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Opyavwon Opyavwonc

* Epyaotnpto: 20%,

* Aoknoelg: 15%,

* [poodoc: 20% (Y/E),
* TeAwkoc: 45%
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[MEPII PAMMA YAHX

Elcaywyn otn cuyxpovn texvoloyia vAomoinong tTwv
UTTOAOYLOTWV.

H yAwoooa pnxavng kot n y\wooa assembly, cav to
HovteAo adaipeonc mou to hardware mapouoLalel TPOC
To software.

Napdadelypa TG YAWooOC UNXAVNG MLOC OLPXLTEKTOVLKAC
RISC.

AplOuNTLKN TwV YIToAoyLoTWwV.

2xeblaon tou datapath.

2xeblaon tng povadac eAEyyou.

ElkovIKA pvAun.

OAiya mepl tng emidoonc (toxvTNTAC) TWV UTTOAOYLOTWV.



OPFANQZH H/Y

'E€odog

O H/Y ywpiletoL o 5 Baoka TunpoTaA.
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AdalpeTikOoTNTA

* To AOYLOLLLKO Kol TO UALKO atoteAeltal amo
enineda Lepapyloc.

e Y& KAOe emimedo Llepapyiac dev umapyxouyv ot
AETITOUEPELEC TOU XONAOTEPOU EMUITESOU

* O TPOTOC AVTIMETWTILONG AUTOC KaAELTOL
adALPETIKOTNTA.



Ertineda AvaAuonc — 2xeblaong

App  App App

System software Software
ISA

Mem CPU I/O

------- Hardware

e Aladopa emnimeda:
— Noylouko: assembler, compiler, OS, applications

— Opyavwon emninedou evtoAwv (Instruction set architecture
(ISA))

— YAKO: transistors, gates, CPU/Memory/IO



ENIAC (Electronic Numerical Integrator and Computer)
U.S. Army Computer @ University of Pennsylvania
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O ENIAC eixe yupw ota
18,000 vacuum tubes,
70,000 resistors, 10,000
capacitors, kat 6,000
switches.

Eixe 33 pétpapunkog, 3
neEtpa o, kot 1
HEtpo Bfaboc.
KatoavaAwve 140
kilowatts power.



Intel

* Me tnv elcaywyn tou to 1971, to Intel
4004 "Computer-on-a-Chip" ixe 2300
transistors kot ekteAovoe pexpL kat 60,000
npateicava deutepOAemTO.

* 'Htav to mpwto single-chip microprocessor
nepinou tnv dla anodoon pe to 18,000
vacuum tube ENIAC. To 4-bit Intel C4004
og ouvyvotnta 108 KiloHertz.

Intel 8086

« 29,000 Transistors, Clock Speeds:
5, 8 and 10 MHz

 Introduced: June 8,1978

* Approx. 10 times the performance
of the 8080
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Enteéepyaotec (MEoa oto chip)

| GPU shared
| logic

ARM Mali G72 MP18

=

t
L

Hexagon 685 DSP

Quad-core Exynos M3

Adreno 630

= _ooe L

Snapdragon 845 A11 Bionic Exynos 9810
(~90 mm?) (87.66 mm?) (118.94 mm?)
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Enteéepyaotec pe Aparpetikn Artogn

addressable RAM addressable RAM

REGISTERS REGISTERS
CPU CPU
32-bit width 64-bit width
of integers, registers, of integers, registers,
and data paths and data paths
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MNHMH

* Mn Awatnpnotun (Volatile)
— Avvopkn pvnun (DRAM)
— Kpudn pvnpn (Cache)

* Alatnpnotun (Non-Volatile)
— Mayvntikny MvAaun (FD, HD)
— Mvnun Flash



2YITKPI2ZH MNHMQN

RAM

Xpovog
npocPaong

50-
150nsec

— h
XopnTikoT 519 M

T )
Kootog Meyéro

Moryvnticn

5-20 msec
e
- 300G
Mwpo

1 ~1KB

1-2 cycles
Smaller,
More Expensive,
Faster,
Closer to CPU core

~100KB
2-3 cycles

~500KB

3-5 cycles
~10-15MB
30-50 cycles
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~10GB
50-200 cycles



VLSI

* Very Large System Integration

* H kataokeun Chip Baoiletal otn otAwkovn (Silicon)
n omolia eivat nuaywyoc (Semiconductor)

* OLnulaywyol pmopet va eivat:
1. E€alpetikol aywyol otov NAEKTPLOMO (OTIwE TO XOAKO 1] TO AOULLLVLO)
2. E€atpetikol amopovwTteg (Omwc T MAACTIKA 1 TO YUAAL)

3. MNepLoxEC ou pmopoUuV va eival eLTe aywyol, £TE ATTOUOVWTEC KATW
aro €10kEC ouvOnkec (va Aettoupyel dSnAadn cav Slakomtng).



Mot MeAetape to YAKO ?

Katavonon tng e€€ALENC Twv UToOAoyLOTWV
— Future capabilities drive the (computing) world
— Real world-impact: no computer architecture — no computers!

Katavonon evvowwv o€ uPnAo eninedo

— The best system designers understand all the levels
* Hardware, compiler, operating system, applications

Katavonon twv emdé0cewV TwV UTTOAOYLOTWYV
— Writing well-tuned (fast) software requires knowledge of hardware

Avarntuén KaAUTEPOU AOYLOLKOU
— The best software designers also understand hardware
— Understand the underlying hardware and its limitations

2xediaon UALKoU

— Intel, AMD, IBM, ARM, Qualcomm, Apple, Oracle, NVIDIA, Samsung, ...
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2YMIMEPA2ZMATA

Mo eTtUY avATtTuén Tou AoyLlopikoU xpetaletatl oAU KaAn yvwon tne
0pYAvVWOoNC TOU UTTOAOYLOTH).

Ta dedopgva kal oL eVTOAEC avarmaplotavtol oto Suadilko cuoTNUA.

OL H/Y ekteAoUV HOVO €VTOAEC YAWOOOC LLNXAVIC.

Ta mévte pépn tou H/Y: elcodoc, £€0bo¢, pvnun, dStadpopoc Sedopgvwv
Kol EAEYXOC.

lepapyiot UALKOU Kot AoyLlopLkoU.

ApxLtektovikn tnG opadoac evtoAwv (Instruction set architecture).
YAomoinon pLoG apXLTEKTOVLKAC.

Ta anoteAéopata Tou SUTAACLAOOU TN XWPNTLKOTNTAC TNG TEXVOAoyLag
KaTtaokeun g tolng VLS| kaBe €va kol poo xpovia.



Backup



Transistors

Nopoc tou Moore

Process Size @ 220nm @ 150nm @ 110nm @@ 80nm @ 55nm @ 40nm @ 28nm @ 20nm @ 14nm @ 10nm

® 250 nm @ 180nm @ 130nm @ 20nm @ 65nm @ 45nm @ 32nm @ 22nm @ 16nm @ 12nm @ 7 nm
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(a) Transistor count of CPUs. (b) Transistor count of GPUs.
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