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Instruction Cycle
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Instruction Cycle
Instruction

Fetch

Instruction

Decode

Operand

Fetch

Execute

Result

Store

Obtain instruction from 
program storage in memory

Determine required actions
and instruction size

Locate and obtain operand
data

Compute result value or 
status
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Memory

M  R1 + R2

regs
ALU
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Instruction Cycle
Instruction

Fetch

Instruction

Decode

Operand

Fetch

Execute

Result

Store

Next

Instruction

Obtain instruction from 
program storage in memory

Determine required actions
and instruction size

Locate and obtain operand
data

Compute result value or 
status

Deposit results in storage

Determine next instruction

(not the next in case of branch)

Memory

regs
ALU

Instruction register

7
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Instruction - FETCH
Instruction

Fetch

Obtain instruction from
program storage in
memory

PC (=100)

100

T0 : AR  PC
AR (=100)

T0
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Instruction - FETCH
Instruction

Fetch

Obtain instruction from
program storage in
memory

PC (=100)

100

T0 : AR  PC
AR (=100)

T1

T1 : IR  M[AR], 
PC  PC + 1

ADD      2020

PC (=101)

101
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Instruction - DECODE
Instruction

Fetch

T0 : AR  PC

AR (=202)

T2

T1 : IR  M[AR], 
PC  PC + 1

0

Instruction

Decode

Determine required 
actions and 
instruction size

T2 : D0 ,.., D7  Decode IR(12-14)
AR  IR(0-11), 
I  IR(15)

ADD      2020

101

I0
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Instruction - EXECUTION
Instruction

Fetch

T0 : AR  PC

AR (=202)

T1 : IR  M[AR], 
PC  PC + 1

0

Instruction

Decode

T2 : D0 ,.., D7 

Decode IR(12-14)
AR  IR(0-11), 
I  IR(15)

ADD      2020

Operand

Fetch

Execute

Result

Store

Next

Instruction

T3 T4 T5 T6

I
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The Instruction Format

I

1/0

0

1
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The Instruction Format

1

1

I
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Determine Instruction Type

I

D7IT3 D7I`T3
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Instruction - Indirect
Instruction

Fetch

Instruction

Decode

T0 : AR  PC

T1 : IR  M[AR], 
PC  PC + 1

T2 : D0 ,.., D7 

Decode IR(12-14)
AR  IR(0-11), 
I  IR(15)

Operand

Fetch

Execute

Result

Store

Next

Instruction

D7`IT3: ARM[AR]

D7`I`T3

On direct do nothing

AR (=202)

0

ADD      2021

350202:

I

D7`

T3

350
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Register Reference 
Instructions
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Register Reference 
Instructions
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Example:  CLA
I

D7

T3
B11

11
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Memory Reference 
Instructions (MRI)

Instruction

Fetch

Instruction

Decode

Operand

Fetch

Execute

Result

Store

Next

Instruction

T0 : AR  PC

T1 : IR  M[AR], 
PC  PC + 1

T2 : D0,..,D7 Decode IR(12-14)
AR  IR(0-11),  I  IR(15)

D7`IT3: AR M[AR]

AR 
(effective address)I = 1

I = 0

T4

T5

T6

Read data from memory into 
a register

Logic circuits can be applied 
only on registers

Store result (if necessary)
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At the end of the T3 cycle, AR 
holds the effective Address

Memory Reference 
Instructions (MRI)

I

IR15 IR14 .. IR12 IR11 .. IR0

D0

D1

D2D6

D7
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MRI - AND

AR ( =202)

0

AND      2020

AAA202:At the end of the T3 cycle, AR 
holds the effective Address

AND : AC AC  M[AR]

D0T4 :  DR  M[AR]
D0T5 :  AC AC  DR, SC  0

AAAD0

T4

06A
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MRI - AND

AR ( =202)

0

ADD      2020

AAA202:At the end of the T3 cycle, AR 
holds the effective Address

AND : AC AC  M[AR]

D0T4 :  DR  M[AR]
D0T5 :  AC AC  DR, SC  0

AAA

06A

D0

T5

AND

02A

000 0
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MRI - ADD

AR ( =202)

0

ADD      2020

AAA202:At the end of the T3 cycle, AR 
holds the effective Address

ADD : AC AC + M[AR], 
E  Cout

D1T4 :  DR  M[AR]
D1T5 :  AC AC + DR, 

E  Cout , SC  0

AAA

06A
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MRI - LDA

AR ( =202)

0

LDA      2020

AAA202:At the end of the T3 cycle, AR 
holds the effective Address

LDA : AC  M[AR]

D2T4 :  DR  M[AR]
D2T5 :  AC  DR, SC  0

AAA

06A

AAA



25

MRI - STA

AR ( =202)

0

STA      2020

AAA202:At the end of the T3 cycle, AR 
holds the effective Address

STA : M[AR] AC 

D3T4 :  M[AR] AC, SC  0
06A06A
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PC = 150 150 : ADD 230

PC = 151

T0 : AR  PC

T1 : IR  M[AR], 
PC  PC + 1

151 : INC

PC = 152 152 : BUN 200

D4T4 :  PC AR, SC  0

T2 : D0,..,D7 Decode IR(12-14)
AR  IR(0-11),  I  IR(15)

D7`IT3: ARM[AR]

PC = 200 200 : AND AB0

…

MRI - BUN

PC = 153
AR = 200



27

Conditional & Unconditional Jumps

THEN {

}

If..then..else

ELSE {

}

condition?

…

Loop body {

}

loops

condition?

…

unconditionalconditional

…

subroutines

Call f( );

f( )
{ 
Body of f( )
…
}

FF

goto

switch / case

for ( ),
while,
do .. while



MRI - BSA
Branch to subroutine and 
save the return address

BSA : M[AR]  PC, PC AR + 1 

D5T4 : M[AR]  PC, AR AR + 1
D5T5 : PC AR, SC  0

150 : BSA 230
151 : INC

//subroutine call

230 : XXXX

…

232 : …

…

255 :  1 BUN 230

231 : …

//subroutine begins here

//subroutine ends here

main

PC = 150

T0 : AR  PC

T1 : IR  M[AR], 
PC  PC + 1

T2 : D0,..,D7 Decode IR(12-14)
AR  IR(0-11),  I  IR(15)

D7`IT3: AR M[AR]

AR = 150PC = 151 AR = 230

151

AR = 231PC = 231 IR = BSA 230



MRI – BUN (cont. BSA)
Branch to subroutine and 
save the return address

BSA : M[AR]  PC, PC AR + 1 150 : BSA 230
151 : INC

//subroutine call

230 : XXXX

…

232 : …

…

231 : …

//subroutine begins here

//subroutine ends here

main

PC = 255

T0 : AR  PC

T1 : IR  M[AR], 
PC  PC + 1

T2 : D0,..,D7 Decode IR(12-14)
AR  IR(0-11),  I  IR(15)

D7`IT3: AR M[AR]

AR = 255

151

IR = 1 BUN 230

D4T4 :  PC AR, SC  0

AR = 230 I = 1AR = 151

255 :  1 BUN 230

PC = 256PC = 151



MRI - ISZ
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MRI - ISZ

AR ( =202)

0

ISZ      2020

-1202:Increment memory word and 
skip next instruction if memory 
word equals to zero.

D6T4 : DR  M[AR]
D6T5 : DR  DR + 1
D6T6 : M[AR]  DR, 

if (DR = 0) then PC  PC + 1,
SC  0 

06A06A

PC ( =107)

-1

106 : ISZ 202
107 : BUN 150
108 : BUN 090
….

….



32

MRI - ISZ

AR ( =202)

0

ISZ      2020

-1202:Increment memory word and 
skip next instruction if memory 
word equals to zero.

D6T4 : DR  M[AR]
D6T5 : DR  DR + 1
D6T6 : M[AR]  DR, 

if (DR = 0) then PC  PC + 1,
SC  0 

06A06A

PC ( = 107)

0

106 : ISZ 202
107 : BUN 150
108 : BUN 090
….

….
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MRI - ISZ

AR ( =202)

0

ISZ      2020

0

202:Increment memory word and 
skip next instruction if memory 
word equals to zero.

D6T4 : DR  M[AR]
D6T5 : DR  DR + 1
D6T6 : M[AR]  DR, 

if (DR = 0) then PC  PC + 1,
SC  0 

06A06A

PC ( =203)PC ( =108)

0

106 : ISZ 202
107 : BUN 150
108 : BUN 090
….

….
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MRI – ISZ (another example)

AR ( =202)

0

ISZ      2020

58202:Increment memory word and 
skip next instruction if memory 
word equals to zero.

D6T4 : DR  M[AR]
D6T5 : DR  DR + 1
D6T6 : M[AR]  DR, 

if (DR = 0) then PC  PC + 1,
SC  0 

06A06A

PC ( =107)

58

106 : ISZ 202
107 : BUN 150
108 : BUN 090
….

….
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MRI - ISZ

AR ( =202)

0

ISZ      2020

-1202:Increment memory word and 
skip next instruction if memory 
word equals to zero.

D6T4 : DR  M[AR]
D6T5 : DR  DR + 1
D6T6 : M[AR]  DR, 

if (DR = 0) then PC  PC + 1,
SC  0 

06A06A

PC ( =107)

59

106 : ISZ 202
107 : BUN 150
108 : BUN 090
….

….
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MRI - ISZ

AR ( =202)

0

ISZ      2020

59

202:Increment memory word and 
skip next instruction if memory 
word equals to zero.

D6T4 : DR  M[AR]
D6T5 : DR  DR + 1
D6T6 : M[AR]  DR, 

if (DR = 0) then PC  PC + 1,
SC  0 

06A06A

PC ( =107)

59

106 : ISZ 202
107 : BUN 150
108 : BUN 090
….

….
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Memory Reference Flowchart


