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ELEC3730 Embedded SystemsELEC3730 Embedded Systems
LectureLecture  8:8:  The Intel Architecture ProcessorThe Intel Architecture Processor

• History
• Real vs Protected Mode introduction
• Registers
• Segmented Memory Architecture
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The Intel Processor FamilyThe Intel Processor Family

 
 

Name Date Transistors Microns 
Clock 

speed 

Data 

width 
MIPS 

8080 1974 6,000 6 2 MHz 8 bits 0.64 

8088 1979 29,000 3 5 MHz 
16 bits 

8-bit 

bus 

0.33 

80286 1982 134,000 1.5 6 MHz 16 bits 1 

80386 1985 275,000 1.5 16 MHz 32 bits 5 

80486 1989 1,200,000 1 25 MHz 32 bits 20 

Pentium 1993 3,100,000 0.8 60 MHz 
32 bits 

64-bit 

bus 

100 

Pentium II 1997 7,500,000 0.35 
233 

MHz 

32 bits 

64-bit 

bus 

~300 

Pentium III 1999 9,500,000 0.25 
450 

MHz 

32 bits 

64-bit 

bus 

~510 

Pentium 4 2000 42,000,000 0.18 1.5 GHz 
32 bits 

64-bit 

bus 

~1,700 

Pentium 4 

"Prescott" 
2004 125,000,000 0.09 3.6 GHz 

32 bits 

64-bit 

bus 

~7,000 
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8086 Microprocessor8086 Microprocessor
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Operating Modes of IntelOperating Modes of Intel  Architecture (IA) ProcessorsArchitecture (IA) Processors

• Real-address Mode:
− Corresponds to the original 8086 processor;
−  Supported by all processors in the IA family;
− Initial operating mode when a hardware reset signal applied (eg. start-up)’;
− Limited number of processor features are available in real mode;
− Physical address space is limited to one megabyte.

• Protected Mode:
− Originally introduced with the Intel 286;
− Enhanced in the Intel 386.
− Offers greater performance than real mode;
− All processor features available;
− Larger physical address space available.

• System Management Mode
− Not considered here
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8086/8088 Registers = IA Real Mode Registers8086/8088 Registers = IA Real Mode Registers
07 07

IP
SP
BP
SI
DI

CS
DS
SS
ES

AH
BH
CH
DH

AL
BL
CL
DL

015

015

Accumulator
Base

Counter
Data

Code Segment
Data Segment

Stack Segment
Extra Segment

Instruction Pointer
Stack Pointer
Base Pointer
Source Index

Destination Index

}

}
}

AX
BX
CX
DX

IP
SP
BP
SI
DI

Data
Group

Pointer/
Index
Group

Segment
Group
(1 MB Blocks)
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AX, BX, CX, DX - Some Specialized Uses

AX, Accumulator
Main Register for Performing Arithmetic
mult/div must use AH, AL
“accumulator” Means Register with Simple ALU

BX, Base
Point to Translation Table in Memory
Holds Memory Offsets; Function Calls

CX, Counter
Index Counter for Loop Control

DX, Data
After Integer Division Execution - Holds Remainder

AH
BH
CH
DH

AL
BL
CL
DL

07 07

Accumulator
Base

Counter
Data

AX
BX
CX
DX
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extra segment selectors

AH           AL

DH           DL

CH           CL

BH           BL

15                  7                0

CS

DS

SS

ES

code segment selector

data segment selector

stack segment selector

15                                     0

31                                                                            0

FS

GS

AX

DX

CX

BX

BP

SI

DI

31       

SP

EAX

EDX

ECX

EBX

EBP

ESI

EDI

ESP EFLAGS

EIP

status and control registers

IA Protected Mode RegistersIA Protected Mode Registers
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Segment RegistersSegment Registers

31 016  15

CS

DS

SS

ES

FS

GS

“Hidden” Part “Visible” Part

Segment Selector
Base Address, 

Limit, and 
Access Information

(not used in Real Mode)
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Carry flag

Parity flag

Auxiliary flag
Zero

Overflow
Direction

Interrupt enable
Trap

Sign6 are status flags
3 are control flag

Flags Register
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

OF DF IF TF SF ZF AF PF CF

Flag Bit Description

Overflow 11 Previous result caused arithmetic overflow.

Direction 10 1 = auto-decrement, 0 = auto-increment.

Interrupt Enable 9 Interrupts are enabled

Trap 8 Single step mode enabled

Sign 7 Previous result was negative

Zero 6 Previous result was zero

Auxiliary Carry 4 Previous result produced a BCD carry

Parity 2 Previous result had even parity

Carry 0 Previous result produced a carry put of MSB
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Intel 

Physical Address (20 Bits)

Adder

Segment Register (16 bits)

0000
0 0 0 0

Offset Value (16 bits)

Real-Mode AddressingReal-Mode Addressing

• Default at Power Up;

• Provides backward compatibility
Pentium -> 80186,8086

• 8086 = 16 bit processor

2^16 = 65k addresses

• Segmented addressing:

2^20 = 1MB addresses

0000
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Memory  

  

Operand 8B40316 

  

The segment value establishes a reference 

point to the beginning of a 64kb block of 

memory; the offset is a positive 

displacement from this reference. 

 

  

Offset = 012316    

    

 Segment = 8B2E16   8B2E016 

    
 

Example: Real-Mode AddressingExample: Real-Mode Addressing

8B403

8B2E0
Offset = 0123

Memory

8B403 = 8B2E0 + 0123
             = 80000+B403
            = 8B000 + 0403 

Offset=0123

Notation:  8B2E:0123

Not Unique!

8000:B403
8B00:0403
8B40:0003
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CS, DS,SS Which Segment Register?CS, DS,SS Which Segment Register?

• Depends on Context
• Fetching Instructions: CS+IP
• Pushing/Popping from Stack: SS+SP
•Accessing Memory: DS+ Register or DS+constant

• Important Exception: BP Offset => SS is Segment

Effective AddressCS,ES,SSSSBP as pointer

Effective AddressCS,ES,SSDSBX as pointer

DINoneESString Destination

SICS,ES,SSDSString Source

Effective AddressCS,ES,SSDSGeneral Data

SPNoneSSStack Operations

IPNoneCSInstruction Fetch

OffsetAlternate SegmentDefault SegmentType of Memory
Reference
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Segmented Memory ArchitectureSegmented Memory Architecture

• One program can work on
several sets of data;

• Only logical addresses need be
specified – can be relocated to
many different physical
addressess.

• Extra hardware and software
complexity;

• One segment (8086) = 2^16 =
64KB – software limited to
segment size

• 80386 – protected mode
introduced to remove above
limitation.

Data for program

Program instruction
opcodes+operands

Subroutine return
addresses, input
arguments, local
variables


