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Dac ta va kieém chirng tinh bat bién cua cic hé da tac tu
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Tém tit. Chirng minh tinh ding dén cia cic hé thdng néi chung va céc hé da tic tir néi riéng dang
nhan dugc sy quan tAm nghién ciru rong rai. Bai todn nay s€ khé khan hon khi cic hé da tac tir c6
khong gian trang thai 1a v6 han. Bai bdo nay dé xuat mot phwong phép dic ta va kiém ching céc
thudc tinh bat bién cla cic hé da tic tir dbi v6i khong gian trang thdi la vo han. Trong phuong
phdp nay, hanh vi cua h¢ thdng ciing véi cdc thudc tinh can chimg minh dugc dic ta bang ngon
ngilr dai s6. Khong gian vo han céc trang thdi cua h¢ thong dugc xac dinh d¢ quy bang cach chi ra
trang thai khdéi tao va cach chuyen dén céc trang thdi tlep theo tir mot trang théi bét ky cua hé
thong. Ching t6i st dung phwong phdp quy nap todn hoc dé chimg minh tinh théa man cia cic
thudc tinh trén toan bd khong gian trang thai cua hé théng. Mot vi du minh hoa cho ciing dugc
trinh bay va théo ludn trong bai bdo nay nham minh chimg cho tinh hiéu quéa ctia phuong phép dé xuét.

Tu khoa:
induction proof.

1. Giéi thigu

Cic hé da tic t¢ dang duogc quan tam
nghién ctru va ing dung ngay cang rong rai [1-
4]. Trong cong nghé phan mém, cic hé da tac tir
dugc quan tim nhu 12 mot md hinh phat trién
phan mém trong twong lai, dic biét I cho cic
phin mém c6 quy md 16n noi ma cdc thanh
ph?ln ph?ln mém c6 tinh doc 1ap va tu tri nhu
cdc tic tor [4]. Tuy nhién, cling nhu cic hé
thong néi chung, viéc dam bao tinh ding dan
ciia cdc h¢ da tdc tr (lam thé ndo dé dam bao
rang cic tic tir s& két hop v6i nhau dé dat duoc
muc ti€u clia hé théng) 14 mot trong nhiing van

* Téc gia lién hé. DT: 84-4-37549016.
E-mail: hungpn@vnu.edu.vn

225

specification and verification, multi-agent systems, invariant properties, CafeOBJ,

dé chua c6 giai phdp hiéu qua va dang duoc
quan tdm nghién ctru. Giai phdp phd bién hién
nay 1a 4p dung cic ky thuat kiém thir (testing).
Tuy nhién, kiém thtr chi ¢6 kha nang phét hién
ra 18i/khiém khuyét ctia hé thng chir khong chi
ra duoc hé thong khong con 15i. Vi Iy do nay
ma v6i cic hé thong yéu cau d¢ tin cdy cao thi
kiém thir 12 khong du dé dam bao chat lwong hé
thong. Mot trong nhitng giai phdp giai quyét
van dé nay 1a 4p dung cic phuong phap kiém
ching mé hinh [5-7]. Tuy nhién, cdc phuong
phap nay chi 4p dung dugc khi s6 luong céc tic
tir ctia hé théng 12 hitu han. Hon nita, vin dé
bung n6 khong gian trang thai c6 thé xay ra khi
4p dung cdc phuong phép kiém chimg mé hinh
cho cac hé théng 16n. Hon nira, trong thyuc té, $6
luong tic tir trong cic h¢ da tic tu thuong la
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chua biét trudc vi né thudng xuyén thay dbi
trong qud trinh phat trién va tham chi 1a trong
qud trinh thyc thi hé théng. Didu nay dan dén
viéc khé c6 thé dp dung cac phuong phap kiém
chirng mé hinh nham chting minh tinh ding din
ctia hé thong.

Bai bdo nay dé xuat mot phuong phap dic
ta va kiém chung cédc thudc tinh bat bién cua
céc hé da tic tir nham giai quyét nhitng van dé
trén. Trong phuong phap dé xuat, ching toi sir
dung ngdn ngir dai s6 dé dic ta hanh vi cta cic
tac tu. Tu nhiing déc ta nay, ching toi s€ xay
dung khong gian trang thai cia hé thong mot
cich dé quy gom trang thii khéi tao va cich
chuyén dén céc trang théi tiép theo tir mot trang
thdi bat ky cua hé thong. Phuong phdp dé xuat
cho phép dic ta va ching minh tinh ding dan
cua céc h¢ da tdc tr véi khong gian trang thai la
vO han. Chiing t6i cting 4p dung phuong phép
dé xudt dé chung minh vin d& xung dot tai
nguyén khong dugc phép xay ra trong mot hé
da tdc tir nham chi ra tinh hiéu qua cta phuwong
phédp nay. Trong vi du minh hoa nay, ching t6i
st dung by chung minh dinh ly CafeOBJ [8,9]
dé hién thuc héa phuong phap dic ta va kiém
ching dé xuét.

Phan con lai cua bai bao duogc ciu tric nhu
sau. Phan 2 trinh bay phwong phép dic ta cic hé
da tic tir st dung ngdn ngit dai sd. Phuong
phap kiém ching tinh diing dén cia cic hé da
tac tr dbi v6i céc thude tinh bat bién sir dung tu
tuong quy nap todn hoc dugc trinh bay trong
phan 3. Phan 4 trinh bay mét vi du minh hoa
nhim minh chimg cho tinh hi¢u qua cua
phuong phép dé xuét va thao luan két qua thu
dugc. Cudi ciing, két ludn cia bai bio va hudng
nghién citu tiép theo dugc trinh bay & phan 5.

2. Pic ta hé thong da tac tir

Dé kiém ching ring lidu cic tic tir c6 két
hop dugc voi nhau dé dat dugc muyc tiéu cua hé
thdng, ching ta phai dic ta hanh vi cia hé
thong théng qua hanh vi ciia timg tic tir. Cic
thudc tinh can kiém chimg ciing phai dugc dic
ta. Trong nghi€n ctru nay, ching t6i chi quan
tam cdc thudc tinh bat bién. Céc thudc tinh nay
yéu clu phai dugc théa man tai moi trang thai
ctia hé thong.

2.1. Pdc ta tdc tir

Goi Ald 1a tap céc chi sO cuia céc tac tir va
Sys 1a khong gian trang thdi cua hé thong da téc
tlr, voi moi tdc tiri € Ald, tdp hitu han c4dc hanh
dong aj;, ap, ..., aj, cua nd duge dinh nghia nhu
sau: a;: Ald X Sys = Sysv6ij=1,...,n.

Vi s € Sys va con_a;: Ald X Sys — {true,
false}, a;(i, s) = s’ (s’ € Sys, 8° # s) néu
con_a;(i, s) = true, ngugc lai, a;i(i, s) = s. Trong
truong hop s’= aj(i, s) (s’ #s), tandi s’ 1a trang
thai tiép theo cua s khi tac tir 1 thyc hién thanh
cong hanh dong a; tai trang thdi nay.

2.2. Khong gian trang thdi

Khong gian trang thdi ciia hé thong da tic
tor (ky hiéu la Sys) la tap v han céc trang thai
bat du tir trang thdi khoi tao cta hé thong (ky
hiéu 12 init). Tai moi trang thdi s € Sys, hé
thdng s& chuyén dén mot trang théi tiép theo s’
= ai(i, s) néu mot trong céc tic tr i € Ald thuc
hi¢n thanh cong hanh dong a; tai trang thai s.
Khong gian trang thdi ctia hé thong da tic tir
duogc dinh nghia ¢ quy nhu hinh 1.

Sys = {init} U {aij;(i, s) |

i € AId, s € Sys, je [1l..n]}

Hinh 1. Pinh nghia d¢ quy khong gian trang thai cua h¢ da tac tu.
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2.3. Bdc td cdc thuéc tinh bat bién

C6 mot s6 thuge tinh cua h¢ da tic tir can
kiém chimg trudc khi trién khai ching trong
thuc té. Trong bai bdo nay, chiing toi tap trung
giai quyét thudc tinh bat bién — mot thude tinh
phd bién cua cdc hé thong néi chung va céc hé
da téc tr néi riéng. Thudc tinh bat bién 1a tinh
chit ma hé théng phdi théa man tai moi trang
thdi cta hé thong. Mot thudc tinh bat bién duoc
dinh nghia nhu sau: inv: Sys — {true, false}.
Chting ta can kiém tra riang Vse Sys thi inv(s) =
true.

3. Kiém chirng hé thong da tac tir

Phuong phdp dang duoc dp dung phd bién
hién nay dé ching minh tinh ding dén cua cic
hé da tic tir 1a kiém chimg mé hinh [5-7]. Tuy
nhién, moét trong nhitng han ché 16n nhét cua
kiém chirmg mo hinh 1a vin d& bung nd khong
gian trang thai khi 4p dung cho cdc hé thong 16n
[6]. Vi ly do nay ma phuwong phdp nay khé ap
dung trong thyc té. Hon nita, phuong phap
kiém ching mé hinh chi 4p dung cho céc hé
thong c6 khong gian trang thai 1a hitu han. Cac
hé thdng da tic tir voi sb lugng tic tir 1a khong
biét truéc hogc vo han thi khong gian trang thai
ctia hé thdng c6 thé 1a vo han. Piéu nay c6
nghia 12 ching ta khong thé dp dung phwong
phdp kiém chimg mé hinh trong trudng hop
nay.
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Dé ching minh tinh diing din cua cdc hé da
téc tir, chiing t6i d& xuat st dung phwong phap
ching minh theo tu tudng cua quy nap todn
hoc. Gia sir chiing ta can chimg minh thugc tinh
inv diing trén moi trang thai cua hé thdng, quy
trinh chung minh dugc md té trong hinh 2. Tai
truong hop co s, ching ta kiém tra thudc tinh
inv c6 thda man tai trang thii khoi tao hay
khong (inv(init) = true?). Néu ding thi chuyén
sang budc chimg minh quy nap, néu sai thi hé
thong khéng thoa mén thudc tinh inv. Tai budc
ching minh quy nap, gia st thudc tinh inv ding
tai mdt trang théi s € Sys (inv(s) = true). Ta can
chimg minh inv ciing ding tai tit ca céc trang
thdi tiép theo cuia s. Cic trang thai tiép theo cua
s 12 cdc trang thdi ctia hé thong thu duoc bang
cach mot tac tor bat ky thuc hién mét hanh dong
cua nd tai trang thdi s. Néu thudc tinh inv théa
mén tai tat ca cic trang thai tiép theo cia s thi
hé théng théa man inv. Nguoc lai, hé théng
khong théa man inv. Tuy nhién, trong qué trinh
ching minh tinh ding dén cia inv tai mdi trang
thai tiép theo cuia s, ¢6 nhidu truong hop két qua
thu duoc 12 mot biéu thic logic khong phai gid
tri true hodc false. Trong nhiing truong hop
nay, chiing ta can cung cdp thém cdc tién dé
hodc hé qua dé hé théng c6 thé chirg minh tinh
thoa man cua thudc tinh nay. Cic hé qua nay
dwa trén cdc tinh chét ciia hé thong lién quan
dén thudc tinh inv. Trudc khi cung cip cdc hé
qué nay, chiing can dugc ching minh tinh ding
d4n nhu cdc thudc tinh riéng biét ciia hé thong.

Base case: inv(init) = true?

Induction case:

{inv(s) = true | s €Sys} —>

{inv (a5 (i,

s) = true | VieAId, Vje[l.. nl}?

Hinh 2. Quy trinh kiém chtng tinh bt bién ctia hé da tdc ti.
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4. Vi du minh hoa

Xét mot hé théng gdbm cic tic tir sao cho
trong qua trinh thuc hién, cic tac tir phai truy
cap dén mot tai nguyén dung chung duy nhét
ctia hé thong. Chiing ta phai dam bao rang tai
nguyén dung chung chi dugc st dung bdi mot
tac tir tai mdi thoi diém — van dé xung dot tai
nguyén. Chiing ta st dung hang doi dé luu trit
céc yéu cau truy cip tai nguyén cia céc tc tir.
Tai trang thdi khéi tao, cdc tac tir chua cé yéu
cau sir dung tai nguyén nén ching dugc gin
nhian la rm (chua c6 nhu clu sir dung tai
nguyén). Khi mét tic tir nao d6 c6 yéu cau sir
dung tai nguyén thi né thyc hién hanh dong
want va nhdan mdéi cia né la wt (dang doi dé
duoc str dung tai nguyén). Trong truong hop
nay, h¢ thong s& chuyén sang mot trang thai
méi va chi s cia téc tir s& duge ddy vao hang

thai

Khong gian trang

doi. Néu tic tir dang & dau hang doi thi né s&
duogc sur dung tai nguyén va nhan mai cua né la
cs (dang st dung tai nguyén). Nguoc lai, sau
mot thoi gian xac dinh né s€ thyc hién hanh
dong try dé c6 ging sir dung tai nguyén ding
chung. Khi mot tac tir dang st dung tai nguyén
ding chung va mudn két thiic viéc sir dung tai
nguyén thi né thuc hién hanh dong exit va nhan
méi cua né 1a rm. Co ché hoat dong cua h¢
thdng dwoc mé ta trong hinh 3. AId 12 mién gid
tri chira cdc id cua céac tac tr, Label la mién
chtra cdc nhan cua céc téc tor va Queue 12 mién
chua cédc hang dgi dugc sinh ra trong qua trinh
hoat dong cua hé théng. Ham pc dugc su dung
dé xéc dinh nhan cia mot tic ti Gng voi mdi

trang thai ciia hé thong trong khi ham queue xic
dinh gid tri ctia hang doi tai mdi trang thai cta
hé thong.

Hinh 3. Co ché hoat dong ciia mot hé da tac tur.

Chiing t61 st dung ngdén ngit CafeOBJ [8]
dé hién thuc héa phuong phap dic ta sir dung
ngdn ngit dai s6 da trinh bay trong phan 3. Hinh
4 md ta dac ta hinh thirc ctia hé da tac ti voi co
ché hoat dong nhu dd mo ta & trén. Piém dic
biét & phuong phap dac ta nay la cac hanh dong
cua moi tac tir tai moi trang théi cua hé théng

c6 thé dugc thyc hién hodc khong. Vi dy, khi
mot tic tir mudn sir dung tai nguyén bang cach
thuc hién hanh ddng want nhung néu trang thai
hién tai chi ra rang tdc tir nay da giri yéu cau roi
thi hanh dong nay khong duoc thyc hién va hé
thong khong chuyén sang trang thdi mdi sau
hanh dong nay.
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—— Sys duoc dung de dai dien cho Khong gian trang thai cua HT
*[Sys]*

—— Khai bao init la trang thai khoi tao
op init -> Sys

—— Khai bao cac Kieu Queue, AId va Label
[Queue AId Label]

—— Khai bao cac ham pc va queue

bop pc : Sys AId -> Label

bop queue : Sys —> Queue

—— Khai bao cac hanh dong cua cac tac tu
bop want : Sys AId -> Sys

bop try : Sys AId -> Sys

bop exit : Sys AId -> Sys

Hinh 4. Dic ta hinh thirc ctia hé théng bang ngon ngit CafeOBJ.

Cung voi dic ta cia hé thong, thudc tinh s& tra vé true néu van dé xung dot tai nguyén
can ching minh (vin dé xung dot tai nguyén) khong xay ra tai trang thai nay va tra vé fasle
duoc déc ta trong hinh 5. Thudc tinh inv la mot néu nguoc lai. Y nghia cua khai ndo nay la tai
ham véi dau vao 1a mot trang thai cia hé théng moi trang thdi ciia hé théng néu c6 hai tic tir
va hai chi sb ciia hai tdc tir cia hé théng. Ham va J cling duing tai nguyén thi chiing 1a mot.

—— Khai bao ham inv su dung de dac ta thuoc tinh xung dot tai nguyen
op inv : Sys AId AId -> Bool

—— Khai bao cac bien

var S : Sys

vars I J : AId

—— Dinh nghia y nghia cua thuoc tinh inv

eq inv(S,I,J) = (((pc(S,I) = cs) and (pc(S,J) = cs)) implies I = J).

Hinh 5. Péc ta hinh thtc thudc tinh xung dot tai nguyén.

Chiing t6i tién hanh ching minh ligu dic ta md ta & phan 3. Hinh 6 mé ta céc truong hop
ctia hé thong c6 thoa mén thudc tinh inv hay ma chung t6i dd xem xét dé ching minh tinh
khéng bang phwong phép kiém ching nhu da thoa man thudc tinh inv ctia hé thong.
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1. init

2. want (s, k), c—-want(s,k), 1 =

3. want (s, k), c—-want(s,k), ~(i

4. want (s, k), c—-want(s,k), ~(i=
5. want (s,k), ~c-want(s,k)

6. try(s,k), c-try(s,k), i =k,
7. try(s,k), c-try(s,k), i =k,
8. try(s,k), c-try(s,k), ~(i =

9. try(s,k), c-try(s,k), ~(i =

10. try(s,k), ~c-try(s,k)

11. exit(s,k), c—-exit(s,k), 1 =

12. exit(s,k), c—-exit(s,k), ~ (i

13. exit(s,k), c- ex1t( k), ~(1i

14. exit(s,k), ~c—exit(s,k)

o~

inv(s,i,3j)->inv(s’,1,3)

lemmal
lemmal
k)

o~

= k)

Hinh 6. Céc truong hop can xem xét khi chirng minh thudc tinh inv.

Tai trudng hop co sd, ching t6i kiém tra gid
tri cda inv(init, i, j) voi moi i va j bat ky va thu
dugc két qua true. Didu nay c6 nghia 1a thudc
tinh inv ddng tai trang thai khoi tao init. Gia su
thudc tinh inv ding tai mot trang thai s bét ky
(inv(s,i,j) = true), ching ta can ching minh inv
ding tai tat ca cic trang théi tiép theo ctia s. Cic
trang thai tiép theo cua s la want(s,k), try(s,k)
va exit(s,k). Hé théng s€ chuyén tir trang théi s
dén mot trong cdc trang thdi nay khi mt téc tir
k nao d6 thuc hién mét trong ba hanh dong cia
n6. Vi mdi trang théi tiép theo, thudc tinh inv
khong thoa man ngay ma ching tdi phai xem
xét rat nhidu truong hop con twong dwong cia
né. Vi du trong trudng hop 4, sau khi dua hét
tat ca cdc thong tin can thiét nhung inv(s’,i,j)
van khong tra lai gid tri true. Trong trudng hop
nay, biéu thurc inv(s, i, j)->inv(s’, i, j) (s
want(s, k)) duoc sit dung va tra lai gia tri true.
V& mit ngit nghia, biéu thirc nay twong dwong
Vi inv(s’,i,j) vi ching ta da gia st inv duing tai

s. Bang phuong phdp nay, ching t6i da chiing
minh duoc réng inv(s’,

i, j) = true véi 8’ =
want(s, k). Cic truong hgp con lai ciing dugc
ching minh twong ty. Tuy nhién, trong mét sé

trudng hop chiing ta phai cung cdp thém mot s6
bd dé (vi du nhu cdc truong hop 7 va 8). Cac bd
dé nay dugc xac dinh dya vao tinh chét cua hé
thdng va can duoc ching minh trudc khi dua
vao ap dung.

Vi du nay la minh ching cho khd nang
chimg minh céc thudc tinh bat bién ciia cic hé
da tdc tor voi khong gian trang thdi 12 vo han.
Véi cdch tiép can nay, chiing ta khong cin chi
ra tit ca céc trang thai ciia hé thong ma chi can
chi ra trang thdi khéi tao va quy ludt chuyén
dén céc trang thai tiép theo ctia mét trang thai
bat ky cta h¢ thong. Tuy nhién, phuong phap
chung minh quy nap 1a ban tu dong va doi hoi
nguoi 4p dung phai c6 hiéu biét xau sic vé quy
nap toan hoc ciing nhu nhing tinh chét cta hé
thdng. Trong nhiéu trudng hop, ching ta phai
b6 sung cic bo dé nham cung cap thém tri thirc
cho cong cu ching minh dé két luan tinh ding
dén cua thudc tinh tai moi trang théi. Viéc tim
ra nhitng b dé nay 1a bai toan thii vi va khong
c6 mot gidi phdp chung. N6 phu thudc vao tirng
hé thong va cédc tinh hubng cu thé trong qui
trinh chirng minh h¢ thong.
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5. Két luan

Bai bdo nay da trinh bay mot phuong phap
ddc ta va kiém ching céc thudc tinh bat bién
cua cdc h¢ da tac tir noi ma khong gian trang
thai cua chung 1a vo han. Véi bai todn nay, cac
phuong phap kiém chirng md hinh khong thé
giai quyét duoc. Trong phuong phdp d& xuit,
chiing t6i sir dung ngdn ngit dai s6 dé dic ta
hanh vi ctia cac tac tir, hanh vi cua hé théng va
cic thudc tinh bat bién can chirng minh. Tir cic
dac ta nay, ching ta xay dung khong gian trang
thdi cta hé thong mot cich dé quy. Véi cich
tiép can nay, ching ta khong can chi ra tat ca
céc trang thdi cia hé théng nhu cdc phuong
phap kiém chimg mé hinh. Khéng gian trang
thdi cia hé théng gdm trang thai khoi tao va tap
cic quy ludt dé chuyén dén cdc trang thai tiép
theo tir mot trang thdi bat ky. Viéc chimg minh
tinh ding dan cta hé théng ddi véi cic thude
tinh bét bién duoc thyuc hién bang céch st dung
tu tudng quy nap todn hoc. Trudc tién, ching ta
chung minh thudc tinh ding tai trang thai khoi
tao. Gia st thudc tinh ding tai mot trang thai
bat ky, ta chitng minh thudc tinh dung tai tat ca
céc trang thdi tiép theo. Bang phuong phap nay,
ching ta Kkét luan thudc tinh ddng tai moi trang
thai cia hé thong.

Tuy nhién, phuong phidp d& xuit chi 4p
dung chimg minh cic thudc tinh bat bién. Vi
cdc hé da tdc tir, c6 rat nhiéu thudc tinh khéc
can dugc chimg minh. Chiing t6i dang tip trung
mé rong phuong phdp nay cho cac thudc tinh
khic. Hon nita, phuong phap dé xuat chi diing
khi dic ta cia hé thong 1a ding din. Trong khi
do, déc td nay dugc xay dung thu cong nén viéc
dam bao tinh ding din ctua né 1a mot van d&
khé va chua c6 101 gidi thda dang. Day ciling 1a
mot trong nhitng dinh hudng nghién ctu quan
trong khong nhitng cho chitng minh tu dong ma

con cho hau hét cdc nghién ciru v& kiém chiing
md hinh va kiém thir ty dong [10]. Chiing toi
cling s& 4p dung phwong phap dé& xuat cho cic
hé thdng khac véi do phirc tap va quy md 16n
hon dé chi rd tinh hiéu qua cua phuong phap dé
xuat.
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Specification and Verification of Invariant Properties
of Multi-agent Systems
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Theorem proving has been recognized as an important approach in improving the reliability of
multi-agent systems. This paper proposes a method for specifying and proving invariant properties of
multi-agent systems where their state spaces are infinite. In this method, the behaviors of multi-agent
systems and their invariant properties are specified by using algebra specification. The state space of
each multi-agent system is defined recursively by identifying the initial state and all possible next
states of any state of the system. The proposed method then uses the induction proof in order to verify
correctness of the system. A case study about the mutual exclusion problem for multi-agent system is
also presented and discussed for showing the usefulness of the proposed method.



