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Abstract. The Img2UML repository is a repository of UML mdsleA huge
amount of UML models is available on the Internehestly in the form of im-
ages. This repository aims to offer these UML cldegyram as a searchable
XMI Database. The information that is in the XMES is stored in the reposito-
ry database. This repository will be useful foreash as the first corpus of
UML models. This repository will provide a good gdafor researchers and stu-
dents to study and analyze UML models. This impsoM®IL studying in re-
search, education, and industry. In this paperouténe the Img2UML reposi-
tory, illustrate some of the research made possiinie discuss future plans.
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1 I ntroduction

The UML (Unified Modeling Language) language enahtlee graphical, high-level
representation of software. UML models are createdng different stages of the
software development process. Often, a UML desigimé blueprint of the software,
and a good UML design helps to realize good softvigplementations.

Many aspects of software development across theva lifecycle can be measured
with a high degree of automation and efficiency.sWeoftware measurements are
focused on code instead of on the design of thisvaoé, because: 1) Numerous met-
rics like complexity, maintainability, and readatyilhave been developed for code,
but for software design metrics still suffer of mparoblems. 2) Sharing of the source
code artifacts is well supported through platfosush as GitHub [19], and there is no
adequate support for sharing modeling artifacts.

One of the main problems of studying UML modelshis lack of sharable soft-
ware development software [1]. In Software Engimegithere is a need to share
modeling artifacts [2]. Until now, there is no pighlepository for models. The collec-
tion of models from commercial software developmisrdifficult because for differ-
ent reasons companies like to keep their systenigrdesnfidential. In open source
software, development use of UML is not as comnm®tha (inevitable) use of source
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code. This makes collecting UML models more difficand this difficulty makes
empirical research of UML challenging. Moreovereréh is no open technology for
creating model-repositories as there exist forg@ende. Many free code repositories
are available, which improves the ability of dey#g code metrics, and facilitates
empirical research for source code domain in génera

To facilitate the studying UML models, a set of UNiodels must be collected.
It is challenging to collect UML models becauseréhare a large variety of represen-
tations (both graphically and in terms of XMI) oMIL models by different UML-
CASE (Computer Aided Software Engineering) tools.

In our proposed repository, we start with focusamgone type of UML model,
which it is UML class diagram. This selection imddased on the importance of this
diagram in software development and its availgbil@lass diagrams are ubiquitous
in UML modeling. UML class diagrams are the mospartant structural model of
the UML, as it shows the static description of $ygtem in terms of classes, relation-
ships and constrains in the relationships [3].

We found that UML models are available in abundamté¢he Internet, but rather
than in CASE-tool format, they are stored in imé&yenats. The problem with image
formats is that the model-content of the imagesiothe easily extracted out of them.
Although many CASE tools support features like tirep modifying and exporting
UML models into different formats, current CASE l®@annot recognize UML in
images. This inability of CASE tools limits the bdady of the availability of UML
models in images. For our repository, we are ctifigdJML class diagram in images
from the Internet, and use an image recognitioh [#jothat coverts UML class dia-
gram in images into UML models. After this transf@tion, the tool then saves the
images, XMl files and the content of XMI files intbe repository. In this way we
unlock a huge number of UML class diagrams, whisleg a great opportunity for
empirical UML research.

The paper is structured as follows: Section 2 dlessrrelated work. Section 3
motivates the usefulness of the repository. Sectidiescribes the construction of the
repository. The conclusion and future work are éct®n 5.

2 Related work

Nowadays, a few UML repositories are available.SeEneepositories are supported by
CASE tools vendors [17][18] on a commercial baBiscause of the associated costs,
these models are not considered attractive fromithepoint of academic research.
Another kind of repository is a general model reéqoog. In [1], authors proposed
repository for model-driven development (ReMoDDatthontains many documented
case studies. This repository is a great asseefmarchers where they can find many
examples of models as well as research studiesekawUML models in ReMoDD
are stored as files, so that models are not sdaleshand to see a model you have to
download it and then open it using compatible CA8&. In addition, some of case
studies do not contain UML models. To complemeig, tive propose the idea of
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creating a repository for UML class diagrams ast fitep towards creating a reposito-
ry for UML models.

Companies have a huge amount of information at tisposal that is stored in
as paper or poorly structured format as PDF, apgl treed to convert at least most
important information into richer format that cam éasily searched and modified [5].
In software engineering, this challenge is biggesaftware documentation is rich in
graphical content. UML models are one of theseamstthat are mostly available as
images in software documentation and on the Inteffige problem is the lack of
mapping from a pixel-based diagram to the undegly@éngineering model conveyed
by the diagram [6].

The area of converting engineering diagrams intgirexering models has re-
ceived some attention [5-11]. Some of this rese&@raniented at recognizing graphic
objects or symbols in images [7-10]. Other reseainfs at recognizing entire models
in images [11]. For specifically for UML diagramgsearchers have focused on con-
verting hand-drawn sketching of UML class diagrao imodels [12-15]. In general,
hand-drawn tools are an easy and fast way to cesatdre)draw UML class diagram
than UML CASE tool. However, redrawing UML modetsth paper in order to ena-
ble editing them again is very time-consuming. &lgorithms that are used in recog-
nizing UML diagrams in hand-drawn tools typicallyake use of information regard-
ing the movement and order of drawing elementdhéndiagram. This makes these
algorithms unsuitable for extracting UML modelsrrdinished’ diagrams.

In our earlier work [4] we proposed the Img2UML kdleat converts UML class
diagrams (including class names, attributes, atiips) that are represented in im-
age format into XMI (version 1.1, the UML versios 1.3). The resulting XMl files
generated by the tool are compatible with StarUM&]] This tool also contains func-
tionality to save models as XMl files.

3 Usefulness of therepository

This new Img2UML repository aims to be a source dompirical studies of UML
class diagrams. This repository opens up a losesu

— It can be the basis for corpus studies for UML nliode all available models are
validated manually, and any mistake in the recagmitan corrected manually.

— It can be the basis of metrics used in benchmarfingjuality assurance of UML
models, such as the average number of classesquil mnd the average number
of attributes and operations per class. This pesidn empirical basis for UML
quality assurance.

— It can serve as a source of UML models that candeel in and shared across em-
pirical studies in UML modeling

— It can serve as a source of examples of UML detsighcan be used for education-
al purposes, e.g. learning UML by examples.

This repository already contains 1000 class modete repository can be used to

analyze class diagrams, measure qualities, stymgalyflaws and their frequency of

occurrence, compare quality-models, etc. Althoughiarrare, the availability of dif-
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ferent versions of models for one software systeavides an opportunity to study

the evolution of versions of the class designs. fdmository can also be used for
studying UML class diagram in software engineeralgsses. Students can reuse
available class diagrams, share their knowledgd, emgage in discussions about
models.

Our system offers functionality for querying andashing the repository of
models based on different keys such as model irdgtiom (class name, attributes,
etc.). Models in the repository can be classifiadd analyzed automatically by
using some queries on the repository. For @kamvhich class diagram contains a
high number of classes, a high number of relatipmssfdependency or inheritance),
or some design pattern. These queries can show oarcharacteristics of class dia-
grams.

The content of ReMoDD and our repository are d#ferin: First, ReMoDD con-
tains documents, model files and codes, and irrepository only models are availa-
ble. Second, all models in our repository are éthitand searchable. Third, our mod-
els are collected from software documents on thermet. However, models in Re-
MoDD seem to come from (industrial) case studiestt; our repository supports
guerying models, because models information (cdstef XMI) such as names of
classes, attributes and operations with relatigpsshie stored in the database. Fifth,
although our repository contains models that aeated using different CASE tools,
it is not obligatory to have these CASE tools te tisese models because all XMI
files are compatible with StarUML. Moreover, we twbeasily add a feature for ex-
porting to other versions of XMlI.

4 Repository Description

41  Collecting UML classdiagrams

Different UML class diagram images are collecteghfrthe Internet using Google
Image Search. These images vary in color, type, siad resolution. Images are col-
lected together with their URLs. These URL's areduss keys in the database and
are used to prevent including duplicates of imagéter this, additional manual
checking is performed to assure that indeed noichtplimages end up in the reposi-
tory.

4.2  Inserting model information into the database

The process of inserting models in the databasebeadlivided into two parts: First,
the UML class diagram is extracted from an image.this, the Img2UML tool con-
verts class diagrams in images into XMl files. Setahe XMI content is saved into
the database. From XMI, classe names, attributeesaoperations names and rela-
tionship types are read, and saved in the dataBap&re 1 shows the structure of the
database. The repository contains 10 tables, wtiereimage Table contains im-
age_IDs, the available UML class diagram images, . £J& images and images prop-
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erties such as width, height, and resolution. Timt Xable contains XMl files and
generals comments about the models. This commaktsnproved to be more clas-
sified, as comments about layout, understandapddynplexity, recognition, etc.

Both attributes_Table and operations_Table contaftribbutes names and operations
names and where this attributes and operationsaitable in which classes. The
remains tables are related to the relationshipgreviach relationship is saved in the
in details, for example in the generalization_Talihe generalization_Child and gen-
eralization_Parent show inheritance relationshigtsvben classes and xmi_ID shows
that this relation is available in which model.

image_Table
% image_ID

xmi_id
url
image_File
Width generalization_Table
Height generalization_xmi_id
image_resolution generalization_name

dependency_Table image_name Reafion®clild
dependency_xmi_id Comment generalization_Parent
dependency_name is_class_model xmi_ID
dependency_Client foo- g
dependency_Supplier
xmi_ID
2
xmi_Table associations_Table
9 xmi_ID % assodiation_ID

o | xmi_File g o] association_xmi_id

associationEnd_Table o

comments [ sation._Vistbil
assodiationEnd_xmi_id J association_Visibility

assodiationEnd_name xmi_ID

assodiationEnd_isNavigable &
associationEnd_Ordering
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dass_ID realization_Table
association_ID realization_xmi_id
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xmi_ID
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Fig. 1. Ing2UML database structure

5 Conclusion and Future Work

In this paper, we proposed the Img2UML repositaryepository for UML diagrams
based on UML class diagram in images that have beeverted to XMI. The reposi-
tory contains UML class diagrams images that ateected from the internet. The
repository also contains the images’ URLs and threesponding XMl files that are
generated via special tool created for recogniziddL models from diagrams. A
web-based user interface will make the repositooyenavailable and accessible. The
goal of the repository is to be a basis for UML mlgdthat can be used and shared
across empirical studies.
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For future work, we will evaluation different aspeof the repository. Also we

aim to develop an API for uploading more UML claligagrams in images by users.
More information and classification about availablEIL class diagrams will be sup-
ported, like information about the related softwdeselopment project.
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