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TOM TAT - Kiém thir la mot trong nhiting hoat dong quan trong trong tién trinh phdt trién phan mém. Phan mém phat trién
ngdy cang phirc tap, yéu cau chdt hrong ‘ngdy cdng cao hon, vai tro klem thir cang quan trong hon, ddc bi¢t la trong phat trién phan
mém cho cdac hé thongphan ung. H¢ thong phan imng dwoc phat trién phé bién trong cdc linh viee nhu hang khong, nang lwong, hat
nhdn... Nhiing hé théng nay thieong yéu cdu rat cao vé chat hrong va doi hoi cdc hoat dong kzem thir nghiém ngat trudc khi ching
dugc trién khai sir dung. Lustre/SCADE la ngon ngit duoc sir dung rong rai dé phat trién phan mém cho cdc hé théng phan ing, mot
Iinh viee ma chdt hrong phan mém duoc Yéu cau hét sirc nghiém ngdt, gan nhu ld khdng duoc phép xdy ra bat cir mét 16i nhé nao.
Piéu ndy doi hoi viéc kiém thir phdi dwgc tién hanh thuwong xuyén va lién tuc khi c¢o bat cir sir thay déi ndo trén img dung. Bén canh
do, d‘oz Véi nhitng g dung trong linh viee nay, viéc kiém thir thii cong sé rat khé thwe hién va khéng mang lai hiéu qua, do dé yéu
cau can phdi tw déng héa hoat dong kiém thir cho cdc g dung Lustre/SCADE. Trong bai bdo nay, ching toi tdp trung nghién ciru
viéc kiém thir tw dong cho cdc ung dung Lustre/SCADE. Chung t6i dé xuat ky thudt sir dung cdc diéu kién kich hoat trén mang ludi
todn tir (operator network) dé sinh ra cdc dit liéu thir mét cach tw dong. Trong d6, ky thudt kiém chitng mé hinh (model checking)
duoc sir dung trong viéc sinh tw ddng cac dir lidu thir ndy. Cudi cing, ching t6i thir nghiém gidi phdp ndy trén mot chwong trinh
Lustre/SCADE trong hé thong diéu khién nhiét dé méi trong.

Tir khéa - Hé thong phan iing; Kiém chirng mé hinh; Kiém thiv; Thugc tinh bay; Lustre/SCADE; Sinh dit liéu thit.
I. GIOI THIEU

Viéc phat hién va khic phuc 18i cho cac phan mém 1a mot cong viée doi hoi nhiu nd luc va chi phi trong phat
trién phan mém. Hién nay, phan mém dang duoc tng dung ngay cang rong rai trong nhiéu linh vuc, do d6 chét luong
phan mém ngay cang dugc quan tdm. Trong c6ng nghé phan mém, kiém thtr 1a hoat dong co ban nham phat hién cac
15i cia phan mém. Trong do, kiém thr ty dong nham xir Iy mot cach ty dong quy trinh kiém thir, sinh ca kiém thir, thuc
thi kiém thir va danh gia két qua kiém thir.

H¢ thong phan ng (reactive system) khi hoat dong dap ng (phan mg) v6i cac su kién bén ngoai [3]. Ching
han, céc hé thong sinh hoc 1 nhimng hé thdng phan tmg, boi vi n6 phan tmg vai cac sy kién nhét dinh. Tuy nhién, trong
tin hoc va diéu khién, thuat ngit nay dwoc str dung chu yéu dé mo ta cac hé théng nhan tao. Hé thdng phan tng lién tuc
tuong tac voi moi trudong va thuce thi theo yéu td tac dong bai méi truong. O mot khia canh triru twong thi ndé dwoc xem
1a mot hop den, ta cung cap cac gia tri ddu vao thi h¢ thong s& cho ra cac gia tri dau ra thich hop. Cac hé thong phan
g ¢6 thé dugce xem 1a dang & mot trang thai nhét dinh va doi thong tin dau vao (input). V&i mdi dau vao, ching thuc
hién tinh toan va sinh dau ra (output) va chuyén sang mét trang thai méi. Thong thuong, cic hé thong nhing va cac hé
thdng diéu khién ciing 1a cac hé thong phan tmg [2].

Lép trinh dong bo (synchronous programming) [3] da dugc gidi thiéu vao cudi nhiing ndm 80 nhu la mot
phuong phap tiép can dé thiét ké cac hé thong phan ung. Ké tir do, n6 da dugc su dung rong rai, chu yéu trong linh vuc
yéu cau d an toan cao nhu hé thong dién tir, van tai, san xuit ning luong (cac hé thong phan imng). Mot loi thé quan
trong cua cach tiép can dong b6 nay la nham cung cép moét khuon khd chinh thirc, hiéu qua va ddng nhét cho cac hoat
dong phat trién - thiét ké, cai dat va xac minh. Mot s6 ngdn ngit lap trinh, dic biét doi voi cac ngdn ngit st dung
phwong phép tiép can dong bé nhu Esterel, Signal hodc Lustre [4]. SCADE (Safety Critical Application Development
Environment) 14 nhiing céng cu thuong mai dya trén cic mé hinh dong bd va ngdn ngit lap trinh Lustre. SCADE di
duoc sir dung trong cac du an quan trong tai chau Au (Airbus A340-600, A380, Eurocopter) va tré thanh mot tiéu
chuén trong linh vyc nay.

Lustre [4] la mét ngdn nglr dong bo ludng dir lidu, duogc thiét ké nam 1984 boi Vién IMAG tai Grenoble.
Chuong trinh Lustre gdm mot chudi c6 thir ty cac phuong trinh gitp xac dinh phuong thie dong dau vao duogc chuyén
thanh cac dong dau ra thong qua mot tap hop céc toan tir. Do do, cach biéu dién pht hop nhat cho cac chuong trinh
Lustre 1a mot dd thi c¢6 hudng, goi 1a mang ludi toan tir (trong thuc té, nguoi stir dung khong viét chuong trinh Lustre
ma str dung trinh soan thao d6 hoa trong cong cu SCADE dé xdy dung cic mang ludi toan tir lién quan). Viée két hop
clia ca hai mé hinh dong bo va dong dir liéu, ca phap dd hoa don gian, ap dung khai niém thdi gian roi rac 1a mot so
trong nhirng dac diém chinh lam cho Lustre tr6 thanh ngén nglr ly twong cho viéc xay dung cac m6 hinh, cac thiét ké
hé théng diéu khién trong mét sd linh vuc cong nghiép, chang han nhu hé thdng dién tir, 6 to va niang lugng, hat nhan
no6i riéng va hé théng phan tmg noi chung. Véi cac hé thong nay, yéu té an toan (safety) dugc quan tim hang dau. Vi
véy viéc hé thdng bj 16i khi dang van hanh s€ gdy hau qua rat nghiém trong. Hon nra, “16i hé thong ¢6 xu hudng dugc
phat hién mudn trong qua trinh phat trién khi ma n6 da gay ra thiét hai dang ké, rat kho dé g& 16i va t6n nhiéu chi phi.
Trong tién trinh phat trién phan mém cho cac hé thong phan tmg, giai doan kiém thir dong vai tro rat quan trong. Phan
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mém cang 16n va cang phirc tap, thu tuc kiém thir doi hoi ton nhiéu thoi gian va cong sirc. Viée tim 18i cang sém cang
tot, ngan ngtra cac khieém khuyet trude khi thyc hién kiem thir & mure chi tiét hon, phirc tap hon va chi phi cao hon [1].

Bit dau tir dau nhitng ndm 90, linh vuc nghién ciru vé kiém thir cho cac hé théng phan tmg duge hinh thanh. Tir
d6 dén nay, nhiéu cong trinh nghién ctru da va dang dugc thyc hién.

Nhom téc gia Laya Madani & Dai hoc Grenoble thyc hién kiém thir tw dong cho cac Ung dung phan ing va ap
dung trén ngdn ngir Lustre [10]. Nhom nghién ciru nay da xay dung cong cy Lutes[11] dé kiém thir cac ing dung phan
g trén Lustre, tuy nhién nghién ctru nay st dung phwong thirc xac dinh ngau nhién cac ca kiém thir dua trén cac tiéu
chi bao phi. Nam 1999, nhém tac gia Nicolas Halbwachs va Pascal Raymond dén tir Pai hoc Grenoble da sir dung
cong cu LESAR dé kiém chirng mé hinh cac hé théng phan tng [9] [12]. Nam 2004, nhom tac gia Pieter Koopman va
Rinus Plasmeijer dén tir Pai hoc Nijmegen md rong cong cu kiém thir ty dong GAST dé c6 thé kiém thir cic hé thng
phan @mg. Tiép dén, nhom tac gia Elizabeta Fourneret [13] & dai hoc Franche-Comté da thuc hién sinh ca kiém thir va
xay dung tap ca kiém thir can thyc hién & phién ban mdi, trong nghién ciru nay tac gia dé xuat ky thudt sinh ca kiém
thtr cho cac ung dung dya trén moé hinh UML.

Nhin chung céc nghién ctru dén thoi diém hién tai tap trung vao nghién ctru cac ky thuat kiém chimg mé hinh,
kiém thir, kiém thir ty dong cac hé thong phan tig va chuong trinh Lustre/SCADE. Tuy nhién, theo churg t6i nhan
thdy chua c6 nhiéu nghién ctru thyc hién hudng tiép can sir dung cac diéu kién kich hoat trén mang ludi cic toan tir
trong viéc kiém thir cac chuong trinh Lustre/SCADE.

Trong bai béo nay, ching t6i dé xuét k¥ thuat sinh dit liéu thir tw dong cho cac chuong trinh Lustre/SCADE.
Trong d6, sir dung cac diéu kién kich hoat trén mang ludi toan tir ciia chuong trinh Lustre, dong thoi sir dung kiém
chung mo hinh dé sinh tu dong cac dir liéu thtr dya trén cac diéu kién kich hoat nay. Chung t6i s€ st dung cong cu
kiém chimg mé hinh LESAR dé tién hanh kiém chimg m6 hinh cho mét chuong trinh Lustre cu thé, tir d6 sinh ra cac
dit liéu thir dwa trén céc két qua sinh ra tir qua trinh kiém chimg nay.

Nbi dung cta bai bao duoc td chirc nhu sau: Muc I gidi thidu chung vé bai béo va trinh bay tong quan vé& hé
thong phan mg, ngdn ngit 1ap trinh Lustre va cc nghién ctru vé kiém thir cho cic chwong trinh Lustre/SACDE trén thé
gidi. Muc II trinh bay cac co sé 1y thuyét nén tang sir dung trong nghién ctru nay. Trong muc III, chung t6i d& xuét giai
phap sir dung diéu kién kich hoat trén mang lui toan tir ciia mot chuong trinh Lustre, két hop v6i viée sir dung cong
cu kiém chimg mé hinh LESAR dé tao dit liéu thir cho cac chwong trinh Lustre/SACDE. Phan IV trinh bay viéc umng
dung giai phap nay cho mét hé thdng cu thé va cac két qua cua viéc thir nghiém. Cubi cing 1a phan két luan va dé xuét
hudng phat trién tiép theo.

II. COSOLY THUYET

Trong muc nay chiing toi trinh bay co s 1y thuyét ciia nghién ciru, bao gdm cac nodi dung vé ngdn ngit 1ap trinh
Lustre va moi truong SCADE. Pdng thoi chiing t6i ciing trinh bay k¥ thuét xay dung mang lu6i toan tir, cac 16 trinh va
cac diéu kién kich hoat cho mét chuong trinh Lustre/SCADE. Va cudi cing s& 14 nhitng noi dung vé tmg dung kiém
chung mo hinh trong sinh dir li¢u thur.

A. Téng quan vé Lustre/SCADE
1. Ngbn ngit 1ap trinh Lustre trong cac hé thong phan img

Heé théng phan tmg 12 mot hé théng thay doi hanh dong cta n6 voi dau ra, diéu kién va trang thai nham dap g
vOi cac tac dong tir bén ngoai no. Hé thdng nay co thé tyr dinh hudng hodc dugc didu khién dinh hudng dé phan tmg lai
v6i cac tac dong bén ngoai. Hé thdng phan tng lién tuc phan tmg lai véi cac tac dong tir moi trudong, khi moi truong
nay khong thé dong bo hoa mot cach hop 1y voi hé théng N6i cach khac, moi truong khong thé cho doi va hé thong
phai t6n trong nghiém ngat rang budc ve thoi gian thuc can dap ng kip thoi [12]. Viée thyc thi cua hé thdng phan @ ing
dugc xem 1a mot chudi vo han céc véce to dau vao va dau ra. O mdi bude thi gia tri dau ra duoc xac dinh boi gia tri dau
vao trudc do va hién tai.

Déau Vao
Hé théng [\f ’_\\'-\
Phan Ung 7 v

Méi truong xung V\,
( quanh hé thong )

\-_-’\._ /\__/\‘ '/

Hinh 1. M6 hinh hé théng phan tmg
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Hinh 1 minh hoa mé hinh cia mot hé théng phan ng. Véi mdi dau vao, hé thdng thyc hién tinh tean va sinh
dau ra va chuyén sang mot trang thai méi. Thong thuong, cac hé théng nhing va cac hé thong diéu khién cing la cac
hé théng phan tmg. Cac hé théng phan tmg thudng duoc ap dung chu yéu dé x@y dung céac hé théng diéu khién ty dong
trong cac linh vyre nhu hang khong, ning luong, hat nhan, hé thong lién quan dén giao dién ngudi — may. .

Lustre [4] 1a m{t ngdn nglr hudng dir lidu ddng bo, duoc xay dung danh riéng cho viéc 14p trinh nén cac chuong
trinh diéu khién trong cac hé théng phan tng nhu: cac hé thdng diéu khién tw dong, cac hé thong giam sat trong cac
linh vyc ning lugng, hat nhan... Ngon ngit Lustre rat thich hop trong viéc lap trinh cac thanh phan quan trong ctia cac
hé thong thoi gian thyc. Khac voi ngon ngit ménh 1énh (imperative languages), mé ta dong diéu khién ctia mot chuong
trinh, ngdn ngit Lustre md ta cach ma cac dau vao duge chuyén thanh két qua dau ra.

Mot chuong trinh Lustre gdm céc ndt (node). Mot node 1a mot tap hop cac phuong trinh xac dinh két qua du ra
va ciing chinh 1a ham dau vao cua nd. Mdi bién co thé duoc dinh nghia chi mét lan trong mot node va thar tu ciia chung
trong chwong trinh 1 khong quan trong [4]. Mot khi mot node dugc dinh nghia, nd co thé dugc sir dung bén trong cac
node khac. Mot node xac dinh ludng dau ra nhu cac chirc ning cia ludng dau vao, thong qua mot tip hop cé thir tw cac
phuong trinh, trong node co thé chtra cac bién cuc bd. Hinh 2 1a vi du mot chuong trinh Lustre dé thuc hién phép toan
never, doan chuong trinh nay khai bao mgt node never véi dduvaola Evadaurala .

node never (E: bool) returns (S : bool);
let

S = not(E) => (not(E) and pre(S)):
tel;
D(Sl]g ho C; > Cs c4
Dau vao A | false | false | true | false
Daura | never(4) | true | nue | false | false

Hinh 2. Vi du mdt doan chuong trinh Lustre

Lustre duogc dwa trén khai niém vé cac ludng (flows) va dong hd (clocks). Ludng 1a mot chudi cac gia trj twong
mg voi mot chudi cac tuan tu cac dong hd. Ngon ngir Lustre gdm cac toan tir co ban sau:

- Toan tir logic: and, or, not, xor, =>

- Toan tr sb hoc: +, -, %, /, div, mod

- Toan tir so sanh: <>, <, <=, >, >=

Céc kiéu dir lidu co ban cua ngdn ngit Lustre:

- Kiéu luan 1y (boolean): Gdm 2 gia tri true, false. Kiéu nay dugc st dung vdi cac toan tir logic: and, or, not,
xor, =>, ki€u nay thuong dugc dung trong 1ap trinh cac cau truc dicu khién.

- Kiéu s0 nguyén, so thuc (int, real): Cac ki€u nay duoc st dung cung véi cac phép toan: +, -, %, /, div, mod, va
cac phép so sanh: <>, <, <=, >, >=

Bén canh céc toan tir trén, ngdn ngit Lustre co6 cac toan tir thoi gian (temporal operator): Toan tir vu tién, toan tur
khoi tao va toan tir di€u kién. Cac toan tir thoi gian nay c6 hoat dong dac biét trén luong dit ligu. Cac toan tir co the
duoc sir dung dé tao ra cac toan tr mdi va phuc tap hon.

. - Toan tir wu tién (precedence) dugc ky hiéu 1a pre(): Cac toan tir pre() ghi nhé gia tri cua cac dbi sd tir chu ky
dong ho trude do. Qéc toan tr s€ nhén gia tri nil & ch}l ky déng~h6 qau tién. Néu chuoi X(x/, x2, x3,x4,x5,x6 ...) dugc su
dung nhu 1a tham so0 cua toan tr pre(), pre(X) cho ket qua chudi tuan tur s€ 1a (nil, x1, x2, x3, x4,x5,x6 ...).

- Toan tir khoi tao (initialization) duoc ky hiéu 1a — hodc fby: Cac toan tor — dugce sur dung dé cung cdp cho
dong dit liéu mot gia tri khéi tao ban dau. Vi du, cac chudi X(x/, x2, x3,x4,x5.x6 ...) va Y(v1, y2, y3,y4,y5, )6 ...) dugce
sir dung dé tao ra mot chudi méi Z = X —7Y, chudi két qua s& 1a Z(x1, x2, x3,x4,x5,x6 ...). Toan tir nay cé thé duogc st
dung cliing v&i cac toan tir pre() vi gia tri chudi diu tién trong pre() 1a khong xac dinh. St dung cac chudi rong vi du
trude cac biéu hién Z = X — pre(Y) s& c6 chudi gia tri Z= (x1I, y2, y3,y4,y5,56 ...).

- Toén tir diéu kién when: Toan tir when dugc st dung dé thay ~d(;)i tan suat ddng ho. Toan tir when ciing dugc
goi la bd loc. Vi du ta c6 chuoi ENVé Fva G = E when F, sé tao ra chuoi méi G s€ co6 gia tri twong ty nhu E khi va chi
khi F'1a dang. Khi F 1a sai thi chuodi G sé& khong c6 gia tri gi ca.

Dic biét, ngdn ngir Lustre khong cung cip cac toan tir 1ap (while, do while, for) hay thuc hién goi dé quy nhu
nhirng ngon ngit 14p trinh khac [4].
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2. Mai truong SCADE

SCADE (Safety Critical Application Development Environment) cta cong ty Esterel Technologies [2] 1a mot
mbi truong d6 hoa danh riéng dé phat trién cac hé thong nhing quan trong, cac hé thong phén Umg trong cong nghiép
cong ngh¢ cao. SCADE duya trén ngon ngir Lustre va n6 cho phép dinh nghia phén cap cua cac thanh phan hé thng va
sinh ma ty dong (sinh mi chwong trinh C, Ada). SCADE cung cép mdi trudng db hoa cho phép thiét ké cac mé hinh va
sinh ra cac chuong trinh bang ngén ngir Lustre. Thuc %, cic nha phét trién phan mém thuong khong truc tiép 1ap trinh
bang ngon ngir Lustre ma thuong sir dung SCADE dé thiét ké, sau d6 chuong trinh Lustre s& dugc sinh ra tyr dong.

’ S
* mefpre
/I I I
" [
’ f
ra
|
E=(E1,E2,E3..) E S$+(S1,82,83..) j
)
~- ’
; ~ )
node never O pool) returns @: bool);
let
S = not(E) => (not(E) and pre(S)
tel;

Hinh 3. M6 hinh SCADE va chuong trinh Lustre
Hinh 3 minh hoa mé hinh dwoc thiét ké boi méi truong SCADE va chuong trinh Lustre duogc sinh ra twong tmg.
3. Mang ludi toan tir

Lustre 1a mt ngdén ngit luéng dir liéu: Luéng vao ciia mt chuong trinh dugc bién dbi thanh lué)ng ra bdi mot
tap hop doc 1ap hodc khong doc 1ap cac toan tir. Do d6 mot chuong trinh Lustre thuong duoc bidu dién bang mang luéi
c4c toan tir. Trong mdi trudng SCADE, mot chuong trinh Lustre dugc biéu dién bang mét biéu dd truc quan, duge goi
1a mang luéi toan tir [6].

Mot mang ludi toan tir la mot dd thi c6 nhan tryc tiép nhidu dau vao, gdm mot tap hop N toan tir va mot tap hop
E S N X N céc canh (edge) ndi cac toan tir. Mdi toan tir biéu dién bang mot biéu thic logic hodc mot phép toan [6].
Mot toan tir dugc biéu thi boi mot tap  hop co trat tu cac cap <e;,s> ma trang thai e; (i=1,2,...) cua cac canh diu vao va s
trang thai cho céc canh dau ra. Voi moi cdp <e;,s> duge lién két bai mot thude tinh bao gom céc diéu kién cua luéng dir
liéu chuyén tir canh ¢; sang canh s.

A4

Hinh 4. Mang luéi toan tir ciia ndt never trong chwong trinh Lustre

Mang luéi toan tir giup xac dinh dong dit liéu dich chuyén tir dau vao dén dau ra [6]. Canh xac dirh dong dit
lidu gitra 2 toan tor. C6 mot quan hé 1-1 (don anh) gilta mang ludi toan tir va toan tr Lustre. Mot mang ludi toan tur
thuong chira cac biéu thirc: AND, OR, NOT, + , -, /, * LT (<), GT (>), LTE (<=), GTE (>=), EQ (==), NEQ (<>),
ITE (if - then - else), PRE (pre), FBY (—).

C6 hai chire niang duoc lién két véi mot toan tir op bit ky (op=operator): Khi d6 in(op) tra vé tap Lop toan tir
noi voi canh dau vao va out(op) tra vé tap hop toan tir ndi voi canh dau ra. Co 3 loai canh: canh dau vao (input edge),
canh dau ra (out edge) va canh ndi b (internal edge).

- Canh ddu vao twong tng voi cac bién dau vao ciia mot chuong trinh Lustre;
- Canh dau ra twong tmg vdi cac bién dau ra clia chuong trinh Lustre;
- Canh ndi bo tuong tmg véi cac bién cuc bd cia chuong trinh Lustre.

MBbi canh ¢6 mot toan tir nguén duy nhat va mét toan tir dich duy nhat. Canh e, 1a ké tiép cua canh e; khi va chi
khi c6 mot toan tir ma e; la dau vao va e, la dau ra.
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Hinh 4 biéu dién mang ludi toan tir cia mot nbt never trong chuong trinh Lustre. Day la mot dd thi c6 mot dau
vao va mot dau ra. N6 bao gom bon canh ndi bd (L1, L2 va L3) va bon toan to (NOT, AND, PRE va FBY).

4. L0 trinh trén mang ludi toan tir

Trong mot chuwong trinh Lustre, mang ludi toan tir duge biéu dién thanh cac 16 trinh (paths) [6 ] tu dau vao dén
dau ra. L trinh dugc tao ra tir két qua cla cac canh p=<egey,...,e,>, 1a mot day hiru han cac canh noi li€n tlep nhau.
Gid stir nhur tat ca cac bién i € [0, n-1] thi cap <e,, e;.;> thudc mang ludi toan tir [6].

N-path 1a d6 dai cua 1 trinh (1a $6 luong cac canh) béng v6i n. Lo trinh xuét phat (initial path) 1a 19 trinh ma
canh dau tién 1a gia tri vao. Vong ldp la mdt phan do thi cia mang ludi toan tr dugc ldp di 1ap lai véi cac diéu kién
khac nhau. Mot 19 trinh ¢ chira vong 1ap goi 1a 19 trinh 13p (cyclic paths), 10 trinh 1ap nay c6 chira mdt hodc nhiéu toan
tt PRE.

L6 trinh don vi (Unit path) 1a mot cdp cua hai canh c6 trinh ty, ¢6 chiéu dai n=2 (2-paths). Lo trinh hoan chinh
(complete path) 14 16 trinh di tir canh khdi tao cho dén canh dau ra. L9 trinh co ban (elementary path) 1a 1 trinh khong
c6 vong lap. Canh dugc chi thich véi cac nhan chi rd trinh ty dich chuyén cua ludng dir lidu.

Ngoai ra, 1§ trinh p’=<egey,...,e,.;> dugc goi la tién td cua D=<epely..., e, pe,> voin>2.

Béng 1 liét ké cac 19 trinh trén mang ludi toan tr ctia chuong trinh never & Hinh 4.

Bang 1. Cac 10 trinh cua chuong trinh never

# | Lo trinh Kiéu Chiéu dai
1 | (E,LO,S) acyclic 3
2 | (E,L1,L3,S) acyclic 4
3| (E,LO,S,L2,L3,S) cyclic 6
4 | (E,L1,L3,S,L2,L3.,S) | cyclic 7

5. Toan tir vi tir
Vi (e, s) 1la mot 19 trinh don vi va op 1a mdt toan tur ta s€ c6 e €in(op) va s € out(op).

Toan tir vi tir (operator predicate) [6] dugc cAu thanh tir 2 thanh phén 1a 2 toan tur thé hién méi quan h¢ gilra
chang dugc bi€u dien dudi dang OC(<todn tu 1>, <toan tir 2>). Nhu vay dé bi€u dién toan tur e 1a dau vao va s 1a dau
ra, ta c6 thé biéu dién theo dang OCfe,s).

Toén tir vi tir OC(e,s) v6i 2 thanh phan 13 2 toan tir (e,s) c6 gia tri thudc kiéu boolean, ta co:

- OC(e, s) = true néu op 1a mét toan tr NOT hodc 1a mot todn tir quan hé.

- OC(e, s) = not(e) or e’ néu op 1a mét toan tr AND va in(op) = e, e’}.

- OC(e, s) = e or not(e’) néu op 1a mét toan tir OR va in(op) = e, e’}.

- OC(c, s) = true, OCle, s) = ¢ and OC(e’, s) = not(c) néu op 13 mot toan tir ITE, nhu vay in(op) = {c, e, e’}.
6. Diéu kién kich hoat

Diéu kién kich hoat (Activation Condition, sau ddy goi 1a AC) [6] 1a diéu kién dé ludng dit liéu dugc chuyén tir
canh vao sang canh ra cia mot toan tr. M&i mot diéu kién kich hoat duogc két hop v&i mot 16 trinh. Khi cac diéu kién
kich hoat ctia mét 19 trinh la dung, thi bét ky sy thay ddi cac gia tri trén 19 trinh s€ tao ra nhiing thay doi trong két qua
cudi cung. Mot 19 trinh duoc kich hoat néu diéu kién kich hoat cua né c6 it nhit mot 1an co gia tri la dung trong qua
trinh thuc thi.

Cho N la mang ludi toan tir va p=<e,,...... e,> 1a 10 trinh n-path, p- = (e, e, ... e,.;) 1a 10 trinh trudc cua p va
op 1a mét toan tir trén 19 trinh p (vi du: e, em(op) va e, €out(op)). Diéu kién kich hoat cua 19 trinh p= <ey.......... ,€,>
1a mot biéu thirc Boolean, AC(p), dugc xac dinh theo quy tic sau day:

- Néun = I thi AC(p) = true: c6 nghia diéu kién kich hoat cuia mot canh don luén co gia tri true.

- Nguoc lai néu n> 1, diéu kién kich hoat cua 10 trinh pn1a mot ham d€ quy cua cac toan tir trén 10 trinh do. Tuy
theo loai toan tir, diéu kién kich hoat AC(p) dugc xac dinh nhu sau:

e AC(p) = AC(p’) and OC(e,., e,) khi op 1a mot toan tir boolean, toan tir quan hé hodc toan tir diéu kién, va
0OC(e,.;, e,) 1a mot vi tir cua toan tir op.

e AC(p) = false — pre(AC(p’)) khi op la toan tu pre.

e Néu op 1a toan tir fby(init, non[mt) va néu toan tir Pini VA tOan tr Drontnir tHONG ung voi 2 truong hop khoi tao
init va khong khoi tao nonlnit thi cac diéu kién kich hoat s& dugc dinh nghia bang hai phwong trinh sau:
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AC(p) = AC(p) 2 false (*)
AC(p) = false 2 AC(p,) (**)
Phuong trinh dau tién (*) cho rang 16 trinh p s€ duoc kich hoat néu 16 trinh trinh trude ciia né duge kich hoat tai
chu ky khoi tao. Con 6 phuong trinh thir hai (**) cho rang 10 trinh luén dugc kich hoat nhung cho chu ky khéi tao.
Viduy: Véi 19 trinh (E,L1,L3,S) cia chuong trinh never ¢ Hinh 1, chung ta cé thé xac dinh duoc diéu kién kich
hoat twong 1ng:
AC = (true and (not(Ll1) or L2) and false->true).
B. Kiém chirng mé hinh

Trong phat trlen phin mém, ky thuét kiém ching mé hinh duoc sir dung dé chimg minh mét cach ty dong tinh
dung dan ciia phan mém hodc chi ra tai sao phin mém khong thuc thi dung thong qua phan vi du (counterexample).
Cac phan vi du s€ duoc sir dung dé xay dung nén céc dit lidu thir cua hé thdng. Trong phan nay chiing t6i trinh bay k¥
thuat kiém chimg moé hinh va tmg dung k¥ thuat nay trong viéc sinh dit liéu thir.

1. Tdng quan vé kiém chirng mé hinh

Kiém chimg mo hinh 1a k¥ thudt phan tich h¢ thong dé xé4c dinh tinh hop 1 cua mot hay nhiéu tinh chat ma
ngudi dung quan tdm trong mot md hinh cho trude [7]. Cu thé hon, v6i md hinh M va thuge tinh p cho trude, n6 kiém
tra liéu m6 hinh M c6 thda méan thude tinh p hay khong: M |= p [4]. V€ mat thuc thi, kiém chung m6 hinh la k¥ thuat
tinh, n6 duyét qua tat ca cac trang thai, cac 19 trinh thyc thi c6 thé c6 trong mo6 hinh M dé xac dinh tinh phu dinh cta p.

Cac thudc tinh

Kiém ch ing
md hinh

A
pac ¥
e

il

Mo hinh ding

Phan vi du

Hinh 5. So db tdng quat ciia kiém chimg mé hinh
Kiém chtng mé hinh bao gdm 3 budc: md hinh hoa, dic ta va kiém ching (Hinh 5).
- Pau tién 14 buéc mo hinh héa, dau vao ciia budc nay co thé 1a thiét ké hodc 1a ma ngudn.

- Bud tiép theo, dinh nghia céc thudc tinh ma mé hinh can théa man dugc dic ta. Cac thudc tinh nay thudng duogc
dién dat bang céc biéu thic logic. Két qua ciia hai budc mo hinh hoa va dic ta 1a ¢au vao ctia kiém chimg mé hinh.

- Trong budc cudi cung, cong cu kiém ching s& ty dong thyc hién va tra vé két qua 1a dung néu moé hinh théa
man céac thudc tinh, hodc dua ra mét phan vi du néu mo hinh khong thdéa man.

2. Kiém chirng mé hinh trong kiém thtr phin mém

Kiém ching mé hinh 1a mot giai phap dé kiém tra tinh dung dén ctia mé hinh, tuy nhién, ky thudt nay ciing
thuong dugc ap dung trong trong kiém thir phan mém. Y tudng co ban cta viéc nay la: Trén co so md hinh da co,
chiing ta dinh nghia cac thudc tinh lam cho mo hinh khong théa mén, goi la cac thudc tinh bay. Viéc nay nhdm muc
dich tao ra cac phan vi du sau khi thuc thi qué trinh kiém chirng mé hinh. T cac phan vi du nay, ching ta s& tao duoc
cac dir lidu thir mong mudn.

o-0—0

Mé hinh . - o-0—@

| e e KIEM CHUNG *-0—0

MO HINH .

- Ca kiem thi
G(a—x'b)
G (b —x!c)
G (c =x'd)

ﬁﬁéc tinh bay

Hinh 6. Quy trinh tao dif liéu thir bing kiém chimg mé hinh
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Hinh 6 minh hoa viéc sinh dit liéu thir dira vao kiém chimg mé hinh. Vi mot mé hinh dau vao, ta dinh nghia
duogc cac thudc tinh bay dya trén cac di€u kién kich hoat. Thong qua qua trinh ki€ém chirng moé hinh, ching ta s€ xac
dinh dugc cac ca kiém thur twong ung [8].

3. Cong cu kiém chimg mé hinh LESAR

LESAR [9] la cong cu kiém chI:'Ing mo hinh cho cac chuong trinh Lustre/ SCADE, duoc phat trién boi trung tam
nghién ctru Verimag. Déy la thanh phan dugce tich hop vao bd cong cu phat trién ngdn nglr Lustre, duoc phit trién vai
muc dich kiém ching cac chuong trinh Lustre.

Pau vao cia cong cu LESAR 1a chuong trinh Lustre voi dic ta 1a ma ngudn viét bang ngon ngir Lustre va cac
dong 1énh mo ta thudc tinh cling chinh bang ngdén ngir Lustre.

Gia str, dé thuc hién kiém chirng mo hinh cua chuong trinh Lustre never véi cac thudc tinh ddm bdo kich hoat
cac 19 trinh duogc trinh bay ¢ bang 1.
Vidy: Vil trinh 2 (E,L1 ,L3,S), ching ta cd thé xac dinh duge diéu kién kich hoat tuong ng:
AC = (true and (not(L1) or L2) and false->true);
Mia ngué)n d?ly du chira md hinh va thudc tinh 1am dau vao dé thuc hién kiém chirng mé hinh cho chvong never
s€ nhu sau:
node never(E: bool) returns (AC, S: bool)

let
S = not(E) -> (not (E) and pre(S));
AC = (true and (not(L1) or L2) and false->true);
tel;
Cu phép thuc thi LESAR.

lesar <dwong dan chwong trinh Lustre> <Node can kiém chirg> <dinh dang két qua trd vé>

Vi du: lesar neverlesar.lus never —diag

root@congduy-linux:/rd/nevernode# lesar neverlesar.lus never -diag
--Pollux Version 2.3a

DIAGNOSIS:

--- TRANSITION 1 ---

true

FALSE PROPERTY
root@congduy-linux:/rd/nevernode# D

Hinh 7. Kiém chimg m6 hinh v6i LESAR

III. UNG DUNG PIEU KIEN KiCH HOAT TREN MANG LUOI TOAN TU TRONG KIEM THU CAC
CHUONG TRINH LUSTRE/SCADE

Trong phan nay, ching t6i trinh bay giai phap dé kiém thtr cac chuong trinh Lustre/SCADE st dung didu kién
kich hoat trén mang ludi toan tir twong (ng dé mo hinh hoa va dinh nghia cac thudc tinh bay. Sau do, ky thuét ki€ém
chimg mé hinh s& dugc ing dung d€ tao ra cac dir liéu thur. Trong bai bao ndy, chung t6i st dung cong cu kiém ching
mo hinh LESAR dé tien hanh cong doan kiém chiing mo hinh.

A. Gidi phdp sinh dit liéu thiv cho chwong trinh Lustre si dung diéu kién kich hoat

Vén dé chiing toi tap trung giai quyét & day 1a: véi cac chuong trinh Lustre cho trudc, ta can sinh ra cac dit lidu
thtr mét cach tu dong dua trén cac di€u kién kich hoat cac 19 trinh trén mang ludi todn tir cia chuong trinh Lustre.

Cdc dwong di Ptrén Céc diéu kién kich Cdc ca kiém thr

mang lwoi todn tw hoat AC twong trng T twong ng
P1 AC1 T
P2 AC2 T2

Chworng trinh
e 1 n P3 1 1 AC3 1 1

3 L 1 T3

P4 AC4 T4

Hinh 8. M6 hinh giai phap sinh dit liéu thir cho chwong trinh Lustre sir dung diéu kién kich hoat
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Trong Hinh 8, ching t6i dé xuat mé hinh giai phap tong thé dé sinh dit lidu thir cho chwong trinh Lustre, bao
g0om cac cong viéc sau:

- Tr moét chuong trinh Lustre cho trudc cung voi mang Iudi toan tir dwge minh hoa dudi dang dd thi luéng dir
ligu, ta co6 thé xac dinh tu dong duogc tat ca cac 1§ trinh tir canh dau vao dén canh dau ra.

- Trén co s6 cac 16 trinh duoc xac dinh & bude 1, ta co thé xac dinh tu dong cac diéu kién kich hoat tuong Ung.

- Tién hanh kiém chimg mé hinh chuwong trinh Lustre ban ddu véi cac thudc tinh dau vao 1a cac thude tinh bay
dugc tao ra trén co s¢ phu dinh cac diéu kién kich hoat dugc sinh ra tir budc 2.

Viéc xac dinh cac 16 trinh va cac didu kién kich hoat tuong tng dong vai trd quan trong trong viéc dinh nghia ra
cac thudc tinh biy cho qua trinh kiém chimg mé hinh. Muyc tiéu ctia qué trinh kiém chimg mo hinh khong phai dé kiém
tra md hinh cua hé théng duoc thiét ké dung hay khong, ma & ddy muc dich chinh cia ching ta 1a sinh ra cac phan vi
dy, cac phan vi du nay chinh 1a dit li¢u thi can duoc tao ra.

B. Sinh dit li¢u thir tw dong voi cong cu kiém chirng mé hinh LESAR

Dé thyc hién viéc sinh ra dit liéu thir sau khi c6 diéu kién kich hoat va cac phan vi du twong tmg, chiing toi sir
dung cong cu kiém chimng mé hinh LESAR cho céc chuong trinh Lustre. Tuy nhién, myc dich ciia chung ta 1a can sinh
ra cac phan vi du, do d6 cac thude tinh dau vao phai 1a cac thudc tinh bay dya trén cac diéu kién kich hoat, thudc tinh
bay n4C duoc xac dinh theo cong thirc:

nAC=not (AC)

Hinh 9 minh hoa quy trinh str dung cong cu LESAR dé sinh ra dit liéu thir dya trén ma ngudn chuong trinh
Lustre va cac diéu kién kich hoat.

Ma nguén
Lustre > Cac phan vi du
LESAR > (Cac dix liéu thir
cho chuong
Thudc tinh biy > trinh Lustre)
nAC=not(AC)

Hinh 9. Str dung LESAR tao cac dit liéu thur

Viéce sinh dir li¢u thtr st dung k¥ thuat lgiém ching md hinh béng cong cu LESAR duya trén cac diéu kién kich
hoat dugc thuc hién trinh tu qua cac budc chi tict nhu sau:

Buée 1 - Xdc dinh cdc diéu kién kich hoat: Tur chuong trinh Lustre chiing ta xac dinh cac diéu kién kich hoat
twong Ung véi cac 10 trinh trén mang ludi toan tu;

Budce 2 — Dinh nghia cdc thugc tinh bdy: Tuwong tmg v6i timg diéu kién kich hoat budc 1, ta xac dinh duoc cac
thudc tinh AC cua chuong trinh can kiém chimng. Sau d6 dinh nghia cac thudc tinh bay n4C dya trén cac thudc tinh
AC:

nAC=not AC;

Budc 3 — Dinh nghia dir liéu dau vao cho viéc kiém chirng mo hinh: Diém dic biét cia cong cu LESAR 1a m6
hinh dau vao va cac thudc tinh can kiém ching déu dwoc dinh nghia bang ngdn ngit Lustre chira trong mot tép duy
nhét. Do d6, dya trén ma nguén Lustre ban dau va cac thudc tinh bay nAC ¢ budc 2, chiing ta tao ra duoc tép dau vao
cho viéc thyc thi kiém ching mo hinh.

Budce 4 — Thuc thi cong cu LESAR: Qua trinh kiém chimg mé hinh cho chuong trinh Lustre dugc cong cu
LESAR dam nhén. Tuong trng v6i moi dau vao, qua trinh thuc thi cong cu LESAR s€ tao ra cac phan vi du tuong tng.

Buée 5 — Xdc dinh dir lidu thir: Lan thuc thi kiém chung md hinh véi tung diéu kién kich hoat cac 16 trinh trén
mang ludi toan tir, chiing ta s& nhan dwoc két qua 1a cac phan vi dy. Tuong mg vdi timg phan vi du duoc sinh sau khi
thuc thi kiém chimg mé hinh bang cong cu LESAR ta c¢6 dugc dir liéu thir. Chinh nhitng phan vi du nay chinh 1a cac dit
liéu thir cho chuwong trinh Lustre.

Vi du: D61 vi chuong trinh never trong Hinh 4, dit liéu thir dwoc sinh ra dya trén diéu kién kich hoat 16 trinh (£
,L0,S,L2,L3,S), dugc trinh bay trong Bang 2.



636 SINH DU LIEU THU CHO UNG DUNG LUSTRE/SCADE SU DUNG BIEU KIEN KiCH HOAT

Bang 2. Sinh dit li¢u thi dya trén diéu kién kich hoat

Lo trinh (E,L0O,S,L2,L3,S)
Diéu kién kich hoat AC=(false->pre( true and true->false)) and
(not(L2) or L1) and false->true)

Thudc tinh bay nAC=not(AC)

Phan vi du dugc taora | --- TRANSITION 1 ---
true

Dir ligu thur {1}

Tuong tng véi vector (E)

IV. UNG DUNG

Trong phan nay, chung t6i tmg dung k¥ thut duoc trinh bay ¢ phan trudc dé thuc hién viéc sinh dit lidu thir tw
dong cho h¢ thong diéu khién nhiét d6 dua trén diéu kién kich hoat cac 1 trinh trén mang ludi toan ti.

Truédc tién, ching ta hiy xem xét mot thiét bi diéu khién ciia may diéu khién nhiét d6 trong Hinh 10, hé thong
diéu khién nhiét do nay dugc cAu tao béi 3 phﬁn: cong tic, cam bién nhiét d6 va quat gio. Thiét bi cam bién cho ta 3 tin
hiéu kiéu boolean: Tlow, Tok , Thigh, twong tng 3 murc: nhiét do thap, binh thudng, va nhiét do cao. Thiét bi didu
khién dung cong tac va tin hiéu cam bién dé co duoc 4 ché do diéu khién tin hiéu (STOP, Deactivated, Hot va Cold)
dén quat gi6: STOP nghia la quat dang ngimg hoat dong, Deactivated tirc 1a quat gid & ché d6 chd (quat gid khong 1am
viéc), Hot va Cold teong ung véi khong khi nong hay khong khi lanh duoc dua ra.

s ~
/ ~, STOP
On > Ho'
: | Blower
Tlow Controller |Deactivated
Temperature | _TOK Cold N W
Sensor - >
—— N e

Hinh 10. Céu triic ctia b diéu khién nhiét do
Hé thong nay hoat dong nhu sau:

— Nt Switch sir dung dé didu khién bat va tit hé théng. Néu hé thong dang & trang thai STOP (bi tit) thi cac
diéu khién khac khong co tac dung.

—Néu hé théng dang ¢ trang thai On (md) va nguoi ding chon Thight thi quat gi6 s& hoat dong manh lam cho
nhiét d6 ctia moi truedng s& chuyén sang trang thai Cold (lanh).

—Tuong tu, néu hé théng dang ¢ trang thai On va nguoi dung chon Tlow thi quat gi6 s€ hoat dong cham lai [am
cho nhiét d6 ciia mdi truong s& chuyén sang trang thai Hot (nong).

—Néu hé théng dang & trang thi On (md) va nhung ngudi diung khong tic dong, thi hoat dong clia quat gid s&
khong thay ddi va khong anh huong dén nhiét d6 hién tai.

Chwong trinh Lustre cta hé théng diéu khién nhiét d6 trén dwoc trinh bay trong Hinh 11.

Hinh 11. Chuong trinh LUSTRE hé théng diéu khién nhiét do
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Trong Hinh 12, chuong trinh Lustre trén dugc biéu dién bing mot mang lu6i toan tir dudi dang mot so dd ludng
dir ligu.

false

2
—] 21 g | L sTOP

L,

Hinh 12. Mang ludi toan tir tuong g ctia hé théng diéu khién nhiét do

Trong mang ludi toan tir ndy, c6 4 canh dau vao kiéu boolean (On, Tlow, Tok va Thigh), 4 canh dau ra kiéu
boolean (STOP, Deactivated, Hot va Cold) va nhirng canh ndi by khéac.

Dua trén mang ludi todn tir nay, ta xac dinh dugc cac 19 trinh va cac diéu kién kich hoat tuong ung cta hé théng
dicu khién nhiét dg, chi tiét trong Bang 3.

Bing 3. Cac 16 trinh va didu kién kich hoat cta hé théng diéu khién nhiét do

# | Lo trinh Diéu kién kich hoat

1 | (On, Cold) not(On) or Tyig

2 | (On, Deactivated) not(On) or Tgy

3 | (On, Hot) not(On) or Ty

4 | (Tow,Hot) not(Ty,y) or On

5 (Thight, COld) I’lOt(Thigh[) or On

6 | (Ty, Deactivated) not(T) or On

7 | (On, L4, STOP) true and false 2 true

8 | (On, L4,STOP, L3, L4, STOP) | false = pre(false>true) and not(On) and false = true
9 | (On, L4,STOP, L1, L2,STOP) | false > pre(false>true) and On and false = true

Tiép theo, chung ta ap dung cong cu kiém chimg LESAR dé sinh ra dit liéu thtr. Viéc kiém chimg mé hinh dugc
thue hién lan luot cho ting diéu kién kich hoat, mdi lan thuc hién chung ta nhan két qua trd vé 1a cac phan vi dy, ciing
chinh 1a céac dir liéu thua.

Vi du véi didu kién kich hoat ACI= not(On) or THigh, ta xdy dyng mo hinh can kiém ching twong tmg nhu
sau:

bool);

lse pre

Hinh 13. M3 ngudn Lustre ctia mé hinh twong tmg vé AC1=not(On) or THigh
Thuyec thi LESAR chung ta c¢6 két qua nhu Hinh 14,



638 SINH DU LIEU THU CHO UNG DUNG LUSTRE/SCADE SU DUNG BIEU KIEN KiCH HOAT

2 © @ root@congduy-linux: /rd/testForOneVersion/heat_v1

File Edit View Terminal Help

root@congduy-linux:/rd/testForOneVersion/heat v1# lesar heat vl acl.lus heatControl vl -diag
--Pollux Version 2.3a

DIAGNOSIS:

- TRANSITION 1 ---
ot On or
High
FALSE PROPERTY
root@congduy—linux:/rd/testFor(geVersion/heat v1# D

Hinh 14. Két qua thuc thi LESAR
Qué trinh kiém chung sé tao ra phan vi du 1a mét truong hop 15i:
TRANSITION 1
not On or THigh
Nghia la:
On=0hoac THigh=1
Khi d6 dit liéu thtr twong Gng 1a (On, Thight, T ok, Tlow)={0,1,0,0}

Lan lugt thuc hi¢n kiém ching chuong trinh Lustre ctiia hé théng diéu khién nhiét d6 vdi cac diéu kién kich hoat
tuong ung, ta c6 thé sinh ra tat ca cac dir liéu thir cho chuong trinh nhu Bang 4.

Bang 4. Cac dit liéu thir ctia hé thong didu khién nhiét do

# Diéu kién kich hoat Dir liéu thir (Dang vector (On, T gt Toi Tlow))
1 not(On) or Thigy {0,1,0,0}

2 not(On) or Toy {0,0,1,0}

3 not(On) or Tjoy {0,0,0,1}

4 | not(Tj4y) or On {1,0,0,0}

5 n0t(Thign) or On {1,0,0,0}

6 not(Ty) or On {1,0,0,0}

7 | false > true Gia tri bat ky

8 | false = pre(false>true) and not(On) and false = true Gia tri bf:lt ky

9 | false = pre(false>true) and On and false = true Gia tri bat ky

H¢ thong diéu khién nhiét do 1a mot vi du dién hinh cho cac hé thdng phan tmg dugc xdy dung bang
Lustre/SCADE. Sau khi tmg dung k¥ thuat kiém ching mé hinh trén co s céc diéu kién kich hoat trén mang ludi toan
tir, dya vao cac phan vi du dugc sinh ra, ching ta s€ c6 dugc cac dir li¢u thir can thiét. Vi nhitng hé théng lon va phuc
tap hon, viéc sinh dit lidu thir tw dong s& giup tiét kiém duoc rat nhiéu chi phi cho qua trinh kiém thir.

V. KET LUAN

Céc hé théng phan tmg ngdy cang dugc su dung pho bién trong nganh cong nghiép quan trong nhu hat nhan,
nang luong, hang khong. Dac diém chung quan trong nhit ciia nhitng hé théng nay 1a tinh an toan, do d¢ trong qua
trinh phat trién, viéc kiém thir luén dugc quan tdm hang dau. Chuong trinh Lustre/SCADE duoc sir dung dé phat trién
c4c hé thdng phan tmg, nén viéc kiém thir cac chuong trinh Lustre/SCADE cang tré nén quan trong.

Trong bai bao ndy, chung toi da dé xuat giai phap sir dung diéu kién kich hoat trén mang ludi toan tir ctia cac
chuong trinh Lustre, két hop véi cong cu kiém chimg mé hinh LESAR dé sinh dit liéu thu cho cac chwong trinh
Lustre/SCADE. Chuing t6i di dinh nghia dwugc quy trinh xay dung tap dit liéu thir cho kiém thir cac chuong trinh nay.
Giai phap nay hoan toan c6 thé dugc tu dong héa nham giam chi phi va ting hiéu qua ciia quy trinh kiém thir cac
chuong trinh Lustre/SCADE.

Chung t6i s& tiép tuc ap dung phuong phap nay cho viéc sinh dir li€u thir tw dong trong kiém thtr hoi quy cho
cac umg dung Lustre/SCADE. Ching t61 cling huéng dén kha nang ty dong hoa qua trinh sinh dir lidu tht cling nhu
kiém thir hoi quy tu dong cho cac hé thong phan tng no6i chung va céc tng dung Lustre/SCADE nbi riéng.
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TEST DATA GENERATION FOR LUSTRE/SCADE PROGRAMS USING
THE ACTIVATION CONDITIONS

Trinh Cong Duy, Nguyen Thanh Binh, Ioannis Parissis

ABSTRACT-Testing is important activities in the software development process. Sofiware development increasingly complex,
requiring increasingly higher quality, it is even more important in developing software for reactive systems. Reactive systems are
popularly developed in many indutrial fields such as aviation, energy, nuclear ... These systems usually require very high quality
and rigorous testing activities before they are deployed for use. Lustre/SCADE is a formal synchronous declarative language widely
used for modeling and specifying safety critical applications in the fields of avionics, transportation, and energy production. In such
applications, the testing activity to ensure correctness of the system plays a crucial role. So, testing work need to be conducted
regularly and continuously when there are any changes in the application. Besides, for those applications in this field, the test
manually would be very difficult to implement and not effective, so the need to automate testing activities for Lustre/SCADE
applications. In this paper, we focus on the test automation for applications Lustre / SCADE. We propose to use activation
condition of operator network and usenmodel checking techniques to automatically generated test data. Finally, we apply this
approach on one program Lustre for Heater Controller System.



