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Executive Summary

Considering that Ultra Low Power (ULP) system technology will become one
of the most important technologies, the Ikoma Group of the Center for Research
and Development Strategy (of the Japan Science and Technology Agency) held a
workshop in October 2004 to identify the specific challenges involved and the
research approaches that should be taken pursuant to this. The proposal from the
workshop was that the technologies adaptively manage the supply of electric
power required by the information systems in advanced network society to ensure
quality of service. To this end, R&D efforts should be made for the comprehensive
management of energy/electricity consumption at every level of the information
system in order to achieve reduction in energy/electricity consumption of three
orders of magnitude within 10 years’ time frame.

In order to gather information that would be helpful in planning the research
strategy to be pursued, a team of experts (eight members led by Professor Takashi
Nanya of the University of Tokyo) went to the United States in March/April 2005
to visit research institutes and funding bodies which are active in the area of “ultra
-low power system technology.”

The institutions visited, the individuals met, the main themes of discussion and

the major findings are listed in the following table.

Ir}sFitutions Individuals met T.heme.s of Major findings
visited discussion
NSF Dr. H. Gill Program | Progress of ULP | - 209§ of VLSI
Director, CISE project supported | design projects
by NSF, activities | (about $6M) are
of researchers related to ULP.
- Also interested in
ULP of embedded
systems
DARPA Mr. R. Graybill PAC/C project - Ended in 1Q 2005
Project Manager, status and - Basic technology in
DARPA/IPTO achievements phase 1; 5 prototypes
made in phase 2
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IBM Watson Dr. G. Chiu Senior | Low electricity - Design philosophy
Res. Ctr. Manager, Advanced | consumption of “small and many”
Server Hardware | technology of - Scalability and
Systems BlueGene/L packaging
technology are
important
MIT Prof. A. Progress of - Extensive ULP
Chandrakasan research on research promoted

Dept. of EECS

sensor network
project, etc.

- Targeting Sensor
network with 10 g W
nodes within 5 years

UC Berkeley,

Dr. G. Baldwin

Progress of

- Development of

CITRIS Executive research on “invisible” electronics
Director, CITRIS sensor network, | - Application
HPC, etc. oriented research on
power supply,
wireless
communication, and
reliability
Intel Shekhar Borkar Progress of - Research strategy
Director, Circuit research on low | device generations
Res. Lab electricity - Power consumption/
consumption performance should
technology be minimized under
an assumption that
transistor cost will
be zero in the future.
IEEE IPDPS Progress of - Many research

research on low
electricity
consumption
technology in
HPC area

developments
regarding low power
HPC and
power-aware HPC

- Importance of
ULP re confirmed

Through these visits and discussions, the team was able to reconfirm or

discover the following.




While the reduction of power consumption is already a major challenge in the
fields of electronic devices and circuits, a further leap ahead in power reduction
would require a design that accommodates trade-offs in the areas of power
consumption, performance and reliability at every level—including system specifi-
cations, and algorithms and communication protocols—and dynamic energy
management at the software and architecture levels. Therefore, research will be
needed on power-saving technologies at all levels (including algorithms, protocols,
software, architecture, circuitry and electron devices), together with an adaptive
energy management technology that integrates all these aspects, creates a
research theme of vital importance.

In the field of high-performance computing, since an increase in speed using a
small number of high-performance processors is limited by high power consump-
tion and heating problems, the future direction is likely to be the pursuit of higher
speed using a large number of small, low-speed processors. IBM’s successful
BlueGene/L and Intel’s multi-core strategy seem to indicate this direction.

In the area of semiconductors, challenges are posed by an increase in current
leakage, PVT (Process/source Voltage/Temperature) variations and a lower
reliability of components due to the ever-increasing reduction in size.

Technical trends, such as the shift toward slow and many processors for
high-performance computing, and an increasing number of parts which results in
the reliability degradation clearly indicate the importance of achieving greater
fault tolerance and technological reliability. They indicate that system designs
that involve trade-offs in performance, power consumption and reliability—all of
which are closely related—will pose major technological challenges in the future.

Based on the findings of the trip, the following is proposed regarding the
research strategy for the Ultra Low Power system.

1) Field of research

Information systems and equipments can be classified by their power consump-
tion range, as follows: over 1W (e.g. PCs, servers and HPCs); the milliwatt class
from ImW to 1W (e.g. embedded systems and mobile terminals); and the microwatt
class of ImW and below (e.g. ubiquitous computing and sensor networks).
Research should be emphasized mainly on Ultra Low Power technology in the
milliwatt class. The research results can be applied to the over the W class and
the microwatt class.
2) Research strategy

A major innovative leap forward is needed in specific technologies at every level

7\717



of systems research, including service specifications, protocols, algorithms, sys-
tems software, architecture, circuitry and electron devices. Also needed is the
development of a comprehensive Ultra Low Power technology for adaptive energy
management to integrate all these elements.
3) Research Organization

A virtual laboratory needs to be set up to promote the collaboration of existing
research organizations (industry, academia and the government) under the strong
leadership of a leader. A research organization at the same time, the education of

key researchers should be carried out throng such research activities.
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Tﬂ%i 60



777 a4 74— (PO) 1213 L A & PhD T, #&B0#EE GicdtEH Iz &
W7ze L), GRS, G olilsy & FHEE 2 SIcEL 2 - Twb, F72,
THAT I 7AI2=T4 DL T 2E-T, ZO5H2HH->Twb,

-HEAERIZL 7R bz 3, 44, K5 2/3, 2B L UBUNEERD &
1/3DEEIC > T\wb, K727 4 THEITH Y, #5513 \w, Ll En
EHD I,

e Y 2 7 F DFMIE, SR A o=k D, A MHMEET - LEa
—IZ & 5 TF D5 Intellectual Merits #5Hilid 5, T4 bbb, 1) HDAE,
2) MBEWK, 3) HEEHR, D3O FHENSR, @O TIZ L\,

C2EHTREIC 2 HROY A M TR 23l L, 3 4F H LR IIR % HIMr 9 5,
P A P EZAT) DIIRE LT TP 2 7 b DA, FhiT— 2403 16 AR, 1.5 H
DV Ea—, 0.5 HOF >4 M ERL E 21T,

5) 41%, PR TEEIC L 5 LB b5 HAl

cHIAAR L AT L, AT 4 X2 T ) T4, N T A Ea—T 4 T/ %
v 77— 77 &, Nano-scale Technology, Computational Technology, Biology-
inspired 7 & 3 B,

“NSF 3+ /T 700 ~D7 7> T4 Y HTIEIRE L 2T 2hHTn 5,

T AT Y Y TANDT T4 TSN,

* V7 P =TI RS ERENE725 9,

VTP 2T EN—F T2 T OIS BEE,

- BERCR R ENA Ty R AT A EE,

- Super conductivity D41 D RENVEIC DWW TIX, § TIZ industry 2% ) 2 > il
DAY 7 T8> T LE->TEBY, 415154, 20 B3IETE ) LI LEWIESH
b, Lo Ly,

ZDfth

NSF D &Wf5e7 v 77 AGRFTC, EELHE, BIScBicsy, e, Ha
RERE L SIcHREEZ R > T3

T T T AV IIRT AT T F T 4 —IF, 13EAE4HPhD 2FOH
£, HHVIIHME OS—F A 2) DIMETHY, %) ORI ZEWT, FHRikk
FAFHM 2 T TWa Elbils, 2oy, Oy EORMIEEAZL & Xidr) B
UHHRPDH B,

1 DEE,

‘mm



2.2 DARPA

SARAEFR | Science & Technology Associates
4100 N. Fairfax Drive, Suite 910, Arlington, VA 22203
SHREEEE 03 A4 25 H (&) 14:00—16: 15
HEE !
Robert Graybill, Program Manager, DARPA/IPTO
Jon C. Hiller, STA Senior Program Manager (User coordination, Applications)
LR, RH, FER, ANiEE (RS EEE)
SHEEN
2000 4E2> & 5 Z4E5HHET PAC/C (Power-Aware Computing and Communica-
tions) 7'v 7 7 ARG HENICER L 72 DARPA/IPTOD 7' 77 A= 3 P v —
Robert Graybill [ & DHizkIz & > T, PAC/C 7'v 77 2 D0H#i# & Bt M = 5L 34
HEIHZEEHBE L,
DARPA OHZE
DARPA (Defense Advanced Research Projects Agency) 1%, DoD (Department
of Defense) DHRAFZERHFEMBICH YD, FHREFH L B & L 72 [EFE O REBEDTIE,
G 2 £ 5 2 & 2 fidr s LT 5, 40F/ L 72 IPTO (Information
Processing Technology Office) 1%, [Ei& DEEENSLZ HEIRT 5 7212 LB 7 &
vy 8T —=7, ar¥a—T 47, V7 b7 TEMORIEICE R % L TR Hl)E T
HN, FEFERL 72V L DD T —<D—>7% Power-Aware Computing &
Communications Th 5.,
PAC/C 70453 A
PAC/C (Power-Aware Computing and Communications) 7'v 7 7 4l%, “Just
In time Power” #®EAMEE LT, $XTCHL AT ALV BIT 52 )X —4
2@ T, BIERNRDOET) TR I KDIERIERR % T 5 & 2 T 2Bl DB
% BIL T, 2000 425 5 A AFFHETHERMG X 1172,
PAC/C DiRix
- 2000 4F-5 H  #5 1 [8] PI Meeting % Bift
- 2002 4F . H47A Power Aware Computing (Ed. By Robert Graybill ande Rami
Melhem) #% Kluwer Academic/Plenum Publishers) %5 i
- Phase1 (2.5-34F) : &P T 2X-900X o power HIEH T 4 7 T7HH (15P1 :
K
- Phase2 (2-2.54F) ! TEHY 7> 27 208 (5P PiflpEdE) &4FE0THH
31212 (Phase 2 255 FE\v)
- 2005 FFF TITIZEAERKT



PAC/C OZ&d—)b
1) ko7 7e—F LT, =2/ X— RIERE IR/ TR T 100X 2 5
K 1000X CEMPOrHEEE) F CIHEEN 2 T 5. BRI, 2002 4F58 3 IU=3
(72— X 1O THER) 1 10X OHIRL, 2005 F5 1 P (7 = — X 2 DT
e 12 100X ol HIE 9,
2) MR OENHEEAM 2 WL 72 7 P72 T /= F 7 = T oAy — a2 it
v 5,
3)  HEHET O E LM & AR S 5 32 25§ 5,
4) AT LS F w7 E TOMIEHED Power-aware Community # £ 5,
PAC/C OZ&&tE
K% 7 2 — X1 (2000/3Q-2002/2Q) & 7 = — X 2 (2002/3Q-2005/1Q) (2431} 72,
72—ZX1TlE, YATLDEDL )L TRIJAETTRE? 28R, b7 BAlBHFE
DTATT kIG5 72HI12, 16 KACHFREZRL L2, 72 —X2 TlE, 5 DDF#E
TSI 7 e L A TOREE T ERETREL 72,
5 DONMZELWNEL AT 4, BHGERHERIL, Ko@),
1) Vitronics #t : Dismounted soldier, & /78l 50%
) Rockwell Collins #t : Joint Tactical Radio System, = /L X—Hlj&k 50%
) BAE Systems tt : Space Applications, & J/7HI 32X
4) Raytheon ft : Sensor Fields, & 7175 400X
5) ISI/USC #t : Distributed Sensor Arrays, T4 /LX—Hli 1000X
7x—X 1 DR
(72 —=R2DRMEICHRHENTRA L TATT)
KPS, TR X—RIEREH B W IIVERE/ B mOIEEE TLUT O HIEER D K
Sz,
) v iarb-UL ek 5 DB
2) BT ZTA/TINTY) KL 20X A5 90X
) V7 E=T/aroxA T 12X 905 10X
) ARV —T 4 T AT L 2X 5 10X
5) T—X77F /T4 R 16X 522X
BRIz, U k) K THEEHI NSRRI N2,
- UC Irvine : 2 >34 ZHllc & 5T, 2-4X & 2L X —HlIjk 2 325K,
- U. Pittsburgh : OS D&\ b 272 =2 —1) > 712 L > T 2-10X DT AR )L ¥ —
I % 3 B
- Nortre Dame : MORPH 7—* 7 7 F v 2 & - C, 22X OEIIHiH%E #EHK.
- U.Rochester : &L T2.5-14X, = 7a7at v L -~YLT5X DEHERK*

W Do

=~ W



- CMU o Power-aware real-time OS 1%, 7 = — X 2 12 B} % &4 (Vitronics, IS],
Raytheon, Rockwell, BAE, Timesys Linux/RT) O&RIES 2 T 2R 172,

- MIT & Power-aware OS %, Strong ARM H ? Power-aware OS & L T, eCOS

(=72 —=2D#MiAAH 7 1) — 0S) #EIEL CTHEILZ N7z,
T7—X 2 DR

T L 72 5 A DO T EDRERIIL T O LB ) Th 5,

- Vitronics # (Dismounted soldier) : 2004 4F 11 A2, ks Fagts 27 A
2T, 50% DEENEZZLT 5T T 24T 72,

- Rockwell Collins #. (Joint Tactical Radio System) : 2004 4~ 11 Hiz, JTRS
DN=FT 2T - TAIRy FELIab— 32k ->7T, #/EkD JTRS BIF
AT MR T58% DA NX —HIIROERE T E L 72,

- BAE Systems fl. (Space Applications) : 2004 4% 12 Hiz, =/ F 7ot v -
N=FT7 2T ETNLNTY) ZLIZE 5 THERDA > 7)) 2 T—2 3 »ITHNRT
32X DEITHIR A ZE L 72,

- Raytheon 1 (Sensor Fields) : 2004 4 12 HICERD £ > H— 2 2T A2 X
T, 400X DEITHIE % 2B L 72,

- ISI/USC # (Distributed Sensor Arrays) : 2004 4 12 HiZ 1 mW ot > 4 — -
S —FEEBRETETCRLEZ, 74 —I)LF - TE% 2000 F4 HIcTFEL T3,

PAC/C 70435 LD#E4E

- Power Aware Computing (%, 4=°, $H—HKD > 2T LG IEAED HAL 2 FEIR L
=

- Power Aware Computing Dfff5e2 2 = =7 4 K I 117z,

- B 7 Power Aware Hiflt & o 2 7 AR OEREEDBIFE X 1172,

s 7 AT LAEIC & B HER T ' & EIRFABRLEAZE, AR OB B L 72,

- W/ ZAOVX —HIROSRMIE, GG, TvT) X, e b anr v s
AT LD ALV NV b R E W T LT BARIYITIRE L7z,

c RFETEINIEMTATTO7 0 b I A 7T RICHKRD 52BN T BT 7
/may—7wu—7%— (USC/ISD) #*PAC/C 7 a7 7 L TH EHE A HEZ R L
720 TD L HMKEIZ USC < bwic L vwa=—77% 3 o, LIAT Syracuse (2
LdH o 2 BUEIZMLL Tw b,

< M) HEZ & L CT#B1F 72 Tool Framework (3 T& TWier v, S OFHATD 70,

- PAC/C k313414, Peta-scale Computing 7c KlcE»E3 N2 Lo b &8
bits,

- PAC/C o3 o, =7 1) application (2474 7 \» T Phase 1 TIE I H AT %
MR L7608 FEZ b5,

PAC/C o7 = 72—, http://www.darpa.mil/ipto/programs/pacc/



2.3 IBM

IBM BlueGene/L OFR&E

IBM Watson Research Center (Yorktown Heights) #3fita, BlueGene/L D
%475 72, BlueGene/L 1, Bife 22— ¥—2a> Ea—3% DT> x> 7 Th 2 TOP500
T 1N DREERE & L 72868 > 27 4 Th %, PowerPC <4 77 a4
AW TN ERENLL, SREICEEINLI AT AT, ¥78 70y 7 2%7
TIZERR L, SRS 2T 2128 2 E B IMLHEMOEZEME 2R L 72,

FY, 7uvP2 7 PoME, T—%77F % - ~—F72TICBAL T, Dr.George
Chiu 2 & BiPH % =21 ‘Hzo BlueGene/L 7wy = 7 FiZ, 99 4F2 5 5 [T 100 M$
Tur 27 T, RICTAECEDEARAAL L ERFRERIAIC L B RS T 2 —
avick U%Fnﬁé%ﬁ—@ﬁ%"“ég ExRHIICZAZ = L728DTh B, 2004 45 Hic
%, 4racks4095 /— F (7wt i3 500 MHz TEifE) k&L, 11.68TFlops %
FERCL 72, 2T MEED topb00 DT > X > T TAALTH - 72, 2004 £ 11 Hiz 1 16
racks 16,392 /— F (7'v+t v ¥(3 700 MHz TEIE) D> 2T 2055k L, 70.72
TFlops TOWIZ toph00 T, HIERY I 2L — 7 2T 1D Etsk# £ L 72, 2005
43 Hizlx, 32 racks 32,784 /— F135.3TFlops £ THOMREZ L T\ 5

BG/L at Watson Lab, IBM

FNETHOIMTHo72HIKS I 2 v —F LD A2E2.1ITRT,

HiBRS 2 2V —F L DK T, HHITRSIIWEE L2 DML L Z D iE il
Thb, Fricm R N7znl, 1rack 4720 DHEFEMRETH 5, T4 b b, rack
W72 ) DRHIBETF R A H V), rack 272 ) ICEATE 5ENIZHIEY?H 2, £ 2T,
MWEEBNZMZ 27 0y b2 EEEEL 213 25, PROMWEET OE - EIELR



T7utyEHWLENL Ty 7 M) OVRREERTE S, Ty 74720 MR
&/ =472 ) DMEREE Z NN, Fraco Froges 7 v 7 %72 DIEHES, /— P47z
D DWEEI % Pracir Proae &35 &,

Frack = (Frode/Prode) * Praci
E% Do Praad3RADDH 5728, Frode/Proce® KEL T 5 Z L HMIC X 5,

(Frode/Prode) = (Flops/clk) * f/C % V2% f=Flops/clk/C % V?
L7z C, BEV 2T, 7av 74720 olFEERE EIF5 2 05 TH 5,
BlueGene/L T, Z % AIAAINIT D PowerPC % enhance 35 2 & TrEEML T
Wb,

=Ll HERY I 2 v — L nlbix

BlueGene/L IR T2 —%
E— 71k (TF/s) 367 40.96
¥ xx) = (TBytes) 32 10
X E s (footPrint,sq ft) 2,500 34,000
HEEH (MW) 1.5 6~8.5
aZ2 b+ (M$) 100 400
J— N 65,536 640
7wy 7 B (MHz) 700 500

X 2.112, MRe472) DBEHO K % RT,

BR.1 w7 vy Y OEEET L7 ) otirgkix (FRHe k. IBM)



2.2 12 BlueGene/L Ok %,

P.2 BlueGene/L O (BRHEME IBM)

F v 7’1, PowerPC # a2 71272 dual core »F v 7°C, ZNx2F|H/2y D
Compute Card & M-HEN 5 HALT, 2 ODF > 7 9 DD DRAM 2257 5,16 71— F
ZR—Fic=7> L7723 DA Node Board &ML Tw5%, 7 724720, 320/
—FR—=F, 272413647 70b%5, 2312F T DIAT T T L%ERT,

BR.3 Fv 74T 7T A (BRHEHE IBM)



F v 7°1% dual core, 700 MHz, 15W, 11mm#fg, 1.5V &£ 2.5V (2.5 V /K
DRAM DA > %7 2 —2RA), 4474 pins TE713 328 pins, 0.13 gm bulk CMOS
DRAM ig# i 2 H\w T, i DRAM 2 4MB D L3 X v vy a2lcHWwWLENTW
%, DRAM g#i" SOl # i b WHIIHTH 5, B, EIix 15 W/Chip & KZE{HW
LDIZ 5T b,

core DHPIZhHhH L1 (ST —7 2N FN32K) X+ v 2D coherent I3 FK—
ML TWwZewv, L2 X % v 2 = [BI2 13 snooping D¥EREDH 5, L3 X+ v > 213 4 MB

(175 MHz-16.xGB/s, 30 cycle), 7N DRAM & o7 — 2 #2350, 6.4 GB/s (v
—7 >3 80cycle) TH5B, £2x!) L#fEI2 ECC/CRC 25T, 1EEM:% Eed T v
5o

FEN T 2= Fldcoreh 72 2o0hY), /—FB720) D BEMREIZ5.6
GFlops (0.7X8) & ZE/NE B MERE I o BHREIHFE D 726> D SIMD D4 s
BH b KRR ZAREIIBMIZERH L TWwiewds, BHL720) oMIIMHLE > Tw
5o

J—FHZERT S Ay P T —71%, BEREAHDO N —T7 2% F 7 —7 L[,
recuction JEJH 7 global 2 N7 — 7D 2D hH b, b —TF A4y F T — 713, BidE
12 1 usec, #EWEZAHTY 5 useco MPI L)L T4 13 usec DV —T > ¥ 25ER L T
Wb, &Rty P 7 —7MEETIE, 1.4 TB/s bisection 2> FIEZZHK L T 5
Global Tree (%, 2.5 usec one way., Global barrier (%, 1.3 usec DHERES %)’)
ZDAy PT =7 DWRPENAT =7 ) T4 252 Twb, B, Ay FT—7
D — 472 ) DEEREINT2WRE L 5T b,

BT ORERER 2 FFOBIHN > 2T 4 Tlx, 27— ) 74 & & LICEEEDH
BIC7e b, A ZEHOT LAY, ACDC 2=y 2 2FHbT 57 L, EERMTD
I ZEES b TW B, GBI, 70> 2T 4 TH 8 HiZ 1 BIFEE & Dl
-7,

51 &> 2WT, Manish Gupta K226, V7 M V7ZT L AT LIZOWTEHHADLH -
7eo BEFFDY 7 b 72T & HREZ$HES 5 72910, MPI 7% & DBEfE APL 32k S 1
TWbD, AT LOMRE, A7 —7E ) T4 25 EMT2HIc ZDFEREITONWTII
%ﬁfﬁ A1 72,

— FIZ 10 /— F & Compute /— Fizgo»iTBY, 10 /— Fizid full linux,
Compute = FI2id %5 EZL A ) HHTE S L 512 CNK & HEN 55
7 B ARKEDRERE 2 $2 T 2 7 — R WD HW LN TWw B, NP En 101, 10 /—F
ZREH L TiItb b, U AV IZHKR—F L Tw 325, Disk 287726 swap 135%
1L Tw3, b%eAlz, Compute /— F Tz 5 2 %€ ) %511 MB/node & 7% > T\w»
b



24127 72T DY 2T LFERERT,

2.4 V7 T L AT LK (CBRHEME IBM)

UTNic2noE% 51T 5,

- 7u 77 v 7REE LT MPLIZ@HDOL Oz 505, P—F720FKRud%
i 95 Y5413, communicator 2L L TWTC, FNE O 2 &Ik ) 2y P T —
JEREP LT T T I INTESL L )IC 5> TWwh, collective communica-
tion ICBAL TiZ, & v MV — 7 DRRAEH T 2 EHOFERE LI L T 5,

- compute node ? dual core Dz, 3 OoNE—F2HE, 1 OD5&E, 1o%
HWEICHWSE—F, 2202 MV 7 022 TO0 ) €—F, 22% SMP & Lo
P9 E—F, 72720, BN ET— FIZBIL Tix coherence DREDH 5 726, HERE
LTwZw, T7) 75—y a2 il WS IT2 LT3,

- compute node IZBI L Tix, FPU @ SIMD # i\ 572607 | ufba > 34 Z
#MRET L T %, alignment 23 % 72612 pragma # #tfit, ESSL & L CRMAH AR
B4 77 % hift,

i, V7 7275 0REERENLOTRIZSN T wDy, BRI FHEESR
FROVATAREE LA, —TE ) T 4 ORI ERELbILTW %,
BlueGene/L DT 7)) r—3 3 > E LT MR DDDR—T 4 > 78T, FH
ICEWZ7—JE ) T4 2L T I EAmRENT, 2L, bbBAHA, £ b
V— 7 DR RN Z LB TH 528, TN aAE»TY 7 P77 b EEL YRS
LToTWwh,

BlueGene/L DRI, AN E B 2K EI1% 72 1) DYERE %2 i8> 72 PowerPC
Tuky Y EiRERE L, MEEICERRTSIEICL), BIOHRERE B
RRICL72ZXich b, 22T, EEREDWKICL B2z, &ROWHN S 2T 20&



LCOMRERER T B 72DICIE Ay — T T NG %y N T — BB b, £, &
AT WEROHBUZ T LT, Mz DFFEERDOBIEI/ NS b lzed, Tu 7731w
7 EDTFRDPMBEE %S, ZisOMBEITENEE L EIZESEZEEL Twiewnd
DD, KB ESICHEMIC L D WEBICZe 2 2 AT 22 B W THRI L 20 { T3 b 7w
METH B, 2F ), KIEEBENLIC X 5 &ML & 12 slow & parallel TH Y,
SHIDBETT O EHR 2 KRICHEML T 2T 42k 22 ThHY, HANZR
BRTHDLENZ L), FT2, BERERDEKRICE B72Hic, BRMEIIFFICEREL
METH Y, BlueGene/L T3 Z N & FEREHMTH LREMRTETNWE L) THS
B, TNDPLDLATALATIEY 7 V72T 06T —X%7T 7F %, N—F7ZT4LKT
DG EEBEMII AT ROFETH 5,



2.4 MIT

5ARA5E : Massachusetts Institute of Technology (MIT)
Room 38-107, Cambridge, MA 02139

FAREERE 3 A 29 H(K) 13:00—17 : 00
HEE

Dr. Anantha Chandrakasan, Professor

Dr. Krste Asanovic

Dr. Rahul Sarpeshkar, Associative Professor

Dr. J.H. Lang, Professor

Dr. Hae-Seung Lee, Professor

Dr. Andrew Wang, Professor

Dr. Charles Sodini, Professor

M5 LA, PHR, A, SRH, MR, AR, B, EA

MITHIHEEEICLE D27V T— a3 > ETRICLDEMBENEZIT EIET T 0
77 LhENT, T, B7VECWNELE LD 5,
[1] Micro-power wireless integrated circuits and systems
By Dr. Anantha Chandrakasan
Chandrakasan Z¥Z(ZBAE TN 3 DD 7 vy = 7 + 2#iTHTH 5,
1. Micro power sensor network, by DARPA, PAC/C project
2. Ultra Wideband Communication, by National Science Foundation
3. 3-D Integration, by DARPA
ZNDH L, LICEREZBEWEIHE TEE2ZT 72,
1)  uAMP (u-Adaptive Multi-domain Power aware Sensors) 7’a ¥ = 7
- FRRl.okrY—3% o FFREEIT) 7Y 2 7 MY, yAMP 7oy 7 F En
W, T—F o, A, I, 8E, ENEROSe ToREy ERL e
—/—FEEERELC, Ay V=27 TE=F) 7, flllEBZIL) TAY
VA =Ry AT LAEMEREL TS, B, BE, X)) T4, K
— LG S EHEE, PEERIZEL HARB L OCHEREE =2 v 7 7% FEIL v,
2% DARPA 7w > = 7 Mo CTHBISHICHE 2 s, BUE, REEIGICERF
Th b, EARHJIZ1E, Industrial Plants and Powerline Monitoring (ABB),
Operating room of the future, Target Tracking & Detection (ARL), Location
Awareness (HP), NASA/JPL sensorwebs 7c & ChH 5 (X 2.5),



2.5 uAMP 7uy =7 by —4>7 MeHa®H (MIT 7vE> &R L)

- AR S MO HERE, ey ¥ —/— FosekEkigig 2 MEMS & CMOS @ 3D

BEIC Tl EY 22— NVICERET 22 TH D (X2.6), boP—/— FI2ERE
5 MEREIE, Average power (10 W), Distance (<10 m), Latency (5 ms~15
ms), Data-rate (<10K bps) T&h

5,

- INEFEBT L7201, EikETE

JCHOHFHEBZ%) . Thbb,
APL, MACv A ¥7atbtan, 7
—X7 7F %, Bk, TNA 2%
Mzl L 72t diEatic £ D, TE#E

TANKE-LEAOPV—FAT ERE ) — MO
225, (MIT 7' > %kt & 1)
A TP B

- Power-Aware ikl & 13, T A NVX—IWHE »EESMICHEE I LEKET2E ).

ZL Ty Y —/— FDOIXTOPMESR %2 £ DRBGHESHC D E G 5. T
SNAZ, BT TG, eA 7y b=V 7 Py L TREET e A
ZEN -y ZICHBICEFS T 5 &) IBGHY 2. 2oleoiE s e
WF Ry 7REAL (X2.7), &56%5R/IMFACD 72D RHERREL FRE L 72
RERE I 447> T B,

RN TF Ry T HER— 2 LB RANX—DIHD Iy b T — 7R T L T

) Z2 (LEACH-C) #BH% L T\Wwb, 77 27— L 2B T — Yk 247
IBRIZ, 7T ANy FOREBRZRIT 2725127 7 2 8 Z )G R T 5 2



& CH R 2 I kT 5,
« MIT U5 7% 77 o #h Ay il 4 1=
X, XD 250h 5%, OKIEE—F
ET 7T 47— Flicxic s ¥z
Dynamic Power Management
(DPM), @7 774 7HKETH
Dynamic Voltage Scheduling
(DVS), Th 5, BhilE % ARhic
WFBDIZE, T7) r—rav
PHLEKREI NS BEMEE ALY
—DD ML — F A7 2FEATT B0
b b, £D2HIZ, VT b7
T KT BHEREIC A ) L ) laoN—
F72TRTA—=F R ET 725D
DRIV = T DM 2 S0t L
Tws, (X2.8)
EBANEEEEE B O 72912, sub-
threashold logic Hffr (Vt: 0.5V,
Vdd : 0.25V) x5, 204,
ek 2 &) EEFTIE, By D
FEBCERHIASR VR 7 80 B D
T, ZER2NT TV 7 RV
AP ERL Twd, KBl E w7
180 mV #{Ed FFT 7w £ » %
AIEET L, ERBICTCEOEET
T % FE M, 100mV £ TEIET 5
RAM & 74 77 1) # Hw Tiki
L, M7 vt 2840385 0.18
umCMOS Bfli % 72, (HEET)
DRHIZ L Y, 90nW@180 mV %
FUWL T3, (K2.9)
- F72, 90 nm LIEIZ 30-50% A7) —
7 ®| 11 7% o T, Off-tate-centric
optimization 2"EHETH 5, 90 nm
7 TEG T sub-threashold logic
TlE, BEELOETEE LIS, ¥

XP.7 =Tk 7T & BRI
(MIT v &8 L)

XP.8 Power-Aware Middleware and API
(MIT v &R L)

EP.9 90nW@180 mV & FFT 7u+t 4
(MIT 7v &8 L)



[2]

[3]

AF 2y ZEDZBRNALT § 555, M2 KEE (<0.2V) T — 7" )H
My 2, L7eh > TRl EEMEIHFFAET 5o

-DSPWIZETIZ 1%, T—X%7 7 F v L ~LDOKGERRRT & sub-threashold logic

D74 77 )RHEEHITL Twb, ZOBMAA LY CGBIGEREEIESGT2 B2
709 . BURE S 0 #EF (3.8 MTr) Tl3, 16 b o 1024 &4 FFT %, 160 4 W @100 KHz,
by0.18 um THEBLL T\ 5%, F 72, IS L)) A/D ZH52i (~20 W @100 K bps)
R BEATH 5,

- k¥ —/— Fo? RF bl TR EE 288 1%, Start-up cost, Start-up |Z727»

LSV &, B oy N X TR A VX — R BT A IS
5, #2 7T, Quick aware RF [RB§DOBHFEDWIE & 70 B,

- MEMS X v 3> 7 # HHwilid, Vibration iI2 £ D #H uW T A VX—% HLAE

KTEL, LIz >TCINDPerr—/ —FDOWEBEN S —7 v b >Twb,
10Widx—F > 3—Ewn9,

*MIT T2 90nm > % —/— Fosgk 2t L T\ %, Vdd @ 200~300 mV %

BELTBY, 65nm i HY 9 5,
Vibration-to electric energy conversion
By Dr. J.H. Lang,

- Macroscopic Moving Coil iZ & %

WIVER e 52 77— 2T, 400
uWRE L HEIN TS, 21
2%t L, MEMS Variable Capa-
citor x5, 8.7 uW L R 51
ol

- ¥#12 Vibration (3 MEMS & O #

WL o, ~10 uW FLE (358
¥ Vibration THEIHTE 5 L%
2N TWE, 2NHAMITO1 2.10 MEMS I= & % F O 1 4ok

(MIT 7v &> &R L)
F v Ty — — FOMELES g
=7y P RO TN D,

- MEMS (%, MIT/Lincoln Lab. T:FEL TEB Y, JeHBIDE 1 A2 HjA D FFT

7OD "t’. 4 #T‘}) éo
Energy Efficient bioelectronics
By Dr. Rahul Sarpeshkar

- ISSCC2005 TFEFEE 72, 251 uW @ Analog Bionic Ear Processors ? &t &

Silicon Cochlea DT EhH - 72,

- 70-80 dB LI_E hearing loss & & FEREES 21X, HHIAAT D cochlear »°



[4]

[5]

WEETH 5, 8-20 D TEAR % F v THERARE 2 TR TR 5, I &
n, 7A4NINXTOHRNART FNVEBEBT LAy B> 7T 5,

- ZN% AD & DSP Tl E B mW IH 50T, £ TeTT v 7ikGEhS

D DRI EE L 3 5

- T a 7L WA HMEN 116 ¥ —, Slow parallel 258§ 5 Z & # kL

T3,

K211 AA *F v 72 HbIA TR & BP.12 2514 W Analog Bionic Ear
7 B BT O RS Processor
(MIT 7vE> &k L) (MIT 7v > &k L)

Low Power Analog/Mixed Signal Circuit Design in nano-scale CMOS
By Dr. Hae-Seung Lee,

- Scaling 3MKELEE 77— M) =7 TCTFu G2 PATZAHELLS T 5,

7w ZEg TR, H5—EL D SNR R E 15, B 5IRIEITERELD 2
=) 7 L) RUETFT 5, B5IRED 5% % &, SNR 2R 5 72012
I EE X4ICT2BEDH L HEXHFEL L) & $5 &, gm % x4 12T 5055
DBH LD, TN x4 Y LOBEREVEETSH, 29 LTATr—0> 77775
ICBRNEIERT Z &2k b,

cF 2, A=) 712N, gain DI & TN, 2T A= T DAEELEIZ L),

WIS 2,

SRR E LT, T SVERR T e 7 LSS R R ndt & 7 5, IR

fbick )7y —+F)—7 28R TE %,
A simple energy model for short-range wireless tranceivers
By Dr. Charles Sodini,

st —— FICEBR S LA MEREIE, aBERERE 10 m LI, 7 —2% L — |} 10 Kbps

LIF, &\Eithdgarix 1~5 4, (ABB Requ1rement)

- =3 TX (2 PA (Power Amp) OSBRI H M, —7, REERE TX TiX, RF

IV 7 ba=7 2ZOWBREN2FHET LUBLEDNH D,



- FSK 7% 5, mod, demod DIHE BRI TEZ 1 /NS TE 5,

- LO (Local Oscillator) (%, start-up time (120 us) %S 2 LFHH 5,

- High Data rate Tl%, long start-up time »¥&EiiFEdy Z IR L, short start-up
time 7° PA OREEA LTS TLE ),

[6] Power-efficient architecture
By Dr. Krste Asanovic (58K @ eI X 5 % )

BN HPC T —%7 7F %13, EATT 54 NLX—%2FEL T\ (oblivi-
ous), 2> %A JLEFIZ b B HEE T power # reduction T& A k) LT —X%T 7
FrhEFEZ L)L TG,

CAPFIERTERAL &9 & v DIZEARFEHETH %A%, Superscalar 7 ¥ IZEIAYIC A
TP A=) 7Y AT ANX —EE LT\ 5,

CRETLET—XT 7 F xvldvector 2B ) V) LDTHbE, KA T
vector DEA-lE, dynamic B $ & Z A5 7\ L, predictable 722 5, low
power DHREMEDSH 5 L\ ) mTH b,

- 72721, BUfE SSE 7% &b T 5 SIMD o short vector & 138 7% 56, 2
FVPRY EDONT I THY), BT —X7 7FxlF, AT E7
F—ETH 5,

- §HI%IL, memory F 7213 cache I FE % & Z AT, embedded 7 7°Y) 1l Th 5,
L 72»%> T, n-half CEMERER) 12, 10 ¢ 5 W E2{UEL T 5%, SPECInt95 Ti,
289 D a— FHQEIETE T, &KL L T1.3f5& 7% 5, Z 13 superscalar
TORBALEAETHL, (TZLES!)

C B DR VLT T, RO B BV —T % LT 5 72512, thread
W) ANTT—XT 7 F v IZOWTREL T3,

- MiEIX dynamic IcfibN 2 ERE, A TVITHLNLEIEIDOWLERTH 5, 120,
AN IATR LTS W L LT\,

-+ 2%, embedded 77 [l TH 5, HPC DEGAIZWNED A €Y (% %
va) lZBEEL WD, AT NUFE, ANV T—X%T 7F » 0 HEIC
b, ZOYEIL, FRDH B EHHITITVZ WD, RETOKRMIZH 5,

FLH

- MIT Tix, DARPA, MARCO Zz £ 7' vy = 7 Mz LY, PEEWIGHEBE X
A B TR B B LEAT 78054 T L T 5,

AT TUITNTNAZ, v —% v b, HPCB XUV, N6 %% 2 5
Energy harvesting, 1E{N%8R )17 7+ v 7 BIEEAM & gHTE A,

k=2 PO uAMP 7'u T = 7 MiE, 5FELNICEY  — P EE T 10
uW Dt H—/—FiZE* HfEY., X—7— N3,

—Power minimization across all layers of system hierarchy



—Slower is better
—Communication Centric Design

—Off-state Centric Design

7t 3B, MMz Chandrakasana #d% 6 MIT * > o x—fefkic L 5,
Ik



2.5 Berkeley CITRIS

5AR35E | Berkeley CITRIS visit March 31st, 2005
FAREERE 3 A 31 HCR) 8:30—16: 00
SAEE oA, RO A, AN, EEE PR, 2Ll
AU T A =P RPEIFISEES © Dr. Gary Baldwin | CITRIS 4T EIEH
AV T A WP RZAURTE © H LT
& - Licbistozm# (TEKES (74> 7> F), 4> 7, NEC, 42—z
TV, BlleA sy 7 tw=7 2, M, )73 V=T KFBERE), B
I3 http://www.citris.berkeley.edu/events/spotlight/2005-03-31-citris-jst.shtm T
KBL T 5,
*J—0Y a3y TREATHE (TO0J3L)
“Challenges of Ultra-Low Power-Aware System Design in Applications
for Societal Interest : From components to Societal-Scale applications.”
8:30-9:00AM : 72—k —
9:00-9: 30 AM : Opening.
HO#N &R
CITRIS #4~ : Dr. Gary Baldwin
JST FAER DA © Prof. Takashi Nanya
9:30-11:30PM : Technical Presentations: UCB-CITRIS
Low-power, low-energy designs in wireless : Prof. Jan Rabaey
Ubiquitous Wireless (sensor) Network : Prof. Kris Pister
Design for high-performance computing : Prof. Kathy Yelick.
11:30-12: 30 : Technical Presentations: JST
Device level adaptive power consumption management technologies for
VLSI:
Takayuki Sakurai (U. of Tokyo)
On Circuit, Architecture, Algorithmic level co-optimization technology for
very low-power Video processor core design: Masahiko Yoshimoto (Kobe
Univ.)
12 :30-13:50 : Working Lunch
13:50-14:50 : Technical Presentations: JST
New Social Infrastructure and Low power SoCs: Hiroto Yasuura (Kyushu
Univ.)
MegaPro : Can a compactly clustered massive and dense set of commodity

processors out-perform a very high end processor ? Satoshi Matsuoka (TIT)



152 00-15 2 30
B R
7 % . Prof. Bajcsy’s Tele-immersion Laboratory (475 Hearst Mining)
15 2 30-16 - 00
Baldwin [ & D3GR, &5,
* CITRIS O#iE
The Center for Information Technology Research in the Interest of Society ?#&
Th b T ROEEDYE DM _FIC 2T D420 - faEREIC T 2 1T I L 2% %%
B2 DA TE S GBI Ch 5, L (INIL) KRFEDHEIZ BT 8 L WIEE
ERIERTLEIHE LS 2 5. KEWNICBIT 5 &Moo EFTE, pEER L
DI DB Y J7, FHCHT B3 SRR EMEL, L WBEBEEZRL T
VW5, Quality of Life icXf3 % IT solution & \» 5 DA A L7 THbB, ZD
BT, e —3%y F7—7HPClZ—oD X —7 7 /v o—TH ), KL L X
— Pt & I D BIEDS TR D TZ DGO E E DT — 7 v 3 v T REEL T iz,
551 H11E 2001-2005 D 4 T, A 74 V=T KFDIED 4 DD X % > /¥ 2
(Berkeley, Davis, Merced, Santa Cruz) »°Z&/jiL T\, 50 DR 5 200 A
BE»SIL, FAELANSD & 1000 ALLEOWITEED S T3 (X2.13), %)
I3, BEH, GG - BRLsE, mAvX—, BRI, B, G060k KE LT —
2 E LTy, £k, 5 3MHE~D®RY, HE&RE s T b T8 2D 7 —=
7%k 5> Twb, CITRIS 1%, £ < oML L 72Wf3eiGE) 2 8 ) 40 & ) ZeEHNT TH D,
BWGE 7 N—T RN B EER G L a > 7 7 P T 250NN % T 254
DT U4V I I—ERT 72T 2> Twab,

X2.13 CITRIS offpk (BkHEfE Gary Baldwin)
BAKWY 7e 77— D3I T,
D GO 5L, WEBERAHSNER T —=,
2) ZL OB (2, BUNE, K%, WHeE0mErLEL T —=,
3)  BUAH, SEHMIECRE.



4) 7)) 7 A V=T RFBAEOMFRER E D+ 2 —, ek BT ~N—3 3 > O,

5) #ular ‘{5 Evangelist’ DTEAE,

K EFRL THIRD TS, FEEMICIE, o7 7> P2k 2L wE L Tw b,
ZML T B0, B LY G RRER 569, BEbN- AR - #5E 179%, N4 + -
B 179%, HEaREER 10% & Zigic bl > Tw b,

THBEIZ, BE4FRITHEFLT, EI2h) 75 V=TMNEF»HBL T3,
PEER NS, 77T 4 > 7 23— (IBM, Intel, hp, Microsoft, Sun, Nortel,
Infinion, STMicron, marvel, Broad Vision, Ericsson) # #Hfk L, 4 M T&4LEAT 600
TENVERBL Twd, SHOMESIE, TEICTFENLEST, T —<Iickf
T AN 13, F 2, WFRBERSHMMIZERAHTH ), 77T 4 v 7 A N—
DFFEIZ IR, 2T, KRYPOMBEHICHT 25 L VWD AT H B, 7)) 71
=T KEDIFRBR T, Koy FRE 2572 lE, #E, HOREF (2) 71 1=
TWDEITIT &AL ZDORFFT2ME VUL EDIRE 2221 T 5) DIID, N4 F B
ROFAE T, BB TIZIIE A EHREEZ T T, 2D L) Ll b, %R
R % FEHS TR S 2138 L TRl DR 2 FREE LWL HI2T 52 &8
ORI TH S L )iz /z 5> Twb, DARPA X2 NSF o L 9 %3 ~_—27D
MREZDE ) LEMTREOEN LT I REG L DBEL2EIFEZ I LV )DL
CITIRIS DD 1 T—~Th b, 77> T 4 ¥ 7 A x—DMIZ, 11 HDH#El; ) A
PoN— (4HFETI0 T F) & 44 dkors— | F—0EDSML T2 (X2.14),

XP.14 CITRIS o F 44 (Gt Gary Baldwin)

SINBED A1) v PELTTFRDE I LLDEZREIT TS
1) B Gt HICBIT 5 4 — 7> Zeifamn D0 FE ik & Bt JE a2y



2) HEWEIFVENDIREIK % RO 2 IGEE~ DSOS
) BRI NI B~ DRIT 7 2 DFS
) BERHEANDT 7k A
5)  ISREFOWIFER D LB & FEHAL & v o) i~ D
ZDE ) BFEMIZEC DRKRDOBZE (Falh b HAMEDKRZEr 512, TV
T TV LY DERDH - 72,) PWEELTCESEZHL TWwbEIE, BXI2ET 5,
INFTOAFMELNLETF 72 —XE LT, GFDOEPLE2 72— X2 Ab,
ZoiEEgoHLE LT, UCB DX » > 232 NIz Headquater D E LD EHEZR T TH 5,
35,000 *F )7 4 — F @ Nano Hifin 7 7 7% & A 72 80,000 F-75 7 4 — b DEEMTH
%, EEMRESCSIMBEDA 7 4 A, HIBHEFRE L EVEMI NS (X2.15),

=~ W

Xe.15 o CITIRIS > 2 —t )L (BFHEM: Gary Baldwin)

* PICO Y7 : Jan Rabey #i%

HEX, HicRZZwzv 7 tu=72, P27 LAHEREICHOAFTN, EHEICiE
FME N & 9 % Ambient Intelligence Br¥ % #2894 2 720> D FANTEHIE % o T
W5, MO, B, EE, G, oL X — a7 & 2 SRR EUT & Bk Bl
EHIZIEFMEMS 282 HWC a2 P2 OFESICHHTE 280 E L THESLT 5,
F72, X2 ) TURTTANL =L EOMELRAMICHETT 5, 1037073 ) A —
Z—TI10 uyWRED / — FZ#BIFEL T 5,

IV — S & lfE DR L D R D BEE L HUE L ALE O, AT, ikE),
AND#E, T H e & 23 NX—iE L7t W TEIETE 280G AT 205
BUZH D A TV B, A VX —HRICBA L TR, ML TE 2 24X —DFER (N
v T ) —=RX po¥L ) OFEMEE (REEM, 22X, k), Aoz, EH)



T EDIANT —HHGREN A LR L THRE S AT 20 TE 5 240X —D EIR
B, ZOFRGEWTZT AT LDOMFELZED T2 (X2.16),

X2.16 PICO 7> A B HIE (BkHEME Jan Rabaey)

BARIZIZTRLO & 9 2B RIEIC I L T 5,

1) AMHFEE D7 2F T 3 ) oz E N (380 W, X2.17)

2) WEEELEFHRLT 774 7T > THIC L BAEWOREIR (1/17, K 2.18))

3) ETME ) — FHOB M T2 5 VAR

4) MEMS #fIH L 7zik#)c & 2 %EH (X2.19)

e X OBEHFAMEBIEL Twb, X512, SIPEMi 2 L T2 s nBE#E 2 AL D
LI EEFEZ TS,

Bz, ZDL) Ly —B8E/ — Friladbeiz s 2T 2&8KOEENE%,
R/ — FOEEEEZ BT 50 Tldk {, BEEMEWRTFEZHAEDLE TILEME
&) AT AEROERMEEL LT 2EI~ RS L2 EZH-> T b, NS h
J—F %72 & /I1F5 T Dense Network ## L, Random Frequency Multi-
ple Hopping 12 & V), BRED SEDL A NX =721 CEMET 285 LA Y F 7 —
JERMEEL LD T THL (X2.20), 27— > 71dF v 7TNIZTTlE e w &
V) DDYEFTH B, BT B BEEHEAM OB 2, RF W%, FEMEK, T 2NVES
WFER 7 & B 5 W B I Eg IR L Tlel T 5,

JBHE LT, RETOZARVLX—HI# (7)) 71 V=T CTIIEIHEITRA) %
BN HEZ TWD, F72, BRLICH F TOmBEZE DY, SO 2o 23 Pl i
EicFrL > LTWwa,



Front-End

Base 63%
(]
DACs
3%
1/0 BB
15% 10%

Xe.17 (BBl 722G (BrHEdt  Jan Rabaey)

« Directivity=1.734
- Radiation =98%

MR 18 7774 77> 7 & EBELEHC L BT R AGS
(&HHEME  Jan Rabaey)



®P.19 MEMS ##fIH L 72#kEhic & 2 38|\ E (BkHEft  Jan Rabaey)

BP.20 Dense Networks (&¥HEft Jan Rabaey)



2.2l A bFAry FT7—7o&N (BEHEMt  Kris Pister)

*HZANRYND—2 : Kris Pister #i%

HEEL ST bNAES - AR KB EDTA T 74 Rk K —T & DK
fiflx, 2>V —HHFRETH—HTHTH-> T, ZOBRMOIE L2 S8 HD %
b, ZOL)WRNEFZ B L, BHRTHEROPIGF L WEITE 5L —F v
T— 7 3 AT ADOFEEIIBD TRELRBEN LR EZ L7263 (X2.21), ELED
REE S AT LREREEM S AT 2% AL 2T 2R EERTOHENMES 2T 20
L TRIEVCHEIIFETE S, 41, 2L ) kY —F Y P T—T7 L AT LD
Wi, A, TH7% S opESEN, BHEE 2 FulIc 45 509% B Tk L, 2007 412
FKREZT T L EL S ETFHILTWD,

Pister #¥% > 7' )v—71%, Dust Newtwork > 2 7 4 & &4+ 72, > % —, ADC,
~Af 7u7utyt, OS, EHREE» 575/ — FEHEEL TS, 1.2mW DR
T 900 MHz T 100 kbps ?i#f5H8/1 2 F b, 8bit 7a -+ # (10 W), 8 £~ F ADC

2 uW) Ze & L MlAA DRI F v 7 2BFE L7z, 0SiZ Tiny OS D% 7 0 —7" L 1
TILTHEDH TS (X2.22, 2.23),



XP.P? A~—F &2+ /—F (BRHEHE Kris Pister)

MP.23 A~—FF2LF v 7 (BFHEME Kris Pister)



Hoffr—EB1% Dust Network #E Crimmfb 2 #EH T 5, $CI, HEEMS 27 4
RAREREBLL 2T A XL, 74—V FIC BT A RATER AT TW b, EHESRE
WIFIHICHEZ 597 EOMUEINFEEM D 127 5 TE T 5, Honeywell #1725 2 —2%
—2—y FOIREER L SICiB ) L LTwb, 4%, EEEESaY -2
AP EETH L E L TW5,

G81%, T/ HMN R EORALE 2 B, IHRHAEEN S SR, T 7 %
T, REMICHMNEZHMEL &) LT aAA L L THEHTE S,

* HPC [CET 2ERMNLEMAR | Kathy Yellik #i&

HPC 37 —X7 7 F *W3EDEGIHTH Y, 72, £ OFlHEREE X 2 5 8
mThsb, BUlEOHNE LT,

1) EHREEAE )27 728

2) NI ML IDI TR (HWERY I 2L —8 7 Y)

3) WNELBRBEN7vXyrokEfEN 7728 (BG/L)

Bhb, MrOT—%77F v ZOMARE (7477, i, 23> 7) %
L T 5%,

N7 M= VFBENNFEIEAE SINLFICT L, A T4 T 7y LTH
FEE 72 IRAM (X 2.24) %4> T, BT L ENREFE»ECIZENZ L 2R T
5(X2.25), ViVa7ay =7 FTld, XZMVe>RE 25 ST 425
PIZLE ) ERATVDE, LT WT—XT 7 F % &V 7 72TV R— DT
EHDEETH B LT T b,

RHESLEE & L CEE L HPCICIEm 2 &5 ) flA, HulE 7Ze i 7E % s> T 5,



XP.24 IRAM offk (BRHEf#E Kathy Yellik)

BR.25 T—X7 7 F xic L 2ENEDE N (FREM Kathy Yellik)






2.6 INTEL

EARA5E | Intel Corp., Circuit Research Labs
2111 NE 25th Avenue, Jones Farm Building 3, Hillsboro, OR 97124, USA
SAREEEF 4 A1 H (&) 14:00—17:15
HEE
HAME @ B4y, Zcif, &4, A, RN, B, 43
A > 7 Wl - Matthew Haycock, Shekhar Borkar, Ram Krishnamurthy, Tanay
Karnik, Vivek De, Siu-Ling Garver

O34
14 : 00—Welcome and introductions
14 : 10—MTL and CRL overview-Matthew Haycock
N 14 : 35—Energy-efficient arch & micro-arch-Shekhar Borkar
B ~n—F 15! 40—Special purpose hardware-Ram Krishnamurthy
[ RUED 16 : 10—Efficient power delivery-Tanay Karnik

[a] i — ikt 16 : 40—Low power circuits-Vivek De
Shekhar Borkar (2% : 1 > F7ILDEZ S FHEDOBRE LT EHE)

L 72 CRL TliZ 15 AA% low-power DF9E% L TH Y, 32 nm 2WFZeD F4K & 7
5> TWb, 5T, RFICIE 22-8nm OMALEZFHEZ THRL W ED Xy — 2 Z|RWIC
w7z (X2.26 Z2H), 2ok Hic, EERLINCTIE2 % ) BN 20 /kI2 D v T
ZeE L TUIL W E W) DI, 10 EFNICA > T ALEDFIRE oo TBA L D v 7
Fe =7 2Z0RMEEHERRL 722 LiI2 b RN T 5, £1H" MARCO focused cen-
ter & LEEZKATZERE DI DL, 2D 10 FEDFREZIA T MARC 702 = 7 M IR
FADMEIC 0B, A > 7T ML DFHF L2 L Tw5b, BlfE MSD, GSRC, C2S2,
FINA (molecular), Interconnect ? 5 -2 focus center 25 > T\ 5,

B BEENE 7 v+ /*Tu;cpd‘@ﬁijt@% HThHhbEL, 2T, WWEEIOHTY
) — BNV BEETH D05, 77— ) — 7 %2¥2 5726 high-k 1 2 ARG 2H 5
I E e\, ZDiesh, ©— M) —7 %Mz 4, BRUIZIE, LY high-k 2, {fif)
DFE2FH2 % Tdhebew (X2.212H),



B2.26 K53 10 P WAt 5 RGEIC ) A TRRL W,

.27 V—7Bhorv >k



2.28 D& ) I WS A I, IWBREN AN X > TA B &, 7uy 7 K
3B EIRRICE L TRl h 52 Z & 05bh b, 7ay ZREEHZEL L
TE)R- THREE LIF 20 %2%2 5005 %0 HME Lz, ZOMREE W) DI
70 B3R E T3 7% {, valued performance, D% D lifEtEGeETh 5, S>> T, [EFEMES
¥&HE, dependability d — D> DfifitERETH 5,

KP.28 7w 7 ¥R L YRR ) DI B ET)
7ay ZRWEEEES LW TE )R- TEREE LT 20 0—o i & L TkF
bH3d %, X2.28 @ Dual core TIZIHEBEIIZED L FHERIZ 1.8/5 La»rL, 4%
DIRBEEACDTRNT, BEZ TS L0 EZHITIHEIDH L Z L ElDR,

®P.29 Dual Core ic & 21T &1k



2C N—FY2TWICEeNT aToWEREN LT, MHREr BT BIEFICH)
R HETH 5, BEIZEHTH) 2L 707 7LD TELIDD, V7 72T hHD
WTZhWEWn ) ENIZEL T, [=7 F) EIIoME]E L7z, T%bb, iU
TE5HDIZ, V7 E72THA4 FiEGE TRV 7 vy b0 5720 T, V7
P 2TERFEE Lo, Fi2, N—F 72T YA FIZSFEFTRWY 7 b7 2TH
LoD T, N—F72THEZ2 L kro7, LaL, SRIUIHHRTE2/ES L
72 BIE LT, EDPCHTIE, 2 DAV v F/ IR IDHES>T DL ELR, L
L, =2z FIZIZEAECPU ZH > T WTIE WA, EDa Xy M2
ML, NIV 7 V72 TOMETEET 7)) r—3 a3 20587 —% 7 7 F v ioxt
L CoOmEfbZ 2&FEICATHI 1259, ZNH=T b)) LIIDOMETH L L\ o) HETH
272,

ZO°NFATICEALTE AT A M) v 7RO, T A )y 7D
FHBBCDOPIZHLTIE, TS 2A M)y 7OHFHNEWEC) BT W, > X}
)y 7% LG LR T W EECDRX) v b Db, T—XT 7F Wizt > F v
T A BRELTEOMENBREILO—DDFIE LD, T7)r— 3>
DHREL L S5TWBRZ EE I ZD penalty PR EL Lo TWbzd, s, £
72, AL, SN e — ATV S EFEZ L E LIRS,

Z DM, (KB BIILD 12D T > F o 72T T, SIP R D2 vFF o0 7))
22— 3 YLHBFICANTW S, 7—) v 7OMEBIRHICHICA Db VWD T, 4
NDEZDH, TDOMOBNHEZIICBEE L Twb, F72, > 2> Optics DIF7EL L
T35, 2t EO-OF 4318 BBk & W T few feet LI EIcfliH . 2D
AWM EBEINICLAF, »x®) & CPU I b7\,

Ram Krishnamurthy (8&7—#%/\AD&Et)

BEHERENT—X7 7F % L LT, WFHLLSHZ, X2.30 DL ) IcHH N N—F7 =
TaTERETL T3, AN — F 7 = TIHMEEEE LI IFF IR/ 2o T, TCP/
I[P 27, Viterbi 72—%, 74 V¥ kD~ 7ur2HET HM%ELIT->Tw5, Lo
L, 2L {bico7%ehs s 2 & I3iloH 72,

Kogge-Stone (% energy efficient T7¢\», Quaternary/Sparse-tree Architecture %¢
energy efficient, Zif}E T3 Brent-Kung @ %% Kogge-Stone £ 1) & i3 72 & v 5
ZrIZ 5 T B DY, FERRICIIRREE /YT A =12k 5,



BP.30 HHAN—F7 =TI L 2N EEL

Tanay Karnik (BiFEAz)

TIHEENEFEZ 5L &, BEISRKELEHNZEL 5, 20726, BRBROM
e L TnbEF—2hHb, FRELTIZ0.54ns &) BEEHTEH> F v 7EBES
ZACR D Z LI L Twb, F72, &> F v 7 DC-DC 2> /3—% T 87% 5h#%

T Ty TEBEDIZHD—DOD TV —T7 ZN—FX 2.3l DLyl F v 7 TL
PELZ ETHDB, 225 =2 CZT T u 13900 T3GHz £ TKRIK, 80% »*
5 909 DINEE 13T\ B,

®2.31 DC-DC on-chip converter with On-Die Thin-Film Inductors

Vivek De (IKEERLIERzI)
2.3212"9 & 91z, PVT variations (7wt 2, T\HE, BENTVX) kX
(5> TETWC AR EE NI L TR KDBILEFICZ > TETWb, 29 Vari-



ability Hill#1 2 L E IR D 72 D DI KD FEIZ DY, X 2.33 D% ) Ic L & WEEE
DT XAZFMSA T 20 & B EISHIELS AR, BE A4 XL M8, ZUZEREN
TVXD—DEEZ LMD, 7w 7 TED /A XII/NE W, BIF /A XL T
<A 7uth >y FORGHPHETEbED KE W, 21U, Fv7HNo7 vy 7 HiAr
DAL/ IEEHAGICBIR L T b, Fv 7 ECIREEL R L2, E—F 2Ky F %20
Az HH 9 2 2 b FUE,

BP.32 N EENILEFHZ 5 L 22T XA KIE

P.33 Static ABB (adaptive body bias) for WID (within die) variations



Al 7e ) — 76N IZX 2.34 12T L ) A H 5, 2 ) =713 ) — 71K
Bwhy, wo, YZE2EDLHIZAN) =TT 50 I3EE,

BP2.34 Inlikay7e V) — 7 il

XE.35 Probabilistic design concept



SERELT K2.36DLEHiIce)ar 7Y 28137)—ICh->TETNWD, 12
72, BRMER LS L oTE 2, o T, FTY P AT Z#RALAIE D S, il
PERED 72 ) OB BN AT 5 Z D EEIC L > TETWB L L7,

F7, BEEBRENCICEAT AT 70 —FI2onwThnFE D 24T) ERDEH 12X B
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2.7 IPDPS

sHRA5E © 2005 IPDPS Conference

April 3-8, 2005 in Denver, Colorado at the Omni Interlocken Resort
HhREERF - 4 H3 H(H)~5H (k)
] 1 == R - N VN |

1. FLtodic

IEEE IPDPS (International Parallel Distributed Processing Symposium) (3,
IEEE Computer Society 7% 2 R > ¥ —79 % 6% - 5 HOLELIC B3 2 50 B D [E B2k &
LT, 1996 4F L W s sy, EHlaEHny 7727 (—f—F7 =T
Xty FT—=7) ROLREMHRESPZ SN T b, 20ERT, 2B O#K
Fiam L #3849 5 Technical Papers Session &, 10 BREDHM T —<DT— 7 v

T (IS AEHYHY, TNEFNOT 0T T LARELSTHBEI N, TN FIRNLIC
—HREE TR SN 5), B, SRV S THERSI NS, ZmEka A
FREOHHDEFHTDH 5,

A 2005 4F 0 IPDPS 1%, 4 H 3 H2» 5 —#fiic H 720, KE Denver 287+ Omni
Interlocken &~ 7 )Vic CTHE X 172, ZDH T, Workshop 11: High-Performance,
Power-Aware Computing-HPPAC &, 4> Dty a>2H5b¥T, 16144 D
Low Power HPC RDiwH&KAH - 72, HPPAC 1356 1 BIOBHETH Y, oI
720 DD Low Power HPC RDFEERDH 2 DIFNHTHZ &L ThHhb, KAAET
X, TNHDEERD LV >k, Wiz DIFFEFEROREE L BT 5,

RO v v FELTUL, JERDMIAR, N2> —RI2BIT 5 Low Power &
W3 5 &, WRBlcHT 220 lED R, O Z s L 5 CPU 2k Power
Envelop 2 Wik W 2> 58+ W) Th 2 Z BT b5, /2, v DkH
BAbic &), BEENEE 20 BRI THI 2, BNEBESEEE 2 P34, £
ML > TE) KBE = 2T 5 2wy, BB % HPCoOFEE L THWw
5E V) HLEEETH S, (IBM BlueGene/L & Z D#ilElc A, HiEks 3 21—
¥ & gL T 1/100 DF ﬁ@*f,ﬁﬁﬁ@ﬁ%%%%LTW6J

WTINOEEITBWTY, Low Power HPC 2 B \WTliE, MEREEMEDIER ICKE 7%
7 A bEEDE BOBE ST IUE, TR 7&01&/\,&%% LZewnwT, AEE
&éﬁﬁ#*%%ﬂéo%ﬂ@z,%/#—$VF7~7@i7_@w_&&w7~
77— FEMET S 2 E07TEY, IFFICHE 2 EHIBEHAMR KD 51 5,

0 BRIz NB &, HIKOHPCIcBUA2HEENT 7 /2y & LT, Low
Power HPC (2K & Holge L CTARMR I B E I 02 > K—A >V Z w5 HPC) &,
Power Aware HPC (HPC 7V — 7 v — Fi2lta U T, %5 ZUC T ELELEN



PHWHINDG L)L, @RI EREI) 2000 THEZ 2 LEPFH 5, HiE
T3 BlueGene/L & L 9 I2#AA KD CPU # HPC it ictuE L THW S e Ko F
HTHY, BHEITZLT L OBEWERE 2> R—3 Y 28Rk, liH o CPU 2 &
DTHHEWRELBEMTHY), V—7a— FofBeTll, ZiuciE o AR NFEITD
7= 7, FIZiEDVSR T vy 75 —T 4 v 7SI 5EES 7 vy ZJEED
WY R k5T, MRex hE VEIEIC T2 2%, Bov—tr by Bt —
P ORBIEERELDTH B, aw, TNEFNDa>rKRK—r Vi, DVSZkr
DEIE - FWE OB 2288 - BRI GFAEL T U % b % wvw, 2D ETolTs
AEDEMIEY 7 F EoBdiis b, DF D, BEIEIECT A X - 70T —
X7 7F % LB ), BERIZEAENEY T F T2 TOWMREL D (127251,
Intel DAL &, ~— FHICIBHT 2 0REHEL H %),

BBEDY 7 P72 T OFHEE L TCOREIL, (DHPClcBWT, £#T57— 71—
FOh BB, T—7u—Fhnra k) S ARBITOWEEEDH 55, iz,
FEHFICRE RIAD DL LD TH LH, vk, 2FDL ) BRI DOTHE
Wbtz &I, YOLHICL TV —7u— FoaEghzwice=2"1)> 7
L, BEIHEICOZT 20, THbH, FcHEBICBWTL, MARERZY), Eid
IR HREE M B 2 L &, AT LARKBIRIC 202 NDT—7a—FDLy A
T LG O~T efbic L ANEES HEL 5 D21, BoE CPU oilb%] s 27 2085
By A= F 72T AT LADPEETH->TH, 7097730777 r—
arvoREick ), CPUICK > TV —7 80— P2 kIBICRL 252D Y, 4
CPU Ic# > T¥J—7% DVSHll#El 2472 %3, L2 L Zh 6 fllz o CPU ICxH L 72K
)L 2HEL TR 2 RET 2D L v, Evo 2R L B, 400 IPDPS
DRFD—IRIL, FNHDFEPINT TOROZERL TWBL00H D, L)L
MEDY F ZefRICH, - TE72ED D - 72,

IPDPS home page http://www.ipdps.org

2. HPPAC (The first workshop on High-Performance, Power-Aware Comput-
ing)

HPPAC %, Low Power HPC 0By D &7 — 7 2 5 » 7L L THIH THRA TH
5, 4 H 4 HD) I h—HBEMES I, &KTH 30 XREOSINE»ERKEH Y, 114D
K d > 72, A —7F 4 X Vincent W. Freeh, North Carolina State University,
USA, 8 Lt David K.Lowenthal, University of Georgia, USA TH - 72,
HPPAC home page http://fortknox.csc.ncsu.edu/proj/hppac/

(1) Keynote: The Evolution of Power-Aware, High-Performance Clusters : From
the Datacenter to the Desktop, Wu-chun Feng (Los Alamos NL, USA)

Los Alamos T Low Power Cluster ®JGHXT @ Green Destiny DHF%E % 2002 41



I3 L7z Wu Feng #° Low Power HPC 12z & 27 - 72#%4#% &, Green Destiny 7' 2
Pz 7 bR R R E LA EITo 72, Green Destiny (3 RLX #t4% Transmeta
Crusoe # W TH L L 728 7L — P — 3% Linux Cluster & L CTiH L 72
LThHhY, 7uv 7 bt Tlx Cursoe @ CMS (Code Morphing Software-
Crusoe [343k(12 VLIW D& 8RS CPU TH 5%, x86 D a— F 2N THHD
ISA 2 ZH#a L e h 593473 %) %, Transmeta D11 % 154 C HPC it ic g L,
1GHz o> TM5800 #*1.2 GHz @ Pentium III & WV XNV MRE % FIEL £ - 72,
Green Destiny (31 7 v 7 & 72 1) 240 CPU T3.2kW RBREDMEEEIITH Y, BIFD
ASCI White & il L T 80 f5DREE, 25 f5 o hae/fE/ME, PIIL X P4 ~— 2 & Mg
LT ENZFNICBYTEREDMER > 72, 72, (KFEEDO BT T, FEMED S0
5720 & P 7—713 100 Base-T T&H % %%, KR WEIBERED DL WT 7)) 7
—3 3 Y CIR RIS bREEZ R L 72,

L2 L7Zehss, Los Alamos A T3 ICHEBH I NS L 0D, RN TIIeIR
D IHKD “Big Iron” 12349 2155055 <, AW EEZ R 72, £ Z T, Feng
G RLX A ARZEE XY F v — & L TRZEL 72D %" Orion Multisystems T %
5, FEAIZ B TEIC 3 5 %, Orion Clx Cursoe D44k TdH % Efficeon % vy, 12 CPU/
170 W/Linpack 13.8GigaFlops DT 27 + v 77— AT —3 3> 7 7 A%, BV
96 CPU/1500 W/Linpack 109.4 GigaFlops (268 CPU ®%*>C? Cray T3E &[4 L)
DT ATHAF 7T 2528l Tw5,
Supercomputing in small spaces http://sss.lanl.gov/

Orion Multisystems http://www.orionmulti.com/

Session 1 : Metrics and Applications (10 : 00-11 : 30)

(2) Towards Efficient Supercomputing : Choosing the Right Efficiency Metric
Chung-Hsing Hsu and Wu-chun Feng (Los Alamos NL, USA)

5 O HPC T3 FLOPS o947, WA LEhER 2 & DI HaEE D % 5 5%, Low
Power HPC TIZWIMEZLIBIE D 7\, $ 72, Low Power (23 % &, EIIITH 5755,
FATR OBz L Vi Ax v X —md 2 586D H 5, Power*Delay, Energy
*Delay % &, W DPREI N TV HIEE L KT 5 &, #HAALRTRESI NLI2TR
BIANA T 2D > T b b0 b % Blzi3 (FLOPS2/W) Tld Blue Gene #*
JEBIICELS > TCL 9., £2C, #l21F TCO (Total Cost of Ownership) # &
BETHERW2L NG WD, HHELIEELDT, L) FETLLEND 5,

(3) Toward an Evaluation Infrastructure for Power and Energy Optimizations
Chunling Hu, Daniel Jimenez, and Ulrich Kremer (Rutgers Univ., USA)
MEDEHRHEEE L L Tix, » %5 Low Power HPC OFaf% # fa#ifb 35 OS/ 2> ¥4

TEINDOMERETH 555, Bk Wattch % Xic L 6 —F 727D 21— 3>



ZHFVIEMHETIZ R, FFEDa—Fx 7 2> MoBT s b 2B RISk

F2L0) v _XNTREHICL LG, £2TC, ZOHEREE LT, EHDEEE

it 2k A b, —2F N~ F7 2T, SW Thdba—Fk7rarvicEobt s

vz )L TC SRECEHEZIT) . b ) —2iF SimPoint [Sherwood] » 7 4 7

TxHW, 7a7 7 DFETT7 2 — ADZAbEEICHRIL T, e Ef D7 2 —X

DREFDOHH ATV, ZTNERBL L I 2v—2 a3 20205, LaL%d

b, BHEITEIWHEFHN LK T 227 —2UEEIN TS Y, F725\0,

(4) Reducing Power with Performance Contraints for Parallel Sparse Applica-
tions Guilin Chen, Konrad Malkowski, Mahmut Kandemir, and Padma Ragh-
avan (The Pennsylvania State University, USA)

AWHNOMAEERIE CIZ AR B HEE %5, —DO0FREHEE LT, 7T—%958
FOE A ) — Blco L, @Y AR EZEHD) BT T DB 5D, TNTH
1096 22 5 25% FEDAMONEMGIHEL 5, £ 2T, V) —%2 280 b2 nEn
D/ —FicDVSHllEiziiL, FHio 2 — F DM BT O NI M B - TH T E—
MDD L ICHERNHB L Teb2 ik, MHRE2EIC T2 (AR
Jb%E4T5 . ¥ 3 2L —3 3 > TIRAMOREED 3-5% FREICHIRTE, K& TlE
30% FREDHE M I Tb Iz, Lo L s, @IRHIERSE Tl B O AT Hs 5
fLick>TEZ NI WD T, BlueGene ? k9 B EIETIIH T VIR WTH S
Do

Session 2 : Architectures (1:00-3:00)

(5) MegaProto: A Low-Power and Compact Cluster for High-Performance
Computing Hiroshi Nakashima, Hiroshi Nakamura, Mitsuhisa Sato, Taisuke
Boku, Satoshi Matsuoka, Daisuke Takahashi, and Yoshihiko Hotta (Toyohashi
University of Technology, University of Tokyo, University of Tsukuba, Tokyo
Institute of Technology, Japan)

F&22 7 JST-CREST MegaScale 7u o = 7 D9 b, MK 77 P 71 —24
TdH 5 MegaProto DEfi, MegaProto 2274 74 7 7 A% TH72 L T BlueGene
DE)BEEL A =T ) T 4 LEEN, WNCEET) - BEELEB LN,
EWV) HITARZ w2y = 7 A IBM &R THIZEL 72, 1 U Dl o4 — RIS
Transmeta Crusoe TMb5800, iIff N2 —"— 3 3 > Tl Transmeta Efficeon
1GHz # 16 CPU## L, 2 7&K Gigabit Ethernet D WNlig A A -~ F THERER: S 1,
#ERI2 16 Gigab 45 Gigabit Ethernet TZ 47— 7 7 )V 2= b [H#EEHR I N5,
Crusoe TOHOXY F=— 7 DFERTYH, [ DR T 50% FREMN H B 055 v Xeon D
11U — "L C 25 EotigaRn L TB Y, Efficeonic &Y 2 512 % Df5fE
ot L A E N5, 72, DVSHlE2ERCE X, WHI~> FTHBES A



) Ay 7DLDIFKBICEBI»WVERTHLEZ LR L2, —F, 2y FT—7
DEEBENID»KRE L, 4RI ZFOHREIN»BETH 505, PIFIZF Lo 7
ThHhb, ZDE )% HW Z2ERKL T2 DL ) ZHRZF TV A58 7 Vv—"713 < 72
FTTh-72,

(6) Performance Counters for Runtime Temperature Sensing in High-

Performance Processors

Kyeong-Jae Lee and Kevin Skadron (University of Virginia, USA)

AFED 7T vy FIREL T —%2 WL TW525 g7 vy 72 EDiRER b
PHT, Ny F— Ik ) hRETHEL TWwb, —F, THEANNTR

“Thermal Virus” Z &2 &), 74 @K TOVPERREIZRI2NDOD L, FREDH AN
FRE7 v v 7 G RN EZ B2 72iREIC EAT 2R L 4% N 7 P R DEE
BALZEDH N 92, 22T, BEE7 0w 7L DT 3 =2 AT F EFERD
HEAZ =T UL L, A DIREIEEEIc 2 —1F35Z2 &2, VT
ZA LK GHERE 7 0y 7 S DIREEAHEE L, RESMXE ) TILS A4 LI
WY 5, fiRE LT, HEIRWTF 7)o 74 0 F— L EBWE - & 21—
P a¥ (20ms) TH, BEZGIZHEIESH» TH 57260, HEKIBEDOE WS I 2
L—3 3 YDSUHETH 5 72, Pentium 4 Tld FP RO F T3 54 DI
2 EAL, = INT ROXY FIEPFEHREIIME AL DD, Ky P ARy P TERT
Wz kbR I 7,

(7) Improving Energy-Efficiency by Bypassing Trivial Computations

Ehsan Atoofian and Amirali Baniasadi (University of Victoria, Canada)

RISC 7wt #TiE, a4 7BLUOT—%7 7F v LoOESIc L) +0, *0,
%1 7c & “trivial” L@y BFATHVEINE L, Z22T, b EHEL TNOP o &
IICHIFATICT 5 2 &2 &) IPC % kU, = A VX—%Hi#T 5, Trivial Zat&i2

Semi-trivial ; need both operands R2 = 0+R1 (need to know R1)

Fully-trivial : only one operand R2 = 0 xR1 (only need to know 0)
DT b b, Full trivial 13V 2 27BN 5 00w T, L DR TH 5,
r7extg o> MIPS 13 move fy42% add 0 THEBIN TWE WL H - T, &KHIC
semi trivial Zef54 b 2%\, (859 semi-trivial, 159 fully trivial) (gcc-O3 on
MIPS), #EFE L ¢, IPC#°6.5%, THNX—%"4.5%, Energy-Delay f#i3F¥) T
11.8% &L 72,
(8) Simultaneous Wire Permutation, Inversion, and Spacing with Genetic Algor-

ithm for Energy-Efficient Bus Design

Shang-Jang Ruan (National Taiwan University of Science and Technology,

Taiwan, University of Dortmund, Germany)

T TN Z BRI E T 1T ERIR TH 50, G50 0-1 24 > 713 H 5., Hi



21X RISC & ISA T, a4 DisEND D H—DE Yy F 74—V FTHSHDT, HL
RO AT A E X v v a—T 3 —F2=y FONZAMTEEZAL > 7D
FRFICHZ DTV, 22T, X% /¥ 7 A ENZHEOBUREMEHICFIEL,
ZMEANFEE y FCHMT LI EIcL ), BREfRRZES L, HEMEzNS, £
b @ permutation #4179 Hh EATHO L WA DH ), BB EEERRIRIT S . TR T
3, BIET LT XA %W, permutation & E vy FORMAEZ RO TN 5B, > 3 2
L —3 3 > Tl permutation #4715 72856, WA T3I3% 1T E X v/ 7 > 2% Hlk
TE72, (Lo hbFNBENTIEI LY, v #tHL H-72,)

Session 3: Voltage Scaling (3 :15-4 : 45)

(9) Improvement of Power-Performance Efficiency for High-End Computing
Rong Ge, Kirk Cameron, and Xizhou Feng (University of South Carolina, USA)
% L oI HPC 77°) T, # € ) DT 7 2 ZFFERIER, & v b7 — 7 DG

HARREADBHELIC FE A L, Wil 2 DBRIC DVS 7 & T EHR/NRIC CPU 3 EL2 T 5 2

L2k - T, KR BITHIED W BE L 7% 5, AWFFETlE, PowerPack & kx5, =

PUDEZEAVR=A Y DIAINT =% ) TINIA LCHEL, 70T T LDFEATH

Gy EFEOHT ALY = T 7 v —2T7— 7 ZH\v, DVS #2558 2 AMD Opteron

D77 A% T SPEC % NAS Parallel Benchmark 7% ¥ DE#~ > F<— 7 TllE

AT 72, ZORER, WY DVS D% iE$ 5 2 Lok - ¢, BRI 4 2 ~F L

T4 BR—> FUMIZHIZ DD, 26% FRED T AKX —HIATTEETH 5 2 LAY

b7z, $72, enery-delay i —ibe LT, El—a) *D20+a)) &5 2

MY 7 RBEEL, WEEREBL LAEbLY T, a DZfbIC L - THRREMD (0< =

a<=17T, ahKREW) », ZALX—HY (a 2V V) IZWDLWBEHEDHET

harZEbamlbiz,

(10 Exploring the Energy-Time Tradeoff in High-Performance Computing
Feng Pan, Vincent Freeh, and Daniel Smith (North Carolina State University,
USA)

NAS serial 8 X OF SPEC N> F|l2 8T, energy-time tradeoff % ZEHllICHw U 72,
—ODT 7)) r—2 3 VETDLHDMI AN T —ma A b L X, —ICH S
FEE DVS 3 %7275, DVS 2889 &5 L FATRIMIPE T EC, 2> T4
NX—%WEHET D, F/2, 2L ZLT 7N EL L2000 F L WAL v,
Z 27T, CPUME, » %) #E, FITRMH, B A X—MEREICEL TEElZ%
AP BETH D MERIEBBUORATAEME) T2 IV —HEEas2 Yihs L,
FATRER 2 X#h e 35 &, DVSHlElicE > T UFRD A —T7%2Hi < D5, ZRo vl
DYPREINTz, T2, CPUNT Y R T 7)) r—32 3 3 AT ) N 2D R % R
DPEETELHEN DL VE WS (I ERTRENR) RIS N,



(1) Scheduling Processor Voltage and Frequency in Server and Cluster Systems
Ramakrishna Kotla, Soraya Ghiasi, Tom Keller, and Freeman Rawson (Uni-
versity of Texas at Austin and IBM Austin Research Laboratory, USA)
HPCH—"Dy 3 7272 2—1) > 7I2BWT, Power-Aware 272 2—1) > 7

#4719 &9 IBM Ausitn 20 5 DL TH 5, DVSHIBEHOENMED (70 7 %3k &

L C OB, BIHE L RRMIcATHONS) K7 IPC & i W AHEE A 5

27 H L, performance counter # 7% & 2 H W T IPC #FHIL, 22> Z 1z

2T, WT—IZBRT A4 P (RELEAICL2EROWEFE L LYy - H——

W) Iy bMzkdRawy F) > 7) ZELFRICANT, TNENDY 3 TDRT Y

2— ) > ZWRICEY e DVS vy T4 > 72T & v LD, 100 ms FEEDH > 7))

PITA I =NUVT, T T TLEDFEITT AR OREE LS N Ty X T

TEBZEERLI, 12720, Ya70=A 7 v —a v 3FELTBLT, MR

Powerd+ TH: 51723 DT, FEEED DVSHIEITZ <, T4 FILVKREEZ 5@y ic 37 A

THrIliCLkoTZIab—FLTWw5, Bl SMP FthEH Tl 7 ey YHD Y

3727V = a i FELTWEZ ) THb, $/2, —BREICEB W T Power

Aware scheduling 25 Ib 87 DX, % DGABD RN THES R E 254, <> D

—EBTT T L EENERMB ) E LTy AT 2DMOEGIC S SIcAR%E 52,

Cascaded failure 752 209 { %5 & W) BHIC & 5 & F5R L 72, GEEOWAN

JEIRTIERA P R R L&KL 72,)

WIRICT A A v ardbl), ZLDVYT7 72T 77y F7x—24I13 Power
Aware T \WODT, LA L% T, &) BRI N, B2 1E, Intel DF
v 713 DVS il 2 JEEH D@ IcAT 2 5 20%, ZOREEZ M) & Linux 137 7 » &
23 %, [Ekic, SMPI2BWTDVS CiE9 CPU % 87 5 F¥EiIcekE L Ty, ~—
FENZ RS L T 555, Linux 257 7 v > 23 5,

3. IPDPS main session
IPDPSDO XA > DT 7=ty a>Th, —DODty a3 »refk) Power
Management (2#] ) BT H 1, TN HENTHL Y »a VIZHD B TH5NHEERD
Hotlz, 12, WHDX—/— FiZ, Berkeley @ CITRISI2 L 222b ), £ —%
v MDA o3 b - B ES OS £ Bi¥E L 72 David Culler TH - 72,
- Exploring the Energy-Time Tradeoff in MPI Programs on a Power-Scalable
Cluster
Vincent W.Freeh, Feng Pan, Nandani Kappiah, (North Carolina State Univ.
USA), David K.Lowenthal, Rob Springer, (Univ. of Georgia, USA)
V=7 3y 7L EPT B 2%, 4FEIE MPLIEAIO NAS 7' 777 202B L T
7 DVS osh 2B L 72, 72, 7ok o 7 8 2HVWTX vy v a I A%



FHTL, 2Bl WM 2R Z L 2L, W7 7 271252 0% —-
Kl b v — P A 7 offiip e T v 2 e b L 72,
- Software-Divected Disk Power Management for Scientific Applications
Seung Woo Son, Mahmut Kandemir, Pennsylvania State Univ., Alok Choud-
hary, (Northwestern Univ., USA)

HPC Iz BW TR KD T — D72 DIZ KB A Ly PR HWDL Z & h' %
WA, S DALY Yy P AT ATIEHDD # 2> 77> L7z D), FEknlgsk > 25 %
TE 5 L)% 72 6 izl %2 (Bliko> HDD Tldffz 2 BHIC L ) TEZw) 47
TERNEKD»TELICLELL T, pHADOIFFICKE» LRI L 247> TB 57, 5
B ZDE ) Ay T b ViEHI N LW, U HDD g AE> T o 7
DL —T 2 I DEHLLERERWZDTH L, £ 2T, 7’077 L%2W L, HbIC
EoTUI7T w77 2 EWET- T, L VM wAE Y ST Uil Z4T) L L bic, AE
Ty T7RLTERWS A I 7 THANIAT> CZDV—T > 2 2 BT L) 12T 5,

- Exploiting Barriers to Optimize Power Consumption of CMPs

Chun Liu, Anand Sivasubramaniam, Mahmut Kandemir, Mary Jane Irwin,
(Pennsylvania State Univ., USA)

OpenMP ? 2 v v FipF| 7' 0 75 LA TlE, X)) THHICZE > 724 b 5 DH5E0
DT, LB bILE, 21T OpenMP D> 2T A5 —7 D AR5 E L
TH, F6D2EMT30% LDOTA FAUZA 28BS NG Z EDHEKRTHE, 22
T, DVS ZHWT, &£ To7aty FEEHC N TICHERET 2 & ) ICHEiT %, &
K%, FEATHERTICBY 3 % Oracle predictor # v % & KZERWHEATE S5 115, Open-
MP & 3) TIEN—7"T% DT, FW L & ) B E N5 & FHRE NS D T, Oracle
predictor (2T W FHIZ KA S 72 L b b Th 5 EBEIEINV—TD1 4 T —
3 > DFEATRRIC M 5 last value predictor 2 v 5 &, KIEICEATEE AT 3
b, ZHUZERETON=7TDA TV — 3 Y HOEEEDRENE % b, £ 2T,
Markov predictor # x5 Z & T, [1ZITERRIC I WEER DT 5 17z,

- Power Saving in Regular Intercommection Networks Built with High-Degree

Switches
Marina Alonso, Juan-Miguel Martinez, Vicente Santonja, Pedro Lopez, Jose
Duato, (Univ. Politecnica de Valencia, Spain)

IFEDWHIFHHEBEHDO A v T —7 24 v FokE (R— ) 3 IMEMICH %,
ZZT, ZnEMHL, FT7 74y 2hEEERIBELEEEFI N T XL T
e, P72 740 7000w ESICEREHELS ) 724712 LT, ALY
5, 12720, MER—DND) > 713 N—T 4 > 7T NI AarkHHALT 572512,
B L TBLZEICT S, £72, P77 4 7D5 L) IR AT, RERICIE
LT 7%—=D=DT 7T 4 X— T bEF—N=—y FHPRKEVDT, ZTDOKEIC



B0 EFETETN) 72 F 02T 2 LWl Z4T5, 2-D ) 32x32 } —7 A TN
PIalb—yar TR H -T2, LLLD S, ~N—FIICIZ T rEEL <,
V> 7DAT— b DEAR) » I BEELSEBED AL v ¥ a2k — L FOPRE, &

ey 7 A INA =T —TOHEGROT VT ) X (DF Y frequency
renegotiation # L 7%c\») Z ¥, W DL DHEI D 5,

- Dynamic Power-Aware Scheduling Algorithms for Real-Time Task Sets with
Fault-Tolerance in Parallel and Distributed Computing Environment
Jian-Jun Han, Qing-Hua Li, (Huazhong Univ. of Science & Technology, China)

No Show TH - 7z,
- Power and Energy Profiling of Scientific Applications on Distributed Systems
Xizhou Feng, Rong Ge, Kirk W. Cameron (Univ. of South Carolina, USA)

Sz b - 72 PowerPack 7 L — 27— 7 DA~ &, 21Uz & 5 NAS Parallel ben-
chmark DFEATRED S HIED ”E’C B 5, A MPI D~=—rx— & DiEW (L, Power-
Pack % M\ TEATH DR EEHC G - 72/ HE & £ DR EZR L, 222 CPU 7213 T
Gl bkr G arR—%> b@@%@ﬁmﬂA%rwaé Li2dh %, FHKD Opter-
on ~X—2Z -100 base-T D 27 AT, I3 EAMKICIZ CPU DWW E B A
WTHhYD, ZZ%#DVSLETRHRLTOVEHTH S, L2 L%ad»5, Low Power
Processor iI2%c 51221, v bV — 7% X MDD a >y R—4 2y DRBEIMLSEHEE
7t 5 D3 MegaProto DIHTHkN72 & B TH 5,

4. ¥bYic

ki Low Power HPC DWFEDBES TR\ 2%, T TIZ L DFERDI TV 5
b ED HPC B L U — "ER T el BEN 2B D 5, —DI2iE, F—%
HPC 2_—2TlE, ZL DRV 7 V72 TEETHY, %nib#lmﬁitf
25 THLZ L %)—E’C‘%Z) J. FHZ, ZLOWREIE, b &L & HPC EREE
NV TRAT P a—) T DI X 2= o2 N2 b0 %, Aol - 7’
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