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• Capable of executing
various microoperations.

• Can be instructed as to
what specific sequence of
operations to perform.



A Program
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processor
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Execution Cycle
Instruction

Fetch

Obtain an instruction from 
program storage in memory

Memory

Instruction register

Program 
counter(addr)

Instruction i



processor
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Execution Cycle
Instruction

Fetch

Instruction

Decode

Obtain instruction from 
program storage in memory

Determine required actions
and instruction size

Memory

M R1 + R2Instruction i



processor
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Execution 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=
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Execution 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



8

Execution 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
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Execution 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
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An Instruction
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• A group of bits that instructs the computer 
to perform a specific operation.

• An instruction is usually divided into parts.

Operation code Address

A group of bits that defines 
an operation: 
add, subtract, shift, and etc.

n bits define 2n operations

An address in the memory



A Stored Program 
Organization
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Op. code Address Instructions (program)

Operands (data)

Binary value (operand)

Accumulator

One of the 
processor’s 
Registers



The Instruction
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If an operation in the instruction does not need a memory 
operand, the rest of the bits can be used to expand the operation. 
Examples:
clear accumulator, complement accumulator, read a character 
from the keyboard, etc.

Operation code Address

4 bits  16 possible 
operation codes

12 bits  length of 
memory is 212 = 4096

All instructions and operands are 16 bits

Size of memory is 4096 × 16



Addressing Modes
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Op. code Value or opcode extension

Immediate addressing mode

Op. code address in memory

Direct addressing mode

Op. code address of address in memory (pointer)

Indirect addressing mode

0

1

Indirect bit 3 bits remains  8 possible operations



Addressing Modes
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EA = Effective Address

The address of the 
operand in a 
computation type 
instruction OR
the target address 
in a branch type 
instruction



QUIZ1
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A computer uses memory unit with 256K words of 32 bits each. 
A binary instruction code is stored in one word of the memory.

What is the length (in bits) of one instruction?

The instruction has four parts:
1. An indirect bit
2. An operation code
3. A register code part, to specify one of 64 registers.
4. An address part

How many bits are in the register code part?

Op. code address partregister code

Indirect bit

How many bits are in the address part?

How many bits are in the operation code part?

How many bits are in a data operand?
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Holds the memory operand

Processor register

Holds address for memory

Holds address of instruction

Holds temporary data

Holds instruction code

Holds input charHolds output 
char

Data Register

Instruction Register

Accumulator

Program Counter

Address Reg.

Temp Register

Output Reg. Input Reg.

Computer Registers

When 16 bits are sent 
it takes the LSBs
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The Bus
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The Bus
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The Bus - examples
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The Bus – concurrent data 
transfer



26

The Bus – concurrent data 
transfer



QUIZ2

27

The following control inputs are
active in the bus system shown in
The Bus slide or here
For each case specify the register
transfer that will be executed
during the next clock transition

Register 
Transfer

Adder 
oper.

Memory 
oper.

LD of 
register

S0S1S2

-ReadIR111

--PC011

-WriteDR001

Add-AC000



QUIZ3
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The following register transfer are
active in the bus system shown in
The Bus slide or here
For each case fill the table below

Register 
Transfer

Adder 
oper.

Memory 
oper.

LD of 
register

S0S1S2

AR PC

IR M[AR]

M[AR]  TR

ACDR,
DRAC



29

Computer Instruction


