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Encoding of ALU Operations
OPR
Select Operation Symbol
00000 Transfer A TSFA
00001 Increment A INCA
00010 Add A +B ADD
00101 Subtract A — B SUB
00110 Decrement A DECA
01000 AND A and B AND
01010 OR Aand B OR
01100 XOR A and B XOR
01110 Complement A COMA
10000 Shift right A SHRA
A‘A =

T e

Lild ol Jgo—sr

Encoding of Register Selection Fields

Binary

Code SELA  SELB SELD
000 Input Input None
001 R1 R1 R1
010 R2 R2 R2
011 R3 R3 R3
100 R4 R4 R4
101 R5 R5 R5
110 Ré R6 R6
111 R7 R7 R7

| .
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Examples of Microoperations for the CPU

Symbolic Designation

Microoperation SELA  SELB  SELD OPR Control Word
R1<R2 - R3 R2 R3 R1 SUB 010 011 001 00101
R4« R4\/ R5 R4 R5 R4 OR 100 101 100 01010
R6<—R6 + 1 R6 — Ré INCA 110 000 110 00001
R7«R1 R1 — R7 TSFA 001 000 111 00000
Output «<—R2 R2 — None TSFA 010 000 000 00000
Output <« Input  Input — None TSFA 000 000 000 00000
R4<shl R4 R4 — R4 SHLA 100 000 100 11000
R5«0 R5 R5 R5 XOR 101 101 101 01100

.
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DR «—M[SP] Read item from the top of stack
SP+SP -1 Decrement stack pointer

If (SP = 0) then (EMTY «-1)  Check if stack is empty

FULL <0 Mark the stack not full

]

SP«SP +1 Increment stack pointer
MI[SP]<DR Write item on top of the stack
If (SP = 0) then (FULL «1)  Check if stack is full

EMTY <0 Mark the stack not empty

St o350 oo

A + B Infix notation
+AB  Prefix or Polish notation
AB+ Postfix or reverse Polish notation

A*B+ C*D

A*B +C*D (A + B)*[C*(D + E) + F]
AB*CD*+

(A*B)CDx*+ AB + DE + C*F +

]
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E*(A+B*C+D)
EABC*+D+*

(A+B*C)+D*E
ABC*+DE*+

301 dus gl ol y g

Three-Address Instructions

ADD R1, A, B
ADD R2, C, D
MUL X, R, RE

RL«M[A] + M[B]
R2<M[C] + M[D]
M[X]«R1*R2

T———

Olawlxo jo aily 0,8

Stack operations to evaluate 3 + 4 + 5 + 6.

] I R A O I
L (6 | [ ] [
4 [ s ] >3] [ ]
[ 3 ] 2] »~{e2]
4 5 6 . +
(3*4) + (5+6)
34 %56 * +

301 33 Gl Jordlygswd

Two-Address Instructions

MOV R1L,A  Rl<M[A]

ADD R1,B  RL<R1l + M[B]
MOV R2,C  R2<M[C]

RDD R2,D  R2<«R2+ M[D]
MUL R1,RZ2 Rl<Rl*R2
MOV X, Rl M[X] <Rl
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One-Address Instructions

LOAD A AC<M[A]
ADD B AC<AC + M[B]
STORE T M[T]<«AC
LOAD C AC<M[C]

ADD D AC<AC+M[D]
MOL T AC«—RC*M[T]
STORE X  M[X]<AC

.
T ————

CISC , RISC duas lio

CISC RISC

Complex Instructions

Simpler Instructions broken down

Emphasis on hardware Emphasis on software

Includes multi-clock Single-clock,
complex instructions reduced instruction only

Memory-to-memory: Register to register:
"LOAD" and "STORE" "LOAD" and "STORE"
incorporated in instructions are independent instructions

Small code sizes, Low cycles per second,
high cycles per second large code sizes

Transistors used for storing Spends more transistors
complex instructions on memory registers

| e
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Zero-Address Instructions

PUSH A TOS<A

PUSH B TOS<«B

ADD TOS « (B + B)

PUSH C TOS<«C

PUSH D TOS<D

ADD TOS < (C + D)

MUL TOS«— (C+D)* (A + B)

PQOP X M[X]<TOS

Ol (398 (5 lone
Memory
Arithmetic
| Logic
Control ;
Unit — Unit

| Input | | Output |

.
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