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Chuong 1
Gidi thiéu
1.1 Dt van dé

Phat trién phan mém thoi gian thuc dua trén thanh phan dong mot vai tro
quan_trong trong linh vuc cong nghé phan mém. Tuy nhién, céc phuong phap

da dé xuat van con han ché nhu thiéu mé hinh thanh phan cho thanh phan
phan mém thoi gian thuc, lam thé nao dé ¢6 thé dic ta, phan tich danh gid, va
kiém chiing su tuong tac gitta cdc thanh phan phan mém véi nhau va véi moi
truong cua ching trén khia canh chitc nang va phi chttc nang. Luan an da nghién
ctiu va dé xudt cac ky thudt dé gidi quyét bai toan trén. Thi nhit, ludn an dé
xudt md hinh cho thanh phan phan mém thoi gian thuc véi thé thic tuong tac
tuong tranh thoi gian (timed concurrent interaction protocol), va bo sung dic
ta tai nguyén vao thé thic tuong tac tuong tranh nham lap ludn cho tinh st
dung hiéu qua nguon tai nguyén ctia hé thong. Thit hai, ludn 4n dé xudt mé rong
Iy thuyét giao dién thanh phan trd thanh I thuyét giao dién thoi gian thuc nham
mo hinh hoéa va dac ta cac hoat dong clia hé théng thdi gian thuc dua trén thanh
phan. Thit ba, luén 4n ap dung I thuyét "tinh ding dan béi cach xdy dung" va
Iy thuyét "thiét ké bang hop dong" dé dé xuidt mot ky thuat dic ta va mé hinh
héa hé thong thoi gian thuc bang hop déng thoi glan va hop dong thdi gian rang
budc tai nguyén nham phan tich, danh gid hé thong thoi gian thuc dua trén hop
dong trén hai khia canh chitc nang va phi chitc nang. Bén canh d6, luan an cung
dé xuat ngdn ngit dic ta thoi gian thuc nhu mot su gia tang tlnh kha thi cta
Iy thuyét duge dé xuat.

1.2 Cac két qua chinh ctia ludn an

Luan 4n c6 ba két qua chinh dude trinh bay nhu sau. Luan an md rong mo
hinh PECOS (PErvasive COmponent Systems) cho thanh phan phan mém thoi
gian thuc véi muc dich tao ra moét md hinh c6 thé ap dung cho nhiéu hé thong
c6 nén tang phan cting khac nhau. Ludn 4n dé xuat mo hinh cho thanh phan
phan mém thoi gian thuc véi thé thitc tuong tac tuong tranh thoi gian (timed
concurrent interaction protocol), va bo sung dac ta tai nguyen Va0 thé thic tuong
tac tuong tranh nham lap ludn cho tinh st dung hiéu qui nguodn tai nguyén cia
hé théng.

Luan 4n md rong 1y thuyét giao dién thanh phan véi cic rang budc thoi gian
dé dic ta va mo hinh hoa cac thanh phan phan mém thoi gian thuc. Ludn an st
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dung otomat thoi khoang dé biéu dién hitu_han cac day hanh vi cia giao dién
thanh phan va méi tru’dng thoi gian thue nham muc dich phan tich, danh gia cac

khla canh nhy tinh_chat lam min, cdc phép ghép va phép cam gitta moi truong
vao thanh phan phan meém.

Luan 4n de Xuat ky thuat cai tién ddc ta thanh phan phan mém bang
hop dong thoi gian va hop dong thoi gian véi cac rang budc tai nguyen nham

phan tich va danh gia day du cac tmh chat ciia thanh phan phan mém trén hai
khla canh chic nang va phi chitc nang. Do do, thanh phan phan mém thoi glan

thue duge thiét ké sé dude xem X¢t mot cach day du. Luan 4n cling dé xuat

ngbn ngit dac ta thoi gian thuc mau nham hop nhét cic ngdn ngt ddc ta thoi
gian thuc véi day du tinh nang déc ta ve phan chiic nang va ph1 chiic nang cho
thanh phan phan mém. Bang cach nay, cdc thanh phan phan mém thoi glan thuc

duoc dac ta day du va lam co s6 cho cho viée nang cao chat luong phan mém. Tat
ca cac déng gop trong ludn 4n huéng dén viée tim ra nhitng ky thuat phan tich,
danh gia va kiém chimg hé thdng thoi gian thue dua trén thanh phan.

Céc két qua nghién ctiu trong ludn 4n c6 moéi lien hé chat ché véi nhau
trong viéc tich hop tao thanh mot giai phap hoan chinh tit viéc dé xuat mé hinh
phan mém thoi gian thue dén thé thic tuong tac tuong tranh trong md hinh va
cac ky thuat dic ta va mo6 hinh héa hé théng thoi gian thuc bang 1y thuyét giao
dién va hop déng thoi gian thuc cho dén deé xuat ngdn ngtt dac ta thoi gian thuc
mau. Nhu vay, két qua trong luén 4n hudéng dén mot giai phép day du cho viée

dsc t4, mo hinh héa va kiem chiing tinh ding dan hé théng thoi gian thue dua
trén thanh phan.

1.3 B6 cuc cua luan an
Cac noi dung con lai cua ludn an duge t6 chic nhu’ sau: Chu’Ong 2 trinh

bay cic kién thtic_co ban ciing nhu cdc khai niém vé phat trién hé thong
dua trén thanh phan. Chuong 3 trinh bay mo hinh thanh phan phan mem va

thé thic tuong téc tuong tranh trong cic thanh phan phan meém thoi gian
thuc, ciing vii cac thudt todn kiém chiing su tuan tht cta day hanh vi cta
moi truong hé théng voi thé thitc tuong tdc ciia thanh phan phan mém trén
hai khia canh chtic nang va phi_chitc_nang. Chuong 4 trinh bay ky thuat

dac ta glao dién thanh phan phan meém thgi gian thuc trén quan he gita
dau vao va dau ra ctia thanh phan phan mém. Chuong 5 trinh bay dac ta

cac dich vu va thanh phan phan mém thdi gian thuc véi cdc thiét ké thoi
gian. Chuong 6 trinh bay ky thudt dac ta yéu t6 chitc nang va phi chiic nang
nham phén tich va danh gid chat luong dich vu dua trén cdc rang budc phi
chitc nang, dong thoi uée luong tai nguyén hé théng tiéu thu va su dung trong
qua trinh hoat dong ngay tu g1a1 doan dau ctia su phat trién hé thong phan mém.
Chuong 7, ludn an tong két cac két qua nghién cttu va hudng phét trien tiép theo.



Chuong 2

Céc kién thic co ban

2.1 Phan mém hudéng thanh phan
2.1.1 K¥ nghé phian mém duya trén thanh phan
Phat trién phan mém dua trén thanh phan c6 mot s6 dic diém sau:

(i) La mot ddn vi phan mém ddc lap, thuc thi mot chtic nang day dﬁ nao do.
(ii) C6 tinh an ddi vai he thong bén ngoai. Mot thanh phan phan mém chi duge

quan sat thong qua giao dicn cua ching. Khl tuong tac voi cdc thanh phan
khac thong qua mot thoa thuan goi l1a hop dong.

(iii) La chii thé cho nhiéu muc dich st dung khac nhau. Mot thanh phan phan
mém du’c}c thiét ké va cai dat sao cho chitc nang ctia thanh phan dé dudc téi
sit dung va phuc vu nhiéu hé théng khac nhau.

(iv) Thanh phan phan mém c6 thé dugc tai stt dung va c6 thé thay thé bang
thanh phan phan mém khéc.

2.1.2 Tinh dtng din bdi cich xay dung
La kv thudt phat trién phan mém dua trén viée dic ta cdc thanh phan phan

mém sao cho néu cdc thanh phan phan mém ghép dudce véi nhau thi hé thong

khong con 161, phuong phap tiép can nay la bién thanh phan phan mém vé mot
dang mo hinh toan hoc dé chimg minh.

2.1.3 Kién tric hé théng phan mém duya trén thanh phan
2.2 Hé théng thdi gian thuc

Theo tong két ctia tac gia M. Timmerman va L. Perneel cho thay c6 nhiéu
cach dinh nghia hé thong thoi gian thuc nhung theo cac tac gia hé thong thoi
gian thuc la hé thong: " ... phdn i@ng theo cich dodn trudc duoc (kip thoi) cdc
kich thich khong du dodn duoc dén ti bén ngoadsi.”
2.2.1 Otémat thdi gian

Moi hoat dong trong thé giéi ching ta déu phu thudc vao thoi gian, & mot
miic hoat déng nao dé yéu td thoi gian cé dude xem xét hodc an di tiy thudc
vao bai toan can giai quyet.
Dinh nghia 2.1 (Otoémat thoi gian). Otémdt thoi gian la mét b6 M =
(L, 0y, C,T,T), trong dé L la tap vi tri, & la bang chit cdi, {y la vi tri khdi
tao, C la tdp cdc dong ho, T : L x X x ®(() x o€ x L la bing chuyén, va T
la tdp cdc vi tri c6 thé chdp nhan duigc.



Su dich chuyén ciia 6t6mat thoi gian cé hai hinh thiec.

(i) Thoi gian troi: (£, v) 4 (0, v + d) v6i moi d € Rxy,. |
(ii) Dich chuyén roi rac: (€,v) % (¢,v/) néu ton tai mot dich chuyén e =
(U,a,¢,h,0") € T'sao chov |= ¢, ¢ € ®(C), va v/ = [h+ Ov.

2.2.2 Otdémét trong sb
Otomat trong so 1a su md rong ciia 6tomat thoi gian nhung cho phép tinh
toan chi phi cho tiung hoat dong cua hé thong thoi gian thuc.

2.3 Kiém chitng hé thdéng thdéi gian thuc
2.3.1 DPic tad va m6 hinh héa hé théng

Pac ta va mo hinh héa la mot trong nhu’ng bude quan trong trong kiem chlmg
phan mem Hién nay, cac k¥ thudt c6 nhiéu uu diém trong dic ta thanh phan
phan meém 1a st dung 1y thuyét giao dién va Iy thuyét hop dong. Dé mo hinh
héa cdc hé thdng thoi gian thuc, ngudi ta st dung 6tomat thoi gian hodc cac ky
thuat tuong duong dé lam mé hinh hé théng.

2.3.2 Dic ta tinh chit ctia hé thdéng
Khi kiém chiing, cac tinh chat clia hé thong thoi gian thuc duge dac ta bang
cac hé loglc thoi glan Phu’dng phap dau tién la ding hé todn ménh dé. Heé toan

ménh dé da ménh dé hoéa cic phét bleu bang cic ky hiéu tir d6 két hop véi cac
phép todn trong loglc hinh thanh nén cong thic trong loglc ménh deé. Bai toan

chiimg minh céc cong thitc logic dong nhat ding, dong nhat sai sé c6 tng dung
rat 16n trong viéc chitng minh mot chuong trinh may tinh chay dung hay sai.

2.3.3 Bai toan kiém tra tinh réng

K7 thudt kiém tra tinh réng ciia ngdn ngit 1a ki thudt chinh trong céc cong
cu kiem chiing phan mém hién nay. Tu tudng chinh ctia ki thudit nay 1a xay dung
ngdn ngit phan bu clia tinh chit can kiém tra sau dé 1ay tich dong bo véi ngdn
ngit cia md hinh can kiém tra. Néu tich ddng bo rong thi ¢é thé khang dinh mo
hinh hé thong thoa tinh chat can kiém tra. Pho bién, ngudi ta ding 6tomat thoi
gian 1& mo hinh ctia hé thdng va st dung cac loai logic dé dic ta tinh chat cla
hé théng.

2.4 Coéng cu kiém chitng hé théng thoi gian thuc

Hién nay c6 nhiéu céng cu cho kiém chimg he thong thoi gian thue nhu
UPPAAL, Kronos, HyTech, v.v. Céc cong cu nay deu ap dung 6 to mat thoi gian
hoac otomat lai (Hybrld automata).

2.5 Toéng két chuong

Chuong nay da trinh bay céc kién thitc co ban, va duge sap xép mét cach hé
thong lam co s6 cho cac nghién citu trong cac phan tieép theo ctia luan an.
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Chuong 3

Mb hinh thanh phan phan mém thdi gian
thuc va thé thic tuong tac tuong tranh

3.1 Gidi thiéu

Ludn an md rong mo hinh PECOS bang cach bo sung thé thic tuong tac
tuong tranh thoi gian thuc véi kha nang dac ta ca thanh phan chtic nang va phl
chitc nang. Dua trén cach tiép cin Tinh dung ddin dua trén cdch xay du’ng va,
Thiét ké bang ho’p dong_duoc st dung dé ddc ta thanh phan phan mém thoi
gian thuc bang cac hop dong thoi gian.

3.2 M6 hinh thanh phan phan mém thdi gian thuc

Cac su kién Céc chudi hanh vi

Trong phan nay, luan an trinh Gino dién ht théng

bay kién tric cling nhu cac 1 bt
thanh phan cd ban trong mod Ciic tién trinh

hinh ma luan an mudn phat

Phan
chu dong

?
o AL . \ v
trien ducgc minh hoa trong hinh O dién thanh pran
3.1. hd D1
en
s
- E

Hinh 3.1: Minh hoa mé hinh phan mém

3.3 Thé thitc tudng tic tuong tranh rang budc thoi gian
3.3.1 Thé thiic tuong tic tuong tranh

Thé thic tuong tac la mot tap céc quy tac quy dinh cach thic cac dich vu
(phuong thu’c) trong thanh phan phan mém dudc thuc thi nhu thé nao gom thit
tu 161 goi va céc rang budc kem theo nhu rang budce thOl gian, tai nguyen he

thong. Va cach thiic céc dich vu thuc thi song song, hay ndi tiép. Do d6, thé thiic
tuong tac ducc dinh nghia nhu sau:

DPinh nghia 3.1 (Thé thic tuong tac). Mot thé thic tuong tdc T ld mot bo
(X1,Bq),..., (Zk, Ex),6). Trong dé d : Q0 — Rsq, va vdi moii = 1,k, B; la
biéu thic chinh quy trén bing chi cdi ¥;.

Dinh nghia 3.2 (Su tuin thi thé thtc). Mét tu thoi gian w =
<CL1,7’1>(CL2,7’2) Nan, ) tudn thi thé thic w, kyj hidu w |= 7 khi va chi

khi vdi moi 1 < k the i



(1) untimed(w)|s, € L(E;), va

(i) dat untimed(w) = ajaj, ... aj, , thi 7, — 7, > d(ay) vdi moi l < m,

3.3.2 Phép chiéu
Gid st cho mot chudi ¢ = abedeabd va mot tap hop cdc phan ti ¥ =

{a,b,c,d}, C|s 1a mot xau nhan duge tit xau ¢ bang cach loai di nhimg phan ti
khong thuoc . Taco (g = abedabd.

3.3.3 Thuit toan kiém ching tinh cim dugc

Moi trudng mudn st dung cac dich vu tu cac thanh phan phan mém thi moi
truong phai tun thi cdc thé thic ctia thanh phan phan mém.

Cho mot 6témat thoi gian M = (L, 4y, 3, C,T,T. Dat £(M) la ngdn ngit
clia mdi truong, L(P(M)) 1a ngdn ngit clia 6tdmat viing ctia M. Ta ¢ két qua
sau:

Dinh 1y 3.1.

(i) Doi véi 6tomdt thoi gian M, untimed(L(M)) = L(P(M)). Do dé, bai
todn quyét dinh duoc doi vdi 6tomdt M la quyét dinh duoc.

(i) Néu (so, vp) —¢! {sl,m} —2 =0 (S, V) la mot day thuc thi
tw trang thdi ban ddu cia M thi <30, [V0]> — (s, [1n]) —2 ... —m
(S, [Vm]) la day thuc thi cia P(M), va trdi lai, néu (sg, [r]) —
(s1,[1]) =2 ... == (s, [Um]) ld mot ddy thuc thi trong P(M) thi
ton tai Ti,..., Ty sao cho (sg,vy) —! {sl,m) 2 =0 (S, V)
la mot day thu’c thi tw trang thdi ban dau cua M.

Déi véi 6toméat M, kich thude cia M (s6 cac dich chuyén va vi tri) dudc
ky hiéu béi |M|. Bay gio ching ta quay trd lai bai todn quyét dinh duoe, néu
untimed(L(A))[s, € L(E;) d6i voi 6tomat thoi gian A da cho. Diéu néy chi ra
fa%glbal toan quyet dinh duoce 1a gidi quyét duoe, va chi 1a mot hé qua ctia Dinh
Y
Pinh 1y 3.2. Cho biéu thic chinh quy E; va o6tomdt thoi gian A,
bai todn untimed(L(A))|s, C L(E;) la quyét dinh dugc trong thoi gian
O(IP(A)||L(Es)])-

Pinh 1y 3.3. Bai todn “liéu mot 6tomdt thoi gian A da cho tudn thi thé
thite tuong tdc tuong tranh thoi gian thuc 77 la quyét dinh dudc trong thoi
gian O(|P(A)|?).

3.4 Thé thiic tuong tac thoi gian thuc rang budc tai nguyén
3.4.1 Thé thiic th&i gian tai nguyén
M&i dich vu trong € can mot khoang thoi gian dé thuc thi, tiéu thu va st

dung mét luong tai nguyén. Dat Rsg 1a tap sb thue khong Am bicu dién~mi§n
thoi gian. Pat RES 1a tap cdc vée to, RES = {resi,ress,...,resy}, moi véc



to res;, 1 = 1, h, ¢c6 n phan ti, mdi phan tt 1& mot s6 nguyén dai dién cho dai
luong tai nguyén ma né biéu dién. Mdi véc to res; lién quan dén dich vu thi
trong mot thanh phan phan mém. Céc yéu t6 thoi gian va yéu t6 tai nguyén duge
dac ta bang mot cap anh xa 8=(8;,0r), trong d6 8; : 2 — R>q, 8z : 2 — RES.
Do d6, thé thitc duge dinh nghia nhu sau:

DPinh nghia 3.3 (Th¢ thiic tuong tac thoi gian tai nguyén). Mot thé thic tuong
tac p la mot b6 (X1, EBq), ..., (Xk, Ex),8). Trong dé 0=(8¢,0g), 0; : 2 — Ry,
63':29 — RES, va vdi moii = 1,k, B; la biéu thic chinh quy trén bing cha
cai Y.

Cac rz\mg budc tai nguyén bi tang hoac giam trong qua trinh hé théng hoat
doéng. Ludn an can bo sung cac phép toan va viec tinh toan sé tuy thudc vao loai

tai nguyén la Tiéu thu hay la Chiém dung va phep ghép song song hodce ndi tiep
ctia cac thanh phan phan mém. Phép toan @ va © dudc minh hoa trong bang sau.

Bang 3.1: Liét ké cic todn t tang gidm va udc luong thanh phan tai nguyén

Toan tit | Loai tai nguyén | Tiéu chuan | Ghép song song | Ghép ndi tiép
@ Chiem dung R1|u + R2|u —|—R1|u + R2|u —|-MCLCC(R1|U,R2|H)
Tiéu thu R1|C +R2|C +R1|c +R2|c +R1|C +R2|C
o Chiém dung Ry, — Ry, | —Ry|, — Roy, —Max(Ry|,, Ro,)
Tiéu thu R1|C - R2|C —fi”C - R2|C —R1|C - R2|C

Dinh nghia 3.4 (Su tuan thi thé thiic thoi gian tai nguyén). Mot tu trong

s6 w = (ay, ty, 7’1)(&2, ta, o) ... (Gn,tn, ) tudn thi the thitc p, ky hicu w = @

kht va cht khi voi mot 1 < k: thi

(1) unpricedtimed(w)|s, € L(E;), vad

(i) dat unpricedtimed(w)|s, = ajaj, ... a;, , thit;
r;, > Or(a;,), vdi moil < m,.

—tj, > 0(aj,), thir,  ©

Ji+1

3.4.2 M5 hinh héa va sy tuan thi thé thic thdi gian tai nguyén
3.4.2.1 Ot6 mat trong sb rang budc tai nguyén

Phan nay ludn 4n trinh bay 6tomét trong sé rang budc tai nguyén, dude st
dung dé mé hinh héa cic chudi hanh vi ctia mdi truong voi rang budc tai nguyén.
Pinh nghia 6témat trong s6 rang budc tai nguyén dude khai quat nhu sau:
Dinh nghia 3.5 (Otomat trong s6 rang budc tai nguyén). Mot 6témdt trong
s6 trén tdp hiw han dong ho C vd tdp hitu han cde thanh phan tai nguyén
R la mot b6 M = (L, 4y, %, C, T, \,T), trong dé L la tdp cdc vi tri, {y la vi
tri khdi tao, T C L x ¥ x ®(() x o€ x L la tdp cdc dich chuyén, T' la tap
vi tri chap nhan duge, \: LUT — RU RES gan moi canh mot bo gid tri
cta thanh phcm tai nguyen RES tuong ttng vdi hanh dong trong bing chi
cdi X, va gdn moi vi tri mot bo gid tri R.

Mot trang thai clia 6tomat trong s6 rang budc tai nguyén la mot bo (¢, v),
trong d6 £ € L, v € RC Anh xa X gdn nhan gia tri tai nguyén dg(a;) = res;



duoc st dung cho hanh dong a; 1én canh ctua 6tomat va gan gia tri tai nguyén
con lai r; € R cua hé thong cho vi tri ¢; ctia 6tomat.

= Thoi gian troi: (¢, v) i) ({,v + d) néu véi moi d € R,
A v)) = M0, v) L (0,v+ d)). Anh xa X gén 7 ST (d ® dp) lén vi tri

¢, trong do phep todn ®, d ducdc nhan lan lugt véi cdc thanh phan tiéu thu
trong res, gid tri clia cdc thanh phan chiém dung dude gitt nguyén.

= Dich chuyén roi rac: (€,v) 5, (¢,') néu ton tai mot dich chuyen e
(l,a,p,h,0') € T'sao chov |= ¢, v = [h— Oy, va A({(¢', V) = A({¢, V)
(¢';V')), trong d6 " = 1 © Og(a).

1=

3.4.2.2 Ot6 mat trong sbé ving tai nguyén

Cho mot 6tomat trong s6 rang budc tai nguyén M. Mot trang thai dén duce
clia mot 6tomét viing trong s6 tai nguyén la mot cap (¢, Z), trong d6 Z 1a mot
vilng va £ 1a mot vi tri. Trang thai (¢, Z) biéu dién tap tat ca cAc trang théi
(¢,v) trong d6 v € Z. Khi Z 1a mdt ving va 7 1la mot tap con dong ho, i C .
Ky hiéu Z¢ 1a tap céc phép gan gia tri dong ho trong trudng hop thoi gian troi
va Z" 1a tap cac phép gan trén cac dong ho dudc thiét 1ap lai gid tri. Do 14,

={v+d|veZdeRsotvaZl ={[hw— 0v|v e Z} Cho mot
trang thai (¢, Z), dat Az 1a phép dinh gid dong ho duy nhat clia viing Z thoa
Vv € ZVx € C.Az(z) < v(z).

Pinh nghia 3.6. Mot ving trong sé rang budc tai nguyén Z la mot bo
(Z, ,m), trong dé Z la mot ving, p € N miéu td do léch tuong doi Ny cla
ving Z, van : C — R tinh gid tri tai nguyén n(x) cho bat ki dong ho x nao.
Datv € Z méi khiv € Z. Vi bat kyv € Z chi phi cia phép gin v trong Z,
ky hiéu boi Cost(v, Z), dugc tinh bing p @ dp & D, conz)® (v(r) — Az ))

3.4.2.3 Su tuin tha thé thic thoi gian tai nguyén
Pinh 1y 3.4. Cho mét méi truong € dude mé hinh hda bing étémdt trong

s6 rang budc tai nguyén A vd thanh phan phan meém C vdi the thic p. €
cam dugc vao C khi va chi khi L(A) | ¢

Do phiic tap thudt todn ve thoi gian dude tinh nhu sau O(|PZ(A')|.|L(E);|).

3.5 Téng két chuong

Chu’dng 3 da dé xuat mo hinh phan mém thoi gian thl_IC dua trén thanh phan
¢ thé &p dung cho nhiéu hé théng thoi gian thuc c6 céc nén tang phén cUng
khac nhau. va dé xudt thé thic tuong tac tuong tranh duge st dung dé biéu

dién su tuong tac gitta cac thanh phan phan mem Va gitta, cac thanh phan phan
mém voi moi truong trén ca khia canh chitc nang va phi chtic nang.



Chuong 4

Phuong phap dac ta va mo6 hinh héa giao
dién thoi gian thuc
4.1 Gidi thiéu

Mot giao dién thoi gian thuc dude coi nhu mot hop dong trén tap bién dau
vao va daura X va Y, X NY = (0, Dat £ 1a mot cong thic logic tan ti cap
1bicu dién mébi quan hé gitta X va Y, [b, €] 1a khoang thoi gian t6i thicu va tdi
da dé mot thanh phan phan mém cung cap dich vu. Dat F(X UY) 1a tap cia
tat ca cac cong thitc logic trén (X UY'). Dat Time 1a tap thoi gian, va Intv la
tap tat ca cac khoang thoi gian trong Time. Dat V(X UY) bicu thi tap tat ca
phép gan cac gid tri trén cdc dau vao, dau ra (X UY), nghia 1a véi a bat ky,
acV(XUY)thianhxaa: (XUY) — Ry Mot trang thai la mot cap (a, 7),
trong d6 a 1a phép gan gid tri, 7 1a mot thoi diem. Dat S = V(X UY) x Time
1a tap tat ca cdc trang thai.
Dinh nghla 4.1. Mot giao dién thoi gian thuc la mot bo (X Y, §> trong

dé X va Y twong tng la cde tap hiu han dau vao vd dau ra cia giao dién,
£:58% - FIXUY) x Intv, ¢ day S = V(X UY) x Time.

Vi du 4.1. Vi du nay minh hoa mot giao dién thanh phan vdi tap bién dau
vao chi c6 mot bien {x}, tip dau ra c6 mot bien {y}.

= {z}, {y},(>0F2z>0Ay=2+1),[1,3])

Dinh nghia 4.2. Mot day thuc thi cia giao dién 1= (X,Y, &) la mot day
cic trang thdi s189...8,, 1 = 1,n, ¢ diy s; = (CLZ,TZ>, Sa0 cho a; = ®; va
7 € 1;. Cong thic 5(31 S Sil1) = \(Cbi, ;) vdi moi i = 1,n. Tap tat cdic cdc
day thuc thi cia I duge ky hiéu bang S(I). Mot day thu’c thi ctung duoc goi
la mét day trang thdi dén dudc.

Hinh 4.1 minh hoa sut mét day thuc thi ciia mot giao dién.

—
o
<«
= . .
Z Budcl Budce 3

T Nhap 2
T Nhép 3

Budc 2

1 T T3 Thoi gian

Xuét 1
Xuét 2
Xuat3 T

Hinh 4.1: Minh hoa su thuc thi theo thoi gian ctia giao dién

Dinh nghia 4.3. Mot mai truong la mot bo cdc thanh phan (X, Y, hx, hy),
ky hiéu la E, ¢ day X va Y nhu trong Pinh nghia 4.1, va hx : V(X UY) x
9



Time)* — F(X) and hy : V(X UY) x Time)* — F(X UY) x Intv. Tap tat
cd cac day thuc thi cia E duoc ky hiéu la S(F).

Anh xa hy dam bdo rang tip dau vao X ma méi trudng cung cap cho tai
mot trang thai da cho, trong khi hy thé hién diéu mong mudn ciia moi truong
trén cac tap dau ra Y va thoi gian dé nhan gid tri tai dau ra. Méi truong E hoat
dong dude néu hy va hy thoa tat ca cdc day trang thai dén duoc

Dinh nghia 4.4 (Phép cam). Mot moi truong E = (X,Y, hx,hy) cé thé
cam dugc vao giao dién 1= (X' Y' &) khi va chi khi X' =X, Y' =Y wa

1. hx(e) = in(&s(e)), §r(€) A hx(e) = hy,(€), va &(€) C hy,(e). Trang thdi
€ goi ld trang thdi dén duoc.

2. Véi tat cd cdc trang thdi dén duoc s € S8* sao cho hx(s) théa duoc,
hx(s) = in(§s(s)), &(s) A hx(s) = hy,(s), vd §(s) C hy.(s) ding. Doi
vdi (a,7) € S sao cho a |= &¢(s) N hx(s) va T € hy.(s) day trang thdi
s.(a,T) cing dugc goi la dén duoc.

Lugn dn ky hiéu tap tat cd cdac day trang thdi dén duoc cia moi truong E
cam vao giao dién I la S(E,T).
Pinh nghia 4.5 (Tuong duong méi truong). Hai giao dién 1 and I' tuong
duong nhau tuong ing vdi moi truong E, ky hieu I =g I', khi va chi khi
E cam duoc vio I va E cing cam duoc vao I'. Hai giao dién I va I' tuong
duong vé mat moi truong khi va chi khi 1l =g I' déi vdi moi moi truong E.
Dinh ly 4.1 (Dinh Iy tuong duong moi truong). I =g I doi vdi moi maoi
truong E khi va chi khi 1=1T.
4.2 Ghép giao dién thanh phan

Phép ghép céce giao dién thanh phan 14 mot trong nhitng ndi dung quan trong
trong 1y thuyet giao dién. Luan an xét hai truong hop ctia phép ghép: Ghép song
song va ghép noi tiép. va chi ra mdt so ket qua dat duoc
Pinh nghia 4.6 (Ghép song song giao dién).
Pinh 1y 4.2. Dat 1”7 = 1||I'. Mot day trang thdi (a1, 1) ... (an, 7) ld mot
day trang thdi dén duoc cia 1" khi va chi khi (a1|xuy, 1) ... (an|xoy, ) la
day trang thdi dén duoc cia 1 va (a1|xwuy, 1) ... (an|x0oyr, ) la day trang
thdi dén duoc cia I

Ngoai cach ghép song song hai giao dién, con mot cdch ghép néi tiép hai giao
dién v6i nhau
Dinh nghia 4.7 (Ghép ndi tiép giao dién).

Phép ghép song song va noi tiép ciia hai giao dién I va I’ duge minh hoa

trong Hinh 4.2. "
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Hinh 4.2: Minh hoa phép song song (a) phép néi tiép (b)
Dinh 1y 4.3. Dat I, I' va 1" la cdc giao dién, 0 va 0 la cdc phép ghép tuong
ing gita I voi I va gitda I’ vdi 1”. Suy ra nhu’ng dieu sau day ding:
(i) I||I" = T'|]L,

(i) ()| = 1)) |y,
(ZZ?,) (]I@I[ ).9/1[ = ]I(g(]l .9/1[ >

4.3 Sy lam min giao dién thanh phan

Su lam min giao dién c6 nghia 1a mot giao dién c¢6 thé duoe thay bé,ng mot

giao dién co chat luong t6t hon. Dua trén logic Hoare, dinh nghia vé lam min
giao dién nhu sau:

Pinh nghia 4.8. Dat I = (X, Y, &) va I' = (X', Y' &) la hai giao dién.
I dugc lam min bdi I' (hoac I' lam min 1), ki hiéu I © ', khi va chi khi
X =X,Y =Y va vdi moi s € S(I) NS(I') nhitng dieu sau ddy ding:
in(§s(s)) = in(&(s)), in(§r(s)) A Er(s) = &p(s), vd §1(s) € & (s).

Do vay, T cung CAp CAcC dlCh vu tot hon theo ngh1a 1 né cung cap ciing cc
dich vu cho méi trudng véi cic dicu kién 16ng hon ciia moi trudng trong hop dong

ctia giao dién. Pinh Iy sau kiém chtng dinh nghia ctia su lam min giao dién.

Dinh 1y 4.4. Dat 1 C I, va moi truong £ cam vao I'. Thi méi truong E
cung cam vao I va S(E,T') C S(E,I) ding.

Céc phép ghép giao dién da dinh nghia 6 Phan 4.2 bdo toan su lam min nhu
duoce phét bieu dudi day.
Dinh ly 4.5 (Bdo toan su lam min). Dat LI va I ld cdc giao dién sao cho
I E Y, va cdic phép ghép H va 0 la phép ghép noi tiép gita I va 1”. Gid st

rang cdc diéu kién cho cdc phép ghép la théa dudc thy (I||I7) T (I'|]I") vd
(]I H]I”) C (I[/ ]I”>

4.4 MO hinh héa hanh vi cta giao dién

Do hanh vi cia giao dién thanh phén thoi gian thuc la vo han, chung ta can

md hinh hoa cac hanh vi nay dé c6 thé kiem soat duge chat hmng cta cac dich
vu ctia thanh phan phan mém do méi truong stt dung.



Dinh nghia 4.9 (Otémat khoang). Mot otémdt khodng trén tap dav vdo X,
dau ra'Y la mot bo My = {(Q,%, X,Y,qy, T, A, 1), trong d6 X NY =0, gom

» () la tap hiu han cdc trang thdi,

» Y la tap hdu han cdc hanh dong,

g0 € Q la trang thdi khdi tao cua M,

T CSxY xS latip cic quan hé dich chuyén thoi gian, )

s A= (Ap, Ay), A0 S = F(XUY) la hdm gdn nhan trén moi trang thdi
cua M vdi mot biéu thiic logic tan tu cap 1 chi moi quan hé gita dau
vao X wvdi dau ra Y, A+ S — Intv gdn nhdan thoi gian lén trang thdi
cua M.

= [ C Q la tap trang thdi két thic.

bé mot 6toméat khoang giao dién bieu dién duoe hanh vi clia giao dién thanh
phan, ludn 4n dinh nghia giao dién cho 6témét khodng nhu sau:

Dinh nghia 4.10 (Otomat khoang giao dicn). Mot 6témdt khodng giao dién
I(My) la b6 ba (X U{z}, Y U{g}, &) trong dé X va Y la tap hiu han tuong
Ung vdi dau vao va ddu ra. & la bién mdi trén tdp hanh déng ¥, va i la bién
mdi trén tap trang thdi Q. Quan hé {(o.(a, 7)) = (Af(8) AV(scser(® = ) =
(5 = 5), A (5)), T € A (8), trong dé a(y) = s’ va o la day tinh todn dan dén
S.

Dinh nghia 4.11. Mot day thuc thi cua mot otomat khodng giao dién
(M) =(XU{z},YU{y}, & la mdt day cdc trang thdi s1sy...S, sao cho
a; |: Af(871> va T € AT(SZ'>, J ddy S; = (ai,n) va f(Sl c 5@'—1) = /12', 1= 1,771
Tap tat cd cdc trang thdi ctia I(M) kij hiéu bdi S(I(M)).

Dinh nghia 4.12 (Otémat khoadng cho méi truong). Mot 6témdt khodng hitu
han moi truong Mg duoc dinh nghia giong nhu dinh nghia 4.9 ngoai tri
ham gdn nhan Ay : S — F(X)x F(XUY) va A. : S — Into.

@, (X,Y) @ (X,Y)
11 I

Hinh 4.3: Minh hoa 6toméat khoang giao dién va moi truong

Tuong tu nhu trudng hop cua 6tomat khoang giao dién, mot 6tomét khoang
mdi truong dude dinh nghia nhu dudi day:
Dinh nghia 4.13. Otom_at khodng moi truong la mot bo E(Mg) = (X U
{2}, Y U{g},hx Nin € g hy) trong dé hx(o.(a, 7)) = Ax(s) Ni € sT va

I (0-(a,7)) = (Ay(s) A (5,2, 5) € T, Ay.).



Dinh ly 4.6. Cho otomdt khoang My va mot otomat khoang cho maoi truong
Mpg. Giao dién méi truong E(Mg) cim vao giao dién I(M;) khi va chi khi
Mg la do thi con cia My, va vdi moi s € S(E), Ax(s) = in(As(s)), Ax(s) A
As(s) = Ay (s) va Ay.(s) C A(s).

4.5 Tong két chuong

Chuong nay da dat duge mot s6 két qua: Dac ta thanh phan phan mém thoi
gian thuc bang giao dién thanh phan thoi gian thue, mo hinh hoa cac hanh vi cua

glao dién thanh phan va méi trudng, va kiem chu’ng cam duoc clia moi truong
vao giao dién thanh phan.

Chuong 5

Phuong phap dac ta va kiém ching bang
hgp dong thdi gian thuc
5.1 Gidi thiéu

Trong chuong nay, luan an dé xuat mot cai tien ky thuat dac ta thanh phan

phan mém thoi glan thuc bang hop dong thoi gian. Ky thuat nay hinh huéng

dén muc tiéu giam_thiéu 18i trong qua trinh phéat trién hé thong thoi gian thuc
dua trén thanh phan.

5.2 Thiét ké thoi gian

Theo 1y thuyét phét trien hé thong thoi gian thuc (dua trén thanh phén luan

an ddc ta cac phuong thiic trong thanh phan phan mém bang thiét ké thoi gian,
va dude dinh nghia nhu sau:

Dinh nghia 5.1 (Thiét ké thoi gian). Mot thiét ké thoi gian trén tdp cdc
bién dau vdo, dau ra X,Y ld mot b cic thanh phan D = (V,R,d), trong
do V=X UY, R la mét cong thitc logic tan t cap 1 ¢ dang o - B biéu
dién quan hé gitia cdc bién dau vao va cdc bién dau ra, & ddy o la tien dieu
kién trén tdp cdc bién A C X, B la hdu dieu kién trén cdc tdp bién dau ra
B CY, d la s6 nquyén duong biéu dién khodng thoi gian toi thiéu thuc thi
mot dich vu.

Giao dién ctia thanh phan dudgc dinh nghia nhu sau:

Dinh nghia 5.2 (Giao dién thanh phan). Giao dién thanh phcin la mot cap
1 =(1,,1,), trong d6 I, = (Fdy, Md,) goi la giao dién cung cap cia T, va
7, = (Fd,, Md,) goi la giao dién yéu cau cia Z.
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5.3 Hgp dong thoi gian

Tiép theo, ludn an dinh nghia hgp dong cho thanh phan phan mém, hop
d(f)ng sé cho biét cdch thitc mot thanh phan phan mém dude st dung nhu thé
nao.

Dinh nghia 5.3 (Hop dong). Mot hop dong la mot bp € =
(Z,1, Mgpee,Inv,m), trong do

27T =(Z,,Z) la mot giao dién. Dat Md = Md, U Md,, Fd = Fd,U Fd,.

w [ la su kho’z tao cdc gid tri ban dau cho tung thuoc tinh trong tap Fd.

s Mgpee la ddc td phuong thite, ching lién quan dén ting phuong thic
op(X,Y) trong tap Md = Md, U Md, tuong ting vdi ting thiét ké D =
(V.R,d).

= Znv la tdp cdc rang bude bat bién cta hop dong duoge biéu dién bang cdp
(Znv,, Inv,), trong dé Inv, va Inv, la cong thic logic LTL tuong ting
rang budc trén tap thudc tinh cung cap va thudc tinh yéu cau.

= 77 ld mot thé thitc tuong tdc twong tranh thoi gian thuc.

5.4 Ghép hgp dong thoi gian

bé phét trien nhitng hé thong phfrc tap, chung ta ghép cac thanh phﬁn phan

mém v6i nhau cho dén khi thoa cac yeu cau hé théng bang cach ghép céc hop
dong theo cdch ghép song song, ndi tiep hodc phép cam. Sau day luan 4n dinh
nghia phép ghép song song hai hop dong.
Dinh nghia 5.4 (Ghép song song hai hop dong thoi gian). Cho hai hap dong
co kha nang ghép duoc € = <Il,Il,Mgpecl,Inv1,7r1> va hop dong €y =
(Iy, 1o, Mspec,, Inva, m9). Phép ghep song song cta hai hop dong €, va €y ki
hiéu la €, = QHCSQ la mot hop dong €, = (Z,1, Mspee, Znv, ), cdc thainh
phan trong hop dong mdi dudc tinh nhu sau:

= (Ipl U Ip27 ZqU Ir2)

[ =1L U

= Mspee = Mgpecl U Msgpee,, cac thanh phan trong Md duoc tinh nhu
sau. Md = Mdrl U Mdrg \ Shared(@l,(ig) Md = Mdpl U Mdpg \
Shared(€y, Es).

» Inv duoc tinh nhu sau: Inv = Inv; U Znwvg

« T = my||my ld thé thite tuong tdc tuong tranh thoi gian thuc.

Ngoai cach ghép song song, con cach ghép khac d6 1a phép cam hai hop dong
dugc dinh nghia nhu sau:

Dinh nghia 5.5 (Cam hoan toan). €; > € = ((Z,1 UL, Lra), Mpee, [ara,, U
Mspecy, Il‘f‘drl W Iy, Inv, ), trong dé Inv = (Znvy AInvy), Inve)) va (I W
L)(x) dugc dinh nghia la:

Li(x) = Ih(x) if z € dom(Iy) Ndom(1s)
Li(x) if z € dom(Iy) \ dom(I5)
I(x) if 3, € dom(13) \ dom(I)



Déi vdi thé thite m duoc tinh theo cdc trucong hop sau:

= Dau tién, hop dong €, > €y sé cho phép cdc phuong thic trong cdc
thanh phan phan méem doc lap duoc st dung theo cdch thic nguyén goc
cua chiung. Bdi vay, m = m U my.

» C'dc phuong thic op trong € ma khong bi goi boi €, thi m sé hoat
dong theo co ché song song vdi cdc phuong thic trong €, Do dé m =
|| (o N {op € Mdy \ Md, }*), va

» Trong truang hop con lai, phuong thic op trong Md,, N M drl dudc su
dung vdi mot ph?jdng thu’c trong Md,,. Pieu nay phu thudc vao mic dé
tuong tranh cia phuong thic op.

Do dé, m dugc dinh nghia nhu sau: m = m U my U (m]|(me N {op € Md \
Md,,}").

_ Khi €; > €, duge xdc dinh, chiung ta co thé noi €; ¢6 thée néi véi €. Chi ¥
rang khi noi 2 hgp dong theo cach nay, €; > €, khong duge phép thay the €;
vl n6 ¢6 thée yéu cau mot s6 yéu to tit méi trudng con €; thi khong.

5.5 Hé théng

Hé théng cé hai phan, phan thu déng va phan chi déng.
Dinh nghia 5.6 (Thanh phan phan mém thu dong). Thanh phan phan mem
thu dong la mot bo Poompy = (€, M code), trong do:

» Hop dong € = (Z, 1, Mdspec, Inv, ).

» Mcode gdn vdi moi phuong thic op trong Md, mot thiét ké dugc xdy
dung t cac todn ti co sd va cdic phuong thitc trong L, sao cho vdi moi
day thuc thi w|y, = 7. Dieu kién sau sé thoa bdi Mcode : (Mgpe.(op) C
Mcode(op)), va Inv, dugec bdo toan bdi bat ky hoat dong ndo dugc si
dung trong M code.

= Su thuc thi cia tat cd cdc phuong thiic m sé tuong thich véi cap do tuong

tranh duoc mo ta trong m, tic la phuong thiéc m hodc khong loai tri lan
nhaw hodc cé nhiéu ban sao cia m.

Hop dong € dugc ndi la dugce thuc thi bdi Poomp.

Dinh ly 5.1. Cho hai hop dOng ¢ wva (52, ta co (€ > €y Mcode U
Mcod62|Md2\Md1> la mot thanh phan phan mém.

Dinh nghia 5.7 (Giao dién ctia hé thong). Giao dién hé thong la mot bo
Is = (Evt, Fd,SMd,), trong d6 SMd,, la tdp hiau han cdc phuong thic, Fd
la mot tap hiwu han cdc thuoc tinh, Evt la tap hiu han cdc su kién.

Tt giao dién hé théng, sau day 1a dinh nghia hop dong hé thong.

Dinh nghia 5.8 (Hop dong ciia hé thong). Hop dong hé théng la mot bo
SysC = (Is, Mspecs, Invg, Behav), trong do

» Ig = (Evt, Fdg, Md,,) ld giao dién hé thong.
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» Mgpeeq ld ddc td phuong thic lién quan dén ting phuong thic op(X,Y)
trong Md,, vdi moi thiét ké (V,R,d), va
» Behav la su mo ta hanh vi bén ngodi la maot tap hau han cia {e, m|evt €
Evt,m € Md,}*. Méi hanh vi ciia Behav dugc goi la mot ddc td tién
trinh.
Dinh nghia 5.9 (Thanh phan phan mém chi dong). Thanh phan phan mem
chii dong la mot bd Acomp = (€, Sys€, Mcode) bao gom

» Mot hop dong € = (Z,1, Mgpee, Inv,w) vdi giao dién cung cap rong,
Ip - ((Da (Z))

» Mot hop dong hé thong Sys€ = (I, Mgpe.,, Inv, Behav).

« Mot tién trinh thuc thi Mcode gdn moi phuong thitc op trong Md,, mat
thiét ké duoc zay dung ti cdc todn ti& co sé va phuong thic trong I,
sao cho vdi moi day thuc thi w|yg | 7. Pieu kién sau sé thda bdi
Mcode : (Mgpec,(0p) & Mcode(op)) vdi moi op € Md,,.

Mot hé thong trong mé hinh thanh phan cta luan 4n 1a mot Thanh phan

phan mém chi dong cam vao mot Thanh phan phan mém thu dong dong.
Dinh nghia 5.10 (Hé thong). Hé thong la mot cdp thanh \phd\n\ phan mém
chi dong Acomp = (€, Sys€, Mcode) va mot thanh phan phan mem thu dong
Peomp = (€', Mcode'), sao cho € > ¢'.
Dinh ly 5.2. Cho Pcomp = (€] Mcode> Plomy, = (&, Mcode") ld cdc
thanh phan phan meém thu déng, va thanh phan phan mém chi déng
Acomp = (€, SysC, Mcode). Hé théng System = (Acomps Plomp) tuong
duong vdi System’ = (Acomp, Plomp) khi va chi khi € C €.

5.6 Tong két chuong

Chuong nay da trinh bay ky thudt ddc t4 cung nhu phyong phap phat trien
phan mém thoi gian thuc dua tren thanh phan bang hop dong thoi gian thuc.
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Chuong 6

Phuong phap dic ta va kiém chu’ng thanh
phian phan mém thdi gian thuc cé rang
budc tai nguyén

6.1 Gidi thidu

Chu’dng nay phat trien mo hinh hinh thiic c¢6 kha nang ho tro phan tich,

thiét ké hiéu qua cac dic ta yéu to chiic nang va phi chitc ndng ctia hé thong th01
gian thuc dua trén thanh phan.

6.2 Cac nghién cttu lién quan
6.3 Thiét ké thoi gian-tai nguyén

Mot phuong thic ¢ dang op(X YY) c6 the dugc dic ta béng mot Thiét ké
tai nguyén-thoi gian trén tip cic bién dau Vao X va tap cac bién dau ra Y,
XNY = Q) Dit R 1a cong thitc logic tan tit cap 1 bicu dién mdi quan hé gitta
dau vao va dau ra.
Dinh nghia 6.1 (Thiét ké thoi gian-tai nguyén). Moi phuong thic op(X,Y)
dugc ddc ta bdi mot thiét ké cé dang D(op) = (9,&,1,d, p),

= ¥ bieu dién tip cdc bién duoc dung bdi phuong thic op
= & bieu dien ddc ta chidc nang va la vi tu c¢é dang nhu sau:

p |—f R = p = R
= ) bieu thi ddc td thanh phan phi chitc nang cé dang nhu sau:
g, S = ¢q= S

= d la mot so nguyén duong, biéu dién khodng thoi gian toi thiéu ma hé
thong cé thé goi phuong thic.
= p ld mot vée to n phan ti ddc td luong tai nguyén s dung cho thiét ké.
Ky hieu ¢ va b, tuong dng vdi chiic nang va phi chiic nang.

Dinh nghia 6.2 (Lam min thiét k&). Cho hai thiét ké cia phuong thic
op(X Y), D( p) = (9,€,¢,d, p) va D'(op) = (&, &, ¢, d,p). D duoc néi la
lam min cua D, ky hiéu bdi D C D" khi va ch? khi nhﬁ’ng dieu sau théa

p=p, R =R,

q=4q,58 =S,

nd < d va

0 <p.
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Dlnh nghi'a 6.3 (Ghép Hél tlép thiét ké) Bdt Dl(Op) = <"l91, 517 ¢1, dl, p1>
va Dz(op) (9, &9, 09, dg, p2) la hai thiét ké. Mot phép noi noi tiép .¢ gita
hai thiét ké duoc dinh nghia nhu sau:

D1-9D2 = <197§7w7d7 p>; tTOTLg do

= = YU, )
» Dat € ket hop vdi bé tham so x, ky hiéu £(x) thi £ = Jv e & N&s.
= = Jpi,pz e (Unlpi/pl A balpa/p] N plu = max(pifu, p2lu)) A ple =

pile @ pole Ad = dy + ds.

Trong dinh nghia nay, biéu thic p|, cé ky hiéu '|" la phép chiéu ciia p
trén tap cdc thanh phan tai nguyén duoe st dung cho thuc thi. Biéu thic
Yloy /], ky hiéu "/" la phép thé thanh phan x vdo thanh phan x| trong biéu
thic . Ham maz(p1|u, p2|u) la ham tinh todn cdc thanh phan tai nguyén bi
chiém dung va biéu thitc p|. = p1|. ® p2|. s€ tinh todn hiong tai nguyén tiéu
thu cho Dy.gDs. Biéu thic d = dy + dy la tinh todn khodng thoi gian tinh
ddm bdo cho thiét ké Dy.gDsy c6 thé ddp ting dudc yéu cau moi truong.

Trong qué trinh phét trien hé thdng, c6 mot cach khac de ghép Cac thiét ké
v6i nhau dé 1a hai phuong thte thuc thl th(jng tranh thi cac dieu kién rang budc
dugc dinh nghia nhu sau:

Dinh nghia 6.4 (Ghép tuong tranh thiét ké). Dat Dy = (91, &1, dy, pr1)
va Doy = (09, &, 0o, da, po) ld hai thiét ké. Mot phép dong bé || gitia hai thiét
ké duoc bieu thi nhu sau:
D1HD2 = <197€7¢7d7 p>7 t’I"O?’Lg do
) = 9 U
{ = G A&
= Dat 1 = qi(p1) Fn S(p1) va 2 = qap2) Fn S(p2) thi ¢ = q(p) Fn S(p),

trong do
(i) q(p) = 3p1, p2 @ (q1(p1) A q2(p2) A plu = pluy ® pluy A ple = pley © ple,, vd

(i) S(p) = Yp1, p2 ® (Plu = pluy D pluy A ple = ple; D pley A alp) A qlp2) =
E|d1, d2 ] (d = maa:(dl, dg) N S(pl) N S(pz)))

Trong dinh nghia nay, biéu thitc q(p) ding khi va chi khi ton tai mot bo
phdn u,c trong py va pa sao cho qi(p1) va qo(p2) ding. Tuong tu nhu vay
S(p) ding khi va chi khi bat ky mot bo phdn pl, ndo trong pile, p2lu, va pl.
nao trong ple, p2le sao cho néu cd qi(p1) va qo(p2) ding va c¢é mot bd phan
d = max(dy, dy) ding.

Dinh nghia 6.5 (Tuong duong sit dung tai nguyén). Hai thiet ké D =

(9,€,9,d,p) va D" = (9,§,4',d,p') tuong duong nhau ve mdt tai nguyén

khi va chi khi ¢ = ¢' va ¢' = q va vdi moi thanh phan thit i trong p, p' thi
/

p=1.
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6.4 Hgp dong thoi gian-tai nguyén

Dinh nghia 6.6 (Giao dién hop dong). Mét giao dién cia hop dong la mot
bo T = (Fd,Md,, Md,) trong do:
» Fd la tap hiu han cdc thuoc tinh. .
= Md, va Md, la su khai bdo tap cdc phuong thic. Moi phuong thic
tmng Md, va Md, ¢6 dang op(X,Y), tuong tng vdi ting thiét ké
= (0,&,1,d, p) da cho, trong dé X la tap cdc bién dau vio va Y
la tap cdc bién dau ra. Md la tap cdc phuong thic cung cap, Md, la
tdp cdc phuong thic yéu cau, Md, N Md, = ().

Tt giao dién ctia hop dong, ta ¢c6 mot hop dong dude dinh nghia nhu sau:
Dinh nghia 6.7 (Hop dong thoi gian-tdi nguyén). Mot hop dong la mét bo
€ =(Z,1,Ri, Mspec, Inv, Invg,, p), trong do

7 =(Z,,Z,) la mot giao di¢n. Dat Md = Md, U Md,, Fd = Fd,U Fd,.

w [ la su khdz tao cdc gid tri ban dau cho tung thuoc tinh trong tap Fd.
= Ry la su khai bdo tai nguyén, cdc gid tri nay dugc nhdp ti moi truong
st dung hop dong.

s Mspee la ddc td phuong thite, ching lién quan dén ting phuong thic
op(X,Y) trong tap Md = Md, U Md, tuong ting vdi ting thict k¢ D =
<197€7¢7d7p>' . . . R _ .

» Inwv la tap cdc rang budc bat bien cua hop dong duoc biéu dien bang cap
(Znv,, Inv,), trong dé Inv, va Inv, la cong thic logic thoi gian tuyén
tinh LTL rang budc tuong ung trén tap thudc tinh cung cap va yéu cau.

= Inug, cho biét cdc dicu kién tai nguyén dudi dang dich vu ciia thanh
phan cé thé thuc thi duoc, duoc théa bdi R,.

= 0 ld mot thé thu’c tuong tdc thoi gian thuc mo td thé thic thuc tht cac
phuong thitc ¢d trong thanh phan phan meém, cdc thanh phan phan mem
duoc phép thuc thi dong thoi tai trang thdi dcmg xét cua tai nguyén.

Trong mot sb tinh hudng, cac hop dong c¢6 thé duoe thay thé nhau nham tim
ra cac toi uu cho viée sit dung cac hop dong mién 1a céc hop dong duge hiéu theo
nghia cung cap cac dich vu t6t hon nhung tiéu thu tai nguyén it hon.

Dinh nghia 6.8 (Lam min hop dong). Hop dong € =
(T, I, Ray s Mspee,, Invy, Inuvg, , 1) dude goi la lam mgn bdi hgp dong
€ = (Iy, I, Ry,, Mspecy, Invg, Inug, ©2), ki hieu € C € khi va chi khi:

-f—'dl g ng,Rdl g Rd2, va [2|}"d1 = Il‘]—"dl; IQ‘Rdl S Il|Rd1 (trong do dél
vdr cac ham f, f1, f2 va mot tap A, f\A biéu thi su han ché cia f trén
A biéu thic f, < f2 cho biét f1, fo cing mot mien gid tri fi(a) < fo(a)
vdi mot @ trong mien cia ching.

« Md, C Md,,, Md,, C Md,,

= VGi moi phuong thic op dugc khai bdo trong Md, thi Mgyec,(op) C
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= VGi moi phuong thic op duge khai bao trong Md,, thi Mgpec,(op) C
MSP661<0p)

» Inuy = I?/wl. )

= Sy bat bien tai nguyén bi yéu dudi phép lam min, tic la Invg, =
vaR@’Rﬁ

" 01|04, € 92|04, VA ©2|r14,, C P10,

N6i mot cach don gian, trong hop dong €y, nhiéu dich vu va chitc nang véi
chat luong tot hon, va it doi hoi tai nguyén va yéu cau tu moi truong.

Dinh nghia 6.9 (D6 tuong thich clia cic hop dong
Bdt (51 = <Il, ]1, Rdl, Mgpecl,Invl, I?M)Rd , p1> va (52
<IQ,12,RdQ,M5p€CQ,InUQ,Iand2,m} la hai hop dong €, twong thich v
€y khi va chi khi:

= Tap cdc thudc tinh vd cdc phuong thic cung cap cia ching tuong thich
nhau. Tic la f € Fdy N Fdy suy ra I(f) = Io(f) va op € Md,, N Md,,
suy 1a Mgpec, (0p) < M5p662(012). \

» TGp cdc phuong thic cung cap va tap cdc phuong thic yéu cau tuong
thich nhau (doi vdi két noi): Véi moi op € Md,, N Md,,, dieu ndy ding
v0i Mgpee, (0p) E Mgpee,(0p) vd vdi moi op € M,, N Md,,, dieu nay ding
vdi Mpecy(0p) E Mpec, (0p).

Dinh nghia 6.10 (Ghép song song thé thiic thoi gian-tai nguyén). Cho hai hop
dong c6 khd ndng ghép dudc € = (Il,[1,Rdl,MSpecl,Invl,Iandl, ©1) vd
€ = (Ih, 11, Ry, Mspecy, Invg, Inuvg,, , ©2). Phép ghép song song cua hai
hop dong € va €y ky hiéu bdi €, = C[|€y la mot hop dong € =
(Z,1, R4, Mspee,Znv, Invg,, @) cdic thanh phan trong hop dong madi dugc tinh
nhu saw:

=l = (Ipl U Ip2>Z7“1 U ITQ)

[ =1L UL

» Rg = Ry, @ Ry,

» Mspee = Mspee, U Mspee,, trong dé Md, = Md,, U Md,o, Md, = Md, U

Md,
. ImJ duoc tinh nhu sau: Inv = Inv; A\ Inuvs
» Invg, = Invgr, Winvg,

= 0 = 1|92

&)
p,

Luan an st dung toan tir W dé két hop cdc thanh phan trong cac thanh phém
bat bién tai nguyen va toan tu c6 ngtt nghia nhu sau: Gia st g, o1, 02 la cac
ditu kién tai nguyén, Tnon,(g) = Invg, (01) © Invg, (02) = o1, 02 o (e =

01lc + 02]c A 0w = 01]u + 02]u)-

Ngoai cach ghep song song, chung ta co thé ghép céc hop ddng bang phuong
phap ghép ndi tiép.

Dinh nghia 6.11 (Ghép ndi tiép hop géng thoi gian-tai nguyén). Cho hai hop



dong c6 khd ndng ghép dudc € = (Il,Il,Rdl,Mgpecl,Invl,Iandl, ©1) vd
hap dOA\ng (52 - <1-27127Rd27MSpeCyIn/UQaInURd 7@2> Phép ghép ’I’Lél tZép
cua € wvor €, ky hiéu boi € = € o €y, la mot hop dong €, =
(Z,1, Rg, Mgpee, Inv, Invg,, ©), cdc thanh phan trong hop dong mdi dugc
tinh nhu sau:
7 = (Ipl U Ip27Ir1 \Ir1|Mdr1ﬂMdp2 U Ir2>
« [ =11\ h|Fr4,nFa,, U1
» Rg= Ry, @ Rd2
= Mspee = Mspee, U Mgpee,, cdc thanh phan trong Md duoc tinh nhu sau:
Md, = Md,, U Mdrg, Md, = Md, U Mdy.
= Inv dugdc tinh nhu sau: Im}p = Inv,, N Invy,, Inv, = Inv, N\ Lnuv,.
» Invg, = Invg, Winvg,
"= 91002
Dinh 1y 6.1. Cho ba hop dong €, €y va C5. Ta cé
(i) §[|€y) = C5[€y)
(1) (€1]|€)[€5 = €1[|(€y|€5)
(177) (€1.9€5).9C5 = €1.9(C5.9C3)
Pinh nghia 6.12 (Phép cam day dua). Cho hai hop
dong ©; = (Z1, I, Ra,, Mspec,, Invy, Invg, ,01) v Gy =
<IQ,Ig,RdQ,M5p€CQ,InU2,Iand2,pg), mét phép cam day di cia hop dong
€ va € la hop dong € = (I, 1, Ry, Mspee, Inv, Invg,, 9), ki hiéu bang
C = ¢ > &, dudge dinh nghta nhu sau:
=1 = (Ipl UImeT’Q)'
» R =Ry P R;.
" MSpec = MSpecl U MSpeCQ-
[ = ]1|]:d7"1 U Is.
» Inv = Invi N\ Lnuvs.
» Invg, = Invg, WInvg,, .
" =p1Up2Upr|(p2n {op € Mdy, \ Md,, }").

6.5 Hé théng thoi gian-tai nguyen

DPinh nghla 6.13 (Thanh phan phan mém thu dong). Thanh phan phan mém
thu dong thoi gian thuc ld mot bo Pc = (€, Mcode), trong dé C dong nhat
vdi tén cia thanh phan, bao gom

« Mot hop dong € = (Z,1, Ry, Mspee, Inv, Invg,, ) dudc thuc thi bdi Pe.

» Mot dnh za Mcode gdn maoi phuong thitc op trong Md, mot thiét ké
duoc ray dung tu cdc todn ti co ban, voi gia dinh st dung va tiéu thu
mot luong tai nguyén, va cdc (ot got tdi cdc phuong thic m trong Md,.
Mcode théa Mgp..(op) E Mcode(op) doi vdi tat cd phuong thiic op trong
Mad,.

Pinh ly 6.2. Ddat Fr, = (€, Mcodez> i=1,2 la thanh phan phan mém thu
dong. Pe, duge goi ld lam min bdi Fe,, k’y hiéu Pe, T Pe, khi vd chi khi
¢, C C,.
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Dinh nghia 6.14 (Giao dién ctia hé thong). Giao dién hé thong la mét bo
Is = (Evt,Fd,SMd,), trong do SMd, la tap hiu han cdic phuong thic, F'd
la mot tap hiwu han cdc thuoc tinh, Evt la tap hiu han cdc su kién.

Dinh nghia 6.15 (Hop dong ciia hé thong). Hop dong hé thong la mét bo
SysC = (Zs, SM Spec, Inv, Behav), trong doé
» [, = (Evt, F'd,SMd,) la giao dién hé thong.
= SM Spec la ddc td phuong thic lién quan dén moi ph?ja’ng thitc op(X,Y)
trong SMd, vdi mot thiét ké D(op) (0, 5 v, d,p), v
» Behav la su’ mo ta hanh vi bén ngoai la mot tap htu han cua
{euvt, m\evt € Evt,m € SMd,}*. Moi hanh vi cia Behav duge goi dac
ta tién trinh.

Dinh nghia 6.16 (Thanh phan phan mém chi d@ng). Thanh phan phan mém
chi dong la mot bo Ac = (€, Sys€, Mcode) bao gom

» Mot hop dong € vdi tdp giao dién cung cap rong L, = ((), D).

= Mot hop dong hé thong SysC = (I,, SM Spec, Inv, Behav).

= Cdc tién trinh thuc thi goi cdc dich vu trong Mcode gdn méi phuong
thitc op trong SMd, mot thiét ké dugc xdy dung tu cde todn ti co sd.
Dieu kién sau sé théa bdi Mcode : (SM Spec(op) E Mcode(op)) vdi moi
op € SMd,.

Mot hé théng trong mo6 hinh thanh phan ciia ludn 4n 1& mot Thanh phan
phan mém chi dong cam vao mot Thanh phan phan mém thu dong dong.

Dinh nghia 6.17 (Hé thong). Hé thong la mot cdp thanh phd?} phan mém
chi, dong Ac = (€, Sys€, Mcode) va mot thanh phan phan mem thu dong
Pe = (€', Mcode"), sao cho € > ¢'.

6.6 Ngoén ngit dic ta thoi gian thuc mau

6.6.1 Mo ta phuong thic

Mot thiét ké thdl glan co rang budc cac thanh phan phi chitc nang dudc dac
ta bang tit khéa method, cic phuong thitc 6 day hodc la loai provided hoac
la required, tén phuong thitc duoc dat bang tit khéa name

<|provided|[required| > method {
name <Name of method>;
resource r = Type of resource;
duration int d = constant;
assert <Predicate>;
specification Predicate;

¥
6.6.2 Mb ta hop dong

component <Component name>{
provided feature <Type List of features>;
required feature <Type Lisgzof features>;
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system resource <Resource feature>;
invariant <LTL formulae>;
resource invariant <Predicates>;

<[provided|[required| > method {

name <Name of method>;

resource r = Type of resource;

duration int d = constant;

specification Predicate;

+
protocol <List of Regular Expression>;
code {Code};

+
6.6.3 M6 ta thanh phan phian mém chi dong

Méc dinh hop dong 1a thuoc loai Passive component, néu thanh phan phan
mém thudc loai Active component phai thém tit khoa active vao trude tit khoa
component. Trong Active component

active component <Component name>{

required feature <Type List of features>;
system resource <Resource feature>;
invariant <LTL formulae>;
system assert <Predicate>;
resource invariant <Predicates>;
<required> method {

name <Name of method>;

resource r = Type of resource;

duration int d = constant;

assert <Predicate>;

specification Predicate;

+
protocol <List of Regular Expressions>;
code {Code};

}
6.6.4 Mo ta hé thdéng

Hé théng dudc tao béi thanh phan phan mém chi dong va thanh phan phan
mém thu dong.

6.7 Tong két chuong

Chuong nay ludn an md rong thiét ké thoi gian bang cach bo sung cac dic
t4 phi chiic nang trén hai khia canh gdm bo sung déc ta phi chitc ning cho thiét
ké thoi gian trd thanh thiét ké tai nguyén-thoi gian va bo sung rang budc phi
chiic ning vao hop dong nham 1ap ludn cho viée cung cip tai nguyén cing nhu
stt dung tai nguyén ctia hé théng thoi gian thuc dua trén thanh phan.
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Chuong 7

Két luan
7.1 Céac két qua dat dugc

Qua qua trinh nghién cttu ludn 4n da dat dugc mot s6 két qua chinh sau day:
Thtt nhat, ludn 4n dé xuat mo hinh cho thanh phan phan mém thoi gian thuc
v6i thée thiic tuong tac tuong tranh thoi gian va thé thic tuong tranh thoi gian
¢6 rang budc tai nguyén, va st dung 6témat thoi gian va 6tdméat trong s6 dé mo
hinh héa cic chudi hanh vi ctia moi trudng. Trén co s6 do, ludn an dé xuat cac
thuat toan klem tra su tuan thi cdc chudi hanh vi ctia moi _truong voi thé thic
tu’dng tac clia thanh phan phan mém thoi glan thuc trén ca hai khia canh chiic
nang va phi chitc nang. Thit hai, ludn 4n mé rong Iy thuyét giao dién thanh phan
trd thanh 1y thuyét giao dién thanh phan thoi gian thuc dé ddc ta, moé hinh hoéa
giao dién va kiém tra cdc tinh chat ctia hé thong thoi gian thue dua trén thanh
phan. Thit ba, ludn 4n dé xuat md rong 1}? thuyét hOp dong thanh hOp dong thoi
gian thue dé dic ta, klem Chlmg thanh phan phan mém trong he thong thoi glan
thuc dua trén thanh phan trén ca hai khia canh chitc nang va phi chtc nang
Trong déng gép nay, ludn an cling bo sung ngdn ngit thoi gian thuec mau nham
tang kha nang tng dung cic két qua nghién citu Iy thuyét vao thuc té.

7.2 Huéng phéat trién tiép theo

Duéi day ludn 4n tém tat mot sd van deé ¢ thé nghién ctu trong tuong lai:
Trong déng gép thit nhat, ludn 4n dang nghién cttu md rong mo hinh thoi gian
thuc cho hé théng c¢6 quy mo 16n trén thuc té nhu hé thong nhing, hé thong téc
tit di dong va trién khai cho cdc dich vu web trén co sé cac thé thic tuong tac
tuong tranh thoi gian c¢6 rang budc tai nguyén. Trong dong gop thit hai, khoang
trong gitta Iy thuyét giao dién thanh phan, Assume/Guarantee va Iy thuyét hop
ddong can dugce nghién citu dé phan tich danh gia wu nhuoe diém khi st dung cac
1}”/ thuyét nay ap dung Vao phét trien phan meém. Trong déng gép thit ba, chu’a
c6 mot Cong cu nao dé co thé 4 ap dung ly thuyét nay nén cong viée tiép theo can
phét trién bo cong cu phat trien phan mém cho hé thdng thoi gian thue dua trén
Iy thuyét da dé xudt.
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