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e The operation of CPU is determined by the instructions it
executes (machine or computer |nstruct|ons)

e (CPU’s instruction set — the collection of different
instructions that CPU can execute

Eachinstruction must contain the information required by
CPU for execution :-

Operation code (o -- specifies the operation to be
peorformed (eg: ADp D, | O& éclioot his g

Source operand reference -- the OEeratlon may |$/olve one or
more source operands (input for the operation) =2 to this

esult operand reference -- the operation may produce a result
put the answer here

Next instruction reference -- to tell the CPU where to fetch the
next mstru%lon after t e execution of this instruction is
complete do this when you have done that

A

___________________________________________________________________________________________
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 Operands (source & result) can be in one of the 3 areas:-
 Main or Virtual Memory
* CPU register
* |/O device

e |tis not efficient to put all the information required by CPU in a machine instruction
e Each instruction is represented by sequence of bits & is divided into 2 fields; opcode & address

opcode address

. ]Ic:’rocessing become faster if all information required by CPU in one instruction or one instruction
ormat

opcode | address for Operand 1 address for Operand 2 address for Result address for Next instruction

* Problems = instruction become long (takes a few words in main memory to store 1 instruction)
* Solution = provide a few instruction formats (format instruction); 1, 2, 3 and addressing mode.
e Instruction format with 2 address is always used; INTEL processors
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* Opcodes are represented by abbreviations,
called mnemonics, that indicate the
operation. Common examples:

ADD Add

SUB Subtract

DIV Divide

LOAD Load data from memory
STOR Store data to memory
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Instruction-3-address V Universit

el

opcode address for Result address for Operand 1 address for Operand 2

e Example:SUBYAB Y=A-B
 Result2>Y

e Operand1 > A

e Operand2 > B

e QOperation = subtracts

e Address for Next instruction? = program counter (PC)
Instruction-2-address

opcode address for Operand 1 & Result address for Operand 2

 Example:SUBY B Y=Y-B
— Operand 1 2'Y
— Operand 2 2 B
— Result =2 replace to operand 1
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opcode address for Operand 2

* Example:
LOAD A
ADD B AC=AC+B

or

SUB B AC=AC-B
— Operand 1 & Result = in AC (accumulator), a register

— SUB B = B subtracts from AC, the result stored in AC
— Address for Next instruction? = program counter (PC)

* Short instruction (requires less bit) but need more instructions
for arithmetic problem
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Y = (A-B) / (C+D x E) Vi

Instruction Comment

* SUBY,A,B ' Y—A-B
* MPYT,D,E e ~— DxE
« ADDT, T,C e T T+C
* DIVY,Y, T e Y—o Y/ T

Three-address instructions
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Y=(AB)/(C+DxE)  VEE

- MOVEY, A
« SUBY,B

- MOVET, D
« MPY T, E

« ADDT,C

« DIVY, T

Two-address instructions




Y=(AB)/(C+DxE)  VEE

INSTRUCTIONS Comment

« LOAD D e AC D

* MPYE « AC —AEXE

« ADDC

. STORY ©AC TACHC

. LOADA Y TAC

« SUBB  AC —A-

e DIVY e AC —AC-B

« STORY e« AC ~AC/Y
e Y —AC

One-address Instructions
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Utilization of Instruction

Addresses
Number of Addresses Symbolic Representation Interpretation
3 OPA.B.C A~ BOPC
Z OPA B A~ AOPRE
I OP A AC «— ACOP A
( op T« (T-1HOPT
AC = gccumulator
T = top of stack
A B.C = memory or register locations

** Zero-address instructions are applicable to a special memory organisation,
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Addressing Mode

opcode address

* Address field - address for operand & result

 Number of bit required to store data (operand & result)

— Eg: field size for an operand = 4 bit, 24=16 space for address can be
used to store an operand

 How is the address of an operand specified?

* Addressing mode - A technique to identify address to access
operands
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* The most common addressing modes are:

— Immediate

— Direct

— Indirect

— Register

— Register Indirect
— Displacement

— Stack
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Immediate Addressing Mode
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* The data or operand is contained in the instruction

— address field
Instruction

opcode

address

* Eg: ADD 20
e Operand =20

e add 20 to contents of accumulator (AC)
e |fvaluein AC =10, the result = 30

* No memory reference to fetch data

* Fast
* Limited address space
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e Address field 2 address of operand

* E.g. ADD A

* Add contents of cell A to accumulator (AC)
* Look in memory at address A for operand

* One memory reference to access data
* No additional calculations to work out A (effective address)

* Limited address space Instruiction
Opcodé¢ Address A

Memory

Operand

— ‘
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Indireci Agdaressing Moae

* Memory cell pointed to by address field contains the address of
the operand

E.g. ADD A

* Lookin A, find address (A) and look there for operand
e Add contents of cell pointed to by contents of A to accumulator (AC)

 Multiple memory accesses to find operand

° S|OW€ r Instruction
Opcode Address A

Memory
Pointer to operand :|

\ 4

Operand

@‘ DO cao - Chapter 4 — P2. Mritha Ramalingam
oY e SA




Register Direct Addressing Mode
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* the operand is held in register named in address field

opcode Register address

e Small address field is needed

* No memory references are required
* Fast execution

 But, address space is limited

Instruction
Opcode| Register Address R

Registers

\ 4

Operand
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rect AAAress

|

NG VAL

* using a register as a pointer to memory
 Operandis in memory cell pointed by contents of register

Instruction

Opcode

Register Address R

Registers

\ 4

Pointer to Operand

Memory

\ 4

Operand

. . . . YA . .
* Disadvantages the same as indirect addressin CAO‘C“apte"“PZ'M“t“a Ramalingam
S e A




Displacemeni Adaressing Moace

J

 Combines the capabilities of direct addressing & register
indirect addressing.

* Address field = A + (R)

 Address field hold two values
e A =Dbase value

* R =register that holds displacement Instruction
¢ Orvice versd Opcode Register R| Address A
Memory
Registers

\ 4

Pointer to Operand 4@—> Operand
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* Relative Addressing

* R =Program counter, PC
 EA=A+ (PC)

* i.e. get operand from A cells from current location pointed to by PC

* Base-Register Addressing
* A holds displacement
* R holds pointer to base address
* R may be explicit or implicit
* e.g.segment registers in 80x86
* Indexed Addressing
 A=Dbase
* R =displacement
* EA=A+R
e Good for accessing arrays
* EA=A+R
* R++
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Displacement Addressing O

Instruction
Opcode Address A Memory

Program Counter

PC Operand
Relative Addressing
Instruction Instruction
Opcod¢  Address A Memory Opcod¢  Address A

Memory

Ppgiqtpre

Base Register g ) Operand + Index Register Operand

Base-Reqister Addressing

Indexed Address CAO — Chapter 4 — P2. Mritha Ramalingam
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* Better distinction of the base and indexing
might be who/what does the reference.

 Examples:

— Indexing is used within programs for accessing
data structures

— Base addressing is used as a control measure by
the OS to implement segmentation
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K AdAressing Moage

 Operand is (implicitly) on top of stack
® e.8. ADD Pop top two items from stackand add

Instruction

Opcode Operand

Top of stack
implicit

A 4

Top of stack register

(<)
\L/N\T)
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* There are 3 types of addressing for INTEL processor: PAHANG
— Immediate addressing
— Register addressing
— Memory addressing
e Memory addressing = 6 types :
— Direct memory addressing

— Direct-offset addressing — same as direct memory addressing but
use arithmetic operation to edit address.

— Indirect memory addressing

— Base displacement addressing — content in base registers (BX &
BP) & index registers (DI & SI), plus with displacement value in
instruction format to get the correct address for the data.

— Base index addressing — content in base registers, plus with the
content in index registers to get the correct address.

— Base index with displacement addressing — content in base
registers, plus with the content in index registers & displacement

Value to get the CorreCt address' @@@@ CAO - Chapter 4 — P2. Mritha Ramalingam
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General Purpose Registers (continue)

* Are available for addition and subtraction of 8-,

16- or 32-bits values:
MOV EAX, 225 ;Move 225 to EAX
ADD AX, CX ; Add CX to AX (words)
SUB BL, AL ; Subtract AL from BL (bytes)
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