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Eiocaywyn

A’ pépoc:

‘Totopikh avadpoun/e€€AiEn

*2.UYXpoveC TdAoeic oTnV APXITEKTOVIKA
YToAoyioTwy

B' pyépoc:

- Aopikd otoixesia YmoAoyioTh/TiI givai ISA



BipAia pa@nparoc

Opyavwon kar Zxediaon YmoAoyioTwv (n 01acuvoeon UAIKoU Kai AoyiduikoU),
3n ékdoon, David Patterson and John Hennessy, uetdgpaon, ekdooeig
KAei1ddpiBpocg, 2006.

To BiBAio Ba diariBerar 10:00-14:00 kdBe piépa amo Tn ypauuareia rou Epyaornpiov YmoAoyioTikwy
2uornudrwy (cslab), 2o¢ dpopoc, KTipro HAskTooAdywy, 21.34B, k. EAIla AyyeAion

ApxiTekTovikn YmroAoyioTtwy, I'. TTamakwvaoTtavTivou, T1. Toavdka, . ®paykdkn,
ekO0. 2ZUMHETpIa.

To BiPAio Ba diariBsrar amo Ti¢ EKOO0EIC ZULETRIA

=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 Illustrated 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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Aiddokovtec/(lpec

TTépunTn 16:00-18:00, Néo Kripio HAekTp.
AM® 1 (Tuhpa A-C2), AM® 2 (Tunpa A-K).

TTapaokeun 10:45-12:30, Néo Kripio HAekTp.
AM® 1 (Tunpa A-£2), AM® 3 (Tuhpa A-K)

KaB. TTavayiwTtng Toavdkac, (Tpnpa A-K)
Np. ApioTeidng ZwTtnpomouhog, (Tunapa A-K)

Av. KaB. NekTtdpioc Kolupng, (Tpapa A-£2)
Ap. Kwothc Nikac (Tuaua A-2)
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ocipéc aoknoswv (bonus 1 povada)
www.cslab.ece.ntua.gr/courses/comparch

ypamTh € éTaon, dpiota 10
e€eTdoeIc pe KAgioTd PiPAia + «okovdki» (1 A4 gUAAO)
HUOTIKO eTITUXiAac? TrapakoAouBnaon + PipAio

1 epdopdda diapacpa otnv e€etaoTikh AEN apkei

cslab@ntua 2008-2009
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ENIAC (1943-1946) by Mauchly and Eckert
Dimension: 3 ft x 8 f x 100 ft

15,000 vacuum tubes + lots of switches
Memory : Twenty 10-digit decimal numbers
Speed: 800 operations/sec

10 years of service - more calculations than done by the
entire human race up to 1946.




TTpoPpAéyeic (tunnel vision)

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

cslab@ntua 2008-2009



..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.

"640K [of memory] ought to be enough for anybody."
% Bill Gates, chairman of Microsoft,1981.

Slide source: Warfield et al.

cslab@ntua 2008-2009



O Meviég Twv e epyacTwy

- TTpwTn levid, 1946-59: Vacuum Tubes, Relays, Mercury
Delay Lines:

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

> TTpwTo Tpoypappa amoOnkeupévo ae uttohoyioTh: EDSAC (Electronic
Delay Storage Automatic Calculator).

.- AeUtepn Tevid, 1959-64: Aiakpitd Transistors.

- Tpitn Tevid, 1964-71: MikpoU ka1 Meoaiou peyéBoug
OMokAnpwpéva KukAwpara.

- Téraptn MNevia, 1971-Present: O MikpoUToAoyIoTAC.
Mikpoemte epyaoTéc Paoiopévol o€ TeXVoAoyia oAoKANPWHEVWY

cslab@ntua 2008-2009 9



O Meviég Twv e epyaocTwy

19161: I)n’rel 4004, 2,3K transistors 12 mm? (clock: 740 KHz, 92K ops,
um

1978: Intel 8086, 30K transistors, 33 mm?

1984: Stanford MIPS, 24K transistors, 34 mm? (Berkeley RISC ITI:
41K, 60mm?)

1996: Pentium Pro, 5,5M transistors, 306mm?2

(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-diddoxo¢ Itanium 2 kai
Montecito-30MB cache & 4 cores)

cslab@ntua 2008-2009 10



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, kKdB¢e core Tpéxel TauToxpova 8 vAaparta (threads)
2.UvoAo 64 vapaTta Tautoxpova.....

cslab@ntua 2008-2009
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Moore's Law:

Microprocessor Capacity

; Disk drives
04

-
E
=
=
-~
==
==
=
—
ar
(=1
B

197

Gordon Moore
(ouvidpuTAc TNS Intel)

1965:n TTUKVOTNTO TWV
transistors oe chips
nUIaywywv Ba
dirTthaoialetal Kabe 24
HNVEG.
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ource:

Moore's Law
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Intel 45nm

6T SRAM
cell

Standard Silicon
Transistor

5i0,
Insulator
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High-k + Metal Gate
Transistor

High-k
Insulater

contact

"

—
“

.\_.-
==

X = Gate-drain overlap

¥ = Channel length

Z = Gate-source overlap

X+Y+Z = Gate length (printed f manufactured)

13



PuBuoc abénonc Zuxvornrac PoAoyioU
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3 GHz
2 GHz

1000 MMHz
SO0 MHz
800 MHz
T00 MHz
GO0 MH:
00 Mz
400 MHz
300 MHz
200 MH:z
100 MHz

CPU Clock

XEON 3 {

P-IIT 1.13 (iHz

| ATHLON 1 GHz |

P-I11 1 CiH

ATHLOMN 600

iHz

CPU CLOCK
100X FASTER

486 DX 100

HEML _
~ FASTER

I O N I N R N D I
92 93 94 95 S0 97 98 S5 00 01 02 03
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A0gnon Tng xwpentikétntag Twv VLSI Dynamic RAM Chips

1000000000

100000000

10000000

1000000

100000

10000

1000
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size
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1970

1975

1980

1985

Year

1990

1995

2000

£Tog péyeBog(Mbit)

1980 0.0625
1983 0.25
1986 1

1989 4
1992 16
1996 64
1999 256

2000 1024

1.55X/€T0G,
OnAadn dirAaciadeTal
KG0g 1.6 xpovia
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3 GHz

2GHz

1 GHz

200 MHz

300 MHz

250 MHz

200 MHz

150 MHz

100 Mz —

50 MHz

Clock Speeds

PC
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PC
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@
X1
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@
C-90
®
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X-MP PC
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rrrrrrrrrrtrnrr 11101t 1rrnr1r 1T 117 17 17T 1T T T/
980 1982 1984 19Be  I9EE 1990 1992 1994 1996 1998 2000 2002 2003

100 1 10 100 [ 10 100 |
MFLOPS GFLOPS GFLOPS GFLOPS TFLOPS TFLOPS TFLOPS PFLOPS
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Ouoiwcg Kkai yia 1o Xwpo aroOnkevonc

EnteepyaoTic:
2X Taxurtnta kdBe 1.5 €voc.
~1000X amédoon Tn TeAeuTtaia 10¢eTia.

Mviaun:
DRAM xwpnrikéTnTa: > 2x kaBe 1.5 £voc.
~1000X xwpnTikéTNTa Th TeAeuTaia 10¢eTia.
KéoTtoc avd bit: méeTel katd 25% 10 Xpovo.

Disk:
Xwpnmikétnta: > 2X kdOe 1.5 évoc.
KéoTtoc avd bit: méeTtel katd 60% 10 XpoVvo.
200X xwpnTikoTnTa T TeAeuTaia 10¢Tia.

ATIOKAION HETACU XwWPNTIKOTNTAC HVAUNG Kal TaxUTnTAC HVAHNG
>N TaxuTnTa povo 7% 1o Xpovo

cslab@ntua 2008-2009
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1000

Hard drive capacity
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10/26/19935

4/19/2001

19



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 Laboratorles, Falrchild Semiconductor

division of Fairchild Camera and Instrument Corp.

The future of integrated electronics is the future of electron-
s iself. The advantages of mtegration will bring about a
proliferation of electronics, pushing this science into many
NEW areas.

Integrated cireuits will lead to 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-
watch needs only a display to be feasible today.

maching instead of being concentrated in a central unit. In
addition, the improved reliability made possible by mntegrated
crcuits 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, | mean all the various tech-
nologies which are referred o as microelectronics today as

H..'l"ll [g Aanw !-'I.I'l.l’lifin"lﬂ!—'ll nmeg r]'l!-'lr Tl"tlllr iﬂ J"Il"d'rfn"lﬂil't rIITH'-

IInyn: ftp://download.intel.com/museum/Moores_Law/Articles-Press_Releases/Gordon_Moore_1965_Article.pdf
cslab@ntua 2008-2009
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Processor-Memory Gap

processor
1000 | - o »Cf_ 60%/yr

“Moore’s Law”

100 ~'processor-memory
Speed performance gap:
(MHz) (grows 50% / yr)
10 | oo B
*H»/-memory
0
oray | Y0Iyr
1 T T T T T T T T T T T T T T T } : :
O ML ONDNDO T NMITWONDDS
OOOOOOOOOOOOOOOOOO@@@@@@@@@@@O
2222222222222 222222 2K
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TTapaAAnAia oTtouc pere€epyaoTEC

>1'%wa 10 1985: TTapaAAnAia oc emimedo bit: 4-bit -> 8 bit ->
-bit

»Méoa dekaceTiac 1980s éwc péoa dekaeTiag 1990:
TTapaAAnAia oe emitedo evroAnc (instruction level
parallelism)

»1995: TTapaAAnAia oe emitedo thread (Simultaneous
Multithreading)

»2004: TTapaAAnAia oc emitedo upAvwy (cores)

23



Reuters, Acsutépa 11/6/2001:

O1 punxavikoi Tn¢ Intel oxediaoav kai kataokevaoav To
HIKPOTEPO KAl TaxUTepo transistor otov KO6oUo pe HEYEOOC
0,02 microns. Auto avoiyel To 0popo yia HikpoeTre epyaoTéc 1
dioekaToppupiou transistors, pe ouxvornta ota 206Hz To
2007.

Mari dev éxoupe 20GHz emelepyaoTéc onpepa?

cslab@ntua 2008-2009 24



H emavaoraon mou cuupaivel onpepa

10,000,000
O «yvAhoI0¢» vOUOG Tou o
Moore ouvexilel va Ll b 7
1axvell "
. o o 100,000
Chip density is continuing
increase ~2x every 2 years
10,000
> Clock speed is not
»Number of processor 1,000
cores doubles instead
There is little or no hidden 100
parallelism (ILP) to be o
found Parallelism must be 10 ,/
exposed to and managed by /{ gt
software | - = Transistors (000) |
g oo
& Power (W)
& PerfiClock (ILP)
Source: Intel, Microsoft (Sutter) and Stanford 0 | | |

(Olukotun, Hammond) 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
Botw oT1 £xoupe évav eme€epyaoTh Tou kdvel 1 mpdén KIVvNTAC
utodiaoToANC (amAAC akpipelag) oe kKAOe KUKAO poAoyioU:
AV n ouxvoeTnTd Tou tival 16Hz, TéTe éxel amédoon 1 GFLOP

Av oAokAnpwvel 1 evToAn oe k@B KUKAo, TOTE €xel amodoon 1000MIPs

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

E€aptdrai ané tnv mpdin, FPADD, FPMUL, FPDIV (amAnc akpipeiag-
single precision).

TouAdxioTov 12 GFLOPs/cpu

cslab@ntua 2008-2009
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2 uvédplo-EkBeon
ACM/IEEE Supercomputing

www.supercomp.org

TOP 500 list:

Byaivel 2 popéc To xpovo:
- Noéuppio

- ToUvio

www.top500.org

27



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 ?TTZ)]( Installation Site Country | Year | #cores
1 IBM BlueGene/L 280.6 DOE/NNSA/LLNL USA | 2005 | 131,072
eServer Blue Gene
2 Jaguar
Cray Cray XT3/XT4 101.7 DOE/ORNL USA 2007 | 23,016
3 | sandiasCray Red Storm 101.4 DOE/NNSA/Sandia USA | 2006 | 26,544
Cray XT3
4 IBM BGW 91.29 IBM Thomas Watson USA | 2005 | 40,960
eServer Blue Gene
5 IBM New York BLue 82.16 Stony Brook/BNL USA | 2007 | 36,864
eServer Blue Gene
6 IBM ASC Purple 75.76 DOE/NNSA/LLNL USA | 2005 | 12,208
eServer pSeries p575
7 IBM BlueGene/L 73.03 RPI/CCNI USA | 2007 | 32,768
eServer Blue Gene
8 Dell Abe 62.68 NCSA USA 2007 | 9,600
PowerEdge 1955, Infiniband
9 MareNostrum . .
IBM 3521 Cluster, Myrinet 62.63 |Barcelona Supercomputing Center Spain 2006 | 12,240
HLRB-II
10 SGI SGI Altix 4700 56.52 LRZ Germany | 2007 | 9,728
www.top500.org

cslab@ntua 2008-2009
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TOP500 31th List (June 2008): The TOP10

cslab@ntua 2008-2009

Manufacturer Computer Fl_rg?:] Installation Site Country Year #cores
Roadrunner - BladeCenter QS22/L521
Cluster, PowerXCell 8i 3.2 Ghz / DOE/NNSA/LLNL
! 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
Jaguar - Cray XT4 . .
5 Cray Inc. 205 DOE/Oak Ridge National Laboratory USA 2008 30.976
QuadCore 2.1 GHz
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
! SGI quad core 3.0 GHz 133 Center (NMCAC) USA 2007 14.336
Computational Research Laboratories .
Hewlett-Packard - ’ India
8 EKA - Cluster Platform 3(_)0_0 BL460c, 132.8 TATA SONS 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

31



Low Power Cluster Architectures
sensitivity o power consumption

1000 ‘ )
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
H pt‘ Plat Pentium Il — 35 watts
ealing Flate Pentium Pro — 30 watts
10
Pentium - 14 watts
1486 — 2 watts

I?}gﬁ - 1 "I'“'E'“ I I 1 I I I I

150 1w 070 05u  035: 02510 0184 043  0dp 007y
1985 1995 2001 Year

cslab@ntua 2008-2009
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Power Density Limits Serial

Performance

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

10000

—

— =
e — =
L= = =

e

Power Density (Watts / cm?)

Rocket Nozzle =y

Nuclear Reactor s

e Hot Plate

1996 1998 2000 2002 2004 2006 2008

Power Density Becomes Too High to Cool Chips Inexpensively

Zource: Shekhar Bovkar, intel Corp

cslab@ntua 2008-2009
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B. Mépoc

Aopikd otoixeia YmoAoyioTh

34



To YmoAovioTikd MovTtéAo Von-Neumann (1945)

Aiaxwp1opd¢ TS UTTOAOYIOTIKAC HNXAVAC OE OUVIOTWOEC:

> Kevrpikn Movdda Emeepyaciag (Central Processing Unit - CPU): Control Unit
(instruction decode, sequencing of operations), Datapath (registers, arithmetic and
logic unit, buses).

» MvApun (memory): AmoBnkeuon evToAWY Kal TEAECTWV.
» Eioodog/ E€odog (Input/Output - I/0).

> H évvoia Tou amoOnkeupévou mpoypapparoc: EvroAéc and éva oUvoAo evroAwv
e€ayovral awd TN PVAEN Kal EKTEAoUvTal pia-yia.

Control Input
Memory
B —
(instructions,
data) Datapath
registers Output
ALU, buses
Computer System CPU I/O Devices
cslab@ntua 2008-2009 35




PRINCETON (VON NEUMAN) ARCHITECTURE
MICROPROCESSOR

MEMORY

(—

{} INSTRUCTION

DATA! |

IN :> AL

our

.

CONTROL
& ADDR

3

CONTROL

CONTROL

{T

STATUS

CLOCK




IBM Automatic Sequence Controlled Calculator (ASCC)

I KEN=ILBM AUTOMATIC SSQ.UENC

s 4B | =, o
765 OOO componen‘rs
‘hundreds of miles of wire

-size 16 m in length, 2.4 m in
height, 61 cm deep.
4500 kg

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

cslab@ntua 2008-2009



HARVARD ARCHITECTURE
MICROPROCESSOR

DATA INSTRUCTION

MEMORY MEMORY
CONTROL

mm@ T} & ADDR ﬁ vlusmucnou

N :> ALU 4 CONTROL
Y, X q— CONTROL
{T

STATUS CLOCK

Fa




2UCTOTIKA TUTTIKOU

YT1roAoyioTtn

TTévTe cival Ta KAAOOIKA@ OCUOTATIKA OTOIXEIA TWV UTOAOYIOTWV:
1. Control Unit; 2. Datapath: 3. Memory. 4. Input; 5. Output

)

Processor

Computer

cslab@ntua 2008-2009

Processor (CPU

(active)

( Control
Unit

Da‘l‘apa’rhl

Memory
(passive)

(mpoypdupara
kai 0cdopéva
givail evepyd
KaTd Thv
eKTEAEDN)

Devices

Input

Keyboard,
Mouse, etc.

Disk

Display,
Printer, etc39



Computer System
Components

Proc

Caches

Memory

cslab@ntua 2008-2009

1/O Devices:

System Bus

S E—

adapters

I/O Buses

S

Controllers‘ NICs

Disks ‘ ‘ ‘
Displays [ Networks
Keyboards

|
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Ilotdtor Pentnun G Cache
and lemrel2
Cache lewel
a yetetm
CR AR
&GP 4 5 _
] Horth Brirlge T 17| memory
=
PCI bus
I I
Pl e Pl
detrice devrce
South Bridge LIDF_ -
I5B Hard drire
o | A 5By, e ¥
EVICE | y A - -
[ ——1
54 bus
EIOS ROM aper 10:
Foppy drire,
Parallel port,
Serial port
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Fourd
ISAL]
card ]

slots

I/0

| —

Audio/[d | Parallel/L]

MIDI serial
I/0: Misc
Fourl] Memory
PCIL] Processor
card ]
slots Fourl
SIMML
slots CPU

To ox£dl0 Tou ouoTAHATOC

wAakeTWv evoc TTpoowmikou

YnoAoyioth (System Board

Layout of a PC) (90% éAwv Twv connectors

UTOAOYIOTIKWY OoUCTNRHATWY
d1E0vwe).

I/0: Mass Storage
Two IDEL]

cslab@ntua 2008-2009
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Opvavwon tng CPU

e 2¥edlaouOG Tou Datapath:

— Avuvarotnreg & ETTidoon Twv XApaKTNPIOTIKWY TWV AEITOUPYIKWYV
novadwyv (FUs):

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

— TpoTtrol dlaouvdeong Twv OToIXEIWV (ouvdeon dIadPONWY,
multiplexors, etc.).

— [wg péel n TTANpoPopia JETACU Twv oToixeiwv Tou HYY.
o 2Xxe0I00MOC TNG Movadac EAEyxou (Control Unit):
— NoYIKNA Kal HEaa EAEYXOU TNG PONG TTANPOPOPIaC.

— 'EAgyX0g Kal OUVTOVIGUOG TNG AEITOUPYIAG TWV AEITOUPYIKWY
povadwyv (FUs) yia Tnv katavonon Tng APXITEKTOVIKNG
Toulnstruction Set Architecture TTou okoTreUoupE va

UAOTTOINOOUME (UAOTTOIEITAI EITE PE EVA UNXAVNUA TTETTEPATHEVWV
KataoTtaocewyv (finite state) N pe pIKPOTTPOYPAUHA).

» [Nepiypaen Tou Hardware description pe
Mia KaTGAANAN YAwoaa, TToavwg
xpnoipotroiwvTtacg (RTN).

cslab@ntua 2008-2009
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Datall
cache

Instruction]
cache

Branch

Control
Bus |Integerd
data-L] Floating-L]
path point[]
datapath
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Alatagn evog
TutTikoU
MIKPOETTECEPYAOTH:
The Intel
Pentium Classic
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CLOCK DRIVER|-

INSTRUCTION
- ?F'I:E'TCI-_I :

LOGIC

BRANCH
PREDICTION

IN;ES:THUCTION' ’ ’
i i Alatagn evog

TutriKouU
ittt IMIKpoOETTEEEPYAOTN :

BUS INTERFACE |7 "[7 ~ INSTRUCTION

ogic ' SUPPORT The Intel
|| SUPERSCALER _ Pentium Classic

INTEGER

e

EXECUTION

_I'FEOATING :

TR L

MP LOGIC
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O pOAog TOU 2XE0100TH
YTTOAOYIOTWYV

» KaBopilel TTo10 XapaKTNPIOTIKA €ival ONUAVTIKA
VIO €va VEO uNXavnua. 2T1n cuvexela oxediadlel
EVA UNXavnua TToU va JEYIOTOTTOIEI TNV £TTIOOON
KAl TTAPAAANAN va unv utrepaivel Toug
TTEPIOPITOUC KOOTOUG

* ETMUEPOUC XaPAKTNPIOTIKA

2. XeO0IQOMOC TOU Iinstruction set

Opyavwaon Twv AEITOUPYIWV

NOYIKOG oxedlaouog kal uAotroinon (IC design,
packaging, power, cooling ... )

46
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[Mepropiopoi atro TNV TeXVoAoyvia

* ETAOIO TTPO0OOOC .

— TexvoAoyia nuiIaywywv
» 60% TTEPICOOTEPO OTOIXEIO/Chip 1992
* 15% TaxuTepa oToIXEiD
* Bpadutepa KaAwdia
— MvnApn 1995
* 60% aug¢non XwpnTiIKOTNTOC
* 3,3% peiwon Tou Xxpovou
TTpéoaong
— MayvnrTikoi dioKoi
* 60% autnon XwpenTiIKOTNTAG
e 3,3% peiwon Tou Xpovou

Tpoopaong
— TTAOKETEC KUKAWMPATWYV 1998
] Y ’ A
E 0{3\8%‘?3)3” oTnv TukvothTa 64x TeplocdTEPA GTOIXEIA amd To 1989

— KaAwdia 4x ypnyopdTepd oTOIXEID

e Kauia aAAayn
cslab@ntua 2008-2009
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lepapXia TNG APXITEKTOVIKNG
YTTOAOVYIOTWV

High-Level Language Programs

Software

Machine Language
Program

Software/Hardware

Boundary

Hardware

Logic Diagrams

\ Assembly Language

Application Programs

Operating
System

Compiler| | Firmware

Instruction Set

Instr. Set Proc. | I/O system

Architecture

Datapath & Control N \

L

cslab@ntg:aj bogstiggrams

Digital Design Microprogram

. Circuijt Design

Laymlf

Register Transfer
Notation (RTN)
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Mop®n TTPOYPAMNMATOC O€ KAOE
EITEDO

High Level Language
Program

Compiler

Assembly Language
Program

Assembler

Machine Language
Program

||||||||||||| N S O S N S S S S S S A o |
|||||||||||||||||||||||||||||||||||||||
||||||||||||||||||||||||||||||||||||||

Control Signal
Specification

cslab@ntua 2008-2009

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

lw $15, 0($2)
lw $16, 4($2)
sw $16, 0($2)
sw $15, 4($2)

0000 1001 1100 0110 1010 1111 0101 1000
1010 1111 0101 1000 OOOO 1001 1100 0110
1100 0110 1010 1111 0101 1000 OOOO 1001
0101 1000 0000 1001 1100 0110 1010 1111

Machine Interpretation

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

Register Transfer Notation (RTN)
49



IEpAPXIA TOU 2XEOIOTMOU
Y1TO)\O¥rIO'TU'0V

« Level Name Modules imitives 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

1 Programming Drivers .. High-level Languages Programs

‘ 7 Application Systems Procedural Construct Problem-Oriented
Programs

High Level - Software

50
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Etrecepyaocia Tou Instruction Set

o APXITEKTOVIKE (ISA) - wooom s o romposensmpssaonens

— NEITOUPYIKA EPPAVION TTPOC NECO XPNOTN / TTPOYPAUMATIOTH
OuUCTAMATOG

— Opcodes, addressing modes, architected registers, IEEE floating
point

¢ YAO.ITOino.n (parChiteCtu re) ™ omé v TAEUPG TOU OXEDIAOTH ETEEEQYOOTWY
— AoyIk doun Kal opyavwaon TNG apXITEKTOVIKNG
— Pipelining, functional units, caches, physical registers

¢ I-I pqvp GTO.ITO in o. n (C h i p) = amd 1V TAeUpd Tou oxediaoT chip / ouoTNEATWY

— Quoik dopn TNS uAoTToinong
— Gates, cells, transistors, wires

51
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CPU Machine Instruction
Execution Steps

}

cslab@ntt

Instruction , . , , ,
Tlape Tnv evroAn andé Tn O©éon amoOnkeuonc Tou
FeltCh TPOYPAWMATOC
Instruction . . ,
KaBopioe Tic amaiToOpeveg evEpyelieC Kal To
De(iode HéyeOocC TNC EVTOARC
Operand , . , .
Evromioe kai mape 1a dedopéva-TEAEOTEG
Fetch
Execute YmoAdyioe TNV TIHA TOU amoTeAEoUATOC R TNG
1 KaTaoraonc
Result . , ,
AToONKeVoE Ta amoTEAEOHATA Yid HETAYEVEOTEPN
Store xphon
}
Next KaBopioe Tnv emopevn evroAn
Instruction 52
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Instruction Set Architecture (ISA)

e Y. TA XAPAKTNPIOTIKA €VOC [UTTOAOYIOTIKOU] CUCTAMATOS OTTWG QAiveTAl ATTO TNV
TTAEUPQA TOU TTPOYPOAMMATIOTH, 17.X. N 10€aTr OOMN Kal N AEITOUPYIKN) CUMTTEPIPOPA,
dlaxwpIoHEVA aTTO TNV Opyavwaon TnNG pong OeOONEVWY Kal TOUG EAEYXOUG TOU
AoyIKoU oxeQIQOMOU KAl TNG QUOIKNG UAoTToinoNnG (as distinct from the organization
of the data flows and controls the logic design, and the physical implementation).”

— Amdahl, Blaaw, and Brooks,
1964.

* H apXITEKTOVIKH} TOU OUVOAOU TwV evTOAWYV (instruction set architecture)
OO XOAEITOI ME:

Opydvwon TnG TTpoypauHaTi(OeEVNG atroBnkeuong (memory & registers):

T IoM0 Tiov BraBEamieoy KaTaxwpNTG (rogiteray, | e (addressable memory) katTov
Tutrol & Aopég Aedopévwyv: Kwdikotroinoeig & Trapouciaon (representations).
20voAo EvroAwyv (Instruction Set): lNoieg AsiToupyieg TrpoodiopilovTail.
Mop@oTroinon kal Kwdikotroinon EvroAwv.

TpoT1rol d1euBuvoi1066TNONG KAl TIPOCTTEAACNG DEOOUEVWYV KAl EVTOAWV
Xeipiopédg ESaipécewy. 53
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Computer Instruction Sets

* AveCapTNTa ATTO TOV TUTTO TOU UTTOAOYIOTA, TN
dooun t1n¢ CPU, n Tnv opyavwaon Tou hardware,

KABE EVTOAN pNXavNng TTPETTEl va TTPOCdIoPilEl TO
akOAouba:

Opcode: Tlloia evtoAn ekTeAgiTal. MNapddeiyua: add, load kai branch.

[Tou BpiokovTal oI TEAEOTEC, av uttTdpxouv: Ol TEAEOTEC PUTTOPET va gival
atmroBnkeupévol o€ kataxwpntég TnG CPU, otnv KUpla pvAun, N o€ Bupeg
£10000U/eCOd0U.

[Tou TotToB¢eTEITOI TO ATTOTEAEOUA, av uTTApXEl: MTTopEi va avagEpeTal
PNTA ) va utrovocEital atrd Tov KwoIKO TNG eVTOANRC (opcode).

[Tou BpiokeTal N eTTOMEVN €VTOAR: Av dgv UTTApXOoUV pNTEC DIAKAAOWOEIS
(branches), n TTpo¢ eKTEAEON €VTOAN €ival N TTOPEVN OTNV AKOAOUBIa
EVTOAWYV TOU TTPOYPANMATOG. 2.€ TTEPITITWAN EVTOAWY jump | branch n
d1euBuvon TTpoodlopileTal ATTO AUTEG.

54
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}

Instruction
Fetch

!

Instruction
Decode

!

Operand
Fetch

!

Execute

l

Result
Store

!

Next
Instruction
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Instruction Set Architecture (ISA)

NMpodiaypaen AtraiTnoswyv (Specification

Requirements)

MopgoTtroinon N Kwdikotroinan EvioAwv:
— MNw¢ kwdIKoTTOIEITAl;

@¢Eon TEAEOTWV Kal ATTOTEAEOUATOC (addressing
modes):

— NoU aAAOU €KTOG PVNUNG;
— éool pnToi TEAEOTEC;

— MNwc¢ avtioToixiCovtal (located) ol
TEAEOTEG NVNMNG;

— [olol ytTopouv va BpiokovTtal oTn PvAuN
KQl TTol01 OXI;

TuUTToI KOl HEYEBOC DEDOUEVWIV.
[Mpaceic

— [oieg utrooTtnpifovTal
A1adoxn eVIoOAWV:

— Jumps, conditions, branches.
Fetch-decode-execute uttovoouvral.
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TuTtTOo1I EVvTOAWYV OTO INnstruction Set

 Qperator Type Napadeiyuara

« Arithmetic and logicall 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
. Stri Stri . : |
«  Graphics Pixel operations, compression/ decompression
. operations
56
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Mapadeiypara EvroAwyv
METAKIVNONG OEOONEVWIV

cslab@ntua 2008-2009

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 (AO),A2 Load the address pointed to by AO into A2 MC68000
57




MNapadsiypara EvroAwyv Tng ALU

cslab@ntua 2008-2009

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 r1 in r2 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
58




Mapadeiypara EvroAwyv
AlaKAQOWOoNG

Instruction Meaning Machine

BLBS A, Tgt | Branch to address Tgt if the least significant bit VAX11
at location A is 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,$1,32 | 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 = O. Intel X86
BVS next Branch to next if overflow flag in CC is set. MC68000

59
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Napadeiypa Xpnong EvroAwv:
Top 10 Intel X86 Instructions

KaTtnyopia EvToAn Mégo TT0000TO GUVOAIKAC 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%

Tlapatnpnon: O1 awAéc eVTOAEC €XOUV TIC HEYAAUTEPEC OUXVOTNTEC Xpholpomoinong.
60
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