
INTERNATIONAL JOURNAL OF COMPUTER APPLICATION                         ISSUE 2, VOLUME 5 (OCTOBER 2012)                                                                                                                      

Available online on http://www.rspublication.com/ijca/ijca_index.htm                                                           ISSN: 2250-1797 

 Page 183 
 

PERFORMANCE EVALUATION OF IMPLEMENTATION 

LANGUAGES ON THE COMPLEXITY OF HEAPSORT ALGORITHM 

 
*Fenwa O.D., Okeyinka A. E. and Olabiyisi S. O. & Ajala F. A. 

Department of Computer Science and Engineering 

Ladoke Akintola University of Technology, P.M.B 4000, Ogbomoso, Nigeria 

Tel: +2348163706286  

(* Corresponding Author) 

___________________________________________________________________________ 

ABSTRACT 

 

In recent time, many programming languages are available but little attention is paid to how 

they perform in the area of software development. This paper evaluates the performance of 

three popular programming languages namely; Java Visual Basic and Pascal using Heapsort 

algorithm as the problem specification domain. Halstead metrics which measures a program 

complexity directly from the high level implementation (source code) is used to measure the 

complexity of Heapsort algorithm. It was discovered that complexity of the programming 

languages depends on three major factors; memory space, execution time and application 

area (i.e. what the language is designed for). In terms of memory space, Visual Basic has the 

least complexity, Java ranked next while Pascal has the highest complexity. Pascal is superior 

to Java and Visual Basic in terms of execution speed. Java is good for network programming 

because it is platform independent. However, Visual Basic has a very good graphical user 

interface; hence it is a better language for window applications. Pascal on the other hand is 

good for pedagogical purposes. It is however discovered that time complexity of the 

programming languages decreases as the processor speed increases. 

 

Keywords: Algorithm, Halstead metrics, Computational Complexity, Operands, Operators, 

Program Volume, Program Effort, Program Difficulty.  

___________________________________________________________________________ 

 

1. INTRODUCTION 

 

Complexity study is an extremely important part of mathematics of computing because it  

gives us the opportunity of knowing the intrinsic limitation of algorithmic methods, to avoid 

wasting time on impossible task. Two main approaches may be adopted in evaluating the 

complexity of programs; these are static and dynamic complexity. Static complexity deals 

with the complexity of program text: its length, structural intricacy, the variety of instructions 

used in it etc. This measure is a value characterizing the program per se, independently of the 

input data to which it may be applied. The approach is useful in evaluating the difficulty 

associated with developing the program, modifying it, proving its correctness and so forth. 

Dynamic approach is concerned with computational resources required for execution of a 

program: time, memory space, the numbers of operations involved etc. This measure of 

complexity will be expressed for each program as a function of input data. 

There are a number of important practical and theoretical reasons for analyzing algorithms. 

The principal reason is that we need to obtain estimates or bounds on the storage or run time 

which our algorithm will need to successfully process a particular input (Anany, 2003). Other 

practical reasons for analyzing algorithms are: efficient algorithms lead to efficient programs, 

efficient programs sell better, and efficient programs make better use of hardware. Some of 

the theoretical reasons are; algorithmic error should have a convenient upper bound. That is, 

the algorithm has to do well when it is performed in finite precision arithmetic, the number of 
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instructions should be minimized, the algorithm should be formulated for a sufficiently large 

class of problems, it is not sufficient in general, to invent new algorithms, but it is also 

necessary to prove that they are good, we should be able to know which algorithm is 

preferred to others in situations where more than one algorithm are applicable to the same 

problem (Okeyinka, 2012).  

 

To communicate with the computer in order to allocate scarce resources, there is need to have 

a methodological means of manipulating the problem in a manner the computer understands. 

Programming language is a notational system for communicating with the computer. It is 

therefore essential to implement algorithms in a language that handless the problem 

effectively and posses less difficulty in understanding. 

Sorting has become an important subject in computer science primarily because considerable 

time is spent doing it; the realization that as much as 25 percent of all computer time is spent 

sorting data has placed a premium on efficient sorting algorithm (Ellis and Sartaj, 1975; Alo 

et al., 2011).  

 

Sorting algorithms are always attractive because of the amount of time computers spend on 

the process of sorting has always been a matter of research attention. There are many sorting 

algorithms, five of which are Bubble sort, Insertion sort, Selection sort, Quick sort and 

Heapsort.  

Heapsort is a comparison-based sorting algorithm which works by building a heap out of the 

data set and then removing the largest item and placing it at the end of the sorted array. After 

removing the largest item, it reconstructs the heap and removes the largest remaining item 

and places it in the next open position from the end of the sorted array. This is repeated until 

there are no items left in the heap and sorted array is full. 

 

2. RESEARCH MOTIVATION AND METHODOLOGY  
 

One of the measures used to evaluate performance of algorithms is the computer time which 

is a function of programming language, computer compiler being used, computer hardware 

and programmer‟s ability (effectiveness). In recent time, many programming languages are 

available but little attention is paid to how they perform in the area of software development. 

However, the development witnessed by the software industry in the recent years has made it 

imperative for programmers to use efficient programming languages that are easy to 

understand and implement. Therefore, a proper selection of an appropriate language for 

implementing algorithms is a step in the right direction. 

This paper evaluates the performance of three popular programming languages namely; Java 

Visual Basic and Pascal using Heapsort algorithm as the problem specification domain. 

Halstead metrics which measures a program complexity directly from the high level 

implementation (source code) is used to measure the complexity of Heapsort algorithm. The 

choice of Halstead metrics is informed by the fact that the software engineering community 

has recognized it as a standard measure of complexity (Onibere, 1993). The direct evaluation 

of the metrics from the source code made them useful in the area of software maintenance. 

However, the Heapsort algorithm was implemented on two different computer configurations 

(Pentium (R) 2.0G RAM, 1.23GHz processor and Pentium (R) 4.0G RAM, 2.13GHz 

processor). This is done to establish the how the choice of system configurations influences 

the efficiency of the specified programming languages under consideration.  
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2.1 Software Complexity Measures 

 

There are numbers of complexity measures, ranging from the simple, such as line of code, to 

esoteric such as the number of variable definitions or usage associations. The time 

complexity of an algorithm is a function describing the amount of time an algorithm takes in 

terms of the amount of the input to the algorithm. The space complexity on the other hand is 

a function describing the amount of memory an algorithm takes in terms of input to the 

algorithm (Jukka, 2003). 

 

Halsted Complexity Measures  

 

Halsted complexity measurement was developed to measure a program module‟s complexity 

directly from source code, with emphasis on computational complexity. The measures were 

developed by late Maurice Halsted as a means of determining a quantitative measure of 

complexity directly from operators and operands in the module (Halstead, 1977).  

Halstead argued that algorithms have measurable characteristics analogous to physical laws. 

His model is based on four different parameters: 

(1) The number of distinct operators (instruction types, keyboards, e.t.c.) in a program, 

called n1.  

(2) The number of distinct operands (variables and constants), n2. 

(3) The total number of occurrences of the operators, N1. 

(4) The total number of occurrences of the operands, N2.  

Given these metrics, the following measures (among others) can be computed: program 

volume, difficulty level, effort, time to implement, program level, program length and 

program vocabulary.  The number of bits required to specify the program is called the volume 

V of the program and is obtained through the equation:  

Program Volume V = N log2n                (2.1)  

where  

n = n1 + n2                   (2.2)  

N = N1 + N2                   (2.3)  

In an attempt to include the psychological aspects of complexity in the measures, Halstead 

studies the cognitive processes related to the perception and retention of simple stimuli. 

Research by Stroud in 1966 has shown that the mean number of mental discriminations per 

second in average human being, also called the Stroud number, is between 5 and 20. Halstead 

uses 18 as a reference point for his studies. In his model, the number of discrimination made 

in the preparation of a program, called Effort, is given by:  

Programming Effort E = V / L                (2.4)  

where L is program level defined as:  

L = (n * ln2) / n1 * N2                  (2.5)  

The intelligence content of a program is given by: 

I = L * V                   (2.6)  

The Difficulty of the program which is also related to the error-proneness of the program is 

given as: 

Difficulty D = (n1/2) * (N2/n2) 

All of these measures are valid under the assumption that the program is “pure”, i.e. free of 

“poor programming practices” (Okediran et. al., 2011). 
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2.2 The Heapsort Algorithm  

Sorting methods are classified as internal where the data to be sorted reside in the random 

access memory or as external where the data are predominantly outside the random access 

memory. Heap sort is a typical example of algorithm that uses internal method.  

 

Algorithm: Heapsort algorithm sorts the array of elements A(i) 1≤ i ≤ n 

Step 1. The first step in the algorithm is to build heap from the unordered array of  

elements A(i) 1≤ i ≤ n by calling Heap procedure. 

Step 2. After the ordered array has been built into a heap (that is the element at the root of the  

binary tree is the largest element in the array). The largest element (element at the root  

of the heap) is interchanged with some leaf node (node with no son). 

Step 3. The largest value at this leaf is removed and stored at a location. The unlabelled leaf 

is deleted. 

Step 4. The resulting tree with n-1 element (since one has been removed) is re-built into a  

heap. That is elements A(1), A(2),...A(n-1) is rebuilt into a heap. 

Steps5. Steps 2- 4 are repeated until only one element is left in the heap. This process of  

interchanging, removing and rebuilding into a heap continues until there is only one 

element left in the heap and is also removed. At this point, the sorted sequence will be 

those element removed and stored in the location. The sorted sequence is A(1),  A(2),... 

A(n) where A(1) ≥ A(2),......A(n). It is sorted in descending order.    

 

3. IMPLEMENTATION AND RESULTS 

 

The Heapsort algorithm has been implemented using Java, Visual Basics and Pascal 

programming languages. Operators, operands, keywords and identifiers were defined for all 

the programs and the complexity finder machine designed in (Olabiyisi, 2006) was used to 

calculate the complexity measures. The aforementioned programs were run on two different 

computer configurations (Pentium (R) 2.0G RAM, 1.23GHz processor and Pentium (R) 4.0G 

RAM, 2.13GHz processor). 

 

Table 3.1: Counted Metrics for Heapsort Algorithm using Java, Pascal and Visual Basic 

Programming Language  

n1 

 

n2 

 

n 

 

N1 

 

N2 

 

N 

 

Java 

 

10 

 

25 

 

35 

 

80 

 

102 

 

182 

 

Pascal 

 
13 

 
36 

 
49 

 
76 

 
150 

 
226 

 

Visual Basic 

 

6 

 

15 

 

21 

 

55 

 

70 

 

125 

 

 

Table 3.2: Calculated Metrics for Heapsort Algorithm 

Programming 

Languages 

Program Volume 

(V) 

Program Level (L) Program Effort (E) 

 

Java 

 

934 

 

0.067 

 

13,932 

 

Pascal 

 

1269 

 

0.046 

 

27,587 

 

Visual Basic 

 

549 

 

0.099 

 

5,545 
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Graphical Representation of Programming Language versus Program Volume 

 

 

 

 
Graphical Representation of Programming Language versus Program Effort 

 

Table 3.3: Execution Time(s) for 1000 Randomly Generated Numbers Two Different 

System Configurations. 
   

 

Computer Configurations 

 

 

 

1.23Ghz Processor 

 

 

2.13Ghz Processor 

 

Java 

 

0.16 

 

0.047 

 

 

Pascal 

 

0.015 

 

0.008 

 

 

Visual Basic 

 

2.5 

 

1.02 
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Graphical Representation of Execution Time versus Programming Language 

 

 

4. ANALYSIS OF RESULTS  

 

The efficiency or complexity of programming languages depends on three major factors 

namely; memory space, speed and the application area.  

Memory space: This is the amount of memory space used. It is usually influenced by the 

lines of code (i.e. program volume). The results obtained from figure 1 and figure 2 show that 

Visual Basic has the least program volume and program effort. This is because it is an object 

oriented programming language, instead of writing long line of cede, object classes' are built 

together to achieve an optimized and efficient code. However, visual basic has a very good 

graphical interface and many in-built functions. Java ranks next because it is also an object 

oriented language. W hen Java is used through Jbuilder, fewer lines of code will be required 

because of the availability of an Integrated Development Environment (IDE). However, if 

Java is used through Java Development Kit (JDK), more lines of code will be required 

because JDK has no IDE. Pascal is highly structural, non-object oriented and does not use an 

IDE, and hence more lines of code are used.  

 

Speed: The speed of execution of the programming language is a function of:  

 Language translator used: Pascal has the fastest speed because it uses compiler and 

Visual Basic uses interpreter. Compiled programs usually run faster than interpreted 

programs.  

 Platform: This is the hardware and software of the system being used. Different 

speeds of computers can be due to different "clock speeds”, the rates at which steps in 

the program are executed by the machine and different "architectures," the way in 

which the internal instructions and circuitry of the computer are organized. Pascal is 

platform dependent; it runs and interacts directly with the Disk Operating System 

(DOS). Java is platform independent but it is slow because of the Java virtual machine 

(byte code) which must be generated before being executed. However, Visual basic is 

the slowest because it uses graphical interface which contains series of lines of code.  
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 The number of users connected to the computer system: Since the CPU time will be 

shared by the number of users connected with the system, the more the number of 

users the slower the speed of execution of the program. 

 

Application: Each of the programming languages have its area of application for which it is 

best suited (i.e. what the language is designed for). For example, Java is good for network 

programming because it is platform independent. Visual Basic has a very good graphical user 

interface facilities; hence, it is a preferred language for windows applications. Pascal on the 

other hand is good for pedagogical purposes. It supports structured programming and has 

facilities for teaching algorithm design techniques and programming from the primitives. 

 

5. CONCLUSION 

 

This paper has examined issues in complexity of Heapsort algorithm and efficiency of three 

programming languages. However, the implementation of the Heapsort algorithm using Java, 

Visual Basic and Pascal has shown that Visual Basic has the least complexity while Pascal 

has the highest complexity. Moreover, a document where issues in complexity of 

programming languages (Java, Visual Basic and Pascal) can be referenced by interested 

scholars and researchers has been created.  
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