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Computer Instruction
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Instruction Set Completeness
A computer should have a set of instructions so that the
user can evaluate any function that is known to be
computable.

A complete set must include sufficient number of
instructions from the following categories:
1. Arithmetic, logical, and shift - CMA, INC, CIR, AND..
2. Moving information between the registers, and between

the registers and memory – LDA, STA
3. Program control, and status check – BUN, ISZ, BSA..
4. Input and output – INP, OUT..

A complete set of instructions, but not efficient.
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Timing and Control
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Two (major) Types of 
Control Organization

Hardwired Control  (This chapter)

Microprogrammed Control  (chapter 7)
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The Control Unit
IR - Instruction Register

Timing 
signal

clock

increment

clear

The SC is cleared when in 
RTL we write 
symbolically:
SC  0

The Sequence Counter 
(SC) is incremented 
synchronously:
T0, T1, T2, T3,..
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The Control Unit
𝑇4𝑇3
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Clock and Memory

• The memory read/write cycle is initiated
with the rising edge of a timing signal.

• It is assumed that a memory cycle time is
less than the clock cycle time.

• The memory R/W cycle is complete by the
time the next clock goes through its positive
cycle.

• This assumption is not valid in most of
computers.
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Clock and Timing Signals

Example:
T0 : AR PC

1. T0 is active during the entire clock cycle
interval.

2. During this time the content of the PC is placed
onto the bus, and the LD of AR is enabled.

3. The actual transfer occurs when the clock goes
through a positive transition (end of cycle).

4. On positive transition SC goes from 0000 to
0001.

5. T1 is active and T0 is inactive.
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Draw a timing diagram

similar to this one, assuming

that SC is cleared to 0 at time

T3 if control signal C7 is

active:

C7T3: SC 0

C7 is activated with the

positive clock transition

associated with T1.



processor
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Instruction Cycle
Instruction

Fetch

Obtain instruction from 
program storage in memory

Memory

Instruction register



processor
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Instruction Cycle
Instruction

Fetch

Instruction

Decode

Obtain instruction from 
program storage in memory

Determine required actions
and instruction size

Memory

M R1 + R2



processor
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Instruction Cycle
Instruction

Fetch

Instruction

Decode

Operand

Fetch

Obtain instruction from 
program storage in memory

Determine required actions
and instruction size

Locate and obtain operand
data

Memory

M R1 + R2

regs
ALU R1=

2
R2=

5
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Instruction Cycle
Instruction

Fetch

Instruction

Decode

Operand

Fetch

Execute

Obtain instruction from 
program storage in memory

Determine required actions
and instruction size

Locate and obtain operand
data

Compute result value or 
status

Memory

M R1 + R2

regs

+2 5

7

R1=
2

R2=
5
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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

Deposit results in storage

Memory

M R1 + R2

regs
ALU

7

7
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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



17

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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The following words reside in some

memory addresses

DATA
(binary)

ADDR
(hexa)

1001 0001 0100 0000100

0111 1000 0000 0000101

……

0000 0001 0000 0001120

……

1111 1111 0000 000013F

0000 0001 0010 0000140

Let PC = 100H

And the next clock cycle is T0

What will be the values of

the following registers at

the end of cycle T3 ?

PC, AR, IR in hexadecimal?

T0 : AR  PC

T1 : IR M[AR], 
PC  PC + 1

T2 : D0 ,.., D7 

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


