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ABSTRACT 

One of the central problems in software engineering is the inherited complexity. Since the software is the result 

of human creative activities, cognitive informatics plays an important role in understanding the fundamental 

characteristics of software. Spatial complexity plays an important role in developing the maintainable 

software. One of the important activities of the maintenance phase is to understand the source code first, and if 

any changes are required in source-code then change it. Understandability of the software gets affected by 

psychological complexity of the source code and cognitive abilities. The correlation between the orientation 

and location of various entities with their processing needs to be established by the programmers, which 

requires spatial abilities. These spatial abilities play an important role in object-oriented software, in which 

the use of data as well as the methods of the class needs to be understood in combined way. The measures of 

spatial complexity of object oriented software are categorized based on definition and usage of classes and 

objects. The values of these measures get affected suitably because of inheritance and polymorphism as well, 

due to change in the distances. This paper evaluates the significance of object oriented spatial complexity with 

the help of 16 object oriented projects of varied length. Results have been validated with size oriented metrics 

such as LOC, number of attributes and number of methods. 
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1. INTRODUCTION 

Software comprehension is one of the largest costs in the software lifecycle. In an attempt to control 

the cost of comprehension, various complexity metrics have been proposed to characterize the 

difficulty of understanding a program and thus allow accurate estimation of the cost of a change. 

Spatial complexity metrics attempt to account for the difficulty of reading the source code of a 

program for understanding [2]. Since the software comprehension can account for over one third of the 

lifetime cost of a software system [2], those metrics that directly address the cognitive complexity of a 

program could be seen as particularly important. Work in this area has addressed control flow paths 

[13], the volume of operands and operators [14], identifier density [15], and spatial complexity. The 

spatial complexity was first introduced by Douce et al. [4] with subsequent additional measures 

proposed by Chhabra et al. [6].  

The definitions of the spatial complexity metrics are given by K .K. Aggarwal, Yogesh Singh [1]. The 

value of average Class Spatial Complexity gives a hint about the understandability of a class. The 

higher value of class spatial complexity of a particular class means more cognitive effort needed to 

understand the purpose and functionality of the class. The object spatial complexity measure can be 

used to measure the understanding of processing logic through objects and their interaction, which in 

turn reflects effective utilization of the objects towards final solution. Classes normally are not used 

directly, but through objects only. Lower value of object spatial complexity indicates that the class has 

been utilized through objects in close proximity to the class declaration, and, hence, understanding the 

use of that class towards total software working will be much easier than a class having larger value 
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of object spatial complexity.  

Spatial complexity metrics are related to the understandability of the program as discussed in [1]. To 

remove the fault in the code, the understandability of the source code is important. Software size also 

affects the understandability of the source code. Hence the evaluation of the spatial complexity 

measures is carried out in this paper with size measures and fault removal time. Section 2 describes 

class spatial complexity. Section 3 describes object spatial complexity. Section 4 describes results of 

experimentation. Section 5 presents conclusions and future work. 

2. CLASS SPATIAL COMPLEXITY 

Measures of spatial complexity of object oriented software are categorized as class spatial complexity 

and object spatial complexity. These metrics are not just the extension of the spatial complexity 

metrics of procedure oriented software, but these measures do take care of salient features of object 

oriented software. The understandability of the object oriented software starts with comprehending the 

concept of classes as an encapsulation of data and methods. The class spatial complexity measures the 

spatial complexity of both parts of the classes-methods and attributes [1]. 

2.1. Class Attribute Spatial Complexity 

The concept behind the measurement of CASC is to measure the distance between use and definition 

of the attributes. If an attribute is being used close to its definition, the details about that attribute will 

be available in the working memory of the programmer, making it possible for him to comprehend the 

purpose of the attribute. The CASC of an attribute can be defined as the average of distances of 

various use of that attribute from its definition/previous use. 

           P 

           CASC =∑ Distance (I) / P      (1) 

                        I=1 

Where P represents the count of use of that attribute and Distance (I) is equal to the absolute difference 

in number of lines of the current use of the attribute from its just previous use within the same 

method. 

If the definition is not present in the current file, the programmer tries to find the details of that class 

and attribute in other file. In this case, that particular use of the attribute can be computed as 

Distance = (distance of first use of the attribute from the top of the current file) + (distance of 

definition of the attribute from the top of the file containing definition)  (2) 

Total class attribute spatial complexity of a class (TCASC) is defined as average of CASC of all 

attributes (variables as well as constants) of that class. 

                 q 

 TCASC = ∑ CASC (I) / q      (3) 

                I=1 

Where ‘q’ is the count of attributes in the class.  

2.2. Class Method Spatial Complexity 

The distance between method declaration and definition belong to the same file. But sometimes 

source code of software is written in multiple files, and method is declared in one file and defined in 

some other file. In this case the distance for that particular definition of method is defined as 

Distance = (distance of definition from the top of file containing definition) + (distance of declaration 

of the method from the top of the file containing declaration)   (4) 

Total class method spatial complexity (TCMSC) of a class is defined as average of class method spatial 

complexity of all methods of the class. 

                  m 

 TCMSC = ∑ CMSC (I) /m      (5) 

                  I=1 
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Where’ m’ is the count of the methods of the class 

The class is an encapsulation of attributes and methods, the class spatial complexity is an integration 

of both types of spatial complexities, and hence the class spatial complexity (CS C) of a class is 

proposed as 

CSC = TCASC + TCMSC     (6) 

3. OBJECT SPATIAL COMPLEXITY 

The object spatial complexity is defined of two types: those are object definition spatial complexity 

and object member usage spatial complexity [1]. 

3.1. Object definition spatial complexity 

The object definition spatial complexity (ODSC) of an object is the distance of the definition of the 

object from corresponding class declaration. 

If the object oriented software is written using multiple source code files and the object is defined in 

a different file than the file containing class declaration, the effort is dependent on two files. In this 

case, the distance for that particular object is defined as: 

Distance = (distance of object definition from the top of file containing definition) + (distance of 

declaration of the corresponding class from the top of the file Containing class) (7) 

3.2. Object-Member Usage Spatial Complexity 

The object-member usage spatial complexity (OMUSC) of a member through a particular object is 

defined as the average of distances (in terms of lines of code) between the call of that member 

through the object and definition of the member in the corresponding class. 

         n 

            OMUSC = ∑ Distance (I)/n     (8) 

         I=1 

Where n represents count of calls/use of that member through that object, and Distance (i) is equal to 

the absolute difference in number of lines between the method definition and corresponding call/use 

through that object. 

The object spatial complexity of an object is defined as 

OSC=ODSC+TOMUSC      (9)   

4. EXPERIMENTATION 

In order to evaluate the spatial complexity measures, 16 java projects developed by the Under 

Graduate students of Department of Computer Science & Engineering, Pondicherry Engineering 

College has been used. Two or three members involved in developing the projects. The length of the 

programs varies from 372 non blank-non comment lines to 1465. The numbers of classes found in 

the programs vary from 10 to 17. The Complexity measures Class Attribute Spatial Complexity 

(CASC), Class Method Spatial Complexity (CMSC), Object Definition Spatial Complexity (ODSC) 

and Object Member Usage Spatial Complexity (OMUSC) are computed by an automated tool 

developed in java. The results are tabulated in Table 1. 

Table 1 Spatial complexity metrics of 16 projects considered 

P.No CASC CMSC ODSC OMUSC 
CSC OSC LOC NA NM 

1 7.1022 328.6 335.7 420.52 335.66 854.5 890 24 7 

2 16.834 235.2 252 371.55 252.05 728.3 1215 25 33 

3 9.2093 111.3 120.5 158.61 120.5 256.5 423 23 7 

4 19.748 272.4 292.2 190.52 292.17 402.6 1149 44 21 

5 9.1684 385.2 394.4 813.09 394.36 1560 1279 34 20 

6 26.867 367.6 394.5 470.16 394.5 801.8 995 26 9 

7 10.398 111.3 121.7 197.97 121.73 1603 423 23 7 
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8 18.923 338.6 407.3 703.96 407.32 1584 1395 49 20 

9 9.4847 375.6 385.1 829.36 385.11 480.1 1287 34 20 

10 97.266 391.7 489 383.4 488.96 1560 1611 21 16 

11 9.4706 381.5 391 813.1 391.02 1438 1279 34 20 

12 24.204 718.7 383.5 35.714 383.52 1465 1465 35 15 

13 9.1149 371.3 380.4 792.49 380.38 1533 1266 34 20 

14 26.452 624.4 650.9 814.19 650.87 1503 1371 75 14 

15 8.843 84.79 93.63 102.67 93.633 175.2 372 21 7 

16 21.374 330.3 351.7 675.98 351.67 1181 1323 26 20 

 

As the spatial complexity measures are mainly focused for understandability, we want to evaluate 

(correlate) it with the following factors: 

i. Size metric I-Lines of Code(LOC) 

Lines of code (number of non blank-non comment lines) is one of the common size measures under 

use. As the size of the project increase/decrease, the spatial complexity measures, in turn the 

understandability is expected to increase/ decrease. 

ii. Size metrics II-Number of Attributes (NA), Number of Methods (NM) 

As LOC is much dependent on the developer skills, some of the alternative size measures are 

sought. Two of such design measures (known at design phase before code completion) are NA, NM 

(Number of Attributes defined, Number of Methods defined). 

The respective hypotheses for the correlation of the spatial complexity measures and the two factors 

discussed are framed as follows. 

Hypothesis 1: Increase in LOC increases the spatial complexity (+ve correlation) 

Hypothesis 2: Increase in Number of Attributes, Number of Methods increases the code, hence 

increases the spatial complexity. 

The cumulative CSC (Class Spatial Complexity), OSC (Object Spatial Complexity, Number of 

Attributes, Number of Methods) are presented in Table1. 

The Data set given in Table 1 is used to find the correlation coefficient using SPSS Package version 

15.0. The results are presented in Table 3. First column shows the spatial complexity metric 

considered, second column shows the factors used for evaluation, third column shows the correlation 

coefficient value obtained and fourth column significance of the result value (<0.05 expected). 

The correlation results between the spatial complexity measures and LOC are better with high 

significance. Similar behavior is also found with Number of Attributes and Number of Methods. 

Comparison of Spatial Complexity measures with size oriented measures is shown in fig1.1, fig1.2, 

fig2.1, fig2.2, fig3.1 and fig 3.2. 

 
Fig 1.1 Plot of LOC and Average CSC 
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Fig 1.2 Plot of LOC and Average OSC 

 

 
Fig 2.1 Plot of Total Number of Attributes and Average CSC 

 

 
Fig 2.2 Plot of Total Number of Attributes and Average OSC 
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Fig 3.1 Plot of Total Number of Methods and Average CSC 

 

 
Fig 3.2   Plot of Total Number of Methods and Average OSC 

 

Table2 Correlation between Spatial Complexity metrics and factors used for evaluation 

Spatial complexity 

Metric 

Factor used For 

Evaluation 

Correlation 

Coefficient value 

P-Value 

CSC LOC 0.836 0.000 

OSC LOC 0.536 0.035 

CSC NA 0.666 0.005 

OSC NA 0.309 0.245 

CSC NM 0.290 0.275 

OSC NM 0.163 0.546 

From this experiment we find that spatial complexity measures affect the understandability of the 

software. This has been observed through the size measures (LOC, NA and NM). 
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5. CONCLUSIONS 

In this paper the spatial complexity measures proposed exclusively for object oriented software are 

evaluated for their correlation size oriented metrics such as LOC, Number of Attributes and Number 

of Methods. The results show that spatial complexity measures are correlated with size measures. 

This work can be extended for the relation of the spatial complexity measures with quality factors. 
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