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Abstract: One of the most important issues in the field of computer organization and architecture is performance evaluation.
This is because the ultimate goal for which any computing system is developed is to execute programs efficiently and within
the shortest possible time. All architectural improvements made to the system, whether in the processor, instruction
execution time, memory hierarchy, or parallel processing capability, have to be evaluated for their effectiveness in reducing
the time for program execution. Since computing systems have to function under varying working conditions and usage
environment, performance cannot be defined as a single value. It has to be defined and measured in relation to the working
condition.

The current research paper aims to present a detailed discussion on the definition and measurement of performance
in the field of computer architecture. The concept of execution time and the difference between elapsed time and CPU time
have been discussed. The analysis of the CPU performance equation and its components have also been included. The paper
also aims to discuss the issue of misleading performance measures, the consequences of Amdahl’s law, the importance and
limitations of benchmarking, and performance issues in modern computing systems such as graphics processors, cache
hierarchy, pipelining, and multicore processors.
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L INTRODUCTION performs well in scientific computation may not perform

equally well in database management systems or multimedia

In computer organization and architecture, it is widely
accepted that the primary goal in designing a computer
system is to achieve performance improvement. The primary
basis on which users judge a computer device is based on its
ability to execute tasks efficiently, such as running
applications or processing data input. Thus, any innovation in
architecture is only useful in terms of its ability to reduce the
time it takes to execute tasks. Any attempt to improve a
computer system without evaluating the impact on
performance is essentially futile without being able to verify
the improvement. [1]

It is also important to note that performance is also
dependent on workload. Different computer systems have
different purposes or uses in computation, such as scientific
computation, database management systems, multimedia
processing, or machine learning algorithms. Thus, while
evaluating performance, it is essential to understand the
workload being measured. [2] For example, a processor that
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processing systems.

It is widely accepted that performance is inversely
proportional to the time it takes to execute tasks in a computer
system. Thus, it is evident that as the time it takes to execute
tasks reduces, the performance of the computer increases
proportionally. Although it is simple to define performance in
this way, it is the basis on which all quantitative analysis in
computer architecture is performed. [2]
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Fig 1 Performance & Execution Time Model

II. LITERATURE REVIEW

The study of computer organization and architecture has
developed in lockstep with how modern computers are built
and used. When computer organization and architecture were
in their infancy, research focused on creating faster
processors by creating higher clock speeds and designing
hardware in a more intelligent manner. However, as computer
workloads have become increasingly sophisticated and have
had a wide range of requirements, it has become obvious that
simply focusing on higher clock speeds to measure a
computer's performance is not enough. [3] This has led to a
more general model of computer performance in which
execution speed, instruction sets, and architectural efficiency
are all interconnected rather than isolated elements. [1]

An important component in grasping the concept of
performance is the determination of execution time as the
principal measure of the performance of a system. In fact,
foundational research in computer architecture, done in the
early days, clearly indicates that the evaluation of
performance must take into consideration the workload that
needs to be processed in a system. This concept influenced
the research in moving away from using numbers and toward
methods of evaluation that are based on the tasks that need to
be performed. [2] Making a distinction between elapsed time
and CPU time helped refine the evaluation of performance by
clearly separating the time taken by a user and the actual time
taken by the CPU in computation. [1] Experts agree that CPU
time is the most significant standard for evaluation in
architecture, as it clearly indicates the impact of the design
and implementation of a processor on its performance. [2]

Another major step forward in the literature was the way
in which we think about the equation for CPU performance.
This equation divides the time spent in the CPU into three
components: the number of instructions, the cycles per
instruction (CPI), and the clock cycle time. [1] This simple
equation has allowed us to think about the performance of a
system at all levels at the same time. Software drives the
instruction count, microarchitecture drives the CPI, and
semiconductor technology drives the clock time. [1] This
equation has been a major tool in the field.

Another area researched was the trade-offs made when
attempting to improve various aspects of the performance
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equation. Increasing the pipeline depth reduces clock cycles
but could increase the number of cycles per instruction due to
hazards and mispredictions. [1] Increasing the intricacy of the
instruction set reduces the number of instructions but
increases the number of cycles per instruction. The end result
is that increasing performance isn’t just about making
adjustments to any one factor but rather making balanced
adjustments to various factors.

The literature also disputes the idea of relying on
performance parameters like clock speed and MIPS. Studies
show that these parameters do not take into consideration the
complexity of the instructions, the workloads, and the
efficiency at which the microarchitecture executes the
program. [1] In recent times, the literature appears to support
the evaluation of the microarchitecture based on the actual
execution time.

Another key concept in performance theory, which was
also deeply discussed in various studies, is Amdahl’s Law.
This law provides a mathematical explanation for why
increasing a part of a system only helps to speed up the system
to a certain point. [4] This law was also seen in the discussion
of parallel processing and where it may be limited. [5] [6]

Concurrently, As computing architecture has
developed, the evaluation of system performance has grown
beyond the traditional measure of speed. [7] In the current
literature, studies of system performance include
considerations of energy consumption, cost, and scalability
[2]. In the case of GPUs, studies emphasize throughput, as
well as the requirement for memory bandwidth, [8] [9] while
multicore CPUs emphasize synchronization, memory
coherency, and the ability of tasks to be parallelized. [10]

In summary, the literature indicates that a
comprehensive evaluation of system performance is
“workload-aware, cantered on execution time, and analyzed
in detail.” [11] [12] Although the concepts of CPU time, the
performance equation, architectural trade-offs, Amdahl's law,
and benchmarking are the traditional underpinnings of the
current studies in the field of computer organization and
architecture, they are still the foundation of the current
investigations.

III. CLASSICAL PERFORMANCE
FOUNDATIONS

» Categories of Execution Time

o FElapsed Time

The time taken, or the time elapsed, refers to the whole
time taken by a program to finish its execution in the real
world. This time does not only include the time taken by the
CPU to crunch the program, but it also includes the time taken
for I/O operations, waiting for memory and other resources,
and time spent in operating system services and programs.
For a user, the time taken by a program, or the time elapsed,
refers to the time taken before they get the results of the
program execution.
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The amount of time taken can be influenced by a whole
lot of other things that are beyond the control of the design of
the processor itself. For instance, the speed of the disk, the
speed of the network, and the way in which the operating
system schedules tasks, and the other things that the operating
system might be doing, can all increase the time taken,
without the processor itself necessarily being less efficient.

e CPU Time

The CPU time only reflects the period in which the
processor is actively performing the computations for the
program. It does not take into consideration the waiting
period for the I/O operations, the waiting period for the
resources to be available, and the waiting period for the
operating system to respond. Since the structures like the
pipeline, the cache levels, and the branch predictors affect the
performance of the instructions, the best way to measure the
performance of a processor is by using the CPU time.

By using the CPU time, the designers get to see the
actual computational power of the processor, which is not
blurred by the other waiting times in the system. The
distinction between the elapsed wall time and the CPU time
is a fundamental concept for the accurate analysis of the
performance. [1]

» CPU Performance Equation
The time it takes to execute a program in a CPU can be
measured by the basic CPU performance equation as follows:

(1]

CPU Time = Instruction Count X Cycles Per
Instruction x Clock Cycle Time

Fig 2 Components of CPU Execution Time

In this formula, the performance of a CPU is broken
down into three different but related parts. Each of the parts
in this formula corresponds to a different layer in the design
of a computer system [13].
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e Instruction Count

Instruction count is simply the number of instructions
the program is executing. It is largely determined by the
software choices made in the program. This is because it is
determined by how the program is written and how the
compiler translates it into machine code. Therefore, to reduce
the instruction count, you have to improve the algorithms or
make the compiler smarter. It is not related to the hardware.
The gap between RISC and CISC instructions also determines
the instruction count. Some systems have to execute more but
simpler instructions to arrive at the desired result. Other
systems have to execute fewer but more complex instructions
to arrive at the same result. Whatever the case, the instruction
count remains an important part of the overall puzzle of how
fast the program is.

e Cycles Per Instruction (CPI)

The CPI indicates the average number of clock cycles
required to execute a given instruction. It is not the number of
instructions; rather, it is a function of the microarchitecture of
the processor. Factors such as pipeline stalls, cache misses,
wrong guesses of the branches, and different types of
instructions increase the CPI. However, the CPl is the average
of a large number of instructions, and it varies based on the
workload and the microarchitecture of the processor.

To reduce the CPI, the microarchitecture of the
processor is optimized, which includes the scheduling of the
pipeline, the caching mechanism, and the prediction of the
branches.

e Clock Cycle Time

Clock cycle time is simply the length of a single tick of
a CPU's clock, determined by hardware tech and being the
longest delay within the CPU's wiring and logic. The shorter
the cycle, the higher number of instructions executed in a
second, hence a better performing CPU. Pipelining can save
cycles by breaking down an instruction into smaller steps.

The problem with deeper pipelines is that they can make
a CPU more susceptible to branch mispredictions and
pipeline hazards. Hence, you cannot simply rely on cutting
down the clock cycle time to improve CPU performance. You
need to consider the number of instructions executed per
cycle and the number of cycles taken.

» Architectural Trade-offs

Optimization of performance in computer architecture
does not involve trying to reach a particular number; instead,
one has to balance all aspects, including the number of
instructions, CPI, and clock speed at the same time. For
instance, if one increases one of these aspects, the other two
will be affected in a significant way. For example, if one
increases the pipeline depth, it will decrease the clock cycle
time, but at the same time, it will increase the CPI due to
increased prediction penalties. [1]

Therefore, in computer architecture, a well-designed
architecture does not involve trying to minimize one of these
aspects, but instead, one has to minimize the CPU execution
time.
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» Misleading Performance Metrics

However, these figures do not really show the
performance of the system. While it is good to see a processor
running at gigahertz speeds, it does not take into account the
CPI or the efficiency of the processor in executing the
instructions. Also, the use of the MIPS rating is not entirely
accurate because it does not take into account the complexity
of the instructions or the application.

To really get a good idea of the performance of a
processor, it is necessary to get the overall picture by looking
at the number of instructions executed, the CPI, and the
overall behavior of the processor.

» Amdahl’s Law and Performance Limits

Amdahl's Law provides a simple way to understand
how far you can go in speeding up things when only a portion
of a system is improved. [4] It teaches you to realize that
improving a small portion of a process will improve things a
little, but there is a limit to this improvement. No matter how
fast a portion of a process is made, it will be slowed down by
the slowest portion. The lesson here is to identify what is
holding you back and to optimize everything, rather than
focusing on a single area.

» Benchmarking and Modern Computing Systems

e Benchmarking and Its Limitations

Benchmark programs are one of the most common
forms of comparison between different computer systems in
an environment that is consistent and well-controlled. [11]
[14] They mimic real-world processing and provide a score
based on that processing.

Even though they are useful, it is worth noting that
benchmarks are not perfect representations of real-world
processing. In fact, it is possible to have systems that are
optimized to perform well in benchmarks but fail to provide
the same level of performance in real-world processing.
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e Performance in Modern Computing Systems

Today's performance evaluation is no longer just about
how fast the code is. It is now also about how much energy it
uses, how expensive it is, and how well it can scale. GPUs are
designed to handle immense parallel processing and memory
bandwidth, reflecting broader classifications of parallel
system organization [15]. Cache hierarchies minimize
memory access times. Pipeline processing delivers more
instructions per clock cycle. Virtualization and system
abstraction also influence execution behavior in modern
architectures. [16]

And then there are multicore CPUs. This brings new
challenges like the costs of thread handling and scaling. [5]
[10] Additionally, virtualization and system-level
abstractions influence execution behavior and resource
utilization in modern computing environments [16].

Iv. METHODOLOGY AND
ANALYTICAL FRAMEWORK

The objectives of this study are to examine the
definition, measurement, and interpretation of performance in
the field of computer organization and architecture. Since this
paper is based on theory rather than experimentation, the
methodology for this paper is based on a qualitative analysis
following the principles of performance in architecture. The
analysis is based on fundamental theoretical concepts such as
execution time, CPU time, the CPU performance equation,
Amdahl’s Law, and benchmarking. [2]

» Conceptual Research Design

The method used in this study is descriptive and
analytical in nature. Instead of using actual numeric results
from hands-on hardware testing, it utilizes the knowledge
already present in the field to create a description about the
interaction between the various factors affecting
performance. This method is suitable for the conceptual
design because the performance of computer architecture is
based on mathematical equations and theories as much as, if
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not more than, actual empirical results. By breaking down the
individual components of performance, the method gives a
clear idea about the impact of the architecture on the
execution time.

» Analytical Decomposition of Performance

The paper accomplishes this by decomposing the
performance of the CPU through the familiar equation for
execution time and dividing it into three components:

e The number of instructions executed,
e The number of cycles per instruction, and
e The length of a clock cycle.

Each component is analysed individually to determine:

e Which level it belongs to, whether software,
microarchitecture, or hardware technology.

e Which factors affect it, and

e  Which trade-offs are involved in trying to improve it.

By decomposing the execution time in this way, we can
analyze the performance in a more structured fashion rather
than dealing with a single number. In addition, it helps to
compare the architectures.

» Evaluation Through Theoretical Models

To investigate the limits to the optimization process, the
paper employs Amdahl’s Law as a mathematical tool to
analyze the speedup process. [4] This technique analyzes the
process by which partial improvements to a computer system
result in overall execution time. This process explains the
importance of a well-balanced system and the limitations to
individual component upgrades.

» Role of Benchmark-Based Interpretation

The study does not directly run the benchmarks, but it
considers the process of benchmarking to be a part of the
methodology, i.e., the real architectural evaluation process.
So, the methodology in the study includes:

e Checking the standardization of the workloads and how
they represent the actual program behavior,

e Highlighting the limitations, i.e., the problem of over-
optimization and the need for diversity in the workloads,
and

e Understanding the results of the benchmarking process in
the context of the theory of execution time, not just the
numbers themselves.

Thus, the process of benchmarking in the study can be
considered to be an analytical instrument, not the actual
benchmarking results.

» Consideration of Modern Architectural Context

In order to be relevant in the modern world, we extend
the traditional performance theory to the modern world of
computing: GPUs, caches, pipelines, and multicore
processors. The technique examines how the traditional
execution time models relate to:
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e Throughput-oriented parallel systems,

e Techniques that reduce memory latency,

e The scalability challenge of synchronization and
coherence.

The message here is that the basic notion of execution
time remains valid but that we now need a multi-faceted view
that considers energy, cost, and scalability.

» Synthesis Approach

The final part of the methodology integrates all the
observations made in the analysis into a single framework for
interpretation. Here, there is no focus on individual concepts
but rather a blending of execution time, trade-offs in
architecture, theoretical constraints, and interpretation of
benchmarking to arrive at a unified interpretation of what
performance measurement means. This provides the
foundation for the main argument that for performance
measurement to be accurate in architecture, there is a need to
keep it focused on execution time while at the same time
being aware of the specific workload and analyzing it.

The structured qualitative research provides a logically
consistent and academically sound explanation for the
definition and measurement of performance in the field of
computer organization and architecture.

V. RESEARCH PROBLEM STATEMENT
AND CONTRIBUTION

The role of performance evaluation is at the very heart
of computer organization and architecture, and most
introductory texts only go so far in exploring the details of
execution time, CPU measures, and benchmarking in a
largely theoretical context. While all of these elements are
great for providing a foundation of understanding, they often
fail to capture the way in which these theoretical elements
combine in a very real-world context, especially in relation to
the way in which the CPU performance equation, Amdahl’s
Law, and the role of modern-day multi-core and throughput-
centric designs all intersect.

The basic problem that this particular paper sets out to
solve, therefore, is as follows:

How can the theoretical elements of execution time-
based performance evaluation be synthesized with the
realities of modern-day architecture in a way that provides a
better-balanced approach to performance evaluation?

The particular contributions that this study makes in
addressing this problem include:

» Analytical Integration of Key Performance Metrics

The study provides a way in which elements such as
instruction count, cycles per instruction, and clock cycle time
can all be synthesized with system-level elements of
performance evaluation, derived from Amdahl’s Law, in a
way that provides a unified and integrated approach.
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» Workload-Centric Performance Evaluation

The study provides a way in which execution time
reduction must necessarily take into account workload-
centric elements, moving beyond the CPU-centric approach.

» Synthesis with Modern-Day Architecture

The study extends the basic elements of performance
evaluation into a way in which GPUs, cache, pipelines, and
multi-core effects can all be synthesized in a way that
provides a unified thread from the theoretical to the practical
elements of performance evaluation.

VL PROPOSED ANALYTICAL
PERFORMANCE FRAMEWORK

To connect the old and the new, the paper proposes a
three-layer framework for performance analysis, based on the
natural way in which execution time decomposes.

>

juleIISUO) [Yepwy

v

Fig 4 Integrated Analytical Performance Framework

» Layer I - Impact of the Sofiware and the Algorithm

At the highest level, the speed at which things execute
is determined by the number of instructions executed. This,
in turn, depends on the quality of the algorithm, the quality of
the code generated by the compiler, and the quality of the
instruction set. Reducing the computational complexity
reduces the number of instructions by a straight amount.

» Layer 2 - Microarchitectural Efficiency

The next layer down is the number of cycles per
instruction. This is determined by the design of the processor
pipeline, the efficiency of the caches, the accuracy of the
branch predictors, and the efficiency of the hazard resolution
mechanisms. Improving this layer reduces the number of
cycles per instruction.

» Layer 3 - Clock Cycle Time and Physical Limits

The final layer is the clock period, which is determined
by the semiconductor process, the circuit design, and the
depth to which the pipeline can be safely taken. Improving
this layer reduces the clock period.
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» Bottlenecks between the Layers - Amdahl’s Law

Amdahl’s Law shows how the three layers interact to
impose a system-level constraint. Improving one layer by a
large amount will be offset by the unimproved portions of the
other two layers.

The three-layer framework provides a way to connect
the traditional analysis of traditional processors to the new
heterogeneous world.

VIIL ANALYTICAL EVALUATION
AND DISCUSSION

» With the Above Model, The Following can be Derived:

o Frequency-Centric Design has its Limitations

Traditionally, computers have improved in terms of
increasing the CPU’s frequency. However, the above model
indicates that increasing the CPU’s frequency will not result
in performance improvements if the number of cycles per
instruction increases at the same time.

e Memory System Rules for Today’s Applications

If the application involves a lot of data, the number of
cycles per instruction increases mainly due to memory issues,
not computation issues.

o Parallelism Versus the Synchronization Overhead

More and more cores result in better performance,
provided a large fraction of the application can run in parallel.
This indicates that there are limitations to the number of cores
that can be implemented in the CPU, and the synchronization
overhead can result in a reduction in the number of cores that
can be implemented.

e FEnergy and Cost Considerations

However, it is not sufficient in today's world to merely
minimize execution time. We have to think about the power
and the cost as well. This, in turn, has made us think about
multidimensional optimization, not merely in the traditional
parameters of the CPU.

» Implications for Future Computer Architecture Research

e The above synthesis has shown a way forward for the field
of computer architecture research in the future, which will
include:

e Holistic models of computation, including latency,
throughput, energy, and scalability

e Workload-conscious processor design, rather than a
single, universal optimization

e Hybrid approaches to execution in CPUs and GPUs, based
on the time spent during execution

e Expanding the use of analytical thinking beyond Amdahl's
law, especially in highly parallel and distributed
computing systems

All of the above will ensure the continued relevance of
the classical theory of performance while keeping in mind the
complexity of the computing world.
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A bridge back to classical performance foundations. analysis of the execution time behavior based on
representative architectural parameters. Instead of using
Having established the problem, the analytical part, and hardware experimentation, this analysis will use theoretical
the unified framework, we are now in a position to revisit the computation based on the CPU performance formula and
classical concepts of execution time, which are the basis of Amdahl’s Law to show how changes in the number of
all architectural evaluation. In the next sections, we will instructions, CPI, clock cycle time, and parallel processing

discuss the various types of execution time, which include the fraction affect overall performance.

decomposition of the CPU, the trade-offs, the interpretation
of the benchmark, and the actual behavior of the system. » Numerical Evaluation of CPU Performance Components
Take three hypothetical processor configurations
VIIIL RESULTS AND NUMERICAL running the same workload.
ANALYSIS

CPU time is measured by:
In order to support the proposed framework for
analytical performance, this section will provide a numerical CPU Time = IC x CPI x Clock Cycle Time

Table 1 Comparison of CPU Time Based on IC, CPI, and Clock Cycle Time Parameters

. Instruction Count Clock Cycle CPU Time
Configuration CPI . .
(1C) Time [(ns) (mormalised)
A [(baseline) 1.0 1.5 1.0 1.50
B (lower CPI) 1.0 1.0 1.0 1.00
C (faster

clock) 1.0 1.5 0.7 1.05

o Observation: » Impact of Instruction Count Optimization

Improvement in CPI from 1.5 to 1.0 results in a 33% Then, the reduction of instruction counts by algorithm
improvement in performance, whereas improvement in clock optimization is considered.

cycle time results in a smaller improvement.
This validates the fact that microarchitectural efficiency
has a larger effect than frequency scaling, thus supporting the

cross-layer interpretation of the analytical framework. [3]

Table 2 Effect of Algorithmic Optimization on Instruction Count and CPU Time

Optimization Level IC CPI Clock Time CPU Time
None 1.0 1.2 1.0 1.20
Moderate 0.8 1.2 1.0 0.96

High 0.6 1.2 1.0 0.72

® Result: » Amdahl’s Law Speedup Analysis

Algorithm optimization alone can optimize the The total speedup is calculated for different fractions of

execution time by up to 40%, which clearly shows that the workload that are optimized.

software optimization is still the key to performance

optimization even in today’s processors. Speedup =1/ [(1 —f)+ (f/S)]
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Fig 5 Amdahl’s Law Speedup
Consider an optimization with S = 4x acceleration.

Table 3 Overall Speedup for Different Optimized Fractions (Amdahl’s Law Analysis)

Optimised Fraction () Owverall Speedup
025 1.23=
0.50 1.60=
0.75 2.29 =
0. 90 3.08=
o  Analysis: » Multicore Scalability Estimation
Despite the presence of a significant 4x optimization, Efficiency of parallel execution is analyzed by using
the total performance is constrained if the optimized part is Amdahl’s model for multicore scaling.

small.

This analysis verifies the bottleneck dominance
principle stated in Amdahl’s Law and reiterates the
importance of overall system optimization. [4]

=
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1s c e s "
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.
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_
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Fig 6 Multicore Scalability Curve

Let the parallel fraction p = 0.9.
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Table 4 Multicore Scalability Analysis Using Amdahl’s Law
Mumber of Cores Theoretical Speedup
a 1.=<
= 1.82=
3 3.08=
= S T
16 (T2 0 b
o Key Insight: » Energy-Aware Performance Consideration
Speedup growth slows beyond 8-16 cores, illustrating Contemporary evaluation must take into account
synchronization and serial-fraction limits in practical performance for each watt of power consumption.

multicore systems.
Assume two processors:
This aligns with modern architectural observations
where memory bandwidth and coherence overhead constrain
scalability. [5][10]

Table 5 Performance-Per-Watt Comparison of Two Processor Configurations

Processor Relative Speed Power Consumption Performance per Watt
X 1.0 1.0 1.0
Y 1.3 1.8 0.72

While Processor Y is faster, its energy efficiency is lower, showing that simply reducing execution time is not sufficient in
modern system design.

Performance vs. Power
Characteristics of Two Processors
1.2
1
0.8
0.6
0.4
D | 2 - -
O
Processor A Processor B
m Performance m Power
Fig 7 Performance vs. Power Characteristics of Two Processors
o Summary of Analytical Results v' Partial optimization is inherently bounded by Amdahl’s
The numerical results verify several key findings: Law.
v' Partial optimization is inherently Amdahl’s Law-bound.
v" CPIreduction can provide more benefit than clock scaling v' Scalability of multicore architectures is eventually
in many cases. bounded by serial execution and overhead.
v' Algorithmic instruction reduction is a very effective way
to improve performance. These findings collectively confirm the value of the

proposed three-layer analytical performance model.

IJISRT26FEBI1117 WwWw.ijisrt.com 2299


https://doi.org/10.38124/ijisrt/26feb1117
http://www.ijisrt.com/

Volume 11, Issue 2, February — 2026
ISSN No: -2456-2165

IX. IMPLICATIONS FOR FUTURE
COMPUTER ARCHITECTURE RESEARCH

Future work should aim at creating comprehensive
performance models that combine latency, throughput,
energy, and scalability, as well as workload-adaptive and
hybrid CPU-GPU architectures, going beyond the
conventional Amdahl law.

X. CONCLUSION

All architectural methods in computer organization
have one common ultimate goal in common: to reduce the
execution time of programs while ensuring correctness and
reliability. Whether it is the design of instruction sets,
pipelining, cache hierarchy optimization, multicore scaling,
or parallel processing methods, the common yardstick of
success in all these methods is the effectiveness of these
methods in reducing execution time. But this goal can be
achieved not only by increasing clock speeds or adding more
hardware. There is a need for a precise definition of
performance based on execution time analysis. [2]

To make accurate improvements in performance, there
is a need for measurement in terms of well-defined
parameters like CPU time, instruction count, cycles per
instruction, and clock cycle time. Otherwise, optimization
techniques may result in misleading conclusions or inefficient
design  choices. Moreover, effective  performance
improvement can only be realized by a balanced combination
of software efficiency, microarchitecture of processors, and
underlying semiconductor technology. Instruction count is
affected by algorithm design and compiler optimization,
microarchitectures impact CPI, while semiconductor
technology determines clock timing. Since these parameters
are interdependent, improvement in one area has to be
measured in the context of other parameters. Thus, reduction
in execution time is not a separate optimization task but a
combined and analytical process of optimization at all levels
of the computing system.
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