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The analogue computer
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Vannevar Bush and the differential analyzer, 1931



The digitization pioneers
(middle of the 20™" century)

Alan Turing John von Neumann Claude Shannon



Integrated circuits and optical fiber




Moore’s Law — The number of transistors on integrated circuit chips (1971-2016)

Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years.

OurWorld
in Data

This advancement is important as other aspects of technological progress — such as processing speed or the price of electronic products — are

strongly linked to Moore's law.

20,000,000,000
10,000,000,000
5,000,000,000

1,000,000,000
500,000,000

100,000,000

IBM z13 Storage Controller.

18-core Xeon Haswell-E5S
Xbox One main SoC~
61-core Xeon Phi

12-core POWE
8-core Xeon Nehalem-EX~

Six-core Xeon 7400o ‘ ’

Dual-core Itanium 2¢p
Pentium D Presler WER6 g L -4 ‘ Quad -core + GPU Core i7 Haswell
i le A7 (dual-core ARM64 "mobile SoC"
"S'Fh“é“c%%'gb\ °Azcore i7 (Quad) Fnople 7 !

Itanium 2 Madison 6M€) o0 SR e 2M L3
Pentium D Smlthfleld\

ore 2 Duo Conroe
Itanium 2 McKinley€y ell @ Core 2 Duo Wolfdale 3M
Pentium 4 Prescott 2M0 ‘\QCorc 2 Duo Allendale

Pentium 4 Cedar Mill
AMD K8 @ °Pent|um 4 Prescott

Pentium 4 Northwood° ©Barton

QSPAHC M7
© ©22-core Xeon Broadwell-ES
8’15 core Xeon lvy Bridge-EX
z13
gApple A8X (tri-core ARM64 "‘mobile SoC")

8-core Core i7 Hg
Duo-core + GPU Irls Core i7 Broadwell-U

‘Quad-core + GPU GT2 Core i7 Skylake K

"E’ 50,000:000 Pentium 4 Willamette @ 0Penlnum Il Tualatin Ohtom
> Pentium Il Mobile Dixon, Q1M C A9
8 AM%&EK 0Pentlum 1l Coppermine ortex-
S 10,000,000 AMDKS g @pentiym il Katm
» Pentium Pro Peﬁiu i entium H'Beschutes
2] 5,000,000 Q  Kiamath
% ’ ’ Penlium° AMD K5
= SAT110
1.000.000 Intel 80486° °R4000
500,000 TEReatte @00
Intel 80386, Intel . @ARM 3
Motorola 68020 ¢ ° ioe
100,000 itet o286 Gy e
’ Motorola ARM
6800 9TDMI
50,000 @Qintel 80186
Intel 8086€p € Intel 8088 R?AAWRM 2 AF& 6
WOC . @
M: I .
10,000 T™MSi000  Ziog 80 L K o Nt
RCA 1802 65002
5,000 | e 8008 $o 8080°
Motorola MO% Technology
Intel 4&)4 g800 s
1,000
Q AV AX A0 A2 O o o> 00 0 N IV o> © X O & > O & O O ™ Oo
AV QY VTR R DD DR D DO QL QN AN N
ST FFFFFETELLELTLTELEES S S S S

Data source: Wikipedia (https://en.wikipedia.org/wiki/Transistor_count)

The data visualization is available at OurWorldinData.org. There you find more visualizations and research on this topic.

Year of introduction

Licensed under CC-BY-SA by the author Max Roser.



Cloud Computing:
storage and computing power for rent




The computer supremacy: Chess (1997)

% Deep Blue vs. Kasparov chess

Deep Blue Garry Kasparov

IBM chess computer World Chess Champion



The computer supremacy: Jeopardy! (2011)

DENKE

PENSEH




. 1& KE JIE

| 00'50:24

ALPHAGO
®02:11:49

7




Mobile networks

1981 1992 2001 2010 2020(?)

2 Kbps 64 Kbps 2 Mbps 100 Mbps 10 Gbps
Basic voice service  Designed primarily  First mobile True mobile ‘Tactile Internet’
using analog for voice usingthe  broadband utilizing broadbandon a with service-aware
protocols digital standards IP protocols unified standard devices and fiber-

(GSM/CDMA) (WCDMA/ (LTE) like speeds
CDMA2000)
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Internet of Things (loT)
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Who will have access to the data ?



Uber and autonomous vehicles
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Cryptocurrencies and smart contracts

How Smart Contracts Works

i e s
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| cContract distributes assets :

Sell House \

- - - — — — -

Ownership is
undisputed
ﬁ ﬁ
— B4
|
Digitise the Land Deed Digitise Currency
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The triumph of software (companies)

THE LARGEST COMPANIES BY MARKET CAP

The oil barons have been replaced by the whiz kids of Silicon Valley

P
ﬁ Top 5 Publicly Traded Companies (by Market Cap) Tech . Other
#1 #2 #5
- “'@%i"’ “EE”' <a===>
$406B $272B $261B $260B
o <‘%=EI}'} <'Illl’> 4‘IE§E'> 1‘!55”
$446B $383B $327B $273B
- @ .
Shell ICBC
228B
$406B $277B $2378B $
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Cyber attacks, cyber war, fake news

| SYSTEM FAILURE

e e ——————————
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Mass surveillance

The whistleblower
[ can't allow the US

e government to
n;g destroy privacy

Y and basic liberties

EU GDPR:
General Data Protection Regulation
(Effective: may 2018)



Computer Science
Fundamentals

How does this all work ?



What is computing

Data mm vata
Program

* Input/output view

* Nearly all computer program can be viewed this way (yes)
* Sending an e-mail: Input is the text, output is the internet
* Receiving an e-mail: Input is the internet, output is the mailbox
* Reading an e-mail: input is the mailbox, output is a screen

* But this is an abstraction
* Let’s dive into what computing is, in a bottom-up approach
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Binary

* Examples of binary data
1:1 2:10 3:11 4:100

“EPFL”: 01000101 01010000 01000110 01001100
69 80 70 76

10001001 1001000111 00001101 10101001001 1001 101 1100 10101110 11000101 11101110 00000000 00000000 00000000
00000001 01110011 01010010 01000111 01000010 00000000 20201110 11001110 00011200 11101001 100011 101 111010 001001 10000000 1111 10000000 11

01110101 001 1110101001 11010 1001 1101110000 10011100 1011 00111 o011 100101110011 100010011 100010011 00000001 00000000
10011010 10011100 0001 01011001 01101001 11000 01110100 01011000 01001101 01001100 00111010 01100011 01101111 01101101 00101110 01100001 01100100 01101111 01100010 01100101 00101110 01111000 01101101 011 11100 01111000 00111010
O111100001101101 01110000 01101101 01100101 01110100 01100001 0100000 01111000 01101101 01101100 01101110 01110011 00111010 01111000 00111101 0010001001100001 0110010001101111 01100010 1100101 00111010 0110111001110011 0011101001101101 01100101 01110100 01100001 0101111 00100010 00100000 01111000 00111010 01111000
01101101 01110000 01110100 01101011 00111101 1000 01001101 101101111 01110010 01100101 00100000 00110101 00101110 00110100 00101110 001 1110001110010 01100100 01100110 0011
01101101 01101100 01101110 01110011 00111010 01110010 01100100 01100110 00111101 00100010 01101000 01110100 01110100 01110000 00111010 00101111 00101111 01110111 mnmn 01110111 00101110 mnmn 00110011 00101110 01101111 01110010 01100111 00101111 00110001 00111001 00111001 00111001 00101111 00110000 00110010 00101111
00110010 00110010 00101101 01110010 01100100 01100110 00101101 01110011 01111001 01101110 01110100 01100001 01111000 00101101 01101110 01110011 00100011 11100 01110010 01100100 01100110 00111010 01000100 01100101 01110011 01100011 01110010
01101001 01110000 01110100 01101001 01101111 01101110 00100000 01110010 01100100 01100110 00111010 01100001 01100010 01101111 01110101 01110100 00111101 111000 01101101 01101100 01101110
01110011 00111010 01110100 01101001 01100110 01100110 00111101 00100010 01101000 01110100 01110100 01110000 00111010 00101111 00101111 01101110 01110011 00101110 01100001 01100100 01101111 01100010 01100101 00101110 01100011 01101111 01101101 00101111 01110100 01101001 01100110 01100110 00101111 00110001 00101110 00110000
00101111 111 11100 01110100 01101001 01100110 01100110 00111010 01001111 01110010 01101001 01100101 01101110 01110100 01100001 01110100 01101001 01101111 01101110 00111110 00110001 00111100 00101111 01110100 01101001
01100110 01100110 00111010 01001111 01110010 01101001 01100101 01101110 01110100 01100001 01110100 01101001 01101111 01101110 001111 11100 00101111 01110010 01100100 01100110 00111010 01000100 01100101 01110011 01100011 01110010 01101001 01110000 01110100
01101001 01101111 01101110 0011110 00001010 0100000 00100000 0100000 0011100 00101111 0110010 01100100 01100110 0011 10001 11100 00101111 01111000 00111010 01111000 01101101 01110000 01101101 01100101 01110100 01100001 00111110 00001010 01001100 11000010 00100111 01011001

11111011 01001001 01101101 1011 10001000 10001101 01010001 0001010011000111 11010111 11011110 11111011 11111011 10111110 00110011 11000110 00100000 00011010 00110100 00010111 10000110 10100001 00100100 00001111 11010010 11110000 01001100
01111000 11010010 00111100 10001000 10010010 11100110 01010101 11100010 01011001 00201110 01001111 1110001111000 011 111000101 11100011 00111100 01010000 11100010 11000001 10010011 10011100 01000100 11101110 00100001 00110101 11000110 00110000 00110010 11100011
01110010 11001100 11001100 00111001 11100111 10111011 01101100 10111111 11110101 10011101 11110011 11001101 01000100 01110110 11111101 11001111 11011010 01111011 10101101 10110101 11111111 11101011 10110110 10111111 01100011 10111100 10001000 10010011 11100110 10111010 10001001 11101100 00010101 10110001 01111010 11011100
00101000 00010010 10101111 00010110 00101001 10111101 00010011 01001001 00111000 01100110 10100000 00000100 11101010 11001101 10111101 01000001 01110010 01010101 10100010 11100110 01011001 11101101 00011001 00001010 10111101 10101011 10110110 10111111 10010110 00011001 10110110 10011101 01001111 01010100 10000011 01000101
10011101 00000010 10111100 10110011 10011110 01101100 11111110 00110110 0110001 01011111 11101111 01011011 01101110 01011100 11011111 01110000 10011010 00011110 01110101 11001110 01011101 11000101 11100101 00001010 11011000 01101111 10101101 00111101 00011100 11000111 11110001 01000011 11100100 01110001 01100011 11001100
10011010 01000101 00100010 11010111 01111111 10001001 00011100 10101011 10100101 11101001 11110110 11010001 10100000 11101011 01110100 11101100 11111101 00101110 10111000 00100110 01001000 00100001 11000000 10111111 10110001 10111110 10111001 00101110 10101111 00011000 00000011 01110101 10110111 11001100 01111111 01110010
10011101 01110111 10110001 01000100 10000001 01110011 11010101 01110110 01101011 00001111 10110010 01011111 01001010 00010000 00011111 10000110 11100001 00100110 01100100 00011001 00001100 11101010 01001101 01100100 10010101 01000000 00000111 00110000 11110110 01000111 11001110 01101001 00100101 11100001 10101000 11101011
00011010 01001010 11100000 11111000 00000010 11010111 01111000 10010011 01010111 10111001 11101101 10010100 11111000 01000100 01010001 00010101 01011111 10101011 11010000 10010101 00100101 11000110 10011110 00100101 10000111 10101101 00101011 11000100 10111000 01101111 01011001 01110110 10101001 01000101 01100100 00001110
00000100 00101001 11011001 10001111 10010011 11111001 00011101 11110110 10111101 00000100 11101000 01000111 10011010 00101100 11001011 00101110 01010010 10111101 10110110 11101100 00000111 11110000 11101100 00100111 01111111 11000010 01010001 00010111 01011111 00101101 01111000 01010101 01101010 00001111 10110101 00101100
11000111 01100000 01001010 10111111 11000101 11000111 01000001 11010010 01011010 00010110 01101111 01110111 11010001 11111100 00000111 11 1010100101 11111001 10011100 101100 00011011 111 1111100110 11010010 10011110 01111100
00010110 00101010 10000011 11000110 01001000 00000010 00001100 11001010 10011011 10100011 10111000 10011100 01000101 00001101 11100011 10001000 11001000 11000000 00000100 01001001 10101110 10011101 00010110 00111111 10001101 01010011 10001011 01000100 10010001 00010010 01001111 00000101 01000001 11010000 11101011 10111101
11011111 00001011 11101110 10000001 01101110 01110100 00110001 11010000 00101000 01001010 10100100 11000001 01110100 11111101 00101011 01110011 01100101 00010001 11000100 01010011 10001001 00111000 10101111 01100101 10011111 00100000 00100001 10110001 00110101 10010001 00011101 10110100 11100101 00011010 10000100 01111010
10101110 00100011 01111011 11000000 01111001 01011010 01110100 10000001 11110011 00000010 10110000 00000101 11111011 11110101 01100110 00010000 01111101 10000001 11101010 10100111 10011000 00010101 10001101 11000011 01001100 00011011 111: 101 1101001010 01110111 11100111 11010010
11101000 11001011 01101001 10011010 11101110 10100001 00110101 00101001 10111110 01101101 00001100 11111001 00000101 00000001 11001110 10110001 11111111 01001110 10110000 00001110 11100100 00100000 11110110 00000001 11100100 00010100 10100101 11101000 01011100 10111000 11101010 11110011 11101010 01100110 00001011 01000010
11001011 00101010 00101010 10110001 01101010 00100101 11100111 00001110 00101111 01011011 01011010 11000100 11111000 10001111 01111100 00010100 00001011 01110011 10001111 11000110 00001101 01111000 10111101 10110110 10100101 01011000 10010110 11100000 11100011 01111010 10101000 00011001 11110011 01100001 00011110 01110011
01100001 10111011 00111000 11110100 11110110 11001101 11111111 01001010 10110001 00101000 11110011 10001111 00101101 00100110 00001011 11100110 10110010 01001000 10100010 10010001 01010101 01010100 01110010 10011011 00100000 01011011 10010101 11000100 11010100 11101011 01010101 10000100 11110110 01011010 10011111 01101001
10110001 00010010 10000010 11100110 00001001 01010110 10010010 11100100 00011001 10111110 11010011 01111100 11010010 10011011 11011011 01011101 01101001 00001000 00011110 11110101 11100001 11000111 00100111 11001010 10101101 10110000 01110011 1 10101101 11100001 01 1011
01001011 10101011 10000111 10100000 10111011 11110001 10011011 01001010 11100110 00111001 10110111 10010011 11011001 10110000 11001101 10111111 11110110 10011001 01001010 10101000 10110011101 001111 110100010101 01011110 11001000 00101101 10011010 01110010 01010010 11100010 11110111 10001111
00100111 10001101 01111111 00001001 01001111 00011000 11110001 11010000 01101000 01001001 10100000 11111100 11000001 10010100 11110111 00101111 00011010 10111110 10010010 01111101 10110110 01101001 10010100 01111010 01011001 11101111 01100101 00011101 01011101 01111000 01110101 10100110 11011011 10011011 11011101 00010101
10011110 00101010 01011001 00111111 01100101 00100110 00011010 10101100 01011000 11001111 11010001 00001101 00010111 10000111 10101111 01101001 01111010 01101010 01100101 00010000 00001100 10011001 00110000 11011011 00110000 10011001 11011001 00100011 01011111 00100101 10111011 01101000 00111100 01011111 10111101 01101101
11111110 01100101 11011101 11100111 00001001 00101010 10101000 01001111 11100001 11011110 11001010 11101010 10010010 10010111 10111110 00111100 11001011 01001110 10010001 01010110 10001000 11110100 11100001 01101001 00010101 11001101 01110110 1110011 11010100 01111010 01010110 10111101 10101110 01000010 01101111 11111011
00011010 11111110 10100010 01111100 01100101 00111000 11001010 01010100 10101011 11111000 00000011 01110000 11001000 00111000 11110010 11010010 01111100 10001000 100101 01000101 01001110 01000100 10101110 01000010 01100000 10000010

* Why ? Electricity !

1.5V \ 4
1. Operate on
—m— “Bits” for binary digits are convenientto 2. Store

3. Transmi
I \ 0 / It




Binary circuits

* We can perform very simple operations on these bits:

AND OR

EQZ}ONO éﬁ—out

1. Operate on
2. Store
3. Transmit

0o o0 0 0 0 0 0 |
0 1 0 0 1 1 1 ‘ 0
1 0 0 1 0 1
1 1 1 1 1 1 »
* These simple operation “gates” can be built as electric circuits from a few (2-3) transistors A out
B
A1

* The wires can be connected to build new operations:

ool

~ = O O
R O +» O
o = = O
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(Very large) Binary c

Moore’s Law — The number of transistors on integrated circuit chips (1971-2016)

Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years.

Ircuits
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This advancement is important as other aspects of technological progress — such as processing speed or the price of electronic products — are
T'his advancement is important ther aspects of technological prog: uch as p1 ing speed or the price of electronic product I

strongly linked to Moore's law.

Six-
Dual-core ltanium 2¢p @

entium D Smithfield ?ore Duo Conroe
ley @ © el $Com 2 Duo

Pentium D Presler\ poweRs o o8 @ Quad-core + GPU Core i7

IBM 213 Storage Controller SEARG T

18-core Xeon Haswell-E5 L. O
Xbox One main SoCx
61-core Xeon Phi

12-core POWERR~" @8
8-core Xeon Nehalem-EX~, APE
core Xeon 7400, g ‘ ° L 50
@ Yaua PU
Apple A7 (dual-core ARM64 “mobile SoC")
Core i7 (Quad)
‘AMD K10 quad-core 2M L3
Core 2 Duo'\ e

ale 3M

\OCove 2 Duo Alle

Pentium 4 Cedar M
oPenqu‘v 4 Prescott

QAtom
QARM Cortex-A9

tmai
utes °

20,000,000,000
10,000,000,000
5,000,000,000
1,000,000,000
SRS
§ MB cache
500,000,000 Itanium 2 Madison 6M€p
P
Itanium 2 McKinley
Pentium 4 Prescott-2M@
100,000,000 AMD K8
Pentium 4 Northwood
= 50,000,000 Pentium 4 Willamette € QJ° ©Barton
= Pentium IIl Tualatin
3 Pentium Il Mobile D\xons
AMD K7 Pentium Ill Coppermine
o AMD KG—\?
=
o AMD K6, 1 Ke
@ 10,000,000 Plantieam Pra ps lﬁn\nhﬁmw Beas;
2 fur d
7] 5,000,000 Qo Kiamath
% Pentiumg, AMD K5
\’: SA—°||U
Intel 80486
1,000,000 e o
Tl Explorer's 32-bit,
500.000 Lispmachine chip @ J. S
Intel 80386y, Intel o €ARM3
Motorola 68020 ¢ 9609
EC WAL
100.000 \um?n?s\; MultiTitan
’ Motorola ARM
68000¢p 9TDMI
50,000 ©ntel 80186
Intel 8086 Intel 8088 ARM 2 5
0.9 ARM 6
whe ARM 1
Matorola 65C816 °\,
10,000 T™™sjooo  Zilogz8g 289 W N6
RCA1802 nioigogs 0002
5,000 Intel 8008, "” el 8080

S Technology

Motorola  Sag8
Intel ‘-271 6‘800 e
1,000
Q AV AX A0 AD o9 oV o g0 o N V > o H O &
S S F FFFF S P & >

Year of introduction

Data source: Wikipedia (https://en.wikipedia.org/wiki/Transistor_count)
The data visualization is available at OurWorldinData.org. There you find more visualizations and research on this topic
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Licensed under CC-BY-SA by the author Max Roser

1. Operate on
2. Store
3. Transmit

These simple operation “gates” can be
built as electric circuits from a few (2-3)
transistors

The number of transistors we can put
on one circuit is now in the order of
Billions

Moore’s law predicts that this number
doubles every 2 years.

... but we are slowly reaching the
physical limits of the size of an atom
(expected around ~2025)
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1. Operate on

Binary circuits — Activity S rore

3. Transmit

A2

\\ 1
Bi——H 0 Complete this operation’s table:

~ O O O
o O O o
R, B, O O

o - = O

21




1. Operate on

Binary circuits — Activity (solution) 2. Store

3. Transmit
A2 “\N A t
N ou
Br—h ) ol B—

o A<0B=00O 0 0 0 [0 0 out=0
A=1B=0 O 1 0 0 0 1 out=1
A=1B=1 0 1 0 1 |1 0 out=2
A=2B=1 1 0 0 1 1 1 out=3
XOR
A * This is the binary addition operation on 2 bits

numbers

B | out
* Computers use 64 bits numbers
—> A and B above are 64 wires going in the circuit
- Can represent numbers up to:

18,446,744,073,709,551,615
22

~ B O O
R O L O
~ B O O
R O » O
© B = O




1. Operate on

Arithmetic circuits — Specific operations 2. Store

3. Transmit

* We can build all types of circuit we want, some examples:

Arithmetic: add, subtract, multiply, divide,... Comparisons: equal, smaller than, greater than
Inputs Output Inputs Output Inputs Output

n ut ut ut
25 25 25
H } }57 0 (for 'no’) }57 1 (for ‘yes’)
4 4
2 2
5 4
* Like binary circuit: composable, very small and very cheap

* By combining them, we can build circuits that compute what we want

A
“Output is 1 (yes) if the difference between the two
B Y inputs is more than 4, otherwise output is 0 (no)”
4

23



1. Operate on

Arithmetic circuits — Activity 2. Store

3. Transmit

* Build a circuit that compute the average of 4 grades A, B, C, D and outputs:
* “1”if the student failed the course
* “0”if he did not.

* The passing grade is 3.

e .. with theialready built circuits:

Arithmetics *----------------- Comparisons-------

A A+B A A 1ifAisequaltoB
B B A8 B 0 if not equal
A A A P
}57 A=B m AxB 1ifAis smaller than B
B B B 0 if A larger or equal than B 24



1. Operate on

Arithmetic circuits — Activity (solution) 2. store

3. Transmit
* Build a circuit that compute the mean of 4 grades A, B, C, D and outputs:

e “1”if the student failed the course
e “0” if he did not.

* The passing grade is 3.

* We can build the circuit corresponding to each of
our needed computations

* And each time we need to compute something else,
we change the circuit... Is there a problem ?

O0N w>»

4

— -
output

* ... with the already built circuits: « Circuit is physical: hardware is “hard” to change

Arithmetics Comparisons

A A A 1ifAisequaltoB
A+B A—B 0 ; I
B B B if not equa
A A A eon
}57 A=B m AxB 1 /f A is smaller than B
B B B 0 if A larger or equal than B 25



1. Operate on

Arithmetic circuits — Generic operations 2. Store

3. Transmit
* There is an infinity of possible circuits: we cannot "build” them all !

* Solution: evaluate each part of the circuit one by one

| 2)

A}E}aﬁ |::> ) g |
Y }E—M | Y
B . 5 .

, ~3Billionth of asec |
1 1

* Any circuit becomes possible given sufficient number of steps (i.e. time) and two conditions:
1. The machine needs to be capable of memorizing variable X (next slide)
2. The machine needs to know what are the steps and their order: the instructions (in two slides)

* We call the component that can do that the Central Processing Unit

Instructions

Memory Memory

TTTT

26




1. Operate on
2. Store

M e m O ry 3. Transmit

* The machine needs to be capable of memorizing bits between “steps”

* Thus, it needs memory and two operations W\
Memory read 2. A}H—X/ I X}E—Y
B |:> 100

* In practice, many types of memory of varying capacity and speed

Digital Hard Disk Drive Flash Random Access
Versatile Memory Memory

Instructions




Computer program

* The machine needs to know what are the steps and their order: the instructions

* A computer program is a list of instructions that the CPU follows

A ;
HE-|
B l

X 1. subtract A and B; store result in X
4}H_Y 2. compare X to 4; store result in Y

* Possible instructions not only arithmetic (-) or condition (>), but also control

Arithmetics Conditions

add X A B : set X to A+B equXAB:setXtolifA=B
sub XAB:setXtoA-B neq XAB:setXtolifAnot=B
mulXAB:setXtoAxB lessXAB:setXtolifA<B
divXAB:setXtoA+B mor XAB:setXtolifA>B

* Conditions and controls make it possible for the program to adapt
to different inputs

1. Operateon
2. Store
3. Transmit

Controls

jmp S

: jump to the St Instruction

jmpc CS :ifCis 1, dojmp S, else continue

output

exit : stop the program (end)
1. inputs AandB
2. sub XAB
3. mor YX4
4. jmpc Y7
5. output “Difference is less than or equal to 4.”
6. exit
7.

“Difference is more than 4.”

28



Computer program — Activity

* Write the two following programs

The program that takes the grades A, B, C, D as input and outputs: The program that takes the number C as input, counts from C

* “The student passes” if the average grade is at least 3 down to 0 and then outputs “done”
*  “The student fails” if the average grade less than 3

1. inputs ABCD : i 1. inputs C
L2 : 2 i
3. i 3. i
4. ; L 4, ;
| 5. | | 5. |
| 6. : ' 6. i
7. i 7. i
8. ; 8. ;
| 9. : L 9. :
| 10. ! | 10. !
|11 i B RS E R '
|12, |
13, l
14, :
| 15, |

Arithmetics Conditions Controls

add X A B : set X to A+B equXAB:setXtolifA=B jmp S : jump to the St Instruction

sub XA B : set X to A-B neq XAB:setXtolifAnot=B jmpcCS  :ifCis 1, dojmp S, else continue

mulXAB:setXtoAxB lessXAB:setXtolifA<B exit : stop the program (end)

divXAB:setXtoA+B morXAB:setXtolifA>B 29



Computer program — Activity (solution)

* Write the two following programs

The program that takes the grades A, B, C, D as input and outputs: The program that takes the number C as input, counts from C

* “The student passes” if the average grade is at least 3 — down to 0 and then outputs “done”
* “The student fails” if the average grade less than 3 Yo0s, arep

0xd9(%rip), %rdi
! -0x8(%rbp), %rsi oo o s o o o e e e e e e e e e e e e e e e e e - —

Seciblnp)s wrex inputs  C

sons, ~analhrop) sub cci

$0x0, %al neq X C O
jmpc X2
output  “Done”

1

1

1

1

1

i
0x10000013a :
0xa3(%rip), %xmmd I
0xa3(%rip), %xmml !
-0x8(%rbp), %xmm2 H
-@xc(%rbp), %xmm2 1
-0x10(%rbp) , %xmm2 H
-0x14(%rbp) , %xmm2 1
%xmm2, S%xmm2 !
S%xmml, %xmm2 i
%xmm2, Sxmmd !
%eax, —0x18(%rbp) i
0x100000113 1
0x87(%rip), %rdi !
$0x0, %al |
0x100000734 !

jmpc Y10
output  “The student passes”

10. output  “The student fails”

$0x0, —0x4(%rbp)

%eax, -0xlc(%rbp)

0x10000012b

ox7e(%rip), srdi

$0x0, %a}

0x100000734 . . .

$0x0, —-0x4(%rbp)

oMl > Programming this way is not easy
-0x4(%rbp), %eax

-------------------------------------------------- $0x20, %rsp

Arithmetics Conditions i

Controls

add X A B : set X to A+B equXAB:setXtolifA=B jmp S : jump to the St Instruction

sub XA B : set X to A-B neq XAB:setXtolifAnot=B jmpcCS  :ifCis 1, dojmp S, else continue
mulXAB:setXtoAxB lessXAB:setXtolifA<B exit : stop the program (end)

divXAB:setXtoA+B morXAB:setXtolifA>B 30



Computer programming languages

* We need a faster, human-friendly way of programming computers

* |dea: create ourselves the languages we want to express our programs

* have another program translate it to machine instructions: the compiler

The grade average example in the C language:

int main()

{
float A;
float B;
float C;
float D;

scanf ("%f %f %f %f", &A, &B, &C, &D);

if ((A+B+C+D)/4.0 < 3.0) {
printf("The student fails \n");
return 0;

}

printf("The student passes \n");
return 9;

Memory

%rbp

%rsp, %rbp

$0x20, %rsp
0xd9(%rip), %rdi
-0x8(%rbp), %rsi
-@xc(%rbp), %rdx
-0x10(%rbp), %rcx
-0x14(%rbp), %r8
$0x0, -0x4(%rbp)
$0x0, %al
0x10000013a
0xa3(%rip), %xmmd
@xa3(%rip), %mml
-0x8(%rbp), %xmm2
-0xc(%rbp), %xmm2
-0x10(%rbp), %xmm2
-0x14(%rbp), Sxmm2
%xmm2, Sxmm2
S%xmml, Sxmm2
Sxmm2, Sexmmd
%eax, -0x18(%rbp)
0x100000113
0x87(%rip), %rdi
$0x0, %al
0x100000134

$0x0, —Bx4(%rbp)
%eax, -0xlc(%rbp)
0x10000072b
Ox7e(%rip), %rdi
$0x0, %al
0x100000134
$0x0, -0x4(%rbp)
%eax, —0x20(%rbp)
-0x4(%rbp), %eax
$0x20, %rsp

Memory
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Algorithms

* There are a lot of programming languages available to write a program A python

The student grade program in C (truncated) The student grade program in Python
scanf ("%f %f %f %f", &A, &B, &C, &D); A,B,C,D = input().split()
if ((A+B+C+D)/4.0 < 3.0) { if (float(A)+float(B)+float(C)+float(D))/4 < 3:
printf("The student fails \n"); print("The student fails")
return 0; exit()
}
print("The student passes")
printf("The student passes \n");

* Although the textual representation of the program differs, two things remain the same
1. The problem to be solved: computing the average grade and output the corresponding result
2. The way of computing the solution:
o Summing up all the outputs N
o Dividing by 4 * Independent of the programming language
*  The “tricky” part when the problem

>— This is called the “algorithm”  becomes more complicated
* Agood algorithm can make huge difference

o Ifyes, output a success on the time it takes to compute something

~/ 32

o Test if the average grade is sufficient
o If no, output a failure




Algorithms

* Other examples of well known algorithms:
» Search for a word in a (potentially very long) sentence
* Search for the shortest path on a map
* Optimize the current flow in a power grid
* Sort an array of numerical values

* More complex ones:
* Predict if a given user is likely to like a movie (e.g. Netflix)
* Recognize and label subjects in pictures
* Find the most relevant web pages given a search query (e.g. Google)

* The (near) future
* Predict that a patient will probably develop some disease

* Predict crimes
e P77



+ 1. Operate on

A “computer” (in the 70s) v 2. Store

¥ 3. Transmit

Algorithm

Program

4ddd

4 -
:
process ™

TTTT

* What is missing ?
34



1. Operate on

Computer networking 2. Store

3. Transmit

LA L bl

send receive

receive send

L4

TTTT

TTTT TTTT

* Two computer that are connected can use specific protocols to communicate
* In practice, several kind of connection

Ethernet Cable Wireless Adapter 4G Antenna
RNEYCTOr Y |
Q. Hlie®
Q ' P

* In theory, they are all the same

send QE D E
receive
Not only 1-to-1, but many-to-many: | | |

“a network”

35



The Internet

* Basic idea of the Internet: connect networks together in a larger network

0 B J0O0O0R

';'H_l/ébﬁé Llg

Is it possible to have cables between each and every networks in the world ? No !

Use multiple «hops» to communicate with distant networks

Intermediary nodes:
* Are computers too...
* Can see the data they forward: need for encryption
* Need to know where the message should be transmitted next: need for a way of addressing other computers

- Every computer on the Internet has an address called IP address (for Internet Protocol)

More on the networks and the Internet in a later module
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A “computer” today

Algorithm

—d
-
]
=l

Program

LA L

4
CPU
process

TTTT

-
-
[
=

send

receive
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