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Processor

hardware detects

dependencies

between

operations and

schedules them for

simultaneous

execution to exploit

Instruction Level

Parallelism.
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Box 1. What is Instruction Level Parallelism?

Consider the following statement written in a high level language like C.

p = q * r – s/t + u * v  – w%x;

The operator % is the modulus operator in C.  Here it yields the remainder of the division of w by x. the

*, – and the + operators are the multiply, subtract and addition operators, respectively.  The expression

on the right hand side can be represented by the following tree (expression tree as compiler writers would

call it).

          p

The goal of parallel processing is to execute multiple operations simultaneously on independent hardware

units to reduce the overall execution time of a program. Instruction level parallel processing is a

combination of software and hardware techniques to reduce the overall program execution time by

identifying and executing simultaneously independent instructions from a stream of sequential instruc-

tions.  In the figure, observe that the four operations at the top level of the tree can be carried out in parallel

provided there are multiple arithmetic units.  The results of these operations are inputs for operations that

can again be performed in parallel.  However, the number of independent operations here are two.  Current

day processors indeed have multiple arithmetic units to support this kind of parallelism.  Because this kind

of parallelism exists at the level of instructions, it is called instruction level parallelism (ILP).  Compiler

technology also is advanced enough to perceive this parallelism and schedule instructions for parallel

execution on the multiple functional units available in hardware.

r q s t v u x 

/ * * 

− 

+

− 

w 

%



�� �������	� � ���������� ��		



������ � ���
	��

������������	��	�������������
	���
����	�������	����������$!�	�

�������	�	��������������
���	��������������
����������������)

�	��� ������� ��� ���� 
�������� � ��	�� 	�� ���� �

������ ������ ��

��
���������
�����������������������

��������
�	���	���������

���������+$�,�
��������������	���������	���������������
	���3�

��	�	�������������	���
�����������
����	�������	�������������)

�����
����	����������	�������*����������������������	���
��)

������
����	�����������
��������
����	����	����
��������	��	�

	�
����	���� ��� ��
�	�	���� �
��	��� ���� 	���
������� �
����	����

�������������������������������	���
��������
����	����	���
��	)

�	�������
��������������	�����+$�,�	�������	�����4���������	�

�����������������	�	�����	-���������
	���
����	�������	����	���

��
���������
�����������������
	����������+$�,�
������������


�����	���������	����������	���
�����������������������������

	���
������� 	�������	����� ����� 5� �	���� ��� ����
��� ��� ���� 	�)

������	��������	��������+$�,�
���������

�������������$!�
�����������	�����	������
��
���	�����������������

���	�	������	
����	������������������������������
�������1�����

�����
���������������
���������
	������������������
�����������


���������������	����������������
����
�	���������������������
�

�������������
���������
	����������������
��������������������

�	�
�����������
������������������

������	������������������

��
��������� 
����������
�	���+$�,�
���������� ����� ���� ������

�

��������+$�,�
����������
	����	��������	������	�
����������

����������������������	��������	�����������������������������)

������	���	�	�����	�����
������������!�������	���	���	�����
������)

	����

�	���	����	����������������������
��
�����

�	���	�������

����� ��� ������� ��� ���
	��� �	���� � *��	��� ���� �����	����� �	�
��

�����������	��������	��������	���������

��������������������

����
����
�������	�����1������������������
�������	���	���������


��
�����

�	���	������������� ����������������
	��� �	���� ����

��
���������
��������3������
����#�����������������%�����������)

	���
�������	������������	�������������	����
����	��������
�

����	��� ������	��� ���� ��
��	���	��� ��� 
�������	��� 	�� �

�	��)

�	����
�����
�������	���	�����������������������
	����	��������

������!���	���
���������	���������
��������
��������������������

VLIW processors,

relies exclusively

on the compiler’s

ability to detect

independence

between

instructions and

schedule

operations

accordingly.
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Box 2. The IA 64 Instruction Encoding.

The IA-64 (named Itanium by Intel) is  a VLIW processor.  It has 128 general purpose and the same number

of floating point registers.  An operation encoding hence uses 7 bits each to specify the two source

operands and another 7 bits to specify the destination operand.  The type of operation itself is encoded

using 14 bits.  Many operations also use a predicate argument that takes up another 6 bits since there are

64 predicate registers.  The predicate registers store a bit, depending on whose truth value the processor

decides to either execute the concerned operation  or skip its execution (execute a noop).  This accounts

for a total of 41 bits to specify an operation.

 O p        R eg iste r 1        R eg iste r 2         R eg is te r 3        P red ica te  

               14 bits         7 bits                7 bits                   7 bits                  6 bits

IA-64 Operation encoding

 Instruction 2      Instruction 1      Instruction 0      Template 

                   41 bits                  41 bits                    41 bits              5 bits

IA-64 VLIW instruction encoding

Each VLIW instruction (bundle in IA-64 terminology) consists of 128 bits.  This means that each VLIW

instruction can accommodate three 41 bit operations leaving five bits of the instruction encoding free.

These five bits are used for the template which assists in decoding and routing the instructions and also

the location of stops that mark the end of a group of instructions that can  execute in parallel.
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Box 3. VLIW Processor Organization

The schematic diagram depicts the various stages of a VLIW

processor pipeline.  The pipeline consists of a fetch unit, the

issue stage, the register read stage, the execute stage and the

memory stage.  The fetch stage fetches instructions from the

cache. In this stage, current day processors (like the IA-64) also

incorporate a branch prediction unit.  The branch prediction unit

predicts the direction of branch instructions and speculatively

fetches instructions from the predicted path.  This is necessary

to keep the processor pipeline active in the presence of branches

in the code.  The compiler can still provide hints to the hardware

for determining the direction of a branch (taken or not-taken).

Notably absent from the processor pipeline is the decode stage

because of the extremely simple hardware to dispatch instruc-

tions to the functional units.  The register read stage reads the

contents of the source operands of the instruction from the large

register file.  The execute stage of the pipeline then executes the

operation on the functional units and the memory stage reads/

writes the results from/to the memory subsystem.

 Instruction Fetch 

Issue 

Register Read 

 
 • • • ALU load 

store 

Memory 

Providing object

code compatibility

is important

because users

would want to

upgrade hardware

while running

applications that

are not easily

recompiled for a

new machine.
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Box 4.  The TRANSMETA Crusoe VLIW Processor

The TRANSMETA Crusoe processor can run software that runs on IBM PC compatible personal

computers which use a  Pentium processor   even though  the architecture of a Crusoe processor nowhere

resembles that of an Intel Pentium processor.  The Crusoe processor is a VLIW processor with special

hardware to support x86 emulation.  This is in contrast with the core of an Intel Pentium processor which

is a superscalar execution engine.

One of the primary design goal of the Crusoe processor is low power consumption.  This would enable

the use of these processors in mobile systems like laptop personal computers allowing many hours of

operation times between battery recharges.  A conventional Pentium processor’s superscalar core has

hardware to detect dependencies between operations, schedule and retire operations.   This greatly

complicates the design of the system, increasing clock rate, adding costs and increasing the power

consumption.  The simplicity of a VLIW processor on the other hand ameliorates these problems

significantly.

To achieve binary compatibility with an x86 programs, the Crusoe processor relies on a software technique

called dynamic binary translation. An x86 program is dynamically translated to execute on the TRANSMETA

VLIW processor.  This translation scheme has been dubbed code morphing by TRANSMETA.  In this

scheme, the software (also called the virtual machine manager since it presents a x86 virtual machine to

an x86 program) uses a combination of interpretation and translation to speed up program execution.


