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Abstract— Reusing UML diagram requires a measurement 
to find the same UML diagram in software repositories. That is 
the reason why it is challenging and important in software 
engineering. This paper proposed an activity diagram similarity 
measurement in software reuse. The measurement uses the 
property and the flow information resided in the activity 
diagram. The property information contains the type of node 
and the value. The flow information contains the source node, 
flow’s name, and a target node. The preliminary result shows 
that the semantic and structural similarity is a good parameter 
to measure the similarity. 

Keywords—activity diagram, adaptive weight, semantic 
similarity, structural similarity 

I. INTRODUCTION 

Universal Modelling Language (UML) is a language in 
standard modelling for software development [1]. UML helps 
interaction between stakeholders. For instance, UML can help 
software developer to make system and user interaction 
models [2]. The development of UML has several issues. One 
of them is how to reduce the time consuming in software 
development. The software developer will take a lot of time if 
they build a design from the very beginning [3], [4]. Software 
reuse is one of reducing time solution. Reusing UML diagram 
can speed up the software development process. Besides, it 
can lower the risk used and the software cost [5]. 

Reusing UML diagram requires a measurement to find the 
same UML diagram in software repositories. That is the 
reason why it is challenging and important in software 
engineering [6]. In addition, if an artefact of UML diagram 
found in the repository, we can reuse the rest artefact of the 
same software models [5], [7]. 

There are some researches to measure the UML diagram 
similarity. This paper used the UML activity diagram to be 
measured by the similarity. Previous research measures the 
similarity using graph pattern [8], [9]. They found the same 
UML activity diagram by the type of node. For instance, the 
pattern is initial-action-object-action-final. They only found 
the activity diagram which had the same pattern without the 
value of the node. The output could be in a different domain. 
Other research measure the UML activity diagram similarity 
by the type and value of nodes [10], [11]. They only found the 
similarity of sliced part of UML activity diagram. In the 
beginning, they converted nodes into a directed graph. After 

that, they sliced by the edge/flow. The output of their research 
cannot compare UML activity diagram as a whole diagram.  

This paper proposed a method to measure the similarity 
between two UML activity diagrams [12]. The method 
measures the semantic and structural similarity between the 
two diagrams. The measurement uses the property and the 
flow information resided in the activity diagram. The property 
information contains the type of node and the value. The flow 
information contains the source node, flow’s name, and a 
target node. In measuring the flow information, we combine 
all the information in a UML activity diagram into a whole 
unit of similarity measurement. This study introduced an 
adaptive weight. The method uses weight to show the 
significance of each parameter within a diagram similarity 
measurement. The weight would be varied with respect to the 
availability of components within the two activity diagrams. 

This new field of software engineering solution would 
speed up the software development process. This paper shows 
an approach which measures the similarity using more 
complete information (semantic and structural property) and a 
rigorous comparison (through the use of adaptive weight).  

II. RESEARCH METHOD 

This section showed the method used in this paper. The 
first stage is the diagram preprocessing. The second stage is 
measuring UML activity diagram similarity. 

A. Diagram Preprocessing 

Measurement similarity between two UML activity 
diagram requires preprocessing. The UML activity diagrams 
were designed by a tool. Then, the tool converts UML activity 
diagram into XMI-format. XMI is used to help choose the 
metadata that will be used in the next stage. 

The metadata used can be found from the information in a 
UML activity diagram. UML activity diagram consists of 
nodes, they are action, object, and control[13]. Action node 
and object node consist of lexical information. They can be 
measured directly by finding the semantic meaning. This 
paper called action and object as a property information. On 
the other hand, a control node is a node that relates to the other 
node. It includes some node, they are initial node, final node, 
decision node, merge node, fork node, and join node. Control 
node can show the node flow of UML activity diagram. This 
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paper called information in the control node as a flow 
information. 

 

Fig. 1. UML Activity Diagram Example 1 

Based on Figure 1, we can get an XMI-format file by a tool 
conversion. After that, we can map the information into the 
property and flow information. The metadata retrieval result 
from XMI-format are as follows: 

Property information: 

→ action1: withdraw money 

→ action2: check balance 

→ action3: print amount 

→ action4: print EXP 

→ action5: ready 

Flow information: 

→ flow1: (initial: initial, name: -, action: withdraw 
money) 

→ flow2: (action: withdraw money, name: -, action: 
check balance) 

→ flow3: (action: print EXP, name: -, final: final) 

→ flow4: (fork: fork, name: -, final: final) 

→ flow5: (action: check balance, name: check/update 
balance, decision: decision) 

→ flow6: (decision: decision, name: ok, action: print 
amount) 

→ flow7: (decision: decision, name: error, action: print 
EXP) 

→ flow8: (action: print amount, name: -, fork: fork) 

→ flow9: (fork: fork, name: -, action: ready) 

Property information has 5 action nodes, they are 
withdraw money, check balance, print amount, print EXP, and 
ready. Flow information has 3 parts. They are source node, 
flow’s name, and target node. Every source and target node 
have the information of node type. 

B. Measurement Similarity 

The measurement similarity method used cosine similarity 
for every metadata found [14]. This paper also used Wu 
Palmer method and Wordnet to find semantic similarity 
between lexical information [15], [16]. If the semantic 
similarity cannot be measured, this paper used Levensthein 
distance to measure syntactically[16]. 

As previously informed, the similarity between two UML 
activity diagrams can be measured based on their metadata. 
The metadata has two information, namely property 
information (propSim) and flow information (flSim). Equation 
1 shows how to measure the similarity between two UML 
activity diagrams (activitySim), i.e. d1 and d2. 

,ଵ݀)݉݅ܵݕݐ݅ݒ݅ݐܿܽ ݀ଶ) = ௣௥௢௣ݓ × ,ଵ݀)݉݅ܵ݌݋ݎ݌ ݀ଶ) ௙௟ݓ																																													+ × ݂݈ܵ݅݉(݀ଵ, ݀ଶ) (1) 

where wprop is the weight of the property similarity from d1 and 
d2. And wfl is the weight of flow similarity from d1 and d2. 
They are arbitrary weight. The next state is to measure 
property similarity (propSim) from d1 and d2. This 
measurement is described in Equation 2. 

,ଵ݀)݉݅ܵ݌݋ݎ݌ ݀ଶ) = ௔௖௧ݓ × ,ଵ݀)݉݅ܵݐܿܽ ݀ଶ) ௢௕௝ݓ																																													+ × ,ଵ݀)݆ܾ݉݅ܵ݋ ݀ଶ) (2) 

where wact is the weight of the metadata action similarity from 
d1 and d2. And wobj is the weight of metadata object similarity 
from d1 and d2. The weight value is based on some condition 
as follows. 

• If both UML activity diagrams have action and object, 
wact is the number of action nodes divided by the total 
number of action and object node. And wobj is the 
number of object nodes divided by the total number of 
action and object node. 

• If one of them or both of them do not have the object, 
wact is 1 and wobj is 0. 

• If one of them or both of them do not have action, wact 
is 0 and wobj is 1. 

The next state is to measure metadata action similarity 
(actSim) from d1 and d2. This measurement is described in 
Equation 3. 

,ଵ݀)݉݅ܵݐܿܽ ݀ଶ) =					ெ௔௫(∑ ஼௢௦௜௡௘ௌ௜௠(௔௖௧೔,௔௖௧ೕ)ಾೌೣ(|ಲ಴೅భ|,|ಲ಴೅మ|)೔,ೕసభ )|஺஼ భ்|,|஺஼ మ்|  (3) 

where ACT1 and ACT2 are a collection of action metadata 
lexical information from two UML activity diagrams (acti, 
actj). Then, Equation 2 showed the object metadata similarity 
(objSim). This measurement is described in Equation 4. 

,ଵ݀)݆ܾ݉݅ܵ݋ ݀ଶ) =					ெ௔௫(∑ ஼௢௦௜௡௘ௌ௜௠(௢௕௝೔,௢௕௝ೕ)ಾೌೣ(|ೀಳ಻భ|,|ೀಳ಻మ|)೔,ೕసభ )|ை஻௃భ|,|ை஻௃మ|  (4) 
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where OBJ1 and OBJ2 are the collection of object metadata 
lexical information from two UML activity diagrams (obji, 
objj). Then, Equation 1 showed the similarity of flow 
information between two UML activity diagrams (flSim). This 
measurement is described in Equation 5. 

݂݈ܵ݅݉(݀ଵ, ݀ଶ) = ௜௡௜௧ݓ × ,ଵ݀)݉݅ܵݐ݅݊݅ ݀ଶ) + ௙௜௡ݓ ×݂݅݊ܵ݅݉(݀ଵ, ݀ଶ) + ௗ௘௦ݓ × ,ଵ݀)݉݅ܵݏ݁݀ ݀ଶ) + ௠௥௚ݓ ,ଵ݀)݉݅ܵ݃ݎ݉× ݀ଶ) + ௙௥௞ݓ × ,ଵ݀)݉݅ܵ݇ݎ݂ ݀ଶ) + ௝௢௜௡ݓ ,ଵ݀)݉݅ܵ݊݅݋݆× ݀ଶ) + ௔௔ݓ × ܽܽܵ݅݉(݀ଵ, ݀ଶ) + ௢௢ݓ ,ଵ݀)݉݅ܵ݋݋× ݀ଶ) + ௢௔ݓ × ,ଵ݀)݉݅ܵܽ݋ ݀ଶ) + ௔௢ݓ ,ଵ݀)݉݅ܵ݋ܽ× ݀ଶ) (5) 

where winit is the similarity weight of the flow which the 
source node is initial node. wfin is the similarity weight of the 
flow which the target node is final node. wdes is the similarity 
weight of the flow which has decision node. wmrg is the 
similarity weight of the flow which has merge node. wfrk is the 
similarity weight of the flow which has fork node. wjoin is the 
similarity weight of the flow which has join node. waa is the 
similarity weight of the flow which the source and target node 
are action node. woo is the similarity weight of the flow which 
the source and target node are object node. woa is the similarity 
weight of the flow which the source and target node are object 
and action node. And wao is the similarity weight of the flow 
which the source and target node are action and object node. 
The determination of these weight values uses the same 
method as the weight value determination in Equation 2. The 
following is how to determine the amount of weight. 

1. Find the part of similarity flow where both diagrams 
have it. 

2. Count the number of occurrences of nodes in the flow 
according to where the weight is (only flow similarity 
found in number 1). 

3. Each weight can be normalized by dividing the result 
in number 2 and total result in number 2.  

Equation 5 showed the similarity of the flow which the 
source node is initial node (initSim). This measurement is 
described in Equation 6. 

,ଵ݀)݉݅ܵݐ݅݊݅ ݀ଶ) =					ெ௔௫(∑ ஼௢௦௜௡௘ௌ௜௠(௜௡௜௧೔,௜௡௜௧ೕ)ಾೌೣ(|಺ಿ಺೅భ|,|಺ಿ಺೅మ|)೔,ೕసభ )|ூேூ భ்|,|ூேூ మ்|  (6) 

where INIT1 and INIT2 are the collection of type and value 
of target node in flow which the source node is initial node 
from two UML activity diagrams (initi, initj). Then, Equation 
5 showed the similarity of the flow which the target node is 
final node (finSim). This measurement is described in 
Equation 7. 

݂݅݊ܵ݅݉(݀ଵ, ݀ଶ) =					ெ௔௫(∑ ஼௢௦௜௡௘ௌ௜௠(௙௜௡೔,௙௜௡ೕ)ಾೌೣ(|ಷ಺ಿభ|,|ಷ಺ಿమ|)೔,ೕసభ )|ிூேభ|,|ிூேమ|  (7) 

where FIN1 and FIN2 are the collection of type and value 
of source node in flow which the target node is final node from 
two UML activity diagrams (fini, finj). Then, Equation 5 

showed the similarity of the flow which has decision node 
(desSim). This measurement is described in Equation 8.  

,ଵ݀)݉݅ܵݏ݁݀ ݀ଶ) =					ெ௔௫(∑ ஼௢௦௜௡௘ௌ௜௠(ௗ௘௦೔,ௗ௘௦ೕಾೌೣ(|ವಶೄభ|,|ವಶೄమ|)೔,ೕసభ ))|஽ாௌభ|,|஽ாௌమ|  (8) 

where DES1 and DES2 are the collection of type and value of 
source or target node in flow which has decision node from 
two UML activity diagrams (desi, desj). Then, Equation 5 
showed the similarity of the flow which has merge node 
(mrgSim). This measurement is described in Equation 9. 

(ଶ݃ݎ݉,ଵ݃ݎ݉)݉݅ܵ݃ݎ݉ =						ெ௔௫(∑ ஼௢௦௜௡௘ௌ௜௠(௠௥௚೔,௠௥௚ೕ)ಾೌೣ(|ಾೃಸభ|,|ಾೃಸమ|)೔,ೕసభ )|ெோீభ|,|ெோீమ|  (9) 

where MRG1 and MRG2 are the collection of type and value 
of source or target node in flow which has merge node from 
two UML activity diagrams (mrgi, mrgj). Then, Equation 5 
showed the similarity of the flow which has fork node 
(frkSim). This measurement is described in Equation 10. 

,ଵ݇ݎ݂)݉݅ܵ݇ݎ݂ (ଶ݇ݎ݂ =						ெ௔௫(∑ ஼௢௦௜௡௘ௌ௜௠(௙௥௞೔,௙௥௞ೕ)ಾೌೣ(|ಷೃ಼భ|,|ಷೃ಼మ|)೔,ೕసభ )|ிோ௄భ|,|ிோ௄మ|  (10) 

where FRK1 and FRK2 are the collection of type and value of 
source or target node in flow which has fork node from two 
UML activity diagrams (frki, frkj). Then, Equation 5 showed 
the similarity of the flow which has join node (joinSim). This 
measurement is described in Equation 11. 

,ଵ݊݅݋݆)݉݅ܵ݊݅݋݆ (ଶ݊݅݋݆ =						ெ௔௫(∑ ஼௢௦௜௡௘ௌ௜௠(௝௢௜௡೔,௝௢௜௡ೕ)ಾೌೣ(|಻ೀ಺ಿభ|,|಻ೀ಺ಿమ|)೔,ೕసభ )|௃ைூேభ|,|௃ைூேమ|  (11) 

where JOIN1 and JOIN2 are the collection of type and value of 
source or target node in flow which has join node from two 
UML activity diagrams (joini, joinj). Then, Equation 5 showed 
the similarity of the flow which the source and target node are 
action node (aaSim). This measurement is described in 
Equation 12. 

ܽܽܵ݅݉(ܽܽଵ, ܽܽଶ) =						ெ௔௫(∑ ஼௢௦௜௡௘ௌ௜௠(௔௔೔,௔௔ೕ)ಾೌೣ(|ಲಲభ|,|ಲಲమ|)೔,ೕసభ )|஺஺భ|,|஺஺మ|  (12) 

where AA1 and AA2 are the collection of type and value of 
source and target node in flow which both of them are action 
node from two UML activity diagrams (aai, aaj). Then, 
Equation 5 showed the similarity of the flow which the source 
and target node are object node (ooSim). This measurement is 
described in Equation 13. 
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,ଵ݋݋)݉݅ܵ݋݋ (ଶ݋݋ =						ெ௔௫(∑ ஼௢௦௜௡௘ௌ௜௠(௢௢೔,௢௢ೕ)ಾೌೣ(|ೀೀభ|,|ೀೀమ|)೔,ೕసభ )|ைைభ|,|ைைమ|  (13) 

where OO1 and OO2 are the collection of type and value of 
source and target node in flow which has merge node from 
two UML activity diagrams (ooi, ooj). Then, Equation 5 
showed the similarity of the flow which the source and target 
node are object and action node (oaSim). This measurement is 
described in Equation 14. 

,ଵܽ݋)݉݅ܵܽ݋ (ଶܽ݋ =						ெ௔௫(∑ ஼௢௦௜௡௘ௌ௜௠(௢௔೔,௢௔ೕ)ಾೌೣ(|ೀಲభ|,|ೀಲమ|)೔,ೕసభ )|ை஺భ|,|ை஺మ|  (14) 

where OA1 and OA2 are the collection of type and value of 
source or target node in flow which the source and target node 
are object and action node from two UML activity diagrams 
(oai, oaj). Then, Equation 5 showed the similarity of the flow 
which the source and target node are action and object node 
(aoSim). This measurement is described in Equation 15. 

,ଵ݋ܽ)݉݅ܵ݋ܽ (ଶ݋ܽ =						ெ௔௫(∑ ஼௢௦௜௡௘ௌ௜௠(௔௢೔,௔௢ೕ)ಾೌೣ(|ಲೀభ|,|ಲೀమ|)೔,ೕసభ )|஺ைభ|,|஺ைమ|  (15) 

where AO1 and AO2 are the collection of type and value of 
source or target node in flow which the source and target node 
are action and object node from two UML activity diagrams 
(aoi, aoj). 

Lexical information in Equation 3,4,6, and 7 can be 
measured directly using Wu Palmer method and Wordnet to 
find the semantic meaning. But, Equation 12, 13, 14, and 15 
two different lexical information. They are source node and 
target node. We can make a rigorous comparison if source 
node compared to the other source node and target node 
compared to the other target node. Source node cannot 
compare to target node. It is not a rigorous comparison and 
will change the flow direction and the diagram structure. The 
measurement with all content flow (cfSim) is described in 
Equation 16. 

݂ܿܵ݅݉(݂݈ଵ, ݂݈ଶ) = ௦௥௖ݓ × ,ଵܿݎݏ)ܲݑܹ (ଶܿݎݏ + ௡௠ݓ ,ଵ݉݊)ܲݑܹ								× ݊݉ଶ) + ௧௚௧ݓ × ,ଵݐ݃ݐ)ܲݑܹ  ଶ) (16)ݐ݃ݐ

where a flow has source node (src), flow name (nm), and 
target node (tgt). wsrc, wnm, and wtgt is the weight of source 
node, flow name, and target node. The determination of these 
weight values uses the same method as the weight value 
determination in Equation 2 and 5. Besides, Equation 16 
cannot be implemented directly in Equation 8-11. The lexical 
information contains two flow from two couple node. They 
are pre-flow and post-flow. We have to do a rigorous 
comparison to measure the similarity pre and post flow 
(pairFlowSim). Equation 17 described the measurement.  

,ଵݎ݅ܽ݌)݉݅ܵݓ݋݈ܨݎ݅ܽ݌ (ଶݎ݅ܽ݌ = ௣௥௘ݓ × ݂ܿܵ݅݉(݂݈௔ଵ, ݂݈௔ଶ) ௣௢௦௧ݓ										+ × ,௕ଵݓ݋݈݂)݂݉݅ܵܿ  ௕ଶ) (17)ݓ݋݈݂

where wpre and wpost are the weight of pre-flow and post-flow. 

III. EMPIRICAL RESULT AND ANALYSIS  

The main purpose of this paper is to measure the similarity 
of two activity diagrams. We combine every information in 
UML activity diagram into an information and show the 
making of adaptive weight. For example, we provided two 
UML activity diagram (AD_1 and AD_2), we can see it in 
Figure 1 and Figure 2. They are semantically the same 
diagram. But they had different structure. AD_2 had a more 
complex structure than AD_1. From this example, we can 
measure the similarity using our proposed method. 

 

Fig. 2. UML Activity Diagram Example 2 

We show the property similarity as an example of the 
measurement. Table I show the property similarity. The left 
column is the property of AD_1. The top row is the property 
of AD_2. 

TABLE I.  PROPERTY SIMILARITY BETWEEN AD_1 DAN AD_2 

 pro12 pro22 pro32 pro42 pro52 

pro11 1 0.629 0.707 0.531 0.662 

pro21 0.629 1 0.796 0.659 0.855 

pro31 0.707 0.796 1 0.694 0.769 

pro41 0.531 0.659 0.694 1 0.563 

pro51 0.662 0.855 0.769 0.563 1 

 

As well as we knew, AD_1’s action is the same as AD_2’s 
action. And AD_1 did not have object property. So, wact is 1 
and wobj is 0. We did not measure objSim. 

Using our measurement method, we measure the 
similarity value is almost 1. Based on the result, this paper 
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showed all information might affect the similarity of UML 
activity diagram. But, both diagrams need to have a rigorous 
comparison. The two things are the improvement from 
previous methods [9], [11]. Semantic similarity from the 
property and structural similarity from flow are a good 
parameter to measure the activity diagram similarity [12].  

IV. CONCLUSION 

This paper introduces a method to measure the semantic 
and structural similarity of two UML activity diagrams. The 
method adopts Wu Palmer and Levensthein Distance to 
measure word similarity. The method also adopts cosine 
similarity to measure activity similarity. The proposed method 
consists of two parts, namely the semantic similarity of 
activity-pairs and flow similarity of flow-pairs. It considers 
various nodes and flows, of two models of activity diagram. 
Every detail information of UML activity diagram can 
determine UML activity diagram similarity. A rigorous 
comparison could be a good way to enhance the measurement 
method. So, an adaptive weight was needed for this 
measurement. The preliminary result shows that this 
measurement method could depict the various aspect of 
similarity of two activity diagrams. 

  Further research should be carried out to determine using 
larger dataset and more complete parameters. Thus, it is 
necessary to look for an alternative algorithm that is more 
accurate than the cosine similarity. 
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