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History
Progressive Convergence

1st mechanical addition 4 operations
calculator substraction + binary calculus

Schickard // Pascal Leibniz

1623 = 1642 : 1673

Fast computing techniques
Loom control Same with multiple
(perforated card) cards

Falcon Jacquard

1728 | 1805

Automatic control
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Progressive Convergence

Programmable Mechcanical
Finite differences calculator Calculator
(mechanical) (mechanical) using plasterboard
Differential EngineAnalytical Engine (polling)
Babbage Babbage Hollerith
183 1890
o o Mathematical formulation
Principles of ¥ computer: of logic propositions
e instructions/program
« memory for data < Boole <>
* processor 1854
e input/output (Jacquard cards) Logique
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History
Progressive Convergence

Binary ENIAC EDVAC
electro-mechanical Electronic Electronic
calculators Calculator/Computer computer

Zuse
1936 1941

Program
In memory

Turing Information
Machine Theory

Turing Shannon Hard-Wired
1936 1938 program

Logic




VVon Neumann Model
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|AS — Instruction Set

40-bit word

20-bit instructions: 8-bit
operation codeapcode, 12-
bit address

Maximum memory size:12x
40 = 163840 bits.

AC M(X)

M(X) AC

goto M(X)

If AC 0 goto M(X)
AC AC +/- M(X)
AC.MQ MQ x/+ M(X)
AC AC<</>>1
M(X,8:19) AC(0:11)



IAS — Example of Operation

AC  AC+M(X) o5 R VO |
3 28
AR PC /;\\
Data Reg. 1
I 40 28 H |
DR M(AR) <
40 %
4 8 )% yd 12 > 3
IR DR(0:7) 1 5
AR DR(8:19) + -
Instruction Reg.| L, 35w
v 0 Y g N 36 M(3)
PC PC+1 pcode
DR M(AR) Control 20 bits
A 4 3
AC AC+DR llllll 712
Address Reg. IAS




|IAS — Control

AR PC
DR 'M(AR) AC M(X) AC AC+M(X) AC.MQ MQ.M(X)
IR DR(0:7) DR M(AR) | | DR M(AR) DR M(AR)
AR  DR(8:19) ] | v
| AC DR | |AC AC+DR |AC.MQ DR.MQ
PC PC+1

goto M(X) si AC 0 goto M(X) M(X) AC

A 4 \ 4 A 4

PC AR PC AR DR AC

M(AR) DR




IAS - Programming

for (i=0; i < 100; i++) {
afij = a[i] + 5

}

M(0):
M(1):
M(2):
M(3):
M(4):
M(5):
M(6):
M(7):
M(8):
M(9):
M(10): M(2,8:19)

AC M(129)

AC AC + M(20)
M(129) AC

AC M(21)

AC AC-M(22)
M(21) AC

if AC 0goto8

AC AC + M(23)
M(0,8:19) AC(0:11)
AC(0:11)

M(11):goto O

Initializations:
M(20) 5
M(21) 99 (i)
M(22) 1
M(23) 30
M(30)... M(129) a[0]... a[99]
WAC  ali]
WAC AC+5
\a[i] AC
VWAC |
WAC AC-1
\\ | AC
\ifi OPC 8
\\ end
WAC i+ @A (=@a]i])

\\ Modify @al[i] in M(0)
\\ Modify @al[i] in M(2)
WPC 0



Summary

Main purposes: scientific computing and management

Limitations of first computers:

e Hard to program:

Simple control constructs (loops) hard to write
Small memory (limited array size)

* Technology (vacuum tubes)

10 to 15 years later 1960):
« Technology = transistors (boards)

e Easier programming thanks to architecture and ISA
Improvements

« High-Level languages and compilers
 Input/Output management
« Example: IBM 7094



IBM 7094
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IBM 7094 — [SA

36-hit word

36-bit instructions: 21-bit opcode,

15-bit address:
 More instructions

* Maximum memory size:2x 36 =

1179648 bits.

Loop support:
e TXIl address, n, inc
X(n) X(n) +inc
PC address
=i+ 1and goto label
e TXL address, n, val

if X(n) val, PC
address
else PC PC+1

ifi val goto label

Indexed addressing:
e 7 index registers X(1) a X(7).
« 3 opcode bits # index register:
000: no indexed addressing.
001 a 111: # register.
 LDA address, n
AC M(address — X(n))

Structured/Procedural programming:
 LINK TSX address, n
X(n) PC
PC  address
 TRAInN
PC  X(n)+i
Immediate addressing:
e AXTval, n
X(n) val



IBM 7094 - Programming

for (i=0; 1 < 100; i++) {

a[i] = afi] + 5

}
M(0): AXT 99,1
M(1): CLA M(20), 0
M(2): ADD M(129), 1
M(3): STO M(129), 1
M(4): TXL®6, 1,0
M(5): TXI1,1,-1
M(6): HPR

Initializations:
M(20) 5
M(30)... M(129) a[0]... a[99]

W X(1) 99

WAC 5

WAC AC + M(129-X(1))
\M(129-X(1)) AC

\if X(1) O,PC 6
\WX(1) X@)-1,PC 1
\\ end



High-Level Languages and Compilers

FORTRAN FORmMula

TRANslation).
COBOL (COmmonBusiness N |
OrientedLanguage). for S[T]Oi 'aTi]lf%? ++)4
Compilation as efficient as } )
assembly programming
Consequences on architecture :
evolution: DO 101=1, 100

» Compilers architect no longer A(l) =A(l) +5

worries abouease of programming | 10 CONTINUE

« Transistors and integrated circuits
high increase of architecture
performance and capacity

Architecture evolution now essentially
determined by quest for more
performance



Summary

Programming languages:
Widespread use of computers

Input/Output processors Batch mode

10 to 15 years later 970).

* Integrated circuits
e Custom machines general-purpose machines

« Computer evolution = evolution of ISA program binary
compatibility issue

« Growing needs more memory

* More complex and multi-user architectures: opegasiystem
(tasks and input/output management)

« Example: IBM S/360.



IBM S/360

16 integer . ]
registers 4 ﬂcr):gt;ir;?e_?somt
b
32-bits 64-bits
\ 4 +| \ 4 I
ALU BCD FPU
AR IR PC DR
\ y j A
PSW '
Control Memory l
Controlerj
IR
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IBM S/360



IBM S/360 — ISA

All units in bytes (8 bits):

* Character representation (8 bits)

» All data and instruction sizes in
bytes

32-bit word
16 or 32-bit integers

Variable-Size character
strings

Variable-Size byte lists using
BCD (Binary Coded
Decimal).

32, 64 or 128-bit floating-
point numbers

16 32-bit integer reqisters
(indexing, computations)
4 64-bit floating-point
registers

Variable-Size instructions: 2, 4 or 6

bytes

5 different operand formats:

0 15
B=Base
Opcode | R; | R, S=Shift
|I=Immediate
0 8 12 16 20 31 L=Byte size
Opcode [ R; | X, | B, R=Register
- ~ ~ X=Index register
0 8 12 16 20 31
Opcode | R; | R; | B,
0 8 16 20 31
Opcode I, B,
0 8 16 20 3132 36 47
Opcode L B, B, S
- - ~ J
Complex ISA



Microprocessors

Put whole processor on a single
chip
Initial goal: size, cost

Current goal: performance, size
& cost

First microprocessor: Intel 4004

Not the most sophisticated
processor architecture

| -
>
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Architecture Complex

Intel 4004

»
>

AS Time



Intel 4004
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Intel 4004

4 INSTRUCTION CYCLE b
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Intel 4004

2250 transistors



Integrated Circults

Transistors
u n-transistor Gate (polysilicium)
Insulator (SiQ) boped silicon
u p-transistor | = positively ()
N ou negativelyr@)

Drain Source

Silicon (substrate)

Y

Silicon = semiconductor

Electrical properties modified by positive or
negative doping



Integrated Circults
Fabrication




Circults Int egrés
Fabrication
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Integrated Circults
Gates

Diffusion p

Diffusion n

A —D% Z NOT gate



Source: Intel

Integrated Circuits
Example: 0,13 m

0,13 m process:

« photolithography: between UV et X-ray
« Gate length = 0,07

 Insulator thickness = 1,5nm

 Gate delay 7ps



Technologie et Transistor

Plusieurs technologies.

Compromis codt (taille transistor) / rapidité (tenges
commutation).



Integrated Circults

Evolution

Decreasing gate length:

Insulator thickness must
decrease

Lower power
consumption

Shorter
propagation/switching
time: better performance

Photolithography:
wavelength must
decrease with transistor
dimension

The gate length/insulator
thickness ratio must
remain roughly constant



Source: Intel

Integrated Circuits
Evolution

Moore’s law: transistor size divided
by two every ~ 24 months

Processor performance roughly
doubles every 24 months

Insulator thickness closed to limit
size:

Other insulating materials ?

Other technologies ?

Source: SIA



Integrated Circults
Cost

Source: Future Horizons, www.futurehorizons.com

Fab cost






Programme pour I’Analytical Engine



Pascal Machine

Source: IEEE



