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Tom tat

CODEGER-UWE 13 céng cu hé tro phét trién (ing dung web hwéng mé hinh. Trong bai bdo nay, ching téi
trinh bay kién tric cong cu CODEGER-UWE. Céng cu da duoc tich hop céc quy tac chuyén dbi mé hinh va
sinh ma dé tao tmg dung web cho nén tadng JSF mot céch tw déng. CODEGER-UWE duoc trién khai nhu
mét plugin cho céng cu MagicDraw cho phép sinh ma ngudn ttr cac mé hinh UWE tuong tng véi céc thanh
phén trong mé hinh Web MVC. P&y la mét céng cu vé6i quy trinh phét trién ré rang, tién dung, ép dung céng
cu dé phaét trién (g dung web sé lam gidm rét nhiéu thoi gian cho viéc phat trién tng dung Web

T khoa: CODEGER-UWE, phat trién phdn mém huwéng mé hinh, céng cu phat trién (rng dung web, sinh

ma tw dong

Abstract

In this paper, we present a CODEGER-UWE tool to support model-driven web application development. The
CODEGER-UWE tool has integrated rules for transformation model and code generation rules to create web
applications for the JSF platform automatically. CODEGER-UWE implemented as a plugin for the
MagicDraw tool which allows the generation of source code from UWE models that correspond to the
components of the MVC model. This is a tool with a clear, handy development process, applying tools to
develop web applications that will greatly reduce the time for developing Web applications.

Keywords: CODEGER-UWE, model driven software development, web application development tools,

automated code generation

1. Gi6i thi¢u

Cong cu hd trg dy du 1a yéu t6 quan trong
quyét dinh thanh cong cua phuong phap hodc ky
thuat phat trién phan mém néi chung va ctia img dung
web ndi riéng [1]. Viée sir dung cong cu sinh ma s&
cai thién quy trinh phat trién phan mém va lam ting
chat lwong ciia ma dugc tao ra [2]. Pdi voi phuong
phap UWE (UML-based Web Engineering) ciing da
c6 mot sd cong cu nhu ArgoUWE, UWE4JSF [3],
day la cong cu tu dong sinh ma ung dung Web véi
nén tang JSF (JavaServer Faces) tir mo hinh UWE,
bao gdm mot chudi cac plugin duoc tich hop trong
moi truong mod hinh hoéa Eclipse EMF (Eclipse
Modeling Framework), dugc xdy dung va dong goi
thanh cac thu vién Java (jar), day 1a minh ching cho
kha ning sinh md ngudn cho tmg dung Web huéng
mo hinh theo k¥ thuat UWE, nhung hién tai da khong
con duoc tiép tuc phat trién, va khong thé van hanh
voi cac phién ban méi cua Eclipse cling nhu UWE
profile. Cong cu MagicUWE hd tro thiét ké hé thong
mg dung web voi phuong phap UWE [4], gitp phat
trién ing dung web cdc hoat dong lap mo6 hinh bing
cach str dung cdu hinh UWE va chuyén doi giita cac
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mo hinh UWE. MagicUWE duoc trién khai nhu mot
plugin cho cong cy MagicDraw. Tuy nhién, cong cu
nay chu yéu tap trung vao chuyén d6i mé hinh, chua
tap trung cho viéc sinh ma. Trong bai bao nay, chiing
t6i trinh bay cong cu CODEGER-UWE, moét plugin
dugc chung toi xdy dung va tich hop trong phan mém
MagicDraw cho phép sinh ma ngudn tir bén mé hinh
UWE tuong mg v6i cac thanh phan trong mé hinh
Web MVC (Model-view—controller) [5].

Qua trinh phat trién cia UWE 14 phat trién tir
quy trinh thu cong thong qua quy trinh dinh hudng
mo hinh ban ty dong (dua trén cac loai bién doi mo
hinh khac nhau [6]. Ap dung nhiing nguyén 1y cta
MDA, muc tiéu tiép can cia UWE la xdy dung cac
tap cia CIM (Computation Independent Model), PIM
(Platform-Independent Model) va PSM (Platform-
Specific Model) 1a két qua cua viéc phan tich, thiét ké
va cai dat qua trinh dinh huéng moé hinh. Muc dich
giai doan phan tich la tap hop dugc mot tap cac yéu
céu 6n dinh, cac yéu cau chiic ning s€ duge mo ta lai
boi ¥ nghia ciia cac mo hinh yéu cau. Mo hinh yéu
ciu bao gdm cac ‘use cases’ chuyén biét va cac ‘class
model’ cho tng dung Web. Giai doan thiét ké bao
gém viéc xay dung mot loat cdc mo6 hinh ¢ muc do
doc 1ap nén tang. Sau d6 cac md hinh thiét ké dugc
chuyén dbi dé thuc hién trén cac nén tang cu thé [7].
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Quy trinh bt ddu bang mirc mo hinh nghiép vu
(CIM) dinh nghia mot mé hinh yéu cdu. Cac mé hinh
thiét ké doc 1ap nén hé thdéng (cac PIM) dugc dan
xuét tir mo hinh yéu ciu nay. Tap cac md hinh thiét
ké nay biéu dién cic mbi quan tim khac nhau ciia cac
mg dung Web. N6 bao gdm ndi dung (content), diéu
huéng (navigation), xt 1y (process), trinh bay
(presentation). Trong cac nghién ctru [6, 8-10] cdc tac
gia da dé xuit cic quy tic chuyen d6i mo hinh ter
CIM sang PIM sang PSM va [11] bd sung bo quy tic
chuyén dbi tir mé hinh yéu cau sang md hinh xir 1y va
moé hinh trinh bay, nhdm cai thién qua trinh chuyén
dbi tu dong cho cac tmg dung web sir dung UWE.
Trong [6] dd d& xudt chuyén d6i mo hinh hd tro cho
nha thiét ké cac hoat dong tao 1ap mé hinh bang cach
sit dung cdu hinh UWE va tao mé hinh ban ty dong.
Tuy nhién, con nhiéu thanh phan ciia mo hinh van
phéi xay dung lai thu cong, viéc sinh code mai chi
dung lai ¢ viéc tao ra cac khung dé 1ap trinh vién viét
code. Chinh vi vy, chung t6i dua vao cic quy tic
chuyén do6i md hinh trong [11, 15] dé dé xuat xay
dung mot so quy tic, giai thuat sinh code tu dong
nham cai tién, ndng cao hiéu qua chuyén do6i tir mo
hinh sang code vdi cong cu CODEGER-UWE.

Noi dung con lai cua bai bao dugc cAu tric nhu
sau: Phan 2 trinh bay cAu tric cia cong cu
CODEGER-UWE, phén 3 thir nghiém va danh gia
CODEGER —UWE, phén 4 két luan va dé xuét.

2. Kién tric ciia cong cu CODEGER-UWE

Defined by Software Manufacturer

Defined by User

UML Metamodel UWE Profile

"-

Quy tie :nuyén 61 mé hinh
(CIM to PIM)

*java, %Jsp, *xml

Applmtmn u

l_m

Plugin Manager

‘ ‘ Loads

Hinh 1. Kién traic CODEGER ~UWE

Trong [11,15] chung t6i bd sung 11 quy tic
chuyén d6i mé hinh CIM sang PIM. Trong [15],
ching t6i ciing dé xuét 10 quy tic cing voi 03 giai
thuat chuyén doi tir PIM sang PSM va tir PSM sang
code:

- CM2M (Content Model to Model Code
Genenation)

- CM2V (Presenation Model to View Code
Generation)
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- NPROM2C (Navigation and Processing Model
to Controller Code Generation

- Kién trac cua cong cu CODEGER —-UWE dugc

thé hién tai Hinh 1.
| Java |

PIM PSM - J2EE CM2M

e M—> o
| / NPROM2C

= o = j .
(Java)

\ ' PRES2V

\
LPmsmtaﬁon ’—l‘)l ISP model I—) View

Hinh 2. Chuyén d6i mo hinh PIM sang PSM, ma
ngudn trong CODEGER -UWE

CIM

Javamodel

Chuyén dbi mé hinh dwoc phan chia thanh mot
vai mo-dun. Cong viée can lam 1a thiét 1ap timg mo-
dun cho mdi céng doan chuyén d6i mé hinh UWE.
Moé-dun cac quy tic chuyén d6i mé hinh (CIM to
PIM). Bé chuyén d6i tir CIM sang PIM, dau vao la
mo hinh yéu cu (CIM), dua trén UML Metamodel,
UWE Metamodel va UWE Profile dugc anh xa voi
nhau véi mé hinh Trong d6, mé hinh ndi dung
(content) chung t6i da tich hop cac luat chuyén dbi
C20, S20; M6 hinh diéu huéng (navigation) cac luat
C2N, P2N, A2N; M6 hinh xtr 1y (process) céac luat
U2C, S2C, U2U, S2S; Mo hinh biéu dién
(presentation) gdm cac luat D2G, P2E. UWE Profile
va UWE Meta-model dugc anh xa vdi nhau, ching
gdm cac phan co quan hé tuyén tinh v6i nhau. Ngoai
ra, UWE Meta-model con la sy moé rdng cua UML
Meta-model nén viéc chuyén doi gom cac luat (quy
tac) chuyén d6i khuén mau UML (stereotype) sang
c4c thanh phan twong tng cia UWE Meta-model va
c4c thanh phan UML co ban dugc 1dng ghép vao.
Trong Hinh 1, mé-dun cic quy tic va gia thuat sinh
code, dugc chung t6i tich hop quy tic CM2M sinh ma
thanh phan Model tr mé hinh ndi dung; Quy tic
PRES2V sinh mi thanh phan View tir mé hinh trinh
bay va Quy tic NPROM2C sinh ma thanh phan
Controller tir mé hinh diéu huéng va xir Iy. Chuyén
d6i tir CIM sang PIM don thuan chi 1 anh xa giita
md hinh UML va mé hinh UWE. Déi vé6i chuyén doi
PIM sang PSM, trong CODEGER-UWE 4p dung
phuong phap khuén mau va metamodel, két hop véi
su twong dong vé mat dinh nghia cia bén mé hinh
trong UWE 1a mé hinh néi dung, diéu hudng, xir 1y,
trinh bay v6i ba thanh phan trong mé hinh MVC,
nhém nghién ctru dé xuat quy trinh chuyén d6i MDA
(Model-Driven Architecture) cho k¥ thuat UWE nhu
Hinh 2.
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Mb hinh noi dung (mirc PIM) duge chuyén doi
sang JavaModel (mirc PSM), 1a mot thé hién cia Java
metamodel, sau d6 chuyén doi sang ma ngudn Java,
tuong mg thanh phin Model véi giai thuat chuyén
ddi c6 tén 1a CM2M.

Mo hinh diéu huéng va xt 1y duoc chuyén dbi
sang JavaModel, sau d6 duoc chuyén doi sang ma
nguon Java, twong tUng thanh phan Controller
(Hinh 3). Giai thuat chuyén d6i c6 tén NPROM2C;
Mo hinh trinh bay dugc chuyén doi sang JSPModel,
12 mot thé hién cua JSP metamodel, sau dé giai thuat
PRES2V chuyén dbi sang md JSP, tuong tmg thanh
phin View (Hinh 4, 5).

ContentModel
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List
NamedElement

lTraverse
k N =
_—

)
)

astructureds
JavaBean

extend
List SuperClass —— SuperClass

RemainElement

count >0 Y -/ fField

Transform

List Property | Getter Method

Class | Setter Method

Transform

List Operation Method

Hinh 3. Quy trinh sinh ma ngudn tir md hinh ndi dung

!
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et
Home Class

‘ push Class into Queue

———3 Queue

lsEmpty
~. ¥

(@0e——>
- l . s ProcessClass

is Query
Class

l get make NavigationLink

astructureds
Java

————— method

List
Associate Class
push Class into Queue

Hinh 4. Quy trinh sinh mi ngudn tir mo hinh diéu
hudng

3. Thir nghiém va danh gia CODEGER -UWE

Cong cu CODEGER —-UWE da duoc hoan thién.
Toan b ma nguén duoc cai dat, luu trir trén Github
[16], tuan thi cic quy dinh phan mém ngudn md.
Trong cong cu ndy, qua trinh chuyén d6i mé hinh nén
tang doc 1ap PIM sang mo hinh nén tang cy thé PSM
la qua trinh chuyen d6i duoc xay dung trén mot nén
tang Web cu thé va cac luat chuyén ddi dwoc xay
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dung twong ung v6i md hinh MVC, trong d6 nhitng
mdi quan tim ctia mot tmg dung Web tuong tng véi
vai tro cua Model (ndi dung), View (trinh bay) va
Controller (diéu hudng va xtr Iy). Mdi thanh phan ¢
mdt nhiém vy riéng biét va doc lap voi cac thanh
phan khac, gitp phat trién (mg dung nhanh, don gian,
d& nang cép, bao tri.

Dé thir nghiém va danh gia cong cu CODEGER
—UWE chung t6i ap dung vi du Music Portal [5]. Dy
1a mot ing vé cong thong tin Am nhac cho phép nguoi
ding mua album va sau d6 c6 thé duoc tai xuong
duéi dang tép MP3, dugc st dung nhiéu dé thu
nghiém cac thuét toan chuyén d6i mé hinh

—
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Hinh 5. Quy trinh sinh ma JSP ttr m6 hinh trinh bay
Quy trinh thyc hién nhu sau:
Bude 1: Xéac dinh ddu vao cia cong cu

Céc yéu cau trong UWE dugc mé hinh héa bing
biéu dd use case, CODEGER —UWE cho phép chuyén
d6i tir mo hinh yéu cau (Use case) sang md hinh noi
dung, diéu hudng, xir Iy va trinh bay vdi cac quy tac
chuyén d6i da dugc chung toi bd sung, phét trién,
gitip cho qua trinh chuyén d6i mé hinh hiéu qua hon.

Buée 2: Thyc hién chuyén d6i mé hinh

Lén lugt thyc hign chuyén doi md hinh va thu
dugc cac ket qua nhu trong Hinh 7, 8, 9. Trong khu6n
kho bai bao khong ligt ké mo hinh trinh bay.

Buéc 3: Thyc hién sinh ma st dung coéng cu
CODEGER -UWE.

Cong cu da chuyén dbi tir mé hinh thyc thi sang
ma nguodn Java ty dong tuong umg vdi nguyén tac xdy
dung cac thanh phan Model, View, Controller trong
mo hinh PSM.
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package requirsmerts [ [£1] Use Cases 1]
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Hinh 9. M6 hinh Xu ly
Hinh 6. Biéu dd use case, mé hinh du vio cta img dung

-~ Name Date modified Type
package content[ [£1) content lJ 1% Controller 12/1/2019 11:42 PM  File folder
e % Entities 12/1/201911:42 PM  File folder
LI =
= . Artist & ISP 12/1/2019 11:43 PM  File folder
-name : rimg 3 A
-price : float REEER=ELING R
-dlownloadLink : String L MName Date modified Type
-description : String " -
—-Cover : String dAIbum 11/28/2019 1:42 PM  JAVA File
.BAI‘tISt 11/28/2019 1:42 PM JAVA File
1 2 Song 11/28/2019 1:42 PM  JAVA File
1.+ Hinh 10. File ma nguon sinh ra tr mé hinh UWE
Song A . R N . o
Mot truong hop dién hinh khac 1a tng dung
-name : Strin . X 1A A 1y ; \ A
BTkt - Stringg UWE Website [14] thé hién md hinh, c4c thanh phan
cua trang web UWE, http://uwe.pst.ifi.lmu.de/. Mo

hinh nay khong c¢6 biéu db use case, song viéc chuyén
d6i mo hinh sang mi ngudn Java van co thé thuc
hién. St dung cong cu CODEGER-UWE, ma nguén
Baeiane navisaion (B oo 1] Java dugc sinh ra bang cach chuyén d6i cac mo hinh

o ndi dung, xur 1y, diéu hudng va trinh bay. Két qua thu
dugc nhu ¢ Hinh 11, 12, 13.

Hinh 7. M6 hinh ndi dung

-

Login
1] > >
k
{isLandmak}
.
-
o

\ =

There's no outgoing link
because these process
classes can be reached from o
cverywhere, After the

processes have finished, ownedAlb
navigation goes back to the ownedalbums.

nocle that has been reached at UserAlbumindex —
last.

o

package Process[ E] Process Structure Diagram U

SaweDialog S>>

.

(activity Download| [Tg| Download U

1

Album 1
enavigation Propertys «navigationPropertys-name : String

selectionExpression = "selfartistname" | [#navigationPropertys-artisthame : String - o

ClickToDownload g»j

OpenSaveDialog 3

Snue'l'o‘ol 2,>

@

. Hinh 11. M6 hinh xtr Iy cia UWE Website
Hinh 8. M6 hinh Diéu huéng

Trong d6, thu muc Controller chira ma ngudn
Process.java, la Kkét qua thu duogc tur viéc chuyén ddi
md hinh xu 1y sang Java, Hinh 12. Thu muc Entities
chira cac thuc thé, cac ddi tuong, 16p c6 trong md
hinh ndi dung, cung véi cac thude tinh va phuong
thitc, nhu trong Hinh 13. Thu muc JSP chua ma

Két qua thir nghiém da thu dugc mot khung mau
don gian ciia mo hinh Web viét bang ma ngudn Java
(Hinh 10). Trén co sé d6 nha phat trién tmg dung ¢
thé b6 sung thém vao cac file ma ngudn dé xay dung
ung dung.
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nguén giao dién, file jsp 1a két qua cua viéc chuyén
d6i mo hinh trinh bay sang ma nguon Java. File nay
dd chén sin mot s ma ngudn Java két hop voi
HTML.

package uwe.transformation.controller;

import java.util.*;

class SaveDialeg{

}

class Download{
private uwe.transformation.beans.URL _link;
public uwe.transformation.beans.URL getlink(){

return _link;

public void setlink(uwe.transformation.beans.URL _link){
this._link=_link;
1

¢

Hinh 12. Ma ngudn Process.java, sinh ra boi chuyén
d6i mo hinh xu ly sang Java.

|

Date.java
Information.java
MNews.java
Person.java
Presentation.java
Project.java
TeachingMaterial.java
URL.java

UWE. java

VYLV

webEngineeringGroup.java

Hinh 13. Cac dinh nghia 16p dugc sinh ra boi chuyén
d6i mo hinh ndi dung sang Java.

5. Két luin va dé xuit

Trong bai bao, ching t6i da trinh bay cong cu
CODEGER —~UWE chuyén d6i mé hinh va sinh ma tu
dong phat trién ung dung web tir mé hinh UWE
trong Ung voi cac thanh phan trong mo hinh Web
MVC. bay la mot plugin dugce tich hop trong phan
mém MagicDraw va la mot phan mém c¢é tinh
mo-dun cao va dé mé rong. Trong thoi gian t6i chung
t61 s€ hoan thién cac quy tac chuyén dbi ciing nhu
sinh ma ngudn 4p dung vao cac bai ton khac nhau va
bd sung thém giai thuat cho mé hinh tich hop diéu
kién OCL hudng téi viée cai thién két qua sinh ma
cho phat trién tmg dung web.
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