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Abstract

  This paper presents a  unified methed  for formuladng a

multi-item  multi-process  dynamic lot size seheduling  prob-
lem and  its extensions  into fine mathematical  models.  Then,
the paper refers to its global optimization  oriented  solution

principle, which  is based on  Lagrangian decomposition co-

ordination  method  together with heuristics.

  In modeling,  first, we  derive a  dynarnic equation  of  pro-
cessing  of  an  item and  the accompanied  wotk-in-process

stock  transition. It is described by  use  of  
"echelon

 inven-
tory"  so  as  to ensure  additively  separable  property of  the

model  and  enable  its decomposition.

  Then, we  guarantee feasibility of  proeessing en  a  ma-

ghine.  Placing the inequality constraint  to interdict machine

interflerence attains it. Last, we  integrate al1 ofthe process-
ing over  the whole  processes. Placing the one  to interdict
work-in-process  stock  shortage  also attains it.

  Furtheg in the extended  problem, our  finding is that be-
sides the constraints  stated  above  there exists some  addi-

tional resnfctions  unique  to the problem, which  specify  the
operation,  whether  it is real  processing or  set  up,  and  yet de-
fine relative  states among  rnultipSe systm elements.  Then,
instead of  formulatipg those directly, we  introduce imagi-
nary  items and  their work-in-process  once  and  then place
the constraints  to interdict excess  and  shortage  of  them un-
der some  additional assumptions,  This gives a rneans  for
solution.

Keyvverds: scheduling,  unified approach,  global optimiza-
tion, dynamic  lot sizing,  Lagrungian decomposition coordi-

nation  methed.  object  oriented  optimization  techno)ogy.

1. INTRODUCTION

1.l ObjectiveoftheStudy

  The  paper presents a unified rnethod  for formulating a

multi-item  multi-process  dynarnic lot sire  seheduling  prob-
lem (tstff}vfi'DLSSP) and  ks extensions  into fine mathemat-
ical models.  The fine scheduling  in this paper means  that
scheduling  technology  enables  the potential ofhigh  resolu-

tion, time-variant or real time nature, and  global optimiza-
tion orientation.

  Obviously, production is a collection of  various  process-
ing on  machines  and  processes, and  yet it is accompanied
by work-in-process  stock  transition. Additionally, mest･of

the production problems belong to the MIMPDLSSP  and  its
     .extenslons,

  Therefote, the fundarnenta1 offine  seheduling  is to enable
us  to deal with  the dynamic equation of  the processing and

its work-in-process  stock  transition in explicit in a  model,

and  yet do it over  the whole  system.  Accordingly, in order
to guarantee feasibility of  processing and  synthesis  of  all

processing over  it, some  other  modeling  phases fo11ow this.

  Further, in each  extended  problem, there exist some  re-

sbictions  unique  to the problem besides the constraints

stated  above.  Usuatly, they are  placed on  the operations

whether  it is rear processing or set up. Furthermore, they
are  described as  the complicated  relations  arnong  system  el-

ernents  such  as machines,  machine  units, or subsidiary  re-

sourees.  Accordingly, oven  ifit is able  to formulate thern
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directlM the means  for satisfying  them has not  been known.
Therefore, instead of  direct formulation, we  are obligedi to
devise any  effective  means,

  In solution,  the scale of  the problem becornes so  large
that ptoblem decomposition is inevitable. Then, we  refer

to a global optimization  oriented  solution  principle that is
based on  Lagmmgian  decomposition coordinati(m  method

(abr. LDC  method)  together with  heuristics.

1.2 AdvantageandBenefitofthePresentedMethod  ,

  In a  real  seheduling  problem, there exist various  hetero-

geneous decision features in a single problem. By  use  ofthe

conventional  terminology,  these are so-called  lot sizing, lot
sequencing,  dispatehing, and  loading, and  so on.  Howeveg
they are  actually  encrypted  in a problem and  hence cannot
be divided into each.  ,

  Accordingly, it would  be the idea1 to make  simultarieous'

decision ofwhich  item should  be produced and  at what  time,

on  which  machine,  and  how much,  over  the whole  
'system

frorn the viewpoint  ofglobal  eptimization.  In acldition, high
resolution, real  time nature,  and  global optimization  orien-

tation have been required  so  as  to adapt  to various  advanced

requirements  and  business proeess innovation today. How-
ever,  it seems  that the conventional  scheduling  method  is
unable  to adapt  to those business requirements  today.

  Indeed, it has been seen  the tendericy  that in acade'mism
the concern  is focused not  on  mbdeling'but  on  optimizEition

technique, and  in industry also, there has not  been the move
toinnovatetheprincipleofmodelinginscheduling'probably

because of  so  called  stereotype.

  Although the conventional  scheduling  method  is real]y

fu1] ef  variety,  it has 
'been

 seen  the tendency that a certairi
specific decision feature is focused .on and  dealt with  apart

from the other  (Blatcwicz et aL,  2002). It is unable  to d6
this sort of  overdriven  abstraction  unless  we  put any  artifi-

cial constraint  on  a real problem. The very  constraint  placed
for the purpose of  solution  is apt  to become  rather  the ob-

stacle to our  unified rnethod  fot fine scheduling,  For this
reason,  we  are obliged  to innovate on  modeling  and  solu-

tion principle for scheduling,

  The presented method  enables  us  to treat the dynamic
equation  of  processing of  each  hem and  the accompanied
work-in-proeess  stock  transition in expiicit in the model:
Accordingly, if necessary,  it is ahle to reduce  work-in-

process stock down to the limit bY contracting  processing
interval on  consecutive  two  processes. S{multaneously, it
leads to reduction  of  production. Iead time and  advance  of
     ,operatlon

 rate.

1.3 LiteratureReview

  The paper that intends simultaneous  decision stated iri
see.  1.2 has not  been  knQwn  except  a few papers (Wannan
and  Muramatsu, 2002; Muramqtsu  et  aL,  2003; Mura-
rnatsu  and  Warman, 2002; Serizawa et  al., to appear  2006;
Kobayashi and  Muramatsu,  2e05; Kobayashi and  Mura-
matsu,  to appear  2006).

2.･ PROBLEMDESCRIPTION

2.1 MIMPDLSSP

  Suppose  an  ordinary  system  that consists  efmultiple  pro-
cesses, multiple  machines,  and  multiple  items (involving
parts, semi-prTx!ucts, and  final products.), Refer to Fig.1.
A  machine  processes items on  each  process, but it is unable

to process multiple  items at a  time. Switehing of  an  item to
the other  incurs set  up  cost  and  time. 

'
 

'
   t tt                '
 
'
 In addition,  a  process may  have the machines  whOse  pro-

cessing  time differs and  it depends on  the machine  used'and

the item processed. Set up  time and  cost also depends on
both,'As for shop  type, any  move  of  items is allowed.  In
other  wards  there is no  resniction,  whether  it is flow shop
or  job shop,  involving circulation,  Product stmcture  is also
general. Furthermore, in a  system  there exist  rnany  hems
that are  made  of  many  items and  at .the next  process are
built in m'arTy  iteins (that have both of  immediate predeces-
sors and  imrnediate successors  in the terrninology of  graph
theory,) For any  item, holding cost  is incurred ar}d it is prb-
portional to the quantity and  duration.

  We  would  like to find a  good schedule  for all machines
and  all items in the sense  of  minirnizing  the whole  cost

consisting  setup  and  holding cost  over  the planning horizon
without  

-al'low{ng
 chortage of  an  item and  delay.

2.2 ExtendedProblems

  Tliere are  extensions  toward vqrious  directions. Howeveg
in this paper we  will  illustrate two  cases.  As  stated lateg

mathematicatly  any  extended  problem  can  be dealt with  in
the sarne  manner,  and  hence just one  or two  examples  are

enough  to illustrate the outline of  the methpd  for dealing
with  extensions,

2.2.1 Theprob]em  with  familysetup

  Suppose that a set of  hems is partitioned into severa1 farn-
iiies ofitems  and  that farnily set  up  also  occurs  besides usual
set  up  in swhehing  from one  family to the other  and  it de-
pends only  on  the family that is processed anew.  Refl to

The Nt  ot tatnlnj'

Smagtneryrrtaeb

The  wh  ot  reet  ttsetns

Real maehlhe

Fig. 2 Introd"ction of  imaginary machine  and  imagi-

     nary  (family) iterps
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Fig. 2. For instance, in sorne  die-cast prx)cess there is the
case  in which  several  items share one  identical die, In this
case,  set  up  is decomposed into farnily set up  and  the usual
one  that depends on  the operation  unique  to each  item. The
other  feature of  the problem  is the sarne  as the one  of  MIM-

PDLSSR2.2.2

 Aproblemwitbsequeneedependentsetup

  Suppose that in MIMPDLSSP  there is a  precess in which
set  up  operation  assurnes  the sequence  dependent aspect  for

the fo11crwing reasons.  Each item belongs to two  distinct at-

nibute farnilies such  as 
"colof'

 and  
"shape"

 simultaneously.

In addition, for each  attribute,  set  up  operation  occurs  in
switching  of  attribute families and  it depends only  on  the
attribute family prQcessed anew;

  Consequently, set  up  is decomposed into the three parts:
set  up  operation  of  attribute 1 ; the one  of  attribute  2; and  the

one  unique  to each  itern. ObviouslM  if switehing  of  items

occurs  within  the sarne attribute fam{ly for any  attribute,

farnily set up  does not  occur.

3. MODELING

  In this section, we  will outline  our  unified  modeling  ap-

proach to the MIMPDLSSP  and  its extensions.

3.1 Key  Idea for a Unified Modeling and  Minim-m
    Unit  of  Modeling

  The  principal concept  in our  modeling  is to present a
miniature  rnodel  that is able  to describe all of  the produc-
tion activities  as  it is. The  key idea is to note  processing
and  the accompanied  work-in-process  transition and  yet to
comprehend  the wnrk-in-prvcess  as  an  effeetive  mediurn  for

deriving a  feasible solution  unique  to the problem.
  For that sake. we  note  the state of  whether  system  element

kis at wotk  at  timeslott for itemior not.  Then, for any
uinity of  item i, system  element  k, and  timeslot t, we  call

this unit  
"primitive

 object:' Therefore, the primitive object

becomes the minimum  unit  of  configuring  the model  and

hence its resolution.

  In this definition, system  element  means  a  machine,  ma-

chine  unit, or any  other  subsidiary  resource  such  as die. Op-
eTation,  whether  it is re1ated  to real processing or set up,

does not  necessarily  work  by a  single  systern  element  alone,
Especially, in a  case  of  extended  problem, more  than or
equal  to two elements  specify  almost  always  the operation
unique  to the problern as illustrated in sec. 4. This fact is
one  of  our  finding.

  Ihen, for the uinity of  item i, machine  k, and  timeslot
t, we  let deeision variable  af denote the state of  primitive
object,  vvhich  takes 1 if it is at the state of  operation,  else

then takes O. Fundamenta11y, we  formulate almost  all of  the
features ruling  production activities by use  ofthose  a:.
  ConsequentlM variable  aS specifies  the resolution  of  the

model.  Furfhermore, we  note  that using  this variable  en-

ables  modeling  without  making  conscious  of  each  decision
feature encryptecl  in a  problem. Then, we  call the presented
concept,  modeling  methodology,  and  solution  principle the

object  oriented  optimization  technology (abr. 020  technol-
ogy)collectively.

3.2 Symbols

  The  problem that we  discuss is so targe and  complicated

that it is unable  to avoid  the ambiguity  ofmodeling  without
mathematical  nctation. So, we  will cite a collection  of  the

symbols  used  in this section  and  the next  one.

Prvblem  data and  variabtes

for item i,i E I, timeslot t,t E T, and  machine  (or system
element)  k, k E K･
xit: denotes wotk-in-process  stock  in the sense  of  echelon

inventory of  itetn i at the terminal of  timeslot t. Let the ini-
tial irrventory at the terminal of  timeslot O, xn  be given.
rtt: denotes shipment  requirement  of  hem  i at timeslot t.
This is given from part explosion  using  order  quantity and

preduct structure data.

ri: denotes the rate of  pTocessing per one  timeslot of  item i
at machine  k,
hi: denotes holding cost  per timeslot of  item i per timeslot.
cf:, denotes the set up  cost incumed when  item i is processed
on  machine  k,
sfft,.:  denotes the set up  time incurred when  item i is pro-
cessed  on  machine  k.

;IijF:: Xl :eodteisnthSeeCli3rn'L'siot 
number

 
of
 
remaining

 
set
 
up
 time,

where  as for the state of"at  waiting  fbr processing", let sE
takes -1. Note that sl is not  neeessarily  state variable  but
also decision variable  partially together with qf.
SetsK(i):

 the set  of  machines,  available  to process itcm i
M(k): the set ofitems  allowed  to prvcess by maehine  k
S(i): the set of  iterns succeeding  to item i. i.e. the set  of

items that itemiis build in.
L: denotes the set of  the machines  accompanied  by family
setup.IEL

fi: the set of  family (imaginary) items related to machine  l.
IY: the set of  hems ef  attribute farnily a  on  rnachine  l.
Gl: Gl =  F}L!tEnyS(j). i.e. the union  ofthe  sct of  family
items on  machine  l and  the set  of  the entire accompanied
real items.
Index  function

fo(･): the index function that takes 1 ifthe value  ofthe  inside
ofO  is O, else then O.
L+.(･): the index function that takes  1 ifthe value  of  the in-
side  of(  ) is positive, else  then O.

3.3 ModelinggfMIMPDLSSP

  ObviouslM  it is the constraint but not  the objective  func-

tion to characterize  lvfiMPDLSSR  This is fumher divided 
'

into the following four phases:

33.1 Dynamic  equatlon  of processing and  the aceom-

      paniedwork-in-processstocktransitien

  As  having been stated already,  if an  itern is processed,
its work-in-process  stock increases and  if used,  decreases.
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Fig. 3 Diagrmn of  state trmisition

[Mien, we  formulate it into the dynamic equation  of  work-

in-process transition, '[[his
 modeling  enables  high resolu-

tion, dynamism,  and  real  time or  time-variant.nature  ofthe

mbdel.  This is formulated by use  of"eehelon  inventory" in
order  to guarantee additively separable  property and  hence

problem  decQmposition as stated  in sec.  3.4.

  Mathematically, it is fomiulated as:

Transitionequationofwork-in-processstockinthesense
of  echelon  inventory

xc-x,t-i-rit+  Z rtojfo(sE), VicI,tET.  (1)
              kEK(i)

3.3.2 Admissibte set ofactions  and  state transitiQn dia-
      gram

  In the states  of  machine,  there are  four of"at  idling", 
"at

waiting  for processing", 
"at

 processing", and  
"at

 set up".

The aetion  that is admitted  to take at a  time for an  item and
asystem  element  depends on  the state at that time. For in-

stance, ifa machine  state  is on  the way  of  set up, it is not
allowed  to disrupt set up, but yet ifit is at processing, it is
able  to stop  processing or  to continue,

  Precisely, Fig, 3 describes the admissible set of  actions

and  state  tTunsition. The  state  is stated  by use  of  of together
with s9, where  we  note  that sE denotes the remaining  time

of  set up  or  the state  of  waiting  for proeessing, As  for of,
we  defined it in sec. 3.1 . Especially, we  describe the state of
"waiting

 for processing" by use  of  ({if, sh) ==  (1 , -1 ), apart
from the state of"idling".  Accordingly, s:l is also a  decision
variable  partial11y.
  [[he content  stated  in Fig, 3 is indispensable to both pro-
cesses  ofmodeling  and  solution.  Tl}en, in order  to refer  to

it, let operator  T and  T-i denote as:

       For any  given state  at  t-l  timeslot,

    (qf-i,s2-i), the operator  T denotes the set  of  ad-

    Tnissible  states at timeslott  defined in Fig. 3,

    (aS,s2). inversely, for any  given state  at times-

    lot t, (6:, s2 ), the operator  T-i denotes the sets  of

    admissible  states at timeslot  t -  1.

  State transition specified  by the operator  T and  TLi (2)

  VVe note  the fact that since  there isadegree of  freedom (or
room  for selecting  ari action)  in the T  and  T-i, optimization

problem arizes.

3.33 Constraint to ensure  fdasibi]ity of  processing on
      each  machine

  Since multiple  items chare one  machine,  we  need  to place
some  mechanism  to avoid  confusion  of  processing on  a

model,  It is rather simple.  Under the constraint  stated  in

sec.  3.3 .4, just putting of  the constraint  to interdict machine

interference for each  machine  attains the feasibility of  pro-
cessing.  It is given as:
The constraint  to interdict machine  interferenee for eaeh
machine

 Z  ec-ISO, VkEK,tcT
iEM(k)

(3)

33.4  Constrsinttointegrateslltheprocessingoverthe

      who[e  processes

  Unless work-in-process  falls ahort for any  item, any  trou-

ble does not happen to occur  in production activities. Tliat
is, all of  the processing advances  in order  over  the whole

system.  Then, just puuing the inequality constraint  to inter-
dict wotk-in-process  shortage  for any  wotk-in-process  item
also enables  the synthesis  of  the entire processing in the
whole  system.  This is given as:

The  constraint  to interdict the shortage  of  work-in-

process ofeach  item

        2  (-･,-eqi･,)-x,,so, viEI,tcT  (4)
       J'ES(i)

where  xit is work-in-process  stock  level in the sense  of  ech-

elon  inventory. As  for the deyivation ofthis  expression,  see

(Mummatsu et  al., 2003).

  After all, these four phases are the fundarnentals com-

mon  to }vflMPDLSSP and  hence common  to almost  all of

the scheduling  problems. In other  wards,  these are the nec-
essary  and  suMcient  condition  to find a feasible solution  for
MIMPDLSSP  and  for a  case  of  extended  problem they are
a necessary  candition.

3.4 Additiye]ySeparableProperty

  Scheduling problem betongs to the category  of  dynarnic
optimization  problem  or  optimal  control  one  fundamentally.
Since each  work-in-process  stock  trunsition uses  one  dimen-
sion  of  the axis of  the state space,  the rnodel  becomes so
large that it is unahle  to solve  the problern without  decom-

posit'ion. The rcquisite for ensuring  the decomposition is to
derive additively  separable  property in the model.  The  defi-
riition is to be able to divide the problem into sub-problems
so that the same  decision variable  may  not  appear  in more
than  or  qqual  to two sub-problems.

  Ihen, in order  to achieve  this property, we  formulate
work-in-process  stock  transition into the expression  by us-

ing the concept  of  
"echelon

 inyentory". As for the idea of
echelon  inventory, refer  to (Clar"c and  Scarfl 1960), For that
sake, we  deal with stock  as fo11ows. Once each  work-{n-

process item is processed, it is stocked  not only  until it is
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built into the other  itern but also  until the final product into
which  it has been built is shipped.  For any  other  itern also,
just the part comesponding  to the added value  is stocked  in
the same  manner.  Even ifmanipulating like this, there is no
difference as for the fact that wotk-in-process  items are  held
in the systern as the whole.  For this reason, we  derive eq.(1)
and  ineq.(4) in sec, 3.3 by use  of"echelon  inventory."

3.5 Objectiyefunctionandthemodel

Objectivefunctio"

f(6,X,S) 
d
 li,),,Z,, (k,Z.ocf (1 - of-,) 6S +h",,)

        `  Z"fi(&,-,si)
          iEl

The  model  ofthe  MIMPDLSSP

  min  f(6,x,s)
   ssubjeetto

 (1)-(4)

4. MODELI)IGOFEXTENDEDPROBLEMS

(5)

(6)

  Funher, in a  case  of  extended  problem, some  other feature
unique  to the problern is observed.  First ofour  finding is that
the indispensable feature always  appears  as a  restriction  and

yet it is placed on  the operation,  whether  it is real processing
or  set,up. Furthermore, the restriction is placed in addition
to the constraints  of  fundamental models  mentioned  in sec.
3. AccordinglM both do not  conflict with  each  ether.

  Pr=cisely, the restriction  is divided into a  few types by the

way  of  its modeling.  Howeveg some  of  them finish just by
simple  and  partial correction  of  the fundarnenta1 model,  for
instance, confine  admissible  set or  state  space.  the other  is
the one  that defines relative states among  more  than or equal
to two  system  elements  such  as machine.  machine  unit, or

auxiliary  resource  like die. Accordingly, what  we  de in
rnodeling  of  an  extended  problem anew  is to forrnulate that
feature into an  additional  constraint. Howeven  even  if it has
been formulated directly, there is no  guarantee that it is able
to solve  it, The  situation is the same  as in NfiMPDLSSP,

  Then, in the case  of  extend  problems also, we  will pay at-

tention to the work-in-process,  in line with  the method  pre-
sented  in soc.  3.

  We  introduce imaginary items called family iterns or at-

nibute family items, the accompanied  work-in-process,  and

imaginary machine  as  a  rneans  for deriving a  feasible so-

lutien. In other  words,  by allowing  excess  or shortage  of

work-in-process,  we  will  admit  an  infeasible solution  once

arid  then drive it into a  feasible one  through the process ef
coordinating  the wotk-in-proeess.  As  for the method,  we

present LDC  method  in sec. 5.

4.l Additionaleonstraintstetheproblemaccempanied

    by family set up

  Once family items and  their work-in-process  are  intro-
duced, what  charunterizes  family set up  is the fo1lowing con-

   .stralnt.

  Prvcessing of  real item and  the one  of  the corresponding
family item must  be always  synchronized.  Concretely.

1) When  any  real item is at "processing,"
 then the corre-

  sponding  farnily item has to be also  at  
"processing7'

2) When  any  real item is at 
"set

 up,"  then the farnily item
  has to be at  the state  of"waiting  for processing3'
3) When  any  family item is at "set

 up," then any  rea1 item

  has to be neither at 
"processing"

 nor  at "set  up."

  It is diMcult to realize all of  the phasing or  time fbotor
simultaneously  even  if it is able  to formulate these into a
model  in explicit. Then, instead of  this direct means,  we

present a  method  for placing the condition  4), 5) under  the

fo11owingassurnptions.

A1. introduce an  imaginary machine  for producing family

    items and  the accompanied  wotk-in-process  stock.

A2. For any  family hem, let the rate of  processing per
    timeslot  by  imaginary machine  be one  unit,  and  also

    for any  rea1  item work-in-process,  1et it be consuined
    at  the rate  ofone  unit  per tirneslot ifa real  item is pro-
    cessed.

4) Simultaneous set up  ofa  fhrnily itern and  the correspond-

   ing real  items is net  allowed.

5) Neither excess  nor  shortage  of  work-in-process  of  any

  family item is allowed.

  Because if4) and  5) are  satisfied, then processing ofthe
real items that are accompanied  by family set up  and  the one
of  the fhrnily item is always  syncronized,  clearly,  constraints

1 >3) are  equivalent  to place 4) and  5) under  the assumptions
Al and  A2,

  Here, we  note  that al1 of  constraints  1>3) are  the ones  that
specify  phasing. On the other  hand, in the ncrw  constraint  5)

work-in-process  of  family item is introduced as a  rnediurn

for deriving a feasible solution.

  For the machine  aceempnaied  by family set up  also, the

machine  interflerenee interdiction constraint in (3) in sec. 3
holds already. Accordingly, it is able  to extend  the set  of

items that the above  constraint 4) covers  up  to the union  of

the set of  the entire  family items and  the set  of  the entire  real

items accompanied  by fatnilly set up.

  Thus, we  get
the  constraint  to interdiet simultaneous  set  up  over  fam-

ily items and  the corresponding  reat ibems

2 £  qP4(s},)-1SO,VlEL,tET
JEGtkEKU)

(7)

  As for the constraint  5), modeling  is direet.
The constraint  to interdict exeess  and  sho  rtage  of  a fam-
ily item

,E.,
 Ci,,, oj･fo (4t) -6  ifo (sp)) ..  o,

        ViEE},lEL,kEK(j),k'EK(i),tET(8)
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4.2 Additionalconstraintstotheproblemaccompanied

    by sequence  dependent set up

  This problem differs from the one  accompanied  by farn-
ily set  up  in appearance.  However, mathematically  both are
close, Just replacing  the word  of"family"  in the former by
"attribute

 family 1" and  
"attribute

 family 2" and  then plac-
ing the constraints 4) and  5) respectively  for both of  thern,

we  get the model  ofthis  problem.
The  co"straint  to interdict simultanee"s  set up  over  fam-
ily items and  the corrwsponding  real  items

2 Z  6:Lt. (st))-i so,vlr eT
iEGkEK<i)

(9)

  Then, we  present a method  that relies  on  any  heuristics

after  decreasing the vlolation  number  to a  predetcrrnined
threshold by use  of  LDC  method.  Loc  method  is one  of

Lgarangian relaxation  method.  In this method,  each  La-

grangian multiplier  value  is coordinated  according  to the

perturbation value  of  the accempanied  constraint.  Accord-

inglM it is done independently ofthe  other  parts. Howevcn
a heuristics enables  us  to deal wkh  neighborhood  simulta-

neously  according  to its state.  Hence, it is more  effective

than rigid  LDC  rnethod  in finding a  feasible good solution
unless  it is sensitive to the objectiye  function value  ofthe

problem. Therefore, from the yiewpoint  ofpractice,  use  of

any  heuristics together with Loc  method  is recommended.

The  constraint  te interdict excess  and  shortage  ofa  fam-

ily item

tt.,C,2,. of･fo (St) - op fo (s)) ..  ,,

Vi E ry,a= {1,2},lEL,keKCi),k' EK(i),tE  T  (10)

  As illustrated by those two cases,  the extended  problems
aTe specified by the additional constraints  on  the operation.

It is common  in the point that they appear  as  the phas-
ing of  operations  among  multiple  system  elements.  Ac-

cordinglM  the same  modeling  approach can  be applied to
the other  extensiops  too. As for the verification  of  the

assenion,  there is no  means  except  fbr making  sure  of  it
on  many  extended  problems. e.g.  (Kobayashi and  Mura-
matsu.  2005; Kobayashi artd Murarnatsu, to appear  2006).

5. LDCMETHODANDHEURISTICS

  1(1ie unified  rnodeling  would  enal)le  a  unified  approach  to

solution.  As mentioned  in sec. 3,2, peoblem decomposition
is inevitable. As  far as  the problem  is formulated by use  of

echelon  irrventory and  additiveSy  separable  property holds in
the model,  it is able  to decompose  it in the same  way.

  Then, we  present LDC  oriented  rnethod  together with

heuristics. As for decomposition, item based decomposition

is the simplest  and  direct, In addition,  for each  sub-problem,

dynamic programrning approach  is aiso  the simptest  and  di-
rect. We  recommend  them respectively  unless  there is any
other  specific  Teason.

  Ilie tast probtern is how to coordinate  sub-problems.  The
way  of  resolving  all ef  the constraint  violations  has prece-
dence over  the one  offinding  good solution. Hcrweyer, no
rnathematically  beautifu1 characteristic holds in our  prob-
lems, and  hence it is dificutt to resolve  the constraint  vio-

lation completely  for any  itern at any  timeslot and  for any
system  element  for any  timeslot also  by a  mathematically

rigid method  alone. Its tendency inereases as operaiion  rate

of  a process or  proeesses increase and  the number  of  sim-

{!ar constraints  increases. However, it does not  mean  that
LDC  method  is ineffective to decrease the violation  number

down to some  leve{ but means  that there has not  been known
a  theory of  guaranteeing any  coTrvergence.

6. CONCLUSION

  Tlie paper presented a  unified  method  for fonnulating a

multi-item  multi-pTocess  dynatnic lot size  scheduling  prob-
lem and  its extensions  into fine mathematical  models.  Then,
the paper referred  to its global optimization  orientated  solu-

tion princip]e, which  is based on  Lagrungian decornposition
coordination  method  together  with  heuristics.
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