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“x86” refers to the ISA architecture that began back in 1978 with 
the i8086 16-bit microprocessor. it still is used to refer to that ISA 
through all the upgrades through Pentiums. Intel and AMD both 
now have 2 ISA’s: a 32-bit (IA-32) and a 64-bit (IA-64). most PC’s 
and all new Macs use x86–64 (IA-64), but Apple will replace x86–
64 with ARMv8 (64-bit) cores.

x86 includes a 32-bit ISA and a 64-bit ISA, called "x86-32" and 
"x86-64". there are any number of assembly languages supporting 
those ISA's. "RISC" is a specific CPU architecture that all modern 
CPU's use. It has a goal of single-cycle execution via deep 
pipelines, a general register set, separate (Harvard style) L1 I and 
D caches, and an ISA that restricts memory access to "Load" and 
"Store".

x86-32 x86-64

IA-32 IA-64
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i386i286
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v Designed and built by IBM (Boca Raton, FL) in 1981
v CPU:  i8088 (i8086 with an 8-bit data bus)
v Speed:  4.77 MHz
v Memory – DRAM:  64KB (48KB soldered, 16KB socketed)
v Disk:  8 inch floppy – 2 drives (A:, B:)
v OS:  MS/PC-DOS (derived from CP/M)
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VIA

Wikipedia
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4-bit* i4004

8-bit* i8008 à i8080 à i8085 à 16-bit* i8086
16-bit address 20-24 bit address

*word size is for DATA

16-bit* i80286 à 32-bit* i80386 à i80486 à i80586 
à Pentium (32/64-bit)

[Note:  the 1st gen IBM PC used a custom i8088 with an 8-bit data bus]

24-bit address 48 bit address40 bit address
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Market Segment AMD Intel

Desktop Ryzen/Threadripper Core (10th gen)

Laptop Athlon Ice Lake

Gaming Threadripper
+Radeon Core Extreme

Server/Workstn Epyc Xeon
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Bus Clock CPU Clock
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XeonCeleron
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i7i3/i5

M
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33MHz

4.7W
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20-bit
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Hennessy & Patterson
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v8/16/32/64 bit basic registers
v128/256/512 bit MMX extended registers
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Hennessy & Patterson
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Hennessy & Patterson
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Hennessy & Patterson



COMP122

© Jeff Drobman
2016-2022x86 Operands

Hennessy & Patterson
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Hennessy & Patterson
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CISC
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Intel, AMD, VIA
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MMX
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AVX2
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x64
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Hennessy & Patterson1978-2011
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Hennessy & Patterson1978-2011

Golden Handcuffs of x86 compatibility
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AMD
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Intel
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Intel
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Fog
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MULTIPLY

v Unsigned only
v First convert negative numbers (2sC) – NEG op
v Compute result sign:  0 if both signs same, 1 else (not=)
v Complement result if sign is negative – NEG op 
v Other MPUs use signed multiply (2sC) via “Booth’s Algorithm”

DIVIDE
v No hardware, no instruction
v Create subroutine (may find ones in asm library)
v Compute

§ Long division
§ Non-restoring division
§ Iterative subtraction (very slow)

v Use tricks
§ Divide by 2 or any 2n:  right SHIFT by n
§ Divide by 10:  convert to BCD, then right SHIFT by 4 (reconvert to binary) 
§ Divide by 5:  divide by 10, then multiply by 2 (by shifting after conv. Bin)
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Floating Point Can be imprecise

Integer Non-Restoring
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AMD

64-Core
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Intel
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Intel
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Intel Core 4
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AMD

7nm

14nm

Zen 2
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AMD
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Sockets
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Sockets
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HEDT



COMP122

© Jeff Drobman
2016-2022AMD vs Intel:  High-end

HEDT
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Ø See separate slide set “MCS-8 Assembly”
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Set low byte A = all 1’s or all 0’s

MOV

UPPER CASE!

AH  AL  
AX
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Intel x86
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Bus Interface
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Bus Interface

MPU

DRAMROM

8088
16-bit
MPU

8085
8-bit
MPU
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Bus Interface
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Pipeline
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Registers
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Registers
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Registers
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Memory
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Addressing
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Addressing
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Reserved Words Instructions
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Instructions
ALU
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InstructionsALU
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Instructions
ALU

Shift

String
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Instructions
JMP

Int

Call

BR
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Instructions

NOP
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Instructions
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Instructions
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Assembly Code

Macro Constants (EQU)
Declare variables

labels Ops operands

comments
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Assembly Code
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Assembly Code

Stack example
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Assembly Code

I/O + Gray code example
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Assembly Code

Decimal Mult example


