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Abstract : Aiming to the problem of dynamic scheduling in knowledgeable manufacturing system, the B-Q learning
agorithm is proposed by combining the high intelligent characteristic of knowledgeable manufacturing cell , and a kind
of adaptive scheduling control strategy is presented based on this agorithm. In view of the characteristic of a large
scale state space during KMS running, through the extraction of state feature and reasonable state clustering, the
complexity of system state spaceis reduced effectively. According to current system trandent state, different digpatch
rules of scheduling the jobs are selected, and thus the effective scheduling can be obtained for the ordersin buffer.
Smulation results show the eff ectiveness of the scheduling control strategy.

Key words: Knowledgeable manufacturing cell ; Dynamic scheduling; B-Q learning; Control strategy

13.4]
2001
(- , m
, Agent (KM) 23 n NP (N P-hard)
(Kmg)?, . NP
[3] ,
(1 ,
. , [6] :
1 2006-08-19; 1 2007-01-08.

(60574062 ,50475075) .
(19775, : : ; (19575,



22

BSAS KMC

1336
[7]
. Piramuthu 3.1
, 1
(8]
y Wimax
2
[6] ,
(KMC) , 3
, B-Q , , W
B-Q , W = W /W
(BQ ASCY , S
S= s, S
2
(KMCQC) .KMC Agent ,
Agent,
4
M Agent ;
, N , , s 4 s =, ful).
J=1{J1,32, w f
»JIn}, f = zfj/Nd. of
J J
’ i N H
. j ,
di, N G Agent Agent C
min max (G - d; ,0)[ N], &y J
| omax(G - 4.0/
o ) ZJ =d- t- ijq-
3 BQ e
» Pia J q
[9.10] ( q Pia
, ) i ka
, ki i Z—(ZZj)/Nd
( ) , 4 BSAS
, , X u
, , su, X s
[11] QI = S(u=1,2, ,% u
, , S u
) , BSAS
BA9™  Q B-Q



12

1337
4
, Aeor = ru1 +Y max Qn1(St1,a) -
3.2 BQ Qui(g,a) - ©, 3
. Aoy = 1w +Y max Qn1(st1,d) -
S at,
_ Qni(s,a) +09; (4)
a A a A A = (a, Qn (s, @) n ; ()
&, ,3) n o
a O
Str1 sl . a, :
On(s,a) = G/ (1 +vidts.(s,a)). (5)
G vidts (s, a)
: n : - (s, a)
5 t an,
s , a, s €-greedy
) a, (1-¢)
- (s, @) ! Qs &) . (maxQ(s,a)) a, €
- (s5,a) N
Q(si,a) (1 s u< x,1<sve<p) B-Q
Q(si,a) = E{kzvkrnml S = Si,a = av}, (1) :
Stepl: x=1,i=1,
y(=<sy <1 :
K,KMC K. KMC
_ (sﬁ,av) ’ S. St
a , X
| ’ 0" (.a) Cc ={s} - d(s,C) = mind(s,C).
, Step2: i =i+ 1, s(2 i €K)
Qs a) ’ (Euclidean)
S C(l<s1l<x
: . , d(s,C), S Ch,
o) d(s,Cn) = 1T|ignxd(Si,C|).

B-Q Step3: x< K, d(s,C) >Q0Q
Qn(s,a) = (BSAY , X = X
Qni(s,a) +0n(s,a) [ re + +1, Cc = {s}, S Ch

Y mngn.l(sfﬂ,a) - Qni(s,a)], Ch = G s, Sh.
| fer +Y MaXQua (s @ - Qua(€,a) |50, PP - o
a C si,l=1,2, ,x,u=1,2, ,x
Qni(s,a) +0n(s,a) [ e + Stepa: . (£ a)
y mgiXQn-l(Sfﬂ,a) - Qni(s, &) - Anle:], ®($,a),u=1,2, ,x,v=12,
fes +Y MaX Qna(sha,d) - Qui(sh,a) >O; B. n=1
Qui(s,a) +0n(s,a) [ + o %
Y max Qui (1,8 - Quil(s.a) - Hrher], Sepsin=n*d,
a t St, d(s,C) .|
rer +Y Max Qni(si1, @) - Quai(s,a) <-O. =12, ,x, d(s,C) = mind(s,C), t

(2)

s = s €-greedy



1338 22

av, Agent, a = a,a A. P, o- , 0o Ao Po
Step6: t+1 a. A For P t=1,2,
Si+1 , DY 2)0 <0(y) <1,
Srt. M1, - < 2
2 (s, a) . 2 = e, R < e !
Step7: < <. Steps AN EFG)| Py lws<BIANW+5.0 [0,1],
Step7, - 9, 1 1 4) Var{ Fe(y) | P} <
Q' (S,a). C(1+ IAlw)?,C LY 1
,Step5  Stepb . - lhw , w
(s, a), : (2, = (wi,wz2, ,wi), A = Q(yr) Acly2),
n=n+1. Step? S Ac(yn)) ,yi Y, TATw = max @ (y) | wi)
s Qn (S, av) . i=1,2, T
3.3 (BQASCY , 1
B-Q , A w [13] A,
1. NA w, HAw = max(] B(y) | /wi) i
=1,2, .
1 Y - (s, &)
: - (si,a), Aa(si,a) =
Qu(si,a) - Q' (si,a). Ay = Dn(s,a),
An(si,@), An(sc,a)),Fa(s,a) = re1 +Y max
Qn(sh1,a - Q' (s,a), P (00, a,ree,
S 01, a0, Qo} o- .
I E{Fa(s,a) | P} <y AN,  (7)
! (I
1 BQ ASCS :
' Il E{ Fo(st,a&) | P} I =
B-Q ; I E{res +Y maxQn(sin, @) - Q' (s,a)} I =
A,gent 1 vy Zprztésfﬂrpa% I Qu(sii1,a) -
’ rpa}Q*(sil,a)} I <
, Agent : y Zpr:[ésfﬂrga} I Qu(sii,a) - Q (si1,a . (8)
pric. s a Agent
BQASCS .
' S , Zprsf‘stc+1 = 1.
YV S priée maxh On(sia,d -
BQ Q (s1,a) Il <
Y rpaz(ll Qn(sh1,8) - Q (s,a) Il <
4 BQ ysﬁr?ii(All Qu(si,a) - Q (si,a) Il =
B-Q , y TAL . (9)
: 8 (9 I E{Fa($,a) | P} I <
10 @A FR),t20, yIlA . O
o0 A, F:Y SR : 1 1, B-Q

Ava(y) = (1-0(y)Ac(y) +0c(y) R(y), :
y Y,t=0,1, . (6) 2 Y - (s, a)



12 1339
,An(Sﬁ,av) An 1 ,
- (si,a) : - zpr;ésﬁl + zprjgsgl + Zpr:[c‘sgl = 1. (15
(s, a) Py {s, (14)  (15)
On,a,fe1, S0, a,Q} 0- Il E{ FA(s,a) | P} Il =

l) an,

0 <0, (s, a) sl,nzan(sﬁ,av) = oo,nza%(sﬁ,av)

< ;2) r, | n] £GC,GC
;3) n
&(n) 1 . B-Q
n . (2 Qn (si,
a) 1 Q (si,a).
an , 0 <
On(si,a) < 1. (5)

:Zan(sﬁ,av) = o0, (5

sui(g,a) . Sai$,a) < o
2 2

A,on  Fn (6,
Ani(si,a) = (1-dn(sh,a))An (s, a) +
a.(si,a) Fu(s,a). (10)
(20 (10), Fu(s, @) 3

1) | 1 +Y maaXQn-l(StC+l,a) - Qn-l(Sf!at) |
<O |
Fr(s,a) =rei +Y max Qn (s, ) -

Q' (s, a); (11)
2) Fees +Y mngn-l(Sfu @) - Qui(s,a) >
o
Fr(s,a) =rei +Y max Qn (st , @) -
Hnle: - Q' (s, @) ; (12)
3) fui +Y max Qni(sii,a) - Qui(s,a)
<-0

Fﬁ(s::,al) = TIt+1 +V ma/z(Qn(Sf+l,a) -

Amhe: - Q' (5, a). (13)
(1) (13
Il E{ Fr(s,a) | P} I =

| Spria, + [rea +Y maxQn(ses.a -

Q (s,a)] + zpr:ftﬁl[ P

Y max Qu(sii,a) - Anler - Q' (s, a)] +
$pria, [res +y max Qn(s, ) -

A n)le: -

3 2
prstcstcll ,prsfsgl

Q' (s,a)]]. (14)
prie, (1)  (13)

| E[res +y max Qu(sia, @) - Q' (s, a)] -
zpr;es§1¢(n)Ael - zpr;‘gsglcb(n)Aez | <

| E[ros +Y maxQu(sta,a) - Q' (s5,a) ]| +

| Zpr;ésgld)(n)Aol + Zpr:ésgl‘i’(n)ﬂoz |. (16)

1 (16) ,
Il E{ Fa(s,a) | P} Il <

y IAN + | Zpr;ésgl d(n)ler +

Zpr:lésgl#n)Aez |- (17)
r : 3 4
AG)l Aez . n
P(n) 1
(17) 1 .
It Q(s,a)
, C
Var{ Fi(s,a) | P} < C(1+ A llw)?
1 FAYS 1 ;
n : Q(si,
a) 1 Q (si,a)
]
5
. A j ki
{1,2, ,6}
U (up , Ug) .
Agent
EDD, SPT
MST 3 . o
dj
K
di = rtj + quz Pia-
- Pia ] q s ki
i ; It KMC
fj , f U (us, Ur2) .
B-Q



1340 22

- (G - d), j ; . Pentium2.8G ,
r =
1, j . Matlab 6.5 ,
1 . 2 , 2
1 , u1=1,u2=5"5,6, ,7.5, 200
M N A UpL Up2 ur1 us2 € Yy episode . ,
6 2400 155 2 13 1 6 0.15 0.7 . BQ-ASCS
, 100 episnde
2 400
. . , 3 . , 2
epi snde, 500 episode
, 50 episnde
2
50 episode
1 2 3 4 5 6 7 8 9 10 (500episode)
EDD 10.271 9.863  10.458 10.447 10.576 10.335 10.299 11.459 9.673  9.618 10. 300
MST 10.047 10.642 11.171 9.687  9.658  9.989  10.813 10.910 11.308 10.550 10. 478
SPT 16.096 15.593 17.148 15.592 14.872 16.595 14.591 16.408 16.480 16.268 15.964
BQ-ASCS 9.628 8.785 7.925 9.527 9. 405 9.429 9.134 8.858 9.018 9. 060 9.045
18 K . B-Q
N ,A' A\ /AA-AFL,“
@ o Al ALK ,
g 4 “Nspr
= MST EDD '
E \.,0"'\ ,.,:'z‘—.“ "“*.\ y
§ 1 0 ,‘VVV'KV‘VV’}|¢V vy
s )
6 : BQ_ASCS ( References)
2 4 1
0 "y 6 ) 8 0 [1] ’ .
1sode number
P ! 131 , 2001, 7(8) : 7-11.
(Yan Hong-sen, Liu Fei. Knowledgeable manufacturing
system —A new kind of advanced manufacturing system
@ [J]. Computer Integrated Manufacturing Systems,
[0}
._g 2001, 7(8) :7-11.)
g [2] Yan H S. A new complicated- knowledge representation
=)
5 approach based on knowledge meshes[J]. IEEE Trans
= on Knowledge and Data Engineering, 2006, 18 (1) :47-
2.
3 6
, [3] : , :
3 [31- , 2001, 16(2) : 141-145.
BQ ASCS (Qian Xiao-long, Tang Li-xin, Liu Wenxin. Dynamic
. scheduling: A survey of research methods[J]. Control
3 . 500 epiwode, g y (3]
and Decison, 2001, 16(2) : 141-145. )
EDD 12.18 %, SPT (4]
0 , ) .
43. 34 %. 3 ! [J]. , 2004 , 41(2) : 257-267.
BQ_ASCS 3 ’ (Xu Jurrgang, Dai Guozhong, Wang Hongan. An
overview of theories and methods of production
scheduling [ J]. J of Computer Research and
Development , 2004, 41(2) : 257-267.)
B-Q [5] Baker K R. Sequencing rules and due-date assgnments

inajob shop[J]. Management Science, 1984, 30(9) :
’ 1093-1104. ( 1346 )



1346

22

[3]

Abilio Lucena, Mauricio G C Resende. Strong lower
bounds for the prize collecting Steiner problemin graphs
[J]. Discrete Applied Mathematics, 2004, 141: 277-
294.

[9]

Raffensperger J F. Solving the TSP with decomposition-
based pricing [ C]. Tak Presented at the 18th Int
Symposum on Mathematical Programming. Denmark :
Copenhagen, 2003: 87-102.

[4] Mohamed Haouari Jouhaina Chaouachi Sala. A hybrid [10] Refael Marti, Manuel Laguna, Fred Gover. Principles
Lagrangian genetic agorithm for the prize collecting of scatter search [J]. European J of Operationa
Steiner tree problem [J]. Computers & Operations Research, 2006, 169: 359-372.

Research, 2006, 33: 1274-1288. [11] Hamiez J P, Hao J K. Scatter search for graph

[5] , . [J31. coloring[J]. Lecture Notes in Computer Science,

, 2006 , 21(2) : 205-209. 2002, 23(10) : 168-179.
(Wang Anshun, Guo Z-long. Novel chaos immune [12] ,
optimization combination agorithm [J]. Control and ILS&SS [31. , 2005, 31(6) : 917-
Decison, 2006, 21(2) : 205209.) 924.

[6] Francisco Barahona, Ranga Anbil. The volume (Luo Jiaxiang Tang Li-xin. A new ILS & SS
algorithm: Producing prima slutions with a agorithm for parallel-machine scheduling problem[J].
subgradient method [J]. Mathematica Programming, Acta Automation Snica, 2005, 31(6) : 917-924.)
2000, (87) : 385-399. [13] Robert A Russell , WenrChyuan Chiang. Scatter search

[7] Bahiense L , Barahona F, Porto O. Solving Steiner tree for the vehicle routing problem with time windows[J].
problemsin graphs with Lagrangian relaxation[J]. J of European J of Operational Research, 2006, 169: 606
Combinatorial Optimization, 2003, 7: 259-282. 622.

[8] Dell’ Amico M, Médfioli F, Scdomachen A. A [14] Christian Blum, Matthias Ehrgott. Loca search
Lagrangian heuristic for the prize collecting travelling algorithms for the k-cardinality tree problem [J].
salesman problem[J]. Annas of Operations Research, Discrete Applied Mathematics, 2003, 128: 511-540.
1998, 81: 289-305.

( 1340 )

[6] Arzi Y, larodavitz L. Neura network-based adaptive Advanced Manufacturing Technology , 2005, 26(9/ 10) :
production control system for a flexible manufacturing 1184-1192.
cell under a random environment[J]. IIE Trans, 1999, [10] Mcdonnell P, Joshi S, Qiu R G. A learning approach
31(3) : 217-230. to enhancing machine reconfiguration decisonmaking

[7] Job Shop [J]. games in a heterarchical manufacturing environment

, 2001, 21(8) : 97-101. [J]. Int J of Production Research, 2005, 43 (20) :
(Wan Guo-hua. Using fuzzy scheduling system for 4321-4334.
wlving a dynamic job shop problem [J]. Systems [11] Aydin M E, Oztemel E. Dynamic job-shop scheduling
Engineering Theory and Practice, 2001, 21 (8) : 97- usng reinforcement learning agents[J]. Robotics and
101.) Autonomous Systems, 2000, 33(2) : 169-178.

[8] Rramuthu S, Shaw M, Fulkerson B. Information-base [12] Theodoridis S, Koutroumbas K. Pattern recognition
dynamic manufacturing system scheduling[J]. Int J of [M]. 2nd Edition. San Diego: Academic Press, 2003.
Flexible Manufacturing Systems, 2000, 12 (2/3) : 219 [13] Sngh S, Jaakkola T, Littman M L , et al. Convergence

[9]

234.
KimC O, JunJ, Baek J K, et al. Adaptive inventory
control models for supply chain management[J]. Int J of

results for sngle-step on-policy reinforcement-learning
algorithms[J]. Machine Learning, 2000, 38(3) : 287-
308.



