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Abstract

  ln this study,  a  new  concept  named  Real-Virtual Fusion

Manufacturing System (RVF-MS) is proposed, which  aims

to adaptively  and  effectively  deal with  both external  alld

internal fluctuations by realizing  a fusion between real pro-
duction shop  floor (real system)  and  manufacturing  model

(virtual system).  In order  to realize the proposed methodol-
ogy,  a concept  based on  multi-agent  system  is used  for con-
structing  dynamic model  in virtual system,  In this paper,
production scheduling  mechanism  at  operational  phase in
RVF-MS  is proposed. A  social contract  based approach

named  Combinatorial Auction (CA), which  is used  at  plan-
ning  phase, is also  applied.  The  effectiveness  of  the pro-
posed rnethod  is verified  by computational  experiments  for
flexible flow shop.

Keywords: Real-Virtual Fusion, Production Scheduling,
Social Contract, Combinatorial Auction, Multi-agent Sys-
tem.

1. INTRODUCTION

 Scheduling executed  at  operational  phase is usually  called

online  scheduling,  which  is used  to adapt  to unexpected
fluctuations happening in the real  production floor, There
are  three represented  online  scheduling  method  called re-

al-time  scheduling,  rolling  scheduling,  and  reactive  sched-

uling  shown  in Fig. 1. Real-time scheduling  allocates  jobs
based on  dispatching rules  when  idle resources  exist,  and  it

is unnecessary  to generate initial schedule  at planning phase,
There  are  some  researches  executed  on  how  to effectively

choose  dispatching rules  in different situations  (Baykasoglu
and  Ozbakir, 2010). Although  real-time  scheduling  has

quick speed  to adapt  to the fluctuations, it has low optimal-

ity. Rolling scheduling  revises  the initial schedule  at  regular

intervals, and  the suitable  timing of  rescheduling  based on

cumulative  task delays is given on  the research  (Suwa,
2007), Rolling scheduling  cannot  apply  to fluctuations
promptly because the timing of  schedule  revision  is fixed at
regular  intervals. Reactive scheduling  revises the initial
schedule  according  to Event Driven  such  as  machine  failure
and  order  change,  and  researches  on  how  to decide revision
timing are  executed  based on  unscheduled  jobs' size  (Vieira,
et aL, 2000) and  cumulative  delay (Suwa and  Sandoh,
2007), However, the researches  on  the reactive  scheduling

can  not  prospect the future progress, because the observa-
tion ofjobs'  states  is based on  the actual  Tesults.  For the

problem of  how  to reschedule,  effectiveness  of  Genetic Al-
gorithm (GA) is verified  (Sakaguchi, et  al., 2003) on  the
centralized  system,  and  real-time  scheduling  is usually  ap-

plied on  the decentralized system  (Babiceanu, et  aL  , 2005).
However,  GA  costs  too much  time on  execution  time of

rescheduling  though it has good optimality,  and  real-tirne

scheduling  has low optimality  though it has quick speed  to
adapt  to the fluctuations. A  method  that can  satisfy both
quick response  and  optimality  is needed  to be considered  in
the decentralized system,

  This study  proposes a  Real-Vimal Fusion Manufactur-
ing System  (RVF-MS) by  couping  real  and  virtual systems,

and  considers  a  new  idea of  dynamic constructing  virtual

models  according  to the current  situation  of  the real  system

(Qian, et al., 2010a). In order  to realize the fusion between
the real  and  virtual  systems,  a  concept  based on  multi-agent

system  is used  for constructing  dynamic model  in the virtu-
al  systern.  The  RVF-MS  detects both external  fluctuations

and  intemal uncertain  factors in the real shop  floor and  con-

structs virtual models  dynamically when  new  decision
making  is necessary.  ln the previous works,  production
scheduling  mechanism  at planning phase in RVF-MS  has
been proposed  (Qian, et  al., 2010b), in which  a  social  con-

tract based approach,  named  Combinatorial Auction (CA)
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  Fig. 1 Decision making  timing ofonline  scheduling.

(Kaihara, et  al., 2009) is applied.  At the operational  phase,
the parameter modification  by each  agent  is verified  by  us-

ing a  physical model  plant (Qian, et  aL,  2009), and  the re-
scheduling  timing is determined by Information Propaga-
tion  method  (Qian, et  al. , 201Oa). The  information Propaga-

tion method  can  prospect the influence of  process delay,
and  judge rescheduling  is necessary  only  when  tardiness

will  be caused  by the process delay. in this paper, produc-
tion  schednling  mechanism  at  operational  phase in
RVF-MS  is proposed, and  the CA  method  is also  applied.

The balance of  quick response  and  rescheduling  optimality

can  be satisfied by appropriately  limiting the range  of  in-

fluenced resources  and  adjusting  the parameters of  CA, The

effectiveness  of  the proposed method  is verified  by compu-

tational experirnents  for flexible flow shop  problem.

2. REAL-VIRTUAL  FUSION  MANUFACTURING
  SYSTEM

  In RVF-MS,  there are  two  kinds of  agents,  order  agent

which  is used  for generating jobs, and  resource  agents  such

as machine  agent,  AGV  agent,  and  etc. They are modeled  as

decentralized autonomous  agents  which  can  make  decision
in the virtual system  and  instruct production activities in the
real  system  simultaneously.  in order  to realize  the above

function, agents  have to hold information both in the real
system  and  the vinual  system;  the agents  use  the infor-
mation  in the real system  for instructing production activi-
ties and  recording  the actual  production results  fed back
from the real shop  floor to modify  parameters ofthemselves
continuously.  On  the other  hand, the agents  use  the infor-
mation  in the virtual  system  for decision making  when  a

new  requirement  is necessary.  The virtual  part of  the agent
dees not  always  exist; it is constructed  dynamically only

when  decision making  is necessary  by duplicating infor-
mation  from the real system,  just like a  copy  of  the agent.

The  result  of  the decision making  will  be noticed  from  the

virtual  system  to the real  system.

  Fig. 2 illustrates the concept  of  RVF-MS.  Fig. 2(a) indi-
cates  the  virtual  system  is constructed  and  decision making

is executed  at  planning phase. Decision making  is planned
by  the  communication  of  all the  agents  to achieve  global
production optimization.  Fig. 2(b) indicates virtual  systems

are generated when  machine  failure occurs  or job's due time
cannot  be satisfied  at  operational  phase, and  new  decision

making  is executed  only  by the communication  of  partial
agents  by using  the present states.  It rqpresents  that, to give

(a) planning phase
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    (b) operational  phase

Fig. 2 The  concept  of  RVF-MS.

quick response  for dynamic fluctuatiens at  operational

phase, considering  global optimization  for the whole  man-

ufacturing  system  is not  always  necessary,  and  decision

making  can  be executed  only  by the agents  influenced by
the  fluctuations; decision making  using  panial components
can  be executed  faster than using  whole  components.  Alt-
hough  it is a  common  method  to construct  a  virtual  model

in advance  and  modify  its parameters fbr adapting  to
changes  ofthe  real  system  in application,  RVF-MS  gives a

new  idea that the virtual system,  which  fo11ows the changes
of  the real  system,  is not  always  necessary.  The virtual sys-

tem can  be dynamically constructed  only  when  decision
making  is required,  and  destructed when  decision making  is
finished. in other  words,  the virtual  system  appears  from the
real system  and  disappears in the real system  when  its mis-
sion  is finished.

3. SCHEDULING  MECHANISM  IN  RVF-MS  AT

  OPERATIONAL  PHASE

  Scheduling mechanism  in RVF-MS  at planning phase
generates initial schedule  per day for ordered  productions.
Rescheduling at operational  phase proposed in this section
is used  for revising  the initial schedule  online  based on  re-

active scheduling  when  tardiness is forecasted in future. As
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shown  in Fig. 2(b), to give quick response  for dynamic
fluctuations at  operational  phase, considering  global opti-
mization  for the whole  manufacturing  system  is not  always

necessary,  and  decision making  is executed  only  by the
agents  influenced by fluctuations. Fig. 3 illustrates a  result

ofthe  lnformation Propagation method  (Qian, et  aL  , 201Oa),
and  it is used  as  an  example  of  explanations,  In this situa-
tion, delay happens in Ml's  process, so Ml  promotes In-
forrnation Propagation to the downstream processes. It is
forecasted that tardiness  in M3  wM  happen, so  that the

promoter of  Information Propagation (Ml) judges resched-

uling  is necessary,  The vimal  system  is constructed  only  by
the infiuenced resources  Ml,  M3  and  M4.  The  promoter
Ml  becomes the auctioneer  for executing  rescheduling,  and

necessary  information of  object  jobs for rescheduling  is
gathered by Ml, The set of  all object  jobs for rescheduling
(SJ)) can  be deterrnined as

SJ.={J,,klst,,k2T, (Vi,Vk for mEiFho)}  (1)

where  sti,kis  the start time ofjob  i i process k; fli,kis the
finish time  ofjob  i in process k; 71, is the start period ofre-
schednling;  and  IF}D is the set of  influenced resources  by
Inforrnation Propagation, The jobs marked  on  black triangle
in Fig. 3 illustrate the object  jobs for rescheduling.  All of
the jobsi information in S]) is collected  by the auctioneer,
The 7k can  be determined as  parameters based on  the scale
ofproblems,but

71 2 7Low '  TSr (2)

is needed  to be satisfied, where  7;,.. is the finish time of  the
Information Propagation and  TSV is the expected  execution

time of  rescheduling.  The constraining  condition  at opera-

tional phase is stricter  than  the constraint  at  the  planning

phase, because the  object  jobs for rescheduling  is only  a

part ofjobs,  Rescheduling can  be executed  after  gathered
the necessary  information, and  the algorithm  of  decision
making  applied  CA  is detailedly explained  in section  4.

Notice for :･ i
Rescheduling

 

      eMl

<e :,2
e  M4

DUE -

            tZS.:  : tiMe
           1;taw                z
Fig. 3 An  example  of  the objectjobs  for rescheduling  at

     operational  phase.

4. DECISION  MAKING  METHOD  APPLIED  COM-
BINATORIAL  AUCTION  AT  OPERATIONAL
PHASE

  The social  contract  based approach  CA, used  at  planning

phase for global optimization  (Qian, et  al.,  2010b), is also

59

applied  for decision making  at operational  phase. Although
the CA  method  costs  much  time fbr optimality,  the balance

of  quick response  and  rescheduling  optimality  can  also  be
achieved  by appropriately  limiting the range  of  influenced
resources  and  adjusting  the parameters of  CA. As  men-

tioned in the previous work,  there  are  two  problems in CA
called Bid Determination Problem  (BDP) and  Winner  De-
termination Problem  (WDP). BDP  determines the efficient
placement  of  bids, which  is submitted  to the auctioneer.

WDP  determines the efficient  allocation  of  items for bid-
ders, to maximize  the auctioneer's  utility, These problems
are  difficult in large scale,  so  that using  utility restriction  in
BDP  to give an  efficient and  feasible solution  space  is efl
fectiyeness to solve  the  problem.

  In this paper, the same  K-processes Flexible Flow Shop
Problem used  in the previous work  (Qian, et  al.,  2010b), is
considered.  The  buffers between  each  process are  set to
unlimited,  and  setup  time and  transportation between pro-
cesses  are  ignored, For formulating this problem by CA,
jobs are set to items, resource  agents  are  set  to bidders, and

the promoter  (resource) of  Information Propagation be-

comes  the auctioneer.  That is to say,  the promoter  of  infor-
mation  Propagation has two  roles;  the  bidder and  the auc-
tioneer. The  purpose of  the problem  is minimizing the total
tardiness for all  rescheduled  jobs, Notation used  in this sec-
tion is defined as  below.
e  Notation

L,k: jobiinprocessk
mki  resourcesnumberinprocessk

DZ･:due time ofjobi

dii,k : due time ofjob  i in process k

IVla.: upper  Iimit ofbid  number  by resource  m  in process k

Sjk,. : job set of  bid No  J' by resource  m  in process k
Bjk,. : the value  of  bid No  J' by resource  m  in process k

     (total tardiness  for handlingjob set ofbid  Nov')

fV'h. : the total finish time (makespan) for handling job set
     of  bid Nog' by resource  m  in process k

Ula. : the  threshold  ofutility  by resource  ni  in process k

ztU: the Telaxation  quantity ofthreshold

LS:repeat  number  oflocal  search

sti,k : start time ofjob  i in process k

fltk : finish time ofjob  i in process k

pti,k : processing time  ofjob  i in process k

msik.:  start time ofl  th process by resource  m  in process k

wftk.: finish time ofl  th process by resource  m  in process k

171D: set  ofinfluenced  resources  by Information Propagation

n.. : finish time of  Inforrnation Prepagation

4  : start  period ofrescheduling

suL: set of  all objectjobs  for rescheduling  (defined by Eq.(1))

Proposed algorithn with  CA  at  operational  phase is fo1-
lowing, and  the flow chart of  the proposed algorithm  is
shown  in Fig. 4.
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pS!glL!tt O. Determine Sl) which  means  the set  ofall  objectjobs

 forrescheduling,

pS!gp-!t 1. Process Number  k=C, where  C  is the smallest  Pro-

cess  Number  in jobs set  SJL.

DS!gp-st 2. The  auctioneer  announces  jobs in process k to the
influenced resources,  and  executes  the combinatorial  auc-

tlon.suSt

 3, The  influenced resources,  which  can  process the

jobs in process k, determine the bids set ofjobs  (BDP) to
satisfy  their threshold ofutilities (U},.), then submit  bids set

to the auctioneer.

pS!stLst 4. The  auctioneer  determines wirmers  forjobs in the

process k (WDP), and  notices  these winner  resources.  If

local search  in the process k has been repeated  to the limited
times (LS), go to Step5; else go to Step3 for finding a  better

solution  without  changing  Clk..

However,  at  the situation  that feasible allocation  for all the

jobs in process k is not realized  after executing  local search

limited times,  the auctioneer  will  notice  the whole  resources

to relax  their thresholds (Uk. =UZ,.+zlU),
 and  go  to Step2,

mpSt 5.ifk=K,Finish.

ppSt 6. k=k+1, Uk. 
=O,

 and  go to Step2.

StartDetermincSJ,

andsetk=Cvh.=o

Task  aimounce  for all
  jobsinprwessk
which  firx, in job setIW;
     ( -1)

BDP  in prooess k
b resources  in F

g==q+1

k=kfl

WDP  in process k

pto    4=:LS

     Yes

Feas:blealtocatton

No

Ukm

  Yeskalr

  Yes

No

Ukm+AU

Finish

Fig. 4 Proposed  algorithn  applie

4.1 BidDeterminationP
           k

 di,,.Dz.;-iPtiq (v,,vk)
          Zpti,g
           q=1

 B,'1. =  Zmax(O,.fr,s -dt,,k)

      qJL,,ES,Jl.

 fk(. =  mtll  Cfi,,k)
      (j},kESI,.

d CA  at  operational  phase.

roblem  (i"Step3)

(Vi,VMEf}.)

(Vi, Vm  E  4. )

(3)

(4)

(5)

T. <-st,,k M,Vi1J,,,ESk'1.)
fii,ka S Sti,k (Where 

.fr,,e
 `  O) (VY.Vi 1 J,,k E  Sk',.)

wfkiJ.i gms £,. (where n!fLe.=O)(VmE4D)

B,'1. g U,,. (Vf,Vm E Fh,)

.fr,,k gSt,,k.i (Vi.Vi1J,.k ESk'1.  and  J,,k., ¢ SJ,)

 (6)

 (7)

 (8)

 (9)(10)

Eq. (3) indicates due time citi,k is determined by proportion-
ally divided Dn  using  the processing time of  each  process.
Eq. (4) indicates the total tardiness for handlingjob set  S"k,.,
and  it is used  fbr the value  of  bid. Eq. (5) shows  the tota1

finish time (makespan) for handling job set  Sjk.. Eq. (6)
represents  the rescheduling  period constraint. Eq. (7) and
(1O) indicate the job's preference relation  constraint.  Eq. (8)
shows  the processing capacity  constraint  of  resources.  Eq.

(9) represents  the value  of  bid must  satisfy  the threshold
Ul,. of  resources  (utility restriction).  However, if the Uk. of

each  resource  is too strict, feasible allocation  for kLprocess

jobs in WDP  is hardly realized, Thus, the Uk,. of  each  re-

source  is need  to be adjust  adaptively,  The  resources  relax

their thresholds by Uk. =  Uk,. +  zlU  when  they are noticed
from  the  auctioneer  (represented in Step4).

The algorithm  ofbid  deterrnination executed  by infiuenced

resources  is fo11owing.

pS!gp.2:st 31.BidNoJ'-1,

rwSt 3 2. If thejobs announced  from auctioneer  can  not  be

processed, go to Step3-8. 0therwise, randomly  select  jobs
announced  from auctieneer,  then generate job set S jk. by
all of  the selectedjobs,

swSt 3 3. For all  jobs injob set  SY'k,. , determine the best

jobs' order  from EDD,  SLACK  and  CR  rules, which  makes

Eq.(4) smallest  subject  to Eq.(6)(7)(8).

swSt 3-4. According to the determined order, calculate  the
total tardiness B  

jk.
 and  total finish time fJk,. for handling

job set S"k,. by Eq. (4) and  (5) subject  to Eq.(6)(7)(8).

If the results deterrnined above  are  not  satisfied Eq. (9)(1O),
abandon  currentjob  set SJ'k. and  go to Step3-2.

usSt 3 5. Use the total tardiness B Jk. as the value  of  bid
Nog', and  submit  bid set  { B  

jk,.,
 SJ'k,. } to the auctioneer.

swSt 36,iCi-IV},.,Finish,

DS!glLg:tt 37,]'l'+1,getoStep3-2.

pmSt 3 8. Send null set to the auctioneer,  Finish.

4.2 WinnerDeterminationProblem(in

mln

s.t.

  mk  Ni.m

  Z Z BXI. xtl.
  m=1  j=1

 Nk.m

  Zxt,.s1 (vm.Ffo)
  j=i

  mt  NL.m

 Z  Zxk'1.=1 (Vi1Ji,kEsu.)
nilJi,kEStJ... jJE.kESkJ..

xll.  E  {O,1} (Vi,Vm E Fho )

Step4)

(11)

(12)

(13)

(14)
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Eq. (11) is the objective  fimction to mmimize  the whole
tardiness  for all Tescheduledjobs.  Eq. (12) indicates there is
not  more  than one  successfu1  bid of  winner's  all bids, and
Eq. (13) shows  there must  have one  winner  existing  for
rescheduled  job i in process k. x'k,.  in Eq. (14) is the coeffi-
cient  of  determination. x  

Jk,.
 

=
 1 means  the bid Noil' is the

successfu1  bid for resource  m  in process k.

5. COMPUTATIONALEXPERIMENTS

5.1 Productionconditionsofexperiments

  In order  to verify  the effectiveness  of  the proposed
method,  computational  experiments  on  3-processes Flexible
Flow  Shop  Problem  are  executed.  The  system  configuration

of  RVF-MS  is illustrated as Fig. 5. Machine  1 and  2 are

used  to Process 1, Machine  3, 4 and  5 are used  to Process 2,
and  Machine 6 and  7 are  used  to Process 3. All of  the ma-
chines  and  order  agent  can  communicate  with  each  other  by
TCPIIP Network, and  decision making  can  be executed  by
the communication  among  agents. At planning phase, initial
schedule  is generated to achieve  global production optimi-
zation  by all of  the agents  (order and  Machine 1 to 7). At
operational  phase, rescheduling  is executed  only  by partial
resources  influenced by Information Propagation.

  ln the experiments,  planning period at planning phase is
set  to one  day (10 hours from 8 a,m.  to 6 p,m.), and  eight

jobs AOOI  to DO02  with  different due time are processed.
The execution  time of  rescheduling  (llS;) at  operational

phase is not  considered.  That is to say,  71 is set to 7;,...
Moreover, All-Bids method  is used  for determining bids
(Step 3) in the  experiments.  The  All-Bids method  also  be-
longs to the proposed  method,  in which  all combination  of

jobs are bided in BDP,  without  considering  the utility  re-

striction  (Eq. (9)). Besides, it does not  include local search

between Step 3 and  4, because it is a kind of  strict search

methods.
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Fig.5 RVF-MS  configuration  on  3-processes Flexible

     Flow Shop Problem.
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5.2 Preliminaryresultsoftheexperiments

  Fig. 6 shows  the results of  preliminary experiments,  in
which  process delay is determined by  random  value  with

the interval of  10 to 20 minutes.  Fig. 6(a) is the initial
schedule  generated at  planning phase without  tardiness. Fig.

6(b) shows  the result of  Rescheduling1 when  Machine  2 has
a delay in its process COOI. The  upper  figure in Fig. 6(b)
indicates the result of  information Propagatien. Delay  is
propagated to the downstream processes, and  the arrows

illustrate the spread  of  
"notice"

 massage,  Rescheduling  is
adjusted  necessary  because tardiness of  BOOI is forecasted
m  Machine  6. Rescheduling is executed  at the time marked
Reschedulingl, and  the  lower figure in Fig. 6(b) indicates
the result of  rescheduling.  The  tardiness of  BOOI  is suc-

cessfu11y  solved  by the rescheduling  of  influenced resources
from Machine 2 to 7 (marked with  circles).  Further, re-

schedulings  are  executed  twice  in Fig. 6(c) and  (d). Com-

pared with  Rescheduling 2 and  3, tardiness of  DO02  is not

mu tt li'-sh-nt-'
"Ez,:.ww=t･depal'be{..Angx....ww.･, pwt  . .Dvaorcoo1sualte"  :tDlmorBeOlepd2ul

 tt.w w

   l

DVEor"

 
t±[.lAOOIand2

asl 1ww.Jthtiliit･ 't.
Aes/twtsuatwwwtemak.  'mainl-'-su

wawwwn-･ts=
       wwwa-nvew V- .POthZ l

e

     "
 

--eee

  M  ･.
 eet

   /.wawwmaet1･  ' ,.･
          icuats

  (a) initial schedule

        DVEof  DvEof.. .. de Ceels"dza Seetgndi

)oax' i.!}･ l

im

kFQefisidema.:

DEvrSOOIpmd4

wot -t tt
wwtiFpm-."::Aeuax :::." 

"
 fiUbt-f- 

V

 .s-.6w 

inei

       it: '.mwn 'l'

:･!

" tt - ta'

eeffww.ww.ma..te.gx.I-

w

DrEotOoo1andt

 - be

   i
   l
   l
   l

   l

"ma-  ma.me･
:wal:meeswt

: Fwwr':･",

butfirsxrgeoeM'ljittww. 
..
 
.,

  1RtschcditlinBleeObpt tuaaif.,im.,.ew

wwma------

OUEor]palg4"1

   :

   ;

,t m

   [,
   i

   t
tma-  pddatf'mm1

            (b) resultofReschedulingl

                     DVEor  DvEet  DvEer  DUEor

 
l

e

:-

   tlm tt tt th el tt t- xx - tt +t rm " tt "t th v - tet" be

'twas"wwetffww'･gXwai:g'l!be',,,,,.:.W'I::'t,:esL'"l
 il'@l'

:eeil ee''tSwwto'l21kma' 
"wwEai,ai,-Js''ua.'de-ww'-'i

 lii
.ue  

""vetidis:::ma,l-...n.!.gE..,.,.-･.P
         RtschedidingZ

            (c) resultofRescheduling2

                      DUEor  DuEof

   .. . . m - .u .. ,. th1 SOOk"ndl. .poo!pmdx ..

 Ma,teA#aekts',2epmr...imtsRrkwwwuww.kF .,p
 wa'wo' 

rkuegef..maTva
 ･ ww

DVEvr-oot-pdX

 lasl-pt4･

 wwe"dil,essc,

    ".=-uawu,lg,:pt..xa.-ec.....

    Ii:pesttt

"--dy

   .t .t xu on th tt rm tt ,fi:- tu wn - ,4:

twgewwcmmematwww igwh[' l･
.Mil  im'repni'.{f!t'ts'BsM.takL"$":ini"im' wwwhrm
 MS/･-tasG/-

 IMO'.'   
ss:gpttgxzgma.pm,ma'.aj.--:ewV/:"'e',"'...,ssI'..,.-i

            ReschiduimgS'  ' ' '

      (d) resultofRescheduling3

Fig. 6 Prehminary  results  of  the experiments.

  in'ewww---･...  :

       1 "tpt mp wn t". e

       ls'@
      .:s:
tt ttt:

DUEorD,op1.es2

   i
   i

  'its
 .L
   i
   i

NII-Electronic  



The Japan Society of Mechanical Engineers

NII-Electronic Library Service

The  JapanSociety  of  Mechanical  Engineers

62

solyed  in Fig. 6(c) but solved  in Fig. 6(d). Both reschedul-
ings are executed  by partial resources  (marked with  ciTcles),

but they consist  of  different machines  in the final process
(Machine 6 and  7). Although EDD,  SLACK  and  CR  rules

are used  in BDP  to determining the best order  ofjob  set

(Step3-3), only  Machine  7 in Rescheduling2 is difficult to

solve  the tardmess by itself Branch and  Bound  method

seems  to be expected  to solve  the tardiness more  effectively

by a  single resource,  but obviously  it costs  too much  time  at

operational  phase, Thus, introducing substitutable  machines

in the final process fbr rescheduling  might  be considered  in

the next  step,  Certainly, it is not  guaranteed that tardiness
can  be solved  by the  rescheduling  ofpartial  resources  at  any

situation.  This problem is needed  to be clear  in the future
work.5.3

 Comparisonwithothermethods

 [[he proposed  method  (l},..t) is compared  with  real-time

scheduling  adopting  EDD  tule,  and  the result  (20 averages)
is given in Table 1. Furtherrnore, the result of  rescheduling

always  with  all resources  (R,n) is also  shown  for compari-
SOn･  cribr,"Res,-ETN,7k., indicate the tota1 tardiness  of

actual  result  (min.), total rescheduling  time (sec.), total re-

scheduling  times and  average  rescheduling  time  for once

(sec.), respectively,  As shown  in Table 1, it is verified  that

the preposed  method  Pb.., succeeds  in redueing  the total

tardiness (crThr) compared  to EDD  method.  Compared with

the fl,tt method,  althougti  the proposed  method  4,.,t has
larger total tardiness (crva.), the total rescheduling  time

(ffR.) and  average  rescheduling  time for once  (71?.,) are

succeeded  to be reduced.  It is verified  the advantage  of  the

proposed method  by using  partial resources,  but the P.v

method  seems  to be better than  the P7,.., method  in this ex-

periment because the difference of  average  rescheduling

time  for once  (11?.) is only  al)out 1 second.  The  4..t method

can  be expected  more  effective  in 1arge scale  problem be-
cause  the total number  ofjobs  and  resources  obviously  in-
crease  along  with  the scale  ofproblems.

Table  1 Comparison with  other  methods

MethodcrTar(min.)ffRes(sec.)ffN
TRes(sec.)

EDD415.702.8824.00e.12

Ppart87.859.36 2.90 3.23

Pall55.1513.913.10 4.50

6. CONCLUSION

  In this paper, production scheduling  mechanism  at epera-

tional phase in RVF-MS  is proposed, in which  the CA
method  used  at  planning phase, is also  applied,  The  effec-

tiveness of  the proposed  method  is verified  by computa-

tional experiments  for flexible flow shop  preblem.

  in future, 1arge scale problems are needed  to be cOnsid-
ered  to verify  the effectiveness  of  the proposed  method.  In
these problems, the  All-Bids method  used  in section  5.1
could  not be adopted  because al1 combination  ofjobs  in-
creases  explosively  along with  the number  ofjobs,  There-

fore, the proposed method  with  considering  utility  re-

striction  seems  practical approach  to solve  the 1arge scale

problems, Furtherrnore, the determination of  rescheduling

period is also  considered  to reduce  the total number  of  re-

scheduled  jobs, without  destroying the initial schedule  as

fhr as  possible simultaneously.  New  rescheduling  method  of

combining  the 4..t and  P.u method  is also  scheduled  for
responding  to the fluctuations more  efficiently in the future
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