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ELEC3730 Embedded SystemsELEC3730 Embedded Systems
LectureLecture  9: The Intel Architecture Processor9: The Intel Architecture Processor

• Memory Addressing Modes

• Byte Addressable Mode

• Organisation of Stack

• Protected Mode

ELEC3730 Callaghan Campus 2

Instruction FormatsInstruction Formats

“Source” operand“Destination” operand

Four Types of Instruction Operands:

1. A constant embedded in the instruction;
2. The contents of a register;
3. The contents of a memory location;
4. The contents of an I/O port.

Restrictions:

1. Source and destination operands must
be the same size (equal number of bits);

2. Source or destination operands may be
memory addresses - but not both;

3. Segment Registers
(CS,DS,SS,ES,FS,GS) can only be
used in data movement (MOV)
instructions;

Copy data pointed to by BX into AXMOV AX,[BX]2

Copy contents of BX into AXMOV AX,BX2

Increment contents of register AXINC AX1

Clear the carry flag to 0CLC0

DescriptionExampleOperand Fields
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Direct Addressing ModeDirect Addressing Mode

opcode 16-bit offset Instruction provides memory

offset
operand

Offset = RB + RI + constant

Eg:     MOV AX,[TOTAL]BX

BP

None

++

Base Index

SI

DI

None

16 bit

8 bit

None

Constant
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Register Indirect ModeRegister Indirect Mode

opcode code memory

BX, BP, SI, or DI operand

Register provides offset

Offset    = RB + RI + constant

Offset    = RB + RI + constant
or

(Example:(Example:         MOV AX,[BX])MOV AX,[BX])
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Indexed and Based Address ModeIndexed and Based Address Mode

opcode code displacement Offset is sum of selected memory

register and displacement.

Code selects

register to use + operand

BX, BP, SI, DI Based: BX or BP

Indexed: SI or DI

Offset    = RB + RI + constant

Offset    = RB + RI + constant
or

Example:Example:         MOV AX,[BX+3]MOV AX,[BX+3]
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Based-indexed Address ModeBased-indexed Address Mode

opcode code code displacement memory

BX or BP + operand

SI or DI

Address = RB + RI + constant

Example: Example: MOV AX,[BX+SI+3]MOV AX,[BX+SI+3]



ELEC3730 Callaghan Campus 7

Intel Architecture - Byte AddressableIntel Architecture - Byte Addressable

MOV AX, [BX+5]

SLOW! 2 Memory 
Read Cycles Required

¥ 8086 is 16 bit processor

¥ Memory still organised in bytes

¥ 16 bit words organised in even
and odd banks
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Intel Architecture - Little Intel Architecture - Little Endian Endian Ordering of IntegersOrdering of Integers

0001 0010 0011 0100 0101 0110 0111 1000 

Byte N+3 Byte N+2 Byte N+1 Byte N

32‑bit value =  1234567816

In little endian format, the address of a 32‑bit
quantity is the same as the address of its least
significant byte.
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The StackThe Stack

Instruction
sequence: Address Memory contents

PUSH EBX SS:[ESP+10] value from
 EBX(32 bits)

↓

Stack
"grows"
downward.

PUSH AX SS:[ESP+8] value from AX
(16 bits)

PUSH CS SS:[ESP+4] value from CS
(32 bits)

PUSH EDX SS:[ESP] value from EDX
(32 bits)

← Top of stack
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Protected ModeProtected Mode

• Introduced in 80386 processor:

−Address in segment register is a pointer 
 into a descriptor table;

−Global Descriptor table (GDT) and 
  Local Descriptor Table (LDT) reside in RAM;

−LGDT command specifies the location to 
 the processor;

−Each entry is 8 bytes – 32 bit base 
  address of segment, segment size, 
  and access rights (eg. Read only, priv, etc);

−Virtual memory by swapping to disk is supported;

−Hidden word of segment registers 
 loaded with segment descriptor on first access;
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How Segment Registers are UsedHow Segment Registers are Used

16-bit Segment Selector

32-bit offset from effective address calculation

+

Global Descriptor Table

Segment Start Address

Physical Address (& Length) of
Global Descriptor Table

Physical
Address

Resides in
Main Memory

. . .

GDTR Register

Segment Register

+

32
bits

16
bits

32 bits

32 bits
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Protected-Mode AddressingProtected-Mode Addressing

EAX
EBX
ECX
EDX
ESI
EDI
EBP
ESP
None

EAX
EBX
ECX
EDX
ESI
EDI
EBP
None

1

2

3

4

None

8-bit

16-bit

32-bit

++
×

Base Index Scale Factor Displacement


