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Tom tat

Mang Petri, con dwoc goi la mang dia diém/chuyén tiép (PT), la mét trong mot s6 ngon ngir
mo hinh héa todn hoc dwoc phdt minh bdi nha khoa hoc mdy tinh nguoi Pirc Carl Adam Petri trong
Iudin dn tién st nam 1962 ciia ong vé K Truyén thong mit Automaten. Ké tir do, Petri Net da dwoc
phdt trién va vmg dung rong rdi dé mé hinh héa, phan tich va t6i wu héa cdc hé thong trong nhiéu
Iinh viee nhue: Cong nghé thong tin, dién tir vién thong, giao thong van tdi, héa sinh, y té, hé thong
san xudt, kinh té...; Iy thuyét co ban vé Petri Net va cdc vi du g dung trong viéc t6i wu héa quy
trinh san xudt.
Tir khoa: Petri Net, moé hinh hoa, phdn tich, hé théng san xudt.

Petri Net and its Applications in Modeling and Analysis of Production Systems
Abstract

A Petri net, also known as a place/transition (PT) net, is one of several mathematical modeling
languages were invented by The German computer scientist Carl Adam Petri in his 1962 dissertation
Kommunikation mit Automaten. Since then, Petri Net has been developed and widely used in
modeling, analyzing and optimizing systems in such fields as: Information Technology, Electronics
and Telecommunication, Traffic transportation, Biochemistry, medical, manufacturing systems,
economic, etc. This paper presents the basic theory of Petri Net and its application examples in

optimization of production process.

Keywords: Petri Net, modeling, analyzing, manufacturing system.

1. Giéi thiéu

Pé duy tri kha ning canh tranh san
pham trén thi truong khi c6 qua nhiéu san
pham cung loai, cic nha san xuét phai dam
bao cac hé théng san xuét dat duoc su tdi vu
vé hiéu suét va chat luong san phdm, tham
chi ca tinh thAm my§. Thiét ké va van hanh
hiéu qua mot hé théng san xuat tu dong
(AMS) c6 hodc khong cd nhan cong la quan
trong dbi véi cac nha san xuét dé dat duoc
muc tiéu ndy. Mot hé thong san xuét phic tap
¢6 thé gdm cac nhéan cong, ddy chuyén cac
may cong cu, r6-bdt, bd dém, do ga, cac
phuong tién c6 diéu khién ty dong va cac
thiét bi xtr 1y vat liéu khac. Cac loai bd phan
khac nhau di vao hé thdng tai cac thoi diém
11 rac va duoc xir Iy dong thoi; nhitng phan

nay gay ra mic d6 chia sé tai nguyén cao.
R4t kho dé dy doan tinh toan cac hanh vi ciia
c4c hé thong san xuat ma khong mé hinh hoa,
phan tich va kiém soét ky thuat. Do do, mot
s6 k§ thuat da dugc phat trién dé mo ta hanh
vi cia cac hé théng san xuat. Mot trong sb do
1a Petri Net (PN). PN [1] 1a mot cong cu dd
hoa manh mé dé 1ap m6 hinh cac hé théng
san xudt va phan tich theo thoi gian xac dinh
hodc ngdu nhién ciac qua trinh, cac cong
doan: Pdng thoi, song song, dong bd, phan
tan va chia sé tai nguyén. Cac mé hinh do thi
(graph) Petri Net cho phép truc quan hoa dé
dang cac hé théng san xuét phirc tap, co thé
md hinh mot hé thdng theo tang (theo cach
tir trén xudng dudi & cac muc triru twong va
chi tiét khac nhau), va cé thé trén cac ung
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dung cua cac loai PN khac nhau da duoc dé
xuét cho mo hinh hoa, phan tich va kiém soat
cac hé théng san xuat. Noi dung bai bao bao
gdm: phan 1: Gidi thiéu, phan 2: Cung cap
kién thirc co ban vé mang Petri, phan 3: Cac
ung dung cua cac loai Petri Net trong cac hé
thdng san xuit, cudi ctng 13 phin 4: Két luan
va hudng nghién ciru.
2. Co ban vé Petri Net

Petri Net (PN) [2-4] 1a mot do thi song
hudéng co trong sb gdm 4 bo tham s6: Tap
hop cac vi tri P (place), tip hop cac chuyén
tiép 7 (transition), ham vao I (input
function) va ham ra O (output function).
PN =(P,T,1,0) @)

Trong do:

P= {pl,pz,...,pm}; m=>0
T={t,tynt,}; n>0
PNT =6, @)
1:T— P~
O:P” >T

Goi O(¢,)1a tap hop céac vi tri ra ddi

voi chuyén tiép ¢ ., vaA4 latap hgp cac cung
duoc hinh thanh béi cac cap (p ; ,¢;) hoidc
(t;,p,). Vitri p, 1avi tri vao ctia chuyén
tiép ¢, néu p; €l(), va p;lavitri ra
néu p, € O(t,).

I(tl.)={pjeP:(pj,ti)eA} 3
o) = {pj eP: (tl.,pj) IS A}

Nhu vay, PN co6 hai tap hop cac nat (vi
tri va chuyén tiép) va mot tip hop cac cung
ndi cac cap nut (vi tri, trang thai).

Néu PN c6 trong sd, thi W 1a tap hop
cac gia tri nguyén ma mdi thanh phan ciia né
duoc ghi trén cung 13 trong s6 ctia cung va nd
chi ra sd cung (cting hudng) ndi timg cip nut
(vi tri, chuyén tiép) trong truong hop c6 nhiéu
cung nbi cap nuat). PN c6 trong s duoe bidu
dién & dang:

PN =(P,T,A,W) (€)]

Trong do: A < (PxT)w (IxP) la tap

hop cac cung tir nit vi tri dén nat chuyén

tiép (p ;»1;) hoac tur cac nut chuyén tiép
dén cac nut vi tri ;,p)-

Ta c6 cac biéu dién cia trong s6 nhu
sau:

w:Ad— {1,2,3,...} la ham trong sb
trén cac cung.

w(p;,t;): 1a trong s0, hay sb cung di

trvitri p; dén chuyén tiép t;.
w(p,,t;)=0 khi p, ¢I(;) : p;

khong thudc tip hop vao 7 cia cac chuyén
tiép ¢, ;

w(t;, p;): la trong s0, hay so cung di
tir chuyén tiép ¢ j dénvitri p .

w(t,p;)=0 khi p, 0(t) : p,
khong thudc tap hop ra O cua cac chuyén
tiép ¢, ;

Néu khong c6 gia tri trong sd gin trén
cung thi cung nay c6 trong s6 mic dinh =1 (tic
13, chi c6 mdt cung ndi gitra vi tri va chuyén
tiép). Khi chi c6 mot cung vao va mot cung ra
ndi cac cap nat (vi tri, chuyén tiép) va (chuyén
tiép, vi tri) thi d6 1a mang Petri thong thuong
OPN (Ordinary PN).

C6 3 cach biéu dién PN: Bing do thi
(GPN), bang dai s6 (APN) va gan mau
(CPN).

e GPN (Graph PN) 1a PN duoc biéu
dién bang d6 thi gdm: Cac vong tron - 13 cac
vi tri; cac thanh dam (hay hop chit nhat) - 1a
cac chuyén tiép; cac mili tén - 1a cac cung
ndi cac vi tri va cac chuyén tiép; va cac dau
tron nho t6 mau (den) bén trong cac vi tri -
l1a cac thé (token).

e APN (Algebraic PN) 1a PN biéu dién
mdt hé thdng va mot giao thirc nhu 1a mot
ngén ngit cua nglr phap (grammar
language) hoac logic & mot dang dai sd
(algebraic form).

o CPN (Coloured PN) 1a PN, trong do,
cac cung hay cac thé dugc gan dir licu goi 1a
mau cua cung hay cda thé. Gia tri dir li¢u co
thé 12 loai bat ky, vi du nhu: Mot ban ghi ma
truong dau tién 1a doc, truong thir hai 1a
chudi van ban, trudong thit ba 1a danh sach cac
cap sd nguyén. P61 voi mot vi tri, tit ca cac
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thé can phai c6 cac mau thudc loai cu thé nao
do, va cac mau cua cac thé lam thanh mot tap
hop mau cia vi tri. Sy gan mdt mau cho tung

thé va mot tap hop mau cho tig vi tri cho
phép ta st dung it vi tri hon can thiét cho
mang chuyén tiép vi tri.

Bang 1. Mot s6 bicu dién dic trung céac vi tri va chuyén tiép cia PN

Cac vi tri vao Cac chuyén tiép

Cacvitrira

Céc trang thai san c6 | Su kién xay ra

Cac trang thai sau

Dit liéu vao

trinh

Budc tinh toan, thuc hién cia qua

Dit li€u ra

Cac tin hi¢u vao Bo xr ly tin hi€u

Cac tin hiéura

Khach hang dén Ban phuc vu

Khach hang duogc phuc vu

Céc tai nguyén can Nhiém vu hay cong vi€c (Task hay | Cac tai nguyén dugc giai phong
Job)
Cac diéu kién Diéu khoan logic Céc két luan

Trang thai cia b xir ly] Yéu cau bo xur ly phuc vu

Bo6 xu ly thuc hién xong

Thanh phan héa hoc | Phan tmg hoa hoc

Két qua phan tmg hoa hoc

Mot PN ¢6 danh dau MPN (marked
Petri net) g6m 5 bd:

MPN:(P,T:AaW’MO) >
(PN, M,) )

Trong d6, PN =(P,T,A,W) va M,
la danh diu ban diu cta tap hop cac vi tri P;
trang thai cia MPN duogc xac dinh boi danh
déu. Su kich hoat cac chuyén tiép lam thay d6i
trang thai cia MPN. Khéng gian cac trang thai
cua MPN g6m ¢O n i tri, 1a mot tap hop tAt ca

hay

cac danh ddu, ky hiéu 1a N” . Danh dau
M =[M(p,),M(p,),....M(p,)]e N"
1a vector hang, trong d6, » 13 s6 nguyén duong.
Vi du, mang Petri cho & hinh 1(a) c6 danh diu
la M, =[1,2,0,1]. Khi c6 nhiéu thé trong vi
tri thi stir dung céc so tri dé thay thé biéu dién
thé, vi du, mang Petri & hinh 1(b) ¢6 danh diu
M, =[7,37,40,13].

Hinh

Nguyén tic kich hoat cia MPN: Cac
chuyén tiép c6 thé dwgc phép hay khong
duoc phép kich hoat. Su kich hoat cac
chuyén tiép din dén cac thé dugce phan bd
lai trong cac vi tri, va két qua 1a mdt danh
diu méi. Danh diu MPN duoc thuc hién
nho cac quy tic cho phép va kich hoat cac
chuyén tiép sau day:

eKhi vi tri p; virala vi tri vao vira la
vi tri ra ctia chuyén tiép 7, , thi su kich hoat
ciia chuyén tiép 7, 1dy di mot s6 thé bing

chinh trong s6 w(p,,t,)t vi tri vaop,,

. MPN

p, €1(t,), va timg vi tri ra p; coa ¢,
dugc bd sung thém sb thé méi bing trong sd
tr 7, dén p ;. Danh dau méi cua vi tri p;

s€ la:

M'(pj) :M(pj)_w(pjati)"'w(tiapj)

i=12,...,n; j=12,..m 6)

Trong do, M(p,): sO thé caa vi tri
vao p, trude khi kich hoat chuyén tiép 7, ;
va w(p,,t,): trong s cua cung di tir vi tri
vao p; dén 1, ; w(t;,p;) : trong sb cua

cung tu 7, dén p;. Neéu c¢o6 vi tri p; 1a vi
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tri ra ciia chuyén tiép t;, khi @6, danh dau
mdicua p;séla:

M'(p)=M(p;)+w(t;, pi) :
i=12,...n;k=12,..m (7

Trong d6, w(t;, p;) : trong so cia
cung vao vi tri p, tir chuyén tiép t .

e Chuyén tiép ¢, chi c6 thé kich hoat
trong truong hop noé dugc phép.

eChuyén tiép ¢, dwoc coi la dwoc phép
néu mdi vi tri p ; vao cua f; ¢6 s6 thé 16n
hon hay bang s6 cac cungditirvitri p; den
t;, nghia la:

M(p,)=w(p,.t,); Voitatcap e1(1,) (8)

e Cac thé trong vi tri vao p,, ma
chung cho phép chuyén tiép t; kich hoat,
duoc goi 1a cac thé cho phép cua chuyén
tiép ¢, .

PN c6 cac dic tinh: Tuan tu, déng bo,
Kkét hop, tuong tranh, dung d6, hon don, loai
trir 1an nhau, wu tién.

Sttc manh chinh caa PN 13 né hd tro
phan tich nhiéu dic tinh va cac van dé lién
quan dén cac hé théng dugc mo hinh hda. Co
hai loai dic tinh ma ta ¢6 thé nghién ciru véi
mo hinh ciia PN: loai dac tinh phu thudc vao
danh dau ban dau, va loai dic tinh khong phu
thudc vao danh dau ban dau. Cac dic tinh
phu thudc vao danh diu ban dau con duoc
goi 1a cac dac tinh hanh vi, d6 1a cac dac tinh
co ban nhu: Tinh dat dugc (reachability),
tinh hitu han (boundedness), tinh tich cuc
(liveness), tinh khir hoi (reversibility) va
trang thai goc (home state), tinh phu
(coverability), tinh c6 chdp (persistence),
khoang cach ddng bd (synchronic distance),
tinh cong bang (fairness), tinh an toan
(safety), tinh bao thu (conservative), va tinh
khir hoi (reversibility).

3. Cac wng dung cua cac loai Petri Nets
trong cic hé thong san xuit

3.1. Cdc logi PN

Khi cac vi tri trong MPN ¢6 kich hoat
theo thoi gian thi MPN duoc goi 1a Petri Net
thoi gian TPN (Timed Petri Net) [5,6]. Cac
quy tic kich hoat dugc xac dinh khac nhau
phu thudc vao cach ma TPN duoc gan nhéan
bang cac bién thoi gian. Cac quy tic kich
hoat dugc xac dinh cho TPN diéu khién quéa
trinh chuyén céc thé trong TPN. Nhitng x4c
dinh & trén dan dén cac loai khac nhau cta
cac TPN, d6 1a cac mang Petri thoi gian xac
dinh DTPN (Deterministic TPN) va cac
mang Petri thoi gian ngiu nhién STPN
(Stochastic Timed Petri Net) va thoi gian
ngau nhién chung GSPN, ma & ching cac
bién thoi gian dwoc gan vdi cac chuyén tiép,
cac cung hodac cac thé.
3.1.1. DTPN

DTPN dugc Ramchandani gidi thiéu
dau tién vao nim 1974, trong do, cac nhin
thoi gian dugc gan cho ting chuyén tiép.
Céc chuyén tiép thuong duoc sir dung dé
biéu dién céac tac dong, va cac tac dong nhan
thoi gian thé thuc hién. Mot DTPN duoc cac
dinh bing 6 bo:

DTPN =(P,T,1,0,M,,7) 9)

Hay: DTPN = (P,T, A,W,M,,7) (10)
Trong &, (P,7,1,0,M,) hay

(P, T,A,W,M,) 1a PN thong thudng,

7:P(orT)— R* 1a ham gin cac chuyén

tiép voi cac tré thoi gian xac dinh trude (R™
- mdt tap hop céc sb thue > 0).
Mot chuyén tiép /, trong mot DTPN co

thé kich hoat & thoi gian 7 néu va chi néu:

1) Déi véi bat ky vi tri vao p nao cia
chuyén tiép ¢, dd c6 s6 thé bang trong sb
ctia cung ndi truc tiép p véi ¢, mot cach lién
tiép v6i quang thoi gian [7 —7,], trong do,
T, gan voi thoi gian kich hoat ctia chuyén

tiép 1.
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2) Sau khi chuyén tiép kich hoat, timg
vi trf ra p clia chuyén tiép t, s€ nhan duoc
sO thé bang trong sd cta cung ndi truc tiép
t, Vo1 p ¢ thoi gian 7.

3.1.2. STPN

Petri Net thoi gian ngau nhién STPN 1a
mdt Petri Net, trong d6, cac thoi gian kich
hoat cta cac chuyén tiép 1a ngdu nhién.
STPN la mot md hinh cao cip co ban tao ra
mot qua trinh ngiu nhién. Su lya chon don
gian nhét cho cac phan b cac thoi gian kich
hoat cac chuyén tiép 1a phan bd mii 4m. Béi
vi dic tinh khong nhd cia qua trinh ngiu
nhién, nén qué trinh danh dau cia STPN la
mdt chudi Markov thuan nhat thoi gian lién
tuc CTMC (continuous time homogeneous
markov chain) vdi khong gian trang thai
trong su twong (mg mot-mot voi danh du
1 tap hop d4anh dau dat duwgc R(M ). Ma
tran téc dd cua chuyén tiép cua chudi
markov c6 thé dé dang xay dyung tir do thi
dat duoc cho biét boi cac toc do kich hoat
clia cac chuyén tiép ctia STPN.

Cé hai loai STPN: Petri Net ng?lu nhién
SPN (Stochastic Petri Net) va Petri Net
ngiu nhién chung GSPN (generalized
SPN).

Céc SPN c6 thoi gian kich hoat céc
chuyén tiép phan b mii am, thuong duoc
goi tat 12 SPN duoc dé xuat mot cach doc
1ap boi Natkin (1980) va Molloy (1981).

Mot SPN dugc dinh nghia bang 6 bo:

SPN =(P,T,1,0,M,A) (11)

Trong do:

(P,T,1,0,M) la PN voi cac tép

hop: P =(p,,p,»..»p, ) : tap hop céac vi
tri; 7 = (¢,,t,,....2,) : tp hop cac chuyén
tiép; [ < PxT": tap hop céc cung vao;
1a)={p, eP:(p,1pea}f; OCTxP:
tap hop cac cung ra;
o) ={p, e P:(t,.p,) € 4f ;

My,=(M,,M,,,...M,, ) : danh ddu ban

dau; A:T — R 1a tap hop cac toc do kich
hoat, 4 = (41,405 450es Ay ), A, 12 the
d6 kich hoat ctia chuyén tiép ¢, , va c6 thé no
phu thudc vao danh dfiu, nén co thé viét
A4 (M ;).

Thoi gian kich hoat duoc phan bd bd
mii va phan b cua bién ngiu nhién x; cia
thoi gian kich hoat cta chuyén tiép t; duoc
cho bang ham phan bd tich luy (CDF):

F(x)=1-¢

Chuyén tiép duoc phép vdi tré kich
hoat nho nhét sé& kich hoat va thay d6i danh
dau. Khi mét chuyén tiép c6 thoi gian duoc
phép, thoi gian tre kich hoat gidm dan & toc
d6 khong doi. Neu chuyén tiép khong duoc
phép do su kich hoat cia chuyén tiép dung
do, thi thoi gian dung lai, va sy giam dan
thoi gian s€ dugc phuc hoi lai (c6 the vdi toc
d6 khac) khi chuyeén tiép dugc phép tro lai.
Khi thoi gian dat dén zero thi chuyén tiép
kich hoat. Cho rang ¢6 s danh d4u trong tap
hop cic danh dau dat duwoc R(M ), va

chudi Markov 1a ergodic (tat ca cac trang
thai 1a sinh cong -ergodic state: Nghia la,
khong theo chu ky va truy toan duong —
positive recurent), thi phan b6 xac suét trang
thai bén vimg 7 = (z,,7,,...,7,) ¢ thé
tim duoc nho giai hé phuong trinh tuyén
tinh sau day:

70 =0

dYmi=L m;20,i=012,.,s
i=1

(12)

Trong d6, 0 =[g,,1, la ma trén toc do
chuyén tiép (1a ma tran vudng) bac s ma cac
thanh phan cta né nim & ngoai dudng chéo
chinh 1a cac téc d6 kich hoat cta chuyén tiép
1, (c6 thé phy thudc danh diu) chuyén trang
thai tr M, dén M ; duoc xac dinh bang

q; = A - Néu c6 mot sb chuyén tiép kich
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hoat chuyén trang thai tr M ; dén M ; thi
g;la tong cta cac toc do kich hoat cia cac

chuyen tiép do, g, = > A4, . T; latap hop
T;

teely;
cac chuyén tiép duoc phép & danh dau M)
Tuong tw, g; =0 néu khong c6 chuyén tiép
nio chuyén M, dén M;,i#];vagq,

duogc xac dinh sao cho thoa mén g, =0
ij
Jj=1

(tong ciia timg hang = 0). Trong khi do, cac
thanh phan trén duong chéo chinh lam thanh
téng bang 0 cua cac thanh phan trén timg
hang. Nhu vay:

q; =~ Zlk; q; = zﬁ'k

[kEE(lUl) tkE];'j
Cho r:?mg di la tré kich hoat cua

chuyén tiép ;- La luong thoi gian lién tyc
tréi qua trudc khi c6 thé kich hoat chuyén
tiép va 1a mot bién ngiu nhién x cua tré
kich hoat véi ham mét do xéc suat PDF
f () phan bd mii am:

f(x)=AeH* (13)
Va ham phan bd tich liy CDF, m6 ta
toan bo phan bd xac sudt cia bién ngau
nhién x trong khoang xac dinh:
T —A;t 67%1 x —A;X
x%F(x):P[XSx]z_([l,.e A dt:%,.TiO:lfe 4
(14)
Thong s6 cua ham phan bd xac suat
PDF gén véi chuyén tiép ¢, 1a tbc do kich
hoat 4; . Tré kich hoat trung binh cua

chuyén tiép ¢, trong danh dau M, duoc

xac dinh 1a:

d; = T[l — F(x)]dx = Te*”fxdx L I
0 0 li

(15)

Thoi gian luu tra (sojourn time) trong
danh dau M, 1a bién ngau nhién véi ham
PDF mi am vdi gia tri trung binh (mean):

=

2 A4(M)

i:tieE(Mj)

(16)

E(M ;) la tép hop tat ca cac chuyén
tiép duoc phép trong danh diu M IT

Tat ca cac tré kich hoat déu c6 ham
PDF mii cho phép viét mot biéu thirc cho
xac suat ma mot chuyén tiép t; kich hoat
truée & danh dau M  :
_ AM)
Zi:tiEE(M ) ﬂ'i M J )
3.1.3. GSPN

GSPN 1a mo rong cia SPN dé giai
quyét nhitng bai toan khong gian trang thai.
Céac GSPN tong quat hoa cac PN bang cach
timg chuyén tiép dugc gan mot thoi gian
kich hoat, ma thoi gian nay 1a ngau nhién va
c6 thé co phan bd mii hoic bang 0.

GSPN (Generalized SPN) duoc biéu
dién bing 4 bo:
GSPN = (PN,T,,T,,W)

Trong do:

PN =(P,T,1,0,M ) la mang Petri

co s&;T; < T : tap hop cac chuyén tiép c6

17
Pl 1m,]= b eE(Mj)( )

(18)

thoi gian kich hoat; 7, < 7': tép hop cac
tirc thoi;

>

chuyén tiép
LT, =¢;T =T, UT,.

W =(w,W,,.., Wy ) : mang cac gia tri

thudc tap cac sb thuc duong, W; € R* , ma
w; hoac:

e La toc do (c6 thé phy thudc danh
dau) ciia phan bo mii am xac dinh tré kich
hoat, khi chuyén tiép +, 1a chuyén tiép c6
thoi gian (7, € T, ); Chuyén tiép c6 thoi
gian chi dugc phép kich hoat sau mét quang
thoi gian ngau nhién ciia phan bb mii am.
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e La mot trong s cia kich hoat (co thé
phu thuéc danh dau), khi chuyén tiép ¢ 1a
chuyén tiép tirc thoi, (¢, € T,). Chuyén tiép
tirc thoi kich hoat ngay khi ching dugc phép.

Mitc vu tién kich hoat thép nhat 14 0
v6i cac chuyén tiép co thoi gian va cac mirc
wu tién cao >1 vdi cac chuyén tiép tic thoi.

Trong biéu dién do thi cuia GSPN, hai
loai chuyén tiép: Cac chuyén tiép c6 thoi
gian (c6 tré kich hoat) duoc biéu dién béng
hop chit nhat tring trén d thi va cac chuyén
tiép tic thoi (thoi gian kich hoat bang 0)
duogc biéu dién bang hop chit nhat den trén
d6 thi.

D6i v6i chuyeén tiép c6 thoi gian, khi
duogc phép, n6 bat dau kich hoat, 13y cac thé

P a2 P P2
==} & —> manp 4
(a) (b)
P P P P4

ra khoi cac vi tri vao. Tuy nhién, cac thé chi
dugc dwa vao cac vi tri ra cua chuyén tiép
ngay khi tré& két thuc. Céc thé bi “giit trong
chuyén tiép” trong khoang tré kich hoat.
No6i mot cach khac, su kich hoat ciia mot
chuyén tiép c6 thoi gian gdm 3 pha:

1) Pha bat dau kich hoat, trong do,
cac thé bi 1y ra khoi cac vi tri vao cua
chuyén tiép.

2) Phakich hoat trong tién trinh, trong
d6, cac thé bi “giir trong chuyén tiép” voi
thoi gian cua tré kich hoat.

3) Pha két thuc kich hoat, trong d6
cac thé duoc chuyén dén céc vi tri ra cua
chuyén tiép.

Hinh 2. Mot GSPN don gian trude (a) va (b) sau khi kich hoat chuyén tiép ¢,

Hinh 2(a) 1a mot GSPN don gian, trong
do, thoti gian kich hoat dugc phan bo mil véi
toc d6 duoc gan cho chuyén tiép 7, c6 thoi
gian. Chuyén tiép tic thoi 7, mic du c6
mirc wu tién cao hon chuyén tiép ¢, nhung
khong phép, do do, sau quang thoi gian tré
chuyén tiép t, kich hoat va GSPN chuyén
dén danh diu méi cho ¢ hinh 2(b). O trang
thai nay, ca hai chuyén tiép deu duoc phép,
nhung chi c6 chuyén tiép tic thoi 1, ¢ mitc
uu tién cao hon nén nod sé kich hoat truéce
chuyén tiép co thoi gian ¢, .

3.1.4. CPN

CPN duoc dinh nghia bang 9 bo dit liéu
sau day [7, 8]:

CPN = (P,T,A,Z,N,C,E,G,I)

Trong do6:

1) P - tap hop hitru han cac vi tri.

(19)

2) T-tap hop hitu han cac chuyén tiép.

3) A - tap hop cac cung ma
PNT=PnA=TNnA=¢.

P, T, A1a cac tap hop xac dinh ciu tric
cia mang Petri.

4) > -tap hop hitu han cia cac tap hop
mau xac dinh trong CPN. Tap hop nay chira
tat ca cac mau c6 thé, cac phép toan va cac
ham duoc st dung trong CPN.

5) N - ham nut (node function), dugc
xac dinh tir 4 vao trong Px1T' U1 x P.

6) C - ham mau, duoc xac dinh tir P
vao trong Y. C anh xa cacvitri p € P vao
trong cac mau trong tap hop ¥, duoc viét 1a
C:P> z

7) G -ham giam sat (guard function).
G duoc xac dinh tir T vao trong cac biéu
thirc ma:
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Vi e T:[Tpe(G() = B AType(Var( G < Y. | >
trong d6 B thudc loai Boolean c6 gia tri
boole true hay false. Type(Vars) chi tap
hop céc kiéu {Type(v) | v € Vars}, Vars 1a
tap hop cac bién, Vars(G(t)) chi cac bién
duoc st dung trong g(7).

8) E - ham biéu thirc cua cung. N6
duogc xac dinh tir A vao trong cac biéu thirc
ma: Vao
Vaed I[Type(E(a)) = C(p(@))ys A Type(var(E(@) € ) B
trong d6, p(a) la vi tri trong N(a) va
C(p) s 1a tap hop hiru han cac multiset.

9) I-ham khéi tao. I duoc xac dinh
tir P vao trong trong cac biéu thirc déng
ma: khai tao
Vp € P:[Type(I(p)) = C(p) ys AVar(I(p)) = ¢]
. Biéu thtrc khoi tao phai danh gia multiset
cac thé véi sy twong Gmg mau véi mau cua
vi tri C(p).

Coéng cu md phong CPNtools (Jensen
& Kristensen, 2009) kha nbi tiéng vé tmg
dung va no st dung cac dinh nghia vé CPN
trén day.

CPN @duogc xac dinh nhu:

o3 ngon ngit md hinh cho cac hé
théng ma trong d6: Sy dong bd, truyén
thoéng, va chia sé tai nguyén 1a cac dic diém
quan trong.

e La két hop cua cac Petri Net va ngén
ngir 1ap trinh, trong d6: Cac cau trac diéu
khién, ddng b, truyén thong, va chia sé tai
nguyén duoc mé ta bang cac Petri Net; D
liéu va xtr ly dir liéu duwoc mod ta bang ngdn
ngir 1ap trinh chirc nang.

e M3i CPN c6 thé dugc chuyén dbi vé
mot Petri Net twrong dwong va nguoc lai.

eNéu CPN c6 cac kiéu dir liéu khong
gi6i han, nhu cac s6 nguyén, cac chudi vin
ban hodc cac sd thuc, thi Petri Net trong
duong c6 thé tro thanh khong gidi han.

Trong CPN, cac vi tri duoc biéu dién
béang céc hinh tron hay hinh ellips, cac thanh
chir nhat hay vudng biéu dién cac chuyén

tiép, cac mili tén biéu dién cac cung. Nhung
trong khi cac thé & mang Petri thong thuong
don gian, gidng nhau va chi thé hién trang
thai cta vi tri bang s6 luong, thi trong CPN,
cac thé dugc gan cac gia tr1 dir liéu thude
kiéu nao d6. Gia tri dir liéu nay duoc goi 1a
mau. Mau gin v6i mot thé co thé thay d6i boi
mot kich hoat chuyén tiép. Mbi vi tri ¢6 thé
duoc g.'fm nhan b%"mg mét hodc nhiéu thé. S6
thé cing véi cac mau cua thé thé hién trang
thai cua hé théng, duoc goi 1a danh dau cua
mo hinh CPN. Trong mé hinh CPN, cac vi
tri va cac chuyén tiép duoc goi la cac nit.
Cung véi cac cung ching tao thanh mét cau
tric mang. Trang thai cta hé théng dugc thé
hién bang céc vi tri, cac mo ta bang vin ban
dat bén canh céc vi tri, cac chuyén tiép va
trén cac cung. Biéu thirc trén cac cung mo ta
trang thai cia CPN chuyén d6i nhu thé nao
khi cac chuyén tiép xuat hién. Cac mo ta van
ban duoc viét & ngdn ngir 1ap trinh ML cua
CPN, 14 mé rong cia ngdn ngir ML chuén (1a
ngdn ngir 14p trinh chirc nang). Pé thuan tién,
tén cua cac vi tri viét bén trong cac hinh ellip.
Céac tén khong c6 y nghia hinh thirc nhung
chung rat quan trong d6i v6i kha ning doc
duoc cia mdé hinh CPN, gidng nhu ta su
dung cac tén & ma nglr (mnemonic name)
trong lap trinh hop ngir.

Céc CPN tao nén nhitng mo6 hinh mang
c6 dong nho sir dung dinh nghia cac mau.
biéu nay co thé minh hoa béi vi du sau day:

Xét mot hé théng san xuAt gém hai
may M1 va M2 xit Iy cac san pham thd
thudc 3 loai khac nhau. San phém loai cua
cacloai 1, 2, va 3 di qua mot cong doan thao
tac c6 thé duoc thuc hién boi hoic M1 hodc
M2. Sau khi hoan thanh xtr Iy, cac san phim
duoc dua ra khoi hé thong va san pham m&i
cung loai duoc dua vao hé théng. Hinh 3 1a
mé hinh PN cua hé thdng. Cac vi tri va cac
chuyén tiép trong mé hinh 1a:

P, (p,): cac may M1 (M2) san sang;
Ps(Py,>Ps): co san pham tho loai 1 (loai 2,

loai 3); p(P,,Ps): Ml xtt Iy san phdm tho
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loai 1 (loai 2, loai 3); py (P, Pyy): M2 xtt
ly san pham tho loai 1(loai 2, loai 3);
t,(t,,t;) : M1 bat dau xir ly san pham tho loai
1 (loai 2, loai 3); 2, (¢5,¢¢ ) : M2 bét dau xi ly

san pham tho loai 1 (loai 2, loai 3);
1, (tg,1,) : M1 két thic xir Iy san pham tho
loai 1 (loai 2, loai 3); £,y (¢,,,4,,) : M2 két
thic xi Iy san pham tho loai 1 (loai 2, loai 3).

73 . P4 = 25 R
ry 3 'y y 3
/N
) Ly {5 i Es Lg
2. Ps| | Pa Fs JL F1o FPu ()P
ts tg tg f10 o b

Hinh 3. M6 hinh PN cua m6t hé théng san xuat ddn gian

’ Bay gio ta chuyén Petri Net (hinh 3) hé
thong san xuat don gian sang mo6 hinh CPN
cho ¢ hinh 4. Ta nhén thay, chi c6 3 vi tri va
2 chuyeén tiép trong m6 hinh CPN so vdi 11
vi tri va 12 chuyén ti€p trong mo hinh Petri
Net ¢ hinh 3. Vi tri p, cia m6é hinh CPN
xac dinh trang thai cua hai may M1 va M2
(twong tmg vdi cac vitri p;, p,cua md hinh
Petri Net), vi tri p, cia m6 hinh CPN xéc
dinh cac loai san pham tho twong mg véi
cac vi tri p3, P4, Ps cia md hinh Petri

Net), vi tri p; cia mo6 hinh CPN xac dinh

san xuét dang dién ra (trong Gmg vdi cac vi
tri ps(Pg)s P7(P10)s Ps(pi11) clia md hinh
Petri Net), chuyén tiép #, ctia md hinh CPN
xéac dinh qua trinh san xuét bat dau (trong
ung i cac tiép
t(t4),t5(t5),t;(ts) cia md hinh Petri
Net), va chuyén tiép ¢, xac dinh qua trinh

voi chuyén

san xuat két thuc (tuong tng véi cac chuyén
tiep #7(t10),t5(t1)sto (1) cia md hinh
Petri Net).

< J1LJ2,J3
. Py

Hinh 4. CPN cia Petri Net hé thong san xuét don gian cho & Hinh 3
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Nhu vay, CPN cua hé théng san xudt
nay c6 3 tap hop mau: Trang thai may SM,
san phim SP va trang thai may x san xuét

SM x SP, trong d6, SM={MI1 M2},
SP={J1,J2,J3}. Mau cia tung nat nhu sau

Cp,) = MLM2LC(p,) = 1,72, 73}, C(p,) = SMx SP, C(1,) = C(t,) = SMx SP.

Su két hop cac dac tinh cuia STPN va
CPN tao ra CPN c6 thoi gian ngiu nhién
SCPN hay thoi gian ngiu nhién chung
GSCPN.

3.1.5. FPN

C6 nhiéu dinh nghia khac nhau cua
FPN, ¢ day, theo [9], FPN la su két hop cua
Petri Net va Logic mo, va duoc dinh nghia
bédi 9 bo nhu sau:

FPN =(P,T,D,1,0,a, ,y,MO0) (20)

Trong d6:

P ={p{, P2 s Py }: tap hop hitu han
cacvitr; T = {tl,tz,...,tm}: tap hop hitu han
céc chuyén tiép; D = {dl,dz,...,d,,} : tap
hop hitu han cac dinh dé (statements); Céac
tap hop P, 7, D tach biét ting cap:
PNT=PNnD=TNnD=¢;I[,0: ham
cua tap hop cac vi tri vao, cac vi tri ra tuong
ung, trong d6: 1 : P — T : ham vao, anh xa
tir cac vi tri dén cac chuyén tiép; O : T — P
- ham ra, 4nh xa tir c4c chuyén tiép dén cac
vi tri; @:P—>D: ham bo dinh dé
(statement binding function) a(p): 4nh xa
tir cac vi tri dén cac dinh d&; S : T — [0,1]:
ham bac ding (truth degree function) £(¢):
anh xa twr cac chuyén tiép dén cac gia tri thuc
trong khoang 0 va 1; y:7 —[0,1]: ham

min(M(p,,),M(p,,),....M(p,)) 2 y(t) >0 for p, €1(t),j=1,...k

Su kich hoat ciia chuyén tiép 7 kéo theo
su léy ra cac thé tir cac vi tri vao cua ¢ va su
bo xung cac thé vao cac vi tri ra cua £. Co
hai ché d6 van hanh cia FPN:

0if pel(r)

M (p) =y max(min(M (p,,), M(py),.-.. M(py))* B(1), M(p)) if p € O@)

M(p) otherwise

ngudng (threshold function);
MO: P —[0,1]: danh dAu ban dau.

FPN st dung cac phép toan t-norm,
hay 1a ham min (ham Minimum t-norm, con
duoc goi 1a T-chuén hoic chuin tam giac)
va s-norm, hay 1a ham max (Maximum s-
norm, con duoc goi 1a co-norm hoic T-ddi
chuan) cia logic mo cho cac tinh toan cac
gia tri mo.

Cho rang ta co mot
FPN =(P,T,D,1,0,a,B,y,M0) ,
teT,I()= {pi17pi2""7pik} la tap hop
cac vi tri vao dbi véi chuyén tiép t, B(¢)1a
gia tri cua ham bac dung [ twong tng voi
tva B(t) € (0,1] (khong bao gdbm 0), (¢)
la gia tri ciia ham ngudng y tuwong Gng vdi
t, va FPN ¢6 danh déu hién tai, duoc biu
dién bang ham M : P — [0,1]. Ngoai ra,
min, *, max 1a nhé nhat, tich dai sd, va lén
nhét tuong tng.

Khi do:

Chuyén tiép ¢ dugc phép déi véi danh
déu hién tai M néu min ddi véi tat ca cac vi
tri vao ctia chuyén tiép 7 1 duong va 16n hon
hodc bang gid tri cua ham ngudng y theo ,

nghia la:

1)

Mode 1: Néu M la danh dau hién tai
ctia FPN cho phép chuyén tiép ¢ va M’ 1a
danh diu nhan dugc béi chuyén tiép ¢ kich
hoat, thi d6i véi timg vitri p e P:

(22)
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Trong mode 1, thu tuc dé tinh danh dau
M’ nhu sau:

(1) Cac thé duoc lay ra tir cac vi tri
vao cia chuyén tiép 7: Diéu kién thir nhat

(22);
(2) Cac thé trong tat ca cac vi tri ra clia
chuyén tiép 7 duoc thay dbi theo cach sau:
Trudc tién, gia tri cia min cho tAt ca cac vi
tri vao cua 7 duoc tinh, sau do, tich cua min
cho tat ca cac vi tri vao cua 7 va gia tri cua

cua

ham bac dung A(¢) duoc xac dinh, va cudi

M'(p) =
(P) {M (p) otherwise

Trong khi & Mode 1, v6i diéu kién thir
nhat, cac thé chi bi léy ra khoi cac vi tri vao
p € I(t) cia chuyén tiép #, thi & Mode 2,
cac thé khong bi léy di khoi cac vi tri vao
ma duoc sao chép dén cac vi tri ra
p € O(t) cia chuyén tiép 7.

Vi dy minh hoa sau ddy vé FPN: Cho
FPN & hinh 5, véi tap hop cac vi tri la
P= {plopzapsﬂpups} , tap hop cac
chuyén tiép 1a T = {tl,tz}, cac ham vao:
16) ={pi,pr} . 1) ={psps} . cio
ham ra: 1(¢)) = {p4} () = {ps} , tap
hop dinh d¢ D ={d,,d,,d,,d,,d,}, cic
dinh d& a:a(p)=d, ,
a(p,) =d,, a(p;)=d;, a(p,)=d,,
a(ps)=d; , caic ham bac dung f:
p)=0.7 , p(,)=0.8 , ciac ham
nguong y : 7(11) =05, 7(12) =04, va
dénh d4u ban ddu M0 = {0.6,0.5,0.7,0,0}

ham bo

max(min(M (p; ), M (p;; )5 M (py))* B(0), M (p)) if p € O@)

cung, gia tri tuong tng véi M’(p) cho ting
p € P nhan dugc nhu 1a két qua cua max
ctia gia tri tich va danh dau M(p): Diéu kién
thr hai caa (22);

(3) Cac thé trong cac vi tri con lai cia
FPN khong thay déi: Diéu kién thir ba cua
(22).

Mode 2: Néu M la danh dau hién tai
ciia FPN cho phép chuyén tiép 7 va M’ 1a
danh diu nhan dugc boi chuyén tiép ¢ kich
hoat, thi d6i véi tung vitri p e P:

(23)

O hinh 5(a): dén}l dau ban dau déu 1am
cho ca pai chuyén tiép duoc ph?'p b,éri thc:)a
man diu kién (5.11) vi danh dau t6i thiéu
M(p,)=0.52y(t;)>y(t,) . O hinh
5(b), chuyén tiép 1, kich hoat theo Mode 1,
khi do, cac vi tri vao p,, p, c6 danh dau
M'(p,))=M'(p,)=0 theo diéu kién 1
ctia (22), vi trita p, c6 danh ddu méi thoa
min diéu kién 2 cia (22):

M'(p,)=0.35 = max(min(M (p,), M (p,))* B(t),.M(p,)) .
= max(min(0.6,0.5) * (0.7),0) = 0.5x 0.7

Chuyén tiép 7, lic nay khéng duoc
phép kich hoat nita. O hinh 5(c), su kich
hoat ctia chuyén tiép ¢ , theo Mode 2 khong
lay di cac thé & cac vi tri vao ciia 7, ma chi
sao chép so thé it nhat (bang 0.5) tir vi tri
P, sang vi tri ra ciia ¢, 1a ps dong thoi
nhan voi gia tri ham bac dang £(¢,) = 0.8
, théa man dicu kién 1 cua (22):

(a): Panh diu ban diu

(b): sau kich hoat £; (Model)

(c): sau kich hoat £ (Mode 2)

Hinh 5. FPN trudc va sau kich hoat cac chuyén tiép
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3.2. Cdc wng dung ciia cdc loai PN cho

cidc hé thong sin xudt

Cac hé théng san xuat phirc tap trong
nghiéu nganh cdng nghiép. Vi thé, c6 nhiéu
nghién ciu ung dung cac loai PN dé mo
hinh héa va phan tich cac hé thong san xuit
va kinh doanh. Nhém nghién ciru Imam
Mukhlash [10] dat ra cac phan tich c6 thé
dugc thyc hién bang cach md hinh héa quy
trinh kinh doanh bang CPN. Trong nghién
ciru nay, muc tiéu la xac dinh muc do kiém
tra su phu hgp ctia cac quy trinh kinh doanh,
biéu dd kha ning tiép can va phan tich nit
¢6 chai. Két qua phan tich duoc sir dung dé
xdy dung m6 hinh dé xuat. Dua trén phan
tich ctia nghién ctru truong hop, vi du: Thép
cong nghiép & Indonesia, mo hinh dugc dé
xudt co gia tri tot hon so v&i mo hinh ban
diu. Nhém Florin Blaga [11] ¢6 cach tiép
can van dé can bang cua cac diy chuyén dic
trung trong nganh dét may quan 4o. Ho sir
dung TPN dé mo hinh hoa va md phong dé
phan tich ba day chuyén, san xuit cac san
phim sau: 40 khoac, vay va quan dua trén
thoi gian, theo do, lam ndi bat cac tic nghén
va mang lai thong tin cho nhitng nguoi ra
quyét dinh quan ly. Do su cac hé thong san
xuat cang ngay cang phtc tap, viéc ra quyét
dinh bao tri tr& thanh ngay cang thach thuc.
M0 phong da tré nén hiéu qua cach dé tranh
cac quyét dinh tén kém thong qua phan tich
what-if ctiia cac chinh sach bao tri khac nhau
va lich trinh bao tri trwéc khi trién khai thuc
té. Nhom cua Yong Lei trong nghién ctru
[12] da xay dung mdt g61 mé phong maoi
duoc mo dun hoda cho cac hé théng san xuét
di duoc phat trién biang cach st dung
STPN. Béng cach sir dung cac mo-dun chirc
ning co ban, nghién ciru ¢6 thé nhanh chong
xdy dung cac diy chuyén san xuat véi cac
cAu hinh va chinh sach bao tri khac nhau.
Nhitng nim gan diy, nganh san xuat hang
may mic cua nhiéu nuéc dang co su phat
trién rat 16n va ciing gap nhiéu canh tranh
trén thi truong, di ¢ nhiéu nghién ciru g
dung céac loai PN dé m6 hinh héa, phan tich

va toi ru cac diy chuyén may quan ao duoc
cong bd. Xiaohua Wang va nhém nghién
ctru [13] da st dung TPPN (timed place
petri net) d& mo hinh hoa hé thng treo quin
4o (garment hanging system) trong day
truyén may quin 4o da nhiém nham dé lap
lich trinh t6i wu linh hoat cia quy trinh
trong san xuAt hang may mac da nhi¢m. H¢
thong san xuat linh hoat (FMS) 1a mot hé
thoéng sy kién roi rac va chira mot tap hop
cac may da nang, hé théng van chuyén tw
dong, hé thong ra quyét dinh, nhiéu ludng
quy trinh cong viéc dong thoi tao ra cac san
pham khac nhau va thuong khai thac cac tai
nguyén dung chung dé giam chi phi san
xuat (Jeng, 1997a, Zuberek va Kubiak,
1994). C6 nhiéu phuong phap va cong cu
duoc st dung dé 1ap mo hinh va phan tich
FMS nhu mang xép hang, chudi Markov,
md phong va SPN. SPN nhu mot cong cu
dd hoa va toan hoc, ¢6 thé dugc str dung dé
mo hinh héa va phan tich cac hé thong phirc
tap co thé duoc md ta 1a déng bg, song
song, dong thoi, phan tan, chia sé tai
nguyén, khong xic dinh va/hoic ngiu
nhién. Trong cac m6 hinh SPN;, chung ta co
thé mo ta 16 rang mbi quan hé nhin qua cua
cac su ki€én khong chic chin béng cach su
dung céc vi tri, chuyén tiép va cung. Do do,
str dung SPN, chung ta ¢ thé xay dung md
hinh FMS dé& dang hon so véi sir dung cac
md hinh khac. SPN két hop stc manh mo
hinh héa ctia PN va kha ning dé phan tich
clia cac quy trinh Markov cho muc dich
phan tich hiéu suit (Molloy, 1982). Nhung
phén tich va thiét ké cac hé thong san xuit
phtic tap thuong lién quan dén hai loai
khong chic chin: Tinh ngiu nhién va tinh
mo. Trong nghién ctru cua Fatih Tiysiiz va
Cengiz Kahraman [14], ho di d& xuat mot
cach tiép can dé mo hinh hoa mot FMS
bang cach str dung cac SPN cung véi ly
thuyét tip mo (Fuzzy theory) dé biéu dién
ca tinh bién thién ngiu nhién va do khong
chinh x4c. Theo cach tiép can nay, tham s
ctia phan bd ham mil duoc biéu dién bing
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mot s6 mo tam gidc. Bang cach sir dung
tham s6 mo va toan hoc md, phan phoi
trang thai 6n dinh mé thu duge. Mic du cac
FPN mo va SPN ngiu nhién di duoc sir
dung riéng bi¢t trong md hinh hoa va phan
tich FMS, nhung dong gép quan trong cia
nghién ctru nay, 1an dau tién, 13 goi y vé
viée sir dung ly thuyét tAp mo cung véi cac
SPN trong m6 hinh hoa hé théng san xuit
phuc tap.
4. Két luan va huéng nghién ciru

Trén day chi 14 co sé ly thuyét vé Petri
Net, va mot s6 nghién ciru tmg dung trong
mb hinh hoa, phan tich cac hé thong san
xuat trong nhiéu nganh cong nghiép nham
muc tiéu t6i vu va ting hi¢u ning cac hé
théng san xuit. Thuc té cac loai Petri net 1a

Tai licu tham khao

cac cong cu rat thich hop cho mb phéng
phan tich va tinh toan hi€u nang cua nhiéu
hé thong trong nhiéu linh vyc ma cac nghién
cuu di va dang ung dung nhu: Cong nghé
thong tin, dién tir vién thong, ty dong hoa
va robot, san xuat kinh doanh, logicstics,
giao thong van tai, cong nghiép dét may, y
hoc, hoa sinh,v.v. O nhiéu nudc khoa hoc
phat trién, ly thuyét Petri Net di duoc dua
vao giang day & cap sau dai hoc dé st dung
cho cac nghién ciru khoa hoc, va ¢é cac héi
thao khoa hoc vé& ung dung va phat trién
Petri Net. M6t luan an vé khoa hoc may
tinh, dién tir vién thong & VN gin day di ap
dung céc ly thuyét Petri net cho cac nghién
ctru va dat két qua tot.

[1]. Petri, Carl A. (1962), “Kommunikation mit Automaten”. Ph. D. Thesis. University of

Bonn.

[2]. TS H6 Khanh Lam, “Mang Petri Ly thuyét va tmg dung”. Sach NXB KHKT.2015.
[3]. Tadao Murata, Petri Nets: Properties, Analysis and Applications.
[4]. Peterson, James Lyle (1981), “Petri Net Theory and the Modeling of Systems”. Prentice

Hall. ISBN 0-13-661983-5.

[5]. Falko Bause, Pieter S. Kritzinger, “Stochastic Petri Nets”. ©Bause and Kritzinger, 2002.

[6]. M.Ajmone Marsan, Gianfranco Balbo, Gianni Conte, Susanna Donatelli, Giuliana
Franceschinis, “Modelling with generalized stochastic Petri nets”. Universita degli Studi di Torino.

[7]. Jensen, Kurt (1996), “Coloured Petri Nets”. (2 ed.). Berlin: Heidelberg. p. 234. ISBN 3-540-

60943-1.

[8]. Jensen, Kurt. “Coloured Petri Nets: Basic Concepts, Analysis Methods and Practical Use”
(Volume 1), Springer-Verlag, Berlin, Heidelberg, 1992.

[9]. M. H. Aziz, Erik L. J. Bohez, and Chanchal Saha, “Classification of Fuzzy Petri nets, and
their applications”. World Academy of Science, Engineering and Technology 72 2010.

[10]. Imam Mukhlash, Widya Nilam Rumana, Dieky Adzkiya, Riyanarto Sarno,”Business Process
Improvement of Production Systems Using Coloured Petri Nets”. Bulletin of Electrical Engineering and
Informatics Vol. 7, No. 1, March 2018, pp. 102~112, ISSN: 2302-9285, DOI: 10.11591/eei.v7i1.845.

[11]. Florin BLAGA, Voichita HULE, Renata BODEA, Iulian STANASEL,”Evaluation of the
Industry Fabrication lines performances using Petri Network Models”. ANNALS OF THE ORADEA
UNIVERSITY Fascicle of Management and Technological Engineering. ISSUE #3, DECEMBER 2013,

http://www.imtuoradea.ro/auo.fimte/

[12]. Yong Lei, Jianbo Liu , Jun Ni and Jay Lee,” Production line simulation using STPN for
maintenance scheduling”.J Intell Manuf (2010) 21:213-221. DOI 10.1007/s10845-008-0194-1

[13]. Xiaohua Wang, Ruiqing Wang, Lei Zhang, Hongwei Zhang,”Timed Petri net based
optimal scheduling for garment flexible productions”. Journal of Textile Engineering & Fashion

Technology. Published: July 11, 2017.

[14]. Fatih Tiiysiiz and Cengiz Kahraman,” Modeling a flexible manufacturing cell using
stochastic Petri nets with fuzzy parameters”. ELSERVER Expert Systems with Applications Volume

37, Issue 5, May 2010, Pages 3910-3920.

104 Tap chi KH&CN Trudng Pai hoc Hoa Binh - S6 06 - Thang 12.2022



