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TOM TAT

Bai bao trinh bay phuwong phap phan tich kha nang kiém thir cac don vi phan mém dé danh
gia va tién lwong nhirng kho khan gap phal trong qua trinh kiém the phan mém. Dé phan tich
kha nang kiém thir, ching t6i d& xuét giai phap st dung ky thuat biéu dién gan don tinh SSA
bang cach chuyén cac don vij kiém thi sang mot dang biéu dién ludng di¥ liéu. Két qua phan
tich mot mat gilp nguoi kiém the phan bd tai nguyén kiém thor hop li hon, mét mat gilup
nguoi thiét ké khéc phuc nhitng sw c6 mat mét thong tin va c6 thé stra dbi lai chwong trinh
nguon.

ABSTRACT

This paper presents the result of testability analysis of software components to evaluate and
predict some difficulties encountered in the testing phase. In our solution, we concentrate on
testability analysis of software components. We propose the use of the Static Single
Assignment (SSA) form to transform a software component into a data-flow representation,
and testability analysis is based on this SSA form. This results helps designers during the
specification phases of the components, and testers during the testing phases to evaluate and
eventually modify the components.

1. Pit van dé

Trong tién trinh phan mém, giai doan kiém thir (testing) dong vai tro quan trong. Phan
mém cang 16n va cang phtc tap, thu tuc kiém thir cang doi hoi nhiéu thoi gian va cong suc.
Pé nang cao hiéu qua san pham, nhimg ngudi tham gia xay dung phan mém can c6 sém
thdng tin vé hé thong chuong trinh can kiém thir. Nhimng thong tin nay cé duoc nho phan tich
kha nang kiém thiz (PTKNKT) phan mém. Mot mat, két qua phan tich cho phép phat hién ra
nhiing phan chuong trinh nao vira chira dung nhiéu 15i, vira khé kiém thir, nhitng don vi
chuong trinh nao thi nén dau tu nhiéu cong sirc. Mat khac, PTKNKT gilip phan bo tai nguyén
kiém thir t6t hon, hodc c6 thé yéu cau nguoi thiét ké sira doi lai noi dung thiét ké dé cai thién
kha néng kiém thir (KNKT). PTKNKT ciing dua ra chi s6 chat luong nhd phép do do phirc
tap khi kiém thir phan mém.

Trude day, PTKNKT phan mém méi chi 1a danh gia do phuc tap cua cac chuwong trinh.
McCabe [1] va Nejmeh [2] danh gi4 d6 phirc tap dya trén s6 lugng dong lénh thyuc hién va sb
luogng dit lidu kiém tht, nhung chua dé cap dén KNKT. Sau d6, Freedman [3] 1a ngudi dau
tién dua vao khai niém KNKT, bang cach dua trén khd ndng quan sdt (observability) va kha
nang diéu khlen (controllability). Phuong phap nay danh gia chuong trinh dua trén mlen dir
liu vao va mién dur ligu ra. Hai tac gia Voas va Miller [4] dinh nghia KNKT phan mém la
kha nang phan mém bj sy CO (failure) do gap 13i khi kiém thir va ciing danh gia chuong trinh
qua mién dir liéu vao va mién di liéu ra. Trong pham vi danh gid KNKT cac phan mém giao
tiép, Petrenko cuing nhom tac gia [5] sir dung cac dtémat hitu han, Karoui va nhém tac gia [6]
su dung cac dac ta quan h¢, v.v...

Gan day, Le Traon va Robach [7] phat trién phuong phap PTKNKT sir dung cong cu
SATAN (System’s Automatic Testability Analysis). Cac tac gia nay xay dung mot mé hinh



chtrc ning gém céc d6 thi c6 huéng phi hop dé biéu dién truyén thong tin theo thiét ké lusng
dir liéu (data flow). D6 1a cac biéu do ddic ta nho may tinh (Computer Aided Specification) ma
mdi biéu d6 CAS la mot tap hop cac don thé chuong trinh dwoc két ndi véi nhau nhd cac
ludng dix liéu. Dix liéu dau ra caa don thé nay 12 dir liéu dau vao cua mot don thé khac. Do chi
&p dung duoc cho thiét ké ludng dit liéu, han ché cua phuong phap nay 1a khong ap dung
duge @& PTKNKT cac don thé chuong trinh dwoc viét trong cac ngdn ngit ménh Iénh, ching
han nhu ngén ngir C.

Trong bai bio nay, chung t6i dé& xuit phwong phap PTKNKT phan mém sir dung biéu d6
CAS. Céc don thé chwong trinh dugc viét trong ngon ngir C, do cong ty Thales Avionics cung
cap. Bé ap dung duoc cong cu SATAN, ching t6i dé xuét su dung phép gan don tinh SSA
(Static Single Assignment) [10], [11], [12] dé chuyen d6i ma nguon trong cua cac chuong
trinh sang dang biéu dién ludng dir liéu. St dung két qua PTKNKT, nguoi thiét ké co thé sua
dbi lai noi dung thiét ké, nguoi kiém thir c6 thé co giai phap phan bé tai nguyén kiém thu va
chon lya chién luogc kiém thir tot hon.

Noi dung chinh cua bai bao nhu sau: phan 2 gi¢i thigu ngan gon md hinh phén tich va
cach do KNKT sir dung cong cu SATAN; phan 3 trinh bay ky thuat gan don tinh SSA; phan 4
chi ra cach 4p dung cdng cu SATAN dé phén tich mot don thé chuong trinh va danh gia két
qua.

2. Phan tich kha ning kiém thir mét hé théng phan mém

Trudc tién, chdng t6i trinh bay mé hinh chirc ning dya trén thiét ké ludng dir liéu [8] va
st dung mo hinh nay dé do KNKT, danh gia luu lugng truyén tin, hay luu chuyén ludng dix
liéu, trong cac d6 thi ¢ huéng caa mo hinh.

2.1. M0 hinh chirc ning

Nguyén tac md hinh hoa truyén tin 1a biéu dién dong thoi ludng diéu khién va ludng dix
liéu trong ciing mot do thi, goi 1a do thi truyén tin ITG (Information Transfer Graph). Do thi
c6 hai loai n(t 12 nt théng tin (place) va nit chuyén tiép (transition). Cac nit thdng tin cé thé
la cdc don thé (module) biéu dién cac toan tir, don vi, cau lénh..., cac nat di liéu vao va céc
nat diz liéu ra caa hé thong. Trong biéu dién d6 thi, cac don thé c6 hinh e-lip; cac nut dir liéu
vao/ra c6 dang mot nira dudi hinh e-lip; cac nat chuyén tiép 1a cac doan thang nim ngang
(hinh 1). Cac canh néi lién cac nat cua ITG. D6 thi dugc bat dau boi cac nat dit lidu vao va
duoc két thic boi cac nat dit liéu ra.

nat dit ligu vao nGt chLD/én tiép nit don thé
1
1
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Hinh 1. C4c logi nat cia do thi truyén tin ITG.
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Cac nat chuyén tiép phuc vu truyén tin giira cac nat thdng tin. C6 ba cach truyén tin (hinh
2):

— Phgi két: nhiéu nat ngudn chuyén toi mot nat dich;

— Phén phoi: chi mét nut trong s6 cac nut nguon khac nhau chuyén tgi mot nat dich;

— Lwa chon: mot nat nguon co thé di dén nhiéu nut dich khac nhau.
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Phéi két Phén‘phéi Lya chon
Hinh 2. Ba cach truyén tin trong mot ITG.

Db thi truyén tin ITG dung dé xac dinh cac dudng truyén tin, hay duoc goi 12 luong di liéu
(dataflow). M&i ludng chira tap hop cac nit (ndt théng tin va nat chuyén tiép) va cac canh.
Ludng xuét phat tir mot vai nat dir liéu vao, qua cac nit don thé d& dén maot nat dix liéu ra.
M3i ludng c6 thé duge xem nhu mét dd thi con, hay hé théng con, hoat dong doc 1ap so véi
phan con lai cua hé thong.

2.2. Do kha néing kiém thi

Phan tich cach truyén tin gitra cac n(t trong mdi ludng cua caa dd thi ITG, KNKT dugc
do dya trén kha nang diéu khién va kha niang quan sat cia moi don thé chuong trinh trong hé
thng dang xét. Kha nang diéu khién dugc danh gia qua luong thong tin dén tir dau vao. Kha
nang quan sat duoc danh gia qua luong thong tin nhan duoc & dau ra (xem hinh 3). Tur do,
KNKT cia mot don thé 1a lugng thdng tin thét lac khi di tir mién dit liéu vao, qua don thé dén
dau ra caa hé thong trén mdi luong.

Kha nang . Kha nang
diéu khién Don thé quan sét
—
Y
Hé thong

Hinh 3. Kha néng kiém thit ciia mét don vi chwong trinh.

Goi Ir 1a dau vao va Or 1a dau ra cua luong F, Iy 1a dau vao va Oy la dau ra cia don thé M,
kha nang diéu khién cta don thé M trong luong F duogc tinh bai céng thuc:
CO¢ (|\/| ) = M (1)
C(lm)
trong d6, T(Ig, Iw) 1a luong thong tin lon nhat c6 thé ma don thé M nhan dwoc tir dau vao Ir
cua luong F va C(ly) la toan bo thdong tin ma don thé M c0 thé nhan dugc néu né dung doc
lap.
Kha ning quan sat ciia don thé M trong ludng F dugc tinh bai cong thire twong tu (1):
T(Oy,0
OBg (M) = TOwu.OF) (2)
C(Ow)
trong d6 T(O,, Ow) 1a luong thdng tin I6n nhit ma dau ra Ok cua ludng F c6 thé nhan dugc
tur dau ra Oy cta don thé M va C(ly) la toan bo thong tin ma don thé M c6 thé sinh ra tir dau
ra Owm.



Kha nang diéu khién COg(M) va kha nang quan sat OBg(M) 6 gia tri nam trong doan [0,1],
la tot nhat néu c6 gia tri 1, lIa kém nhat néu c6 gia tri 0.

KNKT cua don thé M trong luong F 1a mot ham theo COg(M) va OBg(M) (xem chi tiét ¢
[8]):
TER (M) = f(COR (M), OB (M)) 3

3. Ky thuat gan don tinh SSA

Ky thuat gan don tinh SSA 1a mét dang biéu dién trung gian dung dé xay dung cac ludng
dir liéu cho d6 thi ITG. Ky thuét dugc SSA sur dung chu yéu cho cac thuat toan ti wu ma cua
cac chuong trinh dich viét trong mot ngdn ngit ménh Iénh.

Mbt chuong trinh dugc chuyén sang dang SSA qua hai budc. Trong budc thi nhat, cac
ham dic biét @ duoc dua vao tai mdi nlt néi (join node) trong dd thi ludng diéu khién cua
chuong trinh. Mot ham @ tai niit X ¢6 dang V < @(R, S, ...), trong 46 V, R, S, ... 1a cac bién.
S6 luong cac bién nay 1a sd nhanh ré dang truéc nlt X. Ham @ két hop cac gia tri khac nhau
ctia mot bién dé tao ra mot gia tri mgi phu thudc vao nhanh ré. Trong buéc thir hai, cac bién R,
S, ... dugc d6i tén thanh Vi, V,,... sao cho V; chi xuét hién trong mot phép gan duy nhat trong
toan bo chuong trinh.

Vi dy, xét chuong trinh gbc 1a ham delta, sau khi chuyén sang bicu dién SSA, hai ham @
duoc chen vao sau cau Iénh dicu kién dé xac dinh gia tri cua hai bién a va b, sau do6 hai bién
nay dugc doi tén thanh cac bién co chi so (hinh 4).

Dang biéu dién SSA c6 dac diém la m6i bién chi xuat hién trong mét dinh nghia hay trong
mot phép gan duy nhéat. Ca chuong trinh gbc va dang biéu dién SSA déu ¢ d6 thi ludng didu
khién giéng nhau va co cung ngit nghia. Str dung dang SSA dé biéu dién ludng dir liéu cua
mot chuong trinh tuan tu, ta cd thé xay dung duoc d6 thi truyén tin ITG dé PTKNKT.

int delta(int a, int Db) int delta(int a0, int bO0)
{ {
if (a > b) if (a0 > b0)
a=a - b; al = a0 - b0;
else |:> else
b=Db - a; bl = b0 - a0;
return (a * b); a2 « ® (a0, al);
J b2 « ® (b0, bl);
return (a2 * b2);
}

a) Chuong trinh gbc b) Két qua dudi dang SSA
Hinh 4. Chuyén mgt ham sang biéu dién SSA

4. Viduap dung

Cong ty Hang khong chau Au Thales Avionics di cho phép chiing toi sir dung cac biéu d6
CAS gdm cac chuong trinh viét trong ngén ngir C. Phuong phap SSA duoc &p dung cho cac
don vi THR dé PTKNKT, gém cac budc sau:



St dung trinh dich GCC* (GNU Compiler Collection) dé chuyén ma ngudn THR thanh
SSA.

Xay dung db thi truyén tin ITG tir SSA.

Tinh s6 luong cac ludng trong ITG.

— Po KNKT cho mdi don thé trong mdi ludng.

Pon vi THR dung dé tinh gi4 tri ngudng cua mot gia tri dau vao. Ma ngudn cia THR sir
dung kiéu sé thuc (numeric). Hinh 5 minh hoa két qua chuyén ma THR thanh biéu dién SSA
su dung GCC.

Tir biéu dién SSA, db thi ITG cia THR duoc xay dung nhu sau: Cac toan tir va cac bién
duoc biéu dién thanh cac nit don thé. C4c toan tir gdm sub, add, uminus, compl va comp2,
trong d6 compl va comp2 1a c4c toan tir so sanh “>” va “<” twong ung. Cac cau lénh diéu
kién (if-then-else) duoc biéu dién thanh hai don thé 1a then va else. Trong mét ludng, chi cé
mot trong hai don thé diéu kién dugc chon.

1. numeric thr (const numeric input, 1 numeric thr(const numeric input,
const numeric value) const numeric value)
{ {
2 numeric output; 2 /*khai bao cac bi?n */
3 if (input > value) 3 if (input > value)
4 { 4
5 output = input - value; 5 outputl = input - value;
6 } 6 }
7 else if (input < -value) 7 else if (input < -value)
8 { 8 {
9 output = input + value; E::::> 9 output2 = input + value;
10 1} 10 }
11 else 11 else
12 | 12 {
13 output = 0.0; 13 output3 = 0.0;
14 1} 14 }
15 return output; 15 output4 = @ (output2, output3);
} 16 output5 = ®(outputl, outputd);
17 return outputb;
}

Hinh 5. Chuyén ma THR thanh biéu dién SSA siz dung GCC

Do thi c6 3 ludng dit liéu c6 cung nat dix lidu vao {input, value} va nat dix liéu ra
{output5}. Tap hop cac don thé F; trong mdi ludng duoc xac dinh nhu sau:
F, = {thenl, compl, outputl, sub}.
F2 = {elsel, compl, output4, then2, output2, comp2, add, uminus}.
F3 = {elsel, compl, output4, else2, comp2, output3, uminus}.
MJi ludng tinh gia tri dau ra {output5} tir cac gia tri dau vao {input, value}. Ching han,
ludng F3 dugc to dam trong hinh 6.

1 GCC phién ban 3.0 hoic méi hon.



outputs

Hinh 6. D6 thi truyen tin ITG cia THR
Kha nang kiém thir ciia mdi don thé trong d6 thj ITG duoc tinh theo ludng nho cdng cu
SATAN. Moi don thé cé mot cap gia tri tuong ung voi kha nang diéu khién va kha nang quan
sat.

Bang 1. Gia trj kha nang kiém thir tir do thi ITG

luong/  don|Fy F, Fi

thé

add (1.0, 1.0)
compl (1.0,1.0) |(1.0,1.0) (1.0, 1.0)
comp2 (1.0, 1.0) (1.0, 1.0)
elsel (1.0,1.0) ](0.1538,1.0) |(1.0,1.0)
else2 (1.0, 1.0)

uminus (1.0, 0.0833) |(1.0,0.0833)
outputl (1.0,1.0)

output2 (1.0,1.0)
output3 (1.0, 1.0)

output4 (0.0833, 1.0) |(1.0,1.0)
sub (1.0, 1.0)

thenl (1.0, 1.0)

then2 (1.0, 1.0)

Tir két qua cho trong bang 1, ta xac dinh duoc nhitng don thé c6 cap gia tri kha ning diéu
khién va kha ning quan sat thap. Trong truong hop nay, don thé uminus luén cé gié tri kha
nang quan sat rat thip trong ludng F; va Fs. Bidu nay dé hiéu, vi qua ludng F va F3 c6 sy mat



mét théng tin tir dau vao input dén don thé comp2, dix liéu dau ra cua uminus cé kiéu sé thuc,
con dix liéu dau ra ciia don thé comp2 c6 kiéu boolean.

Ta ciing nhan thay rang céac gia tri KNKT con cho phép xac dinh duoc nhitng ludng hiéu
qua hon dé quan sat mot don thé. Vi du, gia tri kha ning diéu khién cua output4 1a rat thap
trong ludng F», nhung lai rt cao trong ludng Fs. Ludng F3 nén duoc lya chon dé quan sat don
thé output4.

Phuong phap phan tich dwa ra hai chi s6:

1) S6 ludng dé kiém thir cho phép danh gia d6 phic tap cua don vi chuong trinh can kiém
thir, bao gdm s6 lwong dix liéu kiém thir can thiét

2) Céc gia tri KNKT chi ra sy mat mat théng tin tir dix liéu déu vao dén dau ra, gitip nguoi
kiém thtr nhan biét khé khan phai xir Iy khi quan sét va theo ddi kiém thir. Chang han,
phan tich cho thdy don vi THR chi c6 3 ludng quan sat, mic du don gian nhung cac gia
tri KNKT lai chi ra rang c6 sy mat mét thong tin dang ké, cho nén can phai chi trong
quan sat khi kiém thtr.

Chung tdi ciing d4 phan tich cac don vi phan mém khac caa Cong ty Hang khong Thales
Avionics. Két qua PTKNKT da gitip cac k¥ su kiém thir caa céng ty phét hién nhiéu van dé
kiém thir can giai quyét.

5. Két luan

Giai phap PTKNKT dua trén d6 thi truyén tin ITG sir dung cong cu SATAN di duoc ap
dung cho cac biéu d6 thiét ké luong dir licu CAS. Uu thé cua giai phap la khic phuc tinh
khong twong thich vé ngdn ngir lap trinh. Cac don vi chuong trinh tham gia kiém thir duoc
dic ta trong biéu d6 CAS thuong khong duoc viét trong cac ngdn ngir ludng dir liéu (nhu
Esterel hay Lustre), ma duoc viét trong cac ngdn ngit ménh Iénh. Tir d6, chuyén doi don vi
kiém thir sang biéu dién SSA di sir dung duoc cong cu SATAN dé PTKNKT.

Giai phap cua chung t6i da mang lai nhiéu thong tin hitu ich cho ngudi kiém thir va nguoi
thiét ké phan mém. Mot mat giup ngudi kiém thir dinh huéng xay dung tap hop dit liéu kiém
ther, mat khéc, giai phap da giap ho phan bé tai nguyén kiém thir hop 1i hon, khic phuc nhitng
su ¢b mat mat thong tin. Phuong phap di trinh bay ¢ trén khdng phu thudc vao mot phuong
phap kiém thir nao, nhung da cung cap thdng tin can thiét tro giup ngudi kiém ther. Hon nita,
sir dung phuong phap nay, ngudi xay dung phan mém c6 thé sta ddi lai chwong trinh nham
cai thién kha nang kiém thu.

Chung t6i tiép tuc 4p dung phuong phap nay cho ma ngudn cua cac phan mém khéc nhau
vé ngdn ngir lap trinh. Chung t6i cling nham tdi kha nang tw dong hoa qua trinh PTKNKT khi
xay dung d6 thi truyén tin ITG tir biéu dién SSA.
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