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TOM TAT

Bai bao trinh bay nhirng van dé vé thiét ké theo hop déng, kiém thir don vi cling nhw
nhirng diém manh va nhirng han ché ctia chung; tir d6 dé ra giai phap két hop thiét ké
theo hop ddng va kiém thtr don vi. Céng cu csUnit dwoc st dung dé kiém thir don vi
cho cac chwong trinh viét bang ngdn ngtr C#. Mot thw vién dwoc phat trién dé hd tro
cho thiét ké theo hop dbng cho cac ngdn ngl¥ .NET. Bai bao dé& xuét giai phap két hop
hai phwong phap nay nhdm nang cao chéat lwvgng phan mém hwéng dbi twong.
ABSTRACT

In this paper we present some issues on contract design, unit testing as well as the
advantages and disadvantage. Hence, we propose a combination of design by contract
and unit testing. The csUnit tool is used to test units implemented in C# language. A
library is developed to support the design by contract for .NET languages. The paper
shows how the quality of object oriented software is improved when combining the
design by contract and unit testing.

1. Pit van dé

Trong linh vyc cong nghé phan mém, phat trién phan mém ngay cang phic tap,
yéu cau chat lugng ngdy cang cao hon. Pé nang cao chit lwong phan mém can phai cai
tién tat ca cac giai doan: phan tich, thiét ké, lap trinh, kiém tht, bao tri. Trong bai bao
nay, chung ti tap trung nghién ciru cc giai doan: thiét ké, l4p trinh va kiém thir. Mot
trong nhitng cong nghé hd tro cho giai doan thiét ké nham dam bao tinh tin ciy cho
phan mém 14 thiét ké theo hop ddng (Design by Contract - DbC). Cong nghé nay dugc
dung cho hé thong phan mém phat trién theo hudng ddi tuong.

Tuy nhién, thiét ké theo hop dong c6 nhitng han ché nhat dinh. Nhiing han ché
nay s& duoc trinh bay cu thé sau va s& duoc khic phuc khi dung két hop véi kiém thir
don vi. Con han ché cua kiém thtr don vi chinh 13 kiém thir don vi tip trung vao cac don
vi chuong trinh va khong thuc hién trong su phdi hop giita cac don vi 6. Va diéu nay
s& duoc khic phuc khi két hop véi thiét ké theo hop dong. Tir nhitng 1y do trén, bai bao
nay dé xuat giai phap két hop thiét ké theo hop dong va kiém thir don vi nham nang cao
chat luong phan mém huéng ddi twong.

Bai bao duoc t6 chic nhur sau. Muc 2 trinh bay vé thiét ké theo hop dong. Kiém
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thr don vi dugc trinh bay trong muc 3. Muc 4 néu cac han ché cua thiét ké theo hop
ddng va kiém thtr don vi. Tir d6, d& xuét giai phap két hop thiét ké theo hop dong va
kiém thir don vi nham khac phuc cac han ché ciia hai phuong phap trén. Cudi cing, bai
bao két thiic boi két luan.

2. Thiét ké theo hop dong

Ngay tir cac chuong trinh may tinh dau tién duoc viét, dd c6 su cb ging dé nang
cao tinh dang tin cay cho phan mém. Mot trong nhing phuong phép nang cao tinh dang
tin cay 1a thiét ké theo hop dong do Meyer dé xuét [6], xudt phat cho ngdn ngir Eiffel.
Phuong phap ndy duoc dung cho hé théng phan mém phat trién theo phwong phap
huéng dbi tuong.

Cai nhin tong quan dau tién vé thiét ké theo hop dong 1a can chu ¥ rang tinh
dung dan khong phai 13 thudc tinh cia phdn mém, ma 13 phan mém co thuc hién dung
hay khong so véi didc ta ctia nd. Cac xac nhan (assertion) dugc ding dé biéu dién nhiing
dac ta do.

2.1. Cdac xdc nhdn

Mot xac nhan 1a mot biéu thirc 16-gic bao ham mét s6 van dé ctia phan mém va
trinh bay mét thudc tinh ma céc van dé nay phai théa man khi thyc thi phén mém. bé
dién ta xac nhan, Hoare trinh bay cong thirc cua tinh dung dan [4]: {P} A {Q}

Trong d6, A biéu thi cho mot thao tic (operation), {P} la tién diéu kién
(precondition) va {Q} 1a hau diéu kién (postcondition). Tién diéu kién biéu dién cac
diéu kién phai ding bét ctr khi ndao A dwoc goi; hau diéu kién biéu dién cac diéu kién
ma A phai dam bao khi thue hién xong.

2.2. Tién diéu ki¢n va hdu diéu kign

Tién diéu kién va hau diéu kién duoc st dung dé dinh nghia ngir nghia cac
phuong thirc. Chung chi rd nhiém vy dugc thi hanh bd1 mot phuong thic. Viéc dinh
nghia tién diéu kién va hau diéu kién cho mot phuong thue 1a cach dé dinh nghia mot
hop dong, hop dong nay rang budc phuwong thirc va cac 101 goi dén né.

Tién diéu kién mod ta su rang budc ma v4i su rang budc nay, phuong thic s&
thuc hién mot cach dung dan. D6 1a nghia vu cua trinh khach - trinh goi (client) va 1a
quyén loi ctia trinh cung cip (supplier).

Hau diéu kién dién ta cac thudc tinh tir két qua thuc hién mot phuong thire. D6
13 nghia vu cua trinh dap ung va 1 quyén loi cua trinh khach.

2.3. Diéu ki¢n bit bién ciia I6p (class invariant)

Tién diéu kién va hau diéu kién biéu dién céc tinh chét ctia mdi phuong thirc.
Céc diéu kién bat bién cua 16p mo ta cac rang budc toan ven cua 16p, cac rang budc nay
phai dugc tudn thu qua tit ca cac phuong thirc trong 16p. Piéu kién bét bién cua 16p
duoc thém vao véi tién diéu kién va hau diéu kién cia mdi phuong thirc cua 16p:

{INV & P} A {INV & Q}
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INV 1a diéu kién bét bién duoc thém vao. Diéu nay thé hién rang bat bién INV 1a khong
thay doi trude va sau khi thyc hién A.
2.4. Vi pham hop dong

Céc hop ddng mb ta viée quan 1y mot phuong thirc voi phuong thire khac: day 1a
su két ndi phan mém - phan mém. Chung biéu dién cac diéu kién dung din. Vi vay, su
vi pham hop ddng 13 biéu 1 16i trong phan mém: sy vi pham tién diéu kién biéu 16 16i &
trinh khéch (trinh goi); sy vi pham hau diéu kién biéu 10 15i & trinh dap ung; sy vi pham
diéu kién bt bién ndi 1én rang phuong thirc da khong duoc thyuc hién mot cach phi hop
— diéu nay biéu 16 16i ¢ trinh dap tmg.

2.5. Loi ich ciia hop dong

Thiét ké theo hop dong yéu cau viét cac xac nhan ciung lic véi viée viét phan
mém. Piéu nay dem lai nhimg wu diém nhu: tao duoc mot phan mém dung boi vi nd
dugc thiét ké cho tinh ding dén; dé dang cho viéc viét tai liéu phén mém; cung cép mot
nén tang cho hé théng kiém thir va g 15i.

3. Kiém thir don vi

Phan 16n cac phuong phép thiét ké phan mém déu din dén chia phan mém thanh
nhitng mo-dun hay chuong trinh nhé ¢é cac dir lidu vao, két qua riéng. Chiing ta goi cac
mo-dun hay chuong trinh d6 14 cac don vi phan mém. Pdi voi phan mém phat trién theo
hudéng ddi tuong, mdt don vi co thé 1a mot phuong thirc hay tham chi mot 16p. Kiém thu
riéng 1& timg don vi dugc goi 1a kiém thir don vi. Trong phan 16n cac truong hop, cac ki
thuat kiém thir chirc niang thudng duogc sir dung dé kiém thir don vi. Cac dit licu thir s&
thuong dugc tao ra dua trén phan tich tai liéu dac ta, tai liéu thiét ké. Tuy nhién, ddi véi
cac phan mém doi hoi sy chit ché cao, cac k¥ thuét kiém tht tinh va kiém thir cdu tric
duoc su dung.

4. Giai phap két hgp thiét ké theo hop dong va kiém thir don vi

Nhitng diéu kién cua hop déng s& duoc kiém tra va bat ct sy vi pham nao trong
hop ddng ciing s& duoc phat hién. Tuy nhién, han ché cua thiét ké theo hop dong do 1a
cac xac nhan s& tré nén vo ich néu nhu phuong thirc khong bao gid duoc goi. Piéu nay
s& dugc khac phuc khi chung ta dung kiém thir don vi, boi kiém thtr don vi cho phép
kiém thir kha ning bao phii ma nguon. Bén canh d6 1a kha ning ty dong va bao cao tong
két khi dung kiém thtr don vi. Két qua cua kiém thir don vi dugc tong két va bao céo
mot cach dé dang.

C6 mdt vai su khac nhau co ban gitra vi¢c kiém tra xac nhan thiét ké theo hop
dong va kiém thir don vi. Kiém thir don vi tép trung vao cac don vi chuong trinh ma
khong ¢ su phéi hop giita chung. Dic biét, kiém thir don vi 1a mot cong cu nghéo nan
cho viéc kiém tra cac tién diéu kién. Cac han ché nay s& duoc khic phuc khi dung thiét
ké theo hop dong.

Tur phén tich trén, nham nang cao chat lugng phan mém, bai bao nay dé xuat
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giai phap st dung két hop thiét ké theo hop ddng va kiém thir don vi.
4.1. Gidi phdp cho kiém thir don vi

Hién nay, c6 cac phan mém duoc xay dung sin va duoc tich hop vao moi trudong
1ap trinh dé thuc hién viéc kiém thir don vi, nhu JUnit (cho Java), csUnit (cho C#) [2].
Bai bao nay st dung csUnit dé kiém thir don vi cho C#. Trong bai b4o nay, ching toi
khong gi6i thiéu mot cach chi tiét vé csUnit.

CsUnit tranh cho nguoi 14p trinh phai 1am di 1am lai nhitng viéc kiém thir nham
chan bang cach tach biét ma kiém thir ra khoi ma chuwong trinh, dong thoi tw dong hoa
viéc t6 chitc va thi hanh cac bo dit liéu kiém thr.

4.2. Gidi phdp cho thiét ké theo hgp dong

Ngon nglt .NET noéi chung va ngobn nglt C# ndi riéng ngay cang trd nén quan
trong va duoc sir dung rong rdi. Nhung that dang tiéc 1a cac ngon ngit phd bién nay lai
chua c6 cac chirc ning/cong cu hd tro san c6 cho thiét ké theo hop dong mot cach bai
ban nhu Eiffel hay cong cu iContract hd trg cho Java... Vi vdy, ngoai cong cu san c6 1a
csUnit hd trg cho kiém thir don vi thi viéc xay dung cong cu hd trg cho thiét ké theo
hop dong cho .NET la nhu ciu cap thiét.

Bai bao nay nay xay dung cong cu hd trg cho thiét ké theo hop dong bang cach
phat trién mot thu vién hd tro “hop dong”. Thu vién nay cb cac chic ning can thiét hd
trg cho cac hop dong va cac quy dinh cho viéc goi cac chirc ning nay.

Chung ta c6 thé xay dung duoc thu vién cung cip mot tap cac phuong thirc cho
viéc dinh nghia cac tién diéu kién, hau diéu kién, cac diéu kién bat bién ciia 16p. Sau khi
xdy dyng thu vién, ching ta c6 thé tham chiéu dén n6 trong trinh mg dung khach NET
duoc viét boi bat ky ngdn ngit ndo cua NET. Sau d0, nhitng gi can 1am chinh 13 nap vao
khong gian tén DesignByContract. V&i mdi mot du 4n, khi nap vao khong gian tén
DesignByContract, ta c6 thé:

1. Sinh ra cac xac nhan g& rdi thay cho cac ngoai 18.

2. Cho phép tach biét hodc vo hiéu hod viéc kiém tra cac tién diéu kién, hau diéu
kién, bat bién va cac xac nhan.

3. Cung cip su mo ta cho mdi xac nhan, hoic khong. Néu khong cung cép thi
framework s& chi ra nhiing loai 15i - tién diéu kién, hau diéu kién, ... da sinh ra.

4. Pinh nghia cac qui tac khic cho cac ban dich g rdi va cac ban dich phat hanh.

Dé cho phép hay khong cho phép kiém tra d6i véi timg loai xac nhan trong hop
ddng, co cac dé xuét dugc dua ra:

e DBC CHECK ALL - Kiém tra cic x4c nhan — bao gom viéc kiém tra cac tién didu
kién, hau diéu kién va c4c bat bién.

e DBC CHECK INVARIANT - Kiém tra cac bat bién — bao gdm viéc kiém tra cac tién
diéu kién va cac hau diéu kién.

® DBC CHECK POSTCONDITION - Kiém tra cac hdu diéu kién - bao gom viéc kiém
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tra cac tién diéu kién.

® DBC CHECK PRECONDITION - Chi kiém tra tién diéu kién, vi du, trong ban dich
phat hanh.
Minh hoa cach dung thu vién hd trg (viét bang C#):

using DesignByContract;

public void Test (int x)
{
try
{
Check.Require(x > 0, "x must be positive.");
}
catch (System.Exception ex)
{

Console.WriteLine (ex.ToString());

Require la phuong thirc kiém tra tién diéu kién da duoc x4y dung trong thu
vién, phuong thirc nay thudc 16p check cta khong gian tén DesignByContract.
4.3. Ung dung gidi phdp két hop thiét ké theo hop dong va kiém thii don vi
Chang han, cin viét mot ing dung don gian dé quan 1y ddy céc bai bao trong
pham vi mét tap chi. Chung t6i xay dung 16p Magazinelndex dé co thé lam viéc duoc
v6i mot 16p Magazine. Vi vay, 16p Magazine c6 thé quan 1y mét sé 10p Article. Cong
viée trudc hét s& lam 1a can khoi tao mot ddi tuong (cbtMagazineIndex) cia 16p
Magazinelndex va thém mot tap chi (AddMagazine(.)) vao dbi tugng
cbtMagazineIndex. Xay dung ma kiém thtr don vi cho hai cong vi¢e trén dugce trinh
bay nhu sau:
Ma chuong trinh dé thuc hién cac ca kiém thu don vi:
using System;
using csUnit;
namespace Magazine
{
[TestFixture]
public class TestMagazineIndex
{
[Test]
public void CheckNew ()
{

MagazineIndex cbtMagazinelndex;
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cbtMagazineIndex = new MagazineIndex();
Assert.NotEquals (cbtMagazineIndex, null);

}

[Test]

public void CheckAddMagazine ()

{
MagazineIndex cbtMagazinelIndex;
cbtMagazineIndex = new MagazineIndex () ;
cbtMagazineIndex.AddMagazine ("Computerworld Magazine");

Assert.True (cbtMagazineIndex.IsMember ("Computerworld
Magazine"));

Py}

Thudc tinh [TestFixture] dugc dung dé ra hiéu (cho csUnit) rang 16p theo sau
thudc tinh s& bao ham viéc kiém thir. Trong trudong hop nay, 16p TestMagazine duoc dit
trudc véi thude tinh [TestFixture]. Chi ¥ rang thudc tinh [TestFixture] chi ¢6 thé duoc
dung cho cac 16p, khong phai cho cadc phuong thirc trong pham vi cac 16p. Bén trong
16p TestMagazinelndex, cac phuong thirc dugc dat trude voi thudc tinh [Test] thi méi
dugc thue hién kiém thtr. Thudc tinh [Test] chi co thé duoc dung trong pham vi céc 16p.
Céc phuong thirc duge dat trude voi thude tinh [Test] va phai ldy hinh thirc: public void
MyTest( ) thi méi duge kiém thir. Néu phwong thirc khong thé hién duéi dang public
void MyTest( ) thi cac xac nhan kiém thir s& bi bo qua boi csUnit.

Muc dich kiém thir mé ta trong doan ma chuong trinh trén 1a rat rd rang:

e Tao ra mjt ddi tuong ciia 16p MagazineIndex; kiém tra rang d6i tugng khong tra
vé gia tri Null.

e Thém moét tap chi vao 16p MagazineIndex; kiém tra tap chi thém vao 1a phan tir
cua 16p Magazinelndex.

Dudé1 day 1a ma chuong trinh ing dung Magazine:
using System;
using System.Collections;
namespace Magazine
{

public class MagazineIndex
{
public MagazineIndex ()
{
}
public void AddMagazine (string MagazineName)
{

Magazinelist.Add (MagazineName) ;
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public bool IsMember (string MagazineName)
{

return MagazinelList.Contains (MagazineName) ;
}

private ArrayList MagazinelList = new ArrayList();

Thyc hién kiém thir don vi véi csUnit. Két qua cho biét kiém thir don vi khong
tim théy 16i. Diéu dé c6 dam bao réng chuong trinh ing dung da hoan chinh ? Dé tra 1oi
cho cau hoi nay ching ta tiép tuc xem ly giai dudi day.

RﬁIﬁnglécﬁng\décAddMagazine(string MagazineName)phéidénlbéoréng
(tién diéu kién) MagazineName khong dugc la chudi réng. Pong thoi, sau khi thuc
hién AddMagazine (...) thi phai dam bao (hau diéu kién) s6 phan tir ciia MagazineList
phai ting 1én. Ung dung trén di bo qua cac rang budc ndy. Luc ndy, viée can lam 13
thém vao cic xac nhan kiém tra cac rang budc trén. Khi d6 ching ta c6 chuong trinh véi
céc xac nhan thém vao theo hop dong.

Thiét ké theo hop déng cho phuong thic AddMagazine (string
MagazineName)

#define DBC_ CHECK PRECONDITION
#define DBC_CHECK POSTCONDITION
using System;
using System.Collections;
using DesignByContract;
namespace Magazine
{

public class MagazineIndex

{

public void AddMagazine (string MagazineName)
{
// Check Pre-Condition

Check.Require (MagazineName != "", "MagazineName must not
be empty"):;

int oldCount=MagazineList.Count;
MagazineList.Add (MagazineName) ;
// Check Post-Condition

Check.Ensure (MagazinelList.Count > oldCount, "newCount must
be > oldCount");

}

Khi dung csUnit dé kiém thir don vi, chiing ta nhan dugc két qua khong tim thay
.
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16i. Tuy nhién, kiém thir don vi s& hitu ich khi chuwong trinh ¢6 131 dwoi day. Gia st
phuong thirc AddMagazine (..) xay dung khac véi dac ta:
public void AddMagazine (string MagazineName)
{

// Check Pre-Condition

Check.Require (MagazineName != "", "MagazineName must not be
empty") ;

int oldCount=MagazineList.Count;

MagazinelList.Add (MagazineName.ToUpper()) ;

// Check Post-Condition

Check.Ensure (MagazineList.Count > oldCount, "newCount must be >
oldCount") ;

}

bac td cho phuong thic addMagazine (string MagazineName)chi yéu cAu
thém vao mot tap chi ma khong yéu cau phai doi tén tap chi MagazineName thanh in
hoa. Thé nhung ngudi lap trinh dd lam mot viée thira so voi dic ta 1a
MagazineList.Add(MagazineName.ToUpper()).fnélnéységﬁyraléhléinay
s& bi bo qua boi cac xac nhan thiét ké theo hop dong. Tuy nhién khi str dung CsUnit s&
phat hién ra 16i nay.

CsUnit di thanh cong trong viéc tim thay 16i tai vi tri CheckAddMagazine. Diéu
nay ching t6 phuong thirc AddMagazine (string MagazineName) di xuat hién 15i.
Cong viéc lic nay don gian 13 sta lai md chwong trinh, doi cdu lénh
MagazineList.Add(MagazineName.ToUpper())thénhngazineList.Add(MagazineName

Nhu vay, ing dung trén minh hoa sy két hop thiét ké theo hop dong va kiém thir
don vi ding cho ngén ngit NET di khic phuc duoc nhitng han ché cua thiét ké theo
hop dong ciing nhu ciia kiém thir don vi.

5. Két luan

Giai phap két hop thiét ké theo hop dong va kiém thir don vi duoc p dung trén
tmg dung cu thé cho thiy hiéu qua dé phat hién 16i. Hai k¥ thuat hd trg cho nhau nham
phat hién 15i mot cach t6t nhat. Bai bao dé xuét sir dung cong cu csUnit két hop ciing
thu vién hd tro thiét ké theo hop dong duogc xdy dung cho cac ngdn ngit .NET.

Budc dau, bai bao chi méi ding lai & ing dung minh hoa don gian, tuy nhién
giai phap s& duoc tiép tuc trién khai ap dung trén cac ing dung phirc tap hon nham danh
gia tdt hon két qua thu dugc. Trong tuong lai, viéc phat trién mot cong cu hd trg hoan
chinh két hop vira kiém thtr don vi vira thiét ké theo hop dong s& dugc hudng dén.
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