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University of Science and Technology of China

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 ProLiant 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

g EMBEDDED SYSTEM LABORATORY
SUZMOU INSTITUTE FOR ADVANCED STUDY OF USTC
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University of Science and Technology of China

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

NVIDIA K20x , Cray/HPE
DOE/SC/0Oak 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 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

BRNARARIEER
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SUZMOU INSTITUTE FOR ADVANCED STUDY OF USTC
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Rank System

Sunway TaihuLight - Sunway MPP, Sunway SW26010 260C 1.45GHz,
Sunway , NRCPC

National Supercomputing Center in Wuxi

China

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

China

3 Titan - Cray XK7, Opteron 6274 16C 2.200GHz, Cray Gemini interconnect,

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

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

5 K computer, SPARCé64 VIlIfx 2.0GHz, Tofu interconnect , Fujitsu
RIKEN Advanced Institute for Computational Science (AICS]
Japan

Cores

10,649,600

3,120,000

560,640

1,572,864

705,024

" BAX KRR

h

93,014.6

33,862.7

17,590.0

17,173.2

10,510.0

125,435.9

54,902.4

27,112.5

20,132.7

11,280.4

Power
(kW)

15,371

17,808

8,209

7,890

12,660

EMBEDDED SYSTEM LABORATORY
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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 61,4445 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

ZEEE. S-cu 'MeTITUTE Fam Aovanceo Stuoy or USTE
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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
E'TE’I ‘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/Oak Ridge National Laboratory
United States
3 Sierra - IBM Power System AC922, 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

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 61,4445 100,678.7 18,482
2.2GHz, TH Express-2, Matrix-2000, NUDT
National Super Computer Center in Guangzhou ﬁ,—?@%fﬁ:
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v BERRMIANES: BE. B AEN. BEiEmeEE
O g
v T ENA BRI R A S B Y5 e FAIR R B E 2
v BERRMIEIRE: BREE. TEINL. LB, B IBEEEF
O &Efczs
v I/0ERBEL, RESR. BUEERAAL—, BEit, EXLII/0EES
FNZEHEENERRHR, DR — MRS RIMERANEZSE,
J1/0¥E Ok & | /0EHL 25
v R F—NEEHREE
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OFE 577337 Ex

v HUiE: IRIEZAIPCIE, MFMEMULFESIES, BIIMDRIE
Z IR

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

v o1 CUDETIRFEVIES, TAERIEXBIFIRIERbLL
[IR] =CU: OP[IR] —ALU, AD[IR] —MAR;
[MAR] —MDR; [MDR] — XE{MQEEACC

v IT: ALUBREFALIRENE, SThiR(E

Fellf e | g l fi i‘l’ﬁtﬂﬂ’ﬂl’f’ﬁﬁ

et L — 12, BhEIRfEiE

o ] Lo G [ee] | : IR S

MO b | ] foe 1 I [z & A~ W 1
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Ot BHLIFRLEH
vV IEF AT BT, RIS S S et

« EFAFEISRIBES LHRIESIEFA
v Hlze Bt eiE
« ELE. B
O T 544 RK
vV I B RERIZEESCIN

« EEXTE
v 88 LRt 23 A0 3

Fr SuiERARY SEIN 4075
RS EIR AV E R AN R T

B, FhiEssIUEAR. | /0HLHIZF

v ERTYIEN ARSI EHNHIFANSERN LN, &
ARV TN BE LA FH EL IR Y BX &
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HEN R menEy (O OAILL1E

O #HERT

v R E YRR IR ERIBE R BAR R
O FutAx

v BNE[SUEEAL, SutA e, hihsEE
O FFEa34HA

v iﬁjn’ﬁ%ﬁat T HFFS, ITHSESERTRASESENEX.. BEMER
O {ES ARG

v e SERIERE, &K, 5L EHIFITHIHAA
O FiER%

v BRINRIEEGL, wiItAR. EERE. RAARULEE
O iAiaH 54

v INIHENEIE R IR/ EESE SMAREIE S BN EIERRA R,

IR AT FE AV

O il

v A, FERR A, AN SPEIRN FRE
O {5 81R$F

v EERPAR. BEEERTPYLE
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STHEAER VS. HEHRER ALk 8

O X+ Intel 386 5Core i7F5FH4/1 35
vV B ESERA: ANARR—EMHRIYEE
}Efﬁlnm?EF?J\. E R NE LS
« IHSHE. BIEXE, JFUFEARFAE
o Etk, XAMHLZHIE RGN ZAHEIE
O35S R %AV o)
vV ITBEHAELIES, BT HREER 0
v iS5 sLil, BNE4ABE. othissS . BUREH.. s8ZF, B
T+ EAL2H B AV o) @
O 51
v — 8= REEEFRERS, XEITEIIERLE A0
v BEASLIFEIRSHITNEE, 2T EYIA R0
v AJ AR Z 171803k A B B& B & SR N80 N & 5 %

‘<‘> -&)\:‘itf ﬁa '53?5.55.
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v

O AT — et HNOEHIER, SiRxait B
S A
O AL 0 532

v RGN

-EE%%Eﬂﬁ§M¥%,@%hfu#,ﬁwgﬁﬁﬁﬁi e
HEHERNE, LEMT XITEVRIIEE R RIE

o AT A
1>%ﬂmﬂh% ZERER. ERIERF. FRERBES
1|:| = iﬂhf— /Eéﬁ%% \ éﬁi%%%%
3) BIER S
4) HIEEEIRRS
v’ R
« AFPRIBESEE, FIRTTEN SRR =] M #mbl I iEF
« YNERPERMF. RIVTaT. WPk, X THEEFS
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3.1 #HlssF K Q) FRAZLLS

nd Techn lthl

O #lasFIc—CPU— )R Be AL IR /Y it il B HE BV AL 2K
v 1B J{L_g B 5CPUHF FasU i X, URMEEIBPHMEIEDZEHN
\/
Efiﬁmyﬁ\mﬁM%,ﬁEmﬂﬂmﬁ%%m
v 2l HiRE
. CPU—T—‘IK?F)L%L, EEENBRZHER, WEZREH
7 BESERR
v 2t B E
o TS, HBIFRRTEE
v S NoHE R AR
o FMAC, FHIHIIMRARE IES
R EASE FRE SR A B AYHI 2K R,
ZHITENXATFKER

A, BEHS
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P




*@ H2EL X

and Technology of Chir

O S B— TR BhF

i E

. {1

EERENHGERE
VEREE - BB
. HESRHOMIE B BRMARRI LR AR T 724 B ST

- FFIESBHBIE S BRI R T F T K

SMARA164iL. MDRJg32{i, NIFRRiZFEERHEHF21=65536"
7(%11%$7r,, BT ESE 219 X 32b = 22b = 2Mb = 256KB

OFHES =R

v BERT
vV, — A

SR TR A
X FiEFEK

HECkIEIA S =Ky, 0B, KB, MB. GB. TB
9B, F/R8[LT

it B
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Elygy 168 B B IR S —REEFHITHEENEERAL
‘51
v BN AR IR E
v’ 43 F9CPURZRFICPUSM 2B AR i 5L
o NEPHIBEIETE —folelm“”*tv HEN A SRR AU AL B

« SNERBURIRES TR S ﬁ??%?&?& BRI, BICPUSETE. 1/0
W& E— R IR S E s, BEERK

O FZHH=
V ARV SFEFEAMNEATT N —F, E—ERFETHEH
V ST E—ZRFITENKR, FKE ZEER
o 80x86FR%, —NFEHI6ML, HF; 2usiE, WF
o IBM 303X&R%I, —NMNFEHI26I, BF; 16utE, FF
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3.2 TFfigmE= (3) Q) FRAZLLS

nd Techn 1th1

OzEFIC VS. FiEFIK VS, BE=FIK
v ZEZAESE, AU E
-E%g%m,z%—&mg XRE—RIF A U — &5 4

~t

- BERAGER, MHBEETKAMBERETTEMBR, X
BE= ER AR, (ENRRTHHRRE

v EA
. B0BGALIEE, MBFK T K BT KBRI6H
e PentiumibIEZE, Hz3F1K32L, FEFEI64{L

D ﬁ11%%’%—::llj+Jb
/gugﬂmMﬁ% SN HFIRERE, —&H
S A/
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O HEHENEERENER, SIFSEZRRX, WlaE:
%ﬁ\ *%ﬂzgéi\ _ﬁL_r__T'—Fﬁo

O E&EFEFE (benchmark)
v ZJECPU. 1/0454. ##1ERG. WIFSRUEF
v IEN T E R SSPR TERE

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
BREEMRIER, A —PMERMNRIEFES.
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FENMKE (Benchmark) ©¢oeaz A% g

CODhrystone

v B IERF

vV — 1N ZEMREENKIEF

v & FEEE R — R ERRIHLES
OLinpack

v K e = MM e SR E 7 4 Re
OWhetstone

vV — MRS IERF

vl S RE. BEOTEMINEEARFMRE
OTPC (Transaction Processing Council)

VIR (BRS5E8) S5 IEMRE
CISPEC

v’ System Performance Evaluation Cooperative
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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
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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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OREE zHRERNSESE: SER—XINEDRE
ﬁﬁﬁE'JHTIEﬂ
v'CP1 (Cycle per Instruction)
« {BSHEHEA, FJ/ARHUIT—FIESIER TR #h EHAZL

HATTE 7 B 75 BUCPU B £ & # 41
EFE SRS &L
v MIPS (Million Instruction Per Second)
- BAKESEW, BRMERMITHIESH

CPI =

e B = R S
MIPS =
12 B AT RS (8] x10°
v MFLOPS (Million Floating Point Operation Per
Second)
s BAXRERREEY, AXREGENFZESESHFREEE
O B2 {2 o e Ve H
MFELOPS = Jflfr%lfr]fd—;u_ﬁ;ﬁfgﬂ\%
TR B HATET B x 10 B o R s

P
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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
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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 —HUEEEES, EPN20MHz , HiHE R E
. BV B2 R BIAR, FHE4
184 FI3MILER I BAROI 1] (B “484 TR ” ),
fﬁﬁﬁﬁ&tﬁﬁ%ﬁm— BT IEEMIPS.

[##]

1 1
T4 JE HE = -
S e TV

—0.05%x10°°S
. 1
SP A = el
R A HATEEI(S)
B 1
0.05x10°° x6

= 3.33MIPS
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4R 53 HTCPUBA 4 B2 ot

O 2 = TRIRT [E)FE T %
VTR RSP SLMERN T ZEXRHE
ZiRHEXk. XPRZEFETTEN LIERUET
ShATITE (F), BAIEMHz

v AT LU A THE 5 A B9 5 B i &) B 28 (CLK)
OE S XA S HBA TR AT LARIERZ F AT
JCPUR|E] :

A1 UHT'EH Tepy = CLK / f
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CPURYTE&E ol

OfFEFITHEIERRAIERIESE, 1810,

O&FEZESHITIREEET$hEHAZCPI (Cycles

\
/

Per Instruction): TEIESHITIIEERFIS

A3 & HA 24

CPI =CLK/IC
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Ifcpl ~CLK/IC

—— |C xCPIl =CLK }_
T.., =CLK/ f

" Ty, =CPIxIC/ f :
Tow =1/ f

L—’T

oy = CPIX1ICx T,

EEEFEF

BRNARARIEER
EMBEDDED SYSTEM LABORATORY




Q) ¢EAZLL% S
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ORSA%E () : RRTHENSIEAR, £
TZ it EHAELR.

III?“/‘\EI’\JSZi’SHTI%FF}EHH%& (CPI') : RERTITEAM
B (apfiskse) AT ENESENEM.
OEFESH (/10) « RIRTIUHENESER

LEFFNIRIFION o
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ARANCPUTERE AT i

ORIt BV RSB #i5<, HpE/ #
ESRIAIRRTE) orl, , TEFRRFREE/ Fi
IHSHINEIRE A /0, 3% (Gibson) 7

T, =CLK/ f
CLK =) (IC; xCPI,)
Tepu = 2 (IC, xCPI,)/ f
=> (IC; xCPI;) x T«

“ BN RS

R -




O ¥Rz L k%2

and Technolog

o
Ha il .

CPI =CL
CLK =) (

CPI =) (I
= I(
IC,/IC RBRT 4

K/IC
IC. xCPI.)

C. xCPl.)/IC
IC. /IC)xCPI.]

iR SRR P A R
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O X &5iTHLR BLoad/Store IESEEXNFIESRHITIZ/BE
#1E, HeES RS FESHITERIE. RBEXNEREFIR
ERSLIEE R, EMNEMIESHTGAIEL IR CPIEINT

ESXRE 5<% Fres EE A5l CPI
HiZES 43% 1
Load$g4% 21% 2
Store}g % 12% 2
EIIES 24% 2
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Ok i B8 TNHYFEIACPI

OFRIZIZIEF

MEZIESHEHRL . B1IZ1=HE H25%H945

SETMRIERIH—ITEAEFTFST, 57—

/ﬁTE—Li
Fas. [FHit

S 1THIFLoadtg Mﬁﬁ% SHVE 2
SAEMNENS—MWEIZES, B

R TRIEHEBESFs, 73— TRIERELE

FiEzss, EFa—FiEs3LE, REXTIES

HICP 1 ZF T2,

HESRGEHS

B, $EHIESHICPIZ R, K
Z15CP1
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O CPI= (43X 1+21X24+12X2+24X2)%=1.57
O 43% X25%=11%

BSRE JEEEfH [ECPI  #rtkfl CPI
MHEIZIES 0% O 11% 2
BEHIZIES 43% 1 32% 1
Load$g% 21% 2 10% 2
Store#g 4 12% 2 12% 2
%S 24% 2 24 % 3
O CPLew =(11X2+32X14+10X24+12X24+24X3)%
=1.70
CPInew =(11x2+32§<|-1)x2+ 12X2+24%3) /89%
=1.91 ¢
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AL AL O -

O F A B 18] UL 2V EN — & T E LAY M ge Ao &
PRt AER X
v I R ETE) (FITRTIE]) ¢ MNEHHISRIZER 28R
B8] .
v &1 Z (Throughput) : fEERAAT[EB]AERBETTAEY L
EE2 (%% . (ZARARZ)
O P LA ET[E AfRE, ZEREFRSIUATLR
j?*l?/ﬁo
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YR7 (FasHfEY &I

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

W B I 1R,

Ui B I IR
Hﬂ?ﬂlﬁ;ﬁﬂifﬂiﬁ‘lﬁcﬁﬁﬁkﬁtﬁf XAH:
G IOA:E LTV : 3 N Y

e . B ] 1 P 6B,
B 88
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O r] ¢4
v it irEiziTetE, MTBF (Mean Time Between

Failures)

] A]

SLp s
2SN
L

v EERGHYTT R4
v i+&xXF: MTBF / (MTBF + MTTR)

e MTTR (Mean Time To Repair) , JEi{&EH]|g]
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" - . fOX . e
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)




AETEN O ¢easaixs

and Techn lthl

Ot EH/CPULRIAE
VITEHR SR
VITENIZ T E R BR A
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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
W), 1946 £ERYZRTIAY, BEIRE 50000%/#, ThFE150kw/h, Gi#b170m? ,
if'ibllOOH%m:o AT NES &M,

O TE&F®IEFESH, EFEREIMEBIRIRIA (vired)

oﬂ$ﬁﬂ¥iM@
H, #E&iHHENAIIMNEGIR. —
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EDVACIHE#L, 1944~1952 & i =

OElectronic Discrete Variable Automatic Computer

TS T EE
v 1IMHz, =

T EHL

-t

, FA324, 1T

v 7712 F (Stored Program)

EiEfKE (John von
Neumann, 1903~1957) FlI

BRI AE AT AL BT

“ &As&iﬁﬁ—% '33?5.55.
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o pErE L B EDSAC (@) FE AR LKL

[dElectronic Delay Storage Automatic Calculator

v £ ZEDVACH]L,

1946~19494F

G175 SE 3

RHKBIEIRLE NS, TIAF
fi#34bF K512,
IN¥ERFE]1.5ms, FER[E]4ms.
AT EN (BHRfEmAEHE %
P& —i34T)

e, F#ER, Cache, ...

FoEEARXE

. (1967)

BN - SRR
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s HOW TO “READ” FM TUNER SPECIFICATIONS '

aPopular Electronics

B S A A A A L 3 3 SR A BRI D BRI
WINALDS LARSCST.SOLLWG CLECTROMEE MABAZWE JANUARY 1975/ 754

PROJECT BREAKTHROUGH!
- World's First Minicomputer Kit
O##L: Altair 8800, 1975 {0 Rival Commercial Models...

v — g3 5 "ALTAIR 8800" save over $1000
FIREE e et

0 IBM PC#/l: IBM 5150, 1981
v CPU: Intel 8088, $fiZ4. 77MHz GEHZE F

EFnZE Intel 80877]ﬂ1_-|=) ALSO IN THIS ISSUE!
OAn Undcf-$9o Scientific Calculator Project
v" RAM - 16KB, Eij(j-ilJ256KB 2" ® CCD's—TV Camera Tube Successor?

B @ Thyristor-Controlled Photoflashers

v BREREE: 16t SR, 640 X 5 TEST REPORTS!

ﬁ il | Technics 200 Speaker System
200 (CGA) i Tram Diatmond- 40 GB AM Transcover
| . AU T e
v 1§77 5%, 5 25 ERAZIRESEE IR, i ol S

1E_~:§ j]‘/f EEFJ'
v/ 0S: PC-DOS 1.0 ([ AMS-DOS)

v EREIRY: $1,565, MIRELR (REEH
. HBEREZE) NZ$6, 000



//upload.wikimedia.org/wikipedia/commons/6/69/IBM_PC_5150.jpg
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VAN AW e RARERR LIS SN BREUH 2T
F— B EFN4kEERS FEEFITEN. | V=ESFICHR | SMETRISA,
(1945-1954) FEFEHI/O B= ENIAC

IBM701, 650
M v RS, #e. Rl | EREBUERR. | BESHI%WIE. | Univac LARC
(1955-1964) | E2% PCB SRR, Rl | HBNIRIRIERS | CDC1604
I/ORLTEAL IBM7030
F= SSIFNIMSI. ZBEENR | k&, Cache. | ZIBRRFEINSET | IBM360/370CD
(1965-1974) | BBE&. WIER FEATANE, R | BERSR C6600/7600.,
=L DEC PDP-8
1w LSIFIVLSL, S | MR, 9 | H1T59mEE | Cray-1. IBM
(1974-1990) | 7Zfikzs I fFfif=s 3090, DEC
VAX9000,
Convax-1
FhH SEeERIbIEES. K | IBSRFFT. o[ BH1T5% | SGI Cray T3E
(1991-) AIRES % E R SMP., MPP, folbTE IBM xServer
IZ&

Sun E10000
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Inte | J9{51ZFCPURY [ 5

OMAIESRE P RIRE M LZRE, STHNZIT
FORFLE /IR % R
e peanard. — - Ly Intel 4004,
TR T orn,
iy “ 3 rLE—

| 7 D

;5 rer Ml & B iR
g: iii AR o

E‘L 23004\ 345

il B, 465515
ﬂ'_f{,-_ 5 | Ow\ <, O. 75
N w=s L S IS
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O 1993~1994
v/ 80586 : PENTIUM(P5) I
v AMD K5, Cyrix 6x86
v 644iIRISC
e DEC: Alpha 21164,
e |IBM. Motorola., Ap
e SGI MIPS: R10000 (

11995
v PENTIUM Pro 200MHz,
v Pentium MMX (233MHz.

O 1997: PENTIUM 11 (

] 1999
v  PENTIUM |11 1.2GHz,
v AMD Athlon (K7)

Hz)\.-‘itiﬁ. —9;‘3&.1




P TE X B R N A Q) v A2 LA ¢

12000:
v AMD ThunderbirdZIDuron

v'VIA CyrixIll, 800MHz~
VPENTIUM IV, 0. 18um,
02001 ~: PENTIUM 1V

v'Northwood: 0. 13um, —>¢
B, $Efhik

v i8%%F=E HT), 0.13um, 3.

v'Prescott: 90nm, 31Z%%
SNST533MHZ 55 800MHZ, 1.




A 5B 71X BB {EPent i umiA El| BhilE ‘#@y?éfﬁmlé

002003~ : Bk55=5 A %#%CPU
v'Sun UltraSPARC V. S8MBZETZ/#Z, 2. 4 GB/sNTFIE
CEFAMEEE16GBATE, 0. 13 um, 355mm2, 6, 600
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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.
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Exercise 1.16
COD4 : 1 . 1 4 y 1 . 1 6 Another pitfall, relating to the execution of programs in multiprocessors systems,

is expecting improvement in performance by improving only the execution lim_c of
part of the routines. The following table shows the execution time of five routines

D = /‘\ of a program running on different numbers of processors.
= - Routine A | Routine® | ReutineC | Routine D \ Routine E
# Processors (ms) (ms)

(ms) (ms) | (ms)
Exercise 1.14 - 2 20 ! oz == de ol W s |
3 > : PR . . | 4 2 12 B
Section 1.8 cites as a pitfall the utilization of a subset of the performance equation | b 16 4 | ! - _
as a performance metric. To illustrate this, consider the following data for the ) .
execution of given instruction sequence of 107 instructions in different processors. 1.16.1 [10] <1.8> Find the total exccution time and by how much it is reduced if

the time of routines A, C, and E is improved by 15%.

‘ P g 4 GHz [ 125 1.16.2 [10] <1.8> By how much is the total time reduced if routine Bis improved
[ P2 3GH: . 0.75 | by 10967
1.14.1 [5] <1.8> Onc usual fallacy is to consider the computer with the Jargest 1.16.3 (10| <1.8> By how much is the total time reduced if routine D is improved
clock rate as having the large performance. Check if this is true for P1 and P2, by 10867

1.14.2 |10| <1.8> Another fallacy is to consider that the processor executing

the largest number of instruction will need a larger CPU time. Considering that Execution time in 2 multiprocessor system can be split into computing time for

processor Pl is executing a sequence of 10" instructions and that the CPI of the r'{’“““"" plus routing time spent sf"d'f'g data frqm ;:"j, ﬁlrocgssol; ll?]e“}zl?}:;
processors P1 and P2 do not change, determine the number of instructions that P2 Consider the execution time and routing time given in the following table.
can execute in the same time that P1 needs to execute 10° instructions. case, the routing time is an important component of the total time.
1.14.3 |10] <1.8> A common fallacy is to use MIPS (millions of instructions per Routine A | Routine B | Routine € | Routine D | Routine E | Routing
second) to compare the performance of two different processors, and consider that # Processors | (ms) (ms) (ms) (ms) {ms) (ms)
the processor with the largest MIPS has the largest performance, Check if this is - : l
true for P1 and P2, 2 2 e v ‘ L = =
4 12 a4 A 4 B 13
Another common performance figure is MFLOPS (million of floating-point P 3 9 a 17 ‘
operations per second), defined as 8 = =
5 St 10 | 2
MFLOPS = No. FP operations/execution time x 10° . B s 2 m—pr—
. . j 1 23
but this figure has the same problems as MIPS. Consider the programs in the x 2 A = e -
following table, running on a processor with clock rate =3 GHz 64 I 1 | 3 05 i 1 ==
a| 10¢ | mx | a0 1% | orm | 1 L5 . "
T T l — e I = ’ 1.16.4 [10] <1.8> For each doubling of the number of processors, determine the
[Ro] 830 | |29 i 0 | 12 ratio of new to old computing time and the ratio of new to old routing fime.
1.18.8 [10] <1.8> Find the MELOPS figures for the programs. 1.16.5 [5] <1.8> Using the grometric means of the ratios, extrapolate o find the
computing time and routing time in a 128-procesor system, .
1.14.5 [10] <1.8> Find the MIPS figures for the programs. E%i
) 1.16.6 [10] <1.8> Find the computing time and routing time for a system with  ;oparory
1.14.6 [10] <1.B> Find the performance for the programs and compare with ONE Processor. 1o or USTE

MIPS and MFLOPS.
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OCOD4: 1.14, 1.16

S 1. 14
1.8 WEIET — MR ARE — D FRET VMO KB, b THUIY, FREEARIENLLES S
BATI0° 42 ¥ 51 004 XA .
4t B S cpl
Pl 4 GHz 1.25
P2 3 GHz 0.75

L14.1 [5] <1.8>— R ILAEDUE, A hed Sh3R Bl 09 VLA Bl MtERE . XYL ER? o
Ji P1 #1 P2 REuEX — Utk
1.14.2 [10] <1.8> 55— PR, AHRITHSBREBMLBEBWETE LM CPU B M, £E Pl BT 10°
FANPFFPITTABIE, P1 A P2 (8 CPLAZE, H—TF P2 JAIRIREAORT fa] o] LASRAT B4 KI5 47
1.14.3 [10] <1.8> —Aif RIHHR LA MIPS (B EARIES) KHE2 SRFMLAREBAOKERE, ik
J9 MIPS SR HIAL SR FUAT I MG A E AR AXRh LK IEBRRG? 358 P1 #0 P2 RIFIX— ik,
Ti— W REYERESR SR MFLOPS (B HE 77 &7 A484) , i X MFLOPS = 7% S 30 E i N30/ 1
TrffE] x 10°, €15 MIPS A7 R I, 58 FRFTROEIY, %Y 3 GHz fIALBE |iEFT.
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