FI NI TE CAPACI TY SCHEDULI NG USI NG JOB PRI ORI Tl ZATI ON

AND MACHI NE SELECTI ON FI ELD OF THE | NVENTI ON [ 0001]

This invention generally relates to a finite capacity
scheduling and nore specifically to finite capacity

scheduling using job prioritization and machi ne

sel ection. BACKGROUND OF THE | NVENTI ON [ 0002]
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resources, such as machines, material and tooling,
are allocated over a period of time ("the scheduling
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turning, mlling, drilling, etc. operations. [0004]
Schedul i ng theory has received considerable attention
from acadenm c researchers, practitioners, nmanagenment
scientists, production and operation research workers
and mat hemati ci ans since the early 1950s, such as
those by Muth and Thonpson (1963) and French (1982).
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These procedures are . ) vye- .
in both phases of development and computation, and lack explanation capabilities, which

are vital for the end user to understand the results. These models fail to account for the fact
that a real manufacturing system is much more complex than a general job shop system,

possibly having a stochastic environment, frequently varying virtual layout, dynamically

~ changing states, multiple process plans, and other uncertainties. Often the static set of

~assumptions and input for those simplified models fail to comsider such aspects of
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designed to provide solutions to conplex problens in

real tine. [0008] Various performnce neasures

pertaining to different factors, such as the tine a

j ob spends in the shop, performance relative to due

date, utilization of production resources, and so on,

have been identified to evaluate schedul es. In nost
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[0010]  In order-based scheduling (also known as “job-based scheduling”, “blocked-time

approach” or “horizontal loading”), orders are scheduled through all work centers based on
priority: the job with highest priority is scheduled through all work centers first, then the
job with the second highest priority is scheduled through all 1;J\rork centers, and so on, until
all jobs have been scheduled. If a lower priority job can be scheduled ahead of a higher

. priority job at a particular machine without delaying the scheduled start time of the higher
- priority job, this is permitted.. ' B ' ' ' | '




can suffer from excess unused tine blocks that could

be used to schedule waiting lots. In other words,

jobs are put into the schedule in sequence w thout

regard for gaps in the nachine schedule. Assumi ng the

technique is applied alone w thout incorporation of

any supplenentary procedures, it may result in | ow
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of the entl re manufacturi ng system [0015]
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[0014] The event-based scheduling technique attempts to keep a machine busy if there
| is any job in the queue waiting for processing. This technique performs well in terms of the
flow time and its variation, mean tardiness and makespan, and in environments in which
high resource utilization is the main concern and all orders have similar priorities.
' However, if a pure event-based scheduling technique is applied, a higher priority order

' 'might be blocked by a lower priority order that arrives at the machine a short time earlier.




first to ensure that the utilization of these
resources i s maxi mzed. The theory of constraints
(TOC) is the basis of the technique. TOC can be
descri bed as a capacity-oriented systemat the
constraint and a material -oriented system at
non-constraints. It generates schedules for the
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this schedule. Although the conventional TOC approach
attenpts to nmaximze the throughput at a constraint
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approach all ows scheduling goals to be achieved for
er f or mance neasures relatlng to both jobs and
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above- H‘HF(F& | e product cycle tinme objectives are
met. Two user - confi gurabl e options, namely
schedul i ng nodel (job shop or flow shop) and

' y (forward, backward, or
SLHAE@Q??zhtﬂaﬁﬁﬁégﬁgf#ﬁgthe schedul i ng process. A nenory
may store a three-dinensional 1inked |ist data
structure for use in scheduling work orders for
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approfigh 1551 Y102 BRER A P “CRRE T AEF RO BIeBgHfeS reating to both

jobs and machines. For example, machine utilization may be improved while product cycle
time objectives are still met. Two user-configurable options, namely scheduling model (job
shop or flow shop) and scheduling methodology (forward, backward, or bottleneck), govern
the scheduling process. A memory may store a three-dimensional linked list data structure

for use in scheduling work orders for execution at machines assigned to work centers.




and a bottl eneck schedul i ng net hodol ogy; and
schedul i ng operations of said work orders based on
said receiving a shop nodel indication and said
receiving an indication of a nethodology. [0019] In
accordance wi th another aspect of the present
invention there is provided a nethod of scheduling
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HWﬂéﬁﬁﬂgﬁ for which said highest priority work order is a
candi date based on a set of nmachi ne selection rules.
0020] In accordance with another aspect of the
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) dul i work orders. at Lur.al i f e C
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priorit'y work order having an assigned priority that
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basedbhi a0det bymusHike ed€ibn alle® machi ne of said sel ected
work center. [0021] In accordance w th another aspect

of the present invention there is provided a conputer
eadab ' 1.0i ters . :
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cach work center for performing an operation, the method comprising: (a) selecting one of

- . said work centers based on said set of one or more operations, said selecting resulting in a

selected work center; (b) assigning a priority to each of said work orders having an
operation associated with the selected work center based on a set of job prioritization rules;

{c) identifying a highest priority work order having an assigned priority that is at least as

~ high as any priority assigned to any other work order at the selected work center; and (dy -




an indication of a nethodol ogy conprising one of a
forward schedul i ng nmet hodol ogy, a backward schedul i ng
met hodol ogy, and a bottl eneck scheduling methodol ogy;
and schedul e operations of said work orders based on
said receiving a shop nodel indication and said

recei ving an indication of a nmethodol ogy. [0022] In
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work prderrhiavingas gngnerdthnblsam)least he highoaskanyr préerity -agsipfiedstgj ahy other

et at .the, sel ect and atte
condih i S0y LB b SBPAHh e atof 0 g Highegt priory
candlgﬁt@ %orﬁtor@err@(‘ahﬂnﬁﬁnﬂé of aivebrk Refiet Gst w@lﬂi saidnhighest priority work
[0024] In accordance wi th another aspect of the

orderpiy egmdatmb@nd pp @/ setrdmeachineselsolietles. conputi ng
devi ce conprising a processor and persistent storage
menory in conmunication wth said processor storing

[0023) oCBSa®brdaaas abiheariotisk rassict of shef presaik iehiiog tsae ds pr0v1ded a
device to: classify each of a set of i/vork orders %
compiteR dicadable ragdivmn eeripinig PMBRET-recytabley ingtupionsy W foh, when

-perfoiggédl(laﬁg gfo%?sf%g{r' ?lt &Ecﬁﬁ}glﬁn‘% &g%ceg%ﬁug@% GahFuthY devRlcd8! Rlect one
of a plurality of work centers based on a sequence of operations common to a set of work
orders to be scheduled, said selecting resulting in a selected work center; assign a priority to
each of said work orders of said set having an operation associated with the selected work
:_ center based on a set of job prioritization rules; identify a highest priority work order having

. an assigned priority that is at least as high as any priority assigned to any other wo_rk order



candi date work orders based on a set of job
prioritization rules; select a highest priority

candi date work order having a priority that is at

| east as high as any priority assigned to any J other
candi date work order; and attenpt to schedul e an
operation of said highest priority candidate work

. ord hine of whi ch
of seif PR s 0BT Pond pether” abieforfi 2 Shnelaife AAMefhuidh o? goid pighest
prior®€wod ordBCA iaNBachBleaFishidelebic@ Svork 86#&] | n accordance

W t h anot her aspect of the present invention there is
provided a conputing device conprising a processor

o028} i8R} G THRLKe b GRS hept et o

compufihg ﬂéﬁ@@édrﬁﬂ'léiﬂ%(ﬁi pER¥EseLatDpersisRhLetbrage ﬁleﬁforﬁim communication
plurality of centers based on a seguence, o

with spidrprecesser sering Precssser geadablst ingisugtions der éir?@msesald device to:
classfzz Q? (ﬂ\uéfeaa %est 0?'\90& %lrc?e(f% ?Q? CEI?(ﬁHAtE 'fﬁxg oéfhg ezlt% E eff'uléhty of

woerfen&&i t s&hteha\semgf amdhiae:r abtlo E}r(h:f»ss (Hsmgh edpmﬂtb! tbfmch of said
el ected work center bas

on .a
candlﬂaqe drerki orders drsed P @, set SER Pg}oratlffﬁtlgﬁ pake%y SpPelest @ fjghest priority
candifik vk Aftfer Hﬁth g gﬁ@ngﬁﬁhﬁg & 1eRE 9 rh'léﬁ/ ast At rioﬁt)aésmgned to any

east as ori ty assi gne to any
otherwandidaie dmrkodrdexa iand sgempt tot Svhedidé eotapdration lof cseldt laghest priority

candiffe ek ROt TP b TR e G S <G8} Bl PRy work

order(i§£‘ Eﬁ‘fdidate{ 04326bn h%eﬁﬁ%&ﬁﬁ%@le&u‘h{‘nﬂé&m her aspect of
e present invention there is provided a nethod of

detern1n|ng a job prioritization rule and a machi ne

_ [002%I eﬁ‘} .'ItIC or a&’lll:e w181 gl%ﬂl%? %sée%g of %:‘1%1%&11? QE\%&H})]B L O fis provided a

rkorders, “conprising

complfihg &éwwcmﬂ;ﬁlﬁfsmgm PRicBgos ﬁlcﬂpt&&lbﬁduitbﬂage ﬁfentoey llDdSbﬂilﬂumcatmn
said job prioritization ruIe and sajd C&F
with s qupsessPr fioming Praressepnreqdably mewustpgn dar SEsingniud gevice to:

se1ec@&1%%ffta ﬂiﬁrahﬂﬁom&%%@htewa@éﬂ 698 sfiRhee bfo Oﬁ&a%ngl €8mhon to a set

nory ‘'stori'ng a three-dinensional l[inked [1st data
of wcsrk orderatoebd suhedsled,i saidsseheting |rcﬁyltmgﬂn a salfd:eerdswmkr center; assign a
cente

priorip o L Pl HR R OFEE MY 1o TGP SRepigd with the
select’é@ Iork QBhRF bARAesn aQ8CHf Rb Sidrili MoK r&l@@tlﬂéntff? d€Bighest priority
bei ng associated wth a work center and havin
work geden %avmg R @sigriediprioritiothet isat Fgples Mhamymm%' assigapd to any
hi d b d
oo TR, A0, PR TH A MRl

opera€ibg oPfaidBighedtipirity werknadasst aeawhinefof Saiddelette® worlneenter.
nodes representing a status of said machine during a
time period. [0028] O her aspects and features of the

[0026f eSRMechMAGEE bR Mottler Q@ff&%f Wﬁfe%fﬁ ibrPentiBR $ere is provided a
method of determining a job priofitization rule and a machine selection rule to be applied
during scheduling of work orders, comprising: receiving ascheduling criferion; and

mapping said scheduling criterion to said job prioritization rule and said machine selection

- rule,



ordinarily skilled in the art upon review of the
follow ng description of specific enbodinents of the
invention in conjunction with the acconpanyi ng
figures. BRI EF DESCRI PTI ON OF THE DRAW NGS [0029] In
the figures which illustrate exanpl e enbodi nents of
this invention: [0030] FIG 1 is a flowchart

] : 5t b i 1 -
o] AR LA S AR i e
memérky | stsingad itiige-dirsaRRAM linlgdslyss dam exent doyuef int Sbeduling work

present invention; [0032] FIG 3 illustrates a . )

orders [fpreexegntiaanal wachines Ipyigae i werk penters; eranpriging: a first linked list
. struct ; It | i :
novin e Hp A5 Rded DR BESAU L0, SYGH VAL p B oot
with ® ek serdter D leshpctuseednd (il list bf Gne br noranfachine madds, each of
_illustrating operatiqn of the scheduling system of . -

said imgahinenodgs beiag pesepiRied gvifips maghine oF saig work gprigy ane hyving a third
S Cifial o af : , : . |
inke U245 kg B P00 SR O el s
of said taghing dering a i pefipd] 0036] FIG 7 illustrates an
exenpl ary production schedul e which may be generated
by the scheduling systemof FIG 2; [0037] FIG 8 is

Ouh ?gﬂecﬂs lahy! ?f%aﬁﬁ'&d SGhOPpREE: BRnAbn WiE beoRRMUphRE! to those

{0028y 1/ _
stemof "FIG 2 for scheduling work orders according |
ordinardyt kigllgdbins Hep arfodpén I‘P%B’S]OfF&%.folb)mng) drseription of specific

i, lustrate. varlous stages durli the schedul i of the
embogipdtis 44 PR Depofiigion Wi BE 4oy iLhiies
flowhart illustrating operation for prioritizing
candi date work orders; [0040] FIG 11 illustrates a
BRIEH RESGCRIRTION QBITH PBAWMNESi on (JP) rules applied by
the scheduling systemof FIG 2; [0041] FIG 12
illustrates the conputation of Earliest Start Tine
[002K]ESTIn tha figlset edichSilastiate diampld &Bigdifmentsdthie wsch@pped
operations in the forward schedul i ng nmet hodol ogy;
[0042] FIGS. 13A and 13B illustrate the conputation of

[0036ST A L8TafifwuR'ilialReds QBRLBHsEPRShddBliAE céRE@Itd known
schedul i ng net hodol ogy;
methods;

[0031] FIG. 2 is a schematic diagram illustrating a scheduling system exemplary of the

present invention;

[0032] FIG. 3 illustrates a three-dimensional (3D) machine time line data structure
utilized by the scheduling system of FIG. 2;

[0033] FIG. 4 illustrates an exemplary set of work orders to be scheduled;

[0034] FIG. 5 is a flowchart illustrating operation of the scheduling system of FIG. 2 for

- scheduling work orders;



[0043] FIG 14 illustrates the conputation of EST and
LST for non-overl apped operations in the backward
schedul i ng met hodol ogy; [0044] FIGS. 15A and 15B
illustrate the conputation of EST and LST for
over | apped operations in the backward scheduling

nmet hodol ogy; [0045] FIG 16 is a flowchart

bl | i per at i.on,. - cps
o3 Y S RE it 55 S EPERH) LR RS AEN h witin e
3D mhdiane GhePinsaatalstrudfre[d¥®46] 3;FI G 17 is a flowchart

illustrating operation of the scheduling system of

FIG 2 for scheduling work orders according to the

0054 SBE iy LT Sy FURASLs cnrc

the scR¥®ilipbavytem@TiFIGrzter; [0048] FIG 19 illustrates gaps
i n machi ne schedul es which may result from bottl eneck

scheduling; [0049] FIG 20 illustrates the pegged

Cd ¢ . . .
too3 Ay oo, s Aot Bl TR R Nl b PR FIC- 2 for
schedblifg waik érded abéardimpas theijbb sistprravdehg operation for
machi ne selection by the scheduling systemof FIG 2;
[0051] FIGS. 22A and 22B illustrate the scheduling of
.3 I 35!'&%63 bgicpahe seRddalAg AT the work
m“@cﬁ?&ﬁsi?n%@(t??s%é%t%g W&foo ] FI G@aizls il ustgat es
ordersofiIfi. dal | earning-in curve for a nmachine at which a
work order may be schedul ed; [0053] FIG 24
illustrates the application of an exenplary machine
[00359e! eEtq. o1 (VR) fifwbiert MRRiridle Tpérg@al fois photiding Gandidate work
nmachi ne selection; [0054] FIG 25 illustrates the
ordergippl i cati on of another exenplary M5 Rule Control
Trigger used during machi ne selection; [0055] FIG 26
illustrates the scheduling of a work order operation
[0040)ur i Figs. mul ilhplrates anbieracdyt of) jobuprioritivatipe (TR)dsilesamuplied by the
[Q056] FIG._27 illustrates the optional mapping of
schedgbngeistampoltFid-&iia to JP Rules and M5 Rul es.

[0041] FIG. 12 illustrates the computation of Earliest Start Time (EST) and Latest Start

Time (LST) for non-overlapped operations in the forward scheduling methodology;

[0042] FIGS. 13A and 13B illustrate the computation of EST and LST for overlapped

operations in the forward scheduling methodology;

[0043] FIG. 14 illustrates the computation of EST and LST for non-overlapped

operations in the backward scheduling methodology;

_ [0044] TIGS. 15A and 15B illustrate the computation of EST and LST for overlapped

operations in the backward scheduling methodblogy;

| [0045] _. FIG. 16 is a flowchart illustrating operation of the :s_;chcc:_iuling system of _F_IG. 2 .

. for scheduling_work orders__ac_cprding_ to th_e flow s.l"_mp model; -

. 10-



DETAI LED DESCRI PTI ON [ 0057] Referring to FIG 2, a
schedul i ng system 100 exenpl ary of an enbodi nent of
the present invention is illustrated. The system 100
is capable of receiving information regarding a set
of work orders to be schedul ed, a set of nmachines on
whi ch the work orders are to be executed, and various
operational constraints, and generate therefroma
schedul e for each machine which will result in an

[0046] f i ¥i@Nt7 @r@ﬂ@ﬁaia@tgiue&traftﬁg oMRfdtiofloF kS schEdinpUydlein of FIG. 2
may take the formof a production schedul e, dispatch

for sqhiedulingGmerktorddiapeconling toHbe bptitlapeckapeded; for exanpl e.
The system 100 may be a conputer or other conputing
devi ce executing software which inplenments the
[004%Fheditb. ng mattee desbbitlbastkhesteiilingl € £ cthedaligy mthodology
be | oaded froma conputer readable nedium such as a
exemplatpWapt edaignet i ¢ or optical disk 90.  The system 100
is sufficiently flexible to generate schedules for a
variety of operating environnents. [0058] As shown in
[0048] G FR;. Scitlestdtengaps s beichih® Gchedales ddsctamip besult from bottleneck
Prioritization (JP) nodule 102, a Machine Sel ection
scheduligg: npdul e 104, a schedul i ng data cache 106, a data
pre-processi ng and post-processi ng nodule 108, a
schedul i ng database 110, and a data interface 112.
[0049D05B]G. THE ilkstyates itlor pedgedtdrdars fodviré dipPacement meshanism which
I nformation regarding.a set of work orders to be
may e yrsd i SmipAte %P? B}I?‘g‘f}ﬂ%%scﬁ"ﬁ%ﬂ%r k orders at each work
center necessary to conplete the work order's
operations based on a set of job prioritization rules
[005QD P Fifi.e2) .is alowebatk dlnsfeatingt epdsetio Hetd maghingpsplection by the
h tailtdif£§f ny. operations in different sequences
s¢ ed?’ 1ng 5ys ‘?’F]Sy 0 Tot all necessarily entail the sanme
operations executed in the sanme sequence). The JP

nodul e repeatedly prioritize he work orders whic
[0051k raF 3% &2 Wusiepts e ScheBiieg of proTksTdrRs dlras ?Ward and

' : e current highest priority
bwﬂn%%?Eﬂg?é%%?ﬁ#ﬁ%ﬂh@%@%?@%ﬁgﬂ ion performed by the JP

nodul e 102 does not account for the capabilities of .

Lndi \j .Jjoachi nes. -12 [0060] The chi ne, Sel ecti.o
1005g}e Flebthy lEaer & ypisglolramitiaty SV Do AMhE & g Which o work
orderteiasicRedMk orders operations which have been
idéntified by the JP Mbdule 102 as currently having
the highest priority. For each work order operation to

oos8f, 2FRESH,spd 5y IBERADS5oEQUBEATHRS, HOSIFPRIER} S

Contrdf Trigger used during machine selection;

[0054] FIG. 25 illustrates the application of another exemplary MS Rule Control

Trigger used during machine selection;

_.[0055] FIG. 26 illustrates the scheduling of a work order operation during multiple,

- non~contiguous time periods; and

1l -
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L

N

t he machine for conpleting the operation. Scheduling
of the operation is then attenpted as the best
~candi date nmachi ne on the basis of a set of Machine
Selection rules (M5 rules). [0061] The Scheduling
Data Cache (SDC) 106 is a cache nmenory used for
storing interimproducts of t he schedul i ng process
rri b JP. an nod
10056, 1 £76 & psiacie pRFHS ebeft et ios fltine Himufltna vs
Ruled.he speed of the cache nenory in conparison to slower
menories. Notably, the interim products include a 3D
l'inked |ist containing machine tineline informtion
f i under consideration organized by the
DET@Q#@S@%%%Q%&H@Q@he 106 is also used to store a work
order tree structure which is naintained throughout

t he schedullngggrocess The infornation stored with
[005?Le i ha sehedwegusyste L0 exanplap: olcan smb@@mem of

the pf‘%g%éﬁmﬂ[bq] S 1119&1‘21%«18 drHp %9st§]1g”£dg§{s &:ﬂa‘tﬂg of.trgr?elﬁﬂg 111format1011

processin -processi ng nodul e
regardiDg apet 6f)weﬂc mﬂeﬁsltét be delicdulefy s d inmghmemum dmm‘lkthe (work orders

repare the system 100 for, a schedul i as
are teh e exeqyiede aad VAP ORGEC anRl SOPP RN ARl %atschedule
for ee{cggxﬁz}ﬂjfn-g\?hlgﬁﬁl Rste & %ﬁ%%ieﬁggﬁ@ésfs&rg'&%@%oﬂﬂﬁdeﬁ d lﬁh@ output
ters awa edul i n hat is not required

may fake thdwbrmmfraepmdu@imedmhedm@e digpatchtlisg| Ganttothacke sgheduling report

for t t hecks t h d
for efeigleoy Bt 208855t 3 ey SbhothiRGe §fiee cxcoutng
softwdROWhRh 1&19f’emeitsftué sORAuARS RRMRdMeSritel heteks SThY séMware may be

parts into "changeover groups" based on the _anopunt of

loadetilfrﬁen requipRied readate Arcdgum.sueh Ang e/ ahlei ety onaptécal disk 90.
The S8R A003E TP R B Bl R0 9 RSy O peaing

envirb@hénts.centers in the target production environnent are
necessary in order to process the current set of work
orders -13 [0064] The data post-processing perforned
05 lif F88 2l BGleHifs: SRR U0 ihAldest Dol PRRANEARN (JP
[0 §¥ |V|grH ﬁ nachlneg to ‘ensure thét mo?l o? ders n (IP)
modubhil e:h, mMeehmnISpldaeem (Msamhodalld Y04 s saddlintgodaia waelsi Hip, a data

pre-pEeEistis 3P0t HrOTSHBP PO URed P A BB HA di0: Inda data

interfBQVEINS the scheduling to be perforned by the system
100. The nodel includes various information about the
scheduling task, such as the current schedullng

' [005% é‘ge Tob HgﬁﬁzéaUS% e r(rﬁ; h?@te&&%@e gn\{'ggafr&)iﬂ%\é@{ gf work

orders to be scheduled and prioritizes the work orders _at each work center necessary to

complete the work order’s operations based on a set of job prioritization rules (JP rules).

The work orders to be scheduled may entail different operations in different sequences (i.e.

they do not all necessarily entail the same operations executed in the same sequence). The

- JP module repeatedly prioritizes the work orders which remain to be scheduled and invokes

- the MS module 104 in an attempt to schedule the current highest priority work order. The

prioritization performed by the JP module 102 does not account for the capabilities of

" individual machines.

Cl12-
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(job shop, flow shop or bottleneck), and work center
and machine i nformation. Database 110 may be stored
in secondary storage (e.g. a hard drive). [0066] Data
interface 112 is an interface used by the system 100
to receive data (e.g. work orders to be schedul ed,
machi ne and work center information, operationa

ai ) t I, NP .
toosffoEhF Wiz SErtaflisl Btk R0, i Feont, fop ompting o
schedil% Sork Dfdweu ebératiorChaitl e} Beenddesileddy thivelBWdbdule 102 as

The interface 112 may include an input mnechanism

currexstuc'ﬁa\agg ﬁlekla;gwapamam i Yosch VePrh OvdeE OPgrIHon o besphgduled, the
s AT EHE oy B SOy Tl Bl of

the miathifé f@eempletidg Ny of@ationd ﬁ(ﬁeduﬂhgg:ffahe operatiohiathesmitempted as
V\,hlchfamlltatestheln ut/g)&l g@ tafrom

the besi pandidatp mochingqn thedrsia el Eagt M@C tireal Hep)-
(ERP) systens or a Manufacturing Execution System

(MES). [0067] Various user-configurable paraneters
[006tjoveThe Shkedutihg dddta itpchd48DIC3 196rik ar pastie pemotyeused for storing

schedul i n sfem.100. These. ar
interiF} ORGP L FREPLRE PEOGeFLFGHEE o BUBBP A G 5ol 02 and
104, I\ﬁ?lg%che 10%epro¢iagd ihprdedBFedm ?%&@iﬁh@é ddefd 1h8 speed of the cache

determ ned by the nature of the work orders to be
memay e doinpdrismmdtondyweremeinohies. dotabdy, the jigerimhypdvwaiel énclusie a 3D
Iinke(% :llate(f,()él E?]i‘i’ﬁ? n\?l ﬂa%l?q%eﬂing r{naplgﬁ) for da%h ma%'h{n * cx\ﬁ)sgci(eratmn

opera Ions, PpPoOSSI

organ¥RH IUEe SREKcaRES (el 1Bl i8 alsdUised®) stotda hh)ek btda:wn&h Qftucture
nodel, all work orders involve the_sane operations in

which jsenajnteined dbyoughat thy schadyling Pragsswithn thEnatig Eit%fﬁQIWIthm the

s 134l O, RRGE PRI B4 S KR 3 compicion o

the rugni ver sal sequence. The |atter nodel is comonly used
in repetitive manufacturing and cellular production
systens. The scheduling nodel paraneter is 14
[006Z°NSDHEG! SR 1118cdi6ing hrfdl pRELRbEdskiAat @AIE OGS PFfBlh® nitial data
Ooption as it has a strong bearing on the operation of
procesimg gmundﬁatletolp@pa{eomeg‘,]ys@m et dauhisebedvbing guplaggyell as post
the s ﬁﬁgﬁdU| nethgﬂ(# ¥H€araneter 122 determ nes
procesyne “E eHEHY H%ﬁ t hodol ogy to be appli ed
during the scheduling process. Three options exi st :
forward scheduling, backward scheduling,

[0063o: ¢ Tetndetk Preprasessinenperformed iy thempdie ieh é%rﬁ #ty scheduling
data trxg ﬁgilo eg&}(eq %Lo?k}?e ‘ﬁ:{?%n’? g&%gﬁhwow\iﬁ%ﬂgecl& fiatg forI 1ﬁtegnty and

check‘s hilge dmhedulﬁgdmﬁﬁh & icbhsigrenmt ﬂoadoidam;oxs durmchedaﬂmg. The module

108 égﬁqgg%: ;eeg@cgqes;/ Sgtég %ﬂ?ﬁgﬂ%{aﬁgllﬂ% y(\:nhgrrl]gleover groups” based on the

amount of time required to configure a machine which may have been processing other
types of parts to process the parts. As well, the module 108 determines which of the work
centers in the target production environment are necessary in order to process the current set

of work orders.

13-
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Bott| eneck Met hodol ogy, a "bottl eneck™ job is

identified and scheduled first, after which the

forward and/ or backward schedul i ng net hodol ogi es are

used wi th whichever scheduling nodel is appropriate

to schedul e the remaining jobs for execution prior to

and/ or after the bottleneck job. The scheduling

th r Welop :

[o0sgF; JFAe o8B DR P et FRRE LETRE sl Pos fichdBs kfiipulating
the séiRdaRtE ioﬂ’ Nndioiluk0 adhih&N tod plhidued thas wdrk heders widch thaee only been

operation of both the JP Nbodule 102 and the MS nodul e
partially assigneg 1o p nmchipp apg m@tgcheduled. Jp 1 ul es paraneter 124

defines the rules that are used within the JP nodul e

102 to prioritize jobs. In the present enbodi nent, one
[0065P r 8tiediling daxsthsantl isthéatstewmisedeo sture thepichethding ‘el which

f d JP | th Meet Dat
govers 4 pshe@lin focr BRIGEEIRY (b SHOGt W0 o 166 Mmoo st various
17
AL LRSI S8 L S35t ol s
methéﬁomgy (Torweard &ST[)ackWard scheduBag)k Wae thoSe h)éddhqdngng to be performed
. g0 f ywhet
Gob PppNey 4oD By brdenchis B g SR AR ARG INSRERRRy Database
110 rﬂz{:})f H%%&éd B RcORREY ibRde (&g AReNdHYe)l . Optional JP

rules may be chosen by a user of the system 100 prior
to a scheduling run in order to attenpt scheduli ng

o0 3efr 5S4 25 ALRFEHCL S ShoRihe S IEH Yo B o5

work lbr@tafotRyschéividll, sREink 288 wrk bénter ivifolMatiut, &Jpeﬂltlonal constralnts
secondary JP Rule, a tertiary JP Rule, etc., down t

~ cte.) ancbathar Hibut &-ghihe Ariggaing of 3 pchqsipb%g i) andefogressng oamt (e.g.

prOdl%JFllglg r@{l&ehlﬁg |t8 aq{s@r &S@g s?&&grl%s' glifteftld 1D V\Jﬁg? include an input

rza I'n order"to break any ties
mechamsisi| sueld ag radmybhadamdl paiatingdevife tink amp routpaut ynclzﬁazﬁsma;uch as a

complmnﬁr 3{1@%}3}? glg) feqpi)g 2 ﬁ]gal fertlgtgg‘%ceo@ 9 P?ZQ %%ert%e Snterface

112 th & 8512 itBor3h S€ el Rinidnl Svhidn M@ﬂi’t’dt&s the znﬁd@/oﬁ uﬂ@f &ath $rom/to

performjob prioritization. -15 B}’
existilpnystohs Tychgydinerpristh BesmrtrmPlenmcg {EBP) ﬁystfg@%msa Manufacﬂmng
is used to adjust the "sensitivity" of
Exec'ﬁf?élag}ge @%ﬁ@ s application of the various JP rules
when assigning priorities to jobs. That is, this
aranmeter sets theq%ranul arity of the di fferent )

[006% | oF prigusruserkeargisurabla Paveryetses eaxsinghe srhegulingidatyy perigrmed by
the sc%gdmg%br&%r}lq%oh %?% =S apaﬁ%ﬂeﬁ Aith ra?e! iludtt ORI FIiS 2, 1nc5ude

assoc cation of a correspondi hg
Rul e. For exanple, the "Due Date Range Setting"” JP

one 1 3 VBT R G 0 i

&EI%QJ Grkori&9 95 bY lHeBulell Qhd B 'Héle?th 1hehUs $9b $Hep model or
then 5 ‘gat e par anet er . “Based 02 this JP Rul e Cont?o

flow Thorg gmdﬁl viar the gotl eshep winbdlel p differsut workasrdessqoay | pvolve different
operations, possibly in various sequences (variable routing). -In the flow shop model, all

work orders involve the same operations in the same sequence (fixed routing) with the

~ optional sklppmg of some operations; in other words, the operatlons of each work order

follow a common or universal sequence. The 1atter model is commonly used in repetitive

manufacturing and cellular_ production systems. The scheduling model parameter is

- | -.14}"



urgent' in terns of due date, if the difference anong
the due dates falls within the range set (i.e. is

| ess than 10 hours). The value of a control trigger is
typically related to a real operational constraint in
the production environnent. As will be appreciated, JP
Rule Control Triggers determ ne when successive

consFE 5 GO pARAER TR RRNHARE Y i 95002 PHline on
operal{bn Fedhe P Mdduke MB.r ul es paraneter 128 defines the
rules that are used within the M nodule 104 to

assign jobs to machines. Ms Rules may for exanpl e seek

best - fit, ..machi pe.in ter of »t0alin fi e
[006@!3 eréfl §Ei}e£1é%!mﬁ ggﬁog_fgf:?)gxg Eﬁ? esghe u}ﬁ/’inge&g&gﬁﬁé}gi} I§arameter 122
deterind8 Yhé high-18vell &heMiTicnakiobolobytio de hart durtgMhcRiheduling
shoul d be specified. Various M5 Rules are defined in

proceggp pdhetiexontiony Gairg) foswandssaradwinge keslorard schpgufigg, and, pottleneck

rul e cont ri 3 gou.er. -
schedfn ' T PR e OB YA RGe Popl B SERAg, forvrd
chronéfogtalip kithar gleshedalirg time pedod. el the basketard schedillivesmethodology, .
paraneters nay be adjusted to fine-tégﬁbthe M5 rul.e

jobs g scheduled anysrserdrpnple@ealls Mithit ey sthedgline e gengd In the
Bottldn3k ﬁﬁﬁ%idﬁgg as%ﬁﬁl%ﬁécg’)gob M; Ritlife beduibli {6€ afer which
may for exa of

l e be use o adjust the | oading
the formmtliander bickvard suksdolimpasethodologiey e msehwith ovlachevenscheduling
chi nes, of a Biéﬁi ular suitability to.the.work a;d%h h
model, [5APRIGPEIALE toficRedule e TSRS JOPF (O SieERin ROT tpgnd/or atter the
bottleRQ JoBl  The seiRlaarhd %ﬁdW%ﬁ%ﬂ@ﬂS@@oﬁHﬂd&é@ t@FRUBth a job
of changeover required to set up the machine and to

priorigamionsonfi g atioprpptiqni and 2 macking isefectinn condiguipbienoptyn as it bears

on th e o PBESHT I8 K O B PR o R PP et e s -

ot her paraneters 132 which nay be specified include;
non- over | apped, gper atj on

16 Overl apped or - s
[907 Q1 BadBRulss it Horules Pampels ek deline tha riles faat e psed within
the prfnt%ﬁﬁlquQrt@g)hgﬂti% idbae M’Qﬁ&g&%ﬁ e & qwerd AP Rixed and
W the pr ceSS|nb of a succeedi ng/ precedi ng work
- the repmatteler ap @pdbdnan Tht fandTReulewothk “deaet Bue Dahriulec etesiMeet Due

Specific paranmeters - rk center, specific.schedul ] -
Date dﬁfeaf?élf%sr@e IBBedIc o pob e Bark ey Fhendiy ittt Stk Time
(ESTPRE i Ftart SEHRAuNY hefRBbREY be ¥ desded@RR I RfesOStafiUTithe (LST)

paranmeters are maxi mum buffer stock tine (i.e. the
for thhiBghkwarda$dhodilizemythpdolege (regardiess ehwhpibiena delad e egmpleted

o 2RI, USROG BRI HE ARB e, guions
JP ruM8 &lay t¥choBén biie Usek of thiveasrhed00 Privinict $ s¢edtilimgyun in order to
attempt scheduling based on a desired objective or set of objectives. In the present
embodiment, the JP Rules are defined in a hierarchy which specifies a primary JP Rule, a
secondary JP Rule, a tertiary JP Rule, etc., down to a chosen hierarchical level. JP rules at
the second and higher levels are used progressively during job prioritization in order to
break any ties which resulted from the application of the primary JP*Rule, in an attempt to
~ ensure that each job can be given a unique priority ranking. At lcast one JP _Rulcvis required

~in order for the JP Module 102 to be able to perform job prioritization.



m ni mum buffer stocks (i.e. the mnimum WP | evel that
can be maintained to avoid discontinuity between the
two successive operations and hence avoid starvation
of the latter operation, nmeasured in units of tine),
transit tine between operations, batching hours (i.e.
t he maxi mum production | ot size, expressed in units of

[007§?3r4§.’ g% ?{u!eslfc;g}rér@rl Tri%%er%dl— g@g g%g‘{??ﬁép%%gﬁlg @g{/agl%r’lbﬁ is used

to adjtet elei nendayisy(df the Ihd/dduleds iapplévatiah ofi théivarinh ¢h rules when

. production lots having simlar part dentifiers \r/’\rdB‘l'l )
assigiing deiRgtieeteipbsor ThattiBnhihigparangler spts Jhe Eramyarigy of e different
ponF SRR L 6, b LS 0 LR O A2 o
TriggaRishisseiatete miiilf iherapplicioand dvEorraspendinn P dlule.r iFggerample, the

“Due gglgq %%%el mi Ko ”_uﬂ%: ])ﬁ]glg &?Oglgggillfllggh l}‘{ %rs:oagt%\g rv%k} ¥ g %Ir)gl-éﬁafi% of the
“Mee?ﬁ)gé‘ ﬂageg%qgl% sﬂgciﬂgﬁ%% f%#g@ SeiubiRde t ﬁl@,eldﬂgﬁfrs) tbP@éue date

rning to chine tineline d
paransteru BasecoB @ils JMRwd Costrolhiiggeni wal drders vall Socrepad as ‘equally

during a_schedul j [ is illustrated, The 30 .
urgenfigi it & bt ety 40k ifross] atmop ferdlietes Ty ihin the range st
(ie. i9108NELPIO hdutHkethd the WEdcdiitrol eggee hedilicdlly RYBEEW a real
100 to store, in a single data structure, informatjon
operatiogd raghsttpingl in te pieducionkenvitenmest. atAswivilk fre apprrsinied, g Rule

conct 1 pBF BRI S BRI e e Wl

generABEHllvejoblprioeisizafioree®e fieaihede during every nonment of

the current scheduling tinme w ndow. The advantage of

this data structure is the convenience that is

ffogd he ' &8l denings Mgl fiat aldaléd withi
[007§et sii—;ﬁcsnpfeﬂ%agt}l?w&%ﬁ%{ie 1?l’at a ! structure. 17 W
the MSORd6lle A4 camassizm jobeto inackies, MS Rules B8y farchxamgle seek a best-fit

fimeline data structure 300 conprises <WOI K .
maching i JFEns Pl AHEUHE] 10 SPRRER B PRSI o MSnRPIER i, applied
singuB3RYrah chitibmatioRKBE dti18dst oh® MERAM ShoaldVBE kpaefidder Vatious MS

whi ch schedul es may be perfornmed. Each work center

Rulesrapeidefined e dippendax poi nter 304 to a "machi nes" |inked
l'ist, which occupies the second di nension of the 3D
machi ne tinmeline data structure 300. Each node in this

[0073] nked Mi$ Ftuls EUrese Mrigars ARk iMS rale ¢dnerohwtrikgece phuameter 130
represented by the parent work cent er@ﬂogg F@ch
goverps thei applisasioa of] the apRosoMSAUIRS by MSi mediple 484 whgngvork orders are
[ n | H n H H H H %hé m 1 .
SO S B0 SFFARESS S s o
' attempt tolsiptove (BOEchefiale renardiediby thdscheduligeysteirs100. MS Rule Control

rigghgn s e BE BT oS e e AR S 8ous e, 1o

govern the selection of machines of a particular suitability to the work order and across

different suitability categories, to control the selection of machines based on the amount of
changeover required to set up the machine and to control the ‘gap’ (i.e. idle time on the

machine) between two consecutive work orders on the same machine.

| [0074] 7. _Other Scheduling Model Parameters — other parameters 132 which may be

specified include:

16~



represented by the machine node. The granularity of
the tine periods is mnutes in the present
enbodi ment, however this granularity can be increased
or decreased as necessary in alternative enbodi nents.
The nodes in the latter |list describe the status of
the associated machine during every mnute of the
chedul.i ng horizon. .As will be reci-at.e t he nunber.
.+ i S honieRArted abetropn e ToBRRAE ALy e of SphPe&sing of
: ofBGRHNSdeEaeatlontt @He kioBk cdnSerdan Bk Yoverlippl@ vithGhe processing of a
facilitate traversal of the data structure 300. FOO??]
sisetdingiprecedingiwork ordet opsrationak eepthergyorBgenteont ai ns
various information, e.g. in the formof fields,

egardi ng t use of the associated -nmachi ring,a
+ PR St GmPients. ol SO SCNor epd iafdl reer o
tifok@tpasantedérs Othhe by keificd a6 thdedektadpeer) levell abixaibl®e, of such
end tinme, an efficiency factor, and, in the event the

PprBeEssAggnaimunp byifsrstdcks inep etigt thenhinhest plespiable WIP level that

edul I r.J ' u der
AR SR RIS LGB APNAEH 15 s n e
slidlpf ﬂ@dgﬁtﬂaﬁﬁgengdmt ldpexatisil fdl‘eci@i"onI eathe Liley) tondas@ed in mmits of time),
also be stored in a. tineline_node. [0078] ,The .nmachi ne .
myni R bpfien gogks Grechganingsma; Wi Agyebthas can be mgipained to avoid

dﬁmﬁdmﬁﬁﬁfl%e Ch lthe FRAERLERIR dfbrdildfs RhE$BRe STRPHLABASN of the

ereln each character 1s indicative of a particular

lattec bperaticst, ateasurdd in mgits lo€ time)etrpsiti tode beprees eptratioty batching
the ti | i ne,node. I ndivid machi ne, . sta

| .
RIS, (o (BF SR, HORHGR Che B oP RS e biEL I Jehoey for smaller

A RCtRRCIOHSO R baeHel Ui (f8erBGBIRS thé RamBet 6F BadteRy @&@Béovers),
machi ne statuses which cannot be conbined with any

bajehing darcfiiendhe §matintervaliovithin ovhieh peodueiéon s having similar part
.charact e on _t.he her nd, (LepL: : [ : .
B ARl i PRy e BB 4 PR R o Mefne seecton
rudéshehichOilave Xisdet Specifiol @bt e Sdnddr Sl&s nuber ofxaokines within the

the follow ng.node types rrﬁy be lised: - }igb {_0079]
centsgcmpchinetdenigiiras, P sad MS gule contggltdgges. anddbg ks

gssignnent "x": work order schedul ed for execution
- oG ' ke o) r - hel

+ PGl ecRaAE TR Motk el el SER BB ork order
duridgre gactidulai tieé pdicmiespEyified by thewser.meal br eak

[0075] Tumning to FIG. 3, a 3D machine timeline data structure 300, which is
maintained in the SDC 106 during a scheduling run, is illustrated. The 3D machine data
structure 300 timeline is a three dimensional linked list used by the scheduling system 100
to store, in a single data structure, information regarding all of the work centers at which
scheduling is to be performed, all of the machines at these work centers, and all of the
scheduled activities or machine states of each machine during every moment of the current
_ scheduling time window. The advantage of this data structure is the convenience that is
afforded by the storing of these three different data sets in one easily traversible data

structure.
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p': preventive maintenance “d': machine downtine "M
manual adj ustnment (block out) S : shutdown (bl ock
out) T : machine trial run (block out) "B : pilot run
and manual assignment (block out) "N : any other

bl ock out event [0081] A node may for exanple have a
machi ne status of “np', conbi ning non- excl usive node

~

[007%]\(/ g:és é:{a% b%géjen ik FIG, g‘,' the W&clﬁﬁ?ﬁm@ﬂmﬁ%ﬁ% Wg fomprises

reventive’ maintenance are
a “wollll téigert’h@inBedrtist B0 ipehid Giekt fdimehdion.r diwhamidensfCthisndinked list
[0082] The start tipne and end tine fjelds sinply
represant & avcak et pivihish iSphdiulss T, bRMERATMEche EAGlh AR center node
‘ { i iRt her: . i . . .
conafy 8 SO b Byl IRy b 2L LR imcnsion o
the 3Dummackihe efnfdline efacy stafctiirb800asEadh avdedimtidhilinked Tiserepresents a

efficiency factor may help to increase the accuracy af
machnget fhewprk ceBRBERRTES 951 e Hhermsrend oy SopUSrglHET hget Behine node
itself%ﬁﬁh{%e‘a g&fnke?' C%ra Mgtr&P “HR¥1iRe RhfRCi&dwhich! Rupies the third
machi ne y

condi ti on, I ntroduction of new parts into
dimesishen pf tousDimachinentinelore data tshracteendPthg Eacli nade in this linked list

ilot/trial n.at t.he machine. -19 .[0084] Lf a Kk .
repreffnizg (g Piod BB Ga RO a5BA0P Bh o porfrig 4 6 machine
represeifed oy the XA Bde. dThé %%Jﬁld@ﬁ{r)tdf&h'é f@ifnel pFR IR niflutes in the

("x' or "r'), additional data about the work order may
presepleembogimentebovever this grendadiyrqan tbgrivcreaspp ot decreasad oy berghsary in

dat a_i ncl.ude r Kk [ . .part . e .
e pRPSEER P A Q6B R, e BRSL R 1l osocined
machBRAubiRE &9 imin e Rif ke Rhedulin@ Bi8H}ort. nNAO Wl be epyreciated, the number

of nogepqei;gie;tgrgﬁgd lt)}P ?h;s%%?ﬁ!g% gﬁgq éﬁﬁg%glggq: Ezrglg\l/i%{(enc? %st is doubly
: ] ' ow shop) and
lmke(ggﬂgglgw%ga@n%? hic‘){c}l%l(agtgé E??tou&rv\?a({dd, backward, or

bottl eneck). [0086] In the case where the job shop
del, has been chosen with t forward .schedul in .
10075t nherdiias o fefmenia S podgBnifis vesp Ry PR ai B o2 in the
form bPfieRACRNAIE BENEELHE thé assiRlake O AEHind @@ing § parti@lar Gine period.
work orders that is to be perfornmed at a particul ar

Thesenpak irgdegnachiner dtatys (alre nsfested e as Chededly PR, Hidt fimgnendatime, an

work.order will be incl 1.0 r p .
R TI NOE e -
schedaledewoiknGidediasorination pehaisivastk wrdeh number, part number and assignment

information. Other information, such as shift or team identifiers, may also be stored in a

timeline node.

[0078]  The machine status field is a code, consisting of one or more component ASCII
characters in the present embodiment, wherein eaéh character is indicative of a particular
machine status during the time period represented by the timeline node. Individual machine
status characters fall into two categories: exclusive and non-exclusive. Exclusive machine
characters represent machine statuses which cannot be combined with any other machine
“ status. Non-exclusive machine characters, on the other hand, represent machine statuses
which may be combined with any number of other non-exclusive machine statuses. For

‘example, the _fc_)ll"o.wi‘rig__nod'e t)_(peé may be used:

o1&
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~ of a pilot/trial run at the machine.

whi ch the work center is associated. For exanple, all
work orders containing a "wire bonding" operation
will appear in the work order pool of the "wire
bondi ng" work center. [0087] The work orders in each
pool are examined to identify starting candi dates, for
whi ch machi ne selection will be attenpted first. In
the forward scheduling nodel, a work order will be
deened a starting candi date for assignnent to a
[0079Ppr t i‘Butlasiveraddien®ypes: a given work center when its
first operation is one that is associated with that
wor k cénter .avaldhlg bloglafar@psigunet whi ch coul d af f ect
whet her,_or not, a r rder. will be deened a starting
candi dafe, %%9§$F%§Egglf%r PERMEPari 1y di sregar ded
for thespur RAsETEoRd: tithe present overview It will be
appreci ated that each work order will be a starting
candi ddt’e atwaklogder ommenthyr beingeneented however al | wor k
orders W Il not necessarily be starting candi dates at
the safre WR‘W@%%@Wﬁf@hﬁefferent work orders may
be starting candi dates at different work centers).
[ 0088] The starting candi dates then undergo job
[008Q)F i ofNan-execlusive Nodedwbss:t he set of JP rules currently

specified by t user are applied to assign a priority
ranki ng™ o é%eé’ﬂgm@gndi date. Notably this job

priori thzat iph4eaSmAtenhale | nto consideration the
availabllity or suitability of machines for

conpl et'ihg ansghinemlowntikneor der operation. -20 [0089] A
hi ghest_priority candi daE(E V\Erk order is then

i dentifMed feAnug) digegpgntBIoFKPYY)  and an attenpt is
made t egassi | Lobgst priority candi date work
or der t%'a r?g%kﬁf)ﬁiemgteb ?ﬁ% wor k center at which that
wor k ord@ier insachime thalghe¢bloghk owdi ty candi date (whi ch,

inthis_,initial case, wll be the k center

associ gpe'd WIphu g Iﬁ‘i‘aé“ﬂéisztssﬁmnﬁ?‘iq}i}%ggﬁ idate's first

operat isQR) .  fbhfeRbleRBLEL APSI gnent is referred to
or,

as "machi ne sel ection” nore accurately, as
"attenpted machi ne sel ection"” as successful assignnent

o a,machine is not uar ant eed., .Dur ] chi ne .
10081, CATTOR, M B (SHPPN SPnderV6T Al e Ok, din g ppgbining mon
exclufieé Rbdetipbatm’ hifd BEestThsdhicask Ght &l bpana hizbl Brealoahd paSentive

_ for performng the desired operation. M5 is_ governed

maintgganch areNmtiRsgheduled dudng thersams dmareriod fadhe grleyagt machine.

successful, the highest priority candi date work order

is deened to be a candidate for nachi ne sel ection at
[0082] s Thasaremha@id oudrtkme €ieiddrsimplydndicat thdmewerikd during which

center associated with its xt operation (if one
ﬂw?néﬂﬂg%%?PSVWﬁF@Efgﬂﬁ?HPﬁb“émggndidate, t he "hi ghest

priority" work .order will no | onger necessarily be the

hi ghest priority :
[0083] The efficiency factor is a value which indicates the current efficiency of the

- associated machine. The efficiency factor may help to increase the accuracy of the final

schedule by realistically accounting for machine efficiency, which may be affected by the

machine’s condition, by introduction of new parts into the production line, or by the running

e
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one Wogk Gendere

candi date. [0091] If machine selection is

unsuccessful, the highest priority candi date work

order is renoved fromall of the work order pools.

This is done because the finished product associated

with a work order cannot be manufactured if some of

the work order's operations cannot be schedul ed for

ec ] 46

[0084{FCH WrEhuRy WEMR phERIRY fr Feclih, ohinglclRpady eRbcuted
during apgeetitwlarf ine pehied (wOrok ‘O, d&&?dmor{aDﬂﬁﬁ]abﬁhﬂ Ehep.wmkers:der may be

continues, with a new hig ' orj t candl dat el '
recordisk iy the mede statrraurec Heina ﬁgiapné ok é&“@g?f part

| numb% %hg chuh€la é é brldeF Fe‘i@afiﬁ@r ﬁxtﬁfedtfsEd Qﬁ&oﬁérﬁtﬂ? fdenﬁﬂé}

nes se or a ts operations or
been del et ed from al | vvork or der pool s dueto the
act that one of Lts ns co {.be aSSI
[008 b almeYeryiRg, opeswin olafhe St %rsygfe’inf T i e ety by

5‘1{;@% ° £ Aswan d sch duli
scheduri ngle@]ﬁggokgggu{l? gﬁ’gf%gggs%\rdb?% the jo )an Sc cauiing

methododiely, (fopardabaakmvadd, fot bodleneckhwo respects. First,
starting candidate work orders at a given work cent er
wi Il be those work orders whose |ast operation

[0086T at hethe! BRAB Whérdtthe Fﬁ@baiho@n)noaélehﬁﬁ $e&i ahednWwith thbaforward
work center. -21 Second, upon successful machine

scheduline otethndology awadk Rrdee poels are inifiallia prepied| far co@y work center. A

hat
work 85%& pagl: is s#sg} \APrrac klo(r)rle%%lgse %40 i( tQ %ej)%ﬁﬁﬁge& & %zscenlfllar work center
durin@ #e0gtanesthadling Ho‘ﬁlzbﬂinTBdwaikGdnylelpwﬂkJMHnQJde@ @r atwook prder pool

rather than_ its next er |on (if on %
assocjatrglowith prpagtit arrr%%ksq% B|the dvogly 85@5 B‘gﬁsa‘ § gRerplon with
whlclf’ Woﬁé 6chi&Yis! PSodiALd. tl*b?t x%ﬁ’%tb a‘ﬂo%rko bAREs W)ﬁtlunfh%VQ “wire
sanme operations in the same sequence wi th optional
bondiag’i’ pyratipnofill appess 1o freraeikamder popl effthe “wirs bondihg’t werk center.
forward schedul i ng net hodol ogy has been chosen, then
work orders are schedul ed, work center by work center,

[00873]t ar fhd ot S deisha S4Bk Ifzoﬁleﬁkteedxanﬁﬁe‘élot@l gk Wdrfing Bﬁldldates for
first operation and ending at the work center

Whlclamdnmaﬁ@@mﬂhtwﬂlthq?eaﬂeme Bpser fn thsrforward sghgdnting model, a work
d
otec SR PR BSOSl B LA et iven

work &egtel whéen o Giss I’d)pez&tlblﬁ & ohctlthat isf dssetiated wtithethatcork center Other
operatiqn is scheduled first to maxi mze t

factors| st iHogt CoHA AT e WHEET ahdick & Wb ST willhe degmed a starting
candlﬁeftgeng@\%ﬁ %h% YR pa‘i-ﬂ? (ﬁglﬁ% 4H&D 6P id plffolest ‘AP the present

rst oup enconpasses work orders whi ch
overvhﬁw e Itdml\hlset sgaeniTipd ﬂ&lt ieacts work erdeopell deiaostarting |C_@hdld§¢ @t only
to be peg.;&g%ﬁ gﬂgf@}&r grg d’%ﬁtf}(’lﬁ gg%g%gr Be a%artmg tahdidates at the

same work center (i.e. different work orders may be starting candidates at different work

- centers).

- [0088] The starting candidates then undergo job prioritization, whereby the set of JP
' rules currently specified by the user are applied to assign a priority ranking to each
candldate Notably this job prioritization does not take mto consideration the avaﬂablhty or _

- sultabxhty of machmes for completmg a glven W()I’k order operatlon
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wor k orders havi ng operations upstream of the

bott| eneck operation. The first group is schedul ed

i medi ately follow ng the bottleneck using the forward
schedul i ng et hodol ogy, while the second group is
schedul ed i medi ately precedi ng the bottl eneck using
the backward scheduling nethodol ogy. The job shop
nodel or the now shop nodel is applied as appropriate
to the scheduling of the first and second groups,

[0080psed BiBhéshPriveitylémdfatd Rork WAEKisohee identifie®&or all work centers,
schedul ed and on the reqU|renents of the actua

and agrayigmpt isonadenipi aseignnilis highastipaigritheandidatn workoprdey @Cﬁ%gachme at

e PSP, i S8 0t B e BUFHARL ) i

initial bhsds wilitbesthe vark cehtef associaredkwiol dies mgﬁaﬁ Itrﬁorinﬁ candldate s first
schedul ed, nanely work orders WOL, ?
operafignh, vk aFmBled; SSIGBRERCLS rferEed il gtie H@ébmefse Gotion™ of, more

k¢ I |
w385 BRI Al St o
guaranteed.al)uﬁng meﬂ‘nﬁe sElp8ian dn @pénptvikincide & And an beailable machine that

is bePipwilRdr il Gupilais SnBER o GUORRIB e, eSsr AERREg MS i

goveﬁgdbgmefﬁgqmlessets of operations in different
sequences. Accordingly, it will be appreciated that

t he JOb shop scheduling nodel shoul d be applied when

| t hese. work ord ecut.j on .
1009 el 55t ST e FRBH bl Bk oner s
deembd @ bé 20hsli@Re forDdadhiNDsdlettibn 9t Ratsueeediip andR Aknter, i.e., at the
[0098] It should be understood that the |IIustrat|on
work gentopsrogiated mathi ifs nerboperation @iopne qxisty)s tWhile manaining gsandidate,
5l
e Bl WP B8 GBI AP0l SUCSSEM K B vighe prioricy
candidaté.or mati on beyond a sequence of operations. It wll
al so be appreciated that the nunber of work orders in
a typical scheduling task and the nunber of
[009 ﬂperﬂ’_ttﬁzféﬂﬁle' SRRty B lﬁ@hcéé@é'ﬁ!ﬂ HedBih idfly Wdzﬁé Q'Fb?ﬁ order is
than illustrated In 4. [0099] Referring to
remoted Hper all iod rthﬁo’@)rbforthtrep@dhedﬁhls nﬁgdelyasbmw&a)dlef ﬁmshed product

schedul i n woyr K ord S 1S IIu
essoc e 1 DREK BRGGoaP T B matT LRSS 4y R Pperations
cannc@ BB lstiAlled thPexdcltiss Eﬁﬂﬂiablﬁﬁe nﬁéﬁbﬁalaﬂdhéﬁfbﬂdbﬂdbﬂﬁom all work
met hodol ogi es. Operation 500 _is triggered by a use of
order phels fishedm erryadahie merhioo caraoity fujothes Warla prdgrs. .
schedul i ng nodel definitions and boundary conditions
are retrieved. This information originates froma

[0092}s er Thik poddesy camiunes vert £newlhighest préoritg randitlite pempsdetermined

and scheduling of same being attempted for every iteration, until each work order has either -

had machines selected for all of its operations or has been deleted from all work order pools

~ due to the fact that one of its operations could not be assigned to a machine.

[0093] Alternatively, if the backward scheduling methodology rather than the forward

~scheduling methodology is employed with the job shop model, operation differs i two
respects. First, starting eandidate work orders at a given work center will be thos_e work

~ orders whose last operation (rather than first operation) are associated with that work center.
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e

100 and is received by way of the data interface 112,
being stored in the scheduling database 110 prior to
the schedul ed run. The retrieved data includes
schedul i ng horizon, scheduling nodel 120 (job shop,
fl ow shop or bottl eneck), scheduling nethodol ogy 122
(forward or backward), and work center and machi ne
] r f
Secox%(ﬂfu%ﬂr%%:ﬁ?%gl %&aﬁﬂ%éls?lnl ‘@ﬁgnr uaﬁta( %rg%&t%{)ﬁ)r aptfcﬁl?eg s}@%k ofder, that
work estbadwile bé ,depmedas diel zoraamﬁdetth doiSBECHIA6 sblectlmrd at thehwork center
followng:. log files are created to record any
associgiedepsith afdmmessiriely rrersdingegPeRROny Al thap €2 ﬁe%rmnerfﬁwn (if one
ppi ng between actual and fiscal calendars is
etrieved to facilitate conputation of date
i nformati on (mhlch is based on the fiscal calendar in

ono 0 B T e S e s
work ?@ér %ﬁshaQQ %@%ﬁé bfdr¥ichs(iR -tBe sdR Eécﬁhgncea’ﬁﬂh fo‘pﬁbﬁ%ﬁ %k1pp1ng of

mat er 1 al operator constraints and t i ke
somebgerdtiguy ilheidy casecifiilat foireuwdscheduding mﬂh@delnwdms bn@il chosen then

hi ne opti,o ar set up within the SDC 106 (t,he
work et e SORaBlRR. Siefk et B b Penlytt etie G BR e center
associé@erdyWﬁH thd Eirdd %@ﬁﬁoﬂfand fiRgtdtMBe Wik kBN iRb&aRAwith the last
machi nes between di fferent scheduling runs for
operatii alf bagkwardl sehedulingisphessadagyad, therarieniareversedmchi ne
| oadi ng preferences (used for machi ne workl oad
bal anci ng) [00102] Subsequently, the
[0095]hr ealtetnatividy, i ahe Bactneek séheduling encdal & shasent anseididontified
F .
bottehyk PRFHIER o REKIOkHoLD oREEAA ftfo TP Hioodafhat the botdeneck
S t
oprfihf S PRI N i oD Bl BN Bl o i
groupf cﬂcbm‘msses{ eofloajdefsAyvhichibaivaldbynsttdam opersgidns (ge. fcmeraélaah which

N CIFENE P TN E AN AN TR .

work REIr ﬁawﬁlg WefBbRE Lpérdafh 85 the B&tl¥ick (PeflfionTi TRe SPAkroup is
( Any attenpt to schedul e a work order outside

scheduh:é 1m1)mﬂetw folloyeng ﬁlwwpk nyng therfgyward F@redékweéwdology,

it BSOS B, RSy AR v o

backwardechddlii®methdolb@do Th@ﬁ@a s}mpdﬂodiei ongtiek@elw shofnmdel is applied
machi ne avai |l abl e st at us a' 00104] Qper, at or

as apprRpriate itp, fhsr sehedding Yiihe ﬁirwdﬁecm grﬁelefa &’6 edam W&cﬂ#ﬂﬁe of the
work oﬁié% 0. Bensch%l&fe %gijg 'tlfénreaglr&ﬂgﬁs A n élgﬂilainbﬁo'ﬁg&ﬁﬁ Qngnronment
mnmgunﬁmnmmmwm, shlft 1 fromtine 200 to tinme 500 and

shift 2 fromtinme 500 to 1000, may

exist

. [0096]  Operation of the present embodiment is illustrated in FIGS. 4 to 21, 22A, 22B,

and 23 to 26.

[0097] FIG. 4 illustrates a set of four work orders 400 to be scheduled, namely work

orders WO1, W02, WO3, and WO4. Each work order is defined by a unique set of
operaticjns_ to be performed in a particular sequence. For example, work order WOl is

o _defined by th'rec__c_a.pera_ti(')ns, OpA, OpB and OpD, which are to be performed in that

22 -




be defined as shown in FIG 6. [00105] (C) Meal bl ocks
defined in each shift are introduced into the tine
line. As it can be seen in the exanple of FIG 6, the
nunber of meal blocks within each shift can vary
according to the actual operating environnent, as may
be defined in the calendar definition. [00106] (D)

ooy BGOSR My A G i

differeft i@@[&ﬁﬁrﬁtﬁh@ 11i Hﬁ"fei‘éﬂt’f@edﬂeﬁﬁbst Q&qﬂ;bﬁimgﬂy amwill be appreciated that
assi gnnent of orders during_those ti.ne rlodﬁ
rtgeﬁp orders for

the jetpshaprschednpling; rﬁ(aqlql yhoyld befpplied #ven gohgdyding
Y C V.

exco i LUEN SRRt O dehe SRR, 1 Bd OGR! BrAEMBUTIN: shop
mode$ ehatiLinstag] bd warrant@). peri od. Runni ng work orders which

were not finished during the previous scheduling tine

period will be scheduled first during the current

he [ A& WHE ofdeRCinl PIG. 4 is fi

[0098F RHara b, FEAASpd ot B UERENLARI T PRI IG, 4 is for
illusttaitinn pmnkasmi hWierk twlestaae: typishlly hepressoted dis keleagonic files and may

hori zon) sq. as to facj te inclusi of the e
contagi i HEP i ORHIOR ORI GBIV, < RGTPHGR, ¢ b Wil also be
appreéia?erdtﬂaat&hé niBbESTD) wolk drh&rs!ifh typBAICRhERNnE Gadkednd tBY @8mber of
directly fromthe scheduling database 11 The

operatighsinl adypigalsverk odsr anaydbosiedh laghtham@ustmte%n@ Igs 4.
follows: RPT = max(OQ TPT - APT) (1) ET =SD+M+B+RPT
Where: ET : End tine of the running lot. RPT :

[0099F MeR BieftihgPloORIES S|, BperbiidesAl of fhe schuthiling strﬂéml 190tfbescheduling
current tinme period. .  TPT :. Total processi ng}éél me of

- worktqiders Iy nﬂ\h%rateét Ogprption 400, i5| eXsped <8R pef isHpedufiag Tun, and is

e T
is trigpewed bytaarse sf thelschdelaling sestem BOO.Bl ock out tinme. [00108]

Following the initialization of the 3D machi ne
tinmeline data structure, JP Rules 124, JP Rule

[001 gt r 0|Imﬁﬁli%9;€ Sufidf md¥B Rfinfdfonk 28d 30ehddey BotldRtidaRRkd Rtrieved.

Tri ggers and center-specific paranmeters are
This infemiation driginatastihem scisetiar pHgr deured gxterqabyo d)e. scheduling system

100 and is received by way of the data interface 112, being stored in the scheduling

database 110 prior to the scheduled run. The retrieved data includes scheduling horizon,
scheduling model 120 (job shop, flow shop or bottleneck), scheduling methodology 122

(forward or backward), and work center and machine information.

[00101] Next, the SDC 106 is prepared for the upcoming scheduling run (S504). In
the present embodiment, preparation of the SDC 106 includes the following:
e log files are created to record any exceptional events that may occur during scheduling
e mapping between actual and fiscal calendars is retrieved to facilitate computation of
date information (which is based on the fiscal calendar in the present embodiment) by
- the scheduling system 100 | _ '
e : global conﬁguratlon optlons and flags for optlona] features and constraints (e. g. tooling

and ﬁxture matenal operator constreunts and the hke as wﬂl be descnbed) are retrleved '_



[00109] Thereafter, work order information is
retrieved (S510). Work order information may include,
for each work order: work order nunber, part
identifier of the part being processed in the work
order, quantity (i.e. lot size, that is, nunber of
units being processed in the work order), rel ease

' and due .date.. .At theoe I I I 1] I

+ ik Fiuirag g il B0 Ss Ol BN e SCIogR preSiisystem
pROTHE feusBtHVRR fthd dffticalbrf @h@ﬁ@é $8 nulihepsti®fecive tvidrk centers and
operations which make up a work order), and net

mpsal@mﬂ:hqtmﬁnofhﬂ’meﬁt %Phednbmg rgnscfer “whatri§ysimglagion purposes)
| h dul h
o el G DadifE o TRER LR I R o BAldnBRE

operation and status. [00110] Next the work order

004, SR, e SELE MR} s SRS 4 Bl 30

(FIG. Iaa 1§ %ﬁm%a%tthé SBLR)S508). Wafikializaten of 53D ehir® thne line data
gl'obal data structure that stores informtion

structieegatailsigycetiens. Wekiverstrps (0o thyeuehs the tilscdcare illstrated ig FIG. 6,
mea%ﬁg current status of the work order at each of its
P4¥ions. It is the "master" copy of the work order
data fromwhich the JP and MS nodul es 102 and 104 wi ||
retrieve necessary wor k. order rel ated data dur i ng

[001QFer at i(&h. nitialkys ghectime Wy foropashympehing 15,GIRLY o g Start time and
i

end tlgﬂ:' Siﬁtgk: zlg?etn éﬁi(enﬁiéﬁfr%é%xgglrelﬁ ggrlhg s&%tsﬂéﬁé‘e gﬁ{el ﬂnEgSIST yﬂ%e?ﬁfir{)eél to as

the Waek rOrdue$inhd 8 paw (WIS erAy ateerptf torsvhedubna fwasknagder outside the

at abase tabl.e t chedulin tabgse 110. The,.
WOTE e P eFing Torfbta 106 SSPBbea 410 Pi 15, B B line spans
time 26@@% 1000 in@icRURCES SHed@Nth KIHEORSSROmtBhELORIIMPS000. The
as defined by the sequence of their operations The
node isgharkedwith ngnddhinesyaitablpsthtus{@er i s conputed at the
operation level and run rates are retrieved. [00111]
A nunber of operational issues in a production
[001(4]Vi I OfBENOpeTRYSr SRiASIAfc@mation, kvideld etaytte dedintd oz de. m@’mne level
of these issues.is a desire to_maintain continujt

in thenpragyative calendass iupuiltdne thetimedine HEPrgRapet, hyo eé in the
time 1?[%6 m&?ﬁgcéﬂlﬁ ¥ om & 080 GimeE500f el sHE 8 S timeSBY It | '1!?@1} may

current scheduling run). The duration of the

be defihetdeasphowadn HiGithg which work orders are to be frozen
and the nunber of work orders to be frozen are user
configurable and are generally chosen based on the

[ob1dsar get (€5 VAL bloBRs &irell G BRIM shift hRZBGodWREKnto e ife 1B8. As it
as running work orders are scheduled at this

can bs s@cgen thrsexangde oAF K. fo the nyonker o€ sl blopks withiaregchvehift can vary
: 124 00112
sccorfi ¥ Bl Orsiin otR %) be TR RRTEH ke inicon.

{00106] (D) Preventive maintenance, machine downtime or any other kind of “block
out” due to specific requirements are introduced into the time line to prevent amy

assignment of work orders during those time periods.

- [00107] (5) Finally, the dispatching list from the previous scheduling run is checked

_ to locate any work orders which were ru_nning at the e'nd of _the previqus _schcduling-_ time _.
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is perforned by the JP Mbdul e 102 according to the

operative scheduling nodel 120 (job shop or flow

shop) and schedul i ng net hodol ogy 122 (forward or

backward) (S516). Job shop scheduling occurs as

descri bed below in conjunction with FIGS. 8.

Alternatively, flow shop scheduling occurs as

de . i , , . , . o
perof BSPAPEIE Nl RN ALl AL Lol Mvip schdpin i
perio@ &vill be sEikdbied tine dvBndticiduereiOsthedulinig sione geeidd b @achwmiaphine time
. .conjunction with FIG 21  As wl| be appreciated,. the
line it pagkaardlz emﬁ%&%ﬁ&gyxtawb}ﬁofageg%% th‘@g garfigy than thesgtart of the
i i) | i ! R AR Ak WRGertle period

sched@léﬁ%ﬂ%%i}gﬁéi \#\npﬁ ﬁm%és:ﬂlggg%hg?gﬁféz %ﬁor war cﬂﬁgob shop,r ® perio
startilgn Glowntie jtatting Hope ($Dr vathd 1bt, owhishepn berdirlesiek daedly from the

fl.ow, shop, -2 0Q113] If, on the other.han
schedyfjig AuRERE 140 Ll At s absoPpIRdoti oy SBVTE 1CHe s Felleges:

is performed according to the battl eneck scheduling
model (5518). BotRFEmger(8Mdauiifdd occurs as (1)
descri bed bel ow i % cof} tdétidhlth FIG 17. Both of

Whete: JP Modul e 102 and M5 Mdul e 104 are enployed in
bot tEEneckEmiatigelof the gundif}Olbi4] Upon conpl etion of work
orde chedul i.ng, the system 100 nmani pul ates the . .
¢hr e R DIRSEHT IR RETe OB 0% T SR dmpppriod.
in trrer SDQolAGréRsdihg8mb i ehelifining €ter at ed schedul e
and generates the scheduling output (S520) . as
r equiRt ed Asjual procgssng timp drergping ot has gppssthraiighedul i ng
fi negry uni ?%,»steﬁ{‘dat@ﬁﬁ firftb | Yors GREGHINE dsiBinken® bAQIFentbdteduling
be renoved,” any work orders for which the Assigned End
Time of tHEY &S operation post- dates the work order
due pglat e wWikdliilde. mar ked as | ate, and any finished and
unfini shed, inventories for unassigned jobs will be
deaB ocat 4K FEIHE) Prior to output generation, the
finalized scheduling information is read from the 3D
machine tinmeline data structure 300 and stored in the

[001@83h e dulBoHgwite tisdsdializgionTofethesild maashiner tmeking dafajsiructure, JP
d er . frat r t
Rl A RSO B o A PILRAYAE Lol iors 150
and caftfregatiic peamidiers Barrttriedéd frainathé Bghcllulity datdbata {85085 age
report, work order cycle time report, unassigned job
report, or daily/weekly machine utilization report.
exe r ' BeditoR FOQeBIEh (F80)Pe Work ord
I:("’o‘wg‘;?gner a@g&%%e?hggtk;tgg@n lingo [ gﬁi ?I u%t r at e(s In )FI G 0%. oraer
inforrgemahaoinch@do, fof cachevakivedinl wntk eyet mmtkedpartsidentifeer of the part
. concluded. . [00117], Turnin o FIG 8 perati.on 800. .
beinggfrogesEEch S WEQUPE S5 BRI HEuIT irndk B GRTERD of Uit being
-proce%l‘étg‘iﬁ HFotiCorliBs, JeRRsSHAL e{ﬁﬁcﬁﬂle dafe. | Al 8 topafaBbn level, additional

hough operation 800 is equally ) )
attributes may include operation code, operation sequence number (which dictates the order

of the operations which make up a work order), and net production quantity. Work order
arrays are initialized in the scheduling data cache 106 and each work order is segregated

according to its current operation and status.

[00110] - Next, the work order tree structure™is established in the Scheduling Data :

" Cache 106, and the assignment of “frozen work orders” is carried out (S512). A work order
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applicable to both of the forward and backward
schedul i ng net hodol ogies, here it wll be described
assum ng that the forward schedul i ng nmet hodol ogy has
been chosen. In particular, operation for scheduling
the work orders illustrated in FIG 4 according to the
forward scheduling nethodol ogy wll be descri bed.

tree 1¥a:{ gg%%rﬁ%?hggs%%c@% Gg%@%kﬁ%é ?@E%aﬁc{ﬁl ?éggﬁfrﬁg g%!eﬂnggc# dder to be

schedtted] hg:lddimg o wumentakatishef ﬂléemklopdaran ewﬂm aihtsf aetasivms. It is the
-27 [00118] Oper OO beg| n l.iz

“mastesenpy.ofth wmziq 16t G 10 WA thenﬁl MY moaled g‘ﬁ# i 104 will

retne%é(; fieckss eC| 'i)fdé‘ftréiafég cfa guréﬁgﬁpéfﬁfdﬁ orgl @fro%n@ework order is a

terss etc.), flags,
work padea il is pnbrrmketlheblé nh @ piartidutee nSchind uﬂlunng cOeetin ti@egesiod. The

TN M TN R RS
schedﬁhﬁ% HBds¥ 196 SPHe Vb&ﬂ’oréer‘é‘@fé‘hrﬂ{eq €6 cﬁﬁ@l a W§rka)r§&ttr&fthrough the
work orders that is to be performed at a particul ar

predevxcﬂsar m&irﬂuecassdfhelatlmﬂuml asglgfined bywhekseanefse op thsisog1gions The
strated FI.G._9A. . [.00120] F

release; i (PEE0E Fotls ot I coRBBFS SoBeRPalon SLgh i getes are
retriet&. desi red. Each work center 900A, 900B, 900C and

900D is associated with a single operation A, B, C

and D, respectively. Each work center has at |east two

hi ne Vi

e
work btdetitd be frezena [(iieastithdse dssubsis awlasike r Idmntqm’)odrmmﬁitﬁﬂnd minimize

910B, 910C, and 910D a associ,ated with centers
interrgplipns Tptoeen %w%@ggﬁgﬁiﬁﬂésﬂ@éc P \wargnt f%@éi](l E"Mhe' Shedute

. result L%ﬁﬁbfnotﬁc Qtlrr&?esci’l\é?fulﬁn LS, PROUSHR o #RE&eliod during which

I cation o operat ons froma gl obal work order
work | érders avetfo belfmzemtandetheenuspacof iveork chvdets| ionpe frozen are user

rs bein aken in ccoun 00122
conf A At BT BB PR BN h PSRE L P gfnfay oFrozen
work%trdiéi&téérﬁell 0O Phnridd WOLK BEREY ahicBEdUIES holss stAgd, ke (R are not
The centre-order data structure is used to store

gover@aﬁb&’ﬂ@g’&’r@drﬂﬂsﬂﬂés lithaadol28ers to be schedul ed
t hr oughout the scheduling run. The work order data is
organi zed by work center. The information that is

[00112] nt ailhbettibmick eelediiuling thiis nmdlm:nichod;eud:qsthb hserviS5k4), scheduling

ar der |dent|f|er enc nunb curre erati
is perferaiodi 1 e JPYaddle: 03 264 ¢ qurietvs Sshotiebmadfl 120 Gob

np PO U0 A i %ﬁmm?&%#"mﬁ%@%& Y bdehgags. o
shop §dbSd)lingnacirsas described below in conjunction with FIGS. 8. Alternatively, flow
shop scheduling occurs as described below in conjunction with FIG. 16. Regardless of the
chosen model, machine selection is performed by the MS Module 104 as described below in
conjunction with FIG. 21. As will be appreciated, the operative methodology and model

during a particular scheduling run in which bottleneck scheduling has not been chosen will

thus be one of forward job shop, backward job shop, forward flow shop, and backward flow

- shop.
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schedul ed flag, Assigned Start Tinme (AST), Assigned
End Tine (AET), assigned machine identifier, frozen
flag, and the like. [00123] Next, starting candi date
work orders are identified across all work centers
(S806) of FIG 8. Gven the operative forward
schedul i ng net hodol ogy, a work order is a -29

rti candi da .V its ..

013575+ 08 PR Borl bR fng RS St

- perfokied Recddialwarthe SohRdedk stediiinposolielgiBsh8y Beeteneck scheduling
elected, a work order _would be a starting candida

dat
occugstas dessribed bolian cevivastionith FIG 17, ot gEthgriPdHodule 162 and MS
' ot . [00124] I h
Mod Eéggﬁte%%%d%gﬁﬁﬁée%ﬁ%@?ﬂ 'Saui Eerrent] exins: sef or a

work order to be a starting candi date, nanely, that

the work order .is not frozen. [00125] The starting .
[00134h4i dddeen esmpletiomplewark Oféifaﬁ?bP‘gf‘}W&n’éﬁe)ﬁ?’StﬁB'r fﬁﬂomg’é%lms the

! i - VBite-tune th
three Hipor g0 Mhinfl WL fink Bl EHnIREe P0ony Bf SIAT 063 diksgne the
genefatedtsobedutecard denematps die scheduling datpul {55203 as tetjuesitéd bybidie user.

observed that the nunber of starting candidates at a

gi ven work center may be greater than one, and that

2 ' ' k orders will
[001 ?g’g‘i V@ﬁljﬁ;gf]%& SER AMBMC A SR Eigg?aerﬁﬁlll‘jd s@Rb&ed work orders wi

26] Next, the starting candi work orders are
be reproved, iany veuk eBB08Jor Witk thet Asségried iEnd; Binpeeeff e dasd operation post-

cording.to,the operative JP Rules 124, ' .
dates Ao TH 14 R RNt S5 RO itmcRilsae §ha nfinished
inveritbridd Tb @a8¢lghda 165 LR1IENe dialladdtedds operation 1000 in

FI G 10. [0%12 ] I'n the present enbodi nent, the JP

Rules are defined in a three-level hierarchy
ri . o .
10156 15 BB SE AR, il et o
the 3DavsdhéneoimdlBher datestricsart 600 rodrstoeedt inehasdiedulimendatatfasa110. The
nique priority ranking to ch job in the rk order

stored, BEPmation ihpse P gRRPTRE © et ety m#%%‘éﬁbﬂ?% e\ Piput may
take ﬁ')l@ BRR'?G GbgektioRakhddife, dMrREcHaRY BlspRRin@ NN Yixture usage report,

Illustrated in FIG -11 i's just an exangl e; the actual

worknardtrerychf timeviebert,ounassignest 1ohbi tepotieqrediaily/weskly mpeshine utilization

unber of. JP rul es specifi for. 1t
reporf o Rt arrBplaLpioh OB EGL 780 WilstsbiZhe peneped by thgsystom 100
is il@irhib@ LERIG. JP Opdrgidnadogel: fbshdihgdyitoms®@Ots i ebncloded.
the three-level JP rule hierarchy: Earliest Due Date

(EDD) has been assigned to level 1, Shortest
Processing Tine (SPT) to level 2, and Sane Family Code

00§74, 2985598 FH01 pkoh o T, EORlen o gt
orders according to the job shop model is illustrated. Although operation 800 is equally
_ épplicable to both of the forward and backward scheduling methodologies, here it will be
described assuming that the forward scheduling methodology has been chosen. In
particular, operation for scheduling the work orders illustrated in FIG. 4 according to the
forward scheduling methodology will be described. Various stages of completion of this
scheduling task, illustrated in FIGS. 9A to 9F, will be referenced during the course of the

LN e el

o .description which follows.

e



secondary and tertiary JP Rul es have been configured
by the user. 29 [00129] Referring to FIG 10,
initially each starting candi date work order is
prioritized according to the primary JP rule (S1002).
In the present enbodinment, the primary JP ruIe is the
EDD rule. Application ofthe EDD rule with an

[o01 .P@er at 'd/p%ra%%gegbq) ms”%ﬁo?rﬁhﬂ%tleﬁ @@f)%r dIn tialization entalls

hedul et anki ng e starti nd| ate wor
mem(ﬁ'ﬁzdﬁlo‘éat_loﬁl ohithe tifre d@a trdoased (ian thsom‘rkil dmjelEamebJ e&tter—speciﬁc

Start Tinme (EST). The Earliest St 0
schedghingdatp.cin- b gt Patametesand dag lik ndhegchaviine prd Cathé foe
execution of the work order may begin at a particular
work center in order to neet the specified work order
[001 w]e dalFelloWhlgSmltxatiaﬂiﬁrd atworkoorieropabd ris cxwatel foneadhework center

. eneraII e ranke ahe d of ca at
(SSOAar dé.sgarwmw Y deseri Eg'ﬂsw? PRELE laép“fshaf qﬁﬁ@ﬁfst"iﬁ%f is to be
perfoﬁzgéo‘égj | ?ﬁ%ﬁﬁaﬂ&orﬂ%ﬁteps?ﬁe i34l QBNGICH bR brd ﬂd&lstm Eflustrated

the characteristics of subsequent JP
inFIG.\f4s, it is actually possible for a candidate work
order with a later EST to be ranked ahead of a work
order with an earlier EST, as wll be appreciated).

[001 idj0130]1=1d}f oANgbREKVEsE welestutdrn gomat sl adisdtiatt is desired.

béen operative, the work orders would have been
Each mdke@tdg@@@a, %WBj&@@@m@d 0D as essecigied wiith siagle pparption A, B, €

t

a5k, S R s Bl R B0

an idB%Miéi’Q‘ﬂbcﬁf %gﬂdﬁallég thte ub&_?ﬁmﬁﬁemmg a(tjd innisoard Entegeg mitewill be
the specifle ue at e us n Wor orders,

* appreqies thaverieAerLISR 104 HONe VA0t yandcd {(Lh R PSSR Bith work

cente%%ﬁkd%(% WahK anﬁ@@@ﬁq‘eéﬂefzﬁ\/e?}a” ier LSTs (al though,

ependi ng 'upo e rule“control trigger used in
connection mnth the LST JP rule and the presence of

b t. JP | f
or B8P S AR5 D e RS i
from Woélgbﬁ stk ditid, WathefelevhiTtontdr0Pdcifit sthedufing Paktheters being

that conmputation of LST is performed even when the

- takenfigtpwiegagint. schedul i ng met hodol ogy is operative, and EST
even when the backward scheduling nethodology is
operative. This is because both EST and LST nay be

[001223ed D¥Tht heoddordbbgodle ai@ﬂepn%@ﬁted tvkiettin JPcdRtdremderodata structure
Sl ack Tine or Total Cpera Renmai ni.n

(not 1ﬂp$¢t@|;e%ﬁﬂ§ku@b're@%m the SPEOH0S?] T%%q,ptqerfg g%tq structure is Wsed to
s G o PR G (PSRG0T
work @rdise dataf if ©eganined thyewbidt eentqor c’fd]essfongamm&lat is maintained for each
work order includes the work order identifier, sequence number, current operation
identifier, preceding operation identifier, succeeding operation identifier, production
quantity,- release date, Earliest Start Time (EST), Latest Start Time (LST), work order
scheduled flag, Assigned Start Time (AST), Assigned End Time (AET), assigned machine |

identifier, frozen flag, and the like.

'[001 23] | Next ‘starting candidate work ordets are 1dent1ﬁed across all Work centers

(5806) of FIG. 8 Given the operatlve forward schedulmg methodology, a work order 1s a |

- | __.2-&_



Wu»»"').

-30 for all the operations of the work order, the

transit tinme in between the operations and the

maxi mum buf fer stock in between the operations. In the

JP nodul e, the processing tine of each operationis

cal cul ated based on the work order quantity (i.e

nunber of itens in lot) nultiplied by the average

startit ?Xh dal(?é %Q' %&emﬁ‘@bﬁ?aeﬁ?&@ W nﬁ@!ﬁ?ﬁ%&)@fﬁi@nﬂ? fasddelMRed with that

va No rachi ne as ignnent 1s

worknﬁnfeﬁr M dha batitvwad stizgelin®nietiiododogynkidebsen vlocted, arvmrk order
related to the operational Wﬁonst raints of the curre

wouldh be @ tarting canlidale Fha gfves Jrerk£onter Fhicn its lastppeatign is associated

““hﬁ%g&' (% LREK | evel s, are specified as parameters in
e Wor center-specific setting of the other

schedul i ng nodel paraneters 132. The resultant EST
| ue i.s conpared w art tine of th
00148 GulIh 4 TeRIG FmEBT TRt S ehieaulySheth @11 Aotk order to
bea @intﬁa%te) naftBg, thif the tav%ﬂeemeyis%t ESZed.s greater

I.e. later in time), then the end user will -have the
option of setting it to the smaller tlrre val ue (this

1S a configurabl e tion.jn the ched e
100138 o HfR bR 0t i aroSoh Bt e S sygers wor
and 'WB3 @t QREK AEAMEINNNS bR@ IRk of@TyaVOR aﬁ@rveow hi f@rk smér 900B are
t hat conputation of an initial LST value (rather th

1dent1ﬁnd iim FiGaPB HyTthe dinderiningoedl Behddentificesn Wawihhe @éser‘(wethat the

I r
it g 5 A TR Sty LBt TRy s
work E&terd hateSlo Matingsandidaeés. at | east one operation of the
wor k order has been scheduled will be different from
the initial EST conputation. [00134] The JP Rule
[001 féém r ohvekt 'tﬂ@&ﬁﬁtﬁ?%&ﬁl@&t@ ottt blaetshie E@Q’lﬂﬂedr(Bk@S)( Whiogifization
the ‘granu ity of the different priority
is perfamied ageyding s thehmpetaiive IDatudesRErg Ogavhtingy &8, vhichdp pyrformed

by i egila TP esflsty e i cpretipy BRI ' °
in S 1002. [00135] Follow ng application of the first

| evel EDD JP rule and associated RCS1 JP Rule contro
[001 27]i ggedn thet prosent Hinthpdimerie tho FHelules1@gylefined in a three-level

i) 04230, 98 R, CHEIA 0 AL Pk . e

purpcs® ofithe uldfferent levels dEIB nilewismg pidaots aeagsimimentiehd uﬁquae priority
to et her for further processjing.b he schedul i .

sk igoin A ETPTiGRder BPdler Tha ety F?e’Z‘l“S%F‘L irgP gk 14 1t wil

be ap ekﬁwcl &Q@th%acﬁf%e k?@Je? Iihe‘?ér@h)F fRREEAd iAF18. Uik jel¥ah Rample; the

prioritization -
actual number of levels or hlerarcmes depends upon the number of JP rules specified for

. that center/operation.

- [00128] As can be seen in FIG. 11, a different JP rule has been assigned to each level
. of the three-level JP rule hierarchy: Earliest Due Date (EDD) has been assigned to level 1,

Shortest Processing Time (SPT) to level 2, and Same Family Code As Preceding Job to

" level 3. The EDD rule is fixed as the primary JP Rule (i.e. it is “hard-wired”); the

secomdary and tertiary JP-Rules have been configured by the user.

;2_9=, '



[00136] If the priority ranking assigned to any two

starting candidate work orders foll ow ng

prioritization is the sane, i.e. their first |evel

ranking has resulted in a "tie" (S1008), and if a

further level of JP Rules has been specified in the JP

Rul es hierarchy (S 1010) the "tied" work orders are

iorit n J e ;

0015177, Sshiftplts) 30" AURY BlotSgFtel Sphdiade work order s
priorifiadill hebatdisg heithg phﬁﬂak}edP I’ralee(Sieeh) ashi greepireaent uambjpldanent the

pnma% I}T}g ;gd t@iﬁ ’grbg rl]ﬁlﬂ{r)] %ﬁlg ' ﬁhjsg g%ﬁ,ft}g. élsﬁ)rﬂ,\ ev e% a4 gpﬁ:ratlve scheduling
methc%ﬁ)ﬁ Blg I {’W‘(ﬂﬁ (éﬁned%gﬁ? nB8s thfkihPGhe rs%?ﬁﬁ@ SXATRE SwbfRCorders

e ermned to~ have the” hi ghest _
withi@thng"olol Yase®0h AseenBin@ EaBjesbatmetd iowe (ERE).f Hod Earha:tt Stars Time for a

ot AR T e B  W e
at a %ﬁ&ﬂar\/@oﬂ{ SehtPdif @f&g t(‘!"'rﬁdc't Qhé Qﬁ‘edlﬁ@l el offePAlueFdae. Thus,

an asteri sk wor k center 900A
candiddte otork ondeas matht mm.@%mu gfszmlbt be canked dbead ¢fscandidate work

ot 5 TR O b VR R GE R iy b mncion

with ik BN P RufPd &étch&ﬁct@ﬁsticb f %ﬁ’bd&iﬁeﬁﬁ IPfruleBsit @mm)r possible
and third levels of the hierarchy i shown in FIG

for a tandidate yeork ioeddravith e Hatee E§Ettg bplmkedlﬂmd Sh@ warkeorger with an
r-k or er shown to have the same priority
earhei;f;ﬁ% ?’?gwi)l[mgﬁ Zc(@or di ngly, because a second | evel
JP Rul e has been specified (the "Shortest Processing

Time" Rule), each of the three sets of "tied" work
orders 1102, 1104 and 1106 is subjected to further

[001 ﬂg' ori g &gtﬂigaﬁﬁﬁea&im : oﬁl%%ﬂgloﬁ? Yigd bdetﬁ dpetRivel th@ V\Foliﬂ@orders

soci at e Tri gger Processing T
woulRhmgebdeh nm&éd basedde dmﬁﬁcjmg Thtesst SthlemjéLS"lﬁ The Latest Start

Time Slzlﬂ %‘915? % rgse%{sl q}gﬁ Sfm%meho gty > o%ﬂ ?{lﬁh tg)?e%g é(%lg Yl wgrk order

may Bégi@ Andp driiéﬂlapfwork i Bfter WP TOKdRT tdemSetemier grcifbd C‘dmedeté | Thus,
t he sanecgrlorlty ranki ng. Because a third |evel

P
candiit svorlagrdseewith gedpter BYTE wild gersapty bq:faﬁék d/ahead of e@dldate work

o S 5, D S0 Uy MRS 848 o

conndctibh Rgth tA¢ LOTI JP Rt dndnhelpietghct o€ sﬁlh;lcdlldank &R aldles] i iRpbssible for a

which |acks a specific_correspaon P.Rul e Contr ol
candidytp gpsk ordeniveith A perliey bSR ARt tﬁlhgﬂ“p]:f’f 2 S1REk GBARS Wi & later

LST )aSSI gning unique priorities to the still tied work
orders. It will be appreciated that the first work
order of each work pool w Il not necessarily have t he

| EST h its.
0015l Sdb i motedshelBmint iR Sl 15T 3 s BahEEERAe rRbE U forward
schedullA méthodASEP 1We%tﬁre,u RhAUESPr dv@hi Wiere QHé ChadRivadde scheduling

methodology is operative. This is because both EST and LST may be used by the MS
Module 104, For other JP Rules, other metrics (e.g. Slack Time or Total Operation

- Remaining Time) may be computed.

| .[00132] When the EST is computed for the first operation of a- work order it is

: computed bascd on the due date of the entire work order offset by the total processmg time
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assigned to each work order, no further prioritization
W ll be perfornmed and the prioritized list wll be
the priority sequence for each work order in the work
order pools. It is thus possible for nore than one
starting candidate work order to exist per work order
pool . [00141] Thereafter, an attenpt is made to
[,
for S SHERM GRS TAORERL o] UL gl 0 1 Ben R AL Pl e

maxinfinpBiifferserd ihYetwren tﬁ\ﬁ)ﬁ%ﬂwne 10thed?® edde,ithe ﬁrdcassmg time of
greater detail below [00142] Foll ow ng the atte t at
each gpemtion iseledated hased g the vtk ordss guantity 41.¢.awgpter pf items in lot)

o TN 8 5 B LR SR (U e

(e.g. Ao mhchine iigpnent & pedforasd agthiesthed. ICaberi mrandtedspwhich are

|ndugate whet her nmchi schedul|g was successf ul

relateg{q the @Peralienah soRsRIES pf e curieakbRIOdAGHgNFRYiroRmERt suph as transit
I

time MAFRIAMOAT AR S ﬁ%%‘f@?% sefirlotors 3 e oslVetiepls kit stting

of thé¢ ntheh echedelagmoéethenstl?,iZs et resultaneBST hatue is compared with

schedul j uccessf ul 31 Thi s
the s PO sebecality Hiow (FTEEREN S1TG0 (Bisehilt  gfne offs) and
if the éﬁﬂpugélAEST B @xhiepli Q. Ia@errfﬁ@ﬂﬁhé] ethikhe oMAl &:Br 4l h&RL @8 option of
hat operation A of work order WO was successf ul

settmgdh@dthe@maﬂler tlmcevmlue (@mis as arpeofigwrebliption indhck sebednlgrg system
100)900A Successful scheduling of the first operation of
WO is also |nd|cated in FIG 9C by the check mark
over the identifier "WD 1" in work order pool 910A
0144] Next, it is_determined that the highest
[001 %?1 or i 15 the backpagl whedningrmethodelogy avsre ORIt Ypostepdh of forward

schec{uﬁﬁ% slggl;{] ﬁl&ﬁ Férgﬁlgtgg% glﬂ%rgﬂl%ﬁtl,sqn\é%ﬁf(rﬁﬁgc tan. ng 1t1al EST value)

wouldvhake bectewaryifited, shal aatidd. 3D vthlda be annipuﬂad én famlmdm:inanmer As
sel ctlon

will 136, BE Sermyeh Jb gze%m?frq Segosutingripe B8 el bt fer, ¢t deast one

opemﬁaﬁl ! th i viAGk Odrdbh Bad Q@éﬁt géﬂeemed\mlr bé rdhi‘fé}éllft fbRiethePRflal BST
C. Note that work order WO is no longer a

Conmvﬁmdndate in work order pool 910A, as reflected by
the, fact that the identifier "W 1" is no |onger
underlined in FIG 9C -33 [00145] If the backward
[00134]hedulThagPrrailé 0dad: S0 dbad asyeciated peittathe \BDID IP lrgle (Whith sets the
the forward schedulin a met hodol ogy, .t he_hi ghest

granvfrity of e dierenbpraity WtHEEhaveths e biie RassrBange @ige/Np. of Jobs)”
TP R el T G S Bl RO 6 iBinguioh, work

assocl a e prec
ordersbiy EBEHprigjty dopBi@id.on i n 5824.

[00135] Following application of the first level EDD JP rule and associated RCS1 JP
Rule control trigger, lot batching is performed (S1004). Lot batching is an optional
operation, which may be selectively engaged by a user. Lot batching attempts to group
work orders having the same part identifier together for further processing by the scheduling
system 100. When work orders are batched, Work orders w1thm the same batch are treated

asa umt durlng JOb pI‘lOI‘ltlZﬂthIl :
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[ 00146] Subsequently, the candi dates at the work

center associated wth the succeeding operation (i.e

work center 900C in the present exanple) are

prioritized. In this case, only work order WOL is

assigned a priority, as it is the only candi date at

work center 900C. Note that no reprioritization of

jorit £0

L0y B B G e Bldework anders
followingt frinyritizatoru i thenge, ikt thesr ﬁrﬂi deivel triwalting thef oesltedin a “tie”

T o NPT N E S r—

(SIOI(%SthQ F‘F&?’d&&ﬁ PiREE %';ﬁ’ﬂ)ﬂtlﬁe@b e nlaxﬁfev%f@%ﬂéseih the hierarchy
00147] After the re- prlortlzatlon at work

(510t Thes %fmeabdl wot klﬂmmllec@daia@smmgd haye Heen assigned a
h k t t he hi
i ST B o T o gyl T RYET el 5 PR B ity

S826 results in identifying a single work order,
namely work order W4 at work center 900B, as haV|

[001 $Tie hlg Jreferenqing BIGS.\8 quss9B.naitbepresens pxampleabe wiorls erehWOI is
9
deteri 1S iy B BB (AT PG TREL oA THE LR s ST s

smalls€fedetrlisry tiah allngkidsta@ind pddafatesnThe highelt prid¥ity abking for work

machi ne MB2 of work center 900B S814 3%%5 5816{{ ,[1”3
orderyiViH isHadicated matib Higi ol ResbA 0y W VEh oy asiaigk ST 3. The

Lo SR RSP Bty By

[00149] Following prioritization at work center 900D
826) , order WOL i found to t he highest. . .
[00138) o | t@vf@agla PREREESS VSR ?Pfeg%%e?}‘ama@ B%‘Pﬂmeg it which ties may

be brokdneSibipi8atRin ofOB8 rJPtRLﬂ&; @l@e QEconardad AhE@ levdBlofl the hierarchy is
atteripted (S812, 5814, 15). However, in this case,

shownrie FiGel k elrepartiorandhres @cts dU02ebdr and (14966 “tigd” siedkwarders as
D ustrati on of unschedul ed
show%boeﬁegtel Sa‘%‘l““ﬁ%’b‘aﬂ:“ Eotted outline. Possible
reasons for failed machi ne selection include a | ack

of avail abl e machi nes having fjxtures_or tool
[0013c es s dropordingl bohﬁf}a@f‘é & fecodfelexel oh BPleah?Sa@ﬁelbePemﬁEd (the

“ShorfP€ Pk sﬁlﬁo’f@‘f E‘ﬂ'eXc 8%3&%) thE%?*‘ i whik ofd@&UM%é 1104

roma er poo assovvnln
and 1HP6tikesubjectied eo qurthér pﬂnmtlzaﬁdnluﬂmgt ihei sepond/\lmfel ﬂP olee w1th the

sssoofHTF BeEacuud] faeetti, RRePesHTE HBE M o SAFRCSD). This
succed@ |fn %Qgﬁmﬁ%l Rebrils B NhRC bl rtﬁg préviogaye&f VHBE orders.

work ordér's o at| ons cannot be schedul ed. Note that
Howevki, shree durtthies Sﬂa 1t1 he, 11darend| 11d¢icdritied” whek pﬂdém wogy which still

the semas Cah Iei)ldlgll’lte drao %Egatée%gus%g a'.A ﬂ%;d Y\é%re{(ﬂQ rfgu?e hgéqe 1:1r gp@c@ﬁmﬂ{ée“Same

Family Code as Preceding Job” Rule), each of the three sets of “tied” work orders 1110,
1112 and 1114 is subjected to further prioritization using the third level JP Rule, which
“lacks a specific corresponding JP Rule Control Trigger. This third tie-breaking attempt
‘succeeds in assigning unique priorities to the still tied work orders. It will be appreciated

that the first work order of each work pool will not necessanly have the carliest EST within

C _ __1ts pooI for the reasons stated prevmusly
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[ 00150] Further processing (S822, 5812, 5814, 5815 and
5816) results in the scheduling of operation OpA of
wor k order W3 at machi ne MA2 of work center 900A
(FIG 9F). Utimately each of the remaining

unschedul ed work order operations are scheduled (FIG
9G . Operation 800 is thus concluded. [00151] As

d, .th [ i« ..
o018 . 1 SRR T i pBR 2ot coutd o b

assigridfth @héh WhANBIBE neqiRKdrariopitizetionESill boperfdrenetliandithe prioritized
operation. In the forner case, the EST conputatiqn

list will ibkithe priptiey seauenicados erduPIknerdeie iy fhe Werk; prder pools. It is thus
. i ousl hedul an. (1.0 patt.
possifle Fragifs o g AC T RE bR Ardc o B e R prdcffool.

previ ously schedul ed operation (in the case where

operations cannot be overl apped) or, the Actual Start :
[001441re- ofThereeliah G BT BRI FoBsG the gheR. PRATLY staring

i Y ' al lsSle Qs [pefiimed by th
candiGE SiofC e O F (petp, Rilhe (A1 SMaERe b3 AR peBimed by the
MS Myiieatfdansicsqpited adpregtet Hetail helbwoper ati on of a work

order. [00152] It is noted that conputation of the EST

for operations succeeding the first operation of a

rk o haki RciRhe bekdction! tHRPREEHih®Bslection result is

[001%15]606 d;rgigisvtvﬁigdtpe%ﬁe gp clthe béidc i

ast eration of a work order var

\ y
comnulmpatedito gheofP Moduleh®3end sedoedhd) (SRS )it dlag esyfer-work order data

f or war r ckwar d the work or pL.0 1:0G:
Stru"téf?t {n9f, Sﬁ%@n &S’ﬁ e%;ample;,' oanlog)v BP1E: gg?%x ei:sa e‘l?gtﬁ S1§1§10atgn‘arhether
mach{r@!s8hddBng @8 ishetdestall ahdephRbietidaniffeatiaddstAseigned Sert Time
two adj acent operations, and is affected b&/ . :
(ASTppud dessigned Eodiame AR forethaeeark order e Fesntdeg féh sehedling was
asﬁgl)i ts succeeding or preceding operation, such as
SUCCEPHEal | owabl e maxi num and ni ni num buf fer st ocks, the
transit tinme between the two adjacent operations, and

t he processing tinme at .the current. ration. .This is
00148k c1 | B (P PGPt SramtRlt-alt SpgFiETRIngd O a peheiylipg oVes Tn fact
succeg rS%XQ %%?E%:%Mgl PRI vedey aVillubth@ioBDF opefhtibs Wb 1-OpA”

ach* wor r 1's conputed 1n accordance with the
proxinper @t machise s hcwhinbeinidicates that anseatioar 4 efowerkygrder 301 was

associ at ith the . work order, 10 R, \M e
succef LY SIaratBh AU A IO g T SO el adoPE  Successfl
sched@RBE Bt HRNfirst Bera®bP ot AWO0 s afso tifdicdt&d i PTG LRT Hyothe aheck mark

t%J:E\'/en QOperations + i is based on the assigned start
over the pdentifiery§¥ Od i drl werkdondehipoad P104e previ ous Operation;,

dependi ng upon whether the operations in the work

order are overl apped or non-overl apped. [00154] When

[00144ET at MRS, it iseded@ininadethhap ddghesthprioray atartieg omglilateiderk order
bet ween the productjon rat_eseé)f the two a%ﬁgﬁgﬁt fion OpA

WOlofnss an ifasts hawp 8 supesed g geratiopOnés o Gie jugisciigdulpg, gperation Op

(S820). Accordingly, work order WO1 is deemed to be a candidate for machine selection at

the work center associated with the succeeding operation (S824). This is indicated by the
underlining of the identifier “W01” in work order pool 910C. Note that work order WO1 is
no longer a candidate in work order pool 9104, as reflected by the.,“fact that the identifier

. “WO1” is no longer underlined in FIG. 9C.
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succeedi ng operation can only conmence upon the
conpletion of the entire work order quantity at the
current operation. In this case conputation of the EST
and LST for a current Operation; +, is based on the
assigned end tinme of the preceding Operation;, as
illustrated in FIG 12 and in the follow ng

uat i . T) j,+1, =, AET, T . '
roo1E85Er 96 i L o ghiiey CBrgsf Blferthan e
forwan &HeddHAEmEROISIOEY, ahé ﬁ%héék prioki§Twvorkl ordbivesid tavabten deemed
Time for Operation; +, ETi: Assigned End_Tine for

to be@esmdidatm{for Trraching sehestion pf the Wetkneenterasersiates avithy the preceding
tg current. Operationi tohy M BSi: M ninum Buffer Stock
(rahep s o SN S84  at fon: +i MBS, M mum
Buf fer Stock between Operation; to Qperation; +i
00155] In contrast, for overlapped qperations, .

001483 1 | alSubrestiomby, Br cHEdie %r er WoB GeRET stiddigd nyith the
suceeBfE Bhaaliol f, L Wl bifé o0 ihInd enchf SERRAEY rk puibBlibed, n this

e curr ration.
case, bilyswerk ozdaeWO1tibesdgredut @idroy, asfit istibe BEY candidat8Tt work center
into consi.deration,the difference in roduat'on .
gjﬂﬁ starting

t akes
900C, el RS HERTIOTE 24P RIGHIOTS SPIRTS VB COmpHtK
candidABs A8PEceh Skl ®OBVS pLARRRA, Qﬁﬁfe?hf@lﬂlchan%eﬁ[. It is noted
e

conditions. [00156] Wien the production rate of
that, ferci W04 aoperkeme: 900 ymeiatidred, lita i SThis compsteddirptdpsed on the

sigph S UF s SnB PR sy VAT g, AR N
follows: (EST)r+1 = AST, + TT, + MBS, + URT, (4)

LST),+1 = AST; + TT, + MaRS, + URT, (5) \Were: -36
[00147ST) | dfter Hagr tei-riqrtiBitigntat Tiore cengie 5@9@3&2 ek ceners are canvassed

. LST).: tr: Late T : raf ks ' (<

i S5 e b e T PP AR08 b oG 0, o

pﬂoﬁtl\i/ltaéignwfeam_euesu@@a% dehibfying single venk ofgves mimedy workl order WO4 at
P B ' :

work @@pxg?ﬁ)(}ﬁ, nal.ﬁ rjrllélt;ninguthg %J[ghgst;top%konl%; t(ay‘\sle‘ Sgic%s rb?ftthg gétertisg( in FIG. 9C).

Work center 900B is therefore selected in S812.

[00148] Operation continues with a successful scheduling of operation OpB of work
order WO4 at machine MB2 of work center 900B (8814, S815, S816) and with the

corresponding deeming of work order WO4 as a candidate for scheduling at work center

900D (indicated by the underlining of WO4 in FIG. 9D).

- {00149] Following prioritization at work center 900D (S826), work order WO is
" found to be the highest priority candidate overall (S826). Accordingly, scheduling of

operation OpC of work order WO is attempted (S812, S814, S815). However, in this case,
machine selection was not successful (S816), as shown in FIG. 9D by the illustration of
unscheduled operation “W0O1-OpC” in dotted outline. Possible reasons for failed machine

selection include a lack of available machines having fixtures or tooling necessary to

‘ éomplcte the operation or a lack of operators. Aecordingly, the work order WOL1 is

- temoved from all work (.)rde.r.poots (S81 8)i,_'as 'sh(:)wn_‘ in FIG. 9E by the strﬂ{eoi_lt?ﬁ of the
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MaBS; : Maxi num Buf fer Stock between Operation; to

Qperation;+1 URT;: Unit Run Tinme for Operation;

[00157] For clarity, it is noted that URTi represents

the tine required to conplete processing of only a

single unit of a work order, as opposed to conpleting

a work order as a whole (i.e. conpleting a single
: . ts :h t . 0 t h i 1
identifBh R b SRR R e ot by RS and 930D S is done
becaus@alie fihished piodactt astymdated with; worklorérCa¥el Binnot bhenanufactured if

difference in the production rates ig factored into .
somer qfefhe reork e SYPEBHIAT GAEMeInDs Actisiule 8ot Bithis Tosults in the

canceﬁoji%ﬁ&rp{f}f R Prd oy SRRyl Bgﬂ'ﬁ@(;‘r{ Pﬁh (thﬁ?l‘l‘(%rﬂﬁnw 01 from machine

eration. This 1s captur e foll owm ng
MAlequations: (EST);+t = AST, + TT, + MBS, + OPT + URT,
(6) (LST);+1 = AST; + TT; + MaBS, + OPT + URT; (7)
Where: (EST);+r: Earliest Start Time for Qperations+

[001%%13T) ; ﬁui’thé@?)?&fess‘ﬁ‘i@r(%ﬂ ngg f2or sEmersiiisonsd SB16Adults in the
signed Start Tinme for %eratl on; TT;: Transit Tinme
schedistingnof operaters Opde phiwiodn ordep WQB rag mackipe rd2ovf; werkjcenter S00A

10, b o RS ER G e gprions r

schedGRANRIG. OG). ((hefRARLHOD ehnd coddRided. Unit Run Tinme for
Operati on; T: Processing Tinme; - Processing Tine;+1
[ 00159] For both the overl apped operati ons scenari os

[oo1élig- le-esg%f gsteé\‘ pd cmlg}l@@gxg SBITPEQC 8?%%1?&& LR eedifyl We first

an t he spe m ni-mum bu st oc
operati6ii WEL Wotlperdei diffess frem tigpenaiutais of BST fdr BEIfirst dgeeation. In the

val ue of _the MBSs in the EST and LST uat i ons oul d.
formeg gascs thesEST &p@auskyowﬁmeﬁ ¢ v el aewgtquetﬁe previously
sched%éﬁ?ﬁgﬁﬁoﬁr i 5, RIS T AmRAIR i kes R AdSQ IHdAMme of the

’ e work er quantity i1s too low For clarity, it
previnslhnssheduled apertion 6p s ease sviche opergtionsi aapnetepui veglappad) or the

rocess an.entire rk ,order (as._.opposed to just on .
ot S Ting R e iy B sbBRUOBRRIGE chft MR o¥fapping of
operafiSty Seperhdittdd)e PROGMGE i9Rrueatop tBE chfiuikioni FUSST for operations

operation is the sane as the production rate for the

preceding thenlestoperation oha wer aler.equat i on (4) or (6) may be
used since equation (6) is the sane as equation (4)
when 8PT is equal to zero.
[00152] It is noted that computation of the EST for operations succeeding the first

operation of a work order and computation of LST for operations preceding the last
operation of a work order vary depending on the chosen scheduling methc;aology (forward
or backward), the work order processing option (overlapped or non-overlapped operations),
and relative magnitude of the production rate between the two adjacent operations, and ris
affected by operational constraints between the curmrent operation and its succeeding or
- preceding operation, such as the allowable maximum and minimum buffer stocks, the
transit time between the two adjacent operations, and the processing time at the current

operation. This is described in greater detail below.

| [00153] " Inthe forwarding scheduling methodology, the EST and LST of each work

order is c@m_putecﬁ in accordance with the operation sequence specified in the part routing |
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[00160] In the backward schedul i ng net hodol ogy, the
cal cul ation of EST and LST for a work order is
simlar to the conputation of EST and LST in the
forward scheduling nethodol ogy, except that the order
i n which individual operations are examned is
reversed: rather than beginning with the first
| -
assocBE Bl O, B85k ORIk gl al Pk Booeiftn ARE SAHIRE dhrough to

the 1aspeperitionn The tdimpwakida off the ESErnmd Ui Tkfor atgwm@pemmm heis based
first qperation. The co utatl of {he EST andhcé
on the aﬁﬂalegustpéhmaﬁ SE ahigisd f—‘@ Pr%’l%ﬁ RETRFPILHlgPpending upon
I AN oPRGE BV ped. » Wi th
Wheﬂﬁzﬁ talt rf{thE ekgf)dﬁ%%t%atl onﬁgelong dependi ﬁg upon
whet her the operations in the work order are

oorBiE R orchenoveapned (903 Ln The e B e
prodiRGbYE&Bs LI @he RO ﬁ:éxﬁrbﬂeﬁﬁ%ﬁs Abed h6r Lftetant @Sqnbr LST, as the

operations does not afféect the fornulation of the EST
succeadidg (pEratian qaheaqby eomttienge open the eomplation wff yhe entireriwerk order

quant§ 3 1 BrrE e TioRy 18 it O fbiion 8t the S and kS LRy Wourrent

Opera ¥ +L,$J bisel ohliRe aRIB6E BhdEmERE tidt prodtdingsOpaatsh, o ilftetrated in
succeed mglcurrent Operation; + 1 as illustrated in
q

FIG. 1 @d intthe Iqllowieptquationhe backward schedul i ng
nmet hodol ogy, non-overl apped case, the EST and LST are
conputed as shown in the foll ow ng equations: (EST),
=AST, +1- TT, LST); = AST, +1- TT,
MBS, - PT, )’“\/\b‘\éEg (%%) Farl i est Start Tine @
for Operati ghsT); +(,I_=£‘:JET,Jr[L"a)teMaBi; art Time for (3)
Wﬁa@rati on; AST, +1: Assigned Start Tinme for QOperation;

Ti r t Operation;+1 to
pr e}é‘%@ Eta%liesggmr%ﬂe'ﬁggﬁ&ra{fﬁ hum Buf f er St ock
bet WeBH:+Opetest Ser: Tims fop@pearetiiz i MaBSr: Maxi mum
Buf 4877 St Q@s}s@mﬂmaﬁ‘u@eéﬁxﬁbp@mom o Operation;+r -38

PT, :pqPr oc ﬁreg?&fs%%e?ﬁanQ%t bﬁeratl%n,BI

contrést ons een_speci y
{ he MBRK tl\%mb@ atjosr PRl of

as iMdRSt rl\dmamumBﬁff%todlsbetarnm @B8ation; to Operation+

[00155] In contrast, for overlapped operations, a partial transfer of the work order to
the succeeding operation is permitted; it is not necessary to wait for the entire lot to

complete the current operation. In such cases, the computation of the EST and LST takes

" into consideration the difference in production rates between two adjacent operations. FIGS,

13A and 13B depict two possible overlapped operation conditions.

[00156] When the production rate of the previous operation; is greater than the
production rate for current operationi+; (“Case A”), the equations for the calculation of the
EST and LST are as follows: '
(EST);+; = AST; + TT; + MiBS; + URT; _ 4y
Lo  (LST)uy = ASTi+ TT,+MaBS,+ URF, . ()
. Where: . T T S
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[00164] The equations for computing EST and LST are
dependent on whether the production rate of the
current Operation;+i is less than or greater than the
production rate of the preceding Operation;. [00165]
When the production rate of the current Operation;+1
is slower than the production rate of the previous

eraton. m Al i f th |
cal éﬁfgr?-%*%& %"é‘%"gﬁgg’?%@*é?gsas°¥ ol I'ows: (EST),
= AGP L Lajept Startyfyme Tor Oppiplioniy gy (| ST); = AST, +, -
TT, ASTM BS\ssigneiRBtar( Tibje foxNdpertioiEST) ; : Earliest Start
[, g o gt Sttnlogdar,
P s pri e s o B erd P Glerais | O™
cur értS;:OfdaxitivonBuffer $ipgchetwiemPnetiau id Opegtionk

bet vgen: ONedieRuS Timé Gor@Ealdnpn; +i  MaBS, @ Maxi mum
Buf fer Stock between Operation; to Operation;+i URT,
Unit Run Tinme for Operation; [00166] Wen the
production rate of the current Operation;+i is faster
[001§TIan t IRk chirity,hie is RoRE ablatgRTp espdsents;the tieseqbitgd td bemplete
difference in the productigon rates is factored int?(
procesyiag offmify asglesmitenypHt e1esr AHORROY torcomplesing @ work order as a

whol €53 ERYBY Y sifile it sARE R BBlenfile b)® P ECECLTD, oo
8PT - URT, (12) (LST), = AST,+ - TT, - MBS, - dPT -
URT, (13) Were: (EST),; Earliest Start Time for

eratign, (LST), . Latest. Start .Ti for. Operation,
roorifT 51 bl ghroircpaion Fienty B TPl oot SoRphehan e
curredtf @Phdon! | MBCfak® E"S’B rRE QTR ORE Hiad proBSction 1atek iefictored into the
Qperation;+1 MBS, : MninmumBuffer Stock between

EST @pbL8T icomputagoie pah;r tmawgid dmgg,i@iwi% ok, prder at the current
OPBI'a?l‘(:)ICI).Cﬁ]j&P %tc\é\gtﬁped%ethgtfélf)o%é gqt%gﬁét I ons+1

(EST);+; = AST; + TT; + MiBS; + dPT + URT; (6)
(LST);; = AST; + TT; + MaBS; + JPT + URT; )]
Where:

(EST);+;: Earliest Start Time for Operation; .+

(LST);+;: Latest Start Time for Operation; + |

ASTi:  Assigned Start Time for Operation;

TT;: Transit Time from previous Operation; to current Operation; +

MiBS; Minimum Buffer Stock between Operation; to Operation;+;

MaBS;: Maximum Buffer Stock between Operation; to Operation;+;

- URTi:  Unit Run Time for Operation; '
JPT:  Processing Time; - Processing Time;ji

-[00159] For both the overlapped operations scenarios (i.e. Cases A and B), when the

processing time; (PT;) is less than the specified minimum buffer stock between operation; to

operation; + 1 (MiBS;), the value of the MiBS; in the EST and LST equations should be

.subst_ituted by PT;. This scenario could happen when the prodﬁc_tion rate for Operation; is

""too high or thie work order quantity is too Iow. For clarity, it is noted that PT; represents the
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URT; : Unit Run Tinme for Operations dPT : Processing
Time; - Processing Tinme;+1 [00167] As in the forward
schedul i ng et hodol ogy, regardl ess of whether the
production rate of the current Operation;+1 is faster
or slower than that of the preceding Operations, when
the processing tine; (PT;) is less than the specified

time raggil;&f{y o‘rp{gg-gfg %g%%)lﬂvo%ﬁog&\%?ﬁs @iﬁ{s@c} Logﬂlm @% umt of ﬁe lot) at the

previdifs lopRAGioh ST dodrsdlifake plodudtibnbatesafithe iptaviad d;?y:ralﬁﬁn is the same
This scenari o coul d happen when the ﬁ &Ctl n ra%
as the prpdugsion aete §or; the Sukrens oRFrgHOR e1thETCANg anps pypd since

cauatlh 578 b AU BBlon T e B8 S0l fFo A SB?L""LL der s
according to the flow shop nodel is illustrated.

0o16hl5 | 'Iﬁglmlﬁ?ccicmaéd Pk EioloBe 8 eaistp of T and LST

for a RRTKVRLH iSGh nmd Ihd ?% H?I LBRER 0P FASand DFER b ForWhtd scﬁ@dulmg

appr ecl at ed, oritization procedure for th
methddobogys Evasept utmuhb oider irewhich mq;vldnaltdparatmneanemammed is reversed

rathe s e VR RS DECIFPRIBHRn SO GForRE yBROBhdB ire 4 eggaton,
compla@¥h SPHBIMRHE! T SC bRy at e (A6 %p&ﬁﬁéﬁ lo$ thé ForR &f8er and works

operations in the same sequence barrlgmg any_ ski pped
througlp ter the ifisstOperation] bk ceimpiriation pHtheHeST ard EREFond aéflen preceding

OrerRErS s EREHL 5 AR RRERHRAA0, pRE It o
the cﬁﬁxﬁu@hw Seirfel d€fendidgr eyoet %Stheﬁmh‘b opbratibik én ithe ek order are
eduling Data Cache 106 (S 1602) and with the
overlw%éawheve&aeaed on of a work order pool for each
work center (S 1604). [00171] In the flow shop nodel,
there is no need to search for starting candi dates as
[0016®]s dole thecasdel glmiaowln]appmhq:eratigmehe tehativegnagnitnde ketween the

or.der st S vv|t sane operati ead Wor
produgligrurate g o Saiat o SPRBTOT LGP ahaih ek By TR of the EST

and qun létse{he p?é&ﬂfdg%efdh@ﬁ‘cﬁﬁ‘ %nlgVMﬁinéH%B tupbn @ﬁ&&ﬁh}ﬁ&l‘%ﬁ ¥ B entire
first operation and ending at the work center

work ae@o qirarttigyl atvhe purertopetasiona dihe spmputation of alsesﬂﬁ #Bd Lf3d’ for the
prece@lgg \@%g? %%2% ﬁ%l&eﬂq ﬁ%ngl%itsggcgegiél?lg%éfﬂ\}gn&?%}gﬁéndé a§ llustrated in FIG.

14. reversed). [00172] Accordingly, the next vvork center
I's selected based on the global flow shop routing
(S1606), and all of the work orders at the sel ected
rk cenpgr r h O)on-99&81apped case, th EST and
100168 BURIBL AR AL g Sk AR o S Planped, g e EST an
LST eeacdsmpmedk aoshbevn, inwhd following equations:

(EST); = AST iy - TT; - MaBS; - PT; ®
(LST); = AST;s; - TT; - MiBS;- PT; ©)
Where:
(EST);: Earliest Start Time for Operation;
(LST);: Latest Start Time for Operation;
AST;i;. Assigned Start Time for Operation;
1Ty Transit Time from current Operation;:; to preceding Operation;
'MiBS;; Minimum Buffer Stock between Operation; to Operation:y _
MaBS; Maximum Buffer Stock bétweén Operation; to Operationjs;



the computation of EST and LST again being different
for the first/last operation of each work order than
for the remai ni ng operations, as descri bed above in
association with the job shop nodel. Slack Tinme and
Total Operation Tinme Remaining may be conputed, e.g.,
in the event that the JP rules "Smallest Slack Tine
Avaiplrabl e Qperation Tine
Rena.n.ngf*%$%“%%2?3§?5%‘9h§%173] Thereafter, the M5
Modul e 104 is invoked in an attenpt to schedule t he
jjghes t g Greky dfser to be
(00163102 i RohRicty FLLR he Fpeliohy bt e SEARR b rease
overlgpped, BSTRahdh/ST e dvBiphteduis éllusfrated sn EESBrliSdeand kHgr eat er
detail below Followi ng the attenpt at machine
sel ection, the machine selection result is
[00164gmmmmeteaqaﬁc91s foh %mﬂ?’uﬁﬁgdelse ahd 2 .SNGrd 86R0E&H on whether the
(51614) within the center-work order data structure
producmxt rates oibtha CurrpOARedtiont.; éclessdbin ayetester thandhe prodestion rate of
th %Ssuccessful (S1616), e.g. because no nmachine
epq;mapg% R M-conpl eti ng the work order operation was
avai |l abl e, the work order is renoved fromall work
order pools (S1618). The rationale for this remval is
[00168c saéhensthef produdtion; etic @ﬁdbe woEent Oportiony wpgower than the
C
produgfrio Fa%e 8#' ﬁ}e erg\%%sfr Elt%[loﬁ eCa{sgﬁg {}%%ﬁgg%@%féﬁtﬁgcgym'ﬁon of
1heESIEﬁHL8DeKnQ&hn@W§ (S1622). Operation 1600 term nates
when no further work orders remain at any work center
for which scheduling has not been attenpted. [00176]

Referring to FIG 17 operation 1700 of the JP Mdul e
102 for sché@ﬁTrngl rkTorHePsi-4&brding to t Y

bott| eneck dul ngqhoqu@gwys i I'lustrat ey The
W]%? tl eneck c ng "met hodol 4 ogy may be chosen V\,here

ot t | eneck o eratlon exists.in -41 the production
envﬂﬂyaheﬁ¥W1 Pttt ligrdekOBHatM i on is an operation
who gl T3 ap daidsyStagt Tisedor Opemtitthe demand pl aced upon

it. 4591, exggg@ér%d RarPPihd £ rdﬁ%ﬁm ne or work center

exi S r oces rat.e than
xS MISLSARS are %a Dleronto SRl QR Bnb
mod MiBSxo MingnaarBuffar Stavd Hsbveehd esticnpler Qparairtan e

S chggigsed flakSturh Bubls otk bBaleen Uperaibh,at Gierttioal, t he

ot r at.d_on zed thereafter, the

n@hﬁn H&Bfg E ﬁgigﬁg% Chedul ed either before or
after the bott| eneck operation, depending on the
sequence of operations relative to the bottleneck

[001 éﬁ erat Wﬁ%ﬂ t@ %fo%ltu'cf?&h Pa?QQf the cﬁﬁ@rﬁ%fé%ﬂonlﬂ is faster than that of the

preceding Operation; (“Case B”), the difference in the production rates is factored into the
EST and LST computation in order to avoid discontinuity of the work order at the preceding

operation, as follows:

(EST); = AST;+; - TT; - MaBS; - dPT - URT; (12)
- (LST); = AST iy - TT; - MiBS;- OPT - URT; (13)
Where: '
(EST):  Earliest Start Time for Operation;
(LST);: Latest Start Time for Operation; o
- ASTip A531gned Start Tlme for Operationm o
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e
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once per scheduling run and is only applicable for the
bott| eneck schedul i ng net hodol ogy. It is understood
that the set of work orders for which the bottl eneck
schedul ing nethodology is selected will share a
conmon bottl eneck operation. ; [00177] For purposes of
illustration, the scheduling of a group of work orders

TSS “SZ Ll&??%ﬁ@"&% ﬁfetceﬁhg ég‘obq.@%&ﬁ‘ém“%%tﬁf
des dfiBed Mpoymdiu I?Pr%ttpnﬁ@lwprﬂonm
bot Wtﬂﬂgc Mmhmduﬂuﬁﬁq SlarlaleEWeﬂBOperatmm itd Ogbdation;

rved : S1701). Th
LZ?QH&E QEP%g ugﬁmyﬁg%hﬁnégghéV|ded) |de§f$fication

of t botFP%ﬁ%E& HB%FQFF@ﬁ“ ¥RFitloper ati on p3 - see
FIG 18) and a schedullng paraneter "O fset M nutes

Bott | ene The | att araneter i.s
100168, " e PBsd teiecings etk ey 3BTRS of hether the
produ%ﬁ@ﬁ ¢HE Df QH@Ehﬁéﬂt\@péfé‘tﬁneﬂ ti 'Tf‘stéreﬁuélﬁﬁ’gr tHaRlth@ O¥Ofhk precedlng

order to be processed romlts first operatlonto
Operdsioint, e the wpesssing dime; HP13 1salessstha1eﬂ5e speerfed ofifigrum buffer stock

betweP O oo CHERp uarior M Shof of ‘bE R RSBt Sna L7

formded mOamq;é%ueﬁﬁﬁ@& rbg PTRMKhidbden S 6414 BAYpeBRAHeatthOpdiicion rate
facilitate the scheduling of operations preceding the

for Oprsatigre isdek higher He wrk\mrdw quantify iSRdEwl i ng tine
wi ndow. The safety time buffer is added to reduce the
i kelihood of the earliest predecessor operation
[00168] ng iRefdsy teblGyl& apethitibad 600 ofaherdhddodidé a02 fohscheduling

begi nning_of the _schedulin ndo 001
work Néqgars aghording iidhe B shep b lélfﬂr%t?g Histating 180p ds executed
once pdtSchidufih %ﬁ{ arﬁpﬂtaghﬁéabwg)r eﬁﬁ&t deahe ?WBPB&&W&&I‘EEheduImg
OWnSt I eamn oper at i e second set contains
methadoddgiesam operations, for all work orders (S 1702).
Downstream operations are those which occur after the
bottl eneck operation according to the work order

[001 ssgut | NQ\sOR{li Bé appreciaRAE fRt JoNBriéMdzation préekd@RSfor thé Ifiew shop
whi | e upstream operations are those which occur

. modebrs| less camplerethen g Ikorﬁ@?@épamm@dwpf@f thei igh shap mogghidue to

the fa&f’f‘l t eagn Erogc?e]% %o %E s&lﬂﬁlﬁl ﬁth ﬂ('t)\ﬁ Egp ﬁ'lod cilgc?ulﬁlg (}ﬁkeentalls

use 0 SC
the sahhﬁ)p@pﬁbﬁi inahs sa'mf\e ieh&erfde r(thmSg Tanyvsltlbpéd‘i@erdmmt;]. eneck
operation and the backward schedul i ng net hodol ogy to

be used with the second set. [00180] Al the detailed

[00170]1 O MRE:L B4 6 ARL 06 Shop MobbiolRRR!800RA it Ghove] Bfcrhfon 1600

begins with initialization and memory allocation of JP data structure, flags, parameters, and

the like in the Scheduling Data Cache 106 (81602) and with the subsequent creation of a

work order pool for each work center (S1604).

[00171] In the flow shop model, there is no need to search for starting candidates as
was done in the job shop model given that each work order starts with the same operation.

Instead, work order operations are scheduled work center by work center, starting from the

o work center associated with the first operation and ending at the work center associated with
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duplicated into two separate work order trees: a first

work order tree for the forward scheduling path and a

second work order tree for the backward scheduling

path. This is done to facilitate the forward and

backward scheduling paths for the bottl eneck

scheduling nethodology. If, as in the present
the 1 GEBPI g R K A3 SREAIBR Rk RRTL o i pockovad
scheduling heorzestivedihs eider idrevérsedyt work order tree and the

second work order tree will contain the sane group of

work orders (i.e. all work orders). In the genera

e, S

01FRE", ofﬁ%ﬂﬁﬁ@&éﬁf TR Ry 1Y RAGR Yoy bi i, PR shop
routiny 816060, e:mdaaid]l of e grarkipordérs vabrtke celdeted voarht @ntee cbxe rprioritized

T 3 T E T N
the cf)ﬁ@ieﬁ%ggn WP ESTOHAEL ST 8&in el diﬁ%f%np f(ﬁ%@ {RétBast %Eﬁﬁoﬁ’)()f each

I ng operation Sequence nunber, and the nunb
workafrdeschda for dmrrsmamlwraipmsmsucbsmbsd db@\@rlmaﬁwlatmgmth the job

0 ¥ 2kl s use. as _counter
shop apfitel o SRR imF pfd S reryes pa ke R dpo b bERPYEE o . in
the eVQHIthAGhY IP1 AR Bindllad ™Ikt TRnd Alvhill HIES bir am}Fédm €lotal Operation
downst ream operations, either the forward f ow shop
TimerRsuediniog” 4re opeiAdvVy-ob shop nodel will be activated to
performthe job prioritization and machi ne sel ection
for the work orders in the forward work order tree,
[001B3r t i NMthefoatiet, tthe MStMbewie clK4opanadkedrin(dd A%t to schedule the
[001823 Upaon the successful conpletlon of . forwa

rd
highest peegityi W@rkf gFder Har i sehsdulpt hap gt gPybpen attempted (S1612).
Machglﬁ)eege?% '(CISHES pekfFmER 6 kﬁm%gﬁlg 904 Ea.?@égcflb&t int d}€ater detail below.

neck operati o firs
Followiey the |atiemeJ h)achfnetshlecﬁual; klmnabfsrmmtmlm geSphwswcomnlcated to

the 15 Mo o P AR TEPD bR b il P e oo

showR)Isur e contan|ty bet ween adj acent operations. For
each work order that has been successfully schedul ed
for execution at a nachlne in the forward schedul i ng

[001 ﬂ?)fer At tlg ﬁc%?d?@t t 96 lb@ecﬂ P:%Aucgesslt?%§§§1)6) é.é.gbecause no

mach&ehetiuble Tor gahpleiisg ﬂﬂd%rkd)rbasqﬂrmntm avhidibieviha gvork order is

remoyet?dufargrln%rﬂlewga:t gdp@po%éﬁﬁ%&%h e',Fhe; ragpn oqj%\gs[ lieg&;ﬁgp:s) the same as

1 (ASTej: Assigned Start Tine for work
ibrﬂgﬁﬁié%bqg%ithe bottl eneck operation j TT,: Transit

Ti me between upstreamoperation j-1 and the bottl eneck

[00175] The process is repeated for the remaining unscheduled work orders of the

- -current work center (S1620) and the other work centers (S1622). Operation 1600

terminates when no further work orders remain at any work center for which scheduling has

not been attempted.

[00176] Referring to FIG. 17, operation 1700 of the JP Module 102 for scheduling

work orders according to the bottleneck scheduling methodology is illustrated. The

bottleneck scheduling méthodo.l‘ogy' may be chosen W_I’le__re .f-a_‘bo_tt_l‘eneck operation exists in
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operation j [00183] Backward flow shop or job shop
scheduling is then activated to performjob
prioritization and machi ne selection for all the work
orders in the backward work order tree (S 1712). Wen
this is conpleted, both the work order trees are
nmerged to facilitate output of the resultant schedul e
o i s oo B oGRSy s s
than @Qeedeatand rplacpdnaoe tite Fomesarnpleta hotllynesktmachinehdrgivprkacegtep cxists
of, unused machine tinme my exi

t, bet { tart
whert iH B¢ PIESEhahdl PRTCHaRE SR A0 1o TSRMEHR b he botteneck

sche PN RRRRI®k fdetd & the bb#lbn&kRpeiatieR aRPRh&dI i@ fo ensure that
each machine, as illustrated in FIG 19. Putting it

the tlooghipat athe, bottlenesk doperation e maximizednthetpaften ght atrheining work
orderfeaet edalelcaiiet el 5 R BRI opR depepgingon the

sequeiié GIf obBatibAs FllatRRabahé tRARK ofRatidO MIRBREEN 11700 S8 eRecuted
cases, a pegged orders forward di spl acenent nmechani sm

once per sehedulingatin and is' enly lapplivahier fgr thephottlenesk sefipdpking wsthodology.

. the h I nd_al | -subse n ) .
1 i OHERE AT B a0 fon” SFORRSHERE BN URL AB8, GRudeth) scheculing
methédutepyds Bgledi@d Wilbshaegg esmmod doglenéckr opgratiod spl acenent

mechanismis illustrated in FIG 20. The initi al
machi ne schedule 2000 is broken into three tine
r i od: dof Rustratio up YE WiE orde h
(001 A0 Tk BAfon &Ll Busatfon, Bitscheduipk O o'Bip MR orfl cac
havinguiehsane det ofopefdtions a$ woilnerdpel§08d opepi@sditistheough Op8) of FIG.

. Lhangeoyer time period, i.e., the time required prior

18“@&%%4%@”é§gtution of a work order in order to prepare
the rel evant machine for processing the order (e.g. it

rréaiy be necessary to "change over" fixtures and o
[00178]0! i nRefring agnmciei RKJ.. 1 7THwttlengek sefiedyling parametase are initially

e L0 JEBSORI53 SRS B CBGRBLRT Fbsdops loviad

identifie@@d op take hottlefesda bferdiion | (A repérati®ic [y sMeeTFEGt 18) and a
changeover tinme period _c'_to start at the be%%nning

schedghing Rrametse dulipeigMinuies Ror diedigneck Qeeration”. | Thalagpargmgter is a

Fe: MM I [ : i .
L
for a Woek ewltt tr be ploecssad from itofivhiopératidretosthh ddttlepdck operation, plus a

e BB B Bl b 5 B S LA Bk st

date/tTBL BF Mt schORBER DBk WREfioR M@ alllsubARTent SFRathhs TBIRcilitate
earlier in tine) depends upon the Earliest 'Start Tine

- the schedulingeofmperativhopre¢c &8y Lthe( betileteckhaperetom utithin thgrschegluling time

Windé\h(?.bTﬁé Isa?tr:tlyttfn%eatt)tlx 0 if .%dd%ﬁ%? reduce the likelihood of the earliest predecessor
operation being inadvertently scheduled to commence before the beginning of the

scheduling time window.

'[001 79] Next, work order operations are split into two sets: the first set contains the

bottleneck operation and downstream operations, and the second set contains upstream

‘operations, for all work orders ($1702). Downstream operations are those which oceur after

the bottleneck operation according to the work order routing definition (opgrations Opd to. -
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of FIGS. 8 or S1610 of FIG 16) and the Changeover End

Time (CET). In particular, (AST)L can be adjusted to

the later of the (EST)L and the CET, with the proviso

that (EST)L w Il be shifted back in tinme to the

Earliest Avail able Tinme of necessary resources for

work order L ((EAT)L) if (EST)L was initially earlier

g I ARG 4R T [ ' I
Op8 equat’i o S: ﬁ# %;%treﬂl fﬁloﬁy EST gfeg}-ﬂc%Edlgbﬁrl%I;&ﬁ t?A%SQF;DEﬁIGDCCk
operatiofl E&GForhtidnk QﬂElSEl)d_ Op2LETThd GurposEST this spHAK) to dlfow the forward

schedTpg mghodlRgy By b bk o peioel B QsERF Gy Trggapt with the
boulegg@%%?é’tﬁfn aﬁ?c:{hél_ biowakd ?che&ﬁlﬂ'l ethb&’olﬁ@aﬂgﬁ‘@ﬁﬁﬂ withBe second

Earliest Start Tine for the
set. current operation of work order L (as conputed during
job prioritization) (EAT)L: Earliest Available Tine
for optional resources, including fixture & tooling,

100180% e | A1l (B UetaPled OREIrREREn [LRHERI il Mhé|Foba? OwodkhBrder tree is
scenario of equation (15) is tllustrated at 2002 and

duplicedgh inteirfwo separatac sosk |0®d6t§ftr@qu atfirsh wotle)orfley tree for the forward

schechip Bt 4y Shoof Wy TR P ordnd SRR Wphd g o, i i

done & facHit@p BedfotWardr fatack wadsichddliug ak fotie \battlelﬁedeschedulmg
for other work orders: -45 [00189] If f orwar d
metheglodggya c dreast nothet present rexemplse rihg .vmx i rdergceash dhaye atilgast one

operaﬂgﬂ\’iry mﬁﬁ%é%kﬁﬁ a'l:'ﬂeqst-ladggyggf atibR 6 file §§on‘a%@f] ald @kt Wkkorder tree

i's recor used
and ﬂmkact}hcawodn offer tfee viEB Tcohtiin ﬂwcm&:dgmgp ofevakiondas (ikhial work

is repeated_ until all. the bl e woy k
onderglodh th BetsralecsPet deBine of 00998 SRERLY il Tehesiahe sroup of
work %ﬂderQ&%Eﬁﬁéd% t@elﬁ%t Qlorit BRleMpedRILE oidi ]g dretorRiot@APEIdned in
. or

to schedul e a work order operation execution at a
the seaondwerkmrder tics, butlidentitabetweenthe gieupsibawt agngesarily ocour.
machi ne sel ection attenpts to find, fromanong the

machi nes at a specified work center, the nmachine that

[00181 bestFosuid getwald (ot xRt lirb) BerRe Gréersf Q¢ sorted by ascending
erform ng the desired ogeratl on. Operation 2100

operafjen paqieRaEcIE eReAnddle pygberan vk grdipiiciacl oRergtien | figetermined
for théi:'gﬁa ?%)1611' Iglémgﬁloc%on, fs@Ws ﬁ&ﬂﬁeﬁ GR B RRx{ BbF 210T(S1706).

Depending upon the routing variability among the bottleneck and the downstream
operations, either the forward flow shop model or forward job shop model will be activated
to perform the job prioritization and machine selection for the work orders in the forward

work order tree, starting from the bottleneck operation (S1708).

[00182] Upon the successful completion of forward scheduling for the first set of
* work order operations, the machine selection result at the bottleneck operation is ‘linked’ to
- the first operation (Op2) of the backward scheduling path. That is, the machine assignment
result for the bottleneck operation is updated to its preceding operation, to ensure continuity
- 'between adjacent operations. For each work order that has been successfully scheduled for

B execution' ata machiné_ in the forward scheduling path, the ‘Due Date’ of the last (i.c. latest)

4y




bottl eneck scheduling (in the context of either of the
j ob shop or flow shop nodel scheduling which is
performed during bottleneck scheduling). It will be
appreci ated that operation 2100 is executed nultiple
times per scheduling run. [00191] Initially, the

machi nes of the selected work center are categorized

i - GRI bigky inf W %kw%' f RaRAtAY phifCisStidafill biskd on th
opma%&l@%é%ﬂg&@%i%g&¥g?@%b§p et ng thelggyrenF M%ork orderon ©
follovdpgeq@uation: (S2102). In the present enbodi ment, five

different suitability categories exist: (1) Mist -

i dentifies machines t@D)MUSY4$E), usEY for the curreiftd)
&k order operation for reasons such as better

t hr put, toogli.ng constraints ual ity issuyes, and

R e e T
cat 648y osigaepSiatti Gmeder workiorderdet thegwitignegnypperation)
Dedirgat ed RigfterirR betvdRh upstrdanbpdratem jrpedd e doithatck
al t hough not ndatory, are preferred for conpleting
the currefPROY! or der operation; (3) Shared Preferred
(SP) - identifies machines that are preferred for

[00183]P! eBaslgvirt €loswsHoeprir Ul skoposciledulingeis didnamtibated tapdrform job
as preferable as DP machjnes; (4) .No-Preference

: NP) -
prioritignsion iand eschine kelaetion for pll shgwerk ordera dn ths Rasioppis: ‘&‘)f#%?édef tree
(817 llﬁ?‘ r %ﬁhﬁl\ﬁg Eé‘g&ﬁﬂ@fedoﬁﬁﬁ i Qgrkbélrﬁeﬁstg%{é e A1 d@'ezi?)@ f&NkﬁlISw?%te output

machi nes are aval e; an
of theMedultanti sdiesthilf foeBe nme ($1¥d).t hat nust not be used for
the current work order operation. A preferred
suitability category (e.g. DP) is referred to as
being "nore suitable" or as having a "greater

[00184]i t abi i thy" eddn@Nthat |BS SusRf-SpRificdd “©iffisealViniutes For Bottleneck
category (e.g. SP or NP). -46 [00192] Based on the

Operatign’ ganeingter ivens inftialsisnt iveshigh, # grw of Hawssi feachine time may exist

suit abi Lity c N M '
e R Ul SR B ESGEALER B AR ORABRRS of e
first sa‘ﬁaﬂblea liptratiyn f@&aaﬁl@(ﬁjﬁdﬁiﬁ@&s ikbestatedriy FIGr 12 OPI(Lr.ting itragother way,
the current work order operation af eac ine in .
unused Headiiee BIgdmat thegRalabls RERE iRt (%%E%egfaﬂnﬁ@%% dsygped during
machinf SPRHEEES ald BRGH:YEddiésh St TRLE ok Mbich {HeXfildf @Perdfith could be
tooling, and operator resources. The earliest ~.
commaueddl dinlsach cases,(EpdPged fordeas forwamk displeeenmrné desghinism i activated

rati is determ ne and, t he T for resources
to “pufiepdiny” e e Eriop it e BS A Eub Y a ESPEERRs 1716,
descri bed bel ow. [00193] The primary consideration in
determ ning the EAT for material (EATM is whether
- [00185]f f i cMemipuationt of ithe nefchingesohatheles Aceayinge b daea pyegedy orders

c leting.the rati.on - apah | bl : Of
IR D S BB P RS 5L o B! ROl
2000 SChersH BEb threcRinptpetivantabbileisia’,| v emd 01" Zedwipudt | Thees’ time
. . are quantities of materjal inmediately avajlable
period represents available (i.e. unused) machine time. The “c’ time period represents a
changeover time period, i.e., the time required prior to the execution of a work order in
order to prepare the relevant machine for processing the order (e.g. it may be necessary to
“change over” fixtures and tooling at the machine). The “‘x’ for w/o: L” time period

- represents a s_ched_uled operation of work order L at the _rele\_rant machjne .
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in inventory at the stock location. Schedul ed receipt

guantities are quantities of material which are due

to be received within a predetermned tinme period. The

|atter quantities of nmaterial can be used to conplete

a work order operation if the Assigned Start Tine of

t he operati on is equal to or later than the schedul ed

teri e t i

100148 1"  BtHRF IR’ plfs gty Ml dacfitnLlaiheliom sets e
changeate?sime pd’lﬂodﬁtbfoysta't att thes begineing wif ¢het dvhedding tsnﬂlwdldlow, smce it

that i s generated,_w be based ¢on real tlms ma

is kngyn; thal Fhangyosr apils aiwmé Rearauia iRSIOr g EXECIH © Hle relevant

of materlal is based on the follow ng
Operag&ggf?g}rlfeor%& = do (18) Subject to: nJqu Q =0

O<_n<_m V\here EATM : Earliest avail able ti me  of

1AL Tl 0L VR AR g B L. can

be pubelSOHlARd e @fﬁleéa&elﬁltHBweit:hrfﬁé @f(dté’dl Startq}?in@dereﬂﬂUr)élevant

I nventorized quantity of material i. g-u Schedul ed
operatjoanf moyk ofdej Lh(AST) ean bgﬁnadate@rliealm time) dggends upon the Earliest

s T 5 e Y b A o B s
of FIGRESEATS el Jfi KIGIT B andtktht @HahpeveERRE) Tinge (CEP y It ba-ucular
earliest time at which a fixture or_tooling necess

(ASThovan bendivetet gy theHater of the tES Toraad sheyeETopith éleq BIRVise that (BST),
I
i e, A3 ISR B T s forvor
order M@EAT)@E)IT @sSMyownd inétitlyasatlic ithan the (EAE) erithit issenofarizeé in the
wor k order operation. Thereafter, the fixture is
belov; equatiansyl and ret urned back to the fixture pool . The M

nmodul e 104 will wait until the required fixture is
rel eased in case the required fixture has been
exhausted fypep! hecpr If (EST)y <= CET (15)
(AST)1. = (EST)L If (EST). > CET (16)
(EST),= (EAT); If (EST) < (EAT); (17
* Where:

(AST);. Assigned Start Time for the current operation of work order L

CET:  Changeover End Time, i.e. end of the changeover time period ‘¢’

(EST);: Earliest Start Time for the current operation of work order L

| (as computed during job prioritization)

(EAT);: Earliest Available Time for optional resources, including fixture &
tooling, material, and./or operator '

'[00188] In FIG. 20, the scenario of equation (15) is illustrated at 2002 and 2006, and

the scenario of equation (16) is illustrated at 2004 and 2008. In respect of the latter, it is

noted that the ‘a’ and ‘¢’ time periods are swapped to promote possible use of the ‘a’ node

~ for other work orders. .
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fixture pool (i.e. the assigned start tine of the work
order at that operation will be delayed due to
fixture unavailability). The equation for determ ning
the earliest available time of a particular fixture
is follows: EATF,. = mn(r,,) (20) \Were: EATF,.:
Earliest available tine of a fixture in fixture group
e ] r t u
[00139] Olfﬁ\%lé\sﬁgbii%ﬁ enngén(’g f(;fl;h}{e ﬁ{' s e?Jtl }1 ;& H%cg?%ﬁﬁ,r glllf newly

A351gnet1 rEnﬁI]Fitr!& roff thRofidst oﬁ@ﬁi&ﬂ\]voﬂil”t&dﬁﬂ (AET)LQQ eercat-ctuﬂmd used for the
be based on the availabjlity of o

cale @a@é theo%SWéfqrﬁe‘Fce%p& ePeptignsmeldhy Waeneptsd dW&E a}éﬁélglble work
ordelfs'hgé%e%n%w#a?@k'dﬁg ”(i for running a nmachine dU“ ng
u

execution o ent work order operation. Each
operator has a particular ski II Ievel which is

al | sSsoci th th
1001831 SR8 6 6T 0es eapsrTNen2) OB.0% i eﬂfﬁ/wﬁu&%{% pttémpting
to scl“/ﬁ&hl@ S wdrl€ %He?'dlj)ef&n%hnféme%é éionl &V§|worl<t cen'te? {@,Oﬁlﬁ%ated As

uctlon te may be adj usted based
descrdpdraﬁoo’e, sieichine | slegtion Tett@m;amjm ifodd, ffon edmw mhen umaghmes at a

e S5 1L S Do REL b Yoy SRE s o

perfoRafs! 188 Uedal dp@Rkien! 'Gf%réifonoﬂ@()afh%r bS alviokEY eftBer during job shop
requirement i. oU Release time of jth operator

moded aph@lﬁlyng]gsqeeﬁﬁjﬂf o EHES.i 8), Glowv Aher B(&l@d@lntg (el6dE fnkiG. 16), or
bottler [ al l%délslgt Ir(ln glll n%o t?%t:' EEEQ k the l:] shL)S 0&9ﬁ1)WTQ]%p model

ce ofder
schedufifg lvﬂﬂcﬂﬂtsl FfdrSicd ldﬁﬁhg bbh&necfm%dhﬁmﬂirgﬂm g wilAbe Qlppreciated that
material, fixture and operator, i.e. EAT = max(EATM

operatin 210G eate»utf(cm)lltlpﬂ%mgﬁa?er,&fihf‘é‘ﬂﬂ%éunava. lability of
resources necessary for conpleting the current work
order operation at each machine in the current

[oo1 911] t abiIhitimly,cﬂteegxacl;dnbcasef bherselehiedkwdik cérger steapategrrited into

5 B o L ERUBL LB o B B corn
work”@t%@f %?eﬂaﬂox‘i E(EZPM)V enh i prakink 'élﬂbdélﬁ‘h&ﬁo e ( 2R - suitability

The angeover start and end tines are
categdmsewntr(édl Muss etfleotifieshoaghunes thatdeyst b usedsfopibe ¢yerent work order

opera? 1o X%orggsln chgg UJ? 3% %rgﬁéhp%'? %&%g g(ﬂltstramts quality issues, and the

like (more than one machine may be in this category for a particular work order operation);

(2) Dedicated Preferred (DP) - identifies machines that, although not mandatory, are

preferred for completing the current work order operation; (3) Shared Preferred (SP) -

identifies machines that are preferred for completing the current work order operation but

not as preferable as DP machines; (4) No-Preference (NP) - identifies machines that can be

used to complete the current work order operation but should only be used if no DP or SP

machines are available; and (5) Must Not -~ identifies machines. that must not be used for
_. the current work order operation. A preferred suitability category (e.g. DP) is referred to as
being “more suitable™ or as having a “greater suitability” than a less preferred suitability

category (e.g. SP or NP).

46



R

Det er mi nati on of changeover time duration may be
sinplified by classification of the changeover into
one of a nunmber of changeover types, each having an
associ ated changeover tine: (i) same part nunber with
zero changeover tine; (ii) intra product famly
changeover group with small changeover tine; and (iii)

oot BREYSH ot ATREARNEbie 1 20R Wbk 8y st

into Wwisich @f leastloak e@ichinauab (béerﬂéatég!mnﬁb Bvet (321065 Nastg theavailability
nore detail ed, industry-specific lc( ria. The
of resoMERsE aBRESTATY forecompleing ha cament ey Pﬁ‘iﬁré‘cﬁpﬂ‘“@gtat each machine in

e et

ﬁxtmﬁﬁ axd Q@tﬂmgpﬁkd @peiatorirésdmmkvﬁ[’hi: edliése dirhilatdd tinfeo(EAT) of each

in forward. s hedul eration
resourc&qwred@s siheioperiien i doteips, fad glaéfgf (o eesaiarR sl is sct to
I t é%ﬁ f fixture, or the end tine of
the lafég%ﬁtﬁ%%s@%s %ed be‘a( AE(JT",G(e j ), whichever is later.
[ 00201] The wor k order oper atl on processing tine is

oot} ) e 00 L BESTIEL K R B eam) i
whethed s ficient Qﬁﬁiti@@ &F thd™ Hfaterfﬁﬂ@kﬁ&f:ﬂaﬁcﬁ? @ehipMingtthe oFeratlon are

processmgtlrre peri od be all ocated imredi ate
availale. el woltspesCfamgetier alErmnmdfrred( OEFnjOFizeduamgics and scheduled

recei qcl §B n& T'egeqrufmnu Shﬂivé 1%16.5 ﬁ&%&e@{a%%ﬁlfa%ﬁ}d Glailable

in inveR&RY rafi ﬁﬁ:, stdl hgly@l. Behddaledrecelpti quantities hreUfiaftiticsdofl material
FI G 22A. For backward schedul. g(?f the all ocat| on is
i

which prgruearbsirecaivrd withiypedeermingd time; pesiod ce, laftsy quantities of
mater?arl c}uﬁl Be %fgie@ c%lﬁL}gétg St w&'ikdorgéﬁ%ae %ﬁ%ﬁ% the'W} s?%'%\ﬂ&itaft Time of the

ect tot I est aval
operaﬁfm isagjaairto @8 la(t&/%[fan the gchiexleid myatéried raveipt dateder .. This i s
illustrated in FIG 22B. [00202] The equation for
calculating the processing tine of a work order on a
[00194]c hi neAt(the beginting Of dash ashelialingongy, tl&OmteerFv,ibl lr&kigve the latest

23 UPHY Where: Error! cts cannot be created .
inven%fb?ﬂﬂ@&g 0] GguIe; @ﬁﬁ%a@?dﬁgjﬁﬁ%}c‘éﬁp?f@ £t g%i’ai?ﬁg‘é} rqal time
materfi aVREBIRE starus! ThEcichBRon OF earli&d @Milabl tfhe BF fferiht is based on

the following equation.

EATM, =d,, (18)
Subject to:
é%j 20, (19)
0<n=m
Where:
EATM, : Earliest available time of material i while satisfying the quantity
N requirement.
dy: Inventory available time of material 1.
d;:  Scheduled jth arrival time of material i.
_ _qio__é o Currently inventorized quantity of m_atérial koo
o @i S‘ch_ed’uledf quantity of jtfl arrival of material -
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EFL : Efficiency factor of machine j, EF, =[0,1].
LRJb,, : Learning-in ratio of teamk on machine j

whi |l e processing product in, LR km=7_[0, 1]. UPHO
Unit per hour of order i on machine j, which indicates
the nunber of parts that can be produced by the

machi ne i n one hour of tine. [00203] The learning-in

ratio or "gcurvey is..an onal. feature whereby the
prodct i o Sfl’frf"!:ﬂ'éar?g%%@ﬁ%t@f@t & SR PSR ne ¢ hat
i's being gaRAbd Qf BEIRERMRE aRivaRVIRAAME or with an
operator whose skill level is inproving is taken into

consi deration during processing tinme determ nation.

[001Jégﬁ t 2?/%:1)1% e@?&% r{Bﬁué% %geg% @ﬁéﬂahls tsﬁ‘?p n’B the earhest time at which

a fixt@@di tdodifg nkdessdre orfdoatplétihgabsantent work wdeholieha&lon is available.
| earning-in curve include: Learning-in curve to
product relationship: an indicator of the [evel at

i ch T, I t
oo £, iy i P g o b
is undvaﬂabid: figmi the Grart/Bmie o dief embninatof piteoumxikt orflemdpeyationy élhereafter,

each, produgt famly wll have its I ni ng-i . .
the fiife 8 rejFased ad FRHEIFA Back o 1Pk PSS PRPingUier S podi L04 will wait
until B Hdied Bkt reled¥@lin cas%%ﬁ@ rdo@lrbd Yikture RaVReh b2hAAM4Rd from the

earning-in curve on each nachine. Production team

fixturé Ipagf: (i. efthe lassigneslcstars tiow, of dbe Wodp@tdat ol thptr epetrtionowillt keedplayed

ave f BB Wit R e FtePor B Vit AR Pl of

particGMf fiture BQoll®P204] The attri butes of a I earni ng-in
curve typically include the follow ng information:

The rel ationship of the learning-in curve wth the
product, nmachi ne and production teant Normal output
per shift of the B4Bgeorin6n)t he machi ne; Quanti ty (20)
Wl&rrgduced so far; Definition of the various stages of
arnln in curve: fhe, nu roduct praoduced

i dedtily e Eagigshawilable time rf’et[“FtE%l P 8 Brlve. For
exapnpl e, tﬁé?ea%@ﬁfﬂe%‘f?%fﬂfﬂ%@%?ﬁxﬁ@@groﬁb@ces of a

prodiict on a particu machi ne before entering the
secepd st @gailabid tinpr afdng dixame bhiSrtuPOGropp & ceSxtoef mok
entering the next stage; and

[00197] The EAT for operators (EATO) may be based on the availability of operators
needed for either setup of a machine (to change the fixture or tooling) or for running a
machine during execution of the current work order operation; Each operator has a
particular skill level, which is usually associated with their experience level. It may be
necessary for a machine to be run by an operator who has e certain minimum skill level. It
" is noted that production rate may be adjusted based on the operator skill level. The equation

for determining the earliest available time of a particular operator type is follows:

EATO, = min(o,) 2y
- Where:
- E4 TO Earliest avaﬂable time of operator satlsfymg requIrement .
| 0‘-,]; T | Release txme of jth operator satisfying requlrement 1.
: 010 : Avsulable time of any operator satlsfymg reqmrement L



Percent age of output per shift at each stage. [00205]
A typical learning-in curve is depicted in FIG 23.
The curve shows the efficiency (percentage of nornal
capacity) of machine "M' when operated by production
team'Ti' to process part "~ P1' during various stages
of learning. Five stages of learning are illustrated,
each having an associ ated efficiency. For exanple, if
the normal output per shift of part "Pl' on machi ne
[00198] ' | STheQEAT tolﬁmoh&asrfdr‘lthé work brder adderecomsidyratiofdofimply the
t hat anount %i aﬁ%@l e first stage of |earning.
maxinyim aeongEAT of mgteri PREGYES &F- the output per
shift is 100. This neans t hat the | earni ng-in process
i's conpleted and E4E =morf@d TOLEANE . EAIOMi 11 take (22)
effect as the product is considered to be fully

earned-in by the machi ne and/ or productl on.te
[001?310206]Aﬂqt P G BCOL IS RTRS ocer N ot SAmpIRE R gaFrent work

order 3 ol 'a%a&ﬁﬂtaé%hmcﬁ'ﬁ%eﬂt Q‘tﬁta%fhtg Qgteﬁ‘gf}khé&r BIRh checked, the

eérati on on eac I ne under con ati on during
start ﬁﬂ]@ﬂ tinldhef thmi:hmgeowfr tinhe pdriddhamsl werkdwder mtmmm:sprqmmng time

o ofaehach ot Con el B B TEALEHBAR Pl

forward scheduling, the equations for calculating the

actual start time and actual end time of a work order
[00200]e as TheotHapgsorvenSErt and ned( amwg_ Jare EEruEST bysedoay the part

) Subject .to: -51 AST VWhere:, A I

dentBR B 0 moriaps Pl ed e RepeeRUE order

Deterfiishtioh"®f Sflan@béi@f tim®Auriion My jbe siledlified BRF klagSfication of the
avai l able tinme of resources. EST : Earliest start tine

changspvesr #e qne of ST numbst eaft chiangeever | tcof casfigbpvipg e psyociated
chang(%loﬁglt%?et ow déle-arnﬁl arliptﬁttarrclzl#]cg St)etth %é@(? W&nﬁr tlméA‘Eﬁ}Jﬁﬁ:ra %chiuct family
changeover group with small changeover time; and (iii) inter product family changeover
group with large changeover time. Different industries may warrant the use of a larger
number of changeover types based on more detailed, industry-specific criteria. The
changeover time is allocated into the carliest available time slot on the machine, assuming
forward scheduling (or latest available time slot before the previous work order if backward

scheduling). For example, in forward scheduling, if the operation requires a fixture for

machine setup, the changeover starts from the EAT of the fixture, or the end time of last

assigned order ( AET,, ), whichever is later.

[00201] The work order operation processing time is calculated based on quantity,

- production rate, efficiency factor of the machine, and learning-in curve (if defined). For

backward scheduling, the processing time period will be allocated immediately after the
Changeover End Time (CET}), or the Earliest Start Time for the current operation of order
L (EST)), or the Earliest Available Time (EAT) of resources, whichever is later. This is
illustrated in FIG. 22A. For baclkward scheduling, the allocation is right before the

changeover start time (CST );,-_):, or the order’s latest end time (LET,), whichever is earlier, .
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B: Block out tine. [00207] For backward schedul i ng,
the equations for calculating the actual start tine
and actual end tinme of a work order are as foll ows:
AET,J = mn(CSTi _1)j,LET,.) (27) Subject to: AETu
EET, (28) V\here: AETT : Actual end tinme of order i on
machine j. CST(, | J : Changeover start tine of order
o . ¢
subj egéﬁl’tl?e:r‘e@éAsF hghg able t f res&n.?é ?gérqﬁ‘ I‘f'ecfukgﬂ} by ;LhéA’{?éfE?_ﬁ{ orlier Thls is
illustiBted ip F(@9)2B. Subj ect to. ASTJ ? EAT (30) \Were: AST
Actual start tinme of order ion machine j. M Mealtine.
B: Block out time. EAT : Earliest available tinme of
our [ t
10020250 9oy IOPLORLIGGHP SRR Ang (S, B vt it on
machhml(&nh&nite(sﬁﬁ]a&(ﬁ)lloﬁrml s best suited machine is al so
referred to as a "candi date" nachine. [00209] The
currently operative I@xlﬁulxw &lﬂgssom ated M5 Rul e
Control Triggers pyw election of a  (23)
candi date machine. If a s & M Rule is defined, it
Where! be used to identify the candidate. For exanple,
i f 'Eer:m i8&ks ChEn I &e&t’eﬂ?r(ﬂf; el el Lod&.: T MRoce8RhyY time

MS ru ear.liest Actual End Tlrre i S

chosen. Pffgabf”égg‘ﬁ neévrfBHb‘PWE%t the M5 rul e " neet
due q@late menatwm%mdappl ied (i.e. it is "hard-wired"

as the i_ghest priori f e.M5 nodule); this
rr?y ot blé%g?‘ﬁ%cﬁ toap%éaﬁfa{%e&*t ldinent o [)00210]

I ti.plge

or ogdbissl apiat Eg BF et b EAahEFYRA Processing product m.
a single Cﬂm% gqbg]. M5 Rul es may be generic or

i ndustry s eci fic.

! nit per hour of order i on machine j, which indicates the number of

parts that can be produced by the machine in one hour of time.

[00203] The leamning-in ratioc or “curve” is an optional feature whereby the
production efficiency associated with a machine that is being used to process a new product
or with an operator whose skill level is improving is taken into consideration during
processing time determination. The feature may be turned on/off at the center/operation
level. Options which may be additionally specified in association with the learning-in curve
include:

¢ Leamning-in curve to product relationship: an indicator of the level at which the curve is

to be applied. Two levels, product family level and part level, may be defined. If the
learning-in curve is defined at product family level, each product family will have its
own learning-in curve on each machine. If the learning-in curve is defined at part level,

each part will have its own learning-in curve on each machine.

o Production team flag: if the flag is on, each operator production team potentially

operating a machine will maintain its own learning-in curve. Otherwise, all teams use

Cthesamecurve. .
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Exanpl es of generic M5 Rules include "neet due date
wi t hi n maxi mum buffer stock', which selects machi nes
that can conplete the work order by the due date while
satisfying the buffer constraint, and snallest |oss
time', which selects the machine with the small est
gap betvveen the Earliest Available Tine of the machine
th r s¢had) .
[OOZEQE Ies o Jggtc;fi asgem ?%ﬁfjlvgﬁ 1Eél AQ&Z:‘tﬁé following
mforﬁ:ﬂhmﬂtl ng of Part Identifier and V\afer Lot
| dentifier' which attenpts to assign work orders of
o Thpgeletignshipapf thealearming-tiy carye widethg pradpet, geachife adyaroduction
tmachl ne, WIthOUt exceedi ng the production cut-off
, and “sanme wafer lot finished within the cycle

el ects machine for
° I\{ coglhdéh?rﬁl% F'{ﬂegﬂo gse Mhe same wafer | ot
. ugﬁﬁ}s, fddibed RAfL; i dentifier, product famly and be
e con‘pl ete the processing within the targeted cycle

. Ueﬁﬁﬁonﬂf&ﬁ@varﬁdﬂs%ag&ﬁ of $@edihfit ctvet the membet of paduot produced
backend assenbl %/ envi ronnment . [00212] Ea h M5 Rul e WBX
ideatjBesaprch Stoge i thed eNBINERNCUEYS £ Ph PXaRIGaF teapymust prodice 100

PEAETI 5, 6160 I RO 58 g B, s soge o

ploducsinotlen 260 pleats edforgichieeingtichiexestagravaindig | oss t| rres
not exceeding the tinme period wll be treated as
o Persenfagd of cuitpmp perathift af epch stage.wor k or der to be
schedul ed. Other exanples of Ms Rule Control Triggers
are the "End tinme tol erance and Processing tine
[00205)vi t ' Anymeericanthgtinecuriy mdd&pid:tedl iw FIGof28. rBmgeurve shows the

eﬂici%:r];#yg E{gfe@égee oo rrer té@%%%@tli $Mtlv\%henso%elsa%§dagy productlon
‘team W%ﬁ!clé@' ﬂ_a!rd\'ql_?'l b HMnTg var@ﬂ@ s@%&@gﬁeﬁﬁﬁ@c@ ive §1ﬁg§s dfQeatning are

m ni num anobunt of ti y | ower fpl‘l or
illustratecih pavh havisg au@nmcat@l %fﬁcmp@r aﬁqr@matmekor dhen ewtput per shift

o a2 1RV R P P PEL ey ot amons

(i.e. 1B&NhE First sEROCE atdike. TANElellhsMsﬁgé ehepsrctittage off the output per shift
duration of processing tine of an eration beﬁ ore

is 10Q. rﬁnwémmth@ﬁhwﬂaxn%ntmﬁsa 3 eempleicdaan QoA quipphgte will
r o) The r

ke LB PRl SO LK, S, by S ki snd

pnthﬁpﬁﬁﬁﬂﬂts a n1n|nun1ut|I| zation (e.g. m ninmm nunber
of operating hours in a particular shift /day) of a
machi ne that should be nmet by all machines in the sane
category in order to balance the | oad on nachines

[00206] hi n TrREVSaNBIGB1SIAN0 cdldfisiheTAGualERErt! TifR and Actual End

tol erance and Processing tinme limt' Trigger and t
Time of the work order operation on each machine under consideration durlng 82108 The

manner in which this is done depends upon whether the forward scheduling methodology or
the backward scheduling methodology has been chosen. For forward scheduling, - the

equations for calculating the actual start time and actual end time of 2 work order are as

follows:

AST, = max(CE

lj!

EATEST) . (2%
Subject to: REEE
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"Production cut off range' Trigger nmay be applied
together to select a candidate machine. This is
illustrated in FIG 24. In this exanple, two machines
(M and M2) are suitable for conpleting the current
wor k order operation. M has higher priority in terns
of the changeover |evel conparing to M (i.e. M

requires |es h over tinme conpared to M2), but
the end ti nei‘gijfﬂgﬁmrk order will be |ater than I\/é‘.ZS)
Wh&18214] The sel ection procedure is as follows: |[|f D

< ENRTI MEJ : el e El se If processing
ti n&%k@%@%&fk&?@F@i@kﬁ%ﬂhen select M
El SQC’ET}:D'CIfang&QQr GATEIE oRONEE ort ﬁh@ﬁhiﬁ@L.eCt M Else
Sel ect ‘M2 [00215] The third filter in this rule
tri ofgbf : c dirshiest geailabledimg oftgspecese| ect ed even though
D hesr exqegped shfidnd sorddl- T ME- TOLERANCE and
PROCESSI NG TIMELIM T, as long as the DI is less than
t he LYIROD-I@umORRrtRinNGH ofdérie, which is normally the
duration of the production shift. [00216] The
END- TI ME- TOLERBNERAST ands PHOEESS! NG TI ME-LIM T (26)
Wﬂ%} eshol ds are essentially used to determ ne whet her

't 1s_worthwhile to introduce another changeover if
t he 48Ger Awtpdend jimegfiordes i eamasBivgliet e t he work order
ear I]Li{,er a in -54 the exanple. These conbi ned
trigger tolerances indicate that if it is a small work
orddf (PrbeHSSNISF I ME LIM T is small) or the
difference of the end tinme (END TIME TOLERANCE) is
within the tol erance, then M2 should not be sel ected

00285 S SLERESRY S P Bl B gcal st i

and abHAT SAtnSUbE PROIK driler #EEEHAOWs: SUbsequent suitability
cat egori es cont al ni ng at | east one machi ne are

exam ned (5 2, 52 52110). The result w
be a single %éﬁdi_gg%éé#ﬁdﬁi%lgﬁ?rom each suitabili ty(bl])
Subjgettgory. s [00218] A best candidate (i.e. best suited
overall) machine is then chosen fromall of the
candi dat e naféﬁ%%gE(TSle). If only one candi date (28)
wWketests, that nachine is chosen. This wll be the case

hery RS TR0l 08 BRTRSRIE RGeAR] "Mt mach ne

cur _ ration Tor exa If nmore than
one gndi dathaBgéovesstart ithcssHlopddrii aronhadiiise over al |

best
LET: Latest end time of order i.
EET: Earliest end time of order i.
_ AST; = AET,-M - B—p, : : (29
Subject to: o
AST,; > EAT _ 30)
Where: _
- AST;:  Actual start time of order i on machine j.
M: Mealtime.
' B: Block out time.

EAT : Earliest available time of resources.



sui ted machi ne anong the machi ne categories is
governed by the best-fit nmachine trigger paraneter.
[00219] The best-fit machine trigger paraneter
controls the selection of the best candidate nmachine
fromdifferent nmachine categories so as to bal ance the
| oadi ng of nachines in different suitability

[002@2 ﬁlg cn)rgiug%. 1@%{;@ tstﬁt&ilo glalt: ﬁﬁéﬁ?&gﬁ'&? $ ‘mmﬁtg ategory is
selectbd (321116). eﬂﬂﬁbbﬁ ,suiﬂ:em 1agcheaNg laliatrﬁ'errﬁi&ﬁhasﬂe‘&aﬂdlﬂ > panleine.
machine M from category DP, one machine M2 from

category SP, and one nmachine M3 from category NP. The

ooy | Sl S e B ATG 0P s

will m’ﬂltﬂe selédfiﬁaf ofld cwnididate methert 116a sprede MiUReleiis deﬁned it will be
: < BEST- FI T- NACHI NE- TRl GGER- PARA
used mﬁéwtgg thecgangdidate, Lior prampledf mmlmEizmg the cycle time I\élt:' e order is the

only Talk! E%%HFO@%%SP ARGIME T3 TL:H@ Ns SBb&A WP the present

se sel n essence, e sel ection
emboﬁmmcthe ME Indle S ametidigedte’ciaradivaiat @pltad . at isn“hardiwired” as the

di : =
h1ghe§ttgqolpin31é€ql % Yl g&l%gﬁ 1??22 %8‘511)062?’%@:1‘ Qﬁérgt%tti]\ree embodiments.
suitability categories have been net. This procedure
is applicable to both of the forward scheduling and

[oozwc kwaltimeidtidel IS iy ereatie olédinedi tésy af@pmqssi@ﬁbreannﬁéd until the

et BRSPS Y S50 i PP InIRES pcie

ExamPle8 COft gR6ri@ MS fl@tﬁleﬂ&fdlhhdée hée? 1iL8 ) datPwithig mmheﬂubufm stock”,
a forward searching and node splitting mechani smi

whichagitciemaglyinesbalvennesdunlgle thoworly oxlen Py g ghe gt while satisfying
| I
e A RHEL WP, Bl (P, 0N B0 JAER L1 o st
gap betyes sk BarlpsaAvkilablé Time wé thenmackinerahd s wiokle order’s scheduled
processing tinme of the current operation is found,
start WhR node will be changed to an “x' node to schedul e
the operation. Alternatively, if an "a" node is found

. to represent a time period that is longer than the
[0021#]oces Sixagptasmef ahdushy specin M pailest inphudet freo “splittingdefl Part

et b B TIGBRNE MBS Aoy B BB P60} Pin s o

and wWaRéClot tiﬂ&uﬁ%ﬁcﬁﬁﬂie%met maghisd, Wwileoue Wkeesdingoper @b'dﬁxmon cut-off
and wil | Piven a machi ne status of "x', and t

time, g@ctmervmf@r ohfinisbecd pitaethe cxfly tmsr elgtreipepd/int tﬂi?d “Whigh selects
machRS 18 YR e PGSO Grcfil "B%‘ééﬁ S the®: el\{/] dngtggél}ugfr’ part identifier,

al'ternative, the operation nay e sche
produet(%nﬂy arl H&iablﬂgzomﬂléte }ﬂheﬁ‘prtocﬁﬁmgewithids;he targeted cycle time. These

rules are specific to the semiconductor backend assembly environment.

[00212] Each MS Rule may have an associated MS Rule Control Trigger. An
example of an MS Rule Control Trigger for the ‘smallest loss time’ MS Rule is a time
period (e.g. 2 hours), such that eligible machines having loss times not exceeding the time

period will be treated as ‘equally competent’ for the work order to be scheduled. Other

examples of MS Ru_le Conirol Triggers are the ‘End time tolerance and Processing time . - -

'. _I'imit_’ Triggér and the ‘P‘rpduction cut off range’ Trigger. The former trigger entails two
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spanni ng across shifts or operator neal breaks, wth
each of these periods having an associated "x' node.
The latter case is illustrated in FIG 26. [00222] As
shown in FIG 26, work order y, with processing tine
of 320, start time of 340 and changeover tinme of 20,
is to have one of its operations scheduled for

soefiSSHARIGE, BCENEE T ERANGE VRS, RO L

ENDZJBRVE ”HULERANGE £iférs to\A intihinkin aplonANGfltime byhiv, a RMEr priority
Searches for an "a' node haV| ng an_end tine greater

machirie raust|campiete am aperatien peforsa higher prioxitynashingdicfore theepperation
y (340 S ty (bl,oc gut d - a
will i%%) %?%&ggﬁOrg;r gj(i%'ﬁd]?hnarct pﬁgcedﬁﬁgg Hﬂ%ﬁ%we nachine.

PROCESSHNG HME éLIMITITOtwers Yo f 0 utiidindih Cciurstica:f of pfrdsuensmg' lene of an
310; this node is selected sinc t ends .at t',%EE
operafifn drefors the expeation il b coRpidered gk schqdlipe (3t d?wer priority

machg'le ; 6’1;1’% %Eglng@g&eémgllsog ki bf% ﬂésﬂ&lat ﬁﬁgel?@ﬁﬁb%@'l‘bFF RANGE,

time of “the wor node
which sepirésentssp nihinhumh autilibates (erg) demimtinentdimbet ofnopbeat{ng haws in a

partictiig SuBidsor G MLyl (roE] e bEBy e Ty g category in
orderq@rﬁrﬁelhﬂ% tft flaHSnPhachfes with thBSarhé bit@gcﬁ?de (t ime 340 to

I's given a nmachi ne status a
duration of 110. Typical informtion that |s witten

0024 8,27, he, SR S B, P AL B g

‘ProdubtidniéR of eﬂhge’Thﬁg%ee ;HbPERLR u&getmrtb isBleeiSa tandida¢ alachine.
for an 'a' node 6 for the renalnlngﬁﬁgoce55|ng tinme

This padugtiates) mtlﬂﬁa[24pk1d@§5@qaw@1q, ity mpEhi Mahgre sultable for

om0 SR B RO A e Mg s o

changeocerTemd abmpirirg todVIR. M) poireslsindhahgeowenfimwootpared to M2),
ord 022 I.n th ven no best candi date
but ﬂﬁﬁ@&’“ﬁ? ‘tf%]iﬁ rflﬁfe‘ﬁ‘tl atgr h"f“@%l this result is

reported back to the JP Module. To prom)te an i nproved

schedul i ng success rate, the M5 Mdule can optionally
[00214 conflihgselecianoprogriureistah éollayesour ce constrai nts and

j to,a vai | abl e machi ne even
Iﬂrt)ﬁ m%‘%hﬁ?ﬁﬁé@% ga'f;? straint. This my
BISSCRobdising s @ AMReIPROCBSSINGOTRE] LA Tyithdn defect M1
a preci ated by those skilled in the art, nodifications

s¢ HD hs RROD deH T OFB Ao dheresplect M be made wi t hout

de i om the essence of the invention. For
E%S% ﬂgv&?lous JP and M5 rules applicable to a
generlc schedul i ng environnent or a |ndustry specific

envi ronnent, .such as .a seni.conductor backe assemyl
[00218)y i r orfherthird THigy imhip sl HREH FRUFGS0E i ﬁ%?@?‘éﬂ? even

though00- pThe pRar deyiebddig” ghthonemer NBR® dMRUTeIERANCE  and
PROCESSING TIME LIMIT, as long as the DI is less than the
PROD_CUTOFF_RANGE value, which is normally the duration of the production shift.

[00216] The END TIME TOLERANCE and PROCESSING_TIME LIMIT

o _thresholds are essentially used to determme Whether it is worthwhlle to introduce another

_ changeover 1f the lower pr10r1ty machme can complete the work erder earlier as shown in -
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or M5 Rules is optional, although at |east one of each
of these types of rules should be specified. The

rul es may be changed or conbi ned between schedul i ng
runs to set different scheduling objectives and to
observe their effect. [00225] It will also be
recoggized that specification of JP Rules and M5 Rul es
] I £ [ O: t

the cffBfpler fths pfBiota (fech 3G RCR SRt AAFEES RGN onder
(PROTESSING: TOVE. LRIT t hd s smalsonr ithe malyffdrencdesoff akilee éml time

avoid the need for a user tq specjif P a MS. rul es }
(ENTh TP TORAHANCES owithindhs (Qlsranie, dhee MB shnddmst bh peleied as it
incur @&aﬂﬁcov‘éﬁy of objective or heuristic scheduling

eh T era representative of production goals which are
nmore famliar to end users. Each objective criterion

be ed tp a JP Rul d .an Rul e, as shown ., ..,
o021 G G = rroripomghin BaCBitaddpmipicyibio s sircy quitability
e yEANGE syt g 00k HOARGRS SO IERYr cramine
(S21 ip @21 1 4,232160S20i0). The msphirveiit ba @ singleseandidatd mdchine fipe each
) aft and, therefore, the invention is defined in the
suitabiljity;G{EEODYs7 APPENDI X | - JP and M5 Rules Table 1: JP
Rul es Listing Rule DESCRIPTION Type Remarks |D 101

Earliest Due Date | 201 Shortest processing tinme 2
[00218]> Sank bestierndidate die. Hestsuisecbayagllomaghing is dhen dhogensfrom all of

t | .at i j L Ni: . .
o 5 €241y TR 10 g bon
will RAtht ché ABerpbee fatiige habbeen difihedas ta ‘Dudtdmaphine fort the 4urrent

402 Sort by cust re| date 4 Sort rele '
operatigp fforgx .cH more than one cand%:late e)ggts, the se %gtiotnl of the A(')(\)rg)rall best .

suited machine among the machine categories is governed by the best-fit machine trigger

parameter.

[00219] The best-fit machine trigger parameter controls the selection of the best
candidate machine from different machine categories so as to balance the loading of
machines in different suitability categories. An exemplary application of the best-fit
machine trigger parameter is illustrated in FIG. 25. In this example, three candidate
machines exist: one machine M1 from category DP, one machine M2 from category SP,
and one machine M3 from category NP. The difference in end times between M1 and M2
is D1 and between M2 and M3 is D2. To choose a best candidate machine, the following

* selection procedure is applied:

IfDl < BESTmFIT_MACH}NE_TRIGGER_PARAMETER, then select M1
Else if D2 < BEST FIT MACHINE_TRIGGER_PARAMETER, then select M2
Else select M3

o [_00220] ~ Inessence, the selection procedure chooses a best candidate machine in order

of _diminishjng suitability based on whether the utilization quotas of machines in hlgher S
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\
5

404 Sort by padsize 4 -405 Sort by cust_priority 4
406 Sort by prod _priority 4 407 Sort by package 4
408 Sort by | eadcount 4 409 Snal |l est bal ance Qy of
wafer ot 4 from upstream operations 410 Snal | est
bal ance Qy of wafer ot 4 on current operation 411
Smal | est nunber of sublot of 4 wafer lot from

. I rati 1 I e
s RFLEFRR SR el LA i Bl Whatr borva
schedling andbackirird echedelag heodglogies.or SEM CON 415 Speed
Type 4 416 Lot Type 4 417 FIFO Based on | ocal start

time 4 418 FIFO Based on release tinme 4 419 Mt her
[0023?!/ At YohdOmdRL 8%{@1(&1113 gﬁ{c‘ﬂrﬁr hhd zb@en i ent1ﬁdeao tﬁ@t‘?rork order

of current oper t size > in tefns
operdtioy) in gjuestioar is hd’(edﬁféﬁ fdr8exieitidurotonc timt | mbchire t(SA£18). During

schedbisngcupatd sachITEPd 0t SHRSPBE PP BHER FRPLEeEy THMS module
104 tg%ﬁcﬂ?dlr a%%%ml}éebﬁl%s ﬁﬁlg EJE ?% Eglg Sslldr% dSHRANECh tafurfent 8peration may
be scheduled. If an ‘a’ node representing a time interval which matches the processing time
of the current operation is found, the node will be changed to an ‘X’ node to schedule the
operation. Alternatively, if an ‘a’ node is found to represent a time period that is longer
than the processing time of the current operation, the ‘a’ node will be broken apart into two
nodes representing shorter time petiods, wherein the first node will match the processing
time of the current operation and will be given a machine status of ‘x’, and the second node
will represent any leftover time and will be given a machine status of ‘a’. In another .
alternative, the operation may be scheduled for execution during multiple time periods

spanning across shifis or operator meal breaks, with each of these periods having an

associated ‘x’ node. The latter case is iHustrated in FIG. 26.

[00222] As shown in FIG. 26, work order y, with processing time of 320, start time
of 340 and changeover time of 20, is to have one of its operations scheduled for execution at
machine x. The forward searching and node splitting mechanism starts from the last
assigned work order, which is currently running, and searches for an ‘a’ node having an end
time greater (i.e. later) than the Actual‘. Start Time of work order y (340). Nodes of type ‘b’
(block out) and ‘m’ (meal time) are ignored by the search procedure. In the result, an ‘a’

node is found which starts from time 310; this node is selected since it ends at time 450,

.which is greater than the work order start time of 340. A changeover block is allocated

immediately before the start time of the work order. The ‘a’ node is then split into three
nodes: the first node (time 310 to time 320) retains the machine status of ‘a’; the second
node (time 320 to time 340) is given a machine status of ‘c’; and the third node (time 340 to

time 450) is given a machine status ‘x’ with a duration of 110. Typical 1nf0rmat10n that 1s

wrltten to an %’ node includes work order number part nuber, cumulatlve time since

order released, and fixture used. The search procedure continues to search for__an_ @’ _node -
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*** time, centre setting - lot size). For nore

i nformati on, see JP Rule 422 423 Standard I nventory of
PkgLC 4 Wp inventory > * (in terns of greater than
*** PkgLC qty). 424 Lot staging tine greater than * *
* 4 For nore information, see JP Rule 424 425 Lot
size equals nother lot size 4 426 Sort by conpound

hO1 By Eak| 4 r i o} :
for thy Bémfinfid pci8ine k10 EG, M ol Blie Rpbotyy Willyy already
schededEant i1€8) ofShanvtorRKionder © Bar‘ahmede statiop pbtimeny60sivdochied and
. Rule PartlD WaferlLotl D and WO 5012 5#(23 ferl ot

split fopceyyrmedatoiiePRaBIERIORE s BE MGYENK GdeIJee JP Rul e

Max. Queue Tinme 503 504 Order by due date, waferlot 5

bal ance gty fromupstream SPT 506 Wafer lot integrity
[00228} h mHnu tle dvent thot @ best cartidatomaclinecdfd BeldentifjedieS2116, this

BB BETPTGIECE S I G s i
the N}@fgﬂoﬁu@ c&?%pﬁcﬁrlglg? gE g@ﬁﬁ %féecf {08k ASre Phe fe¥RRcAEWhstraints and to assign

_ ob-rul e-| Rules Listing Rule , _
the WDEKSBHERT la@NvAllable Rectankeven|ipvicddtiondthe GBT pal.8 T\wonsifamt. This

X. Buf f tqck 201 Snallest loss tinme 2 202
mayrgﬁw‘é%}msaﬁ?ﬁedg‘g?%en actual & 2 latest start tinme
203 Least | oading 2

[00224] As will be appreciated by those skilled in the art, modifications to the above-
described embodiment can be made without departing from the essence of the invention.
For example, various JP and MS rules applicable to a generic scheduling environment or a
industry-specific environment, such as a semiconductor backend assembly environment,
may be used within the scheduling system 100. The “hard-wiring” of one or more JP Rules
or MS Rules is optional, although at least one of each of these types of rules should be
speciﬁcd. The rules may be changed or combined between scheduling runs to set different

scheduling objectives and to observe their effect.

[00225] It will also be recognized that specification of JP Rules and MS Rules may
be difficult for users who do not understand the technical details émbedded in the JP and
MS rule descriptions. For this reason, it may be desirable to avoid the need for a user to
specify JP and MS rules per se. Rather, specification of the JP and MS rules may be by
way of objective or heuristic scheduling criteria representative of production goals which
~ are more familiar to end users. Each objective criterion may be mapped to a JP Rule and
an MS Rule, as shown in FIG. 27, for use by the scheduling system 100. In this manner, a

-broader target group of users may utilize the scheduling system 100.

[00226] Other modifications will be apparent to those skilled in the art and, therefore,

the invention is defined in the claims.
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204 Fixed tinme period constraints 2 consider fixed wo
run time 501 Meet production cut-off 5 For nore
informati on, see M5 Rule 501 -59 502 No splitting of
part 1D 5 For nore information, see M5 Rule 502. Mst
be used together wth JP Rule 414. 503 sane wafer | ot
finished within the 5 Try to assign the |lots of sane
ti f ed/l ot type wafer ot to the sane
APP%HKIg!ﬁI ﬁa?'dhmt‘;s%'ri'eﬁgwthl n the cycle tine. For nore
informati on, see M5 Rule 503. Must be used together
with JP Rule 414 (for d/a) 504 Lot finished within the

cycle time 5 Same v@ba! 1. 8 Rifes PQtifpecessary of its
speed/lot type to mn‘rrr%rm‘?%emachi ne. For

u | .
Rule, %E%R![F’rﬂﬁy'hogp Rul e sosw?ecqye\j\t%@%f er t ge'cll'abl e 3
¢ vileand

ID f or t+ nf £ Al nlo

ah | A
o O T C1 \.,u.||U|JU|J|UTIC|u

t
f Ib L4

101 $ﬁr eS&D-ue tend MS Rule TIhQQ Rul es-Rul-e type Type
Job-rule-id in table job ule iln _tahle job rule.  Meet

201 ChShoBesteréssingtisied rul e 12101 [Generic Rules Single 2

202 > Stk family <od3O8s préeadirpund; 3 > 300 and < 400
Sgpbconductor Single 4 > 400 and < 500 Conpound 5 >
203 v%réé%ﬂtofal%ﬂ&atloﬂﬁﬁlesane ormat applies to Machine
et N MO R AR A AL
204 Tflelt sTick tinre avatlbre 1 [va- THYE"CREATERTTHAN ™
205 Sort by due date 2
206 | Same part ID as preceding job 2
401 | Sort by lot priority 4
402 | Sort by cust rel date 4 Sort by release time
403 | Sort by device 4
404 | Sort by padsize 4
405 | Sort by cust priority 4
406 | Sort by prod priority 4
407 | Sort by package 4
408 | Sort by leadcount 4
409 | Smallest balance Qty of wafer lot | 4
from upstream operations
410 | Smallest balance Qty of wafer lot | 4
on current operation
411 | Smallest number of sublot of 4
wafer lot from upstream
operations
412 | Wafer lot ID 4
413 | Wafer lot integrity 4
414 | Same family code as preceding 4 For more information, see See
job for SEMICON
415 | Speed Type 4
416 | Lot Type 4
417 | FIFO Based on local start time 4
418 | FIFO Based on release time 4
419 | Mother lot gty from upstream 4

greater than **¥

420 | Lot qty of current operatlon T4 Lot size > * (in terms of qty) .
: | greater than ke SR o

P R
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For WP: Lot cunulative t
track in date For
time =

ime =

new rel ease | ot:
earliest start tine -

earliest start tinme -
Lot cumul ati ve

rel ease date Lot standard

cumul ative time: defined by the user at centre | evel

using GU centre setting 4 cunulative tinme. Al the
| ots are grouped into two sets. Lots with |arger
e[ efatan b ;
421 ot Efn'uﬁﬁv& B“ %n}a{i?%@:ﬂ é j‘%&nulﬁt%%rﬁé % ht'ir@sl\leemng
TI VE GREATER THAN *** Lo procéﬂs %tlh es |mated
Ljot standard processing t q ?ehe user at
centre level using GU ceptre getting - lot size. Al
tlhe 1 ots are grouped into|ltw defPsRuledtZl with |arger
422 priag essiessing fime grdateathdohe| 4t anddid sizpot@s sdrmg of proeessing
Hat#e hi gher priority. JP RULE 4Z#ae, Igﬁ}{wgsabﬁﬁg\IGIOTkiyE) For
GREATER THAN *** Lot stai ng t|i ke i@@fhatRst s&l B Rule 422
T Cot{gtan &l
423 d'i fﬂgf iﬁgﬁjﬁ@“ g:t cenfﬁre I %ﬁ&é}%g’% (ﬁ?grrrlrtlsr(g
S t S 1o 1 e L7 7y J t:ﬂ —OtS |.uupcu Jilj“ﬁal
424 t\%t? ing timg gregle f thefar get 4 st aglﬁgqqrﬁﬂgo??ﬁwnﬁﬁs&
tandard staging tinme have hig priority  The rule
425 gdiop sixpptisadsmother ld sizar rent cedtre where the WP is
426 ooy cohedud itypg. The f p#l owilng operations of the
WP are ignored. JP RULE #414: 3AME FAM LY CODE AS
501 AFEGEBNBadPR i Rriaeders| are smo&&cbr@aﬁ&%mnt&@wmle
f| Pab @ veO! teri a bef ore machi|ngysel ecti on: :
502 u@?dbldﬁ Egrl{ebfg"t MQ t°5 (CUTHS —Eﬁ{dré/ ﬁlf&gﬁ%lo-ﬁ seeJ'PRule
dJanD ﬂg@iﬁ WG b S o
503 gagﬁféalpff@%@yfy | oss than 1 |F0r Ao OBIAGpCTE
g Mex-Quepe Tigle | ot priority 3 j
504 H4dder onduerdatesveaferd rati b (Desc)
balance gty from upstream, SPT -
506 | Wafer lot integrity with max 5 For more information, see JP Rule
queue time based on cum time 506
507 | wafter lot integrity. sort by 5 For EOL

average due date, EST

*Refer to Table 3 for the format of fields of type and job_rule_id

Table 2 — MS Rules Listing

Rule | DESCRIPTION Type | Remarks
ID
101 | Meet Due Date Within Max. 1
Buffer Stock
201 | Smallest loss time 2
202 | Smallest diff. between actual & 2
latest start time
203 i Least loading 2
204 | Fixed time period constraints 2 consider fixed wo run time
501 Meet produetion cut-off 5 For more 1nf01mat10n seeMS
l ] Rule 501 '

-59-




Wthin same famly group 4. Wrk order's priority,
hi ghest priority first. 5. Wfer |ot average
curmul ative time ratio (Desc) 6: Wrk order’
start date, earliest first. 7. Part ID, in
al phabetical order. 8 Wafer Lot ID, al phabetical
order. 9. Work order's nane, al phabetl caI or der.
V 1 T

or R o H

ggg' o ggf or'nﬁﬁ‘e tﬁ»h s%eMEgQ
he | ast o’neinthelist bf t hd f ﬁ”? b

01.—- ORDER BY EARLIEST START- T} ANDAORK:
QFRBRR Wafigrlpt Bnighadsvighia theor # e té@“@&o B-ﬁl eiqsw%ﬁw
drayelertinge efdtsopecdfiot bipge sgl ect i|ovafenlot ®fhg pane machipe Cif
tii me based on a range of put offfthey are vdthin thegytls tinke
centre setting. The start| ti ng Ronatore smfosmation, scedvI8ut
(o

F

ff time range is considefed as R‘hesea.riﬂuptﬂjeorsédwge’cﬁer
art 1D s name i n ascendi hg orcthﬂsguﬁzuwgfdfdm)der

TP RUOL aﬂg‘,, NE o AM
>04 RS ET EARLI aftr 1

fE we%%% NGE Wor k orders%r %ﬁ’%qgmgﬁso Sgerwe
N

ollowing criteria before| mach
Bs%tﬁ ?dtogﬁsélef
*’IR ahqe &Er

arliest start tine based| on a|ra&f
nge ils considered as the

efined in the centre setting
*Refc M Falilé B @61 thy fordnat BRfitldé & ypoan®jobnrds ¢éndi ng or der

s earliest

502

~—+

503

within the cut off tine r

3. Wafer lot IDin ascending order. 4. Wrk order’
name i n ascendi ng order. JP RULE 503: - WAFER
I NTEGRI TY W TH NFabid3M Ride FER LOT Work

orders are sorted based on the following criteria

Ruledef or e npRblegpeel ect | Tgppe 1. Make t hdobvanlte dd der s'
wafer lot IDinto subt ﬂfﬁbﬂaj@b Ak tapdejod fulee
ee{lﬁéqy&t@n H%co\d@dﬁl@r ders™ earliest|gpprt tinme. 2.
Bi ggest artrest—star] time of sub-group of wafer Iot
. G’CI]BI'IICBRVUV]CS Igll)ﬁlgiéulll qucuc tl ITe | Il >200 a.nd<300
Compound 3 > 300 and <400
Semiconductor | Single 4 > 400 and < 500
Compotnd 5 .| > 500 and < 600

*The same format applies to Machine Selection rules

(1) Detailed Descriptions of JP Rules

JP RULE 421: LOT CUMULATIVE TIME GREATER THAN ***

For WIP:

Lot cumulative time = earliest start time - track in date

For new release lot:

Lot cumulative time = earliest start time - release date

Lot standard cumulative time: defined by the user at centre level using GUI centre setting

= cumulative time.

“All the lots are grouped into two sets. Lots with larger cumulatlve times than the standard

umulatlve time have hlgher prlorlty
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ascending order. JP RULE 506: - WAFER I NTEGRITY W TH

MAXI MUM QUEUE TI ME BASED ON CUM TIME For WP, Wrk

orders are sorted based on the following criteria

bef ore machine selection: First Version: 1. Mke the

work orders' wafer lot IDinto sub-group of maxi mum

gueue tine based on the work orders' cunul ative tine.
JP RULE 329965t PROCESSING TIMERREATER 1 ANp+0f vafer | ot

| D W th maxi num quene time Tn ascendl ng order.

rent Vers 1 Cumul ative time ratio, i.e

Lotp 5
e e obendt o Rl LG 07 908 i >

lors’{eout of cycle tine goal already) and Iess than 1 2.
If out of cycle tinme goal, sort by lot priority 3.
All tigdots atsygraapest inteotwobsetse Bots witkelfieger processingrtimes than the standard
processingitiaicihaec higher pradritp. (DESC) W thin same wafer |ot 4.
V\brk order's priority, highest priority first. -5-

ng v ' "ﬁME REATHAUEIARRH#+ est first. 6.
. 62 (. Work order'

Iph bet i c er Fo new rel ease | ot or wi
LOts%glﬁ?) Sf‘ﬁ‘mﬁg@ ick QU ‘?é sort eg mﬁ% 3; N
Lot signdard slaping imi: dghinpeb aﬁ%gﬂa’fel 1usie ¢ pelting
stagingyime.. I\/EETI NG CENTER CUT- OFF RANGE 1. Search through

the group of machines within a famly for the nmachines
All theflets afragreupdddntostanoesetspl-pts withylrrgsr stegisg sises ieanibe ktandard

stagimgrtitee havedegher paistiter ati on. 2. |f there is machi ne that
satisfies condition in step 1, go to step 3. O herw se

The rh}BRl &ppPie€fd the current centre where the WIP is before scheduling. The
following operations of the WIP are ignored.

JPRULE 414: SAME FAMILY CODE AS PRECEDING JOB

Work orders are sorted based on the following criteria before machine selection:

1. Cumulative time ratio, i.e. (cumulative time + processing time) / cycle time goal,
divided into two group, greater than or equal to 1 (out of cycle time goal already) and
less than 1

2. If out of cycle time goal, sort by lot priority,

3. Sort by family group based on the average ratio (Desc)

Within same family group

Work order’s priority, highest priority first.
Wafer lot average cumulative time ratio (Desc)
Work order’s earliest start date, earliest first.
Part ID, in alphabetical order.

Watfer Lot ID, alphabetical order.

Work order’s name, alphabetical order.

. Mother lot id, based on the wafer lot order of a mother lot, the last sublot of the mother

lot will be the last one in the list of the mother lot

A

=0 90 N

<o

~ JPRULE 501: — ORDER BY EARLIEST START TIME, PARTID AND WORK ORDER

Work orders are sorted based on the following criteria before machine selection:

" 1. Farliest start time based on a range of cut off time defined in the centre settmg The start . |

time that is within the cut off time range is con31dered as the same prlorlty
_ 2 Pa:rt [D’s name in ascending order. '
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S

3. Search for machine with the sanme part I D and has
the closest end tine as the previously assigned split
work order. If found, keep the information. 4. Search
for machine that has the closest end tine (Not
considering part I1D) as the previously assigned split
wor k order. Keep the found information. 5. Conpare

and choose a better machine

' edl ¢ i order is

| ess than 30 ntnutes conpared to machine with

Workliofdas ant sqrted bised botthe fallbaving oriterfrebefnre makine felection:
previously assigned split work order. This conparison

1. EavMidst staralime baser] on 4 hape bheut off tirhe defideddn dercenitk kdtting. The start

time fRMRIVaE 8le cat miﬁnetlﬁﬁ%esl@ Eendiddred aPthe MagBprigstyar e

2 paﬁqb§qﬁﬁglp§§§g¢ﬁ okdpe Following criteria in the order

rlrg,{ d gfme part 1D of the previously
4 W& %i Sieh he work order under

cons er%@gon $ %Lgﬁe current work order can conplete

W thin one cut off tinme range. b. D'fferentTp
IP RULES3: paFBRINIBGRITG S TIENMAKIMEM QUGG TIMEPER WAFER
order under consideration, and the current work order
LOTcan conplete within one cut off time range. c. Sane
part 1D of the previously assigned work order as the

Work'efder® afforttdiIPised 6AAE AloMih® BritedRObdfbfe MUEKIAB kel éEtidh:
order wil I conpl ete processing in nore than one cut

' f
;g@%%;;% e Tl P RN e Lt b on

iSCB s&arg (t:lg%e I}%&lt)ﬁlgﬁou Y wa{f% lvpfﬂgwghc u lfHH;n quente, time in

Te. Fromthe above category of criteria, the
category that can start at the Iomest section will be
JP RdbBRi0dereW A R INTEGRI'EY | WIHdrMAPHM qih e U Il BASED ON
selected in any of the category above the rrachi ne
CUMNAME can start to process the current work order at
the earliest tine will be chosen. Section 0 Section 1

For WEEWoPk Srdér¥ar®bdrtdd Pise@¥n Ak FolldwiRig eriter®f befordRachine

selection:

First Version:

1. Make the work orders’ wafer lot ID into sub-group of maximum queue time based on the -
work orders’ cumulative time.

2. Biggest cumulative time of sub-group of wafer lot ID with maximum queue time in
ascending order.

Current Version: -

1. Cumulative time ratio, i.e. (cumulative time + processing time) / cycle time goal,
divided into two group, greater than or equal to 1 (out of cycle time goal already) and
less than 1

2. If out of cycle time goal, sort by lot priority

3. Sort by wafer 1ot based on wafer lot average cumulattve time ratio (DESC)

Within same wafer lot

4, Work order’s priority, highest priority first.

5. Work order’s earliest start date, earhest ﬁrst

6 Part ID, in alphabetlcal order : R
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range range range -63 Fig. 1: The definition of
section and cut off time range 7. For the selection of
bet ween preferred and non-preferred machine famly,
the followng rules apply: a. If the |ogic goes

t hrough steps 3 to 5, the selection will favor the
machine with the sanme part ID and closest end tine as

7 W%rﬁY)H%E’% &n%sa?lg%gg%ﬁg{q?} work order. b. If the logic

goes t e sel ection of machines

For ngSLEA, g P A8 WP BB gk AP et P psbd 2 Rale

303. cone |nto pl ay onIy if the preferred and non- preferred
famly groups satis the sane criteria. M5 RULE 502:
(1) DetaitegADesTriptions IRulesD WAFER LOT I D

Definition: Section - The scheduling tine horizon is

MS rAinvE ded MEEI’I'NG)C@N?ERWTJ'OFF/\RIANGE ach section's
~ duratron Is equal to tl

1.

o

uratron 1s equa e cu ime range defined in

S%i}?x &f«{ﬁg’iﬁhé&t hh ggﬁlg }ﬁ]ﬁg ﬂﬂdtﬁﬂ a]fﬁéﬂgtﬂf‘)ﬁﬂe ?rg%‘fiﬁ% @lgt Fave the
A5 91 o s aﬁ RLgLSES
Ifﬁ ATe o éti)es cO 1811 13 orsfﬁl?&e rwq;?dm’np to step

6mi 1l have no effect on the machi ne sel ecti on. The

. Sepsehetor maghise widicthe prsme parbll) and has the plossst erfl W@ﬁ%ﬂwﬁeﬂouﬂy

assignied spii yeuk ordet.HEfampdkkesp dea inforwiatipn.part | D ' Part| D
Semch foa hechine that Bas Mé tlsédDend timiedNot eortsmleheg part [Ighasdhe o
piehidustpabsigred split widkardereKeep thelfantd infamatdeed wor k
Comfare restiti fidin BRfs 4 BRd 5,241 chadde d Bet@nthavkiih€basedbn hRohGant
valE(HREH 1P &) 30 RrithResH LIRS With R 3RHcKoaP TR ITBESEhoBEn if the |
dl ldit bQwebifbdd @ﬁé of preb s abfinbdBeplif WOt GrdSefld Rftent fork

s Fes@ El?an%rrﬁmru §@or§ SredBS a@ﬁné @Jlﬂhstflff&%mt D butc ik%er to
the en$ ﬁme%‘f eh/ us a8 lggf&ep apis %ngm(ﬁ)h ol 1{1 sure’

%s;;:rw i fg@ i rgfﬁqacgg

i & neAm F&Fft“"dﬁl}’ Erseﬂrl%worlr ?rﬁrrrfds S PREY der under
s ectqoeaﬁdamuom,rr@drl@ﬁ arrephverk erger Gasrtipigre pithiime cupoff time
conphege processing wthin a single cut off tine
r angBifférenttaer]® afitbe peveuslyassignesl werkhirde as dhd woikegder under
t hi sconsideration, and the current work order can complete within one cut off time
range.
¢. Same part ID of the previously assigned work order as the work order under
consideration, and the current work order will complete processing in more than
one cut off time range.
d. Different part ID of the previously assigned work order as the work order under
consideration, and the current work order will complete processing in more than
- one cut off time range.
e. From the above category of criteria, the category that can start at the lowest
section will be considered.
f. If there is more than one machine selected in any of the category above, the
 machine that can start to process the current work order at the carliest time will

be chosen.
e Section 0 | Section 1 | $ect_ion 2 |5
Iz Cut off time Cut off time a Cut off time :

range range " . - range
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criteria, then use the machine that can start at the
earliest tine. 3. Machine with | ast processed work
order, which has the sane part ID to the work order
to be assigned, and that can conpl ete processing
within a single section. If there are 64 nore than
one machine satisfies this criteria, then use the
machi ne that can start at the wearliest tine. 4.
Machine with |ast processed work order, which has the

di ffere t..ID to the wor rder to be assigned,
and' & %E ﬁ%ﬁ@g% P’éﬁeg{l?ﬁ ?J%g%“g ioﬁ'ng #Fh a single
section. If there are nore than one _ machjne satisfies .
7. Fopnihs selectioarafhetwaga prafersed and namcpreieared mpchiog fanaily,the fyllowing
ralpsappdy:l i est time. 5. Machine with | ast processed work
aorld ¢ logiigots thesigh lseps Ane 5 pthe seled@ionovillfavondhkmaehing with the
t Gsahe pasdDgind@tlosest@nd tinte a5 prnddusboaspigatdsplit cwels srdeg
bW I BeMogic go8Othfouph Glch 98, the belbfim f iR hine® b&twebid Prefistfed and
{Tﬁ@%}@&ﬁ@i !faixfli!lygfmhgd B b§§éc5nc§1r1$rié‘lferénﬁ€ﬁ1 H§R dahts 6HEOH ﬂﬁe range
) r‘ -
A L0 DS e S P
part | T8 the work order to be assi gned, and that

wis W 30 RO T GLE AR AR WA BOT T, "

criteria, then use the nmachine that can start at the
Defirglign:j est time. Note that after the sel ection procedure
Sectiolovidie solrdyling bmgdiotizereis divideshiatanpny sestienrogerhich eash
sectioni’s dirati@eis kqupl oo theahit offéinarasge defiBetl axthe santbesaioegs.
di fferent groups of nachi nes (between preferred and
non- preferred): For the selection rule of preferred
and ngn-preferrle chiyes to haveneffect, there
Segﬁﬁﬂ]g be one nsgﬁﬁﬁﬁlghosen frcn$g§%ﬁﬁb$oup of
machi nes. I n otiher words, this ryle is required to
choose between {two machines, oneifrompreferred grgup
and one from non-preferred group. The selection of
<+—maChitraf$ are h*the-forowmng pre on
the work order with part ID " 'PartlD and wafer lot ID
"WaferlD that is to be assigned to the nachine: 1.

scﬁga f 9Aemachine with last processed work order
[ cLﬁ mcggtﬂe sane part

ID and wafer lot IDto the

wor k qrder. to be assigned..2. Non-preferred grou .
- SelagHioR P e SAmCr P AL SR PR BESTeAT AP RETpirgd, ote):
Note:sl‘%ge g_ialct)g rratnge setting will have no effect on the machine selection.

The selection of machines are in the following preferred order based on the work order,
with part ID ‘PartID’ and wafer lot ID “WaferID’, which is to be assigned to the machine:

1. Machine with last processed work order, which has the same part ID and wafer lot ID to
- the work order to be assigned. The work order must be able to start and finish within a
single section. If there are more than one machine satisfies this criteria, then use the

machine that can start at the earliest time.

2. Machine with last processed work order, which has the same part ID and wafer lot ID to
the work order to be assigned. However, the work order is not able to start and finish
within a single section and the total wafer lot quantity is able to complete processing
within a single cut off time range. If there are more than one machine satisfies this

_ criteria, then use the machine that can start at the earliest time.. - .

3. Machine with last processed work order, which has the same part ID to the wotk order
to be assigned, and that can complete processing within a single section. If there are "~



G

r-"\"
Mo

ID and wafer lot IDto the work order to be assigned.
3. Use non-preferred group machine if its section that
starts processing the work order is |less than the
section for the preferred group machine. 4. Use
preferred group machine if its section starts
processing the work order is less than the section

o thhf Sn@ﬂﬁclﬁﬁ@gzﬁfsﬁ %&H&Uﬁ%ﬁ'tﬁ@ thenachfneRithah BBt at the

‘eﬁﬁg % ed non-pre erre group machi nes start

4. D@ﬁl&%} {hﬂgstt h%qgim%%k o de nggllririéﬁls tﬁg it geglgg)m?TD ti‘ﬁ]enwork
]:ﬂc ST on 6If there

aIGIROT @aacams&aﬂ%ﬁ&é hip eriteriathen wef %méﬂaee@é%wébﬂaﬂ at
thefearlsttime.t i me of preferred and non-preferred machi ne

5. Maghine sethtIast pradessed weorkl atder.reirigehasahe pamge patt He tadhs evork order
touizeastigaed)and that ednaot ennggeteppoarssihyg wehinGsingde Ridtibn 5 here are
moAMha\ArEBat e Stidi&HRAR A, thehtdse (¥ GhachieNViai@an kibf at the
eplREEBeOT TYPE - Selection within the same group of

6. R}Eﬁaﬂé RN last PRoce e Ghdr Brddl, WREhA8He HiSfekdht bR ID to the work

' de J{lﬁgc % boRBRe08skA 14 sih s'eé’tlon If
& dre mcz){gle ‘Ehag Xla 1% Sat%?i sg:\fgfr%te m?@i‘ﬂi@‘?& 4 :ﬁeﬁth can

ne
‘ﬂ’)%@‘gl f“rl?ﬁ ?1 sams part i d W|th|n cycle tine 3. same
fam|y code within cycle tinme 4. vvlhlnccle rre5
Note &aﬁ%ﬁ%ahw gegen ipspce@ure 2here, gabrone ana?&ng é’ﬁ@‘“?%\ﬂ be
from githineach gegupaideachi®éhi ne whi ch has the earliest end
time. In case of max machi ne nunber for one wafer | ot
- Seldctionl btiweed differeat groupsiof @s:ohidds (bdweeh pedfeaddiannd non-
prefeggdl)gned nmachi ne nunber hits the setting. If (end tine
: of the selected machine - the earliest end tine of the
For tiR\6@eb@d RIOBCHERE T af@hon-phdfertddBadhaig @) hanrd:fct, fhdle should
be on€ ﬁlnE' Q‘é;ﬁ%ﬁh sRh&Féu gé%ﬁ@i%snﬁ Ot GAb i $hik hﬁe is required to

choo %re Ch‘%‘eyg’“\?\,, %8 R t ) rriergdr&% fRﬁI‘l Qb4 'i:))’eferred group.

ane Mﬁ
The selection of machines are in the following preferred order based on the work order with
part ID “PartID’ and wafer lot ID ‘WaferID’ that is to be assigned to the machine:

1. Preferred group machine with last processed work order which has the same part ID and
wafer lot ID to the work order to be assigned.

2. Non-preferred group machine with last processed work order which has the same part
ID and wafer lot ID to the work order to be assigned.

3. Use non-preferred group machine if its section that starts processing the work order is
less than the section for the preferred group machine.

4. Use preferred group machine if its section starts processing the work order is less than

: the section for the non-preferred group machine.

5. If both the preferred and non-preferred group machines start processing the work order
in the same section, then choose the machine that can complete processing the total
wafer lot quantity within the same section.

- 6. Use preferred group machine if the difference between the start time of preferred and
non-preferred machine is less than the due date range setting. Otherwise, use the non-
preferred group machine.
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O herwi se (out of cycle tinme), choose the machine,

whi ch can conplete the work order first. |[If it is the
| ast lot of a nother lot, sinply assign it to the
machine with the | atest assigned sublot (in ternms of
the processing end tinme) of the nother |ot.

Consi dering the [ ast assigned product in the machine,
machi nes are categorised into 6 groups: 0 nothing 1
has a wo with the sane changeover group 2 has nore

Ms 3 PERSATE ARAGERY RATANS e 18P AAME oF s

[ SAS LAY T O |9 11T
art id and has wo(s) with the sanme changeover
SPEHD T¥PBas nmore than 1.wo with the same part id 6
has vvo(s) wi th the sane changeover group and has nore
- Seldchian within tive sunid\gitonp cfanachpaest id the current wo
tries to assign to a nmachine with Iower priority if
The seREHWWof Madhirck & Bithe FAIRMWI breférhﬂ drasitbadsibd0ine Gvafer lot id, part
id, fafh?l?%&é ahd c{r&]@ﬁﬁﬁc fi3s to ﬁﬁ&ﬂféctﬁ&ﬂaeﬁné’ccw rence

occupyl ng a I ne which has the sanme part id or
cha L p e of the following wo in the
I%%‘Q '%16? q\%f[gﬁtﬁj(g{%tgﬁ er the selection procedure
S 1 Flzn&ﬁ‘ge hine or none will be chosen from
SaERS yeRd UREchi nes. -66 - Sel ection between
withmfyelefim roups of machi nes: For the selection rule
sagific Yalehlohss in different groups to have effect, there
saimopdrtidoe one  machi ne chosen from each group of
sampecfainilycodé n ot her words, this rule is required to
theh®sitsdle AathdeRhichhasdehiarifzst eddaimexanpl e, one from
preferred group and one from non-preferred group.

In caﬁ%f‘?naxtlﬁfchﬁfe' rﬁﬁlgﬁe'r & e {geﬁ@r 18845 Qieﬁﬁecg g_)%@ ﬁlla@ﬁitﬁe:; vr:rlll be
. Sel eC e
disabfel %nswﬁtmﬁasu?ﬁg s gher gr oup priority, can

finis or der t h| e
It (enfl ﬁléller’(;%g%? ?-Fé V\@%ﬁflg hes xydctu%e éf i &vgﬂab?% llﬁxggﬁme > cut
off tngg qnﬁemﬂug Y 8 ﬁ Tﬁs ‘?hl ﬁ %Lgs% garqlest end
time, ﬁ;{qjﬁgﬁ)r g}?@? mqrgyl g eaw er 1ot w1t in cycle time

Otherwise (out of cycle time), choose the machine, which can complete the work order first.

RPN~

If it is the last lot of a mother lot, simply assign it to the machine with the latest assigned
sublot (in terms of the processing end time) of the mother lot.

Considering the last assigned product in the machine, machines are categorised into 6

groups:

0 nothing

1 has a wo with the same changeover group

2 has more than 1 wo with the same changeover group

3 has only one wo with the same part id

" 4 has one wo with the same part id and has wo(s) with the same changeover gruop

5 has more than 1 wo with the same part id

6 has wo(s) with the same changeover group and has more than one wo with the same part

id

the current wo tries to assign to a machine with lower priority if the wo is different from all

the last assigned product in the machines, which reduces the occurrence of occupying a

machine which has the same part id or changeover group as one of the following wo in the
- ]Ob hst .

~ Note that after the selection procedure above only one machlne or none will be chosen .
from Wlthm each group of machmes : -
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end tinme of the work order on the machine with higher

group priority - end tine of the work order on the

machine with | ower group priority < due date range; 4.

select the lower group priority nmachine. M5 RULE 504:

LOT FI NI SHED WTHI N THE CYCLE TIME OF | TS SPEED/ LOT

TYPE - Selection within the sanme group of machi nes:

The sel ection of machines is in the follow ng
5 0 0 wafer ot id, part id,
Sel?crtﬁa];ﬁ)re%v?g%l 6%"(&}3@&?@ c[hﬁar'c%l i oh i S to be assigned

he e, h sang.part id w

For thoselerf of Giaetipgs lﬁlqlﬁf%%wémmsr?% o etfilf fere é@lébe one
macb(npq@logen gtﬁ:éea group gf mackip gthe s fhisguleip eequired to choose
betwegneimoabaahinesc ﬂéamﬂlﬁ,melﬁ@m pw&r@érgromandeﬂm framrpon-pfeferred
groug.end tinme of the selected nmachine - the earliest end

time of the available machine > cut off tine range)
Hereathé pribiitiés bfENeE nackihdBroupad defhels MishEDPIESH) INFe Mt Not.
1. st18 thdRaldhd Waith Hthe HigRR groh %ﬁb&‘i’tﬁ Garl AHsh @c ﬁaﬂcl dider within

. choose the nachine V\,hl ch can conplete the wo

chdl
2. g ltl'leeﬁ&chm Hﬁh‘éﬁﬁ hﬁgh‘tﬁéewé; %&d&%ﬁﬂﬂﬂ% 19'&1 uct in
3. s > groups:

o& ﬂilenmachuie has % %—gl 151 n cove
e?]%g&mﬁ&f f oy Oimg ¢ B 3 \v&Pﬂér g s ot e
Workr?a rGRItye BATING tl%wqrreowrﬁaﬁ E‘F IREES one we
4. sclpqt they e gioup PEPTILY 1HaiE- has wo(s) with the same
changeover gruop 5 has nore than | wo with the sane
part id -67 6 has wo(s) with the sanme changeover group
MS RUHEhSG: o€ FINGRHBe Wi HINt THEh€ YR TitH O dT'$ IBPEED/LOT
current wo tries to assign to a machine with | ower
TYppriority if the wo is different fromall

- Selection within the same group of machines:

The selection of machines is in the following preferred order based on the wafer lot id, part
id, family code, and cycle time, which is to be assigned to the machine:

same part id within cycle time

same family code within cycle time

within cycle time

same part id

same family code

the available machine which has the earliest end time.

A=

If (end time of the selected machine - the earliest end time of the available machine > cut
off time range) and within cycle time, then select the machine which has the earliest end
time.

~ Otherwise (out of cycle time), choose the machine which can complete the wo earliest.

Considering the last assigned product in the machine, machines are categorised into 6
groups:

{ nothing

1 has a wo with the same changeover group

2 has more than 1 wo with the same changeover group
3 has only one wo with the same part id .
4 has one wo with the same part id and has wo(s) with the same changeover gruop-
3 has motre than 1 wo Wlth the same part id. :
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the | ast assigned product in the machi nes, which
reduces the occurrence of occupying a mnachine which
has the same part id or changeover group as one of the
following wo in the job list. Note that after the

sel ection procedure above, only one nmachi ne or none
wi Il be chosen fromwthin each group of nmachines. -

§ has%(@sc’\gﬁtlggltelk&gl&ﬂé’?gfheg@bgr ard'HaY' Hﬁ)t@ﬁh}gﬁ%ﬁ@ LWA&Fith AR same part

t he |nes I n erent groups to
f.ect there sh

the c%eéﬁ to&s& ghm @Jﬂ‘g RIS @% fqﬁ%wg rqng Hom all
the las %%P ‘quilf 9&5’? &lg? ﬂ%féma%o qegRRYIng 2
maChB}eé’FIEP B ?é%qae E%Ildo‘ﬁé ARESRVSTAROW & el dheglofgping wo in the
joblitere, the priorities of the machine groups are

defined: Must, DP, SP, NP, Miust Not. 1. select the
Note rtimt hfterethendsil exdtioh @sodetidre abgies bnlyrome ngehinerar gne wilhbe chosen

from fiithirSdach Rgouptinphiies. Within cycle tine; 2. sel ect
t he machi ne which can finish the work order within

_ jne whi ch has the
Sel&%dﬁgfmé%gl%ﬂgrreflgghﬁ@k Otf '| me of the work order

For the sefeg Ffonnﬁﬁe %5 Thaciun Iﬁes 1n 4 %pB 1& fla\%relf e\ét thetd! &otlﬂcﬁ;e one

mac ogn 8@:81 gltl%o 1??1 nes Al @% T cerdf %éfre to choose

bemﬁﬁp m mavhwa% (9F &rom g iopa Breuy A Apftignt Ron-prefer fﬂ%

of schedul i ng work orders defined by one or nore
Here, dhrepriarities of tie maghingr gipwpsyare defingdi Muse ftbe 58, NEabhstiSet
1. sabeshthermivhirienmhich fasothp highengrohp pastityeearhfinigl the vemk erder within
cyfctertimgger f or m ng an operation, the nethod conprising:
2. sdectiethanfin wiiop cafighh thediariorden withiipeycid figepne of a
3. sdi@bthehhmRAehichisk Be iﬂg@w— g®lip pribAgaInd recei ving an

eﬂd‘“tﬁh@@f ’dh@ 'ilvo@lE oﬁleFSﬁ Wﬂﬁfg'héﬂ é}guﬁ PRofty -ﬁ:m(:lj tllme of the
.Schedul i ng

“mf;ﬂggﬁ?% %%%bu o (b? EFR%§;E %heEUIlng et hodol ogy;
4 and sche H§ op Ions of said work orders based on
said receiving a shop nodel indication and said
receiving an indication of a nethodol ogy. 2. The
met hod of claim 1l wherein said receiving a shop node
" indication conprises
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receiving a job shop nodel and wherein said scheduling

conprises: (a) classifying each of said work orders as

a candi date for scheduling at one of said work

centers, said classifying resulting in one or nore

candi date work orders; (b) assigning a priority to

each of said candidate work orders based on a set of
WHAPHS a Atk gation rules; (c) selecting a highest

priority candi date work order having a priority that :

I S, at 4l east -hi gh n IO SSi . .
o oon e Rl HCgBR S Rh P e RSPl At plurait
of wdik betlers Scadh wope taitdranving asabh & ighdsiespPedchvdrlY center for

candi date work order at a nachine of a work center at
perfoppingranoppigtipn.dhemethedcomprigingior k order is a candi date

SRR ol BERIR BSR4 e pllFan a o
shop ajddelapting fails to schedule said operation,

cancel.ing any previously schedul ed operation of sajd
hilgFFaane p %‘fqagyn ehamethodalogy sempsigs png At fayard %?b?fbﬂmg

meth(ﬁapog(ggg{, %&&@g@%&g&&ﬁggﬂeﬁ@d&s 2dHi & b@ﬁlég?ékhs%ﬁeduﬁng

0 o est priority candi date wor
methadddiegy; asd The net hod of claim 2 wherein said

i ndi cat.ion of .a t hqdol o IS an.indi.cation of . a
£ GO S CRRGEHAS 6 SH PRSI Ey P A HOWERS. S Vg sbop model
indictloa®a k¥ ReceFHiAs ai fﬁfdﬁ;%}:i_@ﬁ(%ﬁa fletlvdbgypor k 69 orders as

a candi date for scheduling at the work center
associated with its first operation. 5. The nethod of

clai f e | S| I.f. sai 110G .
2 R B GBS AP s
receivihig 8 {ibckhop etvidekind wheséinGaidi sgheRling cb@piites: candi dat e
wor k order has a successor operation: _reclassifying .
s&rrlasidrias eaghy ol satd work Qrdrireiat & candidatefoy spheguling at one of said
candi d S | : :
aasoci it SRl g erkdif MUk of Btk Landifte work
recl assrdeyi;ng resulting in a reclassified candi date

k .order; and assigni.ng,a prjority tq said )
2l ssh g ipridaf e o} i SRidsrt itk trdsh Bashdn ast ofjob
of j ob ppbligsdtiohgatks;on rules. 6. The nmethod of claim?2

wherein said indication of a nethodology is an .
i 1Gediseleeiinga biighes poarkirandidststveathsorday beeing odwiongythahig at least

wher el s ﬁl%!h%s %}aﬁﬁblfﬂ)’(f'agggﬁédq%%{l ioﬂlsér gﬁfcﬁda% w%ﬁé &der; and
(d) attempting to schedule an operation of said highest priority candidate work order
at a machine of a work center at which said highest priority work order is a

candidate based on a set of machine selection rules.

3. The method of claim 2 further comprising, if said attempting fails to schedule said
operation, canceling any previously scheduled operation of said highest priority candidate
work order and refraining from further attempting to schedule any other operation of said

highest priority candidate work order.

4. The method of claim 2 wherein said indication of a methodology is an indieation of . - e

L _.a.f'o_rwardi scheduling methodology and wherein said cIassifying classifies each of said IW(')__rk. .'

69 -




St

work orders as a candidate for scheduling at the work
center associated with its last operation. 7. The

nmet hod of claim6 further conprising, if said
attenpting succeeds in scheduling said operation at
said machine, if said highest priority candi date work
order has a predecessor operation: reclassifying said

hi d . . ' .
ot S50 B0  HOE S D5588 By

sai d predecessor operation, said reclassifying

resul ting | n a reclassified candidate work order; and
> arithesl of glaimot further epraprising: ésaiskaiemniing susrardpi scheduling

er [ set of job prioritization
saldolpe{lg (g x‘?ﬁgﬁ)ﬁgdttgﬁ%ﬁﬁfﬁnfal m 2 further conprising
r epead highest prioAtytahdiflate Wark order havuligtatssor mreltlonr ders
remain. 9. The nmethod of claim2 wherein said |

pri ori teclassifiping spid dighsptaprivaibe atg WpBGrfler e caB@date for
earliest du %%&é

famly code%a@gﬁg%étgﬂ%gv%mﬂzo?@E&- 0 or eﬁtﬁ@e%%ﬁ%ﬁ%@ﬁe
met hod of cloptmtian,whidrreclassifging rioiiting inorietlassifiddorandidate work
rul es conpri a plurality of rules and wherein said
assi gni ng a°ﬁ§? diy conpri ses progressively applying
sai d p|a§ ?hhé)( riffitytHs&i8 rédMdsified Hiiase Wik @Fdel Baded on said
assi gne 0 h candi date work order. 11. The net hod

of claim2 wkerfgoinpseritization aigs i ng t o schedul e an
operation of said highest priority candi date work

order conprises: categorizing the nmachi nes of the work

6. CeRbeRethdd oMEAi0r WhainSaidindRelial bfhmiethodologis binllichtion of
categori es based on a determned suitability of each

a backwarilisehedpbing methegploey apd whriginised elessshymgrel asifgs RRgRispid
work Blrcie% e{stay ca‘ﬁ e nSIB# ?Gh%@l{lhlg% otk Venef ﬁoéi%ﬂe? @vqﬁ{ it st

ylng a-candi date nac Ine o
opmnﬁﬂﬂhlnes |n said suitability category based on said
set of machine selection rules, said identifying

resulting in one or nore candi date machi nes;

7. | agRhidydd @ai%ﬁrﬁ@ﬁ@ﬂr@%ﬁs%m&ﬁteﬁﬂﬂmg%ﬁé&em seheduling

nore can |date.nach|nes ased on said set of machine
said opelation atomaid mheline.,and

if said highest priority candidate work order has a predecessor operation:
reclassifying said highest priority candidate work order as a candidate for
scheduling at the work center associated with said predecessor
operation, said reclassifying resulting in a reclassiﬁedqcandidate work
order; and
assigning a priority to said reclassified candidate work order based on said

set of job prioritization rules.

8. The method of claim 2 further comprising repeating (c) and (d) until no candidate

work orders remain.

9 ~The method of claim 2 wherein said job prlontlzatmn rules are based on at feast one -

of earhest due date shortest precessmg time, and same famlly code as precedlng work .
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iy
Y
A

schedul i ng said operation of the work order at said
best candi date machi ne. 12. The nmethod of claim 11
wherein said suitability category is chosen fromthe
set consisting of Must, Dedicated Preferred, Shared
Preferred, No Preference, and Must Not. 13. The

nmet hod of claim 12 wherein, if said categorizing has
categori zed any nachine into the Must suitability
category, said identifying identifies said machine as
sai d best candidate machine. 14. The nethod of claim

12 wherein, if said categorizi ng has cafegorized .
10. rkheimeihiod f Gaind WhgE R @mrfoawmrw CeBBHYe a Blality of

s AR, 1 RT3 RGP p s i

of rulelatéli anurdqiethrivaitiisrssigaddetotehcncandidate work dydegred on at
| east one of neeting a work order due date with
maxi mum st ock remai ning, snmallest loss time, -71
S MfHe! fisthodlbf éiSiErEﬁ‘ MheREl WEE Bt to %&fédh&te@ﬁpeﬁa&@ﬁbf said
time, and nost Dbal anced | oadi ng across machi nes. .
higheiftmimﬁyhmdiidﬁtemodwnd&rmw said receiving a shop
nodel i.ndi ¢at i rises, receirving a .flow,shop. .
s ok B AR aF teror sept 1o petigfhiag SHfa piPRrion into
order fsaldhiityatdzBHBDEhs6EN & AeRrmined Wiebaith of dch machine for
scheduling conprises: (a) selecting one of said work

cent er s;onmsmg@mdmp@u@@ eferid Sighad meieritseandidatcanverkiaragy:

order,

Lreflg%l flgaltcb yglttc bnhtgccﬁ%g gﬁ%ﬁ? & gfrage I%Qéhlﬁééf 0 hﬁghlﬂes in said

oper at lsaﬂataﬁmtegbgobasm binsdib eetaﬁlmhmd subctiomtusgsald
based qn said set_ of job p rlorltlé%tal on rules; } (c)

i dent i AYTHEYIRE BeSYHBEHD SR BF TIPYE %78 APRREIIES Y ng an
aslﬁérﬁﬁ’ﬁﬁ Erﬂe&rdafnéf dhBachiheFHom Eﬁ@%he 85mbtin@Rla@Machines
priority aSS|gne to any other work order at the
select@mwdwnkm&mmbﬁnmdhndsﬂdﬁmmuubﬂpmﬂng to schedule
an o e.atio of aid riori der .at_a
tehdaling pod gptretiah o he ForE it atid Sest Sindi e,

of claim 16 further conprising, if said attenpting
fails to schedule said operation for execution at

12.  salhe mathorl 9é claimid etherain saig spitability $ategorydp elrpen drom the set
cons1§§1§ﬁ%{Mﬁﬂ B%dlﬁz?gckgre ér@&eﬁiarga P&:[fér&éﬁ ﬁ%rikref%f %E z@n@qdust Not.

sai priority wor |ne|g
for —any further at t enpt ing to schedule at said
plurality of nachi
13. ° The method of claim 12 wherem if said categorizing has categorized any machine
into the Must suitability category, said identifying identifies said machine as said best

candidate machine.

14.  The method of claim 12 wherein, if said categorizing has categorized any machine

into the Must Not suitability category, said identifying will not identify said machine as said

best candidate machine.

15. The method of claim 11 wherein said machin_e selection rules are based on at least

~one of mecting a work order due date with maximum stock remaining, smallest loss time,

-71 -




o

18. The nmethod of claim 17 wherein a work order that
is not ineligible is eligible and further conprising
repeating (c) and (d) until no eligible work orders
wi th an unschedul ed operation associated with the
sel ected work center remain. 19. The nethod of claim
18 wherein said indication of a nethodology is an

st e RLARS D B LR 1 e oo

macHindsSt operation in said comon sequence. 20. The
nmet hod of claim 19 further conprising, if at |east one
eligible work order having an unschedul ed operation

RRE o i
receiPipg adldvPshopfmatel Bidicgﬁb% thatviicloperatiens ofSaichl woel exdler follow a
e

resulting in a new_ selected work, center; and
comrpesegMeneg and phersin sajd schedaling «Myissse wor k or der

howi . S : :
o L A 0 kSR
priori tsekatingrestltihg i a Zlectdhworketented, of cl ai m 20
ety o SRR S b e b asocin
oper at i @t AR3eetR SRVt ddierliSe S8l 854 84 o rfoBfiz®ion rules;

22. The method of claim 18 wherein said 1ndication of
a (optdeniifyinggyhipkestprionitstivoak ooler baving ab agskanse griority that is at

schedul.i n t hodol o nd wher.ein sajid sel,ect.ed rk
conter P8 oD emmoriary Sutpiafo Spd Pl SR RUEG IV Stected
common GQ{YeReL and3. The nethod of claim 22 further
conprising, if at |east one eligible work order

had} sigenaniingrie sthedulesn oppratian pbemd Bighes Priogiswerkgnderat g
conmmon L . [ recedi ng work center

for peﬁﬁ%%#%ﬁg%mgﬁgﬁﬁégﬁggﬁ%ggegperation of an

eligible work order, said selecting resulting in a

17, oathe B o o 6 FERaE oA A 1L HEEHEE (o thede sod

operagigﬁ l’fﬁl éx@@utioﬁgﬁ Ol AR dahcQRicthn§h 858y WREHIEE gﬁé%ﬁtion of
ased on said set of job priorifization rules. 24.

said hiplestpridriyt vafk ofdai and2@eeming baid highegimrioritgwodpesder ingligible for

and (d) until. no el..qibl rk.orders remain with
any fé‘%ﬂeﬁ ﬁ‘gﬁlﬂéﬁ%ﬂ té’éch?:gé'?ea tisglﬁi%égrggm %)f(t)né%?h\ﬁets h the sel ected
wor k center.
18.  The method of claim 17 wherein a work order that is not ineligible is eligible and
further comprising repeating (c) and (d) until no eligible work orders with an unscheduled

operation associated with the selected work center remain.

19.  The method of claim 18 wherein said indication of a methodology is an indication of
a forward scheduling methodology and wherein said selected work center is for performing

a first operation in said common sequence.

20.  The method of claim 19 further comprising,_' if at least one eligible wo;k order

having an unscheduled operation remains:

72



25. The nethod of claim 16 wherein said job
prioritization rules are based on at |east one of
earliest due date, shortest processing tinme, and sane
famly code as preceding work order. 26. The nethod
of claim 16 wherein said attenpting to schedul e an
operation of said highest priority work order

c rjises..-73 cate LZ] Q.. ' .
B A5 o B bRy B REC LB lertipegforming an
i Nt o suinkéRihlell Yp&ratiGoerinagightds adrlosrdar, dsit eelottititresulting in a

suitability of each machine for conpleting said
oper at ingw sstectsdiveprkicgHesendyriority work order; for

eac i | . :
et 3Rl o cBR RO Btk iRENE R RG] Gperaion
based a@scriadtal witlh saihediecial sotkeainton basedloasaidsset of job
identifyin resulting in one or nore candi date
nachi ndstorifigaipn mlgsng a best candi date nachine from
said one or nore candi date machi nes based on said set
of machi ne sel ection rules; and scheduling said

21. opkreahéthed aff claie? Onfurtheorongrisatg repéating €s)itand 4ddindd ne eligible

machi ne. 27, The net hqd, of cl ai m 26 erein s

work GERFSISPIAITE Y/t 40 RS NIES GRFuGis FFoHE G Jpo elected work center.
consi sting of Must, Dedicated Preferred, Shared
Preferred, No Preference, and Must Not. 28. The =

22. méfticauketbdd of diim Brwhireineaid indicatien of ametbgdelpgy isqntipdication of

t i zed hi t h it ahili
a bacE a4 e FMhABRE Pt MO ro BRI RRlehid g
perfofiaing al&s bperafdlindRidecoraadt fgueR?. The nmethod of claim
27 wherein, if said categorizing has categorized any

machine into the Must Not suitability category, said

o S , : . , e .
23. 1, JAF ] Sl o it ARl S B A Dt
havingfagrmbdheduled opaativmemsalsect i on rul es are based on at
| east. one, of neeting a work order d date wth .
n&ﬁﬁqﬁﬂwtdownp%%ﬁ%g% srring 4 Precelng Vi nlep fprinegiprming
di f f er gGRsRUVEE Bpa&iidtPbf Mgt @Rtk Sildef, kaillisBRetim @ sulting
nost bal anced | oadi ng across machines. 31. The net hod

of cl aiimna 2ewiseleelicd veosk cerdert awd  j ob prioritization

rules .is wark centre ..sgecif] . .
ciosrned ahepapro L Ge e fiyol B Sn BR@fyH gperation
priori taysdeRited with said selected work center based on said set of job

prioritization rules.

24. The method of claim 23 further comprising repeating (c) and (d) until no eligible

work orders remain with an unscheduled operation associated with the selected work center.

25.  The method of claim 16 wherein said job prioritization rules are based on at least

one of earliest due date, shortest processing time, and same family code as preceding work

order.

_ 26 " The method of claim 16 wherein said éttempting to schedule an operation of said . - -

~ highest priority work order comprises:
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each work order of said work orders based on a set of
job prioritization rules. -74 33. The nethod of claim
32 wherein said indication of a scheduling nmethodol ogy
is an indication of a forward schedul i ng net hodol ogy.
34. The nethod of claim 33 wherein said assigning a
priority conprises for each work order, determ ning

arli.es akt t ' i QF . .

g%l}lﬂlégh-lg ac%xgles Q \é\%ﬁ %gygl? @é;rﬁer%le]gfﬁ‘fdgglﬂ}gogalﬂ g[?ﬁratlon
34 Wheﬁﬁtb Ruitstility\Wat oﬂéﬁﬁseds@@@ détesined suitabgity Of ed¢hinighine
to be conpleted and wherein said determnin

ear | i eder epmpleting seid ensratipnrfisaid higheptauriosity wer OT\%‘? k
f?ler{éa)c(:fé gﬁyabggt?%ﬁﬁeg&rgg}ragﬁﬁ@%ﬁo#aﬁ%lﬁl'gte\?\%&k é‘@ﬁ’e fnbhBines in said

c onput istigatility@htgoty taised bn & betof heachine adfieqmmtrung, sald idedtifying
the units_of the work order bet\ﬁ?en t he operations of
t he mﬁksugﬂﬁéflonéﬁﬁﬁ@ﬁ?@ wdategnaghifesyi num buffer stock

ti; H'e‘ém}ﬂf\ G UG 18018 IR KO £ db RS bhSre cﬁhﬂlﬁﬁé n?Jchmes
%rogress uni t's 1oetvveen operations of the work

or der; bamdcsmaidsegoﬁmadnnasdla:mnnﬂbalandtl ne to a due

date of the work.ord | ess t al r.Qcessi

tiSﬁ%fzduLlag 154 Bpeapial o fa pork prer o shue aRRREE Shidhheum

buffer stock time. 36. The net hod of claim 34 wherein

each work order specifies a nunber of units to be
27. ¢ dﬂplxmtbdi efrodnimt ¥ eheremesatshaitabilibheagigomnip cheser fomd ghe set

cons eSS BB RRR SRR SO BRER SREMB o

sal d determning an earliest start time conprises,
or an operation succeeding the first op eratlon of a
28. \/\631‘% ngsitheret of cdpimed TivherBiR, sfﬁalé}sc@te@ﬁ@ané has ¢atoporiged g wRchine
|

o Bl e s A ey, el g
candifldte maohins. of the work order fromthe inmmediately

precedi ng operation to a current operation;

determning a mninmum buffer stock tinme for producing
29. 2 THRATUA HRIAISS Rhéein) H‘mﬁlrca%fgoﬁﬁhg hhdcAAREES Bny machine

uni ts between the inmmediately preceding operation and
into th&MustdﬁmtrsgﬂabibW@amgpqn saidndengidying mall seli identify [spid gpachine as said
best ‘ﬁgt to said assigned end tine plus said transit
st CEPHRATR M gald m ni num buf fer stock tinme.

30.  The method of claim 26 wherein said machine selection rules are based on at least
one of meeting a work order due date with maximum stock remaining, smallest loss time,

smallest difference between actual and latest start time, and most balanced loading across

machines.

31. The method of claim 2 wherein said set of job prioritization rules is work centre

specific.

32._ : The method of claim 1 wherein said scheduling compnses assigning a priority to

. each work order of saxd Work orders based ona set of j ob pr10r1t1zat10n rules.
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75 37. The nethod of claim 34 wherein each work order

specifies a nunber of units to be conpleted and

wherei n each operation of a work order is capabl e of

over | apped execution wth a preceding or succeeding

operation of the work order. 38. The nmethod of claim

37 wherein said determning an earliest start tine

co i f At [ :
3. opabE piRa o o 0 AREUR A HBUERARTL A AU ethodology is an
indichtngdra fopred edrtinling mehoddlagy.a processing tine of an

i mredi ately precedi ng operation: determ ning an

assigned start time at which the i mredi ately preceding

op [ : ;
4. 0 ZHE IR ol el A R TRy (SRR, Sy A work
orderpidemifing an tirdiestistaretitha hiewlich eadarticrggionpditlat work drderaan be

current operation; determ ning a mninmm buffer stock
COmMmEngel-f or produci ng a m ni num perni ssible nunber of

wor k-in-progress units between the i nmedi ately

precedi ng operation and the current operation; and
35. deflke mietliod@f alaimi38 whereit eadh Work qudeycpecifieng aumber@f gnits to be

ol b e e T SR8 v

order©BAPFik&t Ny, i f said processing tinme of said
i mredi ately preceding operation is greater than or
eqaniputing & total progsbsingtime fereaxesutingelk enegations ef theryyprk grder;
earlie I L:nB. t ' ' t.ar [
< g i &l s Qo e R AR A s o Mt
betwdeh e Stiralionfbf thewrork order; 40. The met hod of cl ai m 38
further conprising, if said fr_ocessi ng time of .said . .
| PREPUHRES wtﬁrr@%fé@mgb%fﬁé siack Grejler producipg g magimym permissible
L B WAL ' b UE (B werk Grakt; hES!
momt B PR s S bR o b Rl (bl RS
t rsetting saitl ieartiegt] stest S@me to pdocdats phithetwark ords lesaisald total

proceg TR o g FAEHU o1 A o3 ke ROGH el e

determining an earliest start tine conprises, for an
operation succeeding a first operation of the work

36.  orlhemethideof cdaime34syibereigrcaph @r@élgquﬁgspepiﬁ% apmgerof units to be

conEETRS S PG S P 28 SR A
with 4 preeetiint 6 snc@editgdipegtiopef dicivosrkiosder aot edwetetnl said determining an

. conmenced; -76 . . )
earliest start ttime comprises, for an operation succeeding the first operation of a work order:

determining an assigned end time at which an immediately preceding operation is

scheduled to be completed;

determining a transit time for transporting the units of the work order from the
.immediately preceding operation to a current operation;

determining a minimum buffer stock time for producing a minimum permissible
number of work-in-progress units between the immediately preceding operation and the
- current operation; and
setting said earliest start time to said assigned end time pl_us said transit time plus .

- sald minimum buffer stock time.
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determining a transit time for transporting the units
of the work order fromthe imrediately preceding
operation to a current operation; determning a

m ni mum buffer stock tinme for producing a m nimum
perm ssi bl e nunber of work-in-progress units between
the i medi ately precedi ng operation and the current

opgration; term,nkng.a upit iLne.£or pr '
57, 2Pl @0 af i % MeSifelBvioek et b REREFBTYNE o be
compiiéted 86l Whereesach bpétati it LebRIdil¢t 18 gapabld dffovedaiipedlexecution
. processing tine_consis;in% of the tinme required to
with p prrsediag onsuccendingopsrationot fisr Workrageer- at t he
i mredi ately precedi ng operation less the tinme required
to process all units of the work order at the current
38. op®hétethod of Z%aniﬁmdvml&ﬁ‘éiﬁ daid_fde%éhﬁi_xﬁﬂgél} éaﬂﬁ{tsg gtart time comprises,
conprising, if said processing tine sa
for an ppsEion WESCCHMEASISHepeERtionf thswerk Qjﬁg%aﬁ’lé?h hasam qspual or longer

: | Rl R g sai d
o SEHRlg B0 oL RO B0 TR
s adetbriniring a assigned plarisimaatovhich tierimmedisiély presediok opénation is
| us iﬁid unih%{un time plus said differentia
SChedS‘ll‘?j’ct@_ SRR 43. The nmethod of claim4l further
c %ﬁﬁfgga trhhisiP@he [ RASSHIAGHE AR 6f thRaldk order grom the

_ i mredi ately preceding operation is |ess than sai
immegiatélynpracbdinf eperstion fo 4 ¢ureent eperationg said  earl i est

start ti.ne to.said assigned starg ti | us sai -y

¢ (It g Risiaium, B B o rietig g flm pemissivi
numbef ¥ Ak Sh-Yrddresediif hepp@mathe Ghriddidelyaprdcddind opétation and the

time plus said differential processing tinme. 44. The

currepteapgesdioar atgl ai m 33 wherein said assigning a priority

c ' f.or C i

o RRpioftRe e FRCHmEEE onREGile o s [ g viohl Bhder ot the
immediutel precedingeperaton.45. The nmet hod of claim 44 wherein

each work order specifies a nunber of units to be

conpl eted and wherein said determning a |atest start
39. UITHR d@hodof d14ift 3 @RRIHRE EMprRing it proBEIRE tHRN JaReS:

conmputing a total processing tinme for executing al
immedjpéetn preoeding bperatiomisrateaterdban or egualjashidgnimimendiutfer stock time,

.transit. tinme for trapsportin Il of t i.s f .
seing 571 i T it b T RETUss B e By SR A il
minimund baEePstbdk@ma phtsald ukitthAumebuf f er stock tine for

-~ produci ng a m ni mrum perm ssi bl e

40.  The method of claim 38 further comprising, if said processing time of said
- immediately preceding operation is less than said minimum buffer stock time, setting said
earliest start time to said assigned start time plus said transit time plus said processing time

of said immediately preceding operation plus said unit run time.

41.  The method of claim 37 wherein said determining an earliest start time comprises,
for an operation succeeding a first operation of the work order which as a shorter processing
time than a processing time of an immediately preceding operation:

o ‘determining an assig,néd start time at which the immediately preceding operation is

_ scheduled to be commenced;
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nunber of work-in-progress units between operations of
the work order; and setting said |latest start tine to
a due date of the work order |ess said total
processing tine, said total transit tine, and said
total m ninmum buffer stock tinme. 46. The nethod of
cl aim 44 wherein each work order specifies a nunber of
u . O [ [
nrictap ® aRARE R AL U e B RYIL bR BonPlY
immeligtele pragdog cpaadeett nouragmeopdratbon; of the work order
and wherein said determning .a atest start tjme ..
c FprmaRiBg & BNy, Builer: steck GMecios Arpdpcifed mipypum permissible

num&?%&’%&rﬁaﬁ%?‘@emm% Een Rt B élitﬁg pecéiind ¢ Ithﬁ{‘ dnd the

I me at an I medi ately prece operatio
curreatdpetationd to be conpleted; determining a transit tine

for transporti.ng the its of .the work order, fromth
| AFSOTETIEE ¢ BHCEEGING 18hRISETHIE § SMEIS R Ghthe work order at the
imémglg?k&@aing%@aﬂb&iaﬁg a maxi mum buffer stock tinme for
[

pr o ng a Xi mum perm ssi bl e nunber of _
wotekerinimipg o gifferentiahptasetsingidma cohwstingrad dhetiseyrequired to process

e i ng ,operat.ion.and,t current operation: .and .

atl syt i, e Rl ey pEotdR bpRTbElhnls ireavired o
‘proceksé AR uiikS (B WA $raBSitlthd dufRnPbptiatish. d  maxi mum buf f er

stock tine. 47. The method of claim44 wherein each

wor k order specifies a nunmber of units to be

c I : ' ' : r
4. P RRLES SElDE Rlbof Ay BRGE ¥l ipbectiobiinte RS
immedatay peeding @papacmisi gpentafthiher aquaktocaidaninird®m biffer stock time,
. . nmethod of clai.m 47 wherein said.det rntgégg.a,lat st .
settingsaidicatlicgestary it gud apsigned srdiyae B SHSHRHEERE R Sraid
minithithHuRPSbAL 28 gﬂfs.saia%nymh titfcdths WM GitreRasiaARto8Giak time.

or longer processing tinme than a processing tine o

an i medi ately precedi ng operation: determ ning an

[ tart, ti t which.the.i di ately. j
. o ederibed pEotiot b Fisfer Poitie ot pihoese e e iy o
immddizAd1$ ipteckdiiB op&atibd ANSRIRAn A MBmuR hiffedktoeR @mitdEdtting said

~order fromthe immediately precedin?_operatipn to a
carlieg{ gtarbtime dp s2id epsigned gtartelime RluA gaid trpasit Hongpbusr s pregeseirg time

e e

procefdifg eiffieng operation and the -78 current operation

44,  The method of claim 33 wherein said assigning a priority comprises, for each work
order, determining a latest start time at which each operation of the work order can be

commenced.

45.  The method of claim 44 wherein each work order specifies a number of units to be
completed and wherein said determining a latest start time for a first operation of a work

order comprises:
computing a total processing time for executing all operations of the work order;
computing a total transit time for transporting all of the units of the work order -

’ between the operatiohs of the work order;
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determining a unit run tinme for processing a single
unit of the work order at the imediately preceding
operation; and setting said |latest start tine to said
assigned start tinme plus said transit tinme plus said
maxi mum buffer stock tinme plus said unit run tine. 49.
The nmethod of claim47 wherein said determning a

bt PRI 05 S g

numbRsf oshik lbxagre@mﬁss)%tvmn dperiopdelithawprloodss iang t| me
of an i mmedi at ea\r{ pr ecedi n‘%ﬁoper ation: determ_,nin
firge i 2 dpg

asHsitpgesaidsiaigpist e phihieiwark arder lasysaid Eﬁgdﬁr?f‘gssmg
Iy t termning a
ime S0 B O i T SR ARk ulel o
order fromthe |rmed| ately precedl ng operation to a
current operati o et er m i ng a buf f er s{)ock .
46. ¢ i e mefhod phelaiem b whetaash mosk % SpasHEs auypRbeR OIS to be

comptBRE& ad Hél‘gglrl'ﬁ)s({}ie%o df Qﬁ%%ﬁ@oﬂd@leis PR A RleMapped execution

pr ecedi ng operation and current operation;
with d pteeeding ongncaeading opemioniofithef workprdaesd ivhgran siid gbtennlmng a

unit .of the work order at the di.at el re

latest S} P GHPERAS iR A TR SO P R s Fh DBBEH P bpifonder:
CQReadrfitiRg aR hssidh@d Eh@ﬁm@ QB AGnliBHIRRES Precellihg Upérhfion is
of the work order at the immediately preceding

schedupssktatbenmipbded;t he time required to process all units
of,the.work, order at. the curre
o SRS f et o PP e RS Blis S B o e
immddidi8ly pratsdivgioferafion®l 4 cridiBoratorgai d - maxi mum buf f er
stocﬁ time plus said unit run tinme plus said

didefesmining 4| mﬁﬁ@@@s@‘ifﬁf‘g smqlfehme {0F PIPHRCIAG AHBHK B  ReTissible
numb%? o\fmz%rlﬁ'ﬁ -Ipz rigsgnlﬂﬂi'rscl?e gé(?;]k S%E%gﬁl #Iﬁgecﬁ?gt Bﬁ&%&g)fnd the

cmeﬂﬁtﬁ&mimhp@d 51. The net hod of clai m 50 wherein said
ri ses,

SR 8.0 L OB Se5, L3 Ceh MO e O S s sia

maxﬂgg{@ﬁfeggtogfmh{ge wor k order can be commenced. 52. The
nmet hod of claim51 wherein each work order specifies a

nunber of units to be 79 conpleted and wherein no

rati 0 k _or d
B4 EORERL BB P o
complé‘@@;i 1L | %h&&iﬂ%clﬁ@ﬁbr&mﬁf ofl ki cidetat edpablel df @v&ﬂ)apped execution

with a preceding or succeeding operation of the work order.

48.  The method of claim 47 wherein said determining a latest start time cqmprises, for
© an operation succeeding a first operation of the work order which has an equal or longer
processing time than a processing time of an immediately preceding operation:
determining an assigned start time at which the immediately preceding operation is
scheduled to be commenced;
determining a transit time for transporting the units of the work order from the
immediately preceding operation to a current operation;
d_étermining a maximum buffer stock time for producing a maximum perm__issib_le

‘number of work-in-progress units between the im_rnediat_ely preceding operation and the
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earliest start tinme conprises, for an operation
preceding a | ast operation of a work order:
deternmining an assigned start tinme at which an
i mredi ately succeedi ng operation is scheduled to be
conmmenced; determining a transit time for transporting
the units of the work order froma current operation
cuneh@gﬁéﬁﬁdnnnediately succeedi ng operation; determning a
maxXl mum buf fer stock tine for producing a maxi mum
petetdrssiibg @ umuninetime ffomprdeeismgpa ayrzhs snitnf ttee betlvester at the
t he curregl o] erﬁéLon and the imedi ately succeeding
SRR

immegiptely pregrding 8 a current operation processing
Ui ARinb Qi 15R6 it fe FSSd Qésk%n@ﬂ ista®t 19the pRE saidWakisiPHAGplus said
at the current operation of the work order; and
maxigwmt huffer stockl tiswrilusesid wiitiun timére t o sai d assi gned
start tine less said transit tinme, said naxinmm
buffer stock time and. said current operation
49. Proeafsthd@of d58h 4D Fherbitsaltbddigiehifing Gl |ates stk (DA€ E&hPrises, for
each work order specifies_ a nunber of units to be .
an operstiph seecgedingla filg operatiemefithe perls prdsn vwhichdagg shortar gecessing
] I . over D ' i a precedi ng
time {yfn §BRAR o m N8 b FRBER S EFRLRE ollaba® B %71
meletepslirihg anh adsipnbd stahteing 41 viAtldihd dnatediandly gre@eding operation is
ear|liest start time conprises, for an operation
schedyfedde § sgmmenge® operation of the work order which has
a al:
F eRlin & naRa e oG RREM Be S of B BrRF ARSI A0
immedétidy prasedigg apcrasen preedirsnboperstione at whi ch t he

i medi at.el y succeed{ ng operalion.is chedul ed.to be . .
o SRIFERINRE BRI, PRGerar Gk e Fof PRIERE § PastRip (epgissible
numbeh 8f %rkﬁn—?fogtr&,@ WRts KocPi &l thb rigfihddifelyCpeétg operation and the

operation to the i mmedi atel y succeedi hg operati on;
curregfeperaitioni ng a maxi num buffer stock tinme for producing

a Xl mum perm ssi bl n [. Of rk-1n- [

o PR B3 RE nf ol B + Sl iy BE R0 688 order o che
immeidizatd paicedidg operai@edi ng operation; determning a unit

run tine for fProc_essi ng a single unjt of the wor

k
odgiermeing p differentab RocgsEedine fonsdstmesd by Heregegupred to process
all unfi@oE tRShor! GHile 4t AP ithlediatell ARSLAALBoALANT ebd IR nRSRquired to

said transit tine, said max uffer stock ti
processnal] wdischfuind workuorden atthe current operation; and

setting said latest start time to said assigned start time plus said transit time plus said

maximum buffer stock time plus said unit run time plus said differential processing time.

50.  The method of claim 32 wherein said indication of a scheduling methodology is an

indication of a backward scheduling methodology.

51.  The method of claim 50 wherein said assigning a priority comprises, for each work
~ order, determining an earliest start time at which each operation of the work order can be

commenced.
52, - Th_e' method of cfa_i’m 51 wherein each work order specifies a numbe_r of units to be
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55. The nethod of claim53 wherein said determ ning an
earliest start tine conprises, for an operation
preceding a | ast operation of the work order which has
a |l onger processing tine than a processing tine of an
i mredi atel y succeedi ng operation: determ ning an
assigned start tine at which the imediately

ceeedi Qoperation i _ ; :
compIRE R Wt SRS PellPe of mE PR ol bhaBfe SVPRAREE execution
with ®precbiing\orF dicosediiz dpeitioh b€ theowsrkander apd wWhibiehsdid déthRnining an
_immedi atel y succeedi ng operation; determning a ,
earlieskstar i S QMPEFess 05 6R OpPTaON Brecestipgd fashepesatipg gl fumerk order:
pe . . —: - ..
AP ARS8 OFRRRA LS B B8
schedufedrtatbe @oimn@ateRy: M ning a unit run tinme for processing
a single unit of the work order at_ th curren

opfteariing a Fansshne o ransparkRgihe Hpits Pl the Seosk gfdf%@ ffpmﬁecurrem
operagigﬂ?(#]tgﬁec\or eﬁ%}é&%&&é%@&ﬂéﬁ&d to process all units

rat current operation |ess the )
t ideermanng nadatimupr buffessiadk timei fos praiucinger waxknwn germissible

at the imgedi ately succeedi ng operation; .and seLtin .
b of Wa GNPEEta i DRENCED (6 Grisgs Ogalion gy e fgmediately
Succeggﬁgoﬁaiagoﬁ;r ansit time, said maxi mum buffer stock

ti , said unit run tinme and said differenti al

prdsteemiiinga cimrent @@erativh gronssing tisfe reluited ©Erogess e}l amits of the
saj d si_gni a priofity c ises, for each work

work gides aFthe cienlionPrabion Of the Suqr dhderyandt %0 S P aen
oRefiabisaid @flidshstamQie @ g8d assighcdstarcnpeasadid dahsitTihee, said
nmet hod of claim56 wherein each work order specifies a

maximymdaiies sloghtims apd spid cugephaPEraEign RIRFCHIE PR no
operation of any work order is capable of overl apped
execution wth a preceding or succeedi ng operation of

53. t lgheunthodsfidaimaFidwhireinadanh swirkl odllet greaifies aguebet aff wts to be

tart timme conprises, f an. operation precedin .
compfeled angyeestin GAOLLgPeEatiaBral 2gP e rici &t EAPAPRIoN g Vefiapbed execution

with 25RtéEostREdedinBpetiolMair &t Workigiadi at el y succeedi ng
operation Is scheduled to be comrenced; determ ning a

transit time for transporting the units of the work

f . - [ i . .
R e
for arSRedtichi gieccliiiy 16 Gyeiatin af thicRiaTl Btdee Whicistiablad equal or shorter

processing time than a processing time of an immediately succeeding operation:

determining an assigned start time at which the immediately succeeding operation is
scheduled to be commenced;

determining a transit time for transporting the units of the work order from the
~ current operation to the immediately succeeding operation;
determining a maximum buffer stock time for producing a maximum permissible
- number of work-in-progress units between the current operation and the immediately
| succeeding operation;

determining a unit run time for processing a single unit of the work order at the
o 'cﬁrrcnt operation; and | ' | o '

setting said earliest start time to said assigned start time less said transit time, said
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nunber of work-in-progress units between the current
operation and the immedi ately succeedi ng operati on;
determining a current operation processing tine
required to process all units of the work order at
the current operation of the work order; and setting
said latest start tine to said assigned start tine
.J Sl [ I:7e,.:+SAl m ni mum buf fer stock
Inw“?ﬁ%i?m%mgkégﬁgéghg%égﬁngg@#g??bn processing tine. 58.
The met hod of claim56 wherein each work order
specifies a nunber of units to be conpleted and

5. wheaneibehelrlypet hrheitoriddef@piniae 48 Fanliest shshpe cepprises,
- r .

for oQYSELAREA BB Qo p L SHGE 1801 o o
time thian @lppdoeshl; tidae beaminsaediadbt @xcodedinggppardtishest st art

ti conprises, for an operation. pregeding a |ast .

o FIERIINE BT A iROREAR WAV R RISy %&P&Fe‘ﬁ% operation is
sdw&ﬂ&¥%%éco@&ﬁﬁ&§ﬁing time than a processing tinme of an

I me

iatel'y sucéeedi ng operation: determn ning an
askilegmédngss tetsit time fettrankporting the unitsrelitha twesirky order from the

succeedi ng_oper at,i IS scheduled to be commenced,;
Currepiher OHW%HWAH?FQH§$¥S?qﬂ%ﬁ?%Pp?W%ﬂkporting the units
Ofdetcd@indey K ROGRNnT bRt f6ck GHerBRbrodiieingtd Saxirurh fRrmissible
i mredi at el y succeedi n% operation; determ ning
~

a . -
numbet reif mwenkbinfriregresst veits between dhe prusut iopgrationi Aidnihe immediately
rmssible nunber of work-in-progress units between

succe?ﬁiggga?rlaé?ﬁ, operation and the imedi ately succeeding
ORRfeRhiil aamet Aat wheifel pecdssityi 4 single tmimef filer work order at the
processing a single unit of the work order at the

curregh APeERPLoper at i on. 60. The met hod of claim59 further

8%% a ditferddifil Pfo?ﬁ%?@ tide Eblgﬁ?st?% Jtife GHETEMfired to process

erati o IS greate an or equ sald m ni hum .
all units fof’ ére work@irddriatthe eteti ogpragaindessabe imesequited toipnecesspall units

sai d assigned start .tine |ess said transit tine, said

of the o A B Pl STreSREoPLaMeR ARt run {1, 61
Thetip tshiabapest it Mopd1d Hid BSigred BRirt Ghldessi daid Bnsit time, said
proceSsing tinme of the current Eggeratlon is less than

maximainchufien stackriimef fagd unjt vwidime aad sasbdifferpntighpracesgmgdime.
start tine to said -82 assigned start tine |ess said
transit time, said processing tinme of said current

56. OPBkahdthst ElhaimS30 whetBint saldaysighitig.a priority comprises, for each work

qrder, determining a latest start time at which each operation of the work order can be

- commenced.

57.  The method of claim 56 wherein each work order specifies a number of units to be
completed and wherein no operation of any work order is capable of overlapped execution
with a preceding or succeeding operation of the work order and wherein said determining a
latest start time comprises, for an operation preceding a last operation of a work order:
| determining an assigned start time at which an immediately succeeding operation is
scheduled to be commenced; |
| determining a transit time for transperting the units of the work__érder frdm a current

- " operation to the immediately suc_ceedi’ﬁg operation; -
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62. The nmethod of claim58 wherein said determning a
| atest start tine conprises, for an operation
preceding a | ast operation of the work order which has
a |l onger processing tine than a processing tine of an
i mredi atel y succeedi ng operation: determ ning an
assigned start tine at which the imediately
su [ oper.ation i I c ; :
G FATRARG AR By E, (67BN, B8 hiuidfher 6 NG pormissivle
mumiRk dihGoreinkproples uhitorbetwsen hur cigrknt @peraiibh candt thet iemediately
i nedi ately succeedi ng operation; determning a
succeplingpialoRf er stock tine for producing a nini num

Des i sl oot . . ]
F ek xR lerflon bctaifl RRRCIERTyG 1 SRetE alfifhs o the
workaipddrat therurreett aperdtion g tie work tordewnartdi me f or  processi ng
a single unit of the work order at the urrent L. .
opSHEE: i 134570 SHE: BPRIIRISAY SETYY St e osp seceasfifime, sid
minithbbuPeR bl i, £ stagiecu&feﬂieoﬁe@ﬂfahr Sbek@nplifeess al |
units of the work order at the current operation |ess
the tine required to process all units of the work

order he i, iately spycceeding o ation., 63. T
8. eltirouetbrd e cliif 50 BRI EE SORp P! RYCIS Aeifaiber of wii o be
compMtEEARBWRGeini ABh Bperhtith FW WERlord @REEPabRIBII0Felppad BXecution
_than or equal to said mninmumbuffer stock tine,
with g preceding snsugceedingsepesatigniof the werkiogd®ai d assi gned start
time less said transit tinme, said mninum buffer stock
time, said wunit run time and said differential
59. proRes@hédof dliEn 5Swherthitsaitbddiachinihg allatesnst2t finie th@prises, for
conprising, if the processing tinme of,{he current
an opgiliPR PTeSAAING alast peraten %féhﬁwmlﬁ?ﬁ%wbw?fl@? aig ek o shegter
i ' t: | Laaedo st art
proceiihl i 1B £prBh Sl (PR an iR ls SucteoRE bBRAoR
saletbrminmnga asjppmed stadrimesativhichuthe immediatélyreuaaelisgopkration is
h (gﬁffegenti al %{gcessi ng time. 65. The nmethod of claim
schedpled {p be commenteli ndi cation of a methodology is an

| idiee@tdiANa Bhinsitio RN e dults HEthERTdIR Rlep G nihd

wherei n sai d scheduling conprises, for each work

‘currenfraperation §3thelimoadiaiely guesgeding ppmgtiathat are either a

bottl eneck operat]o oper.at i C ' d .o

polerEREEK B bino Ruthls, A5 it Ibt BRoarHCEHRA P Hmissivic

numb2n ®f clvéksinipto igsOpaitatbetngn e eaehn @psaiion baidt tienankediately
operation intg a second set of operations.

succeeding operation; and

determining a unit run time for processing a single unit of the work order at the

current operation.

60.  The method of claim 59 further comprising, if the processing time of the current

operation is greater than or equal to said minimum buffer stock time, setting said latest start

time to said assigned start time less said transit time, said minimum buffer stock time and

"said unit run time.

61. | The method of elaim 59 further comprising, if the processing time of the current

" operaﬁon is less than said minimum buffer stock time, setting said latest start time to said
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66. The nethod of claim®65 further conprising
cl assi fying each work order having an operation in
said first set of operations into a first group of
work orders and cl assifying each work order having an
operation in said second set of operations into a
second group of work orders. 67. The nethod of claim
s PG L sl Bl RV A ROB RO of BB ok Sheratio and
smdﬁnMTw&&m& first set of operati ons and wherein said
scheduling further conprises: (a) classifying each
work order of said first group of work orders as a
c SR &ﬂﬁ?§
62 aﬂﬁ sal %ﬂ %18%1? en e%gwg %d;%é‘?‘?eé n, s algozll q%%tgs SI yie ﬁ%rﬁf) A, for
an opeesich premgdmg adast operatimr af thamuildatder whick hes d bomezer grioyessing

si gni n r|or|t 0,ea ai d candi date work
time ({35 8 Bebdskiybing O bpggisR by o Bl et on 1 ul oo,
( Gerer@lrfifd A8kl Qﬁﬁstﬁn@it'vﬁ{lbﬁ the GRAGUGRALIE sRES RS Q[%'ratlon is

havi ng a prlorl y that is at least as high as any
Scheqmadctobt:yomsmgwﬂad to any ot her candi date work order;

it § RS0 U W05t LR Bl P

curreﬂ fdﬁoﬁwﬂ@rmﬁiemlylau@ge&n@bga@@én priority work
is a candidate based on a set of machine

séietemm@mg punismugsbutisestorkt Heng for pepdiicingoy nipingye permissible
nmnb%? rdvc?ﬂkﬂ%mprb%r ?ohﬂm.atb% | Y SHRGER ér 1Bn ﬁ[‘@@ﬂ%ﬂ@diately

opera r exec I'on at said

succeédlhgbpaﬁﬁomf operations of said highest pr| ori ty
candldate work order has a successor operation:
TeRRIIRY, A RIS BINGURE Al BIOCRTSINg: § tsylgi;ﬂahﬁr ghthe igpl order at the
cuneﬂ: Sfatifn; sgcandi date for scheduling at the work
ter associated with said successor operation, said
r dcteannmig/a dffarerial pravgssing tane eohsigtvigfafél Gamdeaqianed to process

n 84 as ni.ng .a |t 0 sai d .
o unfof he SR e B e B e Sty g s et i
of theGkorkQRddRfat fHel itrinfcdidt€lR sticde€ding 6Beratlbte NMet hod of claim
68 further conprising repeating (c) and (d) until no

candi date work orders remain.
63.  The method of claim 62 further comprising, if the processing time of the current

operation is greater than or equal to said minimum buffer stock time, setting said latest start
time to said assigned start time less said transit time, said minimum buffer stock time, said

unit run time and said differential processing time.

64.  The method of claim 62 further comprising, if the processing time of the current
operation is less than said minimum buffer stock time, setting said latest start time to said
assigned start time less said transit time, said processing time of said current operation, said

unit run time and said differential processing time.

65.  The method of claim 1, wherein said indication of a methodology is an indication of
a bottleneck scheduhng methodology and Wherem said scheduhng comprlses for each work '

' order
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70. The nethod of claim69 wherein said attenpting to

schedul e an operation of said highest priority

candi date work order conprises: categorizing the

machi nes of the work center for performng said

operation into suitability categories based on a

determ ned suitability of each machine for conpleting

caj Y on. of L oLhi O . T K

o 5 Bbirr e P Bk Wil i 3P Uit
succeeding isaidtbetionedk sperationtifte afastseneSopertival dnd claysifybig dpeyations

category based on sai.d set of nacgine sel ection rules,
precedimgaid; hpgtlrneek ppegetioadiion ssgendsebAEORTFAWFe candi dat e

machi nes; identifying a best candi date machi ne from

sai d one or nore candi date machi nes based on said set
66. ofTheandéthokofsdhiecds fanthendonsyrisargklassiginglepcigwerk etder having an

oper at i, of the work qrder_at said.best candi € ...
opersiig i FRY D st PGPSR S QMG Tor LR Of Wit wEHGAL RagRpioe cach
work Qe Baﬁag Gh bh&stich MUARSEcRId Dbt SpekRioRe int6 ARB AL T work

erein Said scheduling further conprises, for each

orderswor k order of said first group of work orders that is

al so in said second group of work orders and for which

said attenpting to schedul e has successfully

67. SRR SN Rith CPRhAEINAAid recéiving afsihb? model in@ication comprises
operations: setting a due date for a last operation in

recei g an dicatian gf ainb sbep sedekior emd fitt setuf@perstipns Hidguhereip said
' art tinme of said bottleneck operation
SChed%ﬁﬁgﬁlghg?%%gﬁS%%'i me for transporting the units of the
Wi kel @stiing fefichnverki ciddratf @sitl fivgrasrap ofwiid adérd as a candidate for
bottl eneck qperation. 72. The thqQd of, cl.aim66 . .
wher ei ichesuling alcasyork rgnisr %asa@af@ %ah%b%l‘elm operation, said
CONDI i $ERSiARE RisHiiRE irfnd ShGRIAMARE virk BRieBHIOP model
for sai% Ss'lg@gggésseltgé operations and wherein  said ]
s b)emtsigning af prioritieto eachpf sad sandidfe wayk eidarsdiased ap sehofijob
wor k order. .of.said second group of work orders as a
candi d&rigritigafion &duling at a work center associated
Wity xefectiA®h hippedt phibffy @hdidae wakOider haeingOf privieity that 13126 least
of the work order, said classifying resulting in one
or nor @s highragiags pEovbrasisnaiosny Offjer sardidate wrigorder; and
S]] ; id G i QL
DR S8Rk o3 8p NS 1 RetltbiShEREsatER An o
at a machine of a work center at which said highest priority work order is a

candidate based on a set of machine selection rules.

68.  The method of claim 67 further comprising, if said attempting succeeds in
‘scheduling said operation for execution at said machine:
- if the first set of operations of said highest priority candidate work order has a
| successor operation:
reclassifying said highest priority candidate work order as a candidate for
scheduling at the work center associated with said successor
operation, said '_reclassifying_resulting na reclassified candidate work

- order;and . .
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69.

(c) selecting a highest priority candi date work order
having a priority that is at |least as high as any
priority assigned to any other candi date work order;
and (d) attenpting to schedule an operation of said

hi ghest priority candidate work order at a machi ne of
a work center at which said highest priority work

order i |

cel oot i Syilhiaf 220 6 RAIEARNCR RUARL wIBEDILEbased on sid
conpri si ng, sefofjab griaditiztipn ruigs.succeeds in  schedul i ng
sai d operation for execution at said nmachine: if the
second set of operations of said highest priority

CHHLAGHG PR EREEAS o fori HEURERRE 20 RIALIIRD candidate

said priority candi dat'e wor

work ofdbes reamimm candi date for scheduling at the work

center associated with said predecessor operation,
said reclassifying resulting in a reclassified

aﬂ% Wl&m &Y FBErein?RAfll ARH L fDscheile @h bpdtatiéh of said
sal r eC

assified candi date work order based on said

mghesthnmﬁypmhllclat@WDrkwrﬂatqoumrlSm es. 74. The net hod of

71.

Crinlegoriing ot O e R sk b hfering 80 phethien it

of cl a'sﬂitﬁﬁhﬁj‘ﬂ@fegbﬂeﬁﬂiséﬁ 6128 deteimigedsuitabflityrofledch machine for
i ndi cation conprises receiving a flow shop, nodel

i ndi ¢ atqompiqtmatsmﬂme@a@n af saith blgih?ﬁt PHPHLE qapékda@éwrlwrder
t |
< gﬁ S }1| n‘éab};l c#%?’or?bfﬁ%ﬁ@ﬂ-lg %ﬂ?ﬂﬁ% AR R Hlaélﬁhgs in said

selecting a work
cent er saRstlityafatgor lidSecSm shidh edttolf emmelnilee sglectamiroles, sad d
selecting . resulting.in a selected work center -86 (b)

aSSI gnllﬁﬁ“@“ﬁg F%Plt’c“ﬁl?Bn"e%‘ﬁo%‘iaRg‘g?tﬁé?ac ®§ai d first
Qéhglfﬁﬁ %E%/} Qhdias Iﬁh@l‘ﬁn@gion?%l&* oROb heRreakdiane radchies

bas on~sal d set o b prioritization rules; (c)

i denti fbpserdgmasatd meﬁmaphm@s&lm}lomulks,@nder havi ng an

oreetstie Bt vation of s ol et R Bt ldpip Rbine

sel ect ed vvork center; and (d) attenpting to schedul e

an operation of said hlghest priority work order ?
meldteimesherd ofsclaien Ak whereragh werk exepspccifies a number o unifs to be

completed and wherein said scheduling further comprises, for each work order of said first

group of work orders that is also in said second group of work orders and for which said

attempting to schedule has successfully scheduled every operation in said first set of

operations:

72.

setting a due date for a last operation in said second group of operations of said work
order to an assigned start time of said bottleneck operation plus a transit time

for transporting the units of the work order from said latest operation to said

bottleneck operation.

The method of claim 66 wherein said receiving a shop model indication comprises

- receiving an indication of a job shop model for said second set of operations and wherein

said scheduling further comprises: =~
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73.

76. The nmethod of claim 75 further conprising, if said
attenpting fails to schedule said operation for
execution at said nachine, canceling any previously
schedul ed operation of said highest priority work
order and deem ng said highest priority work order
ineligible for any further attenpting to schedul e at

1 lat,
Vmafe?clgés e > EL Idss%%%l%d Bu If'Efl g? e&{igl@ a8h Thrfidate
el i gi blfer mhddulfngrdt hevork oefer asastgateckp/ahtailang opcr)atiam df {het second
until no gi bl e rk orders w th_an unschedu
oper at i SSEO}A§‘§E?@P8§ thﬁn"‘f(ﬁlgf’FFér’sgé%de“éft‘s@(’jy 38 FeEu Eﬁt‘@ (ODC Or MOTe
remain roup of work orders. 78. The
met hod daﬁdﬁﬁgﬁvrﬁrl%(?)ﬁ%cu ther conprising, if at |east one
el (byadsigningor priwityl 6y eachaiisaig camdidate wvekioidets topet asdtof job
remains jn said first group of work orders: based on
said ¢ Z@%EU@ e, selecting the next work center
f Q) RELHAE Thiihe@ rioiy %ﬁ%k@ﬁo&ﬂﬁﬂ@ﬂa@ﬁlgcﬁc prﬁﬁlty that is at least

eligible work order of said first group O

orders asmlnhswa@wnt}gassgm td any qﬂwr&alafhdatg é\{0é1é puigr; and
iRy Sef A e oS o P by bR ntighf Wy orcer

an uns G echicBihe &P 8 hairk @éht&SE& eehied ©6d Wighdkt §ﬁbﬁty3‘\ebﬁcdr@d isa
work center based on said set of job prioritization

rul es. crodidathbaspdtamcsed pl Epeling srféeeﬁlamrm$ conpri si ng
repeating (c) and (d) until no eligible work orders
remain in said first group of work orders having an

urgehechddedf dger 22 fupther easpriding, éfkaid stteniptingset@edsent

rk center. The net hod. of claim79 wherein said
sched\gﬁjl g)gﬁ d

ey PREatN L pEervien ahsABIPCRNG of said hi ghest
prlf elsbdbn H?E%f@bgﬁﬁloﬁQWJaicﬁ Ehest Brio B caAPHAR Wtk bRRr has a
I nes of the selected work center "for performng
sald opnmhﬁﬂmmwnwnﬂmmSU|tablI|ty categorles based on a

determn it abi I|t f .eac ne

ool o ot SRngResCousRE RadiBiD: Mok by SOf Birfldefor
for each SU'sEl@é@lhﬂlh%Mt B8 RGP Edhter Aodtidtéd Wil stidprediceabe
machi ne of the machines in _said SU|tab|I|ty cat egor

based on a $@eeragpnraichicalassiBingierghng i areclasgfied candidate work
i dentifying gs#kglng in one or nore candi date

machi nes; i dent ying a best candi date machi ne from

sai d onesigiingrapeotandisdal reclassifivdesadidbsentk @nder diaskdsmet said

of machine selection rules; and scheduling said

oper at i on oﬁm?WQOVBPR“%Wﬂ@PrgFSsald best candi date

" machi ne.

74.

The method of claim 73 further comprising repeating (c) and (d) until no candidate

work orders remain.

75.

- receiving a flow shop model indicating that the operations in said first set of operations

The method of claim 66 wherein said receiving a shop model indication comprises

follow a common sequence and wherein said scheduling further comprises:

| (a) selecting a work center associated with said bottleneck operation, said selecting

resulting in a selected work center;

v



81. The nethod of claim80 wherein each work order
specifies a nunber of units to be conpleted and
wherei n said scheduling further conprises, for each
work order of said first group of work orders which
is also in said second group of work orders and for
which said attenpting to schedul e has successfully
V, [
o 07 et filoief REGRL' AR bick bPsald 3% iRt of work orders having

| n sai dakiawaihedk opiRatiin inped & sadsetof j(ﬂ)&}lﬁrdarmakon milaer
an assigned start tine ofﬁé hd .bottl epeck operahlqn
pI | (@kidgiity inieh Highashrionty ik g b fi“f”i‘%]@n pisHEnGA prTIrthital

\tl)vgtr t( | gﬁga? op%? ?ljlaﬂpljicg’g? %&Ish%ﬁ@ rt@%ﬂ g %lowﬁﬂ &der at the selected

wher ei nwvarkicenteg@ad vi ng a shop nodel |nd|cat|on

co rises, receiving a flaqw sho Py 0 i.ndj cat i t
SlseRmEGh Sheful8 g PeeBon ot Sui highes pEPbT Gk bider a1 &

fol Owlﬁa&mrgaﬁ%gm a%vo@egemaerel n said scheduling

further conprises: sel ecting a work center

associated with a Iast operation of a work order from

S work orders,.sajd n
; s e o et R i e Gl ey said
operaﬁbh %r' etx}fcdtfbn%aﬁdid WRICKine! @ftelR aBR ipetviRERNEhedetPothation of
orders having an operation associated with the

said tggheet:prmnmrokk oxsier and degsine spid bighest prierityoworkgtyder ineligible for
any f%?h 1A mP\M%, cﬁeéf € zH: s&% lﬁrgﬁigftdffn?(dcﬁ 89 hi ghest

an-assignéd priority that
is at Ieast as high as any priority assigned to any

. i A G e e
furthé}' PH@tﬁggB mﬁ&fﬁ%ﬁ)‘%&(c@ﬁﬂﬁ%ﬁgél r%?ﬁ(%ﬁ%fbf%rﬁ?n%ﬁ%h@nscheduled

Operaflun tdveciated vith thie sejected wodi centertremypiniim gaifl dirstgroup of work orders.
- schedul e said operation for execution at said
machi ne, canceling any previously schedul ed operation

78. OfTheSdtRod bt 7PHir@k} EdmpRire, Off 4 @dastiiid Migedit RBriSadder

hi ghest priority work order |neI|g|bIe for any
havinganuhetheduled aperhtion temainsta d@nﬂéir%ttgr@m of worroadatty of

L T
C onpr i sinfhedelpd apéragor 6?8 arB&’ngﬂﬂd ))vowln blrdler obsaid figt btoap of work
work orders remajn . in said second
orders, said selecting resulting 1t a new selected work center; and
assigning a priority to each eligible work order of said first group of work orders
having an unscheduled operation associated with said selected work center

based on said set of job prioritization rules.

- 79.  The method of claim 78 further comprising repeating (c) and (d) until no eligible
work orders remain in said first group of work orders having an unscheduled operation

associated with the selected work center.

| 80. - The method of claim 79 Wherem sald attemptmg to schedule an operatlon of sa1d

 hi ghest pnority work order comprlses '
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group of work orders having an unschedul ed operation
associated with the selected work center. 85. The

nmet hod of claim84 further conprising, if at |east one
eligible work order remains in said second group of

wor k orders having an unschedul ed operation: based on
sai d commobn sequence, selecting t he previous work

C oT o .

et SRR i AT SARE LR £ o Bid BPeration
or der s, intoasuitabitityeitdigoges esed doh agetermimed suitabdlite of eabh machine

wor k center; and assi gni ng pr.i Qr.i t 0, eac i bl e

wor k orfgefoTaR ee%g i QRHiP %@ IRghesHRROTEY R Ordﬁgv. ng

Ak HERARGAIRG AREEAL I RAGARROP pﬁﬁtegna&uﬁ@mhé flaB6ih8Fin said
ase set 0

center h sal @ prioritization
r uI es. ﬁﬁablﬁt)ecal@btpobhsed og h a¢trof &&chmetshkctimmmtﬂsi siichylentifying

repeatin until. no eli, |bIe wor k orders
remain ‘-'Fﬁﬂérg‘& H%Pr@f’%’lﬁlﬁl YRS der s havi ng an
u Qﬁ&ﬁﬁﬁﬂ% %dae&&%ﬁé’iﬁht@ MacBihe %n@&sﬁ&i olé Bﬁmbf@ca%&id%&ﬁ&hmes

wor kK cen 87. The nmethod of claim®66, wherein said
schedulhaﬂfgi drusaichest of pyaphing e@ectmorrulea@adwor k order

i oA B LR R s

cycle time for processing said first set of
operations for said work order; and for each operation

81. i MThsanethedbelorainsdq Wbﬁreap@pbwoealﬁgrd@f Sr@&lfwsmwmbm a%lamts to be
comLFER D8 90 FALIER Kl LimbhE, O U DSl i v
group @Owdrkionderovhivhtis hlsoin snidsgondrgp @ﬂ:‘ V\a)rB otlechudnidigr whieh said

wi.ndow by at | east s r ing operations cle

attempif 1o S30LaTn IS e HsSToY sTHegis SYORSEPEIAD L st Setof

sighedul ing further conprises, for each work order of

Operasaflkg first group of work orders, scheduling the ]
opettiag iacts dofe fona thsf mpt'satlcmen sofl Semémﬁmfgmatatlons of said work
machi nes. of sai d.wor.k nter

55 nher B Q3 AEROAUTS O PUPLEEHIE b epEagon Bl &fph tme

first opeARbbONeMhe QRGHIIRS Kokl Bedr fﬂfm%ﬁddatéﬂtb@ératlon to said
group of work orders: determ ning an earliest start

time atbotitepesk epsirafioni r st operation can be commenced:;
and determ ning a changeover tine period for preparing
a machi ne for processing said
82.  The method of claim 66 wherein said receiving a shop model indication comprises

receiving a flow shep model indicating that the operations in said second set of operations
follow a common sequence and wherein said scheduling further comprises:

(a) selecting a work center associated with a last operation of a work order from said
second group of work orders, said selecting resulting in a selected work
center;

~ (b) assigning a priority to each work order of said second group of work orders
having an operation associated with the selected work center based on said
set of job prioritization rules;

(c) identifying a highest priority Work order having an ass1gned priority that is at
least as high as any pl‘lOI‘ll‘y a331gned to any other Work order at the selected

C work center a:nd
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first operation. 90. The nmethod of claim89 wherein
said scheduling further conprises, for each work
order in said first group of work orders, if the
machi ne at which said first operation of said work
order is scheduled is available for processing said ,
first operation during a tine interval bounded by the
o] S3niing o pCHEARENIEHIh bf (R R PHANG AIR grder ata
the c hamphinead saidiselepted wodk Earterpr epari ng sai d nmachi ne
for processing said first operation is greater than
or equal to said time interval: scheduling the
83. PrERahdAGH Of clff $h ARGE fndrRing? E&ﬁﬁﬁaﬂeﬁﬂ)hﬁ% I.ﬁfcﬂlsfﬂ) %éﬁedule said
operation to comence at the Start of said scheduling
operatlpnﬁir\ﬂanthp aasaid nmsmhadnamehgg@ay greviqusly sshedudad eperation of
nmence. i fter sa

sid I GRRGRI 1Y Bvaf Hiser e are S BePeTRgorPyom Hhier fjette for
any fﬂﬂf&%ﬁe ?tﬁﬁél@@@lﬁédﬁl& dtR&d pRReiSidfaRehRks.sai d first set

of operations which follow saird first operation and
the operations of said second set of operations on

E@P Sl Rl £ LASENSAbINE8 ATk Hodihilible is cligible and
furthe® @bﬁ@ﬂbﬂn@ Bepedtiid @) aﬂ‘(D(‘d) finfibso eligible @agk ovﬂu'shemaﬁfﬁﬁrsaidrmcond
said first group of work orders, if the machine a
group,gfiveark odeas Raving aibwﬁla@t@%ﬁﬁl peratign @ssogistad Wity SF@Gfed work
centeschedul ed is available for processing said first
operation during a tinme interval bounded by the
beglnnlng of the schedullng ti me wi ndow and the

i est sald -90. first op i on.an
- e oo Emad Trer Satising oot adlar R e e ier
remalﬁyﬁmanﬁseﬁzeﬁd Pofp 88 %Mord@@'tﬁvfdgraﬁtun%lﬁﬂ@lbﬂ @Peruon:€SS
than said tifre interval: scheduling the preparing of

s dastdrractai deoniroen mem solertingitee previovs vpss eenfes dor performing
conpl ete at .t t al;

oper at i’8 rﬁms‘%'ﬁg‘%?‘z?%“ﬁ% Rtic) ellﬁlgdé ?}% ﬂ?{)rdgﬂéfgsaa{d %ﬁ&%dogr oup of
comMmenegmrRbrdels ssia rsbleaﬁig r&ixﬂﬁﬁg in eV ﬁel&ﬁd:cﬂwﬁtk‘r&hter' and
operation. 93.. The nethod of claim92 further

c 8ppEHing A grioniyto saeheligdhlk wrkerder phaidengand grgup € work orders
oper at kang 9;1 undndadibd 8berdiidn &Eo&ﬁ@a HithQDR1 JREER work center
fO||0M/SaIg irst operation and e operations of

sai d sdasddnssaid st objobpaibritngicmrutehe basi s of said
rescheduling of said first operation. 94. The net hod

of claim1l wherein said indication of a nethodology is

86. aMhk %tﬁrﬁf &1QUMiRf 85 Rty &ﬁﬂfrksnﬁgqlaﬁgaﬂngr(@) a:ﬁat(bp@kﬁh %)él1g1ble

and further conprising: for each ders

work hriekrgneircioesislaeceegraup OﬁWOQWd@@ @ﬂwggan blamhlefétﬂé‘é Rperation

associated with the selected work center.

87. The method of claim 66, wherein said scheduling further comprises, for each work
- order that is in both said first group and said second group of work orders:

determining a preceding operations cycle time for processing said first set of
| operations for sa1d work order; and |

' for each operation in said second set of operatlons of said Work order, determ1mng

- an earhest start tlme at which sald operat1on can be commenced sald ea:rhest start time
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operation, scheduling said successor operations in
sequential order; and for each of said work orders
havi ng predecessor operations preceding said
bottl eneck operation, scheduling said predecessor
operations in reverse sequential order. 95. A nethod
of scheduling wor k orders defined by one or nore
I
being 8B b Apelimnihe bRl Bine Vo § 30 P Bt RGN
opmzh@ﬁs@@kﬁﬂhﬂ]ng an operation, the nethod conpri sing:
(a) classifying each of said work orders as a '
candi date for scheduling at one of said work centers,
88. S "Tl'% Iﬁétﬁlgféff c)fén?%f\?ﬁéﬂmh' sAfd écﬂecﬁﬂ‘iﬁg%rﬂf@? t&mp ﬂ%' féﬁ“é&ch work
ning a priority to ach of sa
order ofi sl diadt @rovprdd varrkl erderd) asteduling the 9peratibng aflsaid first set of

rioritizatio selecting a highest priority
°Pera§8’i’1%qtd%ft° I%Pﬂsa&r %%&ﬁ%g a priority that is at

| east as high as any priority assigned to any other
candi date work order; and (d) attenpting to schedul e
89. ar’flmpmﬂaad diviam @awhbrmmghdachmlmg iferghes soripdsesefopdhekiist
r. for which said

OmeﬂPﬁﬂ£§¥g ‘f%nq§§°€ﬁ?£ﬁﬁ$3§$£%§“’ ggﬁ?’date based on a

S QletefthinTBCAH Q@liciest8s tinRiht MiHi@Ssaid Akt Sferathorn®@heoffmenced;
schedul ing work orders at a plurality of work centers,

ansach work order defined by operations follow ng a
CcQY . . |
e B AR By BB Bl R M Glarin B niniheith B Rsing said
fiepepeitionn, the nmethod conprising: (a) selecting one of
said work centers based on said conmobn sequence, said
selecting resulting in a selected work center; (b)
90. as’[“he QU SF ditnOd9 doblerbid sgﬁlqahafuliﬁ@ gk Egmﬁflge%r ﬁ)r each work
having an operation associated wth the select rk
order cmasmde firsh gsmg ofwoak selersoif thotmaphine af whizhsaid rﬁm@lpe@ﬂo(l @f said

wor 8 A AR P o S5 S Y e e

boundéG'H?{rthé Meg'iﬁiﬁh% Bffc béheATln @t win@s¥ afM HRfeadllest St time of said
sel écted ~work center; and (d attenptlng to schedul e

first operatipe prd ifshe drangenver ing peded FiripsrraFipe we Ruashug fopprogessing
said fII IE) %?108 18 gr"élétgr tﬁglll 81%(1%‘31 WLk EEOYELrval:

scheduling the preparing of said machine for processing said first operation to

H—

commence at the start of said scheduling time window; and

rescheduling said first operation to commence immediately after said preparing.

91.  The method of claim 90 further comprising, for cach work order, rescheduling the

* operations of said first set of operations which follow said first operation and the operations

of said second set of operations on the basis of said rescheduling of said first operation.

92.  The method of claim 89 wherein said scheduling further comprises, for each work

order in said first group of work orders, if the machine at which said first operation of said

' Work order is scheduled is available for processing said first operation durmg a tlme 1nterval

bounded by the begmmng of the scheduhng t1me wmdow and the earllest start tlme of sald :
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97. A conputer readabl e nmedi um contai ni ng
conput er - execut abl e i nstructions which, when.
performed by a processor in a conputing device, cause
said conmputing device to: receive a shop node
~indication conprising one of a job shop nodel and a
fl ow shop nodel; receive an indication of a

I .
it DRSO L P81 61 £ R SRpEsl Beprocsang
said et speeativnks less:ﬁnedududlmgldmtdnmm ogy; and schedul e
operatl ons of sajd g 3&?}31 s. based .on saé,d recei Vi n
a Sehesiyling the Preparie @4 £1ig Maghtedaf RFOPeSEIBE 5 irghpperation 10
comp @bt EaTle0 st RS DPUR BEY opdBiorfafigmput er readabl e

medi um cont'ai ni ng conput er - execut abl e i nstructions
whieschedulingeaiddfast aperatibnliy camprencesd oy earlneshsted e ¢frsgid first
devi ce, cause said conputing device to: classify each
operaiipiy set of work orders as a candidate for scheduling
at one of a plurality of work centers to create a set

of candidate work orders; assign a priority to each
93. . of Theanethodeiiilafat 82 fusthkr coropnising dererdclowork exder, g¢schestypling the

rioritizatjo ules sel.ect
opersighpkeat e o PreEiop G g Ayt Bilflop b the operations
of said®8&indast ¥ dPBratidhs &MhelMakie bF taid asshedubay bOsatfirsobp&ttion.
candi date work order; and 92 attenpt to schedul e an
operation of said hlghest priority candi date work
or. .
o4, R ofor TR Ul 4Rk GRLELLMOLE S SFhdaion o

bottlénetk @hecﬂtﬂm@m}ﬁha&ﬂ@t arﬂrﬁxfthd:rem:npﬁ@mgA conput er
readabl e nediun1cont%inlng conput er - execut abl e
S

| ot Fagkiof & Wik exslers hte Pt ABarH OSSP gt botfipeck
a conp Eféﬂo? es\éhé‘(ﬁhn %ﬁﬁ%u@&bé@)r% PRGN s hﬁﬁ dr@er; and

sel ect One o 1Tty of work centers based on a
s dqueash ef edid epek atdemimvmgprodﬁcmoaomﬁms praseiingsaidr s

to be duled sai d ctin

Lol ot St eatiioey schEagitle A8 e dtetob Spdsftichs in poverse
sai d Woekucpfigiesrderof said set haV| ng an operati on

associ ated with the selected work center based on a

set of job prioritization rules; identify a highest

95. pfmglétfl xxfgchecﬁﬁﬁg wdlR Bk ds &éhﬁ'éﬁ%&%ﬂ@gr Rl ddrdidndat a

plurality of work centers, each work center having a group of machines, each work center

for performing an operation, the method f:omprising:

(a) classifying each of said work orders as a candidate for scheduling at one of said
work centers, said classifying resulting in one or more candidate work
orders; |

(b) assigning a priority to each of said candidate work orders based on a set of job
prioritization rules;

| (c) selecting a highest priority candidate work order having a priority that is at least
as high as any priority assigned to any other candidate work order; and

(d) attempting to schedule an operation of said highest priority candidate work order -
at a machine of a work center for which sald highest pnonty work order is a

candldate based on a set of machme selection ru.les
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hi gh as any priority assigned to any other work order
of said set at the selected work center; and attenpt
to schedul e an operation of said highest priority work
order at a machine of said selected work center. 100.
A conputing device conprising a processor and
persistent storage nenory in comunication with said
processor storing processor readable instructions for
directing said device to: classify each of a set of
96. wok lmethoderfsclasiuling sodi cdess at o plwalite dfi worgcaitera raclovogk order
d g%grality of Tork centers to create a set of _candidate
efinggh by opgrefisins folloyeing g,commgn S5AN§NFe 1 GoR WOFK egniraying a group of
HGAR Qﬂﬁﬁg . se C
Ao pri %lraig]?@%%n&r%?ﬁr;ﬁ) sel ect@gmﬁlioghﬂgg ?ﬁ eg)]ruiggcroin%p; —
c dapietkating vy &f saidworkhvaniengbared on eaid compivatsequenag, said

| east as; hi.gh an riorjty assjgned to any other
candi dé‘?@“\?& S‘gﬁﬂ%_}‘{a gq{%c?eéhvérrlquen{eg schedul e an
ORey Qs%igﬁﬁlgcﬁfprﬁﬁ‘iﬁﬁ td"éeﬂ?%?&ai@ "“l'kdi’lf bidérSCRRigdat $hey¥iok associated

order at a ‘machine of a work center for which said
~hi ghestwiglr theselesteduwiork eamirsrbapesd on a seh afljobarrortizatean mkesa

f hi i les. -9 0l... .
S B G s R o
Menor y 1é3t asaagiagapricity Wesighced @b GnyPstBeews ordéran tHeGelected

processor_ readable instructions for directing said
devi ce Wask cendeieard one of a plurality of work centers

b . f b OF :
i it Re S RAERAE of onBREF O ANERERRTRRor B uT R Rl
i n a sehebhiredf sadrsklectedtwerk casgsi gn a priority to each
of said work orders of said set having an operation
associated with the selected work center based on a
97. S cQfpitOebR! inbaital d Afhinihy b putcAeichiaplcAinfthihesd which,
priority work order having an assigned priority that
whenipsrfatméddasa prasesshi igha cosnptipg glevige.icayseassss] epmenitting dayipe to:

h Kk . of_said set .at the. sel q
0, 5l ALl oA S BP LT e o oo

hi ghestmpadlority work order at a machi ne of

receive an indication of a methodology comprising one of a forward scheduling
methodology, a backward scheduling methodology, and a bottleneck
scheduling methodology; and

schedule operations of said work orders based on said receiving a shop model

indication and said receiving an indication of a methodology.

98. A computer readable medium containing computer-executable instructions which,

when performed by a processor in a computing device, cause said computing device to:

classify each of a set of work orders as a candidate for scheduling at one of a
plurality of work centers to create a set of candidate work orders;
assign a priority to each of said candidate work orders based on a set of job
| prioritization rules;
| : sel_ect_a highest priority candidate Work_ order havihg a priority that is at least as high . .'

o 'as-_ any priority 'assig,_ned to any other candidaté.work ordef; and
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said sel ected work center. 102. A nethod of
determning a job prioritization rule and a machi ne
selection rule to be applied during scheduling of
wor k orders, conprising: receiving a scheduling
criterion; and mapping said scheduling criterion to
said job prioritization rule and said nmachine

S elifiph RNschid e g%@%ratﬁd@‘@fdﬂn%{e@f bi8itR candidate work order at a

t hr ee- dlnen5|on nked |list data structure for use
i n schedadbimego! angerk centdefe which saidluighésd priatityrmierdkionds is a

assi gned rk centers first |inked

| i st hé@P&@' ?ﬁmh%ﬁﬁoaﬂ?agg%ﬁg %ﬂ8®8 each of
said work center nodes being associ ated mnth a work
center and having a second |inked |list of one or nore

99. rmﬁhompuﬂqomeéabl@mﬂmm cmmngﬁ@mpn@r-nm@blfemﬁgmons which,
ass %g ne. 9 mork(fenter "
"ﬁ'ae ¥ﬂPF°c?efﬁoﬁfPead°‘I“i‘%‘{ ‘ngfde&%% Brse W %O"E‘Ii’%‘gl Cige to:
No@RSt orRAIT: (Hiralig) (ff WorkRenttR&afRidRca seqREMSITopedtidns common
status of said machine during a tine period. 104, The

nenory e se @f wark olarhiorhe ssheduled, saidl selectingesitingm a selected
third “Mﬂﬁ%? }sts are doubly l|inked. -94 105. The
menory 0 At 103 wherein said status is sel ected

f raagizh B@rigrioup cacinsf satd wgrk drllersefbaid s dlsyingraa\opaiative
mai nt enance, nachi ne do

ual , adj ust
shut doviFsociaigtwith dhesefegiedy nEC%‘FtF ased,pn & sef ﬁ%&monﬂzwm

aSS|gnqﬁgg avai | abl e, work order assignnent,
changeover’ time, running | ot assignnment, and
uridemify abi@ﬁst];ﬁ)ﬁmtﬂ' Werkneder havifg anl m‘siwdcbptiwvite theit is adeagdt as

[ I n re or [ [

tpe :nls od. Ihllj %@oa%%spn% gss{jg%fgg go a?n%fso‘%ger WOT II'(?GI‘ o% L4 set at the
selected work center; and _

“attempt to schedule an operation of said highest priority work order at a machine of

said selected work center.

100. A computing device comprising a processor and persistent storage memory in
communication with said processor storing processor readable instructions for directing said
device to:
classify each of a set of work orders as a candidate for scheduling at one of a
plurélity of work centers to create a set of candidate work orders;
assign a priority to each of said candidate work orders based on a set of job
prioritization rules;
select a highest priority candidate work order having a priority that is at least as high
as any priority assigned to any other candidate work order; and
attempt to schedule an operation of said highest priority candidate work order at a
' machine of a work center for which said highest priority work order is a

candidate based on a set of machine selection rules.
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101. A computing device comprising a processor and persistent storage memory in
communication with said processor storing processor readable instructions for directing said
device to:
select one of a plurality of work centers based on a sequence of operations common
to a set of work orders to be scheduled, said selecting resulting in a selected
work center;
assign a priority to each of said work orders of said set having an operation
associated with the selected work center based on a set of job prioritization
rules;
identify a highest priority work order having an assigned priority that is at least as
high as any priority assigned to any other work order of said set at the
selected work center; and
attempt to schedule an operation of said highest priority work order at a machine of

said selected work center.

102. A method of determining a job prioritization rule and a machine selection rule to be

applied during scheduling of work orders, comprising:
receiving a scheduling criterion; and
mapping said scheduling criterion to said job prioritization rule and said machine

selection rule.

103. A memory storing a three-dimensional linked list data structure for use in scheduling

work orders for execution at machines assigned to work centers, comprising:
a first linked list having one or more work center nodes, each of said work center
.nodes being associated with a work center and having a second linked list of
one or more machine nodes, each of said machine nodes being associated
with a machine of said work center and having a third linked list of one or

more time line nodes, each of said time line nodes representing a status of

said machine during a time pertod.

104, The memory of claim 103 wherein said _ﬁr_st,_' s_é;&__on_d‘ and thif_d linked lists are .-

doubly linked.
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105. The memory of claim 103 wherein said status is selected from the group consisting
of meal break, preventive maintenance, machine downtimé, manual adjustment, shutdown,
machine trial run, pilot run and manual assignment, available, work order assignment,

changeover time, running lot assignment, and unavailable.

106. The memory of claim 104 wherein said time line nodes are ordered based on said

time period.
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