ƘŜȄŀŘŜŎƛπ
Ƴŀƭ ŜǉǳƛǾŀƭŜƴǘΦ ¢ƘŜ άǿƛƴƴŜǊέ ǿŀǎ 
ǘƘŜ ƻƴŜ ǿƘƻ ŎƻǳƭŘ Ǝƻ ŀǊƻǳƴŘ ǘƘŜ 
ǊƻƻƳ ŀƎŀƛƴǎǘ ŜŀŎƘ ǇŜǊǎƻƴ ŀƴŘ ǊŜπ
ǘǳǊƴ ǘƻ ǘƘŜƛǊ ǎŜŀǘ ς ǘƘŜǊŜŦƻǊŜ ƎƻƛƴƎ 
ŀǊƻǳƴŘ ǘƘŜ ǿƻǊƭŘΦ {ǘŜǾŜƴ ǿŜƴǘ ǘƘŜ 
ŦǳǊǘƘŜǎǘΗ  5ǳǊƛƴƎ ƭŀōΣ ǿŜ ŬƴƛǎƘŜŘ ǳǇ 
ǿƻǊƪƛƴƎ ƻƴ ƻǳǊ ŀǇǇǎ ŀƴŘ ŎƻƴǝƴǳŜŘ 
ǘƻ ŘƛǎŎƻǾŜǊ ǘƘŜ ǇƻǎǎƛōƛƭƛǝŜǎ ŀƴŘ ƭƛƳƛπ
ǘŀǝƻƴǎ ƻŦ ǿƻǊƪƛƴƎ ƻƴ ŀ ƳƻōƛƭŜ 
ǇƭŀǜƻǊƳΦ 

¢ƘǳǊǎŘŀȅ ǿŜ ƘŜŀǊŘ ŀ ǇǊŜǎŜƴǘŀǝƻƴ 
ŦǊƻƳ ǘƘŜ {ŎƛŜƴŎŜ ŀƴŘ 9ƴƎƛƴŜŜǊƛƴƎ 
ƭƛōǊŀǊƛŀƴ ǘƘŀǘ ǿƛƭƭ ƘŜƭǇ ǳǎ Řƻ ƻǳǊ ǊŜπ
ǎŜŀǊŎƘ ŦƻǊ ƻǳǊ ǳǇŎƻƳƛƴƎ ǿƻǊƪΦ  Lƴ 
ǘƘŜ ŀƊŜǊƴƻƻƴΣ ǿŜΩƭƭ ǇǊŜǎŜƴǘ ƻǳǊ 
ǿƻǊƪ ǘƻ ƻǳǊ ŎƭǳǎǘŜǊΦ  ¢ƘŜ ǇǊŜǎŜƴǘŀπ
ǝƻƴǎ ǿƛƭƭ ōŜ ŀǾŀƛƭŀōƭŜ ƻƴ ƻǳǊ ōƭƻƎ - 

ƘǧǇΥκκǳŎǎŘŎƻǎƳƻǎŎƭǳǎǘŜǊм-
нлмсΦōƭƻƎǎǇƻǘΦŎƻƳκΦ   hǳǊ ŬǊǎǘ 
ǇǊŜǎŜƴǘŀǝƻƴ ǘƻ ǘƘŜ ŎƭǳǎǘŜǊ ǿƛƭƭ 
¢ƘǳǊǎŘŀȅ ŀƊŜǊƴƻƻƴ ǘƻ ǎƘŀǊŜ ǿƘŀǘ 
ŜŀŎƘ ƎǊƻǳǇ ŘƛŘ ŦƻǊ ǘƘŜƛǊ ƻǊƛƎƛƴŀƭ ŀǇǇΦ  
²Ŝ ǿƛƭƭ ŀƭǎƻ ōŜƎƛƴ ǿƻǊƪƛƴƎ ƻƴ {ŎǊƛōπ
ōƭŜǊ wƻōƻǘǎ ŘǳǊƛƴƎ ƭŀōΦ  ²Ŝ ŎŀƴΩǘ 
ǿŀƛǘ ǘƻ ōŜƎƛƴ ǘƻ ƎŜǘ ƻǳǊ Ǌƻōƻǘǎ ǘƻ 
ƻōŜȅ ƻǳǊ ŜǾŜǊȅ ŎƻƳƳŀƴŘΗ 
 
CǊƛŘŀȅ ǿƛƭƭ ōŜ ǿƻǊƪƛƴƎ ƻƴ ƻǳǊ wƻπ
ōƻ!ǊǘΦ  ²Ŝ ǿƛƭƭ ōŜ ǇǊƻƎǊŀƳƳƛƴƎ ƻǳǊ 
{ŎǊƛōōƭŜǊǎ ǘƻ ŘǊŀǿ ŀ ŘŜǎƛƎƴ ƻŦ ƻǳǊ 
ŎƘƻƻǎƛƴƎ ƻƴ ǘƘŜ ƎǊƻǳƴŘΦ  ±ƛŘŜƻǎ ƻŦ 
ƻǳǊ ŀǇǇ ǇǊŜǎŜƴǘŀǝƻƴǎ ŀƴŘ ǇƘƻǘƻǎ 
ǿƛƭƭ ōŜ ǇƻǎǘŜŘ ǘƘƛǎ ǿŜŜƪŜƴŘ ƻƴ ƻǳǊ 
ōƭƻƎΦ 

http://ucsdcosmoscluster1-2013.blogspot.com/
http://ucsdcosmoscluster1-2016.blogspot.com/
http://ucsdcosmoscluster1-2016.blogspot.com/
http://ucsdcosmoscluster1-2016.blogspot.com/
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CLUSTER 2: ENGINEERING DESIGN AND CONTROL OF KINETIC SCULPTURES 
{ǘǳŘŜƴǘǎ ƛƴ /ƭǳǎǘŜǊ н Ƙƛǘ ǘƘŜ ƎǊƻǳƴŘ Ǌǳƴπ
ƴƛƴƎ ƛƴ ǿŜŜƪ ƻƴŜ ǿƛǘƘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘΣ 
ŎƻƴǎǘǊǳŎǝƻƴΣ ŀƴŘ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜƛǊ ŬǊǎǘ 
ŀǎǎƛƎƴƳŜƴǘ - ŀ ǿƻǊƪƛƴƎ ƳŜŎƘŀƴƛŎŀƭ ǇŜƴŘǳπ
ƭǳƳ ŎƭƻŎƪΗ [Ŝǎǎƻƴǎ ŀƴŘ ƭŜŎǘǳǊŜǎ ŀǊŜ ƎƛǾŜƴ 
ōȅ ōƻǘƘ tǊƻŦŜǎǎƻǊǎ 5Ŝƭǎƻƴ ŀƴŘ ŘŜ /ŀƭƭŀŦƻƴΣ 
ǘŜŀŎƘŜǊ ŦŜƭƭƻǿ .Ǌȅƴ .ƛǎƘƻǇΣ ŀƴŘ ƻǳǊ ŀǿŜπ
ǎƻƳŜ ¢!ǎ WŀŎƪƛŜ ŀƴŘ WŀȅŀƴǘΦ IŜǊŜ ŀǊŜ 
ǎƻƳŜ ǘƘƛƴƎǎ ǘƘŜ ǎǘǳŘŜƴǘǎ ƘŀŘ ǘƻ ǎŀȅΥ 

aƻƴŘŀȅ -¢ƘŜ ŬǊǎǘ Řŀȅ ƻŦ Ŏƭŀǎǎ ǿŀǎ ŀƴ 
ŀƳŀȊƛƴƎ ŜȄǇŜǊƛŜƴŎŜΦ Lǘ ǎǘŀǊǘŜŘ ƻũ ǿƛǘƘ ŀ 
ǇǊŜǎŜƴǘŀǝƻƴ ŀōƻǳǘ ǎŀŦŜǘȅ ŀƴŘ ƭŀōǎΣ ŀƴŘ 
ǘƘŜƴ ǿŜ ƳŜǘ ǿƛǘƘ ƻǳǊ ǇǊƻŦŜǎǎƻǊǎΣ ǿƘƛŎƘ 
ŀǊŜ tǊƻŦŜǎǎƻǊ 5Ŝƭǎƻƴ ŀƴŘ tǊƻŦŜǎǎƻǊ ŘŜ 
/ŀƭƭŀŦƻƴΦ ¢ƘŜȅ ǘŀƭƪŜŘ ŀōƻǳǘ ǘƘŜƛǊ ƭƛǾŜǎ ŀƴŘ 
ǘƘŜƛǊ ǊŜǎŜŀǊŎƘΣ ǿƘƛŎƘ ǿŀǎ ƛƴǘŜǊŜǎǝƴƎ ǘƻ 
ƘŜŀǊ ōŜŎŀǳǎŜ ƛǘ ǎƘƻǿǎ ǳǎ ǘƘŀǘ ǿŜ ŀǊŜ ŀōƭŜ 
ǘƻ Řƻ ǘƘƻǎŜ ǘƘƛƴƎǎ ŀǎ ǿŜƭƭΦ CǊƻƳ ǘƘŜǊŜΣ ǿŜ 
ǿŜǊŜ ƛƴǘǊƻŘǳŎŜŘ ǘƻ ƻǳǊ ŬǊǎǘ ǇǊƻƧŜŎǘΣ ǿƘƛŎƘ 
ƛǎ ŎǊŜŀǝƴƎ ŀ ǇŜƴŘǳƭǳƳ ŎƭƻŎƪΦ ²Ŝ ŀƭǎƻ Řƛǎπ
ŎǳǎǎŜŘ ǘŜŀƳǿƻǊƪΣ ǿƘƛŎƘ ƛǎ ŀƴ ƛƳǇƻǊǘŀƴǘ 
ǇŀǊǘ ƛƴ ƻǳǊ ǎŜŎƻƴŘ ǇǊƻƧŜŎǘΦ !ƊŜǊ ƭǳƴŎƘΣ ǿŜ 
ǿŜǊŜ ǎŜǇŀǊŀǘŜŘ ƛƴǘƻ ǘǿƻ ƎǊƻǳǇǎΦ aȅ 
ƎǊƻǳǇ ǿŜƴǘ ǘƻ ŀ ŘƛũŜǊŜƴǘ ǊƻƻƳ ǿƘŜǊŜ ǿŜ 
ƭŜŀǊƴŜŘ Ƙƻǿ ǘƻ ŎƻƴǎǘǊǳŎǘ ƻǳǊ ǇŜƴŘǳƭǳƳ 
ǳǎƛƴƎ ōƻƭǘǎ ŀƴŘ ŀ ǎƘŜŜǘ ƻŦ ŀŎǊȅƭƛŎΦ !ƊŜǊπ
ǿŀǊŘǎΣ ǿŜ ǿŜƴǘ ǘƻ ŀ ŎƻƳǇǳǘŜǊ ǊƻƻƳ 
ǿƘŜǊŜ ǿŜ ŎǊŜŀǘŜŘ ŀ ƳƻŘŜƭ ƻŦ ŀ ǇŀǊǘ ƻŦ ǘƘŜ 
ǇŜƴŘǳƭǳƳ ǳǎƛƴƎ ŎƻƳǇǳǘŜǊ ǎƻƊǿŀǊŜ 
ƴŀƳŜŘ LƴǾŜƴǘƻǊΦ - WŀƴƛŎŀ aŜƴŘƛƭƭƻ 

¢ǳŜǎŘŀȅ- ¢ƻŘŀȅΣ ǿŜ ǿŜƴǘ ǘƻ ƻǳǊ ŬǊǎǘ Řƛǎπ
ŎƻǾŜǊȅ ƭŜŎǘǳǊŜ ŀƴŘ ƭŜŀǊƴŜŘ ŀōƻǳǘ ƛƴǾƛǎƛōƛƭπ
ƛǘȅ Ŏƭƻŀƪǎ ŦǊƻƳ ǇǊƻŦŜǎǎƻǊ YŀƴǘŜΣ ŀ ƎǳŜǎǘ 
ŦǊƻƳ ¦/ .ŜǊƪŜƭŜȅΦ ²Ŝ ƭŜŀǊƴŜŘ Ƙƻǿ ƻǳǊ 
ŜȅŜǎ ǇŜǊŎŜƛǾŜ ǘƘŜ ǿƻǊƭŘ ŀǊƻǳƴŘ ǳǎ ŀƴŘ ǘƘŜ 
ǇƘȅǎƛŎǎ ōŜƘƛƴŘ ƭƛƎƘǘΦ ¢ƻŘŀȅ ǿŜ ŬƴƛǎƘŜŘ ǳǇ 
ǎƻƳŜ ƳŀƧƻǊ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ƻǳǊ ǇŜƴŘǳƭǳƳ 
ŎƭƻŎƪ όǿƛǘƘ ǎƻƳŜ ǎǇŜŎƛŀƭ ǘƻǳŎƘŜǎ ƻŦ ƻǳǊ 
ƻǿƴύΦ CƻǊ ƭǳƴŎƘΣ ǿŜ ǿŜƴǘ ǘƻ ŀ ŘƛũŜǊŜƴǘ 
ŎŀŦŜǘŜǊƛŀ ŦǊƻƳ ǘƘŜ ǳǎǳŀƭΣ ǿƘƛŎƘ ǿŀǎ ŦŀǊ 
ǎǳǇŜǊƛƻǊ ǘƘŀƴ ǘƘŜ ƭŀǎǘΦ  -.ǊŜƴŘ aŜƴƎ ¢ƻπ
ŘŀȅΣ Ƴȅ ŎƭǳǎǘŜǊ ŀƴŘ L ǿŜǊŜ ǇǊƛǾƛƭŜƎŜŘ ǘƻ 
ƭƛǎǘŜƴ ǘƻ ŀ 5ƛǎŎƻǾŜǊȅ [ŜŎǘǳǊŜ ŀōƻǳǘ ƭƛƎƘǘΣ 

ƻǇǝŎǎΣ ŀƴŘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƭƛƎƘǘ ōŜƴŘπ
ƛƴƎ ǘŜŎƘƴƻƭƻƎȅΦ Lƴ ŎƭŀǎǎΣ ǿŜ ŎƻƴǝƴǳŜŘ 
ōǳƛƭŘƛƴƎ ŎƭƻŎƪǎ ŀƴŘ ŬƴƛǎƘŜŘ ǳǇ ǘƘŜ ŘŜǎƛƎƴ 
ƻŦ ōǊŀŎƪŜǘǎ ǘƻ ǎǳǇǇƻǊǘ ƻǳǊ ŎƭƻŎƪǎΦ ²Ŝ Ŭƴπ
ƛǎƘŜŘ ǳǇ ǘƘŜ Řŀȅ ǿƛǘƘ ŀ ŘŜƭƛŎƛƻǳǎ ŘƛƴƴŜǊ ŀǘ 
ǘƘŜ /ŀƴȅƻƴ ±ƛǎǘŀ 5ƛƴƴƛƴƎ ƘŀƭƭΦ -!ŀǊƻƴ 
bƘŀƴ      ²ŜŘƴŜǎŘŀȅτ/h{ah{ Ƙŀǎ ōŜŜƴ 
ŘƛũŜǊŜƴǘ ǘƘŀƴ ŀƴȅǘƘƛƴƎ L ǿƻǳƭŘ ƘŀǾŜ ŜǾŜǊ 
ƛƳŀƎƛƴŜŘΦ tŜƻǇƭŜ ƘŀǾŜ ǘƻƭŘ ƳŜ ǘƘŀǘ ƛǘ 
ǿƻǳƭŘ ōŜ ǎƻ ƳǳŎƘ Ŧǳƴ ŀƴŘ ǘƘŀǘ L ǿƻǳƭŘ 
ŀƭǎƻ ƭŜŀǊƴ ǎƻ ƳǳŎƘΦ .ǳǘ ƛƴ Ƴȅ ƻǇƛƴƛƻƴΣ 
/h{ah{ Ƙŀǎ ōŜŜƴ ǎƻ ƳǳŎƘ ƳƻǊŜΦ ¢ƘŜ 
ŦǊƛŜƴŘǎ L ƳŀŘŜ ŀƴŘ ǘƘŜ ǘƘƛƴƎǎ L ƭŜŀǊƴŜŘ ǿƛƭƭ 
ōŜ ǎƻƳŜǘƘƛƴƎ ǘƘŀǘ L ǿƛƭƭ ŀƭǿŀȅǎ ǘǊŜŀǎǳǊŜΦ 
CƻǊ ŜȄŀƳǇƭŜΣ ǘƻŘŀȅΣ ǿŜ ƭŜŀǊƴŜŘ ŀōƻǳǘ ǘƘŜ 
ǇƘȅǎƛŎǎ ōŜƘƛƴŘ ǘƘŜ ǇŜƴŘǳƭǳƳ ŀƴŘ Ƙƻǿ ǘƻ 
ǳǎŜ ŀ ǇǊƻƎǊŀƳ ŎŀƭƭŜŘ Ϧ²ƻǊƪ aƻŘŜƭ н5Ϧ ǘƻ 
ǘŜǎǘ ƻǳǘ ǇƻǎǎƛōƭŜ ǿƻǊƪƛƴƎ ƳƻŘŜƭǎ ōŜŦƻǊŜ 
ōǳƛƭŘƛƴƎ ǘƘŜƳΦ Lƴ ŀŘŘƛǝƻƴΣ ǿŜ ǎǇŜƴǘ ǘƘŜ 
Řŀȅ ƭŜŀǊƴƛƴƎ ŀƴŘ ŀǇǇƭȅƛƴƎ /!5 ό/ƻƳǇǳǘŜǊ 
!ƛŘŜŘ 5ǊŀƊƛƴƎύ ŎƻƴŎŜǇǘǎ ǘƻ ǇŀǊǘǎ ƻŦ ƻǳǊ 
ŎƭƻŎƪΦ Lƴ ǘƘŜ ŜƴŘΣ L ŀƳ ŘŜƭƛƎƘǘŜŘ ǘƻ ǎŀȅ 
ǘƘŀǘ L ƴŜǾŜǊ ǘƘƻǳƎƘǘ L ǿƻǳƭŘ ƭŜŀǊƴ ǎƻ ƳǳŎƘ 
ŀƴŘ ƘŀǾŜ ǎƻ ƳǳŎƘ Ŧǳƴ ƛƴ Ƨǳǎǘ ǘƘǊŜŜ ŘŀȅǎΦ -
¢ŜǊǊȅ ·ƛŀƴƎ       ¢ƻŘŀȅ ǿŜ ŎƻƴǝƴǳŜŘ ǘƻ 
ǿƻǊƪ ƻƴ ƻǳǊ ŎƭƻŎƪ ǇŜƴŘǳƭǳƳ ǇǊƻƧŜŎǘǎ ōȅ 
ŘŜǎƛƎƴƛƴƎ ǘƘŜ ƳŀƧƻǊ ŎƻƳǇƻƴŜƴǘǎ ƻƴ ŀ о5 
ŘŜǎƛƎƴŜǊ ǎƻƊǿŀǊŜ ŎŀƭƭŜŘ !ǳǘƻŘŜǎƪ LƴǾŜƴπ
ǘƻǊ ŀƴŘ ŀƭǎƻ ƭŜŀǊƴŜŘ Ƙƻǿ ǘƻ ǳǎŜ ŀƴƻǘƘŜǊ 
ǎƻƊǿŀǊŜ ŎŀƭƭŜŘ ²ƻǊƪƛƴƎ aƻŘŜƭ н5 ǘƻ 
ƳƻŘŜƭ ǊŜŀƭ ƭƛŦŜ ǎƛƳǳƭŀǝƻƴǎ ƛƴ ǘƘŜ ǘǿƻ Řƛπ
ƳŜƴǎƛƻƴŀƭ ŬŜƭŘ ǿƛǘƘ ōŀǎƛŎ ǇƘȅǎƛŎǎ ǇǊƻǇŜǊπ
ǝŜǎ ƭƛƪŜ ƳƻƳŜƴǘ ƻŦ ƛƴŜǊǝŀΦ ²ƛǘƘ ǘƘŜ !ǳǘƻπ
ŘŜǎƪ LƴǾŜƴǘƻǊ ǿŜ /!5ŜŘ ό/ƻƳǇǳǘŜǊ !ƛŘŜŘ 
5ŜǎƛƎƴŜŘύ ƻǳǊ ƻǿƴ ǇŜƴŘǳƭǳƳ ŘŜǎƛƎƴǎ ǘƘŀǘ 
ǿŜ ǎƪŜǘŎƘŜŘ ŀƴŘ ŘǊŜǿ ƻǳǊǎŜƭǾŜǎΦ  CƻǊ 
ŜȄŀƳǇƭŜ ǎƻƳŜ ǇŜƻǇƭŜ ŘŜǎƛƎƴŜŘ tƻƪŜƳƻƴ 
ŀǎ ǘƘŜƛǊ ǇŜƴŘǳƭǳƳǎ ǿƘƛƭŜ ƻǘƘŜǊǎ ǳǎŜŘ ŀƴƛπ
Ƴŀƭ ƘŜŀŘǎ ŀǎ ǘƘŜƛǊ ǇŜƴŘǳƭǳƳǎΦ ¦ǎƛƴƎ ŀǊŎ 
ǘƻƻƭǎΣ ƭƛƴŜ ǘƻƻƭǎΣ ƻǊ ŎƻƴǎǘǊŀƛƴǘ ǘƻƻƭǎΣ Ƴƻǎǘ 
ǇŜƻǇƭŜ ǿŜǊŜ ŀōƭŜ ǘƻ ŬƴƛǎƘŜŘ ŎƻƳǇƭŜǘŜƭȅ 
ƳƻŘŜƭƛƴƎ ǘƘŜƛǊ ǇŜƴŘǳƭǳƳ ƻƴ ǘƘŜ ǎƻƊǿŀǊŜΦ  
{ƻƳŜ ǿŜǊŜ ŜǾŜƴ ŀōƭŜ ǘǊŀƴǎŦŜǊ ǘƘŜƛǊ ŘŜǎƛƎƴ 
ƛƴǘƻ ǘƘŜ ϷмллΣллл [ŀǎŜǊŎŀƳƳ ǘƻ ƭŀǎŜǊ Ŏǳǘ 
ǘƘŜƛǊ ǇŜƴŘǳƭǳƳ ƻǳǘ ƻŦ ŀŎǊȅƭƛŎ ƳŀǘŜǊƛŀƭΦ  
.ŜǎƛŘŜǎ ƭŀǎŜǊ ŎǳǩƴƎΣ Ƴŀƴȅ ƻŦ ǳǎ ǿŜǊŜ 
ŀōƭŜ ǘƻ о5 ǇǊƛƴǘ ŀ ǇŀǊǘ ǿƛǘƘ ǘƘŜ aŀƪŜǊ.ƻǘ 
ŦƻǊ ǘƘŜ ŎƭƻŎƪ ǇǊƻƧŜŎǘΦ  ²ƛǘƘ ²ƻǊƪƛƴƎ aƻŘŜƭ 
н5 ǿŜ ƭŜŀǊƴŜŘ Ƙƻǿ ǘƻ ǎƛƳǳƭŀǘŜ ǊŜŀƭ ƭƛŦŜ 
ǎŎŜƴŀǊƛƻǎ ƭƛƪŜ ŘǊƻǇǇƛƴƎ ŀ ōŀƭƭ ŀƴŘ ōƻǳƴŎπ
ƛƴƎ ƛǘ ƻƴ ǘƘŜ ƎǊƻǳƴŘ ƻǊ ǊƻƭƭƛƴƎ ŀ ōŀƭƭ Řƻǿƴ 
ǘƘŜ ǊŀƳǇΦ  LǘΩǎ ǊŜŀƭƭȅ ƛƴǘŜǊŜǎǝƴƎ Ƙƻǿ ȅƻǳ 
Ŏŀƴ ǇǊƻƧŜŎǘ Ƙƻǿ ȅƻǳǊ ǎƛǘǳŀǝƻƴ ǿƛƭƭ ǘǳǊƴ 
ƻǳǘ ǿƛǘƘƻǳǘ ŀŎǘǳŀƭƭȅ ǇŜǊŦƻǊƳƛƴƎ ƛǘ ƛƴ ǊŜŀƭ 
ƭƛŦŜΦ  ¸ƻǳ Ŏŀƴ ŜǾŜƴ ǎǇŜŜŘ ǳǇ ǘƘŜ ǇǊƻŎŜǎǎ ƻǊ 
ƳŀƪŜ ƛǘ ǎƭƻǿ Ƴƻǝƻƴ ǘƻ ǾƛǎǳŀƭƛȊŜ ŜǾŜǊȅ 

ŘŜǘŀƛƭΦ hǾŜǊŀƭƭ ƛǘ ǿŀǎ ŀ Ŧǳƴ ǇŀŎƪŜŘ Řŀȅ ƻŦ 
ƭŜŀǊƴƛƴƎ ŀƴŘ ǳǎƛƴƎ ƴŜǿ ǎƻƊǿŀǊŜΦ LΩƳ ƭƻƻƪπ
ƛƴƎ ŦƻǊǿŀǊŘ ǘƻ ŎƻƳǇƭŜǝƴƎ ǘƘŜ ŎƭƻŎƪ ǇǊƻπ
ƧŜŎǘ ŘǳǊƛƴƎ ǘƘŜ ƴŜȄǘ ŦŜǿ ŘŀȅǎΗ -!ǳǎǝƴ 
IǿŀƴƎ      ¢ƘǳǊǎŘŀȅ ŀƴŘ CǊƛŘŀȅτ¢ƘŜ ǊŜǎǘ 
ƻŦ ǘƘŜ ǿŜŜƪΣ ǎǘǳŘŜƴǘǎ ŀǊŜ ŬƴƛǎƘƛƴƎ ǳǇ 
ǘƘŜƛǊ ŎƭƻŎƪǎ ǳǎƛƴƎ ŀ ōǊŀŎƪŜǘ ǘƘŀǘ ǘƘŜȅ ŘŜπ
ǎƛƎƴŜŘ ƛƴŘƛǾƛŘǳŀƭƭȅ ŀƴŘ о5 ǇǊƛƴǘŜŘΣ ŀƴ 
ŜǎŎŀǇŜƳŜƴǘ ǿƘŜŜƭ ŀƴŘ ǇŜƴŘǳƭǳƳ Ŏǳǘ ǿƛǘƘ 
[ŀǎŜǊŎŀƳƳΣ ŀƴŘ ǇŀǊǘǎ ǎǘǳŘŜƴǘǎ ƳŀŎƘƛƴŜŘ 
ƛƴ ǘƘŜ ǎƘƻǇΦ ¢Ƙƛǎ ŜƴǝǊŜ ǇǊƻƧŜŎǘ ǿƛƭƭ ōŜ 
ŬƴƛǎƘŜŘ ŀƴŘ ǎǘǳŘŜƴǘǎ ŀǊŜ ŎǳǊǊŜƴǘƭȅ ŎǊŜπ
ŀǝƴƎ ǿŜōǎƛǘŜǎ ǘƻ ǎƘƻǿ ǘƘŜƛǊ ŎƭƻŎƪǎ ŀƴŘ 
ǊŜǎǳƭǘǎΦ ¢ƘŜ ǿŜōǎƛǘŜǎ ŀǊŜƴΩǘ ŘǳŜ ǘƻ ōŜ 
ŬƴƛǎƘŜŘ ǳƴǝƭ ƴŜȄǘ ¢ǳŜǎŘŀȅΣ ǎƻ LΩƭƭ ƛƴŎƭǳŘŜ 
ƛƴǎǘǊǳŎǝƻƴǎ ƻƴ Ƙƻǿ ǘƻ ǾƛŜǿ ȅƻǳǊ ǎǘǳŘŜƴǘΩǎ 
ŎƭƻŎƪ ǿŜōǇŀƎŜ ƛƴ ǘƘŜ b9·¢ ƴŜǿǎƭŜǧŜǊΦ 



 с 

CLUSTER 3: LIVING OCEANS AND GLOBAL CLIMATE 
/ƭǳǎǘŜǊ о ƻŦ /h{ah{ Ƙŀǎ ƘŀŘ ŀƴ ŀŎπ
ǝƻƴ-ǇŀŎƪŜŘ ŬǊǎǘ ǿŜŜƪΗ  5ǊΦ tƻƳŜǊƻȅ 
Ƙŀǎ ōŜŜƴ ƭŜŀŘƛƴƎ ŘƛǎŎǳǎǎƛƻƴǎ ǊŜƎŀǊŘπ
ƛƴƎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀƴŘ 5ǊΦ [ŀƛ Ƙŀǎ 
ōŜŜƴ ǘŀƪƛƴƎ ǎǘǳŘŜƴǘǎ ǘƻ ŜȄŀƳƛƴŜ Ƴŀπ
ǊƛƴŜ ōƛƻƭƻƎȅΦ  aǊΦ aŀǧ wǳǇǇŜƭΣ ŀ ŦƻǊπ
ƳŜǊ /h{ah{ ƎǊŀŘǳŀǘŜ ǎǘǳŘŜƴǘΣ ŀƴŘ 
ŎǳǊǊŜƴǘ ǘŜŀŎƘŜǊ ŀǘ IƛƎƘ ¢ŜŎƘ IƛƎƘ 
bƻǊǘƘ /ƻǳƴǘȅΣ ƛǎ ƘŀǇǇȅ ǘƻ ǊŜǘǳǊƴ ǘƻ 
/h{ah{ ǘƘƛǎ ȅŜŀǊ ŀƴŘ ƘŜƭǇ ǘŜŀŎƘ ǘƘŜ 
ǎǘǳŘŜƴǘǎ ŀōƻǳǘ ǎŎƛŜƴǝŬŎ ŎƻƳƳǳƴƛŎŀπ
ǝƻƴΦ  wŀǘƘŜǊ ǘƘŀƴ ƳŜ ƎƻƛƴƎ ƻƴ ŀōƻǳǘ 
ǘƘƛǎ ǘƘƻǳƎƘΣ LΩƭƭ ǘǳǊƴ ƛǘ ƻǾŜǊ ǘƻ ǘƘŜ ǎǘǳπ
ŘŜƴǘǎ ŀƴŘ ǘƘŜƛǊ ǘƘƻǳƎƘǘǎ ƻƴ ǿŜŜƪ 
ƻƴŜΗ 

 

άCƻǊ aƻƴŘŀȅΣ /ƭǳǎǘŜǊ о ǎǘŀǊǘŜŘ ƻũ ǘƘŜ 
Řŀȅ ǿƛǘƘ ŀ ƭŜŎǘǳǊŜ ŦǊƻƳ tǊƻŦŜǎǎƻǊ [ŀƛ 
ŀƴŘ ŀƊŜǊǿŀǊŘǎ ƘŜ ǘƻƻƪ ǳǎ ǘƻ ǘƘŜ ŜƴŘ 
ƻŦ ǘƘŜ ǇƛŜǊ ǘƘŀǘ ǘƘŜ ǇǳōƭƛŎ ƛǎ ƴƻǘ ƎŜƴπ
ŜǊŀƭƭȅ ƻǇŜƴ ǘƻ ǿƘƛŎƘ ǿŀǎ ŜȄŎƛǝƴƎ ǘƻ 
ŘƻΦ 9ǾŜǊȅƻƴŜ ǿŀǎ ŜȄŎƛǘŜŘ ǘƻ Ǝƻ ƻǳǘπ
ǎƛŘŜ ŀƴŘ ƭƻƻƪ ŀǘ [ŀ Wƻƭƭŀϥǎ ōŜŀǳǝŦǳƭ 
ōŜŀŎƘΣ ŀǎ ǿŜƭƭ ŀǎ ƻōǎŜǊǾƛƴƎ ǎƻƳŜ ǎŜŀ 
ƭƛŦŜΦ !ƊŜǊǿŀǊŘǎΣ ǿŜ ǿŜƴǘ ǘƻ tǊƻŦŜǎǎƻǊ 
{ƪƛǇϥǎ ƭŀō ŀƴŘ ƭŜŀǊƴŜŘ ŀōƻǳǘ ǘƘŜ 
ƎǊŜŜƴƘƻǳǎŜ ŜũŜŎǘ ŀƴŘ Ǝƭƻōŀƭ ǿŀǊƳπ
ƛƴƎ ǘƘǊƻǳƎƘ ƭŀōǎ ŀƴŘ ƭŜŎǘǳǊŜǎΦ ¢ƘŜƴΣ 
ǿŜ ŜƴŘŜŘ ƻũ ǘƘŜ Řŀȅ ǿƛǘƘ ǇƛŎƪƛƴƎ ŀ 
ǘƘŜƳŜ ŦƻǊ ƻǳǊ ǎƪƛǘ ƛƴ ǘƘŜ /ƻǎƳƻƭȅƳπ
ǇƛŎǎΦ hǾŜǊŀƭƭΣ ŜǾŜǊȅƻƴŜ ƘŀŘ ŀ Ŧǳƭƭ ŀƴŘ 
ƛƴǘŜǊŜǎǝƴƎ ŘŀȅΦέ ς 9ƭƛǎŀ wƛǾŜǊŀ 

 

ά²Ŝ ǎǘŀǊǘŜŘ ƻũ ¢ǳŜǎŘŀȅ ǿƛǘƘ ŀ Řƛǎπ
ŎƻǾŜǊȅ ƭŜŎǘǳǊŜ ŦǊƻƳ ǘƘŜ ǿƻǊƭŘ ǊŜπ
ƴƻǿƴŜŘ .ƻǳōŀŎŀǊ YŀƴǘŞΣ ŀ ǇǊƻŦŜǎǎƻǊ 
ƻŦ bŀƴƻǎŎƛŜƴŎŜ ŀƴŘ 9ƴƎƛƴŜŜǊƛƴƎ ŀǘ 
¦/ .ŜǊƪŜƭŜȅΦ bŀƴƻǘŜŎƘƴƻƭƻƎȅ ƛǎ ŀ 
ǾŜǊȅ ǇƻǇǳƭŀǊ ŜƳŜǊƎƛƴƎ ŬŜƭŘ ƻŦ ǎǘǳŘȅΣ 
ƻƴŜ ǘƘŀǘ ŘŜŀƭǎ ǿƛǘƘ ǇŀǊǝŎƭŜǎ ǎƻ ǎƳŀƭƭ 
ǘƘŀǘ ǘƘŜȅ ŀǊŜ ƳŜŀǎǳǊŜŘ ƛƴ ƴŀƴƻƳŜπ
ǘŜǊǎ -ǿƘƛŎƘ ŀǊŜ ŀ ōƛƭƭƛƻƴǘƘ ƻŦ ŀ ƳŜǘŜǊΦ 
²Ŝ ŜȄǇƭƻǊŜŘ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ƻŦ ōŜƴŘπ
ƛƴƎ ƭƛƎƘǘ ǘƻ ŎǊŜŀǘŜ ƛƴǾƛǎƛōƛƭƛǘȅ Ŏƭƻŀƪǎ --
ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ IŀǊǊȅ tƻǧŜǊ ǿƻǊƭŘ-- 
ŀƴŘ ǾƛŜǿŜŘ ǊŜŀƭΣ ŦǳƴŎǝƻƴƛƴƎ ƳƻŘŜƭǎ 
ƻŦ Ŏƭƻŀƪǎ ŘŜǎƛƎƴŜŘ ŦƻǊ ƻǘƘŜǊ ǿŀǾŜπ
ƭŜƴƎǘƘǎ ƻǳǘǎƛŘŜ ǘƘŜ ǾƛǎƛōƭŜ ǊŀƴƎŜΦέ ς 
{ŀōǊƛƴŀ Wƛƴ 

 

άLƴ {ŎƛŜƴŎŜ /ƻƳƳǳƴƛŎŀǝƻƴǎΣ ƻǳǊ 
ƛƴǎǘǊǳŎǘƻǊ ǎǘŀǊǘŜŘ ǘƘŜ Ŏƭŀǎǎ ōȅ ōǊŜŀƪπ
ƛƴƎ ǘƘŜ ǘŜƴǎŜ ŀƛǊ ǿƛǘƘ ǎƻƳŜ ƛŎŜ-
ōǊŜŀƪŜǊǎΦ 9ǾŜǊȅƻƴŜ Ǝƻǘ ǘƻ ƪƴƻǿ ŜŀŎƘ 
ƻǘƘŜǊ ŜǾŜƴ ōŜǧŜǊ ŀƴŘ ǘƻ ƪƴƻǿ ŀ 
ƭƛǧƭŜ ōƛǘ ƻŦ ƻǳǊ ǘŜŀŎƘŜǊΦ ¢ƘŜƴ 
ǘƘŜǊŜ ǿŀǎ ŀ ƭŜŎǘǳǊŜŘ ōȅ ŀƴƻǘƘŜǊ ǇǊƻπ
ŦŜǎǎƻǊ ƴŀƳŜŘΣ Ϧ{ƪƛǇΦϦ IŜ ŜȄǇƭŀƛƴŜŘ 
ŀōƻǳǘ ƘŜǊǘȊ ŀƴŘ ǘƘŜƛǊ ǊŜƭŀǝƻƴ ǘƻ 
ǿŀǾŜƭŜƴƎǘƘǎΦ !ǎ ǘƘŜ Řŀȅ ŎŀǊǊƛŜŘ 
ƻƴΣ ǿŜ ŬƴƛǎƘŜŘ ƻǳǊ ƭŀō ŦǊƻƳ ǘƘŜ Řŀȅ 
ōŜŦƻǊŜ ǘƘŀǘ ǿŜ ƴƻǿ ǳƴŘŜǊǎǘƻƻŘΦ Lǘ 
ǿŀǎ ǎƻƻƴ ƴƻƻƴ ŀƴŘ ǿŜ ǿŜƴǘ ǘƻ 
ƭǳƴŎƘ ǿƛǘƘ ƳƻǊŜ ƪƴƻǿƭŜŘƎŜ ƻƴ 
ǎǇǊƛƴƎǎ ŀƴŘ ǘƘŜƛǊ ŦǊŜǉǳŜƴŎƛŜǎΦέ ς 
5ƛŀƴŀ tŀƴƛŀƎǳŀ 

 

ά¢ƘŜ ŬǊǎǘ ŦŜǿ Řŀȅǎ ƻŦ /h{ah{ Ƙŀǎ 
ōŜŜƴ ǎƻ ƳǳŎƘ ŦǳƴΗ ¢ƻŘŀȅ ǿŜ ǇƛŎƪŜŘ 
ƻǳǘ ǘƘŜ ǇǊƻƧŜŎǘǎ ǿŜ ǿŀƴǘŜŘ ǘƻ ŘƻΦ 
¢ƘŜǊŜ ǿŜǊŜ ŬǾŜ ƎǊƻǳǇǎ ƻŦ ŦƻǳǊΦ 9ŀŎƘ 
ǇǊŜǎŜƴǘŀǝƻƴ ŦƻŎǳǎŜŘ ƻƴ ǎƻƳŜǘƘƛƴƎ 
ƴŜǿΦ Lǘ ǊŀƴƎŜŘ ŦǊƻƳ ƳŜŀǎǳǊƛƴƎ ǘƘŜ 
ŀƳƻǳƴǘ ƻŦ ōǊƻǿƴ ŎŀǊōƻƴ ǘƻ ŜȄŀƳƛƴπ
ƛƴƎ ǊŜǎǇƛǊŀǝƻƴ ƛƴ ŀƴƛƳŀƭǎΦ ¢ƘŜ ǇǊƻƧŜŎǘ 
L ŎƘƻǎŜ ƘŀŘ ǘƘƛƴƎǎ ƛƴǾƻƭǾƛƴƎ ŎƻǳƭƻƳŜπ
ǘŜǊǎ ŀƴŘ ŎǊŜŀǝƴƎ .ƭǳŜǘƻƻǘƘ ŘŜǾƛŎŜǎΦ L 
Ŏŀƴϥǘ ǿŀƛǘ ǘƻ ǎǘŀǊǘ Ƴȅ ǇǊŜǎŜƴǘŀǝƻƴ 
ŀƴŘ ǿƻǊƪ ǿƛǘƘ Ƴȅ ƎǊƻǳǇΗέ ς tŀǳƭƛƴŜ 
¸ŀƴƎ 

 

ά²Ŝ ōŜƎŀƴ ƻǳǊ ²ŜŘƴŜǎŘŀȅ ƳƻǊƴƛƴƎ 
ŀǘ {Lh ǿƘŜǊŜ tǊƻŦŜǎǎƻǊ [ŀƛ ǘŀǳƎƘǘ ŀ 
ǎƘƻǊǘ ƭŜǎǎƻƴΦ bŜȄǘΣ ǿŜ ǿŜƴǘ ǘƻ ǘƘŜ 
ōŜŀŎƘ ŀƴŘ ŘƛǎŎƻǾŜǊŜŘ ŎǊŀōǎΣ ǎƭǳƎǎΣ 
ŀƴŘ ǎŜŀ ŀƴŜƳƻƴŜǎ ŀǊƻǳƴŘ ǘƘŜ ǊƻŎƪǎΦ 
¢ƘŜƴΣ ǿŜ ǿŜƴǘ ōŀŎƪ ǘƻ {Lh ǿƘŜǊŜ 
tǊƻŦŜǎǎƻǊ [ŀƛ ǘŀǳƎƘǘ ǳǎ Ƙƻǿ ǘƻ ŘŜǘŜǊπ
ƳƛƴŜ ǘƘŜ ƎŜƴŘŜǊ ƻŦ ŀ ŎǊƛŎƪŜǘ ŀƴŘ ƎŀǾŜ 
ŀ ƭŜŎǘǳǊŜ ŀōƻǳǘ ƛƴǾŜǊǘŜōǊŀǘŜ ƭƛŦŜ ƛƴ ǘƘŜ 
ƻŎŜŀƴΦ Lƴ ǘƘŜ ŀƊŜǊƴƻƻƴΣ ǿŜ ǇǊŜπ
ŦƻǊƳŜŘ ŀƴ ŜȄǇŜǊƛƳŜƴǘ ǘƻ ƭŜŀǊƴ ƳƻǊŜ 
ŀōƻǳǘ ǎǳǊŦŀŎŜ ŀƭōŜŘƻ ŀƴŘ ŎƭƛƳŀǘŜΦ 
!ƊŜǊǿŀǊŘǎΣ ǿŜ ǿŀǘŎƘŜŘ ǘƘŜ ƳƻǾƛŜ 
aŜǊŎƘŀƴǘǎ ƻŦ 5ƻǳōǘΦέ ς aƛŎƘŀŜƭŀ 9ƭƭƛǎ 
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¢ƘŜ нлмс aŀƧƻǊ [ŜŀƎǳŜ .ŀǎŜōŀƭƭ !ƭƭ-{ǘŀǊ ƎŀƳŜ Ƨǳǎǘ ŎƻƴŎƭǳŘŜŘ ƘŜǊŜ ƛƴ {ŀƴ 5ƛŜƎƻΣ ōǳǘ ǿŜ ŦŜŜƭ ƻǳǊ /ƭǳǎǘŜǊ п ǎǘǳŘŜƴǘǎ ŀǊŜ 
ǘƘŜ ǊŜŀƭ ŀƭƭ-ǎǘŀǊǎΦ CƻƭƭƻǿƛƴƎ aƻƴŘŀȅ ƳƻǊƴƛƴƎΩǎ ƭŀō ǎŀŦŜǘȅ ǇǊŜǎŜƴǘŀǝƻƴ ŀƴŘ ŀ ōǊƛŜŦ ƛƴǘǊƻŘǳŎǝƻƴ ǘƻ ƻǳǊ /п ǘŜŀŎƘƛƴƎ ǎǘŀũΣ 
ƭŜŀŘ ǇǊƻŦŜǎǎƻǊ [Ŝƭƭƛ ōŜƎŀƴ ƘŜǊ ƭŜŎǘǳǊŜ ƻƴ ǘƘŜ ŦƻǳƴŘŀǝƻƴǎ ƻŦ {ǘǊǳŎǘǳǊŀƭ 9ƴƎƛƴŜŜǊƛƴƎΦ ¢ƘŜǎŜ ǎǘǳŘŜƴǘǎ ǎƛƳǇƭȅ ǎƻŀƪŜŘ ƛǘ ŀƭƭ 
ƛƴΣ ŀǎƪŜŘ ŎƭŀǊƛŦȅƛƴƎ ǉǳŜǎǝƻƴǎΣ ǘƻƻƪ ƻǊƎŀƴƛȊŜŘ ƴƻǘŜǎΣ ŀƴŘ ǘǊǳƭȅ ǾŀƭƛŘŀǘŜŘ ǘƘŜƛǊ ǎŜƭŜŎǝƻƴ ǘƻ ƻǳǊ ŀǿŜǎƻƳŜ ǇǊƻƎǊŀƳ ǿƛǘƘ 
ǘƘŜƛǊ ŜƴǘƘǳǎƛŀǎƳ ŀƴŘ ƛƴǎƛƎƘǘǎΦ 

¢ƻ ƛƭƭǳǎǘǊŀǘŜ ǘƘŜ ŘŜǎƛƎƴ-ōǳƛƭŘ-ǘŜǎǘ ǇǊƻŎŜǎǎΣ ǎǘǳŘŜƴǘǎ ǿƻǊƪŜŘ ƛƴ ǎƳŀƭƭ ƎǊƻǳǇǎ ŀƴŘ 
ŎƻƴǎǘǊǳŎǘŜŘ Ƴǳƭǝ-ǎǘƻǊȅ YΩbŜȄ ǎǘǊǳŎǘǳǊŜǎ ǘƘŀǘ ǿŜǊŜ ǘŜǎǘŜŘ ŦƻǊ ǎǘǊŜƴƎǘƘ ƻƴ ƻǳǊ 
ǎƘŀƪŜ ǘŀōƭŜΦ ²ƘƛƭŜ ǎƻƳŜ ǿƛǘƘǎǘƻƻŘ ǘƘŜ ŜƴŜǊƎȅΣ Ƴŀƴȅ ǘǳƳōƭŜŘ ŘƻǿƴΦ ! Ǌŀǝƻ ƻŦ 
Ŏƻǎǘ ǇŜǊ ǎǉǳŀǊŜ Ŧƻƻǘ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘΣ ŀƴŘ ǘƘŜ ǎǘǳŘŜƴǘǎ ƭŜŀǊƴŜŘ ŀōƻǳǘ ǘƘŜ ǊŜŀƭ ƭƛŦŜ 
ŎƻƴǎƛŘŜǊŀǝƻƴǎ ŦŀŎƛƴƎ ŀǊŎƘƛǘŜŎǘǎ ŀƴŘ ŜƴƎƛƴŜŜǊǎΦ Lǘ ǿŀǎ ŀ Ŧǳƴ ƛŎŜ-ōǊŜŀƪŜǊ ŀŎǝǾƛǘȅ 
ŦƻǊ Řŀȅ ƻƴŜΣ ŀƴŘ ǿŜ ǿŜǊŜ ƛƳǇǊŜǎǎŜŘ ŀǘ Ƙƻǿ ǿŜƭƭ ǘƘŜ ǎǘǳŘŜƴǘǎ ŎƻƻǇŜǊŀǘŜŘ ŀƴŘ 
ōǊŀƛƴǎǘƻǊƳŜŘ ǿƛǘƘƛƴ ǘƘŜƛǊ ƎǊƻǳǇǎΦ ¢ƘŜȅ ŀƭǎƻ ƭŜŀǊƴŜŘ ǘƘŀǘ ŦŀƛƭǳǊŜ ƛǎ ǘƘŜ ǇǊŜŘŜŎŜǎπ
ǎƻǊ ǘƻ ǎǳŎŎŜǎǎΗ  

!ǎ ǘƘŜ ǿŜŜƪ ǇǊƻƎǊŜǎǎŜŘΣ ƻǳǊ ǎǘǳŘŜƴǘǎ ŎƻƴǝƴǳŜŘ ǘƻ ƛƳǇǊŜǎǎ ǿƛǘƘ ǘƘŜƛǊ ǘŜƴŀŎƛǘȅ ƛƴ 
ŀōǎƻǊōƛƴƎ ƴŜǿ ƛƴŦƻǊƳŀǝƻƴ ŀƴŘ ŘƛƎŜǎǝƴƎ ǘƘŜ ƳȅǊƛŀŘ ƻŦ ƴŜǿ ǘŜǊƳǎ ŀƴŘ ŎƻƴŎŜǇǘǎΣ 
Ƴŀƴȅ ƻŦ ǿƘƛŎƘ ƳƛǊǊƻǊǎ ŎƻƭƭŜƎŜ ǎƻǇƘƻƳƻǊŜ ƭŜǾŜƭ ƳŀǘŜǊƛŀƭΦ !ƴŘ ŀ ǘŜǎǘŀƳŜƴǘ ǘƻ 
ǘƘŜƛǊ ǳǇōǊƛƴƎƛƴƎΣ ǘƘŜȅ Ƴŀƛƴǘŀƛƴ ŀ ǇƻƭƛǘŜ ŀƴŘ ǇƻǎƛǝǾŜ ŘŜƳŜŀƴƻǊ ŜǾŜƴ ǿƘŜƴ ǘƘŜ 
ŎƻƴŎŜǇǘǎ ōŜŎƻƳŜ ŦǊǳǎǘǊŀǝƴƎ ŀƴŘ ǇŜǊǇƭŜȄƛƴƎΗ ¢ƘŜ ƴŜȄǘ ŎƘŀƭƭŜƴƎŜ ǘƘŜȅ ŦŀŎŜŘΣ ŀƴŘ 
ƳŀǎǘŜǊŜŘΣ ǿŀǎ ǘǊǳǎǎ ŀƴŀƭȅǎƛǎΦ Lǘ ǘƻƻƪ ǎƻƳŜ ŎƻƴŎŜƴǘǊŀǝƻƴΣ ōǳǘ ǘƘŜȅ ƳŀŘŜ ǎŜƴǎŜ 
ƻǳǘ ƻŦ ǘƘŜ ǾŜŎǘƻǊ ŀƴŀƭȅǎƛǎ ŀƴŘ ǘǊƛƎƻƴƻƳŜǘǊȅ ŀǎ ǘƘŜȅ ŀǇǇƭƛŜŘ ǘƘŜƛǊ ƴŜǿ ǎƪƛƭƭ ǎŜǘ ǘƻ 
ŘŜǎƛƎƴƛƴƎ ŀ ǘǊǳǎǎ ōǊƛŘƎŜΦ hǳǊ ŀǿŜǎƻƳŜ ŎƭǳǎǘŜǊ ŀǎǎƛǎǘŀƴǘǎ 9ƭƛŘŜ ŀƴŘ wƻōŜǊǘ όōƻǘƘ tƘ5 ǎǘǳŘŜƴǘǎύ ǇŀǝŜƴǘƭȅ ŘƻǳōƭŜ 
ŎƘŜŎƪŜŘ ǘƘŜ ǎǘǳŘŜƴǘǎΩ ŎŀƭŎǳƭŀǝƻƴǎ ŀƴŘ ƎǳƛŘŜŘ ǘƘŜƳ ǘƻ ŀ ŘŜŜǇŜǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎΦ !Ǝŀƛƴ ǿŜ ƳŀŘŜ ǇǊŜŘƛŎǝƻƴǎΣ ǎƭƻǿƭȅ 
ƛƴŎǊŜŀǎŜŘ ǘƘŜ ŀǇǇƭƛŜŘ ƭƻŀŘ ǘƻ ŜŀŎƘ ǘǊǳǎǎ ōǊƛŘƎŜΣ ŀƴŘ ŎƻƳǇŀǊŜŘ ǘƘŜ ǊŜǎǳƭǘǎ ŀǘ ǘƘŜ ŦŀƛƭǳǊŜ Ǉƻƛƴǘ ǘƻ ǎǘǳŘŜƴǘ ǇǊŜŘƛŎǝƻƴǎΦ 
²Ŝ ƘƻǇŜ ȅƻǳ ŜƴƧƻȅ ǘƘŜ ǇƛŎǘǳǊŜǎ ŀƴŘ ǾƛŘŜƻǎ ƻŦ ǘƘƛǎ ŀŎǝǾƛǘȅ ƻƴ ƻǳǊ ŎƭǳǎǘŜǊ 
ǿŜōǇŀƎŜΗ 

LƴƎǊƛŘ ƛǎ ƻǳǊ ƭŜŎǘǳǊŜǊ ƻƴ ƎŜƻǘŜŎƘƴƛŎŀƭ ƳŀǧŜǊǎΣ ŀƴŘ ǎƘŜ ƛƴǘǊƻŘǳŎŜŘ ǘƘŜ 
ǎǘǳŘŜƴǘǎ ǘƻ ŜŀǊǘƘǉǳŀƪŜ ƳŜŎƘŀƴƛǎƳǎ ŀƴŘ ǇƭŀǘŜ ǘŜŎǘƻƴƛŎǎΦ {ǘǳŘŜƴǘǎ ǿƛƭƭ 
ǎƻƻƴ ŀǇǇǊŜŎƛŀǘŜ ǘƘŜ ƴŜŎŜǎǎƛǘȅ ƻŦ ǎŎƛŜƴǝǎǘǎ ƛƴ ǊŜƭŀǘŜŘ ŬŜƭŘǎ ŜũŜŎǝǾŜƭȅ 
ŎƻƳƳǳƴƛŎŀǝƴƎ ƛƴ ƻǊŘŜǊ ǘƻ ŦƻǊǿŀǊŘ ǎǘǊǳŎǘǳǊŀƭ ǎŀŦŜǘȅ ƛƴ ǘƘŜ ǇƻǇǳƭŀǘŜŘ 
ǿƻǊƭŘ ƻŦ ǘƻŘŀȅΦ wƻōŜǊǘ ŦƻƭƭƻǿŜŘ ǳǇ ǘƘŜ ƭŜŎǘǳǊŜ ǿƛǘƘ ŀ Ŏƻƻƭ ŀŎǝǾƛǘȅ ƛƴǾƻƭǾπ
ƛƴƎ ǊƻŎƪ ǎǘǊŜǎǎ ŀƴŘ ŜŀǊǘƘǉǳŀƪŜ ǊŜŎǳǊǊŜƴŎŜ ƛƴǘŜǊǾŀƭǎΦ {ŜǾŜǊŀƭ ǎǘǳŘŜƴǘǎ 
ǊŜƳŀǊƪŜŘ ǘƘŀǘ ǘƘŜȅ ǿŜǊŜ ōŜƎƛƴƴƛƴƎ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǿƘȅ ǿŜ ǿŜǊŜ ƛƴǾƻƭǾπ
ƛƴƎ ǘƘŜƳ ƛƴ ǎŜŜƳƛƴƎƭȅ ǳƴǊŜƭŀǘŜŘ ŀŎǝǾƛǝŜǎΣ ŀƴŘ ǘƘŀǘ ǘƘŜ ǿƘƻƭŜ ǿƛƭƭ ōŜ 
ƎǊŜŀǘŜǊ ǘƘŀƴ ǘƘŜ ǎǳƳ ƻŦ ƛǘǎ ǇŀǊǘǎΦ 

{ǘǳŘŜƴǘǎ ŀǊŜ ƭŜŀǊƴƛƴƎ ǘƘŀǘ ƴƻǘ ŀƭƭ ōǳƛƭŘƛƴƎ ƳŀǘŜǊƛŀƭǎ ŀǊŜ ŜǉǳŀƭΦ ¢ƘŜȅ ǘŜǎǘŜŘ ƳŜǘŀƭ ΨŎƻǳǇƻƴǎΩ ŦƻǊ ǘŜƴǎƛƭŜ ǎǘǊŜƴƎǘƘ ŀƴŘ 
ōŜƘŀǾƛƻǊΣ ŎǊǳƴŎƘŜŘ ƴǳƳōŜǊǎ ŀƴŘ ŦƻǊƳǳƭŀǎ ǳǎƛƴƎ 9ȄŎŜƭΣ ǉǳŀƴǝŬŜŘ ǘƘŜ ŘƛũŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ŀƭǳƳƛƴǳƳΣ ǎǘŜŜƭΣ ŀƴŘ ōǊŀǎǎΣ 
ŀƴŘ ƎǊŀǇƘƛŎŀƭƭȅ ŘƛǎǇƭŀȅŜŘ ǘƘŜ ŘŀǘŀΦ ¢ƘŜȅ ŀǊŜ ƭŜŀǊƴƛƴƎ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ Řŀǘŀ ǊŜŎƻǊŘƛƴƎ ŀƴŘ ŀƴŀƭȅȊƛƴƎ ǘƘŜ ǊŜǎǳƭǘǎΦ ²ƘƛƭŜ 
ǘƘƛƴƪƛƴƎ ŎƭŜŀǊƭȅ ŀƴŘ ŀǇǇƭȅƛƴƎ ǎŎƛŜƴǝŬŎ ǊŜŀǎƻƴƛƴƎ Ŏŀƴ ōŜ ŘƛŶŎǳƭǘ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ŘŀȅΣ ǘƘŜȅ ŎƻƴǝƴǳŜ ǘƻ ǇŜǊǎŜǾŜǊŜΦ 
{ǘǳŘŜƴǘǎ ŀǊŜ ŜŀƎŜǊƭȅ ŀƴǝŎƛǇŀǝƴƎ ƻǳǊ 5Ŝƭǘŀ {ƻƛƭ [ŀō ŬŜƭŘ ǘǊƛǇ CǊƛŘŀȅΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ŦŀƳƻǳǎ /h{ahƭȅƳǇƛŎǎ CǊƛŘŀȅ ƴƛƎƘǘΦ 
Lǘ ǿƛƭƭ ǇǊƻǾƛŘŜ ŀ ǿŜƭƭ ŘŜǎŜǊǾŜŘ ǊŜǿŀǊŘ ŦƻǊ ǘƘŜƛǊ ŘƛƭƛƎŜƴǘ ŜũƻǊǘǎ ŘǳǊƛƴƎ ǿŜŜƪ ƻƴŜΗ 
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CLUSTER 5: FROM LASERS TO LCDS: LIGHT AT WORK 
      Cluster 5 hit the ground running with a safety brief on proper use of class 3B, 3R and 4 lasers followed by a lec-
ture by Professor Charles Tu about the fundamentals and the revolutionary potential of light technologies. After lunch 
at Canyon Vista Restaurant in Warren College, we returned to the photonics lab in the basement of the Jacobs Engi-
neering building to conduct an investigation using red and green lasers to develop a clearer understanding of total 
internal reflection, Snell's Law and dispersion of light which was led by Development Engineer Dr. Peter Ilinykh. 
        Tuesday morning we attended our first Discovery Lecture which was delivered by an animated and engaging 
Professor Boubacar Kante of UC San Diego. Dr. Kanteôs recent research has focused on artificial electromagnetic 
composites -- metamaterials. Using the unique optical properties these metamaterials (such as, negative refractive 
indices),  he was the first to demonstrate the first non-magnetic metamaterial invisibility cloak! We look forward to 
building our own (slightly less exotic) cloaking device using mirrors and lens. Each Tuesday and Thursday morning 
we have our Science Communications sessions with Teacher Fellow David Hurst of San Diego City Schools. During 
these sessions, we focus the importance of clear communication skills in science and on ethical issues in the field of 
optics and photonics. Each afternoon, our photonics workshops are hosted by Dr. Peter, assisted by fourth-year PhD 
student Mr. Rui La, and first year Masters student  Mr. Sushant Kumar.  We went hands-on with lasers our first day! 
          By the end of the second dayôs lab, we had created working organic solar cells using blackberry juice and 
graphite with titanium dioxide as the semiconductor. Each team measured and compared the voltage, current and 
calculated power of their solar cells with the other teamôs results. In addition to being fun, the daily Photonics lab 
challenges each of us to improve our lab skills, optical physics-based math knowledge, team work and communica-
tion skills. We will continue to deepen our conceptual knowledge of photonics through lecture and labs. Currently, we 
are close to achieving the goal of developing a understanding of the structure and function of semiconductors such 
as LEDs and spectrometers by the end of the first week. For each of us, COSMOS Cluster 5 has already been an 
unique experience and opportunity that has deepened and advanced our knowledge of the physics of light and light-
based technologies. Lux Fiat! 
           After such a busy week we are looking forward to having fun AND winning the COSMOS 
OLYMICS!!!   Followed by a well-earned weekend spent relaxing at the world-famous San Diego Zoo and the beach-
es of La Jolla Shores! Weekend Weather : Early morning clouds, followed by sun both days. Temperatures : Satur-
day are 74Á to 64Á (RealFeelÉ of 81Á to 63Á), Sunday are 75Á to 66Á (RealFeelÉ of 82Á to 64Á).   
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CLUSTER 6: BIODIESEL FROM RENEWABLE SOURCES 
          Lƴ ǘƘŜ ŬǊǎǘ ǿŜŜƪ ƻŦ /h{ah{Σ /ƭǳǎǘŜǊ с Ƙŀǎ ōŜƎǳƴ ŜȄǇƭƻǊƛƴƎ 
ǘƘŜ ƻǊƎŀƴƛŎ ŎƘŜƳƛǎǘǊȅ ƛƴǾƻƭǾŜŘ ƛƴ ƳŀƪƛƴƎ ōƛƻŘƛŜǎŜƭΦ 
        ά{ǳƴŘŀȅ ǿŀǎ ǘƘŜ ŬǊǎǘ Řŀȅ ƻŦ /h{ah{Φ !ƊŜǊ ǊŜƎƛǎǘŜǊƛƴƎΣ ǿŜ 
ŘǊƻǇǇŜŘ ƻǳǊ ǇƻǎǎŜǎǎƛƻƴǎ ƻũ ƛƴ ƻǳǊ ǊƻƻƳǎ ŀƴŘ ƭŜƊ ǘƻ ŀǧŜƴŘ ǘƘŜ 
ƻǇŜƴƛƴƎ ŎŜǊŜƳƻƴȅ ǿƘŜǊŜ ǿŜ ƳŜǘ ǘƘŜ ǎǘŀũ ŀƴŘ ǘƘŜ ǊŜǎƛŘŜƴǝŀƭ 
ŀŘǾƛǎƻǊǎ ŦƻǊ ƻǳǊ ǎǳƛǘŜǎ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ŀŘǾƛǎƻǊǎ ŦƻǊ ŎƭǳǎǘŜǊ сΣ IŀǊƻƭŘ 
ŀƴŘ !ƭŜƧŀƴŘǊŀΣ ǿƘƻ ƭŜŘ ǳǎ ƻƴ ŀ ǘƻǳǊ ŀǊƻǳƴŘ ŎŀƳǇǳǎ Φ !ƊŜǊǿŀǊŘǎΣ 
ǿŜ ǊŜǘǳǊƴŜŘ ǘƻ ǘƘŜ ƭŀǊƎŜ ƭŀǿƴ ƛƴ ŦǊƻƴǘ ƻŦ ǘƘŜ ŘƻǊƳǎΦ ǿƘŜǊŜ ǿŜ 
ǇƭŀȅŜŘ ŀ ŦŜǿ ƛŎŜ ōǊŜŀƪŜǊ ƎŀƳŜǎ ŀƴŘ 
ƳŜǘ ƻǳǊ ¢ŜŀŎƘŜǊ-ŦŜƭƭƻǿΣ aǊΦ¢Φ ²Ŝ 
ǘƘŜƴ ŀǘŜ ŘƛƴƴŜǊΣ ǿƘƛŎƘ ǿŀǎ ŦƻƭƭƻǿŜŘ 
ōȅ ŀ ŦŜǿ ǊƻǳƴŘǎ ƻŦ ƛŎŜ ōǊŜŀƪŜǊ ƎŀƳŜǎ 
ǿƛǘƘ ǘƘŜ ŎƻƭƭŜŎǝǾŜ /h{ah{ ōƻŘȅΤ ŀ 
ǇƻǊǝƻƴ ƻŦ ǝƳŜ ǿƘŜǊŜ ǿŜ ŜƴƎŀƎŜŘ ƛƴ 
άŎƻƴǘǊƻƭƭŜŘ ŎƘŀƻǎΣέ ŜƴƧƻȅƛƴƎ ǎǳŎƘ 
ƎŀƳŜǎ ŀǎ hƘ /ŀǇǘŀƛƴ aȅ /ŀǇǘŀƛƴ ŀƴŘ 
ŀ tƛǘŎƘ tŜǊŦŜŎǘ-{ǘȅƭŜ wƛũ-ƻũΦ ²Ŝ ǘƘŜƴ 
ŘƛǎǇŜǊǎŜŘ ƛƴǘƻ ƻǳǊ ǎǳƛǘŜǎ ŀƊŜǊ ǎƛƴƎƛƴƎ 
ƘŀǇǇȅ ōƛǊǘƘŘŀȅ ǘƻ н ŦŜƭƭƻǿ ǎǘǳŘŜƴǘǎΦ 
hƴŎŜ ǿŜ ŀǊǊƛǾŜŘ ōŀŎƪ ƛƴ ƻǳǊ ǎǳƛǘŜǎΣ 
ǿŜ ŎǊŀƊŜŘ ŎƻƳƳǳƴƛǘȅ ƎǳƛŘŜƭƛƴŜǎ ŀƴŘ 
ǊŜǾƛŜǿŜŘ ǘƘŜ ǊǳƭŜǎ ƻŦ ǘƘŜ ŎŀƳǇΦέ- 
!ŀǊƻƴ [ƛƴ 
          άaƻƴŘŀȅ ǿŀǎ ƻǳǊ ŬǊǎǘ Ŧǳƭƭ Řŀȅ ƻŦ ŎƭŀǎǎŜǎΦ ²Ŝ ǿŜǊŜ ƛƴǘǊƻπ
ŘǳŎŜŘ ǘƻ 5ǊΦ tƻƳŜǊƻȅ ŀƴŘ ƘŜ ƭŜŘ ƻǳǊ ŬǊǎǘ ƭŜŎǘǳǊŜ ƻŦ ǘƘŜ ŎƻǳǊǎŜ 
ŀōƻǳǘ ŜƴŜǊƎȅ ŀƴŘ ǘƘŜ ǊŜŀǎƻƴǎ ōŜƘƛƴŘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǊŜƴŜǿŀπ
ōƭŜ ŜƴŜǊƎȅΦ !ƊŜǊ ƭǳƴŎƘ ŀǘ сп 5ŜƎǊŜŜǎ όǿƘƛŎƘ ƘŀŘ ǊŜŀƭƭȅ ƎƻƻŘ /Ƙƛπ
ƴŜǎŜ ŦƻƻŘύΣ ǿŜ ǿŜǊŜ ŀōƭŜ ǘƻ Ǝƻ ǊƛƎƘǘ ƛƴǘƻ ǘƘŜ ƭŀō ŀƴŘ ōŜƎƛƴ Ƴŀƪπ
ƛƴƎ ƻǳǊ ōƛƻŘƛŜǎŜƭΦ L ƘŀŘ ǇŜǊǎƻƴŀƭƭȅ ƴŜǾŜǊ ƘŀŘ ǎǳŎƘ ƘŀƴŘǎ-ƻƴ ŜȄǇŜπ
ǊƛŜƴŎŜ ƛƴ ŀ ƭŀō ǿƘƛŎƘ ƳŀŘŜ ƛǘ ŜǾŜƴ ƳƻǊŜ Ŧǳƴ ŦƻǊ ƳŜΦ ¢ƘŜ ǘŜŀŎƘŜǊǎ 
ŀǊŜ ŀƭƭ ǾŜǊȅ ǇŀǎǎƛƻƴŀǘŜ ŀōƻǳǘ ǿƘŀǘ ǿŜ ŀǊŜ ŘƻƛƴƎ ŀƴŘ ŎƻƳƳƛǘ 
ǘƘŜƳǎŜƭǾŜǎ ǘƻ ƘŜƭǇƛƴƎ ǳǎ ǳƴŘŜǊǎǘŀƴŘΣ ƴƻǘ ƻƴƭȅ ǘƘŜ ǇǊƻŎŜŘǳǊŜΣ ōǳǘ 
ǘƘŜ ŎƘŜƳƛǎǘǊȅ ōŜƘƛƴŘ ǘƘŜ ǇǊƻƧŜŎǘǎΦ !ƊŜǊ ƭŀōΣ ŀƭƭ ƻŦ ǘƘŜ ŎƭǳǎǘŜǊǎ 
ƳŜǘ ƻǳǘǎƛŘŜ ƻŦ ǘƘŜ ŘƻǊƳǎ ǘƻ ōŜƎƛƴ ǇǊŀŎǝŎƛƴƎ ŦƻǊ /h{ahƭȅƳǇƛŎǎΦ 
hǳǊ ŎƭǳǎǘŜǊ ƛǎ ƎƻƛƴƎ ǘƻ ōŜ ǇŜǊŦƻǊƳƛƴƎ ŀ ǊŀǇ ōŀǧƭŜκŘŀƴŎŜ ōŀǧƭŜ 
ōŜǘǿŜŜƴ ϦtŜǘǊƻƭŜǳƳϦ ŀƴŘ Ϧ.ƛƻŘƛŜǎŜƭΦϦ ¸ŜǎΣ ƛǘ ƛǎ ƎƻƛƴƎ ǘƻ ōŜ ŀǎ 
Ŧǳƴƴȅ ŀǎ ƛǘ ǎƻǳƴŘǎΦ ά !Řƛ wŀƭƭǎ 
        άWǳǎǘ ƭƛƪŜ ŀƭƭ ǘƘŜ ƻǘƘŜǊ ŎƭǳǎǘŜǊǎΣ ǿŜ ǎǘŀǊǘŜŘ ǿƛǘƘ ŀ ƭŜŎǘǳǊŜ 
ŦǊƻƳ tǊƻŦŜǎǎƻǊ YŀƴǘŞ ŀōƻǳǘ ǘƘŜ ƛƴƴƻǾŀǝƴƎ ŀƴŘ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎ 
ǳǎŜŘ ǘƻ ŀǇǇƭȅ ŎƭƻŀƪƛƴƎΦ Lǘ ǿŀǎ ǘƘŜ ŬǊǎǘ ǝƳŜ ǘƘŀǘ Ƴŀƴȅ ƻŦ ǳǎ ƘŀŘ 
ōŜŜƴ ǘƻ ŀ ƭŜŎǘǳǊŜ ŀƴŘ ƎŀǾŜ ǳǎ ŀ ǘŀǎǘŜ ƻŦ ŀ ŎƻƭƭŜƎŜ ŜŘǳŎŀǝƻƴΣ ŎƻƳπ

ǇŀǊŜŘ ǘƻ ŀ ƘƛƎƘ ǎŎƘƻƻƭ ƻƴŜΦ ¢Ƙƛǎ ƭŜŎǘǳǊŜ ƘŀŘ ōŜŜƴ ǘƘŜ ǇŜǊŦŜŎǘ 
ƻǇǇƻǊǘǳƴƛǘȅ ŦƻǊ ǳǎ ǘƻ ƭŜŀǊƴ ŀōƻǳǘ ƛƳǇǊƻǾƛƴƎ ƻǳǊ ǇǊŜǎŜƴǘŀǝƻƴ 
ŎƻƳƳǳƴƛŎŀǝƻƴ ǎƪƛƭƭǎΣ ŀ ǘƻǇƛŎ ǘƘŀǘΣ ǿƛǘƘ ǘƘŜ ƎǳƛŘŀƴŎŜ ƻŦ ƻǳǊ 
ǘŜŀŎƘŜǊ ŦŜƭƭƻǿ aǊΦ ¢ƻǿƭŜǊΣ ǿŜ ŘƛǎŎǳǎǎŜŘ ƛƴ ƻǊŘŜǊ ǘƻ ǇǊŜǇŀǊŜ ŦƻǊ 
ǘƘŜ ǇǊŜǎŜƴǘŀǝƻƴǎ ǘƘŀǘ ƻǳǊ ƎǊƻǳǇ ƘŀǾŜ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜǎŜ ŦƻǳǊ 
ǿŜŜƪǎΦ CƻƭƭƻǿƛƴƎ ǘƘŀǘ ǿŀǎΣ ƛƴ Ƴȅ ƻǇƛƴƛƻƴΣ ǘƘŜ Ƴƻǎǘ ŜȄŎƛǝƴƎ ǇŀǊǘ 
ƻŦ ƻǳǊ ŘŀȅΥ ǘƘŜ ŬǊǎǘ ǝƳŜ ǿŜ Ǝƻǘ ǘƻ ŦƻǊƳ ƻǳǊ ƎǊƻǳǇǎ ŀƴŘ ǎǘŀǊǘ ƻǳǊ 
Ŭƴŀƭ ǇǊƻƧŜŎǘǎΦ /ƭǳǎǘŜǊ с ƘŀŘ ŬǾŜ ŘƛũŜǊŜƴǘ ǇǊƻƧŜŎǘ ǘƻǇƛŎǎΣ ƎƛǾƛƴƎ 

ŜǾŜǊȅƻƴŜ ŀ ŎƘŀƴŎŜ ǘƻ ǘǊȅ ǎƻƳŜǘƘƛƴƎ ǘƘŀǘ 
ǘƘŜȅ ǿŜǊŜ ƛƴǘŜǊŜǎǘŜŘ ƛƴΦ hǳǊ ǘƻǇƛŎǎ ƛƴπ
ŎƭǳŘŜŘ ǘƘŜ ŎǊŜŀǝƻƴ ƻŦ ǎƻƊ ŦƻŀƳ ŦƻǊ ƅƛǇ 
ƅƻǇǎΣ ƘŀǊŘŜǊ ŦƻŀƳ ŦƻǊ ǎǳǊŧƻŀǊŘǎΣ ŀƴ 
ŀŘŘƛǝǾŜ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ǉǳŀƭƛǘȅ ŀƴŘ ŜŶπ
ŎƛŜƴŎȅ ƻŦ ōƛƻŦǳŜƭǎΣ ǘŜǎǘǎ ǘƻ ŦƻǊŜǎƘŀŘƻǿ 
ǘƘŜ ŘŜǎǘǊǳŎǝƻƴ ƻŦ ŀƭƎŀŜ ǇƻƴŘǎ ŦǊƻƳ ōŀŎπ
ǘŜǊƛŀΣ ŀƴŘ ǇŀǊǝŎƭŜ ŎƻǳƴǝƴƎΦ [ŜŀǊƴƛƴƎ 
ƳƻǊŜ ǎǇŜŎƛŬŎǎ ŀōƻǳǘ ƻǳǊ ǇǊƻƧŜŎǘ Ƙŀǎ ƻƴƭȅ 
ŎƻƴǝƴǳŜŘ ǘƻ ƳŀƪŜ ǳǎ ƳƻǊŜ ƛƴǘŜǊŜǎǘŜŘ ƛƴ 
ǘƘŜ ƴŜŎŜǎǎƛǘȅ ŦƻǊ ōƛƻŘƛŜǎŜƭ ŀƴŘ ǿƘŀǘ ŀ 
ǘǊŜƳŜƴŘƻǳǎ ƛƳǇŀŎǘ ƛǘ ǿƛƭƭ ƳŀƪŜ ǘƻ ƻǳǊ 
ŦǳǘǳǊŜΣ ŀƴŘ ŘƻƛƴƎ ƛǘ ǿƛǘƘ ǘƘŜ ōŜǎǘ ŎƭǳǎǘŜǊ 
ƳŀƪŜǎ ƛǘ ŜǾŜƴ ƳƻǊŜ ƛƴǘŜǊŜǎǝƴƎΗέ   !ƪŀƴƪπ

ǎƘŀ {ŀƴŎƘŜǝ 
         ά²ŜŘƴŜǎŘŀȅΣ 5ǊΦ tƻƳŜǊƻȅ ǘŀǳƎƘǘ ǳǎ ŀōƻǳǘ ōƻƴŘǎ ŀƴŘ ŜȄπ
ǇƭŀƛƴŜŘ ǘƻ ǳǎ Ƙƻǿ ŀƴŘ ǿƘȅ ƻǳǊ ōƛƻŘƛŜǎŜƭ ǊŜŀŎǝƻƴ ǿƻǊƪŜŘΦ Lǘ ǿŀǎ 
ƛƴǘŜǊŜǎǝƴƎ ǘƻ ǎƛǘ ƛƴ ŀƴ ŀŎǘǳŀƭ ŀǳŘƛǘƻǊƛǳƳ ŀƴŘ ƭŜŀǊƴ ŦǊƻƳ ŀ ǊŜŀƭ 
ŎƻƭƭŜƎŜ ǇǊƻŦŜǎǎƻǊΦ aƻǊŜƻǾŜǊΣ ǿŜ ŎƻǳƭŘ ǎŜŜ Ƙƻǿ ƳǳŎƘ ƻǊ Ƙƻǿ 
ƭƛǧƭŜ ƻǳǊ ŎƘŜƳƛǎǘǊȅ ŎƭŀǎǎŜǎ ōŀŎƪ ƘƻƳŜ ƘŀŘ ǘŀǳƎƘǘ ǳǎΦ ¢ƻŘŀȅΣ ǿŜ 
ǎǘŀǊǘŜŘ ǿŀǎƘƛƴƎ ŀƴŘ ǇǳǊƛŦȅƛƴƎ ƻǳǊ ōƛƻŘƛŜǎŜƭ ƛƴ ǘƘŜ ƭŀōΦ ²ŀǎƘƛƴƎ 
ǿŀǎ ŀŎŎƻƳǇƭƛǎƘŜŘ ōȅ ǇƻǳǊƛƴƎ ǿŀǘŜǊ Řƻǿƴ ǘƘŜ ǎƛŘŜǎΣ ǿƘƛŎƘ ǿƻǳƭŘ 
ŎŀǇǘǳǊŜ ǇŀǊǝŎƭŜǎ ƻŦ ƻǳǊ Ŏŀǘŀƭȅǎǘ ŀƴŘ ƅǳǎƘ ǘƘŜƳ ƻǳǘΦ ¢ŜŎƘƴƛŎŀƭƭȅΣ 
ǿŜ ƘŀǾŜ ŀŎǘǳŀƭ ǳǎŜŀōƭŜ ōƛƻŘƛŜǎŜƭ ƴƻǿΦ !ƊŜǊ ŎƭŀǎǎΣ ǿŜ ǇǊŜǇŀǊŜŘ 
ŦƻǊ /h{ah{ hƭȅƳǇƛŎǎ ōȅ ǇƭŀƴƴƛƴƎ ŀƴŘ ŘŀƴŎƛƴƎΦ Lǘ ǊŜŀƭƭȅ ƭƻƻƪǎ ƭƛƪŜ 
ƛǘϥǎ ŎƻƳƛƴƎ ǘƻƎŜǘƘŜǊ ƴƻǿΦ tƭǳǎΣ ƛǘϥǎ ŦǳƴΦ /h{ah{ hƭȅƳǇƛŎǎ ƛǎ ƛƴ 
ǘǿƻ Řŀȅǎ ǎƻ ŜǾŜǊȅƻƴŜ ƛǎ ƘȅǇƛƴƎ ǳǇΦ ¢ƘŜǊŜ ǿŀǎ ŀƭǎƻ ŦǊǳƛǘ ǎƴŀŎƪǎ 
ŀƴŘ ǘƘƻǎŜ ǿŜǊŜ ƎƻƻŘ ǘƻƻΦ CƻǊ ƳŀƴŘŀǘƻǊȅ ǊŜŎǊŜŀǝƻƴΣ L ŘǊŜǿ ǿƛǘƘ 
ŎƘŀƭƪΦ hǾŜǊŀƭƭΣ ƴƻǘ ŀ ōŀŘ ŘŀȅΦ ά  !ƭŜȄ aŀƴǘƻƴƎ     
       ²ƛǘƘ ƻǳǊ ŬǊǎǘ ǿŜŜƪ ǿŜƭƭ ǳƴŘŜǊǿŀȅΣ ǿŜΩƭƭ ƴŜȄǘ ōŜ ǳǎƛƴƎ ŀƴ 
ŀǊǊŀȅ ƻŦ ƛƴǎǘǊǳƳŜƴǘǎ ǘƻ ŀƴŀƭȅȊŜ ǘƘŜ ǇǊƻǇŜǊǝŜǎ ƻŦ ǘƘŜ ōƛƻŘƛŜǎŜƭ 
ǿŜΩǾŜ ƳŀŘŜΦ  ²Ŝ ƘŀǾŜ ƭƻǘǎ ƻŦ ŜȄǇŜǊƛŜƴŎŜǎ ǎǝƭƭ ŀƘŜŀŘ ƻŦ ǳǎΣ ŀƴŘ 
ǿŜΩƭƭ ƘŀǾŜ ŀ ƎǊŜŀǘ ǝƳŜ ǿƛǘƘ ǘƘŜ ŀŘǾŜƴǘǳǊŜΦ 



 мл 

 

CLUSTER 7: BIOENGINEERING/MECHANICAL 
ENGINEERING: THE AMAZING RED BLOOD CELL 

     Lǘ Ƙŀǎ ōŜŜƴ ŀƴ ŀƳŀȊƛƴƎ ŬǊǎǘ ǿŜŜƪ ƘŜǊŜ ŀǘ /h{ah{ΗΗΗ  hƴ ƻǇŜƴπ
ƛƴƎ ƴƛƎƘǘ ǎǘǳŘŜƴǘǎ ƳŜǘ ǘƘŜƛǊ w!ϥǎΣ ǘŜŀŎƘŜǊ ŦŜƭƭƻǿǎΣ ǇǊƻŦŜǎǎƻǊǎΣ Ŏƭǳǎπ
ǘŜǊ ǎǘǳŘŜƴǘǎ ŀƴŘ ǎŀƛŘ ƎƻƻŘ-ōȅŜ ǘƻ ǘƘŜƛǊ ǇŀǊŜƴǘǎ ŦƻǊ ƴŜȄǘ ƳƻƴǘƘ ŀǎ 
ǘƘŜȅ ōŜƎŀƴ ǘƘŜƛǊ /h{ah{ WƻǳǊƴŜȅΦ !ƊŜǊ ŀ Ŧǳƴ ŜǾŜƴƛƴƎ ƻŦ ǘŜŀƳ 
ōǳƛƭŘƛƴƎ ŀƴŘ ǎŜǧƭƛƴƎ ƛƴǘƻ ǘƘŜƛǊ ŘƻǊƳǎ ǎǘǳŘŜƴǘǎ ǿƻƪŜ ǳǇ ŜŀǊƭȅ aƻƴπ
Řŀȅ ƳƻǊƴƛƴƎ ǘƻ ŀǧŜƴŘ ŦƻǊ ǘƘŜƛǊ ŬǊǎǘ Řŀȅ ƻŦ ŎƭŀǎǎŜǎΦ  !ƭƭ ǎǘǳŘŜƴǘǎ 
ŀǧŜƴŘŜŘ ŀ ƭŀō ǎŀŦŜǘȅ ǘǊŀƛƴƛƴƎ ǘƻ ǇǊŜǇŀǊŜ ŀƴŘ ŦŀƳƛƭƛŀǊƛȊŜ ǘƘŜƳπ
ǎŜƭǾŜǎ ǿƛǘƘ ŀƭƭ ǘƘŜ ǇǊƻǘƻŎƻƭǎ ŀƴŘ ǇǊƻŎŜŘǳǊŜǎ ŦƻǊ ǎŀŦŜ ƭŀōƻǊŀǘƻǊȅ 
ŎƻƴŘǳŎǘΦ  Lƴ ǘƘŜ ŀƊŜǊƴƻƻƴΣ /ƭǳǎǘŜǊ т ό¢ƘŜ !ƳŀȊƛƴƎ wŜŘ .ƭƻƻŘ /Ŝƭƭǎύ 
ƭŜŀǊƴŜŘ ŀōƻǳǘ ǊŜŘ ōƭƻƻŘ ŎŜƭƭ ǘǊŀƴǎǇƻǊǘΣ ƭƛƴŜŀƎŜ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘΣ 
ǎǘǊǳŎǘǳǊŜ ŀƴŘ ŦǳƴŎǝƻƴ ŦǊƻƳ 5ǊΦ ±ŜǊŀ ǿƘƻ ƘƛƳǎŜƭŦ ōŜŎŀƳŜ ƛƴǘŜǊŜǎǘπ
ŜŘ ƛƴ ƘŜƳƻǊǊƘŀƎƛŎ ǎƘƻŎƪ ŀǎ ŀƴ 9a¢ ƛƴ ¢ƛƧǳŀƴŀ ǇǊƛƻǊ ǘƻ ǇǳǊǎǳƛƴƎ 
aŜŘƛŎƛƴŜΦ  

      Lƴ ƻǳǊ ŬǊǎǘ ƭŀōΣ ǎǘǳŘŜƴǘǎ Ǝƻǘ ƘŀƴŘǎ-ƻƴ ǿƛǘƘ ǳǎƛƴƎ ƳƛŎǊƻǇƛǇŜǧŜǎ 
ǘƻ ǘǊŀƴǎŦŜǊ ǎƳŀƭƭ ǾƻƭǳƳŜǎ ƻŦ ƭƛǉǳƛŘǎ ǿƛǘƘ ŀŎŎǳǊŀŎȅ ŀƴŘ ǇǊŜŎƛπ
ǎƛƻƴΦ  hƴ ¢ǳŜǎŘŀȅΣ ǎǘǳŘŜƴǘǎ ǿŜǊŜ ǘǊŜŀǘŜŘ ǘƻ ŀ ǘƘǊƛƭƭƛƴƎ 5ƛǎŎƻǾŜǊȅ 
[ŜŎǘǳǊŜ ƻƴ ǘƘŜ hǇǝŎǎ ōŜƘƛƴŘ ōǳƛƭŘƛƴƎ /ƭƻŀƪƛƴƎ 5ŜǾƛŎŜǎ ŀƴŘ LƴǾƛǎƛπ
ōƛƭƛǘȅ /ƭƻŀƪǎ ōȅ .ƻǳōŀŎŀǊ YŀƴǘŜΦ  5ǊΦ YŀƴǘŜ ŘŜǾŜƭƻǇŜŘ ǘƘŜ ŬǊǎǘ ƴƻƴ-
ƳŀƎƴŜǝŎ ŎƭƻŀƪƛƴƎ ŘŜǾƛŎŜ ōȅ ƻǊƎŀƴƛȊƛƴƎ ƳŜǘŀ-ƳŀǘŜǊƛŀƭǎ ƛƴ ǎƳŀƭƭ 
ŀǊǊŀȅǎΦ   Lƴ Ŏƭŀǎǎ ǿŜ ŜȄǇƭƻǊŜŘ ǎƻƳŜ ƻŦ ǘƘŜ ǊŜǎŜŀǊŎƘ ƎǊƻǳǇǎ ƛƴ ǘƘŜ 
.ƛƻƳŜŘƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ 5ŜǇŀǊǘƳŜƴǘ ƘŜǊŜ ŀǘ ¦/{5 ŀƴŘ ŘƛǎŎǳǎǎŜŘ 
ǇƻǎǎƛōƭŜ ŜǘƘƛŎŀƭ ŘƛƭŜƳƳŀǎ ǘƘŜ ŜŀŎƘ ǊŜǎŜŀǊŎƘ ƎǊƻǳǇ ƳƛƎƘǘ 
ŦŀŎŜΦ  ²ŜŘƴŜǎŘŀȅ  ǎǘǳŘŜƴǘǎ ǿƻǊƪŜŘ ƛƴ ǘƘŜ ƭŀō Ƴƻǎǘ ƻŦ ǘƘŜ Řŀȅ ŀƴŘ 
ƘŀŘ ŀ ŎƘŀƴŎŜ ǘƻ ŎǊŜŀǘŜ ϦōƭƻƻŘ ǎƳŜŀǊϦ ǎƭƛŘŜǎ ŀƴŘ ŀƴŀƭȅȊŜ ǘƘŜ ƳƻǊπ
ǇƘƻƭƻƎȅ ŀƴŘ ŘŜƴǎƛǘȅ ƻŦ ǊŜŘ ōƭƻƻŘ ŎŜƭƭǎ ǳƴŘŜǊ ǘƘŜ ƳƛŎǊƻǎŎƻǇŜΦ  CǊƛπ
Řŀȅ ǿŜ ǿƛƭƭ ǎǘŀƛƴ ǘƘŜǎŜ ŎŜƭƭǎ ǘƻ ŘƛũŜǊŜƴǝŀǘŜ ƭŜǳƪƻŎȅǘŜǎ όǿƘƛǘŜ 
ōƭƻƻŘ ŎŜƭƭǎύ ŀƴŘ ŜǊȅǘƘǊƻŎȅǘŜǎ όǊŜŘ ōƭƻƻŘ ŎŜƭƭǎύΦ   

     DǳŜǎǘ ǎǇŜŀƪŜǊ {ŀƴƧŜŜǾ .ƘŀǾŀƴƛΣ ŀ ŎŀǊŘƛƻƭƻƎƛǎǘ ŀǘ {ŎǊƛǇǇǎ ¢Ǌŀƴǎƭŀπ
ǝƻƴŀƭ aŜŘƛŎƛƴŜ ƎŀǾŜ ŀƴ ŜƴƎŀƎƛƴƎ ǘŀƭƪ ŜƴǝǘƭŜŘ Ϧ5ƛƎƛǘŀƭ IŜŀƭǘƘΣ ¢ƘŜ 
CǳǘǳǊŜ ¢ƻŘŀȅΦϦ  IŜ ōǊƻǳƎƘǘ ǎŜǾŜǊŀƭ ŘŜǾƛŎŜǎ ƛƴŎƭǳŘƛƴƎ ŀ ŎŜƭƭ ǇƘƻƴŜ 
ŎŀǎŜ ǘƘŀǘ ŎƻǳƭŘ ǊŜŀŘ 9YDǎΣ ŀ ǿƛǊŜŘ ǎƘƛǊǘ ǿƛǘƘ ǎŜƴǎƻǊǎ ǘƘŀǘ ŎƻǳƭŘ 
ƳŜŀǎǳǊŜ ƘŜŀǊǘ ŀƴŘ ǊŜǎǇƛǊŀǝƻƴ ǊŀǘŜ ŀƴŘ ŜǾŜƴ ŀ ŘƛƎƛǘŀƭ Ǉƛƭƭ ǘƘŀǘ 
ŜƳƛǘǎ ŀƴ ŜƭŜŎǘǊƛŎŀƭ ŎƘŀǊƎŜ ǿƘŜƴ ƛǘ ƛǎ ŘƛƎŜǎǘŜŘ ǎƻ ŘƻŎǘƻǊǎ ƪƴƻǿ ƛŦ 
ǇŀǝŜƴǘǎ ƘŀǾŜ ǘŀƪŜƴ ǘƘŜƛǊ ƳŜŘƛŎŀǝƻƴ ǊŜƳƻǘŜƭȅΦ  {ǘǳŘŜƴǘǎ ŘƛǎŎǳǎǎŜŘ 
Ƙƻǿ ǘƻ ŘŜǾŜƭƻǇ ŀǇǇǎ ǘƻ ƘŜƭǇ ǇŀǝŜƴǘǎ ǎǳũŜǊƛƴƎ ŦǊƻƳ ŀ ǾŀǊƛŜǘȅ ƻŦ 
ŀƛƭƳŜƴǘǎ ǳǝƭƛȊƛƴƎ ǘƘƛǎ ǘŜŎƘƴƻƭƻƎȅΦ  5Ǌ .ƘŀǾŀƴƛ ƛǎ ƛƴǘŜǊŜǎǘŜŘ ƛƴ ¢9[9-
aŜŘƛŎƛƴŜ ŀƴŘ ŘŜƭƛǾŜǊƛƴƎ ƘŜŀƭǘƘŎŀǊŜ ǘƻ ƛƴŘƛǾƛŘǳŀƭǎ ƛƴ ǊǳǊŀƭ ŀǊŜǎ ǘƘŀǘ 
Řƻ ƴƻǘ ƘŀǾŜ ŀŎŎŜǎǎ ǘƻ ƳŜŘƛŎƛƴŜΦ  IŜ ǎǘŀǊǘŜŘ ŀ ƘŜŀƭǘƘ ŎƭƛƴƛŎ ƛƴ YŀƳπ
ǇŀƭŀΣ ¦ƎŀƴŘŀ ǿƘŜǊŜ м ƘƻǎǇƛǘŀƭ ǿƛǘƘ млл ōŜŘǎ ǎŜǊǾŜǎ ƴŜŀǊƭȅ н Ƴƛƭπ
ƭƛƻƴ ƛƴŘƛǾƛŘǳŀƭǎΦ  IŜ ŘƛǎŎǳǎǎŜŘ ǘƘŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŎƘŀƭƭŜƴƎŜǎ 
ŦƻǊ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ƻǳǘǊŜŀŎƘΦ  

     Lƴ Ŏƭŀǎǎ ǘƻŘŀȅ ǿŜ ŀǊŜ ŎǳǊǊŜƴǘƭȅ ǿƻǊƪƛƴƎ ƻƴ ƻǳǊ 9ǘƘƛŎǎ Ŝǎǎŀȅǎ 
ǊŜƭŀǘŜŘ ǘƻ {ŎƛŜƴŎŜ ŀƴŘ {ƻŎƛŜǘȅΦ   {ǘǳŘŜƴǘǎ ƘŀǾŜ ŎƘƻǎŜƴ ŀ ǾŀǊƛŜǘȅ ƻŦ 
ǘƻǇƛŎǎ ƛƴ ŦǊƻƳ ǘƘŜ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ǇǊŜǾŀƭŜƴŎŜ ƻŦ ƴŀƴƻǘŜŎƘƴƻƭƻƎȅ ƛƴ 
ƻǳǊ Řŀƛƭȅ ƭƛǾŜǎΣ ŘŜǎƛƎƴŜǊ ōŀōƛŜǎΣ  ǘƘŜ ƴŜŜŘ ŦƻǊ ¢9[9-aŜŘŜŎƛƴŜ ƛƴ 
ŘŜǾŜƭƻǇƛƴƎ ƴŀǝƻƴǎΣ ŀǊǝŬŎƛŀƭ ōƭƻƻŘΣ ƎŜƴŜ ŜŘƛǝƴƎ ŀƴŘ ǘƘŜ ƴŜŜŘ ŦƻǊ 
ǇǊƛǾŀŎȅ ǇǊƻǘŜŎǝƻƴ ƛƴ ǘƘŜ IŜŀƭǘƘŎŀǊŜ {ȅǎǘŜƳΦ  !ƭƭ ƛƴ ŀƭƭ ŀƴ ŀŎǝƻƴ 
ǇŀŎƪŜŘ ƛƴ /ƭǳǎǘŜǊ тΗΗ  

 

 



 мм 

 

CLUSTER 8: TISSUE ENGINEERING AND REGENERATIVE MEDICINE 
.ǊƛƎƘǘ ŀƴŘ ŜŀǊƭȅ aƻƴŘŀȅ ƳƻǊƴƛƴƎ /ƭǳǎǘŜǊ у ǿŀǎ ŜƴƧƻȅƛƴƎ ōǊŜŀƪŦŀǎǘ ƻƴ ǘƘŜ Ǉŀǝƻ ƻǳǘǎƛŘŜ /ŀŦŞ 

±Φ ¢ƘŜ ōǊŜŜȊŜ ǿŀǎ ŎƻƻƭΣ ǘƘŜ ǎǳƴ ǿŀǎ ƻǳǘ ŀƴŘ ǘƘŜȅ ǿŜǊŜ ǊŜŀŘȅ ǘƻ ƘŀǾŜ ŀ Dwу ŬǊǎǘ ŘŀȅΦ hǳǊ Řŀȅ 
ōŜƎŀƴ ǿƛǘƘ ǘǿƻ ǎŀŦŜǘȅ ƳŜŜǝƴƎǎΣ ƻƴŜ ƎŜƴŜǊŀƭ ŀƴŘ ƻƴŜ ǎǇŜŎƛŬŎŀƭƭȅ ŦƻǊ ōƛƻŜƴƎƛƴŜŜǊƛƴƎΣ ŀǎ ǎŀŦŜǘȅ ƛǎ 
ǘƘŜ ǘƻǇ ǇǊƛƻǊƛǘȅΦ ¢ƘŜƴ ƛǘ ǿŀǎ ƻũ ǘƻ ƳŜŜǘ 5ǊΦ {ŀƘ ŀƴŘ 5ǊΦ DŀŜǘŀƴƛΣ ƻǳǊ ŜǎǘŜŜƳŜŘ ǇǊƻŦŜǎǎƻǊǎΦ 5ǊΦ 
DŀŜǘŀƴƛ ƎŀǾŜ ǳǎ ŀƴ ƛƴǘǊƻŘǳŎǝƻƴ ǘƻ ¢ƛǎǎǳŜ 9ƴƎƛƴŜŜǊƛƴƎ ŀƴŘ wŜƎŜƴŜǊŀǝǾŜ aŜŘƛŎƛƴŜΣ ǎǇŜŎƛŬŎŀƭƭȅ 
Ƙƻǿ ǝǎǎǳŜ ŜƴƎƛƴŜŜǊƛƴƎ ōŜƎŀƴΣ Ƙƻǿ ƛǘ Ƙŀǎ ŘŜǾŜƭƻǇŜŘ ōȅ ǘƘŜ ǇǊŀŎǝŎŜ ƻŦ ŎƻƳōƛƴƛƴƎ ǎŎŀũƻƭŘǎΣ 
ŎŜƭƭǎΣ ŀƴŘ ōƛƻƭƻƎƛŎŀƭ ƳƻƭŜŎǳƭŜǎ ǘƻ ŦƻǊƳ ŦǳƴŎǝƻƴŀƭ ǝǎǎǳŜǎΣ ŀƴŘ Ƙƻǿ ǘƘŜǎŜ ǝǎǎǳŜǎ ƘŀǾŜ ƘŜƭǇŜŘ 
ǿƛǘƘ ǿƻǳƴŘ ƘŜŀƭƛƴƎ ŀƴŘ ŜǾŜƴ ǘƘŜ ŦƻǊƳŀǝƻƴ ƻŦ ŦǳƴŎǝƻƴŀƭ ƻǊƎŀƴǎ ǎǳŎƘ ŀǎ ŀ ōƭŀŘŘŜǊΦ 5ǊΦ {ŀƘ ƎŀǾŜ 
ǳǎ ǝƳŜ ǘƻ ƎŜǘ ǘƻ ƪƴƻǿ ŜŀŎƘ ƻǘƘŜǊ ōŜǧŜǊ ŀƴŘ ǿŜ ŀǊŜ ŀ ǘŀƭŜƴǘŜŘ ƎǊƻǳǇΗ IŜ ǘƘŜƴ ǎǇƻƪŜ ǘƻ ǳǎ 
ŀōƻǳǘ ǘƘŜ ƘƛǎǘƻǊȅΣ ǘŜŎƘƴƛǉǳŜǎ ŀƴŘ ŘŜǘŀƛƭǎ ƻŦ ŎŜƭƭ ŎǳƭǘǳǊŜ ǎƻ ǘƘŀǘ ǿŜ ǿƛƭƭ ōŜ ǿŜƭƭ ƛƴŦƻǊƳŜŘ ǿƘŜƴ 
ǿŜ ƭŜŀǊƴ ǘƻ ƎǊƻǿ ƻǳǊ ŎǳƭǘǳǊŜǎ ƛƴ ǘƘŜ ƭŀōΦ 9ǊƛŎŀΣ ƻƴŜ ƻŦ ƻǳǊ ¢ŜŀŎƘƛƴƎ !ǎǎƛǎǘŀƴŎŜΣ ǘŀǳƎƘǘ ǳǎ Ƙƻǿ ǘƻ 
ǳǎŜ ǇƛǇŜǧŜǎ ŀƴŘ ǿŜ ƘŀŘ ǎƻƳŜ ƭŀō ǝƳŜ ƛƴ ǘƘŜ ŀƊŜǊƴƻƻƴ ǘƻ ǘǊȅ ƻǳǘ ƻǳǊ ƴŜǿƭȅ ŀŎǉǳƛǊŜŘ ǎƪƛƭƭΦ 
²ƘƛƭŜ ǎƻƳŜ ƻŦ ǳǎ ǿŜǊŜ ǿƻǊƪƛƴƎ ƛƴ ǘƘŜ ƭŀōΣ wŜōŜŎŎŀΣ ƻǳǊ ǎŜŎƻƴŘ ¢ŜŀŎƘƛƴƎ !ǎǎƛǎǘŀƴǘΣ ǘŀǳƎƘǘ ǳǎ 
ǎǘŜǊƛƭŜ ǘŜŎƘƴƛǉǳŜ ŀƴŘ bŜƘŀΣ ƻǳǊ ǘƘƛǊŘ ¢ŜŀŎƘƛƴƎ !ǎǎƛǎǘŀƴǘ όȅŜǎΣ ǿŜ ƘŀǾŜ ǘƘǊŜŜ ƛƴŎǊŜŘƛōƭŜ ¢!ΩǎύΣ 
ǘŀǳƎƘǘ ǳǎ Ƙƻǿ ǘƻ ƳŀƪŜ ǎŜǊƛŀƭ ŘƛƭǳǝƻƴǎΦ !ǎ ǘƘŜ ǎǳƴ ǎŜǘ ƻƴ ƻǳǊ ŬǊǎǘ Řŀȅ ƻŦ /h{ah{ ǿŜ ƘŜŀŘŜŘ 
ōŀŎƪ ǘƻ ǘƘŜ ŘƻǊƳǎ ŜŀƎŜǊ ǘƻ ƭŜŀǊƴ ŀōƻǳǘ /h{ahƭȅƳǇƛŎǎΦ  

.ȅ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ŬǊǎǘ ǿŜŜƪ ƛƴ ǘƘŜ ƭŀō ǿŜ Ŏŀƴ ƴƻǿ ǇǊƻǇŜǊƭȅ ǇƛǇŜǧŜ ǳǎƛƴƎ ǎŜǊƻƭƻƎƛŎŀƭ ǇƛǇŜǧŜǎ 
ŀƴŘ ƳƛŎǊƻ ǇƛǇŜǧŜǎΣ ƳŀƪŜ ŀƴŘ ǇI ŀ ǎƻƭǳǝƻƴΣ Řƻ ǎŜǊƛŀƭ ŀƴŘ ǎƛƳǇƭŜ ŘƛƭǳǝƻƴǎΣ ŀƴŘ ǳǎŜ ǎǘŜǊƛƭŜ ǘŜŎƘπ
ƴƛǉǳŜ ǘƻ ƳŀƪŜ ƳŜŘƛŀΦ ²Ŝ ƘŀǾŜ ƭƻƻƪŜŘ ŀǘ ƎǊŀǇƘƛƴƎ ŀǎ ŀ ƳŜŀƴǎ ƻŦ ǇǊŜǎŜƴǝƴƎ ŘŀǘŀΣ Ƙƻǿ ǘƻ ŀƴŀπ
ƭȅȊŜ ƻǳǊ Řŀǘŀ ǳǎƛƴƎ 9ȄŎŜƭΣ ŀƴŘ ǘƘŜƴ Ƙƻǿ ǘƻ ǳǎŜ ǎǘŀǝǎǝŎǎ ǎǳŎƘ ŀǎ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǝƻƴΣ ǘƻ ŜǾŀƭǳŀǘŜ 
ƻǳǊ ŘŀǘŀΦ ²Ŝ ƘŀǾŜ ŎƻƴǝƴǳŜŘ ǘƻ ŜȄǇŀƴŘ ƻǳǊ ƪƴƻǿƭŜŘƎŜ ŀōƻǳǘ ¢ƛǎǎǳŜ 9ƴƎƛƴŜŜǊƛƴƎ ŦǊƻƳ 5ǊΦ {ŀƘ 
ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǾŀǊƛŀōƭŜ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻŦ ǝǎǎǳŜǎ ŀƴŘ ƻǊƎŀƴǎ ŀƴŘ Ƙƻǿ ǘƘŜǎŜ ŘƛũŜǊŜƴŎŜǎ ŎǊŜŀǘŜ 
ŎƘŀƭƭŜƴƎŜǎ ƛƴ ǝǎǎǳŜ ŜƴƎƛƴŜŜǊƛƴƎΦ 5ǊΦ DŀŜǘŀƴƛ Ƙŀǎ ǘŀǳƎƘǘ ǳǎ ƳƻǊŜ ŀōƻǳǘ ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ƻŦ ǝǎπ
ǎǳŜ ŀƴŘ ŜƭŀōƻǊŀǘŜŘ ƻƴ ǾŀǊƛƻǳǎ ƳŜǘƘƻŘǎ ŀƴŘ ǇǳǊǇƻǎŜǎ ƻŦ ƳƛŎǊƻǎŎƻǇȅ ƛƴ ǘƘŜ ƭŀōƻǊŀǘƻǊȅΦ !ǘ ǘƘƛǎ 
Ǉƻƛƴǘ ǿŜ ƘŀǾŜ ǎǳŎŎŜǎǎŦǳƭƭȅ ƳŀǎǘŜǊŜŘ ƘŀƭŦ ƻŦ ƻǳǊ ǘǿŜƭǾŜ ƭŀōƻǊŀǘƻǊȅ ǎƪƛƭƭǎ ǘƘŀǘ ǿƛƭƭ ƘŜƭǇ ǇǊŜǇŀǊŜ ǳǎ 
ŦƻǊ ƻǳǊ ƻǿƴ ǇǊƻƧŜŎǘǎΣ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǇǳǊǇƻǎŜ ƻŦ ŀ ǾŀǊƛŜǘȅ ƻŦ ƭŀōƻǊŀǘƻǊȅ ǘŜŎƘƴƛǉǳŜǎΣ ŀƴŘ ŘŜŬπ
ƴƛǘŜƭȅ ƘŀǾŜ ŀ ŎƭŜŀǊŜǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ¢ƛǎǎǳŜ 9ƴƎƛƴŜŜǊƛƴƎΦ 

5ǳǊƛƴƎ ǎŎƛŜƴǝŬŎ ŎƻƳƳǳƴƛŎŀǝƻƴǎ ǘƘŜ ŘƛǎŎǳǎǎƛƻƴǎ ƘŀǾŜ ōŜŜƴ ŦƻŎǳǎƛƴƎ ƻƴ Ƙƻǿ ǘƻ ŜũŜŎǝǾŜƭȅ 
ŎƻƳƳǳƴƛŎŀǘŜ ŀƴŘ ǿŜ ǿŜǊŜ ǘŀǳƎƘǘ Ƙƻǿ ǘƻ ǇǊƻǇŜǊƭȅ ǎŜǘ ǳǇ ŀƴŘ ǳǎŜ ŀ ǎŎƛŜƴǝŬŎ ƴƻǘŜōƻƻƪΦ ²Ŝ ŀǊŜ 
ōŜƎƛƴƴƛƴƎ ƻǳǊ 9ǘƘƛŎǎ ǇǊƻƧŜŎǘǎ ŀƴŘ ǿƛǘƘ ƘŜƭǇ ŦǊƻƳ ƻǳǊ ƭƛōǊŀǊȅ ǇǊŜǎŜƴǘŀǝƻƴ ŀƴŘ 5ǊΦ {ŀƘǎΩ [ƛǘŜǊŀπ
ǘǳǊŜ wŜǾƛŜǿ ǿŜ ƘŀǾŜ ǘƘŜ ǘƻƻƭǎ ǿŜ ƴŜŜŘ ǘƻ ǇŜǊŦƻǊƳ ōŀŎƪƎǊƻǳƴŘ ǊŜǎŜŀǊŎƘΦ !ƭƭ ƻŦ /h{ah{ ƘŀŘ 
ǘƘŜ ǇǊƛǾƛƭŜƎŜ ƻŦ ƘŜŀǊƛƴƎ 5ǊΦ YŀƴǘŜΣ ŀǎǎƛǎǘŀƴǘ ǇǊƻŦŜǎǎƻǊ ƻŦ 9ƭŜŎǘǊƛŎŀƭ ŀƴŘ /ƻƳǇǳǘŜǊ 9ƴƎƛƴŜŜǊƛƴƎ ŀǘ 
¦/{5Σ ŘƛǎŎǳǎǎ Ƙƛǎ ǊŜǎŜŀǊŎƘ ǳǎƛƴƎ ŜƭŜŎǘǊƻƳŀƎƴŜǝŎ ǿŀǾŜǎΦ hǳǊ ŎƭǳǎǘŜǊ ƘƻǇŜǎ ǘƘŀǘ ǎƻƳŜŘŀȅ ƘŜ ǿƛƭƭ 
ŜǾŜƴ ŘŜǾŜƭƻǇ ŀ ƴƻƴ-ƳŀƎƴŜǝŎ ƳŜǘŀƳŀǘŜǊƛŀƭ ƛƴǾƛǎƛōƛƭƛǘȅ Ŏƭƻŀƪ ŦƻǊ ǇŜǊǎƻƴŀƭ ǳǎŜΦ   

CƛƴŀƭƭȅΣ ǘƻ ŎƻƳǇƭŜǘŜ ǘƘŜ ǿŜŜƪ ǿŜ ǘƻƻƪ ƻǳǊ ŬǊǎǘ ŬŜƭŘ ǘǊƛǇ ǘƻ ǘƘŜ {ŀƴŦƻǊŘ /ƻƴǎƻǊǝǳƳ 
ǿƘŜǊŜ ǿŜ ǘƻǳǊŜŘ ŀ ǿƛŘŜ ǾŀǊƛŜǘȅ ƻŦ ƭŀōǎ ŀƴŘ ƭŜŀǊƴŜŘ ŀōƻǳǘ ǘƘŜ Ǌƻōǳǎǘ ŎƻƭƭŀōƻǊŀǝǾŜ ǊŜǎŜŀǊŎƘΦ hƴ 
CǊƛŘŀȅ ƴƛƎƘǘ ǿŜ ǿƛƭƭ ŎƻƳǇŜǘŜ ƛƴ /h{ah{ hƭȅƳǇƛŎǎΦ {ǘŀȅ ǘǳƴŜŘ ŦƻǊ ƳƻǊŜ ŀōƻǳǘ ōƻǘƘ ƻŦ ǘƘŜǎŜ ƛƴ 
ƴŜȄǘ ǿŜŜƪǎΩ ƴŜǿǎƭŜǧŜǊΦ hǾŜǊŀƭƭ ǿŜ ƘŀǾŜ ƘŀŘ ŀƴ ŀƳŀȊƛƴƎ ǎǘŀǊǘ ōŜŎŀǳǎŜ ƻŦ ƳŜǝŎǳƭƻǳǎ ƭŀō ǿƻǊƪΣ 
ŎƻƭƭŀōƻǊŀǝǾŜ ǘƘƛƴƪƛƴƎ ŀƴŘ ǘƘŜ ōǊƛƭƭƛŀƴǘ ȅƻǳƴƎ ƳƛƴŘǎ ƛƴ ǘƘŜ Dwу /ƭǳǎǘŜǊ уΗ  


