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Clock

Input

ZIEIRE

RS

R6

FERERY

R7

LLoad
(7 lines)

SELA { —_
—

l"?""

—

MUX

Ix8
decoder

ki

SELD

OPR (

AL

MUX

lB bus

2221

ALU

¥ Output

-
- } SELB
-
3 3 3 5
SELA SELB SELD OPR
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Symbolic Designation

Microoperation SELA SELB SELD OPR Control Word
R1€=R2 - R3 R2 R3 R1 SUB 010 011 001 00101
R4€E R4V RS R4 RS R4 OR 100 101 1000 01010
RO€=R6 + 1 R6 — Ro6 INCA 110 000 110 00001
R7€= R1 R1 - R7  TSFA 001 000 111 00000
Ouiput ¢= R2 R2 - None TSFA 010 000 000 00000
Output€=Input Input - None TSFA 000 000 000 00000
R44=shl R4 R4 - R4 SHLA 100 000 100 11000

R5&= () RS RS RS XOR 101 101 101 01100
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Flags

FULL |

EMPTY |

Stack pointer

SP

stack

Address

63

B =10

= = v W




 Trieialle P — 1 A BTV — s B |
/= Initially, SP =0, EMPTY =1, FULL =0 */ m—
PUSH POP
SPg-SP + 1 D R®= M [SP]
M[SPje-DR SP¢~SP - 1
If (5F= 0) then (FULL@=1) If (SP = 0) then (EM PTYS—1)
EMP 1 Y0 FULL<=(
P <SP -\
MISP) e DR DR <« WY 56)
e
SPpe=—5SP )\ ¢

\% (Se-.-.-..-) then Full @



1000

— > Program
PC__ | (instructions)
1 Data
AR |} (operands)
Sp A

3997

3998
3999
4000
4001

(o) aldl> ai)

-PUSH: SP« SP-1
M[SP] « DR

- POP: DR « M[SP]
SP « SP + 1
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A+ B Infix notation
+A B Prefix or Polish notation
A B+  Posttix or reverse Polish notation

Y e t |
(B*49+(5*6)) = 34*56%+

-—>l 6
= 4 | = 5 5 | =130
—>| 3 3 | —|12 12 12 12 | = 42
3 4 * 5 6 * +
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Single accumulator organization:

ADD X /* AC « AC+ M[X]
General register organization:

ADD RI,R2,R3 /¥ R1 &< R2+R3 */

ADD 'RI,R2 /* Rl « R1 +R2 */

MOV  RI,R2 /* Rl « R2 */

ADD RI1,X /*R1 « R1 + M[X] *
Stack organization:

PUSH X /* TOS « M[X] */

ADD

1931)
c/:,b'_,lg,,/,.’)b;u
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GV
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Three-Address Instructions: H';s,-—/ ,_‘_"_,L_,r' >
Program to evaluate X =(A +B)* (C +D):
ADD RI,A.B /* R1g=M[A]+ M[B] */
ADD R2,C,D /* R2g=M[C] + M[D] */
MUL X, RI,R2 /* M[X]gRI1 *R2 */

’/) LJ‘{ L‘L - Results in short programs
Uuy 2 J_aj[, /—' [nstruction becomes long (many bits)

Two-Address Instructions:

Program to evaluate X=(A +B)*(C+ D):

MOV RI, A /% R1<€=M[A] */
ADD RI,B /* R1&R1 + M[B] */
MOV R2,C /% R2~M[C] J
ADD R2,D /% RO4~R2 + M[D] */
MUL RI,R2 /* RlgeR1 *R2  */

MOV X, RI /* M[X]<€=R1 */

14



One-Address Instructions:
- Use an implied AC register for all data manipulation
X=(A+B)*(C+D):

- Program to evaluate

LOAD
ADD
STORE
LOAD
ADD
MUL
STORE

AX=O0ON= >

ZeroEAdgLrigss l(:lstructi(l)(ns: -
- Can be found in a stack-organized computer B CD
X=(A*B)*(C*D): A T

- Program to evaluate X

PUSH
PUSH
ADD
PUSH
PUSH
ADD
MUL
POP

A

B
C
D

R OR R R R OEW

* ACE=M[A] J
/* AC&=AC + M[B]  */
/* M[T]4 AC */
/* ACg=M[C] J

/* ACe=AC +M[D] */
/* ACE=AC * M[T] */
/5 M[XW—AC */

TOSE= */

TOS&B */

TOS&= (A +B) */

TOSE=C */ Sl
TOS&=D */

TOS(-(C + D) */ m
TOSE=(C + D) *(A+B) %

M[X&=TOS */
15



Push A

Push B <

Push C % — EXFT

Add C R O

Mul g ‘*’&J“ = XX “? \@x(8«c — \Ax (B+c)

Push D A \ - A o

Push E .

Push F (s

Mul D.,.E%Y-"C' AR(RxcC)
Add —~— (o+4+EXF\ Bc)| T =

Push G P CB+C) Ax 7= O +Ex® -Cs
Sub

Div

Pop X
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Address

Memory

200
_BC=200 J 201
— \
S 399
XR =100 400
M.\ G
S00
600
Addressing Effective Content
Mode Address of AC
Direct address 500 /* AC & (500) o 800 702
Immediate operand - /* AC ¢ 500 */ 500
Indirect address 800 /* AC &= ((500)) o 300
Relative address 702 /* AC &= (PC+500) */ 32§ 800
Indexed address 600 /* AC = (XR+500) */ 900
Register - /* AC ¢« RI " 400
Register indirect 400 /* AC & (R1) o 700
Autoincrement 400 /* AC & (RI1)+ */ 700
Autodecrement 399 /* AC & «(R) .y 450
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Name Mnemonic
Load LD

Store ST

Move MOV
Exchange XCH
Input IN

Output OuT
Push PUSH
Pop POP




Mode

Assembly

Convention Register Transfer

Direct address
Indirect address
Relative address
Immediate operand
Index addressing
Register

Register indirect
Autoincrement
Autodecrement

LD ADR  AC€M|[ADR]

LD @ADR AC4=M|[M[ADR]]

LD SADR  ACq-M|PC + ADR]

LD #NBR  AC<NBR

LD ADR(X) AC€=M|ADR + XR|

LD RI AC% R1

LD (R1) ACE~M|[R1]

LD (R1)+  AC<¥=M[RI1], R1€¢-RI + 1
LD «(R1) RI<4~R1-1, AC€~M|R1]
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Name Mnemonic Name Mnemonic
Increment INC Clear CLR
Decrement DEC Complement COM
Al A AND AND
Subtract SUB plieenia
Multiply MUL OR OR
Divide DIV Exclusive-OR XOR
Add with Carry ADDC Clear carry CLRC
Subtract with Borrow SUBB Set carry SETC
Negate(2’s Complement) NEG Complement carry COMC

r - Enable interrupt El
bp ' Mnemonic Disable interrupt DI

Logical shift right SHR

Logical shift left SHL

Arithmetic shift right SHRA

Arithmetic shift left SHLA

Rotate right ROR

Rotate left ROL

Rotate right thru carry RORC

Rotate left thru carry ROLC
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Name Mnemonic
Branch BR
Jump JMP
Skip SKP
Call CALL
Return RTN
Compare(by - ) CMP
Test (by AND) TST
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Status Flag Circuit T ‘I'B
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j 8-bit ALU
F.-F,
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).p Check for 8
Zero output
U= K
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Mnemonic Branch condition Tested condition

BZ Branch if zero Z=1

BNZ Branch if not zero Z=0
BC Branch if carry C=1
BNC Branch if no carry C=0
BP Branch if plus S=0

BM Branch if minus S=1

BV Branch if overflow V=1
BNV Branch if no overflow V=0

Unsigned compare conditions (A - B)
BHI Branch if higher A>B
BHE Branch if higher or equal A2B
BLO Branch if lower A<B
BLOE  Branch if lower or equal A<B
BE Branch if equal A=B
BNE Branch if not equal A#B
Signed compare conditions (A - B)

BGT Branch if greater than A>B
BGE Branch if greater or equal Az2B
BLT Branch if less than A<B
BLE Branch if less or equal A<B
BE Branch if equal A=B

BNE Branch if not equal A#B
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CALL
SP« SP-1
M[SP] « PC

PC « M|SP]
SP « SP + 1
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