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Tianhe-1A - NUDT TH MPP, X5670 2.93Ghz 6C, NVIDIA GPU, FT-1000 8C, 186,368
NUDT

National Supercomputing Center in Tianjin
China

Jaguar - Cray XT5-HE Opteron é-core 2.6 GHz , Cray/HPE 224,162
DOE/SC/0ak Ridge National Laboratory
United States

Nebulae - Dawning TC3600 Blade, Intel X5650, NVidia Tesla C2050 GPU , 120,640
Sugon

National Supercomputing Centre in Shenzhen (NSCS)

China

TSUBAME 2.0 - HP ProLiant SL390s G7 Xeon 6C X5670, Nvidia GPU, 73,278

Linux/Windows , NEC/HPE
GSIC Center, Tokyo Institute of Technology
Japan

Hopper - Cray XEé 12-core 2.1 GHz , Cray/HPE 153,408
DOE/SC/LBNL/NERSC
United States

https://www.top500.org/

Rmax

1,759.0

1,271.0

1,192.0

1,054.0

Rpeak

2,331.0

2,984.3

2,287.6

1,288.6

Power

6,950

2,580

1,399

2,910
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Tianhe-2A - TH-IVB-FEP Cluster, Intel Xeon E5-2692 12C 2.200GHz, TH 3,120,000 33,862.7 54,902.4 17,808
Express-2, Intel Xeon Phi 31S1P, NUDT

National Super Computer Center in Guangzhou

China

itan - Cray XK/, Upteron 6 . , Cray Geminl Interconnect,
NVIDIA K20x , Cray/HPE
DOE/SC/0ak Ridge National Laboratory
United States

3 Sequoia - BlueGene/Q, Power BQC 16C 1.60 GHz, Custom , IBM 1,572,864 17,173.2 20,132.7 7,890
DOE/NNSA/LLNL
United States

4 K computer, SPARC64 VIIIfx 2.0GHz, Tofu interconnect, Fujitsu 705,024 10,510.0 11,280.4 12,660
RIKEN Advanced Institute for Computational Science (AICS]
Japan

S Mira - BlueGene/Q, Power BQC 16C 1.60GHz, Custom , IBM 786,432  8,586.6 10,066.3 3,945

DOE/SC/Argonne National Laboratory
United States

https://www.top500.org/
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Rmax Rpeak Power
Rank System Cores (TFlop/s) (TFlop/s) (kW)

Sunway TaihuLight - Sunway MPP, Sunway SW26010 260C 1.45GHz, 10,649,600 93,014.6 125,435.9 15,371
Sunway , NRCPC

National Supercomputing Center in Wuxi

China

Tianhe-2A - TH-IVB-FEP Cluster, Intel Xeon E5-2692 12C 2.200GHz, TH 3,120,000 33,862.7 54,902.4 17,808
Express-2, Intel Xeon Phi 31S1P, NUDT

National Super Computer Center in Guangzhou

China

3 Titan - Cray XK7, Opteron 6274 16C 2.200GHz, Cray Gemini interconnect, 560,640 17,590.0 27,112.5 8,209
NVIDIA K20x , Cray/HPE
DOE/SC/0ak Ridge National Laboratory
United States

4 Sequoia - BlueGene/Q, Power BQC 16C 1.60 GHz, Custom , IBM 1,572,864 17,173.2 20,132.7 7,890
DOE/NNSA/LLNL
United States

5 K computer, SPARC64 VIlIfx 2.0GHz, Tofu interconnect, Fujitsu 705,024 10,510.0 11,280.4 12,660
RIKEN Advanced Institute for Computational Science (AICS])
Japan

https://www.top500.org/
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Rmax Rpeak Power
Rank System Cores (TFlop/s) (TFlop/s) (kW)

1 Summit - IBM Power System AC9%922, IBM POWER9 22C 3.07GHz, NVIDIA 2,414,592 148,600.0 200,794.9 10,096
Volta GV100, Dual-rail Mellanox EDR Infiniband , IBM
DOE/SC/0ak Ridge National Laboratory
United States

2 Sierra - IBM Power System AC922, IBM POWER9 22C 3.1GHz, NVIDIA Volta 1,572,480 94,640.0 125,712.0 7,438
GV100, Dual-rail Mellanox EDR Infiniband , IBM / NVIDIA / Mellanox
DOE/NNSA/LLNL

Sunway TaihuLight - Sunway MPP, Sunway SW26010 260C 1.45GHz, 10,649,600 93,014.6 125,435.9 15,371
Sunway , NRCPC

National Supercomputing Center in Wuxi

China

Tianhe-2A - TH-IVB-FEP Cluster, Intel Xeon E5-2692v2 12C 2.2GHz, TH 4,981,760 61,4445 100,678.7 18,482
Express-2, Matrix-2000, NUDT

National Super Computer Center in Guangzhou

5 Frontera - Dell C6420, Xeon Platinum 8280 28C 2.7GHz, Mellanox 448,448 23,516.4 38,745.9
InfiniBand HDR, Dell EMC
Texas Advanced Computing Center/Univ. of Texas
United States

https://www.top500.0rg/
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Rmax Rpeak Power
Rank  System Cores (TFlop/s) (TFlop/s) (kW)
= . 1 Supercomputer Fugaku - Supercomputer Fugaku, A64FX 48C 7,630,848  442,010.0 537,212.0 29,899
b 2.2GHz, Tofu interconnect D, Fujitsu
RIKEN Center for Computational Science
Japan
2 Summit - IBM Power System AC922, IBM POWER? 22C 2,414,592 148,600.0 200,794.9 10,096
3.07GHz, NVIDIA Volta GV100, Dual-rail Mellanox EDR
Infiniband, IBM
DOE/SC/0ak Ridge National Laboratory
United States
S Sierra - IBM Power System AC922, IBM POWERY 22C 3.1GHz, 1,572,480 94,640.0 125,712.0 7,438

NVIDIA Volta GV100, Dual-rail Mellanox EDR Infiniband, IBM /
NVIDIA / Mellanox
DOE/NNSA/LLNL

Sunway TaihuLight - Sunway MPP, Sunway SW26010 260C 10,649,600 93,014.6 125,435.9
1.45GHz, Sunway, NRCPC

National Supercomputing Center in Wuxi
China

5 Selene - NVIDIA DGX A100, AMD EPYC 7742 64C 2.25GHz, 555,520 63,460.0 79.215.0 2,646
NVIDIA A100, Mellanox HDR Infiniband, Nvidia
NVIDIA Corporation
United States

6 Tianhe-2A - TH-IVB-FEP Cluster, Intel Xeon E3-2692v2 12C 4,981,760 61,4445 100,678.7 18,482
2.2GHz, TH Express-2, Matrix-2000, NUDT
National Super Computer Center in Guangzhou

China https://www.top500.org/
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Rmax Rpeak Power
Rank System Cores (TFlop/s) (TFlop/s) (kW)
'TE‘;—' _E;: 1 Supercomputer Fugaku - Supercomputer Fugaku, 7,630,848 447 010.0 h37,2120 29,899
=S AT Ab4FX 48C 2.2GHz, Tofu interconnect D, Fujitsu
RIKEN Center for Computational Science
Japan
2 Summit - IBM Power System AC922, IBM POWER? 22C 2,414,592 148,600.0 200,794.9 10,096
3.07GHz, NVIDIA Volta GV100, Dual-rail Mellanox EDR
Infiniband, IBM
DOE/SC/0zk Ridge National Laboratory
United States
3 Sierra - IBM Power System AC922, IBM POWERS 22C 1,572,480 94,6400 1257120 7,438

3.1GHz, NVIDIA Volta GV100, Dual-rail Mellanox EDR
Infiniband, IBM / NVIDIA / Mellanox
DOE/NNSA/LLNL

United States

Sunway TaihuLight - Sunway MPP, Sunway SW24010 10,649,600 73,0146 125,435.9
260C 1.45GHz, Sunway, NRCPC

Mational Supercomputing Center in Wux

Perlmutter - HPE Cray EXZ235n, AMU EPYC Y763 640 61,854 0,870.0 93,7000 hay
2 45GHz, NVIDIA A100 SXM4 40 GB, Slingshot-10, HPE

DOE/SC/LBNL/NERSC

United States

b Selene - NVIDIA DGX A100, AMD EPYC 7742 64C 555,520 63,4600 79,2150 2,646
2.25GHz, NVIDIA A100, Mellanox HDR Infiniband, Nvidia
NVIDIA Corporation
United States

https://www.top500.org/



Q) FE#ZLL%S

University of Science and Technology of China

Rmax Rpeak Power
Rank System Cores [PFlop/s] (PFlop/s] (kW]
1 Frontier - HPE Cray EXZ35a, AMD Optimiz 8,699,904 1,194.00 1,679.82 22,703
Generation EPYC 64C 2GHz, AMD Instinct MI250
Slingshot-11, HPE
DOE/SC/0ak Ridge National Laboratory
United States
2 Supercomputer Fugaku - Supercomputer Fugaku, 7,630,848 447.M 337.21 29,899
AGAFX 48C 2 2GHz, Tofu interconnect D, Fujitsu
RIKEN Center for Computational Science
Japan
3 LUMI - HPE Cray EX235a, AMD Optimized 3rd 2,220,288 309.10 428.70 6,016
Generation EPYC 64C 2GHz, AMD Instinct MI230X,
Slingshot-11, HPE
EuroHPC/CSC
Finland
4 Leonardo - BullSequana XH2000, Xeon Platinum 8358 1,824,768 238.70 304.47 7404
32C 2.6GHz, NVIDIA A100 SXM4& 64 GB, Quad-rail NVIDIA
HDR100 Infiniband, EVIDEN
EuroHPC/CINECA
Italy
9 Summit - [BM Power System AC922, IBM POWER? 22C 2,414,592 148.60 200.79 10,096
3.07GHz, NVIDIA Volta GV100, Dual-rail Mellanox EDR
Infiniband, IBM
DOE/SC/0ak Ridge National Laboratory
United States
[ Sierra - |IBM Power System AC922, |BM POWER® 22C 1,572,480 9464 12571 7,438

3.1GHz, NVIDIA Volta GV100, Dual-rail Mellanox EDR
Infiniband, IBM / NVIDIA / Mellanox
DOE/NNSA/LLNL

Sunway TaihuLight - Sunway MPPF, Sunway SW24010 10,649,600
260C 1.45GHz, Sunway, NRCPC

Matienal Supercomputing Center in Wuxi

China .top500.org/
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Rmax Rpeak Power
Rank System Cores [PFlop/s) [PFlop/s) (kW)
1 El Capitan - HPE Cray EX255a, AMD 4th Gen EPYC 24C 11,039,616 1,742.00 2,746.38 29,581
1.8GHz, AMD Instinct MI300A, Slingshot-11, TOSS, HPE
DOE/NNSA/LLNL
United States
2 Frontier - HPE Cray EX235a, AMD Optimized 3rd 9,066,176 1,353.00 2,055.72 24,607
Generation EPYC 64C 2GHz, AMD Instinct MI250X,
Slingshot-11, HPE Cray 05, HPE
DOE/SC/0ak Ridge National Laboratory
United States
3 Aurora - HPE Cray EX - Intel Exascale Compute Blade, 9,264,128 1,012.00 1,980.01 38,698
Xeon CPU Max 9470 52C 2.4GHz, Intel Data Center GPU
Max, Slingshot-11, Intel
DOE/SC/Argonne National Laboratory
United States
4 Eagle - Microsoft NDv5, Xeon Platinum 8480C 48C 2,073,600 561.20 846.84
2GHz, NVIDIA H100, NVIDIA Infiniband NDR, Microsoft
Azure
Microsoft Azure
United States
5 HPCé - HPE Cray EX235a, AMD Optimized 3rd 3,143,520 477.90 606.97 8,461
Generation EPYC 64C 2GHz, AMD Instinct MI250X,
Slingshot-11, RHEL 8.9, HPE
Eni S.p.A.
Italy
6 Supercomputer Fugaku - Supercomputer Fugaku, 7,630,848 447.01 937.21 29,899

Ab4LFX 48C 2.2GHz, Tofu interconnect D, Fujitsu
RIKEN Center for Computational Science
Japan

https://www.top500.org/
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Intel: 2020 (E)—2029 (Z)

An Insatiable Need For Computing

Weather Prediction
1 ZFlops . R)
100 EFlops
10 EFlops Genomics Research. - |
1 EFlops ; A 2 '
100 PFlops
10 PFlops
1 PFlops
100 TFlops
10 TFlops
1 TFlops
100 GFlops
10 GFlops
1 GFlops Forecast

100 MFlops —5
1999 2005 2011 2017 2023 2029

==

Exascale Problems Cannot Be Solved Using the
Computing Power Available Today
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WEROY
VIESFIK160: IRIERSOLL, HIHERE101i
v {5]: 000001 0000001000
O+5 < #{ER
v'load (000001) : [M]->ACC
v'store (000010) : ACC—>M
v'add (000011) : AGCC+[M]->AGC
v'mul (000100) : ACC*[M]->ACC
vprint (000101) : FTEP[M]
vhit (000110) : 1=#1
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3—11§U—y:ax2+bx+c vty o5 iomon st Tosiology ofCone
Oy=(ax+b) x+c Huli | op opr
/ Yy=SACC 0000 |000001(ld) | 0000001000
0001 | 000100(mul) | 0000001001
v x*a->AGC 0010 | 000011(add) | 0000001010
v ax+b—>ACC 0011 | 000100(mul) | 0000001000
v x* (ax+b) —>ACC 0100 | 000011 0000001011
v (ax+b) x+c—>ACC 0101 | 000010 0000001100
v ACC=Sy 0110 | 000101 0000001100
0111 | 000110
v Print (y) 1000 |«
v HIt 1001 |a
1010 |b
1011 |c
1100 |
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O #l28 Fc——CPU— R BEAL TR AY Z | SR HY AL 2K
v BESCPUNFFRUEAX, LRREESRFMIEDZEE

{8
- EEFTIMA2AT, 6AINLEE, X BAI32RN64TEEHEH]

v 2z EiRE
e CPUFIKEFE, EEHEMBRZHER, WEZREH
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OFEEE— FHESTIEFEREITH S
VRARETERENHERE
VERAE = FHBERTIH X FiEFEK
.+ TRiER Y25 77 BRMARAY (R R T 72 8 T N

o FESHNHEIESEREMWRMAHEM T FiEFIK

o BRIZMARJF16fiL. MDRA32, MIFTRIZFIEEREFHB2'=655361
GBI, BHGEHEESEHR2C X 32b = 22b = 2Mb = 256KB

OFESERT
v B HEDNECEEAS=XK/, B, KB, MB, GB, TB
VET: —/NFETB, RSN iHFIE
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O FZI#E &
V AMEINEBEFNANREATTEA—, E—E2FTREHK
V ST E—ZRFITENKR, FRKE ZEERN
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O H= BN EEEENER, STFZEERX, WHlEE
5. BRIERE, FHFEEF
O E E#EF 7% (benchmark)
v Z[ECPU. /0454, #HRIERG . WiFRJVEF
v TEN T B R SERR T{ERE
HATE HRGNRKIER -
v BEXFEF: C4mi¥ES. Matlab. Photoshop--- (BT KI0]EH)
VORISR B ELSIRE R R B BT B R L SO A DML «
Livermore loops. Linpack

v &M FERF ( Whetstone/Dhrystone )

v 2R G FEFEL: Benchmarks) : EFE—EHEZ1NFHE
BRFTMHRNMRAEF, A —MBERAMNRIEEFRES.
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*@ AL - &
CODhrystone

v BN IR
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ZEMRNEENNIEF
v iE TR [E— R SRV RS

L inpack
v M B =14 BE Fl SR ZE 12 14 BE
COWhetstone

v _/\Q""'Al
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v R R iRlE. BEBEGTERINE

e S 1 RE
OTPC (Transaction Processing Council)
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HEH (RFT) FS5LIEMEE
O SPEC

Jin

v’ System Performance Evaluation Cooperative
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AutoBench @ THWEHIHE ANTRERTEN , tbEES

Angle to time conversion

Basic interger/floating point = archtan(x)

Bit manipulation

Cache buster

Can remote data request
Fft

Fir filter

lir filter

Idct

[t

Matrix arithmetic
Pointer chasing

Pulse width modulation
Road speed calculation
Table lookup and interpolation
Tooth to spark

Consumer

IPEG

High-Pass Grey-scale filter
RGB to CMYK Conversion
RGB to YIQ Conversion

Java GrinderBench : 12MEASIIE

Networking : PI£E{ELE

IP Reassembly

IP Packet Check

IP NAT

OSPF{open shortest path first)/Dijkstra
Qos

Route Lockup

TCP

Packet Flow

Digital Entertainment : fR /IS BHEFHRELNNE  S2ERS

FRABZLL*X S
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AES

DES

High-pass grey scale filter
Huffman decoding
Mp3 decode

Mpeg-2 decode
Mpeg-2 encode
Mpeg-4 decode
Mpeg-4 encode
RGB-CMYK Conversion
RGB-YIQ Conversion

RSA
0A

Bezier ; B[ ZE/REE

Dithering : ElEEIHEFTEDL

Ghostscript © f@ps printer

Rotate o

Text parsing : 4MEPCL/Postscript 4 &
Telecomm

Autocorrelation | E{F{EEMMEFRIEEIT ;
Bit allocation : DSL modem=PRYEE AATOEE

Convolutional encoder : FLZRIBERGTERA ;| 28
Fft :

Viterbi decoder : #H55

Multibench @ 187~ | gﬂ”%ﬁﬁﬁg
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0S8 s BN EESE: RS
P 32 BV BT (8]
v CPl (Cycle per Instruction)
- I8SEHE, RARPIT—FIESIAENTIETE A%

PATHEF T & I CPU RS £ B #A 41
RS TES &L
v'MIPS (Million Instruction Per Second)
- BAKESEW, BRMNRNEARMITHIESE

CPI =

PR HITE 4 &%
MIPS = SRR N
S T2 P HIHAT B (8] x10° .
v MFLOPS (Million Floating Point Operation Per
Second)
s BARXREZERIREEY, RAREGENRFZFEHEMRE

= R T Wi 2

MELOPS = %E%H’]fd—,m?ﬂ/ﬁf/\ﬁ

2 RIFAT B [E] x 10°
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Computer Performance

Name FLOPS
yottaFLOPS 1024
zettaFLOPS 10%%
exaFLOPS 1018
petaFLOPS 10%°
teraFLOPS 1012
gigaFLOPS 109
megaFLOPS 106

kiloFLOPS 103


http://en.wikipedia.org/wiki/Yotta-
http://en.wikipedia.org/wiki/Zetta-
http://en.wikipedia.org/wiki/Exa-
http://en.wikipedia.org/wiki/Peta-
http://en.wikipedia.org/wiki/Tera-
http://en.wikipedia.org/wiki/Giga-
http://en.wikipedia.org/wiki/Mega-
http://en.wikipedia.org/wiki/Kilo-
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Bl —HdhFESE, EHN20MHz, ] ﬁﬁﬁéﬂd‘%
e BN A28 BRAR, FE%
84 H 3 ILas B AR [E] (BP “F8SATHTIE]” ),
%ﬁﬁﬁ&tﬁﬂ%ﬁm—% BT EMIPS.,

[##]

ety

| 1 1
B 4 5 HA = =
BFep iz 20MHz

—0.05%10°°S
B 1

- FBEAPATHSTR(S)
B 1

~ 0.05x10°x6

T 4938

;%

= 3.33MIPS
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¥4 53 #TCPURY £ RE
U2 P TRUB (B3R T 0 8%
VIFHENRSZFEXLMBEARFM T ZERNE
FRREX. XTEREMETEN TIERE]
SR (), BALEMHZ
v A LU S A THE R (E A BY 2 B 5 B HAZL (CLK)
O A S MR T U R AT
RICPURRIE): ¢ _cLK/ f
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OEFHRITEETTCIERIESH, 1EAI1C.

O&/ZIESHITRREERAT#HEHEAZCPI (Cycl

Per Instruction) :

A< ¢ E] HA 24

BRIEL

BUTHT BRI

€S

7 1)

CPl =CLK/IC
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—CPI =CLK/IC

—|C xCPI =CLK }_,

Tp, =CLK/ f
" T.., =CPIxIC/ f }
Tow =1/ 1

\_" Tepy =CPI < ICx T,

EZEFEZF
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CPUTEREZY

NAF R 251

cience and Technolo gy of

OFSRE (F) : REBRTHENSIEAR, 4

O35<HIS

TEMHEN

[ZHZH

-/ \ O

2 5]

HHEEAEL (0Pl )« RBRTITEMN

(AZR (ANFR7KER) FRiHEHIE S ERLEN.
OfZFESH (/10) « RMTIHENESEDN
LRFFNARIFIN o




O ¥Rz L k%2

RACPUIERE AR &) bt

OB EI RSB #iES, HPFE/ M
e SRIALIERTIBI NCP!, , TEFZEFFE / Tl
FESHIMBIREAIC, s (Gibson) ¥

T, =CLK/ f

CLK = (IC;xCPI;)

Tepy = D (IC; xCPI)/ f
=> (IC; xCPI;)x T«
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IRANCPUTEBE 22 T\

CPI =CLK/IC
CLK => (IC,xCPl,)

CPI =) (IC;xCPI,)/IC
=>[(IC,/ IC)xCPI]

g 1C; /1C BT SBibhdR SRR P b P o Y
Al o
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O X511 5 1R BlLoad/Store IESREXNTRIESHITIE/B

B#1E, HEESRNFHFESFHITERIE. RIEXNEEZERFIR
FSLIGLER, SIS ST GRYEE G K CPI#anT -
BSRE 15 B S EE Al CPI
HiZES 43% 1
Loadig% 21% 2
Storetg4 12% 2
% eS 24% 2
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Ok £ 1§50 TNEISETACPI

O iziEFENFIESA . FiZEFP25%H)15
SHITREEPH— I EEFTFa=YH, 53— 1T
MAEEIZIESHITRIALoadis S N4 25 ENE &
Fem. EEBABRMENS—WEREIZES, HiF
R TRENNBEFFS, Zm—TREHEE
Flitzs, AIEGFEas—FHEasLE, RigxXHiEs
HICPIFT2. [EIRT, ##%FESHICPIZER3. K
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O CPI= (43X 14+21X24+12X2+24X2)%=1.57
O 43% X25%=11%

5 RE JREEf5 JRCPI  #Frtk CPI
HMEIZES 0% O 11% 2
[FHIZES 43% 1 32% 1
Loadig% 21% 2 10% 2
Storeig 4 12% 2 12% 2
i%ieS 24% 2 24 % 3

O CPLew =(11X2+32X14+10X24+12X2424X3)%
=1.70

CPInew =(11x2+32§(+1)x2+ 12x2+24x3) /89%
=1.91 :
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O F| A B+ [B] B &0 — & T B AL R 1 R A0 &

Pt

BXo

1= 1

VIR ESE] GRITETIE]) « WNEHHRBIERZ 60

B 18],

v &ZIEEE (Throughput) : fERIRTIB)AEFEESEALAY T

EE (E2%) . (BRARL)
OF SRR S A, S8R R EMH R

AFRIAE




“IR” (Fast) Ba X

KLY BE 3R NTREES, XEIWNY
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O A S
v i ipEiEiTatE, MTBF (Mean Time Between
Failures)
OTA%
vV EERGHT AN
v it8xF: MTBF / (MTBF + MTTR)
e MTTR (Mean Time To Repair) , JEi{&EH]|g]




Febe = . ;}M% X
BB (sys vide) TEREZALAS

O fTAE (CPURTIE]. Elapsed Time)
OIE{E1RE (Peak Performance)
O%%; (load)

O35 (Overhead)

OF A% (Utilization Ratio)
O/af014gE (Saturate Performance)
O5 % (Bandwidth)
O%E1R (Latency)
O/iniELk (Speedup)
Ox% (Efficiency)
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O 16425, FZEEZHRMBESREEF (Blaise Pascal)

v BE—8IMECEITEL
O01833%F, R=ERIFEHREDIF (Charles Babbage)

vV IBEFIE ‘Bt BN B EMERERIES, (BRI
019444, ¥ 5 (Howard Aiken, IBM)

vV E—E8HFXEITEYMark | (48EE 35T EL)

vV SLIR T B ERE, HIEHG#LZEH) (Harvard architecture)

address

data memory dat
ata

-+

address

program memory data

-




AR F AL 1946 ©

O ENIAC( Electronic Numerical Integrator and Computer, BB F# Fi o= f0iTE
), 19465 2ERYZERTIARE, BEIRE 50000%/#, InFE150kw/h, SHE170m* ,
EIN100A3%T. AT NESHETEMN.

O FEEGFEWEFEH, EFEBSIMEBRERBAN (vired) . X TEMHAERFIM
B, #EEIHHEHNEIIMNEERIR.
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EDVACHEHL, 1944~1952 Q) FEAZLEL:

OElectronic Discrete Variable Automatic Gomputer
BFERTEETE

v IMHz, Zi##l, FK32{4L, =17

v 171i&F2F (Stored Program)

EiEM S (John von
Neumann, 1903~1957)
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CdElectronic Delay Storage Automatic Calculator
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aPopular Electronics

PROJECT BREAKTHROUGH |
World's First Minicomputer Kit

OM#L: Altair 8800, 1975 0 Rival Commercial Models...
— oo "ALTAIR 8800" save over $1000
v &LTﬁt? : > e

O IBM PC#L: IBM 5150, 1981
v CPU: Intel 8088, 574 77MHz (GEmizH P

EhNE Intel 8087}]!]1_-[1) ALSO IN THIS ISSUE!
OAn Undcf-$9o Scientific Calculator Project
v RAM: 16KB, # KAJZ|256KB @ © CCD's—TV Camera Tube Successor?

B ® Thyristor-Controlled Photoflashers

v BRERES: 168 S5 9#EE, 640 X N TEST REPORTS!

*‘{ = | Technics 200 Speaker System
200 (CGA) o M
"2 . Edmund Scientific "Kirlian® Photo Kit

v E1F: %E-l-r;, 5. 25 R B IR Bl 25 22 5 M| Hewlet-Packard 5381 Frequency Courter
ED) jJ‘/Z_E ﬁEF} -

v/ 0S: PC-DOS 1.0 (¥4 AMS-D0OS)

v EfibiRbr: $1,565, MREEE (AFEEH
« KBRS N=Z$6, 000
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E= SSIFIMSI. ZEERRI | 7i7k&:. Cache. | SIEREFIOAT | IBM360/370CD
(1965-1974) | EBE&. MR FATRNE, 27 | BERSGE C6600/7600,
TTHE, DEC PDP-8
S LSIFIVLSL, S~ | mELIE. 9% | FHiT50mEE | Cray-1. IBM
(1974-1990) | 77i#ES N FiEES 3090, DEC
VAX9000.,
Convax-1
S alav eI IERE. K | IBSRFFT. o[ BH175% | SGI Cray T3E
(1991-) MRS ER SMP, MPP, FasbiE IBM xServer
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O 1993~1994
v/ 80586 : PENTIUM(P5) ||
v  AMD K5. Cyrix 6x86
v’ 64{iRISC
e DEC: Alpha 21164,
e |BM. Motorola. Ap
e SGI MIPS: R10000 (

1 1995
v PENTIUM Pro 200MHz,
v’ Pentium MMX (233MHz.

O 1997: PENTIUM 11 (

1999
v  PENTIUM 111 1.2GHz,
v AMD Athlon (K7)
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12000:
v AMD ThunderbirdFADuron
v'VIA Cyrixlll, 800MHz~
VPENTIUM IV, 0.18um,
02001~: PENTIUM 1V

v'Northwood: 0. 13um, —>f
7, $Efik

v 8242 (HT), 0.13um, 3.
v'Prescott: 90nm, 31Z%%
AMN51533MHZzE 800MHZ, 1.
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Higher Performance: Supercomputing in the Connected Era. Michael Dell2008
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MooreZE#E ( Moore’s Law ) (&
OoreE1 Oore S aW University of Science and Technology of China

O Original definition (Moore, 1965): Microprocessor transistor
count doubles every vyear.
O Then changed to “doubles every 2 years”

0 Since then, other measures were used, such as processing power,

complexity, etc. and doubling time settled at 18 months.

2.000.000.000 ] Druad-Corn Hankem 2 @ :g:_a-u-l:m mardum Tukeia
1,000,000,000 mv;:l;es\. *RVTTD
ltanium 2 with S48 cachae @ }j'
Core 2 Quad © - m:I:Dun
Hanium 2 & ','tE"“
100,000,000 — e
P_“..' ®@aton gl
Curve shows ‘Moore's Law L
Urve: 5 5 Woore's Law . .
10,000,000 — transistor count doubling R 1t
avary wo years " eka
‘,‘i Fentium ;
1,000,000 — oe- A
100,000 —| = :§
." ‘}\'\_
wines s
3 ¥
10,000 — &F.
. “
% I8
2,300 —  aons g M 508 —_,

1971 1980 1990 2000 2008
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100 {8 S EHER (43 nmFLR)
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2 Gate Delay (Wire delay wall)
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O ENEAE M EE (Dennard Scal ing) :
v BINESE), FRBFIXATErERYE E R R
v BF|65nm, mIAEHE “MR° BF
O 5nZ4E (Frequency Wall) Ih¥EiES (Power Wall)

o= _ CPU Power Consumption 1393 - 2005
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L8 83 28 28 5% ET- EBT V2F 982 pBY
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iFe, RIZEMAEIFRABRP AN, SRR THEMRETHARESE, THEHEN
i (B T R .
¥ = REEE xBE x FXRE

FFRBFENGBRGRY, AREFREZDGH EORKEETER (FyEL) MTZ
BIBREL, ZRBIRE [ FEMMAETHHEE,

At 4Bt SRR AIH K O 1000 £, i DhFE H O 30 fF0R? R MIRE R el $h, fiE
Wil R EOR KM, SR T ZEH AR, —8okE, SRNEEREAY
15% . 20 4k, HEMNS VEERIT 1V, XgiR20#E KN 30 R R E BT,

Source: COD5
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(GfE5%: Memory Wall)

Relative performance
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100 =] =]
B 1
Performance - o
increase ratio x4 ’;’ =)
Xx: Ratio of code that must be N SN AR T @ X=0%
executed sequentially core | | core | |core | | core 22nm )
2 N: Number of CPU cores cpU | [cpul [cpul [cPu g
© core | |core | |core | | core e
& cpu |[cpu 32nm <
g Core | core
£ 10 CPU | CPU ! :
8 _ | Core || core . x=10%
R — — 450m i
e I - |2 el
5 [ JuPt] JGRY 7l S X=20%——
5 A
o /
CPU
core X=50%
90nm No significant throughput improvement if ratio
» ] - of code that can be executed In parallel is low

Gene Amdabhl
Computer Pioneer

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Fig 3 Amdahl’s Law an Obstacle to Improved Performance Performance will not rise in
the same proportion as the increase in CPU cores. Performance gains are limited by the ratio
of software processing that must be executed sequentially. Amdahl’s Law is a major obstacle
in boosting multicore microprocessor performance. Diagram assumes no overhead in parallel
processing. Years shown for design rules based on Intel planned and actual technology. Core
count assumed to double for each rule generation.
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