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ABSTRACT 

The major component of computing devices is the processor, called CPU (Central Processing 

Unit) and it is responsible for handling all the calls of the programs that are executed, 

though the memory performance and tasks distribution are also important components. 

Processor or microprocessor is computing device component with the greatest impact on the 

performance of a computer system, hence its development over the decades has been quite 

impressive. Processors configuration and settings have all changed considerably in the field 

of information technology. Parallelism, memory systems, and remote direct memory access 

(RDMA) enabled high-speed networks are all features of high-performance CPUs. These 

trends have affected data management and analysis applications. In this paper, we 

considered the development trend of the processor performance through computation, 

storage, and network dimensions with review of the global competition between 

manufacturers and by extension the government of China and USA. Related works in 

processor performance measurements are reviewed and the consideration of challenges and 

future developments are enumerated. 

 

Keywords:-Performance Metrics, Microprocessor, Performance measurement, processor 

performance 

 

INTRODUCTION 

Processor or Microprocessor can also be 

referred to as central processing unit 

(CPU) of devices and it plays a vital role 

in the composition of computer systems. It 

reads binary data as inputs and generates 

the required outputs using the instructions 

stored in the memory, it has several 

functions such as data storage, interaction 

with other devices, and timely functions; 

but the major function is to send and 

receive data that enable the computer to 

perform optimally [2].  

 

This paper will look at performance 

evaluation techniques, tools and 

benchmarks with a case study from the 

major manufacturer in the industries with 

the recent technological capability and 

how to effectively evaluate the 

performance of the microprocessor.  

Integrated circuit was invented by 

Fairchild semiconductors in 1957 and this 

marked the beginning of the history of 

microprocessor.  

 

The following people, namely: Gordan 

Moore, Robert Noyce, and Andrew Grove 

left Fairchild semiconductor in 1968, and 

started their own organization called 

Integrated Electronics (Intel) and by 1971 

they invent their first microprocessor 

called Intel 4004.  

 

At the time, microprocessor was also 

known as the central processing unit 

(CPU) with features such as fabricating 

several peripherals were fabricated on a 

single chip. It was composed of arithmetic 

and logic unit (ALU), a control unit, 

registers, bus systems, and a clock that can 

perform computational tasks. The 
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microprocessor was then made into a 

single integrated circuit (IC) package by 

integrating several functions on a single 

silicon semiconductor chip. Figure 1 is the 

schematic diagram of typical 

microprocessor architecture and it consist 

of a central processing unit, memory unit, 

system bus, and an input/output (IO) unit 

[9]. 

 

 
 

Fig.1:-Architecture of Microprocessor 

 

Source: [2] ElProCus: 

https://www.elprocus.com/microprocessor

-history-and-brief-information-about-its-

generations/- Retrieved February 22, 2020 

 

The system bus facilitates the connection 

and exchange of information and data, 

address, and control buses to perform data 

exchanging properly. 

 

Microprocessor evolves into five 

generations such as first (1971-1972, 

processed serially by fetching instruction, 

decoding and then executing them), second 

(1970, few transistors were incorporated 

into the integrated circuit, examples are 

16-bit arithmetic 7 pipelined instruction 

processing, MC68000 Motorola 

microprocessor and Intel 8080 processor 

introduced in 1979, they overlapped fetch, 

decode, and execute the steps), third 

(1978, 8086 and Zilog Z8000 were 16-bit 

processors and they performed like mini 

computers, during this period all main 

workstation industrialists has started to 

evolve their own ISC based 

microprocessor architectures), fourth (this 

generation saw the upscale of 

microprocessor design with a million 

transistors such as Motorola’s 88100 and 

Intel’s 80960CA with capability to issue 

and retire more than one instruction per 

clock cycle), and the fifth-generation (uses 

decoupled superscalar processing with 

number of transistors exceeding 10 million 

and this lead PCs to become a low-margin 

and conquered high volume business with 

single but “powerful” microprocessor 

[Lizy K. J., n.d.]. 

 

Usage of Microprocessors in the present 

day have taking a unique dimension, 

microprocessor-based systems are now 

applied in different human endeavors such 

as in the product automatic testing, traffic 

control systems etc.  

 

With the advent of high performing 

microprocessors that contain several 

millions of transistors with operating 

frequency average at 2GHz. These 

processors can perform several tasks in 

overlapping functions with sizeable 

number of speculation and out-of-order 

execution using micro-architectural 

techniques that truly marvels the field of 

engineering.  

 

With this level of developments, designing 

and evaluating these very advanced 

microprocessors post a major challenge, 

especially with the fact that a second of 

program execution on these processors 

involves several billion instructions that 

will be analyzed in a second, may 
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invariable be dealing with tens of billion 

pieces of information. 

 

Basically the design of microprocessors 

and computer systems entails four steps; 

• A clear understanding the desired 

workloads that the systems will be 

running  

• Innovating encompassing designs 

• Evaluating design performance 

• Selection of the most appropriate 

design 

 

The large number of potential designs and 

the constant evolving nature of workloads 

have resulted in designs that is being 

largely adhoc, and here lies the motivation 

for this paper that there is need to 

continuously investigate the techniques 

used in the performance evaluation 

process. 

 

At the conception of the designs, 

performance evaluation of the 

microprocessors is used to benchmark, this 

is usually accomplished by simulation 

models in order to avoid the costly 

expensive and saving on time of building 

the prototypes of ideal microprocessors.  

 

A lot of design decisions are required 

before any prototyping could be done, on 

design completion and is being 

implemented, simulation is one of the best 

approach to evaluate its performance and 

functionality of the subsystems. After 

which, performance measurement is 

carried out on the microprocessor in order 

to understand the performance of the 

actual system as it relates to typical 

workloads and this exercise can lead to the 

identifications of possible modifications 

that is needed in future designs.  

 

Performance evaluation classifications are 

in two categories: performance 

measurement and modeling depicted in the 

table 1. The complete breakdown of 

performance evaluation is depicted in the 

table.  

 

Table 1:-Performance evaluation  technique classifications 

S/N Category Sub Category Further Breakdown 

1 

Performance 

Measurement 

Microprocessor On-chip Performance Monitoring 

Counters   

    Off-chip Hardware Monitoring   

    Software Monitoring   

    Micro-coded Instrumentation   

2 

Performance 

Modeling Simulation Trace Driven Simulation 

      Execution Driven Simulation 

      Complete System Simulation 

      Event Driven Simulation 

      Software Profiling 

    Analytical Modeling Probabilistic Models 

      Queuing Models 

      Markov Models 

      Performance Modeling 

      Petri Net Models 

 

Source: [3] Lizy K. J.: https://www.lca.ece.utexas.edu/pubs/john_perfeval.pdf - Retrieved 

February 22, 2020  
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In recent times Microprocessor 

manufacturers has grown and for the 

purpose of these papers we will list the top 

ten most popular according to the poll 

conducted by intel [2018]; these CPU 

manufacturers are preferred by the biggest 

and best laptop brands in the world, and 

some of these microprocessors 

manufacturers typically design CPUs for 

OEMs with great impact on computing 

experience despite that they are not 

directly interfacing with end users. The 

following are the top ten list of 

microprocessors manufacturers [5] 

 

• Intel 

• AMD 

• NVIDIA 

• Qualcomm 

• Motorola 

• Hewlett-Packard 

• Acer Inc. 

• Media Tek 

• Sun 

• Rockchip 

 

With several transformations, CPU has 

become what it looks like today, since 

early 2000, battle for performance was the 

determinant of processor capability. 

During those periods the main competitors 

AMD and Intel demonstrated performance 

by increasing clock speed, at a point 

Moore Law observed that the number of 

transistors on a chip always double every 

24 months, and in recent times the scaling 

could no longer give performance gains as 

a result of Mainstream CPUs for 

PCs/laptops have hovered between 2GHz 

and 3GHz in terms of clock speed.  

 

Processors became smaller so that it can 

accommodate many more transistors, this 

in effect is supposed to result in better 

performance but the resultant effect is the 

increase in temperature which necessitate 

massive cooling, this albatross issue was 

resolved with the introduction of multiple 

cores that is required by developers to 

implement their design with different 

algorithms in order to achieve noticeable 

improvements. One set back is that it has 

become difficult to come up with a proper 

code that would work well with all the 

cores, as a matter of fact, if it is possible to 

develop a single core unit of 150 GHz, it 

would be a perfect machine to behold. 

  

Intel remains the biggest in terms of 

market share and the only American 

microprocessor maker that still produces 

its own advanced designs domestically 

though encountered some teething 

challenges.  

 

The highest performing Intel central 

processing unit Tiger Lake for notebook 

computers of 10-nanometer process 

technology was just released, making it the 

highest performing processor in terms of 

computing and graphics processing but 

aims to roll out its 7-nanometer process 

technology some time in 2022 to 2023 

after it admitted it was having issues with 

the Tiger Lake. The nanometer metrics 

refers to the line width between transistors 

on a chip and it implies that the smaller the 

number, the more cutting-edge and 

powerful are the chips while the Asian 

rivals Samsung Electronics and Taiwan 

Semiconductor Manufacturing Co.(TSMC) 

are already producing 7- and 5-nanometer 

chips [6]. 

 

AMD's most advanced microchip is based 

on TSMC's 7 nanometer process 

technology, and Apple that have used Intel 

processor for a longtime has also 

announced that it will switch from Intel 

chips for Mac computers to its own in-

house designed processors with production 

outsourced to TSMC.  

 

The processor industry has become the 

battle of the wit between Beijing and 

Washington, as a result of the way 

processors are mimic to function as the 

brains of almost every type of electronic 



   

 

 

 

HBRP Publication Page 1-17 2022. All Rights Reserved                                                            Page 5 

Recent Trends in Information Technology and its Application  

Volume 5 Issue 1 

 

device, thus making its design and 

production an issue of national security. In 

June 2020, some U.S. lawmakers 

introduced a bill that support 

semiconductor factories in the U.S. to to 

the tune of 23 billion USD this is a way of 

countering the rising Chinese chip industry 

and by extension maintaining America's 

leadership position. 

 

According to research company 

International Data Corporation (IDC), as at 

2017, Intel had 92% of market share in 

processor chips for notebook computers 

and about the time it started to face delays 

in its 10-nanometer technology and AMD 

had just 7%. But by 2020 midyear the 

table had turn and Intel's market share in 

global laptop processors plummeted to 

80%, while AMD increased to 20% and 

the intel fall is attributed to the supply 

constraints experience for the past two 

years and it has benefitted AMD rapid rise 

in market share. 

 

Intel had announced that its latest Tiger 

Lake laptop CPU offers tremendous 

breakthroughs in computing performance 

as well as graphics and artificial 

intelligence processing power. Meanwhile 

TSMC had already mass-produced chips 

using 5-nanometer technology with the 

expectation that it will be used in the 

upcoming iPhone processors.  

 

With the adoption of 5G networks in 

countries like China and the United States 

means big changes for Qualcomm and 

MediaTek, Qualcomm is introducing its 

new Snapdragon 865, that is comprising of 

5G modem and another 4G modem, with 

fear of increment in accelerated battery 

consumption. On the other hand, 

MediaTek has announced the Dimensional 

1000 with 5G dedicated SoCs.  

 

The preliminary comparative test results 

indicate that the Dimensional 1000 would 

be above the Snapdragon 855+ and the 

Kirin 990 while it is not yet clear how it 

compares with 865, though with minimal 

variation in terms of specifications. During 

Consumer Electronics Show (CES) 2020, 

MediaTek informed of his recent 

Dimensional 800, mid-range 5G chip 

promoting one of its strongest bets. This 

clearly demonstrated that MediaTek is set 

to compete in the high-end market that has 

always been dominated by Qualcomm, 

with this intent, the Dimensional name is 

to replace Helium thereby ushering the 5G 

era in the organization.  

 

Other manufacturers such as Samsung 

with Exynos, Huawei with Kirin and 

Apple with its A12 will also enter the 

market offering 5G solutions. There are so 

many competing developments, the fight 

for the processors is closer than ever, 

MediaTek is expected to compete and 

greatly reduce Qualcomm's advantage, 

while it is anticipated that Intel will 

respond to the increase momentum gained 

by AMD as the market leader, the future 

promises very interesting. 

 

LITERATURE REVIEW 

There have been numerous works done in 

the area of performance measurement of 

processors and in the past, many textbooks 

on performance evaluation have given the 

impression that it is a complex field, with 

lots of baroque queuing theory excursions, 

which can be exercised only by 

performance evaluation experts.  

 

Jean-Yves Le Boudec. [33] in his paper 

titled Performance evaluation of Computer 

and Communication Systems posited a 

contrary opinion that performance 

evaluation can and should be performed by 

any computer engineering specialist who 

designs a system. The huge demand in 

content has spawned off major 

developments such as growth and 

distribution of computing nodes as well as 

the adoption of various implementation 
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technologies, and for effective 

management. 

 

Sithole E. [2011] use Performance 

Monitoring Counters (PMC) derived 

measurements to validate cache 

performance trends that have been derived 

analytically, and in the course of 

validations, PMC data is also used to 

investigate the nature and character of 

surges in cache miss events, which emerge 

as the memory load generated by runtime 

processes increases. 

Aleksei S. [33] compared computing 

systems based on IBM POWER8, IBM 

POWER9, and Intel Xeon Platinum 8160 

processors running parallel applications 

and the results obtained during 

experimental calculations led to the 

conclusion that IBM POWER8 and Intel 

Xeon Platinum 8160 systems have almost 

the same maximum memory bandwidth, 

but require a different number of threads 

for efficient utilization.  

 

Rodriguez R. D. [31] in his paper titled 

Lenovo ThinkSystem servers continue to 

lead the industry in performance and 

customer value, considers the performance 

of their servers to be paramount, and as a 

result Lenovo strives to design its systems 

to maximize performance and they 

achieved systems ranging from single-

socket (1S) to eight-socket (8S) and 

workloads ranging from general business 

applications and infrastructure to Big 

Data/Analytics, software 

development/testing/ AI and 

engineering/technical computing. 

 

The goal of Eeckhout L. [29] book titled 

Computer Architecture Performance 

Evaluation Methods and Synthesis 

Lectures on Computer Architecture 

presented an overview of the current state-

of-the-art in computer architecture 

performance evaluation, with a special 

emphasis on methods for exploring 

processor architectures and opined that the 

rigorous performance evaluation is non-

trivial as there are multiple aspects to 

performance evaluation, such as picking 

workloads, selecting an appropriate 

modeling or simulation approach, running 

the model and interpreting the results 

using meaningful metrics. 

 

Najib A. K [22] in his paper titled Recent 

Developments in Application-Oriented 

Computer System Architectures describes 

the different techniques used in the design 

of efficient application-oriented computer 

systems.  

 

Wei P. et al [23] introduce the 

development trend of the new hardware in 

computation, storage, and network 

dimensions with related research 

techniques which affect the upper data 

management system design. 

 

Balakrishnana N. [24] discuss the 

processor and memory controller 

technologies that enable fine-grained 

lineage capture, resulting in more precise 

and accurate provenance, and thereafter 

consider the programmable storage, 3D 

memory and co-processor technologies 

discussing how lineage capture in the 

heterogeneous environments resulted in 

richer and more complete provenance.  

 

Intel is therefore changing from a 

manufacturer of chips for PCs to a supplier 

of complete hardware and software 

platforms, including services by placing 

emphasis on energy-efficient performance 

and security as well as Internet capability 

for a large range of device categories by 

capitalizing on the advantages of Moore’s 

Law and its leading transistor technology 

for higher performance and more energy-

efficient processors to other computing 

segments as presented in PC Control paper 

published in 2011. Vijay M & Suresh C. 

G. [2015] in their paper titled Comparative 

Analysis of Processors Performance Using 
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ANN use linear regression method to 

estimate relative performance of CPU.  

 

METHODOLOGY 

CPU Performance Evaluation Basic 

The measurement of CPU performance is 

affected by the following: the number of 

cores, clock speed and memory; the clock 

speed referred to as clock rate, it usually 

indicates the fastness of the CPU, and it is 

measured in Megahertz (MHz) or 

Gigahertz (GHz) with corresponding of 

how many instruction cycles the CPU can 

execute in a second. As a case in point, a 2 

GHz CPU performs two billion cycles a 

second. Four key factors about CPU 

architecture that affect its performance, 

namely: 

 

• Cores 

• Clock speed 

• Cache size 

• Processor type 

 

Cores 

Processing unit in a CPU is called core, 

and a CPU might contain one or more 

processing units, the composition of a core 

is arithmetic-logic unit (ALU), control unit 

and registers. In computer designs, it is 

possible to have two (dual), four (quad) or 

even more cores, hence CPUs with 

multiple cores have more power to run 

multiple programs at the same time. By 

implications if the number of cores is 

doubled it will simply double the speed of 

the computer. CPU cores do communicate 

with one another through channels but it 

uses some of the extra speed. 

 

Clock Speed 

The clock speed referred to as clock rate, it 

usually indicates the fastness of the CPU, 

and it is measured in Megahertz (MHz) or 

Gigahertz (GHz) with corresponding of 

how many instruction cycles the CPU can 

execute in a second. As a case in point, a 2 

GHz CPU performs two billion cycles a 

second, hence by implication a faster CPU 

will use more energy and generate more 

heat. 

 

Clock speed is always flexible and it is 

adjustable but it is always to maximum by 

default with possibility to change this 

speed in the computer BIOS setting, it is 

common practice for computer users to 

increase the CPU clock speed in order to 

make it run faster and this practice is 

called overclocking.  

 

CPU is limited by how fast it can run 

because its circuitry cannot always keep up 

with an overclocked speed. If the CPU is 

forced to work faster than they were 

designed to work, the CPU can overheat 

and will not keep up with the pace of the 

clock thereby resulting into the corruption 

of the data.  

 

Cache 

Cache is part of CPU with a minute 

memory that is used to temporarily hold 

instructions and data for CPU reuse. The 

CPU control unit is automatically 

configured to check the cache for 

instructions before requesting data from 

RAM, this features saves fetching for 

instructions and data repeatedly from 

RAM though it is a slow process that can 

cause delays that can keep the CPU 

waiting because transfers to and from 

cache always take less time than transfers 

to and from RAM. 

 

There are three grade level of Cache, 

namely:  

• Level 1 (L1) 

• Level 2 (L2)  

• Level 3 (L3) 

 

L1 is usually part of the CPU, the smallest 

and the fastest for access and it is limited 

in capacity to between 8 KB and 64 KB 

while L2 and L3 caches are bigger in 

capacity than L1, they have their extra 

caches built in between the CPU and the 
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RAM, the more we have L2 and L3 

memory available, the faster a computer 

can run.  

 

Processor Type 

The two main CPU types are Complex 

Instruction Set Computer (CISC) and 

Reduced Instruction Set Computer (RISC); 

the usage of CISC architecture are 

common with desktop or laptop computers 

made by Intel or AMD while RISC is used 

by smartphones and tablets use. 

 

ARM Architecture. 

The key differences between the two CPUs 

are in terms of instructions, speed, physical 

size, design energy consumption and cost. 

RISC has can accommodate fewer 

instructions than CISC hence CISC can 

execute complex tasks than RISC and in 

order for CISC to handle all those 

instructions; its CPUs are larger with more 

silicon requirements.  

 

RISC CPUs run with a lower clock speed 

than CISC CPUs. Since CISC CPUs are 

larger hence they require more power than 

RISC hence RISC CPUs are designed to 

use less power and they can go into 'sleep 

mode' when not active mode.  

 

Devices like smartphones and tablets pc 

usually combine their processing 

architecture into what is called system on a 

chip (SOC) thereby giving the leverage to 

the small size of RISC CPUs which are 

much smaller than CISC, because of their 

functionality and purposes, RISC CPUs 

are much cheaper to make than CISC. 

 

Goals of Processors Performance 

Evaluation / Measurement 

A performance evaluation's purpose could 

be to compare design alternatives or 

system dimensioning. A well-defined load 

model is required for design comparison. 

System dimensioning, on the other hand, 

necessitates a precise estimate of the load 

intensity. This, like any prediction 

exercise, is extremely risky. 

 

It's crucial to establish whether the results 

of any performance evaluation are 

dependent on workload predictions or not. 

In practice, product development units 

conduct extensive performance evaluations 

(system design). It is not cost effective to 

do so during operation of the system. 

Manufacturers, on the other hand, supply 

technical guidelines that capture the 

relationship between load intensity and 

performance. Quantifying the service 

provided by a computer system is what 

performs valuation is all about. 

 

For example, we would be interested in 

comparing the power usage of various 

server farm setups, as well as knowing the 

response time experienced by a client 

making an online reservation and 

comparing compilers for a multiprocessor 

computer. It is critical to clearly specify 

the load as well as the metric across all 

circumstances, as well as to be cognizant 

of the performance evaluation objectives. 

 

Types of Processors 

There are five different types of 

processors; namely: 

• Microcontroller 

• Microprocessor 

• Embedded Processor 

• Digital Signal Processor (DSP) 

• Media Processor 

 

Microcontroller: This is a computer with 

the reading input and with a corresponding 

output and can be referred to as General 

Purpose Input Output (GPIO), examples 

include Microchip Atmega328-AU, 

Microchip P1C18F45K22-I/P, Microchip 

P1C16F877A-I/P, etc. 
 

Microprocessor: Processors are basically 

represented by the microprocessor in the 

embedded systems and it consists of a 
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control unit, ALU and registers 

(scratchpad registers, control registers and 

status registers). Microprocessor 

placement could be on-chip memory with 

some interfaces for communication with 

interrupt lines, memory lines and ports. 

The ports are programmable oftentimes as 

an input or as an output.  

 

Embedded Processor: This is designed to 

control mechanical and electrical 

functions, with the following blocks 

compositions such as timer, an interrupt 

controller, ports and interfacing circuits, 

program and data memory, power supply, 

reset and clock oscillator circuits. 
 

Digital Signal Processor (DSP): DSP is a 

type of processor used for measuring, 

filtering with ability to compress digital or 

analog signals and can be used as an 

oscilloscope, barcode scanners, mobile 

phones, printers, etc. They are used in real-

time applications such as speech, image, 

medical and biometric processing etc. 

 

Media Processor: Media (image/video) 

processor is designed to deal with data in 

real-time and it is used for audio 

processing examples includes TN2302AP 

IP, TMS320DM6431, DM388, 

TMS320DM6467, etc 

 

MultiProcessor: This is a computer with 

many CPU and all of them sharing from 

the main memory, bus controller, and 

peripherals and process programs or 

instructions simultaneously and it has the 

following advantages; increased 

throughput, increased reliability and 

economy of scale. They are mainly used 

for very high speed processing of large 

volume of data. 

 

CPU Performance Measurement 

Processor performance analysis usually 

involves benchmarking with empirical 

performance measurement to support the 

analytical models of the performance. The 

tools for empirical measurement and 

benchmarking of processors are discussed.  

 

Tools for CPU Measurement  

Three common tools for CPU performance 

measurement are introduced starting with 

the simpler tools that provide basic 

information and continuing into more 

advanced tools. Two key features of CPU 

are used to determine the processor 

performance; namely: profiling and 

elapsed time. Profiling can be regarded as 

a tool to understand performance behavior 

especially when varying experimental 

factors instead of measuring performance 

behavior.  

 

An instruction sent by user to the CPU and 

the time it takes to execute such instruction 

is termed and elapsed time and it also 

provides the user CPU and system CPU 

times, hence it is defined as the total 

number of CPU-seconds a particular 

process spent.   

 

Using the command of <time.h> and 

clock() is applicable on both Linux and 

Windows to measure CPU time on Linux 

and wall time on Windows. This is 

developed using C++ programming 

language and the function clock() returns 

the number of clock ticks whenever the 

program start executing. Dividing it by 

using this constant CLOCKS_PER_SEC it 

will return how long the program has been 

running, in seconds. Depending on 

whichever operating system that is being 

used whether Linux to get CPU time and 

on Windows it will give get wall time. 

 

TAU Performance System 

Tuning and Analysis Utilities (TAU) is an 

open source portable profiling and tracing 

toolkit for performance analysis of parallel 

programs designed to collect performance 

data for multi-threaded programs written 

in Fortran, C++, C, Java, and Python. 

Profiling an application using TAU is 
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useful in important multi-core performance 

questions like the functions that account 

for the most of the time, and to know if the 

threads are getting disproportionate 

amounts of work, the success of how the 

application scales as threads have 

increased, the loops that account for most 

of the time, and how many MFlops that are 

used in the different loops.  

 

#include <stdio.h> 

#include <time.h> 

int main () { 

double sum = 0; 

double add = 1; 

// Start measuring time 

clock_t start = clock(); 

int iterations = 1000*1000*1000; 

for (int i=0; i<iterations; i++) { 

sum += add; 

add /= 2.0; 

} 

// Stop measuring time and calculate the elapsed time 

clock_t end = clock(); 

double elapsed = double(end - start)/CLOCKS_PER_SEC; 

printf("Result: %.20f\n", sum); 

printf("Time measured: %.3f seconds.\n", elapsed); 

return 0; 

} 

#include <stdio.h> 

 

Source: [36] Ferreira, C., 2021. https://levelup.gitconnected.com/8-ways-to-measure-

execution-time-in-c-c-48634458d0f9 - Retrieved February 27, 2020  

 

 

CPU Benchmarking Testing Tools 

There are two categories of benchmarking 

testing tools, namely: synthetic and real-

world. 

 

Synthetic Benchmarks 

This are used when looking for a quick, 

general comparison of CPUs, synthetic 

tests are simulations and are used to 

simulate many different tasks such as file 

compression, 3D rendering, floating point 

calculations and web browsing, etc. Each 

task performance of the CPU can as well 

add up as weighted average and combined 

into a single score. Simply put synthetic 

benchmarks tests are not an exact predictor 

of performance but are used to compare 

the relative performance of CPUs. 

Examples of synthetic benchmarks are 

PassMark, 3DMark, PCMark, Intel 

Extreme Tuning Utility (Intel® XTU). 

These applications have database of scores 

ranking of many CPUs, thereby giving a 

leverage of comparing the relative power 

of processors at a glance. 
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Real-world benchmarks 

Real-world benchmarks are used for 

specific plans such as when a PC need an 

accurate indication of performance for 

particular applications and these tests can 

be performed using the real programs with 

heavy workloads and measuring the time it 

takes to complete. Hence, it provides a 

reliable preview of system performance 

when using the same settings. Here follow 

the most used applications for real-world 

benchmarking are: 7-Zip that can measure 

CPU data compression and decompression 

speeds, Blender can measure the CPU 3D 

rendering speeds and Handbrake that is 

used to measure CPU video encoding 

speeds. 

 

Performance Evaluation / Measurement 
by Analysis Method 

Another measurement strategy these days 

is by analysis of current or old processors 

versus the newly proposed or designed 

ones because performance assessment 

might not certify the computer architects, 

this analysis will lead to adding features to 

the proposed new processor or making 

modifications to an existing processor. 

 

 This methodology is much like software 

developers; computer architects analyse 

and spend more time to enhance existing 

processors rather than developing new 

processors. In carrying out this analysis, 

computer architects will break down 

processor performance into components 

that are easier to understand and predict 

thereby detecting where lies the 

impediments to good performance. 

Computer Architects usually use these two 

analytical tools for performance 

evaluation.   

 

• The performance equation analyzes 

execution time by using three products as 

factors that are relatively independent of 

each other.   

• Amdahl's Law, this is a general 

approach for analyzing performance since 

execution time can be expressed as a sum 

of terms.   

 

CPU Enhancements: Ratios and 

Percentages  

The relationship between percentages and 

ratios are related by the following formula:  

percentage = 100 × Enhancement ratio  

To compare two different values, such as 

situations before and after a change the 

above formula does not applied, here 

follows the ratio:   

 

And enhancement percentage is as 

follows:   

Enhancement percentage = 100 × 

(Enhancement ratio  -  1)  

 

It should be noted that this formula can be 

used for a percentage change or increase. 

 

 

 

 

 

The Performance Equation  

Performance equation is the analyzes of 

the execution time as a product of three 

factors that are independent of one 

another.   

 

The equation is valid only when the time 

factor are changed on both sides of the 

equation, factors that are affected; 

instruction count (IC), clocks per 

instruction (CPI) also known as the 

effective value, and clock time (CT).    

 

 

 
Instructions/programs X Clocks/Instructions Seconds/clock X = seconds/programs 

Enhancement Ratio = 
Value after the change 

Value before the change 
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Instruction Count (IC)  

Instruction (IC) count is the total number 

of instruction executions involved in any 

particular program. Repetitive operations 

such as loops and recursions are regular 

occurrence and they were affected by the 

power of the instruction set. Different 

instruction sets can do different level of 

work in a single instruction. Complex 

Instruction Set Computing (CISC) 

architecture contains a large set of 

computer instructions from simple to 

complex instruction, and the design often 

accomplish not as much as two or three 

RISC processor instructions, CISC 

processor instructions have in built loop 

such that they can accomplish as much as 

several hundred RISC instruction 

executions.  

 

To successfully predict the effects of 

incremental changes, execution traces of 

benchmark programs will be use by 

computer architects to get instruction 

counts. If the incremental change does not 

change the instruction set, then the 

instruction count normally does not 

change. If there are small changes in the 

instruction set, then trace information can 

be used to estimate the change in the 

instruction count. 

 

Clocks Per Instruction (CPI)  

CPI is the effective average of all 

instruction executions in a program, it is 

affected by instruction level parallelism 

and complexity. In case of instruction-

level parallelism is missing, simple 

instructions could take four or more cycles 

for execution.  

 

Instructions for loops execution will take 

at least one clock per loop iteration, and 

pipelining that is the overlapping 

execution of instructions can reduce the 

average simple instructions down to about 

1 clock per instruction. Superscalar 

pipelining on the other hand is the issuing 

of multiple instructions per cycle and it is 

able to reduce the average instructions 

down to a fraction of a clock per 

instruction. There are different levels of 

instructions such as branches, loads, and 

stores for computing clocks per instruction 

as an effective average. Frequencies for 

the different levels can be extracted from 

execution traces and the knowledge of how 

the architecture handles each level yields 

the clocks per instruction for that category.   

 

Effective Value  

Effective value is the average of weighted 

frequency, that is, the value for each case 

multiply by the frequency 

(percentage/100) for that case, and add up 

the result of the value. Here is the 

expression of the mathematical relations:    

 

Effective Value = Value1×Frequency1 + 

Value2×Frequency2 + ... + 

Valuen×Frequencyn   

 

Clock Time (CT)  

Clock time (CT) is the period of 

synchronization of circuits in the processor 

and inversely proportional to the clock 

frequency, as a case in point, 1 GHz 

processor has a cycle time of 1.0 ns while 

4 GHz processor has a cycle time of 0.25 

ns; CT is usually affected by circuit 

technology and the complexity of the work 

done in a single clock.  

 

Logic gate has a propagation delay and 

they don’t operate instantaneously because 

it depends on the number of inputs to the 

gate (fan in) and the number of other 

inputs connected to the gate's output (fan 

out), increases in the fan in or the fan out 

slows down the propagation time.  

 

Hence the cycle time is set to be the worst-

case total propagation time through the 

gates that produce a signal required in the 

next cycle and the worst case total 

propagation time occurs along one or more 

signal paths through the circuitry, these 

signal paths are referred as critical paths.   
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Amdahl's Law  

A computer scientist called Gene Amdahl 

presented what is termed an Amdahl’s 

argument at the American Federation of 

Information Processing Societies (AFIPS) 

Spring Joint Computer Conference in 

1967, a formula that gives the speedup in 

latency of the execution of a task at a 

particular fixed workload expected from 

an improved system resources and can be 

said it is a formula that is used to find the 

maximum improvement possibilities of 

improving a particular part of a system.   

 

Amdahl's Law is regarded as a general 

technique use for the analyzes of CPU 

performance where execution time is 

expressed as a sum of terms that can be 

used to evaluate the improvement for each 

term. This technique involves the drawing 

of time lines for execution before and after 

improvements, hence the length ratios give 

the improvement ratio that can be 

converted to a percentage improvement. 

On the other hand, Amdahl's Law 

computations can also be done without 

drawing time lines by tabular computation 

and in most cases, they identical to the 

time line computations [12]. 

 

Performance Evaluation / Measurement 

by CPU Benchmarks Method 

Benchmarking tools enables the analyst to 

be able to directly compare and contrast 

the performance of CPUs with capability 

to estimate performance of an application 

that are in ongoing development or 

completed and not yet used. There are 

several benchmarks methods and they are 

exposed as follows: 

 

The System Performance Evaluation 

Cooperative (SPEC)  

SPEC was founded in 1988 by some 

workstation vendors because they opined 

that the marketplace was in desperate need 

for a realistic, standardized performance 

tests and they adopt a methodology that 

can provides a standardized benchmark 

suite with a source code that is based on 

existing applications that has widely 

ported on some varied platforms. The 

guiding principle is that an ounce of honest 

data can be valueless and this integrity has 

made SPEC to have grown to a successful 

performance standardization bodies with 

more than 60 member companies. SPEC 

publishes several performance results on a 

quarterly basis across different system 

performance disciplines [19].  

 

The Java Grande Forum Benchmark  

They consist of three groups of 

benchmarks, namely; microbenchmarks 

that test individual low-level operations 

(eg: arithmetic, cast, create), Kernel 

benchmarks which are the heart of the 

algorithms of commonly used applications 

such as encryption/decryption, Sparse 

matrix multiplication, Fast Fourier 

transform (FFT), Raytracer, MonteCarlo 

simulation, Euler equation solution and 

Molecular dynamics. These intensive 

benchmarks computer applications that is 

available in Java.  

 

SciMark 

This is a composite Java benchmark 

measuring the performance of numerical 

codes occurring in scientific and 

engineering applications and it consists of 

five computational kernels; namely: 

GaussSeidel relaxation, FFT, Sparse 

matrix-multiply, dense LU factorization 

and Monte Carlo integration. These 

kernels are chosen to provide an indication 

of how well the underlying Java Virtual 

Machines perform on applications utilizing 

these types of algorithms. The problems 

sizes are usually small for easier isolation 

of the effects of memory hierarchy thereby 

focusing on the internal JVM/JIT and CPU 

issues while SciMark 2.0 is the larger 

version and it addresses the performance 

of the memory subsystem.  
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ASCI 

Accelerated Strategic Computing Initiative 

(ASCI) contains several numeric codes 

that can be used for evaluation for 

computing intensive systems. ASCI is an 

applications driven effort with the purpose 

of developing a reliable computational 

models of the physical and chemical 

processes that is involve in the design, 

degradation and manufacturing of nuclear 

weapons.  

 

SPLASH 

The Stanford parallel applications for 

shared-memory (SPLASH) suite was 

created by Stanford researchers, and it 

contains six scientific and engineering 

applications, all of which are parallel 

applications. This is a set of parallel 

applications for use in the evaluation and 

design of shared memory multiprocessing 

systems and their purpose was to provide a 

suite of applications in a well-documented 

and consistent manner for complete 

evaluation studies.  

 

NAS Parallel Benchmarks (NPB) 

NPB are a set of 8 programs purposely 

designed to help evaluate the performance 

of parallel supercomputers and they are 

derived from computational fluid 

dynamics (CFD) applications that are 

composed of five kernels and three 

pseudo-applications (NPB 1). NPB 

benchmark suite has been extended to 

include an unstructured adaptive meshes, 

parallel I/O, multi-zone applications, and 

computational grids.     

 

DISCUSSIONS 

Computer performance measurement or 

evaluation is much more complicated, 

gauging from MIPS to SPEC to 

Viewperfs. Though in addressing the 

complexity the industry has developed 

some standard around benchmarks that has 

resolved a lot of questions.  

 

According to John Kundrat, the business 

partner at Structural Dynamic Research 

Corp. that if it's so difficult for us as an 

organization to measure or determine the 

CPU performance how much more the end 

users. As a result of this complexity 

experts believe that caution must be 

exercise while measuring CPU 

performance because a single benchmark 

result is not always enough to rate CPU 

performance hence several tools should be 

used before arriving at conclusions.  

 

A lot of hardware and software 

organizations have their own measuring or 

evaluation standards of CPU though trust 

is an issue by end users, hence such 

internal measurement can be useful for 

organizations engineers for identifying 

performance problems thereby guiding 

them in the and redesign or future designs.  

 

Another consideration is the amount of 

time and resources require to conduct 

processor performance measurement and 

invariably during the period of evaluating 

systems, new technology can come out 

making the older systems obsolete. Studies 

have shown that most manufacturers 

agreed that benchmarks is a useful guide to 

determine expected performance but not 

an exact prognosticator.  

 

CONCLUSION 

Our goal in this paper is to provide an 

overview of processor characteristics, 

performance behavior, and measurement 

tools, a clear understanding of the behavior 

and architecture of a processor will aid to 

properly analyze its performance.  

 

Analysis, Profiling and Benchmarking 

tools that can assist CPU architect to 

measure the performance of a CPU, some 

tools and equations were introduced in the 

determination of performance 

measurement.  
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Amdahl's argument to aid in performance 

scaling with an application. In summary, 

as the knowledge and confidence level of 

processor designer increases and by 

implication it will affect the particular 

characteristics of CPU architecture and it 

will surely robb off on the utility of the 

performance analysis as well. 
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List of Acronyms  

• OEM - Original Equipment 

Manufacturer 

• CPU - Central Processing Unit 

• TSMC - Taiwan Semiconductor 

Manufacturing Co. 

• PMC - Performance Monitoring 

Counters  

• 1S – One socket 

• 8S - Eight-socket  

• MHz - Megahertz  

• GHz - Gigahertz  

• KB – Kilobyte 

• AMD – Advanced Micro Devices, 

Inc. 

• CISC - Complex Instruction Set 

Computer  

• RISC - Reduced Instruction Set 

Computer 

 

 

• SOC - System On a Chip 

• GPIO - General Purpose Input Output  

• DSP - Digital Signal Processor 

• TAU - Tuning and Analysis Utilities  

• IC - Instruction count  

• CPI - Clocks per instruction (CPI)  

• CT - Clock Time (CT) 

• AFIPS - American Federation of 

Information Processing Societies 

• SPEC - System Performance 

Evaluation Cooperative 

• FFT - Fast Fourier transform 

• ASCI - Accelerated Strategic 

Computing Initiative  

• SPLASH - Stanford Parallel 

Applications for Shared-Memory  

• NAS - NASA Advanced 

Supercomputing 

• NPB – NAS Parallel Benchmarks 

• MIPS - Microprocessor without 

Interlocked Pipelined Stages 

 

 


