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Instruction Set Architecture (ISA)
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Instruction Set Architecture (ISA)
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Instruction Set Architecture (ISA)
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How to speak to Computers?

High Level Language
Program

Compiler

Assembly Language
Program

Assembler

Machine Language

Program
| |

Machine Interpretation

Control Signal
Specification

temp = v[K];
v[k] = v[k+1]; I o 0L
v[k+1] =temp;

w $15, 0($2)
w $16, 4($2) (sl 0L
sw$16, 0(%$2)
sw$15, 4(%$2)

0000 1001 1100 0110 1010 1111 0101 1000
1010 1111 0101 1000 0OOOO 1001 1100 O110
1100 0110 1010 1111 0101 1000 0000 1001
0101 1000 0000 1001 1100 0110 1010 1111

ebe 0L
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ISA- Where are the instructions?

Harvard architecture Von-Neumann architecture
a )
Instruction Inst.
Storage &
data
Storage
Data \_ )
Storage

Memory}
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Key ISA decisions

operations

— how many?
— which ones

operands

— how many?

— location

— types

— how to specify?

Instruction format

— Size
— how many formats?

operation
destination operand J/

Source operands

(Add R1,R2,R6)
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OP-CODE »

(oo S calibl> ) I T sl P

@MJJ 8 gt >

Mode op-code register memory address

direct load R3 36 JL..o

00 0101 011 000000100100 R3 € M[36]
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Joddl) s J b

Fixed (e.g., all RISC processors -- SPARC, MIPS, Alpha) .. o | gws J b

opcode addrl | addr2| addr3

Variable (VAX, ...) Cow) a5 grwd J b
opcode+ specl| addrl spec2 |addr2 | - specn |addrn

S Cow pldS 2 calee g bige 3,90 53
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Operand Location (lawges fo)

e Accumulator (o ki)
e Stack (a)

* Registers (L)

e Memory (ki)

We can classify most machines into 4 types:

1- accumulator, 2- stack, 3-register-memory (most
operands can be registers or memory) , 4- load-store
(arithmetic operations must have register operands).




Operand Location

(a) Stack (b) Accumulator (c) Register-memory (d) Register-register/load-store
TOS

\/

ALU

N
N

ALU
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General Registers »
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lclock

A 4

RO

A 4

R1

A 4

R2

A 4

R3

A 4

R4

A 4

R5

A 4

R6

A 4

R7

Loadsﬁ

DEC

y

A

y

vV Vv

MUXA

A

y

vV Vv

A

y

A

y

OPR {

MUXB

ALU

P
<«

Output
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Stack b ais oLl

LIFO =L, »

PUSH »
POP >

SP = STACK POINTER s 3l £ o,lil o, ki »
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AB*CD/+

> PUSH A

> PUSH B

> MUL (POP,POP, PUSH A*B)

> PUSH C

> PUSH D

> DIV (POP,POP,PUSH C/D)

> ADD (POP,POP, PUSH RESULT)
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AB*CD/ +

PUSH A
PUSH B
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AB*CD/ +

PUSH A
PUSH B
MUL

PUSH C

PUSH D
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AB*CD/ +

C/D

A*B

PUSH A
PUSH B

MUL
PUSH C

PUSH D
DIV
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AB*CD/ +

A*B+ C/D

PUSH A

PUSH B
MUL

PUSH C

PUSH D

DIV
ADD

24



(nstruction Count) Lgheadl giws slaas 5 ISA 50

Code sequence for A = B+C for four classes of
Instruction sets:

Register Register
Accumulator Stack (Register-memory) (Load-store)
load B push B load R1,B Load R1, B
add C push C add R1,C Load R2,C
store A add store A,R1 Add R1,R1,R2
pop A Store A,R1

/

Sl &9; Cﬁ-‘ J'| MIPS oﬁ}‘:ﬁ:
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Instruction cycle

The CPU uses repeating machine cycles to execute
Instructions in the program, one by one, from beginning to
end. A simplified cycle can consist of three phases: fetch,
decode and execute

Start

Execute Decode

[No more instructions]

Stop

26




Example: c =a+ b (first step)

(R() < M4(} Decoding of (1040)1 6

Registers
RO 00A1
Ry
R, L1040
ALU 1141
3201
R
15 2422
0000
PC [ 00 1o (0Al
Control unit 00FE
Memory

00 Load RO, a
(0] Load R1,b
02 ADD R2,R0,R1
03 Storec, R2
04

40 a
41 b
42
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Example: c =a+ b (second step)

Registers
R, 00A1
R;|  OOFE
R2 1040 00 Load RO, a
ALU :7 1141 01 LoadR1,b
3201 02 ADD R2,RO,R1
Rys
2422 03  storec,R2
0000 04
PC| o1 00A1 40 a
Control unit ———® (0FE 41 b
42 ¢
Memory

ODecode G{l <« M41J Decoding of (1141) ¢
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Example: ¢ = a+ b (third step)

9 Registers
00A1
00FE
019F 1040 00 Load RO, a
1141 01 Load R1, b
g 3201 02 ADD R2,RO,R1
- 2422 03 Storec, R2
0000 04
PC| o2 00A1 40 a
Control unit 00FE 41 b
42 C
Memory

@ Decode ( R, «— R,+R, ) Decoding of (3201)

%/ University of Kurdistan 29




Example: c =a+ b (fourth step)

Registers
Ry|  00A1
R, 00FE
Ry 019F @ 1040 00 Load RO, a
ALU 1141 01 LoadR1,b
Rys 3201 02 ApD R2,ROR1
r 2422 03 Store c, R2
0000 04
PC [ 03 o 00A1 40 a
Control unit 00FE 41 b
- > 019F 2 ¢
Memory
OFetch
© Decode (M42 — Rz) Decoding of (2422),
OExecute
30




Addressing Objects: Endianess and Alignment

»Big Endian: address of most significant byte = word address
»|1BM 360/370, Motorola 68k, MIPS, Sparc, HP PA

» Little Endian: address of least significant byte = word address
> Intel 80x86, DEC Vax, DEC Alpha (Windows NT)

Little Endian

Address 0x100 0Ox101 O0x102 Ox103

Data @

0x04 | 0x03 | 0x02 | Ox01

0x01020304
i i 0 1 2 3
Big Endian
Address 0x100 O0x101 0Ox102 0x103 .
0x01 = 0x02 = 0x03 | Ox04 Aligned
Not

Alignment: require that objects fall on address Aligned
that is multiple of their size.
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23 a3l sl Sl gl

(Implied) cws 25 )0l

(Immediate) S5 ,oM »o ol

(ReQIStEr) s w5 (2 ]

(Register INdirect) puuws y Koy paiiowms g B wy!
(direct) paiivmo 25 gwyol

(Indirect) WM JOv-I XY |

YV V VYV VY VY VYV
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Sod B sl

Implied Addressing Mode >

Sgiae gasiie Jedlysias 1 5 pes O gy Ll Sy pl s
Ao weie 1 5 5N 50581 (6 5o oS CMA (Comlement AC) | s Jo >
B stack machine Sla 5 gelS 5o eslaial 5 40 u.wJJT Ao Oy g >
S s aiy YL s sl sk il e 1 S eslana] sas A s
X gl 4 S
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Immediate Addressing Mode »
Dy o3l Jasdlygias s |2 o Ldae lade g, opl o
D90 HSG s iy s Hldde gl o8 U,UJYJ» O
o Sl Jze >
MOV CX, 1024
ADD R1, 20

Instruction Operand

XY University of Kurdistan 35



S ) (P 3]

Register Addressing »

L.yl 18 eisls o gla my s 3 el gee 2y, opl 5o
Sses yasie |y e 2K slaw Olge o Kl estind
ADD R1,R3 ;s ol oo »

CPU registers

gra ST A ]

Instruction R

\ 4

Operand
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Register Indirect Addressing »

45.«\.«.<.:.A u@r.«:.w b ‘.SJ":"""'.‘.}.J JA&J‘)}L’MJ ‘{.:4‘5;) C)‘.’.‘)J >
S gad Jal gt yasilae |y aail> s Wdae sl O (6 gt
X86 oJ\.;j‘Jﬁ: BE J‘.’.J PRl J.’I.o >

MOV BX,[S'] Memory

CPU registers

Instruction

R 109/ Operand

\ 4
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Direct Addressing Mode »
Sgiae S5 Jeallygws =1 53 Lgkee sl gy pl o
X860 o515 5 3 ) sws o >

MOV AX,[3000]

Memory

Instruction

Address Operand

A 4
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Indirect Addressing Mode >
L}”JJT‘\SWW‘JML}\}‘&MM‘JJJMJJJJ‘}?'}AU'“JJTLP}JC)‘.’.‘)J
@Cﬁ))\e‘gb JJ):LQ&AJL;W‘}.:MJ LS‘J" d‘.?- L.J'i‘)'; .J‘)‘J‘)“f; L?;;“)J JJ}—LQ-“
Okl g Lg\ﬁjii;)l{jﬁw)ﬂg;; s sl OLSG il 5L 5 50 alasl>

Ol i
Memory
Instruction wot0001|Onerand |
Address @
@ 10010111 | 90010001
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(o RO U"‘J"‘

Relative Addressing Mode >

J?.-‘JJJ OMJMUAJJF‘JCQ?-)‘JS‘}A uﬂ))"’ U:Jjj L.)%‘JJ >
IJM Jﬁa\?- PC LS‘}NJJ"""”J}.WJ

Effective Address= address part of instruction + content of PC

Memory
Instruction
Address » Operand
)
)
PC

XY University of Kurdistan 40
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| .
Index Addressing Mode >

MJ&&M}M‘)}S’MJJ}‘J‘)Joﬁub@w)bi@?-j‘;jﬁw)b?&})w‘)b >
D3 Jools 3 shie ol G SUGT ey oS o ate
Effective Add.= address part of instruction + content of index register

53 La esls C)JJJNSQM oslizal 4,1 & gla 0305 4 g s Sl (s el 1Y seme >
oSl gy g C)JJJNUJEJMA o313 bl 5 55l asiie Jeall) s > adadl>

.;;Jfﬁ,c umz.?
Memory
Instruction
Address »  Operand
)
©

Index Register
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200
201
202

399
400

500

600

702

alas L~

AC 03 S,k

<Jl>

oo

S ) g

JL

G5 Sl s 53 JJSY{"‘JST Sl
ks L;L@.*J\;- 6‘,3 200 U‘“’JD‘ )0 245 g8
?% ‘-;QJ uﬂ)}ﬂ"

PC = 202

R1 =400

XR =100
AC
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RISC vs. CISC

oS Solame 53 gl o8 s 4
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el OF (6l o dd SRzl Ol g2wd 48 sams 31 Jle 5 5uslS K golens P

Bl esle 5 oS Sl gmas sl B o g cpl 5 n adsl Gla SsalS 55 2
L S O (g1l e (g5l esly
s dm a Usg ol Gaa s S sl gl Shaen p oo asl ol
o SLBL5 G ol 2alS Ly silbiS 1 5l csen J3 | OLplS la 5L
L)'i‘ JWSJS o3l “)‘y’bc&w‘;’)b}l«w.ﬁ W;JS;WSQ\J‘}L»J‘}Yb
ol dals JM.JU;\ .Lo.é;lw' Do sl 5 g lado U 5 g0nlS &
Complex instruction set computer (CISC) 1, s 5,48

3
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Dbty a8 Olosla a3 age I RISC (6l >
39yt

48 saze0 03,5 Joosle LU ol odd v (golame ol 5 >
S g 03938 e il p o8 e el i
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Clel o Sl Ce s 1y Sl gtws Olgn a5 ol opl Gua
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Sl oS LQ‘J] (DD u»)oi slaos oloxs
Dgdas oolatul p) 20 w0l slods 3l Lais Yoere—
* register addressing
» direct addressing
* register indirect addressing
» displacement addressing
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The Semantic Gap

qu@ww al s o OO W mlas gl s b i
® Al 2 S ile 0y 5 YU e gla
3 g Slp Al oy G Sleslers 1S
% dazm 5 B LS JByae M|l Ll
v Syh il 6 5 s 5 W e Slel
omwlo b
T QU @ g ¥ o il b OF ygiwd (CISC )5

83,5 3383 YU
4ol sl & o y oolw wlo by O ygwd (RISC 5
O 5 pS9Oy

54




RISC, CISC «..li.

CISC |MULT a, b

RISC |LOAD R1, a
LOAD R2, b
MUL R1,R2
STORE a, R1

3y Al 25 D) e

P ulpa=arh g axy Jlo gl
1091 wplgs 5 Oyguar Gg8 (55lexe

L as el (pl o 2w CISC g loxo o

A 0590 Joe cblo (5bj 90w (05 Slua
2l 2 2w RISC o aCIls j0 040 plxdl
32 &5 dgd solawl Jlyews 3l a5 Conl

28 bl el BB Wl SO o Hgiwe
s b padis glylo RISC aol y axacs
D510 (g piin alddl> @ Zlos| S 0g g
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RISC, CISC....li

S dls J g0 p >

CPU Instruction P| Clock
Execution = Count
Time

—

\Cycle Time

LS Iy fals Cwd
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RISC sLiKey

Ol Q)Lalij,.: o= 5105 S PLyeY 80 «s ,s RISC st »
Jj.o.; ULZ\ J'.’J J)‘f‘\-’d‘j::‘.”

IBM 801 »

Stanford MIPS >
Berkeley RISC 1 and 2 »

57



) od,le RISC 3 0 ) G0 s o.»’)‘bﬁ: 3 golosd

S guiann 03l of o slosili yo a5 ARM/StrongARM —

Cowl ooliiwl 390 53U G oiws S p yo &5 MIPS Rxx00 —
embedded b ptiuaw 4o solawl 5,90 Hitachi SH —
MAC s 5 gunols” 40 oslisiwl 8,60 POWER/PowerPC —
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CISC , RISC Jlox! amslia

(¢ Emphasis on hardware (¢ Emphasis on software

(® Multiple instruction sizes and formats] (® Instructions of same set with few

formats
(o) Less registers (¢ Uses more registers
(¢ More addressing modes (» Fewer addressing modes

(o Extensive use of microprogramming J(& Complexity in compiler

(o) Instructions take a varying amount of | (&) Instructions take one cycle time
cycle time

(® Pipelining is difficult (® Pipelining is easy

59
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» Questions




