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Abstract—Building a UML diagram from scratch usually
requires a lot of resources of software developer. UML reuse is
the solution for speeding up software development process.
Previous researches utilized diagram similarity measurement
for finding reusable diagrams. Many researchers focus on class
and sequence diagrams. This research introduces a new
approach for measuring use case diagram similarity. This
approach combines structural information and lexical
information for measuring the similarity of two diagrams. It
used to measure structural similarity, i.e. relationship among
and between actors and use cases. It also uses Wordnet,
WuPalmer, and Cosine Similarity to measure the lexical
information semantically, i.e. and text extracted from actors and
use cases. The initial result shows that the semantic and
structural information could be used as parameters to measure
similarity between two use case diagrams.

Keywords—semantic similarity, structural similarity, UML
similarity, use case similarity

I. INTRODUCTION

Unified Modeling Language (UML) is a standard
displaying dialect for determining, recording, and building a
software product [1]. UML can likewise be alluded to as a
standard dialect in demonstrating that is frequently utilized by
programming engineers long back [2], [3]. UML advancement
has a few issues. One issue that is regularly discovered when
making UML is that it requires a long investment in the event
that it is required to make it from the earliest starting point [4].

At that point, reusing UML diagram shows up as an
answer for the issue. Reusing UML diagram should be
possible utilizing programming that was created previously,
not from the earliest starting point [6]. Reusing UML diagram
can help quicken the product advancement process. What's
more, reusing UML can decrease the expenses and dangers
utilized [5].

There are four steps of UML reuse, i.e. portrayal,
recovery, adjustment and consolidation [6], [7]. During the
portrayal, a model of the new UML artefact is introduced.
During the retrieval, a UML artefact is like the inquiry, and
the adjustment cost is insignificant which is chosen from the
segment library or repository. During adaptation, the UML
artefact is modified to obtain a new component. At last, the
new UML artefact is joined or incorporated into the
repository.
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There are some researches that reuse UML artefact. The
artefacts are class diagram and sequence diagram. Previous
researches [8]-[12] measure the similarity between two class
diagrams. They gathered lexical information from a class
diagram. Then they measured the lexical information by
semantic similarity. Then, they measured the diagram
structure by the neighbor information.

The other research [9], [13], [14] measured the similarity
between two sequence diagrams. Their measurements are like
sequence diagram similarity measurement. They measure
lexical information as a semantic similarity. And they
measured the structure by communication between the objects
or they converted sequence diagram into a graph.

Siahaan [13] indicates that the semantic and structural
information could be used as parameters to measure the design
diagram similarity. It proposes the use case diagram similarity
measurement using semantic and structural similarity. The
semantic similarity was measured by the lexical information.
Siahaan called property as the collection of lexical
information in use case diagram. On the other hand, the
structural similarity was measured by the relationship between
actor and actor, actor and use case, and use case and use case.

There are two researches [15], [16] that examines the
similarity of use case diagrams. Blok and Cybulski [16]
performed use case diagram clustering related to the use of
semantic words for the reuse process. They used the contents
of each use case as a single meaning. The results of this study
indicate that using semantic similarity can provide a higher
similarity value. Storrle [15] measured the similarity of many
diagrams including the use case diagram. The research aims
to detect cloning from UML diagrams. It took the lexical
information of actors and use cases in use case diagram. The
contribution of our research is to adapt our previous research
in class diagram [17] and sequence diagram [13]. We
introduced a new approach in use case diagram similarity
measurement. The approach changes the syntactic similarity
measurement from previous work [15] into semantic
similarity measurement in lexical information comparison.
The approach also combines the semantic similarity with
structural similarity of the two diagrams to improve the
accuracy of the use case diagram similarity. The structural
similarity is based on the combination of lexical information
from actor’s name, use case’s name, relationship’s name and
relationship’s type.



II. RESEARCH METHOD

A. Diagram Preprocessing

Diagram preprocessing helped this research to get the
lexical information and structural information. In the
beginning, UML use case diagram was built by a UML
designing tool. Then, the tool converted the design into XMI-
format. XMI consist of all information in the diagram and
showed structured.
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Fig.1. Use Case Diagram Metadata

XMI would be extracted into a use case diagram metadata.
The metadata in the use case diagram is actor, use case, and
the relations [18]. This paper divided metadata become
property information and relation information. Fig. 1 showed
the metadata which used in this paper. The property
information consists of actor’s name and use case’s name. the
relation information consists of the relation between actor and
actor, the relation between actor and use case, and the relation
between use case and use case.
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Fig.2. Use Case Diagram 1 (UCD1)

Based on Fig. 2, we mapped the metadata information. The
result of metadata retrieved are as follows:

Property Information:
— actorl: customer
— actor2: bank manager

— actor3: teller

— usecasel: update balance
— usecase2: deposit money
— usecase3: withdraw money
— usecase4: check balance
Relation Information:
— rell: (actor: customer, uc: deposit money)
— rel2: (actor: teller, uc: update balance)
— Rel8: (actor: bank manager, uc: check balance)

Property information has 3 actors and 4 use cases. Relation
information has 8 relations. The relation consists of no relation
between actor and actor, 8 relations between actor and use
case, no relations between use case and use case.

B. Words Similarity

The method of measuring similarity used cosine similarity
for all metadata [19]. This paper utilized Wu Palmer and
Wordnet to discover the similarity between lexical
information semantically [20]-[22]. Wu Palmer can calculate
the closeness between two words in Wordnet. As we know,
wordnet is knowledge in graph form. So that Wu Palmer is
one of the right algorithms because it can measure the
closeness between two words based on depth in the graph. The
similarity range value is 0 to 1. 0 means there is no similarity
between them. 1 means an exact similarity between two
words.

In use case diagram, we sometimes cannot measure the
semantic similarity only between two words. We need to
measure between two pair words, for instance between two
use case. Every use case at least includes two words for
example "withdraw cash". So, we combine Wu Palmer and
cosine similarity [23] to measure the similarity.

C. Finding Optimal Value

This study calculates all comparisons of relations from two
diagrams then made into a matrix. So, every relation of the
two diagrams will be fair to each other. For example, relations
between actors and use cases will not be compared with the
relations between actors and actors or relations between use
cases and use cases. Based on the many comparisons that
appear in the matrix, this study requires an algorithm to find
the most optimal value. Some previous studies [11], [17] used
greedy in finding the most optimal value in the comparison
because it was simple and fast. Therefore, this study also uses
greedy algorithm in finding optimal values.

D. Diagram Similarity Calculation

Based on Figure 1, the metadata consists of property
information (propSim) and relation information (relSim).
Equation 1 shows the similarity measurement between two
UML use case diagrams (ucdSim), i.e. d; and do.

ucdSim = Wyyop X propSim(dy, d;) + Wserye X
strucSim(d,, d) €))

where Wyrop is the weight of the property similarity from d; and
dz. And wr is the weight of relation similarity from d; and ds.



They are arbitrary weight. The next phase is to measure
property similarity (propSim) from d; and d;. This calculation
is portrayed in Equation 2.

propSim = w,, X acSim(d,, d;) + wy, X
ucSim(d,, d;) 2)

where wy is the weight of the actor similarity from d; and ds.
And wy is the weight of relation similarity from d; and d».
The weights are arbitrary weight. Then, Equation 3 calculates
the actor similarity (acSim) between two use case diagrams.

CosineSim(acj,ac;)
|AC1|,|AC|

acSim(d,,d,) = 3)

where AC; and AC; are a collection of actor’s lexical
information from two use case diagrams (ac;, acj). Next,
Equation 2 showed the use case similarity (ucSim). This
calculation is portrayed in Equation 4.

CosineSim(uc;ucj)

ucSim(d,, d,) = EIE]

(4)

where UC; and UC; are a collection of use case’s lexical
information from two use case diagrams (uc;, uc;). Next,
Equation 1 showed the relation similarity (relSim). This
calculation is portrayed in Equation 5.

relSim(d,, d;) = wyg X aaSim(d,, d;) + wy, X
auSim(d,, d;) + wy,, X uuSim(d,, d,) 5)

where wa, is the weight of the relation similarity between actor
and actor from d; and dy. wa, is the weight of the relation
similarity between actor and use case from d; and d;. And wuu
is the weight of the relation similarity between use case and
use case from d; and d, They are arbitrary weight. In this case,
we used equal weight. The next phase is to measure the
relation similarity between actor and actor (eaSim) from d,
and d,. This calculation is portrayed in Equation 6.

Max(zMex(44111442)

o daasim(aa;,aa;))
aaSim(dy, d,) = i a;)

|1AA1],|AAz|

(6)

where AA; and AA; are a collection of the relation similarity
between actor and actor from two use case diagrams (aa;, aa;).
To make it detail, this relation consists of source actor (srcA)
and target actor (zgt4). So, an advance calculation is needed to
measure the detail of relation similarity between actor and
actor (daaSim). This calculation is portrayed in Equation 7.

daaSim(d,,d;) = Werca X WuP(sTcAy, STCAZ) + Wegea X
WuP(tgtA,, tgtA,) @)

where wgca and wiga are arbitrary weight assign to source
actor and target actor, respectively. The relation similarity
between actor and actor can be calculated from the lexical of
each component in the relation. Next, Equation 5 raises the
relation similarity between actor and use case (auSim). This
calculation is portrayed in Equation 8.

Max(zMex(AU1114UzD

. i dausSim(au;,au;))
auSim(d,, d,) = L= i

|AU, |,|AUZ |

®)

where AU; and AU, are a collection of the relation similarity
between actor and use case from two use case diagrams (au;,
aw)). To make it detail, this relation consists of actor (a) as a
source and use case (uca) as a target. So, an advance
calculation is needed to measure the detail of relation
similarity between actor and use case (dauSim). This
calculation is portrayed in Equation 9.

dauSim(d,, d,) = w, X WuP(a,, a,) + Wy, X
WuP (uca,, uca,) 9)

where w, and Wy, are arbitrary weight assign to actor and use
case, respectively. The relation similarity between actor and
use case can be calculated from the lexical of each component
in the relation. Next, Equation 5 raises the relation similarity
between use case and use case (uuSim). This calculation is
portrayed in Equation 10.

Max(sMa*(UV1HUUZ)

o duuSim(uujuu;))
uuSim(d,, d,) = =L (ruguy)

|UU;],|UU| (0

where UU; and UU; are a collection of the relation similarity
between use case and use case from two use case diagrams
(uui, uyj). To make it detail, this relation consists of use case
source (ucA), relation type (#y), and use case target (ucT). So,
an advance calculation is needed to measure the detail of
relation similarity between use case and use case (duuSim).
This calculation is portrayed in Equation 11.

duuSim(dy, d;) = Wycq X WuP (ucA;, ucA;) + wyy X
WuP (tys, ty;) + Wycer X
WuP (ucTy, ucT,) (11

where Wuca, Wiy, and Wyt are arbitrary weight assign use case
source, relation type, and use case target, respectively. The
relation similarity between use case and use case can be
calculated from the lexical of each component in the relation.

III. EMPIRICAL RESULT AND ANALYSIS
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Fig.3. Use Case Diagram 2 (UCD2)



In this part, we used a simple case to showed that semantic
and structural similarity is a good parameter in use case
diagram similarity measurement. We calculate the similarity
of use case diagram in Fig. 2 as UCD1 and use case diagram
in Fig. 3 as UCD2. Both are use case diagram in bank
transactions. But the lexical information and diagram’s
structure is different.

Based on Equation 3, we used cosine similarity to find the
actor similarity between two use case diagrams. Table I shows
the vector made and the similarity between the vector and
actor in each diagram.

TABLE L ACTOR’S VECTOR COMPARISON
Vector bank manager teller customer
UCD1 1 1 1 1
UCD2 1 1 0 1

The actor's lexical information from UCDI1 are bank,
manager, teller, and customer. Table I shows that all of them
has the same meaning semantically with the vector. The
actor's lexical information from UCD2 are bank, manager, and
customer. Table I shows that one of the vectors has no
similarity with them. The values shown in Table I become
input in the formula of cosine similarity. The result is 0.866.

Then we do the same thing in the use case names
according to Equation 4. The resulting vector is balance,
money, update, deposit, check, withdraw, account, select,
insufficient, close and open. UCD1 has balance, money,
updates, deposits, checks and withdrawals. UCD2 has an
account, select, insufficient, money, fund, deposit, close, open
and withdraw. So that the similarity value of the use case name
is 0.433.

After knowing the similarity of actors and use cases, we
can find out the similarity values of properties of UCD1 and
UCD2. Equation 2 is used to calculate this value with weights
used 0.5 for actors and 0.5 for use cases. The resulting value
is 0.649.

TABLE II. RELATION OF ACTOR AND USECASE SIMILARITY BETWEEN

UCD1 aND UCD2
auSim UCD21 UCD22 UCD23 UCD24
UCD11 0 0 0.5 1
UCD12 0 0 1 0.5
UCD13 0 0 0.5 0.5
UCD14 0.5 0.5 0 0
UCD15 0 0 0.0769 0.0769
UCD16 0 0 0.0769 0.5769
ucCp17 0 0 0.5769 0.0769
UCD18 0 0 0.0769 0.0769

Based on Equation 5, we need to calculate three kinds of
relation. First, we calculate the similarity the relation of actor
and actor between two use case diagrams using Equation 6.
But both of them don't have this kind of relation. It makes the
similarity value in this relation is 0. Second, we calculate the
similarity of the relation of actor and use case between two use

case diagram using Equation 8. The calculation can be shown
in Table II.

Based on Fig. 2, UCD 1 has eight relations of actor and
use case. They are customer - deposit money (UCDI11),
customer - withdraw money (UCD12), customer - check
balance (UCD13), bank manager - check balance (UCD14),
teller - update balance (UCDL5), teller - deposit money
(UCD16), teller - withdraw money (UCD17) and teller - check
balance (UCD18). Based on Fig. 3, UCD 2 has four relations
of actor and use case. They are bank manager - open account
(UCD21), bank manager - close account (UCD22), customer
- withdraw money (UCD23) and customer - deposit money
(UCD24). Equation 9 is used to calculate the similarity
between the relation. For instance, the calculation’s result
between UCD11 and UCD 21 is 0. It was because there is no
semantic similarity between actors (customer - bank manager)
and also the semantic similarity between use cases (deposit
money - open account). After we calculate the detail relation
of actor and use case, we can find the optimal value of the
matrix in Table II using the greedy algorithm as explained in
Equation 8. So, the optimal value from the relation of actor
and use case is 0.416. Third, we calculate the similarity the
relation of use case and use case between two use case
diagrams using Equation 10. UCD1 does not have this kind of
relationship. But UCD2 has this kind of relationship. And the
similarity value becomes 0. Finally, we combine these three
types of relations using Equation 5 with the equivalent weight,
which is one-third. The value generated from the similarity of
the relation is 0.1375.

By knowing the value of similarity of property and
relations, we can calculate the similarity between two use case
diagrams using Equation 1. The weights used are 0.5 and 0.5
respectively. The similarity value generated from Equation 1
is 0.3935.

Based on the results, this study shows all parameters that
could affect the similarity of diagrams in use cases. All
metadata can be completely displayed. So, structural and
semantic similarity measurement are good parameters in
calculating UML diagrams [13]. And we need to combine
both of them to assess the similarity between two use case
diagrams. On the other hand, we need an adaptive weight to
measure the similarity based on the availability. Both use case
diagrams do not have actor relations with actors. Although the
two diagrams are exactly the same, the total weight of the
structural similarity will not be more than two-thirds of the
maximum. This can be seen from the low similarity value of
the relations between UCD1 and UCD2.

IV. CONCLUSION

This paper introduces the method to measure the similarity
between two models designed as use case diagrams. The
algorithm uses word similarity methods to measure the word
similarity between elements of use case diagram, and cosine
similarity to find the similarity values between the two use
case diagrams. The proposed method consists of two parts,
namely the semantic similarity of the property and the
structural similarity of relationship information. The initial
investigation of this paper show all parameters could
determine the similarity of the two use case diagrams. Every
detail information of use case diagram can determine to use
case diagram similarity.



Further research to determine the use of larger data sets
should be carried out. This research should determine a set of
weights that can achieve the most accurate measurement. And
also we need to consider related adaptive weights based on the
availability of both diagrams. Therefore, it is necessary to
search for alternative algorithms that are more precise than
cosine to find the best pairs of similarities. And this study has
not measured the similarity between relations types. For
example, what is the comparative value between include and
extend relations, include and generalization, and extend and
generalization.
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