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The Instruction Set
Architecture Level

Chapter 5
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ISA Level

The ISA level is the interface between the compilers and the hardware.
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Memory Models

An 8-byte word in a little-endian memory.    (a) Aligned.   (b) Not
aligned. Some machines require that words in memory be aligned.
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Overview of 
the Pentium 4 
ISA Level

The Pentium 4’s primary 
registers.
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Overview of the UltraSPARC III ISA Level (1)

The UltraSPARC III’s general registers.
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Overview of the 
UltraSPARC III 
ISA Level (2)

Operation of the 
UltraSPARC III 
register windows.
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Overview of the 
8051 ISA Level

(a) On-chip memory organization for the 8051. 
(b) Major 8051 registers.
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Data Types on the Pentium 4

The Pentium 4 numeric data types. 
Supported types are marked with ×.
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Data Types on the UltraSPARC III

The UltraSPARC III numeric data types. 
Supported types are marked with ×.
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Data Types on the 8051

The 8051 numeric data types. 
Supported types are marked with ×.

Tanenbaum, Structured Computer Organization, Fifth Edition, (c) 2006 Pearson Education, Inc. All rights reserved. 0-13-148521-0 

Instruction Formats (1)

Four common instruction formats: 
(a) Zero-address instruction. (b) One-address instruction 
(c) Two-address instruction. (d) Three-address instruction.
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Instruction Formats (2)

Some possible relationships between instruction and word length.
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Expanding Opcodes (1)

An instruction with a 4-bit opcode and three 4-bit address fields.
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Expanding  Opcodes (2)

An expanding opcode allowing 15 three-address instructions, 14
two-address instructions, 31 one-address instructions, and 16 

zero-address  instructions.  The fields marked xxxx, yyyy, 
and zzzz are 4-bit address fields.
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The Pentium 4 Instruction Formats

The Pentium 4 instruction formats.
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The UltraSPARC III Instruction Formats

The original SPARC instruction formats.
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SETHI Instruction
sethi const22,%reg   "const22"

•constant into the high-order 22 bits of the register
•low-order 10 bits set to 0's

sethi 0x333333,%L1; 
0x333333 is  1100110011001100110011
%L1 set  to   1100110011001100110011 0000000000

set %L1 to 0x89ABCDEF, 32-bit constant

89ABCDEF = 1000 1001 1010 1011 1100 1101 1110 1111 
Top 22: 10 0010 0110 1010 1111 0011 = 226AF3 
Low 10 bits are 01 1110 1111 = 1EF 

sethi 0x226AF3,%L1 
or %L1,0x1EF,%L1 ;or is better than add. (WHY?)
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The 8051 Instruction Formats

The 8051 instruction formats.

↑ Accu

Accu Op Registre

Appel avec/sans mem externe

Mem interne←constante

Accu Op cte immed
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Addressing

An immediate instruction for loading 4 into register 1.

Register Indirect Addressing:  a generic assembly program for 
computing the sum of the elements of an array.
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Indexed Addressing (1)

A generic assembly program for computing the OR of 
Ai AND Bi  for two 1024-element arrays.
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Indexed Addressing (2)

A possible representation of MOV R4,A(R2).
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Reverse Polish Notation (1)

Each railroad car represents one 
symbol in the formula to be 
converted from infix to reverse 
Polish notation.
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Reverse Polish Notation (2)

Decision table used by the infix-to-reverse Polish notation 
algorithm
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Reverse Polish Notation (3)

Some examples of infix expressions and 
their reverse Polish notation equivalents.
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Evaluation of Reverse Polish notation Formulas

Use of a stack to evaluate a reverse Polish notation formula.
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Orthogonality of Opcodes and 
Addressing Modes (1)

A simple design for the instruction formats of a three-address 
machine.
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Orthogonality of Opcodes and 
Addressing Modes (2)

A simple design for the instruction formats 
of a two-address machine.
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The Pentium 4 Addressing Modes (1)

The Pentium 4 32-bit addressing modes. M[x] 
is the memory word at x.



8

Tanenbaum, Structured Computer Organization, Fifth Edition, (c) 2006 Pearson Education, Inc. All rights reserved. 0-13-148521-0 

The Pentium 4 Addressing Modes (2)

Access to a[i].

Tanenbaum, Structured Computer Organization, Fifth Edition, (c) 2006 Pearson Education, Inc. All rights reserved. 0-13-148521-0 

Discussion of Addressing Modes

A comparison of addressing modes.
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Loop Control

(a) Test-at-the-end loop. 
(b) Test-at-the-beginning loop.
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Input/Output (1)

Device registers for a simple terminal.
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Input/Output (2)

An example of programmed I/O.
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Input/Output (3)

A system with a DMA controller.
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The Pentium 4 Instructions (1)

A selection of the Pentium 4 integer instructions.
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The Pentium 4 Instructions (2)

A selection of the Pentium 4 integer instructions.
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The Pentium 4 Instructions (3)

A selection of the Pentium 4 integer instructions.
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The Pentium 4 Instructions (4)

A selection of the Pentium 4 integer instructions.
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The UltraSPARC III Instructions (1)

The primary UltraSPARC III integer instructions.
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The UltraSPARC III Instructions (2)

The primary UltraSPARC III integer instructions.
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The UltraSPARC III Instructions (3)

The primary UltraSPARC III integer instructions.
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The UltraSPARC III Instructions (4)

The primary UltraSPARC III integer instructions.
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The UltraSPARC III Instructions (5)

The primary UltraSPARC III integer instructions.
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The UltraSPARC III Instructions (6)

Some simulated UltraSPARC III instructions.
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8051 Instructions (1)

The 8051 Instruction set.
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8051 Instructions (2)

The 8051 Instruction set.
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8051 Instructions (3)

The 8051 Instruction set.
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8051 Instructions (4)

The 8051 Instruction set.
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8051 Instructions (5)

The 8051 Instruction set.
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Sequential Flow of Control and Branches

Program counter as a function of time (smoothed). 
(a) Without  branches. (b) With branches.
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Recursive Procedures (1)

Initial configuration for the Towers of Hanoi problem for five disks.
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Recursive Procedures (2)

The steps required to solve the Towers of  Hanoi for three disks.
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Recursive Procedures (3)

The steps required to solve the Towers of  Hanoi for three disks.
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Recursive Procedures (4)

A procedure for solving the Towers of Hanoi.
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Recursive Procedures (5)

The stack at several points during the execution of Fig. 5-42.
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Coroutines (1)

When a procedure is called, 
execution of the procedure
always begins at the first 
statement of the procedure.
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Coroutines (2)

When a coroutine is resumed, execution begins at the
statement where it left off the previous time, not at the beginning.
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Interrupts

Time sequence of multiple interrupt example.
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Towers of Hanoi in Pentium 4 Assembly Language (1)

Towers of Hanoi for Pentium 4.

. . .
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Towers of Hanoi in Pentium 4 Assembly Language (2)

Towers of Hanoi for Pentium 4.

. . .

. . .
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Towers of Hanoi in Pentium 4 Assembly Language (3)

Towers of Hanoi for Pentium 4.

. . .
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Towers of Hanoi in UltraSPARC III 
Assembly Language (1)

Towers of Hanoi for UltraSPARC III.

. . .
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Towers of Hanoi in UltraSPARC III 
Assembly Language (2)

Towers of Hanoi for UltraSPARC III.

. . .

. . .
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Towers of Hanoi in UltraSPARC III 
Assembly Language (3)

Towers of Hanoi for UltraSPARC III.

. . .
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Reducing Memory References

The Itanium 2’s registers.
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Instruction Scheduling

An IA-64 bundle contains three instructions.
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Reducing Conditional Branches: Predication (1)

(a) An if statement. 
(b) Generic assembly code for a). 
(c) A conditional instruction.
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Reducing Conditional Branches: Predication (2)

(a) An if statement. 
(b) Generic assembly code for a). 
(c) Conditional instruction.
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Reducing Conditional Branches: Predication (3)

(a) An if statement. 
(b) Generic assembly code for a). 
(c) Predicated instruction.


