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Absgtract : A new type of two-machine flowshop scheduling problem is studied. Jobs are disintegrated into subjobs on
the first machine. For the scenario when minimizing the maximum completion time as the objective, we provide a
polynomial time optimal algorithm. For the scenario when minimizing the sum of maximum completion time and
penality cost as the objective, we propose a pseudo-polynomia dynamic algorithm. For the scenario with inbound
transportation consderation when minimizing the maximum completion time as the objective, we andyss the
complexity of the problem. The optimal agorithm of the first scenario can provide hueristic agorithms with worst
case ratio no more than 2 for other secnarios. Computational experiments show the effectiveness of the proposed

algorithm.
Key words: Flowshop; Scheduling; Disntegration; Computational complexity; Dynamic algorithm; Worst case
analyss
1 b
1
3 , NP , 2 )
: 2007-09-25; : 2007-12-21.
: (70425003) ; 863 (2006AA042174) ;
(60674084) ; (B08015) .

19775, , ' ; (19665 ,

’ ) )



56 24
1 , 2
, 2.1
, ) n N ={J1,J2,
! ,Jn} y
, Ji Jir,Jdi2, ,
Johnson I 2
t y 1
+[1] ' '
Allahverdi 5 1
:Allahverdi  Aldowaisan'® 5
; Gupta ' ’
[3] ' 1 '
Cepek [4]
:Allahverdi  Aldowaisan'®
[4] : ; Sung [17] 1
Kim!®! Lin '
Cheng!” :Vickson o
Alfredsson'® , Pl M dis | Coar.
:Cheng ! 1 Fo| m,dis| G
. O
’ 2 F2| mu,dis| Gmex
’ .1 .
. Potts [ 1
1
, 2
:Lin  Cheng!"! Cheng  Wang™? ’ .
- Yang!® ’ '
; Koulamas ( ’
Kyparisis™ , )
n
[15] (
. ) 1
, ) ; Pik,j i J
Namman Rom'® , =12,
1 , n,j=1,2, ,,k=172
1
1] 2 1 1)
) Johnson ,
1 , 1,2, ,I.
2) ,

a,b( 1 )

a = max{ IZ P.lj - _Izl P.zj , P}l} )



57

1
L] Je | Ja_ |
! LJo | Jo [ /]
S, Jr.ll Jz I Jz b ’
A IET J. | 117] 1
| I-1 !
(a) P|1,1 2 Pilj PIZ‘J a = P},l
£ 12
Fo| mu,dis,b] Gux + Pc, P =
[Ja] Je | Ja | "
a;. a;
, ETZ [ 2
B, = KPil,j. i=1,2, ,n;j=1,
s J1|J,‘2| Jis b, 2, I ) K=1
P T T S
| -1 | -1 1 , 2
(b) Pt < > P!, P2, La= JZP'l‘ JZPIZJ
1 1 a,b 3 1
| |
b = P|2,' - P},' - a . 1 ’
PR L L,
3) a,b ) 4
1 =h, 2 a >h
1 a : 2 3 4, Bl m,
b 1 2 dis.b] G+ P, NP |
1 ' NP
: : - NP —
: O(rlogn)”. 2 ,T={1,2, .28,
1 F| m,dis| G, a A
. n=3,1=2, ' 1
1. AZai = 2A ‘Zaj =
1 1 2t
i1 i,2 i1 F‘i2,2 i 1a = A
J1 0.5 1 1 2 1 FR| m,dis,b| Gux + P NP
J2 1 2 1 1
J3 1 2 2 0.5 2
2 1,2,... 1,+2,....2
Johnson Jia dis, t+3,...,3t+3,1,2,....t 2t+1 H1,0-2,....21 2t+2
Jz1,J3,2,Jd21,d2,2, 8.5. ||” |||||
1 Ji11,Jd12,Jd21,d22,J31,d32, | I | ‘ I I
8 < 8.5.
2 Fo | mu.disi,b| G + P
, 1 n=3,
2.2 t+1 . , 1
, , 2t+3, ,3t+3; 2
, 1,2, .,t,2t+1; 3
, t+1,t+2, ,2t,2t+ 2.
, 2t+3, ,3t+3;1,2, ,t,2t+1;t+
1,t+2, ,2t,2t+ 2.



24

58
a,i=1, )2t mn  f(i,j,t0),
[11=0,IN;| =0,1<i<n,t
Pl ={2A, i =2t+1,2t+2; = ({1} P on RS
0,i :.2t+3, ,3t + 3; 1 1
e oL 2ALIE1 2t o , 1
0,i=2t+2, ,3t+2; 2
P§I+1 = A, P?’:HS = A. 2
b= A. '
, 1
B6A.
1
1 1 2 , ,
6A.
1 ,
6A,
4 ,
1 t
6A,
1 , 2 ,
2 , ' 2
: 2 2 o(L"n),
Zai > A, 2t+1 2 nool 5 "
i L = i+ Pij).
1 iZJZ( J q)
; _Zaa < A, 2t+1 | (i,j,0 o(Ln) ,
t o(L) ,
’ iza = A o(L*n). O
2 NP
f(i,j,0 4 1 F| m,dis,b| Gu +
] Ji ] PC 2 .
i=1,2, I t 1 1 F| m,dis,b]
, P Ji j k Crex + Po , 1
N Ji N 5 o y )
’ | h , Pc—izi—cf. ,C'/C
P = (C" + P)/C™ < 2, c™ Pl m,
Gisi| G O
2.3
f(0,0,00 = 0.
f(i,j,0 =
t+ P, ,
t=f(i',j,t- P); , T o
f( ), t- PLy) + P, F| m,diS| Cra.
t<smn{f(i,j,t- P, 5 T oF| m,dis| G NP
t- P +B}; NP
ri-nIIPJrnINrj FQ L) t- PL) + PLy o0, —
t- Pi,+B8 <tc< 3t ,T={1,2, ,3t
HAEE ) - st
Pt P A4 A2 a, ya
min f (' ,j.t) + P, i
t<t- Py, tA , T t T1, T2,
3 ., A.

t- P+ B <t=f(,j,1).

T,



59

3 : i
4 3t+i,3i-1,3i- 2,3,

3t+i,3i-1,3i- 2,3i.

wolai=12,.3

" lo,i=3t+1,3t+2, 4t
0,i=1,2, .3t

o=y
A,i=3t+1,3t+2, 4t

t = Al2.
tA.
3t+1,1,2,3,3¢+2.4.,5.6,...,.3t+i,3i-2,3i-1,3i  41,3¢-2,31-1,3¢

[ I

3 T - R | m,disi| Gmx
tA + A/ 2.
tA + A/ 2,
Al 2 ,
tA,
1
j j.2 + &j-1 + & = A
1 . y&j-2 + &j-1 + & > A,
2 ;
+ a1+ & < A, j 1
j asj-2 + agj-1 +
& = A, . O
6 1 T oF| m,dis| G
2
: c’, n

2nt- t.C° 2nt- t

C'+2nt- t,

c/1c® =(C’+2nt - )/ C =
1+ @nt-t/C.

c'/c® =(Cc” +2nt- )/ (2nt - t) =
1+C/(@2nt- 1.
, 2.0
2.4

[18,19]. 1 2.2 2.3

NP
C ,  Pentiumr PC ,
XP,CPU 2.40 GHz.
{5,15,20,25} , | {3,4,5}
, b {7,8,9% t [1,5],t [1,10],t
[1,15] 10 ,
PLi, Pl [1,10] .
2.4.1 F | m,disi,b| Gu + P
G, 1
), LB:, G/ LB:
\ 2.
2 G LBy
n [ b=7 b=8 b= 09
5 3 1.29167 1.00000 1.00000
4 1.53333 1.08000 1.00000
5 1.42177 1.21481 1.07194
10 3 1.15135 1.35294 1.00000
4 1.29493 1.30738 1.17021
5 1.49147 1.29814 1.10381
15 3 1.45357 1.32432 1.21739
4 1.45915 1.33939 1.17241
5 1.43066 1.34812 1.14354
20 3 1.33739 1.22515 1.00000
4 1.45714 1.29647 1.06397
5 1.41361 1.25418 1.11385
25 3 1.33248 1.23918 1.19465
4 1.40975 1.27188 1.08741
5 1.26294 1.28468 1.07174
1.38275 1.25578 1.09406
2
1) :
54 %,
2) :
3)
2.4.2 T o R| m,disi| Guex
G,
2 3 G
, LB:, G/ LB:
, 3.



60 24
3 C LB total flow time in a two-machine flowshop problem with
n I t [1,5] t [1,10] t [1.15] minimum makespan[J]. Int J of Production Economics,
5 3 1.01020 1.04040 1.07407 2001, 69(3) : 323-338.
4 1 00840 1 01010 1 03240 [4] Cepek O, Okada M, Vlach M. Note: On the two-
machine no-idle flowshop problem[J]. Naval Research
5 1.00633 1.06135 1.01183 Logistics, 2000, 47(4) : 353358,
s 10178  1.0057%5 - 1.06148 [5] Allahverdi A, Aldowaisan T. Minimizing tota
4 1.00461 1.05285 1.00405 completion time in a no-wait flowshop with sequence
5 1.00380 1.00360 1.00385 dependent additive changeover times [J]. J of
15 3 1.00394 1.01460 1.00366 Operational Research Society, 2001, 52(4) : 449-462.
4 1.00279 1.10000 1.00271 [6] Sung C S, Kim Y H. Minimizing makespan in a two-
5 1.00235 1.00240 1.01422 machine flowshop with dynamic arrivals alowed [J].
20 3 1 00265 1 00321 100279 Computers and Operations Research , 2002, 29(3) : 275
4 1.00911 1.01190 1.02227 2K
[7]LinB M T, Cheng T C E. Batch scheduling in the no-
° 1.002% LRIK L/oQTe wait two-machine flowshop to minimize the makespan
25 3 1.0021§ 1.04p29 1.00243 [J]. Computersand Operations Research, 2001, 28(7) :
4 1.00349 1.03265 1.03597 613-624.
5 1.00150 1.00618 1.00138 [8] Vickson R G, Alfredsson B E. Two- and three- machine
1.00541 1.02670 1.01832 flow shop scheduling problems with equal sized transer
families[J]. IntJ of Production Research, 1992, 30(7) :
3 1551-1574.
1) ' [9] Cheng T C E, GuptaJd N D, Wang G Q. A review of
, 10 %, flowshop scheduling research with setup times[J].
0. 138 %. t [1,5] , Production and Operations Management , 2000, 9(3) :
0. 541 %; t [1,10] 262-282.
. 2.67%. [10] PottsC N, Sevast’ janov SV, Strusevich V A | et d.
2) The two-stage assembly scheduling problem:
Complexity and approximation [J ]. Operations
’ Research, 1995, 43(2) : 346-355.
3 [11]LinB M T, Cheng T C E. Fabrication and assembly
scheduling in a two-machine flowshop[J]. IIE Trans,
: O(nlogn)* 2002, 34(11) : 1015-1020.
) [12] Cheng T C E, Wang G Q. Scheduling the fabrication
NP , O(L%n) and assembly of componentsin atwo machine flowshop
, [J]. IIE Trans, 1999, 31(2) : 135-143.
, NP ’ [13] Yang W H. Scheduling two-component products on
parallel machines[J]. Omega, 2004 : 32(5) : 353-359.
[14] Koulamas C, Kypariss G J. Concurrent flowshop
( References) scheduling to minimize makespan[J]. European J of

[1] Allahverdi A.
scheduling problems with bicriteria of makespan and

The two- and nrmachine flowshop

mean flowtime[J]. EuropeanJ of Operational Research,
2003, 147(2) : 373-396.

[2] Allahverdi A, Aldowaisan T. Two-machine flowshop
scheduling to minimize total completion time with
separate setup and removal times[J]. Int J of Industrial
Engineering-theory Application and Practice, 2002, 9
(2) : 275-286.

[3] Guptad N D, Neppali V R, Werner F. Minimizing

Operational Research, 2004, 156(2) : 524-529.

[15] Koulamas C, Kypariss GJ. The three stage assembly
flowshop scheduling problem [J]. Computers and
Operations Research, 2001, 28(7) : 689-704.

[16] Namman N, Rom R. Anayss of transmisson
scheduling with packet fragmentation [J]. Discrete
Mathematics and Theoretical Computer Science, 2001,
4(1) : 139-156.

( 65 )



1 65
[2] AkyildizL F, Su W, Sankarasubramaniam Y, et a. A 1104-1113.

survey on sensor networks[J]. |EEE Communications [11] , . Petri

Magazine, 2002, 40(8) : 102-114. [J]. , 2004, 38(12) :
[3] , : [M]. 1236-1240.

: , 2006.
(Yu HB, Zeng P, Liang W. Intelligent wireless sensor
networks systems[ M]. Beijing: Science Press, 2006.)

[4] Jennings N R, Sycara K, Wooldridge M J. A roadmap
of agent research and development [J]. Autonomous
Agent and Multi-agent Systems, 1998, 1(1) : 7-38.

[5] Zambonelli F, Omicini A. Challenges and research

directions in agent-oriented software engineering [J].

Autonomous Agents and Multi-agent Systems, 2004, 9

(3) : 253-283.

Lesser V, Ortiz C, Tambe M. Distributed sensor

networks: A multiagent perspective [ M ]. Boston:

Kluwer Publishers, 2003.

Horling B, Mailler R, Sms M, et a. Usng and

(6

—_

[7

—

maintaining organization in a large-scale distributed
sensor network [ C]. Proc of the Workshop on
Autonomy , Delegation, and Control. Me bourne,2003.
Krishnamachari B, Wicker SB, B§ar R, et a. On the
complexity of distributed self-configuration in wireless
networks[J]. Telecommunication Systems, 2003, 22(1-
4) : 33-59.

[9] SohL K, Tsatsoulis C. Reflective negotiating agentsfor

[8

—_—

real-time multisensor target tracking[ C]. Proc of the Int
Joint Conf on Artificia Intelligence. Seattle, 2001:
1121-1127.

[10] Smith R G. The contract net protocol : High level
communication and control in distributed problem
lver[J]. |IEEE Trans on Computers, 1980, 29(12) :

(YuZ H, Ca YL. Sftware architecture description
language based on object-oriented Petri nets[J]. J of
Xi' an Jiaotong University, 2004, 38 (12) : 1236
1240.)

[12] Huynh T D, Jennings N R, Shadbolt N R. An
integrated trust and reputation model for open multi-
agent systems[J]. J of Autonomous Agents and Multi-
agent Systems, 2006, 13(2) : 119-154.

[13] Xiong C, Murata T, Tsai J. Modeling and smulation
of routing protocol for mobile Ad Hoc networks usng
colored Petri nets[C]. Proc of the Conf on Application
and Theory of Petri Nets: Forma Methodsin Software
Engineering and Defence Systems. Adelaide, 2002:
145-153.

[14] HainesRJ, Clemo GR, Munro A T D. Petri-netsfor
formal verification of MAC protocols [J]. IET
Software, 2007, 1(2) : 39-47.

[15] Shatz SM, Tu S, Murata T, et a. An application of
Petri net reduction for Ada tasking deadlock analysis
[J]. IEEE Transon Parallel and Distributed Systems,
1996, 7(12) : 1307-1322.

[16] Roch S, Starke P H. INA: Integrated net anayzer,
Verson 2.2[ BB/ OL ]. www2. informatik. huberlin. de/

starke/ ina. html , 2007.

[17] Heinzelman W B, Chandrakasan A P, Balakrishnan H.
An application specific protocol architecture for

wireless microsensor networks[J]. IEEE Trans on

Wireless Communications, 2002 , 1(4) : 660-670.

( 60 )

[17] Graham R L, Lawler E L, Lenstra J K, et al.
Optimization and approximation in deterministic
sequencing and scheduling theory: A survey [J].
Annas of Discrete Mathematics, 1979, 5(1) : 287-
326.

[18] :

[J]. , 2006, 21 (11) :
1293-1297.
(Feng D G, TangL X. Heuristic agorithmsfor single

batching machine with total weighted completion time
[J]. Control and Decison, 2006, 21 (11): 1293
1297.)
[19] , , . TSP Block

TS [J]. , 2007, 22(3) : 247
251.
(Jin F, Song SJ. Wu C. Fast TS algorithm based on
Block properties of TSP[J]. Control and Decison,
2007, 22(3) : 247-251.)



