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Kown Aoyikn 1:16ta SouAela teAelwvel otov OLo Xpovo



(A) (B)

for(i=0;i<SIZE;i++) for(j=0;j<SIZE;j++)
for(j=0;j<SIZE;j++) for(i=0;i<SIZE;i++)
s += ali][j]; s +=ali][j];

[ToLo elvaol TTo ypnyopo;

a[SIZE][SIZE] 6edouéva mou emetepydleTal TO MPOYPALLUQL
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Kown Aoyikn 2: x popec meploootepn SouAeLd
XpeLaletal X PopPEC MEPLOCOTEPO XPOVO



(B)
for(j=0;j<SIZE;j++)
for(i=0;i<SIZE;i++)
s +=ali][j];

Eav to SIZE avénbel kata x o aplBuoc tTwv
npaéeswv auéavetal x2. O xpovoc;



[TWC LEYOAWVEL O XpOVOC UE HEVAAUTEPO TIPOPANLLA
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Kown Aoyikn 3: Mo Alyn SouAeLla TEAELWVEL TTILO Ypryopa



(A)
for(i=0;i<SIZE;i++)

}
printf("%d %d %d\n",s,n,p);

a[SIZE] trivakag pe néyebo¢ 16000000 akepaiwyv (16¢K.)

Evotnta 1 - YmoAoyIoTAG:
AQaipeTIKOTNTA KaI TexvoAoyia



(A)

for(i=0;i<SIZE;i++)
if (a[i]>1000000000)
S++;
else if (a[i] > 500000000)
N++;

else

p++;

}
printf("%d %d %d\n",s,n,p);
8.6e9 3.4e9 4.0e9

1x8.6+2x3.4+3x4.0= 274



(A)

for(i=0;i<SIZE;i++)
if (a[i]>1000000000)
S++;
else if (a[i] > 500000000)
N++;

else

p++;

}
printf("%d %d %d\n",s,n,p);
8.6e9 3.4e9 4.0e9

1x8.6+2x3.4+3x4.0= 27.4

(B)
for(i=0;i<SIZE;i++)
if (a[i]==0)

S++;
else if (a[i]==1)
N++;

else
p++;

}
printf("%d %d %d\n",s,n,p);
0 0 16.0e9

3x16.0=48



(A)
for(i=0;i<SIZE;i++)

(B)
for(i=0;i<SIZE;i++)

if (a[i]>1000000000) if (a[i]==0)
S++; S++;
else if (a[i] > 500000000) else if (a[i]==1)
n++; n++;
else else
p++; p++;
} }
printf("%d %d %d\n",s,n,p); printf("%d %d %d\n",s,n,p);
8.6e9 3.4e9 4.0e9 0 0 16.0e9
1x86+2x3.4+3x4.0= 274 16.0 * 3 =48

48/27.4 = 1.75 neplooOTEPEG CUYKPLOELG TO B
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[TapaAAnAn vs Zelplakn Emetepyaoia

void countf(int *a, int key, int begin, int end,int *count){
inti;
for(i=begin;i<end;i++)
if (a[i]==key)

++(*count);



void countf(int *a, int key, int begin, int end,int *count){

inti;

Xpovoc vs Threads
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2ToxoL Opyavwonc YroAoylotwy (221), ApXLTEKTOVLKNC
Yriohoylotwyv (420) kat MapaAinAnc Emetepyaoia (325)

* Na ypddete npoypappota pe kKaAUTeEPN anodoon

* No avaAUETE TTOU TTAEL O XPOVOG KATA TNV SLAPKELA TNG EKTEAEONG EVOG
TPOYPAHUATOG

* No uaBete BAOIKEG KoL TIPOXWPNHEVEG TEXVLKEG TTOU XPNOLUOTIOLOUVTAL YL
BeAtiwon tng eMidoong TwWV HOVIEPVWY UTIOAOYLOTIKWY CUCTNHATWY KoL TTWG
aAANAoemdpouUV He TO AOYLOLLKO KoL Tor dedopEVa

e Pipelining, prediction, caches, speculation, hyperthreading, multi-cores,
refetching, multi channel DRAM, Flash/SSD, turbo-mode, DVFS, accelerators
SIMD, GPUs, Deep-Neural-Nets)

* No yVwpIOETE TNV APXLTEKTOVLKI SLapOPWV HOVTIEPVWY UTIOAOYLOTIKWY
OUCTNUATWY

e Sensors, tablets, smartphones, laptops, servers, data centers
e MNapdAAnAn Enegepyaoia kot Mpoypapuatiopog

e TIC TAOELC TEXVOAOYLOC UTIOAOYLOTWVY
e [eploplopot kat SuvaTOTNTEC



T 0o nabete oto 221:

— IIpoypapuotionds oe cvuPforkod eninedo
— Baowéc Teyvikég YAko0 yia Beltimon g emidoong evog

TPOYPOALUATOS
o AwncoAinvoon kot Iepapyio Mviung (Pipelining and Memory
Hierarchy)

— 2YE0L0GHOC OTAOD ETECEPYACTN LUE OLOGOANVOGT
— Métpnon Kal cVYKPIoN NS ENIO0GTC VTOAOYIOTOV
— Boowkég 'Evvoleg Iopoaiincuov

e« SIMD, ILP, DLP, TLP, RLP
» Superscalar processors, simd, multicores, accelerators (GPU)
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[MAnpodopieg yia to EMNA221

e Atbaokwv: Nnavvoc 2aleidbng

e AtaAg€elc: XQA02-9 4.30-6 Asutépa Kol Mepmn, Kol
XQA02-14 12-1 Tetaptn

e BonBoc AtbaokaAiac: Metpoc Mavayn
WWW.cs.ucy.ac.cy/courses/E PL221

e [lpoamattoupeva
e Undlaka Zuotnpata (EMA121)

* BLBAloypadia: Computer Organization and Design,
Henessy & Patterson 4th edition


http://www.cs.ucy.ac.cy/courses/EPL221

[MAnpodopiec yia EMA221
e Epyaotnplo:

e sLoaywyn epyaieiwv

e epmESWON EVVOLWV

e aéloAoynon epyactwv, Quiz

e AéLoAoynon
e Epyaoiec, Quiz —25-30 %
* 6-8

 MNapouoioon (opada 2 atopwyv) - 5%

e Evolapeon — 20%

e TeAlkn — 45-50%

e [La emiTUYlOL OTO HABNUQ
2 UVOALKOC BaBuoc > 50%
(EvOldpeon * 0.2 + TeAwkn * 0.5) / 0.7 > 50%



Me v emttvyn oAoKANpwo™n tov 221:

KoaAvtepn Koatavonon
— Tacewv Teyvoroyiog YToAoyioTOV

— I1og yivetal n 01060VOEGT LETAED AOYIGLIKOD KO
VALKOD

— T emnpedletl TV eniooon evOg TPOYPALUUOTOG

e Aoyiouiko kot YAIKO
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EIIA221: Opyavemon YRoAoyl6TOV
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Kep. 1: Computer Abstractions and Technology
YnoAoyiotne: Aoaipetikotnta kKo Teyvoloyio
OAo 1o xe@. Extoc amo 1.4,1.5

1" Epyoocia

Oa avakovmBel avpilo 4/9.

Huepounvia wapdooong 10/9 peonuépt.




The Computer Revolution

Progress in computer technology
Underpinned by Moore’s Law

Makes novel applications feasible
Computers in automobiles
Cell phones
Human genome project
World Wide Web
Search Engines
loT (Internet of Things)

mputers are pervasive




Classes of Computers

Personal computers
General purpose, variety of software
Subject to cost/performance tradeoff

Server computers
Network based
High capacity, performance, reliability
Range from small servers to building sized




Classes of Computers

Supercomputers

High-end scientific and engineering
calculations

Highest capability but represent a small
fraction of the overall computer market

Embedded computers
Hidden as components of systems
Stringent power/performance/cost constraints




The PostPC Era
-—
1400
1200 /\/_\
Tablet
1000
800

Smart phone sales
600 /
400 PC (not including
tablet)
200 __/—-’/ Cell phone (not
including smart phone)
2007 2008 2009 2010 2011 2012




Market Landscape

2018 MPU Sales by Application  Embedded Microprocessors = 16%
Metwork Processors = 3.8%

IFCSt, 5?4-551 Computers & Peripherals = 1.8%
Industrial/Medical = 4.1%
T T e Consumer = 2.6%
) Automotive = 2.2%
Other = 1.3%

Other Computer
CPUs"*
19

*Includes ARM-based and x86 processors.  ®*Includes ARM-based and other RISC processors.
Source: IC Insights




The PostPC Era

Personal Mobile Device (PMD)

Battery operated

Connects to the Internet

Hundreds of dollars

Smart phones, tablets, electronic glasses
Cloud computing

Warehouse Scale Computers (WSC)

Software as a Service (SaaS)

Portion of software run on a PMD and a
portion run in the Cloud

Amazon, Google, Microsoft




The loT Era

THe INTERNET OF THINGS

Connected devices (billions)

30

15 28 CAGR
billion Flilhl 2015-2021
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Cellular 1T 27%
Non-cellular loT 22%
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Many sensory devices that collect (pre-process) and transmit
data (directly or through other devices) to data centers

Data centers servers analyze (data analytics) and take
decisions

E.g. Autonomous Cars




What You WIll Learn in 221

The hardware/software interface

What determines program performance
And how it can be improved

How hardware designers improve
performance

What is parallel processing




Understanding Performance

Algorithm
Determines number of operations executed

Programming language, compiler, architecture

Determine number of machine instructions executed
per operation

Processor and memory system
Determine how fast instructions are executed

/O system (including OS)
Determines how fast I/O operations are executed




Eight Great Ideas

Design for Moore’s Law

Use abstraction to simplify design

Make the common case fast
Performance via parallelism
Performance via pipelining
Performance via prediction

Hierarchy of memories

Dependability via redundancy




Below Your Program

Application software
Written in high-level language

System software

Compiler: translates HLL code to
machine code

Operating System: service code
Handling input/output
Managing memory and storage
Scheduling tasks & sharing resources

Hardware
Processor, memory, I/O controllers




Levels of Program Code

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

language {int temp;

| evel of abstraction closer - sy i
. vik+1] = temp;
to problem domain R

Provides for productivity

and portability
Assembly language i

- (for MIPS) w18, 00s2)
Iw  $16, 4($2)
Textual representation of s! 4052
Instructions s 815, 405D
Hardware representation
. _ . Assembler
Binary digits (bits) G
EnCOded |nStrUCt|0nS and Binary machine  00000000101000100000000100011000
language 00000000100000100001000000100001
data GorMIPS)  10001110000100100000000000000200

10101110000100100000000000000000
10101101111000100000000000000100
00000011111000000000000000001000




Components of a Computer

Same components for
all kinds of computer

Desktop, server,
embedded, PMD

Input/output includes

User-interface devices
Display, keyboard, mouse

Storage devices
Hard disk, CD/DVD, flash

Network adapters

For communicating with
other computers



Touchscreen

PostPC device

Supersedes keyboard
and mouse

Resistive and
Capacitive types
Most tablets, smart
phones use capacitive

Capacitive allows
multiple touches
simultaneously




Through the Looking Glass

LCD screen: picture elements (pixels)
Mirrors content of frame buffer memory

Frame buffer

Raster scan CRT display

YO 0 ¢ YO——
Y, ,____J!_______ Y, m
/

Xo X Xo Xi




Opening the Box

Capacitive multitouch LCD screen

/ 3.8V, 25 Watt-hour battery

Computer board




Inside the Processor (CPU)

Datapath: performs operations on data
Control: sequences datapath, memory, ...

Cache memory

Small fast SRAM memory for immediate
access to data




Inside the Processor
Apple A5

MK

MORGAN KAUFMANN

T

<«— GPIO

Processor
Data Path
2

Processor
Data Path
1

Arm Core

<EDDR
SDRAM
Interface

5
5

; DDR SDRM
W nterface o &

GPIO

Processor
Data Path
2

Processor
Data Path
1

Digital
Logic
Blocks

Arm Core




Abstractions

Abstraction helps us deal with complexity
Hide lower-level detalil

Instruction set architecture (ISA)

Ap

"he hardware/software interface
nlication binary interface (ABI)

'he ISA plus system software interface

Implementation
The details underlying and interface




Rpxuigkuouukdj Eunalow Euvonay
ISAMSthuction SetAehLEetLe

['Awcca Ynrod Emméoov

o
XvuPoikn I'Aowcoa

['\owcoo Mnyavnc

ApXITEKTOVIKN 2UVOAoU EVTOAWV(ISA)

YAko (Ymoloylotic)
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A Safe Place for Data

Volatile main memory
= Loses instructions and data when power off

Non-volatile secondary memory
= Magnetic disk

= Flash memory

« Optical disk (CDROM, DVD)




Networks

Communication, resource sharing,
nonlocal access

Local area network (LAN): Ethernet
Wide area network (WAN): the Internet
Wireless network: WiFI, Bluetooth




Technology Trends

Electronics .
technology - T
continues to evolve : L a

Increased capacity .| w2

and performance ol

1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012
Year of introduction

Reduced cost

DRAM capacity (there exist 8,16 and 32 GB products)

Year | Technology Relative performance/cost ' [ L .
1951 | Vacuum tube 1 105 I L, sdRs
10 - i & o .
1965 | Transistor 35 ot | e |
Y
1975 | Integrated circuit (IC) 900 10° | aa st .
1995 | Very large scale IC (VLSI) 2,400,000 10° | i P
1L A
2013 | Ultra large scale IC 250,000,000,000 et
10° | - -
1970 19I$D 1 5;90 2(;00 2C;10 20:

Year

% M( x1K Transistors per Processor Chip

MORGAN KAUFMANN




Semiconductor Technology

Silicon: semiconductor

Add materials to transform properties:
Conductors
Insulators
Switch




Manufacturing ICs

Blank
Silicon ingot wafers
processing steps
Tested dies Tested Patterned wafers
0O wafer T
Bond die t DDDEDDDED /8 Waf EERZ I
ond die to : afer \ / \
package OOXOO 2zl q tester pann )
OO0ono QL] ( un
l OO \
Packaged dies Tested packaged dies

_» Part _»___ Ship to
tester customers

Yield: proportion of working dies per wafer




Intel Core 17 Wafer

300mm wafer, 280 chips, 32nm technology
Each chip is 20.7 x 10.5 mm




O1 UTTOAOYIOTEG Eival TTIO YPARYOPO!

1971 1 million instructions/sec

2018: 10 billion instructions/sec
"Exouv 1T10 TTOAU NVAMN

1971. 0.125 megabytes

2018: 16.0 gigabytes

KooTi(ouv 1T10 Aiyo
1971:  $4,000,000
2018: $1,000
Speed/size/cost improvement factor:~100s
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Single Processor Performance

uonONPOo.IU|

Intel Core i7 4 cores 4.2 GHz (Boost to 4.5 GHz)
Intel Core i7 4 cores 4.0 GHz (Boost to 4.2 GHz)
Intel Core i7 4 cores 4.0 GHz (Boost to 4.2 GHz)
Intel Xeon 4 cores 3.7 GHz (Boost to 4.1 GHz)
1 00,000 Intel Xeon 4 cores 3.6 GHz (Boost to 4.0 GHz)
Intel Xeon 4 cores 3.6 GHz (Boost to 4.0 GHz)

Intel Core i7 4 cores 3.4 GHz (boost to 3.8 GHz)
Intel Xeon 6 cores, 3.3 GHz (boost to 3.6 GHz)

Intel Xeon 4 cores, 3.3 GHz (booss 10 3.6 GHz)

Intel Core i7 Extreme 4 cores 3.2 GHz (boost to 3.5 GHz)
Intel Core Duo Extreme 2 cores, 3.0 GHz
Intel Core 2 Extreme 2 cores, 2.9 GHz

10,000 ———— - —- — e —————- AMD Athlon 64, 2.8 GHz ——~

AMD Athlon, 2.6 GHz
Intel Xeon EE 3.2 GHz

21,871

-

Intel VC820 motherboard, 1.0 GHz Pentium Ill processor

Professional Workstation XP1000, 667 MHz 21264A
1000 Digital AlphaServer 8400 6/575. 575 MHz 21264

100
IBM RS6000/540, 30 MHz_ 52%lyear
MIPS M2000, 25 MHz
MIPS M/120, 16.7 MHz
R e s o~

VAX 8700, 22 MHz

AX-11/780, 5 MHz

3 I I I I ! I I I 1 ! I I I ! I I I

I
1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

MK
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Power Trends
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Multiprocessors

Multicore microprocessors
More than one processor (core) per chip

Requires explicitly parallel programming

Compare with instruction level parallelism
Hardware executes multiple instructions at once
Hidden from the programmer

Hard to do
Programming for performance
Load balancing
Optimizing communication and synchronization




Microprocessor Trends

42 Years of Microprocessor Trend Data

2 T T T T =
L “ ] Transistors
108 F ‘h:‘: ‘ | (thousands)
a & 1. A 3
10° | iaih - Single-Thread
T o A Performance
10* | a0 :ﬁ = 00l S | (SpecINT x 10%)
FYRrY |
10° L i & .qﬁli*“.‘ e ] Frequency (MHz)
Lo
2 . A o . it e Typical Power
107 TR & - '.'""""ﬂ“ WS %y | (Watts)
1 L . - u® “'v: 3 gl ngt. ) Number of
K0 o, m " = ¥ :: = Logical Cores
0 A 9w v v ¥ Y L .
10" | s * T ™ _
] 1 ] [l
1970 1980 1990 2000 2010 2020

Year

Original data up 1o the year 2010 collected and plotied by M. Horowitz, F. Labonte, 0. Shacham, K. Oluketun, L. Hammond, and €. Batien
Mew plot and data collected for 2010-2017 by K. Rupp

https:fwwew karlrupp.net/2018/02 /4 2-years-of-microprocessor-trend-data/




Concluding Remarks

Hardware properties challenge common sense

For better performance (analysis) need to understand
computer organization/architecture

Cost/performance is improving
Due to underlying technology development
Though rate of reduction is slowing down

Hierarchical layers of abstraction
In both hardware and software
Instruction set architecture
The hardware/software interface

Power is a limiting factor
Use parallelism to improve performance
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