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SINH DU LIEU KIEM THU CHO MO HINH
HE THONG NHUNG SU DUNG KY THUAT
KIEM THU THEO CAP

D6 Thi Bich Ngoc
Hoc Vién Coéng Nghé Bwu Chinh Vién Théng

Tém tit: Hé thong nhung dang ngay cang dong vai trd quan
trong trong doi sdng hién dai. Cac hé théng nay doi hoi tinh
an toan rat cao. Vi vay, dam bao chét luwong cho cac hé
thdng nhung nay da va dang thu hut sy quan tdm cia ca
gidi nghién ctru va cong nghiép. Trong cac hé thong nhiing,
quy trinh kiém thir thuong yéu cau d phu cao, véi nhiéu
d6 do theo cac chuén quéc té, nhu CC, DC, MC/DC cua
ISO 26262. Bai bao nay dé xuat 1 phuong phap sinh dir
liéu kiém thur tu dong ap dung ki thuéat kiém thur theo cap
nham thu duge bo test data voi do pht cao. Thyc nghiém
cho thiy phwong phap dé xuat cho két qua tét hon so véi
kiém thir ngau nhién.

Tir khoa: D phi CC, d6 phu DC, d6 phu MC/DC, mo
hinh hé thong nhang, kiém thir, ki€m thir theo cap, tin
hiéu lién tuc

I. GIOI THIEU

Hién nay, hé théng nhung dang phat trién manh mé va
ngay cang dong vai trd quan trong trong cudc song clia con
ngudi. Hé thdng nhiing bao gom ca phan cang va phan
mém hoat dong lién két voi nhau. Nhiéu loai hé théng
nhung c6 nhitng yéu cau rat cao vé chit lrong, tinh 6n dinh
va do tin cay. Ly do 1 13i caa hé théng nhang co thé gay
ra tai nan khung khiép, dac biét 1a cac hé thong diéu khién
may bay, tén lua, hé théng diéu khién dong co 6 t6... Lai
trén hé théng nhang c6 thé khong stra dugc (vi du: vé tinh
nhan tao), néu stra dwoc thi chi phi ciing rit cao, phai thu
hdi san phdm hodc thiét ké lai toan bo. Do vay, dam bao
chat lugng cho cac hé théng nhung 1a quan trong va can
thiét.

Cung v&i su phat trién manh mé cua hé thong nhiing, cac
cong cu hd trg thiét k& m6 hinh cac hé théng nhung duoc
ap dung ngay cang nhiéu. Viéc thiét ké mo hinh hé thong
nhiing trén cac cong cu trudce khi thiét ké mau that 1a can
thiét dé d& dang phat hién, sira 18i ciing nhu chinh stra thiét
ké nham dam bao chat lwong. Vi vay, co nhiéu nghién cuu,
{mg dung hd tro viéc kiém thir mé hinh cac hé thong nhing
thiét [1,2,3,5,6,7,8,9,10,14]. Bai bao nay huéng téi bai
toan kiém thir cho mé hinh hé théng nhing.
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Hoat dong kiém thir mot hé théng phan mém noi chung
va hé théng nhang nai riéng la van dé thuong chiém tgi 30-
50% thoi gian ciing nhu kinh phi lam ra mot hé thong.
Trong d6 viéc sinh dit liéu kiém thir (test data) quyét dinh
dén chat luong cua két qua kiém thir. Mot b test data dwoc
danh gia la t5t néu co kha nang phat hién 15i cao, dat do
phu theo chuén cho trude. Pa co nhiéu tidu chudn yéu cau
vé an toan cac hé thong nhiing, nhu ISO 26262, IEC 61508,
EN-50128, IEC 60880, and DO-178C... Trong cac hé
thdng nay, yéu cau kiém thir cao hon, doi hoi phai c6 bo
test data dé phu hét tit ca cac dudng chay xay ra.

Khong nhu cac hé thdng phan mém thong thuong, tin
hiéu dau vao caa hé thong nhang la cac chudi dit liéu theo
thoi gian. Do vay, viéc sinh test data cho hé théng nhung
gap nhiéu khé khan va phic tap hon so véi hé théng phan
mém thong thudng.

Viéc kiém thir mé hinh hé théng nhang co 2 van dé
chinh;

Vén d& 1: Pau vao caa hé thong nhiing thuong la tin hiéu
lién tuc theo thoi gian. Cac phuong phap kiém thir hozc xac
minh da phan ap dung cho hé thdng vai thoi gian roi rac.
Céc nghién ctru nay sinh dit liéu kiém thir roi rac cho cac
mé hinh nhang véi muc tiéu tim 15i runtimes [3,11], vi
pham cac tinh chat dya trén dic ta hinh thuc (formal
specification) [9], va d6 phu cao [8]. Tuy nhién, dir liéu test
roi rac (discrete test data) hiém khi ton tai trong mé hinh
hé théng nhang ma la cac tin hiéu lién tuc theo thoi gian.

Van dé 2: Cac mo hinh thuong phirc tap véi s6 lugng tin
hiéu vao, tin hiéu ra, su kién 16n. Nghia la, dé kiém thir tha
cong sao cho phu hét cac truong hop xay ra la khong kha
thi. Thém vao do, viéc ap dung cac phuong phap hinh thac
hay phan tich tinh dé sinh ra dit liéu test véi d6 phu cao la
khong dé.

C6 mot sé nghién ciru lién quan téi bai toan sinh dit lidu
kiém thir cho mé hinh hé théng nhung [1,5,6,14].

Matinnejad [5, 6]) sinh dit liéu kiém thir cho mé hinh
Simulink véi thoi gian lién tuc. Tac gia hudng t6i thiét ké
cho tirng céng vao 1 tin hiéu dwa trén thuat toan tim kiém
nham thu dugc tin hiéu dau ra da dang nhat. Phuong phap
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nay khong thé ap dung dé sinh dir ligu kiém thir vai tiéu chi
cac do phu CC, DC, MC/DC vi né huéng téi mbi quan hé
gitta thay doi ciia outport va inport. Trong tiéu chi cac do
pht CC, DC, MC/DC, chung ta quan tam tai tat ca cac diéu
kién (condition) bén trong model.

Trong [1], Godboley et.al. sinh di li¢u kiém thir cho mo
hinh Simulink véi Do pha nhanh. Pau tién, tac gia sinh
code C cho m6 hinh Simulink, sau d6 ap dung cong cu
kiém thir cho code C dé thu duoc bo dit liéu kiém thir va
tinh toén céc d6 phu CC, DC, MC/DC. Van d& duy nhat
ctiia phuong phudng nay 1a né sir dung 1 céng cu kiém thir
tinh cho code C. Do vay, phuong phap nay khong kha thi
vé&i mo hinh lon.

Trong [14], Tomita d& xuat 1 phuong phap kiém thir
trong d6 mdi tin hiéu vao dwgc gan cho 1 khuén mau san
(tin hi¢u sine,step...) . Sau do, mot dir liéu kiém thir s& la 1
truong hop cu thé caa khuén mau nay. Phuong phap nay
cho phép sinh dit liéu kiém thu 1 cach dé dang Va kiém soat
viéc sinh dir liéu thong qua s6 lwong it tham sé cua khuén
mau (tan sd, bién do...) thay vi phai sinh dir liéu cho toan
bo tin hiéu. Tuy nhién, khi md hinh 16n, s6 luong inports
16n, viéc chon ngiu nhién céc loai tin hiéu khién cho cac
d6 phi CC, DC, MC/DC c6 thé khong dugc nhu ki vong.

Bai b4o nay dé xuat 1 phwong phap sinh dit liéu kiém
thir ty dong dua trén cac loai tin hiéu mau két hop véi ki
thuat kiém thir theo cap nham thu dwoc bo dit liéu kiém thu
véi d6 phu cao. Két qua thir nghiém cho thiy phuong phap
dé xuat cho két qua tét hon phuong phap kiém thir trong
[14].

Il. TONG QUAN VE KIEM THU MO HINH HE
THONG NHUNG

1.1 Cdc khdi niém co ban vé kiém thir mé hinh hé thong
nhung

C6 nhiéu cong cu ding dé thiét ké mé hinh cac hé thong
nhung, trong d6 MATLAB/Simulink 1a mdt cong cu dugc
st dung nhiéq trong ca nghién ciru va thuc té Bai béq s&
thuc hién kiém thtr cho cac md hinh biéu dién bang
MATLAB/Simulink [13].

a.  M®b hinh h¢ théng nhing Simulink
Mot md hinh hinh hé théng nhung MATLAB/Simulink,
dugc tao boi nhiéu loai blocks, bao gom: inport/outport
(vaolra),  mathematical  operator  (phép  toan),
logical/relational  operator  (phép logic/quan  hé),
(multiport) switch, delay... Cac blocks lién két véi nhau
bing lines, truyén dir lieu Boolean, integer hoic
floating/fixed point gitra chang. Pac biét, mot mo hinh hé
thdng nhang cho phép nhan dwoc mot s6 tin hiéu (cac gia
tri lién tuc theo thoi gian) bang cach s dung cac block
Inport va tao ra mot s tin hiéu du ra dwoc dai dién boi cac
block Outport.

b. Cac dp phi CC, DC, MC/DC

Trong khoa hoc may tinh, mac d6 phu (Test coverage)
la mot thuée do dugc st dung d€ mo ta mac d6 mot hé
thdng dugc thuc thi trén mot bo test data cu thé. Mot bo
test data c6 mirc do phu cao s& lam cho nhiéu block trong
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hé théng duoc thuc thi dwoc trong qua trinh kiém thir. Vi
vdy, s& c6 kha nang phat hién duoc nhiéu 15i hon.

Yéu cau thong thuang cho viéc kiém thir mé hinh 1a mot
bo test data co d6 phu cao. Trén thuc té, chuan 1SO 26262
(“Road vehicles — Functional safety”) yéu cau kiém thir va
danh gia cac do phu CC, DC, MC/DC. MATLAB/Simulink
c6 mot cong cu phuc vu viéc danh gia Bo phu nay:
Simulink Design  Verifier (SLDV) va Simulink
Verification and Validation (V&V).

Decision coverage (DC) hay con dugc biét dén 1a Branch
coverage (Bao phu nhanh). B phu DC danh gia s lugng
cac cac diém quyét dinh, r& nhanh (nhu 14 if, switch ...)
trong hé thong duoc thuc thi cho ca truong hop gié tri true
va truong hop false khi thyc hién kiém thu.

Condition coverage (CC) twong tu nhu bao phu quyét
dinh nhung n6 c6 d6 nhay t6t hon véi cac diéu kién con.
Do phu DC danh gia sd lugng cac biéu thirc Boolean con
trong timg diém quyét dinh cta hé thong cho ca trudng hop
gié tri true va truong hop false khi thyc hién kiém thir. Cac
biéu thirc boolean con duoc phan tach bang cac phép logic-
AND hoic logic-OR néu cung xay ra

Modified condition and decision coverage (MC/DC) la
mirc danh gia chi tiét cho timg biéu thirc diéu kién. Do phu
MC/DC danh gia sb lugng cac biéu thirc Boolean con trong
ting diém quyét dinh ctia hé théng cho ca truong hop true
va truong hop false va gia tri nay s& phai quyét dinh téi ca
gia tri diéu kién cha cta no.

¢.  Kiém thir m hinh h¢ thong nhiing dwa trén tin

hi¢u miu

Mot test data cho mé hinh h¢ thong nhung dugc xem nhu
la 1 vector cua c4c tin hiéu inport. Cac tin hiéu co thé ¢
dang bt ki. Tuy nhién, cac tin hiéu inport dwoc cung cap
bai cac thiét bi didu khién, hodc duoc sinh ra boi mot ddi
tuong vat ly va thuong tuan theo cac dinh luat vat ly. Do
viy, ta khong nhat thiét phai st dung cac tin hiéu bat ki.
Ngoai ra, viéc sir dung cac loai tin hiéu vao mau (sine,
step,...) sé glup diéu khién t1n hiéu don gian hon vai chi
mot vai tham sb (V1 du, tan sb, cuong do...). [14] st dung
cac tin hiéu mau dé sinh test data cho mé hinh Simulink.

Pinh nghia 1[14]: Test data/B6 Test data.

Mot test data la mot nhom cac tin hiéu dau vao. Mot bo
test data la mot tap cac test data.

V&1 mot test data, d6 phi cua mé hinh nhdng la d6 phu
cua cac ddi trong trong mé hinh. Do phu cia mé hinh cho
mot b test data la tdng hop cac d6 phu cua ting test data.
Trong céc d6 phu DC, CC va MC/DC, dbi twong dé danh
gia la block co cac hanh vi logic. Trong Simulink, thi chaing
la block logic, phép relation, block chuyén d6i (multiport
switch), cac subsystem véi cac cong diéu khién hoat
dong...

Dé ¢6 thé kiém thir mo hinh hé théng nhung, ta can dua
cac test data vao mé hinh va gan cho mdi inport 1 tin hieu
tuong thich sau d6 chay md phong v6i cac inport nay rdi
danh gia d¢ phu twong Gmg. Dé lam didu d6, mot md hmh
harness dugc tao ra tir mé hinh gbc, trong d6 mé hinh gbc
duoc thé hién nhu 1 hé thong con (Test unit). Cac test data
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¢6 thé dua vao qua khdi 1énh Signal Builder (Inputs) trong
Simulink va phéan phdi cho cac inport tuong tmg cua Test
unit thong qua khdi Size-Type. Hinh 1 minh hoa 1 hé
thdng harness nhu vay.

Size-Type
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target target
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Inputs Fest Unit =

Ref

Hinh 1: M hinh h¢ thong nhing harness trong
Simulink cho phép thém céc test data.

binh nghia 2[14]: D6 phu

Mot test data la phu DC day da néu, dbi véi mdi ddi
tuong dé danh gia b, tit ca gia tri ra c6 thé cia b déu duoc
xay ra tai mot thoi diém nao do bai mot test data trong bo
test data. Mot test data la phu CC day du néu, véi méi diéu
kién c caa b, mdi gia trj ra co thé cua ¢ xay ra tai mot thoi
diém nao d6 boi mot test data trong bo test data. Mot test
data la phu MC/DC day du néu, d6i vai mdi b ma quyét
dinh phu thudc vao nhiéu diéu kién cy, ..., ¢y, test data bao
gom céc test data trong do6 ting cm anh hudng doc lap dén
decision cua no.

Tu tudng cua viéc sinh test data dya trén tin hiéu mau
nhu sau : d6i voi mai ca kiém thi truyén vao, tién hanh tinh
toan cac do phu DC, CC, MC/DC cho md hinh. Néu d6 phu
cua ca kiém thir sau 16n hon hodc bang ca kiém thir trude,
hién thi két qua tinh toan do pha 18n man hinh. Sau khi tinh
toan hét 6 phu cua cac ca kiém thir, két qua tra vé 1a cac
d6 phu DC, CC, MCDC cao nhit va b test. Cu thé:

Budc 1: Sinh ngau nhién mot test data tng vién (1a mot
nhom cac tin hiéu inport).

Budc 2: Chay mo phong cho mé hinh vai test data vira
sinh va danh gia d6 phu cua né. Viéc chay moé phong va
danh gia cac d6 phu CC, DC, MC/DC.

Bude 3: Néu test data nay lam tang d6 phi DC hoic CC
hoac MC/DC, ta thém né vao bo test data.

Budc 4: Cac budc trén dugc thuc hién lap di 1ap lai cho
t6i khi dat do phi téi da hodc dat téi ngudng sé lwong
lan 1ap cho trudc.

11.2 K7 thudt kiém thir theo cdp

Pairwise testing (hay All- pairs testing) [12] la mot
phuong phap kiém thi hop den. bang cach sur dung phuong
phap t6 hcp dé kiém tra tat ca sy két hop roi rac co thé cua
cac tham s6 lién quan. Phuong phap nay dua trén su quan
sat cho thay phan 1on 161 déu bat nguon tir sy tuong tac gitra
hai tham sb. Do d6, pairwise testing tao ra cac ca kiém thir
phu hét gia tri cua hai tham sé. Thuc nghiém cho thiy,
Pairwise testing co kha ning sinh test data phi MC/DC t6t
hon so véi kiém thir ngdu nhién [12].

Phuong phap palrW|se testlng bao gom:
* Lya chon tham s6 dau vao va céac gia tri tuong u’ng
« Léy t6 hop (pairwise) cta cac gia tri gitra 2 tham so
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« Xay dung b test sao cho bao phu dugc tt ca cac cip
xac dinh ¢ trén.
Liy mot vi du don gian nhu sau:
Mot M6 hinh hé théng nhing c¢6 4 inports, trong d6
inportl nhan gid tri {1,2,3}; inport2 nhan gia tri {4,5},
inport3 nhan gia tri {1,2,5,6}, inport4 nhan gia tri {1,5}

Bang 1: CAc ca kiém thir theo cdp

Inportl Inport2 Inport3 Inport4

4 6 1

N[N R RFR|lww|w|R| NN
INNFS IR RN TS I NN IS IR I NN NN S, RS
olk|lo|r|lo|v oo ao|kN
Rl |lalo|lo|r|alk oo

Khi ap dung k¥ thuét kiém thir theo cip, ta c6 tat ca 13
ca kiém thir phu hét tit ca cac cap gia tri xay ra cta 2 inports
bt ki.

Chi tiét vé k§ thuat pairwise testing c6 thé tham khéo tai
[13], vi vay, trong pham vi bai bao nay s€ khong trinh bay
lai ky thuat sinh pairwise test nira.

I1l. AP DUNG KIEM THU THEO CAP CHO SINH
DU LIEU KIEM THU MO HINH HE THONG
NHUNG

111.1. M ho& va giai md mién dit liéu ddau vao tirong tng
v6i ky thudt kiém thir theo cip

Mb hinh hé théng nhing dang & dang so dd véi cac
inport, va mot file mo ta cac tin hiu sé€ sir dung dé tmyén
Va0 Céc inport.

Tuy nhién, do yéu ciu cta ky thuat kiém thtr theo cap
can dau vao 1a cac tham s, mdi tham sb nhéan cac gia tri
roi rac, khong phai 1a cac tin hicu.

Vi vdy, ta can md hoa mién dit liéu ddu vao thanh cac bo
tham sd va gia tri dua theo dinh nghia sau.

Pinh nghia 1: Cho mé6 hinh M, mién dit liéu D =
{(pl, . pn) | pie {1,....ki }}, véi tham s pi twong (mg véi
déu vao thir i trong m6 hinh M, {1,...ki} 1a chi sb cho cac
loai tin hiéu dau vao thir i c6 thé nhan.

Vi du 1: Pau vao cia md hinh I Inportl va Inport2, suy
ra sé dau vao cia md hinh la 2.

Gia sir, Trong méi Inport, ¢6 6 logi tin hiéu duwoc sir
dung: Sine, Step, Square, Linear, Constant, Triangle. Ta
ddnh chi s6 cho Sine 1a 1, Step 1a 2, Square 1& 3, Linear l&
4, Constant 1a 5, Triangle 1a 6. Do vdy, sé tin hiéu sé sir
dung cia méi dau vao la 6, ta ma hod lan lwot la 1,.., 6. Do
a6, mién D la: {(inportl, inport2)| inportl, inport2
€{1,2,3,4,5,6}}
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Sau khi ap dung ki thuat kiém thir theo cip, ching ta s&
thu duogc cac bd gia tri (vi,...,vn) ddm bao phu hét cac cap
gid tri xdy ra ctia 2 tham sb pi, pj bat ki. Chung ta can
chuyén bo gié tri nay thanh test data ciia mé hinh M tirc 1a
twong trng voi inport i ctia mo hinh M, s& nhén tin hiéu thir
Vi.

1.2, Thudt todn d@é xudt

Dé ap dung k¥ thuat kiém thir theo cip vao sinh di liéu
kiém thir cho mé hinh hé théng nhung, ta can cai tién thuét
toan cuia ctia Tomita [14] dé co thé 4p dung k¥ thuat k¥
thuat kiém thir theo cip, cu thé ta phai bo xung cac yéu cau
sau:

- ta can M4 hod thdng tin cAc inport ciia md hinh thanh
dang tham s6 (1a inport) gia tri (la cac loai tin hiéu ma
inport d6 c6 thé nhan) dé thanh du vao cua ki thuat kiém
thir theo cap

- thuc hién sinh cac ca kiém thir theo cap dé phu hét cac
cap gia tri ciia 2 tham s6 bét ki (1a bat ki t6 hop cua 2 loai
tin hi¢u cua 2 inports).

- bién ddi cac ca kiém thir theo cdp thanh cac tin hiéu
dau vao cho mé hinh hé thdng nhiing.

Nhu vy, thay vi lya chon loai tin hi€u cho cac inport 1
cach ngdu nhién, cac loai tin hiéu s& duoc gan cho cic
inports theo ki thuat kiém thir theo cap.

Thuat toan 1 duoc d& xuit nhu sau.

Thuat toan 1: Sinh Testsuite ap dung ky thuit
pairwise testing
Input:

- md hinh cho kiém tht MT

- md ta cldu hinh céc loai tin hiéu C
Output:

- test data T

Cac budc thyc hién:

Begin

D = encode (MT, C);
PT = pairwise (D);
ST = decode (PT);
T= @;
Coverage = (0,0,0);
for t € ST
begin
simulation (MT,t);

tCoverage = checkMCDC () ;
if (Coverage <tCoverage)
begin
T =T U {temp};
Coverage = tCoverage;
end if;
end for;
return T;
end;

Trong Thuat toan 1:

e Ham encode(MT, C) s& lay thong tin cac inport ctia
mo hinh MT, cung véi md ta cAu hinh céc loai tin
hiéu C, tir 46 ma hoa thanh mién dit liéu D theo
Dinh nghia 1.

e Ham parwise(D) s€ ap dung ki thudt pairwise
testing dé sinh bo test data PT tuong tmg vé6i D.

e Ham decode (PT) s& bién ddi timg phan tir ciia PT
thanh test data ciia MT, tte 1a bd tin hiéu dau vao
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cu thé twong tng véi chi s ctia no.
e Ham simulation(MT,t) thuc hién chay mé phong
cho mé hinh MT véi thiét lap inport Ia t.
e Ham checkMCDC() tra vé gia tri phu theo DC, CC,
va MC/DC khi chay thém mé phong vai t.
Thuat toan nay chi lya chon cac test data t vao tap test
data T néu mo phong MT véi t lam tang d6 phu DC, hodc
CC, hoac MC/DC.

IV. THUC NGHIEM VA PANH GIA

Thuat toan dé xudt duoc cai dat va thur nghiém béng
mScript trén moi truong MATLAB dé sinh dit liéu test cho
cac md hinh biéu dién bing MATLAB/Simulink, véi dau
vao 12 1 mé hinh Simulink, 1 file dic ta cac tin hiéu, ddu ra
s€ 1a bo test data va d6 phu twong ung.

4 mo6 hinh dugc lya chon tir cac mo6 hinh dugc ap dung
trong thuc té clia cac hé théng nhung trong diéu khién 6 to.
Bang sau md ta cac md hinh bao gdm s6 luwgng blocks trong
mo hinh, sb luong inport twong tng.

Bang 2: Danh sach model thir nghiém

Model No. S6 lrgng S6 lugng
block inport
Model 1 325 2
Model 2 501 2
Model 3 453 19
Model 4 2432 51

Ba thir nghiém duoc thuc hién dé danh gia cac do phu
DC, CC, MC/DC va so sanh gitra kiém thtr ngiu nhién va
phuong phap dé xuét (4p dung kiém thir theo cip). Dé dam
bao viéc so sanh 1a cong bang, sé lwong lan 13p va thoi gian
thuc hién dwoc cau hinh giéng nhau gitta kiém thir ngau
nhién va phuong phap dé xuat. Két qua thir nghiém duoc
chi ra & 3 bang sau (Bang 3, Bang 4, Bang 5) va biéu do
minh hoa twong tmg (Hinh 2, Hinh 3, Hinh 4). Két qua ¢
dang % s6 DC (hay CC, MC/DC) ma céc ca kiém thir da
phit duge trén tong s6 DC (hay CC, MC/DC) c6 trong md
hinh.

Bdng 3: So sanh dé phii DC gitra random va pairwise

Model No. random (%) |Pairwise (%)
Model 1 86 86
Model 2 33 33
Model 3 85 85
Model 4 84 89
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Hinh 2: Biéu d6 so sanh d6 phu DC

Bdng 4: So sanh d¢ phu CC gitta random va pairwise

Model No. random (%) |Pairwise (%)
Model 1 93 93
Model 2 66 69
Model 3 71 77
Model 4 56 63
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Hinh 3: Biéu d6 so sanh d¢ phu CC
Bang 5: So sanh dé phi MCIDC giira random va pairwise

Model No. random (%) [Pairwise (%)
Model 1 63 63

Model 2 31 31

Model 3 41 59

Model 4 57 79
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Hinh 4: Biéu d so sanh d6 phi MC/DC
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Tir két qua thir nghiém trén, ta c6 nhéan xét: Vi cac mod
hinh nhé (s6 lwong block, sé lugng inport nho), thi viée sir
dung phuong phép sinh test data ngau nhién (Random) s&
dat hiéu qua twong dwong, cOn vGi cdc mo hinh 16n, thi
phuong phap ap dung pairwise cho két qua tot hon, dic biét
la @6 phu MC/DC, CC.

V. KET LUAN

Bai bao dé xuit mot phuwong phap dé sinh test data tu
ddng cho cac mé hinh hé théng nhang véi tin hiéu du vao
lién tuc. Thay vi sinh test data la cac tin hiéu ngau nhién,
ky thuat kiém thir theo cip dugc sir dung nham giap viéc
sinh dit liéu kiém thir hiéu qua hon. Bé thyc hién viéc nay,
Thuat toan 1 da dwuoc dé xuat nham bién doi yéu cau kiém
thir vd mé hinh thanh ddu vao cua thuat toan pairwise
testing, sau d6 két qua cua thudt toan pairwise duoc bién
ddi thanh cac test data cia md hinh, tirc 1 cac tin hiéu mau.
Nho vay, cac test data cho mé hinh nhiing c6 thé duoc sinh
va thuc hién tu dong. Két qua thir nghiém buée dau cho
thiy phuong phap dé xuit co kha nang sinh ra bo test data
cho cac moé hinh nhiing véi Bo pha cao hon so véi phuong
phap d& xuat trong [14].

Hudng phat trién cua d¢é tai la ap dung cac ki thuat phan
tich tinh (static analysis) dé dua ra thong tin vé mé hinh, tur
d6 hd tro viéc sinh test data c6 Do phu cao hon. Mot huéng
phat trién khac cua dé tai la thar nghiém cac phuong phap
kiém tht va sinh dit liéu test khac, tir d6 dua ra lua chon
cac test data c6 do phu cao hon nira.
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TEST DATA GENERATION FOR EMBEDDED
MODEL USING PAIRWISE TESTING TECHNIQUE

Abstract: Embedded systems are playing more and more
important role in society. These systems require high
safety. Thus, quality assurance for these kinds of systems
has been attracted many attention and investment of both
academic research and industry communities. In embedded
systems, testing often requires high coverage with different
measures respect to international standards like DC, CC,
MC/DC coverages respected to 1SO 26262. In this paper,
in order to have good test cases with high DC, CC, MC/DC
coverages, we propose a method to automatically generate
test-cases by applying pairwise testing technique.
Experiments shown that our method has order of
magnitude better than that of the random testing method.

Keywords: CC coverage, DC coverage, MC/DC coverage,

Embedded model, Testing, Pairwise testing, Continuous
signal.
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