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BiBAla paBnpatoc

Opyavwon kau Zxebiaon YrmoAoyiotwyv (n dtacuvdeon UALKOU Kat Aoyloutkou), 4n
¢kboon, David Patterson and John Hennessy, petadpaon, ekdooeic KAeldapiBuoc, 2010.

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

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

"|Inside 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 Dohi, Morgan
Kaufmann 2000.
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Albaokovtec/Qpec
Néumntn 15:15-18:00, N€o Ktipto HAekTp.
AMO 1 (Tuqua A-A), AMO 2 (Tunpa M-Q).

Napaokeun 10:45-12:30, N€o Ktipto HAekTp.
AMO 1 (TpuAaua A-A), AMO 4 (TuRpa M-Q).

KaB. Nektdapiog Kolupng, (TuRua A-A)

KaB. MNMavayiwtng Toavakag, (Tunua M-Q)
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TEXVIKEC AETTTOUEPELEC

* gelpEC aoknoswyv (bonus 1 povada)
* www.cslab.ece.ntua.gr/courses/comparch

e ypamtn eé€taon, aplota 10
o efetdoelc pe KAslota BLBALa + «okovakw» (1 A4 dUANO)
e LUOTIKO emutuyiac?  TtapokoAovBnon + BLPALo

1 eBdopada dtafacua otnv e€etaotikn AEN apkel
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lotopikn Avadpopun - 1

N

g44
-

I
o

I/ 4

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 up to
1946.
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MpoPAePerc (tunnel vision)

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




lotopikn Avadpoun - 1951

UNIVAC | (June 1951)
S1 million

48 systems —» MpwTOo EMITUXNUEVO EUTIOPLKO cuoTna!
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lotopkn Avadpoun

Model 40
1.6MHz, 32-256KB, $225,000

Model 50
2MHz, 128-256KB, $S550,000

P
N

Model 60
5MHz, 256KB-1MB, $1,200,000

IBM System / 360
1964
« S5 billion investment

+ 6 implementations

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

DEC PDP-8
+ 1965

+ 1St minicomputer

- cost < $20,000
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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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lotopikn Avadpoun

Apple lIC
« 1977
- Steve Jobs and Steve Wozniak

-1t personal computer

IBM Personal Computer (PC)
« 1981

« IBM model 5150

« CPU Intel 8088

« OS DOS 1.0 (Microsoft)

« Best-selling computer of any kind!
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...more tunnel vision from “Experts”

“640K [of memory] ought to be enough for anybody.”

< Bill Gates, chairman of Microsoft,1981.

Slide source: Warfield etal. ... .
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OL leviEC TWV eMEEEpYAOTWV

e Mpwtn Mevia, 1946-59: Vacuum Tubes, Relays, Mercury Delay
Lines:

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

»Mpwto nmpoypappa amobnkevuevo oe urtodoyloth: EDSAC (Electronic Delay
Storage Automatic Calculator).

o AcUtepn Mevia, 1959-64: Awakpita Transistors.

e Tpitn Mevia, 1964-71: Mikpou kat Meoaiou pey€Boug
OAokAnpwpeva KukAwporta.

o Tetaptn Mevia, 1971-Present: O MikpoUmoAoyLoTrC.
Muwkpoemetepyaotec Baolopévol o TexvoAoyia OAOKANPWUEVWV
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OL levIEC TWV eMEeéepyaoTWV

1971: Intel 4004, 2,3K transistors 12 mm? (clock: 740 KHz, 92K ops, 10um)
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?

(11/2007): Penryn (core2 duo parch) quad core: ~820M transistors/die (214 mm?,
45nm).

(12/2008) Nehalem ( 32nm, Core i7 parch)

(12/2008) Tukwila (2 billions transistors-6tadoyoc¢ Itanium 2 kat Montecito-30MB
cache & 4 cores)
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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, KBt core TpEXeL TALTOXPOVA 8 viipata (threads)

2UVOAO 64 vAjpota ToUuTOXpova.....
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Moore’s Law: Microprocessor Capacity

Disk drives

108

m Density, bits/em?

Moore's Law
108

104

103
97 73 TS "TT O'T9

Gordon Moore (cuvidpuTtnC

Source: IBM, Intel
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transistors

Pantium® 4 Processor
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Pentium® Il Processor

100,000,000

Tng Intel) MOORES LAVE 10,000,000
Pentium® Processor /’f—/
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1965:n ntukvotnTa TWV /’ j 1,000,000
. . 3B6™ Processor ﬂ‘:‘
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Intel
A5nm 6T
SRAM cell

contact

Standard Silicon High-k + Metal Gate

Transistor Transistor
Sio, High-k
Insulator Insulator
i ; § O I i
Source ; Source | , Drain
L) _,/ Rz X = Gate-drain overlap
Y = Channel length
TR LIS Z = Gate-source averlap
X+ +Z = Gate length (printed / manufactured)
© © © © Nahonal Technical University of Athens
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PuBuoc avénonc Zuxvotntog PoAoylou
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» 30% 10 XpOVOo
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CPU Clock

3GHz — XEON 3 GHz |
2GHz —
P-I11 1.13 GHz

el [ ATHLON 1 GHz |
900 MHz — P-III 1 GHz
800 MHz —] ATHLON 600
700 MHz —
600 MHz — P-11 400
. ' CPU CLOCK
500 MHz — 100X FASTER
400 MHz —
300 MHz —| 486 DX 100

100 MHz oX FASTER

LR L . U
89 90 91 92 93 94 95 96 97 98 99 00 Ol 02 03
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Auénon tn¢ xwentwkotntacg twv VLSI Dynamic RAM Chips

£€tog pEyeOog(Mbit)
ooo000000 1980 0.0625
1983 0.25
1986 1
10000000 1989 4
1992 16
1000000 1996 64
100000 1999 256
. 2000 1024
1000 — : = : = i 1.55X/étoc,
1970 1975 1980 1985 1990 1995 2000 §nAadn Surhaoidleton
vear ka0 1.6 xpovia
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Clock Speeds

PC
3GHz — ®
=5 PC

2GHz ®
ALPHA EV7
= ALPHAEV6R @
1 GHz — @
= X1
800 MHz — ®
= ALPHA
300 MHz — @
_ C-90
@
250 MHz — ALPHA
= Y-MF @ PC
200 MHz — ® Bl
150 MHz —
— X-MP PC
100 MHz —|CRAY-1 @ ®
®
_ PC
50 MHz —| bl
_ PC
®
rFrtrtrtttr1tr1tr >ttt 1 1t 71T 1 17 7 7T 7T 17 17 1"
1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2003
1 1 1 1 1 1 1 1 1
100 1 10 100 | 10 100 |
MFLOPS GFLOPS GFLOPS GFLOPS TFLOPS TFLOPS TFLOPS PFLOPS
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OpOoiwG Kal YLoL TO XWPO arnoOnKeuonc

Eneéepyaotic:
2X tayvtnta kabe 1.5 €to¢.
~1000X amodoon tn teAevtaia 10stia.

MvAun:
DRAM xwpnTtikotnta: > 2x kaBe 1.5 £toc.
~1000X xwpntikotnta TN TeAeutaia 10etia.
Kootoc ava bit: medtel kata 25% 1o Xpovo.

Disk:
Xwpntwotnta: > 2X kabe 1.5 €toc¢.
Kootog ava bit: medtel katd 60% t0 Xpovo.
200X ywpntkotnta tn teAevutaia 10etia.

ATIOKALON HETAEL XWPNTIKOTNTOC MVAMNCG KOl TAXUTNTOC MVAMNG

»n taxvutnTa povo 7% to xpovo

N | Technical University of Athens SO
© G ePig:
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Hard drive capacity
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Microprocessor Clock Rate
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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 isell. The advantages of mtegration will bring about a
proliferation of electronics, pushing this science into many
T ATeas.

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

machine instead of being concentrated in a central unit. In
addition, the mproved reliability made possible by mtegrated
creults 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 to as microelectronics today as
well as anv addiional ones that result i electronies fiine-

25

Mnyn: ftp://download.intel.com/museum/Moores_Law/Articles-Press_Releases/Gordon_Moore 1965 Article.pdf

© © © © Nanhonal Technical University of Athens

<« CSLab




Processor-Memory Gap

processor
1000« oo ¥~ 60%/yr
CPU
“Moore’s Law”
100 " processor-memory
Speed performance gap:
(MHz) (grows 50% / yr)
10 | oo
/P—l’"/-memory
(0)
DRAM 7A/yr
1 } |
O d ANM TN ON®ODNDO A NMSL! ONBNS
o0 o0 oooooooooooooooommmmmmmmmmo
a O mmmmmmmmmmmmmmmmmmN
™ 1 4 ™ v ™ e e
Time
8 80 © Mahonal Technical University of Athens . r.nwsnn
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MNapaAAnAio 6TOUC LETEEEPYOLOTEC

>Ewc to 1985: NapalAnAia o eninedo bit: 4-bit -> 8 bit -> 16-bit

»Meoa dekaetiacg 1980s wc peoa dekaetiac 1990: MapaAAnAio os
enimedo evtoAnc (instruction level parallelism)

»1995: NaparAnAia og entinedo thread (Simultaneous
Multithreading)

»2004: NapaAAnAia os entinedo nupnvwvy (cores)

© © © © Mational Technscal
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Reuters, Asutépa 11/6/2001:

Ot unxavikot tn¢ Intel oxedlaoav Kol KATAOKEVAOOV TO HULKPOTEPO
KoL TaYUTEPO transistor otov koopo pe peyeboc 0,02 microns. Auto
avolyeL to dSpopo yla pkpoemneéepyaotec 1 Sltoekatoppupiov
transistors, pe ouyvotnta ota 20GHz to 2007.

[lott 6ev €xouvpe 20GHz emetepyaoteC onpepa?

© © © @ Mational Tachnscal Un
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H emavaotoon nov cupfaivel onpepa

O «yvroLoc» VOUOC TOU
Moore cuvexilel va
Loxvet!

Chip density is continuing increase

~2X every 2 years
» Clock speed is not

» Number of processor cores
doubles instead

There is little or no hidden
parallelism (ILP) to be found
Parallelism must be exposed to
and managed by software

Source: Intel, Microsoft (Sutter) and Stanford
(Olukotun, Hammond)

10,000,000
m .0..
1,000,000 #
= /
m
/ P
100,000 =
5]
10,000
1,000
4]
10 /
/ : * e " l'l .
-]
L B
1 __/ = Transistors (000) [
o tiive ¢ Clock Speed (MHz)
*ge & Power (W)
& Perf/Clock (ILP)
0 I | [
1970 1975 1980 1985 1990 1995 2000 2005 2010
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FLOPs/MIPs

FLOPs: Floating Point Operations per Second
MIPs: Million Instructions per Second
‘EOTw OTL £XOUUE Evav EMEEEPYAOTN TIOU KAVEL 1 TTPAEN KVNTAC UTTOSLAOTOANC
(artAnc akpiPfelac) oe kaBe KUKAO poAoyLou:
Av n ocuxvotnta tou eivat 1GHz, tote €xeL anodoon 1 GFLOP

Av oAokAnpwvel 1 evtoAn oe kaBe KUKAO, TOTE £Xel artodoon 1000MIPs

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

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

TouAaxwotov 12 GFLOPs/cpu

© © © © Nahonal Technical Un
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2UuvEdpLo-EkBeon
ACM/IEEE Supercomputing

WWW.supercomp.org

TOP 500 list:

Byaivel 2 popeg To Xpovo:
e NogpBplo

e loUvl0

www.top500.org

© © © © MNohonal Technical Un;
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Supercomputing TOP 500 / Nov 2007
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Supercomputing TOP 500 / Nov 2007
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TOP 500 29th List (June 2007): The TOP10

Manufacturer Computer FT?Z)]( 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 Red Storm 101.4 DOE/NNSA/Sandia USA | 2006 | 26,544
Cray XT3
IBM BGW 91.29 IBM Thomas Watson USA | 2005 | 40,960
eServer Blue Gene
IBM New York Bl.ue 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 . .
IBM J521 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.top500.0rg
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TOP500 31th List (June 2008): The TOP10

Manufacturer Computer [I'\1’_r|r:17§] Installation Site Country Year #cores
Roadrunner - BladeCenter QS22/L521
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
IBM . DOE/NNSA/LLNL
2 Solution 478,2 , 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. QZ?;‘Z:WG ;a;’ o 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
/ SGl quad core 3.0 GHz 133 Center (NMCACQ) USA 2007 14.336
Computational Research Laboratories, .
8 Hewlett-Packard | EKA - Cluster Platform BQOQ BL460c, 132,8 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 SGI SGI Altix ICE 8200EX, Xeon quad core| 106,10 P France 2008 10.240
3.0 GHz
www.top500.org
80@ w“”ﬁ“g“i’b -I% ' i
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TOP500 37th List (June 2011): The TOP10

Manufacturer Computer Frnl_j?;(] 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, NVIDIAGPU, FT-1000 8C | 2566 Tianjin China 2010 186,368
NUDT China
3 Cray Inc. Jaguar- Cray XT5-HE Opteron 6-core | cg DOE/SC/Oak Rlége National Laboratory USA 2009 224,162
2.6 GHz United States
. National S ting Centre i
4 Dawning Nebulae - Dawning TC3600 Blade, Intel 1271 ationa Sﬁgﬁ;?;:%;gg) entren 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 | AA/AmesResearch Center/NAS USA 2011 | 111,104
5570/5670 2.93 Ghz, Infiniband United States
Inc. DOE/SC/LBNL/NER A
8 Cray Inc Hopper - Cray XE6 12-core 2.1 GHz | 1054 OE/SC/LBNL/NERSC us 2010 | 153,408
United States
Commissariat a 'Energie Atomique
9 Tera-100 - Bull bullx super-node
Bull SA $6010/56030 1050 (CEA) France 2010 138,368
France
Roadrunner - BladeCenter QS22/1LS21
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
8@@ National Inlmu-lrll;g-rirbdmhm ' A
www.top500.0rg 36 09 g aB ,




Low Power Cluster Architectures : sensitivity to power consumption

1000 1 )
Chip Maximum
Power in watts/cm? Not too long to reach
Nuclear Reactor
100 tanium — 130 watts
entium 4 - 75 watts
Pentium Il — 35 watts
Surpassed
¥ P o Blat Pentium Il — 35 watts
€aling rlate Pentium Pro — 30 watts
10
Pentium — 14 watts
1486 - 2 watts
,1 Iagﬁ — 1 watt ] ] | | ] ] ] ]
1.5 1 07w 05u 0351 025 018u 013 01n  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 Nozzle sy
£
E 100 Muclear Eeactur—.h
"E 10 H— H ot Plate
o —
Lk
]
g '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

© © © © Nohonal Technical University of Athens AEANER
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B. M&pocg

Aopka otolxeia YrtoAoylotn
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To YrmoAoyiotikd Movtédo Von-Neumann (1945)

ALaYwPLOPOC TNE UTTOAOYLOTIKAC MNXOLVAC O€ OUVIOTWOEC:

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

» Mvnun (memory): AmoBrikeuon eVIOAWV Kol TEAECTWV.

» Eloobo¢/E€odoc¢ (Input/Output - 1/0).

» H évvola tou anoBnkeupévou npovpauuatog EVtoA£g oo Eéva cUVOAo evioAwv e§dyovtal
Omo TN KUVAKN Kot EKTEAoUvVTOL pia-piaL.

Men_mry

(instructions,
data)

Computer System

Control Input
—
Datapath
registers Output
ALU, buses
CPU /O Devices

© © © © Matonal Tachnical U
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MICROPROCESSOR

DATAi }

ALU

PRINCETON (VON NEUMAN) ARCHITECTURE

MEMORY (
CONTROL
{} INSTRUCTION | | & ADDR
< CONTROL
CONTROL
i ﬂ
STATUS CLOCK

© © © © Nahonal Technical Un
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IBM Automatic Sequence Controlled Calculator (ASCC)

IKEN=1BM AUTOMATIC $ EQUENC

) )’)Wf) o )
,,,,, AN I
‘)0000'3’)’}’)0000

.........

T ammns s

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

e4500 kg

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

© © © © Nanhonal Technical University of Athens
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HARVARD ARCHITECTURE
MICROPROCESSOR

DATA INSTRUCTION
MEMORY MEMORY
CONTROL
DATAiE T} 2ADDR 4 INSTRUCTION
|
4I\
IN y
V1 ALY (] conTRoL

OUT ¢ CONTROL

i7

STATUS CLOCK
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ZUOTOTLKA TUTTLKOU YrtoAoyloti

Névte eival ta KAACOLKA OCUCTATLKA OTOLXELOL TWV UTTOAOYLOTWV:
1. Control Unit; 2. Datapath; 3. Memory; 4. Input; 5. Output

e

Processor

Computer Keyboard,

Mouse, etc.

Processor (CPU) Memory Devices
(active) (passive)
Control , Input
Unit (mpoypaupata

kot dedopéva
elval evepya
KOTAL TNV
EKTEAEON)

Disk

Datapath

i

Display,
Printer, etc.

© © © © Mohonal Technical University of Athens R
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Computer System Components

Proc

Caches

System Bus

adapters /O Buses

Memory A_ﬁ

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

nal Technical University of Athens ‘_.ﬂi‘-""‘m.
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Mlordtor FPerdnan CPTT Cache

Clache lewel ]l

W yetetm

DRALT

&G
N o Bridge
] 7| memoty

T
PCI tus
I I
PrI T Pl
detrice detrice
aouth Bridge LI0E -
I5E Hard drire
o f"ﬂ'& H—FIDE
ETICE | : A I+ oo
o ——
I54 htus
EIOS ROM aper 10
Foppy drere,
Parallel port,
Serial port
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Audio/ Parallel/ |1/0
MIDI serial
-0 Mise
Four Memory-
Four PCI =
ISA =1 Focessor
card slots Four
slots SIMM
slots
CPU
To oX£610 TOU CUCGTAMATOC TTAOLKETWV
evo¢ Npoowrikovu YrtoAoyloti " Two
(System Board Layout of a PC) (90% cohnhectors
OAWV TWV UNTOAOYLOTLKWV
ouotnuatwyv dLtebvwg).
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Opyavwon tn¢ CPU

o 2xebLaopoc tou Datapath:

»Avvatotntec & Enidoon Twv XapaKTNPLOTLKWY TWV AELTOUPYLKWV
novadwv (FUs):

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

»Tpormol Staoclvdeong Twv otolyeiwv (cuvdeon dadpopwyv, multiplexors,
etc.).

»Mwc¢ péeL n mAnpodopla HeTafL Twv otolxelwv tou H/Y.
e 2xeblaopocg tnc Movadac EAeyxou (Control Unit):
»N\OYLKN KoL LEoa EAEyXOU TNG por ¢ TAnpodoplac.

»EAeyX0C Ko ouvrovmuoq NG AsLltoupylag Twv AELTOUPYLKWVY HovAadwv
(FUs) ywa tnv Katavonon NG APXLTEKTOVLIKNAC Toulnstruction Set
Architecture nou okoneuouue va u)\onomoouue (u)\onmewat glte e
Eva UNYAvnuo TEMEPACHEVWY Kataotdoswy (finite state) A pe

ULKPOTIPOYPOLLUAL).

e Meplypadn tou Hardware description pe pia KataAAnAn
vAwooa, mbavwc xpnotpornotwvtag (RTN).

cv'“ %
A
&

‘TE—I'
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Branch

Control
Data
cache
Awataén evoc Turikou
Mwkpoeneéepyaotn:
The Intel
Pentium Classic
Bus [Integer
: data- Floating-
Instruction :
path point
SEEhE datapath
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CLOCK DRIVER |

._ |NSTBUCTION
C%CHEE — Sttt

BRANCH
PREDICTION
LOGIC

-+ coDE INSTRUCTION
« TLB . DECODE

Awataén evog Turkou

ez b 4
L

sl Mwpoene§epyaotn :
The Intel

BUS INTERFACE |77/ "~ INSTRUCTION
LOGIC o ' SUPPORT

Pentium Classic

e SUPERSCALER |——
y = INTEGER
=" ] EXECUTION

= wers e s

SCACHE. T | - ~ FLOATING

TS fr it
- e R S et
et SR ;

MP LOGIC i ' wm%mmw i
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| HTPHY, link 1 |Apy6 I/0] Aopaheieg
Movéda kivntig
UTTOdIA0TOANG
Twv 128 bit
I\
' ¥ x| Kowo- Movada  [Kpuen pvi-|
1 S| xenom |eséprwong/a-| un dedo- | Keoen
} I - -| kpuen [moBrkeuong| pévwv L1 | Mvrun Muprvag 2
Z| wvin Movada |, L2 twy
T o| L3twv EKTEAEONC EAeyxog | 512 kB
—| 2mB L2
T Mpookoéuion/
Atrokwdiko- | Kpuer
Toinon/ HvAun ev-
AlokAGSWoN | ToAwv L1 D
. D
et o & , , R
feogh | — Bopeia yépupa
el P
I . $
it ™
X
i £
1 RORERE AT ; 3:: Mupnvag 4 Muprvag 3
i 0.
|—
I
[
I I
HT PHY, link 4 |Apyo I/O] AcpaAeieg

AMD Barcelona
4 cpu cores per chip

© © © © Nanhonal Technical University of Athens
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O poAoc¢ tou Zxedraotn YoAoyiotwv

« KaBoplleL toLa XapaKTNPLOTLKA ELVAL CUAVTLKA YLa EVA
VEO UNXAVNMO. 2TN cuveEXELla oXeOLAlEL Eva pLnxavnua
TTOU VAL LEYLOTOTIOLEL TNV eTtidoon Ko TtapdAANAn vo pnv
uTtEPPalVEL TOUC MEPLOPLOMOUC KOOTOUC

« ETMLLEPOUC XOPAKTNPLOTLIKA
2xedlaoUOC TOU instruction set
Opyavwon TwV AELTOUpYLWV

Noykoc oxedlaouoc kat uAoroinon (IC design, packaging, power,
cooling ...)

© © © © Mational Technscal

hnical University of Athens ‘__‘ﬁ.m.
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Meploplopoi amo tnv Texvoloyia

« ETnola mpoobog .

»Texvohoyia nuLoywywv
< 60% meplocodtepa otolxeia/chip 1992
< 15% tayutepa otoela
< Bpadutepa KaAwdLa

»>Mvnpun 1995
< 60% avénon xwpPNTIKOTNTOC
< 3,3% Pelwaon Tou Xpovou npocfacng

»Mayvntikol diokol
< 60% avénon xwpPNTIKOTNTOC
< 3,3% PEelwaon Tou Xpovou npocfacng

FMAAKETEC KUKAWUATWVY
5% avénon otnv MukvoTNTA KAAWSiwv 1998

>KaAwsLo 64x mepLoooTeEpA otoLxela arod to 1989 4x

ypnyopotepa otolxeia

< kapia aAkayn

© © © © Nahonal Technical Un
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lepapyia TG APXLTEKTOVIKAC YITOAOYLOTWV

High-Level Language Programs

Software Assembly Language
L4 .
Application Programs

. Operating
Machine Language System
Program

| Compiler | | Firmware |

Software/Hardware | 'RStLlftCtiC:" Set
rchitecture
Boundary Instr. Set Proc. | 1/0 system
Datapath & Control \

Hardware — :

Digital Design Microprogram
‘ ,__Circuit Design
Layout

Register Transfer

Logic Diagrams
8 8 Notation (RTN)

Circuit Diagrams

© © © © Nahonal Technical Un

iversity of Athens ‘__m.lm
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Mopdn npoypappatog o KAOe eninedo

temp = v[k];
v[k] = v[k+1];

High Level Language

Program
v[k+1] = temp;
Compiler
lw $15, 0(S2)
Assembly Language lw S16, 4(S2)
Program SW 516, O(SZ)
Assembler SW 515, 4(52)

i 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
.......................... . 0101 1000 0000 1001 1100 0110 1010 1111

Machine Interpretation

Control Signal ALUOP[0:3] <= InstReg[9:11] & MASK

Specification Register Transfer Notation (RTN)

© © © © Mohonal Technical University of Athens R
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lepapyia Tou ZxeSLaopoU YITOAOYLOTWVY

Level Name Modules Primitives Descriptive Media
1 Electronics Gates, FF's  Transistors, Resistors, etc. Circuit Diagrams
2 Logic Registers, ALU’s ... Gates, FF's .... Logic Diagrams
3 Organization Processors, Memories Registers, ALU’s ... Register Transfer

Notation (RTN)

Low Level - Hardware

4 Microprogramming Assembly Language Microinstructions Microprogram
Firmware

5 Assembly language  OS Routines Assembly language Assembly Language

programming Instructions Programs
6 Procedural Applications OS Routines High-level Language

Programming Drivers .. High-level Languages Programs
7 Application Systems Procedural Construct Problem-Oriented
N Programs
High Level - Software
© © © © Nahonal Technical University of Athens
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Eneéepyaoia tov Instruction Set

® AleTEKTOVI.KI"] (ISA) = omo TNV MAEUPA TOU TPOYPAUUATLOTH/PETAYAWTLOTA
»N\eltoupyLkn epdavion MPoc LECO XPRoTn / MPOYPOUUATLOTH) CUCTILOTOG

»0pcodes, addressing modes, architected registers, |IEEE floating point

L4 YAOT[OinO'n (l.la rChitECtu TE) = and tnv mAeupd Tou oxedLaoTh EMEEEQYAOTWY

»N\oyLKr} Soun Kol opyavwon TnG oPXLTEKTOVLKNG

»Pipelining, functional units, caches, physical registers

L4 n pav MaTOﬂOiI'IO'I'] (Ch i p) = and tnv mAeupd tou oxediaoth chip / cuotnudtwy

»Quotkn dopn tng uAormoinong

»Gates, cells, transistors, wires

Ny | Technical University of Athens SO
© G ePig:
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CPU Machine Instruction Execution
Steps

}

Instruction
Fetch , , , . .
Nape tnv evioAn ano tn 0€on anoBrnkevong tov
' TLPOYPALUHATOG
Instruction
Decode , . , ,
Ka@OpLoE TIG AIMOTOULEVEG EVEPYELEC KOl TO HEYEOOC
1 NG EVIOANG
Operand
Feltch Eviomnioe Kat nape Tt SESOUEVA-TEAEOTEG
Exe_cute
l YMOAOYLOE TNV TLUN TOU OIMOTEAEGHATOC 1 TNG
Result KataoTaong
Store AMOONKEVOE TA ANMOTEAECHATO YLOL LETAYEVECTEPN
' Xprion
Next
Instruction KaBopioe tTnv emOpevn €VIoAn

© © © © Nahonal Technical Un
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Instruction Set Architecture (ISA)

o “... TA XOPAKTNPLOTLKA EVOC [UTIOAOYLOTIKOU ] OCUOTAUOTOC OTIwC PpaiveTal amo tnv mAsupad
TOU TIPOYPOUUATLOTA, 7T.X. N WOeath doun Ko n Asttoupylk ocupmepldopd, SLoxwpLoUEVA
aro tnv opyavwon tng pong deSopEvwy Kal Toug EAEYXOUC TOU AOYLKOU oXESLAOMOU KoL TNG
duokng vAomoinong (as distinct from the organization of the data flows and controls the
logic design, and the physical implementation).”

— Amdahl, Blaaw, and Brooks, 1964.

« H ap)xlteKTOVIKN TOU 6UVOAOU TwV evtoAwv (instruction set architecture) aoxoAsiton pe:

Opyavwon tn¢ npoypoppati{opnevng anodnkevong (memory & registers):
Zuuneplhappavel to mooo tng dtevBuvolodotnuévng pvnpng (addressable memory) ko Tov aptBpd Twv

SLaffoluwv Kataywpntwv (registers).
Tonol & Aopécg Aedopévwv: Kwdikonownoelg & napovoiaon (representations).
Z0voAo EvtoAwv (Instruction Set): Moieg Aettovpyiec mpoacdiopilovtal.
Mopdomnoinon Kat Kwdikomnoinon EvtoAwv.
Tpomnol dtevuBuvolodatnong Kat npooneAaong SESo0UEVWV KAl EVIOAWV

Xelplopog E€apecewv.

© © © © Nohonal Technical University of Athens R
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Computer Instruction Sets

e Aveéaptnto armo Tov TUo Tou urtoAoylotn, tTn doun
tnc CPU, N tnv opyavwon tou hardware, kabe evtoAn
LLNXavVNC pemeL vo mpoodlopilel ta akoAovba:

»0pcode: Moia evtoAn ekteAeital. Mapadetlypa: add, load kot branch.

»[oU Bplokovtal oL TEAEOTEC, av uTtapxouV: OL TEAEOTEC UIMOpPEL va gilval
amoBnkevpévol o kataxwpntég tng CPU, otnv kUpLa pvrpn, N os BUpeg
geloodou/e€odou.

»MoU tonoBeteital To anotéAeopa, av uTtapxeLl: Mmopel va avadEpetal pnta n
VO UTTOVOELTOL amo Tov KwOLKO TS evtoAnc (opcode).

»Mov Bploketal n enopevn evioAr): Av dev urtdpyouv pnTteC SLakAadwoeLg
(branches), n mpoc¢ ektEAeon evtoAn eival n emMopevn otnv akoAouBia evtoAwv
TOU TIPOYPAUUATOC. 2€ Mepimtwon evtoAwv jump Q branch n tevBuvon
npoodlopiletol amod aUTEC.

© © © © Nahonal Technical Un
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!

Instruction
Fetch

!

Instruction
Decode

!

Operand
Fetch

v

Execute

v

Result
Store

!

Next

Instruction

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

« Mopdomnoinon n Kwdikomoinon EvioAwv:
. — Nwc¢ kwdlkomoleital;

e O¢on teAeoTwy Kot amoteAeopatoc (addressing
modes):

. — MoV aAAoU eKTOC UVAMNG;

. — Moool pntol TeAEOTEG;

. — Mwc¢ avtiotolyilovtal (located) oL teAeoTEC
HVALNG;

. —Molot urtopouLv va Bplokovtal otn pvAun
KOLL TtOLOL O)L;

o TUMOL KOl pEYEOOC dedopEVWV.

e Mpadcelc

. — Moleg umootnpilovral

o Alaboxn evioAwv:

. — Jumps, conditions, branches.
e Fetch-decode-execute umovoouvtal.

Ny | Technical University of Athens SO
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Turotl EvtoAwv oto Instruction Set

Operator Type

Napadeiypota

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

echnical University of Athens SO
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Napadeiypato EVTOAWV HETAKLVNONG

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

63




Napadeiypata EvtoAwv tnc ALU

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 rl in r2 PPC601
ori $2,51,255 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.LDO,D1 Add the 32-bit values in registers DO, D1 and store MC68000

the result in register DO

©© © © Nobess ek ety s s
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Napadeiypata EvtoAwv AtakAadwonc

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 and $2 MIPS R3000
are equal.
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
© © © © Nanonal Technical University of Ahens  <TEX
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Napadeiypa Xpnong EvtoAwv:
Top 10 Intel X86 Instructions

Katnyopia EvtoAn M€EoOo TT0G00TO GUVOALKNG EKTEAEDNC
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 arnA£g EVIOAEG £XOUV TIC LEYOAUTEPEC CUXVOTNTEC XPNOLLOTIONOoNC.
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