Chuong 3
Ky thuat kiém thir hop tring

3.1 Téng quat vé kiém thi hop trang

Poi tuong duoc kiém thir 1a 1 thanh phan phan mém (TPPM).
TPPM c6 thé la 1 ham chuiic nang, 1 module chiic nang, 1 phan hé
chuc nang...

Kiém thdr hop trang dua vao thuat giai cu thé, vao céu truc dir
liéu bén trong clia don vi phan mém can kiém thir dé xac dinh don
vi phan mém doé co thuc hién dung khong.

Do do nguoi kiém th(r hop trdng phai co ky nang, kién thuc
nhat dinh vé ngbn ngi lap trinh duoc dung, vé thuat giai duoc
dung trong TPPM dé co thé théng hiéu chi tiét vé doan code céan
kiém thtr.

Thuong ton rat nhiéu thoi gian va céng stic néu TPPM qua I6n
(thi du trong kiém thir tich hop hay kiém th(r chiic nang).

Do do6 ky thuat nay chd yéu dugc dung dé kiém th( don vi.
Trong lap trinh huéng déi tuong, kiém thir don vi la kiém thir ting
tac vu cua 1 class chuc nang nao doé.

C6 2 hoat dong kiém thr hop tréng :

o Kiém thiér lubng diéu khién : tap trung kiém th( thuat
giai chuc nang.

o Kiém tht dong di liéu : tap trung kiém th doi séng
clia ting bién dit liéu dugc dung trong thuat giai.

Trong chuong 3 nay, chung ta tap trung gidi thiéu kién thuc vé
hoat dong kiém thir ludng diéu khién ctia TPPM va trong chuong 4,
chung ta tap trung gidi thiéu cac kién thuc vé hoat dong kiém thir
dong dix liéu.



3.2 Mét sé thuat ngar vé kiém thir luéng diéu khién

Buodng thi hanh (Execution path) : 1a 1 kich ban thi hanh don vi
phan mém tuong Umg, cu thé no la danh sach co thi ty cac 1énh
duoc thi hanh ung véi 1 1an chay cu thé cta don vi phan mém, bét
dau tir diém nhap cua don vi phan mém dén diém két thuc cta don
vi phan mém.

Mé&i TPPM c6 tir 1 dén n (co thé réat 16n) duong thi hanh khac
nhau. Muc tiéu cta phuong phap kiém thir ludng diéu khién la dam
bao moi duong thi hanh cla don vi phan mém can kiém th& déu
chay dung. Rét tiéc trong thuc t&, cong suc va thoi gian dé dat muc
tiéu trén day la rat 16n, ngay cé trén nhiing don vi phan mém nhd.

Thi du doan code sau :
for (i=1; i<=1000; i++)
for (j=1; j<=1000; j++)
for (k=1; k<=1000; k++)
doSomethingWith(i,j,k);

chi c6 1 duong thi hanh, nhung rat dai : dai
1000*1000*1000 = 1 ti Iénh goi ham doSomething(i,j,k)
khac nhau.

Con doan code gom 32 lénh if else doc lap sau :
if (c1) s11 else s12;
if (c2) s21 else s22;
if (c3) s31 else s32;

if (c32) s321 else s322;
c6 232 = 4 ti duong thi hanh khac nhau.

Ma cho du c6 kiém thi hét duoc toan bd cac dudong thi hanh
thi van khong thé phat hién nhing dudng thi hanh can c6 nhung
khéng (chua) dugc hién thuc

if (a>0) dolsGreater();
if (a==0) dolsEqual();
// thiéu viéc xtt ly trudng hop a < 0 - if (a<0) dolsLess();



M6t duodng thi hanh da kiém tra la dung nhung van co thé bi 16i
khi dung that (trong 1 vai trudng hop dac biét) :
int phanso (int a, int b) {
return a/b;

}

khi kiém tra, ta chon b <> 0 thi chay dung, nhung khi dung
that trong truong hop b = 0 thi ham phanso bi 16i.

3.3 Cac cap phu kiém thir (Coverage)

Do do, ta nén kiém thir 1 s6 test case t6i thiéu ma két qua do
tin cay t6i da. Nhung lam sao xac dinh duoc s6 test case t6i thiéu
nao co thé dem lai két qua c6 do tin cay t6i da ?

Phu kiém th (Coverage) : la ti 1& cac thanh phan thuc su duoc
kiém th(r so v6i tong thé sau khi da kiém thir cac test case duoc
chon. Phu cang l6n thi d6 tin cay cang cao.

Thanh phan lién quan c6 thé la Iénh thuc thi, diém quyét dinh,
diéu kién con hay la su két hop cuia chung.

Phu cdp 0 : kiém thi nhimg gi c6 thé kiém th(r duoc, phan con lai
dé nguoi dung phat hién va bao lai sau. Pay la mic do kiém thir
khong thuc su co trach nhiém.

Phui cdp 1 : kiém th( sao cho méi Iénh duoc thuc thi it nhat 1 Ian.

Phan tich ham foo sau day :
1 float foo(int a, int b, int ¢, int d) {
2 floate;

3 if (a==0)

4 return O;

5 int x =0;

6 if ((a==b) Il ((c==d) && bug(a)))
7 X=1;

8 e=1/x;

9 return e;

10 }



Véi ham foo trén, ta chi can 2 test case sau day la dat 100%
phucép 1:

1. f00(0,0,0,0), tra vé 0
2. foo(1,1,1,1), tra vé 1
nhung khéng phat hién 16i chia 0 & hang lénh 8.

Phi cdp 2 : kiém th(r sao cho moi diém quyét dinh luan ly déu
duoc thuc hién it nhat 1 lan cho truong hop TRUE lan FALSE. Ta
goi muc kiém th nay la pht cac nhanh (Branch coverage). Phu
cac nhanh dam bao phu cac Iénh.

Line Predicate True False
3 |(a==0) Test Case 1 Test Case 2
foo(0, 0, 0, 0) foo(1, 1,1, 1)
return O return 1
6 |((a==b) OR ((c == d) [Test Case 2 Test Case 3
AND bug(a) )) foo(1, 1,1, 1) foo(1, 2, 1, 2)
return 1 division by zero!

V6i 2 test case xac dinh trong slide trudc, ta chi dat duoc 3/4 =
75% phu cac nhanh. Néu thém test case 3 :

3. foo(1,2,1,2), thi méi dat 100% phu cac nhanh.

Phiu cdp 3 : kiém tht sao cho méi diéu kién luan ly con
(subcondition) cua ting diém quyét dinh déu duoc thuc hién it nhat
1 1an cho truong hop TRUE lan FALSE. Ta goi muc kiém th(r nay
la pha cac diéu kién con (subcondition coverage). Phu céac diéu
kién con chua chic dam bao phu cac nhanh & nguoc lai.

Predicate True False
a == TC 1 :foo(0, 0, 0, 0) TC 2 :foo(1,1,1, 1)
return 0 return 1
(a==Db) TC 2 :foo(1,1,1,1) TC 3:foo(1, 2,1, 2)
return value O division by zero!
(c==d) TC 4 :foo(1,2,1, 1) TC 3:foo(1, 2,1, 2)
Return 1 division by zero!




bug(a) TC 4 :foo(1,2,1,1) TC 5 :foo(2,1,1, 1)
Return 1 division by zero!

Phi cdp 4 : kiém th sao cho moéi diéu kién luan ly con
(subcondition) cua ting diém quyét dinh déu duoc thuc hién it nhat
1 lan cho truong hop TRUE lan FALSE & diém quyét dinh ciing
duoc kiém thir cho ca 2 nhanh TRUE lan FALSE. Ta goi muc kiém
th nay la phd cac nhanh & cac diéu kién con (branch &
subcondition coverage). Pay la muc dd phu kiém th( t6t nhat trong
thuc t€. Phan con lai cla chuong nay sé gidi thiéu qui trinh ky
thuat dé dinh nghia céac testcase sao cho néu kiém thir hét cac
testcase duoc dinh nghia nay, ta sé dat ph( kiém thir cap 4.

3.4 D6 thi dong diéu khién

La mét trong nhiéu phuong phap miéu ta thuat giai. Day la
phuong phap truc quan cho chung ta thdy dé dang céc thanh phan
cla thuat gidi va méi quan hé trong viéc thuc hién cac thanh phan
nay.

GOm 2 loai thanh phan : cac nut va cac cung néi két gita
chung.

Cac loai nut trong dé thi dong diéu khién :
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Miéu ta cac cdu truc diéu khién phé dung :
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while ¢ do... do ... while c
Thidu :
1. float foo 'W
2. floate;
3. if (a==0)
4. return 0; <+
5. |nt X =
6. ((a==Db) Il ((c==d) && bug(a
7. Xx=1;
8. e=1/x;
9. returne;
10.}

Néu do thi dong diéu khién chi chia cac nut quyét dinh nhi
phan thi ta goi né la doé thi dong diéu khién nhi phan.



Ta luén cé thé chi tiét hda 1 do thi dong diéu khién bét ky
thanh d6 thi dong diéu khién nhij phan.

int ProcessOp (int opcode) {
switch (op)
case 0 : ...; break;

~=

case 1 :...; break;
case 2 : ...; break;
case 3 : ...; break;
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D6 phuc tap Cyclomatic C

Do phtc tap Cyclomatic C = V(G) cta dé thi dong diéu khién
duogc tinh bdi 1 trong cac cong thuc sau :

= V(G)=E-N+2,trong do E la s6 cung, N la sé nut ctia do
thi.

= V(G) =P + 1, néu la do thi dong diéu khién nhj phan (chi
chita cac nut quyét dinh luan ly - chi c6 2 cung xuat
True/False) va P s6 nut quyét dinh.

D6 phuc tap Cyclomatic C chinh la s6 dudng thi hanh tuyén
tinh doéc 1ap cta TPPM can kiém thir.

Néu chung ta chon lya duoc dung C duong thi hanh tuyén tinh
doc lap cia TPPM céan kiém thr va kiém thir tat ca cac duong thi
hanh nay thi sé dat dugc phla kiém th& cdp 3 nhu da trinh bay
trong cac slide trudc.



3.5 D6 thi dong diéu khién co ban

Xét d6 thi dong diéu khién nhi phan : néu ting nut quyét dinh
(nhi phan) déu miéu ta 1 diéu kién con luan ly thi ta noi dé thi nay
la d6 thi dong diéu khién co ban.

Ta luén cé thé chi tiét hdéa 1 do thi dong diéu khién bat ky
thanh do thi dong diéu khién nhi phan. Tuong tu, ta luén co thé chi
tiét hoa 1 d6 thi dong diéu khién nhi phan bat ky thanh dé thi dong
diéu khién co ban.

Tom lai, ta luén co thé chi tiét hda 1 dé thi dong diéu khién bat
ky thanh do thi dong diéu khién co ban.

Do phtc tap Cyclomatic C cua doé thi dong diéu khién co ban
chinh la s6 dudng thi hanh tuyén tinh déc lap co ban cia TPPM
can kiém th.

Néu chung ta chon lya dugc dung C dudng thi hanh tuyén tinh
doc lap co ban cua TPPM can kiém thk va kiém thd tat ca cac
duong thi hanh nay thi sé dat duoc phu kiém thir cdp 4 nhu da
trinh bay trong cac slide trudc.

3.6 Qui trinh kiém th hép trang

Tom McCabe dé nghi qui trinh kiém th&r TPPM gém cac budc
cOng Viéc sau :

1. T TPPM can kiém th, xay dung do thi dong diéu khién
tuong Ung, réi chuyén thanh dé thi dong diéu khién nhi
phan, réi chuyén thanh dé thi dong diéu khién co ban.

2. Tinh d6 phtc tap Cyclomatic ctda d6 thi (C = P +1).

3. Xac dinh C duong thi hanh tuyén tinh doc lap co ban can
kiém th(r (theo thuat giai chi tiét & slide ké).

4. Tao tung test case cho ting duong thi hanh tuyén tinh déc
lap co ban.

5. Thuc hién kiém thir trén tung test case.



6.
7.

So sanh két qua co6 duoc voi két qua duoc ky vong.
Lap bao cao két qua dé phan héi cho nhing nguoi co lién
qu

Qui trinh xac dinh cac duong tuyén tinh doc lap

Tom McCabe dé nghi qui trinh xac dinh C duong tuyén tinh
doc 1ap gobm cac budc :

1.

Xéac dinh duodng tuyén tinh dau tién bang cach di doc theo
nhanh bén trai nhat clia cac nut quyét dinh. Chon dudng
nay la pilot.

Dua trén duong pilot, thay d6i cung xudt cia nut quyét
dinh dau tién va c6 gang gil lai maximum phan con lai.

Dua trén duong pilot, thay d6i cung xudt cia nut quyét
dinh thtr 2 va c6 gang gil lai maximum phan con lai.

Tiép tuc thay déi cung xuédt cho tung nut quyét dinh trén
duong pilot dé xac dinh duong tht 4, 5,... cho dén khi
khéng con nut quyét dinh nao trong dudng pilot nia.

L&p chon tuan tu ting dudng tim duoc lam pilot dé xac
dinh cac duong méi xung quanh né y nhu cac budc 2, 3, 4
cho dén khi khong tim dugc duong tuyén tinh déc lap nao
nita (khi du s6 C).



3.7 Thidu

double average(double value[], double min,
double max, int& tent, int& vent) {

double sum = 0; ,®
inti=1;
tent = vent = 0;

while (valueii] <>-999 && tcnt <100) {

tent++;
if (min<=value[i] && value[i] <= max) { 0

sum += valuei];
@ ORo
@

t (5
vent ++;
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if (vent > 0) return sum/vent;

}
i++;
} return -999; —@ e

D6 thi bén c6 5 nut quyét dinh nhi phan nén cé do phtc tap C
=5+1 =6.

6 duong thi hanh tuyén tinh doc lap co ban la:
1. 152-510->11
2. 152->3—->10->11
3.152-53-54—-55—-58-9
4.1-52—>3->4—-55—-56—->8-9
5.
6.

152-53-54-55—-56—->7—-58-9
15251012

Thiét ké cac test case

Phan tich ma nguén cuia ham average, ta dinh nghia 6 testcase
két hop véi 6 duong thi hanh tuyén tinh déc lap co ban nhu sau :
Test case cho duong 1 :

value(k) <>-999, vbi 1<k <

value(i) =-999 v6i 2 <i< 100

Két qua ky vong : (1) average=Gia tri trung binh cutia i-1 gia tri

hop 1é. (2) tent =i-1. (3) vent = i-1



Chu y : khéng thé kiém thir duong 1 nay riéng biét ma phai

kiém thir chung v6i dudng 4 hay 5 hay 6.
Test case cho duong 2 :

value(k) <>-999, voi Vk <i,i>100

Két qua ky vong : (1) average=Gia tri trung binh ctia 100 gia tri

hop 1€. (2) tent = 100. (3) vent = 100
Test case cho duong 3 :

value(1) =-999

Két qua ky vong : (1) average = -999. (2) tcnt =0 (3) vent =0
Test case cho duong 4 :

value(i) <> -999 Vi <= 100

va value(k) < min véi Kk < i

Két qua ky vong : (1) average=Gia tri trung binh cta n gia tri

hop lé. (2) tcnt = 100. (3) vent = n (s6 luong gia tri hop 1)
Test case cho duong 5 :

value(i) <>-999 véi Vi <= 100

va value(k) > max voi k <=

Két qua ky vong : (1) average=Gia tri trung binh cla n gia tri

hop lé. (2) tent = 100. (3) vent = n (s6 luong gia tri hop 1€)
Test case cho duong 6 :

value(i) <>-999 va min <= value(i) <= max véi Vi <= 100

Két qua ky vong : (1) average=Gia tri trung binh ctia 100 gia tri

hop 1€. (2) tecnt = 100. (3) vent = 100

3.8 Kiém thit vong lap

Thuong than cla 1 1énh lap sé duoc thuc hién nhiéu lan (co
thé rat I6n). Chi phi kiém th(r day du réat ton kém, nén chung ta sé
chi kiém thr & nhiing 1an 1ap ma theo théng ké dé gay 16i nhét. Ta
xét tung loai Iénh lap, co 4 loai :

1. |énh lap don gian : than cla no chi chira cac Iénh khac chu
khéng chua Iénh lap khac.

2. lénh 1ap 16ng nhau : than cGa né cé chua it nhat 1énh lap
khac...



3. lénh lap lién ké : 2 hay nhiéu lénh lap ké ti€p nhau
4. |énh lap giao nhau : 2 hay nhiéu Iénh lap giao nhau.

1. Kiém thir loai vong 18p n lan don gian :

while ¢ do... do ... while ¢

Nén chon cac test case dé kiém th( than l1énh 1ap & cac vi tri sau :
= chay 0 buoc.
= chay 1 budc.
= chay 2 budc.
= chay k budc, k la gia tri nao dé thoa 2 < k < n-1.
= chay n-1 buoc
= chay n buoc
= chay n+1 budc.

2. Kiém th( vong lap 16ng nhau :



Kiém th(r tuan tu ting vong lap tir trong ra ngoai theo dé nghi sau
day :
= kiém th vong l&p trong cung : cho cac vong ngoai chay
véi gia tri min, kiém th& vong lap trong cung bang 7 test
case da gidi thiéu ¢ silde trudc.
= kiém th&r ting vong lap con lai : cho cac vong ngoai nd
chay vai gia tri min, con cac vong bén trong né chay vai
gia tri dién hinh, kiém th(r n6 bang 7 test case da gi6i thiéu
& slide truoc.
3. Kiém th(r cac vong lap lién ké : Kiém th( tuan tu ting vong l&p
tir trén xudng, moi vong thuc hién kiém th béng 7 test case da
Qidi thiéu.
4. Riéng cac vong lap giao nhau thi thuong do viéc viét code chua

tot tao ra = nén cau truc lai doan code sao cho khong chira dang
giao nhau nay.

3.9 Két chuong

Chuong nay da gidi thiéu 1 ky thuat thiét yéu dé kiém thdr hop
trdng TPPM, do la ky thuat kiém th(r dong diéu khién.

Chung ta da gidi thiéu cac cdp dé phu kiém th& khac nhau,
gioi thiéu do thi dong diéu khién va dé thi dong diéu khién co ban



cta TPPM, do phtc tap Cyclomatic C, qui trinh téng quat dé kiém
thir dong diéu khién.

Chuong nay cling dé gi6i thiéu 1 thi du cu thé vé qui trinh kiém
th(r dong diéu khién trén 1 TPPM.



