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Rmax Rpeak Power

Rank System

1 Tianhe-1A - NUDT TH MPP, X5670 2.93Ghz 6C, NVIDIA GPU, FT-1000 8C, 186,368 ,066. 4,701.0 4,040
NUDT

National Supercomputing Center in Tianjin

DOE/SC/Oak Ridge National Laboratory
United States

3 Nebulae - Dawning TC3600 Blade, Intel X5650, NVidia Tesla C2050 GPU , 120,640 1,271.0  2,984.3 2,580
Sugon
National Supercomputing Centre in Shenzhen (NSCS)
China

4 TSUBAME 2.0 - HP ProlLiant SL390s G7 Xeon 6C X5670, Nvidia GPU, 73,278 1,192.0  2,287.6 1,399

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

5 Hopper - Cray XE6 12-core 2.1 GHz , Cray/HPE 153,408 1,054.0 1,288.6 2,910
DOE/SC/LBNL/NERSC
United States

https://www.top500.0rg/
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Rank System

1

Tianhe-2A - TH-IVB-FEP Cluster, Intel Xeon E5-2692 12C 2.200GHz, TH
Express-2, Intel Xeon Phi 31S1P, NUDT
National Super Computer Center in Guangzhou

NVIDIA K20x , Cray/HPE
DOE/SC/0ak Ridge National Laboratory
United States

Sequoia - BlueGene/Q, Power BQC 16C 1.60 GHz, Custom , IBM
DOE/NNSA/LLNL
United States

K computer, SPARC64 VllIfx 2.0GHz, Tofu interconnect , Fujitsu
RIKEN Advanced Institute for Computational Science (AICS)
Japan

Mira - BlueGene/Q, Power BQC 16C 1.60GHz, Custom , IBM
DOE/SC/Argonne National Laboratory
United States

N¥BAZLLX S

University of Science and Technology of China

Cores

3,120,000 33,862.7 54,902.4 17,808

1,572,864 17,173.2 20,132.7 7,890

705,024 10,510.0 11,280.4 12,660

786,432  8,586.6 10,066.3 3,945

https://www.top500.0rg/
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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 1,972,864 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.top500.0rg/
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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 POWER?9 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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Rmax Rpeak Power
Rank  System Cores [TFlop/s) (TFlop/s) (kW)
N 1 Supercomputer Fugaku - Supercomputer Fugaku, A64FX 48C 7,630,848  442,010.0 537,212.0 29,899
E?l ‘E‘u_l 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
3 Sierra - IBM Power System AC922, IBM POWER? 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

United States

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 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

Chins https://www.top500.0rg/
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University of Science and Technology of China

Rmax Rpeak Power
Rank System Cores (TFlop/s) (TFlop/sl (kW)
1 Supercomputer Fugaku - Supercomputer Fugaku, 7,630,848 447 010.0 37,2120 29,899
'EE';’_&E—I‘ AbL4FX 48C 2.2GHz, Tofu interconnect D, Fujitsu
RIKEN Center for Cormputational Science
Japan
2 Summit - IBM Power System AC922, IEM POWERY 22C 2,414,592 148,600.0 200,794.9 10,096
3.07GHz, NVIDIA Volta GY100, Dual-rail Mellanox EDR
Infiniband, IBM
DOE/SC/0ak Ridge National Laboratory
United States
3 Sierra - IBM Power System AC922, IBM POWER$S 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

Sunway TaihuLight - Sunway MPP, Sunway SW26010 10,649,600 73,0146 125,435.9

260C 1.45GHz, Sunway, NRCPC
MNational Supercomputing Center in Wux
China

5 Perlmutter - HPE Cray EX235n, AMD EPYC 7763 64C 761,856 70,8700 93,7500 2,589
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 HOR Infiniband, Nvidia
NVIDIA Corporation
United States

https://www.top500.0rg/
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v'load (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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Ovy=(ax+b) x+c
v x—>ACC
v x*a—>ACC
v ax+b—>ACC
v’ x* (ax+b) —>ACC
v’ (ax+b) x+c—>ACC
v ACC—D>y
v Print (y)
v HIt

bl | op opr

0000 | 000001(Id) 0000001000
0001 000100(mul) | 0000001001
0010 | 000011(add) | 0000001010
0011 000100(mul) | 0000001000
0100 | 000011 0000001011
0101 000010 0000001100
0110 000101 0000001100
0111 000110

1000 | X

1001 a

1010 b

1011 C

1100 y
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v HUE: RIESFIPCIE, MFHEHALFESIES, BIIMDRIE
£ IR

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

v 3. CUSDMRIRPEVIES, FAERIERELZRIEHthr
[IR] =CU: OP[IR] —ALU, AD[IR] —MAR;
[MAR] —MDR; [MDR] —XSZMQEKACC
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« IHAE, BIBLR, HHEESUHEAR, I/0HHIZ
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« BEENIER RIEBH ST
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v HISRIESHRESRE., B8R, 5SEHIFIEHEIHH
O FiER%
v BINRIEEBEAL, RIEAR. THERE. RAAHIUESE
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v A, FIETRR, URFEINE AREF
O E81RP
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O X+ Intel 386 5Core i7FF#/35

v BREEREFR: INARE—EMHRIVLE
VILRIESTEFGA: MMAERIIEE
« IHSHE. BIEXE, JFUFEARFAE
o Eitt, XA EEAERGEHZAHEE
O 5% A% RY(0)R
v ITEHEWLIES, BT RS0
v i8S LI, BIEABRE. oiesS. BURMEH. s85EF, B
T+ B4R B B (o) 5
O f5]-F
v —Gllss S EEREAES, XRITEVAERESIRY )R
v E4ASLIEREIESHITIEE, M2 EAHE KA o) &
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- TEAXESIEENRS, BUEFRST, SUHRGEERSE, 25
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O #l 25 Fc——CPU— R BEAL TR AY — 3t BUE R AL 2L
v BESCPUNFFRIIHAX, WRREEIRGMBIES L

R
e HERTIRAI2AL. 64iutley, XERII2FN64FE 25T
271K

—_— by

v 22z HiRE
e CPUFKIE, EEHEMUHMBIZHIER, NEZREE
7 BESERK
v 2t B E
o TS, HEIFRRTEE
v 22N g 4 R AR
o FRIC, BHEMEIRANE 15 S

AMETEREMEFRAREBNFINXR, ZHHTEIIXRAEFREE

A, BEES
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OGFESE— FiEsSPHBEFEEE TS A
VAAETEERNBESE
VBIAR - BRETAY X BHTK
o FiEEERIMIIIZF FESMARBY AL Z AR T R E B TN

o FiESRRVEIRES FaSMDREVIL B IR T FHEF K

o RIZMARJI160L, MDRF32Mi, MZRmixTFiEERHH2'¢=655361
GFhiERET, BRNGEHEAEEN20 X 32b = 22'b = 2Mb = 256KB

OFEEERT
vV BERBEFEPEREAS=XK/]", B, KB, MB, GB, TB
VET: —PETB, FTRSALTIATIE
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D%;ﬁ%ﬁg BIE S &— R gEHITEERNE BRI
tl
v 2Nt EH AR IERE
v’ 43 J9CPUAIERANCPUSNEB AR I /5T
. NERHIRBIRTEE— ﬁﬁ?ﬂ“*k BN ZR R L B 3K

« SNEREIEIRER TR é?’%%‘cé&?& I3, BICPUSERE. 1/0
W& E— R MRS Y, BRETK

O ZHE=
V AEINSFEFERNMNVNREATT BN —F, E—ERFTHEH
V ST E—ZRFITENKIR, ERKEZEE/RN
o 80x86FR%, —INFERINL, BF; 2uBiE, WF
o IBM 303X&R%, —PMFEH3I2L, BF; 16uBiIRE, FF
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O#lzE=F1 VS. FiEFIK VS. HIEFI
vV ZEA RS, BAURE
-E%g%m,zﬁ—%m%,ﬁﬁ

OB FER LU —%%3ES T,

>:r

. BERANERE, MNBFRAOSETKEATIEEER, X
HE= ZEAILIAMEE, (EARSFHA0REE

v’ LR {5l
« 80864LIEEE, NI FK/FHFEK/BIEFEKEZ16/L
e PentiumfLIB2S, MzFFIK32{u, FHEFEI64L

O F e85 32

v BB B AN EESFIZSHN —®HB R ERE, —KH
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D‘fxiEi"’%*ﬂi%Lr— HI$8 1‘1?, S5FZREERX, WAHLEES
v BRMERE, FHREREF
O %/’Eh}_‘%—% (benchmark)
v ZECPU. 1/0454. BIERG. wmIFF[UERF
v I BN SR T ERE
O BriE ALK iER
v BLEF: C4mi¥s5. Matlab, Photoshop--- (2 K(0)&H)
v izi0iERF : BENEXEFPRIABREERXBAYNREMEA.
Livermore loops. Linpack

v &R FEF ( Whetstone/Dhrystone )

v M FERR2E GNiEF2FE): Benchmarks) : #EF—HEZNHE
BREI|MENMRIZRF, Bk —MBERMRIZEFES.




f‘i*@@é.&f# g

E ;E 5y|\lJ i’ﬁ % (Be n C hma r k) /" University of Science and Technology of China

CODhrystone
v BN FE T Y
vV — 1 ZEMREENKIEF 7 "
v ﬁﬁ':tt?lixﬂ :"%5'] E,JM-L =1=

L inpack
v R e =M BEMSIRE F %R
COWhetstone

vV — INZE MM R
vl E R iRE. BETEADIEE R F g
OTPC (Transaction Processing Counci |)
VITEHL (BRSFSE) E501E MR
1SPEC

v’ System Performance Evaluation Cooperative




'ATAY

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

( Consumer
\

JPEG

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

O i)
A Java GrinderBench : J2MERYIIN

D k%ﬁ Networking : FI4E{EE

IP Reassembly

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

Packet Flow

AutoBench : TUHSHEIRE NANTFEREN |, Hb3kiEes

Digital Entertainment ; IE /it B FHE BRI E |

FRABZLL*X S
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BRI
AES

DES

High-pass grey scale filter
Huffman deceding

Mp3 decode

Mpeg-2 decode

Mpeg-2 encode

Mpeg-4 decode

Mpeg-4 encode
RGB-CMYK Conversion
RGB-YIC Conversion

RSA
0OA

Bezier | EIIZE/ R

Dithering : ElfFEHEIFTED

Ghostscript : Hps printer

Rotate o

Text parsing : #MEPCL/PostscripthHl 4~ E
Telecomm :

Autocorrelation | #FESAMNERRIEREITH ;

Bit allocation : DSL modem=RHYE FATHEE
Convolutional encoder | ToEGBERHDPER ; i
Fft :

Viterbi decoder © 245

Multibench : 18, , M ZEIEEE
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O S8 B B SRR TRk
P ZE R |5]
v'CPl (Cycle per Instruction)
e IS AR, RARPIT—EIESHEN T E R

HATREFF B & B CPU BT £ J& #H 2T
EFEENTES &R
v MIPS (Million Instruction Per Second)
« BAKESEW, BRMERARNITHIESE

CPI =

e B = R S
MIPS = SRR N
o T2 B AT BT 18] < 10° _
v MFLOPS (Million Floating Point Operation Per
Second)
« AANRERRIEERT, BkEHEVZFLESERMRE

O 2 Bl 952 5 45 fAe Vi 3

MFELOPS = %Er?ﬁqfd—“ﬁ;é’f/ﬁ/&}i

2P BIFRAT B 18] % 10°
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Computer Performance

Name FLOPS
yottaFLOPS 1024
zettaFLOPS 1021
exaFLOPS 1018
petaFLOPS 10%°
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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and Technology of Chir

Bl —HsbESs, FEHON20MHz , FiHHEIER P
Mo BH—AHLEF B2 PP RIBHAL R, PRy
R 3Tl A BRI R (B) “38@PATHIE” ),
AR (BT HEMIPS .

[##]

it

1 1
AT 20MHz
—0.05x10°°S
1
54 PHAT B [E]S)
B 1
© 0.05x10°°x6

Bf 8 J&] HH =

4

i

=3.33MIPS
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120 57 HTCPURY 14 RE
U2 P TR BT (B T 0
VBRI AZFELIMEAFM L ZEXWE
FRREX. XTMAZmMETEV LIERET
PRI (), BLEMHz
v AT LU S THE Fr 58 F Y B 5 & A 24 (CLK)
Oi& 13 X AN S H AR AT LAFLERZFIAIT
HICPURTIE): 1 LK/ f
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CPURYTE &E

OFFEFITEHEFERAIENIESE, 18410,

OFZIESHITIIEERRTShE HAZLCP1 (Cycles

Per Instruction): BEIESHITHRIEER Y

A3 & HA 2L

CPI =CLK/IC
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|7€PI =CLK/IC
—ICxCPI =CLK }_
Tepy =CLK/ f
|
" Ty, =CPIXIC/ f }_
Ty =1/ f

—

C

FEZ

N

ou =CPl xI1C xT,
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CPUTEBE A TNFAR R 544 2R A
OfTEsnE (F) : RERTITEVISEINEAR, £/~

TZMitEH2HLE,

O+ <) FHRTeERZ (ePl ) « RIRTIHEN
(AZ0 (ARKZR) AN ENIESERLE.

OFFIESH (/10) : RMTITENIESEN
ERIFNIRIERIN
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RACPUMERE AR e

ORI EN RSB WieS, HEPE/ MW
IESHIAIBRTBIRCP/, , TEIZEIFHE /1
S HINEIRE A /C; H7% (Gibson) ¥

T, =CLK/ f

CLK =) (IC, xCPl,)

Tepy =D (IC; xCPI)/ f
=> (IC; xCPI1;) x T,

1
O
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CPI =CLK/IC
CLK = (IC,xCPl,)

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

g IC; /IC RBRT 5Bk S FERR P BT I
el o
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O X515V R ABLoad/Store FESREXT RS 1H#HITIE/B

iR1E, HEESAXNFESRFITERIE, RB\EXNEZFIR
ERSCIGZER, S EMIES T SBIELBIAZCPIZAN T
5SAR o= al CPI
HiZiES 43% 1
Loadig< 21% 2
Storeig < 12% 2
HEBIES 24% 2
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O K _Ead B0 THYFLAICPI

OfFEIZIEFHRNZIESEK . FiZEEH25%H1E
SHIMRIERTPH—1EEFE=P, 73—
MEFIZIHESITEIFLoadts Mﬁﬁ% SHLE &
7. AtBAEMNIENS—MMEIZRS, HiF
ma—TMRIERE B S Fes, 73— 1T HI1EHELE
FiEzs, IS FEas—FHasLE, RS
HICPIZFET 2. [EIRY, ¥ BB HICPIT H3. K
5SS ARG HIFELECPI
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O CPI= (43X 1421 X2+12X24+24X2)%=1.57
O 43% X25%=11%

HSLE JREEf JRCPI  #REEEI CPI
MHIZIES 0% O 11% 2
[FEiZiES 43% 1 32% 1
Load$§% 21% 2 10% 2
Storefg % 12% 2 12% 2
HIIES 24% 2 24 % 3

O CPLew =(11X2432X14+10X24+12X24+24X3)%

=1.70

CPInew =(11x2+32§(|—1)x2+ 12x2+24%3) /89%
=1.91 °
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vz ATE GRITETED « MWEHFFIREIER 2B
RJ18]
vV &M Z (Throughput) : £ BR8] A BT EETTAEY T
B2 (%) . (ZHRPRE%)
O P LA R RSB aimiE, ZEREFRGEUAEME
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“BR” (Fast) B X

KEEYHR” &SR NTFREES, XERE
Y. “XEBEYinff” Big:
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m?mﬂjwwl‘ﬂﬁ'ﬁﬁ%&}itﬁf XAH:
WL, BERB, | PERB.
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O A S 4
v ¥ rEEtTRtE], MTBF (Mean Time Between
Failures)
OrTAHZE
vV EERZIA M
v itgsF%: MTBF / (MTBF + MTTR)
e MTTR (Mean Time To Repair) , JEi{&EB7|g]
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H BB AEIE T (sys vidp) TEAZLA g

O#117AF8 (CPURJ|E], Elapsed Time)
OUE{E1RE (Peak Performance)
Ofa%; (load)

O3 (Overhead)

OF|fAHZ (Utilization Ratio)
O/aF04EgE (Saturate Performance)
O % (Bandwidth)
O7EjR (Latency)
O/iniE Lk (Speedup)
Ox% (Efficiency)
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016425, ZEBZHMBEHKMBETF~ (Blaise Pascal)

v E—aMBCEITE
018334, EERIZZHRKEINZF (Charles Babbage)

v IRL#EIE “BaiieitEN BB FMEREEIRIS, (BRI
019445, 5 (Howard Aiken, |BM)

vV E—E8HFNEaNTENMark | (4R35 1TEHL)

v ST B NERE, FREEMGEELEH (Harvard architecture)

address
data memory data
address
program memory 1 data
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O ENIAC( Electronic Numerical Integrator and Computer, B F# FF o1t E
), 1946EXERYZRTEXSE, BEIRE 50000%/#, Th#E150kw/h, SiE170m® ,
EN100A3E7T. AT NES S EM.

O AEZFEHEIERFEND, EFEREIMERERBAN (vired) . STTFEHMHAERAE
B, #EZi&itHENIMNEER.
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EDVACIHEHL, 1944~1952 &

CElectronic Discrete Variable Automatic Computer

HfEfiET=

ST EH

v 1MHz, —i##l

, FIK32iL, F=1T

v 17%#2]5% (Stored Program)

EiEKE (John von
Neumann, 1903~1957) FlI

SRAHEIRTE B AT AL BT
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[dElectronic Delay Storage Automatic Calculator

v S EEDVACHL,

TN
LR

1946~19495

= S| A SE IR

K KBIEIB L NFERE, A7
fE34bFKHI512F,
INERFEI1.5ms, FeyERE]4ms.
EATTHHFEN (B mEER
PLBE—HEAT)

W, TR, Cache, ...

FoEEARXK

. (1967)

BBE - TR
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HOW TO “READ” FM TUNER SPECIFICATIONS

aPopular Electronics

B e e s
WONLDS LARGCST. SCLLWG CLECTROMECE MABAZWNE JANUARY 19757754

PROJECT BREAKTHROUGH |

- World's First Minicomputer Kit
O%#N: Altair 8800, 1975 o Rival Commercial Models...
— oo "ALTAIR 8800" save over $1000
v BRE? e e

O IBM PC#l: IBM 5150, 1981 ey

i, & Bl e

T e B

Hiit
LA :
R L SR

v CPU: Intel 8088, 3fiF4. 77MHz GFmiEE P Ll L iiis "
TN Intel 808701 Fk) ALSO IN THIS ISSUE!
- OA ',{ﬂd":j? Scm-i_!lﬂe Clkll:l'ﬂ Pn]cc:“ 2
v/ RAM: 16KB, A A]2256KB B © Tyictor-Gontrolled Photofiathers
v RRBEEE: 16BMESOYEE, 640 X PEEEEN  reracons:
200 (CGA) el el
e B Edmund Scientific "Kirlian® Photo Kit

vV i£F: £5F, 5. 250 EZIREhEEE LN, R vt pockard S35 Frecuancy Couter
EEZQIEEER ——

v 0S: PC-DOS 1.0 ([ MS-DOS)

v BRI : $1,565, MIRELR (RESH
\ HBEREZE) NIE$6, 000



//upload.wikimedia.org/wikipedia/commons/6/69/IBM_PC_5150.jpg
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GANIAY A R R SR BARHOR I 25
F— 775 AL 4K L 28 FEAEFE AL HLEE S ALY | SR HTEIISA
(1945-1954) T HIT/O EE ENIAC
IBM701, 650
AR reRE L WSS BRI | aBdER R | m20E S Mgw e, | Univac LARC
(1955-1964) | i PCB ShHHEA . hlkr.| AL S 24 | CDC1604
[/OXEREH IBM7030
F=A SSIFIMSI. Z BRI | /K4, Cache. | L@ B FEAM4E | IBM360/370CD
(1965-1974) | & IR FATHEFR . R | BAE RS C6600/7600-
THEHL DEC PDP-8
VAR LSIMIVLSL. 3k | [, /4 | A7 50 M | Cray-1. IBM
(1974-1990) | 171k % ARG AR 3090. DEC
VAX9000.
Convax-1
% HAR SRR AL RS . K | F8A R ITAT . Al HAT 54 | SGI Cray T3E
(1991-) TR ey %55 i L i SMP. MPP. A ib 7 IBM xServer
R 2% Sun E10000
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OMALIDEE S R BT TR, Sitaoigit
BRI %

Intel 4004,
(1971), it
FEE—N

4 NI AL
‘ ii@ AH o
2300 FR Ak
=, 46%3E
4. 0.75
MHz.




FRABZLL*X S

University of Science and Technology of China

B it E
A
A

O OO0 00

(7= RLEETHN

PRSI - b

O

arBes




m E}Aﬁ E _%]‘:EE % icg oi;*lcncémﬁhnﬁ yotCh%

0 1993~1994
v 80586 : PENTIUM(P5) I
v AMD K5, Cyrix 6x86
v' 64{riRISC
e DEC: Alpha 21164,
e |BM, Motorola. Ap
e SGI MIPS: R10000 (

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

O 1997: PENTIUM 11 (

] 1999
v  PENTIUM I11 1.2GHz,
v' AMD Athlon (K7)




B Bk © Feaz a4 s

12000:
v AMD ThunderbirdZADuron

v'VIA Cyrixl|ll, 800MHz~
VPENTIUM 1V, O.18um,
02001 ~: PENTIUM 1V

v'Northwood: 0. 13um, —>f
7, itk

v B2#E (HT), 0.13um, 3.
v'Prescott: 90nm, 31Z%%
7 533Msz2800MHZ 1.
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002003~ : ARr55=s % #%CPU
v'Sun UltraSPARC V. 8MBZETE/#%, 2.4 GB/sATRIE
0, S EEE166BA7E, 0. 13 um, 355mm2, 6, 600

F7. 1. 2GHz.
V1B P R e e e v et

o2005~:f [ ?
v2005, | | SR ot MR 2
geml SRR .31z, |
%A%E |

V' 2006, [l GHz
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02005~
v'AMD £
V2007, 2% EM6AT
ROK, rE,
v Intel ﬁﬁﬁ'ﬁlu 2%
1. 33C
v'Core z, 45nm,

A i &
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34330 ESERES
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2008, |IBM/AMD.
45nm, [R5 PU%
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02008, Intel, 45nm YorkfieldPUixALIEEE,
Atom (xkzf) AIEEs. 25mm2, 470077,
2. SW-4W

OOAMD Phenom X3 8750, BN =%

Olintel Core i7, =j@IEDDR3IATFITHIZE
(20GB/s) . QPl=2%, SMT., SSE4.2, 8MB
L3 Ghisk. =8&ER. LI
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Higher Performance: Supercomputing in the Connected Era. Michael Dell2008



Moore EHE ( Moore’s Law ) (@) ¥B#AZ &A% g
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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 — oo za $OICor i Tk
1.000,000,000 FOWERS, @Ry
Ianium 2 with SME oacha -Gm \.'
Cors 2 Quad ."Km
Hanum 2 & ."Em"mnm
100,000,000 — ’_,6:«;
- ..-' ® Haron -
,f';ﬁg.m
Curve shows ‘Moare's Law’; o
10,000,000 — transistor count doubling e g wEl
avary wo years e
. L Lt
_.‘i Fentium

1,000,000 — e :

355 @ k '
- I

EXT I 1

100,000 — - 8l
- “’g\

» coes S

N

2

10,000 — &

L, 8030 p‘

2,300 | so0e g e ~

1971 1980 1990 2000 2008



Q) ¥EBZLEL g

sity of Science and Technology of Chin

1000

512
—— Size (Mb) 56
100 28
10
1
0.1 «0.0625
0.01
1975 1980 1985 1990 1995 2000 2005

O SADRAN GhESRERLI 114 88) . A TR SR K
WAET 608, FHZHIRKAS, FIEMREMM DL ERER,
RA=ZFI10F7D1/3,



O ¥Rz L k%2

HENEIEA R (TN

OW%E. AMEZEUSEA100%REIEK,

JLF ERREEKAME, 1990FEURIEERES
FHEC30%, T =F1EK2E. MR FEETE]
T X10FE A TBE/3,




FRABZLL*X S

/_. > Lily .
E‘ I u\:l \ " »/ University of Science and Technology of China

1000 Bacterium
——uP chan L
-+~ DRAM 1/2 p
- 100 ~ ~ -— min Tox Virus
ko >~ o s -=—max Tox
[T} ~ N Y
E ~ \
© ~
= ~
S 10 & g ‘V‘ . Protein
3 \ s‘v‘ﬂ‘p\ molecule
® R ~ 20wy
@ ~ WVds
2 S Mh
(D) ~°
L N
1 ~ DNA molecule
$ ~ ~ thickness
~
~
N
>~ |Atom
0.1

1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
Year of First Product Shipment



(@ REEEE TR

University of Science and Technology of China

RARPEEL S 1A RGN

100 {85 EWEER (43 pmPLk)
| Al & SO, D ey | SO, EHEK
f - FRHRTE, SEHE
_ 10| AHUE, MR
g | o “REEIRNE”
) Gate Delay (Wire delay wall)
-
0.1 — a —— a
1000 100 10

SR T°ZKF (nm)



‘;¢@@éﬁ£k§

University of Science and Technology of China

RANBEER SRR G HNT

O EMEJEFNEE (Dennard Scal ing) :
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—|Gene Amdahl
{Computer Pioneer

100 =3
1
- Performance = ; =
increase ratio x4 ——x [o] o]
" x: Ratioof codethat mustbe e ey - 2
executed sequentially _____|core || core| |core | | core 22nm
2 N: Number of CPU cores cpu | [cpul[cpul [cPU
S core | |cora| |Core | |core -
= il
2 cPU |[cPU 32nm -
g core || core 4/////,/"
£ 10 cPU|/CcPU .
8 core || core /
g — 45m —
£ CPU ||CPU - — o
5
o
CPU
core X=50%
90nm

1L

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

2003 2004 2005 2006 2007 2008

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

2009

2010

2011 20

12 2013 2014

99

processing. Years shown for design rules based on Intel planned and actual technology. Core
count assumed to double for each rule generation.



REE 2 ']

) 3 (Y »

A \

) FEAZLLL g
o=/ University of Science and Technology of China

Amdah | ;E &

O RS IR AR TN E = -
O “AICzEb 17« AIcH BB 9 7 IR R G vt HE AT ]
FErERILES , ERR/NTET1H.
O “BRFAnREE” RIBU#HBR 2 BUH U I REE S,
—RIERA T ERRT18.
Tl

|~ 0 o

A

Okk




(@R ) E LK %S
Amdah| E &




?@"M"}:& . » }: 4

ience and Technology of

ORI HENL R 25
— BB BE e, W

WS, REKEH /‘/’//
G /
1

O3S : MR FEFFEA
ESE—ER I TINAL,
BAREBMRLESR  ° . . o 0 o | Se
KF1/70- £,




?'ﬁf\*’@ff#é.&f# - &

Amdah | E£% >

B BEREFRNITEES, FoIREREHEN#R
1TRTEIAY10%, A EXZE S iR{EMmiR.

v g IR S BRERINREE B S BB IEF RBIINIREE S S,
Z BB K B2k ;

v iR IEF R ARIMELL 1A% D ?



SR ¢ . =
S

) FEAZELL S

e/ University of S

Amdah I E‘/fizg >j of Science and Technology of China
S — L :
1—f.)+—
1- ;) .
B 1
- 0
(1-10%)+ 10%
i 1 S
Smax = ||m 0.1 1
512 0.9+ = = 01
> 0.9+ —
~10/9 S




f‘i*@@é.&f# g

—— / \ 7))}
Amd ah I E’ 1$ Q# > 7/ Universi ity of Science and Technology of China
—/I\ ]

B2« KEFRMFLFZEFNAPEMNEHNER RFSREER
LR — P EEREF P G2 ITHIER50%, KEFREEEDHITETIE
Y20%, IRIEIE AT SR IR IR AE -

OIBMETHREMEELIEKFERIR, EENTIRE AREKA106E;
QB HERIKGILZ R RE RS AREKR. 6fF.
[9]: SRlRAMMG A ERLEEEFMRLLEEZD?



f'ﬁf*@@é.&aﬁ*é

Amdah | E & % ]
O (1) O (2)
5= —— f 5= —— f
(1 f)+S—e 1-f)+-=%
_ 1 B 1
0.2 0.5
1-0.2)+ — 1-05)+ —
( )+1O ( )+ e



?'i*@@é.&a" g

AMdah I E?igﬁ\ﬁ and Technology of China

BI3: KPR RFFERSE2E T PRWERAVAER, Rk

FRREEERNSFEN—NEERREF P A B HITEERY20%,

7 RRIRMEEIZIEF P G 2 TRSE]50%, BB A7 AN

RAERAE: OEMEITRRGRBUMEERE LR, £HR

ITIRE HRRR10E; QBITABRKELELREEIRS
AEFE. 665,

19): EESRA MG A aEILEEREFMELEZ D ?




Q) FRAZLL %2

ity of Science and Technology of China

Amdah | E£% >

|
1 BN

Jnag b= Y45 BT 1] / 3 58 ) B TR
=1/((1-0.5-0.2)+0.2/10+0.5/1.6)
=1/ (0.3+0.2/10+0.5/1.6)
=1/0.6325
=1.58




f‘,.:*@@é.&f# g

— / {&2))
Amd ah I E’ 1$ Q# S 7 University of Science and Technology of China
—/I\ ]

Bla: KEFR, FRFMELREFLNHAS=ME AR, RZFoE
TEEENFZ— N EEREF P 5 2 ITHTEIAY30%, KEFRBIEEZIIT
BHE)B20%, XES3R15%. @I =75 kiR E .

OEBMETNBEGLIEERF SR, EEBITIRE RERAN106E;

QRITIFERKEITZRRERSAFERM. 6fF.

QRITIFERK LI E SR ERE A FERMSME.

9]: RIRA=MAEERELEEEFMELEEED?
EIRT R =M A mRLt A EEFMREEZEZ D ?




f'i*@é‘#é&%*é

Amdah I E‘fiz,#\}j and Technology of Chir
O (1) FEH1R, O (2);#=, fe=0.3,Se=1.6
fe=0. 2, Se=10
1 g__ 1
S = f 3
(1— fe)-l-—e (1_ fe)+S—
S, o
= 1 B 1 0.3
(1 02)+2§ (1 03)+_—6

=1.22 =1.13



f'i*@é‘#é&%*é

AMdah I E‘?ig,#\}j and Technology of Chir
O ) E=, fe=0.15,%¢=3 O Q) =Fh5EEIHEE

S = L - 1
(1—f)+£ . f,
e Se (1_fe)+8—e
_ 1 _ 1
0.15 03,02 015
(1 0.15) + (1 0.3-0.2-0.15) + 16 10 ;

=1.65
=1.11



O#E 7IEFMEIER LR, #ALIEREZ
R = X EF L RE ULV I B PR

N =aan !
/ 5

0.5

M 3

L 2 4 8 10 20 & | Se




L) FEAZLL %2

and Techn Ithla

022 41825/ 2% #%Speedup
(s+p*N) / (s+p) = s+p*N = N+ (1-N) *s
v “NILEEEFEEZBIE E Mk Mg K” , “SHIiTEiEEe”

40
— ——— Amdahl ;
Gustafson ;

" |
/ ________________ - John Gustafson
o oo B o o e A oo AMD GPUE i 2] i

Q AW 9 Y ah > Db o A A2 D %
G@mﬁt\mq?f’hm‘fﬂmg?*m@m.ﬁ‘mgmﬁ’m.ﬁ’

N=100 F(©-1)



https://en.wikipedia.org/wiki/File:John_L_Gustafson_CEO.jpg

£R R B B Y i A

O & AHME:
v IR [Ei%it  HDL (Verilog/VHDL) ~ 42 & -1 E-F AR
v &R
v ez &
V%, SR, it <
v )
v iR

v %

=
i



Q) FERZLLS

SRR EE B HY A R id A

) Wé’* © FERbEE B

ke



<% .
® ) ’ =
o=/ University of S

ity of Science and Technology of China

SRR B B HY A PRI AR

O ezl pk %

v BRI
FRMRER E— Bk
ZIRE, SAIE Rk
 BEHLRTE. —
B bikighe, R
BB ARIRER L, 4
RER R BB ERR > %;lﬁﬁﬁﬁ
RHES, RS &
SNREER.




f‘f*@é’#é.&f# g

£ IR BRRYE PR A S Tyt

IRBERE G SERE [ n

........

MESIANREREMEIFEN |
EF, NTRA&IMXEBHNES -
5. TERENASEAE . B,
. - Polysilcon Gate

Insulator L

Dé@ﬁ%ﬂ‘ */q%nﬁl ﬂ:\ %[31’1: Source
~




FRABZLL*X S

University of Science and Technology of China

mpIERy
O] E|
mESES



ftp://download.intel.com/pressroom/images/processors/p4_478fr.tif

,‘6&

ORLEXTTEE:

~/ University of Science and Technology of China

AMDITs BV PRIt FE

Silicon, Wafer, Mask, Transistor, Semi-Conductor,
Lattice, Integrated Circuits, Copper-wire IR = i




&
=
=
8
iy
=
i

A LA + B RA
%

i/

0=

i

j
& 2

oA + &k

=]

BB A = —

5 il A

=]
HH

2

F]_‘

=]
HH

7%y | B2
2 X 1]

2

I
]

=]
HH
H
HH



A s a -t
% = = 2
S -
@ £ i oE ¥
P mE XS
=)
| -
N =
=L
T
E Enll_. -
T +
EDH
Bl I e =
L] x
=
oE
Em.mr n_VbN
_m .L|/” IHEY \\ =
T e AT
nm & = --ﬂtﬁw‘ M“-‘ﬂ--“ ue
) I e »w«m«»-m»-«»«»ﬂa“:
= . Emumanah
& B R
4 ) |
2 DR
= ssgRsstusstuasiuasiesy
Sr= e
Srsitusstiuashesisty
pulng sesiset a-.»%-:«n- 8
= i Vi
LT | 8
i = TE SRR




O ¢0Az L k%2

5 AL FL RR O LA &) o B

fn T AR =

im0 A
SRS mEA R \ W R P
(Elljﬁ%/_ﬂ'xﬁﬁg'fl )X%&&]%X(lﬁ-ﬁ_ﬁ EXHHHAE@)“
R 2% BT R o

BAERE =@ AFEB




(Non—Recurring Engineering cost)

CFE B A AN

5
v —RM4ERRER

3
<

%N

-
JAARS

O K
CINRE

O

LR+ R RS A

O & FEYAAR

o SR = $20000 + 10*%$100 = $21000

vV B/ E#= (NREERR/SHEH) + BRI
v'NRE=$20000, E &Rk FE & AR A=$100

v10R/

v NRE

o AMBE A = $20000/10 + $100 = $2100



O ¥Rz L k%2

i%ﬁg/#\}j and Technology of Chir

O RENRmEA100%, @HAKA
1.5cmYIERH. (1) BE1R30cmiYaa[R
EFEZLER? (2) RZBEAMEPBDS
:EjjO 4/Cm2 H a=4. 0, ;kEIEIJ_LEl,JBZI:IIZI

Y
R B 5 T2 R
ﬁ%%iﬁg%ﬁﬁ:?!ﬁﬁ _ﬂxaalﬁh
o AR 2k BT

2 = \ ‘h/ﬁ%ﬂxa D_
%ﬁmpﬁ:’%:%mmzx(l_l_ﬁf LLIE EIEIHAE*/\)&

a

O0




@RCEXTIES

iversity of Science and Technology of China

O 1+ E 4l RS XA H4H BX
OBV RS FERRELEN
OtENER vs. HHEIEREGH
O Von Neumann#/l

v T BN RS R B KIBELE R

v BRI ZiHEIFRR

v 5% Hopfladdr ¥ k

v ‘BTSN RIT
O#SHMITIZE
O EH RS NTER

v FISTEMERNX R
O MM /555 (CPURTIE). MNiEEE)




Q) EEAZLL* S

ity of Science and Technology of China

O{EMl

v COD5: 1.12

v BE (1E—)
o BHEMPIESMBESFHETFiEsEP, REHNMITIRWAX 5 ?
o “MTEHAER” 5 “HEIRSREN BIXR?
o Lb#ZAmdah!’ s LawFIEEHTE R E 2

O+ 7 SRR
v Peter Naur, Turing Lecture: Computing Versus Human
Thinking, Comm. ACM, vol. 50, no. 1, pp. 85-94, Jan 2005.
v CCC, Arch2030: A Vision of Computer Architecture
Research over the Next 15 Years, ISCA2016

v' John L. Gustafson, "E#ZiFEglg#tAnEE, " (EEI
HBil¥F<i@ifl) 5 31 &, 5 532-533 I, 1988 <.



)N FEBZELX G

University of Science and Technology of China

Wk E— AT EIE—D)

1. SR TBENEARNLXRHIER A SO

2, &w#HIntel or AMDALIEZZAVIERETEFR

3. ITEHAANIZIE

4, CIBEEERRITENL

5. getchar () BYSLI T 1E

6. PCRGIETNSMHRES T
o fl—““Benchmark, BHLER - FAMITRI—NMER, GRETH—HE?
o FINSITEMERNXAR

RIEARIR, RIXTEAA. NEEFHY

WER:

- @E GRIE, NZ, M)

« R FS5 CRIE, N

& CRIF, D

515 (RiE, NED

EX CRIE, NED) BFE=8R5: B, J12, 4R

g R, D

223wk (Rix, MR (RT3, PRXEW, JUREFNEIRERD

OO0O000000 O OOoOoOooooooao



e SRLEAETEL

Acknowledgements:

This slides contains materials from following lectures:
» Computer Architecture (NUDT)

» CS 152 CS 252 (UC Berkeley)

Research Area:

> BRFSARRYS, GPU, FPGARMAZM %%, EHEinE
> NILEBMREES (BRL) OHEEIHTHEN

Contact:

> HEBESARRETENERE

> MARRAELTE (FFL—#

> EMEEERTIESERE  (FRERIFMBE R
cswang@ustc.edu.cn
http://staff.ustc.edu.cn/~cswang



