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Abstract

Petri nets have been extensivly used to model the manufacturing system due to their power to describe complex

systems with their simple tools. However, the

“state explosion” has prevented their use for solving real

scheduling problems. This paper proposes an algorithm that combines the BFS with heuristic functions and the
limited beam expansion to search on reachability graph for FMS scheduling.
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Tém tit'

Mang Petri 12 mot cong cy hiru dung cho viéc mo
hinh hoa cac hé thong san xuit véi kha ning mo ta
cac hé thong phirc tap bang cac cong cu don gian. Tuy
nhién, van dé bung nd trang thai di gay han ché cho
viéc giai bai toan vé lap ké hoach san xuét. Bai bao dé
xuit sir dung thut toan BFS két hop voi ham danh
gi4 heuristic va phuong phap giéi han mirc do trién
khai tim kiém trén cdy trang thai dé lap k& hoach san
xudt cho hé thdng san xuit linh hoat.

Chir viét tit
PN PetriNet — Mang Petri

DES Discrete event system - hé sy kién roi
rac

FMS Flexible manufacturing system - h¢
thdng san xuat linh hoat

BFS Best First Search

bw Beam width

1. Phan mé dau

Ly thuyét mang Petri dugc dé xuit lan diu tién vao
niam 1962 boi Carl Adam Petri trong luan 4n tién si
“Giao tiép v6i cac thiét bi tu dong” tai Leipzig. Mang
Petri 1a mot cong cu dd hinh va toan hoc dugc sir
dung rat hiru hiéu trong viéc mo ta, phan tich cac sy
kién roi rac, dic biét 1a dbi véi hé théng san xudt ty
ddng boi nd tuong thich véi cac tinh chit ty nhién cua
hé¢ théng san xudt nhu tinh khoéng dong bo
(asynchronous), tinh ddng thoi (concurrent), khong
xéac dinh (nondeterministic).

Pén nay, di co nhiéu cong trinh st dung mang
Petri ¢&& mo ta, phan tich hé théng san xuit ty dong
nhu Chen YuFeng va Li ZhiWu cung cac cong su
trong [1] da sir dung mang Petri ¢&& mo hinh héa hé

' Ngay nhdn bai: 15/12/2017; Ngay nhdn ban sia:
02/05/2018; Ngay chap nhan: 12/05/2018; Phan bién:
bao Van Hiép, Do Trung Hai
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thong FMS va nghién ctru phuc hdi hoat dong cua hé
thong tir trang thai diém chét (deadlock); Tiiysiiz
Fatih va Kahraman Cengiz trong [15] sir dung mang
Petri x4c sudt dé mo hinh héa mot cell trong hé thong
FMS véi cac tham sé mo; Lee Jongkun va Korbaa
Ouajdi trong [6] da st dung mang Petri dé mé hinh
hoa va lap ké hoach hoat dong cho mot hé théng
FMS; Man-zhi Liu va Mei-hua Zhou cung cac cong
su trong [8] st dung mang Petri hudng ddi twong
(object-oriented Petri net) dé mé hinh héa va nghién
cru mot day chuyén cung cap than d4 trong san xut
tai cong ty YanKuang — Trung Qudc; Savsar Mehmet
va Aldaihani Majid trong [14] sir dung mang Petri dé
moé hinh héa va phan tich sy c¢b trong ddy chuyén
FMS; Pham Truong Tung va Pham Déang Phudce trong
[12] st dung mang Petri dé mo hinh hoa va phén tich
hoat dong ciia mot hé théng FMS ¢6 2 may CNC va
mdt robot; Dotoli Mariagrazia va Epicoco Nicola
cung cac cong sy trong [2] st dung mang Petri thoi
gian dé mo hinh hoa cac su kién roi rac cua hé théng
van tai da phuong thirc (Intermodal Freight Transport
Terminals).

Viéc su dung mang Petri dé mo hinh hoa cac su
kién gidn doan (DES) dugc xem la mét cong cu hitu
hiéu, va don gian. Tuy nhién, mot nhwoc diém rat 16n
ctia mang Petri khi sir dung dé phén tich trén mé hinh
trén cdy trang thai (reachability graph) 1a sy “bung nd
trang thai” (state explosion). V6i mgt mé hinh mang
Petri, c6 thé néi viéc xay dung cdy trang thai 1a viéc
dé dang, tuy nhién ta s& gap van dé 1a cay trang thai
c6 thé rat 1én cho mot mo hinh mang Petri nhé.

Viéc xay duyng va tim kiém mot trang thai cua
mang Petri bang cich duyét hét trén cdy trang thai 1a
mot bai toan khong hé don gian, ton rat nhiéu tai
nguyén may va thoi gian duyét. Do d6 dé tim duoc
chudi thong tot nhat dén trang thai yéu cau, da c6 rat
nhiéu cic cong trinh nghién ctru ap dung cac thuét
toan tim kiém trén cdy trang thai hodc cac giai thuat
mo phong khac.
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Mejia Gonzalo va Nifio Karen trong [9] dé xuét
mdt thuat toan HFBS (Hybrid Filtered Beam Search)
trén mang Petri thoi gian bing cach da dang/ting
cuong chién luge tim kiém trén cdy trang thai dé lap
ké hoach giai phong hé thong FMS khoi trang thai
chét (deadlock) trong qué trinh hoat dong; Li Xiaoling
va Xing Keyi ciing cac cong su trong [7] da dé xuat
thuat toan 1ap ké hoach hoat dong cho hé théng FMS
trén co s& mang Petri va giai thudt di truyén trén bang
cach xem xét chudi théng va tién trinh thong cua
mang Petri — tuy nhién phuong phap ndy mo ta cac
toan tir di truyén bang coéng cu toan hoc 1a twong ddi
phirc tap, thoi gian mé phong dé dat két qua con
cham; Huang Bo va Jiang Rongxi cung cac cdng sy
trong [4] st dung cac ham admisible heuristic va
nonadmisible heuristic cho thut toan A* dé xac dinh
chién lugc tim kiém trén co s mang Petri P-thoi gian
ciia hé théng FMS; Kim Young Woo va Suzuki
Tatsuya cung cac cong su trong [5] st dung mang
Petri thoi gian mau (colored timed Petri net) dé mo ta
hé thong FMS, phuong phap nay giup viée xac dinh
chudi thong d3 dang hon, tuy nhién viéc mo ta phirc
tap hon; Reyes A. va Yu H. cung cac cong sy trong
[13] st dung phwong phéap tim kiém trén cdy trang
thai ciia mang Petri tich hop va giai thuat tim kiém
heuristic lai dé xac dinh chudi thong cia mang Petri,
phuong phap nay c6 wu diém 14 toc do tim kiém chudi
thong nhanh, tuy nhién viéc mo ta bang cach két hop
cac luat heuristic lam cho giai thuat tré nén phuec tap.

Bai bao nay dé xuat mot mo hinh mang Petri cho
hé théng san xuit tw dong, d& xudt mot phuong phap
két hop thuat toan tim kiém BFS (Best First Search)
va ham danh gia heuristic dé x4y dung céy trang thai
c6 gidi han va tim kiém chién luoc hoat dong cho hé
théng san xuét tu dong.

2. Xac dinh chién lwge hoat dong cho hé
thong san xuat tu dong

2.1 M hinh mang Petri va mé ta hé thong sin
xuit ty dong bing mang Petri

a) Cac dinh nghia mang Petri [3]

Pinh nghia 1: Mang Petri 1a tip hop gdm 4 thanh

ph?m, ky hi¢u N = <P, T,Pre,Post>. Trong do:

e P = (p,ps...pn) 1d mot tap hop khong rong chira
hiru han cac vi tri (place).

e T = (t,t,...t) 1a mot tdp hop khong rdng chira
hiru han cac chuyén tiép (transistion).

e Pre: PXxT = N la ham trong lwong cac cung tir vi
tri &én chuyén tiép.

e Post: TxP > N la ham trong lugng cac cung tir
chuyén tiép dén vi tri.

e Pre, Post 1a cic ma tran co sd hang bang véi sd
phan tir ciia tap P va s6 cot bang s6 phén tor cua
tap T. Néu pre(pi,t) =W(pi.t;) # 0 thi s& ton tai mot
cung c6 trong luong W(pst;) nbi tir vi tri p; dén
chuyen t1ep ; Néu Post(tl,pj) W(ti,p;) # 0 thi s&
ton tai mét cung cd trong lwong W(t,p;) nbi tir
chuyén tiép t; dén vi tri p;.
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H. 1 Mgt mé hinh mang Petri

Trong H. 1 biéu dién mot mang Petri ¢c6 P =
(Po,P1,p2,P3); T=(to,t1,t2,t3) va cdc ma trin

ZO tl t2 t3 tO tl t2 t3
Pl 1 0 0 P00 0 1
0010 1 0 0 O

Pre= P Post = P
p,/0 0 1 0 p,0 1 0 0
p;0 0 0 1 ps0 01 0

Mot mang Petri duge mo ta nhu trén 1a mang Petri
tinh. P& mo ta hoat dong ciia mang Petri, nguoi ta st
dung mang Petri danh dau.

Dinh nghia 2: Mt danh déu M cua Mang Petri N 1a
mot phép chiéu tir P vao N, duoc thé hién b?mg mot )
nguyén khong am (gan s6 token) vao mdi vi tri mang.
Mang Petri dugc danh déu 1a mot cap <N, Mg> v6i N
la mang Petri va M, 1a mét danh d4u ban dau cua N.

PO

H. 2 Mang Petri danh ddu

Trong H. 2 m6 ta mang Petri danh dau trén co so
mang Petri & hinh 1. Panh dau M, ciia mang Petri nhu
sau:

=[3 0 1 0

Dinh nghia 3: Mot danh ddu cua mang s€ dugc phat
trién dya trén quy tac thong nhur sau:

o Mot chuyen tiép t dugc goi la thong (tich cuc) néu
nhu tat ca cac vi tri dau vao cua nd ¢0 s0 token 16n
hon hoic bang trong lugng cung ni gitra vit tri va
chuyén tiép tuong tng.

M > Pre(t) )
Khi mot chuyen tiép théng, no s& lay di (thém
vao) vi tri ddu vao (dau ra) s6 hrong token bang
v6i trong luong cung noi gitra vi tri (chuyén tiép)
va chuyén tiép (vi tri) twong tmg. Ky hiéu (My[t
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>M,) 14 hé théng chuyén tiép tir danh ddu M, sang
danh ddu M, khi chuyén tiép t thong. Khi do:
M, =M, + Post(t)-Pre(t) = M;+C(t) 2)
Vi C(t) dugc goi la ma trén tién.
o Goi M, la trang thai dat dugc tu trang thai M, sau
chudi cac chuyén tiép = tit;... Khi do:
M =Myt+Coc o220 3)

PO

H.3 Trang thdi M, sau khi chuyén tiép t, thong

Mang Petri dugc mo ta nhu cac dinh nghia trén 1a
mang Petri co ban. B¢ mo hinh héa cac h¢ thong thoi
gian, ta dinh nghia m§t mang Petri thoi gian nhu sau:

Pinh nghia 4: Mot mang Petri thoi gian chuyén tiép
(transition timed Petri net (t-TPN)) 1a mot cap <N, Z>
vol N = <P, T, Pre, Post> va Z la mot ham $6 thuc
khéng 4m véi z; twong tng véi mdi chuyén tiép trong
mang sao cho Z: T = R"; z; = Z(t;) dugc goi 1a thoi
gian tir khi chuyén tiép t; tich cuc cho dén khi thong.
Luat chuyén tiép ciia t-TPN dugc dinh nghia gidng
nhu véi mang Petri thong thuong.

Mot mang Petri thoi gian vi tri (place timed Petri
net (p-TPN)) 1a mot cap <N, R> véi N = <P,T, Pre,
Post> va R 1a mot ham s6 thuc khong am véi r; twong
{rmg v6i mdi vi tri trong mang sao cho R: P > R"; z; =
Z(t;) dugc goi la thoi gian tn tai ciia mot token tai vi
tri p;.

b) M6 ta hé thong san xudt t dong bang mang Petri

Hé théng san xuat ty dong c6 3 may CNC gébm mot
may phay CNC, mot may tién CNC va mot may
khoan CNC. H¢ théng sir dung 1 robot dé phuc vu cp
phoi cho may va lay san pham sau khi gia cong xong.

0 P1 T20 P25 T2 P2

P5

1
PO nguyen cong  '°
G, T
T P4
cép phoi 122
e e e

nguyén cing '’

phay

3]
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H¢ thdng san xudt dong thoi 2 loai chi tiét voi cac

trinh tu nguyén cong khac nhau:

e Chi tiét 1 c6 thé thyc hién cic nguyén cong theo
thir tw gdbm: Phay - Tién - Khoan hoac c6 thé theo
thtt tw Phay - Khoan - Tién voi thoi gian khac
nhau.

e Chi tiét 2 c6 thé thyc hién cac nguyén cong theo
tha tu: Tién - Phay - Khoan; Phay - Tién - Khoan
hoéc Phay - Khoan - Tién.

B. 1 Thoi gian thuc hién cac nguyén cong

Chitiét Phay  Khoan Tién
1 10 4 6
2 7 6 8

Gia dinh réng thoi gian phuc vu cua robot dugc
tinh vao thoi gian thyc hién nguyén cong ¢ B. 1. Ta
mo ta hé thdng bang mang Petri thoi gian chuyén tiép
& H. 4. Cac vi tri cia mang Petri mo ta hé théng duoc
trinh bay ¢ B. 2, B. 3, B. 4.

B.2 Cac vi tri ciia PN mé ta cac nguyén cong trén

cdc may
Chitiét  Phay Khoan Tién
1 Pi,Pa P2Ps P3:Ps
2 P32,P34:P42  P33.P36:P43  P31,P355Paa

B. 3 Cdc vi tri mé td trang thdi réi ciia cdc mdy
Phay Khoan Tién
%) P24 P23

B. 4 Cdc vi tri mé ta kho cdp phdi

Chi  Cip Kholuu Kholwu  Kholwu Hoan
tiét phoi  tam trén tam trén tam trén  thanh
may Phay may may
Khoan Tién
1 Po P2s.P27 P2s P2s P17
2 P3o P39,P40,P45 P46 P3s,P41 P37

e )
nguyén cong
khoan

1 1 >
=
o 1
tign
o / =

... Miy tién rdi

Céc chuyén tiép sau céac vi tri thé hién nguyén
cong mo ta thoi gian thuc hién cac nguyén cong do.

i phy it \
e

._-fé 1 ;3}\

Py 8
1guyén cing Kho luu tam

Paz 1 P39
T27,
1 /1 / MU 1 1
> »
0

nguyén céng
tign phay

1 L
>
T
| mguyén céng
Lhoan

1
Kho lwu tam

P30 P34 25 P40 o8 P35 . P41 P36
(1) e e L e
P ®  nguyencéng ' | |Kholwutmm 0 nguvincong  °  Kho lua tam | 0 nguyén cing  © ek oz i
cip phéi 4 phay tign khoan 5
paz . a3 ,
T4T Pas T44 T48 48 45 i 146
e BB e e B
7
v nguyén cing Kho luu tam v nguyén cong ®  Kholwutam 9 nguyén céng @
phay kchaan tign

H.4 Mang Petri cho hé tho”hg san xudt tw dong

33



CONG TRINH KHOA HQC

Vi mang Petri duge moé ta ¢ H. 4, ta cd cac mo ta
toan hoc nhu sau:

e Tdp cac vi tri:
P=(p0,D1,P2,P3,P4,P5:P6-P17:P22,P23,P24,P25,P26,P27,P 2>
P30,DP31,P32,P33,P34,P35,P365P37,P385P39,P40,P41,P42,P43,P
44,D455 P4s)

e Tdp cdc chuyén tiép:
T=(to,t1,t2,3,t4,5,t18, 10,120,821, t22, 23, T3, 126, 127, L8, E2o,
t30,t31,t32,t33,t34,t35,t36,t43,t44,t45,t46,t47,t48)

e Tdp thoi gian chuyen tzep (tir khi tich cyc dén khi

thong) ciia mdi chuyén tiép:

7=(0,0,0,0,0,0,6,4,10,4,10,6,0,0,0,0,0,0,6,6,8,7,7,
8,0,0,0,8,7,6).

Panh déau ban dau M, cta mang la:

M,=[10,0,0,0,0,0,0,0,1,1,1,0,0,0,0,10,0,0,0,0,0,0,0,

0,0,0,0,0,0,0,0,0,]".

Muc tiéu cua vigc giai quyét bai toan la diéu khién

hé théng hoan thanh chudi san xuit sao cho tai cac

kho san pham 6 du cdc san phdm tuong tng vé6i sb
phoi ban dau (trc s6 token tai vi tri Py; va P3; tuong

(g bang vai sé token tai vi tri Py va Py & danh déu

MO) Do d6, danh dau cudi cua hé thdng 1a:

M..=[0,0,0,0,0,0,0, 10,1,1,1,00000000000
10,0,0,0,0,0,0,0,0,0,]

2.2 Thuit toin tim kiém két hgp ham heuristic
trén ciy trang thai

Trén co s& mang Petri thoi gian duge mo ta ¢ trén, ta
xdy dung thuat toan tim kiém trén ciy trang thai dé
xé4c dinh chudi théng (firing sequence). Nhu di phan
tich & trén, viée tim kiém mot chudi thong di tur trang
thai dau dén trang thai dich tir cdy trang thai 1a mot
viéc rat kho khan. Cach dé hiéu nhét 1a ta c6 thé xdy
dung mot cdy trang thai hoan chinh va tim kiém trén
d6. Tuy nhién, khé khan 1a véi mot mang Petri don
gian ciing di can mot khong gian rat 16n dé mo ta hét
cay trang thai, trong khi do, mo hinh mang Petri mo ta
hé théng 1a mot mo hinh tuwong dbi phirc tap véi s6
phan tir caa P va T 16n. Do d6, dé don gian hoa qua
trinh tim kiém, mot thudt toan phat trién cdy trang thai
theo theo hudéng duoc danh gid bdéi ham heuristic
duogc d& xuat trong bai bao nay.

a) Phuwong phdp mo ta mot trang thdi cua mang Petri
Dé xdy dung cay trang thai theo ham heuristic, ta phai
mo ta ddy du cac yéu td cia mang Petri tai mot trang
thai nao do.
Dinh nghia 5:
e Vector chuyén tiép tich cuc ciia mot danh dau M
nao do6 dugc ky hi¢u la Te dugce xac dinh nhu sau:
Te = (te)i=1...n trong do:
néu M > pre(t,)

1
ei = P N N . (4)
0 céc truong hop con lai
n 12 s6 phan tir cua tap T.
Ma tran thong o 1a mdt ma trén nxn voi n 1a so
phan tir cua T. 6 = (Gjj)ij-1.. » trong do:
i=j

t,, nmyu
110 cac truong hop con lai

)
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Pinh nghia 6: Ma tran danh diu M 13 tap hop céc
vector danh ddu M c6 thé dén duge tir danh dau M;
cua ma tran danh ddu M, ndo do.

Vay A
M/ =M;+C.c (6)
3
M, = o

N
=
w

o N O W
(=2~

3}»))—')—‘&0_'-“)
d

2w o -

—

2
V]
1
1

H. 5 Khai trién cdy danh diu mang Petri

Pinh nghia 7: Mot chuyén tiép thoi gian dugc thong
phai thda mén diéu kién thoi gian tir lic tich cuc dén
luc thong t; > z; (z; € Z). Khi chuyén tiép t; duoc
thong thi cac chuyén tiép tich cuc con lai (khong duge
thong) s& phai cép nhét lai thoi gian chuyén tiép Z;
theo quy tac sau:
e Néu chuyen tlep tj tlep tuc tich cuc trong trang
thai tiép theo:

new O
= Id
z. 0,

i

N old
nyu z;o <,
(M

—7,  céctruong hop con lai

e Néu chuyén tiép t; khong tich cuc ¢ trang thai tiép
theo thi ZJ“CW = zj"ld.
Tép hop cac vector thoi gian chuyén tiép s& tao

thanh ma tran thoi gian chuyén tiép & trang thai mai.

Pinh nghia 8: Tong thoi gian chuyén tief:p tir M, dén
My bat ky la tong thoi gian can thiét dé trang mang
Petri chuyén tir trang thai My dén M.

Dinh nghia 9: Chudi thong RM, 1a mét vector chira
céc phan tir theo thir tu 1a chu01 céc chuyén tiép dé
mang Petri dat dugc trang thai My tir trang thai M,
nao d6. Néu mang Petri khong thé dén duoc trang thal
M, tr My thi RM, = 0.

Dinh nghia 10: Ham danh gia heuristic hy trong giai
thuat 13 ham déanh gia trién vong dat dugc trang thai
dich (M¢yq) tir trang thai My nao d6 trong thoi gian
ngin nhat. Trién vong cing cao thi gia tri ham
heuristic cang 16n. Do d6, ham heuristic s& phy thugc
vao cac yéu to:
e Ham heuristic ¢ trang thai Xuét phat (goi la hy).
Tinh dén duoc danh dau cudi M,q tai trang thai
M (goi 1a hy). Néu tir trang thai ‘M ta khong thé
dén dugc Mgyq thi h, = 0. Tinh dén duogc xac dinh
bang cong thirc:
Y= C\(Mend -

M) ®)
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Néu tit ca cac phan tir ciia vector y khong am thi
tr danh ddu My c6 thé dén duoc danh ddu M., (Déu
“\” 1a phép chia ngugc trong Matlab).
¢ Tinh bao tai mdt vi tri trong mang (goi 1a hs). Tic

1a néu sau khi théng ma sb token tai mot vi tri nao

d6 16n hon gia tri cho trude thi h; = 0.

e Tinh lap (hy) tic la xuat phat tir danh ddu M,

nhung néu danh ddu M., = M=k thi hy = 0.

Diéu nay s dung dé tranh cho giai thuét roi vao

vong 1ap vo han.

U'c lugng trang thai nao gan dich hon (goi 14 hs).
hs = Sum(C\(Meng — M) )

V6i ham Sum 1a ham tinh tdng tit ca cic phan tir

cuia mot vector.

Tdng thoi gian thong tir My dén M, (goi 14 hy).

Nhu vay ham heuristic dugc xac dinh nhu sau:

h = hyh,h, | oh, +hﬁ+>\h6

5

(10)

Vi a, B, A la cac hé so Nhu vy, mo ta mot trang
thai tai “thoi diém” k bao gom cac yéu t sau:
Panh diu M, (Mg 1a mot vector la phan tr cua ma
tran Mkj).
Vector thoi gian chuyén tiép T remaining(k).
Tdng thoi gian chuyén tiép tir My dén M.
e Ham danh gia heuristic.

Khi xét phép thong dé chuyén tir danh dau M,
sang danh diu My, ta s& duoc két qua sau:
e Ma tran Mk+1k.
e Ma tran thoi gian dém nguogc Tremaimngk.
e Vector thoi gian chuyén tiép Tsum_ﬁmek.
e Vector ham danh gia heuristic hy.,*

b) Bai toan xdy dung trang thdai cua mang Petri ¢
buoc k+1 tir mot trang thai k

Gia sir ta can xay dung tat ca cac trang thdi ¢ thé co

& budc k+1 xuat phat tir mot trang thai k ciia mang

Petri.

Tai trang thai ¢ budc thtr k, ta c6 cac mo ta sau:

Vector danh diu M.

Vector thoi gian chuyén tiép Tremaining(i)-

Vector chudi thong RM;

Téng thoi gian chuyén tiép tir M, dén M; la

Tsumtime(i).
Ham danh gia heuristic h;.
Tai trang thai ¢ budc thir k+1:
e Tinh ma tran thong c theo (5).
Xac dinh ma tran danh déu theo (6)
e Xac dinh ma tran thoi gian chuyén tiép:
+ Xac dinh vector Ty,
T

Ko

rm ~ ~ remaining (i) (1 1)
+ Xac dinh ma tran Tpp.:
]Wrm
z,
Trme - (12)
T
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+ Ma tran T chira cac vector Tremaining dugc dinh
nghia & dinh nghia 7 dugc tinh bing

T= Trme - Trme (13 )
e Tong thoi gian chuyén tiép:
Tsumtime = Tsumtime(i)+ Trm-G (14)

e Ma tran chudi thong chira cac vector chudi thong:

RM, RM, RM, RM,

15)
lt, 2,
Xac dinh ham déanh gia heuristic theo (10)

RM ;) =
“en

¢) Thudt todn BFS két hop ham heuristic xdy dung va
tim kiém chudi théng

Dudi day la cac budc thuc hién trong thuét toan BFS

két hop ham heuristic dé xay dung va tim kiém chudi

thong cho mang Petri

Buéce 1: Lap mét danh sanh OPEN chira trang thai

dau tién.

Buée 2: Néu OPEN = & hodc mot phan tir trong

OPEN c6 danh ddu bang M., thi thoat khoi thuét

toan.

Buéce 3: Duyét trong danh sach OPEN cac danh

sach c6 gia tri ham heuristic h = hpx (V01 hpax 12

gi4 tri 16n nhét ciia ham heuristic trong danh sach

OPEN).

Bude 4: Véi mdi mot phan tir trong danh sach &

budc 3.

+ Budc 4.1: Xay dung céc trang théi tiép theo

+ Budc 4.2: Xo6a ra khoi danh sanh OPEN.

+ Buwoc 4.3: Lap lai cho dén khi hét danh sach &
budc 3.

Bude 5: Thém tit ca cac trang thai da xay dung &
budc 4 vao OPEN.

Bude 6: Sép xép lai OPEN theo ham heuristic
Buoce T: Lap lai tir budce 2.

[ )
Budc k-1 O

Budc k b=2() b=2( ) h=1(_)

Budce k+1 b=s( )h=5( )n=5( b=4( h=5) h=s_h=3(_

Yy /l/l

(h 1a ham danh gia heuristic)
H. 6 Mo ta thudt toan BFS

Budc k+2

d) Tranh sw bing né trang thdi bang phwong phap
chon nhanh ngau nhién

Véi thuat toan tim kiém trén, tai mdi bude khai trién,
thudt toan s& xdy dung tat ca cac trang thai trong danh
sach OPEN thda man diéu kién tai bude 3. Phuong
phap nhu vay giup ta xét duogc tAt ca cac trang thai t6t
nhét tai mdi buge. Tuy nhién, c6 kha nang so danh
sach 16n, hodc sb chuyén tiép tich cuc tai mdi danh
sach nhiéu s& xay ra hién tugng bung nd trang thai,
khi d6 viéc tim kiém can rat nhiéu thoi gian va tai
nguyén tinh toan.
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Dé tranh hién tuong nay, chung t6i dé& xuit
phuong phap chon nhanh ngiu nhién. Tirc 14 tai budc
3 cuia thuat toan, thay vi duyét tht ca cac danh sach
trong OPEN thi ta chi chon ngau nhién mot dbi tuong
trong danh sach co gia tri ham heuristic 16n nhat dé
khai trién tiép. Viéc thuc hién nhu vay sé tiét kiém
thoi gian xir 1y. Tuy nhién, chua han két qua tim kiém
1a két qua t&i wu ma chi 1a két qua tot & mirc chap
nhan duoc. Piéu nay co thé chép nhan do ban than
tl}uélt todn BFS chua phai 1a mot thuat toan tim kiém
toi uwu.

Budce k-1 o

Busck ) b2 \[Nﬂ”
Budc k+1 =4(_b=5_) %hﬁ(\:
Budc k+2

(h 1a ham danh gia heuristic)
H.7 Thudt todn BFS két hop ham heuristic

e) Tranh sw bing né trang thai bang phirong phdp
gidi han nhénh khai trién
Viéc chon ngﬁu nhién mét trang thai dé khai trién tiép
ma bo qua cac trang thai khac gitip cho viée tiép can
két qua nhanh hon, it tén tai nguyén may hon. Tuy
vay nhugc diém nhu d3 noi trén 1a chua chic da cho
ra két qua tot nhat. Dé tang kha nang tiép can 1oi giai
t6i uu, ta cai tién phuong phap trén bang cach mo
rong thém cac trang thai dugc xem xét (hé s6 mo rong
ky hi¢u 1a bw). Tuy theo mirc d6 mé rong ma ta dugce
cac két qua khiac nhau. Néu bw bang sé danh sich
trong OPEN thi phuong phap nay tré thanh phuong
phép di trinh bay & 2.2.3. Néu bw = 1 thi phuong
phap nay tr& thanh phuong phap chon nhanh ngiu
nhién. Tuy theo diéu kién, ta co thé chon bw thich

hop.
Chon bw=2

h-z. }
I; 5.h—4 I h=5 h-S?h 3

S v
4 L.

Buac k-1

Budc k

Buoc k+1 —

Budc k+2

(h 1a ham dénh gia heuristic)
H. 8 Két hop véi phirong phdp gidi han nhdanh khai trién

2.3 Cac két qua
Dé ting cuong kha nang tiép can dén két qua tot nhat,
ta s dung thudt toan gidi han murc do khai trién véi
gi4 tri bw=5 va cho lap lai 20 lan dé nhan két qua tdt
nhét.
Véi mé hinh san xuét tu dong duoc trinh bay &
trén, ta c6 mot s6 két qua sau:
e Tong thoi gian thyc hién toan bd qua trinh san
xudt 14 221 don vi thoi gian.
e Tién trinh thuc hién theo thu tu chudi thong cua
mang Petri nhu sau:
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¢ = (to, ts, t33, ta0, T, T7, tos, L1, T34, t30, 1y, B33, L,
31, t1s, 22, 13, 127, 123, U, 134, Ty, tos, o, t30, t22, 33, 13,
17, 131, 123, U, B34, b5, to, 19, B30, B33, 1315 Tos, Tao, 127, 1oy
b1, t33, s, tis, G4, 27, 3o, tos, 131, G4, t30, L1, B33, t31,
s, to, 7, t33, 13, t34, B30, 27, 123, o5, ta4, ba6, a1, sy
33, t19, t30, B35, 127, tag, G315 t34, 130, G365 L1, tas, t31, oo,
132, t22, to, B33, 13, t20, T, 17, 123, Ta1, L4, ts, L34, tyo, t30,
to, t31, t1s, B0, 1o, to, 21, ts, tis, too, o, 1, ta1, ts, tig, ta2,
ts, to3, ta, tio).

¢ Hi¢u nang sur dung cac may phay, tién, khoan theo
biéu dd Error! Reference source not found..

Hiéu ning cua cac may dugc danh gia dya trén sb
token cua cac vi tri P22 (biéu dién may phay cho),
P23 (biéu didn may tién chd), P24 (biéu dién may
khoan chd). Gié tri bang 1 1a may dang chd phuc vu,
gia tri 0 1a may dang hoat dong.

Duya trén biéu dd, ta co thé thiy duoc rang chu
trinh hoat dong dya trén chudi thong vira tinh toan 1a
tuong doi tot, cac may duoc sir dung véi hiéu nang
cao, it c6 thoi gian cho.

M4y phay
o
&
L5}
s
2
o “
<r)
0
] 50 100 150 200 250
_ Thi gian (5)
May én
1
&
L5}
L2
2
e
“o
o] 50 100 150 200 250
Thii gian (g)
M4y khoan
1
w
g
g
k=
2
e
“o
] 50 100 150 200 250
Thir gian (5)

H.9 Hiéu nang svr dung cac may cong cu

3. Kétluin

Trong bai bao nay, chung t6i da xay dung mé hinh
mang Petri cia mot hé thdng san xuat tu dong. Qua
d6, chiing t6i dé xuat mot phuong phap xay dung cay
trang thai va két hop tim kiém trén cdy trang thai bang
cach ung dung thudt toan tim kiém BFS c6 danh gia
bang ham heuristic. Uu diém chinh cta thuat toan 1a
6 thé xdy dung va xac dinh dugc chudi thong mot
mang Petri mt cach nhanh chong. ChuSi thong nay
dam bao co thé di dén dugc trang thai cudi ciia mang
Petri (1a két qua mong mubn ctua mot qua trinh san
xuat). Phuong phap nay c6 thé sir dung dé lap két
hoach san xuét cho mot hé théng san xuat.

Dbi chiéu véi cac phuong phap cua Li Xiaoling va
Xing Keyi trong [7]; Kim Young Woo va Suzuki
Tatsuya trong [5];Reyes A. va Yu H. trong [13],
chung t6i nhan thiy phuong phap nay don gian hon,
thoi gian tim kiém chudi thong (ciing 1a xac dinh ké
hoach hoat dong cho hé théng san xuét ty dong ) ngén
hon.

Vé mat két qua, chudi thong tim dwoc mic du
chua thé khang dinh 13 t6i vu nhung d6 1a két qua &
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mirc chip nhan dugc, trong duong véi chwong trinh
md phong mang Petri HPSim. Két qua nay c6 thé két
hop v6i mot chuong trinh diéu khién kiéu mang Petri
dé diéu khién hé thong san xuat (Pham Truong Tung
trong [11])

Chung toi dé xuat cac phuong phap cai tlen thuét

toan dé dam bao kha nang tim kiém két qua t6i wu véi
thoi gian ngdn hon theo hai hudng sau:

Xay dung ham heuristic: két qua tim kiém cua
thuat toan phu thudc rat nhidu vao ham danh gia
heuristic, do d6 viéc cai tién ham heuristic sao cho
danh gia ding kha nang tim 161 giai tot nhat & mot
trang thai nao do 1a mét viéc rat quan trong.

Xay dung mot giai thuat théng minh st dung két
qua danh gia cua ham heuristic dé giéi han mirc
tim kiém bw. Y tuéng vé phuong phap nay da
dugc Mejia Gonzalo va Odrey Nicholas G. trong
[10] dé xuét dya trén thuit toan BAS (Beam A*
Search ), Mejia Gonzalo va Nifio Karen trong [9]
su dung cho thuat toan HFBS (Hybrid Filtered
Beam Search).
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