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Tém tt
Bai bao nghién ciru linh vire tr dong hoa quy trinh phat trién phan mém, bai toan sinh di
ligu kiém thev tw dong, hwong giai quyét cung cac kho khan. Dé xuat cach tiép cén biéu
dién thugt toan da trén khai niém do thj, img dung vao giai quyet bai toan sinh di liéu
kiém tha tr dong.
Tor khoa: Ty déng hoa phat trién phdn mém, sinh di# liéu kiém thd, biéu dién thuat

toan. Abstract

In this paper, the automated software development issue and test data generation
problem are presented with solutions and challenges. Approach to represent algorithms
based on graph concepts is proposed and applied to solving the problem of automated
test data generation.
Keywords: Automated software development, test data generation, expressing algorithms.

1. Bai todn tu ddng hda phat trién phan mém va tu dong hda kiém thr phan mém

Quy trinh phat trién phdn mém théng thwérng gdm céc giai doan: Xac dinh yéu ciu, thiét ké,
lap trinh, kiém the, tich hop trién khai. Tuy thudc vao tirng dw an cu thé ma cac giai doan nay c6
thé tuan tw hoc 1ap lai.

Hién nay trong Iinh virc tw ddng héa phat trién phdn mém, cac bai toan dang dwoc quan tam
la sinh m& ngudn tw déng va sinh di liéu kiém thir tw dong.

V6i bai toan sinh ma nguén ty dong, dau vao la ban thiét ké, dau ra |a biéu dién cta ban
thiét ké bang ci phap ctia mét ngdn ngir 1ap trinh nao dé (ndi cach khac la ma ngudn).

V@i bai toan sinh di liéu kiém thir (test data generation), dau vao la cac ban dac ta (yéu cau,
thiét ke) ma ngudn, dau ra |a di¥ liéu dau vao cua phan mém ma can kiém thtr tai d6. Khi cé dau
vao can kiém thtr, thi cé thé xac dinh dau ra chuan ctia phan mém tai diu vao d6 theo mé ta clia
phan mém (test oracle), cap gia tri ddu vao va dau ra chuan hinh thanh l1én mét trwérng hop kiém
thir (testcase) d& ngudi kiém thir (tester) thuwc hién kiém thir. Viéc kiém thr théng thudng c6 nhiéu
cap do, nhw Unit Testing dé& kiém th&r cac don vi ma nguén, Integration Testting dé kiém thtr viéc
tich hgp cac don vi ma ngudn, System Testing va Acceptance Testing dé& kiém thd toan bd hé
thdng phan mém (Hinh 1). Viéc sinh d@ liéu tw dong thu@ng ap dung cho mtre Unit Testing va
céch tiép can truyen thdng trong bai toan sinh di liéu kiém ther hién nay 14 dwa vao ma ngudn
(kiém thr hop tréng - whitebox testing). Trong khudn khd bai béo nay, cac tac gia tap trung vao bai
toan tw déng hda sinh dir liéu kiém thir & mrc Unit Testing.

| Acceptance Testing (Kiém tht chap nhan) |

| System Testing (Kiém thtr hé théng) |

*

| Integration Testing (Kiém thi tich hop) |

f

| Unit Testing (Kiém thtr don vi) |

Hinh 1. Cac mdre dé kiém ther
V&i bai toan sinh div liéu kiém thr véi phwong phap hop trang, cach thuc hién cé thé gdm
cac bwéc chinh nhw sau [1]:
- Xay dyng @6 thj chu trinh tr m& ngudn (control flow graph - CFG), mé&i dinh cta dd thj 1a
mét dong ma thwe hién viéc tinh toan hoac x ly diéu kién;
- Tt d6 thi xac dinh cac dwdng di tir diém bét dau dén diém két thic chwong trinh;
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- V&i méi dwong di, xac dinh cac diéu kién déi véi dau vao dé chwong trinh thuc thi theo
dworng di d6. Chon mét dai dién thda méan diéu kién.

Vi phwong phap nay, chwong trinh ¢6 bao nhiéu dudng the thi thi co thé co bay nhiéu
testcase. Tuy nhién, néu chuong trinh c6 ré nhanh, vong lap thi sb Iuo’ng dwong thue thi co thé rat
I&n. Trong trwérng hop nay, c6 thé chi can tim cac dudng co s& va tlr cac dwdng co s& d6 xac
dinh cac di liéu kiém thcr.

Trong ba bwéc néu trén, thi viéc xay dwng d6 thi CFG tir ma ngudn va viéc xac dinh cac
dworng di trén do thi 1a hoan toan c6 thé thwe hién tw déng bang lap chwong trinh. Tuy nhién bwéc
xac dinh diéu kién déi véi dau vao dé chwong trinh thue thi theo mét dwdng nhét dinh 1a mét bai
toan rat kho. Day thuwe chat chinh & bai toan gidi quyét thda man rang budc (Constraint satisfaction
problems - CSPs) [2, 3, 4]. Bai toan CSP dwoc dac trwung béi b ba (X, D, C), véi:

X = {X1, Xz, ..., Xn} | tAp hop cac bién;

D ={D1, D2, ..., Dn} twong (ng la cac tap hop mién gia tri ctia cac bién X;

C = {C1, C, ..., Cm} l& tap hop céc rang budc. Ci la cac ham cua X, thwong c6 dang bat
phwong trinh.

Bai toan doi hdi can tim cac gia tri cGia X trong mién D dé théa man céc rang budc C. Day la bai

toan thuodc lop NP-ddy di (NP-complete), bai toan nay khdng cé 1&i gidi trong trwérng hop chung. Dé
gidi quyét bai toan nay phuc vu cho muc dich sinh div liéu kiém thlr tw dong, da cé mot cong ddng
nghién ciru déng ddo vai rat nhiéu dé xuat tiép can nhw quay lui (backtracking), lan truyén rang budc
(contraint propagation), tim kiém cuc bé (local search), giai thuat di truyén, tién hoa [5, 6],...
Tuy nhién cac dé xuat chi thich hop cho mét I&p bai toan nhat dinh, két qua sinh di liéu kiém tho
phu thudc vao rat nhiéu tham sé, thdi gian chay lau, va thwerng khéng cé sw bdo ddm vé mét toan
hoc. Nguyén nhan chung c6 thé két luan 1a do qua it théng tin thu dwoc t ma ngudn chuong trinh
khi xay dwng d6 thi CFG cling cac rang budc, dan dén qua trinh tim kiém 1&i giai cho bai toan CSP
gdp kho khan. Xuét phat tlr thue té nay, trong bai bao dé xuat moét cach tiép can cho viéc sinh dir
liéu kiém th&r dwoc dé dang hon.

Dé tiép tuc, trwdc hét chung ta xem xét giai doan thiét ké phan mém trong quy trinh phét
trién phdn mém. Giai doan thiét k& phan mém gdm céc buéc dwoc mo ta trén Hinh 2 [7].
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Hinh 2. Cdc bwét cda giai thoan thiét ké phdn mém

Trong so dd trén Hinh 2, hoat déng thiét k& cét I8i chinh l1a thiét ké thuat toan (algorithm
design). Trong phwong phéap thiét ké hwéng cau tric, thiét ké thuat toan thé hién qua viéc thiét ké
thuat toan cho cac ham (chtrc néng) co s&. Trong phwong phap huéng dbi twong, thiét ké thuat
toan thé hién qua thiét ké thuat toan cho cac phwong thirc clia cac 16p.

Bai toan sinh m& ngudn tw dong c6 thé quy vé sinh ma ngudn tw dong tlr thuat toan, tr do
co thé suy ra bai toan sinh di¥ liéu kiém thtr tw dong ciing co thé quy vé cac bai toan sinh ma
nguon tw dong tir thuat toan (thwc chét, ma nguon chwong trinh chinh la viéc biéu di&n thuat toan
bang cu phap mot ngon nglr 1ap trinh nao do). Van dé tiép theo can quan tam dén, do |a xem xét
viéc biéu dién thuat toan trong ban thiét ké.

2. Van dé biéu dién thuat toan

Trong ly thuyet thuat toan, thuat toan cé thé biéu dién bang cac cach truyén thong la ngon
ng® tw nhién, so d6 khéi, gia ma (pseudo code),... V&i cac cach biéu di&n nay thi chi co con ngudi
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m&i hiéu dwoc thuat toan, va viéc xay dwng chwo’ng trinh, xac dinh di liéu kiém thfr cling phai do
con ngudi thye hién. N6i mét cach khac 1a vai cac cach biéu dién thuat toan truyen thong thi viéc
tw dong sinh ma nguodn, tw dong sinh di¥ liéu kiém thtr bang may tinh la khong thé thwc hién duoc.
Pé ty dong sinh ma nguon tw dong sinh di liéu kiém th&r can phai biéu dién thuat toan theo cac
cach maéi dé may tinh c6 thé hiéu duorc.

Hién nay, mét trong nhitng cach tlep can trong biéu dién thiét ké |1a dung ngdn ng XML [8].
Dé c6 thé dwa ban thiét ké (thuat toan) vao may tinh, ban thiét ké dwoc chuyén tir dang biéu dién
truyén thdng sang biéu dién bang XML, v&i biéu dién XML thi c6 thé xay dwng dwoc cac phuong
phap sinh ma ngudn va sinh di liéu kiém thir ty dong. Tuy nhién, XML la ngén ngl* qua manh mg,
qua da dang nén viéc dwa ra nhitng bd quy tic chung trong viéc chuyén dbi tv cach biéu dién
truyén théng sang XML ciing chwa cé sy théng nhét.

Trong bai béo nay, cac tac gia dé xuéat st dung khai niém do6 thi d& biéu dién thuat toan.
Viéc biéu dién thuat toan béng dd thi 1a hoan toan kha thi, thwc chat so d khéi ciing c6 thé coi la
dang biéu dién tryc quan clia do thi. Ngoai ra, voi do thi da co rat nhiéu ly thuyét da dwoc xay
dung vé viéc biéu dlen Iy trlr va xr ly trén may tinh, nén hoan toan co hy vong ve kha nang trich
rat cac thong tin can thiét t thuat toan dé phuc vu cho bai toan sinh tw ddng ma nguén hay di liéu
kiém ther tr thuat toan.

Y twéng biéu dién thuat toan bang db thj khdng phai la méi. Tuy nhién, ciing gibng nhw XML,
chuyén dbi tir biéu dién truyén théng sang biéu dién bang db thij ciing c6 nhiéu cach khéc nhau.

3. Cach tiép cén dua trén dd thj

Trong pham vi bai b&o, chiing ta s& xem xét bai toan sinh di liéu kiém tht» bang biéu dién db thi
cla thuat toan. V&i ly thuyét kiém thlr co' ban thi cling phai can dén biéu dién chwong trinh béng db thi
CFG, db thi CFG thwc chat chinh la biéu dién cla thuat toan. Vi vay, viéc dung dé thi thuat toan dé sinh
dir liéu kiém thir 1& hoan toan kha thi, ngoai ra khi biéu dién thuat toan bang db thi trong giai doan thiét
ké thi chling ta sé& nhan dwoc nhiéu théng tin hon cho viéc sinh di liéu kiém thir.

Viéc xay dwng dd thi thuat toan do nguoi thiét ké thwc hién, c6 thé tién hanh theo hai buérc,
bwdc mét 1a xay dwng so dd khéi thuat toan, buwéc hai 1a chuyén so dd khéi vé dang biéu dién dd
thi. V& cau tric téng quat, thuat toan cé thé biéu dién bang d6 thi c6 huéng G, méi dinh cta dd thi
c6 thé 1a mot phép toan hodc mot khdi ré nhanh. Vi cac dinh phép toan, khi di qua dinh nay, c6
thé coi di¥ liéu dau vao dwoc dwa qua mot ham bién ddi nao dé. Véi cac dinh ré nhanh, khi di qua,
di¥ liéu dau vao khoéng bi bién ddi, nhwng dwoc kiém tra bang mot ham ménh dé nao dé. Tuy thudc
vao ham ménh d& ma c6 thé ré nhanh no hodc nhanh kia. Va khi xac dinh thuat toan, di kém v&i
méi dinh 1a théng tin vé dir liéu vao ra tai dinh d6, thong tin vé phép toan, vé biéu thirc didu kién tai
cac khdi ré nhanh. Nhirng théng tin nay nguoi thiét ké hoan toan cé thé cung cip. Mot sb vi du vé
céac théng tin:

- Mién di liéu vao/ra tai cac dinh;

- Phan loai ham x& ly, ham ménh dé (lién tuc, roi rac, tuyén tinh, phi tuyén, bién nao la
chinh, bién nao |a phu thudc;

- Vi du vé céc gia tri thda man ham ménh dé tai cac dinh;

- Kha n&ng tuyén tinh hda, don gian hoa cac ham x(r ly, ham ménh @&, ham nguoc cla cac
ham xtr ly,...

Nhirng théng tin nay, trong nhung trwdng hop nao do sé gilp viéc giai quyét bai toan thoéa
man rang budc trong sinh di liéu kiém the dugc dé dang hon. Mot cach ngan gon, cach tiép can
dwa trén dd thj thuat toan nay khac véi cach tiép gan truyén thcgg nhw 531

- Céach truyén théng: Thiét ké (thuattoan) ~ Manguén ~ Bdthi ~ Sinh dir liéu kiém thir

, - Cach dé xuét: Thiét ké (thuat toan) ~ D4 thi + Thong tin ~ Sinh d liéu kiém thir hodc sinh ma
nguon.

4. Sinh dt liéu kiém th( tuy dong vdi biéu dién dang dd thi clia thuat toan

Chiing ta van dung y twéng ctia phwong phap hop trang dé xac dinh cac di liéu kiém thir.
Khi thuat toan dwoc biéu dién bang dbd thi thi viéc tw dong xac dinh cac dwéong di tir diém bat dau
dén diém két thuc la bai toan kinh dién trong ly thuyét do thi va da dwoc gidi quyét tron ven ngay ca
trong trwdng hop dd thi c6 chu trinh (vong I&p). Nghia 1a viéc tim duwdng di bang chwong trinh may
tinh 1a hoan toan kha thi.

Tiép theo v&i mdi dwdng di tim dwoc, can tw dong tim dir liéu diu vao cla thuat toan dé thuat
toan thuc thi theo con dwdng d6. O day, ching ta chi xem xét vi du mét trwong hop, gia st théng
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tin di kém tai cac dinh d6 thj cho biét cac ham xd ly, ham ménh dé 1a cac ham tuyén tinh va di liéu
dau vao cla chwong trinh ¢ dang so. Ky hiéu:
Puong di tim dwoc trén do thi gdm cac ham xi ly X = Fi(X) va cac ham ménh dé Gj(X)>0.
Khi do viéc tim diéu kién clia dau vao X dé chuong trinh di theo dwong di nay tré thanh viéc
gidi hé bat phwong trinh tuyén tinh:

1)
O day thir tw cac ham x(r ly, ham ménh dé trong hé bat phwong trinh trung véi thir tw ctia
cac dinh twong tng trén dwong di cda do thi.
Hé bat phwong trinh cé thé giai tw dong dwoc, thuat toan gidi gébm cac buéc chinh nhw sau:
Buwdc 1. Chuyén hé vé dang hé phwong trinh (2):

& day a 1a nhitng sé nao do Ion hon 0.

Bwéc 2. Tim hang r cia ma tran biéu dién hé @)
phwong trinh (2).

Bwaéc 3. C6 dinh n-r bién (cho cac gia tri cu thé),
gidi hé r phwong trinh dé tim r bién con lai.

Nghia &, trong trweong hop nay ching ta hoan
toan c6 thé tw déng xac dinh dwoc div liéu dau vao dé
chwong trinh thye thi theo con duwdng nao doé.

1. B4t dau

Xét vi du sinh di liéu kiém thir tir mot thuat toan
don gian, thuat toan tim gia tri Ion nhat trong 3 so thwe
a, b, c. Thuat toan c6 thé nhu sau:

Buwdc 1. Bat max = a; sai |
Buéc 2. So sanh max < b. Néu ding, gan max = b. Pung
Budc 3. So sanh max < c. Néu dung, gan max = 3, maxse
¢. Pwa ra max. Két thuc. Sai [
X - y
Do thj biéu dién thuat toan c6 dang nhw trén Hinh 7 max

3.V6i d6 thi nhw trén Hinh 3, c6 thé co cac duong
thwe t,hi ttr dinh bat dau (1. Bat dau) dén dinh két thac Y__
(8. Két thuc) nhw sau: 8 Ketthdc

Puwongl:1 "2 "3 "5 Hinh 3. D6 thi thuat toan

NV
vy
NV
NV
\1/\1
\l/CD

Puwobng2:1 ~ 2 "3 "4 "5 "7 "8
Du’(‘)’ng3:l:2 9399499599699798
Puwong4:1 "2 "3 "5 °6 "7 " 8

Chung ta xem xét viéc xac dinh dau vao dé chwong trinh thue thi theo dwdng 3. Véi cac
duwdng khac viéc xac dinh la twong tuw.

~ Théng tin trén d6 thj cho thdy cac ham xi Iy va ham ménh @é tai cac dinh 1a ham tuyén tinh,
hé bat phwong trinh d6i véi dwong 3 nhuw sau:

max = a; max—b <0; max=b; max—-c<0;max=c 3)

Hé nay c6 thé chuyén thanh hé (4), bang cach tinh bién max lan Iwot theo cac bién dau vao
va thay cac bat phwong trinh thanh phuwong trinh:

a-b=-1b-c=-2 4)
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Hang ctia ma tran hé (4) bang 2, ta c6 thé ¢ dinh a = 2, suy ra b = 3, ¢ = 5 va nhan dwoc mot div
lieu dAu vao dé kiém thir 1a (2,3,5), v&i dau vao nay thi dau ra chuan 1a 5, nghia la nhan dwoc testcase
((2,3,5),5). Twong tw d6i v&i nhitng dwong thuc thi khac. Nghia & ching ta da xac dinh dwoc div liéu
kiém thtr mot cach tw ddng hoan toan theo tiéu chi bao phu tat ca cac dwong thue thi.

5. Két luan

Vi cach biéu dién thuat toan bang dd thi ngay trong giai doan thiét k&, ching ta cé thé thu
dwoc nhiéu thdng tin hon vé dé thi nhan duoc, tir d6 cé thé gidi quyét bai toan sinh dir liéu kiém
ther tw dong moét cach dé dang hon. Hwéng phat trién tiép theo 1a xem xét viéc giai quyét bai toan
sinh di liéu kiém thir trong céac truéng hop phire tap va xem xét viéc sinh ma nguén ty déng dua
trén dd thi biéu dién thuat toan.

TAI LIEU THAM KHAO

[1] Arthur H. Watson and Thomas J. McCabe. "Structured Testing: A Testing Methodology Using
the Cyclomatic Complexity Metric". NIST Special Publication 500-235, 1996.

[2] Dechter, Rina. Constraint processing. Morgan Kaufmann, 2003.
[3] Apt, Krzysztof. Principles of constraint programming. Cambridge University Press, 2003.
[4] Lecoutre, Christophe. Constraint Networks: Techniques and Algorithms. ISTE/Wiley, 2009.

[5] Phil McMinn. Search-based Software Test Data Generation: A Survey. Software
Testing Verification and Reliability, Wiley. 2004.

[6] Chayanika Sharma, Sangeeta Sabharwal, Ritu Sibal. A Survey on Software Testing Techniques
using Genetic Algorithm. IJCSI International Journal of Computer Science Issues, Vol. 10, Issue
1, No 1, January 2013.

[7] lan Sommerville. Software Engineering (9th Edition). Pearson Education, Addison-Wesley, 2010.

[8] Anshul, Sompal, Vikas Sheoran. Automatic Code Generation Using Uml To Xml Schema
Transformation. International Journal of Advancement in Engineering Technology, Management
and Applied Science, Volume 1, Issue 2, 2014.

Ngay nhan bai: 19/03/2018
Ngay nhan ban stra: 05/04/2018
Ngay duyét dang: 09/04/2018

68 Tap chi Khoa hoc Cong nghé Hang hai S6 54 - 4/2018



