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Control
E)Fternai _, | Next-address ~ Control Control Control —— \word
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|—' (sequencer) register (ROM) register
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) Mapping
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Status Branc Multiplexers
bits —] |

oqic Iselect

| Instruction code I

Subroutine

Control address register reg ser
( ) .

Control memory (ROM) |

select a status l

Microoperations

sl s1 Branch address



Address

Memory
2048 x 16

Arithmetic
logic and
shift unit
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¢! Sz CAR oli (&
feww! Sz SBR wli(o
1
4 X102¢ L2 A =2 CAR =SBR= 1L , CPR=:20
- s DR = '6
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Direct Mapping Address
OP-codes of Instructions — gggg iﬁg ;gﬂﬂrgz
QBB ggg? : : 0010 | LDA Routine ©9 ces oo

0011 | STA Routine

LDA 0010 : 0100 |BUN Routine — o
STA o011 | — — o
ontro
BUN 0100 Sontrol — 1 {
Mapping O - ADD (Jios

Bits 10@010 Address ’s? .rfif}c/:"
co 7 --. qo0loo0oolo1o0 | ADD Routine q}(’?{&fb"—' © ®¢0) @o

e : | ANMP OP-code

L, 10[0001Jo10 | AND R;outlne r:l 0 1 1 | Address |
10[0019j010 LDAR:outine 0lx x x xlo o

*. 10[0011]o10 STAR?utine I 01 01 10 OI

. 10[0100]010

e

BUN Routine
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15 14 11 10

[Symbol

ADD AC « AC + M[EA]
BRANCH if (AC <0) then (PC « EA)
STORE M[EA] « AC
EXCHANGE| 0011 | AC « M[EA], M[EA] « AC
3 9 9 2 o T
" F1 | Fr2 ] 3 lco]er] ap
s

b= F1, F2, F3: Microoperation fields
uz’——’ -« CD: Condition for branching
uk._vw-& BR: Branch field

= AD: Address field

Ac< AC4ONX
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F1

Microoperation Symbol
000 | None NOP
001 | AC«~AC+DR ADD
010 | AC«0 CLRAC
011 | AC«~ AC+1 INCAC
100 | AC« DR DRTAC
101 | AR « DR(0-10) DRTAR
110 | AR« PC PCTAR
111 | M[AR]«~ DR  WRITE

14



F2

Microoperation Symbol

000
001
010
011
100
101
110
1M1

None NOP
AC « AC-DR SUB
AC « ACVDR OR

AC « ACADR AND
DR« M[AR]  READ
DR « AC ACTDR
DR« DR+1 INCDR
DR(0-10) « PC PCTDR
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F3 | Microoperation Symbol
000 | None NOP
001 | AC«~ AC®DR XOR
010 | AC « AC’ COM
011 | AC « shlAC SHL
100 | AC«shrAC SHR
101 | PC«PC +1 INCPC
110 | PC« AR ARTPC
111 | Reserved

16



Always =1
DR(15) Indirect address bit -4
AC(15) Sign bit of AC

_Zero value in AC

CAR « AD if condition = 1
CAR « CAR +1ifcondition=10
CAR « AD, SBR « CAR + 1 if condition = 1
CAR « CAR + 1 if condition =0
CAR « SBR (Return from subroutine)
| CAR(2-5) «- DR(11-14), CAR(0,1,6) «- 0
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awlIMP,CALL,RET,MAP ls Jow jl 5 glls BR oyloso ¥
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AR « PC
DR « M[AR], PC « PC + 1
AR « DR(0-10), CAR(2-5) « DR(11-14), CAR(0,1,6) « 0

ORG 64

PCTAR U JMP NEXT
READ, INCPC U JMP NEXT
DRTAR U MAP

Binary

address F3 CcD BR AD
1000000 110 nun 00 00 1000001
1000001 000 é@ 00 00 1000010
1000010 101 000 uon 00 11 0000000
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» INDRCT subroutine
| abel Mcrooperat CD-"BR AD

INDRCT: READ U WP NEXT
DRIAR U Rl 0 }‘

AR < DR
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Label Microops CD BR AD |
ORG 0 o~
ADD: NOP CALL INDRCT ——3
READ U JMP NEXT DR «MCAR)
ADD U  JMP FETCH
ORG 4
BRANCH: NOP S  JMP OVER
NOP U  JMP FETCH
OVER: NOP | CALL INDRCT et AR
ARTPC U  JMP FETCH
ORG 8
STORE: NOP | CALL INDRCT
ACTDR U  JMP NEXT OR & Ac¢
WRITE U  JNP FETCH | aaeAR) < D R
EXCHANGE NOP 2 | CALL INDRCT
| ' READ U JMP NEXT DRe— MIAR)
ACTDR, DRTAC U  JMP NEXT
WRITE U  JMP rercH | MIAR) e~ OR
ORG 64 AC
FETCH: PCTAR U  JMP NEXT
READ, INCPC U  JMP NEXT
DRTAR U  MAP
INDRCT: READ U  JNMP NEXT
DRTAR U  RET
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(0SS yants AC glg5xn). donn g2 Sadiosws 4ol e 3§ il ygsmwd gl (V) Lo

A:if (AC =M [EA])then PC < PC +2 ZERO'DRTAc,;AcDR Z JIMP EQ

B:M[EA]<AC +M [EA] Nop V. IMP Feleh
et EQ - INCpc vV Jgmp NExT
A:Nep L <AL 1IN INepC vV onp Fekh

Reap U Jmp NEXT
ATORDRTAC v Jmp  IVexT
SUB U M ZeRo



R~ Nop T <cALL INDRCT
READ UV Jmp  Nexr
ActoRipRuc U mp  NVExT
ADD v JMP  wWExT
write U 3mp (VEXT
ACTOR, DRTAc vV ymp Fach



Ft: ool : AtcACADR
| oo AQ@Dﬁ

Yol AR&DR
)|0.' AR ePp<

3 X 8 decoder 3 X 8 decoder

|
“
N

AND T2: o\ :Ace~NRACADR
o b} Arithmetic
logic and
Lood S S— e

From From

|l he

Select] © 1
. Multiplexers

PCTAR
DRTAR




External

(MAP) |

L

S Mux1
s

I Incrementerl

Control memory

Microops CcD ER

AD

quc‘



From

L(load SBR with PC)

CD Field of CS

Input Logic

1 R
d \Mux2 |_Test = -
CPU y 4 elect BR field s input

of CS , 'oglc

I,,T Meaning Source of Address -

* for subroutine Call

S, for next address
S, selection

S;S,

000 In-Line
001 - JMP
010 In-Line
011 CALL
10x RET
11x MAP

WWW.HREZAPOUR.IR

CAR+1
CS(AD)
CAR+1
CS(AD) and SBR <- CAR+1
SBR
DR(11-14)

00
10
00

01
11
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