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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 XE6 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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Rank System Cores

1

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

ray , Upteron 6 . , Cray Geminl Interconnect,
NVIDIA K20x , Cray/HPE
DOE/SC/0Oak Ridge National Laboratory
United States

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

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

Japan

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, SPARCé64 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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University of Science and Technology of China

Rmax Rpeak Power
Rank System Cores (TFlop/s) (TFlop/s) (kW)

1 Summit - IBM Power System AC922, 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 61,444.5 100,678.7 18,482
Express-2, Matrix-2000 , NUDT

National Super Computer Center in Guangzhou

S 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.org/
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University of Science and Technology of China

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 AC%22, 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
3 Sierra - IBM Power System AC%922, IBM POWER9 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 TaihulLight - 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 E5-2692v2 12C 4,981,760 61,444.5 100,678.7 18,482
2.2GHz, TH Express-2, Matrix-2000, NUDT
National Super Computer Center in Guangzhou

China https://www.top500.0rg/
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Rmax Rpeak Power
Rank System Cores (TFlop/s) [TFlop/s] (kW]
'——l;;—' E 1 Supercomputer Fugaku - Supercomputer Fugaku, 7,630,848 442010.0 537,2120 29,899
=S AT Ab4FX 48C 2. 2GHz, Tofu interconnect D, Fujitsu
RIKEN Center for Cornputational Science
Japan
2 Summit - IBM Power System AC?22, IBM POWER® 22C 2,414,592 148,600.0 200,7949 10,094
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, IEM POWER? 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

|nited States

Sunway TaihuLight - Sunway MPP, Sunway SW26010 10,649,600 73,014.6 125,435.9
260C 1.45GHz, Sunway, NRCPC

Mational Supercomputing Center in Wux

2 45GHz, NVIDIA A100 SXM4 40 GB, Slingshot-10, HPE
DOE/SC/LBNL/NERSC
United States

6 Selene - NVIDIA DGX A100, AMD EPYC 7742 64C 555,520 63,460.0 79,2150 2,646
2.25GHz, NVIDIA A100, Mellanox HDR Infiniband, Nvidia
NVIDIA Cerporation
United States

https://www.top500.org/
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Rmax Rpeak Power
Rank System Cores [PFlop/s) (PFlop/s] (kW)
1 Frontier - HPE Cray EX235a, 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 4420 937.21 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 42870 6,016
Generation EPYC 64C 2GHz, AMD Instinct MI230X,
Slingshet-11, HPE
EurcHPC/CSC
Finland
4 Leonardo - BullSequana XH2000, Xeon Platinum 83538 1,824,768 238.70 30447 7404
32C 2.6GHz, NVIDIA A100 SXM4 64 GB, Quad-rail NVIDIA
HDR100 Infiniband, EVIDEN
EuroHPC/CINECA
Italy
b Summit - IBM 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
6 Sierra - IBM Power Systern AC922, IBM POWERY 22C 1,572,480 464 12371 7,438

3.1GHz, NVIDIA Volta GV100, Dual-rail Mellanox EDR
Infiniband, 1BM / NVIDIA / Mellanox
DOE/NNSA/LLNL

Sunway TaihuLight - Sunway MPF, Sunway SW24010 10,649,600
260C 1.43GHz, Sunway, NRCPC

National Supercomputing Center in Wuxi

China .top500.0rg/
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Intel: 2020 RIS B2 xBE

An Insatiable Need For Computing

Weather Prediction
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Exascale Problems Cannot Be Solved Using the
Computing Power Available Today
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VIESFK160L: R{ERE6fi, HuERE104i
/1§IJ 000001 0000001000

SER{ERY
\/Ioad (000001) : [M]->ACC
v'store (000010) : ACC->M
v'add (000011) : ACC+[M]->ACC
v'mul (000100) : ACC*[M]->ACC
vprint (000101) : FTEP[M]
vhit (000110) : =#1
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Oy=(ax+b) x+c Hik | op opr
0000 |000001(ld) | 0000001000
v x=>ACC (1)
Lok 0001 | 000100(mul) | 0000001001
x*a=>ACC 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
0110 | 000101 0000001100
v ACC—>y
| 0111 | 000110
v Print (y) 1000 |
v HIt 1001 |a
1010 | b
1011 |c
1100 |V
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vV IZFEER T SR SLI FEF B AN S AN —igititF
AN G

vV ALIM EREERAN, ERERINSFES
e MAR (Memory Address Register) , FifssthltFHF=5
e MDR (Memory Data Register) , FiEzSHIES 175

v MAR
o FHEFOMNEFMEE TN, BN EFEEE TN
o IRMARA16ML, MIF2® = 64KNTFiEE T

v" MDR
c BN ENEFHETHEHNFERTRENEFHEETEANAS

, HUHEFHFIKESE
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v HUiE: IRIEZAIPCIE, MFMEMULFESIES, BIIMDRIE
Z IR

[PC] = MAR, [PC]+1 = PC; [MAR] —»MDR; [MDR] = IR

vV 381 CUDATIRFHIIES, TAERIERBIFR{ES L
[IR] =CU: OP[IR] —ALU, AD[IR] —MAR;
[MAR] = MDR; [MDR] —»XziMQzkACC

/ﬁMrAw%#iﬁﬁ%,%ﬁﬁﬁ

FEilE MAR | W4, lpc fiihn 1 -H_ﬁf_ﬂ: E,\J I«Eit‘i

- u;T = 2, BRIREH
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OGBS E— FHEsmPEEHEETH S
VRO REGTENHESE
VI FERE - FHEITNMN X FEFK
o TFEESAYINEE TFSEIMARKI AL B AR T R 65 B8 TN 3
« GIREENHBIESEREMRIME R T EiExEK

o {FRIZMARFF164iL, MDquBZﬁ_L, MR RIZ R EEREF219=65536
GiEE T, RHNBEEEEH2'9 X 32b = 22b = 2Mb = 256KB

OFESERT
v BEHFDEREAS =X/, B, KB, MB. GB, TB
vV ET: —1NFETB, FRR8LiFHFIE
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« SNERBURIRES TR S ﬁ??%?&?& BRI, BICPUSETE. 1/0
W& E— R IR S E s, BEERK
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O#lze=F1 VS. FHEFI VS. HIEFI

v ZEZAESE, AU E
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iy
- BERANEE, SNEFKMBBETKETTEHER, X
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v EL AR5+
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DQE#EMi%pFM?h,5#%*%@%,MM%3
v BERE, FHREESF.
O E/Eﬁzf?,ﬁ (benchmark)
v Z[ECPU. /0554, #HRIERG . HiFSVERF
v I B SPR T ERE
O BarE HeRiEF
v ESLfEFF: C4m1FaS. Matlab. Photoshop--- (F#E 7 3K [a)@h)
v izibiERF . BNESEIEF PRI BHEER R ER AR .
Livermore loops. Linpack

v &R FEF ( Whetstone/Dhrystone )

v M FERR2E G257 €L : Benchmarks) : #E&FE—HENHE
BREEMNIZER, AR —NMBERAMNKNIERES
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CODhrystone
v BN R T Z
vV —PMEEMHREENREF 72
v & TR — &AL S

OLinpack
v iR e =E R SR E 7 E RE

OWhetstone

vV —PNREMEMRIEF
VIR 2R ME. BEOTE MG ARF 4R

OTPC (Transaction Processing Counci |)
v IiTEN (RS AL IR M RE
L1 SPEC

v’ System Performance Evaluation Cooperative




AR

Angle to time conversion
Basic interger/floating point = archtan(x)
Bit manipulation
Cache buster
Can remote data request
it
Fir filter
lir filter
v ! Idct
Ifft
Matrix arithmetic
Pointer chasing
D HE% Pulse width modulation
Road speed calculation
Table lookup and interpolation
Tooth to spark

( Consumer :

‘ JIPEG
High-Pass Grey-scale filter
RGB to CMYK Conversion
RGE to ¥1Q Conversion

O &) ,
A Java GrinderBench : J2MEBIL

IP Reassembly
I IP Packet Check

D kij Networking : FI£5{E%)
v

IP NAT
D A:[ OSPF{open shortest path first)/Dijkstra
Qos
\/ I Route Lookup
TCP

Packet Flow

AutoBench : TUHSEIFE ANTFEREN |, Bh3iEes

FRABZLL*X S
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Digital Entertainment : {R5~/iEEiHBFPELRNE , SRERS

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
OA

Bezier : B[ ZE/RARE

Dithering : E/{SEIHFFTEIN

Ghostscript : B8ps printer

Rotate s

Text parsing : {bEEPCL/Postscript A E
Telecomm :

Autocorrelation | EIF{EEMMEFRIEEITF ;
Bit allocation : DSL modem=R 5 BALhEE

Convolutional encoder ;| FoEGIBER G ER ;| 25
Fit :

Viterbi decoder : 55

Multibench : 18~0 | ?M%’?Eﬁﬁg
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0SS s MR EES®: SRR AR
P35 BY B8]
v'CP1 (Cycle per Instruction)
« 5L AR, RRPIUT—FIESHER TR E A%

HATRE B 75 B CPU B £F & HE 27
RF 6% 78 2 43
v MIPS (Million Instruction Per Second)
- BAKESEW, BRMERMITHIESH

CPI =

e B = R S
MIPS =
S T2 P BT BT 18] < 10° _
v MFLOPS (Million Floating Point Operation Per

Second)
« AANREEEEST, BRkE=ENEZZFazERERE

T2 B R R R IRET

MFLOPS = BB
2 BT B 1B < 10°
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Computer Performance

Name FLOPS
yottaFLOPS 104
zettaFLOPS 1021
exaFLOPS 1018
petaFLOPS 101>
teraFLOPS 10%2
gigaFLOPS 10°
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 —HUEEEES, P N20MHz , HiHEH
. BV B2 R BIAR, FHE4
184 FI3MILER I BAROI 1] (B “484 TR ” ),
fﬁﬁﬁﬁ&tﬁﬁ%ﬁm— BT IEEMIPS.

[##]

1 1
R 428 20MHz
— 0.05x10°°¢S
B 1
- FBAPATHSR(S)
B 1
© 0.05x10°°x6

iy i H =

V13

;;\;&

= 3.33MIPS




G #ourains

¢/ University of Science and Technology of China

o

¥ 2/ 53 #TCPURY 1 BE
D32 P TRYBS (8] 1 E1T 50 7%
VI BN RERSSZMBARM T ZE/XHE

ZiRHLR. XTREZEmETTEN TIERVET
O (), BALEMHz

B SR 4742 P 5 F 0 2 6 95 (CLK)
O & A S R T LA E AR AT

‘CPUH“ .

HICPURTIE]: 1 _cLk/f
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OfFEF#ITEHIZEFRLIENIESE, I8 AIC,

O 8 FXESHPITIRZAVATHHE EAZICPI (Cycl

Lin

Per Instruction): BFIESHMITIREERNS

€S

7 14

A3 & HA 24

CPI =CLK/IC
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|70P| =CLK /IC

—|C xCPI =CLK } |
T, =CLK/ f

" T.., =CPI xIC/ f ]
To =1/ 1

L g

opy =CPIx1C T,

EEEFEF
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OfTshssz (F ) « RERTITENSEIEAR, &7~

TZRITENAEE.

OSHIERTshE A% (oP/ )« RBRTITEMN
(RN (AR7KER) FtENIESENE.

OfFEFAESH (/10) : RRTITENIESEN

LEFFNARIFFLAN
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RACPUIERE /AT -

OBt EN RSB #15S, HPE,/ #
e SHALIERTB] g CP/ ., TEFZFE/ i
BSHINANRE A /C; EUH (Gibson) ¥

T, =CLK/ f

CLK => (IC;xCPI,)

Tepy = D (IC; xCPI,)/ f
=> (IC; xCPI;)x T«
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CPI =CLK/IC

CLK = (IC,xCPI,)

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

g IC, /1C RBRT SBifhiR SR AT I
il o
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O X811t E# 2 HLoad/Store IS REXNTRIESFHITIE/B
B#1E, HEES RN FHESHEITRIE. RIEFEBXNERZFIR
IRSLIGEER, EAEMIESITARIEE B X% CPIEAN T :

5 AH 5 BT &S L3l CPI
HiZES 43% 1
Loadig< 21% 2
Storetg < 12% 2
HBiEe 24% 2



O ¥Rz L k%2

and Technolog

Ok i[5 TEIELACPI .

ORI 1ZIZFEANFIESHERK. FiZEHH25%H715
SHITREHF— 1 EEFTFm+H, 53— T
MAEHIZIE S ITRIFLoad?s M?’?ﬁ%%gﬂ}lilJEr
Fem. HILBAEMIEMNS—WEIZES, HiF
R TREHINBEFFRS, 73— TERIELELE
Fitzs, AIEEFEsRm—FiEmEE, REXWES
HICPIZFE T2, [EIRT, 3% B85S HICPI T B3, Kih
5SS RGHIFLEICPI
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O CPI= (43X 1+21X24+12X2+24X2)%=1.57
O 43% X25%=11%

58S KE JEEEfH [ECPI  #rtkfl CPI
MHEIZIES 0% O 11% 2
BEHIZIES 43% 1 32% 1
Load$g% 21% 2 10% 2
Storefg % 12% 2 12% 2
%S 24% 2 24 % 3

O CPLiew =(11X2+432X14+10X24+12X24+24X3)%

=1.70

CPInew =(11x2+32§<|-1)x2+ 12x2+24%3) /89%
=1.91 :
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v I ETE] (BITETIE]) : NEHFIRBIER I/

v &It E (Throughput) : fER{URTIB)AETRESEALAY T

O

A 18],

E& (%) . (ZHFPAE%)

I P LA R BT 18) AtrgE, ZiEREFRGUFMLER
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“IR” (Fast) & X

“KEEYHR” B SCR: NTFREES, XEWE
YA, “XEBEYinfE” Big:

W B I 1R,

Ui B I IR
Hﬂ?%&ﬁl‘ﬂﬁ‘lﬁﬁﬁkﬁ&i XAH:
G IOA:E LTV : 3 N Y

e . B ] 1 P 6B,
B 88
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O A 4
v ZHFirEE{TaE, MTBF (Mean Time Between
Failures)
O R HZE
v EERGHIT AN
v it&F: MTBF / (MTBF + MTTR)
e MTTR (Mean Time To Repair) , JEi{&EH]|g]
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WHABEH AR (sys vide) TRAZRLAS

O#fTAE (CPURTIE]. Elapsed Time)
OlE{E1RE (Peak Performance)
O%1%; (load)

O3 (Overhead)

OF A% (Utilization Ratio)
Oaf04BE (Saturate Performance)
O % (Bandwidth)
O%ER (Latency)
O/iniEEk (Speedup)
Ox% (Efficiency)
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O 16425, ZEEZHRMBEZRBETF (Blaise Pascal)
v E—EMESETE
01833%F, EERZFRKENE (Charles Babbage)
vV IBEFIE “BoiitEN e MEREEISE S, BRI
0194445, & (Howard Aiken, |BM)
vV E—E8HFXNEITEYMark | (48B3 EHL)
vV LI T BEEE, HIEHG#HLSH (Harvard architecture)

address

data memory dat
ata

o+

address

program memory data

o
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O ENIAC( Electronic Numerical Integrator and Computer, B F#FFR 51T E
M), 19465 (ERYERT A, SEFRE 50000%/F, IhFE150kw/h, &#1170m? ,
if'ibllOOH%m:o RATFNESEAE M.

O FEEFEIERFESN, EFERIIMEEERMAN (vired) » M TEMAERH
B, #REIRITHEMBIMNERIR.
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EDVACIHEHL, 1944~1952 &

OElectronic Discrete Variable Automatic Computer

HfEiET=

T EHL

v 1MHz, Zi#Hl

, FA324, 1T

v 7712 F (Stored Program)

EiEfKE (John von
Neumann, 1903~1957) FlI

BRI AE AT AL BT
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[dElectronic Delay Storage Automatic Calculator

v & EZEDVACH],

1946~1949%

= Sl SE IR

RHKBIEIRLE NS, TIAF
fi#34bF K512,

IN¥ERFE]1.5ms, FER[E]4ms.
AT EN (BHRfEmAEHE %

e, F#ER, Cache, ...

FoEEARXE

. (1967)
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PROJECT BREAKTHROUGH!
World's First Minicomputer Kit

O&#N: Altair 8800, 1975 o Rival Commercial Models...
— oo "ALTAIR 8800" save over $1000
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O Original definition (Moore, 1965): Microprocessor transistor

count doubles every vyear.
O Then changed to “doubles every 2 years”

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

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

2.000,000.000 ] Dousd-Corn Hankem 2 @ :g:f“::m Eanium Tuksiia
1,000,000,000 FOWERS, @ rvri0
Ianium 2 with S48 cacha @ -
Core 2 Quad ijn
Hanum 2 & ,’tEm'a2Dm
100,000,000 — e
H..—' ® Barion -
','; i
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100 o] =
1
- Performance = o
increase ratio x4 ’;’
X: Ratio of code that must be <o [6pi] S0 [c8i = =00
executed sequentially core | | core | |core | | core 22nm "
2 N: Number of CPU cores cpU | [crul [cpu] [cPu PP
S Ccore | |(Core | |Core | |Core ",-’
& cPU|[cPU 32nm o
g core | core
£ 10 cPU |lcpPU , _
% _|Core | core . )—(:1 0%
—— —  450nm -
s | JORUgCRUY o /V/ —20%__Gene Amdahl
5 o Computer Pioneer
CPU
core X=50%
90nm

No significant throughput improvement if ratio
of code that can be executed in parallel is low

1|
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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