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Chapter 1

Introduction

This chapter introduces a general overview of the present research, its problem statement,
objectives, motivations and finally its major contributions to the field. This chapter is
organized as follows: section 1.1 is an overview about the study or the thesis; section 1.2
describes the problem statement; section 1.3 introduces the objectives of the thesis; sec-

tion 1.4 lists the motivations of the study; and section 1.5 includes the thesis contributions.

1.1 Overview

The computer system consists of variety components (CPU, Memory, I/O device, etc.)
FEach component in the system is responsible for a particular job during the execution
such as, memory to load code, I/O device to input/output data, system bus to connect
between components, etc. The primary component in the system is the central process-
ing unit (CPU). The original CPU consists of a single processing core that executes the
program code in a sequential mode (instruction by instruction). Computing performance
1s improved by increasing the execution speed to the CPU, for example; by increasing the
clock frequency for the processor unit. In the recent years, this approach was abandoned

due to some challenges (increased core complexity, energy and heat cost, limiting the rate

at which the clock speed can be increased, etc.) [18] .
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Parallel programming is another technique which has been developed to increase the
performance of a single processor. Parallel programming is applied by using different
methods like pipelining, VLSI, and superscalar. However, parallel programming methods
have limitations. For example, the pipeline method throughput is generally less than
the number of pipeline stages. In addition, there are limitations in parallel level in the
program itself, and the parallel programming technique is still weak to meet the needs for

high performance in the computing system [10,43].

For these challenges, new trends were adopted for multiprocessor architecture ap-
proach by either adding more core in the chip or adding more processor units to increase
computer system performance. Each processor unit is responsible for executing its own
sequence of instruction to increase the overall computing system performance. The mul-
tiprocessor architecture is a good method to improve such performance. Amdahl’s Law
reveals the maximum speed up that can be expected from parallel algorithms given the

proportion of parts that must be computed sequentially [21] .

There are two types of multiprocessor architecture: homogeneous and heterogeneous.
The first one is also called symmetric. In this type, the platform consists of identical pro-
cessors. The second type, heterogeneous multiprocessors (HMP) architecture, is called
asymmetric; HMP architecture consists of variety processors on one chip. There are two
different types of HMP architecture: performance heterogeneity, which uses the same

instruction set architecture "ISA” and functional heterogeneity where each core has an

instruction set architecture.

Homogeneous type provides a uniform platform on which parts of the computer pro-
grams are executed equally on all processors. However, the homogeneous platform may

not provide the best possible level of performance. To execute different applications of the
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different parts from the same application, we need different processing requirements. The
benefits of multiprocessors can be achieved by executing different program parts on dif-
ferent processors capability or more specialized processors. The implementation on HMP
system might be more complicated. This needs more information of program behavior

and processor types when matching between the processors and the threads to achieve

high performance.

While the HMP has the potential to increase performance, the designed any program
on HMP could be difficult. The programmer not only deals with concerns implicit in
concurrent programming on HMP such as scalability, synchronization, consistency, and
deadlock prevention, but also with different processor types, instruction set architecture,
and thread behavior characteristics so as to schedule threads on processors and achieve

high performance [30] .

In multiprocessors architectures, parallel programming has different methods when
compared to a single processor. Multiprocessors technique can exploit thread level par-
allelism (TLP) methods. The program or application will decompose to different parts
depending on decomposing methods. There are two methods applicable to decompose
the application into a small part: functional (task) decomposition and data (domain)
decomposition. Each part (thread) will be executed on a processor. With Parallel pro-
gramming and TLP, we can exploit multiprocessors system architecture, especially HMP

architecture when executing threads with different processing requirements [43].

The present study aims to exploit high scale HMP architecture by applying genetic
algorithm scheduler on different processor types without any intervention from program-
mers, to achieve optimized performance with minimal concumption power, and to make
the assignment of threads to the processors responsible for the runtime system. Scheduling

algorithm on high scale HMP architecture will be implemented by using OVPsim simula-
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tors and Matlab [3,42]. The OVPsim simulator supports many types of processors such
as mips32, arm, PowerPC 32, and NEC v850. These processor types are used to build
the computer processing environments. The benchmarks selected in the implementation

support multiprocessor platform environment.

1.2 Problem Statement

In general, laptops, desktop computers, and servers use homogeneous multiprocessor ar-
chitecture to move away from complexity. Some applications focus on using HMP ar-
chitecture, particularly the applications that have a special purpose such as image/video

processing applications.

Addressing the difficult methods used to decide which thread will be assigned to pro-
cessors during the runtime to achieve high performance occurs by exploiting the HMP
system. The scheduler relies on the program characteristic behavior in the runtime en-
vironment and the processor’s processing capability to make the system decide which
thread-processor matching is better to achieve high performance with minimal power.

To achieve this, the study is developed through the following stages:

o Stepl. Selecting a simulation environment and a set of benchmark applications to

achieve the experimental work of the research.

e Step2. Developing cost function algorithm that will be able to collect program
behavior characteristic information for each processor, processing requirements, ex-

ecution behavior and inter-thread communication.

e Step3. Developing an evolutionary scheduling algorithm that uses the program
behavior characteristics and processor characteristics to optimized performance and
decrease power consuming.

e Step4. Analyzing the results and achieving comparison to decide the quality of the

4
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proposed algorithm and realize the required enhancements which lead to a better

algorithm.

Problem example:

By using different methods to schedule thread-processor, we can achieve different
performance. We use an architecture system that consists of 4 heterogeneous processors
(C1, C2, C3, and C4) as shown in figure 1.1. The application that needs to be executed
consists of 4 threads (T1, T2, T3, and T4). Each thread consists of 1 million instructions
and has an instruction per clock (IPC) behavior characteristic for each processor as shown
in Table 1.1.

Table 1.1: Threads Behavior Characteristics
LThread ClL C2 C3 C4]

0k 14 24 05 1.2
2 G5 L =08
T3 205 24 32
T4 26 1 16 14

Shared lemory

Figure 1.1: Processors Interconnection

By using 4 processors to execute 4 threads, we have 16 different combinations to
execute the program. In the example, we will show 4 different combinations. The results

are shown in figure 1.2 by executing the programs using 4 scheduling methods as explained

in table 1.2.
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Table 1.2: Scheduling Methods
Methods C1 C2 C3 C4 ]
1 Il T2 T% T4
2 T2 T3« Ta~71
3 T3 T4 T1 T2
4 T4 T1 T2 T3

2.5

Methods

Figure 1.2: Execution Results
1.3 Motivations

Scheduling on heterogeneous multiprocessors is defined as NP-complete problem [28,31]

. The work on high scale processor architecture is expected to be more complicated.

In heterogeneous multiprocessor environments, the programmer must deal with high
scale HMP architecture characteristic to write a program that uses the heterogeneity of
the system to achieve high performance. In this work, the scheduling algorithm will assist
the programmer to write a program without dealing with HMP architecture to build a
program that can observe the system during the run time to perform thread-processor
scheduling in high scale HMP architecture to achieve high performance. In addition to
developing the computing system by integrating a new option that controls the processing
performance according to power status; this option will work through two methods:

First: manual control method: the user increases or decreases the overall perfor-
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mance to save power.

Second: automatic control method: the system observes the power source status

or peak time to change the CPUs performance according to the observation information.

1.4 Objectives

This research focuses on three objectives:

e To integrate new options in the computing system to decrease the value of consuming
power from maximum power. The proposed scheduling algorithm is responsible to
find processor configuration that guarantees to achieve optimal performance within

minimal power.

e To estimate the overall execution time and consuming power needed to execute the

problem before processing.

e To distribute the any problem to all processors according to processor’s capability.

1.5 Contribution

Estimating the power consumption and time needed to execute programs on high scale
HMP architecture before executing takes place by:
e Presenting the program by small sample (S) that specify the real phenomena of the
program.
e Determining the program problem size.

e Executing sample (S) on each processor and measuring the time and power needed

for each processor.

e Estimating the consumption power and execution time when using all processors.

e Setting the processor configuration of the high scale HMP architecture by using GA.

i
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e Estimating the overall power and time needed to execute the program according to

the processor configuration, sample power and time for each processor, and program

size.

This thesis presents information about how to assist the system to exploit high scale

HMP architecture by carrying out dynamic thread scheduling that increases the perfor-

mance with minimal power in a number of ways:

e Abstracting the program behavior characteristic during the run time execution.

e Developing a cost function that uses a. program’s behavior characteristic to inform

thread placement across heterogeneous processor.

o Developing an evolutionary scheduling algorithm that exploits both the program
behavior characteristics and processor characteristics to optopmize performance and

minimize power consuming.




Chapter 2

Background and Literature Review

The purpose of this chapter is to provide a theoretical background about the scheduling
algorithms which are implemented on multi / many processor architectures. In addition,
this chapter reviews the literature about the development of scheduling algorithms for
heterogeneous multi-processor architectures. The chapter is divided into sections as fol-
lows: Section 2.1 presents an overview about two general types of scheduling in HMP
architecture. Section 2.2 presents the general scheduling methods. Section 2.3 presents

the recent method proposed to schedule HMP architecture.

In general, processor performance enhancement focuses on increasing clock frequency
rate and parallel processing by applying instruction level parallelism technique in single
processor (improving single thread performance). However, these techniques are stalled
due to the limitations in the degree of parallel processing that can be extracted from
sequential processing [46] and the clock frequency issues (energy, heat, and complexity)
[39]. The idea is to increase computing system performance by designing a platform which
consists of multi processors with multicores [35]. The multi-core processor is designed by
exploiting available transistors on a given size of processor die. With this generation of

multi-core processors, we can exploit thread level parallelism [21].
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Multi-processors platform can be symmetrical (homogeneous); in this type all proces-
sors in the chip are identical. Most computing systems are homogeneous. Asymmetrical
(heterogeneous) HMP architectures consist of different types of processors; each processor

has different function (ISA), performance, and capabilities [8].

HMP architecture has better performance than the homogeneous type [9]; the dis-
advantage of using HMP architecture is limited to the complexity of exploiting the het-
erogeneity in the implementations. There are different methods used to schedule threads

on processors. These methods can be classified into static and dynamic scheduling algo-

rithms [12].

In order to exploit Thread Level Parallelism (TLP), the application can be decom-
posed by two methods: function decomposition and data decomposition. In order to use
function decomposition, the task splits into small tasks. Each task is run by a special
processor depending on the efficiency and the executing thread on any processing type
(in HMP architecture) or on any processor (in symmetric architecture). In order to using
data decomposition, when the executing application has large data, we split the database
boundary into small parts and distribute these parts to the processors; each processor will

execute the same function [27,32,38,43].

When the executing application uses any type of decomposition, dependency must
be controlled to save the consistency and accuracy. There are many methods used to
save implicit execution property like share memory, massage passing, and mailbox. The
present study proposes some methods and techniques that can be used to schedule threads

in HMP architecture in order to increase throughput and system performance.

10
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2.1 Heterogeneous multi-processor architecture

Computer systems that use multi-processors (heterogeneous resources) are not new. The
IBM System/709 incorporates a processor to process I/O operation. In this case, the
main CPU executes another operation during I/O operation [19]. The same technique
can be found in another system such as IBM System/370, System/360 [13], and Control
Data CDC 6600 [42]. These processors are generally limited to performing special pur-
pose operation (transfer and signaling operations) and not sharing the computer system
capabilities. There is another specific purpose processor which has been used to string
matching [15], accelerate floating points [14], encryption [47) and many other applica-
tions. [30] proposes that HMP architecture consists of general purpose processors (CPU),

unlike the superscalar processors that have specific purpose processors.

HMP architecture has been recently used in specialist applications such as image/video
applications, network processing, and low power embedded systems. some primary im-

plementations of HMP architecture:

e Network processing equipment uses a number of processors like, the IBM Power NP

[7], Intel IXP [5], and Motorola C-Port [20].
e Multimedia workloads and scientific computation use IBM Cell processors [1,22].

e Low power embedded devices, such as mobile phones, use Intel PXA800F [29)].

In this research, we are not talking exclusively about HMP archetecture. However,
the research extends a wide range of high scale HMP archetecture. Some models of high
scale HMP archetecture are shwon in table 2.1 [1].

When the transistors count are increased, the expected performance will be improved.
In general, performance increase is governed by Pollack’s Rule [11]. This means that the
expected performance will be increasing by square root of increasing the transistor count.

For example, doubling the number of transistors in a single processors will increase the

1l




CHAPTER 2. BACKGROUND AND LITERATURE REVIEW

Table 2.1: high Scale HMP Model

Processor NP Manufacturer
TSUBAME 2.0 - HP ProLiant SL390s G7 Xeon 6C X5670 73278 NEC/HP
K computer, SPARC64 VIIIfx 2.0GHz 705024 Fujitsu
Cielo - Cray XE6, Opteron 6136 8C 142272 Cray Inc

performance about 40% ; on other hand, doubling the number of processors will increase
the performance about 100% in case of parallel workload. Figure 2.1 explains how we
can achieve different performance from the same area of silicon when the processor design
is improved. Figure 2.1(a) presents a single processor, whereby the overall execution
performance for a sequential program equals 4. As shown in Figure 2.1(d), if we can
exploit all processors at the same time with the executing parallel program, we can achieve
performance which is equal to 8. With high degree of complexity to design more processors

from the same area of silicon die, we can increase the performance as shown in 2.1(b, c,

and d).
f W) (= e e )
p=a 2.8 2.8 2.8 b J ik
p=2 (p=2‘(9=2\
b st S e R

(a) SingeP (b) homogeneous MP (c) HMP (d) homogeneous
MP
SP=4 SP=2.8, PP=5.6 SP=2.8 PP=6.8 SP=2 PP=8

Figure 2.1: Different Processors Design on Same Silicon Die Area

As we noted earlier, processor architectures can be divided into two types: homo-
geneous and heterogeneous multi-processor architectures. Homogeneous multi-processor
architectures, also called symmetric, consist of identical processors. In general, implemen-

tation depends on homogeneous type, specially the computers, which have general purpose
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programs, like laptops, servers, and desktops [36]. Heterogeneous multi-processor archi-
tectures, also called asymmetric HMP architecture, consist of a variety of processors. The

following is an explanation of the two main domains of heterogeneity:

Processors with different performance: these are processors with high perfor-
mance and are used to process big threads and processors with low performance and used
to process small threads to reduce consuming power and exploit thread level parallelism.
In this type of variety, all processors on the platform use the same instruction set archi-
tecture (ISA), and there is no need to recompile threads in case of swapping between the

Processors.

Processors with different ISA (function): these processors can be found in the
applications that have specific purpose. The developer enhances the system by adding
processors that can execute some function with high degree of performance to improve
the overall performance such as multimedia workload, network processing, and embedded
devices. This type of HMP architectures consists of processors, which execute different
instruction set architecture (ISA). The disadvantage of this type is the overload that is
added to the system when a swap process between processors occurs because the system
needs to recompile the process. This can be proved by experimenting on the two types of

HMP architectures.

The two types of architectures are demonstrated in table 2.2. The goal of the experi-
ments is to compare performance between the two architectures. Architecture 1 consists
of two processors which differ in performance (processor 0 =MIPS32LE has capability of
300 MIPS; processor 1=MIPS32LE has capability of 100 MIPS). Architecture 2 consists
of two processors which differ in function (processor 0 =MIPS32LE has capability of 300

MIPS; processor 1=ARM?7 has capability of 100 MIPS). The source code used to create

architecture 1/2 are shown in Appendix A.1 and A.2.

13
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Table 2.2: Processors Specification

Architecture 1 (performance HMP) || Architecture 2 ( functional HMP)
Processor Type | MIPS || Processor Type | MIPS
Processor0 | MIPS32LE 100 || Processor0 | MIPS32LE 300
Processorl | MIPS32LE 300 | Processorl ARM7 100

This experiment will implemented by using OVPsim simulator environment. Two
processors will execute the same program shown in Appendix B.1. The program consists
of two threads, each of which is used to multiply two matrices. The program will execute

9 times. In each iteration, the size of matrix will increase, and the size of the matrix in

each thread will be equal.

Figure 2.2 and Figure 2.3 shown the results for architecturel and architecture 2
respectively. In each iteration, we can observe the number of instructions executed by each
processor and the time needed to execute these instructions for each processor without
overhead. We can also measure the overhead needed for each platform, and measure the
total time (overhead + execution).

The difference between the two processor architectures in processorl; replacement of

processorl in architecturel from ARM7 100 to MIPS32LE 100.

Figure 2.2 shows the cooperation execution time (performance) between two proces-
sors with the same capability. As can be seen from Figure 2.2, the ARMTY processor is

faster than MIPS32LE. The difference in speed for each processor is due to the instruction

set architecture format for each processor.

In figure 2.3(a), we can compare the execution time for two architectures without
overhead. Architecturel, which consists of processors different in function, is faster than
architecture 2, which consists of processors different in performance, because architecturel

contains an ARM?7 processors that have capabilities better than MIPS32LE which is used

in architecture2.
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Figure 2.2: Performance of Separate Processors
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However, in overall execution time (processor processing time + system overhead

time), Figure 2.3(b) demonstrates that architecture 2 is better than architecturel because

overhead factor coming from the system recompiles the thread to the new instruction set

format.

2.2 Scheduling on HMP Architecture

There are two general types of scheduling algorithms on HMP architecture which are
used to match the thread to the processor to achieve high performance; these types are

dynamic scheduling algorithms and static scheduling algorithms [25]:

2.2.1 Static Scheduling Algorithm:

The assignment of threads to processor before processing. No thread swapping or assign-

ment change between processors during runtime.

On homogeneous multi-processor architectures, there is no need for prior informa-
tion about thread characteristic and processor type needs to schedule. In general, the

load balancing is a method which applies to schedule thread processors [27].

On heterogeneous multi-processor architectures, there is a need for prior informa-
tion about both: thread characteristic and processor type. The goal of static scheduling in

HMP architecture is to utilize the processors that have high capability by doing random

load distribution [9].

2.2.2 Dynamic Scheduling Algorithm:
Re-assignment of threads to the processor during processing according to thread behavior

characteristics.
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There are many policies which must be considered to decide which method or algo-
rithm is better to dynamic schedule threads in multi-processor architectures. Dr. Aldasht

proposes using genetic algorithm to explore the overall policies that define the dynamic

load balancing strategies [6].

The first policy, the information policy (IP), is used to determine how the informa-
tion exchange between nodes. If IP=1, the information will exchange according to load

balancing frequency. If IP=0, the information will exchange on demand.

The second policy, the transference policy (TP), is used to specify the case of
nodes. If TP = 0, the node is overloaded and needs to transfer the tasks (sender ini-
tiator). If TP=1, the node is ready to receive the tasks (receiver initiator). If TP = 2,

we have a sender initiator and a receiver initiator at the same time (symmetric initiators).

The Third policy, the location policy (LP), is used to determine which node is incor-
porated in load balancing operation. If LP=0, that means the information collected from
the node is compared with the threshold to decide to which location the node will send
or receive tasks. If LP=1, that means the decision will be according to two-thresholds. If
LP=2, the node will send tasks to the shortest-path based node, with the lower load. If

LP=3, the node will select a random location node as a receiver or sender.

The fourth policy, the selection policy (SP), refers to the task selected to transfer
the preemptive (SP=0) or non-preemptive (SP=1) from the sender node. These policies,
which are defined by Aldasht, cover all dynamic and static scheduling methods for multi-
core processers. By tuning the policies during the runtime and checking the overall system

performance, THE scheduling algorithm set the value for each policy according to program

behavior characteristics.
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2.3 Literature review

At first glance, when we talk about the distribution of tasks on a multi-processor archi-
tecture, we propose using the theory of load balancing on a multi-processor architecture
as David W. Holmes does by applying H-Dispatch algorithm to a wide range of numerical
simulation problems by using spatial decomposition to create ” orthogonal computational
tasks.” This algorithm makes efficient use of memory resources by limiting the need for
garbage collection and taking optimal advantage of multiple processors through employing
a "hungry pull strategy” [16]. This algorithm is flexible and efficient when it is applied
to a numerical domain, depending significantly on data sharing, regardless of the type
of multi-processor: homogeneous or heterogeneous. Nevertheless, if the database domain
is used on a heterogeneous multi-processor architecture, it is necessary to develop this
algorithm to do data decomposition and distribution depending on the specification and

processing type of the processor.

Many recent works have tried to handle the above mentioned problem. Jian [16], tries
to exploit the efficiencies of the heterogeneous multi-processor architectures by execut-
ing the processes on a smart scheduler which obtains a high performance and consumes
power . There are many proposed scheduling algorithms; each depends on some properties
from the system to achieve dynamic scheduling such as History-Aware Resource-Based
Dynamic Scheduling (HARD). As for the heterogeneous multi-processor architectures
proposed by Jooya, this algorithm depends on recording application resources, utilization
and throughput, and analyzing the information to decide how to adaptively change the
matching between the processes and the processors during the runtime [26]. The above

authors wonder how it would be possible to develop the scheduling algorithm by mixing

new information to make the algorithm more efficient.

Jaejin proposed scheduling algorithm for simultaneous multithreading environment

to obtain good matching between the processes and the processors. Furthermore, the
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History-Aware Resource-based Dynamic (HARD) scheduling algorithm proposes and im-
plements in Open Solaris which uses single-ISA heterogeneous multi-processors architec-
ture [24]. It is comparatively simple and scalable, but the resﬁlting Algorithm does not
rely on dynamic profiling [18, 34,40]. The scheduling Algorithm is based on the idea of
architecture signatures ”a compact summary of architectural properties of an application.
It may contain information about memory-boundedness, available Instruction Level Par-

allel (ILP), sensitivity to variations in clock speed and other parameters” [40].

M. Becchi and P. Crowley proposed scheduling algorithm to heterogeneous multi-
processor architecture scheduler. The algorithm has the ability to dynamically reschedul-
ing processes at a runtime based on periodically collect performance statistics [9]. This
Algorithm collects information on the performance produced by rotating all processes
periodically between cores. After that, the information is used to assign the processes
to the processors in the optimal way that guarantees to achieve high performance. The
main disadvantages of this algorithm are: the overhead is required to update the informa-
tlon about the performance statistics in addition to the loss caused by rotating processes
periodically; the second disadvantage is the increase of complexity when the numbers of

processors are increasing, down to the case of unreasonable.

As a result, the best and most recent methods are used to dynamically schedule

threads in HMP architecture to maximize the overall performance and reduce the overall

consumption of power during the execution time:

2.3.1 Round Robin Dynamic Assignment (RRDA) on HMP ar-

chitecture

The main of objective of the RRDA algorithm on HMP is to assign the threads to the
processors which better exploit the hardware resources in order to improve the perfor-

mance with the simple technique of the procedure and policy [9,37].
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There is no need for the cost function in the RRDA algorithm to observe the program
behavior characteristics during the runtime. The procedure of the Algorithm is simple as

shown in figure 2.4: by periodically rotating the threads to processors in a round robin

ool

Figure 2.4: Threads Swap In RRDA

fashion.

This routine ensures that the available processors are equally shared among the run-
ning programs.

Algorithm drawbacks, first, the round robin strategy is blind, that This means that
the runtime system is not aware of the thread behavior characteristics and does not use
the runtime execution information to drive threads assignment. Second, the overhead has

a high value for a swap period parameter (the frequency of the rotation).

2.3.2 IPC-Driven Dynamic Assignment on HMP Architecture

This Algorithm depends on Instruction per Clock (IPC) behavior characteristic of threads
during the execution. The assignment of threads to core is driven by IPC for each thread
to improve the overall IPC. The scheduler observes the runtime system and collects in-
formation by cost function from the core for each thread. By comparing IPC threads for

all processors, the scheduler decides which thread needs migration to another core.

The IPC must be available for all threads. In fact, the IPC value is available for the

cores that execute threads. If the processor does not execute any thread, we need to
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refresh the information by carrying out the round robin method on the system or swap

the threads for the processor that doesn’t execute these threads [9].

Figure 2.5 shows how a simplified IPC-driven guides the system. In (A), the cost func-
tion collects information (IPC for each thread executing in processor) from the processors.
The information is processed in (B) by the scheduler controller to drive the assignment
of the thread to the core to achieve better performance. In (C), the controller swaps the

thread between the processors to improve the overall performance.

U,

SCHEDULER

IPCforTAon P1L

IPCforTA on P2

IPCforTB on P1

IPCforTB on P2

(

Figure 2.5: Simplify IPC-Driven Dynamic Assignment

2.3.3 History-Aware, Resource-Based Dynamic Scheduling on

HMP architecture

Jooya proposed scheduling algorithm for dynamic scheduler on HMP architecture. The
main method in this algorithm is recording the resources utilization and throughput dur-
ing the runtime to maximize performance by upgrading the sensitive threads which require

more resources to a faster processor and reducing consumption of power by downgrading

the insensitive threads to the weaker processor [26].
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The HARD algorithm relies on two subsections: detection phase and reassignment
phase. In the detection phase, the cost function records the thread behavior (throughput
and processors utilization) during a T-clock cycle interval. A short T interval reduces the
performance due to the switching overhead, and a long T interval may miss the thread
behavior information, which means that the value of T must be chosen carefully. In the

reassignment phase, the history of information which is collected in the detection unit to

decide which threads need reassignment.

2.3.4 Bias scheduling on HMP architecture

The bias scheduling procedure doesn’t include sampling of IPC or CPI on all processor
type or offline profiling because sampling of CPI produces overhead [28]. IPC and CPI
specify single processor performance. These factors are affected by internal and external

stalls during the processing.

The other reason that directly affects on the performance (CPI value) of a processor
can be divide into two categories. The first category specifies the performance differences
which are caused by micro architectural choices in the processor such as, micro architec-
tural execution algorithm (ILP, out-of-order, and in-order design), the size of resources
allocated (cash unit, registers, TLP, etc.), and micro architectural feature (pipeline depth,
branch predictors, or unit latency). The second category specifies the performance effects

on the resources outside the core such as, access to shared caches and memory, and I/O

operations.

Application bias means that the processor which operates the system is preferred to
execute a thread at a particular time. Application bias is divided into two types. In first

type. the thread has a small processor bias if the speedup of the execution thread from a
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big processor size to a small processor size is modest. In second type, the speedup is large.

The two types of stall (external and internal) are a strong predictor of the application
bias. The scheduler determines the processor stall that limits the application perfor-

mance. After that, the application bias guides the scheduling decisions that maximize the

performance.

2.4 Summary

The main difference between the current research and the previous research; is that most
proposed scheduling algorithms in the previous research attempt to enhance performance
to multi processors computing systems through running the system with its all capability,
which means, sharing all processors in execution. These algorithms also efficient if applied

on low scale multi processors systems.

However, the current study proposed scheduling algorithms using genetic algorithm
method. It also tries to run multi processors computing system in high performance
through selecting a number of processors that exist in the multi processors system, this

is to be done by a determined value of power. The efficiency of this algorithm increases

as the number of processors increases in the system.
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Methodology

This chapter describes and explains the methodology used to achieve the thesis objectives.
This chapter is organized as follows : section 3.1 describes and explains the scheduling
algorithm assumption; section 3.2 describes and summarizes the scheduling algorithm
pseudo code; section 3.3 explains in detail and exemplifies the scheduling Algorithm
pseudo code; section 3.4 describes genetic algorithm, presents an overview about algo-

rithm and explains algorithm procedure.

The study proposes scheduling algorithms, which exploit an HMP platform to achieve
a high performance. In general these algorithms are efficient for a limited number of
processors, and they observe the system during the runtime that needs to process all tasks
in the application. The relationship between the number of processors in the platform
and the overheads is proved. The study proposes that GA based scheduling algorithm
runs in an offline mode and is efficient for a large number of heterogeneous processors. By

this algorithm, it is possible to estimate the overall execution time and consuming power

which are very close to the real value.
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3.1 Scheduling Algorithm Assumption

The proposed scheduling algorithm is supported to be efficient in a high scale HMP
platform. However, the application types change the efficiency degree. To obtain a high

degree of efficiency and make the GA based scheduling algorithm that we are developing

more effective, we assume the following application properties:

3.1.1 Work Distribution:

We assume the domain decomposition type with loosely coupled properties. To exploit
many processor environments, we need to decompose or split the application into a small
number of tasks that can be executed in parallel on available processors. After that these
tasks are matched to different processors by applying the efficient scheduling Algorithm.
In general, there are two main types of application decomposition: domain decomposition
and functional decomposition [32,38]

Functional Decomposition: In this method, the original function can be recon-
structed into relational constituent parts; each processor executes some parts from the
original function for example:

If we have a function

f = cos(z) +sin(/7) (3.1)
We can reconstruct f into three function:
f1=+/(y), £2 = sin(f1), andf3 = cos(x) (3.2)

In this case the data z and y will be stored in a shared place and the functions (f1,

f2, and f3) will be distributed to various processors.

Domain Decomposition: This method solves a boundary value problem by split-
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ting it into smaller boundary value problems on sub domains. For example, the function

3.3 is filter (z and y will determine pixel positions) Domain (D) consists of images and

the boundary = 1000 units. We can split the D into sub-domains like:
D1 = 200 images, D2 = 500 images, and D3 =300 image.

The filter function f executes on all processors, and the sub-domains D1, D2, and D3

are distributed to various processors.

[ =a(z) + b(y) (8:3)

3.1.2 Application/ Behavior Problems:

The application type has two properties: size and sample. In general, the computing
system executes different types of applications, and each type has size I, and we can

present the application size with a small sample like:

1. Relational Databases: The database domain is a structured collection of data; the
structure presents relational data (table) which consist of a number of records. The

size of the application is a number of record and the small sample is one record.

2. Image Processing: The domain consists of a number of images. The size of the

application is a number of images, and the sample is one image.

3. Matrices Processing: The domain consists of a number of matrices, and the oper-

ation result is MzN matrix. The problem size is M or N, and the sample is M

result for size M or N result for size V.

3.1.3 Processor Specifications

The scheduling algorithm deals with a a black box processor and doesn’t focus on any

properties of the processor specifications like ISA, cache memory, processing type (parallel
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or sequential), bus bandwidth, ALU, etc. The main part that the scheduler focuses on is

the time needed to execute the sample.

3.2 Scheduling Algorithm Pseudo Code:

This section summarizes the scheduling algorithm procedure as shown in algorithm 3.2
for all parts of the system shown in figure 3.1. Regardless of the implementation of any

part of the procedure.

Begin

Stepl. Select a sample S that represents the program of size I

Step2. Determine processors that will share in execution (overloaded
processor s will be excluded from the selection phase due to architectural
constraint)

Step3. Execute S on every processor

Step4. Collect execution information (Time (ETi)and Power (EPi)

StepS. Determine the objective function( min ETi or min EPi)

Step6. Use GA to find the optimum configuration of the processors

Step7. Distribute I according to the processors configuration done in step 6

End

Algorithm 3.2

Figure 3.2 shows the proposed algorithm flowchart, all steps in the flowchart sequence

explains in sections (3.3 and 3.4).
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Figure 3.1: Scheduling Algorithm Part

3.3 Scheduling Algorithm Details

In this section, we will explain our scheduling algorithm. In addition, we will show the
implementation type of each step.
To illustrate the theories and methods in the algorithm, the Example 3-2 is developed

as follows:

1. Create a platform, which consists of 4 heterogeneous processors, processors specifi-

cation are shown in table 3.2. The source code is in Appendix A.3.

2. Create matrix-vector multiplication application program, using GA to distribute

jobs among processors. The source code is in Appendix B.2.

3. Create a Matlab script file to analyze the information and show the results. The

file is described in Appendix C.1.

4. Create a script file to compile the above files. The source code is described in
Appendix C.2.

Selecting a sample S (which is a portion of the program of size I): According

to the assumptions about the application type, we have two application properties: size

(I) and sample (S). These properties are determined from the compiler. The domain

boundary is determined from I and S as shown in formula 3.4.

28




CHAPTER 3. METHODOLOGY

System Processors
Idle? Type? Job clucu_c';'

l

Application ?
GA nitialization Problem size (P}

Sample size (S}

\ 4

Evaluation

Y

v
Selected Processors

YP
Finish Iter.
Fit is Stable y
No [Execute S on every
2 processor
Roulette wheel
selection
A
Crossover

\ 4

H Mutation H

Figure 3.2: Proposed Algorithm Flowchart
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&
Problem = g X computation (3.4)

The computation part in formula 3.4 represents the functions and operations that’

process the data. These computations wil] be assigned to all processors.

Determining the processors shared in the execution: there are three criteria which are

used to select the processors:

1. The processor is idle.

2. According to threshold, if the job queues of this processor are less than the threshold,

the processor will corporate processing else no.

3. Whether the processor type is compatible with the application or not, information

about problem behavior and processor type is needed.

The processors selected to corporate processing will take value; otherwise, it will take
value 0. The processors status information will be sent to scheduling algorithm as a status

array, as shown in formula 3.5.

St[i] = Status (3.5)

where :
1is the processor id

Status : processor is selected or not

The scheduling algorithm will build a new virtual platform to simplify algorithm ex-

ecution on the selected processors. These processors will map to the real processors as

shown in formula 3.6.

V P[i] = RP[p] (3.6)
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where :
i is virtual processor

p is real processor if status is 1

For example, figure 3.3 shows the virtual processor platform mapping to the real

processor platform.

RP1 RP2 RPS ..... cee RPn

‘VPn

Figure 3.3: Mapping Virtual Platform to Real

The scheduling algorithm checks processors status; if the result is 1, this means that

the processor will corporate the virtual platform. Table 3.1 shows the processor mapping.

Table 3.1: Virtual Platform Mapped to Real Platform
Virtual processor Real processor Position

VP1 RP1 1
VP2 RP2 2
VP3 RP5 5
VP4 RP7 i

Executing S on every processor: According to the collected information (about
the problem sample S and virtual platform VP array), we can execute S on every selected
processor. The overhead will be arising in this process; the scheduling algorithm must
wait for all processors to execute because the next procedures depend on this execution

information. There is only one way to decrease the overhead by decreasing the size of the

sample S.
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In the previous example, S wil] execute in the shared processors (RP1, RP2, RP5, and

RP?), they incorporate to execute problem I.

Collecting execution information (Time (ETi), Power (EPi): According to
the processor type and capacity, each processor will spend time and consume power to

execute S. We can measure the execution time and consuming power in following steps:

1. Measure execution time: It is the overall time spent in the execution.

Use the first method in scheduling algorithm. The time will be measured by formula

3.7 under OVPsim simulator inveroment.

8
% P.mips

T (3.7)

where :
IC' is the count of instructions executed by processor i

P.mips is MIPS for Processor i

2. Measure execution power: In this process we measure the consuming power needed

to execute S on every processor, as shown in formula 3.8 [48].

Pi=CxV*xf (3.8)

where :

Pi is the power for processor i
C' is switching capacitance

V is processor i voltage

f is processor i clock frequuency

For example: previous platform measured executing time for a sample by multiply
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Vector (N) with square matrix (NxN) on platform consists of four processors. As shown

in table 3.2, the processor specifications are not real. Table 3.3 shows the result of
execution time and execution power according to formula ( 3.7, 3.8). IC presents the
instruction count for each processor which needs to execute S. IC value depends on the

processor ISA and compatibility of application with the processor type.

Table 3.2: Processors Specification Assumption
Processor Type MIPSXM V Cxk fMHZ
RP1 ARM7T 100 3.5 18 33
RP2 ARMY7 200 Belicta20 36
RP5 NEC V850 100 4.1 45 50
RET NEC V850 150 705 20

Table 3.3: Execution Time and Power Information

Processor IC Execution time micro S Execution power volt
RP1 1881767 18817.67 7276.5
RP2 1881767 9408.835 9856.8
RP5 14514366 145143.66 37822.5
RP7 14514366 96762.44 289

Determining the objective function: We have two objective functions. The first
one is to find the processor configuration s to achieve better performance according to

consumed power or, the secound is find better energy according to the determined per-

formance.

Using the GA to find the optimum processor configuration: In genetic Al-
gorithm, we use virtual processor platforms to calculate processes, and search spaces in
high-scale multiprocessors, which is very big (2", N number of processor). For example,

if we use a platform consisting of 64 processors, the search space will be approx. (18z10%8)

possible solutions.

To configure the genotype in genetic algorithm, the chromosome variable will be as

shown in figure 3.4.

CPUSTATUS: present the virtual processor status: for any generation of GA, we have
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Figure 3.4: Chromosome Structure

virtual processor configurations. Each processor presents one binary variable.
Tfitness: presents the overall execution time needed to execute problem I for any pro-

cessor configuration. Here is the procedure to calculate Tfitness

1. Calculate processor sharing density PSD.

. : 1 ,
where :
PSDli] is processor sharing density for Pi
S[i] processor status
2. Calculate P sharing data:
Ps[i] = I x PSD[i] (3.10)
3. Calculate overall execution time
Tfitness = Maz(Ps[i] x ET) (3.11)

In the previous example table 3.4 shows the result of the processor sharing density

(PSD) and table 3.5 shows the sub size (PS) which will be executed for each processor
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are the results for the sum virtya] processor configuration

Table 3.4: Processors PSD

total i 1
om the total problem size and the execution time needed to solve this sub size. These

| VP config | ET ms BSD 7
11, apsies it T A R 3 4 1 5 3 1
I S U o e s P S P 0.837189 0 0 0.162811
I1 ANV 8 LR L i e 7 0.313041 0.626081 0 0.060878
(O sl v 0l 1,95 1.9k ds50 - 14.5 0 0.939122 0.060878 0
0 L0 19 45145 | 0.755218 0 0.097913 0.146869

Table 3.5: PS and Executing Time for Each Processor

| VP config | ET m.s | PSD |
I8 253 e 2 e 1 2 3 4
IR0 08 SIS 83 70 N0E 63 | 15750390 0 0 15772278
1 1 0 1(313 626 0 61 | 5889931 5889931 0 5902509
DEL o A0kIE 0 193961 0 8834896 8853763 0
[ SIS o0 NORENORESIIT | 14207341 0 14224079 14224079

The amount of consuming power needed by each processor (Pfitness) needed to execute

problem I for any processor configuration is calculated by using formula

Pfitness = ¥ _(S[i] x PEi) (3.12)

where:
S[i] Processor Status (shair/not shair).

PEi Consuming Power for Processr 1.

Distribute problem size ’I’: according to the processor configuration done in step 6,
The GA results present the virtual processor configurations that achieve objective fitness.

Returnjng to the virtual processor map, we can present the real processor configuration

and the shared value for each processor.
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3.4 Genetic Algorithm

Genetic Algorithm was developed by john Holland [33] at University of Michigan. It

directs search Algorithms based on the mechanics of biological evolution, and a subfield of
artificial intelligence that involves combinatorial optimization problems based on heuristic
search methods of exploring all the possible solution to get the optimal one (sub-optimal
may be sufficient [17]. In many cases, it will be time consuming to get the optimal

solution. For GA efficiency, it is widely used today in various fields like engineering,

science, and business.

3.4.1 GA Details

We must represent a solution for any problem as a genome (or chromosome). Figure 3.4
represents a problem as a chromosome. The genetic algorithm then creates a population
of solutions and applies genetic operators, such as mutation and crossover, to evolve the
solutions in order to find the best one(s).

Several steps will be used: determining the value of population size, the minimum number
of processors, the crossover probability (XOVERP) between (0.5 an 1), and the mutation
probability (MUTP) between (0.1 and 0.2).

Step 1: Initializing Population: enter random processors configuration for each

population individually, as shown in pseudo code:
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Begin

Stepl. Determine Mt inh
P the number of individual population (POPSIZE) according to

population size and the number of Processor (NOOFCPU = length(VP))
Step2. For 1 to POPSIZE

Step3. For 1 to NOOFCPU

Step4. Enter random value (0 or 1) for each processor (S[il])
Steps. If (S[PVP] = 0) set S[PVP] = 1 // constraint 1

End If

Step6. If (VS[i]=0) repeat step 3 to 5 // constraint 2

End If

End For

End For

End

Example (3-2) shows the effect of population size on executing matrix-victor multi-
plication by 8 processors (4 ARM with MIPS =100, 150, 200, and300, 4 NEC V850 with
MIPS =100, 250, 250, and 350).

Note: Population size (POPSIZE parameter) affects the performance of GA Algo-
rithm. Figure 3.5 shows GA performance according to the value of POPSIZE. This
figure represents the average of the overall execution time for the previous Example (3-2)
with different value of POPSIZE and fixed value of XOVERP (0.8) and MUTP (0.15).

Step 2: Evaluating Population: Calculate the overall execution time (Tfitness)

and the overall execution consuming power (Pfitness) for each individual, as shown in the

pseudo code:
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Begin

Stepl. Determine S
P the number of individual population (POPSIZE) according to

population size and the number of Processor (NOOFCPU = length(VP))
Step2. For 1 to POPSIZE

Step3. For 1 to NOOFCPU

Step4. Enter random value (0 or 1) for each processor (S[il])
Steps. If (S[PVP] = 0) set S[PVP] = 1 // constraint 1

End If

Step6. If (VS[i]=0) repeat step 3 to 5 // constraint 2

End If

End For

End For

End

Example (3-2) shows the effect of population size on executing matrix-victor multi-
plication by 8 processors (4 ARM with MIPS =100, 150, 200, and300, 4 NEC V850 with
MIPS =100, 250, 250, and 350).

Note: Population size (POPSIZE parameter) affects the performance of GA Algo-
rithm. Figure 3.5 shows GA performance according to the value of POPSIZE. This
figure represents the average of the overall execution time for the previous Example (3-2)
with different value of POPSIZE and fixed value of XOVERP (0.8) and MUTP (0.15).

Step 2: Ewvaluating Population: Calculate the overall execution time (Tfitness)

and the overall execution consuming power (Pfitness) for each individual, as shown in the

pseudo code:
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Figure 3.5: Effect of Population Size on Search Accuracy in GA
Begin

Stepl. Determine the execution time (ETi) and Execution Power (PEi) for each
processor corporate in processing problem size I.

Step2. For 1 to POPSIZE

Step3. For 1 to NOOFCPU

Step4. Calculate sharing density: as formula 3.9

Step5. Calculate sharing size:as formula 3.10

Step6. Calculate over all execution time: as furmula 3.11

Step7. Calculate over all consuming power (Pfitness)

End For

End For

End

Step 3: Keeping the best: Determine the best individual for the population which

is compatible with the objective, as shown in the pseudo code:
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Begin

fesin D) i g !
BCop etermine Pfitness objective and Tfitness objective

Step2. For 1 to POPSIZE
tep3. Com i i 5

Step pare Pfitness with Pfitness objective and Tfitness with Tfitness
objective

Step4. If ok set best val. pointer to this individual pointer
End If

Step5. Keep population [best val.] individual

End For

End

Step 4: Selection eliminates the individuals’ population; these are far from objec-

tive fitness, as shown in the pseudo code:
Begin

Stepl. Determine objective search (fitness)

Step2. For n= 1 to POPSIZE

Step3. Calculate relative fitness

Step4. Calculate cumulative fitness

End For

Step5. For n= 1 to POPSIZE

Step6. If (random(between(0.0 and 1.0)) < cfitness[n])
Step7. New population = population[n]

Step8. Population = new population

End If

End For

End

Step 5: Crossover: It creates new individual population by selecting two individual

parents from population and creating two new individual populations, as shown in the
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pseudo code:
[Begin

Stepl. For n = 1 to PopsIZE

Step2. Initialize X=0

Step3. If (random(between(0 ang 1)) < XOVERP)
Stepd. ++X End if

Step5. If (X mod 2 = 0)

Step6. Position = random(between 1 and NOOFCPU) End if
Step7. For p = 1 to position

Step8. Swap(S[n] and S[p]

End For

Step9. If (S[PVP] = 0) set S[PVP] = 1 End if
Step10. If (VS[i] =0) repeat step 6 to 9 End if
Sfepii. Else m= n

End For

End

Note: To show the effect of XOVERP, Figure 3.6 represents the average of the overall

execution time for the previous Example (3-2) with a different value of XOVERP and

fixed value of POPSIZE (8) and MUTP (0.15).

Step 6: Mutation: this process changes the status of some processors of some indi-

vidual population, as shown in the pseudo code:
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Figure 3.6: Effect of Crossover Size on Search Accuracy in GA

Begin

Stepl. For 1 to POPSIZE

Step2. For n = 1 to NOOFCPU

Step3. If (random(between(0.0 and 1.0)) < MUTP)
Step4d. If (S[n] = 0) S[n] = 1 else S[n] = 0 End If
Steps5. If (S[PVP] = 0) set S[PVP] End If

End If

End For

End For

End

Note: To show the effect of MUTP, Figure 3.7 represents the average of the overall

execution time for the previous Example (3-2) with a different value of MUTP and fixed

value of POPSIZE (8) and XOVERP (0.6).
Step7: Evaluating Population: Calculate the overall execution time (Tfitness) and

the overall consuming power (Pfitness) for each individual (the same procedure in step?2).
Step 8: K ina the best: Determine the best individual for the population which
: Keeping :
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Figure 3.7: Effect of Mutation Size on Search Accuracy in GA

is compatible with the objective, as shown in the pseudo code:

Begin

Stepl. For population [best val.] set prev. best. valu = best val.
Step2. Same Procedure in step 3 end for

Step3. If (population [best val.] worst than population [prev. best.
valu.])

Step4. Population [best val.] = population [prev. best valu.] end if

End

Step 9: New Generation: Repeat steps 4 through 7 until you achieve the objective

(Tfitness and Pfitness value).

3.4.2 Scheduling Algorithm Constraints

In general, the scheduling algorithm has two constraints:

1. Tt prevents the solution that produces virtual processor configuration with 0 status

for all ssors. This configuration means that the overall execution time is close
proce :

) 1) avoid this status in the algorithm, we must introduce

to zero (optimal value
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some steps in the algorithry, ag shown beloy:

e In Step2, ’Col i
P2, lect processor status 1nformation’, wait until (at least) one pro-
cessor corporate is in execution,

e In Step6 Impl 2
p plement GA’, Tt does not Propose any configuration solution with

the zero status for all processors, To avoid that problem in GA algorithm, we

enhance some steps in GA procedure as shown below:

(2) In Step 1 ’Initializing Population’, reject any individual population with
zero status for all processors.
(b) In Step 5 ’Crossover’, check new individual population. If the result is ”in-

dividual population with zero status for all processors”, repeat the process

with a new crossover probability value.

(c) In Step 6 'Mutation’, check new individual population. If the result is ”in-
dividual population with zero status for all processors”, repeat the process

with a new mutate probability value.

2. The existing primary processors must run all time. In this situation, the scheduling
algorithm prevents any configuration solution that does not include the primary

processors. To make sure of that process, we must make some enhancements in the

scheduling algorithm as shown below:

e In Step2 'Collect processor status information’, the most important step make

sure that the corporate of primary processors in processing platform:

(a) Determine primary processor position.

(b) Check virtual processor map onto real processors. If primary processor is

present, save the virtual processor pointer in variable (PVP).
(c) If primary processor is not present, add new virtual processor map with
¢ p

I ointer in variable
' d save the virtual processor p
the primary processor an

(PVP).
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In Step6 Implem 1
o p Plement GA’, it does Not propose any configuration solution that

does not consist of Pyp pointer with statys 1. To avoid that problem in GA

Algorithm, we enhance some steps in GA procedure as shown below:

(a) In Step 1 ’Initialize Popylatiop After initialize population, check the

status of PVP position. If the status is 0, alter it to 1.

(b) In Step 5 'Crossover’: In ney individual population, check the status of

PVP position. If the status is 0, alter it to 1.

(c) In Step 6 'Mutation’: In the new individual population, check the status
of PVP position. If the status is 0, alter it to 1.
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Chapter 4

Experiments and results

This chapter implements some applications on our algorithm to validate it. The algorithm
is split into a number of steps. Each step is to be validated by itself. After validating all
steps, a number of experiments that use standard benchmarks will be implemented. The
chapter is organized as follows: section 4.1 describes the implementation environment and
explains the hardware and software used in the implementation, section 4.2 explains the
tools used in the experiments, Section 4.3 describes the challenges and difficulties in the

implementations, and finally, section 4.4 describes the experiments used to validate the

proposed algorithm.

4.1 Environment

To validate the proposed algorithm, the researcher used special software that can simulate

the real environment. In addition, the researcher used programs and tools to show the

execution results and tools to analyze these results. Implementation and analysis were

made using an environment with the following specifications:

S Esrconal ster: Compaq P4 dual core processor (Intel CoreDuo CPU T7300
onal computer:

2.00 GHz 2.00 GHz), RAM 3.00 GB.
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o Operating system: Windows 7 Professiong] 32 bit
it.

e OVPsim simulator.

YS / MinG i
o MSYS / MinGW Environment to represent linyx (upuntu) under windows?

e Matlab R2007b.

e Excel 2003.

4.2 Tools

There are two types of tools used in the implementation. The first type is OVPsim
simulator software to simulate high scale HMP architecture hardware; while the second

type is Matlab to analyze and draw the results.

4.2.1 OVPsim Simulator

Open Virtual Platform simulator (OVPsim) software is used because no kit is available to
create high scale HMP architecture hardware. The OVPsim simulator was developed by

Imperas Company Partner with 30 famous companies and organizations like (Tensilica,

MIPS Technologies, CircuitSutra, and Cadence) [41].

OVPsim Features: OVPsim is selected because it has the following properties [3]:

e Fasy to create complex processors.

e Basy to create virtual platforms of many processors.

e FEasy to create shared and local memories.

e Collect a large number of libraries for processors and peripheral modules.

1 : d very fast.
e Simulations instructions are accurate al y
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o Used for applications, operatiy,
’ g System an( embedd
ed software.

o Efficient and complete syster, environment

o Interfacing by C language.

OVPsim Setup: The installation of OV P simulator on personal computer needed

to do some steps:
e Registration with Imperas Company.

e Download OVPsim simulator and processors library.

e Request of license key from the company to activate the simulator for a certain

period.

Processors Supported by OVPsim Simulator: The company provides new pro-

cessors library from time to time. Until now, the available processors are:

e OpenCores OR1K

e ARM (Arm10, Arm11, Arm7, Arm9, ARM7TDMI, ARM1136J-S, ARM Cortex-m3,

and ARM Cortex-A8/A9)

o MIPS32 (MIPS4KEm, MIPS24KEc, MIPS34Ke, MIPS74Ke, MIPS1004Kc, MI4K,

and MIPS32 1074Kc)
® ARC (Arc6xx and Arc7xx)
® NecV850
* PowerPc32

® SparcVs§
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4.2.2 MSYS / MinGw EnVironment

GNU Operating system is a defay]t environment '
fequired to build model with QVPsi
Sim

ate models i '
tools. To cre under windows OPerating system, it is needed to alidate wind
; validate windows

environment using minGW and MSYS ¢,

4.2.3 Matlab R2007b

MATLAB is a highly tuned mathematical environment. It can execute simple, complex
operations on matrices, vectors to solve different problems and visualize the results with
very little code in an interactive development environment. This combination has made
it a standard tool for scientists and engineers all over the world. MATLAB designed
to support executables written in C or FORTRAN. Those executables are known as
MEX-files, where MEX stands for MATLAB Executable. The MEX API is available by
including special MATLAB header files in C. The resulting MEX-files are equally accurate
and much more efficient than the corresponding MATLAB functions [45].

The header files define MATLAB specific functions for many built-in C functions such
as malloc (memory allocation), free (memory de-allocation) and printf (print to standard

out). These functions have names such as mxFree, mxMalloc and mexPrintf, respectively.

4.3 Challenges and Difficulties during Implementa-

tions

In general, the research in many processor fields is a difficult task. It requires high

hmarks) and
Potential tools like many processors kit hardware and test program (benchmarks) a

: ‘ re faced. The most important ones
SUpercomputing environment. Many difficulties we
are:

not have processors kit hardware or simulator
0

® Lack . They d g
o ending a long period of time for finding a

software. This has been the cause for sp
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simulator software and learning hoy to use it
1T.

o No availability of heavy computers that cqp execute operati ikl
1ons quickly. The re-

searcher used his own persong] computer for his styq
y ex

. . periments. This takes 1
periods of time to do all the experiments s long

4.4 Experiments and Resylts

Experiments were divided into three phases. Each phase used to validate a main part of

the proposed algorithm:

o Phasel: Experiments to evaluate procedures that used to estimate overall execution

time.
e Phase2: Experiments to show scheduling algorithm overhead.

e Phase3: Experiments to schedule problem on all processors and evaluate the pro-

posed algorithm using standard benchmarks.

4.4.1 Phase 1. Accuracy of Estimation Execution Time

The goal of this experiment is:

o Estimate overall execution time and measure real execution time on different plat-

forms.

o Calculate the difference (error) between the estimated and the execution time.

2 lue.
° Study the effect of number of processors in the platform on the error va.

EIIVironment and Tools:

architectures, and to run the pRE O

[ /—""" Shtety - \\
< ;;&.ﬁja‘-sﬁt ELiSiaSad daely
;,"*v astine P waic Ynivorsity
% ‘E paiestine
x

® OVPsim Simulator: It is used to build HMP

on the architectures platform. 3
a9

(0},
=== the Library sl
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. Matlab 2007b: It is used to calculate apq estimate execution tj d show th
Ime and show the

results by analyzing execution information

Excel Files: They are used to store fonk: :

o | €xecution information. The (xls) file passes
information between the simulator and matlah2007

platform: The OVPsim simulator is the environment that used to build different

HMP architecture platforms. Each platform consists of varioys processors. These proces-

sors are four main types as shown in table 4.1, each of which has its particular performance

in the platform.

Table 4.1: Processors Specifications
| Processor [ Type | ISA |

il POWERPC | 32 bit
2 ARM 32 bit
3 MIPS32 | 32 bit
4 ORIK 32 bit

Application Domain: Most of benchmark methods focus on a linear algebra equa-
tion that used LU decomposition technique as shown in formula (4.1,4.2), the built ap-

plication used to solve LU decomposition on high scale HMC processors.

XA=Y (4.1)

R (4.2)

i istri ' 11 chosen pro-
The scheduling Algorithm will decompose matrix A. Distribute it on all chosen p

ition. Matrix A is stored
cessors, and will estimate the time needed t0 solve LU decompositio &
: tabase decomposition 18

In share memory as a domain decomposition database. The da

based on rows distributed to processors-

Application Behavior:
'« length (number of rows).
® Problem Si Size of database is presented as a matrix leng (
em Oize:
i 1000.
In LU application the size of A is equal
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Calculate lower row:
3 Calculate wpper row:

For int j = 1 to For int j 1t
= (s]

length A{ length A(

Ifj<n > Lin-=o0; Ifj<n - Unj=o0:
Else Ljn = Ajn; Ifj=n > Unj=1;
For int k = 1 to n { Else Ujn = Ajn/ Lon;

Lin = Ljn - Ljk* Lkn; For int k¥ = 1 to n {

Ujn Uin - Ujk* Ukn/

Figure 4.1: Pseudo Code to Calculate LU Decomposition

1. Experiment Procedures: The following steps are used to show the results:

e Design application.
e Design platform architecture.

e Determine application behavior, size and sample.

e For each platform

(a) Execute the sample on all processors and collect runtime information.
Processors configuration.

(b) Estimate overall execution time for all

. configuration.
(c) Measure real overall execution tIme for all processors gu

ecution time to measurement execution

(d) Compare the estimation overall ex

time.

ults.
(e) Calculate the error between two I€S
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e Study the effect of Processor count, on the resylt

9. Experiment Components and Program Files This section explains all
script files that are designed to apply the experiment. These files are explained as
run sequence:

Platform.c: By OVPsim simulator design platforms architecture, C language in-
terface is used to write script file code (Appendix A.4) to present the pseudo code
that is shown below:
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Begin

stepl. Initialization ;

enablin
9 verbose moge to get statistics at end
step2. For x =1 to Ps count

Step3. COreate HmtRencdicln Processor instqn
ce:

g name, type, id, attributes,
address bt ¢

. Create Busx:; cr
Stepd s create the processor busses and determine, and addre
2 ss

bits
Steps. Create Memx; create processors memories, and detriment size and

privilege(w ,7, wr, and wrz )

Step6. Create Share Mem end for; create share memories, and detriment size

and privilege(w ,r, wr, and wrz )

Step7. For x = 1 toiPsicount

Step8. Comnect Px to Busx; connect the processors onto the busses
Step9. Connect BusX to Memx; connect local memories onto individual processor

buses

Step10. Connect Busx to Share Mem; connect the shared memory onto all the
local buses
he processor object file

Stepll. Load application to memory; load t

Step12. Simulate platform; simulate the platform

Stepl3. Terminate ; free processons and memories

End for

End

Application1.C: According to @ 1anguage interface, design application script file

1 all processors in platform. Below, shows

code is used to execute the sample 0

s described in (Appendix Bi3)

pseudo code for the program that i
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Begin

stepl. For x = 1 to Ps count, . , .

Loop to ¢
ver all processo y
> Ts wn platform
step2. . Load :saliple bitone sample onto Processor ;
S memories

step3. Exec. Sample; Ezecute o
N every processors

step4. Export info.; store ezecution information to l
ezcl file

End for

End

Application2.C: By C language, design application script file is used to decompose
and distribute the problem on all processors in platform according to algorithm
calculation that are described in chapter three section 3.3. This file also used to
measure average overall execution time. Below, shows pseudo code for the program

that is described in (Appendix B.4).

Begin
Stepl. For x = 1 to Ps count; loop to cover all processors in platform
Step2. Load sample; Store sample onto processors memoreis

Step3. Exec. Sample; Ezecute sample on every processors

Step4d. Measure Exec T ETx ; end for; measurement ezecution time for every

pbrocessor

Step5. For x = 1 to No. of Conf ilg e M@ LILNPTOCESSONS configuration

Step6. Cal. PSD; calculate sharing density according to ETz

ose data and disrepute to processor according to

Step7. Disrepute data; decomp

PSD and problem size (PSD z I)

rement overall ezecution time for each

Step8. Measure Avg ET.; end foT; meast

configuration |
i i ion to excl file
Steps. Export info.; store execution jnformatio

Engd

compile platform script file and

; i d to
Make File: Design compiler script file is US€
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Begin

stepl. Compile platform; builg
) b
1ld the Platfo'rm ezecutable fil
tle under OVPsim

library

Step2. Compile application; ;
on; build the Application ezecutio
n compatible with

ARM7
Step3. Compile application; ;
on; build the Application ezecution )
s compatible with
Step4. Compile appli ion; )
pplication; build the Application ezecution compatibl X
POWERPC .

Step5. Compi i ion; )
P pile application; build the Application ezecution compatible with

OR1K

End

Table 4.2: LU Application Files

[ Before compile | After compile |
Platform.c Platform.dll
Platform.windows32.exe

Applicationl.ARM.ELF
Applicationl.MIPS32.ELF
Applicationl.ORlK.ELF
Applicationl.V850.ELF
Application2.ARM.ELF
ApplicationZ.MIPS32.ELF
ApplicationZ.ORlK.ELF

Applicationl.c

e el
Application2.c

e is used to analyze information that is collected

on?2 files. This file is also
shows pseudo code that

Runall.m: Design Matlab script fil
used to compare

When executing applicationl and applicati
ures and xIs file table

( Appendix C.4).

and display the results in fig e

18 used to create Matlab script file
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Begin

rt ETi; 4 .
gtepl. I1mpo 1i WMpoTt ezecution tipe i e
ample on Processors fr
om

excel

gtep2. Import overall ET;

5 import o )
verall ezecution time that measured from

excel file

step3. Determine No. Ps; extract the number of processors in pl tf
‘ in platform

Step4. Create Ps configuration Space; from 1 to config
. Space

teps. Cal. PSD; calculate shari ;

Step aring density (), PSD = 1) for each
Processors.

Step6. Disrepute data; according to PSD and Size I for each processor (I z
PSD)

Step7. Cal. Avg. Overall ET; calculate average overall ezecution time for
each processors configuration

Step8. Comparisons; compare measurement overall ezecution time with
estimation overall execution time

Step9. Show comparisons result

End

3. Experiment parts

ment is split into six parts according to a processors count

In this section, the experi
adopted because the platform in real

in platform. This strategy for the splitting is

e that has static and fixed number of processors.

world presents a computer machin

e same procedure steps. The following parts

The experiment in each platform has th

show and execute these procedure steps:

e Platforms: According to Platforms

a . MP Architectur
&) Part 1 Greatell (43 4.4 4.5, 4.6, 4.3, 4.7, 4.8), the sex

Processors count shown i tables

i . simulator.
platform are created using OVPsim sim |
platform, the sample problem

jon: each
(b) Part2: Execution Information: For
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Table 4

3. Platform Cq

P1 T MIPS |

POWERPC 39
MIPS39

Table 4.4: Platf :
I Processor OrmT(}j’(I))IéSIStS oL 8 Processors
IPS
PlE=pa ARM 100
P3-P4 | P o
OWERPC 32 | 100 - 200
P5 - P6 MIPS32 100 - 200
P7 - P8 ORIK 100 - 200
Table 4.5: Platform Consists of 16 Processors
Processor Type | MIPS+100 |
RilE=aRA ARM 100 - 400
P5 - P8 | POWERPC 32 | 100 - 400
9. R MIPS32 100 - 400
P13 =Pl6 ORI1K 100 - 400

Table 4.6: Pla

| Processor Type MIPS+50
PRI P ARM 100 - 400
P8 - P15 | POWERPC 32 | 100 - 400
P16 - P23 MIPS32 100 - 400
P24 - P32 ORIK 100 - 400
7. Platform Consists of 64 Processors
Tall):’lfoi;sor Type MIPS+25
Pl PIL& ARM 50 - 425
P16 - P31 POWERPC 32 50 - 425
P32 - P47 MIPS32 50 - 425
P47 - P64 ORIK 50 - 425

.tform Consists of 32 Processors

Table 4.8: Pl

Processor

P32 - P63

i 1
9x (50 - 425

ARM 7

POWERPC 32

98 Processors

)

2% ( )
9% (50 - 425)
( )
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_
.

is executed by i
y mplementing applicati
lon] prg
gram on

-

all processors in the [

show th
€ executj
u .
tion time for g))
Cessors, Processors in

platform. Figures (4.2, 4.3)

platform consist of 4 and 8 p
Io

Proce
S5
E Ng sample on eery
¥ Proceszor

e

d

§000 """

Y r——————

000
6000
5000

4000

Exscution Tane | m S)

3000

2000+

1000

Processors

p g

In figure 4.3 '
.3, we notice that, the execution ti
cution time differs fr
om one processor to

€.

Also are similariti
5 b :
milarities in information for the experiment that include platforms

th i
at consist of 16, 32, 64, and 128 processors.

The
performance value (MIPS) as shown in the above figures is the effective

factor of the execution time.

(c) P : :
art 3: Estimate and Measure overall Execution Time:

the applications responsible to estimate and

I .
n this part of the experiment,

mea. ; .
sure overall execution time has tWO steps:
form that is responsible 0

tion 1s completed and the

licationl file on each plat n measur-

tion time. After execu

1. Run the app

ing sample problem exect
(runall.m) becomes

the Matlab script file

is stored In excel file,
] execution time for any

information
pro-

responsible to calculate and estimate overal
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Execu\mn T\me tm S)

'°¢0$3lng sam

|
7000 -
6000
5000 -
4000
Y = 25404003
2000' Xug
i Y =1 84e+003
Xa3
Y= 100600
1000 o
0
1 2 3 4 5 2 : -
Processors

Figure 4.3: Execution Time for One Sample among 8 Processors

cessors configurations for the same platform according to formulas (3.7,
3.8, 3.9, and 3.10) in chapter three.

ii. Run application2 program that is responsible to measure real overall exe-

cution time to solve LU problem on the same processors configuration that

is used in the previous step for each platform.

The processors configurations is presented as a digital stream. If the processor

i t
is shared in processing, it is presented as 1 value. If the processor 1S 1o

impli tion of
shared in processing, it is presented as 0 value. To simplify the presentatio

ficuration stream
processors configurations shown in the figures; processors coniigl

will convert to decimal value.

me for all possible pProcessors configura-

Figure 4.4 shows overall execution bl
m that consists of 4 processors:

tion (24 — 1 = 15) in platfo

.
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Maxmum oyerai execution trme (Sec)

1 6 7 8 g o .

cemvert Lhe processors configuraticn bit to dacirmal vabse 12 13 1 7y

Figure 4.4: Estimated and Measured Execution Time for 4 Processors

urations (28 — 1 = 245) in platform consists of 8 processors.

In platform consist of 16 processors, the processors configurations is too large
(2!6 = 65536 combinations). To simplify the presentation, sample of processors
configuration is chosen to show overall execution time as shown in figure 4.6. In

platform consists of 32, 64, and 128 processors, the same presentation method

is applied as shown in figures 4.6.

We notice that, in figure 4.6 there exist zigzag in the output information, since

there are sharing or not sharing from processors in the execution, and these
ion ti m high
processors have good performance OT bad. Execution time may vary fro g

ave high performance, and

to low if there are sharing from processors that h

vice versa.

rror: In this part of the experiment, the

Part 4: Calculate Percentage E

n the measured and

calculated overall execution time

percentage error betwee v
is calculation uses formula 4.9

will calculate for all platforms: Th

e easuredTimel % 100% (4,3)

latedT1m :
|Calcu easuredTime

60

Perc.Error =



CHAPTER
4.
EXPERIMEN TS AND RESULTS

Compari
i parison between
v i ' measure and calculate overall e
Xecution tj
me

I measure overall execution time
I calculate overall execution time

10

T

Overall Execution Time {mS)
@
1

234 236 238 240 242 244
Convert Processors Configuration bits to DecimalValue

Figure 4.5: Estimated and Measured Execution Time for 8 Processors

Comparison between measure and calculate overall execution time (16 Processors)

2

60 . | ;
—_—— measure overall execution time
—+—calculate overall execution time F

N

[51]

o
T

N
i
o

230

220

210

Overall Execution Time (S)

200

190

180

170 L |

3250 3260 3270

3300
Value

90
3280 3290 .
Convert Processors Configuration bits to Decima

Processors

' i i 128
Figure 4.6: Estimated and Measured Execution Time for

61




CHAPTER
4. EXPERIMENTS AND RESULTS

Figure 4.7 shows the bercentage error fo; all p
rocessor

» . : S Conﬁ T 3 o
are combined in platform consisting of foyy ebae
Processo

. 5 i 1s. In thi
value of error 1s having indirect correlation with g
a nu

mber of proc
i e . essors that
are share processing. The maximum valye of the error in thig p]

n this platform is

approximately (0.79 %).

: percentage eror betwsen measure and caleut
I it s d ' ' : ate overall execution Lme

b T T
]
Avorage Percentage orror ~0. 4059, \‘x = T T T
07 o 4
7. 07501

| / e
05 / \

045

03} \

Settar

L L ] 1 1
1 2 3 4 5 6 7 a =) 10 1 12 13 14 15
corven the processors configuration bit to decimal value

Figure 4.7: Percentage Error for 4 Processors

In platform that consists of 8 and 16, the percentage error for these platforms

is showing in figures 4.8 and 4.9.

|

5 [
OV o P asnors cONn oy
1t the Proc 1} 1
=i

T o

AT VBB
— 200 S
it 1o doc s al value

ration

<

Figure 4.8: Percentage Error for 8 Processors

I erage
the percentage error mainly has an averag

A : figures, BN 5
*shown In 1o ecific platform. This implies that our
g a sp

constant value when considerin
able.

: : S cimall
estimation of the execution time 1S
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.gure I

for platform consist
of 1
.. arge number of processors, we note the
is increase as shown in figu ih
gure 4.10, the ﬁgure 1s present the error for 32
r for 32,64,

and 128 processors.

45 :
4t : I
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"} ——128 Pro:’:?’s -

25 1
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0 | | :
%ED 2600 4900 4950 5000

convert the processors corfiguraticn bt 10 dacimal value

8 Processors

Figure 4.10: Percentage Error for 12

e the error boundary 1 Jimit according to

In :
the previous figures, W€ can se

number of processors in the platforms-

Relationship between overall execution time and count of processors

in platforms:
ion. The error

0CessoTs configuratl

There is an error value for each processor in pr
determined to study the effect of processors

value for each platform needs to be
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scale to erTor. The procedure beloy specifies |y
OW one cy
n de

cach platform: termine error for

. (alculate maximum |
. overall execution time for each
processors confi
gura-

tion in the platform.

in the platform.

iii. Calculate percentage error for each processors configuration in the platf
atiorm

by using formula 4.3.
iv. Calculate the average and maximum percentage error for each platform.

Table 4.9 shows the number of processors configuration slides for all platforms.
Because the processors configuration space is very large for platforms that
consist of 16, 32, 64, and 128 processors, the computer memory cannot store
the data. To calculate error for these platforms, the researcher took 5000
samples from processors configuration space. Figure 4.11 shows the relation

between percentage error and platforms.

Table 4.9: Processors Configuration Slides

| Count of processor | Processors configuration space Number of Sample
AL e e R

- = 16
8 955 256
16 65536 5000
39 4294967296 5388
64 1.84467E+19 200 ;
1% 3.40282E-+38 e e b

at there 1s an upper bound for the per-

From figure 4.11, we can conclude th

: . . i ime.
centage error in estimating execution t

4,
42 Phase 2: Overhead

! .~ characteristic
: tation behavior €

The
80al of this phase is to study the effeC ween problem sample

§ e relation bet
e the sample size and problem size, t0 present o
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Relation pet
L l ween platform and % Emoy
—— Avg
—o— MaxAvg
251
2 -
8 s
g 18
X
1+
051
L1 l l
0 48 16 = Bl4 l

Number of Processors in Platform

Figure 4.11: Percentage Error Relative to Number of Processors

ize and problem size, and to study the effect of this relation on execution time overhead.

Tools:
1. OVPsim simulator.
2. Matlab 2007 b.

3. Excel.

Platform: In this experiment there are various platforms that are created. Each

i S
Platform consists of a number of processors s shown in table 4.10. These processor

- i ' hase. All

e repeated from the four main types as shown if table 4.11 in the previous phase
in table 4.11.

blatforms have the same overall capacity for each processors types o

Count
2 )i Platforms Processor
Table 410 D Number o procsst
~ Platform 1 | 4

Platform 1 :

Platform 2 T
Platform 3 =
Platform 4 o
Platform 9 198
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Table 4.11: Processors Specification
ORIK
NEC V850
POWERPC 32
MIPS32

and Capac
oTal capacity pacity

Appli cations: Two types of applications are used. In the firgt one, the sample size

s relation with problem size; while the second application, there has no relation between

ample size and problem size.
5

application 1: This application is the same one used in phase one. In this applica-
tion, when the problem size is increases the sample size will increases.

Application 2: This application executes program that solves images filtering. the
sample size in this experiment is one image and the problem size is number of images (D)
in data base. Each image in the database is presented as one matrix (800X600 = 480000
pixel) as shown in figure 4.12. All images in the database are stored in one matrix (480K
xD). In this application, there are no relations between the sample size and the problem
sze. The filter function in this application multiplies each pixel in the matrix by factor
2 shown in formula 4.4. Source code for this application is shown in [Appendix B.5]
(4.4)

OutImage(z,y) = Image(a:,y)i% + Image(,y) X (& xy % P)

where:
Pis pixel valye.
Yand x are pixel position.
Image ig Imput image.

ExDeriment procedure:

hown
ilt all platforms s

: A5) that bul
(Appendix

L OVPsim is used to write script file wn in table 4.4.2.

| i ] re sho
" figure 413, Processors specifications a .
) that built application 2.

: endix B.3
2. o commands is used to write script file (ApP
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3, ¢ comma

6. Show result and analysis by Matlab script file (

nds is used to write scrip

HEREERREEEEN
BEEEREEOEE0)
T BT B3

EEEEEECOEN

HAC T

Appendix C.4),

I_rlll II II lll IIl |‘l !l |Il ll Ii

]
IREEN

| i o ——
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) that byl application 2,

te application 1 on each platfo
5, Bxect rm for problem, size (f
rom 500 to 3000).

lication 2 on each platf
; Execute aPP platiorm for problem size (f
rom 500 to 3000).

Figure 4.12: Image Data Base to Matrix

Table 4.12: Processors Specification

Figure 4.13: Pr

0Cessors [nterconn

67

LATFORM T POWERBC 32 MIPS | ORIK MIPS | MIPS32 MIPS | NEC V850 MIPS
4 P x 800 P x 800 P x 800 P x 800
8 9P x 400 9P x 400 9P x 400 9P x 400
16 AP x 200 4P x 200 4P x 200 4P x 200
32 8P x 100 8P x 200 8P x 200 8P x 200
64 16P x 50 16P x 50 16P x 50 ;gl; - 22
= 32P x 25 | mpazs | wpxm | SPxB

ection




yer proCessor (bottleneck). Thi . sents the time for the
(4

wed

fgure 4.14 . The collection process contained the following s
eps:
h OVPsim simulator is used to run applicationl op each platform and
and export the

execution information to excel files (XSL1, XSI,2 XSL3, XSL4, XSL5, and
, ) ; , and XSL6).

3. Matlab imports XSLs file, chooses the maximum time for each platform that present
resents

the overhead, and stores the application information in file XLS7 and time informa

tion in file XLS8.

3. Plot the figures to show the results.

f

Platform 1
Platform 2

;T/
bt
v
i

y
153

)

11

. =
|
1
> 21 P
<
P> 15!} —p
Platform S

> — Matlab
(VPsim Platform 6 H INEEEE = atia

Figure 4.14: Processing Enviroment

' icati ch problem
Figure 4.15 shows time needed to execute sample S of application 2 for each

the time for the weaker processor (bot-

"7 on different platforms. This time represents
tleneck)'
’ : .1 time for the sample,
} Totice in figure 4.17, that there are similarities 11 the execution U

* b

imilarity came from the liner relation be-
si ,

Que g 4 :
“t differ in the case in the experiment: This
tw :
*the problem size and the sample size: Inithiciet

periment We used LU decomposition

ag
Present the previous relation.
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[ Piatfor 4
[ Pratiorm 5
T Piatlom 6

Exection Time (micie S)

500 1000

Figure 4.15: Sample Execution Time for LU Application

In figure 4.16, we see that, all execution time for the sample are the same, away from
the problem size that we execute, since there are no relation between problem size and

sample size in image processing application.

« 10 Frelation Detween samipld exectAizn 1 303 probiam 3ize 44 dderert plation (1o retalion beteeen | 203 &)
el . il v v

J § s 1 v e —
| R Pt |
A Fuifonr2 |

4 % s S st |
. 1 I s |
I sttoirs |

it |

Erezwron Tres |rcn §)
s

Protlem 3¢

Figure 4.16: Sample Execution Time for Images Application

m overall execution time for each prob-

Figure 4.1 4.18 show maximu
17 and figure s time on different platforms; all

. . 2 2
lem i needed to execute applicationl and application

Pocessors that exist in platform are sharing processiné:

ion time for LU d

sors in the platform

ecomposition application, we see

[
N figure 4.17 that show the execut ) needs ( approximate)

th
% all platforms (regardless number of proces
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I Flatform 1 Uiferent platforms
I Platform 2

B Plattorm 3
[ Platform 4
B Platform 5
[CIelattorm s

Ovetall Execution Timne

00 1000 1500
Problem Size

Figure 4.17: Execution Time for LU Application

qme execution time for the same problem size, due that, all platforms in the experiment
have the same total MIPS value. And from the figure, execution time increases where
the problem size increases. These notes applies also for image processing application as

it appears in figure 4.18.

w1 Hax Execution Time for Each Froblem Size on Diferent Platforms
3

[ ] 1 1 I

| EEER
R Piiorm 2
251 [ Pizfom 3
I Piztiorm 4
: I Piztiom 5
[| ] Pigtform 6

Overall Eecution Tme (miroS)
o
T

1500
500 166 ol Size

Figure 4.18: Execution Time for Images Application

he \Y all execution time
] ver ad to over
IlSlty Of ove

Figy the de
fure 419 and AEEEt plication 2 on different platforms.

f o da
T each problem size when execute application e T
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, there j
© 1 relation by,
€en the

e prOblem size, the overhead is affecteq b
Sl o sample size and

143 Phase 3: Power - Performance Ty
adeoff

The goal of this phase is to validate the
proposed algori
steps: orithm, by conducting the foll
ollowing

o Estimate overall executi
cution ti
time and consuming power i
er in offli
ne mode
, when all

rocessors that exist i
D exist in the platform are sharing ;
g 1n processin
g-

o Implement an intellige
i :
3 gent scheduling algorithm on high scale HM
ing to set processors i j TEg
a1 configuration that ensures to achieve perf e
o optimal value by designi ey
y designing a complex search space from the | .
e large number of

combinations gi i
given by trying the share / not share state of each
ach processor.

o Study the relati
ion between performance and consuming power on diff
n different plat-

forms.

Environment V er. ma
ent: i i t
The experiments 1s cons ructed by using O Psim, gcc compiler, mat
: , 3

lab and ex
! cel file i 4 | \Y;
as stated m ﬁgure Ik he O Psim simulator is responsible to built

Processor architect tlak ble t ect the execution informa on and

analySiS this i d b X fi nt th
1s info ] h h 1
rmation to show the I’CSUlt as ﬁgU.I'CS and ta les, excels les represe t the

¢ compiler used to compile ¢ scripts files

medium b
etween OVPsim and Matlab, and g¢
ectures.

that ¢
Teate be

nchmarks application and processor archit
at are used in the exper-

Prob]
em:

Table 4.13 shows the benchmarks programs th
ment using the

ment, T
s table also represents the problem behavior needed t0 imple

reSearC
h scheduling algorithm.
program is designed for

and Jim Bunch, this
tion of FORTRAN

LINPACK is a collec

d linear least-

LINp
ACK:
Supey, CK: Develop by Jack Dongarr@
omput .
ers in the 1970s and early 19805
squares problems.

Subro
utines
that analyze and solve linear equations &%
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gee compiler
Create :}“‘ Simulator
benchmarks L ikeec
program by P2.C Compile Info,
gec compiler script = 8
file
—— Exe&/

\//—— ot &

Figure 4.21: GA Environment System

Table 4.13: benchmarks behavior

[ Benchmark Sample Size |
LINPAC Solve 200X200 100000X S
PeakSpeedl | Solve 5000000 iteration | 100000X S
Dhrystone Solve 2000 run 100000X S

The package solves linear systems whose matrices are general, banded, symmetric indef-
inite, symmetric positive definite, triangular, and triadiagonal square. In addition, the

package computes the QR and singular value decompositions of rectangular matrices and

applies them to least-squares problems. LINPACK uses column-oriented algorithms to

increase efficiency by preserving locality of reference [2]:

- sinally developed
Dhrystone Benchmark is a general-performance benchmark test originally develop

d compares the
b Reinhold Weicker in 1984. Dhrystone benchmark used to measure &1 o

fficiency of the code generated for the same

Performance of different computers or, the e

s of standard code and concentrates

Omputer by di Jers. Dhrystone consist
y different; cahEESts : t heavily influenced by hard-

' : ; ions. 1

O string handling. It uses no floating-point operatio timizing, cache memory
: 1miz )

Ware ang software design, compiler and linker options, code op

a .
"integer data types [44].
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- is no relation between the sample size and the problem gize i
Size In the implementa-

tion £ Jliminate the overhead effectiveness of the experiment resy]t
esults.

platform: The problem is executed on varioys platforms that consist of high scal
gh scale

{MP architecture as shown in table 4.14. The platforms represents the similarity of real

processors that are described in table 4.15 [4].

Table 4.14: Platforms Combination

| Platform No. | Number of processors | Total MIPS ]
Platform1 324R1 64000
32 B2 64000
Platform2 64 P1 64000
64 P2 64000
Platform3 128 P1 64000
128 P2 64000

Table 4.15: Real Processors Specification i
BIOCGSSOY | Type [ Power | Similarity |

Pl Tntel® Xeon® processor X5675 3.07GHz ‘ 180W l gfpﬁalz ]
P2 AMD Opteron processor 6174 2.2GHz | 230W

in each part the

Experiment Procedure: The experiment is split into three parts;

ame platform. Then he will analyze the

fesearcher will execute all benchmarks on the s

in J
formation to show results.

itecture under OVP-
L. Create script files (Appendix A.6) to simulate platforms architec

ble files there shown
ript files tO create executa

sim simulator. Then compile these SC i
ure represents 0n€ processor type:

in table 416, n this step the avchitect s

t
d processor2P12
cessor] Platform is simulated ARM7 processor &%

ORlK processor.
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2 Compile application flle (LINPACK, Dhrystone, ang
' y and Pe

k
create exactable files as shown in table 4 16. Thege di benchmarks) o
+10. These

1

€S can execut :
€on g
platforms. imulated

, Run the system. The information wi]] store in xls fileg

4. Design Matlab program (Appendix C.6) that collects the information produced
produce

when executing the benchmarks program on the platforms. This program is al
| : m is also
used to build high scale HMP architectures as shown in table 4.14 and to apn]
) 0 apply
the scheduler Algorithm to show the result.

Table 4.16: Experiment Program Files

[ Source code file .c | Executable file |
Processor1Platform | Processor1Platform. Windows32.exe
Processor2Platform Processor1Platform.dll

Processor2Platform .Windows32.exe
Processor2Platform .dll

LINPAC linpack.ARMT elf
linpack.OR1K.elf
peakSpeedl ‘peakSpeed1. ARMT elf
peakSpeed1 OR1K.elf
Dhrystone Dhrystone. ARMT.elf
Dhrystone.OR1K.elf

: i
In this experiment, all platforms have the same value of overall capacity (MIPS va

les). This result to eliminate the effect on the experiment result.

Implementation i
i scribe
Execute the benchmarks shown in table 4.13 on platforml that 15 de

that is described in
p- 417, platform2 that is described in table 4.18, and platforrn3 a

table 419,
i 4 Processors
Table 4.17: Platform Combination; Consist of 6
@‘ type | Count — — — =g4000
X =
e




Table 4.18: Platform Combipat:
Processor type Count -
Pl
P2

Table 4.19: Platform Combinatiop

Brocessor type | Count | : Consil\;};Pof 256 Processors
P1 128 | 40P 0
X 25 + 48P
P2 12 g L
\ 3| 40P x 25 + 48P x 50 1+ g0p - s o
= 64000

the benchmark sample on each processor in the platform that is cor
0 i i
Figure 4.22 shows the execution info ' L
rmation for platform1, figure 4.23 for platf

) .23 for platform2, and

figure 4.24 for platform3. Therefore, all figures for the benchmarks are similar. b
. . ar, because
the platform combination consists of two processer types (heterogeneous in functional)
nal),

and each processor was repeated in different capacity (heterogeneous on performance)

Th i
¢ second note about the processors execution time is that the processors that have

the e
same performance (MIPS value) differ in execution time that needs to execute the

s :
me sample. For example in figure 4.22 group 1 of processors (1-10) has MIPS equal

100 :
that need approximate (0.9) seconds to execute the sample, and group 2 of processors

32-
(8-42) has the same MIPS and needs approximate (11.2) seconds to execute the same
nce of the num-

sam ;
ple. Reason of the difference in execution time caused from the differe

ber of ; ;
of instruction that is produced from the compiler for each processor s

e slower processor) com-

ple execution time for th
otal MIPS for all

Th :
¢ last note is the overhead (sam
Parj

'Son between the three platforms. The reason caused from the t

more processors need to decrease the

pl&tf() :
'S are equal. In the platforms which contain

Va]u
e Of prOCessorS MIPS to keep the value Of total MIPS

76




C

HAPTER
4. EXPERIMENTS AND RES

ULTS
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execution |
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Processor
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Figure 4.22: Benchmarks Execution Information among 64 Processors

Sample execution time for 128 processors
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Figure 4.24: Benchmarks Execution Information among 256 Processors

Each problem consists of (100,000) benchmarks problem size, will spend overall exe-
attion time that can be calculated by formula (3-7, in chapter 3).

Figure 4.25 shows the execution time for each problem size that execute among 64 proces-

' ' me benchmarks
sors, when all processors are sharing the processing. We have run the sa

' rs, and we get
on platform consist of 128 processors and platform consist of 256 processo

similar results.

atforms appromlnately need the same execution time

In the last figure we note all pl
total capacity for all platforms ar

e the
execute the same problem size, the reason 15 the

Same, |
<imately the same time
The second note is all processors in the platforms need appro

" sole the sharing data from the total problem SIZ€-

gorithm used to find bé e onfigura i ve performance
tion to achieve per

% - d bett rprocessors conngu .

e ulate the total consuming

4 a 4.5 we call calc

¥ determine consuming POWER. BY Formul

Po
Ver thag i needed to solve the proplen:
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HAPTER 4
: EXPERIMENTS AND RESULTS

Totalco '
T RS
(4.5)
where:

Jis processor Status (Selected or Not).

S

power i is the consuming power for this processor.

[nitial power value is the power that needs to solve the problem when all
Processors

e shating in processing. Table 4.20 shows the initia] power for each benchmark

Table 4.20: Minimum Time and Maximum P

Benchmark | Min Average execution time (S) il Max Power(W)
Platform1 | Platform?2 | Platform3
LINPAC 35.2324 13120 26240 52480
PeakSpeedl 78.6837 13120 26240 52480
Dhrystone 11.7698 13120 26240 52480

Concerning genetic algorithm criteria

There are two main criteria used to finish GA search:

o Number of iteration: set maximum number of iteration

o Stability of fitness value: stop the search when fitness value will be stable for number

(n) of iteration.

This experiment set the maximum number of iteration which equals 50 and the count o

"eration which makes fitness stable is 10.

: ; 3
n running the system 11 maximum pow

figure 4.26 shows algorithm result whe
using platform 1that co

nsists of 64

(al ) by

Processors sharing to solve the problem 2

Ssors,
processors and platform

otg of 128
We h&Ve run fhe oo benchmarks on platform consis

Cone; 1.
"sts of 256 processors. Similar results ar¢ gotte
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Jgorithm is fast to find better
Processors ¢
S configyrati

| performance because the number of variapjes (

in
opth Processors)

Is compatible with GA.

However; the goal of the implementation, i Sehiened
ved.

. IE‘ 11"'("' n‘a ro Z
ma

i consuming power.

In the experiment we determine the amount of total consuming power by decreasing
fhe maximum consuming power by 0.1 percentages in range from (0.1 to 1). Then the
algorithm will begin searching to find optimal processors configuration to achieve high
performance (minimum overall execution time). Figure 4.27 shows the relation between
overall execution time to total consuming power for platforml , figure 4.28 for platform

2, and figure 4.29 for platform 3.

PeoakSpeedl
Dhiystone

or T ; UNPAC |
=

Oversll Exaontan Time (mesro S)
w a L] o
T T

»
T

!J/
4
|
|

16

1
o 05 Power (W)

4 Processors
Figure 4.27: Performance Power Trade off when run 6

b T
ncement in the trade off between power

As shown in figure 4.28, we note tow is enha
. em increase-
" performance when the number of processors 1 S,

nefits of
wo points is use the bene

d to show
Reference 1o figure 4.29, the selection of ¢

al . 1 .
Sorithm whep applying our propsed algoritherm: r. The

case needs full powe
but the system

Pt n this
ot A achieves max performance,

Tg
"t of this point is shown in table (4‘20)'
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point B saves large amounts of power by sacrifice a small part of the performance
for example: To execute linpak benchmark in 246 micr S (sacrifice 168 micro S), the
gystem needs 15 k wat (saving is 40 k wat). Then if the processors is configured to point

B, it can solve linpak problem three times in the same power needed in full performance.
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T
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35 4 45 > ]

R 25 3 7
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Figure 4.29: Performance Power Trade off when run 56

has to implement the
In the obove figures, to achive high degree of performance one

Y G f processors.
earch scheduling algorithm on system contain high scale of P
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Chapter 5
conclusion and Future Work
or

The purpose of this research i :
rch is developing scheduling algorithm that spl

roblem into inde G e e ndona
p pendent parts and distribute these parts on a het main
%t in platform architecture. s

The propsed Algori i
gorithm is complex, because of this we split the Algorithm d

into Stages, each : PIOCETUNES
g ch stage explained and tested as alone. The final test implemented on th
ed on the

scheduler algorithm by standard benchmarks.

0.1 Discussion

It is im
ort :
portant to point that, the proposed scheduling algorithm on HMP platform focus
on perfOrm.
ing a tradeoff between the power and the performance, that is to reduce the
then the proposed algorithm

(system or user),
r that,

Power
by constant value by stockholder
m using GA method. Afte

or adequate group of processors in the syste
gses on the selected proces-

the

Pro .

Posed algorithm performs load balancing for the proce
s time estimation which the system needs

grouy T
P. In addition, this algorithm perform
¢ HMP platform.

fo ex
ecy : , :
te the processes. Moreover, this algorithm is apphed to high scal
M . ;
8t of the previous work on this field focused on enhancing the computing system

84




As mentioned above, the proposed algorithm can
: 7k 1ot be faj
fthe previous work which did not focys : fairly compared with mo
| on trading off betye o
s Ll : e €N DO
To prove the realistic and reliability of the Proposed algorith bower and performance.
I, a discussion and
study of

ementations results is done and the re
sults shown in §
gure 5.1.

impl
Relati
3 : : elation between platform and % Error
—F— Avg '
—&— MaxAvg J
251
2 -
. Al
G 151
R®
1 =
051
] 1 | 1
32 64 128
Number of Processors in Platform

r Relative to Processors Count

Figure 5.1: Percentage Erro
s reasonable

As shown from the figure, the error value in estimation execution time 1
ound property.

ac : s
tepted, in addition, the error value has an upper b

5. °
2 Conclusions
ration of the valid co

eh
ave proposed a powerful methodology for explo
able power-

018 In a large multicore platforms, to achieve the sult
form means selectin

i g
Ombinations of processors in a multicore plat
Out of
the rest to participate in execution: f valid co
e of vall
Also, we have wsedia pencle algorithm t0 explore the search spac

85

mbinations of
performance trade

g aset of processors



(108 over prObabihty is equal to 0.75 and Roulette w, 1
eel sel

S.

, In case the consumed power is not counted fop the schedyl;
; uling algorithm cap

pe work as follows: simply

_ Take a sample fro
T ple from the problem, and ezecute i on every processor to esti
0 esttmate

its processing capacity.

— Distribute the problem among the processors according to the estimated pro

cessing capacity for each.

o The search time is highly reduced through the problem execution time estimation

depending on the sample execution before entering the search operation.

o The error in estimation the problem execution time is proved to be reasonable and

results show that there is an upper bound for this error.

o Results show that the error in estimation is increased as number of processors in-
creased, due to:

~ The domain of the problem 1s considered as a set of samples which cannot be

completely identical.

~ The sample does not contain the execution obstacles founded in the whole prob-

lem ezecution, such as exceptions, stalls, etc

g domain Jecomposition, where

* The scheduling algorithm work efficiently when usi”

and the sample size is simple.

the relation between the problem size

ch algorithm is considered as an over-

(] S
The sample execution before starting the seat
problems like

matrix multiplication where the

heaq which increases when handling
‘70 increase:
Sample gize has to increase as the problem SlEc
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CHA

- YONCLusio
N AND FuT
URE WORK

ed methodolo :
, The proPo® &Y permits powey SaVing through g
electin

roces sor configuration for executing the problem i o g an optimum
I€asonable tj

paximum power consumption. me with g fixed

ower saving is highly noted anq
o The P enhanced as the Rumber of processors in the

platform increases.

53 Future work

. Generalize the methodology to work using real implementations on large distributed

computing environments.

9. Another direction may be considered in the future is integrating our algorithm into

a powerful compiler like gec.

3, Study the possibility of employing the proposed scheduling algorithm on dependant

domains and with functional decomposition.
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dotl

tm

-
P PP

B
ey USP busl = icmNewBus ("

N////////////////////
vg Kol PRI

///////////////////

¢stdio.h>

¢string.h>

<impTypes.h>

nicm/icmCpuManager.h"

le relaxed scheduling for max

, SIM ATTRS (ICM_ATTR RELAXED Schgp

Main routine

ain(int arge char **argv) {

alize OVPsim,

performanCe

)

// initi
/] of execution

;cnInit (ICM_VERBOSE|ICM_STOP_ON_CTRLC|IcM EN
/| create an array of pointers to N, AB
;cnprocessorP processor([2]; o
/| Create a new attributes list

icmAttrListP mipsUserAttr0 = icmNewAttrList () ;
nmﬁddDoubleAttr(mipsUserAttrO, "mips", 300'0;.
//Link Processors With Library y

enabling ver
bose mode to get statisti
Cs at end

LE IMPERAS
i _INTERCEPT NUL =
stances =i L, 0);

CODSt char *mlps32Model = icmGetVanString (NULL [

W”Q'tSF'f", vvﬁ;ps%zn’ "1.0”, "mCdel"); PRS- OVDY kel .org™ ;
const char *mips32Semihost = icmGetVlnvString (NULL, "mips.ovpworld.org"
"semihosting", "mips32SDE", "1.0", "model"); e e

// Create First Processor

processor[0] = icmNewProcessor (
"CPUO MIPS", // CPU name
"mips32", // CPU type
0, [ £CRPUSicpuld
0y // CPU model flags
32, // address DbiEts
mips32Model, // model file
"modelAttrs", // morpher attributes
SIM ATTRS, [/ attributes
mipsUserAttrO, // user-defined giEaLbutes
mips32Semihost, // semi-hosting file
"modelAttrs" )i // semi-hosting attributes

/l Create a new attributes 1ist
lemattrristp mipsUserAttrl = icmNewAttrList )7

7mﬂddD0UbleAttr(mipSUserAttrl, mmips", 100.0)7
/ Create Secound Processor
prc)CeSSOr[ll = icmNewProcessor(
"CPUL MIPS", // CPU name
"mips32", // CPU type
by /) cpu cpuld
U // cpu model flags
32, // address bits
mips32Model, /) model file e
it o r attribu
lelRttrs", // morphe
SIM_ATTRS, " attrlbUte? . attributes
mipSUSerAttrl, T/ user—-defli.l’le 5
Mips32Semihost // semi=hostIPd T iputes
" ; 4 // semi—hostlng a
lel At trstiyEs
Cre
3te the processor busses

Loy sl 32) 7



l =t N "hys D i
; cmBUS sp bus? = FOTHCHENE IR 32) ;

snnect the processors ontg the
cC

co rmectProce-ssorBuss,eS (prOCeSsor[( :
nectProcessorBusseS (prOCessor[ll drie

bUSSGs

!

r busi
ries bus2, p, )
create memo i

cncon

MemOfYP locall = lCmNeWMemory(”m,--n~..

jcn 2 ali

mMemoryP localz - lCmNewMemory(.,l )/_«;]'} n ]I:CM PRIV RWX ,;/Qr\r) e
cmMemoryp shared = lcmNeWMemory(" e CM_ PRIy _Rwx, “/Wm L ,
ic

connect the memories o ing busses oy _PRIV_Rwx, 0,
mcormectMemoryToBus(busl "ol "

’ Shared 03 00100
mconnectMemoryToBus (busz "1(:{‘/2", shared’ 0;051?0000) ;
. 0000 .
mConneCtMemorYTOBus (busl "“'Tl}f)ﬂi " locall ’ L. ESOOU) £
"mp1" e ac VLT0000)
mconnectMemoryToBus (bus2, "mpir, locals,

0x001 £¢ ;
create the processor busses 0000) ;

//

// NOTE: one bus for each processor instantiatiop
jcmBusP pusl = icmNewBus ("busi", 32) ;

icmBusP pus2 = icmNewBus ("bus2", 32):

// connect the processors onto the busses
icmCormectProcessorBusses (processor[0], busl, busl);
icmConnectProcessorBusses(processor[l] , bus2, bus2):
// Load Program to Processors Memories

if(icmLoadProcessorMemory(processor[O], "?:’ofr‘:}ff..l-ﬁ'j}'."’:.:Z,E..e;i", False, False,
True &&
(processor[l], "Program.MIPS32LE.elf", False, False,
True)) {
} else {

return -1;}

// run platform

icmProcessorP final = icmSimulatePlatform();

// say whether simulation was interrupted

if(final && (1cmGetStopReason(flnal)-—ICM SR_INTERRUPT)) {
icmPrintf ("*** simulation interrupted\n"); }

/] Free Processors

int stepIndex;

for (stepIndex=0; stepIndex < 2; stepIndex++) {
icmFreeProcessor (processor [stepIndex]) }

/l Free attributes list

lenFreeAttrList (mipsUserAttr0);

lonFreeAttrList (mipsUserAttrl)
Yeturn 0 : }
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/ ¢stdio.h>

¢string.h>
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:,amble relaxed scheduling for i
,gefine SIM'éTTRS (ICM_ATTR_RELAXED SCHED
/Maﬂlroutlne —
mtmaﬂﬂint argc, char **argy) {

"/ initialize OVPsim,

/] of execution
.onInit (ICM_VERBOSE|ICM_STOP_ON_CTRIc|1cM
/) create an array of pointers to proc _ENABLE_IMPERAS INTERCE
icmProcessorP processor[2]; €SSOor instances & PTS, NULL, 0);
/| Create First Processor

jcnattrListP mipsUserAttr0 = icmNewAttrLi

// set the endian attribute for little elZFO
jpmAddDoubleAttr(mipsUserAttrO, e St go;an
icmAddStringAttr (mipsUserAttro, ”en&ia:" .;?{;_

performanCe

)

enabling v
erbo
S€ mode tg get statistj
Stics at end

2L
Create a new attributes list

//Link Processor With Library )
const char *mips32Model = i
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wmodelAttrs™, // mor
I Pher attrj
il

sIMﬂATTRS, il attributes buteg
jcmAttr, i S v dary

7semihost, R
arm. St /) Seml"hOSting o buteg
nnodelALLrs // iy

Semi-hogt 4
hostlng attributes

ate the processor busses

s

L ks :
jcnBusP busl = fenNewEnSHHBEEEEE S
jcrBusP bus2 = lcmNewBUSI(Hbus gl &

// connect the processors ontg the busses
icmconnectProcessorBusses(processor[o], bus1
icmconnectProcessorBusses(processor[]], buszl EUSI);
/] create memories ey
;cmMemoryP locall = icmNewMemory(”i;@;f
icmMemorYP local?2 icmNewMemory(”Iw~
i cmMemoryP shared = icmNewMemory(”six
// connect the memories onto the busses
jcmconnectMemoryToBus (busl, "mpi"
icmConnectMemoryToBus (bus2, "mp2™

; 7 ICM_PRIV_RWX, ’}XC‘;’\’)
24", ICM PRIV RWX, 0x0000ffff);

ICM_PRIV_RWX, 0x0000f

+ Shared,

+ Shared,
jcmConnectMemoryToBus (busl, "mpil", locall,
icmConnectMemoryToBus (bus2, "mpl", local?,
// Load Program to Processors Memories

if (icmLoadProcessorMemory ( (processor[0], "Program.MIPS3ZLE

IPS3Z2LE.elf", False, False
, True) &&
(processor[l], "Program.ARM7.elf", False, False,
True)) {
} else {
return -1; }
// run platform
icmProcessorP final = icmSimulatePlatform() ;

// say whether simulation was interrupted

if(final && (icmGetStopReason(final)==ICM_SR_INTERRUPT)) {
icmPrintf ("*** simulatien interruptedin");}

//Free Processors

int stepIndex;

for (stepIndex=0; stepIndex < 2; stepIndex++) {
icmFreeProcessor(processor[steplndex]);}

// Free attributes list

lemFreeAttrList (mipsUserAttr0);

iaﬁkeeAttrList(mipSUSerAttrl);
Teturn 0;}
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! e m3 1111

)RS 111111111

i ¢math.h>

B ¢stdio.h>

Anc ¢stdlib.h>
<impTypes.h>
¢string.h>
nicm/icmCpuManager.h"
. qclude nicm/icmCpuManager.h"
// snable relaxed scheduling for maximun
waﬂw 5IM ATTRS (ICM_ATTR_RELAXED SCHED?erformanCe
1 punction Prototypes early deClargtiOn

ﬂga“ﬁ void parseArgs (int argc, char **ay

/) valid command line gv);

MIN ARGS 1

I CATR
LE <GUB At S ] r
L GUD ort> e
port>] ‘{i€i<core name

OLEe name

:jeflne
¢ char *usage =

cons
ariables set by arguments

v

I debiiag -
- U0 e.qg D0 ADMN T

gool enableDebug = False; e
Tru .
Uns32 portNum = 0; Ji e s et e when debugging selected
0
connection a port number for a debug
sol selectCore = False;
=t // set True when a specific core is selected

"NADT \ nTS T
ARM" ;

char coreName[32] = "CPUO
A i _ ijreNéme; // set default core name to debug
// Main routine
int main(int argc, char **argv) {
Uns64 IC0,IC1,IC2,IC3;%*/
//parseBArgs (argc, argv);
// initialize OVPsim, enabling verbose mode to get statistics at end of
execution
// and
// Imperas Intercepts to utilis
unsigned int icmAttrs = ICM_VERBOSE
I@QENABLE_IMPERAS INTERCEPTS;
if (enableDebug) {
iemInit (icmAttrs,"rsp", portNum) ;
} else {
iemInit (icmAttrs, 0 , 0)7}
(/Create an array of pointers to processor LuEE
itmProcessorP processor[4]7
/' create processors
const char *arm7Model

uf,: dcessor® s il " S "model u) ; : S
7 ’ Wl i . Ay, OVDY rid.crg” s

st char *arm7Semihost = icmGetVlnvStrlng(NULL'

mi) , gy yu wpodel") i

n

e specific builtin simulator functions
| ICM _STOP_ON_CTRLC |

ances

n(;,...;-_-[:' i GOSN g,

= icmGetVlnvString(NULL,

~ ey T o ST S n w1 C
7 aLlt

.> Yo LLIg U S 5
i R it ;
CRAttrListP icmAttr = icmNewAttrLlst

Holl s

, (0 )
1c . " "y T\l:,'f TDMI D)6
mAddStrlngAttr (icmAttr, gajad L alB ol IR s
"N\ ,_‘:_n, nligLLc ’

le :
TAddStringAttr (icmAttr, "

p“mesSOr[O] — icmNewProcessor(
"CPUO_ARM", // CPU name
"arm" // CPU type
' /; cpU cpuld
/4 CRY model flags
/) address pits

model file

O

0
3

arm7Model , //




»delALLLS “y 7l Morpher atty
SIM’ATTRS' // attributeg s
icm]—\ttr, 1/ USer—defined
rm7semihOSt, /1 semi-hogty aJ.EtribUtes
npodel aAttrs" ) Ll I l’lg. file “
eMl-hogtin :
1cmAddDoubleAttr(1cmAttr ik o ? attribyteg
processor[ e lcmNewproceSSOI("uw _/_};:7...)),.
mmodelAt! rSIM_ATIRS dienatds: arm7sem1ho ;:t:"’l’gf 32 ;armIModel
Jnst char *v850Model = lcmGetVlDVStrlHSt odelAttrgny '
woroCeSSO! w8 B0 SIS delmy g(NULL "nece] . TPMORTA - a
> 2Lg-,
cOﬂiSt‘Zv crjar]‘*]\'f?5ovsem%h05tl ‘:”lcr'm];e:\'{%n\:Strlr‘mg e O S S
nge tode] " . ld.org",
lcmAttrLlStP icmAttr v850 = 1cmNewAttrLlst(;’
mAddstrlngAttr(lcmAttr v850, "endian " MEEEY ony
// create a processor instance e
processor[/] = icmNewProcessor (
"CPUZ_Vo. o", /e CRY name
ny850", // CPU type
0 [/ CPU cpuld
0, // CPU model flags
32, // address bits
v850Model , // model file
"modelAttrs", // morpher attributes
SIM ATTRS, // attributes
icmAttr v850, // user-defined attributes
v850Semihost, // semi-hosting file
"modelAttrs" ): // semi-hosting attributes
icmAddDoubleAttr (icmAttr v850, "Yf‘.ips", 150} 5 08) 2
processor[B] = icmNewProcessor( "CPU3 V850","v¢ :':“", 3,0,32, v850Model,
"modelAtt ,SIM ATTRS,icmAttr_ V850 v850Semihost , "modelAttrs") ;

// create the processor busses

// NOTE: One bus for each processor instantiation
icmBusP busl = icmNewBus ("busl", 32);

icmBusP bus?2 icmNewBus ("bus2", 32)7

icmBusP bus3 icmNewBus ("bus3", 32);

icnBusP bus4 = icmNewBus ("bus4", 32)7

// connect the processors onto the pusses

icmConnect ProcessorBusses (processor[O] sy 2l
lemConnect ProcessorBusses (processor[ll, pus2, busiz i
lcmConnectProcessorBusses(processor[zl, pus3, bus4),.
lCmConnectProcessorBusses(processor[”’ S
/I create memories

// the ARM processor toolchain sites C
higher memory

Jre Sl
de in lowerl memory and stac
o

i Will use two memories the default linker sff{ptufe?)
// YOTE: this is just ‘a consequence o + 1cM_PRIV_RWX, sty );
iomMemoryp 1ocalla = icmNewMemory ("XOSSCt fy oy pprv RAK, i
lCmMemorYP locallb = 1cmNeWMemory( 7 :;M‘._A--, ICM_PRIV_ RWZ, iz/ F££) ;
CmMemOryP local2a = 1 cmewMemory ("~ “”ﬁgv ICM PKNIRWXLX;;; o
cmMemoryP local2b = 1cmNewMemOrY( ~:vvrv, 1cM_PRIV_ i 1X;;; £) ;
CmMemoryP local3 = 1cmNeWMem°ry( iﬁu rofE Rwil‘ééjfftfrf);
CmMemoryP locald = 1cmNewMemOrY( - ICM’PRIV RWZ/
“CMMemoryp shared = ; crNewMenory ("= ses puses

COnnect the memories OBREO e Z:iid al rocess:o(rm 0)7
lszOnneCt local memories Om':‘?_jf,l, 1ocallars 0x000

Q‘mMemoryToBus (busl,




jon nectMemoryToBus(bus2,

Al
jom rlectl\demol.”hl'l"OBUS(busz, "mpl", 14 a, ”"-‘{”)”WJU%).
lcmCOn ectMemOryTOBus (bus3, "7[‘[,‘1 ”’ l Cale, UXf()ﬂG(ﬂ)fﬂ:)t
jonCon” ctMemoryToBus (bus4, oL e 0%000000¢y .
.cmconne g i) lOcal4, Ox )i

he shared memory onto 4 ”QWNMQO).
14

ocal bygeg

02&0000000)‘
’

jraiE
~onnec 11 the 1
il oryToBus (bu "o "
iwﬂonnectMem Y (busl, mpl", shared,

tMemoryToBus (bus2, "mpyn shareq
4 COnnectMemoryToBus(bus3, g Rk Shared’
jart nnectMemoryToBUS(bUS4: "mp4 ", ’
;7f2ad the processor object file

JoadProcessorMemory (processor[o],

nec 3
jcmcon OAﬂUOQOOUQ).
4

OanOogogg).
shared, OdeQQQQgg);
jE(icm g
o s ti.elf", False,
icrnLOadprocessorMemory(processor[]], SRR e at L on anya '
eacEs et el B False
icmLoadProcessorMemorY(Processor[zlr "app 1. V8! Fal
I Lion.V850.el1 alse
True) && , ,
; cnLoadProcessorMemory (processor[3], " lcation.vgs False
R DL i < O B I
True) )
} else {
return -1; }
:m%tﬁﬂmlationTimeSlice(0.0000I);
;9mm platform
improcessorP final = icmSimulatePlatform() ;
j{free prOCESSOLS
icnTerminate () 7
return 0;}

False,

False,

False,

False,
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mi

¢st
.Judeé .

g Je ¢string.h>

"lu g 0 47 = >

e b <impTypes. h:

. .,icm/icmeuManager.h"

dio.h>

AU
v
=
no+

ude ;
o relaxed scheduling for maximyp L
>y ATTRS (ICM_ATTR_RELAXED Schppy  C°
HfiNe M g 5 4 =
jget _ 128 // Determine t
Jfine E e the number of pro
{ger~ Cessors tligg '
o™ € Used in the

yain routine
‘,,.mairl(int arge, cbar **argv) {
o5 MIPSVALUE = 50; // TO CHANGE MIPS VALUE

int stepIndeX;

int CHVLAUE = 07

chal cpuName[l6] ;//to store processor name

// initialize OVPsim, enabling verbose mode to get statisti

/| of execution stics at end

;cnInit (ICM_VERBOSE|ICM_STOP_ON_CTRLC|ICM_ENABLE IMPERAS INTERCEPTS NUL
i =t - r L,

0):;

/| create an array of pointers to processor instances
icmProcessorP processor[P];
/| Create group one of processors, thessemeNe/peibubt difrerent in
performance
// Link to Library
const char *powerpc32Model = icmGetV1lnvString (NULL, "power.ovpworld.org",
”E~ r0cessc :,n . ny{; owe 3-{:\‘1 '_"/ " . u1 2 ﬂ " z "ff‘.fjm‘j%l") :
const char *powerpc32Semihost = icmGetVlnvString (NULL, "power.ovpworld.org”,
"semihosting”, "powerpc32Newlib", "1.0" "model") ;

’ poweLpco S ’ T

/| Create Attribute
icmAttrListP cpul attr = icmNewAttrList();

lemAddStringAttr (cpul_attr, v endianty; KoL)
for (stepIndex = 0; stepIndex < P/4; stepIndex++)
{
CHVLAUE++ ;
if (P==4) MIPSVALUE = 100;
else if (P == 8) MIPSVALUE = 100*CHVLAUE;
®lse if (P == 16) MIPSVALUE = 100*CHVLAUE; s
®lse if (p == ¢4) MIPSVALUE = 50+25% (CHVLAUE=SYY
®lse if (p == 128)
t{&f (CHVLAUE == 15) MIPSVALUE = 507
PSVALUE = MIPSVALUE + 25/ ! e
Sprlntf(CpuName R stepln )
| icmA ’ PU powerg ” e MIPSVALUE ;
! - ddDOUbleAttr(cpul_attr, nips r (
% Cessor[Steplndex] = icmNewProcessor
1 SpuNamer // name
§.  owstpsgar /] type
| StepIndex : T cpuId
0 l =
< )/ flags _
y J(, // address blts
| Powerpe32uodel // model

E\\ ‘CLATERglE il SymbOl




' SIM ATTRS, 7 ProcAttrg
ol BE // attrlist

powe pc328em1host // semihost file
npoae b )i // semihost S
re ate &JLOUP two of proc QSbOrb, Ymbol

© the
[l - Same BN
el:fofma”"“" “¥pe butt diff

E;Link to Library SESHE A

= xarm7Model =

char lCmGetVan

const Te Y” "arm” i L ) : "o ”) Strlng (NULL T 2 =

W char *arm7Semihost = lCmGetVlnvs S hiqual

" ; trln
st s ,v-:” ; ar :'\u“.‘ ewl | {.‘" . n-l , 'Lu l ")g (NULL n arm .0 YOWOT 3

reate Attribute

/l/m;ttrLlstp icmAttr = icmNewAttrList (),

mAddStrlngAttr (icmAttr, "endian","pigw),
chat cpuName [1617 g
Prmtf(CPUName' "CPU_ARM-%d", stepIndex+p/4);
lcmAddStrlngAttr(lcmAttr’ U paile MIPSVALUE) ;
proceSsor[stepIndex+P/4] = icmNewProcessor(

cpuName // CPU name

"j;‘,'?f.", // CRY type

stepIndeX+P/4, // CPU cpuld

0, // CPU model flags

32, // address bits

arm7Model, // model file

"modelAttrs", // morpher attributes

SIM ATTRS, // attributes

icmAttr, // user-defined attributes

arm7Semihost, // semi-hosting file

"modelAttrs" ); // semi-hosting attributes
/| Create group three of processors, the same type butt different in
performance
//Link Processors With Library o :
const char *mips32Model = icmGetVlnvString (NULL, "mips.ovpworld.org®s
"processor”, "mips32%;LEUET odel™); : e
const char *m1ps328em1host = 1cmGetVlnvStr1ng(NULL, i Do P
"semihosting”, "mips32SDE", "1.0%, del") i

// Create Attribute
lemAttrListp mipsUserAttr0 = 1cmNewAttrLlst()

lemAddDoubleAt t r (mipsUserAttr0, "&F 15zt Phlg )

Char CpuName [16] ; o

Brintf (cpuName, "CPU _MIPS32-%d"; Steplndex+P/;Lé)

{TAddDoub] eAt t r (mipsUserAttrOy mmips", MIESVA :

Processor [stepIndex+P/2] = 1cmNewProceSSOr(
CPuName, // CPU name

n.

532" // CPU type

4

L' JAEE ,
5?, // addreSS pits
e

mlpS32Model // model fllttrlbutes
| . rs", /al morpl'.lertzS
mIM ATTRS L attrlbufined sttributes
| }PsUserAttro, /o) Ss e R L
[ Mips32senins e 5 e

%




Lmdmc
processors With Lipy

char *orlkModel

"1

ary

upatc Attribute 4 r LM ed e ny i3l

mAttrLlStP orlkUserAttr() = 1CmNeWA
MmdpoubleAttr(orlkUserAttrO s

A_’]iu“n " s

h ar cpuName [1617 ORI

rmtf(chName, "CPU, ORIK=%q

mAddDoubleAttr(orlkUserAttro [l e MIpsvandex+3*P/4)
Sl

cessor[steplndex+%*p/ 11 = lcmNewProcessor(ALUE);

CpuName, /1= CElY Nname

nAY1K' /i) CPU ty
pe
StepIndex+3*P/4 ;

ttrList();

’ steplndex+ste

10

// CPU cpurq

0, // CPU model flags

32, // address bits
orlkModel, // model file

“iode  ALLES " // morpher attributes
SIM_ATTRS, // attributes
orlkUserAttrO, // user-defined attributes
orlkSemihost, ! semi-hosting file
"modelAttrs” )7} // semi-hosting attributes

//create the processor busses
iicmBusP = bus[P]
for (stepIndex = 0; stepIndex < P; stepIndex++)

bus[stepIndex] = icmNewBus("stepIndex", 32);

// connect the processors onto the busses

for (stepIndex = 0; stepIndex < P; stepIndex++)
icmConnect ProcessorBusses (processor [stepIndex], stepIndex, stepIndex);
/| create memories

icmMemoryP local[P];

for (stepIndex = 0; stepIndex < P; stepIndext+)

"steplndex" 0x0000££££) ;
local[stepIndex] = icmNewMemory("steplndext, ICM_PRIV_RWX, 0x0

/I create share memories s,
temlemoryP shared = icmNewMemory ("s® arenll HEMPPRIVE RWa, &Y

/1 connect the share memories onto the busses

for (stepIndex = 0; stepIndex < P; stepIndex++)
{

char PortName[16] ;

Sprlrltf(PortName, "mpsd", stepIndeX+1)r shared, 0x00100000) 7}

CmCOnneC‘CMemoryToBus (bus [stepIndexl, portNanes

/Cormect the memories onto i ECHEEEE g o Fon e

for (stepIndex = 0; stepIndex < B; steplnéfx local[steplndexl’ 0x001£0000) ¢
A

LLES NS

i¢
mconnect[‘4@mory’1’oBus (bus [stepIndex],
Loag Program to Processors Memories

ndex++) B cRPC32.elf",
or (StepIndeX =0; stepIndeX < P/4: Step:I[ndeX]’ e joation
FaiCmLOadProcessorMemory((Processor[Step . ion.BRMT.e1E%
Se False, True) && Index +P/414
(processor [step &&
Tru
1se ‘ && i3
False, Fa[stepzndex +P/Z];~alse: ralse, True)
or z on
process Lrpe32.elfs




E‘]1L1OIH1
) rul 5s0rP final = lcmSlmUlatePlat
e
jem roc hether simulation w
r W
// say

1 && (1cmGetStopReason(f1nal)
g(fina -
i

INTERRypr
intf(” e * L I Al ed\ w‘ll) 7

i cmPr e}

g Processors

form(y;
as 1“torrupL@d

=ICM SR
RESs i
// Free
! dex;
step™? ) :
=0; steplIndex < p;
e wteplndex ( P
0

StepIndex++) {
FreeProcessor (processor [st
icm

epIndex]) ;)
return 07}
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ppendix BeBe Lkt
//////////////////
<stdio.h>
<string.h>

jude
lude
Jude <impTypes.h>

Jude nicm/icmCpuManager.h"

nable relaxed scheduling for maximum

ine SIM_ATTRS (ICM ATTR RELAXED SCHEDperformance

B : )

ine F = é // Determine the number of proce

ain routine SS0rs these used in
main (int argc, char **argv) {

1] initialize OVPsim,

the platform

enabling verp
: 0se mod b :
/) of execution e to get statistics at end

ichnit(ICM_VERBOSEIICM_STOP_ON_CTRLCIICM
/) create an array of pointers to process
icmProcessorP processor[4];

// Create group one of processors,

_ENéBLE_IMPBRAs_INTERCEPTs, NULL, 0);
Or 1nstances

the same type butt different in

performance

// Link to Library

const char *powerpc3ZModel = icmGetVlnvString (NULL, "power.ovpworld.org",
"processor", "powerpc3z", "1.0", "model"); 3 ’ :
const char *powerpc32Semihost = icmGetVlnvString(NULL, "power.ovpworld.org",
"semihosting", "powerpc32Newlib'", "1.0", "model");

// Create Attribute
icmAttrListP cpul attr = icmNewAttrList();

icmAddStringAttr (cpul attr, "endian","big");
icmAddDoubleAttr (cpul attr, "mips", 100) ;
processor[0] = icmNewProcessor (
épul., // name
"poy De3ZHE; // type
O /e cpuilid
0 [/ Elags
32, // address bits
powerpc32Model, // model
"modelAttrs", // symbol
SIM ATTRS, /{ PrOCRTELS
cpul abtEs // attrlist
powerpc32Semihost, // semihost file

"mode LARE pa e // semihost symbol

the same type€ putt different in

// Create group two of processors:
Performance

// Link to Library

const char *arm7Model = icmGeFVi
v': v 3 " " S "- 11 ”f )?‘ll ’. : Z 42 | " 2 :
2 - Y 7 1 LI 7 ! in (NULL, ,

const char *arm7Semihost = icmGetVl?YSFf "?;

LLESS "
2 A [ RS ewil il ", SR L/

"= +r WO e B

nvString (NULL,

hosting”,
// Create Attribute
lCMAttrListP icmAttr
1CmAddStringAttr (1cmAtEry
1CMAddStringAttr (1cmAttL,
Processor[1] = icmNewProceSSor(
cpu2, (A CR TR

o CcPU type
o, /1 E

= icmNewAttrList‘)i)

n

]I
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CPU mOdel fla
addresg bits

0, //

32 ¢ // gs

arm7Model, // model Bl

" {e ]l Atstins n, // ik

' Pher attr'
SIM’ATTRS’ i attributeg s

i CE C

lcm]'?; m{host ;/ uUser-defineq attrip
arm7Seml ' Jad . bt
nmodelAttrs™ ") 1 hostlng file

// semi h .
—hostin .
// create group three of BECtesE S 9 attributes
4

the
performance Same type butt different in
//Link processors With Library
*mips32Model e

const char = icmGetVlnvstr;
orocess r", "mips324 s rabilintin i Mt ", ing (NULL, "mi Ps.ovpworld.org”,
const char *mips32Semihost = icmGetVlnvString(NULL "mi

. e A on | ]S ~ 3 5 mios s

pPS3Z2ShEY L] " "

) r X .
ntgemlNOotLLils r (el S e S e T
sScl ’ N “u“..\;»n);

/] Create Attribute
jcmAttrListP mipsUserAttr0 = icmNewAttrList () ;

icmAddDoubleAttr(mipsUserAttrO, "endian”,"big") ;
jcmAddDoubleAttr (mipsUserAttr0, "mips", 100);
processor[2] = icmNewProcessor (
cp3; // CPU name
"mips32", // CPU type
Bos [/ \€RU cpuld
0, // CPU model flags
32, // address bits
mips32Model, // model file
"modelAttrs", // morpher attributes
SIM ATTRS, // attributes
mingserAttrO, // user-defined attributes
mips32Semihost, // semi-hosting file
"rodelAttrs" )or // semi-hosting attributes
// Create group four of processors, the same type butt different in
performance
//Link Processors With Library e 5
const char *orlkModel = icmGetVlnvString (NULL, CENDWOL '
rakil rl e o Ul S "model"); ey

const char #*orlkSemihost = icmGetVlnvString(NULL: ~

T n .
q "o,
" o * O n " m 1E ) 7

Lerr } e+ 1Al " - 7 N I

SCILf] § I 7
// Create Attribute

! ; ist():
icmAttrListP orlkUserAttrO = 1cmNewAFtrLls 0

: I e el Hy {J”);
iemAddDoubleAttr (orlkUserAttrl, 'f‘*;’;OO)_
icmAddDoubleAttr (orlkUserAttrl, “Hss o
Processor[3] = icmNewProceSsor(
cp4, // CPU name
LR IR A | // CPU type
3 : /) cpu cpuld
0, // cpu model £1a9°
U .
oo // address bits
ey e
model :
orlkModel, ﬁ? morpher attributes
u.,» i :va' 'butes
e ributes
S d att
OIT;ATTRS' il user’defl?ig File
r : i
UserAttr0, /) semi-host . cpibutes
orlkSemihost, // semi—hostlng a
|| s 3 -‘A' ‘ Y] );}
ses

({Create the processor bus
tlemBusp = pus[P]
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5 (StepIndeX = 0; stepIndeyx <D

bus[stepIndex] = icmNewBys (., el

ect the processors ontg the 51"*

a2 (stepj[ndex = 0; steplIndex < P; StepIng
eX+4

‘cmconnectProce.ssorBusseS(processor[steplnd )

¥ sreate memories X1, stepIngey

+ StepIng 4
. qiemoryP 1ocallPl; b
i g
for(stepIndeX = 0; stepIndex < P;

fo StepIndex++)

Sl 22

.onn
con Usses

. StepInd
1.ocal[steplndex] = icmNewMemory (s ., . dex++)

//~reate share memories
O

v
X Jayw!
Ndex

"+ ICM_PRIV RWX, 0x00
jpmMemoryP shared = icmNewMemory ("},

y connect the share memories ontg ghévgu;sithPRIv_wa, 0x00¢
o (stepIndex = 0; stepIndex < p; stepIndex++)
;wr portName[16];

Sprintf(PortName, "mptd", stepIndex+l);
ﬂm@onnectMemoryToBus(bus[stepIndex],
} ;

//connect the memories onto the busses

for (stepIndex = U; steplndex < P; stepIndex++)
Km@onnectMemoryToBus(bus[stepIndex],’%gi"
// Load Program to Processors Memories

if(icmLoadProcessorMemory((processor[O], "application.POWERPC3Z.elf"

PortName, shared, 0x00100000) ;

+ local[stepIndex], 0x001£0000) ;

el Hatlisey

ralse, True) &&

(processor[l], "application.ARM7.elf", False, False

, True) &&

(processor[2], "application.MIPS3Z.elf", False,

False, True) &&

(processor[3], napplication.OR1K.elf", False, False

, True) &&

e

} else {
return -1;
}
// run platform
icmProcessorP final = icmSimulatePlatform();
/! say whether simulation was interrupted INTERRUPT)) {
if(final && (icmGetStopReason(final)==1?¥_SR—

pted\n") 7

lcmPrint £ ("*** similaCTOEES
}
// Free Processors
1Nt stepIndex;
for (SthIndex=O; stepIndex < B/ Steplnd??i) :
icmFreeProcessor(Processor[StepIndex :
Teturn 0; )
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Hlt
,////////////é/ /11
/l : peﬂdi'x A.

/,HP //////////////
/! ¢stdio.h> .
i ¢string.h>

<impTypes. h>

i nicm/icmCpuManager.h"

enablé relaxed scheduling for maximum perf

[ gine STM PTTRS (ICM_ATTR_RELAXED Schpp)

;define P = 2 // Determine the number of Proces

fain routine SOr's these used in
-tmaiﬂ(int argc, char **argn)sq

' // initialize OVPsim,

the platform

enablin
. g verbose mode to get R
/] of execution Statistics at end

jemInit (ICM_VERBOSE|ICM_STOP_ON CTRLC|ICM ENABLE IMpP
/| create an array of pointers to processor insta A 0
icmprocessorP processor[2]; i

// create group one of processors, the same type butt diff
erent in

performance

// Link to Library

const char *powerpc32Model = icmGetV1lnvString (NULL, "power.ovpworld.org"
"processor", "powerpc32”, "1.0", "model") ; : ik LY
const char *powerpc32Semihost = icmGetVlnvString(NULL, "power.cvoworld.org",
neemihosting®, "powerpc32Newlib", "1.0", "model"); ;

/| Create Attribute
icmAttrListP cpul attrs= icmNewAttrList () ;

icmAddStringAttr (cpul_attr, endianiibagi);

icmAddDoubleAttr (cpul attr, "mips", 100);
processor[0] = icmNewProcessor (
cpul, // name
"nowerpc32%y [/ type
0, // cpuld
0, [/ Elags
32, // address bits
powerpc32Model, // model
"modelAttrs", // symbol
SIM ATTRS, [/ PrechEtEs
cpul attr, // attrlist
powerpc32Semihost, // semihost file

"mode Attrg" ); // Semihost SymbOl

: the same type putt different in

/! Create group two of processors:

bPerformance
// Llnk g i}
to Library o NOTLy, arr :
Const char *arm7Model = icmGetVanStrlng( ,
Hele oy Sl " " "o " Iy "); "= vy ypWor~U. ik
) SS0ES, yrm” - il : NUELr: S8 -
Const char *arm7Semihost = icmGetVanStrl?()Jf

1
'q " ni
] M o »mN et ey SR

/ e X 2 0% B 1 W 5 & | ’ ArmNey
i/ Create Attribute
CMAttrListp icmAttr = icmie

wnttrList 07
i S el
CMAddStringAttr (icmALtr,

1" D] ’
’ 2

'CMAddStringAttr (1CmALtL mipst LK
proceSSOr[ll = icmNewProcessOr(

cpu2, 7 /- CEUSOEES

e ./ CRl type

!

A ./ ACEE cpuld

’




/7 Appendix A
0r CPU mode]

il
32, // addre it

Ss bitg
af“‘?@‘?? x nesels fing
" ie LA .o 7 m()rpher at Gl
Lribyt
SIM/ATTRS’ (el attributeg 3

icmAttrI //

user-defineq
' . ' attrip
rm7Sem1host, IS . ifas
i,, SaTALtrs™ s hOStlng file

noc« 14 semi-h :

) ~host {
jcreate the processor busses SRR Gt r i Butes
jjcmBusP = bus [F]

tepIndex = 0; stepIndex :
gor (step p i < P; stepIndex++)
pus [stepIn ex] = icmNewBus("stepIngexn

pPLNIdex 32) K
ct the processor / ;
/// connec p S ontorthe buSSeS

for(steplndex = 0; stepIndex < P; stepIndex++)
icmconneCtProceésorBusses(Processor[steplndex] st

it EmeEE i r Steplndex, stepIndex);
icmMemoryP local[P];

for (stepIndex = 0; stepIndex < P; stepIndex++)

local[steplndeX] = iCmNewMemory(";,—:';-’;;'jt’.d:::,;", ICM PRIV RWX. 0x0000fffs
/| create share memories 7 U e
icmMemoryP shared = icmNewMemory("shared", ICM PRIV RWX 0x0000££££)

- A 1 VAUUL 10 T30 25) PR

// connect the share memories onto the busses

for (stepIndex = 0; stepIndex < P; stepIndex++)

{

char PortName[16];

sprintf (PortName, "mp*d", stepIndex+l);
jcmConnectMemoryToBus(bus[stepIndex], PortName, shared,
// connect the memories onto the busses

for (stepIndex = 0; stepIndex < P; stepIndex++)
Hm@onnectMemoryToBus(bus[stepIndex],'Pq&", local [stepIndex], 0x001£0000);
// Load Program to Processors Memories
ifUcmLoadProcessorMemory((processor[O],'“x@éi?Fliﬁ‘?W77f‘*-‘l”V False,
False, True) &&

I~

{

NxNNT100
0x001000

0):}

C

e L A an cARM T e £ False, False

AT 1LOI . AL &= (/

(processor[l], applicat:
. True)
Yl
} else {
return -1; }
//' run.platform
lemProcessorP final = icmSimulatePlatform();

: : : ted
// say whether simulation was interrup cM SR INTERRUPT)) {

if(final s& (icmGetStopReason(final)==.V’T“’w_
icmPrintf ("*** simulatior el Aoy st s

}

(/Efee Processors

int s :
tepIndex; steplndeX++) {

for (stepIndex=0; stepIndex < Bi

lCmFreeProcessor(procesSOr[Ste
Teturn 0;)

pIndex])i}




///////"’”'”’——-‘_____"“""‘-‘~ﬂEE@@\\\\\\\\"\“-\-~“_—________~—_ III
T L s

A W

NAmﬂj////////////////

! o <math.n>

e <5tdio.h>
¢stdlib.h>

<impTypes.h>

¢string.h>

main(int arge, char ®*arouyis(

¢ id =' lIanP,rocelss’?JI:Id(); // to define witch

rintf('CPU d starting . oL ArilSstE Processor are process this fi

- e ile

/] to avoid overlapping in output information cre :

if (idﬁo) fE'D = fopen("DataP0.xls", B Tl ate to file to store information

information into DtatP0 file brocessor 0 process store

if (id==1) fp = fopen ("DataPl.xls", "wi");

. : /e
information into DtatP0 file 1f processor 1 process store

fprintf(fp' " Processor ID \t Matrix Size\t Instruction C
int I; // Matrix Size e T
// begin

for(I=IOO;I<1001;++I) {

int a[I10I1,0[I1[I1,c[I1[I]1; // Define three matrix, a and p are input matrix
c is output matrix ¢
int i,j,k; // Loop Pointer

// Input Matrex Data

for (i=0;i<I;++1)

for (j=0;j<I;++])

{b[i1[j] = rand()%255; // value from 1 to 255

a[il[j] = rand()%255;} // value from 1ot 255

// Muliplication Matrix

for (i=0;i<I;++1)

for (3=0;3<I;++7)
{ clil[j1=0;

for(k= 0;k<I;++k)
Clil[31=c[i] [§1+b[1] [K1*bIKI[I17}

prrintf(fp,";d\t,',_d\t,£;~u\n",id,1,impPrO

Information to excel file

return 0;}}

) ;// output

cessorInstructionCount ()




11111101117
" ik 11017
////////////////

¢math.h>

¢stdio.h>

¢stdlib.h>

<impTypes.h>

¢string.h>

g npumulticored _hetero.h"

il " NOQFCPU 4 // number of CPy in Blat Eomm
meters

pOPSIZE 8 // Population siye

1 1000 // problem size

- §§8¥i§12ﬁ60.25 ;; EEZZZEH#Y of crossover
sef1ne 1lity of mutation
jefine MAXGENS 50 // Maximum generations
olatile int *flag = (volatile int *)FLAG; // LOCK
platile int *IM = (volatile int *)A;
olatile int *OM = (volatile int *¥)C;
platile int *f = (volatile i nEExyik
(LTIPLICATION MATRIX :
platile int *cpu_s = (volatile int *)CPU S;// PROCESSOR STATUS

wlatile long double *cpu t = (volatile long double *)CPU_T; // time that need
to execute sample for each CPU

wlatile long double *cpu_ tt
wlatile long double *cpu_td
wlatile long double *cpu pd
density

vlatile long double *cpu p = (volatile long double *)CPU _P; // cpu performance
wlatile long double *cpu pp = (volatile long double *)CPU_PP; //

platile int *s = (volatile int *)S;//

olatile long double *p = (volatile long double *)P;//

/I Create GA gene type

struct genotype {

:define

// INPUT MATRIX
// OUTPUT MATRIX
// VECTOR TO CHECK ROW

(volatile long double *)CPU TT; //
(volatile long double *)CPU_TD; //
(volatile long double *)CPU_PD; //cpu performance

long double Tfitness; // execution time
}ong double Pfitness; // execution Power
It cpustus [NOOFCPU};  // runing cpu's

long double rfitness; // relative fitness

e double cfitness; }i // cumulative fitness
zzum-genotype pOpulation[POPSIZE+1]; :
intucF genotype neWpOpulation[POPSIZE+l] ;
lon e [41;
I grdOuble fitp,fitt;
PL0gram functions

on
1ong double callpFitness(): o (minimum
whgdouble MinTime() ;// calculate refer

) overall execution time

hen 41 .
l()ng 3l processors are sharingd o decimal number
i J0uble MaxPOWER () e ber to
o binzdec() i used to convert P convertdecmal num
A dec2bin(tl/1{_ zun?tli? // Func ion used € matrix
Pron nt decimal) d input
v'N»‘ESSQIS s 55 0 creaté :
L InputMaEaFuj' AP it randor vall S aypion S0
long rix(int id); overad ing power i

J mingd s
lo %uble callTFitness ()i // caleu’ ove consu - oxcel fils
o doub] CallpFitness ()7 // calen jizatl :

. L

inj3 \
Uit (int iq); // ProcesS




WA Appendix g
.pialize SR tializatjep st
"4 in re (void); // GA evaluati ep
ua ¥ 5 % on 5Lep
ectl(vold); // GA Selectiop step

id 8 v the’best(); // Keep the bagt: indi
ios;over(void)f' /7. BB Crossgyd Step

(int one, int “EWe)ss// apply Crog
i utate(VOid); // GA Mutation step

4 - S e
\,O%d elitist (; // GA Accepting step

Vidual
al ip the Populaty
on

Sover pet

wee i i
n two iIndividuals

\.old leUperformance (3 ol Sali o) ECRE) Functio

i Cir in the platform 0 that used tq €Xecute sample on e
‘{jzi;ebz;Print(); // Store output informatiop in excel files v
\FILE sfp, *EPLi

ot V[I],VlFI] ’

:n generatlon,Il,

;,cn double *7

A idi// proces?)? id .

:onq double IIC':.LllC.:'j// used in performance time calculation
int ,n=g,ii,z=0,lq{jj,l; // loop pointer
1009 double £itT,EitP;

int RunP;

it cur_best; // Pointer to the best individual population
Jong double MinTime () {

long double sum=0.0;

gor { i=0; 1 < NOOEFCPU; 1)

qn = sum + cpu_p[il;

for (i=0; i < NOOFCPU; i++){

cpu td[i]=cpu_pl[il] /sum;

}

sum = I*cpu td[1] *cpu € [

return sum; }

| long double MaxPOWER () {int i;

long double sum=0;

for ( i=0; i < NOOFCPU; i++)

sim = sum +p[i];

feturn sum; }

int bin2dec () {

int i, sum=0;

for (1 = 0; i < NOOFCPU; ++1)

sup = . Som
M= sum + s[i]*pow(2,1)/
turn sup;

}

"Id dec2bin(int decimal) {

int l = ﬂ,j o

. ’

;

"It remain;

do

{
S[i g
(1] = decimal % 4/
decimal = = decimal /0 2;
++1 .

’

} wha
thle (decimal > 0);
® ( j=i41; § < NOOEFCEUj It
.IS[]] = f;.}
Old il
e PUtMatrix (int id)
f°‘~‘(%'] ; matriX
1=(.; o
i, Vii<I;44i) VL] = ARl

d‘\~“

J){
\




Pt ;»]_—.H;cpu_pp[ﬁ]mw;
oo .i<1pH+) LELL] = 0;

iz :
@zﬁ;‘;i<‘f++l)
f0X i< i+td)

W
do{} 1] =2:1}
callTFitness() {

e i;
pt ', i < NOOFCPU; i4++)

o + s[il*cpu plil;
v i=07¢ 1 < NOOFCPU; i++){
iuthJ=5[i]*CPU_P[i]/sum;}

oo (1207 4 < NOOFCPU; i++)

ﬁ(ﬁi]== 1)

=z su

{ . :
wm=1*cpu—td[l]*cpu_t[l];

preak; }
retuzn sum;}
Jong double callPFitness () {

Jong double sum=0.07;

int 1i;

for (1 =07 i < NOOFCPU; i++)
sum = $m1+s[i]*mipsl[i];

return sum;}

void init (int id) {

Appendix B

if (id==0) {
printf (" Starting .. & =% LY
fp: fopen('l} hl.x :'”, vv.,.n);
fpl = fopen(”E t .x1s n, " n);

pu_tt[0]=0; cpu_ppl01=0;
mipsl[id] = 100;

p[ld] = '_‘f'.j;’.}

nipsl{id] =
Mpsl{id] = 100;
lf (ld==<) {
mlpsl[id] = 150
p[ld] = :J/‘IE.}} ;

2003
7}

.Joid in’ i
; ltialize
E‘ODUlatio

n

n[j].rfitness=0.0;

?Opul at % :
for ﬁlon[J]-cfitness=O.O;

for (1 =

population[j].Tfitness —
Population[j].Pfitness

Population [POPSIZE]

\\\\\\‘popUlation[POPSIZE]

0; § < POPSIZE; Jit#)
{dec2bin((abs(rand())%1

); i < NOOEGBU; it

{pOpulation[j].cpustus

7o)+1);

[i]=5[i];} ‘
= CallTFitness(),
pFitne
) Ve
.Tfitness =1.0/Ok;.}
Pfitness =MaxHZ !

cal

ss() i}

.lr,I,I);




Appendix g

. § < POPSIZE; j++){
fog( for (1 =0; i< NOOFCPy; i++)
glal = population[j].cpust i

population[j].Tfitness = CalliiFi];
population[j].Pfitness = Callp;tness():
if (bin2dec() ==0) ltnesS()i
{
deczbin((abs(rand())%208)+1) ,
population[jl.Tfitness = CaliTFitneSS()

population[j] .Pfitness =

oid selectl(void) {
;tmdm i, dn ki
Jong double Sum = i
1ond double pr
’// find total fitness of the population
/for (nem = 0; mem < POPSIZE; memt+)

{sum += population[mem].Tfitness; }
| calculate relative fitness

CallPFitness() 711}

/
for (mem = 0; mem < POPSIZE; mem++)

{population[mem] .rfitness = population[mem].Tfitness/sum;}
population[D] .cfitness = population[0].rfitness;
/| calculate cumulative fitness
for (mem = 1; mem < POPSIZE; mem++)
{population[mem] .cfitness = population[mem-1].cfitness +
population[mem] . rfitness;}
// finally select survivors using cumulative fitness.
for (1 = 0; 1 < POPSIZE; i++)
{p = rand()%1000/1000.0;
if (p < population([O] .cfitness)
newpopulation[i] = population[0];
else
{
for (j = 0; J < POPSIZE;j++)
if (p >= population[j].cfitness §&
p<population[j+1]-Cf}tnes.sz :
= populatlon[]*'-"»]'}}

newpopulation[il

o i ck
//'once a new population is created, COPY e b

f : - : ;

° (i =0; i < POPSIZE; i++) . ;
population[i] = newpopulation[l]?

V0;

©ld keep_the best () {

Nt mem; o

Int 5.

S . ~qividual

B bost = (. storas Ehe mees of the pest indl

o (mem ) ++)

= 0; mem < POPSIZE; mem opulationl
pfitness && P 12

POPSIZE]-

4 lation[
1f (population[mem] .Tfitness < pors
Mem] . Pfitness <= £itP )
{ fitnesSi
. on[men] - T
cur best = mem; o populatlon[ pfitnessi }}
2 ; OPSIZE]'Tfitness ulation[mem]. <
population[P pfiEness = pop 4, copy the gen
. o pOpUlation[POPSIZE]. 1ation Tion O Gl
Vi 5 u ;
for ,.° the best member in the el best].cpuStUS[l
(e = A % tion[Cur—
0; i < NOOECPU; i++) (5] = populd
stus

POpulation[POPSIZE] . CPY
1 \




Appendix B

UPerformance (int iq) :

4 ProcessOrInStrUctionCount():
ﬂy il ;11<I;1ii++)
[t ]—IM[ll],
= Processorlnstr

L e oo uctionCoy g
cpu?l e nt()/mlpsl[id]:
fOOM[l]—V[l]*cos(Vl[l]) oy
| cpv t[ld]—.lmp}?rocesSOl’InstructlcmCount()/mi .
% “prid1=1/cpu_t[1dl; PsLlid]l~ cpu tyiqgp;

/

// all CPU,s dre ‘ex
uﬂag[] ot ] s e
.4 popprint (1ong o bavioll
YOl

nt iy ] ’
prmtf(
gor (%

‘ mintime-> %d\n",qg);
0; J < POPSIZE; j++)
{printf("\n");
for (1 = 0; i < NOOFCPU; i++)
{s[il=population[j].cpustus[i];
fprlntf(fp, d\t Sul\t d\t TuNg cu\tu
_s[il /*CPU STSTUS*/ '
,cpu_td[i] /*CPU SHD* /
,round (I*cpu_td[i]) /*CPU SD*/
,cpu_t[i] /*CPU SAMPLE EXECUTION TIME */
,I*cpu td[il*cpu_t[i]); /*CPU OVERALL EXECUTION TIME */
}
fprintf (fp, "=d\t ;\t'.;\n",j,population[j].Tfitness,population[j].
Pfltness) }
fprintf (£p1, "=A\EHUNT u\t J\TT',g,population[POPSIZE+1].Tfitness,tavge,population[
POPSIZE+1] .Pfitness) ;}
vid Xover (int one, int two) {
int i,temp;
int point; /* crossover point i/
[* select crossover point */
if (NOOFCPU > 1)
{if (NOOFCPU == 2)
point 13
else
point = (rand() % (NOOFCPU ~ s
for (i = 0; i < point; L&)
{temp = ?opulation[one].CPUSEuS[i]iation[twol.cpustus[i];
Population[one] .cpustus[il = POPY

= b
e perees CpuStuS[l] rtiﬁpt;e two selected parents.
e

l/
Cmmsover performs SrOs 50

Vo
ldcrossover(vold) {

int § :

» Mem, one;
int flrst = (; /ricouns of ot
w@ double 4

 (mem = 0; mem < POPSIZE; ++mem)

X
lle nu l)e O e k)e s ( ()Se

{x = rand () %$1000/1000.07
1f (x < PYXOVER)

{++first;
if (first s 2NN
Xover (onéy mem) 7

1 \ else




one = mem;}}}

mutate (VOld) {

i

ot g
jnt éouble X;
lwgﬁ o i < POPSIZE; i++)

fof for (] = 0 j < NOOFCPU; j++) i
x = rand()$1000/1000.0;
if (x < PMUTATION)

{

if (population[i] -CPustus[q]==]
population[i].cpustus(; i
else A
population[i].cpustus[j]=1;

bl
10id elitist () {
int 17
Jond double pestT, worstT; /* best and worst fit
Jong double bestP, WOrstP; ness values */
it bestT_mem, worstT mem; /* indexes of the best a
pestT = population[0].Tfitness; nd worst member */
worstT = population[0] . LEitnessh
pestP = population[O] .Pfitness;
worstP= population[@] .Pfitness;
gor (i =0; i < POPSIZE - 1; ++i)
{
if (population[i].Tfitness < population[i+1].Tfitness && population[i]
pfitness <= fitP ) :

§
if (populationli] _Tfitness <= bestT && population[i].Pfitness <=
fitP)
{
bestT = population[i].Tfitness;
bestBH= population[i].Pfitness;
bestT _mem = 1t 9
}
if (population[i+1] _Tfitness >= worstT)
{ .
worstT = population[i+1].Tfltnessf
worstEN= population[i+l].Pfltness;
worstT mem = 1 + i h
else 3
; tT)
if (populationlil _pfitness 2= woTs
{
: : itnesss
worstT = populatlon[l]-Tfl_t .
; [i],Pfltness,
worstP = populatlon e
: ; Sl PEatn =
worstT mem = i} o el o (populatlon[l+ ]
if (population[iH] SINETEEE
£itp ))
{ “ TfitneSSI
. i+ -
bestT = pOPulatlon[. .1 pfitnessi
latJ_On[l"'l :
pestP = PopPY 1 S L
LR b pestT mem = * T flatiol is bette’ E
the TdualiEEe - ovlous opul

\\\\\fjiiindividual from the P




SRS : Appendi
pest from the new populaty dix B
lation;

. the

DY < 8 i i % : alh

[’ v(}@t ind]_w.ducll from the current PO lse Teplace

wok> -~om the previous puld‘.lon r he */
P one £ ‘previous generatyop "1th the

2 Dewg‘,tT <= populatlon[POPsle] Lokt z .
i (t{)zor = 0¢ 1 < NOCHCEUREEEE S && (bestp <= fitP))k/

= 0; i < NOOFCPU; i++)

' worstT ;
populaFlo?[oistT Bmem]'cpustuS[ll = population[pg
W em] .Tfi
populat%on _mem] Tf%tness = Population[pop PSIZE].cpustus[i];
populatlon[worstT_mem] .Pfitness = bopulation[s SIZE].Tfitness;
n { 4

ong double calcPOPSIZE (int g) OBSIZE] .Pfitness;} }

{ int i
1ong double
_ 0; i < POPSIZE ; ++i)

sum = 0.0, Tavg = 0.0;

for (1 = _ :
qn = Sul + population[i].Tfitness;
g = sum/POPSIZE;

return Tavg;}

int main(int argc, char **argv) ({

int 17

long double mintime ;

id = impProcessorId() ; // PROCESSOR ID

flag[1] = 1:// used to enter matrix

cpu t[id] = 0.0;// used to initial performance time

cpu_p[id] 0:.0%

init (id) ; //creat output files, and enter MIPS valu for each matrix
putMatrix (id) ; // Input Matrex Data and load it in share memory
d {} while (flag[l]l ==1);// all processors wait while Enter input matrix to

share memory

calCPUPerformance (id) ; // Measured a time that n
each processor

do {} while (flag[3] !=NOOFCPU) ./ /wait for sample proces

eed to execute the sample for

sing from all

Processors
if (id = 1) // Execute the algorithm on one processor
fitP = 0. 9*MaxPOWER;// Determine the value of power

oA
Degin GA procedure

initiaglize Y

Svaluate () ;

keep—the_best o

¥hile (generation <= MAXGENS)

{

9eneration++;

Selectl () ;

Crossover () ;

Mutate '

®valuate 0

slitist(y ;

iane =calcPOPSIZE (generation) ;
fclosOpPrint (Tavge, generation) )
oy LP)
Lose
retu:;r(lfgl.)}

’

4

- 7
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/,‘//
- Jefil ) S
/! / e <«mat h.h>

| pppe’

=WCNE; ¢stdio.h>
:inclu i <51,(_U lbh>
i ui; <impTypes.h>
:iﬂclwe ¢string.h>
,w@ué;"mmmulticore4“hetero.h"
jinclu®”
wazlefloat *a = (volatile float *)n; //

INPUT MATRT
ola" *]1 = (volatil _ \TRIX
oatile £10%° i = : Pt © float ®) L /e s
f \scile float *o = (volatile E£loat H)i S /MTEe v i oy
V0

.dlnputMatrix(irn: id) ; // ENTER THE INPUT MATRIX IN sq
v@d]u(int id) ;// MEASURED SAMPLE EXECUTION TIME FOR Eac
\Yol

oid InputMatrix(int id) {
Ot 1=0,3=0,k=0;
for u:o;i<I;i++)
for (J=0:3<I;J++)
a[i1[J1=1%(3+1) /3

o
(@

printf("x,?;;,r:;lﬁgkr@x Size =
oid lu(int id)
{ :
fprint £ (£p, " \+",impProcessorInstructionCount());
for(i=2000;1<2001 ; 1++)

{

[
N
107]

for (j=0;3<I;j++)
{
if (j<1)
{1[J11i1=07
§
else
{
l[j][i]=aa[j][i];
for (k=0 ; k<i;k++)
{ l[j][i]=l[j][i]’l[j][k]*u[k][l]’
L} }
for (j=0;J<I;j++)
{
if (j<i)
{ufi] [31=000
else if (j==1)
ufi] [j1=1¢
else

{ 110117
u[i][j]=aa[i][j1/l[11[ll

for (k=0 ; k<i i k++)

{ i
ari]ri1=uliliil ‘éiic
E  DLE(fp, T " impPro
by, 0 {int arge, char x*argv) 1
A ’
.

\pprocessorld ()7

D
// pROCESSOR 1

tionCOUnt());

ul\n", 1,1 ;}

/1 [310E1) 7133

ARE MEMORY
H PROCESSOR




: IN A SEPARATE FOLDE,
MATION
INFOR

0) fp
0) fp
0) fp
0) fp

fopen ("POWERPC37 /

Phl.x1s ;
"ARM/ph1 Xls™ "4 "),
fopen( AR I/ . w5y ’
fopen ("MIPS32 /phl,.x1gn i "',:'r") :
p ",\q«w/r}._] x]la" ", ‘n) 5
fopen ("OR] K/phl.x1s p 1y,

Appendix B




///////////////////

! ondix B4 LILTT
001011111111

/N// A ¢math.h>

$ ¢stdio.h>

310t <5tdlib.h>

o <impTypes.h>

¢string.h>

e npmmulticored4 hetero.h"
1 = 10000 // PROBLEM SIZFE

 fine NOOFCEU = 8 // NUMBER OF PROCESSORS 1y PLATFOR
M

qLE *EPi i g
: t = (vola
platile floa 1le float *)FLAG; // FLAGE, ALL
(ALCULATE SHARING FOR EACH ONE ' PROCESSOR WAIT DURING
volatile float *a = (volatile float #*)a; //

INPUT MATRIX store in share memory

)
Jatile float *u Eggii e 0o menciy
V0 : _ MATRIX store in sh :
Platile float *Time IS (volatile float *)TIME; // TOTAL EXECUTION TI;E‘,Q ik

wlatile float *Performance = (volatile float *)PERFORMANCE; // PERFORMANCE FOR
gACH PROCESSOR uegy
wlatile float *cpu_sh = (volatile float *)CPU SH; // SHARING DATA FOR EACH
PROCESSOR

double long IC; // INITIAL POINT USE TO CALCULATE SAMPLE EXECUTION TIME AND
70TAL EXECUTION TIME

int SH[NOOFCPU]; // processor sharing (=1)in processing or no (=0)

void InputMatrix (int id) // SUB ROUTINE TO INPUT A MATRIX

void samplelu(int id) //SUB ROUTINE TO MEASURE SAMPLE EXECUTION TIME, CALCULATE
IOER AND UPPER FOR ONE ROW

void ClacSharing(int conf,int id)
EACH PROCESSOR

void Distributelu(int conf,int id)
PROCESSORS AND MEASURE TOTAL EXECUTION
void PrintResult (in id, FILE * fp ENE
void dec2bin (int decimal) {

(volatile float *)L; //
(volatile float *)u; //

3
=2
[e¥)
ctr
=
—
o
h
—
(@)
)]
it
*
‘_J
Il

// SUB ROUTINE TO CALCULATE DATA SHARING FOR

S UB ROUTINE TO DISTRIBUTE DATA SHARING TO

TIME FOR EACH ONE
onf) // SUB ROUTINE TO O

UTPUT THE RESULT

int i = 0 2

Int remain;

do

{
SH[1i] = decimal % 2;
decimal = decimal / 2;
++1

!

b while (decimal > 0);

: 3 ;
Of ( y=i+41; § < NOOFCPU; J++)
Pilil = ;)

Y_Void r

IMputMatrix (int id) {
1Nt i=0,9=0,k=0;
for (i=0;i<I;i++)

S5 : 5
for (3=0;9<1;5++) VALUE FROM g 20
§[1+I*j]=rand()/255 / /RBNDOM {‘gpegesst e
oy o LBEE ("\nEnterbMats ~
o nt rbMa
{  S¥plelu(int id)
Ie

lmpprOCeSsorInstructiOnCO"mt )




for(j=ﬂ;j<1;j++)
if (1<1)
{10j1[11=0;
}
else
{
1[j1[il=aaljl[i];
for (k=0 ;k<i;k++)
{
o LOOTII=1030141-113] (k] *u[Ky [
for (7=0;3<T;j++)
{
if (3<1i)
{ulil[Jj1=0;}
else if (j==1i)
ulil[31=k7
else
{
ulil[jl=aalil[J1/1[i1[4i]1;
for (k=0 ;k<i;k++)
{
ulil [31=ulil [31- (1111 [k1*ulk1[31)/1[i1[i1):}}}}
Time[id] = (impProcessorInstructionCount()-RD/mipsUd));
performance[id] = 1/Time[id];}
void ClacSharing (int config,int id)
{

long double sum=0.0;

Nt 4 ;
dec2bin (config)
if (id==0)

{
for (i=0; i < NOOFCPU; i++)
Sim = sum + SH[i]*Performancelil;
for (i=0; i < NOOFCPU; i++){
Cmtﬂﬁi]=round(SH[i]*I*Performance[i]/sum);
=11}
:Md[ﬁstributelu(int id)
i;;i@p?rocessorlnstructionCount()7
{‘ 71<cpu_sh[id] ;i++)
for (§=0;3<I;j++)
{
if (j<i)
(LTI l=t
}
else
{
1191 [i]=aalil[3]7
for (k=0; k<1 i k+t)

; [i];}}}

l[j][i]=l[j][i]—l[3




%<I ;J++) "\Ppendix g
5 ]

{

if (3<1)
{ulil[Jj1=0;}
else if (j==1)
ulil [j1=1;
else
{
u[i][j]=aa[i][j]/l[i][i]-
for (k=0;k<i;k++) !

ulil [jI=ulil[j]- :
o (ApEEeeh 1] AT O30 COt ki, o
-ime[id] e i S”OrInSLrUCtiOnCount()—IC £ /‘[l][iﬂ;}}}}
agl21 447} }/mips (iq)) ;
. printResult (in 1d, FILE *fp, int config)

—=DT

: NOOFCPU; i++)
' ",i,config,Time[i]);}}
ar **argv) {

name, "platform#d?, NOOECEU)Y

\fig; 1+E)

licSharing (i,
81} wile(£[1] == 0);
.s:ﬁbutelu(id);
finzﬁle(f[al < NOOFCPU) ;

Tin

"Result (id, fp,i) ;]
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////////////////////

// >ndl>\ B VAL
:///////////////////

S <stdio. h>

> ¢stdlib.h>

e <impTypes.h>

e <string.h>

clude npmmulticored hetero.h"
. NOOFCPU 4

fﬂﬁ e loat " * (volatil
floa aa = (volatile f1l *
plarile oat *)A; // INPUT IMAGES MATRIX

patile float *11 = (volatile float *)L;
\ sub rotine to execute one image
Voldpllterlmage(lnt id)

{
gor (I

(printf (" \n D7 e iy
float aa[I][Im] ll[I][Im],

int 1=0,3=0 » k=0

// OUTPUT IMAGES MATRIX
(sample)

500; i <%001; I=I+4+500)

for (l—"rl<1 ji++)
for (] ) j<Im ]++)
aa[l][]]—j%éni,

fprintf(fp," INE S ",I,impProcessorInstructionCount());
foru;i;i<1m;i++)

{ | 0 5 5

11{011i1= (aalll [i1*(2*1))/ (aall] [11* (i+1)) * aall] [i1;

} 3 .

fprintf(fp,” ! A",impProcessorInstructlonCount0), 1}

int main(int argc, char **argv) {

int 1

// T0 AVOID OVERLAPPING S e
b g == 0 fp = fopel’l( e .‘”, "“.. ")),'
e (iq == 1) fp = EopE U )
Uf (iq = 2) fp = fopen (i "“;'f' ,
08 (1a = 3) fp = EopcallE e il

id = impProcessorId()/ el PROCESSOR 1D
FilterImage (id) 7

fclose (fp) - e
printf("\nfinish----"" o )

return O

}

.
4
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read ( :
’xlsfead ¢
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;50000 &

,009%%% 9.9
20 5 0 0 ¢
%¥%0070¢

0,0 %"
%6000
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0.00929%2%2%929220900
00 5 0 L 9.9.0.0 00

d: \'I’ P\(‘I\MUL(‘/‘ \[’h2 \ ) ’

0.0 Q0
5000000

0000992299

00 9%% < 92 3 0.0 0
"'(7’0'0'uouooou:~ 1

0000

a CRCRCRCRG 000D " Q000 c
0 O R PG ACKY '2> 5% f,’; {'L’] 290009 g
y 8 - 00686682 %200 ¢
a1 return to chapter three impi 565%%%%%%0¢
R e 2 e ;
., source code .m that use to analysi mentation o
O I L LA L AR R R AT b
%% % 0 O 5600706065 % % 99909000g¢g
4: \TP\GBMULC4\ph1') ; SEESERRIRIA4S

>

Q
0

(:,1),Dp0(:r6) ,Dp0(:,11),Dp0(:,16)]1;%CPU,s STA
;,Z) ,Dpo(:,7) ,DPO(3112)IDPO(3117)];% CP£J S SHrgUS
;,3),DP0("8) ,DpO (:,13) ,Dp0(:,18)1;% CPU s SD

:,4) ,DPO ¢ +9) ,Dp0(:,14) ,DpO0(:,19)1;%CPU SAMPLE EXECUTION TIME
)

:,5) IDPO(:IWO) IDpo(:,15)’Dp0(. 20) o

:,20)];%CPU OVERALL EXECUT ;
<O RESULT CUTION TIME
' 4: \TP\GAMULC4 \SHD.x1ls"', [CPU,SHD] );
d: \TP\GBRMULC4\SET .x1s", [CPU,SET] );

- MULCA\S T
glgwrite a.\TP\GAx.UL\A\sET.x*s . [CPU, SETIN)E
9%%6%%%%%%%%%%%%%%%%%%%%%%
(*]
NY GENERATION 2%%%%%%%
553335338583 25995%%%%%%%%

., 1) ; SGENERATIONS
. 9MINTIMUM EXECUTION TIME
weer= Dpl (= /3) ;3 AVARAGE EXECUTION TIME

= Dpl(:,4) 5 CONSUMING POWER
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hat use to compile
4 experiment ellas
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i .= $(s shell get -
S/HOME o path exe $(IMPERAS H J?Ht###}lu% T
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T
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; two passes SO th
, guild using at each pas includes se
Parate Makef
iles

5 (MAKE) MAKEPASS=1

) MAKEPASS=2
(MBKE) MAKEPASS=3
MAKEPASS=4
MAKEPASS=5

§ (MAKE) MAKEPASS=1 clean
(MAKE) MAKEPASS=2 clean
) MAKEPASS=3 clean
MAKE) MAKEPASS=4 clean
) MAKEPASS=5 clean
endif
§ pass 1 puild the Platform
ifeq ($ (MRKEPASS) /s i) :
sRc=platform.c
include $ (IMPERAS_ HOME ) /ImperasLib/source/buildutils/Makefile.platform
endlf
4 pass 2 build the Appllcatlon
ﬁeq($(MAKEPASS) )
OPTIMISATION?=-02
CROSS=ARM7
SRC?=application.cC
SRCINC?=
INCOBJ=$ (patsubst %.c,%.s(CROSS).o,$(SRC1NC”
BE=S (patsubst % .cC,%. % (CROSSI - olf,$(SRC))
:11?1211222 Z(IMPERAS HOME) /bln/Makeflle 1nclude makefile.inClUde
(IMPERAS_LIB) /CrossCompll
endif =
;fPeT‘iM;Z(MAKEPASS) ,3)
ATION?=-02

R0ss=0R1K
SRC7=

applicatio
SRCINC?: neec
INC o
EXEOBJ—$ (patsubst %.Cr 5.5 (CROSS) g
lncsi(patsubst %$.Cr%- $(CROSS) Vellifiy
ude $(IMPERAS_HOME) /bln/Makefl e
LLE

lncl
e“dlfude $ (IMPERAS LIB) /CrossCo ompl

. include makefile mclud

0 IM(S‘ (MAKEPASS) , 4)
ISATION 2=-02




o $.Cr %
SRCOE F (patsubft QC' & (CROSS) .o, 8 (SRCINC))
N ,s(patsubst .0 B O Y
o ° $(1MPER‘AS HoME)/bln/Makeflle includ
pERAS LIB)/C o
L M ) /CrossCompiler/$ (CROSS) .
: s (CROSS ) ﬂcc) ) -Makefile.inclug
ERROR := $ (error " e
ey . Error : $(CROSS) cc
tallatlon gl . $(CROSS)") A not set. Please check
ec

MAKEPASS) / 5)

INCOBJ=? (patsubst %- c,% S (CROSS) .0, $ (SRCINC))

xg=s (patsudst s .c,%.5(CROSS) .elf, 5 (SRC))

_jnclude $ (IMPERAS_ HOME ) /bin/Makefile. include

ipclude § (IMPERAS— ~1.1B) /CrossCompiler/$ (CROSS) .makefile.include
ifeq ($($(CROSS) c@

IMPERAS_ERROR := $ (error "Error : § (CROSS) CC not set. Please check
installation of toolchain for $(CROSS)")

endif

endif

appllcatlonFlles $ (EXE)

%.$(CROSS) . elif: $(CROSS) (o)

$(V) echo "Llnklng se"
$(v) $(IMPERAS_LINK) -© s $< § (IMPERAS_LDFLAGS) —ln
LS (CROSS) J0: %.C T

§(V) echo "Compiling S<t

§(V) §(IMPERAS_CC) —¢ ~° s@ $< -02
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pppendt® -
.:ééteIIUiIWG nax Measurements over all ex i
1 :NOOF py*power (2,NOOFCPU (1)) -1 Ui
nish execution time)

Y= ] _
for P (Timep4 (i,2) == TimeP4(i-1,2))
eP4 (i ,8)-"2 TimeP4 (i-1 3)
i

if ( Tim
max4 = TimePd (i,3);
end
MesurTimeLl (TimeP4 (1i-1,2)) = max4;
end
g*power (2 ,NOOFCPU (2)) -1

=1 :NOOFCP
if (TimeP8 (i,2) == TimeP8(i-1,2))

if ( TimePB(i,%) > TimeP8(1_1,3)
g = TimeP8 (i,3);

for

max

end
MesurTime8 (TimeP8 (i-1,2)) = maxs ;

end
i=1:NOOFCPU*power(Z,NOOFCPU(3))-1
if (TimeP16(i,2) == TimeP16(i-1,2))
if ( TimeP16(i,3) > TimeP16 (i-1,3)
naxle = TimeP16(i,3)

for

end
MesurTimel6 (TimeP1l6 (i-1,2))

end

for i=l -NOOFCPU*power (2 ,NOOFCPU (4))-1

if (TimePBZ (3,;2) =& TimePBZ(i—l,Z))
if ( TimeP32 (1,3) 2 TimeP32(i-1,3)

maxl32 = TimeP32 (G300

= maxl6;

end
MesurTime32

(TimeP32(i—1,2)) = max32;
end

for i=1:NOOFCPU*power (
if (TimeP64 (i,2) == Tim

if ( TimeP64 (i,3) >
= TimeP64 (i3

) NOOFCPU (5)) =1
eP64 (i-1 )
TimeP64(i—1/3)

maxod =
end
MesurTime64(TimeP64(i—1,2)) = max64i
end
pu(6)) -1

£ g 15
°rJFL:NOOFCPU*power(2,NOOFC
- spiZslastRll

if (TimeP128(i,2) =
if ( TimeP128(i,3) > cimerl el
128 = TimepiZB (A

. 128
. = X r
MesurTimelzs(TimePlzs(l—l,Z)) e
end
measuf ) *1007

. an
cula’ClOrl 4(:
ime
Mesur? "1y %1007

%Cal

Culate error between cal )
4(: :

TIME ¢ MesurTlmef‘ ) .y) *100i

ER

ER};\ZP;; i ((MesurTime4 (:)-MAX

ERRORle‘_( (MesurTime8 (:)~

BRR0R3, 2 ((MesurTimel6 ()~
= ((MesurTime32(:)~
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y, 3 ¢
‘‘‘‘‘‘‘‘

0% 0.0,.0.0 0.0.0 0 0 0
1 X C . 4 500000000 % %
endl :
pppP

y 0, O. 0092909 0.0 0.0 0. ¢
50070 G RCRCRCRCRC RO G AT

l:'mport sample ,Gi%e,c\\iti(\)r.l]_ timé »information tabl

i _1sread( D: \TP\IMP1\POWEREC32\ph1 '} ; es

1 ,xlsread (VBN P\IMP1\ARM\phl'); /
3,xlsread (' D: \TP\IMP1\MIPS32\ph1');
_lsread('D: \TP\IMP1\OR1K\phl') ; :

z =xlsread(‘ D: \TP\IMPL\MIBS ")

act instructions count for each proces
sor

:‘Extr J

iC1= datal(:,Z) = leveaylt (8 10) 8
= data2 (: NS dacaZi(ta
IC3=data3(:rZ) - data3(:,1);
IC4 5 data4(:,2) = ldaEadi(r e

;scolleCt nips values for every platform processors
ypsh = D(4/4:4/4+4/4—1,2:5) ;
MIPS8 = 13(8/4:8/4"'8/4_1 12:5) H

WIpsl6 = D(16/4:16/4+16/4_1,2:5);
MIPS32 = D(32/4:32/4+32/4_1'2:5);
yIps6d = D(64/4:64/4+64/4=1,2:5);

MIps128 = D(128/4:128/4+128/4—1,2:5),-

scalculate the time need to execute sample for each processor in the platforms
TIME4 = [Icl./mMIps4(: ,1) ;1C2./MIPS4(:,2) ;Ic3./MIPs4(:,3);104./M1Ps4(:,4)];
TIMES = [IC1./MIPS8 (B ;1C2./MIPS8(:,2) :1C3./MIPS8 (:,3) .1c4./MIPS8(:,4) 17

TIMEL6 = [ICl./MIPSlG(: ) ;ICZ./MIPSl6(:,2) :1C3./MIPS16(:,3) ;IC4./MIPSl6(:,~L)];
TIME32 = [ICl./MIPSBZ(: ) ;IC2./MIPS32(:,2);IC3./MIP532(:,3);IC4./MIPSBZ(:,4)];
TIME64 = [ICl./MIPS64(:,l) ;IC2./MIPSG4(:,2);IC3./MIPS64(:,3);IC4./MIP864(:,4)];

TIME128 = [ICl./MIPSlZB (B D) ;ICZ./MIPSlZS(:,2) ;IC3./MIE’5128(:,3) .1ca./MIPs128 (: ,4)1;
1=1000;% detemine problem SHiZe .

s Collect number of processors for all platforms in one matriX b
NOOFCPU = [length (TIMELl) ;length (TIME8) ;length (TIME16) ;length (TIME32) ;length (T )i
length (TIME128) 17

ici i rocessors
iBuilding a matrix of all possibilities for the participation of p

CONFIG4 = deZbi([1:power(z,NOOFCPU(l))—ll);
CONFIG8 = de2bi ([1:pOWer(2,NOOE‘CPU(2))"1])"
CONFIG16 = de2bi ([1;power(z,NOOFCPU(B))—ll)i
(ONFIG32 = de2bi ([1:50001,32)7

CONFIGGA = de2bi ([1:50001,64)7
CONFIG128 = de2bi([1;5000],128); ¢ for sharind density, K £OF
alculate over all execution time for every
sharing pata, and Fit_T for Gveralies
i‘i =CallFitTe (TIME4 , CONFTGA )
fo; r?und(I*CLl (o))

r=1:length (K4)
for i=1:NOOFCPU(1)

Filend (r,i)=K4 (r,i) *TIME4 (1) 7

end
enq

8 = ;
CallFitrp (1TMES, CONFTG8/ D)7

o: Tound (I*C8 (:,3)) 7
=1:length (K8)




for i=1l: NOOFCPU (2) Appendix C

fit T8(r,1)=K8(r, i) *TIMES (i)

end
end
c16 —CallFitTP(TIMEL6,CONFIGL6, ) ;
{16 = round (I*C16(:,:)); g
for r=1:length(K16)
for 1=1:NOOFCPU (3)
fit_$l6(r,i)=K16(r,i)*TIME16(i)'
end 4
end
032 _callFitTP (TIME32,CONFIG32,1);
K32 = round (I*C32(:,:));
for r=1:length(K32)
for i=1:NOOFCPU (4)
fit_T32 (=5 1)=K32 (x, 1) *TIME32 (i) ;
end
end
c64 =CallFitTP(TIME64,CONFIG64,I);
K64 = round(I*C64(:,:));
for r=1:length(K64)
for i=1:NOOFCPU(5)
fit_T64(r,i)=K64(r,i)*TIME64(i);
end
end
c128 =CallFitTP(TIME128,CONFIG128,I);
K128 = round (I*C128(:, 2));
for r=1:length(K128)
for i=1:NOOFCPU(6)
fit_T128(r,i)=K128(r,i)*TIMElZB(i);
end
end
sedetermine max calculations over all exec
MAXTIME4 = max(fit_I4');
X4 = bi2de(CONFIG4);
MAXTIME8 = (i
X8 = biZde(CONFIGB);
MAXTIMEl6 = max(fit_T16');
x16 = bi2de (CONFIG16) i
MAXTIME32 = max(fit_i32');
%32 = bi2de (CONFIG32) 7
MAXTIMEG64 = max(fit_T64');
x64 = bi2de (CONFIG64)
MAXTIME128 = max(fitﬂT128')7
X128 = bi2de (CONFIG128) 7 .
sinport Measured overall execu
TimeP4 = xlsread('D: \.’f‘?'\fl-i?l\}‘;
TimeP8 = xlsread('Ui\T?
Timeplg = xlsread('D:}
TimeP32 <1sread('D:\TE Sao o
TimepP64d = xlsread('f:\f?\ixy'\EM’_

Timep128 = xlsread(‘?:\;r\llf‘\f el ey

ution time (finish execution time)
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1) 44 AR R T e

. n gource code
y exP ain -
####;#########1HH#H#%%#############%## yin, C exXperiment fil
IMPERAS/HOME = $(shell getpath.exe "s(; A A iles
#Build Jocally without using a VINV 1j bMPERAS _HOME) ")
1brary

NOVLNV’l

L AL
4
L AL
it 1t

SSSEEESETEE SRS

T

d using two passes so that each
f pas

MAKEPASS?_O includes separate Makefiles
ﬁeq ($(MAKEPASS),O)

(MAKE) MAKEPASS=1
(MAKE) MAKEPASS=2
(MAKE) MAKEPASS=3
(MAKE) MAKEPASS=4

$
$
$
$
clean:
5 (MAKE) MAKEPASS=1 clean
$ (MAKE) MAKEPASS=2 clean
$ (MAKE) MAKEPASS=3 clean
$ (MAKE) MAKEPASS=4 clean

endif

4 pass 1 puild the Platform

ifeq ($(MAKEPASS) FALD)

sRc=platform.cC

include $ (IMPERAS HOME)/ImperasLib/source/buildutils/Makefile4ﬂatform
endif

4 pass 2 build the Application to execute on ARM processor
ﬁeq($(MAKEPASS),2)

ONHMISATION?=—OZ

CROSS=RARM7

Smﬁ=application.c

SRCINC?=

INCOBJ=$ (patsubst %-Cr% o . (CROSS) -0 o, § (SRCINC))

EXE=$ (patsubst %-Cs o 5 (CROSS) -e1Es S(SRC))

-include $ (IMPERAS_ HOME ) /pin/Makefile: ey L nernlepmelte
-include $ (IMPERAS_ LIB)/CrossCOIﬂPller/s (CROSS)

endif -
f Pass 3 build the Appllcatlon to execute on ORIK pEopess
ifeq ($ (MAKEPASS)/3)

OPTIMISATION?=-02

CROSS=OR1K

SND:Bpplication.c
SRCINC?=

INC) )
INCOBJ=$ (patsubst %-Cr % s(CROSS) 7 (Si?)
EXF=
XE=$ (patsubst %.Cr° $(CROSS) el incl

g i u
}HClude $ (IMPERAS_ HOME)/bln/ 1 r/$(CROSS)'m
“include $ (IMPERAS LIB)/CrossCOmPl & 5S0T
endi f 7 on POWERPC32 pUEd
' Pass 4 build the applicatio?
if

€q ($ (MAKEPASS) s 4)




S eATIONT=-02 povendie
i [ _pOWERPC32
C‘;CO,D; /pp/1MP1/application.c

cINC?=
iiCOBFs (patsubft %;C' .5 (CROSS) .0, $ (SRCIN
EXE’s (patsubst %.C,%.5 (CROSS) .elf, s ) C))
" include § (IMPERAS_HOME) /bin/Makefile in)Clud

5 e

’-nclude $(IMPERAS_LIB)/CrOSsC0m ,
: (s(s(CROSS)_cc),) piler/$ (CROSS)

jfed
pERAS_ERROR := §(error
. ‘ : r Error : $(CROSS) cc
jnstallation of toolchain for $(CROSS)") L

.makefile.include

endif : |
; Pass 5 puild the Application to execute on MIP
ifeq (S(MAKEPASS) ,5) S32 processor

opTIMISATION?=—OZ

CROSS=MIPS32

grc?=D: /TP/IMPl/application, c

gRCINC?=

INCOBJ=$ (patsubst %.c,%.5(CROSS) .0, $ (SRCINC) )

EXE=S (patsubst $.c,%.5(CROSS) .elf, S (SRC))

_include % (IMPERAS_HOME) /bin/Makefile.include

snclude : (IMPERAS—LIB) /CrossCompiler/s (CROSS) .makefile.include
ifeq ($(8 (CROSS) _CC) /)

IMPERAS ERROR := $ (exror "Error : $ (CROSS) CC not set. please check
installation of toolchain for $(CROSS)")
endif

applicationFiles: $ (EXE)
5.5 (CROSS) .elf: % . § (CROSS) -0

§(V) -echo nLinking $@"

$ (V) & (IMPERAS_LINK) —© se $< § (TMPERAS_LDFLAGS) -1lm
%.$(CROSS) .0t %-C

$(v) echo ncompiling s<tt

§(v) $(IMPERAS_CC) =€ Bl e 2
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00

go 0
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DI 5, 0. 0. & 0.0990009

50000 0000000

0%2%00 L
wa‘) 50 ©

:Initialization

clear all;

cl¢ : ;
= 100000; ¢ Problem size
s time n -

slmporL %he ,eed_to execute the sampl
sinformation from Pprocessorl e for each processor type
p11MPl=xlsread('D:\TP\IMP3\ARM\linpac]

= linpack') ;

pP1IMP2 Xlsread('Dl\TP\IMPB\ARM\peakspe»L:
PlIMPB:XlSIead(‘D3\TP\IMP3\ARM\dhryeToi %;

%information from Pprocessor2
ppTMP1=x1lsread ('D:\TP\IMP3\ORIK\linpack');
PZIMP2=Xlsread (D)8 \TP\IMPB\ORlK\peaksDead,‘) ;
EZIMP?=%lsiead (iR \TP\IMP3\OR1K\dhrys.tcne‘) ,,
sThe nuM er of 1ns ructionss needed b
oL l) = - Ry y processorl to execute the ben
MeEl (2) = p1IMP2 (:,2) — PLIMP2(:,1):
qeBli(3) = pLIMB3 (', 2) s P1IMP3(:,1);
sThe number of instructionss needed by processor2 to execute the benchmark sample
1cP2(1) = p2IMP1(:,2) = P2IMP1 (:,1) 7
1cP2 (2) = P2IMP2 (5, 2) 5= P2IMP2 (:,1)/
1CP2(3) = P2 IMP3(: J2) 5= p2IMP3(:,1) 7
$Import MIPS and Consuming power information for each processor type-
DMIPS=xlsread(' Bs \TP\IMPB\mips') :
DPOWER=xlsread(‘ D: \TP\IMH\PCWER‘ )5
sCreate vector matrix that represent MIPS information
MIPS4 = [DMIPS(: S0 ,DMIPS(: SN
[RECP ] = size(MIPS4);
%Create vector matrix that represent €
PR = [DPOWER (1) * ones(RP,l);DPOWER(Z)* ones (RB, 1) 17
sCalculate execution time for the samples oOn platform (all processors)
forti = 1:3
TIME(:,1) = [ICPl(i)./MIPS4(=,1);I

chmark sample

onsumed power information for all processor

cp2 (1) . /MIPS4 (o)l

end
% Begin GA
6=10;% max generation Ll oxecution time

Mo ros (3,6 ; SLaBEIEIESS min]

Avg=zeros (3 grattialized @
3,G) ;ralnltlallze ing pOWer S
PiR=zeros (3,G) ;%Initialized overall consum g x ck, z=2 peakspead, and z=3

*Run GA for each benchmark separd

dhrystone)
for 7 = 1:3

.- D

rs
= y when all processo
TIME(: VAN

ring densit

calculate sha

ongth (1))

SH =

= CallsHD(T,ones (Ls2 el

are sharin , \ r each benchmark separate yarately

TSH - ing ensity 2 r each benchmark sep
(:,2)= SH;%Calculate ghayx® parin data i

SD = ate
round (I*TSH(:/ :)) ;.‘,calcul

¥Initialized GA paramete”




= Yeng ) % A .
mﬂFC U gth(T) Number of cpyg ( ppendix C

1 NOOFCPU+3;%5Population sigze gene variable)

= .80;%Cross

0T = 0.1;%Mutate probability
- ference (mini
o lculate = el iy
ca § ) overall execution £
ghart e A
processors are

s,calculate reference (maximum)

Sharing suming power when all proce

MinFitness = INIFTcallFitT (T,PR ones (] SS0rs are
]

@;Decrease 'NOOFCPU) II) '

the value of power 10% from th '
oe g e e maximum for each step

MODPOW _ MinTimePower (2,2z) ¥*PHA*0.1;
initialization step
sinit (POPSIZE,NOOFCPU) :
9GA evaluation step
o =CallFitT (TIPRIXII) H
sKeep the best individual in the population
K = Keep’_The_Pest (MODPOW, C) ;
¢ GA 1oOP
for 1i=1:G
g = select (K) ;%Selection step
XV = crossover (S,PXOVR) ;%Crossover step
M =mutate (XV, PMUT) ;$Mutation step
CF =@allFitT (T,PR,M,I) :3evaluation step
k= elitist (MODPOW,CF) ;3Accepting step
sKeep information (minimum execution time, average execution time, and consuming
power) for each generation
e Gl = size (K) 7
MinT(z,ii)=K(r,c—3) s
PWR(z,11) = KL, c=2)
AVg(z,ii)=sum(K(1 sp=1hc=3)) / (length (K)-1) ;
sTermination criteria
LEM(1] e :
if i gZi;(z,ii)=MinT(Z,ii—l)&&MinT(Z,ii)=MinT(zAjf2)&&MinT(zJj)=MinT(z,ll-s)&&Mlnq
(z,i1)=MinT (z,ii=4) &EMInT (z,ii)=pMinT (2l 50
break
end
end
end age execution time, and consuming
%Keep information (minimum execu gy
power) for each consuming pov
POWER (z , PHA) =MODPOW/
RVARAGE (z , PHA)= AVY (z ,end) i

MINIMUM (z,PHA)= MinT (z,end) i
end

end
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Plot f
Lot (1:NOOFCPU, TIME) © show the
Processor

Plot (1:NOOFCPU,TSH) 3




OOFCPU,SD) %show sharing g Appendix C
ata for

POWER 5VARAGE » POWER , MINTIMUM) each pr
cution cime (average and mini %Show relati ocessor
mum)

ex ‘xnluoo"oouuu
5, O 000
02%%670° %%%600600000 %%%%5%%%22
368852
00

on betw
e
en the power and over all

0%%% 900
%0 $%5%%%00c¢

n the sourxce € 66006 65%5%5%%%09
%Explal £ ode for the functj AL R EREPTY
spplould ate reference time and power lon that used t::
0,0%%{:1%%%25%%%%%%%(‘2%(‘)’"‘J(“7(z>‘3)(:1r«‘)%%%%%gﬂoo [$) ValueS i
R o SAEEEEEEEETY 5%
unctl INIFT e INIFTCallFitT (t pr 000000%%%%%%%%%%90‘90
{NIFT zeros(1,2) 7 iRy
(r C size(X) 7
sum = 0

ﬂmlculate processors sharing densit
fox Jmii0 d
sum = sumt x(3)*1/t(3) ;

end
for j=1:¢C
F1tp(3) = x(3)* (1/E(3))/som;
end
%ﬂlculate over all execution time
for j=1:C
if x(Hy==1
INIET ()= T*£itP () *t (3)
end
end
scalculate over all consuming power
INIFT(2)=O;
for j=1l:C
INIET (@)= INIFT (2)+ pr(i);
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0000000006///////// 0929%% o ) O 9 099%% 00092%%%%%%
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sExplain the source code for the functlon that used to Initial populatlon%

OCOOOOCO(‘,U )
99%%%%%60070"

c\°
o
o
o

o

function population = init (p,7)
B =zeros (1,n+4) 7

3Random population

pop\llatlon=round (rand (p+1: )
n not share all processors

sValidate 0,s constraint: Avoid any populatio

fori:l:p
if blZde(populatlon(i,=)==O)
de2bi (i n+4) 7

pOpulatlon(l,.)—B( 2) 7

f ;. 5 5 5D
| unction FT = CallFitT(t,Pr'

FT = x.
14
{x B0
frél = size(x);
tP = zeros(r,c-%)7

Zeros(r)-
sharind

essorsS



MUT = mutate (x,MP) Appendix ¢

for j=1 1:c-4
if rand < MP

if ~MUT (1,73) 7

MUT (1,3)=]
end
end
end

end 5 ono(\O,LLO,QD,QLLU,((»,,O(OOOUO

o ,0,33523%888BBBT55 7u'0'b567)‘6%%%%%%%%%%%%%%6%99”"r
9 0000000
opxplall the source code for the func

wugooo 0009 009009 0‘0000000
CQCOQLQQ(// ‘066006600'00 % 0 000009099222 %%%99 =
%%6’000‘70“0"00 OOOOOO0O0666606666’06%%%%%%%2%&
functlon EL = elitis t (MODPOW, X)
p:l/O?

.

for 1=1:17 i)
if (X(l c-3)< p && x(i,c—2)< MODPOW)
p= P (e e )4
mem = 17
end
end
if x(mem,c—’j) < x(r,c—'&)
for i=1:C
EL(r,1)=X (mem,i) 2
end
end
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