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MO DAU

K§ thuat phan tich dong dir liéu tinh giap phat hién sém cac 15i
tiém an trong chuong trinh tir d6 giam thiéu kinh phi, céng stc cho kiém
thir phan mém. Tur nhing 1y do trén nén em da chon dé tai: “Cic ky thudt
trong kiém the dong diz liéu tinh”.

Muc tiéu cua dé tai: Nghién ciu Tong quan vé kiém thir phan mém
dé nam nhing kién thtc co ban phuc vu cho cac nghién cau tiép theo. Sau
d6 nghién ciru Tong quan vé cac phuong phap kiém thir phan mém va kiém
thir dong dir liéu tinh. Tiép theo nghién ciu tng dung Logic Hoare trong
kiém thir phan mém, cu thé: nghién ciu két hop Logic Hoare véi ky thuat
kiém thir dua trén kich ban dong dir liéu va ap dung ki thuat két hop nay
vao kiém thir mot doan chuong trinh.

Céu trdc cua luan van duoc chia thanh 3 chuong cu thé nhu sau:

Chwong 1: Téng quan vé Kiém thir phan mém va kiém thir
phan mém tinh

Chuwong 2: Phwong phap kiém thir dong dir liéu tinh trong kiém
thir phan mém

Chuwong 3: Ung dung Logic Hoare trong kiém thir phan mém

Dé hoan thanh dwoc luan vin, em xin duoc gii 16i cam on t&i cac
thay c6 trong Khoa Cong nghé thong tin - Trudng Pai hoc Cong nghé da
tan tinh giang day, cung cip nguon kién thirc quy gi4 trong sudt qué trinh
hoc tap.

Dic biét em xin chan thanh cam on thay gido TS.Ding Vian Hung
dé tan tinh huéng dan, gop vy, tao diéu kién cho em hoan thanh luan vin
nay.



Chuong 1
TONG QUAN VE KIEM THU PHAN MEM VA
KIEM THU TINH

Trong chwong nay trinh bay nhiing kién thite co ban lién quan dén
Kiém thir phan mém nhuw dinh nghia kiém thir phan mém, cac mac kiém the
phan mém... Bong thoi ciing trinh bay khdi quét vé Kiém that tinh.

1.1. Khai quéat vé Kiém thir phan mém

1.1.1. Pinh nghia vé Kiém thir phan mém

Kiém thtr phan mém 13 qui trinh nhdm dam béo chat lwong phan
mém. Kiém thir phan mém hudng t6i viéc chimg minh phan mém khong c6
loi.

Muc dich cua kiém thir phdn mém 1a phét hién 15i cang som cang
t6t, va dam bao rang nhiing 16i nay phai dwoc sira. Ldi dwoc hiéu 1a phan
mém khong hoat dong diing nhu dic ta ctia no.

1.1.2. Qui trinh phat trién phan mém RUP [1]
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Hinh 1.1: Qui trinh phét trién phan mém RUP

1.1.3. Cac mic kiém thir phan mém [1]

- Kiém thir don vi (Unit Testing)

- Kiém thir module (Module Testing)

- Kiém thu tich hop (Intergration Testing)

- Kiém thir hé thdng (System Testing)

- Kiém thir chap nhan (Acceptance Testing)



1.1.4. Ca kiém thir va cac phwong phap thiét ké ca kiém thir

MGi ca kiém thir chira cac thong tin can thiét dé kiém thir thanh
phan phan mém theo mot muc tiéu xac dinh. Thuong ca kiém thir gom bo ba
thdng tin {dit liéu dau vao, trang thai caa thanh phan phan mém, dix liéu dau ra
ky vong} [1].

Cic phuong phap thiét ké ca kiém thir

Bat ky san pham ky thuat nao (phan mém khong phai la ngoai 1&) déu co
thé duoc kiém thir boi mot trong hai chién Iuoc [1]:

- Chién lugc kiém thir hop den (Black box testing):

- Chién luoc Kiém thir hop trang (White box testing):
1.2. Khai quéat vé Kiém thi tinh

1.2.1. Pinh nghia vé Kiém thir tinh

Kiém thi tinh la mét hinh thize cia kiém thi phan mém ma khong
chay chuwong trinh (hodc phan mém) dwoc kiém thir. Piéu nay nguoc Véi
kiem nghiém déng. Thwong thi nd khoéng kiém the chi tiét ma cha yéu kiém
tra tinh diing ddan cua code (ma Iénh), thudt toan hay tai liéu [1].

1.2.2. Phan loai cac k¥ thuat kiém thir tinh

Cac ky thugt kiém thir finh khong tao ra cac ca kiém thir vi khong
chay chuong trinh dugc kiém thir [17]. Cac ky thuat kiém thir tinh co thé
dugc chia thanh hai nhom k¥ thuat:

- Nhoém ky thuat kiém ther kiém tra (verification tests);

- Nhém k§ thuat kiém ther phan tich (analysis tests).

Phan loai cac ki thuat kiém thi tinh dugc téng hop trong Hinh 1.4,

Tesling Techniques

Static Veriﬂcalion—[Formal
Symbolic
Static analysis Style analysis
Slicing
Control flow analysis
Data flow (anomaly) analysis

Software inspection / code reviews T -
Metrics .

Hinh 1.4: Phan loai cc k§y thuat kiém thu tinh
1.2.3. So lwgc vé cac ky thuat kiém thir tinh
> Phan tich style 1a mot ky thuat ma kiém tra ma ngudn xem c6
thuc thi theo dung mong mudn khong. Phan tich style 1a mot phan cua céc
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h¢ thong nhiing; hon nita phan tich tinh 1a mét lya chon tét dé duy tri vi vay
cling duoc goi 1a cac hé thang legacy.

> Phan tich dong diéu khién (Control flow analysis): kiém tra
code dé phat hién cac bt thuong (anomalies). Muc tiéu cua ky thuat la phat
hién code ma khong dugc thyc thi (dead code) va phat hi¢n cac vong lap
ma khdng thé thoat khoi vong lap [18].

> Phan tich luéng (bdt thwong) di# liéu hodc phat hign bat
thwong luong di# ligu duoc sir dung dé phat hién cac thanh phan cua
chuong trinh ma di léch véi mong mudn.

> Phan tich luéng di ligu va luong didu khién co thé duoc két
hop véi cac cong cu ma duyét tu dong code cho viéc phat hién cac bat
thuong. Chung c6 thé dugc dya trén vai ky thuat khac va co thé cung cap hd
tro giao dién truc quan [22].
1.3. Két luan

Kiém thir tinh (phan tich tinh) 14 mét hinh thic cua kiém thir phan
mém. Tuy nhién k¥ thuat kiém thir nay khdng chay chwong trinh dugc kiém
thur.

Chuong 2
PHUONG PHAP KIEM THU DONG DU LIEU TINH
TRONG KIEM THU PHAN MEM

Trong chuong nay tac gia sé tdp trung vao nghién cuzu va trinh bay
cdc phirong phdp kiém thir dong diz liéu tinh.
2.1. Phuong phap kiém thir dong dix liéu tinh

2.1.1. Y twéng ciia phuwong phap

M®i chuong trinh/don vi chuong trinh 1a chudi cac hoat dong gom
nhan cac gia tri ddu vao, thuc hién céc tinh todn, gan gi4 tri moi cho cac
bién (cac bién cuc bo va toan cuc) va cudi cung la tra lai két qua dau ra nhu
mong mudn. Khi mét bién dwoc khai béo va géan gia tri, no phai duoc st
dung & dau do trong chwong trinh. Viéc sir dung bién nay c6 thé trong cac
cau lénh tinh toan hoic trong céc biéu thuc diéu kién. Néu bién nay khong
dugc sir dung & cac cu lénh tiép theo thi viéc khai bao bién nay 1a khéng
can thiét. Hon nita, cho du bién nay c6 dugc sir dung thi tinh dung din cua
chuong trinh chua chic da dam bao vi 16i ¢6 thé xay ra trong qué trinh tinh
toan hoic trong cac biéu thie diéu kién. Dé giai quyét van dé nay, phuong
phép kiém thir dong dit liéu xem don vi chuong trinh gém cac duong di
tuong (g voi cac dong dir lidu noi ma cac bién duoc khai bao, duoc gan



9

gia tri, duoc st dung dé tinh todn va tra lai két qua mong mudn caa don vi
chuong trinh tng véi duong di nay.

Véi mdi duong di, ching ta s& sinh mot ca kiém thar dé kiém tra
tinh ding dan cia nd. Qua trinh kiém thir dong dir lidu duoc chia thanh hai
pha riéng biét: kiém thir dong dir lidu tinh (static data flow testing) va kiém
ther dong dir liéu dong (dynamic data flow testing). Vi kiém tha dong dix
liéu tinh, chiing ta 4p dung cac phuwong phap phéan tich ma nguén ma khong
can chay chuong trinh/don vi chwong trinh nham phét hién cac van dé vé
khai bao, khai tao gié tri cho céc bién va sir dung chung. Chi tiét vé van dé
nay s& duoc trinh bay trong phan tiép theo. Véi kiém thir dong dix liéu
dong, ching ta s& chay cac ca kiém thr nham phat hién cac 16i tiém an ma
kiém thir tinh khong phét hién duoc.

2.1.2. Cac vén dé bat thwong trong dong dir liéu

Céc van dé bét thuong vé dong dir liéu co thé duoc phat hién bang
phuong phép kiém thir dong dir liéu tinh. Theo Fosdick va Osterweil [4], cac van
dé nay duoc chia thanh ba loai nhu sau:

e Gan gia tri roi gan tiép gia tri (Loai 1)

e Chua gan gia tri nhung dugc su dung (Loai 2)

e Dia dugc khai bao va gan gia tri nhung khong dugc st dung

(Loai 3)

Huang [5] d3 gidi thiéu mot phuong phap dé xac dinh nhitng bét
thudng trong viéc st dung cac bién dit liéu bang céach sir dung so dd chuyén
trang thai tng voi mdi bién dir liéu cua chuong trinh. Céac thanh phan cua
so do chuyén trang thai cia mot chuong trinh tng véi mdi bién gom:

Céc trang thai, gom:

- U: bién chua duoc gan gia tri

- D: bién da duoc gan gia tri nhung chwa duogc sir dung

- R: bién d3 duoc sir dung

- A: trang thai 16i

« Céc hanh dong, gom:

- d: bién duoc géan gia tri

- 11 bién duoc sir dung

- u: bién chwa dugc gén gia tri hoic duoc khai bo lai va chwa dugc
gan gia tri.



Hinh 2.3: So db chuyén trang thai caa mot bién

Cac van dé vai dong dix liéu thuoc loai 1 tng véi truong hop dd
xay ra trong so do chuyén trang thai. Cac van dé thudc loai 2 ung Voi
truong hop ur va loai 3 &ng véi truong hop du. Dé phat hién cac van dé
nay, ching ta s& tién hanh xay dung so d6 chuyén trang thai tng véi mdi
bién nhu Hinh 2.3. Néu trang thai A xuét hién thi chuong trinh c6 van dé vé
dong dir liéu.

2.1.3. Phuong phap kiém thir dong dir li¢u tinh

Khéi niém cua kiém thir dong di lidu tinh cho phép nguoi kiém thir
xéac dinh cac bién chay qua chuong trinh, giup nguoi kiém thir dam bao
chéc chan rang khong xay ra mot 15i ma dwoc miéu ta & trén.

Kiém ther dong dit lidu tinh c6 thé duge xem xét nhu 1a mot hinh
thic caa kiém thir cAu trac (structual testing): nguoc véi kiém thir chuc
ning (kiém thir hop den). Cac ky thuat kiém thir ciu tric yéu cau ngudi
kiém thir phai truy cap cac chi tiét ciu tric ciia chuong trinh. Cac bién duoc
dinh nghia va duoc sir dung tai cac diém khac nhau bén trong mét chuong
trinh; kiém thar dong dit liéu tinh cho phép nguoi kiém thir v& db thi thay
d6i cac gié tri cua cac bién bén trong mot chuong trinh.

C6 hai hinh thtic chinh cua kiém thir dong dir liéu tinh: dau tién,
dugc goi 1a kiém thir dinh nghia/str dung (define/use), sir dung sb lwong cac
luat don gian va cac do do kiém thir (test coverage metrics); thir hai str dung
“program slices” — cac doan ciia mot chuong trinh.

2.2. Két luan

Ching ta thdy rang ky thuat kiém thi dong di liéu tinh dugc st
dung & muarc kiém thir don vi va duoc sir dung dé phét hién nhitng 13i trong
viéc khai béo, sir dung cac bién trong mot chwong trinh/don vi chuong
trinh. N6 gitp cho chuong trinh/don vi chuong trinh chay 6n dinh va dwa ra
két qua mong mudn.
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Trong [12], tac gi4 da chi ra mot phuong phap phat hién 16i trong
mot chuong trinh/don vi chuong trinh, d6 la st dung Logic Hoare trong
kiém thir phan mém. Chuong téi, chung t6i s& trinh bay chi tiét phuwong
phap phat hién 15i nay.

Chuong 3
UNG DUNG LOGIC HOARE TRONG KIEM THU PHAN MEM

Chuong nay tac gid tap trung vao trinh bay phuwong phdp vng dung
Logic Hoare trong kiém thi phan mém, cu thé tac gid trinh bay phwong phdp
kiém thr két hop giira Logic Hoare véi ky thudt kiem thir dia vao kich ban dong
dir lieu.
3.1. Pit vin dé

Vi pham vi ciia dé tai nghién ciru, trong chuong nay tac gia sé chi
tap trung trinh bay cach ung dung Logic Hoare trong kiém thir phan mém.
Cu thé 1 tac gia trinh bay phwong phap kiém thir két hop gitra Logic Hoare
véi ki thuat kiém thir da vao kich ban dong dir ligu.
3.2. Téng quan vé Logic Hoare

Logic Hoare sir dung cac bo ba Hoare (Hoare Triples) dé suy dién
vé sy chinh xac ciia chuong trinh. M6t b ba Hoare ¢6 dang {P}S{Q}, ¢ day
P Ia precondition, Q I postcondition, va S la c4c Iénh ctia ham. Y nghia cua
bo ba {P}S{Q} (¢ dang chinh xac toan bd) 1a néu ching ta bat dau ¢ trang
thai P l1a true va thuc thi S, khi d6 S s& két thic & trang thai Q 1a true. Va
chling ta c¢d thé suy dién theo hudng nguoc lai.

Chuing ta c6 thé dinh nghia mot ham c6 precondition yéu nhat cling
V6i postcondition ndo dé cho cac phép gan, chudi cac 1énh, va néu céc 1énh
nhu sau:

wp(x :=E, P) = [E/X]P

wp(S; T, Q) = wp(S; wp(T, Q)
wp(if BthenSelse T,Q) =B =>wp(S, Q) && =B => wp(T, Q)

Dé chang minh chinh xac cuc bo cua cac lip & dang While b do S,
ching ta xay dung mot | khdng bién ddi thoa man cac diéu kién dudi day:

P => I: Khoi tao khong bién doi la true.

{Inv && B} S {Inv}: Mai khi thuc thi ciia lap duy tri khong bién doi.

(Inv && -B)=>Q: Khoéng bién ddi va lip thoat didu kién
postcondition.
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Chiing ta c6 thé ching minh chinh xac toan bo bang cach xay dung
mot ham bién doi gia tri nguyén (integer) v ma dép tmg cac diéu kién dudi day:

Inv && B => v > 0: Néu chlng ta vao body cua lap (tac 1a diéu
kién 1ap B danh gia 1a true) va khong bién doi gitr nguyén khi d6 v phai
duong.

{Inv && B && v = V} S {v < V}: Gi4 tri cua ham bién d6i v giam
mdi lan body cua lap thyc thi (o day V la hang sb).

3.3. Ung dung Logic Hoare trong kiém thir phAn mém

Chung ta biét rang Logic Hoare duoc sir dung dé ching minh sy
chinh x4c ciia cac chuong trinh trong khi d6 kiém thir 1a mot cach st dung
trong thuc té dé phat hién cac 15i trong cac chuong trinh. Tuy nhién viéc sir
dung Logic Hoare hiém khi duoc ap dung trong thuc té va kiém thir ciing
kho phét hién tat ca cac 16i xuat hién trong cac chuong trinh. Do vay, trong
phan nay tac gia s& trinh bay mot k¥ thuat két hop Logic Hoare voi ky thuat
kiém thir dua trén kich ban dong dir liéu dé nang cao kha ning phat hién 15
cho k¥ thuat kiém thtr dua trén kich ban dong dir ligu.

3.3.1. So lwgc ki thuit kiém thir dwa vao kich ban dong dir ligu

K§ thuat kiém thir dya trén kich ban dong dir liéu 1a phuong phap
kiém thtr dua trén dic ta st dung precondition va postcondition trong viéc
tao ra ca kiém thtr [16]. Ap dung nguyén 1y “chia va tri” thi k¥ thuat kiém
thir dya trén kich ban dong dir 1i€u coi dac ta 1a cdc kich ban dong dir li¢u
duoc tach biét va tao ra cac tap kiém thir va phan tich cac két qua kiém thu
dua trén cac kich ban dong dir li€u.

Mot kich ban dong dir 1i€u ¢ dang dac ta kiéu pre-post 1a mot biéu
thire logic ma thé hién mot cach rd rang rang didu kién gi duoc sir dung dé
rang budc dau ra khi dau vao théa méan diéu kién nao do.

Cu thé, cho S(S.V, Sov) [Spres Spost] ky hiéu déc ta cua mot toan tir S, &
day Sy, 1a tap tat cac bién dau vao, gla trj cua né khong dugc thay ddi boi
toan tr S, Syy 1a tap tat ca cac bién dau ra, gia tri ctia no6 dugc sinh ra hodc
dugc cap nhat boi toan tir S, va Syre VA Spest twong tmg la precondition va
postcondition. Pac diém cua kiéu dac td nay do 1a postcondition Syesr duoc
sir dung dé miéu ta mdi quan hé giita cac trang thai khoi tao va cac trang
thai cubi cung. Chung ta gia thiét rang trong postcondition mot bién nhur “x
duoc st dung dé biéu thi gia tri khoi tao cia bién X trudce khi ap dung toan
tl, tuc 1a X duge st dung biéu dién gia tri cudi cung cua X sau ap dung toan
ta. Do vy, ~x € S;, V& x € S,,,. Tat nhién, S, ciing chira tit ca cac bién
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dau vao duge khai bao nhu cac tham sb ddu vao va S, cling gém tat ca cac
bién dau ra khac duoc khai bao nhu cac tham sé dau ra. ,

Mot chién luogc thuce té cho tao ra cc ca kiém thir dé thuc thi cac hanh
vi mong mudn cla tat ca cac kich ban dong dir liéu duoc dan tir didc ta duogc
thiét 1ap dua trén khai ni€m cua kich ban dong dir li¢u. Dé miéu ta chinh xéac
chién Iugc nay, du tién ching ta can gidi thidu kich ban dong dir liéu.

Pinh nghia 1:

Cho  Spst —(c, AD,)v(C,AD,)v...v(C, AD,) ¢ ddy moi Ci
(icfl,...,n}) 1a mot tién dé, duoc goi 1a “guard condition”, khong chira bién
dau ra trong S,; Di 1 mot “defining condition” cai ma chira it nhat mot bién
dau ra trong Sy,. Khi d6, mot kich ban dong dit lidu f; ctia S 1a mot sy két ndi
Spre A C, A Dy va bicu thac ((Spre A C, AD)v (Spre A C,AD,)v...v ("Spre
AC, A D,)) duoc goi la kich ban dong dit ligu cua S.

Precondition “Spre =Spre(” O'/ o) ky hiéu két qua du doan tir viéc
thay thé trang thai khoi tao O thanh trang thai cudi cung O trong
precondition S.. Chung ta coi sw két ndi “Spe A C, A D, nhu 1a mot kich
ban dong dit liéu vi n6 dinh nghia hanh vi doc 1ap: khi "Spe A C; dugc thoa
min boi trang thai khoi tao, trang thai cudi cung (hodc cac bién dau ra)
duoc dinh nghia béi defining condition D;. Su két ndi Sy A C, dugc biét
nhu 1a diéu kién kiém thir cua kich ban “Spren C, A D, cai nay phuc vu nhu
12 hé sb cho viéc tao ra ca kiém tht tir kich ban dong dir liéu nay.

Pé 4ap dung KY THUAT DUA VAO KICH BAN DONG DU
LIEU mot cach hiéu qua, FSF cia dic ta phai théa man diéu kién well-
formed duoc dinh nghia dudi day.

Dinh nghia 2: Cho FSF cla dic ta S 1a ("SyeAC, A D)V (Spre
ACy, AD,)V...V(SpenC, AD,) Néu S thoa mian diéu kién
(Vi je..my - 1= (C; AC; < false))) A(Spe

=(C,vC,v...vC, <true)) S dugc noi 1a well-formed.

Well-formed cta dac ta S dam bao r?mg modi kich ban dong dir liéu
dinh nghia mdt ham ddc 1ap va cac guard condition bao hoan toan linh vyc
duoc gidi han mét cach d?ly du.
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Véi gia thiét rang S 1a well-formed, ching ta cé thé tap trung vao
sinh ca kiém thir tir mot kich ban chirc nang don, Spren C, A D,, tai mot thoi
diém str dung phuong phap cta ching ta. Khi d6 ca kiém thtr duoc sir dung
dé chay chuong trinh. Chung ta hiy sir dung toan tir ChildFareDiscount.
Chuc nang cua ChildFareDiscount sit dung ngon ngir dac ta SOFL [15]
dudi day tuong ty nhu VDM-SL cho céc déc ta toan tur.

Process ChildFareDiscount(a: int, n_f: int) a_f: int

Prea>0andn f>1

Post (a>12=>a f==n_f)

and
@< 12=>a f==nf-n f*0.5)

End_process

Dic ta trén miéu ta rang dau vao a (dai dién cho age) phai 16n hon
0 va n_f (normal_fare) phai 16n hon 1. Khi a 1én hon 12, dau ra a_f
(actual_fare) s& bang n_f; nguoc lai, a_f s& giam b6t 50% trén n_f.

Theo thuat toan dugc bao cdo trong nghién ciru [4], co ba kich ban
dong dir lidu co thé duge dan tir dic ta nay:

(1) a>0andn f>landa>12anda f=n_f
(@) a>0andn f>1landa < 12anda f=n_f-n 0.5
(3) a £ 0orn_f < 1and anything

Béng 3.1: Vi dy kiém thir
Ca kiém thi: a=5nf=2
Piéu kién kiém thi: a>0andn f>1landa < 12
Kich ban dong dirliéu: |a>0andn f>1anda < 12
anda f=nf-nf*05
Gia thiét dic ta dugc viét lai theo chuong trinh dudi day (giéng nhu

Java):
int ChildFareDiscount (int a, int n_f) {
(1) If@>0&&n_f>1){

(2 if (@>12)
(3) af:=n_f;
4) elsea_f:=n_f**2—n_f—n_f*0.5;

5) return a_f;}
(6) else System.out.printin(“precondition bi vi pham”);

"}
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Hién nhién, chung ta c6 thé din cac duong dan dudi day:
(DRG], (D) #)(S)]. va [(1)’(6)]. Trong dusng dan [(1)(2)’(4)(5)],
(2)’ nghia la thoéa hiép cua dicu kién a > 12 (tirc 1a a < 12), va tuong tu
cach hiéu ap dung t6i (1)’ trong duong dan [(1)’(6)]. Chiing ta ciing chén
thém mot s6 khuyét trong phép gana_f=n_f**2—n_f—n_f*0.5 (chinh xac
laa_f=n_f—n_f*05), & day n_f**2 nghia rang n_f mii 2 (tic lan_f?).

Diém yéu ciia phuong phap kiém thir d6 1a n6 chi c6 thé tim thiy su c6
mit ctia cac 16i nhung khong tim thdy su vang mit ctia cac 16i. Vi dy, chung ta
sinh ra mot ca kiém ther, {(a, 5), (n_f, 2)}, tir diéu kién kiém thora >0 and n_f
>1anda < 12 cua kich ban dong dir liéu (2), duoc minh hoa trong Bang 3.1.
Thyc thi mot chuong trinh voi ca kiém thtr ndy, duong dan [(1)(2)’ (4)(5)] s€
duoc di qua. Két qua cla thyc thi 1a a_f = 2**2 — 2 — 2*0.5 = 1. Két qua nay
khong chi ra su ¢6 sn cta 181 vi khi didu kién kiém thir a >0 and a_f > 1 and
a < 12 dugc thoa min boi ca kiém thir, defining condition a_f=n_f—n_f*
0.5 ciing dugc théa méan boi dduraa f=1 (vi 1 =2—2*0.5 = true), cai ma
chimg minh ma trong ca nay, chuong trinh thye hién kich ban dong dir liéu mot
cach chinh xac. Nhung dudng dan la chira mot 16i.

Mot giai phap cho van dé nay thyuc thi mot ching minh dya trén
Logic Hoare dé kiém tra duong dan chinh xac véi kich ban dong dir liéu.
Chimg minh chinh xac dugc mong mudn ty dong mot cach hoan toan dé
cho phép chung ta tich hop k¥ thuat ndy vao trong k¥ thuat kiém thir dya
trén kich ban dong dit liéu. Dé hiéu hon, chung ta can gi6i thiéu van tat tién
dé gan trong Logic Hoare.

3.3.2. Ky hi¢u dwgrc sir dung trong Logic Hoare

Cho x:= E 1a mot phép gan: gan két qua cua danh gia biéu thic E
t6i bién x. Tién dé cho phép gan 1a:

{QE/x)px=E{Qj

Biéu thic nay thé hién ring phép gan x:=E 1a chinh xac vdi post-

assertion Q va dugc dan tir pre-assertion Q(E/x), mot két qua dy doan tir

viéc thay thé E cho tit ca cic xay ra cua x trong Q. Post-assertion Q biéu
didn mot didu kién ma phai dugc théa min boi bién x sau khi thyuc thi phép
gan (phép gan co thé dugc coi nhu 13 toan tir cdp nhat bién x). Dé tao ra
post-condition Q 14 true sau khi thyc thi, biéu thirc E phai théa min Q trude
khi thyc thi, do 1a, Q(E/x) la true, vi x biéu dién E sau khi thyc thi.
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3.3.3. K§ thuit két hop Logic Hoare voi ki thuit kiém thir dua trén
kich ban dong dir liéu - Phuong phap TBFV

Ky thuat két hop Logic Hoare véi ky thuat kiém thir duwa trén kich
ban duoc goi 13 k7 thudt chitng minh hinh thirc dya trén kiém thir (Testing -
Based Formal Verification, viét tdt la: TBFV). Ky thuat TBFV 1a mot ky
thuat duoc sir dung dé chimg minh su chinh x4c ctia cac duong dan chuong
trinh dugc xac dinh br:ing k¥ thuat dua vao kich ban dong dir li€u. Nguyén
1y cua ki thuat TBFV gdm c6 ba diém sau:

- Su dung k¥ thudt dua vao kich ban dong dir li€u sinh céac ca kiém
thir thich hop dé xac dinh tdt cd cdic dwong dan xudt hién
(representative paths) trong chuong trinh dwoc kiém tha; mdi
duong dan duogc s dung it nhat mot ca kiém thir.

- Cho "SyeAC, AD, (i = 1, ..., n) ky hi€u kich bdn chirc néng va ca
kiém thtr t duge sinh ra tir diéu kién kiém thtr “Spe AC,. Cho

p= [SCl,SCZ,. . .,SCm] 1a mot duong dan chuong trinh, trong d6

SC j = 1,..., m) duogc goi 1a doan chuong trinh, 1a mot quyét dinh

(trc 1a mot du doan), mdt phép gan, mot 1€nh “return”, hodc mat

lénh in. Gia thiét duong dan p duoc sir dung trong ca kiém thir t. Dé

chuing minh sy chinh x4c cua p véi kich ban dong dir liéu, chiing ta
hinh thanh mot bg ba duwong dan (path triple).
N {~Spre,}p{ci ~ Di} )

B6 ba dudng dan nay giong nhu nhu cau trac cua by ba Hoare,
nhung né duge thay d6i thanh duong dan don hon la chwong trinh. Piéu
nay c6 nghia rang néu precondition “Spre ctia chuong trinh 12 true trudce khi
duong dan p dugc thuc thi, postcondition C; A Dj clia duong dan p sé l1a
true trén sy két thic cua p.

- Ap dung lap di lap lai tién d& phép gan (hodc tién dé) co thé dan
mot pre-assertion, dugc ki hiéu 1a pyye, dé hinh thanh biéu thirc dudi
day:

{Spre(XD0} {Ppre( XX} P {Ci A Di(XX)}

O day “Spre("X/X), Ppre( X/X) Va Ci A Di("x/x) tuong mg la ket qua du

doan twong g tir viéc thay thé moi bién dau vao “x twong tmg cho

bién dAu vao x trong du doan. Cac su thay thé nay 1a can thiét dé
loai bé xung dot gilra cac bién dau vao va cac bién duge cap nhat
bén trong.
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Cudi cing, néu “Spre( XIX) = Ppre(X/X) duroc chimg minh c6 nghia rang
khong cod 16i nao xuét hién trén dudng dan; nguoc lai chi ra su xuét hién
16i trén dudng dan.

Chung ta thay rang do (mg dung cia céac tién dé phép gan va phan
doan khong thay dbi chi gdm c6 thao tac bang tay theo cti phap, dan tir pre-
assertion ppre("X/X) co thé dugc thyc hién mot cach ty dong, nhung 4n y
chimg minh mot cach hinh thirc “Sye(X/X) => Ppre(X/X), chiing ta c6 thé
viét don gian nhu sau “Spe = Pyre trong bdo cdo nay, khong thé thuc hién
mot cach tu dong, tham chi véi su hd tro ciia mot bd chung minh ly thuyét
nhu PVS, phu thudc vao do phirc tap cua “Spre VA Ppre. Néu thu duge mot
cach tu dong ddy du theo wu tién cao nhat, chimg minh hinh thirc ciia 4n y
nay co thé dugc “thay thé” boi mot kiém thir. D6 13, dau tién ching ta sinh
ra cac gia tri mau cho cac bién trong “Spre VA Ppre, va khi d6 danh gia chung
Xem Pyre la false khi “Spr 1a true. Néu diéu nay la true, ching ta noi réng
duong dan dang dugc ching minh chira mot 15i. Do k¥ thuat kiém thir c6
san trong cac bai bao [6, 9], nén chung t6i khong cin trinh lai chi tiét trong
bao cao nay.

3.4. Ap dung phwong phap TBFV

3.4.1. Ap dung cho doan chwong trinh

Dé thir nghiém phuong phap TBFV, trong doan nay ching toi s&
trinh bay mot nghién ctru ap dung phuong phap TBFV dé kiém thir va
chtng minh doan chwong trinh cua IC card system (hé thong thé IC) cho JR
commute train service (dich vu tau dién chuyén mach JR) & Tokyo. Qua thir
nghiém thiy rang phuong phap TBFV vé co ban sir dung dugc va hiéu qua
nhung phuong phép nay ciing di dién vai thach thirc hodc vai giéi han ma can
duoc giai quyét trong cac nghién ciru tiép theo.

Heé thong thé IC dugc thiét ké dé cung cép cac dich vu chuc ning
sau: (1) Diéu khién truy cap dén va thoat tir mot trang thai duong ray, (2)
Mua vé sit dung thé IC, (3) Nap thé IC bang tién mit hodc thong qua tai
khoan ngéan hang, va (4) Mua vé di lai trong khoang thoi gian (thoi gian
mdt thang hodc ba thang). Do gi6i han vé thoi gian, tac gia khong thé trinh
bay chi tiét tat ca, nhung tac gia s& ldy mot trong cac hoat dong bén trong
dugc st dung trong hé théng thé IC, goi 1a ChildFareDiscount di dugc
trinh bay & trén 1am vi du dé minh hoa cach phuong phap TBFV dugc ap
dung. Chuong trinh ChildFareDiscount chira ba dwong din, chiing ta can
chtrng minh hinh thirc ba duong din. Do vy qué trinh chtrng minh cho ba
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duong dan nay 1a gidng nhau nén tac gia chi cin chimg minh duong din
[(1)(2)(4)(5)], duong dan nay duoc st dung boi ca kiém thu {(a, 5),
(n_f,2)}.

Pau tién chiing ta xay dung bo ba duong dan:

{fa >0and n_f >1}

[a>0&&nN f >1

a<l12,
af:=nf*x2-—nf-n_"fx05
returna_f ]

{"a<12anda f= n f— n fx05}

Odiy “a>0va “n_f >1Ilakétquathaythé “ava “n_f cho cac bién
dau vao a va n_f tuong Ung trong pre-condition cia chwong trinh, va
“a<12vaa_f= "nf — "nf *05 lakét qua hoan thanh thay thé
trong post-condition.

Thir hai, chung ta 4p dung lap di lip lai tién dé phép gan hodc tién
dé phép gan vai 1énh khong thay dbi cho bo ba dudng dan [(1)(2)’(4)(5)],
bat dau tir post-condition. Két qua chiing ta xay dung duoc duong dan dudi
day, duoc goi 1a asserted path (dwong dan quyét dinh), v6i cac quyét dinh
bén trong dugc dan tir hai doan chuong trinh:

{"a>0and n_f >1}

{"a<12and

n fxx2—"nf—"nf*05="nf—"n f+05}

a>0&&n f>1

{"a<12and

nNfs*«2—nf—nf+x05="nf-"n f+05}

a<l12

{"a< 12 and

nfxx2—-nf—-nf+«x05="nf—"nf*05}

af:=nfs2-—nf-nfx05

{"a<12andaf="n f—"n f 0.5}

return a_f

{fa<12anda_f="n f— "n_f * 05}

O day duong din quyét dinh “a < 12va “n_f #x 2 —
nf— "n_f*05= "n_f — “n_f*0.5, dong thir hai tir trén xudng, la
két qua thay thé ~a cho a vd& “n_f cho n_f trong quyét dinh {~a <
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12van_f *x2—-n_f—n_f+*05= "n_f— "n_f*05}. Nhu da trinh
bay & trén, didu ndy 1 can thiét dé gitra su tin cdy ciia cic bién dau vao avan_f
trong pre-condition gbc (biéu thi la ~a va “n_f) va pre-assertion.

Thir ba, ching ta can danh gia tinh hop 1y cia an y ~a >
Ova nf>1= "a<12va nf *»2-— "nf — "nf *05=

“n_f — "n_f =0.5.Sudung cakiém tht {( "a,5),("n_f ,8)}, ching
ta ¢ thé dé dang chimg minh rang an y nay 1a sai (danh gia chi tiét khong
duge dé cap vi gidi han thoi gian).

Tir vi du trén, chiing ta c6 thé thay rang do6i khi kiém thir tham chi
¢6 thé hiéu qua hon chimg minh hinh thtrc trong viéc danh gia tinh hop 1y
ctia an y khi mot 16i ¢6 san trén duong dan, nhung néu duong dan khéng
chtra 13, vé co ban kiém thir s& khong thé phat hién dé dua ra mot két luan.
Trong truong hop nay, mét danh gid ky thudt phai dugc tao ra cho viée
danh gia tinh hop 1y. Piém manh cua kiém thir d6 1a c6 thé thyuc hién duoc
tu dong, day 1a diéu vo cung c6 ich trong thoi dai cong nghiép.

3.4.2. Ap dung cho viéc goi phuwong thirc

Néu mét goi phuong thie (method invocation) duoc sir dung nhu 1a
ciu 1énh, ching ta c6 thé thay dbi trang thai hién tai cua chwong trinh
ChildFareDiscount. Do vy, dudng dan bén trong phuong thire duoc goi s&
phai dugc xem xét trong pre-assertion ctia chuong trinh dudi dang kiém
tha.

Chung ta hiy thay dbi chuong trinh ChildFareDiscount va t6 chirc
hoan thi€n chuong trinh nay thanh mdt 16p (class) dugc goi la
FareDiscount dudi day.

class FareDiscount{
int tem; //instance variable

int ChildFareDiscountl(int a, int n_f){
(1) Discount(n_f);
2) if(@a>0&&n_f >1){
3) if (a>12)
4) af:=n_f
5) elsea f:=n f**2—-n_f —tem;
(6) return a_f; }
@) else System.out.println(“the precondition is violated”);
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void Discount(int x){

intr;
(1.1) r:=x*0.5;
1.2) tem:=r;}

}
Khi chay phuong thirc ChildFareDiscountl trong d6 phuong thirc

Discount(n_f) dugc goi, chung ta lay duoc ba dudng din: [(1)(2)(3)(4)(6)],
[(1)(2)(3)’(5)(6)] va [(1)(2)(7)], & day doan (1) 1a mot duong dan con
(subpath) [(1.1)(1.2)](n_f/x), biéu thi duong din két qua tir viéc thay thé
tham s6 thuc t& n_f cho tham sd hinh thic x trong duong dan con
[(1.1)(1.2)]. Do vay duong dan [(1)(2)(3)’(5)(6)] thuc té sau khi chén thém
duong dan trong Discount vao duong dan trong ChildFareDiscount] dugc
biéu dién nhu sau [(1.1)(1.2)(2)(3)’(5)(6)]. Lua chon ca kiém thir giéng
nhau {(a,5), (n_f,2)} trudc khi chay chuong trinh, ching ta tao ra duong
dan [(1.1)(1.2)(2)(3)’(5)(6). Khi d6 chung ta xdy dung dugc duong dan
quyét dinh (asserted path) nhu sau:

{7a>0 and n_f>1}

{fa<12and

n fxx2—"n f—"n f*x05="n f—"n f+0.5}

r:=nf*05

{fa<12

nNf#*«x2—n f—r="nf-"nf+*05}

tem:=r

{fa<12and

nNfs*«2—nf—tem="nf—"n f*05}

a>0&&nf>1

{"a<12and

nfxx2—n f—tem="n_f—"n f*0.5}

a<l2

{fa<12and

nfxx2—n f—tem="n_f—"n f+05}

a f:=n_f*+2—n_f—tem

{Ta<12anda f="n f—"n_f * 0.5}

return a_f

{"a<12anda f="n_f—"n f+05}
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O day duong dan con [r:=n_f*0.5, tem:= r] 1 két qua thay thé
tham sb thuc té n_f duoc sir dung trong 10i goi phwong thirc Discount(n_f)
cho tham sd hinh thirc x duoc sir dung trong dinh nghia phuong thiic trong
duong dan con gbe [r:=x*0.5, tem:= r]. Tuong ty, ching ta c6 thé d& dang
sit dung kiém thir dé chimg minh 4an y “a>0va n_f>1= "a <
12va "n_f *x2— "nf — "nf *05= "nf — "nf =05 Ila
sai, chi ra raing mot 18i dugc tim thay trén duong dan.

3.4.3. Cac nghién ciru lién quan

Mot trong nhitng két qua dat duoc 1a trinh bay Design By Contract
(DBC) cua Meyer da dugc ung dung trong ngoén ngir 1dp trinh Eiffel [7, §].
Thanh céng cua Eiffel d6 1a kiém tra pre-condition va post-condition va
khuyén khich mén hoc DBC trong lap trinh dé phat trién nghién ciru twong
tu cho cac ngon ngit khac nhur hé théng kiém thtr Sunit cho Smalltalk [19].
Cheon va Leavens miéu td mot phuong phéap kiém thir don vi (unit testing)
ma sir dung mot bo kiém tra assertion thdi gian chay cta ngdn ngir dic ta
hinh thirc dé quyét dinh cac phuong thirc lam viéc chinh xac theo dic ta
hinh thirc str dung pre-condition va post-condition, va da cai dat thanh cong
y tudng nay st dung ngdn nglt md hinh Java (Java Modeling Language —
JML) va nén tang lam viéc kiém thir Junit [12]. Gray va Mycroft miéu ta
phuong phap khac dé kiém thir cic chwong trinh Java sir dung céc dic ta
kiéu Hoare [18].

3.5. Két luan

Nguyén tac co ban cuia TBFV dau tién sir dung kiém thir duya trén
kich ban dong dir liéu dé dwa ra mot duong din caa chuong trinh dudi hinh
thire kiém thir, va khi d6 ap dung phuong phap dwa Logic Hoare dé chuic
minh hinh thicc sy chinh xac caa moéi duong dan. Phuong phap TBFV ¢
mot uu diém so véi chitng minh sy chinh xac hinh thuc dua trén Logic
Hoare d6 1a co thé thyc hién tu dong bang cach xay dung hé théng chuong
trinh thuc té. Phuong phap nay ciing c¢6 wu diém ndi bat trong viéc giam sé
lwong cac ca kiém thu can thiét so vai kiém thir dua trén dic ta c6 san.

KET LUAN VA KIEN NGHI
1. Két luan

V& mit co ban em da hoan thanh dugc muc tiéu cua dé tai dua ra.
Mot sb két qua dat duge nhu sau:

- Nam duoc kién thirc co ban lién quan dén Kiém thir phan mém va
kiém thu tinh;
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- Nam duoc céac ky thuat kiém thir tinh va cac phuong phép kiém
thir dong dir lidu tinh trong kiém thir phan mém;

- Hiéu duoc Logic Hoare trong viéc chung minh sy chinh xac cua
chuong trinh va nghién ctru dugc k§ thuat két hop Logic Hoare vai ky thuat
kiém thir dya vao kich ban dong dir liéu dé nang cao hiéu qua cho k¥ thuat
kiém thir dwa vao kich ban dong dit liéu.

- Quyén bao cao c6 thé 1am tai liéu tham khao vé linh vuc Kiém thu
phan mém, Kiém thir tinh va dac biét 1a kiém thir dong dix liéu tinh;

- Két qua nghién ciu c6 thé 1am tién dé cho céc nghién cau lién
guan khac.

2. Kién nghi

Véi thoi gian nghién ciu ngan va day 1a linh vuc méi tiép can nén
trong béo céo con mot s phan chwa duoc hoan thién. Do vay thoi gian téi
em s& tiép tuc nghién ctu chuyén sau hon va c¢b gang xay dung duoc
chuong trinh kiém thir tu dong dua vao k§ thuat két hop giita Logic Hoare
véi ki thuat kiém thir dua trén kich ban dong dir liéu.

Trong qua trinh 1am luan van, em di cb gang rat nhiéu, tuy nhién
khong tranh khoi nhitng thiéu sét, em mong rang s& nhan dugc cac y kién
dong gop cua céac thay cd, cac ban bé, dong nghiép dé ban luan van ngay
cang hoan thién hon.
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