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Abstract. Mathematical group structure is part of abstract algebra. It is useful in the 

development of solving method of problems that are abstract and difficult to test and 

represent through common algebraic operations. Thus, an open source-based computer 

program was developed to evaluate and prove a mathematical group structure. Several 

groups that are able to be tested and proved are aperiodic group, periodic group, mixed 

group, factor group, and normal subgroups. The developed program results showed that 

the evaluation of several types of the groups mentioned above performed well and perfect 

with a relatively shorter time than the manual test. In this program, the Java programming 

language was used since it can run well on several different operating system platforms. 

Besides, it is also able to be published free, so that programmers or other researchers can 

develop the application program further by adding more useful features. 
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Introduction 
 

   Abstract algebra, also known as the mathematical structure, is a branch of 

mathematics dealing with the study of quantity, relationships, and formed 

structures. More specifically, abstract algebra ascertains the algebraic structures 

such as group, ring, and fields. Abstract algebra grows rapidly since the properties 

application of the algebraic structure forms are much useful in the development of 

solving methods towards problems that are abstract and difficult to be represented 

through the common algebraic operations [5]. Several research related to the topic 

have been done before, namely "Non-commutative Rings and Geometry" by 

Stefaan Caenepeel and Alain Verschoren [10] which discusses about 

non-commutative ring through a group, and a research by Wallace [2] which 

proves the structure theorem of algebra by utilizing ring group. Similarly, 

Muzaffer Okur [7] developed a model of GAP (group, algorithm, and 

programming) to perform verification of a group and subgroup. In addition, 

Ngarap Im Manik [9] did a design software for verification of special groups 

(groups, subgroups and Homomorphism group) using computer software tools. 

Another related research is done by Suryoto and Iswati [4], namely “K-algebra”. 

This study discusses the algebra structure built upon a group so that the properties 

applied to the group will also be applied to the K-algebra. If subgroup and 

homomorphism group are found, then the K-algebra is found in K-Sub algebra 

and K-Homomorphism. The “Application Program for Group Evaluation” by 

Nancy [8] only covers from the general algebraic structure to the abelian group 

(commutative). In addition, the previous program only supports an evaluation of 

an algebra system. Moreover, in a study conducted by Andrew Saputra [1] 

“Design of Application Testing Program Algebra Structure of Special Groups”, 

the designed program posses the ability to test other forms of special groups 

which have not been covered previously, such as cyclic group, homomorphism 

group, isomorphic, monomorphic, and epimorphism. In addition, the program is 

designed to test two algebra systems simultaneously. What distinguishes this 

study from all studies above lies in the scope of the test. This study is designed to 

test forms of other special groups such as aperiodic group, periodic group, mixed 

group, factor group, and normal subgroups. In addition, this study also reforms the 

user interface (interface) design to facilitate user navigation when doing module 

switch in the program, so that the program will be efficiently user-friendly. 

 

 

Method 
 

   The structure group test is performed by designing based computer software, 

which generally covers the following steps: analysis - design - coding 

(construction) - testing - maintenance. The system is built and designed in such a 

way as to produce an application program which is efficient and easy to use by  
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users as well as able to provide clear and easy outputs [11]. The preliminary step 

prior to the software making is designing it. Software design is a discipline of 

managerial and technical issues relating to the manufacture and systematic 

maintenance of software products – including the development and modification – 

which is done in a proper time under cost consideration. Then, first step is 

entering data and algebra system elements required by the program for properties 

test. Users will enter data and elements in a set to be tested. Users can enter data 

for one or two sets as needed. If users want to test up to the properties of the 

factor group, homomorphism, and normal subgroups, they need to enter the 

element data for the two sets. In addition, users also need to include the operation 

results for each pair of elements of the set into the Cayley table that will be 

generated by the program. Once the data elements and the results of operations of 

each algebra system are completed by user, automatically the program will 

perform data processing. The results of the data processing is a tested general 

properties of algebraic operations, ranging from the properties of closed, 

associative, any identity element, any inverse for every element in the algebra 

system, and commutative properties. Furthermore, the program will do the test for 

classification of general algebra structures in accordance with the definition. The 

general property test and general algebraic structure classification test should be 

performed first before users perform a test for the classification of particular 

algebraic structure [6]. 

 

If the general property test and the general algebraic structure classification 

test prove that the algebra system is a group, users can continue the program 

instruction to test several particular group forms, such as cyclic, finite (aperiodic, 

periodic, and mixed), factors, normal subgroup, and homomorphism. On the 

homomorphism test, data processing will run if the two inputted algebra systems 

are proved as groups. Besides, derivative forms of homomorphism, which are the 

properties of isomorphism, monomorphism, and epimorphism, will also be tested. 

Meanwhile, on the tests of normal subgroup and factor group, data processing will 

run if the algebra system is not proved as a group, and the other algebra system is 

the subgroup of the group. This test system in general can be seen in Figure 1 [3]. 
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Figure 1. Flow chart of module control system. 

  

 

 

Result and Discussion 
 

   To prove whether the system can perform the test properly, a test is done 
on two different sets below:  
(1) Algebra system (G,*) which consists of:  
Set G = {0, 1, 2}. The operation “*” is defined as a sum operation of module 3. 
(2) Algebra system (H,#) which consists of: 

Set of permutation H = {(1), (1 2 3), (1 3 2), (1 2), (1 3), (2 3)}.Operation “#” 
is defined as composition operation. 
 

 

Manual Test 

   First of all, the operation results of each algebra systems are defined on the 
Cayley table. The whole probability results of module 3 sum operation can be 
seen on Table 1. 

 

Table 1. Modulo 3 Sum Operation 

* 0 1 2 

0 0 1 2 

1 1 2 0 

2 2 0 1 
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Meanwhile, the whole probability operation results for composition operation on 

the set of permutation H are provided on Table 2. 

 

Table 2. Composition Operation on Permutation Set 

# (1) (1 2 3) (1 3 2) (1 2) (1 3) (2 3) 

(1) (1) (1 2 3) (1 3 2) (1 2) (1 3) (2 3) 

(12 3) (12 3) (1 3 2) (1) (1 3) (2 3) (1 2) 

(13 2) (13 2) (1) (1 2 3) (2 3) (1 2) (1 3) 

(1 2) (1 2) (2 3) (1 3) (1) (1 3 2) (1 2 3) 

(1 3) (1 3) (1 2) (2 3) (1 2 3) (1) (1 3 2) 

(2 3) (2 3) (1 3) (1 2) (1 3 2) (1 2 3) (1) 

  

Then, the property test is done for the general algebraic structure classification as 

below: 

 

Closed. For the algebra system (G,*), all probability operation results are in set G 

element coverage. Similarly, for the algebra system (H,#), all probability 

operation results are in H set element coverage. It is proven that the operation on 

(G,*) and (H,#) are closed. 

 

Associative.  For the algebra system (G,*), the test is done on all probabilities of 

operation binary. 

 

Table 3. Some Associative Test Results of (G,*) 

0*(0*0) = 0*0 = 0 Equal to 0 = 0*0 = (0*0)*0 

0*(0*1) = 0*1 = 1 Equal to 1 = 0*1 = (0*0)*1 

1*(0*0) = 1*0 = 1 Equal to 1 = 1*0 = (1*0)*0 

1*(0*1) = 1*1 = 2 Equal to 2 = 1*1 = (1*0)*1 

2*(0*0) = 2*0 = 2 Equal to 2 = 2*0 = (2*0)*0 

2*(2*2) = 2*1 = 0 Equal to 0 = 1*2 = (2*2)*2 
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Table 3 proven that the operation on algebra system (G,*) is associative. An 

associative test is also done for all probabilities of operation binary on the algebra 

system (H,#). To simplify the table reading, some symbols are used as the 

substitution for the elements, which are: (1) becomes 1; (1 2) becomes 12; (1 2 3) 

becomes 123; (1 3) becomes 13; (2 3) becomes 23. 

Table 4. Some Associative Test Results of (H,#) 

   1#(1#1) = 1#1 = 1 Equals to 1 = 1#1 = (1#1)#1 

  1#(1#123) = 1#123 = 123 Equals to 123 = 1#123 = (1#1)#123 

  1#(1#132) = 1#132 = 132 Equals to 132 = 1#132 = (1#1)#132 

  1#(1#12) = 1#12 = 12 Equals to 12 = 1#12 = (1#1)#12 

23#(23#13) = 23#123 = 13 Equals to 13 = 1#13 = (23#23)#13 

23#(23#23) = 23#1 = 23 Equals to 23 = 1#23 = (23#23)#23 

Table 4 proven that the operation on (H,#) is associative. Therefore, (G,*) and 

(H,#) fulfilled the properties of closed and associative. In other words, (G,*) and 

(H,#) fulfilled the semi group conditions. 

Identity Element. For (G,*), there is a union identity element e = 0.  

0*0 = 0; 1*0 = 0*1 = 1; 2*0 = 0*2 = 2. There is also a union identity element e = 

1 for (H,#).  

• (1)#(1) = (1);  

• (1 2 3)#(1) = (1)#(1 2 3) = (1 2 3);   

• (1 3 2)#(1) = (1)#(1 3 2) = (1 3 2) 

 (1 2)#(1) = (1)#(1 2) = (1 2);   

• (1 3)#(1) = (1)#(1 3) = (1 3) dan (2 3)#(1) = (1)#(2 3) = (2 3) 

(G,*) and (H,#) fulfilled the properties of semi group and they contain identity 

elements. Therefore, (G,*) and (H,#) fulfilled the monoid condition. 

Inverse. Every element in (G,*) has inverse. Inverse 0 is 0; inverse 1 is 2; inverse 

2 is 1. Every element in (H,#) also has inverse. Inverse (1) is (1);  inverse (1 2 3) 

is (1 3 2);   inverse (1 3 2) is (1 2 3). Inverse (1 2) is (1 2); inverse (1 3) is (1 3) 

and inverse (2 3) is (2 3). (G,*) and (H,#) fulfilled the monoid properties and each 

of their element has inverse. Therefore, (G,*) dan (H,#) fulfilled group condition.  

Commutative. A test is done towards all the probabilities of operation binary for 

(G,*) as in Table 5. It is proven that the operation on (G,*) fulfilled the 

commutative properties. Similarly, a test is done towards all the probabilities of 

operation binary for (H,#), but the operation did not fulfill the commutative 

properties. 
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Table 5. Commutative Test Results of (G,*) 

0*0 = 0 Equals to 0 = 0*0 

0*1 = 1 Equals to 1 = 1*0 

0*2 = 2 Equals to 2 = 2*0 

1*0 = 1 Equals to 1 = 0*1 

2*0 = 2 Equals to 2 = 0*2 

2*1 = 0 Equals to 0 = 1*2 

2*2 = 1 Equals to 1 = 2*2 

 

 

Abelian Group (Commutative). (G,*) fulfilled commutative properties, so (G,*) 

belongs to abelian group. On contrary, group (H,#) did not fulfill commutative 

properties, so group (H,#) does not belong to abelian group.  

 

Cyclic Group. For (G,*), an operation test of the elements to each of them is done 

as in Table 6. 

 

Table 6. (G,*) Operations 

* Element 1 Element 2 Element 3 

Operation 

(*). 

0 = 0*0 0 = 1*1*1 0 = 2*2*2 

 1 = 1*1*1*1 1 = 2*2 

 2 = 1*1 

2 = 

2*2*2*2 

 

 

The operation of element 1 and element 2 resulted in the whole elements in set G, 

so (G,*) belongs to cyclic group. As for (H,#), an operation test of the elements to 

each of them is done as Table 7. There is no element in group H of which its 

operation resulted in the whole elements in set H, so (H,#) does not belong to 

cyclic group (Wallace, 2004). 
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Table 7. (H,#) Operations 

# Element 1  Element 2 

Operation 

(#). 

(1) = (1)#(1)  (1) = (1 2 3)#(1 2 3)#(1 2 3) 

  (1 2 3) = (1 2 3)#(1 2 3)#(1 

2 3)#(1 2 3) 

  (1 3 2) = (1 2 3)#(1 2 3) 

   

Element 3  Element 4 

(1) = (1 3 2)#(1 3 

2)#(1 3 2) 

 

(1) = (1 2)#(1 2) 

(1 2 3) = (1 3 2)#(1 3 

2) 

 

(1 2) = (1 2)#(1 2)#(1 2) 

(1 3 2) = (1 3 2)#(1 3 

2)#(1 3 2)#(1 3 2) 

  

   

Element 5  Element 6 

(1) = (1 3)#(1 3)  (1) = (2 3)#(2 3) 

(1 3) = (1 3)#(1 3)#(1 

3) 

 

(2 3) = (2 3)#(2 3)#(2 3) 

   

 

Aperiodic Group and Periodic Group. Table 8 is the element order in group 

(G,*). Since the element order is finite, group (G,*) is periodic. 

Table 8. Element order in group (G,*) 
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A similar test is done in grup (H,#). Table 9 is the element order in group (H,#). 

Since the element order is finite, group (H,#) is periodic.  

 

Table 9. Element order in group (H,#) 

 

 

 

 

 

 

 

Normal Subgroup. H = {(1), (1 2 3), (1 3 2), (1 2), (1 3), (2 3)} does not belong 

to G={0,1,2}. Thus, H is not a subgroup of G, and it is not provable. On contrary, 

G = {0, 1, 2} does not belong to H = {(1), (1 2 3), (1 3 2), (1 2), (1 3), (2 3). Thus, 

G is not a subgroup of H, and it is not provable. 

 

Factor Group. One condition of factor group is that the group contains a normal 

subgroup. However, (G,*) and (H,#) are not proved as normal subgroups, so the 

factor group is not provable. 

 

Test by Application 

   As on the algebraic system sample above, now we are using a developed test 

application to observe whether the application program is able to give appropriate 

results in accordance with the manual test. The first step is inputting the elements 

of each algebra system as seen in the Figure 2. 
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Figure 2. Element input of every set. 

 

 

Having all the elements done, press Finish button. Then, the program will 

continue to the subsequent interface. Figure 3 to Figure 5 are several interfaces of 

the test results of set A and set B towards the special group. 

 

 

 

Figure 3. The test result of cyclic group. 
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Figure 4. The test result of normal subgrup. 

 

 

Figure 5. The test result of factor group. 

 

Comparing the results of manual test and the test using application program, it can 

be noticed that the application program can provide appropriate test results similar 

to what manual test obtain. 

 

Conclusion 
 

   From the analysis and tests of the algebraic system cases, it can be concluded 

that the test program can provide exact results, in accordance with the existing  
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properties. The test using application program is proved more efficient than the 

manual test since it takes shorter process time. The program is considered meet 

the goal since users can easily understand the classification of algebra system as 

well as their properties, and the program provides explanations for the test results 

gradually, detailed, and clearly. 

 

 

References 

 

[1]  A. Saputra, "Program aplikasi Pengujian Group," Bina Nusantara University, 

Jakarta, 2009. 

[2]  D. A. Wallace, "The algebraic structure of group rings," Bulletin of American 

Mathematical Society, vol. 1, no. 2, 2004. 

[3]  E. Turban, Rainer and R. E. Potter, Introduction to Information Technology, 

London: John Wiley and Sons, 2012. 

[4]  Iswati and Suryoto, "K-Aljabar," Jurnal Matematika, 2010. 

[5]  J. A. Bergstra and J. V. Tucker, "Division Safe Calculation in Totalized 

Fields," Theory of Computer System, vol. 43, no. 1, pp. 410-424, 2008. 

[6]  J. Pevtsova and S. Witherspoon, "Varieties for modules of quantum 

elementary abelian groups," Algebras and Representation Theory, vol. 12, 

no. 2-5, pp. 74-86, 2009. 

[7]  M. Okur, "Computer applications in teaching abstract algebra," International 

Journal of Applied Science and Technology, vol. 1, no. 1, pp. 20-27, 2011. 

[8]  Nancy, "Program aplikasi Pengujian Group," Bina Nusantara University, 

Jakarta, 2009. 

[9]  N. I. Manik, "Pengujian Struktur Aljabar Grup, Ring, & Field Berbasis 

Komputer.," in Prosiding SNM-2010 , Depok, Indonesia, 2010. 

[10]  S. Caenepeel and A. Verschoren, "Noncommutative Rings and Geometry," 

Algebras and Representation Theory, vol. 12, no. 2-5, pp. 101-102, 2009. 

[11]  T. C. Lethbridge and R. Laganiere, Object Oriented Software Engineering: 

Practical Software Development Using UML and Java, New York: McGraw 

Hill, 2002. 



Testing of mathematical group structure                            3987 

 
 

 

Received: May 20, 2013 

 


