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Tt elval N « ApXLTEKTOVLIKN YITOAOYLOTWVY»;

Aoylkn 2xeblaon: oxedbiaon Backwv PnpLokwv KUKAWUATWVY

Wndlaka Juotnuoata: oxedioon Pndplakwv KUKAWUATWY

Muwkpoemnetepyaotec: Mpoypappatiopog Assembly

Apxttektovikn YrnoAoyiotwv: 2xediaon Bocikou (arAou)
UTtOAOYLOTIKOU CUGCTAMOTOC

MNponypevn Apxttektovikn YrnoAoylotwyv: MNpoxwpnNUEVEC TEXVIKEC
ylot artoS0TLKN oXedioion UTTOAOYLOTIKWY CUOTNUATWY

2uotnuata MNapaAAnAnc Emeéepyaoiac: Ospata otnv oxedioon
KOLL T(POYPOLUUOATIOUO TIOLP AAANAWY UTTOAOYLOTIKWY CUCTNHATWVY
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BifAia padbnpatoc

Opyavwon kat Exediaon YrmoAoyiotwyv (n dtaouvdeon uALlkou kai
Aoyloutkou), 4n €xdoon, David Patterson and John Hennessy,
uetadpaon, ekdbooelc KAewdbapibuoc, 2010

ZevoyAwooa BiBAia

sComputer Architecture: A Quantitative Approach, 4th Edition, John L.
Hennessy & David A. Patterson, Morgan Kaufmann, 2006.

sModern Processor Design: Fundamentals of Superscalar Processors, John
Shen & Miko Lipasti, McGraw-Hill, 2004.

sInside the Machine: An lllustrated Introduction to Microprocessors and
Computer Architecture, Jon Stokes, No Starch Press, 2006.

"Readings in Computer Architecture, edited by Mark Hill, Norman Jouppi &
Gurindar Sohi, Morgan Kaufmann 2000.




Awdaokovtec/Qpec

AtaAg€elc: Tetaptn 15:15-17:00, Nepmtn 8:45-10:30
Mou: NEo Ktiplo HAektpoAoywv AMO 3-5

ALOAOKOVTEC

« Kab. lNMavayiwtng Toavakag, (Tunua A-KA2) AM® 3

« KaB. Nektapioc Kolupng, (TuAaua KAT-MATMATIN AM® 4

« KaB. Aiovuoioc MNveupartikdroc, (TuAua MAMAA-Q) AMD 5

TEXVLKEC N\ETITOUEPELEC

e OclpéC aoknoewv (bonus 1 povada)
 www.cslab.ece.ntua.gr/courses/comparch

e ypamntn eé€taon, aplota 10

o gfetaoelc pe kKAewota BLPAia + «okovakw (1 A4 pUAAO)
« puotko erutuyiag? tapokoAovBnon + BLBALo

1 eBdopada dtaBaocua otnv eéetaotikn AEN apkel
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Etcaywyn

A’ LEpoc:

e|oTOpLKN avadpopun/eEEALEn

*>UYyXpOVEC TAOELC OTNV APXLTEKTOVLKN
YrtoAoylotwv

B’ uEpoc:

e Aopka otolxeia Yrtohoylotn/tL eival ISA
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Tt onpaivel “Computer”;

Write = ypapw, Writer = Autog (o avdpwirmocg) mou ypapeL
Compute = YrioAoyilw, Computer Autoc mou umoAoyilet! Human computer!!!
http://www.computerhistory.org/revolution/calculators/1/65/2209




Muat c|>opa KOlL EVOLV Koupo 10 1944...
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ENIAC (1943-1946) by Mauchly and Eckert

Dimension: 3 ft x 8 ft x 100 ft

18,000 vacuum tubes + lots of switches

Memory : Twenty 10-digit registers (2ft = 61cm each)

Speed: 800 operations/sec

General-purpose machine used for computing artillery firing tables

10 years of service — more calculations than done by the entire human race until 1946




MpoBAswerc (tunnel vision)

“I think there is a world market for maybe
five computers.”
Thomas Watson, Chairman of IBM, 1943




lotopikn Avadpopun - 1951
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“"'4 i =

UNIVAC | (June 1951)
S1 million

[MoUAnoce 48 tepayia = To TPWTO ETUTUXNHEVO
EUTTIOPLKO ocvotnual




lotopik Avadpoun — “Family”

Model 40
1.6MHz, 32-256KB, $225,000 IBM System / 360
« 1964
« S5 billion investment
Model 50 . .
+ 6 implementations
2MHz, 128-256KB, $550,000

Model 60 DEC PDP-8

5MHz, 256KB-1MB, $1,200,000 » 1965
« 15t minicomputer

- cost < $20,000

Model 75
5.1MHz, 256KB-1MB, $1,900,000

OOOO Natonal Technical University of Athen:
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...more tunnel vision from “Experts”

“There is no reason for any individual to have a
computer in their home”

< Ken Olson, president and founder of Digital Equipment
Corporation, 1977

Slide source: Warfield et al.
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O MeviEg TwV emeéepyooTwV

e 1" Tevia, 1946-59: Vacuum Tubes, Relays, Mercury
Delay Lines:

»ENIAC (Electronic Numerical Integrator and Computer):
Mpwtog H/Y, 18000 vacuum tubes, 1500 relays, 5000
additions/sec

> MpwTto mpoypappa armoBnkevuevo og untoloyiotr): EDSAC
(Electronic Delay Storage Automatic Calculator)

e 2" Tevia, 1959-64: Awakptta Transistors

e 3N Tevia, 1964-71: Mwkpou kat Meoatou peyEBouc
OAokAnpwpeEva KukAwpoto

e 4" Tevia, 1971-onpepa: MikpoUmoAoyLlotec BaolopEvol
o€ texvoloyla ohokAnpwpevwv CMOS-VLSI

e 5N TevLq, .....: Fpadevio; carbon nanotubes; Quantum;

12
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O Meviég Twv p-Enegepyaotwv

1971: Intel 4004, 2,3K transistors 12 mm? (740 KHz, 92K ops, 10pum)
1978: Intel 8086, 30K transistors, 33 mm?
1984: Stanford MIPS, 24K transistors, 34 mm?

(Berkeley RISC II: 41K, 60mm?)
1996: Pentium Pro, 5,5M transistors, 306mm?
2007: Penryn (core2 duo) 4-core: ~820M transistors (214 mm?, 45nm)
2008 Nehalem (700M-2,3 Bxtors 32nm, Core i7 parch)

2008 Tukwila (2 Bxtors -6tadoxoc Itanium 2 kot Montecito-30MB
cache & 4 cores)

2013 Haswell (Core i7, 22nm, <= 8 cores, ~1.5Bxtors, 40MByte cache)
2018 Coffee Lake Refresh (i7-9900K 3 Bxtors)

2017 Apple A12X Bionic 10 Bxtors, Qualcomm Centriq 2400 18Bxtors
2017 Nvidia GV100 Volta 21 Bxtors

hnical University of Athens SREANEL
| 00 ;’fi a
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UltraSPARC T2: Niagara-2 cpu

500 million transistors

342 square millimeter die size

11-layer, 65 nm process from Texas Instruments
T2 chip, which has only 720 pins.

200 are used for testing the chip

8 cores, KaBe core TpEXeL TAVTOXpPOVa 8 vripata (threads)

2UVOoAOo 64 vrpaTa TUUTOXpovda.....

2007

nal Technical University of Athens F.ni"'ﬂq..
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Moore’s Law: Microprocessor Capacity

108

m Density, bits/em?

105

104

103

Gordon Moore (ocuvidputng

Disk drives

Moore's Law

diya Jad 5J0)515U81} JO JaqUNN @

0%
197 73 75 7T 'T2? 'B1 'B3 'B5 'BT '8% '91 "93 '"95 97 '99 2001 "O3

Source: I1BM, Intel

transistors

Pentium® 4 Processor
Pentium® lll Processor
Partium® Il Processor

100,000,000

¢ Intel) MOORES LAV 10,000,000
Pentium® Processor ‘-’//
, 486™ DX Processor ,/
1965:n TUKVOTNTA TWV /’ 4 | 1,000,000
. ) 386™ Processor ﬂ“:.’
transistors og chips dnc g™
, / { 100,000
NULaywywv Ba 8086 &
’ ’ i : ”
dutAhaoilaletal kaBe 24 - / ) | 10,000
[ 8008
MNVeG. aooa &4
: 1000
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8 8 © © National Technical University of Athens
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Electronics Magazine, 19 April 1965

The experts look ahead

Cramming more components
onto integrated circuits

With unit cost falling as the number of components per

circuit rises, by 1975 economics may dictate squeezing as

many as 65,000 components on a single silicon chip

By Gordon E. Moore

Director, Research and Development Laboratories, Fairchild Semiconductor

division of Fairchild Camera and Instrument Corp.

The future of integrated electronics is the future of electron-
ics itself. The advantages of mtegration will bring about a
proliferation of electronics, pushing this science into many
MW ATEas,

Integrated circuits will lead o such wonders as home
computers—or at least terminals connected to a central com-
puter—automatic controls for automobiles, and personal
portable communications equipment. The electronic wrist-
wilch needs only a display to be feasible today.

maching instead of being concentrated in a central unit. In
addition, the mproved reliability made possible by integrated
circuits will allow the construction of larger processing units.
Machines similar to those in existence today will be built at
lower costs and with faster turn-around.
Present and future

By integrated electronics, 1 mean all the various tech-
nologies which are referred o as microclectronics today as
well as anv addiional ones that result moelectronies fime-

16

MNnyn: ftp://download.intel.com/museum/Moores_Law/Articles-Press_Releases/Gordon_Moore_1965_Article.pdf

© © © © Mahonal Technical University of Athens

c<{CSLab




Intel
45nm 6T
SRAM cell

Standard Silicon High-k + Metal Gate

Transistor Transistor
Sio, High-k
Insulator Insulator
! ]
Soum', Source l! \ Drain
1
i ¥ e
Silicon substrate Silicon substrate

contact

. . —
A T L

= Gate-drain overlap

= Channel length

Gate-source aoverlap

+¥+Z = Gate length (printed / manufactured)

© © © © Mahonal Technical University of Athens
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PuBuoc avénonc Zuxvotntac PoAoylov

1,000 £
B R10000

100 E
:‘* — Pentium100
= - JOWN
s B ., Woo
- 30386
s 10 E 80286
@ =
o ~
S _
2 -
) ) L

- 18008
14004
0.1 . : ,
1970 1980 1990 2000
1975 1985 1995 2005
> 30% 1o xpovo
18
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CPU Clock

3GHz — XEON 3 GHz |
2GHz —
P11 1.13 GHz
ATHLON 1 GHz

e | [ ATHLON 1 GHz |
900 MHz — P-1II 1 GHz
800 MHz — ATHLON 600
700 MHz —
600 MHz — P-11 400
. . CPU CLOCK
300 MHz — 100X FASTER
400 MHz —
300 MHz 486 DX 100
200 MHz

100 MHz

LR L LR R
89 90 91 92 93 94 95 96 97 98 99 00 Ol 02 03

© © © © Mahonal Technical University of Athens

19 “eSLab¥



Clock Speeds

PC
3GHz — ®
= PC

2GHz — ®
ALPHA EV7
= ALPHAEV6S @
1 GHz — ©
=] X1
800 MHz —| ]
= ALPHA
300 MHz — O
| C-90
®
] Y-MF @ PC
200 MHz — ® ®
150 MHz —
— X-MP PC
100 MHz —| CRAY-1 ® ®
®
| PC
50 MHz — b
_ PC
L
1T 17T 17T 17T 17T 17T 17T 17T 17T 17 17 17 17T 17T 17T 17T 17T 17T 17T 17T 17 17T 71T
1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2003
1 1 1 1 1 1 1 1 1
100 | 10 100 | 10 100 1
MFLOPS GFLOPS GFLOPS GFLOPS TFLOPS TFLOPS TFLOPS PFLOPS

SR
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AU¢non ¢ xwpntikotntag twv VLSI Dynamic RAM Chips

size £€toc pEyeBoc(Mbit)
1000000000 1980 0.0625

1983 0.25
1000000 1986 1
10000000 1989 4
1992 16
10000 1996 64
100000 1999 256

. 2000 1024
T I
1970 1975 1080 1985 1090 1995 200 §nAadn Suthaciaderan

Ve KAOe 1.6 xpovia

OOOO Natonal Technical University of Athen:
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OpoilwG KOl yLoL TO XWPO armoOnNKeUONG

Enetepyaotnc:
2X taxutnta kabe 1.5 €toc.
~1000X amodoon tn teAevtaia 10stia.

MvnAun:
DRAM xwpntwkotnta: > 2x k&Be 1.5 €10¢.
~1000X xwpntwkotnta tn teAevtaia 10etia.
Kootoc ava bit: medtel katd 25% 1o xpovo.

Disk:
Xwpntikotnta: > 2X kabe 1.5 £toc.
Kootog ava bit: médtel katd 60% to xpovo.
200X xwpnTikotNTa TN TeAeuTaia 10stia.

ATIOKALON METAEY XWPNTIKOTNTOC MVAMNG KOl TaXUTNTAC MVAMNG

» 1 TaXUTNTA LOVO 7% TO XpOVOo

| Technical University of Athens. SRR
©0 S0 B
© sl
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1000

Hard drive capacity

100 -

10 +

0.1 -+

Capacity (GB)

0.01 -

0.001
2f25/M1979

11/14/M1984

2ff /1990

10/26/M1 995

41972001
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Microprocessor Clock Rate

- &-- DEC Alpha 21064
1200 MHz — 4 -DEC Alpha 21164PC
— B DEC Alpha 21164

; H » g

—©-DEC Alphs 21264 MHz History Chart
---f-- Intel F‘epntium z lr ‘DW i a
— —— -Intel Pentium MMK
—I—Intel Pentium Pro

---fov-- Intel Pentiurm II
1000 MH:z — —s— —Intel Pentium II Xeon
—0—1Intel Celeron
---@-- Intel Pentium III
— —¢— -Intel Pentium III ¥eon
---fa-- PowerPC G601
— -@— -PowerPC 5032

—O—PowerPC 603
500 MHz -~ PowerPC 604
— —p— -PowerPC 604e
—m—PaowerPC 620
—0O—PowerPC K704
---f-- PowarPZ 750
— —— -PowerPC 7400

---fa-- AMD KS

500 MHz — 44— -8MD EA&
—B—AMD KE&-11
— o AMD K&-1II 7‘3/
——aMD K7 Athlan
— MO KT Mew &thlan
--=fy-- AMD Duron

% \

400 MHz —c—5Sun UkraSPARC-II
—%—Sun UlraSPARC-III
. S
o om T A O
+-'--- ‘_'_:.‘_,-" -
200 MHz -
* 4
Y
www . macinfo.de
0 MHz | i i
('] [na] [a2] (] =+ -+ -+ L I L L] L] L] [l -~ [l [an] [un] [an] ()] [n)] ()] (] = (] —
o a0 o o 0 o o ol o T o T o o T o o a0 o o a0 o o =] o ]
i = o ra = o r = o ra = = ra = = I =2 = I = o ra = = = =
& <= 42 & =<2 & & =< 22 &4 = 4 a4 = & &4 a2 & a4 = I & =T & & =

© © © © Mahonal Technical University of Athens
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Processor-Memory Gap

processor
1000+ oo ¥ 60%/yr
CPU
“Moore’s Law”
100 " processor-memory
Speed performance gap:
(MH2) (grows 50% / yr)
10 | oo
/./.___f‘memory
o)
DRAM 7A/yr
1 1 1 } : |
O NN SN O VDO o NS WM ON NS
OOOOOOOOOOOOOOOOOOOOO\O\O\O\O\O\O\O\O\CDO
mmmmmmmmmmmmmmmmmmmmN
™ = e = —H e e e e = =

© © © © Manonal Technical University of Athens L
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NapaAAnAia otouc p-Emeéepyaotec

»Ewc 1o 1985: MapaAAnAia os eminmedo bit: 4-bit -> 8 bit -> 16-bit

»Méeoa dekaetiog 1980s ewc peoca dekaetiog 1990: MapaAAnAia
o€ enimedo evtoAnc (instruction level parallelism)

»1995: MapaAAnAia os eninedo thread (Simultaneous
Multithreading)

»2004: NMNapaAAnAia o entinedo ntupnvwv (cores)

> EMOUEVO BAKA;;;

nal Technical University of Athens F.nﬁ"'ﬂcm,

: g@ éf?& I}
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Reuters, Asuteépa 11/6/2001:

Ot punxavikot tn¢ Intel oxedlaoav Kol KATACKELACAV TO ULKPOTEPO
KoL TaXUTEPO transistor otov kOopo pe peyeboc 0,02 microns. Auto
avolyeL To 6popo yla pikpoemneéepyaoteC 1 SLoEKATOUMUPLOU
transistors, pe ouyxvotnta ota 20GHz to 2007.

Exoupe enetepyaotec ota 20GHz onuepa;

Mottt (vo n oxL);

O I Techmical Unive of Athens SAEAMEGE
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Power troubles: Power, Energy & Power Density

1000 ) 1
Chip Maximum
Power in watts/cm? Not too long to reach
Nuclear Reactor
100 tanium — 130 watts
entium 4 — 75 watts
Pentium [l — 35 watts
Surpassed
¥ P o Blat Pentium Il — 35 watts
ealing Flate Pentium Pro — 30 watts
10
Pentium - 14 watts
1486 — 2 watts
1 Iggﬁ — 1 "I""E'“ I I 1 I I I I
1.5u 1u 0.7 05u 0350 025 018u 013 01p  0.07n
1985 1995 2001 Year
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Power Density Limits Serial Performance

Moore’s Law Extrapolation:
Power Density for Leading Edge Microprocessors

10000
E 1000 Rocket NozZzZle g
E Nuclear Reactor sy
EE 100 _
- s
@ 10 Yo Hot Plate
: ¥ =
il
-
g '1 1 I I | I 1
o
o

1996 1998 2000 2002 2004 2006 2008

Power Density Becomes Too High to Cool Chips Inexpensively

Zource. Shekhar Borkar, intsl Cormp
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H emavaotacn nov cupfaivel ocnpepa

10,000,000
, , oo
O «yvnoLoc» VOUOG Tou 1,000,000 /
Moore cuveyilel va / -
]
Loxvet! 100,000 -

Chip density is continuing increase

~2X every 2 years 10,000

» Clock speed is not

m Transistors (000) [
¢ Clock Speed (MHz)

& Perf/Clock (ILP)
I | |

1,000
» Number of processor cores
doubles instead
100
There is little or no hidden g
parallelism (ILP) to be found - /
Parallelism must be exposed to /{ ¢ oy
and managed by software ) - e
T P 4 Power (W)
Source: Intel, Microsoft (Sutter) and Stanford 0
(Olukotun, Hammond) 1970 1975 1980 1985 1990 1995

30

2000 2005 2010
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—— © 2007 Elsavier, Inc. All rights resarved. 31

Processor Performance

o Intel Xeon, 3.6 GHz__64-bit Intel Xecn, 3.6 C
6505
1m0 AT I T T T T T T IOTTTIOOOOOOODIIDOYODOOnnnmN NN M AAOSYS S M S AN L e Y
100
10 T T LT L Hpphrp R ————— A d
VAX-11/780 __
1.5, VAX-11/785

0
1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000




Performance metrics: FLOPs & MIPs

FLOPs: Floating Point Operations per Second

MIPs: Million Instructions per Second

Eotw OTL £€XOUUE Evayv eTeEEPYOTN TTOU KAVEL 1 tpaén KvNTr ¢ utoSLaoTOANG
(artAnc akpiBeLlag) oe kaBe KUKAO poAoylou:

Av n ouxvotnta tou eivatl 1GHz, tote £xel anodoon 1 GFLOP

Av oAokAnpwvel 1 evtoAn o€ kaBe KUKAO, TOTE £XeL armoboon 1000MIPs

4 x freq FLOPS < {single Core 2 @ 2.93GHz} < 8 x freq FLOPs

E€aptatal amnod tnv npaén, FPADD, FPMUL, FPDIV (amAnc akptBelac-single
precision).

TouAaxwotov 12 GFLOPs/cpu

| Technical University of Athens. SRR

(919) 3 -
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2uveEdpLo-EkBeon
ACM/IEEE Supercomputing

WWWw.supercomp.org

TOP 500 list:

Byaivel 2 dopEC To XpOVo:
e NosufBpLo

e loUvLO

www.top500.org

© © © © Mahonal Technical Un
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Supercomputing TOP 500 / Nov 2007

\
@500 Performance Development
100FFlops
-8 #1
10 PFlops | B385.82 Ty o #500
288" | & sum
1 PFlops 1 .__l"' 47820 TF
e o oDoo
100 TFlops - g 82"
b I—I—I—I-I)
8 j‘_-.-.— 4
£ 10 TFlops & L aa® e 5929%
E BT i /l—l—l/' g o8
£ 1 TAops ¥ f"' = 4o0
N o
£ S . I
A gB8aa® g 8
100 GFlops 3 e R
o0
g8 "
10 GFlops - g2
£ o
%0 I8 o
1 GFlops 4>
Op3s m°n‘n
100 MFlops Ly e ) N [ B IR S BSR Een R e BRI LR e e L R TEL
o™ =t uw «w - (] (23] o — o Lo B o uw w ™~
$ % & 833833888 R R R
hitp://'www top500.org/
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Supercomputing TOP 500 / Nov 2007

e -
505 Projected Performance Development
100F Flops
-m- #1
10 PFlops - o #500
-@- Sum
i ~— #1 Trend
Line
100 TFlops - - Trend
8 Line
S 10 TFlops o 5929 — Sum Trend
£ L Line
= 1 TFlops DDDD
-4
100 GFlops 3
10 GFlops - e
Spe?
1 Gﬂopsﬁn
100 MFlops LIRS L L LB L L L L L L L L L L L B
o™ u - (a2} — o« uw I~ o) o oy u -
o) o) o o o o o o o — -~ — -—
o o) (22 (a] o o o o o o o o o
= XF = = o o o] o o o o o o

hitp://'www top500.org/
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TOP 500 29th List (June 2007): The TOP10

Manufacturer Computer ?Tngz)]( Installation Site Country | Year | #cores
IBM BlueGene/L 280.6 DOE/NNSA/LLNL USA | 2005 | 131,072
eServer Blue Gene
Jaguar
Cray Cray XT3/XT4 101.7 DOE/ORNL USA 2007 | 23,016
Sandia/Cray R‘Ed storm 101.4 DOE/NNSA/Sandia USA | 2006 | 26,544
ray XT3
BGW
IBM 91.29 IBM Thomas Watson USA 2005 | 40,960
eServer Blue Gene
IBM New York BLue 82.16 Stony Brook/BNL USA | 2007 | 36,864
eServer Blue Gene
IBM ASC Purple 75.76 DOE/NNSA/LLNL USA | 2005 | 12,208
eServer pSeries p575
IBM BlueGene/L 73.03 RPI/CCNI USA | 2007 | 32,768
eServer Blue Gene
Abe
Dell PowerEdge. 1955, Infiniband 62.68 NCSA USA 2007 | 9,600
MareNostrum i )
IBM 1521 Cluster, Myrinet 62.63 |Barcelona Supercomputing Center| Spain 2006 | 12,240
HLRB-II
SGI SGI Altix 4700 56.52 LRZ Germany | 2007 | 9,728

www.top500.org

© © © © Manonal Technical University of Athens L
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TOP500 31th List (June 2008): The TOP10

Manufacturer Computer [r}"F‘j’:] Installation Site Country Year #cores
Roadrunner - BladeCenter QS22/LS21
Cluster, PowerXCell 8i 3.2 Ghz / DOE/NNSA/LLNL
1 IBM Opteron DC 1.8 GHz , Voltaire 1026 United States USA 2008 122.400
Infiniband
BlueGene/L - eServer Blue Gene
IB . DOE/NNSA/LLNL
2 M Solution 478,2 OE/NNSA/LLN USA 2007 | 212.992
United States
3 IBM . .
Blue Gene/P Solution 450,3 Argonne National Laboratory USA 2007 163.840
4 | Sun Microsystems | Ranger - SunBlade x6420, Opteron Texas Advanced Computing
Quad 2Ghz, Infiniband 326 Center/Univ. of Texas USA 2008 62.976
J - Cray XT4
5 Cray Inc. in‘;i:)re ;‘“1’ e 205 | DOE/Oak Ridge National Laboratory USA 2008 | 30.976
6 IBM JUGENE - Blue Gene/P Solution 180 Forschungszentrum Juelich (FZJ) Germany 2007 65.536
Encanto - SGI Altix ICE 8200, Xeon New Mexico Computing Applications
7 SGl quad core 3.0 GHz 133 Center (NMCAC) USA 2007 14.336
Computational Research Laboratories, .
g | Hewlett-Packard | EKA - Cluster Platform 3000 BLA60C, | 1+, 4 TATA SONS India 2008 | 14.384
Xeon 53xx 3GHz, Infiniband
9 . IDRIS
IBM Blue Gene/P Solution 112,50 France 2008 40.960
Total Exploration Production
10 SGl SGI Altix ICE 8200EX, Xeon quad core| 106,10 P France 2008 10.240
3.0 GHz
www.top500.org
8@0 Hdl,ulfﬁl]ﬂgﬂilb % : i
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TOP500 37th List (June 2011): The TOP10

Manufacturer Computer Frrp?:] Installation Site Country Year #cores
K computer, SPARC64 VIlifx 2.0GHz, RIKEN Advanced Institute for
1 Fujitsu Tofu interconnect 8162 Computational Science (AICS) Japan 2011 548,352
Fujitsu Japan
) NUDT Tianhe-1A, NUDT TH MPP, X5670 National Supercomputing Center in
2.93Ghz 6C, NVIDIA GPU, FT-1000 8C 2566 Tianjin China 2010 186,368
NUDT China
3 Cray Inc. Jaguar- Cray XT5-HE Opteron 6-core 1759 DOE/SC/0Oak quge National Laboratory USA 2009 224,162
2.6 GHz United States
. National S ting Centre i
4 Dawning  Nebulae - Dawning TC3600 Blade, Inte{ .. ationa S‘;‘;irzchznr:p(‘,jslgﬁ) entre China 2010 | 120. 640
X5650, NVidia Tesla C2050 GPU China ’
Tsubame 2.0 - HP ProLiant SL390s G7 GSIC Center, Tokyo Institute of
5 NEC/HP Xeon 6C X5670, Nvidia GPU, 1192 Technology Japan 2010 73,278
Linux/Windows Japan
DOE/NNSA/LANL/SNL
6 Cray Inc. Cielo - Cray XE6 8-core 2.4 GHz 1110 ) USA 2011 142,272
United States
Pleiades - SGI Altix ICE
ASA/A R h /NA
7 SGl 8200EX/8400EX, Xeon HT QC 3.0/Xeon| 1088 NASA/Ames Research Center/NAS USA 2011 | 111,104
5570/5670 2.93 Ghz, Infiniband United States
Cray Inc. DOE/SC/LBNL/NERSC USA
8 ray Inc Hopper - Cray XE6 12-core 2.1 GHz | 1054 _ 2010 | 153,408
United States
Commissariat a 'Energie Atomique
9 Tera-100 - Bull bullx super-node
EA
Bull SA $6010/56030 1050 (CEA) France 2010 138,368
France
Roadrunner - BladeCenter QS522/L521
Cluster, PowerXCell 8i 3.2 Ghz /
’ . DOE/NNSA/LANL
10 IBM Opteron DC 1.8 GHz, Voltaire 1042 © , > USA 2009 122,400
Infiniband United States
IBM
80 Nutional Technr Iu mmr, -Imh
www.top500.org 38 g%




Top 500 June 2015 (The same as 2014)

Name Development | Hardware Cores Performance Power (KW)
TFLOPS

Tianhe-2( X:a]) | National Intel Xeon E5-2692 12C 3120000 33862.7 17808
(China) University of 2.ZGHz,'_FH Express-2, Intel (54902.4)

Defence Xeon Phi31S1P

Technology
Titan DOE/SC/Oak Cray XK7, Opteron 6274 550640 17590 8209
(USA) Ridge National | 16C 2.2GHz, Cray Gemini (27112.5)

Lab. Intercon.NVIDIA K20x
Sequoia DOE/NNSA/LL | BlueGene/Q,Power BQC 1572864 17173.2 7890
K (IR) RIKEN AICS SPARC VllIfx 2.0GHz 705024 10510 12659.9
(Japan) Tofu Interconnect (11280)

Fujitsu

Mira DOE/SC/Argon | BlueGene/Q Power BQC 786432 8586.6 3945

Top 5 were not changed since June.2013
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© © © © Manonal Technical University of Athens L

:¢SLabt




Top 500 July 2016

Name Development | Hardware Cores Performance Power (KW)
TFLOPS

TaihuLight(XitA National ShinWei(# ) NRCPC 10,649,600 93,014.6 15,371
Z3) Supercomputing

Center in Wuxi
Tianhe-2( X:a[) National University | Intel Xeon E5-2692 12C 3,120,000 33,862.7 17,808
(China) of Defence 2.2GHz,TH Express-2, Intel (54,902.4)

Technology Xeon Phi31S1P
Titan DOE/SC/Oak Cray XK7, Opteron 6274 16C 550,640 17,590 8,209
(USA) Ridge National Lab. | 2.2GHz, Cray Gemini (27,112.5)

Intercon.NVIDIA K20x

Sequoia DOE/NNSA/LLNL BlueGene/Q,Power BQC 16C | 1,572,864 17,173.2 7,890
(USA) 1.6GHz (20,132.7)
K (&) RIKEN AICS SPARC VIlIfx 2.0GHz Tofu 705,024 10,510 12,659.90
(Japan) Interconnect (11,280)

Fujitsu

TalhuLight got the first place for the first time in 3 years.

40
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Top 500 June 2018

Name Development Hardware Cores Performance Power (KW)
TFLOPS
Summit - IBM Power
System AC922, IBM
Egi{ f\]f]/,ﬂoo‘:‘;, POWERS 22C 3.076Hz,
1 9 NVIDIA Volta 6V100, 2,282,544 122,300.0 8,806
Laboratory .
: Dual-rail Mellanox EDR
United States ..
Infiniband
IBM
. Sunway TaihuLight -
lglsfleorrlc:)lm utin Sunway MPP, Sunway
2 percomputing SW26010 260C 1.456Hz, | 10,649,600 93,0146 15,371
Center in Wuxi
China sunway
NRCPC
Sierra - IBM Power System
5922LC, IBM POWER9 22C
DOE/NNSA/LLNL | 3.16Hz, NVIDIA Volta
3 United States GV100, Dual-rail Mellanox 1572480 71,6100
EDR Infiniband
IBM
. Tianhe-2A - TH-IVB-FEP
?:;:O:‘?el,rsgzr?:er Cluster, Intel Xeon E5-
4 in Ggan hou 2692v2 12C 2.26Hz, TH 4,981,760 61,4445 18,482
Ching 9 Express-2, Matrix-2000
NUDT
AI Bridging Cloud
National Institute | Infrastructure (ABCI) -
of Advanced PRIMERGY CX2550 M4,
Industrial Science | Xeon Gold 6148 20C
g and Technology 2.46Hz, NVIDIA Tesla 391,680 19.880.0 1649
(AIST) V100 SXMZ, Infiniband D © © Wahonal Techmcal Unversity of Athens

Japan

EDR
Fuiitsu

0000
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Top Green 500 June 2018

Name Rank in top Hardware Cores Performance Power (kW) | Power
500 TFLOPS Efficiency
(GFlops/watts)

Shoubu system B -
ZettaScaler-2.2, Xeon D-1571
16C 1.3GHz, Infiniband EDR,
PEZY-SC2 , PEZY Computing /
1 359 Exascaler Inc. 794,400 857.6 47 18.404
Advanced Center for
Computing and Communication,
RIKEN

Japan

Suiren2 - ZettaScaler-2.2,
Xeon D-1571 16C 1.3GHz,
Infiniband EDR, PEZY-SC2 ,
> 419 ;ECZY Computing / Exascaler
High Energy Accelerator
Research Organization /KEK
Japan

762,624 798.0 47 16.835

Sakura - ZettaScaler-2.2,
Xeon E5-2618Lv3 8C 2.3GHz,
Infiniband EDR, PEZY-SC2 ,
3 385 PEZY Computing / Exascaler 794,400 8247 50 16.657
Inc.

PEZY Computing K.K.
Japan

DGX SaturnV Volta - NVIDIA
DGX-1 Volta36, Xeon E5-
2698v4 20C 2.2GHz,

4 227 Infiniband EDR, NVIDIA Tesla | 22,440 1,070.0 97 15.113
V100, Nvidia
NVIDIA Corporation
United States

Summit - IBM Power System
AC922, IBM POWER9 22¢C
3.076Hz, NVIDIA Volta
V100, Dual-rail Mellanox EDR
Infiniband , IBM
DOE/SC/Oak Ridge National
Laboratory

United States

2,282,544 122,300.0 8,806 13.889

U (U Wahonal Technical Unwersity of
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GFLOP/sec per Watt

Theoretical Peak Floating Point Operations per Watt, Double Precision

| AP
g@%\’a -
- Q o\ <
' oD S NS
?‘ONX*\Q' (_“e? ° IS
AP G Ay L
<
' Tesla K40 o
\e
B
oY
625?’
E5-2699 v3 <«

Xeor Phi 7120 (KNC)

INTEL Xeon CPUs " —
NVIDIA Tesla GPUs —{ill—
AMD Radeon GPUs —{)—
INTEL Xeon Phis st
| 1

2010 2012 2014 2016
End of Year

© © © © Mahonal Technical University of Athens
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B. Mé&poc

Aopka otowyela YrioAoyloth

44



To YnoAoyiotiko Movtédo Von-Neumann (1945)

BaolKEC pOVADEC EVOC UTTOAOYLOTLKOU CUCTAUOTOC:

» Kevtpikn Movada Enetepyaoiac (Central Processing Unit - CPU): Control Unit
(instruction decode, sequencing of operations), Datapath (registers, arithmetic and
logic unit, buses).

»MvnAun (memory): AmoBrijkeuon eVTIOAWV Kol TEAECTWV.
» Elocodoc/E€odoc (Input/Output - 1/0).

»H évvoia tou «anoGnKsuusvou TPOYPALHOATOCY: Evro)\sq oo €va cUVOAo
gEVTOAWV g€dyovtal amo tn HvAKN Kot EKteAovvtol pia-pia.

Memory
- > E—
(instructions,
data) Datapath
registers 0utput
ALU, buses
Computer System CPU I/O Devices

| Technical University of Athens F_ﬁh“’ﬂ
00 AN
© sl
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MICROPROCESSOR

DATAi }

ALU

PRINCETON (VON NEUMAN) ARCHITECTURE

MEMORY K —
CONTROL
{} INSTRUCTION & ADDR
< CONTROL
CONTROL
i "‘
STATUS CLOCK
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IBM Automatic Sequence Controlled Calculator (ASCC)

IKEN=1IBM AUTOMATIC S$ EQUENC

DI I
AR
spones N |

¢/65,000 components
ehundreds of miles of wire
esize 16 min length, 2.4 m in height, 61
cm deep.

*4500 kg

Harvard Mark | — IBM ASCC 1944 ( instructions on punched tape (24 bits
wide) and data in electro-mechanical counters (23 digits wide)
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HARVARD ARCHITECTURE

MICROPROCESSOR

DATA
MEMORY

CONTROL

INSTRUCTION
MEMORY

o] [ 122837 [ somuene

—I\
IN
— V| aw 1
ouT < CONTROL
STATUS

CONTROL

CLOCK

48
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2UOTOTLKA TUTTLKOU YrtoAoylotn

Névte gival o KAAOOGLKA GUOTATLKA OTOLXELO TWV UTTOAOYLOTWV:
1. Control Unit; 2. Datapath; 3. Memory; 4. Input; 5. Output

e

Processor

Computer Keyboard,

Mouse, etc.
Processqr (CPU) Memory Devices

(active) (passive)

Control , Input

Unit (mpoypappota

KoL dedopeva Disk
r glvat evepya IS
Datapath KQTAL TNV
EKTEAEON)

Display,

Printer, etc.

© © © © Nanonal Technical University of Athen:
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Anh0 Movtélo YToAOYLoTY)

50

Peripherals

50




Computer System Components

Proc

Caches

System Bus

adapters 1/0O Buses

Controllers NICs
] Disks ‘ ‘ ‘
I/O Devices: :
Displays Networks
Keyboards

51 ss@SLabtil



(ITIvo+) Peorotiko Movtélo Ymoroyiotn

GPU, Disk, Network

/

High Speed
Peripheral

Peripheral
1

Control Chips
PCI-EXxpress

52

1/0 Bus (m.y. PCI)

Peripheral

|

© © © © Manonal Technical University of Athens CAEANEIG:
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M caator P etitnun CFPTT Cache

Cache lewell

W yeteim

DRATN

FIYE:S
N o Eridgs
=] |7 memory

=
PCI bnas
I I
PrI e Prl
detrice detrice
aoth Bridge LI0E
T5E Hard drire
o | A 5By T DE ©
EVICE | y 1 - o
o ——
54 bus
EI0S ROM et 10
Foppy drre,
Parallel port,
Serial port

© © © © Mahonal Technical University of Athens
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Audio/ Parallel/ |1/0
MIDI serial
1/0: Misc
Four Memory
Four e Processor
|ISA card
card slots Four
slots SIMM
slots CPU
To 6X£610 TOU GUGTAHATOC TTAQLKETWV I/O: Mass Storage
gvoc NpoownikoL YrioAoyiotn Two IDE
(System Board Layout of a PC) (90% connectors
OAWV TWV UNTOAOYLOTLKWV
cuotnpatwv dtebvwc).

Nahonal Technical University of Athens SRR
(o1 o] SN
- sl
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A@aipeTIKN oKEYN (Abstraction)

Communications of the ACM, April 2007

IS ABSTRACTION THE KEY
TO COMPUTING?

Why is it that some software engineers and compuler Jctentists are
able to produce clear, elegant designs and programds, while others cannot?
1y it possible to improve these skills through education and training?
Critical to these questions s the notion of abstraction.

By JEFF KRAMER

() © Nanonal Technical Un

Qe hrucal University of Athens X0Eig::
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Opyavwon tnc CPU

« 2xebLlaopoc tou Datapath:

» Avuvatotntec & EnMiboon Twv XapaKTNPLOTIKWY TWV AELTOUPYLKWV
pnovadwv (FUs):

»(e.g., Registers, ALU, Shifters, Logic Units, ...)

» Tpormol dLacuvdeonc Twv otolxeiwyv (olvdeon dtadpouwv, multiplexors,
etc.).

»Nwc pgeL n mAnpodopia petalL Twv otolxeiwv tou H/Y.
e 2xedlaopoc tnc Movadac EAeyyou (Control Unit):
» N\oyLKN Kal PEoa EAEyxOU NG pong mAnpodoplac.
»EAeyX0C KOl GUVTOVLOUOG TNG AELToUpyLaG TV AELTOUPYLKWY HOVASWV
(FUs) yla tnv Katovonon tng ApXLTEKTOVIKAG Toulnstruction Set

Architecture mou okomevUoupe va UAomoLioou e (UAoToLeLTal ElTE pE
EVO UNXAVNUO TIEMEPACUEVWYV KaTaoTtacewy (finite state) N pe

HLKPOTIPOYPOLLUQL).

 Meplypadn tov Hardware description pe pia KatdAAnAn
vAwooa, mibavwc xpnotpornowwvtag (RTN).

versity of Athens v“ﬁ""ﬂ
oo EATH
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Branch

Control
Data
cache
Bus |[Integer
. data-
Instruction ath
cache P

Floating-
point
datapath

Awatagn evoc Turikou
Mwkpoeneéepyaotn:
The Intel
Pentium Classic
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INTEL PENTIUM (1993)

' 8K L1 data cache

2-way set associative

32 bytes block size
Pseudo-LRU
Write-through/Write-back

@ SKB L1 instruction cache

| 2-way set associative
32 bytes block size
Pseudo-LRU
Read-Only cache

. |2 external cache (not on same die)

58
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CLOCK DRIVER |

i |NSTBUCTION
CODE e dE IFETCH ;
C&CHEE = Sl s

BRANCH
PREDICTION
LOGIC

"2k cope IH?’STHUCTION'
D= JHIET e Avdtaén evoc TurkoU

T Tt 1f "
e

Ml Mwpoenegepyaot :

BUS INTERFACE [~ "' - INSTRUCTION
LOGIC b ' SUPPORT The Intel

Pentium Classic

(. L2li| SUPERSCALER |——

"m; |  INTEGER 2
TBE | Execdmion

= s

CACHE |

PIPELINED
\FEOATING :

MP LOGIC




INTEL PENTIUM 4 (2001)

. 8K L1 data cache
4-way set associative
64 bytes block size
Approximated LRU
Write-through

96KB L1 instruction trace cache

512KB L2 unified cache
8-way set associative
128 bytes block size
Approximated LRU
Write-back

dddal

0 © © © @ Nahonal Technical University of Athens. o0
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El

| HTPHY, link 1 |Apy6 I/0] Aopaheieg
Movdada kivntrig
UTTOdIA0TOANG
Twv 128 bit
a
~| Kowé- Movada  |Kpugr pvi- .
£| xenom [péprwong/a-| pn dedo- | Keuen
0 -| xpuen |mobrikeuong| pévwv L1 | HVAUN MuprAvag 2
E pvApN Movéda |, LE iy
1 a| L3V | geeacone | EAevxos | 512kB
- 2MB L2
T Mpookoéuion/
Atrokwdiko- | Kpuer
Toinon/ HVAMN V-
AiakAGdwon | toAdv L1
e . .
- 2 ¢ - Bopeia yépupa
™
X
e
BT ;—' Muprvag 4 Muprvag 3
o
|,—
I
HT PHY, link 4 |Apyo /O AcpdAeieg

<I7T XTOO0O

AMD Barcelona
4 cpu cores per chip

© © © © Mahonal Technical University of Athens
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Intel Core 17 (2008+) (700Mxtors-1.5B)

=% Icache 32Kbyte 4-way
& 'l Dcache 32Kbyte 8-way
4-cycle, pipelined

c4| Per core:
§ 256KByte L2, 8-way
10-cycle, pipelined

oo [ o T T e S R R Shared:
B e R er s o e e B 4-12 Mbyte L3 (LLC)
3 T B Vel v W O (2MB per core)
SRS R RS B 16-way associative
D - 64 bytes block size

All:
Approximated LRU
Write-back

© © © © Manonal Technical University of Athens CAEANEIG:

62 ss@SLabtil



Intel Haswell (2013+) 1.4B xtors

Jellny a4
System
Agent,
Display
Engine &

. Memory

15 Processor .
;Controller

o Graphics

including

nuy
HHE
EEE B E B8 ISR E ~ Di';p!;anlCol:
IEHIM o i
WIFEFEINIFEEIE

»488: Memory Controller I/O SR | ot | RSt]RE

icache 32Kbyte 8-way 8Mbyte L3 (LLC), (4 slices x 2MB)
Deache 32Kbyte 8-way 16-way associative

4-cycle, pipelined 64 bytes block size

Per core: 256KE_>yte_ L2, 8- All: Approximated LRU, Write-back
way, 11-cycle, pipelined

OOOO Nationel T
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Intel Broadwell (2014+)

Intel® Core™ M Processor Die Map
14nm 2nd Generation Tri-Gate 3-D Transistors

Processor

Graphics =~ &

1 Shared L3 Cache**
W i a il »
Memory Controller l/o:'_-'!z:m 4

Dual Core Die Shown Above | Transistor Count: 1.3 Billion ‘ Die Size: 82mm?

4th Gen Core Processor (Y series): .96B 4th Gen Core Processor (Y series): 131mm?2
** Cache is shared across both cores and processor graphics

Intel Confidential - UNDER EMBARGO UNTIL SEPTEMBER 5™ 2014 8:30AM PT
*Other names and brands may be claimed as the property of others 1 9
All products, dates, and figures specified are preliminary based on current expectations, and are subject to change without notice.

© © © © Mahonal Technical University of Athens
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ETrireda KWOIKA TTPOYPAMMATOG

- FAwaooa vynAov emiTtédou

»Emimtedo apaipeong mio
KovTd oTo TipoPAnpa

> TTapéxel TapaywyikoTnTa Kai
popnTOTNTA

- 2uppoAikh YAwooa
(assembly language)

» AvamnapdoTtaon evToAwv
UNXAVAC HE KEIPEVO

- AvamnapdoTtaon UAIKoU
> Auadikd yneia (bit)

» KwoIKoTroINUEVEC EVTOAEC
kal 0cdopéva

Mpdypapua
yAwooag
uywnAou
emmITédou

(o yhAwooa C)

swap (int v[], int k)
{int temp;
temp - vi[k];
vik] - v[k+1];
v[ik+l] - temp;

l

Mpoypaupa swap:
CUMPBOAIKAG multi $2, $5,4
yAWwooag add $2, $4,52
(y1a emre€epyaotry MIPS) 1w $15, 0(s2)

1w $16, 4(52)

sw $16, 0($2)

sw $15, 4($2)

jr $31
Mpdypauua 00000000101000100000000100011000
duadikng 00000000100000100001000000100000
yAwooag 10001101111000100000000000000000
pNxavng 10001110000100100000000000000100

(yia ere€epyaoTn)
MIPS)

10101110000100100000000000000000
10101101111000100000000000000100
00000011111000000000000000001000
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OpICHOG TNC ATTOO0O0NG

- TTolo agpotrAdvo €xel Thv KaAUTepn amodoon;

[ [ [ [ [
Boeing 777 | Boeing 777 |
Boeing 747 Boeing 747 |
BAC/Sud | | BAC/Sud |
Concorde Concorde
Douglas Douglas DC-
DC-8-50 —'—l 8-50 I I I I |
0 100 200 300 400 500 0 2000 4000 6000 8000 10000
| O XwpnTIKOTNTA ENIBATOV | O AuTtovogia (piAia) |
[ [ [
Boeing 777 | Boeing 777 |
Boeing 747 | Boeing 747 |
BAC/Sud | BAC/Sud |
Concorde Concorde
Douglas Douglas DC-
DC-8-50 —,—' gs0 1
0 500 1000 1500 0 100000 200000 300000 400000
||:| TaxurnTa nTAong (pikia ava e pa) | |I:I EmiBaTeg x pikia ava o pa |
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Response time - Throughput

- Xpovog amokpiang (response time)
> 11600 d1apKei N eKTEAEON HIAC epyaaiac
- AigkmrepaiwTikn 1kavoTnTa (throughput)

» 2. UVOAIKR OoUAgld TTov yiveTal avd povdda Xpovou
“T0.X. epyaciec/ouvalAayéc/ ... ava wpa

- TTwg emnpedCovTal o xpdvog amdkpiong Kai h
OIEKTTEPAIWTIKA IKAVOTNTA ATIO

> AVTIKaTdoTaon Tou emelepyadoTh He TaxuTepn €kdoon;
> TTpodOnkn véwv emel epyaoTwy;
- Eomialoupe 010 XpOVO ATTOKPIONC TTPOC TO TIAPOV...

() ) Nuhonal Technical

Qe hnical University of Athens S
2 Y
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2XETIKN atrodoon

Opiopdc: ATodoon = 1/Xpovog ekTEAEONC
"o X gival n popéc Taxutepoc amod Tov Y

ATTO000N y / ATTO000N y
= XpPOVOC  €KTEAEONC y / XpOvog  eKTEAEONG , =N

TTAPAOEIYUA: XPOVOC EKTEAEONC TTPOYP/TOC
10s otov A, 15s oTtoVv B

XPOVOoG eKTEAEONG / XPOVOG EKTEAEONG
=15s/10s=1.5
Apa o A gival 1.5 popéc Taxurepoc Tou B
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METPNON XPOVOU EKTEAEONC

- «TTapeAOWV» xpovog (elapsed time)

» 2. UVOAIKOC XpOvoCg amokpiong, TepitAaupdver Ta tavra
«Emnelepyaoia, cicodo/é€0do, emipdpuvon AZ, adpavic Xpovog

»KaBopilel Thv amodoon Tou CUCTAHATOC
- Xpovoc CPU (CPU time)

>0 xpovocg emelepyaoiac yid Hid OUYKEKPIHEVN epyaaiac

«»Xwpic To Xpovo €1g6dou/eE6dou Kal TV Koivh Xphaon attd dAAeC
EPYAcieC

» ATtoTeAcital amd To Xxpovo CPU xpnotn (user CPU time)
kal 1o xpdévo CPU cuothuaTog (system CPU time)

> AiagopeTika npovgduuam emthpedlovTal dIdopETIKA aTd
Tnv amodooh Th¢ CPU kai Tou ouoTARATOC

() ) Nuhonal Technical

e hmical University of Athens eV
2 Y
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Xpoviopuog CPU (clocking)

- H AeiToupyia Tou yneiakou UAikoU puBpiCeTar amé
éva poAdl ataBepou puBpoU

PoAdI (KUKAOI)
MeTtagopa
OeOOMEVWV KAl
UTTOAOYIO UGG
Evnuépwon
KATAoTAONG

[Mepiodog poAoyiou
«— —>

| | |

) ) (1

1 1 1

1 1 1

1 1 1

| | |

| | |

| | | »
>

[1epiodOC poAoyiou: N JIAPKEIA EVOC KUKAOU
T.X., 250ps = 0.25ns = 250%10-1°s

2.uxvoTnTa (puBuOC) poAoylou: KUkKAol/second
.X., 4.0GHz = 4000MHz = 4.0%x10%Hz

() © Nanonal Technical Un

QO hnical University of Athens. CAEANEIG
Q0 BA
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Xpovog CPU (CPU time)

Xpoévo¢ CPU = KukAol  poAoyiou CPU x Xpovog  KUKAou  poAoyiou

KUkAol  poAoyiou CPU

Pubuog poAoyiou

- H ammédoon peATiwveTral pe
»Meiwon Tou apiBuol Twv KUKAWV poAoyioU
» AuZnon Tou puBuou Tou poAoyloU

» QO oxed1doTAC ToU VAIKOU TIpETTEN va KAVEl ouXvd
ouppipacpoUc peTall Tou pudbpou poAoyiol Kai Tou TTARBoUC
TWV KUKAWV poAoyioU
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Mapadeiyua xpovou CPU

- YTtoAoyioTng A: poAdl 2GHz, xpovoc CPU 10s
- 2.xediaon Tou uttoAoyioTh B
»2.1OX0C cival xpovo¢c CPU 6s

»MTopei To poAdI va gival TaxUTepo, aAAd TtpokaAei alfnon Twy
KUKAwv 1.2 x kUKAoI poAoyioU

- TTéo0 TaxuTepo ptropei va ivai To poAdi Tou B;

KUkAol  poAoyiou 5 1.2 x KUkAol  poAoyiou
PuBuog poAoyiou 5 = =
Xpovog  CPU 6s

B

A

KUkAol  poAoyiou = Xpovog CPU x PuBuog  poAoyiou

A A A

— 10s x 2GHz = 20 x10 °

1.2 x20 x10 ° 24 x10 °
PuBuog poAoyiou 5 = = = 4GHz
6S 6s

| Technical University of Athens. SRR
00 AN
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[MARB0¢g evToAwyv kai CPI

KUkAol  poAoyiou = [1ABo¢ EVTOAWV x KUKAoI  avd evioAR
Xpovogc CPU = T1AR6og EVTOAWV x CPl x Xpbvog  KUKAou  poAoyiou

[MARB0¢ EVTOAWV x CPI

PuBuoc  poAoyiou

- TTAnBo¢ evToAwyv (Instruction Count) poypdppaTog

»KaBopileTal amd To poypappd, TNV dpXITEKTOVIKA GuvOAou
evioAwyv (ISA), kai To HETAYAWTTIOTA
- Méoog apiBuog KUKAwy ava evtoAn (CPI - clocks per
instruction)

»KaBopileTal amoé To vAiko The CPU

> AV 01 01aPopPETIKEC EVTOAEC €xouv dlapopeTikd CPT
< To pyéoo CPI emnpedleTal amod 1o Hiypa TwV EVTOAWV

© © © © Nahonal Technical Un
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MNapadeiypa CPI

- YoAoyioThg A: Cycle Time = 250ps, CPI = 2.0
- YoAoyioThg B: Cycle Time = 500ps, CPT = 1.2
- 'Td1a apxITEKTOVIKA auvoAou evroAwy (ISA)

- TTolo¢ eivail TaxUTepog, Kail katd mooo;
Xpovog  CPU A [MARB60¢ EVTOAWYV x CPI A x XPOVOG  KUKAou

20w zoms 1 soons —— R

Xpovoc  CPU 5 = [MANBog  evioAwv x CPI 5 x XpOvog  KUKAouU
= 1x 1.2 x 500ps = Ix 600ps
Xp(’)VO(_: CPU B | x 600ps

Xpévog  CPU ~ 1x 500ps

SREANEIG
o8 A5
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To CPI pyg AetrTopépEia

- AV O1APOPETIKEC KATNYOPIiEC EVTOAWY O1dpKoUV
d1aPopPETIKO Ap1OUO KUKAWY

KUkAol  poAoyioU = Z (CPI  xTIAABog  eviohwv )
i=1

2T00uiouevo (weighted) yeoco CPI

KUkAol  poAoyioU "
CPI = =Y | CPI
[MANBog  evroAwv 1

[MABoc  evioAwv

[MARBog  evioAwv

QO hnical University of Athens: T
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Mapdadeiypa CPI

- EVAAAGKTIKEC akoAouBiec

HETAYAWTTIOHEVOU

KWOIKA HE EVTOAEC TpIWV KaThyopiwy A, B, C

Katnyopia A B C
CPIl TnG KaTnyopiag 1 2 3
[MARB0¢ evioAwv (IC) 2 1 2
akoAouBiag 1
[MARB0oG evioAwv (IC) 4 1 1
akoAouBiag 2

AkoAouBia 1: IC =5

KUkAoI poAoyiou

= 2%1 + 1x2 + 2%3
=10

Méoo CPI =10/5=2.0

AkoAouBia 2: IC =6

KUkAoI poAoyiou
=4x] + 1x2 + 1%3
=9

Méoo CPI =9/6 = 1.5

76
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2Uvoyn TnG atrodoong
TENIKH eixova

EvTOAEG KUkAol  poAoyiou AeguTepOAETT TQ
Xpévoc CPU = X X
[Mpoypauua EvToAn KUkKAOG  poAoyiou

- H amédoon eCapTdral amo

>C/|\>/}vép|6uo: etnpedlel To TARBoC evToAwy, TIBaAvov Kai 1o

»TAwooa mpoypappartiopov: emnpedlel To TANB0C evroAwv
kal To CPI

»MeTayAwTTIOTAC: emtnpedlel To TANBOC evToAwy Kai To CPT

> ApXITEKTOVIKA ouvoAou evToAwy (ISA): emnpedlel To
TANOo¢ evToAwy, To CPI, kai Thv Trepiodo (ouxvoTnTa) TOU
poAoyiou

| Technical University of Athens. SRR
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O1 TaoEIG OTNV NAEKTPIKNA ICYXU

10000 - 120
_ o000 S8V0 2667
N -+ 100
% 1000 + 95 | 4 -
o) ©
> =
2 100 + T60 =
o) S
Q >
g 12,5 +40 B
g 77 2
- 3,3
1 I 1 I I 1 I | 0
eN 80 B E£E5 & T2 _ T _ Lo~
N o I8 2 58 €oz- E89% Lo
Q — Q — Q — c O =~ EEOQU‘JO e 0nS
©T ©T ©T gw c- EgQ Eol 90€ER
o~ 9o =Y ggf 0>
O rf a2 o ¥4

- 2.Th TeXVvoAoyia oAokAnpwpévwy KukAwpatwy CMOS

loxc = QPopTio  XwPNTIKOTN Tac x Tdon ® 2 UXVOTNTa

© © © © Manonal Technical University of Athens L

78 c<{CSLab



Meiwon Tng 1I0XVU0G¢

» YTToO£oTe 0TI pia véa CPU éxel

»>85% Tou popTiou xwpnTikoTNTAG (capacitive load) Tng
mahiagc CPU

>Helwpévn Tdon katd 15% kair ouxvoTnTa katd 15%

2

x 0.85) " xF = x0.85 4

Id old

— = 0.85 = 0.52
2
P C X Vold x F

old old

P C. 4 085 x(V

new

To Teixo¢ TNG 1IoxUo¢ (power wall)

Agv uTTOPOUME VO MEIWOOUPE GAAO TNV TAON
Agv UTTOPOUE VA ATTAYAYOUUE TN BEpuoTNTA
[TwW¢ aAANWC UTTOPOUME VA BEATIWOOUUE TNV

ammodoon;

() ) Nuhonal Technical
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O poAoc tou Zxedraotny YmoAoylotwy

. KaeopLCsL moLa xapaqupLotLKa elval or]uavuKa yLa Eval
VEO UNXAvnUa. 2Tn ouvexela oxedlalel eva un)s\ vnua
TIOU VA LEYLOTOTIOLEL TNV eMidoaon Kat TtapaAANAn va pnv
UTtEPBOLVEL TOUC TTIEPLOPLOUOUG KOOTOUG

e EMUEPOUC XOPAKTNPLOTLKA
2xeOLOLOLOG TOV instruction set
Opyavwon TwV AELTOUPYLWV

Noylkoc oxedlaopoc kat vhomoinon (IC design, packaging, power,
cooling ...)

nal Technical University of Athens SAEDEIR
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KataoKeur OAOKANPWHEVWYV

Keva
Papodog mrupitiou TTIAaKidIa

2 UOKEUN 20 £wg 40
# r ﬁ- q r r
TEPayIoPoU Bruara emeCepyaaniag

'

Aokipaopévol kupol Aoxkipyaopévo Alapoppwpéva TTAakidia
TTAaKidI0 T
OROR ; Empan
2 UYKOAANon Tou Js . Iy B
101 o7 ouokeva-«— S EEOE 1o )«-— Dokipn |\
gia Tou KOBOU OOXOO mzap TTAaKIDiwv / ’
O000n oy k P
l B O A
2 UoKeuaauévol Kupol Aokiyaouévol cuokeuaapévol Kupol
AoKIuni ATTOOTOAR
KoupaTIoU OTOUG TTEAATEG

- Ecodeia (yield): moooaToé To1Tm avd mAakidio
(wafer) mou AsiToupyoUv owaoTd

versity of Athens F_‘«awn
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AMD Opteron X2 Wafer

-+ X2: 300mm mrAakidio, 117 toim, TexvoAoyia 90nm
- X4: texvoAoyia 45nm

82 ::@SLabt



KooT1og OAOKANPWHEVWYV

Koéotog  avda TrAakidio

Kéoto¢ avd kuBo =
KuBor ava TAakidio x Ecodeia

KuBol ava TrAakidlo ~ Emoeaveia TTAQKIOiOU /Em(pdvala KUBou

1

Ecoodcia =

2

(1 + ATéAcieg ava povada ETTIPAVEIQG x Emgpaveia KUBou/2))

- Mn ypappikn e€dpTnon amo Tnv emipdveia (area)
Kal To puBuod ateAciwy (defect rate)

>KooToc kai emgdveia tAakidiov (wafer): otaBepd

»PuBudc areAciwy (defect rate) eCaptdral amoé Tn
01ad1kacia KATAOKEUAG

»Emedveia Toim (die/chip area): e€aptdTar amé Thv
apXITEKTOVIKA KAl Th oXediaoh ToU KUKAWHATOC

© © © © Mahonal Techmcai

hnical University of Athens SREANEL
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MeTpotrpoypapuara SPEC CPU

- XpnoigoTroiouvTdl TTpoypdupdTa vid Th HETphon ThG atodoong
>YToTiOeTal TUTTIKA yia éva TipaypaTiko gopTio epyaciac (workload)

- Standard Performance Evaluation Corp (SPEC)

>1/__4\vqm0008| peTpompoypdupara (benchmarks) yia CPU, eicodo/£€0do0,
oTo, ...

- SPEC CPU2006

»«TTapeABwv» (elapsed) xpovog yia Thv ekTéAeon Hiadg oUAAOYAG
TIPOYPAUUATWY

«ApeAnTtéa cicodoc/E€odoc, dpa eoTialouv oTnv amédoon Thng CPU

»KavovikoToinon oe ox€on He pia punxavh avagopdg (reference
machine)

»>20voyn WG YEWWETPIKOS [Eoog (geometric mean) Twv Adywv amddoong
(performance ratios)

+CINT2006 (integer) and CFP2006 (floating-point)

”\/H NOyoGc  XpOvou  €KTEAEDNC

i=1
© © © © Nahonal Technical Un
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CINT2006 yia Opteron X4 2356

Ovoua Mepiypagn ICx10° Tc (ns) XpOv. EKT. Xpov. av@. SPECratio
perl Interpreted string processing 2,118 0.75 0.40 637 9,777 15.3
bzip2 Block-sorting compression 2,389 0.85 0.40 817 9,650 11.8
gcc GNU C Compiler 1,050 1.72 0.47 24 8,050 11.1
mcf Combinatorial optimization 336 10.00 0.40 1,345 9,120 6.8
go Go game (Al) 1,658 1.09 0.40 721 10,490 14.6
hmmer Search gene sequence 2,783 0.80 0.40 890 9,330 10.5
sjeng Chess game (Al) 2,176 0.96 0.48 37 12,100 14.5
libquantum Quantum computer simulation 1,623 1.61 0.40 1,047 20,720 19.8
h264avc Video compression 3,102 0.80 0.40 993 22,130 22.3
omnetpp Discrete event simulation 587 2.94 0.40 690 6,250 9.1
astar Games/path finding 1,082 1.79 0.40 773 7,020 9.1
xalancbmk XML parsing 1,058 2.70 0.40 1,143 6,900 6.0
Geometric mean 4 11.7

© © © © Mahonal Technical University of Athens
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MeTpotrpoypapupara SPEC Power

- KatavaAwaon 1axUoc diakopiaTh (server) oe 1a@popeTIKA
eiTteda popTiovu gpyaciac

> Amddoon: ssj_ops/sec
»>Toxuc: Watts (Joules/sec)

(% power j

10
Overall ssj ops per Watt = (Z Ssj_ops A /
\ i=0 )

\i-o J

QO nal Technical University of Athens AR

(919) (5 e\
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SPECpower ssj2008 yia X4

®oprTio oTd)0U % A1T6d00n (ssj_ops/sec) Méon 1oxuc¢ (Watts)

100% 231,867 295

90% 211,282 286

80% 185,803 275

70% 163,427 265

60% 140,160 256

50% 118,324 246

40% 920,35 233

30% 70,500 222

20% 47,126 206

10% 23,066 180

0% 0 141

Overall sum 1,283,590 2,605

> ssj_ops/ Y power 493
87 %%SLab




We have:

Amdhal’s law

B

Fraction ., . .4 |
ExTime ., = ExTime  , x (1 — Fraction enhanced ) +
|_ Speedup enhanced
Amdhal’s law:
r )
ExTime 1
Speedup overall . = F +i
ExTime new (1 _ Fraction hanced ) + raction enhanced
Speedup enhanced
\ J
Best we can ever hope to get (lim as Speedup -> o):
I R
max
f=02=>5,,=1.25
4 . 'F=O-5=>smax-2
Speedup | .o = (1 - Fracti ) f=0.8=> smax =5
- Fraction - - -
. enhanced f = 0.9 =2 smax - 10
28 s<@SLab




MNayida: vopog Tou Amdah|

- H PeATiwon piag TAeupdg evag UTTOAOYIOTH Kal
avagovin avaioyng PeATiwong Tng ouvoAIKNG
attodoong

TTOU €TTNPEACETA |

= + T

METG Tn PBeAtiwon TToU Oev  €TTNPEQCETA |

OUVTEAEDTN G BeAtiwong

[Mapadeiypa: o TToA/ouocg gival Ta 80s/100s

[160n BeATiwon TG attddoong Tou TTOA/OUOU WOTE N
OUVOAIKN a1rodo0n va S-TTAACIA0TEI;

0 - 29 oo Agv yivetai!

n

[1oploua: Kave tn ouvnbBIiouévn TTEQITTTWON yPNyopen

89



[MAavn: XapnAn 1o0XU¢ adpavelog

- AeiTe To peTpoTpdypappa ioxvog otov X4
>210 100% TOU YoOpTiOU: 295W

>210 50% TOU YopTiou: 246 W (83%)

»>210 10% Tou wopTiou: 180W (61%)

- Kévtpo dedopévwy Google
> Kupiwc¢ Asitoupyei oto 10% - 50% Tou popTiou
>Me popTio 100% oe AiydTepo amd 1% Tou xpdvou

- Oad B¢Aape emeepyaaTég He katavdAwaon 16XU0G
avdAoyn pe To gopTiol

QOOQ echnical University of Athens SRR
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Mayida: perpo amodoong MIPS

- MIPS: Millions of Instructions Per Second

> Ae Aappdver umtoyn:
wAiapopéc ISA peTal umoAoyioTWwyY
wAiapopéC TOAUTTAOKOTNTAC HETAEU EVTOAWY

[MARB0¢ EVTOAWV

MIPS = -
Xpovog  eKTEAEONG x 10
[MARB0C¢ EVTOAWV Pubuog POAOYIOU
 TMAABoC  evioAdv  x CPI ] - CcP| x 10 °
x 10

Pubudéc  poAoyiou

To CPI TTOIKIAEI HETAEU TTPOYPOANUATWY OE HIA
doedouevn CPU

nal Technical University of Athens SAEDEIR
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2UHUTTEPOAOCMATIKES TTAPATNPNOEIG

- O AOGyoc¢ koaToc/atrodoon BEATIWVETAI
» \OYyWw TNC €CENICNC TNG TEXVOAOYIAGC

- lepapXIKA ETTITTEOA APAiIPEONC
» 210 UAIKO Kal OTO AOYIOMIKO

« APXITEKTOVIKI ) OUVOAOU evTOAWV (Instruction set
architecture — ISA)

»H dlaocuvdeon UAIKOU Kal AoyIOUIKOU
« XpPOVOC EKTEAEONC: TO KAAUTEPO PMETPO ATTOOOCNC
- H 10XUC €ival TTEPIOPIOTIKOC TTAPAYOVTAC

»Xpnon mrapaAAnAiacg yia BeATiwon TG ammrédoong

Q Nuhonal Technical University of Athens LTS

0 A
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Meplopiopoi amo tnv TexvoAoyia

 ETnola mpoodog .

» Texvoloyla nuLaywywv
% 60% meploodtepa otoxeia/chip 1992
<+ 15% taxUtepa oToL el
<+ Bpadutepa kaAwdLa

»Mvnun 1995
< 60% avénon xwpnTLKOTNTOC
< 3,3% pelwon tou xpovou npocBaong

» Mayvntikoi 6iokot
<+ 60% avénon xwpPnNTKOTNTOG
< 3,3% pelwon tou xpovou mpocPaong

» NMAOKETEC KUKAWUATWV
5% av&non otnv MukvotnTa KaAwdiwv 1998

> KaAwdLa 64x mepLoootepa otolxela amod to 1989 4x

YPNYyopoTEPQ OTOLXEL

< Koo oA ayn

© © © © Nahonal Technical Un
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lepapyio TG APXLTEKTOVIKAC YITOAOYLOTWV

High-Level Language Programs

Assembly Language

Software Application Programs
: Operating
Machine Language System /
Program /
| Compiler | | Firmwaré| ]
Software/Hardware Instruction Set

Architect
Boundary Instr. Set Proc. 1/0O system rehitecture
Datapath & Control \
Hardware

Digital Design Microprogram

,__Circuit Design
Layout

Register Transfer

Logic Diagrams
¢ ¢ Notation (RTN)

Circuit Diagrams

OOOO Natonal Technical University of Athen:
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Mopdn npoypappatoc o KAOe emninedo

temp = v[k];
High Level Language v[k] = v[k+1];
Program vlk+1] = temp;
Compiler
lw $15, 0(S2)
Assembly Language lw S16, 4(S2)
Program sw $16, 0(S2)
Assembler sw S15, 4(S2)

: 0000 1001 1100 0110 1010 1111 0101 1000
Machine Language 1010 1111 0101 1000 0000 1001 1100 0110
Program 1100 0110 1010 1111 0101 1000 0000 1001

e 0101 1000 0000 1001 1100 0110 1010 1111

Machine Interpretation

Specification Register Transfer Notation (RTN)
Register Transfer Language (RTL)

© © © © Manonal Technical University of Athens CTEANER
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Enetepyaocia tov Instruction Set

e ApXLTEKTOVIKN }ISA) amd Thv TAcupd Tou
TPOYPAUUATIOTN/HETAYAWTIOTN

» \eLTOUPYLIKNA PP AVLION TIPOG LECO XPNOTH / TPOYPALUOTLOTH CUOTHUOTOC

»Opcodes, addressing modes, architected registers, |IEEE floating point

« YAomoinon (parchitecture) - ané tnv mheupd tou oxedlaotr enefepyactwy
» Noykn doun Kol opyavwaon TG apXLTEKTOVIKAG

»Pipelining, functional units, caches, physical registers

« Npaypoaronoinon (Chip) - and v meupd tou oxedraot chip /
CUOTNUATWY

» Quokn doun tng vAomoinong
» Gates, cells, transistors, wires

| Technical University of Athens. SRR
00 AN
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CPU Machine Instruction Execution Steps

Instruction
Fetch , . , . .
Nape tnv evioAn anod tn 0éon anoBrkevong tov
' TPOYPAUHUOTOG
Instruction
Decode KaBopLoe TIC amattoUUEVEG EVEPYELEC KOl TO MEYEDOC
1 NG EVTIOANG
Operand
Feltch Evtomnioe Kat nape to SESOUEVA-TEAEOTEC
Exe_cute
1 YMOAOYLOE TNV TLHA TOU AMOTEAECHATOC i} TNG
Result KOTAoTOLoNG
Store ATt0OAKEVOE TA AMOTEAECATA YL LETOYEVECTEPN
' Xprion
Next
Instr 'I"Ction KaBopLoe Tnv ENOPEVN EVTOAR

98



Instruction Set Architecture (ISA)

o “... TO YO POKTNPLOTLKA EVOC [UTTOAOYLOTIKOU] CUCTAMOTOC OTTWG
doivetal oo TNV MAELUPA TOU TIPOYPAUUATLOTH, 7T.X. N Weatn doun
KoL N AELTOUPYLKN cupmepLpopa, SLAXWPLOUEVA ATTO TNV OPYAVWON
N¢ ponc 6eSopEVWVY KalL TOUC EAEYXOUC TOU AoyLlkoU oXedLaouou Kot
N¢ dUOoLKNC VAomoinonc (as distinct from the organization of the
data flows and controls the logic design, and the physical
implementation).” — Amdahl, Blaaw, and Brooks, 1964

e H ap)itektoviK TOU GUVOAOU TwV evtoAwv (instruction set
architecture) aoxoAeitat pe:

Opyavwon tng npoypappati{opevnc anodnkevong (memory & registers):
TUnol & Aopég Asdopévwv: Kwdikomnownoeilg & napovoiaon (representations)
2UvoAo EvtoAwv (Instruction Set): Moieg Asttovpyieg npoodlopilovrat
Mopdomoinon ko kwdikomoinon EvioAwv

Tpomol tevuBuvolodotnong Kat npoonEAaonc 6£dopEVWV Kol EVIOAWV

Xelplopog E€alpécewv

| Technical University of Athens. SRR
(919) 3 -
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Computer Instruction Sets

e AveédptnTta amo Tov TUTOo Tou urtoAoylotn, tTn doun tne
CPU, n tnv opyavwon tou hardware, kaBe evtoAn} unxavng
nPEMeL va tpoodLopilel ta akoAouvba:

»0Opcode: Mowa evtoAn ekteAeitol. Moapadetypa: add, load ka
branch.

»Mov Bpiokovtol oL TEAEOTEC, av uTtapyxouVv: OL TEAEOTEC UIOpPEL va
elval amoBbnkevpevol og Kataxwpnteg tng CPU, otnv kUpLa LvAun,
N o€ BUpec eLoobou/e€ddou.

»Mou tomoBeteital To anmoteAeopa, av vumdpyel: Mmopet va
avadpEPETAL pNTA N VA UTIOVOELTAL OTTO TOV KWOLKO TNE EVTIOANC
(opcode).

»[Mov Bpioketal n emopevn evtoAn: Av 6gv UTTAPYXOUV PNTEC
StakAadwoelc (branches), n mpoc ekteAeon evtoAn elval n
ETIOMEVN OTNV akoAouBia evtoAwv TOU TIPOYPAUMUOTOC. 2€
nepimtwon evtoAwv jump N branch n dtevBuvon poodlopiletal
OO QLUTEC.

© © © © Mahonal Techmcai
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}

Instruction
Fetch

!

Instruction

Decode

!

Operand
Fetch

Execute

Result

Store

!

Next

Instruction

Instruction Set Architecture (ISA)
Mpodiaypadn Anattiioswv (Specification
Requirements)

« Mopdomnoinon & Kwdikomoinon EvtoAwv:
. — Nw¢ KwdlkomoLeital;

e OE0N TEAEOTWV KOl ATIOTEAECUATOC
(addressing modes):

. — MoVu aAAoU eKTOC MVAUNG;

. — MoooL pntol TEAECTEC;

. — Nwc¢ avtiotowyilovtal (located) ot
TEAEOTEC MVAMUNG;

. — [Molol prmopouv va Bpiokovtal otn

LLVALLN KOlL TtOLOL OXL;
e TUMOL KoL pEyeBoc dedopevwy
e Mpactelg
. — Molec untootnpilovtal
o Aladoxn evtoAwv:
. — Jumps, conditions, branches
« Fetch-decode-execute unovoouvroggoo et

101 @@SLa'



Turotw EvtoAwv oto Instruction Set

Operator Type

Napadeiypata

Arithmetic and logical

Integer arithmetic & logical operations: add, or

Data transfer

Loads-stores (move on machines with memory addressing)

Control

Branch, jump, procedure call, & return, traps.

System

Operating system call, virtual memory management instructions

Floating point

Floating point operations: add, multiply.

Decimal Decimal add, decimal multiply, decimal to character conversion
String String move, string compare, string search
Graphics Pixel operations, compression/ decompression operations

102




Napadsiypata EvioAwv petakivnong

dedopEvwv

Instruction | Meaning Machine
MOV A,B Move 16-bit data from memory loc. A to loc. B VAX11

lwz R3,A Move 32-bit data from memory loc. A to register R3 | PPC601

li $3,455 Load the 32-bit integer 455 into register $3 MIPS R3000
MOV AX,BX Move 16-bit data from register BX into register AX | Intel X86
LEA.L (A0),A2 Load the address pointed to by A0 into A2 MC68000

103




Napadeiypata EvtoAwv ALU (rpaéerc)

Instruction | Meaning Machine

MULF A,B,C Multiply the 32-bit floating point values at mem VAX11
locations A and B, and store result in loc. C

nabs r3,rl Store the negative absolute value of register rl1 in r3 |PPC601

ori $2,$1,255 Store the logical OR of register $1 with 255 into $2 | MIPS R3000

SHL AX,4 Shift the 16-bit value in register AX left by 4 bits Intel X86

ADD.L DO,D1 Add the 32-bit values in registers DO, D1 and store MC68000

the result in register DO

104




Napadeiypota EvtoAwv AltakAadwaonc

Instruction| Meaning Machine

BLBS A, Tgt Branch to address Tgt if the least significant bit VAX11
at location Ais set

bun r2 Branch to location in r2 if the previous comparison PPC601
signaled that one or more values was not a number

Beq $2,51,32 | Branch to location PC+4+32 if contents of $1 == $2/MIPSR3000

JCXZ Addr Jump to Addr if contents of register CX=0 Intel X86

BVS next. Branch to next if overflow flag in CC is set MC68000

105



Napadeiypa Xpnong EvtoAwv:
Top 10 Intel X86 Instructions

Katnyopia EvtoAn MEG0 MOG00TO GUVOALKNG EKTEAEONC
1 load 22%
2 conditional branch 20%
3 compare 16%
4 store 12%
5 add 8%
6 and 6%
7 sub 5%
8 move register-register 4%
9 call 1%
10 return 1%

Total 96%

Napatipnon: Ot anA&c EVTIOAEC EXOUV TLC LEYOAUTEPEC
OUXVOTNTEC XpnoLponoinong.

© © © © Mahonal Techmical Un
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MepiAnyn

- O1 UTTOAOYIOTEC atToTEAOUVTAI ATTO S TUNMAOTA:
»ETmrecepyaotnc: (1) datapath kai (2) control

»(3) Mvnpun

»(4) Movadecg ei00dou Kal (5) yovadec ecodou

. Agv gival OAeC o1 «BETEICH PVAUNG iDIEC

»Cache: yprjyopn kai akpifri pyvApun Kovia oToOV £TTECEPYQOTN
»Kupia Mviun: ¢tnvn hvAun - apa Kail JeyaAuTepn

» O1 DIETTAPEG €ivVal KPIOIYES - HETAGU AEITOUPYIKWY HOVAOWV
KAl METACU TOU UTTOAOYIOTN KalI TOU £CW KOOUOU

- H oxediaon yiveTal KATW ATTO TTEPIOPICHOUC OTIC
QVOMEVOUEVEG ETTIOOCEIC, TNV ETTITPETTOMEVN IOXU, OTO
EMPadO Tou OAOKANPWHEVOU KOl OTO KOOTOG

QO Q@ watona
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