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Summary

The Systems Science Unit was established at the Center for Research and
Development Strategy, Japan Science and Technology Agency five years ago to promote
systems science and technology in Japan. The basic theme of the unit is that the
technology innovation in the contemporary world is eventually accomplished through
construction of systems. Based on this recognition, it has been actively working on
the funding policy to strengthen the capability of Japanese science and technology in
systems integration of component technologies, to smoothly implement the outcome of
research in the society and to solve various difficult problems we are currently facing
through systems construction. In particular, we have been struggling how to design
a research program and scheme that embodies systems approach through which it
enables to accomplish the three targets of our unit.

When Dr. Pramod Khargonekar who is the Head of Directorate for Engineering of
NSF came to Japan to visit JST, we came to know from him that the Engineering
Research Center (ERC) which has been sponsored by NSF since 30 years ago takes
the systems approach as their main research activities. Our own review later showed
that ERC demonstrates an excellent performance and is known to be with the top
recognition among NSF sponsored university centers. We were very much interested
in ERC with the expectation that its success was brought by its adoption of systems
approach in the main research scheme. In order to verify what we expected was true,
we decided to visit ERCs and see their real situations on site.

It was actually more than what we had expected. The needs for implementing
research outcomes as form of systems are naturally accepted. Moreover, the three
plane strategic diagram that represents ERC’s common research activities is
extensively used in all ERCs as a research blueprint, as an organizational guideline,
and as a communication tool. This diagram is essentially the representation of a
procedure of constructing systems. It should be noticed that the diagram suggests a
completely different R&D methodology from the traditional Zinear model in which the
R&D starts with fundamental research and ends up with commercial implementation
in one way.

ERC program advocates the three targets of its mission, research, education and
technology transfer. They are regarded as the simultaneously and conformably
pursued targets with complete alignment. This is a tough task to accomplish these
seemingly independent targets simultaneously and perfectly. In order to fulfill this
mission, ERC’s strategy was very carefully considered, or well-evolved during its
development. From our point of view, it was again an outcome of high-level systems
way of thinking. The three pillars of ERC, research, education and technology transfer,
have been very carefully and effectively woven in the structure of ERC as an £FRC
system. We feel, after site visits to ERCs, that the real cause of ERCs’ success is its
systemic nature of ERC.

The implications of the success of ERC to funding policy of Japan are rich. In this
report, we give in-depth discussions about implications of ERC.
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ELTIERN SN TWD, 5—”25%3“ [R5 L721E & A D ERC IZEWT, :@i%ﬂbi%
ERC 2D 2 FARHIRF ICIRE L T, HEOIFARTZLOMENRIEDOHFTED
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HT 5,

34 4/ X—=2aIAVATLA
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DIvENRFIM LIZDid, BIENSF 26 &E&OR S Z2%2 T TnW5H 420D ERC &, T
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T =AY — Advanced Manufacturing
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RF

ZIWHEE R 1354

SINFAK EtFiImtyAa 514, Fh24

(e SN=F4 39 ft:

HEEEARE 13 (WEik3)

(4) Re-inventing the Nation’s Urban Water Infrastructure (ReNUWIt)

PHARAE 2011 4

7 =Y — Energy, Sustainability and Infrastructure

BT —~  HoK LUK E RO KRR ST 5 720 DRI & A 7 10>
HESE

ESWNES Stanford K-

EERAQUiE: 1Skl California X“% Berkeley 7%, Colorado School of Mines. New
Mexico State University

ZINBETEEE 56 4

BESEE California JN DK EZES NPO 72 E3S0N (FE50ARH)

HEEgHE 6 (WAL, Bk 3)

7Tl NSF o323 # o - 72 ERC
(1) Institute for Systems Research (ISR)
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4.2 &5 ERC OESHIKR

(1) Quality of Life Technology ERC (QoLT)
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(2) ERC for Ultra-wide Area Resilient Electric Energy Transmission
Networks (CURENT)
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CURENT OF 7' —F Xl 07 7 v MR OB F XL 1Z L A LZRAF L TH
. OO TEHNTRHHEMICE DN D, T TICEE. MAHGFTOBRREITKOY, 7AY
HOWA EFTRESNTNHDIIEE Thotz, 7 AU BIFRERMNEL . ZhThR
ST CHIE 2T — S NN T A28, CURENT X2 K0#H—%2 XY . A Ar—
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IVNE L EAL ORI S Z FRIFFICBE DAY E LTWAH L9 Th D, FROEYOHIZHH
BEDOEEF DA vy N7 MRRE SN, BEEOEMOR Y NU—7 ZH#H L T
T2o BUE, RHBR L N—FRDT =7 ® >0 Testbed BMESN TS, KR Testbed
FELARVORERDOY I 2ab—2a Y HO7 7y N 74— ThHhDH, "— Ky T
Testbed |X, [FIHIFREEK, KEEM,. 77 A1 KA —, A5 ERK,. flywheel ZIPload 72
EOHEFENLIRD,

l #
@é CENTER FOR ULTRA-WIDE-AREA R :SILIEN
ELECTRIC ENERGY TRANSMISSION NEWOR

(42 > Z — DR/ % L)

[=/Ex]
A ERC O =J@EITLL T D@y Th D,
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Three-plane Diagram

Testbeds
/ Hardware ",
b __Testbed__

Lérge Scale
' Testbed /

Barriers

+ System complexity
- Model validity

+ Multi-scale

- Inter-operability

- Monitoring Modeling Control Actuation
Barriers
Situational Estimation | " control Design || System-level © Poor measurement design
| Awareness & | & Actuation « Cyber security
| Visualizati | Ce ication Implementation Functions + Actuation & control
( & Cyber- ) limitation
I security
' - Barriers
Arcc:i:: :Lre ‘ - Lack of wide-area control
wide-area | | Madeling : T?ﬂuamr'& . :\:I:::J?:ment latency
" | 2 it Economics & Architecture + Inflexible transmission
I | Social Impact systems
@cuRENT o
4-4, CURENT =EX
(]
A ERC OMECIRBUILL T O@EY Th 5,
RS
 NSF-ERC = 8 ETO55A
B NSF (ERCE[RL) HIF
CURENT BATRA i
m B NSFE <) W % - R iR AR EE
YA m K " EE-BE
m EERE

B 4-5. CURENT2013 FERA (Bfi: F KNL)

EEEXHEE
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(3) Synthetic Biology Engineering Research Center (SynBERC)

[ R ]
HFEfF:6 H5H 9:00~12:00
YT ¢ California K% Berkeley 1%
Jedi s - J. Keasling (Director), P.Ackermann (Industrial Dorector), M.Palmer
(Associate Director), L.Katz (Education and Outreach Director),

[

WAL, BESCERE 2 EAEYE TSRO D S I E iz, Hihogl &
FNEMAEDOEDL VAT AN E RN REIES 2 LI Lo T, 2R A2 TREAIZHE
HEIHL) ETHHLWEMFETHD, SynBERC 1T B0 HEE L TV DAY T
DERERI N7 & L TEDOREAZ %] LTIz, Director @ Jay Keasling |34 5
DRy TZ70F—Thbd,

[ =]
A ERC O =J@BIFLL F O Y Th 2,
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SynBERC Three-Plane Diagram

Challenges

Demonstrated safety
and success stories
/ Public engagement on
biologically enabled applications
n/ Infrastructure/ leadership :
/ Reliable composition of parts

Challenges
/ BioCAD to compose
large-scale systems

BioCAD /
=0 ey | =
BioFabs 7‘ ,

i,

Read/write / ﬂmu-mhee:ww; /

Challenges

[

/ Fast, cheap DNA synthesis
and assembly

/ Standards for
biological components
o =

X 4-6. SynBERC =ER

[WFZENAF]

SynBERC ® 21— %4 1% “Make biology easier to engineer” To 5, LT —~
IR FOT X TOREIKIC L S721 T2 <, TRed Thrust OAHLL H 53005 K9
2. EHE THRBICBWIC RIS A HE L TWD Z N g0 D, EBRIZITRD 450
Thrust & 4 ©>® Testbeds (2772 TITHOIN TV D,

Thrust (1)  Parts and parts composition

Thrust (2) Devices and device composition

Thrust (3)  Chassis

Thrust (4)  Practice

Testbed (1) Nitrogen fixation

(KIBHE R 2 AW EBHEZOAER Y AT L)
Testbed (2) Glucaric acid

NI TVTEZRNTITNVAINGREE TV a—ANBAED T AT L)
Testbed (3) Programmable organoids

(NEDFNTT ) A4 R NTHICERE T AV AT LY —)L)
Testbed (4) Yeast

(RO HCRR 7B 2 B BIZH#ET 5 27 2)

1 F 1D Thrust, Testbed W77 L — 71X 10~25 FLE DY 757 —~ 2 Ffo> T\ 5,
Z ZTCO Thrust (T D ¥ AT MTEDHIEORE TEREISH AT D [-E 2 ik
THEDDY =T —F_X—2ADMEFE %217 > T 5, Thrust OHTHEHRKE W
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Device Thrust TiX 24 OWFET —~IZHINTEY  EWOBREE & OMAEMRICET 57—
HR—ADERESL, FHEAEWS, TV U AT E TFEE ORI THD S
ITW5D, ZhUTxt LT Testbed (35587 FEIZ BT 2 T rTaetE & B3~ 5 ZLfET
Tem4T o> T D, 7= & z21E. Nitrogen Fixation Testbed I%., ZEHE A 22K P HH Y H4
DOTIER S AMBRZL> T %5 L T5RH_ATH L, T CICARERERTOFEMD
A€ X4, “Nitrogenase” DOREFbIThiL>oH 5,

[EZpCR]

imEER & L COBBRIR AL v F O, CRISPR % M\ /- 58 Bl IE1&4#% CRISPRI
DBERZE. 7 LHERERRGI DT D CAD v A7 LD, DHBA (2,5- Vb Fr¥ 2R
EHig) O TV TICE LA, 72 E, SynBERCIZ X5 %MITT TIZ 4512 %,

J— PTG NoTgas )
PTG ——> [~ : . /‘\_||: :
‘ ! : :

. Ptac | YFP Plac ' Repressor Pout ! YFP

_____________________________

X4-7. NMARAYFTF—h

[#F]

WRED FITHE DA & IR L B A F oo W —~TH 5, SynBERC TH KWT
F1Z ATV 5%, SynBERC FEDFER, KFFLOGEFRITAK T TIZ 7012725, 2007 4
M5 a0 7= Research Experiences for Undergraduates (REU) 139 ClZ 80 &4 UL Ed A
MZTFTEY, £DZL N ERC ~OBEZREFL TWD, @RAEMITICHIEER BT
TW5,

SynBERC I3 AMFOERSHE E L T ThbiLdFE a7 X M IGEM O HL 7
HEMERHATH D, 2013 FED a2 T A MMIEF — 25245, BINE S 3,000 A& B2 T
W5,

[FFro ]

RN BIRIZ AW A2 N THIZAID T ATREME D & 2 D T, Oty 22803
TDHODOTREN, FREORERPGIEEZ LRV~ S F I 0B A2 TOPERRT
HWENH D, SynBERC TIHZORICHHREE LTS Z &K T b7z, Megan
Palmer f# 1|3 SynBERC CTZ OfiE%Z Y L TV % Diversity Director T, DilLbiL L
DERZHRETH, WRAEWFEITEIT 5 Biosafety (2 OWTOENAOIEEZ 30 /32
72o Tt &, SynBERC N Z OBEAZEHR L TWD Z ENE 272,

SynBERC (39 CIZ 8 F AR LTV, NSFOXZENK T T LR N E > TWVD,
WDAT v T Zfatd 5 FS O& 4% SLOAN HHIN 2t L, BAEZD 7T RT¥A4
DT TWND,
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(]
A ERC OMEARPUILLTFO®EY TH S,

B NSF-ERC " Eﬁ%
B NSF (ERCEEL) - ﬁﬁjnﬁ 4
w B (NSFE ) SynBERC " S8 EE
mXF I H "ETRR
Bt A—RERRE

mEER

u %@fﬂ}, | FEH'T%%%

R REES

X 4-8. SynBERC2013 FEURA (B : FKI) LBEZHEE

(4) Re-inventing the Nation’s Urban Water Infrastructure (ReNUWIt)

[ A #2]
HEF:6 H6H 13:00~16:00
YT Stanford K%
S5 i : R.G.Luthy (Director), C.Nelson (Industrial Liaison Director),P.M.Manger
(Education and Outreach Director), fis
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26

(=

KARRDBRA T2 2 ~L MU P OFS i~ 7K Z2 a2 2 L 137 A YV IO EHE
THERRMETH Y . TNERIT D20 DKY AT MMERZEHEHE S ERC Th D,
I < Stanford KFDF ¥ /S ANIZ, a0 K& Ielip/kilE L gkt fay h 7T
FNERERT L TE, MEOEL S EE RICHITOMEE L K&, #HE, BEREDT U K
U —FIEENZ S NE AT 5,

[WF7EN%Y]

c KO AT L OREST

< IKOFED 7= 8 O EFHF O B %

- HHIZRBIT DKBEDTZDD Y — K — v T DR

- BT DKL T AT K& S Hifr#E OFRK

WD =50 Thrust (27 /V—"7"31F STV 5,

U Thrust (Urban Systems and Institutions)
IKFAETTRD VAT B L~V DN

N Thrust (Natural Water Infrastructure)
Stormwater OF| ., KB ~DKOFAKE T KO E
E Thrust (Efficient Engineered Systems)
TR, BEKDOEACIZ D30 2 BRI DR, Bk O E!

[=EX]
A ERC O ZJ@XIZLL T D@y ThH D,
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ReNUW!It Three-Plane Diagram

G
&

1 Integration echnologies
into existing urban systems
bl LR

g
=
]
g
3
°
=
8
2
%
s
E
&
-
©
2
3
'S

esource- & energy-efficiency

Lack of mechanistic understanding

X 4-9. ReNUWIt =[EX

[Jec]
A ERC OMBCRBLIZLL T D@ Y Th 2.,

u R
B NSF-ERC B HFIATIL
S\ mNSF(ERCERRC) = B R
ReNUWIt -";-!P-ﬂ w BUAFAEE (NSFE RO W EEE - SR iR EE
A - BB = SR-EE
8,852 BEER u L A—RR R R
o m HERE
830 455 u REAR

10% 5%

4-10. ReNUWIt2013 FEIRA (Bfi : FRIV) LEBEXHEE

[#F]

REU (Research Experiences for Undergraduates) <°> RET (Research Experiences
for Teachers) ZZUIMNIBAGEL T\ 5, REU TIX—FHIX 7 AOFENEGE L2, 34
IS 72 DREAEICIT 11 Al 2 72, A4 15 412720, IEX/2 NSFREU 1 k&7 o
72 2013 D EIZIE, KIZEET 5 6 HIH O H DO %254 (Pre-High School) (%}
LTiro7z,
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[FFRedIE]

California N OK KRR DOHELN S X LS HFCE 72, SN =—MDbEENTE
ERC TH D, ZZTOHEFHK NI r—r 00 ETe) OFHICER L TR,
HATARD B DHFEKDOEHEKIT, T XNV X —HRO LS TRAMNDEBOIMNCH D, 1o
THRIREAIN & OBENEICH NI AARELH D, Fo. ZBRICKT 2 HLH3 R
n7-Me—o ERC Th -7~

(5) Institute for Systems Research (ISR)

FiE, FAEBOTEEFTER)
(& R Hie]
HEF 6 H 2 H 12:00 ~ 15:30
%P : Maryland K%
Je i tHiE# © R.Ghodssi (Director), D.J.Pine (Dean of Engineering), J.A.Coriale (Co-
Director), J.S.Baras (Founding Director), 1t

[

1985 4 ERC N H¥EL L TRE LI SRFICTE2HAID 6 2D ERC D—>Th b, 7
AUBZBIT DV AT LRFEOYREOMEKZ KB L, Harvard K5 & OBRE 58D $
LT3 )¢ LTz, Director @ Baras [# LIXHEE G, o AT LAEGGRO DB CTEHELA R E
THY, MREE T TRATHI TCOLEB LR NOFLETHS, ERC 7277 L0
RIS 1L AT DA FARICHIE A TV D23, 2O ERCIFESICV AT AT EER L
THEY, BELLZD®ILKHK ERC OFRERI AN T D DIZ b o7 LRSS,
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1995 4EIZ ERC 70 /I LA DOGETENE T LIZH L., 5l &FE 3EMOLEER %15
TW5, DO, Maryland N2> 5 DO FEEZ S TRPMNIBONFIEE X — & LTI L,
BIEICE T3,

(e %]

VAT BIDD0 D JRE R BRI ZE LSRR A R L TV D, FRICHIRIED S T2 D
TP ERORITER Yy N ThDh, BFOLL ZOHIEGRIIMO THETH LN, €D
REBRIIREBEETH T, ZOMRITLMEORFFEFAENY —F Lo TITo TN D,
P ARy R OAFZEBED HIL TV D,

ZDWEN, BEVATLER Y NU—2 §lille AT AOKE B, kT L v AT
LEERR, A 7 v - BERCRBIT D VAT ATRE, W@ISEEEE, Ry N U — 7l
EL VAT AN DD DT —~ R ALIICFSE L T D, MIT O A7 AT
FEM (ESD) ST AU A DY AT MFROFLHE 7o TS,

Automatic Righting
-

ROBO RAVEN |11 ROBO CRAB

Gl

WE WOULD LIKE TO ACKNOWLEDGE THE SUPPORT OF THE AIR FORCE OTFICE OF SCIENTIFIC
RESEARCH (AFOSRIAND DR. BYUNG-LIP "LES® LEE (PROGRAM MANAGER)

Q.64

(AR Web _X— Xk 1)

(]
AROFFERTOMEL (A) XL TFO#@Y TH 5,

m B TR R
mE AR
nEXER

X 4-11. ISR2013 £FEIRAZE
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(6) NSF EDERXKA
HFfF:6 H2H 9:30~11:00
5P : NSF
S« Pramod Khargonekar (Head of Directorate for Engineering), Theresa
Maldonado (Director of Engineering Education and Centers of the

Engineering Directorate), Keith Roper (ERC Program Director)
FeHKGEH © France A. Cérdova (Director of NSF)

% ERC #3535 ai0lc, NSF @ ERC #1435 L v | AN, 2o, ERC
DOIFEEITKTT 5 NSF OB 50k, ERC OFHiliF =, 72 & &/ o 7o, FRHTldd 523,
BEAEONDOEREHFHZENTE T, ZOEZBFAREDZNENOEONEIZE £
NTWHR, ZZIIRD 3 HERRTRE 20,

£ 7 ERC %Hi*ﬂ@ﬁx[%ﬁ#%?ﬁél LEZNZEBTX/=ON, Lynn Preston K¢, ERC 7
07T ADRNFHELIZAEI EZANRRKRENVEDZETH D, WKIFTFEERNL, bivb
DRI 5 2 » ARNZEF BB INTEY, §F2F> 2 LIXTERN-oT, ZNET
DFE¥EZZ ZETEHIUL, ZOFEICRHMMICDIE > THAZF > THDLYVEFTLHAY
DMETHDHZ E1E, NSF THHNATIERNWZ ExmH-T,

WIZ ERC OWFFEBIRN VAT LEZEB R L CNDHZETHD, IO TIEALH,
BRIZH 6 TR L < 2% A, Khargonekar i H &N I v 4 KZEERKR T, ERC 7
27T LTG5 LT 2 X=X ZGE-> T< 7z, ERC 7’0 7T NZISET 212id, K
FRNOSEFIERMEFELEMLZINS DT —~DMAEDOEHTRE LN LR, ¥
DOEM=—X, FHETHRL TWAMEDOB W LR EEITV., Ok THENE
HEANMBERER—ZIZERCEZ VO EDDI AT L ELTHRETHIENMETH S,

XHIT, 10 L0 ZEMMA, SETHLRIHIBARLTLR2WVWI L&, T2b b
DE =27 b3, TSRICEDED TR TH LW, RIS DNE DI DB E O
ThoTbHD, LObBRENIDOPRVWHRMZRZ—7y hEEZTZ2&, 2
N ERCISHICHT- > THRBEHELWIHETH S Z LRSI,
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S.

5.1

ERC I[CHT5HFE

ERCIZBIID2HE. AMMBRIZ., 70/ 7 20HFTR&ER T =214 bEEDTWD, %
ENMIED A NR—=L LT Y= MISET DI EIINEDOENTH D, FEEET
ERCFTEDT R TDOA U N—IZHBIZHLHRBREORMZE Z ENROENTEY, 5
B2 ReNUWIt (Stanford K=) Tidd7a< &b 40 Wl /2> TV D, FAEN S Bl
B A EBRICRBRT A Z L1k, HE0ESCTH RO =— X2 7- T 2 /#5 T 5

e (A7 Ak, Ak, b EE) BEoind, ERCIZES>TH, FAEOSM
WZEV 7Ly vakTATTHRAY T T AORENGFTE D, HEDOFRFEEILNSF IC
LDBEOHMPAEICLY T = v 7 DM Thbivs,

FNENDOERCIZFHTET HDFAEDOEITZIETIETH D, #Hil 21X QoLT (Carnegie
Mellon K%%) (Z&H L TV 5 FE] %4&%(W QoLT O %=1 TV A1 LR D
FAEITR204) THDH, ERC 2R THIZE \CHEEE L7-%413 11,481 4 Th 5 2],

72%., graduated ERC @ ISR (Maryland j(%) TlX. DEEEFZERNFRIERL L 72 o
TEY, BETIE., 250406+, BERBEOFENTEL TS,

KF» REFRICBITDHEN V ¥ =2 7 AR ER S NSF OFHIixigTH v, Fl 21X
2012 4D 17 A F TORIIZILL T O®EY TH 5,

O ERC O#FZERLEIZFH-S < Full-Degree Program O #a% : 4 {4
ERC ORFZER R FE D < Braffesx & : 52 1 (ikfse b OFRFR 1L 266 1)
ERC OHFZER RIS F ¥ 7 X — 2 G LOHRE - 91t
% DM ZEERICIET (ZFEAOPELL D FESE I )

%72, SynBERC (California K% Berkeley #&) (%, #AEM FO R KB O RKET
% % iGEM (The International Genetically Engineered Machine Competition) @ %
RA—HFAPF—D—>THY, W ONDALT A MNSEF—LETEL TS, 20
KENVTBHEITDIL, 2013 HI21% 36 T [ED S 4,000 N &l 2 5 FHWAFTEHE 725
MHEFY BRI a2 =T s 2ELH LTV

Oooad

pre-college (K-12)

ERC TliI, w4, BHEEZXGE LEY~—t I TR T RY T —%FEi L T\ 5,
IHHFHI O SR E 75> T D, Hil 21X Eakd 2013 D iIGEM IZIERFEF— AR U -
T8 HEMND 30 DEKF—LNSIM LT, QLT Tlx, @mKEMITA 2 —r vy 7%
TV, £/ FREDNN— T =2y T AT D, 6, FAEN M ER, BT
fifi7¢ S\ H M E ORI 217> CTuvb (Creative Tech Nights for Girls / Job Shadow
Days / Programs with Carnegie Science Center)

[FAROTEBENIM O ERC THATONTEY | FAELLIX, EBHEOHMEEZD L &, D
<BRWEEHEZFINTN D,
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5.2 ZE0ER

HE O FEE R EBRE L ORRN TE 575 8@E OFLMERTIIE LW
HE L RBAE SN S ERCIL, FAEICEWVWARE D D, BICENY AT L 2RSS
CURENT (Tennessee KF) TlE. AL N"—DZEEMENHEATWAZ L 2K U, ok
DFAEDERIT 40% TEDOLFIFEATH D EVH, ZZ2FTLDHE, TTIZ~A/
U7 4 Tl

FAIZERCICHTET 2 AV v a2 &, TEERLEDaTRL—Ta ), [EBALE
MR DMEX D), TFRBROF ¥ U TIZHERZRM%E (BN AT L7 E) RTE5H), Lo
7RI BNELNT,

MEBR 28I, I EZ IS VO TIE? ) EWn o bivbhvdOfWvicxf LT, [HF%E
ZFTLTWAHDOT, KN o> ThimEET 5, ERC OIFENIFH IR 57202
EHLZVN, TN B OB A MRS DO O EERIEE) ] L) EIENIR - TE =,
BUTHRAEOEBRITELS, BOTbOHENBED ERC 707 T L0 E ZITHLE LT
H0EAEE L, PR EEE CRIEX TR EZHEEL TV D Z LA 2T,

&bk % FE A 72 ERC OAFEADL IIPEEN CIEEET 5, #l21X, SynBERC DA 3E4E
DT H D E 110 NAOKRZFRBEE « WA RZ1X, 59 AT BT I 7, 49 ANFEER, 2
ADBFHERE A~ 2> T D, F7o, TOWN 31 AREENIEE. 20 ABREFE, 11
NIREHARRE & 72> T D,

PEFES (BF) ONg»HIiE, ERCICEBE L TESRFALEMTE 52 ENRBMO
EFR—2 3 O—DT->TWD, NSFI, FAEICKT 54EFD Mentoring & HELE L
TW5, ERETE O Mentor 13 FAEICHIFFETH 5,

COXIRBEEZ I EEET, EBICEEICBOW TN LR AMTHD Z &
N, MEINTWS, B511ZERC A AN—REDT U7 — MERTH D, Bl
JR SRR ELST — A TOMEFE RAEMICRA TEETH I EFE L TETNDHRET,
ERC 224X IV EA TV D EEFHMicn TV D (X 5-1),

T¥EICHITAERCERE L
—BREB LD T+ —TURER

W Performance

Ability to Develop Technology DI .
imension

Ability to Integrate Knowledge and
Technology to Solve Problems

Depth of Technical Knowledge

Contribution to Firm's Technical
Work

Ability to Work in Interdisciplinary
Teams

Breadth of Technical Knowledge

Overall Preparedness to Work in
Industry

65 70 75 80 85 920
Percentage of ERC member firms’ representatives rating the former ERC students/graduates hired by

their firm as “Better Than” or “Much Better Than” equivalent hires without ERC experience. -

X 5-1. ERC ZFE£0DIEFEICEH TS (18]
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6.

6.1

[ERC A7 L] DO¥RE

INETIHEMLTCE2 L IC ERC O KOFFEIX, W90, 32 AME K% [H
RRCERTAZ A F0 70y =7 NORBEICE T WAL ZETHD, 22 Tofaddk
FRZTORETHLINE, R2FEOAD, bbbl E2EEICET L ZAETH
ERC DEEITH D, HEFEELV QRSB EINTZEETHY, L LAFENBELE TS
FREMETH D, EEELERC O CE Tl Technology Transfer 73 B < ffibivTun5b, Fi-,
ERC IZRZIZE PN TNEN D, AMBERIZEE (Education) THh 5, WFZE. Sz,

BO=Z20ME =L —(KTHEL, LOLEHILTNWDEZENERC 7R 7 ADKX
R TH D, TOZMOENETNOREZEN L, —DOMOHEE Mt DR O HELEE 258
WO REZ L OE T muéﬂt/XTAkLT@Emmm%& . NSF Oz
AT LBEERLZENTE D, ZOFETIE TERC A7 &) BHFSE \ﬁﬁ\&ﬁ%%
ZEDODXIITHE LHEEL TWD 0, ZOMHAED LiEL <BEHL THRZW,

AMB R EH TS ERORT R

HRIE 2 AR5 T D RIS, =R =L —(ROHEEIZITR D L 5 BEE1 I H D Z & 2587k L T
B b2, ERCICBTA2HEOBMIL, F—2UV—J ZENEY XA %25
Lo INWELR DIFIERR 2 BT CE D AR AM Z RF N EA T Z L TH D, DFY
BERITOAMERTH L, FHICEETREBEOE TEICEERNTED~ A Fe bl T
DT ZEZBCERLTWD, oA ~y 77 o — B2k, —VLVE %
W5 XD RBEFOH/RMEHIFEL TWDIDITTIERY, 2O EIFTTIZE2E TR L
212, ERC YO O ED—>Th o7,

ERCIIRFEDRELIFE L TRV ZHILE T <, OIEET X TOREICHITIHA
MILTCW DA —T il ik Th 5, L7 - T, HiIlTBERIX “Pre-competitive”
DFIFAICIED BN TWD, ALl Lo bicmid TEFHRZED 121X, AT 47

TRAEBRLT D0, YO RFHE & ERC OB CTHEIFTEDOZRK 2 FES T & A
#L L 72 %, Pre-competitive DFIPHIZHIMTBIRZ RET 5 2 LIT X » T, MO ILFF
ﬂ'@%ﬁlﬁiﬂ AN LT FRRRDILR b e L 72 5,

ZDEDITHE L BINBERIZ B G LR, SIEEORD L X & b b
AY/AN ;ZVLZJ)L ERC OB OWE % [T ERC ~OWiFRF 40D 5 B RIZ e o 72 & b b,
ARSI 20HIE, JW AT A EMHET 5 LT UTLIEREICR D, 2 LEE
WBHR LW S5 5 — DD TH AR ONTIX, DR BELINSINEmE SN T
WBH 2T T < ZOHEEIZIEHIK 72 TICTHR KRR flie Z EEfRSNTWD, ZHhi
SOWTIE, %345 ERC @ Best Practices Manual (BPM) Tidkd L HIcRKBLENT
W5,

The three pillars of the ERC Program are research, education, and technology trans-
fer. However, it is clear that the first (research) is a sine qua non, in that there are
no educational or technological advantages to be gained from research if it is not out-
standing. Understand that NSF site visit teams have been instructed by NSF to view
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research as the first preference “gate” assessing the extent to which an individual
ERC has succeeded in its mission.

6.2 WRLEKWMBE

fFgE, Hiis, HEEZ EDO XK THEL TWEE DX, =M% 3D
DT FTRb O L IR, IR BE, 2 L THR &ﬁnu #f%ié&
BV, b0 MBEOBREERSSESHZ LIk -> T, ERC &E0 B[R ER A
ARE L 72 D,

BANIHFTE & BT O E 2 Mt L7z uy,

E / Enabling Technology Research /
g Enabling Technologies Feorin B
E Fundamental Insighis
& _
/ Fundamental Research // Fundamental Research f Barriers

Fundamental Research // Fundamental Research / |||

J / Funidanental Ressarch // Fonlamental Research /] ||

Fundamental Knowledge Knowladge Base

X 6-1. ERC W=EK (Three plane Strategic Diagram)

78 & HANB R 2 A SH IS X3 T2 S E TR = RIZEN I N TWDER, 22
T%a Eﬁb<¢utwol61_mﬁgﬁlwmigi&mﬁﬁwﬁ%%%ﬁwmb
THREICET L AETEEITTHMARBORKREEZRDLTETHY . VAT LKE
ERBLEINTNWD, VAT AL-ULDOREIBN Testbed DFHE E WO TRO LN TV D,
I PP REEMIE. 5 WITEZMIETH LN, ZDOME Z2iESTHEE L LT Enabler (52
B AES TSN TWD, ZOFEENERC Db - & b HEERN & R D2 H -
TWb, 2%, Wi@@/ZTAVA”T®%*&WTE®%%H%®%%%@#?5
EZAT, VAT ALNNE BT ME RS BRI RS D & & bic, EHE
ﬁn@m%%/XTA%%_éﬁﬁtW@Wﬁ%ﬁﬁﬁﬂ%Mémégf%éo%%ﬁ%
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Z BN AT CTEREI T 5 720 DR AT AL~V D E Y g v 2 EBRT L -0 0%ER
SR IE 2 G T D IO OMIER T D, ZOREONIFENR, TEENLEHETO—K
WHEOWHIE] Zfkik L. ERC BT 5k b HELRWIEIEE ZIE/ES, Enabler [ZHAEMTF
FEHBEEENTHLFEVATADZETHY) , SONZIUET AT AEEDTZHOD
BT DR A TH D, BBV AT AL EOL DI TN E M
DWW THHAIZFLA 95 NSF-ERC OB — A=Y D7 L—X%5|H L TEL,

Create a culture to join scientific discovery to technological innovation through
transformational engineered systems research and education

IO, ZEMTIEY AT AP EERBEEZRIZLTWD, HREIEDO R RE
(ERCTiEIhztvary LIATND) 2P ATAHAELTIRADZLIZED, HHa%E
DB BN TV AT MEE] L L TERbavd, EEMEIZBIT 28 AEZ
DFEFEMFELTHRY HTZ EITHE TV, LI knowledge base kT %
LOLMEMTTEY, MELEIETOHVATAICEHELEZZ THREE INLERE L
THHHT ST b DOTETITIRE S D,

MR LIZR D2, T O THER T DI R & 72 5 O3l T 8o R 58 TILR
< REBICHONIZEY a ANIFPNTEBARNR Y AT LOWETH D, ZOVAT L
ZFEBLT LI EMENE (BRI NEZ I, TNE VAT HDITENT D200
Enabler 2B SN D, VAT LADHEHFZL LTARE, HHWTERZL LTHRAEIRNE
HMr S U7z FEEEMFIEIR, T2 & 2B E TIFEDREA T THLHIEESN D, b HAALFIZ R v
THET L OEITIET TR, R FTEBOEBEMIE T THRINTW Ao RS HVUEE
N LDV AT AOUCEELHHEZICHE S D, ZBRITENS TA~DOTREIZ & > THF
TERRNETT D Z L AMEL TWDH A, MHEOHEBRIUIIS CTTFND RIC EF-4 2
HAEZTWDZ EIZTERTIXNERD D, WIT Ut X =Z@RIE, JEEEre— Aot
—EMAEIFSE & HET e IR R R 22 8008 2 BFZEBHSE O F8 I HE & 222 UMY 7R T ) =7 &7 /1
DO AXTERITHA L7728 LW OE T VAR L T 5,

ZDOMKTH ) —DHEERRNA VIR HDH, EAUIHAMANIE) - Barriers (f&55) T
HD, FETHEEMHED D ETORT 72> THND DI ), R NERBEIXM ), &
HONCT200REETH D, BEELWRT L2 EIIMEOFEEEEZH LT 52
EThH Y EBIIA~DFE—HTH D, MENENIZERR SN0 EEFEERTHRET D
ZEMRDBND, DREOMIEHIE CTIXZOREW R LML T 0 77 L3bE Y A S
LR,

Db A EsR L7 ERC ®—>To % SynBERC (California K*% Berkeley ) & =
JE@X (1X6-2) ZR7R0R56, EOGRREMND THD,
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Demonstrated safety

and success stories

/ Public engagement on

. ¢

by Y | ==
Reliable composition of parts

BioCAD

iy
/ / BioCAD to compose

Registries / More and better characterized
hiological components

[~

/ Industrial-academic collabaration
on pre-competitive i

BioFabs

Read/write

Challenges
Sustained support for
s f sttt
Fast, cheap DNA synthesis
S M

6-2. SynBERC O=[EKX

ZORIZT NI L D &, & EIT idea + systems Th V. & 13 off-
the-shelf-components . #x /&% knowledge base & 7L XN TW5b, Kk EEIT4H>D
Testbed # &, FERAZMFET 2 FIHLEZOTLOEODDU AT LELERSTND, LN
BAR OB O Y TH 5, H 2 1X Nitrogen fixation Testbed (%, KIGHE % > T
ZFEEEVHTI=THTHY, bHAAVATATLH D, BEIIINEHE->CTHEL
ICBET 2 RBRA(TH 2 &M TE D, % Testbed (ZEEROFHAM O TIZHAE S A e
FoNTND, FREE Testbed # XX 57 —F7 7 FaT7RBER, HHWIEENLE
B L CEET DB AT A2BEINOR LI O THD, R MEITEREZEEZ 25
SLME 72 BdfroiBR, MR 2R DT H DT, ERC Tid Thrust & XiENTWD & DI
VW, 2O =@ TIIRKO Barriers IZ5H 72 % 6 D% Challenges & KA TW5, fix EED
Challenges TZH MO RBAOREEL T TV HOIE, Zd ERC 7 HRITITAF
TELZRWET LWVEMZ AT R 2 B 0 T2 x4 L L TR, ALY
ISR ICET 2 BBENFICNEL TS Z b E T 5D,

EEOMMN S R & & ERCITKT 5 EERDOSINIEZHmANNIRERI TH H K 912
Ebihvd, 7T L 912, HIFBIRIX pre-competitive DFEFHIZIED 5 TED |
T EOEASRPHEEEIAE AT LR F ¥ —I2ERD N, HDHNIILFEDOK
FHE L FEF RO Z 4G TEE L TH<IENERY, ZRETIZI50HFEV DR
oA T REZEAMLIEDZ ETHY | MREMROHEFTEE~DFEIGILNR D mun &
Ebhs,

ERC iz T 2 0E38#EH 2> CERC DB 705, 2FIZERCIZE-TT
ZHRTHY, BEOBBICL > THORELERD, SBEDODZFEICL>TZITHND A
Uy MZZEZDT TS ERC bHNE, 220 FI X TOREEKELFEFEIIH > T
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%5 ERCHH 5D,

ERC OEMBEEIE DO b 5 — D> OFHEIX, FEXER D OIS0l 2 # % T AN D
K ZHZ TWDZ EThHDH, DEEL-> TEREDBRELY L2t T, ¥ ERC %
S U ZEOBUR 2R & . Z O EE EALORSENSFHMET 52 N TE S, ©LAZ
NERDHENTND, EOHRADE L 725 D134 ERC 123820 4172 Industrial Advisory
Board (IAB) Th 5, IABIZIZZMEEDO KW N4 QTS ERCIFEE T
BHEICETDHIALICEH IAB ~OZMEEFH L T0D, IABIZD < LI 2EITEE
R ZERBBEMH T ONTEY, #F/THb 5 NSFIZ X 28HFHIIC ST 52 &
DRDOHNTND, ITABEESBIZLDEBEOZ2WHLHZE U T ERCIIBED=—X%
By, WEa 2 FO RS Y, Testbed DEFLOAIRENEZIES Z LN TE 5,

IAB [T 2E L~V THEEL TE Y  ERC £2EROHEFBERD L~ RFDF A ) _—
VaraDA Ry g BRSNS S AR L T\ D, FEFRA T, NSF
I3 ERC Oi# =235\ T IAB OfHiiz B R T2 & oFE R A2 iz,

6.3 KiiBHEHTE

BB &L 208 2 KPR T D70 TRIFHIAT ) 2 & IZ ERC 707 T ADOKE
R TCH D, ERCIZKFGRAEZMIED ETEARBNT EMESIT, FEATEE 2 K iE
LTCWo, KEORFFEAITFAGRLOIEEHE OMEE TRHA S ND 7 —ANRZ 0D,
ERCOEA LT3 L2 Lo TR¥EEAD ERC ~DREE# A2 m ., Hx OHFRI L
LHPHVIAZZRET TE VAW ERC OB THAEXIEHIELZ LW TH L, 20z
ExBEUT, ERCIFAWVEE EBILAZRD, ARIICIED & 2 BEONERIEES %
BRLIZWOTH D, TNaiEmimCidze<, AR RFEICB T 2SI - ir5E
BIRDGTEITLEIELTWND EZ AL, ERC 707 T LDOHEE~DH LW DK
Cobihvd,

AARTH LHEROBEIIRFGAZMEE L OLFMBICHEESEDL Z LITEEOZ LT
b, RERENREOEE X T ThHLE, £ L TCEFHRIPHEEI DL
by MO Z L Th D, L LEIUMHB O R 2 AT & T 2B TH Y . thnr—~
WZERE SN S T RO OERDL Y 200 SN TnaH AL el ey, Fiz,
A SN PAESCHET2HEOMICHLZLDBRADT-EINH Y, i XABEESOHTHA
EDOLFIRREDLONEETH D,

ERC T LERRRICE R L Y T, BEOHMERBOIREEDEMEL ., KFOWHEDOSE
D T LAREBIIICCA D & LTS, WEOHMNE OFM TIER L, FFEEOEK
THHZENEERATHY, BROGE LB LN THD, HEEOEEEE I F
X, BEASPREEL TV DIFROBEREMES T ZEIBHTLLTHDL, T
12, T TICRAR Z B Z2 RSP EfRT 5 Z LR RO DD, bbb OE#IZE LT
<AL, ZERIZOWTEI L TVWD, EDRIZTH- T,

H ) —DETFTRBELVDOILE b E TR EOEIC L %24 ~D Mentor il T
bo, FENEDITEEBRENOLTY 2 LT =487 Mentor (272> T, REIZBIT5
IR EB ORISR ZHIF O TOMib F 2T L, S HIZAS AR ANE L T4
XHETEDOTHELTINDEDZ ETHD, ZOHIENENIZEBRANITONTND
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DEIFE-EY Ligro7zmd, ERCOFIEE LTESE LEEL TVWH LI THD,

%5 W Tk 7= L 912, ERC OFAITEFEIITFFHN RV, BN ERC D& BT
HEBE LT, PELEMTEL I LE2ECET-EETZ ., BATHRENHIRIC
TEp et L, ZORERVICEFOMBEDOFANAML LTI ND Z L2 fFT5 2
EIFB LIV, ZENERILTCZENERC EWV ) RERLTITOILTWD LW D, 24D,
ERC DEERETH Z LIFZ T ANRLTWVWE S ThH D,

6.4 HELWMA

HE LHEOMNL, ZAUTE < THLWIETH 528, 2 2 TOMBIIKREREE. +
THHERBROHE TH D, ERCITFAELZEL DRI & LTTiERd, £
BRI 9EE & LT L TWD L9 Th b, RFEFEAEZIIE T LV —T DIEX7R A 3 —
ELUTERR Eic4aizaii LT b ERC 1372 < Zauy,

NSF X ERC (240 B Ea9 72758k 2 4 ERCNITESA Z £ 28 L Tnb, Zi
IZ Student Council & FEiEiL, TXT?D ERCIZEH LTS, Student Council 1354
6iofﬁi%;igémw%éﬂi®@m@ﬁm%ﬁﬁ%”®%&LT%Ethm
Dipl LB HxFFD, ERC 2EOES ICHENZRBEL TWDH LD &“C
HbH, BEBHL %@@-ﬁiﬁ@ EFEIT4 ERCIC L - ThEX TH A 9 08, bﬂbﬂﬁ’nﬁ'aﬁﬁj—f
SIE LT NTEFEORENHIX, ERCICKH L THED RV DA A=V 526, ZDiE
WHRWIZBEALZ > TWAZ EZK UMD Z LN TE T,

F 72, % ERC @ Student Council DfREFHENHEE > T, FIZ—FE, 2F ERC Student
Conference Z e L T\ 5, ZO L HIZFAED R FERRMMENTEELT 22 L1k~ T
FRERT AT T ML HLIAEN, IERPAEEND, TNTEIT TR, v AL LTOFRAEITH
EMEEFITCE S Z L3, ERC OfER2EREICHBLL TW5 & Ebitd, Student Council
DIFTEIT ERC OFFERCIEE OBFE EE T v EICHEBRL TS K5 THh D, THAEDR]
TV Z LIXTE RV LW D BB ORI, KEOFAITHCEREH RN & %
EZx25HE, TXTOERC THHAEINTWAITTTHD,

F 5 ETHANIZA, ERC DA /8= 3072 ) ORFMZ HEICEST 2 En%GE O
HITWD, ZOHEBIEIIRFEE LB ZIAATNS, RERAITFERAESCERAE - 1
P (K-12) OHEEZMYLT D, TOHAIEL. ERC OFEBREI(FHIHEEZ PO THEBRZ I
i%4 % REU (Research Experiences for Under graduates) (Z& I3 50>, & D W EEK
AT OB EZBMET D728, IFBERIIZETH D, KFEETEITEHE SN D
THIN, BEIKFTDHZLICE - THYDONIGZEMG L, HEIND 2 L OEWAT
BIIZoZVEMTHILENTES, ZDLXHIC, RERAEZFRESCEREOHEFTIZS
MEEDLZ &1L RETIHO LTI Y B Lb‘%l DFEE LTHEIN-22OH D,
ERC 13 Z OIFED A R B TH D Lo TR,
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6.5 [ERC AT L] BROFLEYD

LB, #F%E. BB, BE DO IO T, FNHEaRXTELTHERY FiFs2 & T
ERC Dikhg 2 H T & 72,

INbEELEOIONRK6-3 ThDH, WIEx 5 ERC, HITBIEZ 1T 2D,

BOMNBTHDHFED=ZLBEHDOMD Give & Take DR # KEITE W=, KHIOK

RIXREZ 52 54 FE, KRAITREZZ T Y EETH S, MO TREEHRIY & KR
quIEI Y Ol J7 TR EBR A A L‘(b\%fp ZEICHEELTIELY, HENPHALAZ EICEL-T—
DO— OO RKHNIM D KN &2 583 5 mIEettE 2 o, EERHEI Y O[alfis & KREFHE Y O [afE )3
ELRIERL TENENOBMENIRE Y . LANAREL o TV ZEEEH L, Wb
HANRATNHIERTH D, ZFHIIMAITSE O winwin OBRIZEBIND Z ENAEEL 2D,
HHAA, ZOBMRIET T win-win 2 EERR X5 DU TIEAR VY, — oMl O I Bk
I B WVWE DI EDNIGE TRE TE D L) IThE 2 EET L2 EBNVLETHAH, 7
NThH, BEIIIOIRICH HFEICY AL LTOREHEL 52722 &%, win-win OB
Rz BT D= OO & L TRWICEHITZ 5,

Research

MAXE

S LS Testbed

Education Technology

Transfer

Mentorship

6-3. ERC A7 LDO=1&EE

6.6 ERCOIa1=5 1 DMK

BB TEBE7ZWNSF @ ERCHIEIZ ERC D2 2=7 4 > VW THhH D, FlT—
. Bk o ERC &7 TIZ NSF O % Bt CH . L7c graduated ERC ® U — X 7= 578
¥ > T, ERC D4 % (Annual Conference) #17-> T\ 5, LI EDFAEDES LA
KRTho, FETIXERC DIREELLNRBRA AL, KA %25 T ERC OffF kDS
MEHE D, JelE Eilk 7= Best Practices Manual (BPM) M/ EN =035 10 [BOFES
(1997 ) ThH D, £D% BPM IFFESTilmm I i1, DEDRDOIITHETSND Z &Ik
TW%, BPM X NSF & (3ILIZ ERC OFFEETZ LR ES T2 & STV S A, NSF 73
ZNEBGA Uk % 72 B % BPMIZFE L2 Z & IXRFEW 2V, ERCOFEENE T - 7- & &
ZOREDOE U H—OEEITKEOHREIZE > THHHTOIEThHoTz, TOEE TH
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i L 7Rk & 70 R S0 PUS LT B 55 O R D B O 451 & Z0ek R L. RIS
ETHZEEHBELIE BPM X, ERCOREXREFELRSTNDH EWN-TIUY,

BPM [TV D04 AR 6N D, § TIZHR 7o AFFERR % O 5 — A 2 BT Z
—DOTHDLN, LLTICH 2 —25[HLTEI 9,

If an ERC is to be a “better idea” center, rather than a “where do we get the money”
center, there must be a clear linkage between the strategic plan and research man-
agement and another linkage between research management and the management of
finance and education. In other words, decisions about the investment of center re-
sources in specific research projects and in the support of students in specific research
areas must be guided by a strategic plan in which the center is united.
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7. ERCH»5Z K2k

ERC DAIFR & DE T D D NSF OEN RIS IZ DWW Tl R TE 7228, Z 0
TIEZ I BMEFZEREINDICONT, 77T 4 VT ORENGEZ THIZW,

7.1 NSF 0Ol MEED

5 FAT®d ERC (7272 L% D —2% graduated) %7 L CiE< & U= Z &%, NSF 2
% ERC IZxF L CHEUERY, BERSAU72 i CHMARIBE N ZRE L TWH E W) Z L Th D,
WERD Z L TIEBH AN, =% ERCIZ=>0f:, +742bb, W%, HEiBiE, 5D
SR BAEER 2 BT S 72010 NSF VR E LMl 2 5F LTz, 3Tl
FENf T =B O ER « ESFIZZ oA CH Y ERC &£ NSF 202175 a3 2=
r—vary— Lt LTHLHEMMCHNLN TS, bivbhdiiiini=4% ERC TOE AL
S TIE, Y —H7=B 6 INSF OB ZIZLE) &2 INSFIZENEZRDRWTEA D |
728D, NSF O NZIZE L TND Z EERTHRELET-O-OHIZ LT, Zd NSF Oi#
WEE )X NSF A O L EFORENL LR UMD Z LN TE&72, ERC7r 7T 4D K
INCRFNID L L DHFRNBINT 57 0 7T ADOEAIT. TRENOHMERO M OF|ER]
ROFENLE L 725, ZTRNENFENCET & IEF imosghiF b, koM oh
IR CHIZED HAINIRE-STLEHI ZENEZ VR B TH D, MR O FBR THrZED )7
HNRFEDLLIRIENEISRNVE YT, Yy bEZZTHEITFL TV AHSE
DITHEDH TV Z &1F, BREESEBEOITEEMLTHLH S, bbbt ihf L7z ERC I
BIL Cix., ERC 71 7/ 7 AEE|IZHBWT NSF X+ DI T ET 2 E WL~V THRZ LT
5 Eoiilbni,

7.2 [how] MERH

NSF 734 BRCICH L T BTl <72 & 5 230 EH ) % (REE T & BEH O — 1,
ERC OHFZERIS S, 7R (e v =7 POHEE) OBREFCL SV, FREOERICE
L7 AEEMALTWDENLTHD, Iwhat] ERITL B0 Thow) ZEMIZL TS,
E bWz D, How IZFRICHOWTIE T Tidle < (HERLHMNTBIRZ WA LIZERCOE Y 3
VEEKEED I IICERL T IOV T D how Thdbh b, T TITENRN LIz =
J@X % how # B3 5 ERC OIS Z GBI EK L TW\WDH EE 25, How lTiEE D 1
BRZEDDELDOTHY, TABELATONTNDNE ) DIXHITHIAEDSLETH 5,
ERC D25V T OMEE i U C NSF 132 OB & f7{E % ERC 12k L CIR el
TWD, EWH0BRPRDLNORTTH S, b L NSF 2345 ERC IZxF L what 0 2 % 3
L how IZOWTIHEE TV & L7256, what D5 &2 #5> 2 & A3 NSF O& &R /1R
ELTOREI LR, BEIEEOMBITHE TR 2> TLEI b LR,

e, Bils, B0 O =tz FIRHCHEE S 5 2 1L 2 & TIERY, ZD7HD
T O A 2 IS ICE 2 2 02 6720, LEER-o T, TN BEICETF &, 4
X what 7217 T72 < how HEMA LR ITE 672725, 2F£ Y., how #EMHT 25 ERC
OYER L, ZMOFRHERE 2 E 59 ERC QBN O LRICH TE 2L bWV A 5759,
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7272 L. NSF I3 ERC (Zxf L CZOH&E ST D Z & & BT MER-CHif 71 TH LT T
DT TIIRL TV, EE EO how (ZOWTOZXHMMREED RETW5D, il 2iE,
FMOBEEZHOEHEINT-7+—~y hEZHEL, 300 ~ 400 X—IIT b 72 HHFEHOUE
il ERC OFBH ST OV R — EREHELNARCTWVWEIICLTH D, BFETON L BLHFHE
WL THY —FNEEZBICH L TITY) LB T —2 3 VONBEORERER 72 LT
HAE L. ERCHZER LT WE S ICEE L TV b, NSF OMERIL, —FTidZn k)
PATERWEREICL T abhTns bz X9,

F7-. FIOE T 7= BPM /X how 2k 25 ERC UV —Z7=H|Z & o TEITENRIEHR
Hz2CTnb, BPMIZIL, ENOHF3EE %2 ERC ICW R X AT, FEDOBNNA
IGEh A O BT 20, REMMNRIEETEIN TS, SDHIT, FFETREZ LT,
Z DX 972 how DALFLAMNFEE - 72 BPM 28, NSF. ERC O 720 T IF 2 LT <
DOTIF72 <, AHINTHNEDO ANMIZ S BEEHREME RS> TNWDHZ L ThHDH, FHELME
L. Z DO ZIRD IENEERK L T EZOIEINERZ L THY FERET L LES,

How #HAS2MCT 5 Z it what ZHA ST 570 LMERZLETHD, bIE
OISR FEETIIEL LN E VD & what NEBESIL, how 1TH W IELFHEm S
ERNE L 55, How 23Ny U LWz s what BNy %0 L7720,
fER. 7Y = RO DEDOMNERIZ/R>TLEI ZENEIY 25, T2& 2.
TVl FOBEEEFTALTAKRO B EITITEE A EBEDO WIS TE Eiv-
TLEIZ L HRWVEITE 272\, NSF i how (25T 2 @O 2 HRT 5 2 L 23,
ERC @ X 9 72 24k72 what . Z4k7e Ab . 2EHIRO LA 2 & ORI IZLET
HHLEEZEDTHAD, ZOMITOLAELZWCH L T & L Bbh b,

ERC Z#il L THE L= Z R B 5, &t L TL 724 ERC @ Director 72 57253
XTYEEN 72T, ERCOEREZFEICMSE )RR LXy v ale, HDHWIED
AR TIE R o2 ThD, L LAFEBREINICENTZRET &\ ) &L T,
ERCOZ L Zfix £ T O LIcEhiifc 2 A4 7 Tholc, AARTIET B Y =27 O
IR 7Ly hORPIDOR—TIZY —ZREEAD TRITSNWDGAENSZ VS, Tk
what ZEEINTNWDLZ ORI TH A 9, What (FEHICEN LR & H0F5EE ~
HAERFE RO M TH D, ERC TlEA—LX—T 0 b v 71T Director DHEE % 7.5 =
Ll = CAAN

7.3 EBEEDERRZ

NSF 73% ERC (2% O BRI 72 B EE DEST & BREKHY 22 M A T D278 2 RO T b
ZEE, TR EZEY ThDH, FO—FHT, £ ERCIZIENVOHBHEEEN G 2D
NTEY, TOEEFIEFEERTH D, TORTHOILLIICE > THISREN > T= DI,
ZNENDORFRFDOIA, BHRRHFF L RRNRTAEL TWDL 2 &, BILUNSF LL
SO E % ERC IRV AL Z E~DREAES (W) K0T LARE) D2 i ThoT,
HIEIZDOWTHI 228015 5 &, Carnegie Mellon K52® QoLT (%, 9 TIZH 4 FECTik~7/= &
912 Carnegie Mellon K77 & Pittsburgh KFI2 90 % O&ESEZHEHFH L T\5H, NSF DT
A R4 XL, ERCIZEKIZR DR EZL O/ — M —% o2 EERS
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