Abstracting Business Level
UMIL Diagrams; firem \Welb
Applications

P llramentana

U. De Carlinr, A.R. Faselino

Dipartimente) di Infermatica e: Sistemistica
Unversity,. orNaples Feaerico i, 1ialy

G.A. DI Lucca

RCOST — Research Centre on Seftware Technology.
Unversity, o1 Sanmoe, Benevenio; ltaly




\Welh Applications, (WA):
preblems and open| ISSUEsS

Worlah\Wide Welhiis evelving: eveny year new
technolegies and architectures are realized and
WA petentiality’ andr perieimance. rapidiy: grow.

Under the pressure: off a shoert time-te-maiket and
an extremely high competition;, WA are realized
With a limited quality:

WA developed withouit: a diSCIplined process

PoOor, Inadeguate, Incomplete documentation

Diserdered architecture



Webh Applications (WA):
problems and open| ISSUEs

Maintenance, Reengineering and Migration
are veny: crtical tasks, for WA

Ohject Ornented Conceptiual Moedels are' a
iUndamental starting polnt e these: tasks



Object Oriented Conceptual Medels

— | this Work; methodolegies will' be presented
10’ alstract Object Orented Conceptual
Moedels, ofi a\WehrApplicatien:.

v Business lLevel UMIC Class Diagrams
v-UML Use case diagrams
v UML Seguence diagrams



Business Level UML Class Diagrams

Business levelr UL class: diagrams will
descrine the relevant cenceptual
COMPORENtS: (BLUSINESS OLJECES) Tem the
demain of the problemaddressed by,
e WA and thelr mutual relationships



Recevering a Business LLevel Class Diagram

\We' propose a Reverse EngINEEenng Process: in
three main steps:

ldentiiication off candidater classes; and thelr
attributes;

AsSseclation off methods to) candidate: classes;

ldentification  off  relatienships. — hetween
classes.



1) lldentification; of candidate classes

Sealiching for groups of logically’ related
data making up: the: state of 6Jects.

—|Leeking| Inte the seurce: code: fior language
Mechanisms that:allow greuping oi: related
data Implementing 2 relevant Concepr,
either firon the domain; ofi the: application
Ol fremi demain; of the: selution



ldentification of relevant groups: of data

Groups eff data In Input/output operatiens (HITML ferms;
HIIMIE talles);;

Groups; effdata 1 read/write: operations: (Arays,
Collections);

Greups of data i datakase operations (Recerdsets)

Groups: off data passed throw: distinct pages
(Quenystrings);

Instance of Classes



Synenyms and Hemonyms Analysis

Synony/msiare Identifiers with different names but the
same meaning

Homoenyms areldentifiers Withl ther saime: name: b
different meanings

— Synonymidentifiers must e assignediwith the: same
UnRigue name.

— [Fomony/mIdentifiers must e asseciated with distinct
names.

DUKNG SyrAoRyins: & [omoeny/msanalysis, a meaningiul
name Is assigned to eachi data item



AR automatic precedure to Propose a Set of
candidate classes

Data: groups: are: oredered: with: tWwoer Reuristic
fuless:

e more the references ofi a same data group
N the cede, the greater the likeliheod that it
fepresents; a nieaningiiull cencept;

data groups with a small size: may: represent
more: simpler and’ atemic concepts than larger
greups; and larger groupes may. represent moere
complex concepts made up ofi jeined smaller
glreups.
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Example

Groupif Compesition H CANID
name

G a, , C 41 1Cl|a, b,c,g, m,n
G2 d, e, f 31 1C2(d,e, T, g

G3 |a,b,c,d, e f,g2|[C3|a b, q,r

G4 a, b,c, mn 2 C4|d, f s, t u

G5 |a,b,q,r 2

G6 d, f, s, t, U 1
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Procedure Produce Candrdate Objects (In:
GList; out: CAND);

BEGIN
OrdList = SORT (Glrst, Descending on N, . (9)AND Ascending on

Card(9) );
CAND = & ;
WHILE (OrdList # @ OR (u; acC,=uU; ae g, ))DO

h=TOP(OrdList);

IF (3 aeh: agC v C eCAND) THEN

IF (13 CeCAND: C < h THEN
INSERT(CAND, h)

ELSE
v C; € CAND: C,c h DO
BEGIN
ke = - U Cas
ADD(C, k);
END
END IF
END IF
REMOVE (OrdList, g);
END WHIILE

END
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2) Assoclating methods to candidate
classes

Poessinple fiunctional Units te be considered sheuld
Include wel pages, functions, script blecks,
depending en the reguested degree: of
granuianmnty.

OUr appreach pPrepeses: 1o censider phaysical Wel
pages (e.q., Server pages, Client pages) as
potentiallmethioads ter e associated wWithl tihe
candidater eljects of the WA rather than Inner
Page components
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Coupling between pages and oljects

Measures: off coupling between pages amnd ePJects are
computead based onl the acecesses of pages to the
candidate object. A page acCesses a canaidate elhject
When It IRcludes Instructions: that: aéfe or userthe value

off some object attrbute

- % x
—/ACC (m, C)_ Ohert Ndef,m,c 7 Kise Nuse,m,C

WhEre:
Olyer Olyee: WEIGNLS associated With define, Use access;

Nier m o MUMbEY of definition of candidate ¢ Infpage: m;
\ AUMBEr off Uses of candidate ¢ In page m.

use,m,cC:
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Associating pages to candidate classes

— |- a page accesses exclusively one ebject, It will e
assigned as a'method ofi that Glject.

—> lii 2 page; mi accesses more objects, It will be
assigned to the candidate class ¢ soe)that

Acc(m , ¢) = MAX . _ canp [ACC(M, €)]

[he accesses of the page: te the ether objects can be
considered as messages exchanged fremithe object
the page has been assigned with,, to the other objects

— Pages that do not make access torany objects willbe
considered asi coordinatingl modules controlling the
executions ofi other metheds
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3) ldentification ofi relationships
PELWEEN ClasSEeSs

Commpons attrutes
s i twoe or more: classes €, have a common
attiute:

the attripute Is assigned! ter one of these classes
(€) and deleted from other classes C;

A relationship will e defined between: the classi C;
and each class €,

These relationships will® be depicted” as
UML association. relationships
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3) ldentification ofi relationships
PEtWEEN Classes

Pages! aceessiing mere than ene: class

— the accessing page willfbe assigned with: the
classiit st mest highly: coupled with.

— A relationshiprwill berdefined between the
class the page Is assigned te, andfeach
femaining class the page acCesses.

Alserthis kKinal ol relationships Will' e
depicted as UNL assoc/ation relationships
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Recovering Use Case Diagrams

ARl autematic ClUStenng approachl s PrepPesed, In
erder te; group Wel pages: of a WA Into
meaningiuif(aighly conesive) and Independent
(leosely coupled) clusters

Groups ofi validated clusters: can e associated
With' petentiall Use' cases of the' WA, and a Use
case model can be' reconstructed fer descriking
e’ external Penavier offered By the application
1o the end Users.
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Example

Relationships anmong USe CaSes may: he
deduced analyzing the links hetween
cornespending clusters:

If-a cluster A Is/linked to Just another cluster B, an
=<[Rcluade>> relationship firems use case asseciated
WIth' A 10 the! ene asseciates withi B may. e
PrOPOeSEd;

i & cluster Alisilinked! tormoere other clusters B, a
==extend>> relatienship among Use case
asseciated witih' A'and USE Cases assoclated with: B;
may be Proposea;
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Recovering Seguence Diagrams

For each use case:

u We consider the pages helenging to the asseciated cluster;
s fer each page In the cluster:

an ebject of the class which the page Was; assigned te as a
methoed Is drawn;

[dentify, the class whichr the page wasi assigned to as a
methed: for each) identified class put an object I the
diagram;

lif & Page accesses other ebjects ofi classes Bi, anl interaction
petween A andlB; 1St drawn;
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Recovering Seguence Diagrams

a  meaningful’ name IS assigned to each Interaction
(corresponding ter the name of the inveked method), with
the list ofi parameters exchanged between the objects
(deduced hy analysing the data flow between the Web
application| intercennected Items);

i an’ ebject Was! assigned to a page including Input or output
forms, an Interaction between the object and an actor Is
drawn;

i there Isi a relation between pages assigned! te the same
class,, It will be censidered as a call between methods of the
same Class, andl therefiere a ‘Message to self Is drawn on
the ebject life-line.
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A case study

Human Net: a WA designedl to Support the
activities off Undergraduated courses
offered by a Computer Science
Department

Developed with ASE, Javascrpt, HIVILE
aNguages

751 SErVer pages; 23 client pages, 1 utility:
moedule (7648 LOCs)
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ldentification of groups off data

After static analysisk of the: VWA:

s 128 references o data greups (485 data
items)

After Synenyms and Homoenyms Analysis:

s A5t different data groups (26 different aata
items)

23



An excerpt
of the 43
different
Data
Groups
obtained
after
Synonyms
and
Homonyms
Analysis

Data Groups

Data groups #

Cl |Student name, Student surname, Student code, Student email, 14
Student phone number, Student password

C2 |Teacher name, Teacher surname, Teacher email, Teacher phone 11
number, Teacher password, Teacher code

C3 |Exam date, Exam time, Exam classroom 10

C4 |Student name, Student surname, Student code, Student email, 8
Student phone number

C5 |Tutoring date, Tutoring start time, Tutoring end time, Course code, i
Course name

C6 |Student code 6

C7 |Course code, Course name, Course academic year 5

C8 |Course code 4

C9 |Course code, Course name 4

C10 |Teacher name, Teacher surname, Teacher email, Teacher phone 4
number, Teacher password

C11 |Course code, Course academic year 3
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8 Candidate
Classes
obtained after
the execution of

the algorithm
Preduce

Candidate
Objects.

Candidate classes

Candidate classes and corresponding attributes

Student (Student name, Student surname, Student
code, Student email, Student phone number,
Student password)

Teacher (Teacher name, Teacher surname, Teacher

email, Teacher phone number, Teacher
password, Teacher code)

Exam Session

(Exam date, Exam time, Exam classroom)

Tutoring (Tutoring date, Tutoring start time,
Tutoring end time, Course code, Course
name)

Course (Course code, Course name, Course

academic year)

Tutoring Request

(Student name, Student surname, Student
code, Tutoring request date)

NEWS

(Course code, News text, News number,
News date, Teacher code)

Exam Reservation

(Student code, Student name, Student
surname, Course code, Exam date, Exam
reservation date)
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Relationships between classes

7. Common, atthbutes = (Stuaent name,
Stu/agent sumame, Stuaent coge), Teaciier

coae) Exam. adte, Ccourser code, Courseée
fame)

— 7 relatienships were defined

17 PAGES| CCESS MOre: than ene: ehject
= 11 relatienships were defined
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Associating methods to candidate
classes

201 pages did not reference any: data group

Fhe remainingl 761 pages were: assigned ter the
candidate: class that maximized the value of

= Acc (M, €)= oy * N + g N

def,m,c use,m,c

— Several values for o,..and o,.. Were: tried.

ihe hest results were' achieved for
Oer :1’ Olise = 0’6
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Business Levell UML Class) Diagram

Date
Start time
End time

Academicyear| | Date
Code Time
Name Classroom

Tutoring request

Date

Name

Phone number
Password
Code




Albstracting UML Use Case Diagram

Avtomatic clUsternng approach was: applied
s 44 valid clusters Were recoveread
m Clusters were assocliated! tor Use cases

s <<=extend>>and <<Include>> relationships
Wwere deduced

29



An excerpt of the UML Use Case
Diagram

Course
Insertion

\
\

Teacher and Course
Management

7
\ //’ <<extend>>
Tutoring
Management

/
<<extend>> )/
,<<extgn’d;>© Students’ Enrollment
Management
%

Teacher ™ ~ inati
~ <<extend>> Examinations

management . <
Teacher =~ anagement

<<include>>".

N\ \

xgextend>>
Teacher Login Q N Bulletin Board
© Management
N <<extend>>
T =~ <<extend>>

~
Student Student ~
Management

~

<<extend>>
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Albstracting UML Seguence: Diagram

=0l each use case, an UNL Seguence
Diagian Were tiraced, applying the
Jeurstic rules presented
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UMIL Seguence Diagram

Sequence diagram for use case Course Insertion
(realized by a cluster of 3 pages)

X

Teacher

. Input course data (course |
1 code, name, academic year) 1 Insert new

Course

Get teacher code

Insertion OK
S ;
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