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Ehe New Hork Times_2002 4 20

Japanese Computer IsWorld's
Fastest, as U.S. Falls Back

By JOHN MARKOFF
TONEEN, AN FRANCISCO,
April 19 A Japanese
laboratory has built
the world's fastest
computer, a machine
so powerful that it
matches the raw
processing power of
the 20 fastest
American computers
: s g combined and far
outstrips the previous leader, an IBM-built machine.
The achievement, which was reported today by an American
scientist who tracks the performance of the world's most
powerful computers, is evidence that a technology race that
most American engineers thought they were winning handily is
far from over. American companies have built the fastest
computers for most of the last decade.
The accomplishment is also a vivid statement of contrasting
scientific and technology priorities in the United States and
Japan. The Japanese machine was built to analyze climate
change, including global warming, as well as weather and
earthquake patterns. By contrast, the United States has
predominantly focused its efforts on building powerful
computers for simulating weapons, while its efforts have lagged
in scientific areas like climate modeling.
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(10.4km, T 1279L 24)

AFES(Kuo) T1279L96 5y JAN/07 12Z hour
Snapshot of Precipitation PRCP(g/m#x2/s)
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Memory Register Processor
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Limitation —> Processing —)Vector_izing —)Parallt_alizing —> Difficult to Code —> Shared
by Scalar Bottleneck Compiler Compiler Memory
Processing in Memory Performance Bottleneck in
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by Single Processor Throughput
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DO201=11,12
IF(LLTINXT)
$ GOTO20
IF(WI(1).EQZERO) THEN
INXT=1+1
ELSE

IF(A(1+1,1).EQZERO) THEN
WI(1)=ZERO
WI(1+1) = ZERO
ELSE IF( A( I+1, 1).NE.ZERO AND. A(, I+1).EQ.
$ ZERO) THEN
WI(1)=ZERO
WI(1+1) = ZERO
IF(1.GT.1)
$ CALL DSWAP(I-1, A(1,1), 1, A(1, 1+1),1)
IF(N.GT.I+1)
CALL DSWAP(N-I-1, A(1, 1+2), LDA,
A(1+1,142), LDA)
CALL DSWAP(N, VS(1,1), 1, VS(1, 1+1), 1)
A(L1#1) = A1+, 1)
A(1+1,1) = ZERO
END IF
INXT=1+2
END IF
20 CONTINUE
END IF
CALL DLASCL('G', 0, 0, CSCALE, ANRM, N-IEVAL, 1,
WI(IEVAL+1), MAX(N-IEVAL, 1), IERR)

@ ®

$

END IF

IF( WANTST .AND. INFO.EQ.0) THEN
Check if reordering successful

LASTSL = .TRUE.




Nine Lessons Learned in the Design of CDC6600 (N.R.Lincoln)

It’s Really not as much Fun Building a Supercomputer asit is
Simply inventing one
(High Speed Computer and Algorithm Organization ,1977)

L esson 2
Circuit design and system architecture are only piecesin a
lar ge puzzle called “ supercomputer CPU.” A major limitation
on the feasibility of a given supercomputer project could well
be the mechanical ,power ,packaging and cooling requirements
of the overall electronic design.
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Memory Chip and Tr in Y -Processor

Tr bits

nm
8G [ 64G 250
4G 466G : : 200
Design Rule Bits/Chip
¥
2G 4G
Tr/Chip
1G [ 16 100
500M [~ 256
99 2002 2005 2008 2011 2014
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Clock Frequencies |/O Pads Power Dissipation
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Design Rule _
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Logic Technology Roadmap

ITRS'99

ITRS'01

YEAR OF PRODUCTION 2001 | 2002 | 2003 | 2004 [ 2005 | 2006 [ 2007 | 2010 [ 2013 | 2016
DRAM 1/2 PITCH(nm) 130 | 115 [ 100 | 90
YEAR 1999 [ 2000 | 2001 | 2002 | 2003 | 2004 [ 2005 | 2008 | 2011 | 2014 MPU/ASIC1/2PITCH(nm) 150 | 130 | 107 90
MPU Gate Length (nm) 140 | 120 | 100 | 85 80 70 65 45 32 22 MPU PRINTED GATE LENGTH(nm) 90 [ 75 [ 65 | 53
ASIC Gate Length (nm) 180 165 150 130 120 110 100 70 50 35 MPU PHYSICAL GATE LENGTH(nm) 65 53 45 37
Nominal lon at 25 °C (LA/um) 750/350| 750/350| 750/350| 750/350| 750/350| 750/350| 750/350) Physical gate length high-performance(HP)(nm)[ 1] 65 53 45 37
[NMOS/PMOS] high-performance Equivalent physical oxide thickness for
Maximum o at 25 °C (pA/um) 5 7 8 10 13 16 20 40 80 160 high-performance Tax(EOT)(nm)[ 2] 1.3-1.6(1.2-1.51.1-1.60.9-1.4
(For minimum L device) low power Gate depletion and quantum effects electrical
Equivalent physical oxide thickness 19-25(19-25[151.9[15-1.9{151.9]12-15[1.0-15 thickness adj ustment facctor (nm)[ 3] 08 | 08 [ 08| 08
Tox (nm) T €electrical equivalent(nm)[ 4] 23 | 21 2 2
Lgae 3o variation (nm) 14 12 10 85 8 Nominal power supply voltage(Vad)(V)[5] 12 | 11 1 1
(dense and isolated lines) Nominal high-performance NMOS sub-threshold
Gate electrode sheet Rs (/) 4-6 4-6 4-6 4-6 4-6 4-6 4-6 leakage current,1sgjax(@t 25 )(uA - m|[6] 0.01 | 0.03 | 0.07 | 0.1
Silicide thickness (nm) 55 45 40 34 32 Nominal high-performance NMOS saturation drive
Contact silicide sheet Rs (©/00) 2.7 33 3.8 4.4 4.7 current,ldd(at Vag, at 25 )(uA-um)[7] 900 | 900 [ 900 | 900
Drain extension Xj (nm) 42-70 | 36-60 | 30-50 | 25-43 Required percent current-drive" mobility
Number of metal levels 67 | 67 7 78 8 8 89 9 9-10 | 10 /transconductance improverment"[ 8] 0% [ 0% | 0% | 0%
Local wiring pitch (nm) S00 | 450 | 405 | 365 | 330 | 295 | 265 Parasitic source/drain resistance(Rsd)(ohm £ m)[9] | 190 | 180 [ 180 [ 180
I ntermediate wiring pitch (nm) 640 575 520 465 420 375 340 240 Parasitic source/drain resistance(Rsd)percent of
Minimum global wiring pitch (nm) 1050 | 945 850 765 690 620 560 390 275 ideal channel resistance(V da/l 44)[10] 16% | 16% | 17% | 18%
Conductor effective resistivity 22 22 22 22 22 22 22 18 Parasitic capacitance percent of ideal gate
Cuwiring (uQ-cm) capacitance[11] 19% | 22% | 24% | 27%
Barrier/cladding thickness 17 16 14 13 12 11 10 High-performance NMOS device
(for Cu wiring) (nm) t(C gate* Vaa/ da-NMOS)(ps)[ 12] 16 | 13 | 11 ] 099
Interlevel metal insulator 35-4.0[35-40[27-35[27-35[2.2-2.7]2.2-2.7 Relative device performance[ 13] 1 12| 15 | 16
-effective dielectric constant (k) Energy per (WL ge=3)device switching transition
(Cgate™ (3* L gate)* Vz)(fJ/Device)[ 14] 0.347|0.212(0.137 | 0.099
Static power dissipation per(WLgate=3)device 0.5E |6.7E [1.0E |1.1E
(Watts/Device)[ 15] -09| -09] -08f -08
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How to Utilize Chip Area?( 2010)

Chip Size:6.2cm?
(0.07u mRule)

M -P Core:0.1cm?
(5MTr)
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