Chuong 6
Kiem thi dong dieu khién

Trong chuong nay, ching ta sé tim hiéu chi tiét vé phuong phap kiém thi
dong dit lieu (control flow testing) nham phat hién cac 16i tiém an bén trong
chuong trinh /don vi chuong trinh can kiém thit. Cac 16i nay thudng khé phat
hién béi cac ki thuat kiém thtt ham hay kiém thit chitc nang dugce trinh bay
trong chuong 5. Dé ap dung phuong phap nay, ching ta can phan tich ma
nguon va xay dung cac ca kiém thit ing véi cac dong diéu khién ctia chuong
trinh/don vi chuong trinh. Céc do do hay tiéu chi kiém thtt cho phuong phéap
nay ciing sé dugc giéi thiéu.

6.1 Kiém thit hop tring

Kiém thit hop tring stt dung cac chién luge cu thé va sit dung ma nguon ctia
chuong trinh/don vi phan mém can kiém thit nham kiém tra xem chuong
trinh/don vi phan mém c6 thiyc hién dang so véi thiét ké va dic ta hay khong.
Trong khi cac phuong phap kiém thit hop den hay kiém thit ham /chitc nang
chi cho phép phat hién cac 16i/khiém khuyét c6 thé quan sat duge, kiem
thit hop trang cho phép phét hién cac 16i/khiém khuyét tiém an bén trong
chuong trinh/don vi phan mém. Céc 16i nay thuong kho phat hien béi céc
phuong phap kiém thit hop den. Kiém thtt hop den va kiém thit hop trang
khong thé thay thé cho nhau ma ching can dugc stt dung két hgp v6i nhau
trong mot quy trinh kiem thtt théng nhat nhim dam bao chat lugng phan
mém. Tuy nhién, dé 4p dung cac phuong phéap kiém thit hop tring, nguoi
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kiém thit khong chi can hiéu ré giai thuat ma con can c¢é cac kj nang va kién
thitc tot vé ngon ngit 1ap trinh duge ding dé phat trién phan mém, nhim
hiéu 16 ma ngudn ctia chuong trinh/don vi phan mém can kiém thtt. Do vay,
viec ap dung cac phuong phap kiém thit hop trang thuong ton thoi gian va
cong stic nhat 1a khi chuong trinh/don vi phan mém c6 kich thuée 16n. Vi
1§ do nay, cac phuong phap kiém thit hop tring chii yéu dude sit dung cho
kiém thit don vi [D.95].

Hai phuong phap dugc st dung trong kiém thit hop tring la kiém thit
dong diéu khién (control flow testing) va kiém thit dong dit lieu (data flow
testing). Phuong phap kiém thit dong diéu khién tap trung kiém thit tinh
ding din ciia cac giai thuat sit dung trong cac chuong trinh/don vi phan
mém. Phuong phap kiém thit dong dit liu tap trung kiém thit tinh ding din
clia viée st dung céac bién dit lieu st dung trong chuong trinh/don vi phan
mém. Trong chuong nay, ching ta sé tim hiéu chi tiét vé phuong phap kiém
thit dong diéu khién. Phuong phap kiém thit dong dit lieu sé dude gisi thieu
trong chuong 7.

6.2 Do thi dong dieu khien

Phuong phap kiém thtt dong didu khién dua trén khai niem do thi dong
diéu khién (control flow graph). Do thi nay dugce xay dyng tit ma ngudn ciia
chuong trinh/don vi chuong trinh. D6 thi dong diéu khién 14 mot dd thi ¢
huéng gom céac dinh tuong ting véi cac cau lénh/nhém cau lenh va cac canh
la cac dong dicu khién giita cac cau léenh/nhom cau lenh. Néu i va j la cac
dinh ctia do thi dong diéu khién thi ton tai mot canh tit ¢ dén j néu lenh
tuong tng véi j c6 thé duge thuc hien ngay sau lénh tuong tng véi i.

Xay dyng mot do thi dong diéu khién tit mot chuong trinh/don vi chuong
trinh kh4 don gian. Hinh 6.1 mo ta cdc thanh phan co ban ctia do thi dong
diéu khién bao gom diém bat dau ctia don vi chuong trinh, khéi xtt 1y chia
cac cau lenh khai bao hodc tinh toan, diém quyét dinh ting véi cac cau lenh
diéu kien trong cac khéi lenh ré nhanh hozc lip, diém néi ting véi cac cau
lenh ngay sau céac lénh ré nhanh, va diém két thic tng v6i diem két thic
ctia don vi chuong trinh. Céc cau tric diéu khién phd bién clia chuong trinh
duge mo ta trong Hinh 6.2. Ching ta sé stt dung cac thanh phan co ban va
cac cau triac pho bién nay dé dé dang xay dung do thi dong diéu khién cho
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0 AL v

Diém xuit phat Khéi xirly Diém quyét dinh Diém ndi Diém két thic

Hinh 6.1: Cac thanh phan co ban ctia do thi chuong trinh.

Lo ol s

Tuan tu RE nhanh switch while ¢ do .. . while ¢

Hinh 6.2: Céc cau tric diéu khién phd bién ctia chuong trinh.

moi don vi chuong trinh viét bang moi ngon ngit 1ap trinh.

Chiing ta thit xem cach dung do thi dong diéu khién cho don vi chuong
trinh ¢6 ma nguon bang ngon ngit C nhu Hinh 6.3. Ching ta danh s6 cac
dong lénh ctia don vi chuong trinh va lay s6 nay lam dinh ctia do thi. Diém
xuat phét ctia don vi chuong trinh tng véi cau lenh khai bédo ham foo. Dinh
1 tng v6i cau lenh khai bédo bién e. Cac dinh 2 va 3 ting véi cau lenh if.
Dinh 4 ting véi cau lenh khai bao bién z trong khi cac dinh 5 va 6 ting véi
cau lénh if. Dinh 7.8 dai dién cho hai cau léenh 7 va 8. Trong truong hgp
nay, ching ta khong tach riéng thanh hai dinh vi day la hai cau lénh tuan
tu nén ching ta ghép ching thanh mot dinh nhim toi thidu sé dinh ctia do
thi dong diéu khién.

6.3 Cac do do kiem thi

Kiém thit ham (kiém thit hop den) c6 han ché 1a chting ta khong biét c6 thia
hay thiéu cac ca kiém thit hay khong so véi chuong trinh cai dat va thiéu
thita ¢ mic do nao. Do do kiém thit 1a mot cong cu gitp ta do mic do bao
phti chuong trinh ctia mot tap ca kiém thit cho truée. Mic do bao phi ciia
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loat foo(int a, int b, int c, int d){ O
. float e;
if (a==0) @

.F

1

; &
3. return 0;

4, int x = 0; o

5. if ((a==b) [[| (c==d))

6

7

8

}

X =1; o
e = 1/x; e‘
return e; I
C)
Hinh 6.3: M& nguon ciia ham foo va do thi dong diéu khién ctia né.

Bang 6.1: Céc ca kiém thit cho do do C; ctia ham foo

ID | Inputs | EO | RO | Note
tcl110,1,2,3] 0
te21,1,2,3] 1

mot bo kiém thit (tap cac ca kiém thit) duge do bing ty 1é cac thanh phan
thuc sy duge kiém thit so v6i tong thé sau khi da thuc hién céc ca kiém thi.
Thanh phan lién quan cé thé la cau lenh, diém quyét dinh, diéu kién con,
duong thi hanh hay 1a sy két hop ctia chting. Do bao phti cang 16n thi do tin
cay ctia bo kiém thit cang cao. Do do nay gitp ching ta kiém soat va quan
I§ qué trinh kiém thit t6t hon. Muc tiéu ctia ching ta la kiém thit v6i so ca
kiém thit toi thiéu nhung dat duge do bao pht téi da. Cé rat nhiéu do do
kiém thtt dang dugc sit dung hién nay, duéi day la ba do do kiém thit dang
dugc sit dung phd bién nhat trong thuc té [Lee03).

D6 do kiém thit cip 1 (C)): méi cau lenh duge thyc hién it nhat mot lan
sau khi chay cac ca kiém thit (test cases). Vi dy, v6i ham foo c6 ma ngudn
nhu trong Hinh 6.3, ta chi can hai ca kiém thit nhu Bang 6.1 1a dat 100%
do phti cho do do C; v6i EO (expected output) la gia tri dau ra mong doi va
RO (real output) la gia tri dau ra thuc té (gia tri nay sé duge dién khi thuc
hien ca kiém thtt).
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Béang 6.2: Céac truong hop can kiém thit ctia do do Cy v6i ham foo

Diém quyét dinh | Diéu kién tuong tdng | Ping | Sai
2 a== tcl tc2
5 (a==Db) || (c ==4d) tc2 ?

Béng 6.3: Cac ca kiém thit cho do do C, ctia ham foo

ID | Inputs EO RO | Note
tel [0, 1,2,3 0

te2 | 1,1,2,3 1

te3 | 1,2, 1, 2 | Loi chia cho 0
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Do do kiém thit cip 2 (0,): cac diém quyét dinh trong do thi dong diéu
khién ctia don vi kiém thit déu duge thue hién it nhat mot 1an ci hai nhéanh
ding va sai. Vi du, Bang 6.2 mo ta cac truong hop can kiém thit dé dat duge
100% do phu cia do do Cy titng v6i ham foo duge mo ta trong Hinh 6.3.

Nhu vay, véi hai ca kiém thit trong do do kiém thit cap 1 (tcl va tc2), ta
chi kiém thtt duge 3/4 = 75% ting véi do do kiém thit cap 2. Chiing ta can mot
ca kiém thit nita ing véi trudng hgp sai ctia diéu kién (a == b) || (¢ == d)
nham dat duge 100% do phti ctia do do C,. Bang 6.3 mo ta cac ca kiém thit
cho muc dich nay.

D6 do kiém thit cap 3 (C3): V6i cac diéu kien phiic tap (chita nhicu dicu
kién con co ban), viéc chi quan tam dén gia tri diing sai la khong du dé kiém
tra tinh dung dan ctia chuong trinh ting véi diéu kién phic tap nay. Vi du,
néu mot diéu kien phitc tap gom hai diéu kién con co ban, ching ta c6 bén
truong hop can kiém thit chit khong phai hai truong hop ding sai nhu do do
(5. Véi cac don vi chuong trinh c6 yéu cau cao vé tinh dung dan, viéc tuan
thi do do C3 1a hét stic can thiét. Diéu kien dé dam bdo do do nay la cac
diéu kieén con thuoc cac diéu kién phtc tap tuong tng véi cac diem quyét
dinh trong do thi dong diéu khién ctia don vi can kiém thit déu dude thuc
hién it nhat mot lan ca hai nhanh ding va sai. Vi du, Bang 6.4 mo ta céc
truong hop can kiém thit dé dat duge 100% do pht ciia do do Cy tng véi
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Bang 6.4: Cac truong hop can kiem thi ctia do do C5 véi ham foo

Diém quyét dinh | Diéu kién tuong tng | Ping | Sai
2 a== tcl tc2
5 (a ==Db) tc2 tc3
5 (c==4d) ? tc2

Béang 6.5: Cac ca kiém thit cho do do Cy ctia ham foo

ID | Inputs EO RO | Note
tel | 0,1,2,3 0

tc2 | k 1523 1

ted | 1,2, 1, 2 | Loi chia cho 0

ted | 1,2, 1,1 1

ham foo dugc mo6 ta trong Hinh 6.3.

Nhu vay, véi ba ca kiém thit trong do do kiém thit cap 2 (tcl, tc2 va tc3),
ta chi kiém thtt duge 7/8 = 87,5% ting véi do do kiém thit cap 3. Ching ta
can mot ca kiém thit nita ing v6i truong hop sai ctia diéu kien con co ban
(¢ == d) nham dat dugc 100% do phi ctia do do C5. Bang 6.5 mo ta cac ca
kiém thtt cho muc dich nay.

6.4 Kiém thit dua trén do do

Kiém thtt dua trén do do la phuong phap chay mé nguon sao cho bao phu
mot do do nao d6. Hinh 6.4 mo ta quy trinh kiém thit dua trén do do cho
cac don vi chuong trinh. V6i méi don vi chuong trinh, do thi dong diéu khién
ing véi cac do do C) va Cy 1a giong nhau trong khi chiing khac véi do thi
dong diéu khién tng v6i do do Cs. V6i mbi don vi chuong trinh va méi do do
kiém thi, ching ta tién hanh xay dung do thi dong diéu khién tuong tng.
Céc duong di clia chuong trinh (xuat phat tit diém bit dau, di qua cac dinh
clia dd thi va két thic ¢ diém cudi) duge xac dinh sao cho khi ching duge
thuc hien thi do do kiém thit tuong tng duge théa man. Dya trén § tudng
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Hinh 6.4: Quy trinh kiém thit don vi chuong trinh dua trén do do.

loat foo(int a, int b, int ¢, int d){ O
. float e;
O,

if (a==0)
W &

return 0;
()
of
D,

.F
1
2
3.
4, int x = 0;
5. if ((a==b) [[| (c==d))
6 X =1;
7 e = 1/x;
8 return e;
}
@

Hinh 6.5: M& nguon ctia ham foo va dd thi dong diéu khién ctia né.

ciia T. J. McCabe [McC76, WM96], s6 duong di chuong trinh ting v6i do thi
dong diéu khién ctia n6 dude tinh biing mot trong cac phuong phap sau:

e S6 canh — s6 dinh + 2
e S6 dinh quyét dinh + 1
Sau khi ¢6 duge cac duong di ctia don vi chuong trinh can kiém thit, véi

mdi dudng di, ching ta sé sinh mot ca kiém thit tuong ting. Cudi ciing, cac
ca kiém thit dugc thuc hién trén don vi chuong trinh nham phat hién cac 16i.

6.4.1 Kiém thi cho do do C;

Xét lai ham foo c6 ma nguon nhut Hinh 6.5. Ching ta xay dung do thi dong
diéu khién tng véi do phit C; cho ham nay nhu Hinh 6.5. Dé dat duge 100%
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Bang 6.6: Céac ca kiém thit cho do do C; ctia ham foo

ID | Test Path Inputs | EO | RO | Note
tel | 1;2;4;5;6;,7812,2,3,5| 1
te2 | 1;2; 3 0,3,2, 7

do phu ctia do do O, ta chi can hai dudng di nhu sau dé dam béao dudgc tat
¢ cac cau lenh ctia ham foo duge kiém thit it nhat mot 1an. Dé kiém tra viéc
dam bédo do do Oy, chiing ta can kiém tra tat ca cac lenh/khéi lenh (1-8) déu
duge xuat hién it nhat mot 1an trong cac duong di nay. Ro rang, hai duong
di nay thoa man diéu kién trén nén ching ta dat duge 100% do phu C;.

1. 1;2;4; 5,6, 7,8
2. 1;2; 3

V6i duong di 1; 2; 4; 5; 6; 7,8, ta sé sinh mot ca kiém thit dé n6 duge
thuc thi khi thue hien ca kiém thit nay. Y tudng clia viec sinh ca kiém thi
nay 13 tim mot bo gia tri dau vao cho a, b, ¢ va d sao cho diéu kién tng véi
diém quyét dinh 2 (a == 0) la sai va diéu kién tng véi diém quyét dinh 5
((a ==1b) |l (c == d)) la ding. Gia tri dau ra mong doi (EO) ctia ca kiem
thit nay la 1. Tuong tu, ta sé sinh ca kiém thit iing véi dudng di 1; 2; 3 véi
dau ra mong doi la 0. Chung ta sé tim mot bo dau vao sao cho diéu kién
(a == 0) la ding. Bang 6.6 1a mot vi du vé hai ca kiém thit duge sinh ra
bing ¥ tudng trén.

6.4.2 Kiém thi cho do do C,

Nhu ching ta da biét, v6i mdi don vi chuong trinh, do thi dong diéu khién
ting véi cac do do C; va Cs la gibng nhau. Vi vay, do thi dong diéu khién tng
v6i do do C) clia ham foo duge mo ta ¢ Hinh 6.5 ciing 1a do thi dong dieu
khién ctia ham nay tng v6i do do Cy. Tuy nhién, dé duge 100% do phii ciia,
do do C, chiing ta can t6i thiéu ba dudng di. Tai sao chiing ta biét duge diéu
nay? Nhu da trinh bay ¢ muc 6.4, chiing ta c6 hai cach dé tinh dugc con s6
nay. Vi du, do thi dong diéu khién ctia ham foo c6 hai diém quyét dinh 1a 2
va 5 nén ching ta can 2 + 1 = 3 dudng di dé dat duge 100% do phi ctia do
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Bang 6.7: Céac ca kiém thit cho do do C, ctia ham foo

ID | Test Path Inputs EO RO | Note
tel | 1;2;4;5;6; 7,8 |2,2,3,5 1

te2 | 1;2; 3 0,3,2,7 0

ted | 1; 2; 4; 5; 7.8 2,3,4,5 16i chia cho 0

do (. Céac duong di can thiét duge liet ké nhu sau. R6 rang véi ba duong di
nay, ca hai nhanh ding va sai clia hai diém quyét 2 va 5 déu duge kiém tra.

1. 1;2;4; 5,6; 7,8
2. 1;2; 3
3. 1; 2, 4; 5, 7,8

Dé sinh céc ca kiém thit ing v6i cac duong di trén, ching ta chi can
quan tam dén dudng di (3) vi viec sinh cac ca kiém thit cho cac dudng di
(1) va (2) da duge trinh bay ¢ muc kiém thit cho do do C (muc 6.4.1). Véi
duong di (3), ta chi can chon mot bo dau vao sao cho diéu kién ting véi
diém quyét dinh 2 (a == 0) la sai va dicu kien tng véi diém quyét dinh 5
((a ==D) || (c == d)) cling la sai. Gia tri dau ra mong doi ctia duong di
nay 1a 16i chia cho 0. Bang 6.7 14 mot vi du vé ba ca kiém thit duge sinh ra
bang ¥ tudng trén ting véi cac duong di (1), (2), va (3).

Do do C) dam bao cic cau lenh duge “viéng tham” it nhat mot lan khi
thuc hien tat ca cac ca kiém thit duge sinh ra tng véi do do nay. Day 1a do
do kha tot va viec ddm bao do do nay trong thuec té ciing kha tén kém. Tuy
nhién, qua vi du trén, ching ta thay rang néu chi st dung do do C; véi hai
ca kiém thit nhu trong bang 6.6, 16i chia cho khong sé khong dugce phat hién.
Chi khi kiém tra cd hai nhanh ding sai cia tat ca cac diem quyét dinh (cac
lenh diéu khién) thi 16i nay méi duge phat hién nhu ca kiém thit tc3 trong
bang 6.7.

6.4.3 Kiém thi@ cho do do C;

Nhu da trinh bay ¢ muc 6.3, tng v6i méi don vi chuong trinh, dé thi dong
diéu khién tng v6i do do C3 khac véi do thi dong diéu khién tng véi céc
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float foo(int a, int b, int ¢, int d){ @
1. float e;
2. if (a==0)
3. return @;
4, int x = 9;
5. if ((a==b) || (c==d))
5c1 5c2

6 X =1;
7. e =1/x;
8. return e;
}

Hinh 6.6: Ham foo va dd thi dong diéu khién ctia n6 tng véi do do Cs.

do do C; va Cs. Vi dy, do thi dong diéu khién ctia ham foo tng véi do do
(3 duge xay dung nhu Hinh 6.6. Véi cau lenh diéu kien 5, vi day la diéu
kién phtic tap nén ta phai tich thanh hai diéu kién con co ban 1a (a == b)
va (¢ == d) ting véi hai diém quyét dinh 5¢1 va 5¢2 trong do thi dong diéu
khién. Tit cau lenh 4, néu diéu kién con (a == b) ding, ta khong can kiém
tra diéu kién con con lai (vi diéu kién phtic tap 14 hodc ctia hai diéu kién
con c¢o ban) va thic hién cau lenh 6. Néu diéu kién con (a == b) la sai, ta
can tién hanh kiém tra diéu kién con c¢d ban con lai (¢ == d). Néu diéu kien
nay ding, ta tién hanh cau lenh 6. Ngugc lai, ching ta thyc hién cac cau
lenh 7 va 8. Trong do thi nay, chiing ta gop hai léenh 7 va 8 trong mot dinh
(dinh (7,8)) vi day 1a hai cau lenh tuan tu. Muc dich ctia viéc nay 14 nham
t61 thieu s6 dinh ctia do thi dong diéu khién. Mot do thi c6 sé dinh cang nhé
thi ching ta cang dé dang trong viéc sinh cac duong di ciia chuong trinh va
tranh céc sai s6t trong qua trinh nay.

Do thi dong diéu khién ctia ham foo tng véi do do C3 nhu Hinh 6.6 c¢6
ba diém quyét dinh 1a 2, 5cl1 va 5¢2 nén ching ta can 3 + 1 = 4 dudng di
dé dugc 100% do phti ctia do do C5. Cac duong di can thiét dugc liet ké nhu
sau:

1. 1; 2; 4; 5cl; 6; 7,8

2. 1; 2; 4; 5cl; be2; 6; 7,8
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Bang 6.8: Céac ca kiém thit cho do do Cj ctia ham foo

ID | Test Path Inputs EO RO | Note
tel | 1; 2; 4; bel; 6; 7,8 0,2, 3,5 0

tc2 | 1; 2; 4; 5¢l; be2; 6; 7.8 | 2,2,2, 7 1

ted | 1; 2; 4; 5¢l; 5e2; 7,8 2,3,4,5 16i chia cho 0

ted | 1;2; 3 2,3,4,4 1

3. 1; 2; 4; 5cl; 5e2; 7,8

4. 1;2; 3

Tuong tu nhu cac phuong phap kiém thi do do C; va Cs, ching ta dé
dang sinh cac ca kiém thit tuong tng cho cac duong di chuong trinh nhu da
mo ta treén. Bang 6.8 1& mot vi du vé céc ca kiém thit cho ham foo tng véi
do do Cj.

6.4.4 Kiém thit vong lap

Cho dii chiing ta tién hanh kiém thit cac don vi chuong trinh véi do do Cs
(do do v6i yéu cau cao nhat), phuong phap kiém thit dong diéu khién khong
thé kiem thtt cac vong lap xuat hién trong cac don vi chuong trinh. Ly do
la cac duong di sinh ra tit dd thi dong diéu khién khong chita céc vong lap.
Trong thuc té, 16i hay xdy ra 6 cac vong lap. Vi Iy do nay, ching ta can sinh
thém cac ca kiém thit cho cic vong lap nham gidm ty 1 16i clia cac don vi
chuong trinh. Véi méi don vi chuong trinh c¢6 vong lap, ching ta can quan
tam dén ba truong hgp sau:

e Lénh 1ap don gian: don vi chuong trinh chi chita ding mot vong lap
(than cia vong lap khong chita céc vong lap khéc).

e Lénh lap lién ké: don vi chuong trinh chi chita cac lenh lip ké tiép
nhau.

e Lénh lap 16ng nhau: don vi chuong trinh chi chita cac vong lip chia
cac lénh lap khac.
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double average(double value[], double min, double
max, int& tcnt, int& vent) {
double sum = 9;
int i = 1;
tcnt = vent = 6;
while (value[i] <> -999 && tcnt <100) {
2 3
tent++; | 4
if (min<=value[i] && value[i]<= max){

1

5 6
sum += value[i]; "
vent ++;

}

i++; |8

}//end while
if (vent > @)
9
return sum/vent; |10
return -999; |11
}//end

Hinh 6.7: Ham average va do thi dong diéu khién ctia n6 ting véi do do Cs.

Dé kiém thtt cac don vi chuong trinh chi ¢6 lenh lap don gidn, ta xét ham
average v4i ma nguon do thi dong diéu khién tuong tng véi do do Cs nhu
Hinh 6.7.

Do thi dong diéu khién ctia ham average ting v6i do do Cs nhu Hinh 6.7
c6 nam diém quyét dinh 1a 2, 3, 5, 6 v& 9 nén ching ta can 5 + 1 = 6 dudng
di dé duoc 100% do phu ctia do do Cy. Cac dudng di can thiét dugc liet ke
nhu sau:

1. 1; 2; 9; 10

2.1;2:9; 11

3.1;2;3;9; 10

4. 1;2; 3;4;5;8;2;9; 11

5. 1;2; 3; 45 5;6; 8 2;9; 11

6. 1;2:3;4;5,6;7;,8; 2;9; 10
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Bang 6.9: Céc ca kiém thit cho do do C5 ctia ham average

ID | Test Path Inputs EO | RO | Note
tel | 1; 2; 9; 10 tch
te2 [ 1 2; 9; 11 099, .1, 1, 2 | -099

te3 | 1; 2 3; 9; 10 tc6
ted | 1;2; 3; 4; 5; 8;2; 9; 11 [0,-999], 1,2 | -999

tch | 1,2, 3,4, 5,6, 8 2, 9; 11| [3.-999], 1,2 | -999

tc6 | 1;2; 3;4; 5;6; 7;8;2;9; 10 | [1,-999], 1, 2 1

V6i mbdi duvng di, chiing ta sé sinh mot ca kiém thit tuong ing. Bang 6.9
mo td cac ca kiém thit cho ham average ting v6i do do Cs. V6i méi ca
kiém thit, bo dit licu dau vao (inputs) gdm ba thanh phan: double value([],
double min, va double max. VGi dudng di 1; 2; 9; 10, chiing ta khong thé tim
duge bo dit lieu dau vao dé duong di nay duge thuce thi. Thyc vay, diéu kien
dé thuc thi duong di nay 1a value[0] = -999 (ttic la dicu kien 2 1 sai) va
diéu kien 9 ding (tiic 1a vent > 0). Diéu nay khong bao gis xay ra vi néu
value[0] = -999 thi vent = 0. Tuong tu, chiing ta ciing khong thé sinh bo
kiém tht véi dusng di 1; 2; 3; 9; 10. Trong cac trusng hop nay, ching ta,
khong can sinh céc ca kiém thit cho nhitng duong di nay. Ching sé duge
ki¢m thit béi cac duong di khac (Vi du: dusng di 1; 2; 3; 4; 5; 6; 7; 8; 2; 9;
10 chita cac dinh cla cac dusng dan trén).

V6i cac duong di trén, vong lap while clia ham average chi dugce thuce hién
t6i da mot lan 1ap nén ching ta rat khé dé phat hien cic 16i tiém an (c6 thé
c6) bén trong vong lap nay. Céac 16i nay c6 thé xay ra khi vong lap nay duge
thite hien nhiéu lan lap. Vi du trén da chi ra nhiing han ché ctia phuong phap
ki¢m thit dong dic¢u khién khi ap dung cho cac chuong trinh/don vi chuong
trinh c6 chita vong lap. Dé giai quyét van dé nay, ching ta can sinh them
bay ca kiém thit ing v6i bay truong hop sau:

1. Vong lap thuc hién 0 lan
2. Vong lap thyc hién 1 lan

3. Vong lap thuyc hién 2 lan
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Béang 6.10: Céac ca kiém thtt cho cho kiém thit vong lip while clia ham average

ID S6 lan lip | Inputs EO | RO | Note
tcl0 0 [-999, ...], 1 2 -999

tell 1 [1,-999], 1 1

tcl2 2 [1,2,-999], 1 2 1.5

telk 5 [1,2 3,4,5, 999], 1, 10 3

tcl(n-1) | 99 [1,2,...,99,-999], 1, 100 | 50

teln 100 [1,2,...,100], 1, 2 50.5

tcl(n+1)

4. Vong lap thyc hién k lan, 2 < k < n - 1, v6i n 1a s6 lan lap t6i da cla
vong lap

5. Vong ldp thyc hién n - 1 lan
6. Vong lap thyc hién n lan

7. Vong lap thuc hien n + 1 lan

Cht ¥ rang trong mot sd trudng hop ching ta c6 thé khong xac dinh
dugce s6 lan lap toi da clia cac vong lap. Trong truong hgp nay, ching ta chi
can sinh bén ca kiém thit dau tien. Tuong tu, trong mot sé cac trudng hop
khéc, ching ta khong thé sinh ca kiém thit dé vong lap thuc hién n + 1 lan
(trudng hgp thit 7). Khi d6, chiing ta chi can sinh sau ca kiém thit con lai
(cac truong hgp tit 1-6). Vi du, v6i vong lap while trong ham average nhu
Hinh 6.7, vong lap nay chi thyc hién lip t6i da 100 lan nén ching ta khong
theé sinh ca kiém thit dé n6 thuyc hien n + 1 = 101 lan. Ké qua la ching ta
chi can sinh sau ca kiém thit dau tién nhu trong Bang 6.10 nham kiém thit
vong lap nay.

V6i céc chuong trinh/don vi chuong trinh ¢6 cac vong lap lién ke, ching
ta tién hanh kiém thit tuan ty tit trén xudéng. Méi vong lip duge kiem thi
biang bay ca kiém thit nhu vong lip don gian (nhu da mo ta & trén). Trong
truong hop cac vong lap 1ong nhau, ching ta tién hanh kiém thit tuan tu cac
vong lap theo thit tu tit trong ra ngoai (mdi vong lip ciing dimg bay ca kiém
thit nhu da mo ta & tren).
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6.5 Tong két

Kiém thit dong diéu khién 1a mot trong nhitng phuong phép kiém thit quan
trong nhat ctia chién luge kiem thtt hop trang cho cac chuong trinh/don vi
chuong trinh. Phuong phap nay cho phép phat hién ra céc 16i (c6 thé co)
tiém an bén trong chuong trinh/don vi chuong trinh bing cach kiém thit cac
duong di ctia né tuong tng véi cac dong diéu khién c6 thé c6. Dé 4p dung
phuong phap nay, chiing ta can xac dinh do do kiém thit (can kiém thit v6i do
do nao?). Tiép theo, do thi dong diéu khién clia chuong trinh/don vi chuong
trinh tng véi do do kiém thit sé duge tao ra. Dua vao do thi nay, ching ta
sé sinh ra cic duong di doc lap. S6 duong di doc lap nay 1a cac truong hop
t6i thiéu nhat dé ddm bao 100% do bao phti ting véi do do yéu cau. Véi mdi
dudng di, chiing ta sé sinh ra mot ca kiém thit sao cho khi né dugc dung dé
kiém thit thi duong di nay dude thuc thi. Viéc sinh cac dau vao cho cac ca
kiém thit nay 1a mot bai toan tha vi. Ching ta sé chon mot bo dau vao sao
cho théa man cac diém quyét dinh cé trong duong di tuong tng. Gia tri dau
ra mong mudn tng véi mdi bo dau vao ciia mdi ca kiém thit ciing sé dugc
tinh toan. Day la bai toan khé va thuong chi ¢6 cac chuyén gia phan tich
chuong trinh méi c6 thé tra 1i chinh xac gia tri nay. Cudi cling, cac ca kiém
thit duge chay nham phat hién ra cac 16i ctia chuong trinh/don vi chuong
trinh can kiém thit. Khi mot 16i duge phat hien béi mot ca kiém thit nao do,
n6 sé duge thong bao téi 1ap trinh vien tuong tng. Lap trinh vién sé tién
hanh stta 161 (phat hién vi tri ctia 161 6 cau lénh nao va sita n6). Trong trusng
hop nay, ching ta khong chi thuc hién lai ca kiém thit phat hién ra 16i nay
ma phai thie hien lai tit ca cac ca kiem thit ctia don vi chuong trinh. Ly do
chiing ta phai thuc hién cong viec nay la vi khi stta 161 nay c6 thé gay ra mot
s6 161 khac.

Viéc ap dung phuong phép kiém thit dong diéu khién 1a kho va toén kém
hon cac phuong phap kiém thit hop den (phan hoach tuong duong, phan tich
gia tri bién, bang quyét dinh, ...). Dé ap dung ky thuat nay, ching ta can doi
ngi nhan lyc vé kiém thit ¢6 kién thitc va k¥ ning t6t. Hon nita, ching ta
can mot sy dau tu 16n vé cac nguon lyc khéc (tai chinh, thoi gian, ...) mdi
c6 thé thyc hien tét phuong phép nay. Day la mot yéu cau kho va khong
nhiéu cong ty phan mém déap tng duge. Kiém thit dong diéu khién tu dong
hita hen sé 1a mot gidi phap tot nham gitp cho cac cong ty gidi quyét nhitng
khé khan nay. Hién nay, da c6 nhiéu cong cu hd tr¢ mot phan hoac hoan
toan cac budc trong phuong phap nay. Mot mon truong lap trinh méi noi
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ma cac cong cu lap trinh truc quan duge tich hgp véi cong cu kiém thit tu
dong nhim giai quyét nhitng khé khan néu trén. Eclipse! 1a mot vi du dién
hinh vé xu huéng nay. Trong c4 phién ban hién nay ctia mo truong nay da
duge tich hgp cong cu kiém thit tu dong c6 tén 1a JUnit2. Cong cu kiém thit
nay chua hd trg viec sinh cac ca kiém thit tu dong nhung né cho phép ching
ta viét cac kich ban kiém thit doc lap v6i ma ngudn va thyc thi ching mot
cach tir dong trén mot moi truong thong nhat.

6.6 Bai tap

1. Tai sao ching ta can thuc hién kiém thtt hop trang?
2. Phan biét kiem thit hop tring va kiem thit hop den.

3. Tai sao kiém thtt hop tring thudng cé chi phi vi do khé cao hon kiém
thi hop den?

4. Thé nao la do thi dong diéu khién ctia mot chuong trinh /don vi chuong
trinh?

5. Trinh bay cac do do kiém thit cho kiém thit dong diéu khién.

6. Chiing minh rang do do Cy dam bao do do C;.

7. Chtng minh rang do do C3 dam bao do do Cs.

8. Trinh bay cdc budc nham kiém thit mot don vi chuong trinh theo
phuong phap kiém thtt dong diéu khién véi mot do do kiém thit cho

trudce.

9. Cho ham dugc viét biang ngon ngtt C nhu Hinh 6.8.
e Hay xay dung do thi dong diéu khién cho ham Grade ting véi do
do Cl va OQ.
e Hay sinh cac duong di va cac ca kiém thtt véi do do C.

e Hay sinh cac duong di va cac ca kiém thtt véi do do Cs.
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char Grade(int score){
int res;
if(score < @ || score > 10)
return ‘I’;
if(score>=9)

res = ‘A’;
else
if(score >»=8)
res ='B*;
else
if(score »=6.5)
res = C’;
else
if(score »>=5)
res = ‘D’;
else
res = ‘F’;

return res;

Hinh 6.8: Ma nguon ctia ham Grade.

10. Cho ham dugc viét bang ngon ngit C nhu Hinh 6.9.
e Hay xay dung do thi dong diéu khién cho ham BinSearch ting véi
d6 do Cl va CQ.
e Hay sinh cac duong di va cac ca kiém thtt véi do do C.
e Hay sinh cac duong di va cac ca kiém thtt véi do do Cs.
e Hay sinh cac ca kiém thit dé kiém thit vong lip while.
11. Cho ham dugc viét bang ngon ngit C nhu Hinh 6.10.
e Hay xay dung do thi dong diéu khién cho ham LaSoNguyenTo 1ing
v6i do do C7 va Cs.
e Hay sinh cac duong di va cac ca kiém thtt véi do do C.
e Hay sinh cac duong di va cac ca kiém thtt véi do do Cs.

e Hay sinh cac ca kiém thit dé kiém thit vong ldp do ... while.

Lwww.eclipse.org

2http://junit.org/
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int Binsearch(int X, int V[], int n){
int low, high, mid;
low = 9;
high = n - 1;
while (low <= high) {
mid = (low + high)/2;
if (X < V[mid])
high = mid - 1;
else
if (X > V[mid])
low = mid + 1;
else
return mid;
}//end while
return -1;
}//the end

Hinh 6.9: Ma ngudn ctia ham BinSearch.

12. Cho ham dugc viét bang ngon ngit C nhu Hinh 6.11.

e Hay xay dung do thi dong diéu khién cho ham UCLN @ng vé6i do do
Cq va Cs.

e Hay sinh cac duong di va cac ca kiém thtt véi do do C.

e Hiy sinh cac dudng di va cac ca kiém thtt véi do do Cs.

e Hay sinh cac ca kiém thit dé kiém thi vong lap while.

13. Cho ham dugc viét bang ngon ngit C nhu Hinh 6.12.

//tra lai 1 neu n la so nguyen to, nguoc lai tra lai @
int LaSoNguyenTo(int n){
int i=2;
do{
if((n % 1) == 0)
return @;
i++;
} while(i <= n/2);
return 1;

Hinh 6.10: Ma nguon clia ham LaSoNguyenTo.
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int UCLN(int m, int n){
if(m<@ m=-m;
if (n < @) n=-n;
if (m == @) return n;
if (n == @) return m;
while (m != n) {
if(m > n)
m=m-n;
else
n=n-m
}//end while
return m;

}

Hinh 6.11: Ma nguon clia ham UCLN.

int sum(int a[], int n){
int i;
int total = ©;
for(i=0; i<n; i++)
total = total + a[i];
return total;

}

Hinh 6.12: Ma nguon ctia ham Sum.

Hay xay dung do thi dong diéu khién cho ham sum ting véi do do
Cl va CQ.

Hay sinh cac dudng di va céc ca kiem thit véi do do C.

Hay sinh cac duong di va cac ca kiém thit véi do do Cs.

Hay sinh cac ca kiém thtt dé kiem thit vong lap for.

14. Cho ham dugc viét bang ngon ngit C nhu Hinh 6.13.

Hay xay dung dd thi dong diéu khién cho ham Power tng véi do
do Cl va 02.

Hay sinh cac duong di va céc ca kiém thit véi do do C.

Hay sinh cac duong di va céc ca kiém thit véi do do Cb.

Hay sinh céc ca kiém thit dé kiém thit vong lap for.
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double Power(double x, int n)

{
double result = 1;

for(int i=1; i< n; i++)
result *= x;

return result;

}

Hinh 6.13: Ma nguon clia ham Power.

//tra ve 1 neu year la nham nhuan, nguoc lai tra ve @
int LaNamNhuan(int year){
if( (year%400==0) || (year%4==0 && year%100!=0))
return 1;

return @;

Hinh 6.14: Ma nguon ctia ham LaNamNhuan.

15. Cho ham dugc viét bang ngon ngit C nhu Hinh 6.14.
e Hay xay dung do thi dong diéu khién cho ham LaNamNhuan Gng véi
d@ do Cl va CQ.
e Hay sinh cac dudng di va cac ca kiém thit véi do do Ci.
e Hay sinh cac duong di va cac ca kiém thit véi do do Cs.

e Hay xay dung do thi dong diéu khién cho ham LaNamNhuan Gng véi
d@ do 03.

e Hay sinh cac dudng di va cac ca kiém thit véi do do Cs.
16. Cho ham dugc viét bang ngon ngit C nhu Hinh 6.15.
e Hiy xay duyng do thi dong diéu khién cho ham SoKyTu tng véi do
do Cl va 02.
e Hay sinh cac duong di va cac ca kiém thit véi do do Cy.
e Hay sinh cac dudng di va cac ca kiém thit véi do do Cs.

e Hay xay dung do thi dong diéu khién cho ham LaNamNhuan Gng véi
d@ do 03



