»1 Mavenmothnpio lwavvivwy

Eidika Ocpata ApXITEKTOVIKNG
Mpoypappatiopou MiKpoeme€epya
Evotnta 1: Elcaywyn

Alddokwv: Baptliwtng Pwrtiog
Tunpa MAnpoopIKkNnNG Kat TNAETKOLVWVIWY



AlaAeén - 2xedlacpocg

AlGAe€N:

» Mépmtn, 11:40 - 13:40
Epyaotnplo:

» Tpitn, 12:40 - 13:40
All:

» Tpitn, 11:40 - 12:40




Elocaywyn

BiBAloypawia:

1. Computer Organization and Design: The Hardware / Software
5th Edition, John Hennessy and David Patterson, Morgan Kauf
Publishers

2. Computer Architecture: A Quantitative Approach, 5th Edition, J
Hennessy and David Patterson, Morgan Kaufmann Publishers

3. Alapaveleg Oswpiag Kat Epyaoctnpiou (MS Teams)




[poamattoupeva

'VWOELC Ao TO PABNUa «APXITEKTOVLIKN YTTOAOYLIOTWYV>:
» Mvnun:

» Kupta pvAapn, Cache, AmoBnKeutikd péoa
» Kevtplkn Movada Eme€epyaoiac

» Aopn, XeT evtoAwy, Aleubuvolodotnon
» Assembly

» [Awooa pnxaving, BACIKEC APXEC




[eplexopevo padbnpartocg - Oswpla

EBdouada 1 Elcaywyn - BiBAloypagia, mepLEXOPEVO pabnpat
mpoamnattoupeva, €A oToUC eMEEEPYAOTEC

EBOopada 2 ATO000N TWV PIKPOETTEEEPYAOTWY, TAPAOEIYHAT
EBOopada 3 Apxitektovikn RISC, to mapadetypa tou MIPS, cet evt
EBOoudda 4 YAomoinon Kaiplwy gnxaviopwy otnv AptBuntikn Kat Ao

Movada evog plkposmeEepyaotn, mapadeilypata Qappo

EBdopada 5 Mikpoemre€epyaotng MIPS: Xxediaon amAou KUKAoU

EBdopada 6 Mikposmre€epyaotng MIPS: Xxediaon mTOAAATAWY




[eplexopevo padbnpartocg - Oswpla

EBdOouada 7
EBOouada 8
EBOouada 9
EBOouada 10

EBdopada 11

EBOopada 12

EBOouada 13

Mikpoeme€epyaotng MIPS: Pipelining
Mikposme€epyaotng MIPS: Forwarding, Stalls, Bri
Auvvaplkn SpopoAdynon eVToAwv

JTOTIKy ApopoAOynon EVTOAwV

Aiktua Alacuvoeong

MapdaAAnAn Eme€epyacia kat YnepBabuwtn (superscalar
Opyavwon

MoAumUpnva Zuotnpata.




[eplexopevo padbnuatocg - Epyaoctnplo

EBdopada 1

EBdopada 2

EBOouada 3

EBdopada 4

EBdOopada 5

EBOouada 6

Evypageg

Elcaywyn - mepiBaiAov epyalsiou mpoypappatiopou
TTPOCOHOLWONG

Mpoypappatiopog oe Assembly - mapadeiypata e@appo

Mpoypappatiopog o Assembly - mapadeiypata e@appoyn
gpyacia oto omitt Kat 1" avagopa UAoToinong

Mpoypappatiopog os Assembly - mapadeiypata e@appoyngc,
EPyacia oTo omitlL Kal 2" avagopa UAoTIoinong

Avabeon 1S epyaciag aloAoynong: meplypawn, OlEu




Meplexopevo padbnuatocg - Epyaotnp

EBOouada 7
EBOouada 8

EBOouada 9

EBdopada 10

EBSopada 11

Boopada 12

dopada 13

Epwtnoelg / SlEUKPLVACELG Yia TNV 1" epyacia

Mapadoon 17 epyaciag afloAoynong Kat avadeon 20
afloAoynong: meptypagn, OlEUKPLVAoEeLS. Eloaywyn o
nmepBAAAoOV MpOcOeTOU Epyalciou TPOypAPHATIOHOU K
Tpocopoiwong (eav amatteital amo tnv 2" epyaocia)

Epwtnoslg / SlEUKPLVACELS Yia TNV 2" epyacia. E€Etaon
gpyaoiac

Epwtnoclg / dleUKpIVNOELS Yia TNV 2" epyacia. E€Etaon tn
epyaoiac

Epwtnioelc / SIEUKPLVACELC Yia TNV 2" epydcia

Mapdadoon 2"¢ epyaciag afloAdynong

E€<taon tng 2" epyaoiag




[TpoypappaTIoHOC Kal
[lpocopoiwon

» MepiBariov mMpoypappaTiIoPoU KAl TPOCOHOIWoNG
HIKpoeTEEEPYAOTN

» QtSpim
» Pin - Intel
> AOCKNGCEIG OXETIKEG E:
> AplOUNTIKEG - AOYIKEG TIPAEELG
» AlakAadwoelg / YmepxeiAon
» KAnon amAwyv Olepyactwy Kal SLlEpYAcLwY CUGTNHATOG

» E@appoyEG HIKPOETEEEPYAOTWYV




A€loAoynon - Emtuxia

» AlaAe€n kat Epyaoctnplo

» H teAikn BaBpoAoyia yla to padnua 6a mpokumtel 40% amo
10 BaBuo tng 1ng epyaciag, 60% amo tov Babuo tng 2ns
epyaciac.

» ‘OAol ol polTNTEC uTroxpeouvTal va mTapadwoouy 2
avagopEC uAomoinong, ot omoieg afloAoyouvtal Pe TO
KPLTAPLO «ETMITUXNG / PN EMITUXNC> YId VA KATOXUPWOOUV
TO EPYACTAPLO KAl Va €XouV OlKaiwpa va TApouV TIC
EPYAOCIEC.

» Emtuxia
» Babuog > 50/100




Technology constantly on the move

FINFET

On chip optical

Through silicon Vias



Technology vs microarchitecture:
Intel CPU evolution

Willamette Northwood Prescott — Tejas —Nehalem | pajeaced. Canceled - Future - Microarchitecture
L L. Cedarmill
Prescott-2M— Cedar Mill
Smithfield — Presler

NetBurst

a
‘nNar

| 180nm | 130nm | 90nm . 1 65nm . 45'?11\ . 5
tick tock tick tock tick(2006) tock tick (2008) toc tick(2010)

Atom
Silverthorne — Lincroft
Diamondville—Pineview— Cedarview

32nm | 22nm | 14 nm | 10nm
tock tick(2012) tock tick(2014) tock opt(2016)  process(2017)

source: CS425 - Vassilis Papaefstathiou
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CPU die comparison

Technology Cores Transistor
Process Count

bit, SIMD, caches)

Apple A13 (iphone11+) 7nm
Haswell GT3 4C 22nm
Haswell GT2 4C 22nm
Haswell ULT GT3 2C 22nm
Intel Ivy Bridge 4C 22nm

Intel Sandy Bridge E 6C 32nm
Intel Sandy Bridge 4C 32nm

Mnyég: cpu-world.com, anandtech.com, Wikipedia, KATT.

AMD Epyc Rome (64- 7 & 12nm
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GT2
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GT2
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Limiting Force: Power Density

Moore’s Law Extrapolation:
Power Density for Leading Edge Microprocessors
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Source: Shekhar Barkar, Intsl Corp




Performance (vs. VAX-11/780)

Crossroads: Uniprocessor Performance

Move to multi-processor

100000
Intel Xeon 8\gores, 3.3 GHz (boost to 3.6 GHz)
Intel Xeon 4 cores\ 3.3 GHz (boost to 3.6 GHz)
Intel Core i7 Extreme 4 cores 3.2 §Hz (boost to 3.5 GHz) 24,129
Intel Core Duo Extreme Acores, 3.0 GHz -1'531_3?1
Intel Core 2 Extreme 2 cores, GHz
1000 -, D ko 832 O
Intel Xeon EE 3.2 GHz 7,108
Intel DBSOEMWVR motherboard (3.08 GHz, Pentium 4 processor with Hyper-Threading Technology) 6,043 6:681
IBM Powerd, 1.3 GHz
Intel WC&20 motheroard, 1.0 GHz Pentium Il processor
Professional Workstation XP1000, 667 MHz 21264A '
e ... Digital AlphaServer 8400 6/575, 575 MHz 21264 g —% 1,267
1000 e
AlphaServer 4000 5600, 800 MHz 21164 .
Digital Alphastation 5500, 500 MHz
Digital Alphastation 5/300, 300 MHz
' 22%J'yaar
Digital Alphastation 4/288, 266 MHz
100 oo /M POWERStation 100, 150 MHz %517
Digital 2000 AXP/500, 150 MHz
R I S C HP 2000750, 66 MHz
IBM\3SE000/540, 30 MHz, 52%/year
MIPS N2000, 25 MHz i
MIPS Mf120,\&6.7 MHz
10_'"""'""'"""""éh'r%-'-iiéia'd,'i'éﬁf z,
VAX 8700, 22 MHz g#*
AX-11/780, 5MHz -7 .
- 1.5, VAX-11/785
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Constrained by power, instruction level parallelism, memory lat
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Original data up to the year 2010 collected and plotted by M. Horowitz, F. Labonte, O. Shacham, K. Olukotun, L. Hammond, and C. Batten
New plot and data collected for 2010-2015 by K. Rupp

Microprocessor Trends
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The End of the Uniprocessor
Era

0 Power wall: power expensive, transistors free

» can put more on chip than can afford to turn on
0 ILP wall: law of diminishing returns on more HW for ILP
0 Memory wall: Memory slow, multiplies fast
» 200 clock cycles to DRAM memory vs. 4 clocks for multiply
0 Power Wall + ILP Wall + Memory Wall = Brick Wall

<

Uniprocessor performance now 2X every ..many..
years




The future: Many Core Chips

AND

New models for performance:

0 Data-level parallelism (DLP)

0 Thread-level parallelism (TLP)

0O Request-level parallelism (RLP)

<

These require explicit restructuring of the application

But enough is enough ... ©




The Five Classic Components
of a ygComputer

Q Input (mouse, keyboard, ...)
O Output (display, printer, ...)
0 Memory
O Datapath
d Control

uProcessor

Control

Datapath




Our Primary Focus

Q

Q

The processor (CPU)...
v datapath

v control

...implemented using millions of transistors

...impossible to understand by looking at individual
transistors

we need...



High-level swap(int v[], int k)

language {int temp;
program temp = v[k];
(in C) v[K] = v[k+1];

v[k+1] = temp;

Abstraction )
!

»  Delving into the depths reveals @

more information, but...

: I ” Assembly swap:
»  An abstraction omits “unneeded language muli $2. $5.4
detail, helps us cope with complexity program add $2, $4,$2
(for MIPS) Iw $15, 0($2)
lw $16, 4($2)

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

. . ir $31
From the figure on the right, how

does abstraction help the programmer

!

and how does she avoid too much
. Assembler
detail? -

Binary machine 00000000101000010000000000011000
language 00000000100011100001100000100001
program 10001100011000100000000000000000
(for MIPS) 10001100111100100000000000000100

10101100111100100000000000000000
10101100011000100000000000000100
0000001111 1000000000000000001002%




The Instruction Set:
a Critical Interface

ﬁ 5
software 7 i
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hardware

Properties of a good ISA
O Lasts through many generations (portability)

O Used in many different ways (generality)
O Provides convenient functionality to higher levels

O Permits an efficient implementation at lower levels




Instruction Set Architecture

» Avery important abstraction:

» interface between hardware and low-level software

» standardizes instructions, machine language bit patterns,
etc.

» advantage: allows different implementations of the same
architecture

» disadvantage: sometimes prevents adding new innovations




What is pComputer Architecture?
Easy Answer

Computer Architecture =
Instruction Set Architecture +
Machine Organization




What 1S ucomPUter . Application ]

Architecture? Algorithm

Better (More T Iparane. computr
Detailed) Answer Qrigialdomai _ "
Domain of recent
architect computer
(50s-'80s) Iarchitecture (‘90s)
] Reliabily
Coordination of - Devices poen
> Physics H_)
m a ny leve I.S Of Reirlvigorar:i.?n ?f
. computer architecture,
abst ractlon mid-2000s onward.
» Under a rapidly
changing set of Application
forces Operating

System

» Design,
Measurement,
and Evaluation

Compiler

Firmwar
q Instruction Set

Architecture

Instars. Set Procl/O system
Datapath & Control

Digital Design

%ir%%i%1 Dig_i?n




Forces on pComputer

Architecture
Technology Programming
Languages
Applications \ /

MComputer
Architecture

\[
VAN

Systems

History

25




uComputer Architecture is an
Integrated Approach

» What really matters is the functioning of the complete
system

» hardware, runtime system, compiler, operating system, and
application

» Computer architecture is not just about transistors,
individual instructions, or particular implementations

» E.g., Original RISC projects replaced complex instructions with
a compiler + simple instructions

» It is very important to think across all hardware/software
boundaries

» New technology -> New Capabilities -> New Architectures ->
New Tradeoffs

» Delicate balance between backward compatibility and
efficiency

Architecture = ISA (+prog . lang.) + Organization + Hardware
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TeAoc Evotntag




