FI NI TE CAPACI TY SCHEDULI NG USI NG JOB PRI ORI Tl ZATI ON AND NMACHI NE
SELECTI ON FI'ELD OF THE I NVENTI ON [ 0001] This invention generally
relates to a finite capacity scheduling and nore specifically to
finite capacity scheduling using job prioritization and nachi ne
sel ecti on. BACKGROUND OF THE | NVENTI ON [0002] Scheduling invol ves

the det er m naFNITEU APA SEDY SOHEPILING URINGTOHR PREGRISIZA BOSEANDS
conditions and a set of goals concurrentl It is a process where

linmited resources, such as nackﬂH@gﬂﬂﬁﬁEbﬁCQﬂIHnd tooling, are

al l ocated over a period of time ("the scheduling horizon") anong both
paral l el and sequential activities. Frequently, a scheduling task
nmust accpmmD OPrTHRNNVESION obj ectives, multiple constraints,

di fferent configurations of shop floors, various simnmultaneous orders,
renewabl e and non-renewabl e resources and so on. In nmany cases, the
conbi naty f ti . q0al traings.re .S .

exponent 08P oftis HeRudly denedly SRR s bR TGy g, and more
NP- har d gpeciicsitysto (finite Repacity 8ehedGlify adingridbaridribratidn shAGAchins velbtion.
cannot be solved by determnistic nethods within polynomal tine.
[0003] In a typical scheduling task, a set of work orders is

.schedul Engﬂﬁers. As is known in the art, a

wor k orag%é%also rgﬁgfre ?gvas a "job" or a "lon describes a set of
operations that is to be performed to generate a product which may

GORsi st nugher, of individual itenms. A work order _.typicall .

o1 udedO008Lc - Seeaufre utvolyes i dep'ifion lhmraehtn o6 POERG G atisty a
order i sengeeGiitiond B! Kseét S gRbIs! c%n@ur?&ﬂ?fpft i9ACprotes i ler G el G8sdiRces,
whi ch a particular operation can be conpleted. A work center contains

vari ous stelt b mechinesy inateriel aid welivg padilidcaied ©vera gerigdofitinme fitho seheduling

il 1 pi SO T ot TR o sl AP oS R S ks
menuf actii@ing foy eénflibeny abjRcivds, grilgiielcoisteanabiigfenint coRfbebing shehop

"w re bondi ng" operatjon). The relationship between work centers and
oper at i 10T Farigns meltagsoys erdess, repewsble; apdmom-repgwablpsergurcip ard se AR

for exa ) =t O so1d i : i Wl
job shogtiiq R, MREcRS (mpiipld Borifadd By ReunRl REUL Bl Bttty
machi ne gromingbeeamhnsgiader Sukha problén@NareCemiven "as t HBthaid padiilems dFrench 1982,
perform ur.ni n LI Ling, drillin etc.. operations.. [.000 R
e hedur (g andop sudt SoBD, atfict ceftie 5, fatvel Berda ARpisti e hors pighin
resear chglyhondl #gid. t i oners, nanagement scientists, production and

operati on research workers and mat hemati ci ans since the early 1950s,
such as those by Muth and Thonpson (1963) and French (1982). Nunerous

(VAT ok 209050 AR REEhelBg 0y Rl Lo FRAP ol RRCE. S8 Bat orvprct ot of
2001), Sioakkatteen-Aesddoandnahé bft] £ wakk oriee (dligrteeed A s H8pbYor a “lot”)

approaches (Murata et al.. 1996, Kouiss et _al. 1997, Khoo ef, al. 2001)
have bed8pscElgysitof opartions thatds tasbaratinmmad theswradsa Pedugt/which may consist

| arge- sgal, 6, FHREGHINRAI ABIE R whiOOREr L?gﬁ:aﬂngli] ti ek AR e. g time by

‘conmpetition and rising manufacturing cos cturers nu
mor e r esyhicis camapletonraf ket wordn didet dnseedlnd). c Asworkecentaqisi a setenft onebyr more

enpl oyi ng hew t echnol ogi es,, such as Finite cit chedul i ng, (FCS
I or te PRaCIE GBI b S GEAIGR PR b ST () Vo eerB aatish eR
| ovest epShingl Ad¥Sng | GRllat | az?]i'!luig%sfe ?@g‘t iy eé‘rs%nﬁg&ﬁut:ﬁ)?hﬂé&'éﬁtf O%%%I]ﬁmy

been adopted by -a significan manuf acturing firns.

Due- ]co CIVIT lmm - mé‘\‘/\fvn??mc?ﬁwa& anter rwmf : _(;ﬂém ngllmrid?»nse homem;whitc_hwome
-over | 111 ed. | e.scope o 1 gl | 1 n S | S,
st ScheBLHTR AP rR oot e ant L P e P o e
SOl uti ofife y@ie bERNIEET OperdfRnh. ThelsBaiSRAIFHEb6PoBPEGlEs bk lopbitions can

‘be one-to-one (e.g. as in tﬁé “Wire Bond” work centre for example) or one-to-many (e.g. i -




due date, first in first out and | east remaining slack tine, have
been applied to scheduling problenms (Russell et al. 1987, Kutanoglu
and Sabuncuoglu 1999). These procedures are designed to provide
solutions to conplex problens in real tinme. [0008] Various
performance neasures pertaining to different factors, such as the
time a jolypkpepdsision mihisihgjob siepfaviranment; elgatup/ef Compumndai Bpmerical
utilizatjon of production resource cflnd g,‘ghﬁ] haye been. jdentified
to eval deanrol (GRIG) mashinesymap be cersdared e NG Centey” thas pblap derfomaing

trade- of hﬂ fcirﬁﬁﬁ tet(pgﬁér%(gﬁgnce measures. Sone of the typical
per f or mance asu es ar ow tinme: the anmount of tinme a job spends
fromthe nmonent it |s ready until its conpletion; Mkespan: the

amount dPOBATre SckedBling, thacw fhas ”abkeried o ieneenton o iao AR
time by, %%lﬁpﬁg, }pg%ctilﬁg)ﬁ%g,t & %&n&ﬂescg&{tﬁts JRRRULREAS Snd CObtRAtTon research

| at eness | zero If the Job is early or on tine;
Aver age wikdrs iand Brattymesiciahy\sBpe tevesrly 1950s,nmah av dlase byf Mutheandy Fhorgpson

Nahi ne USG9 326k FEFReh (4550) JRERGRTS Aotipaghes P e oRefrBEe JAriiskC iegd

] obs vensisighed (%teﬂ&a@akz& QP9 ThhaFarweos pger hd Braidese 400 £ SMokaoE! 2001),
or der - based schedu In event - based schedullng (Tayl or 2001) and

r esour c einnalaten-bashd coili artficipl énielligensadAD) rbesed approddey (Vareta gitraln 1996,

|l o e 00 er-ha I
SoRedu s o i (ARG & 2 200 PORER el SdsBie8 SPEinE el 1156 Ems
orders @k eveénthevdeesbalduchedillingptoblank 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 schedul ed
through \WOr g Qg: factur
schedul é@édﬁ] i %@e%gg%n?rl g coth 8@%%1{#}? 111Snz?%"le ?Qd ah a% 0 UlhalcgheerrS
priorit ymjsbbe amora respohsieel Itmmanhat ionditining hodicustetner fagyireinents ddye@imbleying

tart t th h

or der - bASRASBHEaISH TEh FEERIF QU RREe i (RSB Prdsh esredhripa et
the capaﬁaﬁq aﬁ’&'du'aﬁ@t&' ik 60%!5'&’%@ Now&iRoktUsththi Gt RiRR Th Gebtrt 365k IPES
in the shortest possib e ti me. However, because order-based

schedul teshnifmesimas ben adsptedrbyraignifipant nembsmeihmsnadactiring s uf f er

from excess unused tinme bl ocks that could be used to schedul e waiting

lots. In other words, jobs are put into the schedule in sequence

wi t hout feas3r d II)IEH t@apsaputations] e@silerstionshadistidingAnsudeisngret iﬁzally overly

t echni que | S ap .led alone wthqut incorporatipn of any, s e

pr ocedufigplifiet. Witk e scops of 1@k SHRRIHYIE ATEHPRHORS; BRI eeﬁl@lﬁ mﬂn k%

aver age g ] 6kt ¢ iAlhtBGak @l &R del

cal | ed Fﬁ@%{ed\??nt H@le[%% r o%sciﬁ%%sflgfr/m a%tlp%‘n . s
fail to incorporate decision-making based on the heuristics (i.e. the application of

experience-derived knowledge to a problem). Some Al based methods are time-consuming
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, frequenﬂy 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 consider such aspects of

scheduling.



based scheduling” or "vertical l|oading”) works in a manner simlar to
a discrete-event sinulation of a shop floor or a factory, which is
shown as operations 50 in FIG |. In this approach, each operation to
be perforned has an associ ated queue. One or nore machi nes may be
capabl e of conpleting each operation. At tinme zero, all the events
are i ni tIP8P7} edFemthestheeasensuHispateling reles, sush ad\shartest prascesineg timge carhiagt
t he next, event curs., Basically, three i s of events_ at ener at.ed
- the. s8R AR e caf g Mot el v Blhgo b FBh B R
new or d@ro&lémagﬂaﬁeﬂ Gt tal €1 93T URitAAbgluhrdf Sdtitceid®d 49990 These! fratdduges are
Order conpleted: the order is noved to the next operation queue in
rout i ng dgsignechie nredde swutigiisdp cooplpk prablenyy ipgealdimgy of the operation
is set toidle. Mchine idle: in response to this event, the highest
priority order in the queue is selected and processing starts. [0013]
The si m[Ja08pn Vhacls pepfonduaratshsaas pavaning tadiffgendiabetsuahds the time a
processed until all the orders have been schedu] ed. [0014] The

event - bd@Repesen il shep. padeTmAgtRreiative ip e daje ailizatiomelarodnstipn sgpoprees,
there | $nd &0thavd teBe ;iR 46 chilfite! RheBIOL CT7 1Al AlS SR
perfornms well 'nterns o e flowtime and 1ts variation, nmean

t ar di nesehegintt i kesqalRroff antbngndifRunt Qrenenhandenmehdueds. hiSginer of oy ¢¥pical
utiIizat%gn is the main concern and all orders have simlar

priori t IPESCTHBRETEASHIPS IS hure event-based schedul i ng technique is
dpplied, ' r.Rliori i gh Px l; i,ord t
b‘r’ger t ha?lgﬁpglg's% %h‘g&nﬁ:ﬁ?‘%e O%S%PC?IB S :ﬁilo(r%%elfgé;r I ee?l.t ﬂp%ﬁ&%r diu%lg' gl/t)é
this schedﬁﬁﬁﬁ@“ﬂéchnique can only performa local limted

opti m zgt i pikédpah.aREaRbuilo® Bidle ORI ﬁb@ﬁid&xgﬂ% pkdtRs@;i re _
manuf acturing system [0015] Resource-based scheduling is a technique
that scReddteresdhe e ef Hawaupk spastifsduedgtensure that the

utili zali OofyfhedsN@e Embin U thiehy whidR4 6B FRbated NOARI@RLY Of _
constraints (TOC) 1s the basis  of the"technique. TOC can be descri bed
as a papacTE_Eféméi’Si! eabdatepessdfibadol i date.sigerodt the jahép qqly or on time;

matert al OAEREU oY 3 PRLALs (AT A0S hehithd valie ©R ERHEP WP 9Eyel

for the bott ck resources, r. the entire schedul ing horizon.

ot her scheUEiIsdhal e BORPH I SGIRAR LHERINFAfh t he bottl eneck resources
are them suvaekifé RaligtiohOthHehfractios REdvhilablAMitlosight plgesingviens vaRad bdick
approach aljermpts to maxi m ze the throughput at a constraint by
scheduling 1t first, scheduling of the upstream and downstream
operations may not be perfornmed. [0016] Wat is needed is a

schedul i ppr ' d a S )| f ve-no

ai i cuf e PR BERORRRRR: HhrieBh iR REs<d, stieBuBlireRhiata
‘priovi deschediigh(ithylod @00 Deandaesbueanipsed sehedalikih (Riervricind kit chimibt 20003, are
capacity_schedul i ng based on heuristic rules. Heuristic rules are
appl i edoften employed-egr at ed stages: Job Prioritization and Machi ne

Sel ection, During Job Prioritization ("JP"), jobs are prioritized

based on a set of JP rules which are inachine independent. During
~Machi ne[BH0]ct i lnrrdériBéed schehding (e sckinovtubetob-basedsebaduliog’, fblocked-time

machi nes t hat ,are dee to.be best suited based o ‘set of

i o, BHHGHR g SHOOTED SRy SRR B e O o RS o Bereichsed
for perfQsagncge ﬁ@ﬁmqﬁ%ﬁﬁi Alioritg i &_h@@ﬁ@dltﬁ%\%ﬂaﬂ WORE ReBS- fifkQkhen the
exanpl e, nmachine utilization may” be i nproved |Le1§roduct cycle tine
obj ect i jobswith ¢hestecoind highest Prioritysis schrgnted ghroaigh elloperk wentersy and by on, until

hedul i del ,(j.ob fl h duj i t hodgl
(F or var 1 JRRCHENE e SO dhedRy e BoTky 1ot 585 Seimeati g foadaeise
 Menory pRotieb At 8 phiticBRr Hd0RAS Akt déiRNias thd Sthe@@bd staftrtited of Mell@fher
~-use in scheduling work orders for execution.at machines assigned to.

~ work Cepm@m@joth$®qmgpﬁmﬁxaccordance with an aspect- of the present -

i




[0019] In accordance with another aspect of the present invention
there is provided a nethod of scheduling work orders defined by one
or nore operations at a plurality of work centers, each work center
havi ng a group of nachi nes, each wor k center for perforning an

operation, the method conprisin %@ IaSS|fy|ng.each of said work
orders 48041k andhelarder-besed sehrsuli uoerkstwe himenwdionmeatitia vgich the

said cl assit esul t4ng. i n._one di dat e rk onder
Sasi gni agtacl REAEO s 0Bt Sorf Busf oA TN SR Bl e SRS pobifbis
set of jiike. PHoWEVer) Ferlsedrddlbased s(cﬁédlﬁlﬁlgfﬁdusékgarﬁyobs il tthad drOfmbéhines, it

candi date work order havi ng a prlorltéathat is at_|east as high as
any pri ¢an syfersionyraeess guued tonnblocknivat eruid bowped @r@bpdulaﬁ\@ltm)lots In

canai Gt R Aot Aoy o5 Bt RREHR Ret (bbb gl o gy in e

A fachi ne & \Wor R-cent er
hi ghest pchbiei scltedidy. kA@fhﬁlﬁhg itite Rcldigel Badppliehalede (With@uﬁ icoforating if kay
sel ection rules. [0020] In_accordance w th anot her, aspect of t he

present SFPRISRERER PIResdIress ihmayiresdf W lout Reshias wolirainm r lepgthy average
orders %}de?gﬂpf%&lu{ﬁ% eOf work centers, each work order defined by
operations fo ng a comon sequence, each work center having a
group of machi nes, each work center for perform ng an operation t he

L IOTEL bhSh o 0 e Bt e oo

8€h ect egqaar fehbMMng® ror (Rbrifab 1CHAINY) SvdPkd B hindadddr QfifllaOlo 8alichrdblent
orters havi ng an operation associated wth the selected work center

based osimulsiem effa ymp fhoroie o iatfactenyi, ovhichuis sowi e opatetierist 30 ingF1&. Hi dhdkis

t t hat
PR L A o R L R R I R 2
wor k- ceffagTte @pabledf con@lemgwabm gpélan@ghmm Bdo Ofl B tht weﬁtscrtre wftislized
hi ghest ‘priority work order at a nachine _ of said ‘sel ect ed work

cent er . ang thysipulpfiomeleek advanci do thedias it the peskevent eerarsy Rasically, three
'”Ve”t'ﬂﬁmgQ?&ﬁms%u@%&%hﬂﬁpmﬁhggﬁ&g % readabl e nmedi um cont ai ni ng

conmput er-execut a nstruction when performed by a processor
in a CoNpUN¢wgrdie YdleRed:GAWSDoES 8 tEOSTMt, thOnEle videe id Aided &8 tHe\piede 6MtBP

nodel i ndi g one of a jOb shop nodel and a flow shop
nodel ; reé@?@ %h%?%g%@%?gon of a net hodol ogy conprising one of a

f or war de s dbelducompletedt Hedaidenys mavbdidk Weer dexs eipeditibi ipene ithoddinggand the
and a bOtHhﬁ%ﬁ&hﬂﬁ@@%ﬂﬂﬁkﬂﬂIEE&EQHQBP&¥op&ﬁﬂm&%ﬂ%ﬁ%h&boperatl0n5 of

said work orders, based on said_recéiving a shop_nodel _indication and
sai d r eteiNpgungidie: ftrespause o Bis @’eﬁbmghf‘éwmrfwm in theguens igsplseted
W t h anot hat pasiesdiiig @hrtd. he present invention there is provided a
«canmput er readabl e medi um cont ai ni ng. conput er - execut abl e i nstructions
Wwhi ch, when performed by a processor in a conputing device, cause

sai d co[ﬂﬁ:it?:u] ng Eﬂ@\ﬂimelaﬁon chichds aflyaneed And tventsae gshemterdkandrntesessedsundil
candldat for.sc e of a plurality of work centers to
Create %11 g’@tor‘&rsg eﬁﬁg‘éhe\%ﬁa orders; assign a priority to each of
sai d candi date mork orders based on a set of job prioritization

rul es; sel ect hi ghest prlorlt%mgandldate wor k order havi ng

priorit PON4dt Enea@tvemebmd sehedplgng teshuiaye pitaraits fo/keppsa gwe@n@ buaw there
cai d hi GRo SO P iR Rline ARG, Thi «SARGHL e et BBl S e

center flow thhe ahd ﬁ@lvdnﬁlh@ﬂ ghdanPiatditidsk Yindandkespadetnd $n anvifuithedat i@ which
based on a set of machi ne se| ection rulesﬁg$0023] I n _accordance w_th

. anot herhigh peseures wiligatinne d& fhe i myianeonsarny fed all orders \haye similat P tHes-
dabl t

when peP iR TS %ﬂ*@%ﬁégﬁ%s%e?”?%@%ﬁf%ﬁtﬁﬁ@ B b, LR ok order

f :corrput [ m@hﬂ ebu |b¢@kt=.@ by&elbe.ef pﬁaﬁtyairdar t;hhumkrest éyt thé nmhine@eﬂioﬁrtﬁndoaz&h&




[0028] Ot her aspects and features of the present invention wll
become apparent to those ordinarily skilled in the art upon review of
the foll ow ng description of specific enbodinents of the invention in
conjunction with the acconpanying figures. BRI EF DESCRI PTI ON OF THE
DRAW NGS [0029] In the figures which illustrate exanple enbodi ments
of thi s Awesimglynthif edediilngstechniqse acahl endy haarforinl h Ustal alimited optimization
event - based hedul i n ccorq}J to kno met hod [0031] FIG 2 is a
schemat (BSRILE ‘PHt g, éﬂg’a LG AT W%%E‘X%rﬂlexenpl ary of the
present invention; [0032] FIG 3 illustrates a three-dinmensional (3D)
machine time |ine data structure utilized by the scheduling system of
FIG 2; [pmms] ResGured-babddusthedulpg s mchmguartbatwhedmewmemcldecsmm

b h F 6.ill trat t )
exenpl Sgﬁ 135 spsd et e maligmiqougt Tgsp Asitnen S isprinian R RleaB ot congizpings
struct ureoeh ifthEbasks of 'tii@ %%ﬁ]uqﬁé Gro€ danltesdeb@HiRg =874 gﬁ?ﬂ?l-cﬁ{e}ited system at

productlon Schedul e may be generated by the schedlling system
of FI G ti® cqnsosn] @ld@ matehgkanmt@b\mm atj panueAnSBRintsg Ibgmtﬁa)whédulc%)r

schedul iyn st e or rk o I,

The'| ob SR RHAER roptseSayé et IAY, HiPlp AN Ger AR bl

during th¢ ®ohseks Tdnofthd f&@tﬂéﬁédk iotecss afe fhef subordinated to 'thlS schedule.
Although the conventional TOC approach attempts to maximize the throughput at a

constraint by scheduling it first, scheduling of the upstream and downstream operations may

o,
S’

not be performed.

[0016] What is needed is a scheduling approach which addresses at least some of the

above-noted difficulties.
SUMMARY OF THE INVENTION

{0017] The present invention provides a method, device, and computer-readable

medium for finite capacity scheduling based on heuristic rules. Heuristic rules are applied

in two integrated stages: Job Prioritization and Machine Selection. During Job

’ } Prioritization (“JP), jobs are prioritized based on a set of JP rules which are imachine
) independent. During Machine Selection (“MS”), jobs are scheduled for execution at
machines that are deemed to be best suited based on a set of MS rules. This two-stage
approach allows scheduling goals to be achieved for performance measures relating 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.




[0039]FIG 10 is a flowhart illustrating operation for prioritizing
candi date work orders; [0040]FIG 11 illustrates a hierarchy of job
prioritization (JP) rules applied by the scheduling systemof FIG 2;
[0041]FIG 12 illustrates the conputation of Earliest Start Tine

(EST) and Latest Start Tine (LST) for non-overl apped operations in

t he for @048} c h&dadconignerewlilo do hspyyt of thopzpertiaSntits thesnis prawvded a method

i || ust . i f EST and LST f . i
' the roeEE ek PG dsBeRopBG S TPl atBhERt 4 BRI Of Fark St
conput atdagl whrkEstht@NEhvism! af Slouposy Gaehihad) Radh ORSkabées fémPéﬂ’@ming an

backward schedul i ng nmet hodol ogy; [0044] FI'GS. 15A and 15B illustrate
t he conpwestionnthofmdtsyl eonaprisBig: freveiGue pishpp swdebindination soingriging one of a

backwar d dul | hogdol ogy: 61 Fl. i.s.a f|oweh

T st r A0 onmpddl B 6 oK Rbbn Bl doceyiseet didifptgn”SF phmethodology

schedul igagnhpRink ok ek %Wcﬂédlﬂinfg(?nétﬂ@idl)&%ﬁ h BRacHard bRt ORéMbdbbsy,
0

18 illustrates the bottl eneck schedulin a_schedul i ng net hodol ogy

eXﬁmél ?ra}advaowﬂme@b ﬁ?hng?%Pem@l%Q; pay E@Fﬁ@ﬂ@sﬁmﬁiﬂ.ﬂﬁ wipaihvark orders
50 11 T bt plTeckiong & sh2 Mot MADRSH A6 GH W dfling Wdoator ot o

may be us#kbdofogdl i m nate gaps in machi ne schedul es;

[0019] In accordance with another aspect of the present invention there is provided a

Vaa
. 'I
—

method of scheduling work orders defined by one or more operations at a plurality of work
centers, each work center having a group of machines, each work center for performing an
operation, the method comprising: {(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 hlgh 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 said highest priority work order is a candidate

based on a set of machine selection rules.

[0020] In accordance with another aspect of the present invention there is provided a
method of scheduling work orders at a plurality of work centers, each work order defined by
operations following a common sequence, each work center having a group of machines,
| each 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;
(¢} identifying a highest priority work order having an assigned priority that is at least as
'high as any priority assigned to any other v&o,rk order at the selected work center; and @




[0050] FIG 21 is a flowhart illustrating operation for machine

sel ection by the scheduling systemof FIG 2; [0051] FIGS. 22A and
22B illustrate the scheduling of a work order during forward and
backward work order scheduling (respectively); [0052] FIG 23
illustrates a typical learning-in curve for a machine at which a work
or der matterhptiscioadhddatt ar Ofv@jonFdfGaidigliest privritptvesk pider apphiacking ofisad
an exenpl ary. machi ne selection (M5) Rule Control Trigger used during
mac hi ne8§1§¢t§%{?9p§ﬁgenfe@o54] FIG 25 illustrates the application of

anot her exenplary M5 Rule Control Trigger used during machine
selection; [0055] FIG 26 illustrates the scheduling of a work order
oper at i ¢021}r i g avodndapdeewith anethensspgetonfsthe iprsepteiniverdion ther is fr@0ds] a

FIG 27 illustrat t he optional. .mappi ng,of objecgtive criteria to JP
Rul es- afERERIPAEblenmeAfiE s OBRERE ST SHAOkE SFIGHgns ovitels when
a SChEdgbﬁ%@WE? oL Q0 LS Rirdiing [defite, LARQM B mMitingR vl 88 8Rkeive a

invention is illustrated. The system 100 is capabl e of receiving
i nf or masbammpde andicatipnacosyirising anerdf agekl shap mode) and @Htay Beap, madelpreceive

machi nes_on..whi ch t he rk.orders are to xecut e and vari au

oper at | BRIIERNG YA eLEodiogY FOmEring teich FOeH SeeaRie Kbl ey, o
machi ne pydkveid M@hb&uifz%&ﬁéﬂméldlo%ﬂ 288 hibeitRAéckCheRSS]S Iﬁibﬂﬁtfdo!d(}@; ¥ fchedule
orders. The output nay take the formof a production schedul e, .
di spat chpérpiens afpaid Workaprdersy based o8 ridngeeixisgra shapr medelnipfisatioand said

stem 100, . t er conputing device executing
t war %ec\%}{l a%qgn%ﬁ%@%rﬁﬁtggé%ﬁégul i ng nethod descri bed herein. The

software may be | oaded from a conputer readable nedium such as a

removabl e gnetic or, optical disk 90. The system 100.is_sufficient
f1 exi bl Wﬁ gerlBrasrdandeetith aaotes asge%%f? ‘g? y\r/f‘éﬁntdaﬁ?l&{%@m IS megﬂf 4
envi ron ; Stk h. wh
i ncl ude;mgéﬁgrb [r%?l?gl]rei ﬁ%gg%?\é%nﬁhﬁ@ cn%gﬁquéé%%gé,m%ilél\]/g‘ghi _nei%%%e.lng%f on’ _en
(MB) nodedfantdby apmctssduin agoupttingdayine, taBe saiddanpuging devise ésgilasgily

and post - processi dul.e 108, a hedul i at aba 10 a

Rt er T At S QIR HS IB PO S B IBar ong e o BBl Br Ve
i nf or Magddys ke ORAMI 't df SaidiGite WOEK offlefb biSsidroa boSgMedakbiRdf 84id candidate
prioritizes the work orders at each work center. necessary to. conplete

t he wor Rodk aulerssbaspd oata sntsofial auiosifizaioneruless splet B highest: privsity gandidate
rul es ( . : el t th
differ eﬁrf‘eﬂ{)glledrgg iavong %i l)ﬁ{? o(rﬁll%f' ﬁ&éa?g%? t Leg%%n%glggg%gﬂntgﬁéyg%%@not0 311 ¥ omer
' necessatdaddjdaentadirk drier; sade angeaptatd ecledebec amtopdrationt b ssidnbkighest priority
sequence) .. The JP nodul e repeate rioritizes.the k .orders. which
remai n_ ¢disstes waRkeNdgH b aiqgﬁ%wg? PR fssndG picloss ﬁl%ﬁstglerf%ﬁ%t"mf
:sghedul 6dePR alcalditiatR bdikin Lick Bf ibdhiHOShectiof Biles. The prior i {1 zation
‘pérformed by the JP nodul e 102 does not account for the capabilities
of 1 ndividual machines. :
[0023] In accordance with another aspect of the present invention there is provided a
computer readable medium containing computer-executable instructions which, when
performed by a processor in a computing device, cause said computing 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 af least as high as any priority assigned to any other work order




[ 0060] The Machine Selection (MS) nodule 104 is responsible for
attenpting to schedul e work orders operations which have been
identified by the JP Modul e 102 as currently having the highest
priority. For each work order operation to be schedul ed, the machines
conprising the appropriate work center are categorized based on the
sui t abi laftsyidakt dttbe ﬁedté&lwoﬂmentamm:ddeﬁﬁenmt tdhschodde anioperatiGe bbshid highest
of the operati @E%a t hen a% teg ﬁs qgst candi dat e machi ne on

t he basilSioBfy WorkArdersat gpachme ossgig selpey WHY s rul es). [0061] The
Schedul i ng Data Cache (SDC) 106 is a cache nenory used for storing
interimproducts of the scheduling process carried out by the JP and
M5 nodul[6824]02 BnatcaBianceTvithcaother agcpobibicdeesentrinvontéeh et isrprovided a
per f or mance ue to the speed of the c%che r-t nennh% n COEBarlson to
sl ower EMBHRE deVigs CHPRRFISIME A PTOReSSPT AR RSERIeRt SITARS RO BSopmyjnigetion

l'ist conrfai Bid% ra&%ﬂr”s%ﬁﬂg”?fdc%of Naﬁﬁﬂ@tlhﬂﬂlcfn@ﬁs ?ﬁcﬂﬁréﬁﬁﬁg'sﬁﬂ HARES to:
consi deration organi zed by the work center. Cache 106 is also used to

store aclassify cactief a setof sorky otdmrseas/m poldidage fmlaﬁheduhea at prooh pbralityef
schedul i ng, proces e infor n stored within the S

2 soneddT e Psorgal i SR cvplirSrafls: Aastgh A ariBg, e ot il
conpl et lcﬁ&iul@afte tebtfRk fokders [bQQ:@ZIn D%Eﬁopfoﬁ iR RRAG6R Julds) GelROSA hhRSESSdrity
nodul e 108 performs injitial data processing groundwork to prepare the

fsyst Iem vawlidase warkerdeniaving)? pupritishatds o least pobighiss se paPHy aéfflSTéP&!t"Q ay
by e SUSEREAAIEE Rk der, hR0Rpl 6 RARIDLE oBLARGP Bt A3 REARY iy

f or t he candida¢ twoslc badb lat agnﬁdhmc dfta aioslomhacfos vadtla sdid highettegridrity veorld
checks the sched nodel for _consi st 0, avoid errors during
schedul PHY r“Wﬁﬁmaﬁﬁﬁﬁ@' ??ﬁP§F¥ﬁ@PeF ?ﬁ%ﬁ Isfe for classifying
parts into "changeover groups" based on the anmount of tinme required
to configure a machine which may have been processing other types of
parts t 0GR ceds acherdpmaet with Agothet hspecthef ﬁmdmtssntlaﬂfemneﬂmmssrmdcma

of the mork centers in the tar ct ronnment
e ceosaPYbHTE drdict st meetbBress B A dRisi S SO PRRRl i mmunication
[0064] Wig shad E;rcn,eﬁor REHERS FiobEssOE FdaBaBIe dndtdictibes FRddike@tid® Saidnedvicte fo:

mani pul ating the schedul es of individual nmachines to ensure that work
orders s#iectionnala phwality wé svprk senters brsed09cd Spquencef QPAEEATS ROMHPRN {90t set

hedul
he. sen gt oo (g e Heddieh, QARORSme ke B d3RORASIR SEhubil aSH R &
the syspaonity00. eathefmaiivorlootdetest vad isetubaving enrrqte‘rabmnaismﬂatd:dwmth the
hedul h h t hedul I
ot hodoUGRE PEHARTHCS, BRsct A8t PLoEh SR ARIOR FHI: fGaB0R Ry
ta be p%ﬁ@medha(vhﬁgjl A @Baa gﬁ%@hea 94t 1BR% bd E%Calé)amy Eﬁé‘n%"si‘ig@e%%%y

and machi ne i nfor basé 110 nay be stored 1n secondary
st or ageother gvotka dnderdofisaidedet ot Gb66EEeted Workeedntere and atiesph o isohesilesn

Sehedu] SEPRTRE Aot S E R Rt RainOf SiERAREG i Yater

constraints, etc.) and other input (e. g the triggering of a
'scheduling run) and to present output . production schedul es) to
a_user [026fe Jyocerrdams. Wrﬂm@n@th%aapa@teofltgz presgnt FpRiine Hare iguevided a
mechani (o e

rechani SRR ARl 2106 BriReREh le M CRRBRAAR P b applicd
| nt er f ag@igCsbhedubhd edﬂw&rdrkeabrﬁemheomphangaeecelﬁxag na;chbmlmgdan&non, and
i ntegration nechanjsmwhich facilitates the |nput&§§'pu1 of data

~ f r onl t oMBRPIBE SHg ssheduling cEirsionde spidieb pripddzatioady GHene sotgsyion
systems oI a Manuf acturi ng Execution System (MES). [0067] Varlous
user-configurabl e paraneters govern the scheduling that is perforned
: by the schedullng systen1100 These paraneters, which are illustrated




'[0068] 1. Scheduling Mddel - the scheduling nodel paranmeter 120 is
determ ned by the nature of the work orders to be schedul ed and may
be either one of a job shop nodel or flow shop nodel. In the job shop
nodel, different work orders may involve different operations,

possi bly in various sequences (variable routing). In the flow shop
model , 002Wpr kIpscberdante withvaaother ageteobhiiermedent nvientidththesniveprovided a
sequence (fixed routing) with the aqptional skipping of sone

oper at i GBS theF-dinensipaalofased: ish dataciirishin Tofovse 1Brbedutige work
a conmo ' acdi 1 I $iaked
Fepet ¢ iyt 48 ekEin SCAUARRE qofigfd R hEl: TRAR, (onBRIP Y sk BRked fs
schedul ihagingostel orpaomnwbrkr cdnter noders iedelr efl sdid vbek aepteb npdésobding assorieted
configuration option as it has a s{rong bearing on the eration o
the JP NB#up &votiysenterRagjavie asieft lipkg Ik oh gEO PHRPre rang eﬂéﬁuPﬁuﬁgof
met Nodol ooy R 5 béﬁé a%%&ﬁfemvﬂﬁ?a hdaEhitk 9P 3di@ Wik SEREUNA g a third
net hodol ogy to be applie uring the scheduling process. Three

opt i ons lmked list dfonwar diose himd ding mgdesheachwdsdiddirhe ot nodes remesenting a status
bot t | enegk .ache uling. In the .fgrward schedul i ng net hodol ogy, j obs

are sch&ydMedae g AMGHHdICEgfcal Iy within a scheduling time
period. In the backward scheduling nethodol ogy, jobs are schedul ed
rever se- chronol ogi@cal ly within the scheduling ti me'li)eri od. In the

Bot t | end@®28et hothst aspects and Faturescafdbkprepast inventierewill becomepparent to those

schedul ed..fi st ... er ich the forwar / 9n r.d.: eduyl |

et hodoIOBCBP%‘gya lgﬁ%i ed Wt ﬁlq\/\HP((’:rher\%lr sgﬁ:@gl ?or%lé) W%é&s&sﬁ %Elpggpérq@gip &
t 0 schecduibedinity &iThé Hvegtignobeofijanictixerith thercfompnying fgwaéor aft er

t he bottl eneck job. The scheduling nethodol ogy paraneter is
considered to be both a job prioritization configuration option and a
machi nefﬁﬁb %mﬂ i rﬁ?ﬁ hicas it bears on the operation
of both't e?j’%ﬁ ul eb}i%(gﬁan tﬁ% rr%dule 104. [0070] 3. JP Rules -
the JP rules paraneter 124 defines the rules that are used within the
JP nodul 2t r.oritize.j.obs. In th resent enmbadi nent, one JP
rule is [ﬁ)é@d aﬁt}g? ﬁ@ﬂFéWéﬁﬁ"d@'ﬁ@F%‘f ?%%%\59 Iqaﬁ%tsg? gﬁ%mj' W e s
the "Meet Due Date" rule The "Meet Due Date" rule causes the JP

modul e to sort the work orders by ascending Earliest Start Tinme (kgST)
for the [8@3War dFISs Hetiud iflogvonart Hberiiabag e@mtﬂaas‘éﬁbg@@duhnﬁgamr@sg igkapyn
Ti me (LISn‘Ié)LhJ(%r t he Backward Schedul i ng net hodol ogy (regardl ess of
whet her "a”j 0b” can be conpleted by its due date). The renaining,
optional JP Rules are described in Appendix |I. Optional JP rules may
be Chosiﬁl b’ﬁ a user. of the system 108 g)ri,or to, a, schedulin ruP i n
order t $0Q#HenpflGs 2ris avrhsmptisaemanlustaliag paghehiling sysem sremptary, pf the
obj ect i I present enbodi nent, the JP Rules are defined in a
hi‘er ar cﬁf/\eg%ilc é“?g‘é’ci fies a primary JP Rule, a secondary JP Rule, a -
tertiary JP Rule, etc., down to a chosen hierarchical level. JP rules

at the secqnd j gher ] evels are used ressi.vely during.jo
prioritA2% }onaﬂg}'gjr g@‘?m?'ﬁsﬁ ?’W@’l{’&lp cﬂlafs’lggﬁltﬁed 'ﬁin? oc%t4 ﬁgucture
appl i cayiRpdiy the ScHREMITRY Hsibh 6UlT6, 2i n an attenpt to ensure that each

job can be given a unique priority ranking. At |least one JP Rule is
required in order for the JP Module 102 to be able to performjob

oo AR e, Kb B SO Ol AU oY, U

the JP Modul e's application of the various JP rules when assigning
priorities to jobs. That is, this paranmeter sets the granularit

f
the di f {003l G Siit g Domshirhiinstraiing qpavetion o & swhednling SYBEE afGntor

TJP Modu Rule Control Trigger is associated with the
appl i ca%&géﬁﬁ}gg&gofggg’pqndi ng JP Rule. For exanple, the "Due Date .
Range Setting" JP Rule Control Trigger is associated with the




Fi xed scheduling for a work order - optional scheduling of a
particular work order during a particular time period specified by
the user. [0075] Turning to FIG 3, a 3D nachine tineline data
structure 300, which is maintained in the SDC 106 during a schedul i ng
run, is illustrated. The 3D machine data structure 300 tineline is a
t hree di[@@38] onBIG.16 filustates Biitializatiohyf ath exeaupiaguina dine Jakednlisiogithin the
store, iI#)a i.ngl,e gﬁtg structurclac G ormation regarding all of the
wor k centemachipe e bpe SR suis 9T ELCtY be performed, all of the

machi nes at these work centers, and all of the scheduled activities
or machi ne states of each machine during every nonment of the current
schedul i[0@36} neFif. Adbwstralsenactenplaay eraghctidn sshedile whichuway be gereratpd by
conveni ence. t is aff by the storing of these three different
dat a se$@3*#P%ﬁﬁ?géﬁgﬁpf?%ﬂSS%rsibIe data structure. [0076] As can
be seen in FIG 3, the 3D nmachine tineline data structure 300
conprises a "work centers" linked list 302 in the first dinmension.

Each nod@MA] t hiI&. Biisk Savichast illusisatingenperntign @bk sehaduling aystegp o€ RIG. 2 for

schedul e be perf.orned. ..Each.,work .c ef...node contains a pointer
304 to 3%%}5( 'orfl?rﬁﬁ‘écé’rﬁhfl%fo,ﬁlﬁﬂ?‘%ﬂmggléoudrﬁll’es t he second di nensi on
of the 3D nmachine tineline data structure 300. Each node in this
linked List represents a nmachine at the work center represented by
the par BR3&lor KFIGSH 1% to S sty Yasions slageh during dbg pchegrbing ﬁf the ‘work
poi nt er 306 (Gng hurther "tineline” linked list, which occupies the
thi rd dirnension 0f’ the 3D machine tineline data structure 300. Each
node in this linked list represents a tine period during which a

particu ctiyvity is to,be perforned at the chine, represented b
the mac k‘?dﬁﬁnoo“gg ThPelsgp RVt éluﬁfat‘cnﬁeoﬂq"’r?é’np i1 prnngf)gmc?.g?g%age i"ﬁ};k
t he pregg&}s.enbodi nment, however this granularity can be increased or

decreased a$ necessary in alternative enbodi nents. The nodes in the
| atter |ist describe the status of the associated machi ne during

every m of schedyl i ng.horizon. . 1., reci

nunber rnmwﬁﬁdesF Ilbgel&eﬁﬂglﬁtﬁ#?ﬁeﬁqﬁ?fg{chg 0?(9 szlﬁg 5151 Zﬁtgogl gﬁtrﬁgsﬂaégﬁfdnl)?eme
Each |i plieehlingsdysfet sFRIG, ¥; | i nked to facilitate traversal of the data
structure 300. 6,0077] Each node in a "tineline"” linked |ist 306
contains various information, e.g. in the formof fields, regarding

t he use he k i | i : h Lad.
These maP4Tlcr (A Rg R el Bt s PRl ot Fille (RRTT aRPL B St
start t e (I63T) foi mm-oaenlappdd apieentions fraibe dorwaahsathedulingeetbodaiogyt he
processing of a particul ar operation has been schedul ed, work order

i nformati on such as work order nunber, part nunber and assi gnnent

A nfor ”Hg)omj Qes. it A GhABBBNus®ae %e,a&m%;kuﬁﬁonocsf ESPEhd dBTt fiof io9ESapped
may al so be"stored in a tineline node. [0078] The nachi ne status
field iepaatiodén thedasiad sehgdulingpmethedolasy;e conponent ASCI I characters
in the present enbodi nent, wherein each character is indicative of a
particul ar machine status during the time period represented by the
timeli nppoagye. HIGHi M dUiahrafd Cik NEorBbwhtith ORIt aids [ISdl Hor mbo-ovétapped
“categories: exclusive and non-exclusive, Exclusive machine characters
r epr esepperatiaiiin tedraglvard schgdubing BwiedeloBE: conbi ned with any ot her
machi ne status. Non-exclusive machi ne characters, on the other hand,
represent machi ne statuses which nay be conbined with any nunber of
ot her noo4d}cl RIGEe1sMmahd neBsillaktuse she EompueatimpdfeEST aad LT fonionexlaypeé
types may be used _[0079]' Excl usive' de Types: 'a':avail abl e bl ock
for assPRegHOmE m the baglovard sehpduling gle¥or execution 'c':
changeover tinme 'r':work order currently being executed
'z':non-availability of machine [0080] Non-exclusive' Node Types: e
- [0045]  FIG. 16 is a flowchart illustrating operation of the scheduling system of FIG. 2

~ for scheduling ork orders according to the flow shopmodel; - .




‘m: meal break "p': preventive maintenance 'd': machi ne downtine
"M : manual adjustnent (block out) 'S : shutdown (block out) 'T:
machine trial run (block out) 93': pilot run and manual assignment
(block out) "N : any other block out event [0081] A node may for
exanpl e have a machine status of 'np', conbini ng nonexcl usi ve node
types 'm and "p'. This neans that an operator neal break and

For tho. (BB an ol o e POBBO GG CE CHFIRER 0 o FEhE I R &) G, 2

si nply 'R)?'b&ﬁ&ﬁzﬂghﬁork'oE@erPQédoEﬂn%’f&th@goM’@ﬁ&R mhéR;Mechi ne status

contained 1n the node 1s valid 0083] The efficiency factor is a
val ue whi ch |nd| cates the current efficiency of the associ at ed

machi ne. i epc, r help to i crea ccura

The 11 nak00aZhedElG 5§ Husies enPrigotieR trletvlirer 8F aciinge metiodsiogy
ef fi ci engyempld 6BrlGYeRe affect ed by the machine's condition, by
|ntroduct|on of new parts into the production line, or by the runni ng

of a pilot/trial run at the machi ne.
[0048] FIG. 19 illustrates gaps in machine schedules which may result from bottleneck

scheduling;

I ‘\\

J [0049] FIG. 20 illustrates the pegged orders forward displacement mechanism which

may be used to eliminate gaps in machine schedules;

[0050] FIG. 21 is a flowchart illustrating operation for machine selection by the
scheduling system of FIG. 2;

[0051] FIGS. 22A and 22B illustrate the scheduling of a work order during forward and
backward work order scheduling (respectively);

[0052] FIG. 23 illustrates a typical learning-in curve for a machine at which a work

order may be scheduled;

[0053] FIG. 24 illustrates the application of an exemplary machine selection {MS) Rule

Control Trigger used during machine selection;

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

Trigger used during machine selection;

[0065] FIG. 26 illustrates the scheduling of a work order operation during multiple,
- non-contiguous time periods; and '

11 -




[0084] If a work order is either schedul ed for execution or being
currently executed during a particular tinme period ('x" or '11,

addi tional data about the work order nmay be recorded in the node
structure. Typical additional data includes work order nunber, part
nunber, and cunul ative tinme since order releasing, fixture used and
oper at orf0088ht | FI@r27 illpgess]thd optomel mapping opebjattivercritdria tod PRutiecard M§
system 10Q is governed primarily by two user-configurable options:
schedul iJR'Pgesrmdel (job shop or flow shop) and schedul i ng net hodol ogy
(forward, backward, or bottleneck). [0086] In the case where the job
shop nodel has been chosen with the forward schedul i ng net hodol ogy,
wor k or dEETABE DSECRIRTIONI |y created for each work center. A work
order pool is a set of work orders that is to be perforned at a
particutar work center during the present scheduling horizon. A work
order WrpHsPE | Refelibifttd FICGR 2VArskhQRRE sPQeh ﬁﬁ)séi&hﬁ)‘lﬁﬁ ofiabhen@bodiment of
particul'ar work center when the work order includeS the operation

wi t h whitlshprebentviovéntionris élusirgteds sBisi sitstesn 1PBris expabpd ef regelving indormation

orders containin "wi re.bondi ng: eration.wl.l. appeas. in the. work
or dor  peo-Gpt aigt S Sag PR e REL & aeEPt HogtndfRRhich SR
i N each aROR| berbcedAdliEthrios bp@idray coistlairits) Gng FeadrdRtBerefrbar a Wélealile
machi ne selection will be attenpted first. In the forward schedul i ng

nodel , #ongeck meckiae whish willregdidneg eflidenirogessing pbihe atask prlers. The output
assign i.eul L el |

[Fst oty {pfe fhefiBhh of4 bguERGH be3Rulh, Bl Bht S BF R0 fpor
Ot her f ot @rampdei Sthewdysteln teluhdy def £ comphiet bentier coniputingwaeiics rededuting
will be deened a starting candjdate, ha r the are te rarily

Gt St eqaPOIDURcE SYigh epIEPRs 06 Sheq o Pt oy Resgin | ey qoR e may be
appr eci ffa6d EBA! a EARPutYOKdaBIAREdiWn! budi€isa eVl OthagRA dalRical dignd,
one work center, however all work orders will not neCessarily be

st ar t i nghe apstenial @k isasulfibientdn flexibte ko generaie sChedulesdior facvantaty wdrdperating
orders nmay_be starting candidates at different work centers). [0088]
The st afty &n{?gtfdi dates then undergo job prioritization, whereby the
set of JP rules currently specified by the user are applied to assign
a priority ranking to each candjdate. Notably this job prioritization
does nof0088le A gh%h!ﬂ EEﬁ-a%issheclqlfégawaPmabqvq fncludss aslygt%rmtzw%m)
machi ne l.at. | i 040 !gé._]ll'lﬂ 0)

hi ghest &Bp%rﬁ)?;g cl\g%‘g?%a? eelg%/\%)(rﬁﬂ(%%éro gililgeltoﬁéﬁ%lﬁ ent |H¥ ideel% (?dgl?é ellp?’ %?"E
cent er spregndcasingtdndnuist-psocosite modales]Gfy 4 biledhlinghdathbasei K0, tapd a data
candi dat Hi frrder to a machine at the work center at which that
wor k or 4°¢ H{%e hi ghest priority candidate (which, in this initial
-cgse, will be the work center associated with the highest priority

‘candidate's first operation). This attenpted assignnent is referred
to as " ROS9] ne Thel JobtRrinmitizaiton module 402 wecsives ynfogmation tegandingda petailivask

During MER RS SRRl mIRoaRPE pe Fot dREN 4R Rk G RehEy o
nmachi necdmibtel the MRSk oSddrisesheitiont basbdadn alkeoMpbhiriteBizhisn A ?Prmreg).

t he desired operation. M5 is governed by the M5 Rules. [0090]I .

machi neThewes eidarsite beehatviedunay enall Hittrenstoppiafions inydillarcat srgencss (-

order i ﬂﬁs 58 QebSs iy 3l R4 ?atuieo RIS e A LRt Barfil bdince). The
succeedihg” wor cenfer, .e., at the work center assocl At et W th

i L S RexIP opetiairespatedly ?(m&]gesm_txﬁrk oWlﬁrk hicheinaiong te ﬁchm{i)ﬂa?:ﬁﬂ, intdles

"hi ghest priority" wo order w o, | onger n ssar e e

hi ghest t1pRiS madpls be{qm glenmy 6o &qhegulﬁdbﬁg%e i ﬁl@ﬁpr{tg work order. The

From anmraiztiof SeflbASE by REL 3p hiqe10p Rick Aol Tor K PARBHRES of

fromalT o '

o LT This 1s ne because the
- pr oductindivéhai piaeldnes.t h - a work order cannot be manufactured if sone

g




Second, upon successful machine selection at a work center for a
particular work order, that work order wll be deened to be a

candi date for machine selection at the work center associated with
its inmediately preceding operation, rather than its next operation
(if one exists). [0094]If the flow shop nodel is chosen, operation is
si npl i fi[@A6Wy tHee MashinehSeleetosh (MS) kmedwde rlOdi is| raspansitde doxs affempting to
operatiaons ,n the sa sequence W opt,i ona Ki pRi N

oper at | SedulE ok SRR SFERERs bl Al oL Rl R Pone b SRl AR =
been cheg@éntlyt H@%g@khﬁ%ﬁéﬁﬁﬁorﬁyﬁ ok e wek oMier kp&BidiEio BY soMelitled, the
center, starting fromthe work center associated with the first
oper at i orachings esnapriingthe phpropoatk vesk centenas sategeringd ased anmibe saitgbility of

ian. |f .backward. schedul ing i i d. .th der, i
Ever s e i R FBRchf B refifion, SR fRe (LRl Wm0 BebPeen os
chosen, ti BesEdantiderirhdchi@ odahé banesta RPef Batkine Selcaivhadlts ifﬁISfﬂuIe%}. to

maxi m ze the |ikelihood that the bottl eneck operation wll be
schedul ed. The work orders are then split into two groups. The first

group. e as i;ch t i L
operati mm chare ei& %%f%gar ggé%e@fégg\t{gé ‘%M@HS%@?%{ :stgﬁng
i s conplmérérd )prodidess (ifetfh@ ﬁ%he@%lmgilllnﬁoéﬁst(bdﬁkdvm _lbycthfdﬂh an?MB fagdules 102 and
oper ation stream t ot t| eneck operation. e rst group is
schedul é%‘fl G?CE’PéIOg PF%W&?M"T%P@OY ypisT ?eéﬁ)é"c"ﬁmifs Yot "esl?eég\ﬁgnlébe cache
schedul LathofPH108bAR Whider HhanoRG0oRER B Su e nojude a 3D

irredi ately prec ottlenéck using the bacic I ng
met hodolinkpy. lisTvenfaoiing maghine telelioe infosmitianfos ikegh madeihe maderpnkiddratien

appropriate to.the scheduling,o first d second groyps, base
on’the. et by HeBoratte gepe ¢ 06 S el P aiS oo B e HRRhre
requi r egRRhSs aidtlifed trdadho B ehdRIling PYdJe) TERY infiHiafien stored within the
i npl enent ati on. [OO%L eration of the present enbodiment is

c

i |1 ust r 8PELA6rdurngs. schequiing un sxpmrtioda to dheinpaindds delete gpon pemgdetign of
iIIustr%%?ﬁna set of four work orders 400 to be schedul ed, nanely
wor k orders ‘W1, W2, W3, and W)4. Each work order is defined by a
uni que set of operations to be performed in a particular seqguence.

For ex I rk order WOL is defined by.three rations, A, C
and @Wﬂ cm?ﬂ‘% RoPHecsts P EPSF'HI’C{"ﬁésﬂng é’é‘iﬂﬁ‘&qgggi PF’-‘&”&’@%F@J B
conpl et srobfGingObduRivifE to Hepdr TR Bl WRIOKFRT IR oy AR b GRND pose
different sets of operations in difterent sequences. Accordingly, 1t
wi || beprapgsiagiodtatd to fatlizetgengretsdsgmt.schedul i ng nodel shoul d be
appl i ed when scheduling these work orders for execution (if each work
order had the sanme operations in the sane order, the flow shop node

woul d i jepBaRd ek H0!ye0ossic§ §Rbirecs by heloRule KR! SO i At hdding

iflustration of work orders in is for illustration 11;l))u_rpos'es

only. \eatkthet isarof reguired Jori the cryent sphasiuling aen. o4 alsp sbegks dpta 1or ndegridy gnd

may contal 1ef: i ! ; . td
b e ety Boad TG IHB|Rly REKARE oot BRHAR EchoBlnifip Trih

typikcal B(Bcfseﬂnthe' ﬂgegpaﬁéi?llaniﬁ»r tdlr,tsﬁnﬁyi if:) ﬁmzinﬁoéﬁmﬁmﬁggﬁi@ﬁ yhakahbn the

000} PSR ki, eased 85 COPESHE o Ragkige OTiEh a1as JIRE e gresp st
for sch?gég i LS ERANRRY w

once pef  schedu iﬁgrﬁg%%gﬁgé?'shécﬁ{’ ?‘3"9%8% [ ggg%&f 0 a?ﬁ%&%ﬁgfﬁﬁ%

nodel s @ntbrsintbe tirget gprodectiodelopnesnt Qearatssan id Ofier ®© procayy Greauirioyt wmt

u§e of é&?ori%? e‘}'é{' i ng system 100.
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[00100] Initially, scheduling nodel definitions and boundary
conditions are retrieved. Thi's information originates froma user or
ot her source external to the scheduling system 100 and is received by
way of the data interface 112, being stored in the scheduling

dat abase 110 prior to the scheduled run. The retrieved data incl udes

schedul i[0964br i The dats glosEprotesginguubeformed by jthd neidole, 168 melvelhe maoipulating
bottl eneck),, schedul.i ng. met hodal ogy 122 (f.orward or bagk d), d
wor k. corbeichtaien g inAGidRY BRASPTOIR Sfer B Nk oners YaRh ot pal been
prepar ﬁéba{.@‘{u NG oAHAGE T hse RedMltisBibanien, (S504). In the present

n

enbodi t, preparation of the SDC 106 includes the followng: |og
files are created to record any exceptional events that nmay occur

Cot 11 oy aOBEH L Seher LA thadt L IF Ron itoese pEA R ploi Bie SREFRRE pdeD whict
based 0n,olB8:s fthe SAbdBRIARAR pdrfbrinl8 tHT 188 @PéteaMTOdi TRNINbdBYinkies various

schedul i'ng system 100 gl obal ™ configuration options and flags for i
opt i onalinfogasatinmesbogh thecsshedliag rfask, Gech ap. the sulienigschediling dromizen, scheduling

mat eri al rat or. constraints and, t | J a | .descy{ |

re r et o rRAREis deokied Henddtaeh i wRle B e R0He Ritemes
SDC 106 (fdbhshop! B&S Rhors ¥ beTeiicR), | e SwdrR & e tndVintdohinb énfohatiuh. ODatabase
varying the nunber of "effective" work centers and machi nes between

di f f er erlOsegrdwarerdyinysapendpoy stospaafe. . f hagd diiyedt i on pur poses)

retrieval of machine | oading preferences (used for nmachi ne workl oad
baf anci ng) [00102] Subsequent!|y, the three-dinensional machine tine

| i ne datfe086) ucDatadnt3fflce FIXGs @) intafacaibédaby tedsystent he0 EDEcebB0B}a (e.g.

{1ve. ot ek ofes iy oReiis, tay e Bl aiork BSmecsaRfCeRAiTs prPHGH SoBaFaTS
FI G 6, eﬁf.)eaﬁlsotg'x&l inﬁé@ 'ge.é.qgé%%%e%ﬁagufié gﬁilehﬁl’iné ]Bﬁlt) L%H}ip'ﬂr&%nf BhtpBA L.

machine I's enpty. T tart ti and end line o ime line are
det er ni peatluotion behedwem) dukiuser ¢fi the systern d80. dlhedntediesr Fi@dmeningdndetna input

Wrk Oder, Ti.ne Span . ;Any atte t 0 schedul .or der

out i de SRR ST P e Koy ERArd Y AN fey i, B S Shthul it “Rles o
6, the gB&PLRE nohiiBr dibpleyif®arGraphit® P40 Iiterfade GUO A lienditioalyi the irtbrface
schedul ing horizon is fromtinme 200 to time_ 1000, The node i s nmarked
with a’ ﬁﬁg aTebeca/dath Hregsatiqramgehapissm which facilitates the nput/output of data from/to

existing systems such as Enterprise Resource Planning (ERP) systems or a Manufacturing

Execution System (MES).

| } [0067]  Various user-configurable parameters govern the scheduling that is performed by
the scheduling system 100. These parameters, which are illustrated in FIG. 2, include:

[0668] 1. Scheduling Model — the scheduling model parameter 120 is determined by

the nature of the work orders to be scheduled and may be either one of a job shop model or’
flow shop model. In the job shop model, different work orders may involve 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 skipping of some operations; in other words, the operations of each work order
follow a common or universal sequence. The latter model is commonly used in repetitive_ :

* manufacturing and cellular production systems. The scheduling model patameter s



[00104] (B) Operator shift information, which may be defined to the
machi ne | evel in the production calendar, is built into the tine
line. For exanple, two shift nodes in the tinme line, nanely, shift 1
fromtime 200 to tine 500 and shift 2 fromtinme 500 to 1000, nay be
defined as shown in FIG 6. [001%1]11%9 Meal bl ocks defined in each
shift arcensidiredtiubed jonproritiration gurationfgption agdhhisea sweng bearingeon the
exanple of ElIG fgl ﬂ]ﬁg’f%@f r of nmeal blocks within each shift can
vary ac@BFaHpRyotige Qual* operating environment, as may be defi ned
in the cal endar definition. [00106] (D) Preventive mai ntenance,

machi ne downtine or any other kind of "block out" due to specific
requi r ef@069] arz_iSohednting edeihnddoghe- tthereschéduting ongthedadngy grayameter 122

et P DT NN bR g AR A AT A A
time pep&&gswEMQm.ﬁH@%isﬁ%M&at scHshiiRg, bAGwWaH SRHuBSE ,ﬁﬁml %}&geneck

time perio ine time line I s backwardly extendable (i.
ext endabtlediingegim the fartvande sdmdhling méthoddogy, spols t arof seheduled forward-

schedul i horizpn) .sp as.to . facilitate i ' h ti

runni ng C%PRI%SWG@Y z”?‘?‘}ﬂaa %@F‘?"B@gg’lﬂé P%Pfg’- :‘fﬁgé'ﬁuﬁalr?g%féﬁpg’?ﬁag% Ih%tﬁ?%gy -
of the k@, ardhicbata (R rdehidRYRECAlllyT Gethiny tHe! SMedlligs GRRAPEAIT In the
dat abase 110. The cal cul ati ons associated with a running |lot are as.

f ol | ows Borlereck Methiocdolpgy, a “petitpneci= grb M-drpiifiedhandescheduleddigst; plier Which

the rungi | ot ] I N r ' 1] ' |

LhE cur BBt sty bosk AR BB SRR HE ol o iRl Htch B
| ot . APEiodépista@brogﬁet@&s stiglule tive réhainingnjobsn torleatcttion mgivndo tahdforgher the
SD: System date and tine, from which {he assi gnnent of Clérl‘e
schedul beiglepgsksioBt afhe scheduli fo

prioritization configuration option and a machine selection configuration option as it bears
on the operation of both the JP Module 102 and the MS module 104.

t
ng methodology parameéter 1s considere Ee both a job

[0070] 3. JP Rules— the JP rules parameter 124 defines the rules that are used within
the JP module 102 to prioritize jobs. In the present embodiment, one JP rule is fixed and
-the remainder are optional. The fixed JP rule is the “Meet Due Date” rule. The “Meet Due
Date” rule causes the JP module to sort the work orders by ascending Earliest Start Time
(EST) for the Forward Scheduling methodology or by descending Latest Start Time (LST)
for the Backward Scheduling methodology (regardless of whether a job can be completed

T

by its due date). The remaining, optional JP Rules are described in Appendix I. Optional
JP rules may be chosen by a user of the system 100 prior fo a scheduling run 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 priorifization 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. Atleast one JP Rule"is required

| in ordei_' for the JP Module 102 to be able to perform job pripriﬁzat_ipn. .




- other h

At: Mealtinme. B:Block out tinme. [00108] Following the initialization of
the 3D machine tineline data structure, JP Rules 124, JP Rule Control
Triggers 126, MS Rules 128 and M5 Rule Control Triggers 130 and

center-specific paranmeters are retrieved fromthe schedul i ng database

(S508). 00109] Ther eaf t er, vvor k order information is retrieved
(S510) . 0874 or #=dPiR pats  the | Jpaule opirokisigresaparamsiard26 ispel

et 4 0 gy L P 8, T

proc ess%gmgﬁlng %oﬁﬁéshcpjcﬂ)@r ) Thdtgk eﬂlisepai&h@ter s&tsl thiel grahalRity AF theh different
operation vel, additional attributes gﬁl i ncl ude operation_code,
g

oper at i mmomqﬁ@k@ss thahisay be wpsignedd jabsbadhe FoMadyler 113 Bagh JBM%@PM

arrays averhihRigad W b BRlREh RS PP b, P Bl e
order i STRRIVAGR] St IPrRule Contrs]l Thiggee i asopantad wﬁmtaadpplioaﬁmofme

tree is a global data structure that stores |nfor on r T%SH
each worR/est 9@? Dets” R Rl speaityans ¢ rege drlbg (oh xR ug date

wor kor daniercafiedbo il yP R CORAST Trldech 3 S‘Vﬁ’ﬁf%?ﬁr" E%Kﬁf‘féﬁﬁy
r ]tcat ri ev mgmt’e‘ﬂm ofduk datedifthe difiztende datr)]@ ﬂmrdr?:agiagsg’zltstgxgrm the range set
oar 1 oulieh e s ADhoREs oohaear i phd RRPDHTER? Jiiefirdpst sl
109 ret rogﬁeégé?a& hen¥Riidt A7 ﬂh%rpll%a@&mhr@r%aﬁhbﬁn I&rsoﬁilﬁbgaa?ﬁﬂ:%ﬁ%& ap Rule
i“the s 1

I ng dat abase he work orders are ed to create
a wor k €loggpl frnggers hletenginet Whep sechessivs bicrarehical Ul sdsv mayebea engagshiapd

as defined of t ations The rel ease date for
each woR*Y Eg’ﬁlﬁﬁﬁéﬁlo&m{%ﬁé{ng egtl on level and rtin rates are
retrieved. [00111]A nunber of operational issues |n a productl on

envi ronnent nmay cause a work order to be frozen. hese issues

is a dedP0&2lt o JrmM3 Bules cobr Miliulss w%rﬂﬂ&dﬁﬁﬂ%ib@rtﬂ e usssh \duR

the prege .
resulot ing Trom g g?g%r&)r%%nggﬁse@%| ng r UW% e% ng{?; %ﬂe&ﬁﬁg}?%ﬁ@&b&t fit
peri od ¢haching inhemds ui)tdolmg,dﬁxmrag eptratobeorf mateeial. aMdS t Ridenhmalydre giplied

wor k orders to be fro en ar r confi r

Chosen BREISNE o7 i CORERGHOn I de i omehly RelARY B Spafiy, yarows Ms
orders, pRafesVR! def@ed iVBPpARINVRT k orders are schedul ed at this stage,

as these are not governed by the JP and Ms rules 124 and 128.
[00112]If bottleneck scheduling has not been chosen by the user
(5514), dul | e J he J d t
operatl\[/ ﬁ%@%ﬁ%& h(t)hp? or g*iow s%gl %?%%f gﬁ%nggfﬂgg-
fret hodo 9%51’213 agf:ﬁkfdﬁaﬁ Gf e batdasavis)ruleShH XS mmaluls m@pmeﬂmm orlgrs are
occurs as descri bed bel ow i'n conjunction with FJ GS teM%aW#vel

f1 ow shephedulsd dumanines. c Lhese paraeiers My bemsivsied @Eﬁ‘n}“&ﬁ eSHn ‘ait
ber t or niHiEAb Bufite fho e B BB P In JREMAE <5 BeACI0N0ME Rule Control
- FI G 21Trifgersinhdy foe campplecheatied, tot dugnso fer nhding afahdmhahﬂscxg‘yvaands tipes | to
not. Bgeé‘o%%éééq‘igéx?{ fon S §Porigh s Sy SRBE YRR s ors
shop, g&%@&:ﬂ sﬁﬂuMmZ *&Eﬁgoﬁ&g cf)e&hm&ﬁb {0 B@ Bnachin@@ Bds3l loh th@ Bmbi& of

ott ing is activated (5514), scheduling is
per f or nelthngewer dcqm;etl do tshieup dle Inapkiok asd ie dontreigthage” (8518 time on the
Bott | enecéﬂp& u occurs..as descr.i bed bel ow in conj unction with

FIG 1774 ﬁGR/BG&HP‘éWB GAES OB RBPRIP S e enpl oyed i n

‘bot t.| eneck scheduling

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

specified include:




[ 00114] Upon conpl etion of work order scheduling, the system 100

mani pul ates the three-di nensional nmachine tine |ine data structure
300 in the SDC 106 to fine-tune the generated schedul e and generates
t he schedul i ng out put (5520) as requested by the user. [00116]Duri ng
post-scheduling frme-tuning, any partially schedul ed work orders wll
be r enowedOvatappedb ok non-deertapped optratdnst-héndisdorgefevthdhet ofi md podeessing of

| ast operation rgoséq(‘jiat es .t he work %rder duelf dat glgvm | @ﬁ mar ked .as
late, and SRR QRORHEN APk SINeh PR YeEePReg Wilih e Jretating Bhe
will be deﬁc&&a&%ﬁmhﬁgw&k%&a&bgéﬁti&pat%bﬂﬂﬁ%ﬂ@éeh&@., the finalized
scheduling information i's read fromthe 3D machine tineline data
structure 300 and stored in the scheduling database 110. The stored
i nf or mati oWoils cansardspecifig pasmatiers euvglitcenfer sperifio scheddipgastrauetny efee to
user. CQutput may take the form of roducti.on schedul e, Gantt chart
i spat ohi M1 BRarRicR: (8 A apecrienolh BeWBPK Brae TOpk  EARALeY Bpapet
unassi gnedydrARetbBROE naxfhud Bufkt WOBK ke TREI tHE hitihest! ARWaBIR W{ﬂﬁ%v‘él {130
e

exenpl ary ‘production schedule 700 which may be generated by tr
syst em 10CGahdeiactarsmpdatedibétween cedssivepperatipas dBO > physicakliniaiéangionthe

system 100,is 4 hus _concluded. [00117] Turnin El e i gn. 800
oSt e 3P bR TRt TpE Rt e e o dat &k Bradired it &gl
shop nodelminsmiuhl Biffer 3toRBs (. O HGRinmBE VAP 180ecl888 ¢ Robiainkalned to avoid
applicable to both of the forward and backward schedulin

fref hodol oghsentimgtyebatweenshe| twhesugeseire BRerABRIARITHFIES 8&’018 searyagioppldhe
schedul in t &hassn i leCted L

schedul i ngaﬁieﬁ% ﬁbﬂ,g%ﬁg%?]geéﬁﬁe@gﬁ at ec’e)f hﬁﬁﬁgiﬁ ac c%ﬁnd%gét%%h’%h é&ﬁﬁg
forwar d sdedufienthenmbXiotm eeduetidd 1deixde sxpretved .in Vaits ofi hosisafessnofller

conpl etion of this scheduli task, illustrated iin FLGS., 9A o 9F,
o lrr}) bel g % UQHE’IéEOtHEﬁ g?]gatlpﬁ%, %8@5%%#%{1%&&&@]1%# B}?CI%H? 8hangeovers),
follows. HaRQkLEILRST.EL iHNiIROGiBeal Wik which Hrbdhibd Abts MavinB8Gallar part

ix
Initialization entails menory allocation of the IP data structures

(i.e. the identifiersraidk be comsidareth fasrbasshing)f iJobSsinsiantionyanshMachise Seclection

fl , ter d.the |i ip the Scheduli t .
[ 00316] PorTiuraie KRR BR seeffed Bor 7 cPROEHC R of mafiEs Wilin te
each wor k cegmt, efachin®3@htifies IDERVMSUSleycodislitigbed andihediklk. or der pool

is a set of work orders that is to be perforned at a particul ar work
center. The initial set of work order pools 910.is illustrated in

FIG gae [Focetoepequiingoiaria wosk pedees epftnnalysehedaling of @ rasculgr Waskeprder
schedul i ngy.i; It : : it , 900B, 900C and 900D is
associ at egu}vlv;ﬁ‘c't"Hggghgﬁﬁﬁf@?ggﬁg%ﬁgﬁ,ﬁﬁgg%nd D, respectively. Each
work center has at |east two machi nes, with each machi ne havi ng an
identifier Mkn, where x is the relevant operation and n is an

i Nt eger [0076] Wi ITurdige appFEG] 3t ed 3Thahachivek tintetigs duto|ssuhdA300,1 Bich is

910C, and 910D are associated with work centers 900A, 900 900C and
900D re@ﬁiggqilpqg!eipﬂw SDC 106 during a scheduling run, is ustratcﬁ. "[ghe 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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[ 00121] Creation of the work order pools 910 nmay entail duplication of
operations froma global work order list, with rel evant
center-specific scheduling paraneters being taken into account.

[ 00122] The work order pools are represented within a center-order
data structure gnot i [lustrated) which resides in the SDC 106. The
cent r e- dPQEG] dada can beisecndn FIG. 3;4kqi3l gnashinediraeling detayarugiusg 306 eomprises
orders to.be,schedul ad, thy. oyt 4t h . i ng : e Kis er:
data is 2or %11?1( i ?Fr%yﬂ%er{]ﬂ{}%g%? e}rﬁ. h@rs?n ogﬁngécﬁ?org a??a‘tlto-&?s()fvn@sn][@l&%e%t

for eachepheyektsod ek icagtbugteshith echvdules aligiebe bedtiedl EFachswatkess®er node
nunber, -current operation identifier, preceding operation identifjer,
succeedcAals arpeintein3§4dier imacaines’phinded dist, ovhiety aerupiey the sacend dingrasion of

Earl i S i TE .. , t i . g

senedur B PP HE e dpl 5P Fdolndde dh is il Soppgns o
ass ij_g ge ?m?b iaﬂﬂ;eivd&htcéﬁttﬁbprefﬁnwﬂfy thé @tgx;enfaﬁdﬂi detelr inkjﬁ. Esvhanidhix@ node
canal date at a gl ven wWor cente en.l | eration 1 s, .
255001 atERIl §pRRTIE 1POSF 06 dnecirthen Jimemss diakss dtbe |opFpics the third
met hOdohﬁﬂéﬁsﬂﬁdof)&l%rBﬁlnﬁicEﬁg 1ﬁr€eﬁﬁ9rd%tap§ﬁj&%]n\éﬂjdo€’ B&ttncde?n! {00linked List

candidate at a given work center when i1ts last operation 1s
associ araeseitsa tirhaperimk duringwldeh a pOHGE4] aativithés joregenformed edhearchina

further requir nt exists fo wor k ar der be a starting. .
candi daf@reHEARILY e Fachiitenair (T BeRapatnet ey Gnt erbgnI Rl in the
start i ngrsandhialifted hdQehRIPAIAHRRA Be NRIRLY oMRickeaS R e cMBlry in

and W3 at work center 900A and work orders W2 and W4 at work
cent er 8SiddMativecennbulimietits.e hie mofesGn B lagler disk dessribe thenstatys of thehesspciated

identifiers. Lt .will be. . . er of. starti

candi dabEsnas Sirifh Sise GRS LIPSt Rl RIS w b Bl A, the gt
Sone WOoHRn6datie idetdmmiuRdty ik atkdduledcwse it efachirR0 1R4dhNested fiddés doubly
starting candi date work orders _are prioritized (S808). Prioritization
i s per f bpkasddo fecildtats rayersa! efifbe datestatatyre 39B Rul es 124. Operation S808,
which is performed by the JP nodule 102 is illustrated in greater
detail as operation 1000 in FIG 10. [00127]In the present

enbodi nfMI77]t heBadR ot a2 ‘diveelbieT linked lish 366 ténteigs Vanmis imfoenatiahg.g. in the

Rl b | Thath SR Tegerding T o o i SPRURRY SIS RS R i oo
the assSTHEHMEA inBhndd mbdhiib ;%taﬁis:(ﬁl%b oferr@td G doGe @ﬁh), kek ﬁxﬁe,tegﬂ MR, ki

order pool. The hierarchy is illustrated in FIG 11. It wll be

appr eci effieigneh fecton candnrindbe event ticepraeessing pf aspartedar opermiion heg hegn
just an_ex - the,a ier '
R e L R e o e T
[ 60128] woraadiche Giaeninferntatién, shih as shiff d:eteamt iddRtiftans, andiasisbderstored in a

assigned to each |evel
timeline node.

[0078] The machine status field is a code, consisting of one or more component ASCII
characters in the present embodiment, wherein each 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 stafuses 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

cxample,the following node types may be used:

EE T




of the three-level JP rule hierarchy: Earliest Due Date (EDD) has
been assigned to level 1, Shortest Processing Tine (SPT) to |evel 2,
and Sane Fam |y Code As Preceding Job to level 3. The EDD rule is
fixed as the primary JP Rule (i.e. it is "hard-wired"); the secondary
and tertiary JP Rul es have been configured by the user.

[00129] Referring to FIG 10, initially each starting candi date work
or der rit G i to the primary JP rule (S1002). In the
pr esent S[gﬂg ﬁ%‘a“t‘ﬁ%ﬁ%‘\d ySJP rule is the EDD rule. Application
of the EDD rule Wi anyopelatibvefo ahgshthdg et hodol ogy of forward
scheduling entails ranking the starting candi date work orders within
t he pool based on ‘@ascemnhirhgrdeasdhiedsled Srarecufiome (EST). The Earl i est
Start Time for a work order represents the earliest tinme at which the
execution of the work SPHMEOVIMogin at a particul ar work center in
order to neet the speci "%u& Thus, candi date work
orders with earli e? s#drﬁﬁfd%gé‘ﬁé%ﬁ ranied ahead of candi date
wor k orders w th I‘gter nbiohsailabilithodglachidependi ng upon the rule
~control trigger used in connection with the EST JP Rule and the
characteristics of subsequent JP rules, it is actually possible for a
candi da Kk EST to be ranked ahead of a work

or der %ﬂg] eg!rj éxc‘ﬂ g’? ﬁ"h@m"r be appreciated). [00130]1f the
backward schedul i rtgl rretl’(vaubﬂeﬁigy had been operative, the work orders
yvoul d have been ranked based on descending Latest Start Tine (LSD.
The Latest Start TPhe PWG%UW%HWGW represents the latest tine at
whi ch the executi 0. of P&a[‘]'ﬁ‘ q{nger may begin at a particular work
center in order to nee e spec’ I'ed due date. Thus, candi date work
orders with the | av@sr kiahsalvwidpistrganeblatt yutpe ranked ahead of

candi date work orders wrth earlier LSTs (although, dependi ng upon the
rule control trigger usSkHdewn ipeke®dt) on with the LST JP rule and the
presence of subseggent sible for a candi date work
order with an earﬁ?er E@@gkﬁéwﬂam c}aﬁ);ad of a work order with a
llater LST). [00131Bi:t ipHotahefd hrbaahalcesipuhedtibloclobut) ST i s perfor med
even when the forward scheduling nethodol ogy is operative, and EST
even when the backMar d a8t a@eUPIPHEoWEVBRdol ogy is operative. This is
because both EST and LST may be used by the M5 Mbdul e 104. For ot her
JP Rules, other netrics (e.g. Slack Tine or Total Operation Renai ning

Ti me) mi808H coApuddedmaf (Iﬁﬂ:%ax;tmpkenhmreeaﬁﬁichim statqsubﬁdrnpbrcmrhia'ningr BOnN-
oeratron of. a rk or vy d ased ont e t e of
Che ant PPt ROt e r itk by, THRRPBE det Ao Be o et gk s Epyftive
t he opekRiAteRSico hreltith MREdul] &i&mg thE arhié ARSipkribd FR thdreRSMEARCHIRS

.operations and the maxi mum buffer stock in between the operations. In
the JP nmodul'e, the processing ti rre of each operation is cal cul ated

based o K [ i

mul tipl r%%y t %e %érg?lglﬁe%ﬁ[}h er o @%F@% %t%’aﬁr? &létfa&rfntﬁ'wgmh
per ti mehelmhcHinAdtatiSedhtaiialin)the AedaTROblihe assi gnment |s performed at
this stage. Qther parameters, which are related to the operational
constraints of the current production environment such as transit
time an fer r H%”?rhfer

center- g%ecr fi c se 1eh€9’?£c? rei%oat?h}girﬁ%g‘g lb}gq?(ﬁéatpﬁ pa?ae%ﬁe}tﬂer %g{é
The res uésbatatedﬁﬁabhm‘d uféha eff’mmmparfm:lowntah helpetosmareaset theeacotrathef the final

hedul i h
R R A R R S S R R e L R T M S
user Wi ll, haus cbﬂaue,gtﬂg%aéucﬁsﬁ bFR btmghat& #e csatctlat 1ihd ra%byetebtennmg
a op € scC _

(this is a configur tronint edul I’ gsystemIO
[ 00133] bfa pliet/thiaktonat theswdvhthe! i ng et hodol ogy -wer e -oper at i ve i nst ead
of forvvard schedul i ng such that corrput ati on of an |n| ti aI LST vaI ue .




granularity of the different priority rankings), is, the "Due Date
Range (M ns/No. of Jobs)" JP Rule Control Trigger (code "RCS1"). This
trigger is enployed to distinguish work orders by EDD priority in
51002. [00136] Fol | owi ng application of the first |evel EDD JP rule

and associated RCS1 JP Rule control trigger, lot batching is

per f or mi8084h 00lf)a wprk owlst isneifhgr isehegyl SHEFULIOP ¥ e CurpFty L cHpgyted
be sel ect j.vel y en s I

or dor s G 3 vRAARE Hind bebd BE, or 7, RBUERATGeF pOBRPRE il i b
pr ocessirft@rded ihthe aodesttichurg Jypicahaddiffiondllian ncluesowdskr srdar eumber, part
bat ched, work orders within the sane, batch ,are treated as a uni
during jnombss red pymylativedame pinepiarden neleapiag sixtueusgd andgerjoridentifisty ¢ o
any two starting candidate work orders following prioritization is
the sane, i.e. their first level ranking has resulted in a "tie"
(S1008) Joe®8SB] i fInaoviernitvnespekrationl ofohe Jehdduling shsiem HdOns goeentd ednianily by

JP Rul es hierarchy (S101Q0), the "tjed" %orders re prioritized.b
t he nextWe &§arco lggrpb%gﬂpggnq: ns @11mge‘?18¥\@ b(%’i?@ﬁ)f.ﬂ’“i' %P)ia?drséé%g‘ﬁlgé
until ei M'ddg%&@,a{aebp Hiafegyl have been assigned a uni que
priorit;ﬁe?glqgﬁir%g(or untiT no f’ur?%er Iegels of JP Rules exist in the
JP Rul es hierarchy. [00137] Referencing FIGS. 8 and 9B, in the present

exanpl e Wor rder i s, det.er m ned have t he hi ghest ,priorit
Caann < 101G Bece Vi 6 500 (ofiap ol R BechDfughed Vil 6 ' Bhbd
,621]' ier Ecﬂeﬁﬁﬁhﬁhkﬁﬁﬂﬂﬁ%&&kt dria SIS etaiesallyéreatbd Ghesdch PRbRT denfer. A
F king for work order is indicated within the job pool 910A

(FI G 9Bjprkrder apolds reri efworkorjlers that inge ke perferaredgtiopapiewsr work w&nies
the hi gg‘gxﬁég ﬁ%lp?%'eﬁtyscﬁ@dﬁ%%ng %&ﬁ#@pqs e@%ﬁgto?&ier(vﬁﬁ]t@incl ?%f]{jﬁ% '&l)flp&ﬁgg%ool

unneces e present-exa manner 1 n t1es may
br oken hssociapidividi h gartiehlat kerk Rerltert ehew the Werksedienthchuds i ogbratéonewih

of the hierarchy is shown in FIG 11. In rtjcular, three sets 1102
1104 an¥hachothectork; qegipr ingssechicder °5§X%tﬁgﬁn 41 oWng%rd?fﬁe"Oé‘&q‘r%mg a “wiré

priorit ﬁo%cgg%’; i gaéib??ﬁlg AGE BT @b DY ordd® GEHSH 1 SHFORchdiR 8ok Reftet. €

has been hortest Processing Tine" Rule), each of the
three sets of "tied" work orders 1102, 1104 and 1106 is subjected to

- further j@Qritization using the second |evel, JP e W.ih the.

assoct alBHTD Ao St M et et PS4 D i Cifides o
code RG@Rich hidhneSitleefasiSvill Be ARl Tastd NinGlie f@fvaed bditiedalidgomadeiea afork
t he previousIY tied work orders. wever, three further sets 1110,

1112 angrden will be deenpas staging condidats Tenessigament tora Barfipplag wachipeat a given

priorit ' ir 1P ifie
(the » SheBC RS RneE3REHSCoolll 8 o s il Aoqdlofec 0 PR R B L COther
séts of factoredxisvwhichototdt affdck Wohethcrl@ aotda Witk drderswil betdeemed a starting
further prjoritization using the thjird.level J l e, which |acks a
speci f i €ndElatce SIBIRIPM Y esP %lf@?mﬁxliyp%ﬁ?aaﬁ%éy E“%J‘FSE_"FH?%E& of e freflnt
tie-br e&#éé&@w@tﬁ%ﬂgtbe%&%%&@&ﬁ i SR8 SEHNAHWALG: RSt bARIdAR bhénly
wor k or 't wll b Kk

still tre ers. e appreciated that the Tirst wor

or der ofnecwotk eentdx, lmyaivenall worlo brdeecwilb ael hapessanily hengarding Icaedidatesat the
ithin it |, for.th t at ed i ly. .[00140],. A
B S0 besunRBH S (it Rt S e PEY PR AP E SBPTERY 9 Lot ik

be assignegsyto each work order, no further prioritization will be

performed and the prioritized list will be the priority sequence for
each work order in the work order pools. It is thus possible for nore

than Onﬁ)o%%?rt "[@1% s%z{irﬁlgé %e?ﬁfde}@@sr &138 ruql%{rergto%og)ﬂrfotritﬁgtﬁon\ﬁ%ﬁ%r&fydﬁl% RP 8}' JP
rules currently specified by the user are applied to assign a priority ranking to each
candidate. Notably this job prioritization does not take into consideration the availability or .

 suitability of machmes for completing & given work order operation. - <
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[ 00141] Thereafter, an attenpt is nade to schedul e the hi ghest
priority starting candidate work order to a specific machine (5814).
Machi ne selection is perforned by the M5 Modul e 104 as described in
greater detail below [00142]Followi ng the attenpt at nachine

sel ection, the machine selection result is conmunicated to the JP
Modul e 102 and recorded (5815) within the center-work order data

"na cat dORREF oA HERH nggé@ﬁégﬁﬁﬁﬁg“’e%f&k@b%? (FeBicog Pl wah it
i denti i @6 ani APt isAS1 0 8dsigh ghé@ (10t cﬁﬂﬂaﬁbﬂ%ﬂeﬁﬂ% rhhdHine at

(AET) for the work order are recor -If schedul i ng wa
successfth¢ ok eemasqu whith ¢has rvearls rordenda it ighest pnsrldecmdmdaﬁ@dwhmhtm this

hedul t f.ul 88 6 h
by the. (igh bigy Pl 361 SEFE R atronath Aty P, RARE BBk et it
whi ch i ReleEbES Thad aRasped 'a@ﬂﬁrﬁn@ﬂt #WOofekerRUNRN as\Ghavidhe %E!Iéﬁﬁé‘zﬁ’f b, Iniore

schedul ed for ‘execution ‘at machi ne MAI of work center 900A
Successfagtursielye au (‘atipgpied maehine selectivnd ma snesassdil amgnmgnfalowmad@m@m@n

S e TSR, AT O Pl o

starti ngs Gastdsidat eofnall laveilabds madhihesides perorhicg the\desiteds up@e&@h ng\/IS is

operation OpC to the ust - schedul ed operation OpA (5820).

Accor di Bg¥§med\py the ér“‘-\?\Ol is deened to be a candidate for machine
5%60“ on at the work center associated with the succeedi ng operation

?’e 24). This is indicated by the underlining of the identifier "W 1"
in wor k [@0RMr p&ﬁoﬁacﬁﬂrﬁ&eld&ﬂbm it hacessfin kthe rdghesd/fonty candidetegeorkaorder is

di dat flected b fact that i
Caont | { Aol e s Sblat bR anactimge RRnbbes I ehcseabiol” Nogt Famipn foy ALt
backwar st BEsH dsEths{i&i fad ols eyt m%tiaﬁe{ff RBRKRIS). vwmﬁtleﬁ{azﬁaﬁgm cdrf¥date

forward schedullng nmet hodol ogy, hi ghest priority work order woul d
have beée dbighest prioriiy’ aN@kndﬂddatVéﬂf oe longai pesesseribic thicotheahighhe pdoricy
center gﬁuﬁf'gtEd with the preceding (rather than succeedi ng)
operation in 8824. [00146] Subsequently, the candidates at the work
center associated with the succeeding operation (i.e. work center

900C in present exanple) are prioritjz In th| S se, only work

~order v@ioau adsPgrkine selpstios is ppsicgessfyl, the %{ahsstmoy%ﬁ%@ﬂ% orglgyrig
t t f

cent er “ﬁ)éxﬁeagi"?% {100 WP ok Cﬁob? dgtﬂie%S@ ddie! Rchis &@nﬂﬁhggg A)rodlg:t

previ ous conput r starting at work centers
900B i s aqseclﬁtad veth a werkt drdgr @:mouheohw@aduredi if snomemfttwwbﬁad)rdelbebmﬁmns

WOL at work ene 9 CIS |or|t|z s E ut ed

based offPHbbRELPHHE 25 e inor: “paite- SRl ab s SRR A, oo

at; wor koﬁﬁf‘fy&ﬂs §60Ap thO NABLR hadhidd @phéityol 6thkd wafld tledt Wor k cent re
960C al | work cent ers are canvassed in a-search for the work centre

havi ng the hi ghest priority candidate work order (S826). The

o B R SR e S AL g
priori t and @beduliipeftsate bying heeapted fostvernitération, ¥ajil ed&lﬁ#ork&iﬂd@ﬂaa@@i%r

is therefore selected in 5812.
had machines seclected for all of 1ts operations or has been deleted from all work order pools

i

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 in two
* respects. First, starting ¢andidéte work orders at a given work center will be those work

R L 'q‘rder's, whose last o;igration (rather than first operation) are associated with that work center.
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[ 00148] Operation continues with a successful scheduling of operation
OpB of work order W4 at machine MB2 of work center 900B (S814, 8815,
S816) and with the correspondi ng deem ng of work order W4 as a
candi date for scheduling at work center 900D (indicated by the
under | i ni ng of W4 in FIG 9D). [00149] Following prioritization at
work ¢ YOl al

priori {f/coc ahlzpogl%tuéégvg@r Ié’lam%éggéﬁﬁﬁ,&ccordélﬁ r?glfltgy fbgc ed %ﬁ}atr[] %rﬁ@ b%?%at
oper at iyafk Oder aillvibs Kearnétbto W81 candiddte fint melckfiBs selectBB 4t tleswax)k center
However, in this case, nachine sgl ection was not succes fulgé kff)
as_shoatosiatert with gpiBgeriwely PFerSTgIPGHFUoR: RASE RIS B0 beiiop T one
"W1- Oggts}n dotted outline. Possible reasons for failed nmachine

sel ect FOR1'nclude a | ack of avail abl e machi nes havi ng fixtures or
tooling necessary to orrpl ete the operation or a | ack of operat ors.

A di , th d df
(551) [0 s Rom opgrodsy Tt HERety PIEEU BromHEc) Bofit RPGMeL cast
from egg pf]BI QLK h%(/gﬁ{e §59194 Speidiitds iR WCsARE s@iteRke {ﬂih Dptiéndl @RBping of

because |n| shed duct ‘associated with work order WOL cannot be
manuf assmie egerafiorso e ’dm‘, cashe1f\mer forendexchedubips meathestedogydian beerpehosen, then

schedul ed. te that, thj ults in the canc el l t|on

previ oli%F %h%ﬁ%(i‘{ﬂ éﬂ‘eéb@a Zsilﬁ CERIRT g’? Ve Y %fer NHE £ rgI(%imh{r%ac FRTE, &R
[ 00150} E4RI wih AL ER: WpoleliBR hnd Mlithe RARS il Lon@NdssHBARK With uhe Bt
in the scheduling of operation A of work order WD3 at nmachi ne MA2

. of wor hpcreh@mrlf@@mlz\f%(ﬂils@edghl)lg isighpserdngtesd, Saecorderis teTsednai ni ng
unschedul ed work order operations are scheduled (FIG 9G . QOperation
800 is thus concluded. [00151] As noted, the conputation of EST for
oper at i[@&5]s UcsRadhieely,hig the rittlapel athadnlmg naodebrik chosdey adistf-ilestified

f th t at f EST. the f 1 | t
case, | DrilensK epspemr orbaieiad S prmanamng e Juflbend ! rhs Holgpck
the pr g%ﬂ&%ﬂéﬁ Mflcﬂee%%ﬁﬂec? pe["h%t WOk oldBrsPaE tth@rij b3Alt, intdBvd=@roups. The first

conputation utilizes t Actual End Tinme of the pre'viously schedul ed
oper at igeoup( érotipessen s@rkvraiess wbe:bdlawe dovwaalinest operaensy (lappisgations whieh

Wher o GuRiD T Ene A IEPRYRER ohaBRlR I toabI SRR At dBedrd bt inE AR
;h 3/0 ? IC<) fﬁg%’ﬁé Z{rﬂ&f\ 61‘8?-15 g%&aﬂfon@ ApEa¢dno s the borlthadk bpeatiast Thpdirsit gronp o4

is noted that conputat of t EST fo
oper at |sohﬂ;du?de@ea§liqfswtfﬂ’é0wm8§he @Be%%&%%ﬁ %J%ch?cgﬁpgmhogology,
co t N, of f r n
oo oP U g R SRR, PRSESA e RO Bpi ot o
(for V\/ai‘tﬂcmarﬂaeﬂmﬁahdg memunmomgyk Tirecieb shompuwdsi qngthe @pmhop@ei%i/ spgrptied

or non- overlapped i.0 re |ve

pr oduct3s GRPIORTE et}Bt e@l’lﬁ“& %ﬂ"&gﬁ‘ﬁé‘bﬁ S“'SB% 8 ﬁ’subas }ﬂge e gidte
by Ope&%xk%‘&’érs &PHS Eélﬁﬂﬁl%& 2R NRRE rdifeMehfs OTith® @@ﬁzatpr@uucaad ehvisonment
succeedi ng or precedi ng operation, such as the all owabl e maxi nrum and
m ni murdubing fimplestentalion. t he transit time between the two adj acent
operations, and the processing tinme at the current operation. This is
described in greater detail below associated with the work order,
begi nnl[ousslrt h OpBfatibh oS the prEé@itieaibodittentas Khngatelirin FIGS: 4 to B, 12451228,
operation he Conputation of the EST and LST for a given QOperation,
+1 is baddd todbt he assigned start time or assigned end tine of the
previ ous QOperation, dependi ng upon whether the operations in the work
order are overl apped or non-overl apped. [00154] When operations are
non- ovegobepped FiGhe illeduatds\e setagrbttidertb etdeese0Q tebe scheduled, namely work

orders WO1, W02, W03, and WO4. Each work order is defined by a unique set of

operations to be performed in a particular sequence. For example, work order WOI is

defined by three operations, OpA, OpC and OpD, which are to be performed in that
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production rates of the two adjacent operations does not affect the
EST or LST, as the succeeding operation can only comrence 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; .1.1 is based on the assigned end time of the preceding
Oper at | aegyens in bides to edmgleterthd-werk dleanThe rerhdigingokdrbvirdgs asuddfined by
(EST)t" = AETt + TT, + MES/(2) (71ST)t+i = AET{ + TT, + MaBSt (.3
Where:  (FEEatent sets elpneraliops & differept feavbaies Odwcatdingy, 1t il @S‘P)’Piﬁfﬂ,azed that
Lat est ; | d | ' |

Cper at | ané idp, ghofzch iR Hiétel Buld e Spilcd Aok BARANERE L ok yders for
Oper at i axpcutibnMiBSich wWdrkiorden ladf the rsait apkratiohsvire theGuareabiden ;thd Bow shop

Qperation; +, MaBsSt: xi mum Buf fer Stock between Qperation; to
Qper ati%@ﬂ%%@%ﬂﬁf%%%ﬁﬁ - for overlapped operations, a partial

transfer of the work order to the succeeding operation is permtted,

It Is not necessary to wait for the entire lot to conplete the
current [0p88ht i Brshould bruohdersteed that Hbe dduspration iofrwak eidersBSTFIGnd {sShor

e S0 el B O R
over | apREAtaRPQr dric® FORMErhiafbs - bedyohd 0k IRACS e Fpcpflivhb] O Wil Sl be

the previous operation, is greater than the production rate for

cur r ent apperiatadhatthe pughereolavgrk ardess ayadrpien sciesiuling dask and dhemymber of
e T el 48 O R R G
Assigned Start Tine for Operation;
[0089] Referring to FIG. 5, operation 500 of the scheduling system 100 for scheduling
- work orders is illustrated. Operation 500 is executed once per scheduling run, and is
equally applicable to all scheduling models and scheduling methodologies. Operation 500
is triggered by a use of the scheduling system 100.

f0_01 00] Initially, scheduling model definitions and boundary conditions are retrieved.
This information originates from a user or other source external to the 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 (8504). 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
» 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 globat gbnﬁgu;gﬁor; options and ﬂégs- for optxonal features and constraints (e.g: toqling )

" and fixture, material, operator constraints and the like, a5 will be described) are retrieved



Transit Tinme from previous Qperation; to current Qperation; + 1

M /131: M ninum Buffer Stock between Operation; to Operati onm MaBSI:
Maxi mum Buf fer Stock between Operation; to Operationm URTi: Unit Run
Time for Operation; [00157] For clarity, it is noted that URTi
represents the tinme required to conplete processing of only a single
unit of ea Workkcedteiahd raschimpoiivis ate sompl withingthe SBIT RO6 (therpresentsystem
whole (i.e. conpleting a single unit rather than the entjre |ot)

[ 00158] Wheprovides theawercvitl Hiertmtlénsf vapmgdhe prpher oy sfastiven work cetergapd

than the c t « he

pr oduct 1 ortipifiy BB diften schedlibg Rl i AR BEGNRpORS, |
order t@ ai‘é&ié?}alddﬁﬁévhiﬂeﬂuadlﬂ%prcfdréﬂwmb’d for @eichik Wditbloedlbﬁiaming)
operation. This is captured by the follow ng equations: (EST)1+ =
AST, + Tri + MBS, + OPT + URZ(6) (LST)i.,./ =ASTi + Tri + MaBS, + OPT

+ URTi ([oopyre:  GESH ﬁént@arthd gatée-ShhtiomalMadtine Garr fid ama strhcture 300
(LST)m Latest Start eration; + ; ASTi: Assigned Start

Ti me f olFIGpeD ds ir@nahzed in fherSEﬁ Opi ritraligation ofthe 3D pyeliae g linedata

current t] S r
o Cpor ATRR RRS £V ol The th P P LR S R R sl B rieh s
Oper at i arasWllews:Unit Run Tine for Operation; OPT: Processing Tine; -
Processing Ti nem [ 00159] For both the overl apped operati ons scenari os
(i.e. Cases A and B), when the processing time (PTOis less than the
513 cifi I mu f t e
M B, ) OO0, 21 CLRY el R e LUE RS R Rich R is oRRRTTAL SAR it and
be subsend timechflike ﬁiﬁe ImEhaLrs dstesmiaed by dousdiedidpizetimopenod; ibsopefsied te on

{ gf,\,e I:g?h %r(l?h;&rl "l[“l @ggﬁ ﬁgr 0% tﬁ\gng{s):f éé) ré%}e rgu@u A0 Yrdef ohfte the

WOTS will cause scheduimg to fail. For example in FIG. 6, the machine time line spans

time 200 to time 1000 indicating the scheduling horizon is from time 200 to time 1000. The

node is marked with a machine available status (‘a’).

[00104] (B) Operator shift information, which may be defined to the machine level
in the production calendar, is built into the time line. For example, two shift nodes in the
time line, namely, shift 1 from time 200 to time 500 and shift 2 from time 500 to 1000, may
be defined as shown in FIG. 6.

[0b1 05] (C) Meal blocks defined in each shift are introduced into the time line. As it
can be seen in the example of FIG. 6, the number of meal blocks within each shift can vary

according to the actual operating environment, as may be defined in the calendar defmition.

[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 any

assignment of work orders during those time periods.

[60107] (5) Finally, the dispatching list from the previous s'chedulljng”nm is chacﬁ_kecf :

| to Jocate any work orders which. were running af the end of the pl.'é,Yiﬁo_l_,ls gthéuﬁ'ng; tifme\
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time required to process an entire work order (as opposed to just one
unit of the lot) at the previous operation. O course, if the
production rate of the previous operation is the sane as the
production rate for the current operation, either equation (4) or (6)
may be used since equation (6) is the sanme as_equation (4) when apT

i s equalperiodz Kusningopar8 Grdass whichberrk nat Gniskdedrmingibe prsvioyd sthsgyling tige

cal cul atii on,of..+EST .and T for. a.work order.is. sim.lar .t T
comput at}:regﬂdgspilngcl?ﬁal.eh%fst!tﬁnpﬁghefc I trS ﬁ%df: h@ﬁﬁ?@rﬁge%r?%‘t %8‘%1%%8%@{16 tume
except tlfiatis backvrirdlglextendabié Gle. bRghdabibiel bepiestal tad Sartiécthiu e siae of the
reversed: rather than beginning-wth the first operation and working
t hr ough seheduliag hagzor se pato eeilitataimplusigniod theptmticsmnaing wagk ogdes time pariod

t he | ast Lon of the wo r I St
oper at: ot dnd Calhg 115} (Y RLOEe 90 PHRES Spl Be 3B S by b, he
Oper at i GBheduing da@blaser 10 hThasdgmess atstiatdd with #funinhg loLare anfollows:
Qperation; +1, with the details of the conputati on being dependi ng

upon whether the operations gprthgmymrierorder jare overl apgﬁd or
non-over |l apped. [00161] I n thercage+af +/PRRPIer | apped oper at/i ons, the
rel ative Rpggiktude between the production rates of the two adjacent

operations does_pot fect t foromulation of the EST and LST, as the
precedi ng oper &1 on i\rﬁﬁgﬂ??{%%m%%hpon the conpl etion of the
entire work or dgp7 guaRénhdiying prdcbsinputithe of the pemrdig 0in b eweanpidiepdriod.
ofythe EST and Jgﬁgf the precedi ng (aoerat.i OF; I s based on the
ducceedi ng cur ridrit: &3@%&1‘? ssing timg Of ey yeqipgidty in FIG 14

[00162] In the b@pkwr&ct@ﬂw&ﬁ@mﬂetﬁumﬁiﬁaycthas)go@vtﬁfdugnped case,
the EST and LST are conpufed as, shown in_the follow n quat i ons: ..

(EST), = ASTi +SQ: TT Syste andrtyme, dyorp ppgh the aggtgnment of epprent sohediding
PT, (9) Were: (ES?), rufegtitsest Start Tinme for Operation; (IST);:
Latest Start Ti,ne for C@eration; ASTiti: Assigned Start Tine for

Oper ati on; 44 TP%: Tr afdf8™Fne from current Operation: + to preceding
Qper ati on; B: Block out time.

[00108] Following the initialization of the 3D machine timeline data structure, JP
Rules 124, JP Rule Control Triggers 126, MS Rules 128 and MS Rule Control Triggers 130

and center-specific parameters are retrieved from the scheduling database (S508).

[00109] Thereafter, work order information is retrieved (S510). Work order
information may include, for each work order: work order number, part identifier of the part
being processed in the work order, quantity (i.e. lot size, that is, number of units being
processed in the work order), release date, and due date. At the operation level, additional
ﬁttxibutes 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 ord’ér tree structure™is established in the S.‘chedul_ing. Data.

Cache 106, and the assignment of “frozen work orderS” is carried out (8512). A work order B
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M BS,: M ninmum Buffer Stock between Operation; to Operation-1-1.

MaBSi : Maxi num Buf fer Stock between Operation; to Operation;+;, P7';
:Processing Tinme at Qperation; [00163]In contrast, when the
operations have been specified by the user to be overl apped, EST and
LST are conputed as illustrated in FIGS. 15A and 15B. [00164] The
equat i onefisra ghivplitiata gtrleSreaticit E&Temiﬁoﬂmpiendeg&rdbxg gdvht Werk pider to be

production rate. of the current e i onr.u | ess, t t
Phan  hehdsfdcncbinigibe B s et eBEF 4 Son of 1F BTERPInGl 1t e
product igp et &y fof:tlahew&l&rcfr&é}tda@ﬁéﬁt\hlﬁ@h the JPSarsd! Mﬂ%o&d%”ldz%d 104 will

producti on rate previ ous eration, ("Case A"), the equations
for the reiabwhwesw whork beleERTated dala&iﬁmlgeopa@tlbm | dwifrogeES Hqrk ordeS s a
F+1

her e: | (legkpRler Bl 1§Q¥1g’§i‘é?‘§ﬂlb§%%aP&IFICEH&EF’QFI?%?]&“'(“E%%‘,%H fige agtiod The

Start T'séﬁ‘edtlﬁﬁg SREIA O(PRrieves the work order tree information from a database table in the
scheduling database 110. The work orders are linked to create a work order tree through the

predecessor and successor relationships as defined by the sequence of their operations The
release date for each work order is computed at the operation level and ruh rates are

retrieved.

Sy
.

[00111] A number of operational issues in a production environment may cause a
work order to be frozen. One of these issues is a desire to maintain continuity and minimize
interruptions between the preceding schedule and the current schedule (i.e. the schedule
. resulting from the current scheduling run). The duration of the time period during which
work orders are to be frozen and the number of work orders to be frozen are user
configurable and are generally chosen based on the target production environment. Frozen
wprk orders, as well as running work orders are scheduled at this stage, as these are not

governed by the JP and MS rules 124 and 128.

[00112] If bottleneck scheduling has not been chosen by the user (S514), scheduling
is performed by the JP Module 102 according to the operative scheduling model 120 (job
shop or flow shop) and scheduling methodology 122 (forward or b;ckward) (S516). Job
shop scheduling occurs as 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, backwa;d job shop, forward flow shop, and backward flow
. shop. ..




ASTi .ft Assigned Start Time for Operation;+, 77; :Transit Time from
precedi ng Operation; to current Operation,1 MBSi: M ninum Buffer

St ock between Operation; to Operati onm MaBSE : Maxi mnum Buf fer Stock
bet ween Operation; to Qperation;+, URT; : Unit Run Tinme for
Qperation; [00166] When the production rate of the current Operationm
is fast 00118 t haf onthe dthertrond detitthgneclpanhadilon is @ttBadel 85)4), s¢heduling is
difference in the oduction rates i ctored. i t ST nd LST.
Comput aPeaATe GeaBig B Hroper ek shrscifing ol (Rethor fodrie Shedioe
precedi G st W & téﬁ%h FIG, 'f‘ﬁTBbﬁm ftﬁJJPM&ﬁm ARl MS
URT: (12)%‘(%% §e€s_ﬂ%§1ﬁm th cofnotips (13) “Where:

| 7: Tr aandlﬂ'em;isfreenq:huyeéﬁdbatger@ksdtedmlmg to current Operatlon +:

M BS,: Mninum Buffer Stock between Operation; to Qperation; + MBBSI
Maxi mum Buf fer Stock between Operation; to Operation;+; URTIi : Unit

Run Ti 4]0per 3 elion BT QFoER Dt 9 sdile@Bling, the %@?ﬁ'l(]@n?dni%ﬁ th
[00167]”256?{1 ]t he ?%b%?%lgsjclﬁgdul I ng nmet ﬁodol ogg ardl ess aes e

whet her tiithe-dimandiooali maching dmef linedats simeinte E@ibnlattheogﬁﬂ 186 tta;fmeﬁlm the

sl ower than t th reced ati the Q

Cirer (Bl g e bR EC L8 SR B P o Al A B G B9 Bl Vet
Qperation, to Operation,+; (MBS,), the value of the MBS, in the EST
and EST forrrul ae should be substituted by PE. This scenario could

happen @K &]he pD@uugppﬁirsr:h%ﬁ@ngéineﬂwn&tmrpamaélywbedwqgh%ﬁk qriers will

"gg}refaf ,r ggr %l&)y g %8%0 J‘B%Nwh,gg%illg ggﬁ%; gh‘P 9‘1&19 of 2 1adtOoperation post-

dates thc work order due date will be marked as late, and a:ny finished and wnfinished

inventories for unassigned jobs will be deallocated.

[00116] Prior to output generation, the finalized scheduling information is read from
the 3D machine timeline data structure 300 and stored in the scheduling database 110. The
stored information is used to generate output of the form requested by the user. Output may
take the form of a production schedule, Gantt chart, dispatching list, fixture usage report,
work order cycle time report, uﬁassigned job report, or daily/weekly machine utilization
report. An exemplary production schedule 700 which may be generated by the system 100
is illustrated in FIG. 7. Operation 500 of the scheduling system 100 is thus concluded.

[00117] Turning to FIG. 8, operation 800 of the JP Module 102 for scheduling work
orders according to the job shop medel is illustrated. Although operation 800 is equally
applicable 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 |

IR i oL ST

description which follows.

_ .'.21'._. '



wor k orders according to the flow shop nodel is illustrated.
Operation 1600 is executed once per scheduling run and is applicable
for either of the forward or backward schedul i ng net hodol ogi es.

[ 00169] As wi || be appreciated, the Job Prioritization procedure for
the flow shop nodel is |ess conplex than the Job Prioritization .
pr oceduf@011t8] t he QpetatiohoB0thdhegins dwisht initiflizatione t(S8®At dadtieligefion eptgdy

to b hedul ed, in.a f | schedulj ng task il
oper at | GHETH disRtichat 38k, I8 B ChEpRR Sy Bk GG bR, Rl oAt
[00170] %H&h&ﬁog 82 RS), Fabs, phemertd ahd aiRailatin te RSB T-itdedrbose,

operation 1600 begins'wth initialization and nmenory allocation of JP
data structure, flags, paraneters, and the like in the Scheduling

0t Cag i (AR Bhioh s AR Y A P

. model , (@045, | As BReViRRE e, ahwdiRror8érasdol iga satndi warkestdas thads tobe

in the job Shop nodel given that each work order starts vm'th,tae sang
oper at i performedtas adartigukar verk senter e Fag ingind seiraf wosk atrler @goln @R ix Epplegte
by V\Dl‘k-Cfi;%%r, starting fromthe work center associated with the
first obré ‘i'on and ending at the work center associated with the

| ast operation (assum ng the forward schedul i ng net hodol ogy is
operative; if backward schedulipg is operative, the order.is . .
rever sel§0123W0172F Koo dlirgrajes 1oRe sk el d@hn WhicRsBefuide de dssiesd
ony t he [ is AREiAtd with alsHl\HefatRhIBS, C
ht7 the gké‘@gg’%’rgd‘k\%};&?%b@ghgt@?’gggc%%g@?%fszed (S1610) . g%bw RS
pri orit hadDi mepéchivelyy Eaclc soputantardias of leESTwandchis®, With esel magking having

order, wth the utation.of EST and LST .again being different fo0

the fi r%/‘E%%GBMt Vhfreor indhs, f%BYa&lgoﬁpﬁﬁﬁ‘mg il b "’?‘h&l"?géaﬁa%i‘%%l be
oper at i giisrecigSd @88 GdrR 2R RRYR I10A2930B] S0 AnWidt bDtde ajsbiatddopith work
nodel . ack Time and Tot al eration Time Remai ning may be conput ed,
e.g., i pent¢re 9084008, 200€ rad 9601 taspectivelyal | est Sl ack Tine Avail able',

or 'Largest Total Operation Tinme Renmining' are operative.
[00173] Thereafter, the M5 Module 104 is invoked in an attenpt to
- schedul ppot2a]hi ghesdatiphi ioBrthé woviooideppdels F10r muyh enthil shipticatidongf’ drmsations

yet been attempted (S1612), Machi ne sel ection | rf.armed by the NS
Modul e Trom aglehal syork oader fish, with éﬁlewtéept%-éwﬁsﬁc g@ﬁﬁ@e&%ﬁfﬁ%ﬁtﬂs being
at t enpt .3k L el ection, the machine selection result is .
comuni E:agt'neg@?%&{aﬁ%éJP Modul e 102 and recorded (51614) within the

center-work order data structure (not shown).
[00122] The work order pools are represented within a center-order data structure

(not illustrated) which resides in the SDC 106. The centre-order data structure is used to
store data regarding the work orders to be scheduled throughout the scheduling run. The

work order data is organized by work center. The information that 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.

[00123]  Nexf, starting candidate work ordets are identified across all work centers
 (S806) of FIG. 8, Given the operative forvward scheduling methodology, & vork order fs & - -



“its,

[00174]1f scheduling is found to have been unsuccessful (51616), e.g.
because no machi ne suitable for conpleting the work order operation
was available, the work order is renoved fromall work order pools
(51618). The rationale for this renoval is the sane as for the job
shop nodel. [00175] The process is repeated for the remaining
unschedutetingwarddidateler 8 gifent werk conter evltenvmsr Krst elpbmtw(l H ammwddwiﬂn ¢hat

ot her work_center S1 ) .on 1 er en no f r
wor k or qeé??ﬁl g‘i‘ gﬂé‘%ﬁaﬁ"g dﬂjﬂg@[?‘agcaﬁ F‘ﬁ@d Ha &0 pr er
been at : Lt

Modul e leg(gﬂé grg as%%g%%lg%@ﬁﬁé &Q%vggr{drggg%t%yﬁgﬁt@ I%Lﬁe botg.1 tQ 11 ggnggcseﬁa&&)
schedul iwith tiet Wwadtakntgy. is illustrated The bottl eneck scheduling

nmet hodol ogy may be chosen where a bottl eneck operation exists in the
production environnent. A bottleneck operation is an operation whose
capacl té[ﬂg?%gess ham %&n@@ﬂ%@ﬂnﬁhﬁ%@rﬂi&q@ qhitemdiRlexRYCFP h8vorR order to
bottl en chi ne or rk center exists where jobs are processed at
a sl owerberstatingemdidatey namely dbatethelwdrk ondert insobezdneneck schedul i ng
nodel , work orders at the bottl eneck operation are scheduled first to
ensure that the throughput at the bottleneck operation is maxim zed,

t her eaf fgg128]he r qWBiskirAsy VERIddaB06 the %@seﬁ@%l@%aﬁbtthorb%idyr@ W01
after the bottleneck operation, depending on the sequence of

oper at i and We3 at work eentern@00gosad @mk: rerd@rﬁeﬁéﬂl md Widettatpdnceniep PUOB are

cuted, o e n i

o 11 endiBuEn BT Trof i B To el or R BichuRR, SPIC Phrchidd g he
wor Kk or g@fmbei ﬁrstaxdimgcdsnnﬁit&témt & igﬁraﬁ @&oﬂs cdivelithaynbe giebieotah ogy, and that some
selected w | re a connon bottl eneck operation. [00177] For

pur poseéN%ch‘th‘Frﬁlg?‘fedtqwnBﬁ@l dul i ng of a group of work orders
each having the sane set of operations as work order 1800 (operations
Opl through Op8) of FIG 18 will be described. [00178] Referring again
to FI G [aM26]ot t | dieet thestdr€dg bamdidaprawarkedrders amlaidrﬁiaedéSSQB)rBﬁ@ﬁmon

ser - pr SRABRPTHOREDE R PEAPGRUERE ROIE ! Bhe PeBREPAU0br b performed

oper at i g9 P modiRe 161 foilldshatednsd ofeales dedillab Bﬁe@ﬁéﬁﬂwmxh FIGf {@et
M nutes For Bottl eneck Operation™. The latter paranmeter is a

user-specified | ead-1inme offset that represents the expected

cumul at (Y(?lf?g(:l € Hl T éa?gsllél %ﬁatb[o?ﬁne?u NGk 191 ks tfe bcf‘eﬁfﬁéc?clﬁséetﬂreferlé’s'?@l

eration eneCk operati plus a safety
buf f er h%c}[;gcdmmidimgwpﬁn&qhﬁdﬁhlepg,seddmd&yo]r?fRelre anad atataytld Rﬁle_ 'I‘he

conput ed start_ date of t hedul ed bottl eneck.o er tion and
al IrrpsubEE'ﬁ’Géfn‘?f 5éﬁ%ﬁr?§ﬁ§‘f%0§ I fes s fospiopmot %@w gpwag T SopaRus PRy
precedi pgiReoR Q%H 4@%%% SaLFoM t T hieReCRe MM ERY ﬁmt@ WM e Qi

The safety time er-1s added to reduce the I'i kel'1 hood of
earl i esbe ppmdea@éﬁbat tb@&tra&t-leo'nl bieianghyi ilasivased enFlq. BT krejiet @dexample the

[ 00175] RESHE, ek CISTE Gpbariristecoap Bt prom oF gt of RO pesiied oy

set conﬁﬁteﬁtgr@ema@ﬁtleneck operation and downstream operations, and
t he second set contains upstream

[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- w1red”), ‘the

o seccmdary and tertiary JP-Rules havc been conﬁgured by the user.
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operations, for all work orders (S1702). Downstream operations are
t hose which occur after the bottl eneck operation according to the
wor k order routing definition (operations Op4 to P8 in FIG 18),
whi | e upstream operations are those which occur prior to the

bottl| eneck operation (operations Opl. and 2). The purpose of _thi )
ool i 11 T00B38 1 owRetering: Waion AR TBitelY $A8h hHamiBqpataae Herkq opder is

schedul e_t he _ope b [ K e I t 0, :
operati @ﬁ“”é‘ﬁéﬂcf ﬁ‘é"%%%lggf&%ﬁ%e ?gﬁiea%l]?tﬁaﬁ tlm%)(h)l oggﬂ{%olg Irgge&ggee og\}ntl%lt’t ﬁg
second Sgimary 9P 10 fMNble BOTR refet aipbBehtion o theaR DD rulzaypith awe dpérativeleheduling
gl obal work order tree is duplicated,intq . two Separate rk order
trees: angthedplogyopk forved schedaling entals Trpfing the §%ﬁté%ﬁn° date (PPr& ofders

q ) . ar i

o faci It B! bisB ohbechiifie PARINES R RS TROTRA Hiesl Bafy inciRRS

bot t | eneritk oedee deprisentsthe batiedttimye atlWhiclathei exetttionprfdseworlesdampingy bréie

wor k orders each have at | east one operation in the.first set, and.,at

| east oﬁéao%P‘é%q%WOF cEer YelHiRH 1S &Fe_,et e Spoctied viewsconEndRe cele It

the sec %Fﬁidi&‘ﬁi '%voqié dederd HEM éﬂhﬁe’r EXAMyA BerePAllySBITRRE® ikl ofWRH i de ARSTR
WOr K or e) I'nt

(i.e. al ers e general “case,” sone degree of overlap
t ypi cal loydeexivith $attaef SEse(althdrghgdepepdiog upon theaniderstreldnegéree inronhection

first wor r e.an he, gr qup  of rk ord t.ai ned 0.t
second oD T Rt R he Sudhtiyh of Rertiel B riRaC i Efuaf § pbioe
negessaghl ¥ caghdtte wWorl b8ded Fath & Med BSTVAs Gewarikedodtded of negorktdi@enwith an
orders are sorted by ascendi ng operation sequence nunber, and the
nunber efrligHERT, Isbei appessigteddper at i on is determined for the

pur poses of nmenory allocation, use as counters in the for-next |oops,
etc. (S1706). Depending upon the routing variability anong the

bottl eneck and the downstream operations, either the forward fl ow

h del or f d_job sh del will b i vated t. form th
ob pr 1 800130at | ol ke Adheduin iz ePBRCIGRY LSRR apeBH s Pt pgos
f d ' | i

orwar @B‘i&@z"%ﬁ%n&?ﬁd & bh QBscEARRY t:afespgiah BRRCH STHET Thé Phtest Start

(S1708). e successful conpletion of forward schedulin
for t he Time $or & storko brdeo répresedtsrtho patest tioenat, whible theaesiecniéonsef detwasly order

result at the.bottl eneck operatiqgn is ']inked' ,to the.fi r at
(0n3) " oy BaE ok A LG o SO R o ordeh 3f eet e oBfeifibd e HR T
assi gnneaididRs Wolk hderstwiith RRUALEDSTXwiPEEnREdI bel rdnkbddikadiof @ntlidate work
precedi ng operation, to ensure continuity between adjacen

oper at i orders Pdth sadier U Te (althersh ndapendiss pion thceds quGIIP{/ tigass dised 4o

for exe i . i i I h:s - HRUE
Dat e' o? glirﬁzgﬁ?]g{g?tﬁ(tﬁg gnggtrlé@ta&E%%%éé’rI%% ggﬁﬁlgg éjcP'{r?ialt ﬁ)vvor % gr1§d rmi n t 3
backwar garsiidutel woido ordetwith & eqrliat BST babe dardwed tthead' of 4 gl grdeg wathi okter
(BNB = (ASTdj + TT' (14) Were: (DD)j.j; Due Date for work order i at
t he ups m operation j-1 (ASTQJ Assigned Start Tine for work order
1 at the bottleneck operation j 7Ti Transit Tinme between upstream
operation j-1 and the bottleneck

- [00131] It is noted that computation of LST is performed even when the forward

scheduling methodology is operative, and EST even when the backward 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

1" computed based on the-due date of the entire work order offset by the total processing time




operation j [00183] Backward fl ow shop or job shop scheduling is then
activated to performjob prioritization and nmachi ne sel ection for all
the work orders in the backward work order tree (S1712). Wen this is
conpl eted, both the work order trees are nerged to facilitate output
of the resultant schedule to the user (51714). [00184]In the event

t hat t hefonakihes paratidne af 'tiief werkt ortiem tiecsardslr tirBe it betweak theppeattionn and the

parameter was i ially.set too_hi a nus chine tine
. exi slpa%%@# atock i3 Fetvief e spiatiand oGP Mepas Fkcromangifgne of
schedul t each

mac hi neeﬁ%l(ﬂa ustrat eﬁt%&gﬁ&é gﬁe %ﬁ?{tslgfr%?g‘tl %otahéegﬂl\r/\lgg{ou 331100
machi ne millnphﬁhby bthearaiaga mumbpr Dﬁumta)wl:ﬂlﬂa Jant heainaifacturcdi pee tass imenssl
during ne, sel ecti.on and after t rliest Start Tinme at i.C
the 11rsbeo e#éﬁootna%wm SR eetETed ff B oteeE ther Paraﬁ@&g%% ch are

orders fekwar (i sprARAE BinsiBRRASY tﬁ@“chﬁeﬁ%rb&@éﬁ%ﬂ ehQirombdd: shek ¥ bdnsit
the first operation in the schedule and all” subsequent operations

( S1716) tim¢ aglBgfer meock dencls, awrsposifictes parahictass Srihe dvirk serterespedifivgseting

t he pe ers.forward | ac hani | l.ustrated i

' 50 S COmel s fitiE odel BERETT 2520000 e BRURERT S 4 fpBeerd it
peri ods thakett kgt ofthe scheduldiptwindsw (B@mevdlﬂreni-systeﬁhﬁme%'lustd e REFsO Jand
represents avai | agl Eysgqa unused) machi ne timne. “c' time perij od

r epr esef hegompate aier (perlpisein fime), th@m@letepé@mre\@dh haye thy ppfion &f
t-he exe f e r I

R A R T I N e
over" filR@ures and tooling at the rrachl ne) . The "tx'" for wo: L" tine
period represents a schedul ed operation of work order L at the

rel evant machine. [00186]Initially, the pegged orders forward

di spl ac gogpis]m%chﬂﬂmémaée&r&dtseﬁeﬁhag%&H@aol%gﬁe&ea offlive Gnsiddd Sf Richard

at the nni ng of the scheduling Time w ndow, sirice it Is known
t hat chashpdoling, suit ﬂhaattumaysatim afeqinitiet LB ‘caiuet(@atbetéhm joinitisl BE¥fevalue)

rel evant ati.on of wo 01 ]Ther eaft the, extent t

wni on v reSREREK Rl SRl B Bl a s Bp0E Iy 8 R PR s
(that i sl t4ier exd@biibdd) thidhingfnck BRE cdEipuahg ﬁiaaEST b ﬂlﬁ"[‘hftﬂluefsf'a@tef al R4&dne
operation of work order L (ASTL) can be nade_earljer in tine) depends

upon t hepgation ek thoswrlk UT‘MéiaF d?ee% reheshdech il rbe( giffeyant digmm dhe Jaigial BST

conput egorﬂﬁﬁbt?cﬁul ob prioritization at 5808 of FIGS. 8 or 51610 of
FIG 16 dt € Changeover End Tine (CET). In particular, (AST)L can
be adj usted to the | ater of the (EST)L and the CET, with the proviso

e orfoRael s ar y Hhe B0RulecContil Trigpnr asverisSd Wb’ fpfme W‘aﬁﬁ)l Fsthe
initial by g‘(%'thé H%r&heprroﬁg aaman‘g'gE% e SIURBhIeZEMok g BesOHbs)”
T)L = CETIf (EST)L <= T15) (ASTL—FEI\/If ESTA >-

equat i ons

CET(16)JR Begmeopwﬁsgﬁn cod EARCETY). Whbtsetrigganid emploiyethéal d&tmgmsm wierk
for the curre Ebté)]répera@ gsl%b wor k order L CET: Changeover End Ti ne,
i.e. en tiy IP&WE oWk ?*me period 'c' (EST)L: Earliest Start
Time for the current operation of work order L

[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 W1th1n the same batch are treated

e ‘as a umt durmg jofa prmntlzatlon



- be used

(as conputed during job prioritization) (EAT)L: Earliest Available
Ti-me 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 &; 2004 and, 2008. I n respect of the latter, it is note
that t hd00:B86land It therpripsity aankdng asigned i S8 dWP BB GPRIFYS SYHK OIS
of the ' : e r reerg.. #]L#{ : )
di spl acgﬁlllaon\'?ﬁg& 40%@2@#0?13{5 t‘(f)i%esrggtg i gﬁ ?lglrs%%{gieeggt : Ié}@s{]gw 1}“‘1 n 2 “te
Assi gnedSHI0S), Timieifef further feivelsof Hp Ruddsi lews boet lspexifiiet il tHeAETRhles shierarchy
recorde nd used.for the calculatign Qf the EST fo cceedi.ng.

oper at i gﬁﬁ?l%tﬁﬁ% g@g P@ﬁga’édéﬁf R PrprigEad tpibe ewftj?\mtl of FR Refes fathediorashy
been fo y ~gi:spl its Ganideh i

of “the (IR SR Rpfed (il HlFBIIREhRcS Br Dl Fankch hORTEEh! Rlighell
oper at i anigue priexyoakionosintd noduither éevielsrofiTB Ruldsiexist art et JP Rulebdsemiched
above, nmachine selection attenpts to find, fromanong the nachi nes at
a specified work center, the nmachine that is best suited of the

avai | abkgo1eghi negefend FIoSTR NG IRe it AR fr&dnPRRERIS B} wiiRS A WO i
2100 ma; be invokede eiﬁcﬁg during job sho I{rrmgel schedul‘ivng (rsee 8811151

of FI GSdetgimined devhsteothe highestupriorgy (83812 6. B) baseda)n therfapiothel #n ESIL is
schedul i n in the.cont ex f either of..the.,oh.shop or.flow.sh

ool s s CR 8 olier Sl caliongt e RS e tiicn iR B work
M1l beoaRprrol df aliddeal wiRar e 6t padlovl 0As (FIGe OB epithuh taktelisk (HTRS The
per scheduling run. [00191]Initially, the machines of the selected
wor k ceMosf centes 998Aadueh cadpingiths highiestasiopity gandidegeyls selested §38d@).on t he
suitability of each machine for conpleting the current work order

operation (S2102). In the present enbodi ment, five different

sui t abi [0Q0438]at egaitheghaxingtessdry Jin Khespresent ebeaniplé,i the nrapody ineghithtits may
nmust be, useqd for the current k. order operation.far reasans .such as
bet t er P%E’Bﬂ@ﬁ%ﬂtaﬁ’l’ iesop ﬁg%ﬁgﬁwwﬁéﬁe sreand w phire fexels RS higrarabyas
(nore t DRRvPREFIRAN! N8 gaRYuRS, Hhfed &t 1 AL 8904 dnd 210G oP 8dd CWORT oGS s
order operation); (2) dicated Preferred (DP) - identifies machines
t hat, ashavougthamethesame atiority, ranlivgpreferred for conpleting the
current work order operation; (3) Shared Preferred (SP) - identifies
machi nes that are preferred for conpleting the current work order
oper at i [00139] not Aacordinglyeribigeas dLomhddichely, Rid) Hio- beaf epeeifd (the
(NP) - 1dentifies nmachines_that can be used to complete the current

wor k or deiorispieiraessaing Hime's Ryla)oeash | of thethiesetsls of HisdDvask ongersrh 197, 1d @4
are avaj ;s : = ks i fds J a t

_ aﬁr‘dg?iﬁésag%rl érczér‘lit {\Aer otpéié) Pl&g%?rﬂaﬁlg% t H%Q%‘ro g???%%dﬁ S Waﬂit%l?/
- -cat egor gss¢datgd IPRuldé Somtedl Arigger {Praesding Agné Range @dinsibt eddeoRCEB). This
having a "greater suitability".than a | ess ferred s ii&%&i I irﬁ# q

cat egor%"c?%e. IDSPSSENIGPPNIUP gRFYSBaLe B tTh ec_ﬁ{eé’ﬁ’dlrg&z ofOI5f OTders.
machi negowdvdyl fiRde MRGE 265 PG 3012 hby 1084 Sgalat vhdk er(\ﬁ!i‘% ﬁigleage WisieR ktill

‘one machi ne has been categorized is set ). Next,

avai | abtheisameqfriorits vankives Becass ar thirfl devel dRphae ihag bebre spenifiedh (theSBame
d ti t h i in _t | ect ed AV heck
(521 06y PRt €8s 3 PREEHRIRE” Riu L ateh ot it FhE Sel L B wolle BHEEL P

t ool i ngj112nghd0 PEI4ALsQfubjeed b CRather  Pgordtdbatibe abing ihé tiakd teviel U Hultd) Whioh
each resource needed by the operation is determ ned, and the EAT for

r esour cleeksow spegific icerresppnding ReRplst CentrabTrigses e Thisnthird tieberaking; aitempt
ﬁg't g‘r"’l a{u@?@?}{;}rgﬁ&ﬁﬂg’%{ﬁu& PRSHAG B'the Uit Hell Stk Trdbedl 9 1 M1 BEMprlrOiated

”" that the first work order of each work pool will not necessarily have the earliest EST within

its pool, for the reasons stated previously.

B
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whet her sufficient quantities of the material (s) necessary for

conpl eting the operation are available. Two types of quantities are
considered: inventorized quantities and schedul ed recei pt quantities.
I nventorized quantities are quantities of material inmediately

avai lable in inventory at the stock | ocation. Schedul ed receipt

quant i t i{e®140]e quiwilt dlesbofpprediated diat, i tashs iherechuenitiee priority cevidagt be

within a predeternined tinme period. The |latte ti

_(I:_ an bef gaségned do @%W@tke‘”ée%?) futhey @ 105‘%%?“2’5% Wi] }%? anhlgmﬁg §‘F§ H@?%ﬁ@rz?
ime o I S

rat or | oot GUEBENA, b SRR PRk Ak dbn BN Mok IR B T e s

run, theosyisit &mnterk thanetne iskvitng daadidatesmdirk iordee it xrist et wodsonder paedur e

that any schedule that is generated will be based on real tine
material availability stat us The cal cul ation of earliest avail able

time of [W@Ei al i %&ﬁ& Qlad éﬁEJAfi@'xanHH RO seiBdald ap Mprtorﬁy dtdrfing

Subj ect qu- . Earliest available tine
mat er i akandidde I\mrlsaltdelsfoya spgactﬁcemaplm (S8y4) Sathineresiectiontis penfm@dth.’:rrt;w

2 o MM PaTe GFeesad L RRPY G DSl or  al 3. Schedul ed quant |ty
of jth arrival of material i.
[o0142] Following the attempt at machine selection, the machine selection result is
f } communicated to the JP Module 102 and recorded (S815) within the center-work order data
structure (not shown). For example, a job assignment flag is set to indicate whether
machine scheduling was successful, and the machine identifier, index, Assigned Start Time
(AST) and Assigned End Time (AET) for the work order are recorded (if scheduling was

successful).

[00143] In the present example, it is determined that scheduling was in fact

successful (S816). This is shown in FIG. 9B by the illustration of operation “WO1-OpA”

proximate to machine MA1, which indicates that operation A of work order WO1 was

successfully scheduled for execution at machine MA1 of work center 900A. Successful

scheduling of the first operation of WO is also indicated in FIG. 9C by the check mark
j over the identifier “WO1” in work order pool 910A.

[00144] Next, it is determined that the highest priority starting candidate work order
WO1 does in fact have a succeeding operation OpC to the just-scheduled operation OpA
(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 “WQ1” in work order pool 910C. Note that work order WO1 is
no longer a candidate in work order pool 910A, as reflected by the fact that the identifier
“WO1” is no longer underlined in FIG. 9C.



a :Required quantity of material i by current operation. Nunber of
schedul ed arrivals of material i [00195] The EAT for fixtures and
tooling (EATF) is sinply the earliest tinme at which a fixture or
tooling necessary for conpleting the current work order operation is
avai |l abl e. [00196] Whien a work order is being conpleted on a nachi ne,
the assqob5id fi If thedbatlwardavhidulihg encticdoidglpchadthaet opérative mtltteh ¢hapritie

and - r ot TN BRGALIRE MAGORTIRE 16 BBBY! PRGNt iy pocgcpmed
until thet eaqéﬁnﬁﬁﬁ.te; frbil; i cﬁlgiesse[e%{i&‘?ﬁig fhel @?Lﬁca&ﬁtetr hgsdceed tad thd gﬁéétﬁng

has been” exhaust ec f1xture pool e. the assigned st

time of (idierdenlsucreddingpéperdtivn inf824ti on will be del ayed due to
fixture unavailability). The equation for determning the earliest
avai lable tinme of a particular fixture is follows: EAT.F,=mn(r)(20)

Wher e: gﬁﬁsg Ear 'shﬁfehu i | @B! Sarldid¥BesObt ahd | Wbl @ehtdr Tdsddciti@ GHAY Pthe
i. r.:Releasé€ time of Jth-fixture of fixture group i. Avai l able tine
of any Fiodeedieg operbiiont (ireewgrlocgmtdr HACTR dtepresepbotamile)one pidtizegATn thp

For i ¢ feie: e alprierie? GHOR I s ey, ehl i 108 i BRI BL R, Rk e

for runpbpg, NGB M RpfibrigzaG8s Of (et fanki@s ?%ﬁi@ﬁly vahiputed €@ starting
operation. Each operator has a particular skill level, which is

usual | y caﬁi_s'dﬂtﬂmt evwrm@memg 960A aad 58PBénparformpd) as they mgynpangedeldapgted
Seh i 1 Bt Sy OF ab e Yl DPGR oiboPAR, 1EBsD  BEh AP BT R op e

on the oRepADStas ik of BY plecedihg opstativn, e, WOl aletok oémérifOnhe

earliest available time of a particular operator type is follows:
- EAT(); = mn(o,)(21) Were:

[00147] After the re-priortization at work centre 900C all work centers are canvassed
in a search for the work centre having the highest priority candidate work order (S826). The
prioritization of S826 results in identifying a single work order, namely work order WO4 at
work center 900B, as having the highest priority (as indicated by the asterisk in FIG. 9C).
Work center 900B is therefore selected in S812.

[00148] Operation continues with a successful scheduling of operation OpB of work
order WQ4 at machine MB2 of work center 900B (S814, 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 W04 in FIG. 9D).

- {00149] Following prioritization at work center 900D (8826), work order WOI is
found to be the highest priority candidate overall (3826). Accordingly, scheduling of
operation OpC of work order WO1 is attempted (8812, 8814, S815). However, in this case,
machine selection was not successful (S816), as shown in FIG. 9D by the illustration of
unscheduled operation “W01-OpC” in dotted outline. Possible reasons for failed machine
selection include a lack of available machines having fixtures or fooling necessary to

SO ;;émplété the operation or a lack of operators, Accordingly, the work order WOL is -
" removed from alf work order pools (S818), as shown in FIG. 9B by the strikeout of the
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[ 00198] The EAT of resources for the work order under consideration is
sinply the maxi mum anong EAT of material, fixture and operator, i.e.
EAT = max( EATM , EATF , EATO) (22) [00199] After the availability of
resources necessary for conpleting the current work order operation

at each nmachi ne in”t he current suitability cate or% has been checked,
the st ariflomifier SNOY fremogach it wearkrRyaenviold P HRA pRIICh and S40Wor 1Ly Heone

oper at i I 0GES S| i r ) o] I (W :
curr ont TeRPaE R ed o8l Red B A Ehsh g O BBl b b BFored i
end ti mesmerd wetvesrli siee Dapestions dahroties behedeisd.i fNlete shaf thishesults in the
previ ously schedul ed order _and current,  to-be-schedul ed order. ]
Det er ni raheeliation ok the msvacusty sehadnled prarpinn Had afevark ppderr\Ved machine
cl assifi ion of the changeover into one of a nunber of changeover
types, each having an associ ated changeover tinme: (i) sane part

nunber with zero changeover tinme; (ii) intra product famly

changeo oup with small changeogver ting; a i) Jdnter oduc
fam Iy _\ctﬁé?&over K ?FpPWCFW“}gaRg%ZQG hé%&eggéf’% E‘%Il{émﬁ) foBé%)ems%[ts in “the
| ndustr 's&?edﬁﬁﬂ%\e?lé)f»f’&{éo& { 9U§f3w81fk SrdeAVESS 2D HEDRHe MAS NANGGR Rhtel YOGS
based on nore detatled, industry-specific criteria. The changeover
time is (BIG.088t edllimiatelyt lkacteaf |the stmaiwiig abdcbedulek vairbtorder pperations are
machi ne, .assuni f d sch L i or.latest available tine slot
bef or e ﬁﬂ@ﬁﬁégl&fﬂ%?%eﬁiﬂgsgﬁfs tgg%i((%&}‘@%é'chedul ing). For exanple,
gmyforward scheduling, if the operation requires a fixture for

machi ne set u“p, t he changeover starts fromthe EAT of the fixture, or
the end[@0Hillof | Ast netsd, iredompufetioncadfERST ufor ) operdiionn estseeading Hheefirst

[ 00201] The r ke order er.at | 0cC L 0g ti S . Cal has
on auanPPEgon S ERER B R P RSN Agich P BSTTOf M A BBAS Bie
| ear ni N@orirer ehidey ﬂle(]EEETdd@x_fn%ﬁljlagdn uff%i&teshﬁ@hwahld aliitle 3ﬂibdd1'1hhg f?ulttdfﬂ;]e previously
processing tjinme period will be allocated inmediate ter the,
Changeoseideid oppation. dermarticulsr, i dpommugtionuiipes thedctyal Epg dime of the
current i : . i i i
(e "Rty SfloRlcbiEkion (R duse Wheld Gockion Shinol R dv@ilnfbed) GFthe
224 For Abtek StardTimehefihe ipneyioushesdhkdded bbentions (in ithghtasb oflere ovédrlapping of

CLETTY  apRoR s i e St ] e Tof S by RSt 30 Moo
of resogfe@@din ﬁﬁ'ﬁstbgggﬁé@gfi)wo;md@@rk order. This is illustrated in
FI G 22B. [00202] The equation for calculating the processing tine of

a work order on a machine (in mnutes) is as foll ows:
{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 is
" affected by operational constraints between the current 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} . .I‘n‘thg forwarding scheduling methodology, the EST and LST of each work

" order is computed in aceordance with the operation sequence specified in the part routing
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Where: Error! bjects cannot be created fromediting field codes.:
Processing tinme of order i on machine j, in mnutes. Quantity of

order i. EFJ :Efficiency factor of machine j, EFJ=[0,1]. LRJA"
Learning-in ratio of teamk on nmachine j while processing product m
Lit=1]0,1]. UPH Unit per hour of order i on nmachine j, which

i ndi cat esssacatediwithéhe whrkpendes; begianing avitththe firstopasatianandhworkinghthneughrto
one hour, of time..[00203] The |l earning=4n Iati r "curve" s an.,

opt 1 onal™hq sk SHFEioher LR, PR Rt B ahd LET R o el Tentialyh e hosed
machi ne gphaé adsherl@ishst tHHSdr hRidhe@efd fimd oTENé PleQfbus (OpREatidh], Gefhding upon
operator whose skill level is 1nproving is taken into consideration
during prhsthes glernperations ethe miorkhendeione overtappedovmen-pesrlapped: ur ned

on/of f at the center/operation level. Options which may be
additionally specified in association with the Iearning-in curve

i ncl ude;Joo1S4r Ni NGWhéh EperitRorisOarp MAUS bridpled! tHenfdMtive ma%ﬂjmdb Rtweenothe
the level at which the curve is to be applied. Two | eve pr.oduct

fan |y [pssductiomeetpmef theelve adinegpt ipbergtipgsnders nat affest ﬂé’aﬁgT - Rlca the
(s def | NedeRlink B AT Y, bHfknccc A, AE AR heldrde MR drich

own | earning-i urve on each Ine.” Tf the TFearni ng-1n curve i
def i ned qaintiiaat the eveént opatiopald thid dabe dvavmitation afithe E8Erand i for a surrent

on each machjne. , Production teamflag: jf the flag. is on, eagh )
oper at ofORsFERBict ivhrsedapiisAseigns ?qu}maep@lr‘&? P@eém#mr%@ﬂm iustrated in

mai Nt ai Rt ot NE R e, Qherwise, all teans use the sane
cuf ve. E%O%Oﬂ me attr?gltﬁéehgg%é a learning-in curve typically
i nclude the follow ng

(EST)iry = AET; + TT; + MiBS; (2)

(LST)ir; = AET; + TT; + MaBS; (3)

Where:

(EST);+;, Barliest Start Time for Operation; +

(LST);+1. Latest Start Time for Operation; +;

AETi:  Assigned End Time for Operation;

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

MiBSi: Minimum Buffer Stock between Operation; o Operation;«

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

[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)iv = AST, + TT, + MiBS; + URT; . @ |
o (ISDuy=AST;# TT+ MaBS;+ URT, . (D) R
o Where: . - 0 e e

: —7"363‘--.;': .



information: The relationship of the learning-in curve with the
product, machi ne and production team Normal output per shift of the
product on the machine; Quantity produced so far; Definition of the
various stages of learning-in curve: the nunber of product produced
identifies each stage in the |learning-in_curve. For exanple, the team
nust produce 1085Tji-edatiestStart JimedenORgaatipipar t i cul ar machi ne before
entering the sergmgd;:3haseStandine dsiOgeraivet her 200 pieces before

entering the n%ﬁ'?‘,ys'[%%?igpgcf@mpﬁﬁﬁ?@ aJ out put per shift at each

stage. [00206] pi cal “I'éarni ng-1n curve depi ct ed |n FIG 23. The
curve shows théZaffi JF@Q@Q’WB@%‘EW&@@SQPE%PM?GW PEIAHOBE Inachi ne

dM. when oper afiB§;: bMininesih Buffen StoeR ietwiekh Gp@ranbﬁhaeﬁpemhm P1'
uring various,s ek re
illustrated, eaé@ﬁa\i/ll anaéﬁsﬁs&%t%ét@%%%}l g eanc gﬁr"%@ﬁ% e, if

the normal out pipetnitiyn Tige fopOperapon: + o ITB.ChI ne "M' is 100,

then team'Ti' will produce only 10%of that amount (i.e. 10) in the
first stage of learning. At the last stage, the percentage of the

out put ift Q. Thjs neans t he I -i_n cess
conpl et B@hﬁj t he H’bg’]ﬁﬂw 65?&%“?&%%” TR %ﬁ’?etb‘ﬁ égq"ﬁﬁg tﬁrcc?mi’iette
i's cons FRARS BEmPRHAS R vRTR dHit hOA
t eam [80205%‘&1#1&&!%%gggéﬁxﬁg}gaﬁg%{:ﬁcﬁhﬁpes t he A%l?u ? Start Tine
and Act whbleRnd. chmpieting atsineglovanikrathed drandpeertire &f)-on each mmachi ne under
gopsi deration during S2108. The manner in which this is done depends
tipon whether the forward schedul i ng nethodol ogy or the backward
schedul i ng et hodol ogy has been chosen. For forward scheduling, the
equat i o[60¥88] cal Wheat hogprodectient 1aed of tthe tprdvios @petatied; ualsltmct thangthe
of a work order are as_follows Actu

5)
time of c@remOperatignpadhi-ase B”), @i?ldl%c@ﬁ‘é‘ﬁﬁ’eé‘@é’lm eHOI% fates I§sa gr‘n‘i0 e,

MAChi NegkT and LST computation in order to avoid discontinuity of the work order at the current

operation. This is captured by the following equations:

(EST)is; = AST; + TT; + MiBS,+ OPT -+ URT; (6)
(LST)is; = AST; + TT; + MaBS; + PT + URT; ¢)]
Where:
(EST);+;: Earliest Start Time for Operation; + 1
(LST);+;: Latest Start Time for Operation;+
ASTi:  Assigned Start Time for Operation;
3 TT;: Transit Time from previous Operation; to current Operation; +1
.» MiBS;;  Minimum Buffer Stock between Operation; to Operation;s
MaBS: Maximum Buffer Stock between Operation; to Operation;+
- URTi:  Unit Run Time for Operation;
JPT:  Processing Time; - Processing Timei

J00159] For both the overlapped operations scenarios (i.e. Cases A and B), when the
processing time; (PTj) 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
substltuted by PT. ~ This scepatio could happen when the productlon rate for Operatmn, is.
g ‘.1:00 }:ugh o the work order quant1ty is too Tow. For clanfy, it 1s noted ’{hat PT, represents the. o




EAT: Earliest available tine of resources. EST,: Earliest start tine
of order i. LS7;: Latest start tinme of order i. AE7; = ASTe+ M +B +

| ye(26) Where: AE7;: Actual end tine of order i on nmachine j.

M Meal time. B:Block out tine. [00207] For backward scheduling, the
equations for calculating the actual start tine and actual end tine
of a worimeredairedaiogracess ah kutivs : wolEBeder fasndpP8T6l toBpstFRe(udit) of Shd Jodcat the
to:

] .

i,

A

—

M

A b SRR e e LS

as the production rate for the current operation, either equation (4) or (6} may be used since

equation (6)is the same as equation (4) when OPT is equal to zero.

[00160] In the backward scheduling methodology, the calculation of EST and LST
for a work order is similar to the computation of EST and LST in the forward scheduling
methodology, except that the order in which individual operations are examined is reversed:
rather than beginning with the first operation and working through to the last operation,
computation of EST and LST starts at the last operation of the work order and works
through to the first operation. The computation of the EST and LST for a given preceding
Operation; is based on the assigned start time of the current Operation; + 1, with the details of
the computation being depending upon whether the operations in the work order are

overlapped or non-overlapped.

[001 61j In the case of non-overlapped operations, the relative magnitude between the
production rates of the two adjacent operations does not affect the formulation of the EST
and LST, as the preceding operation can only commence upon the completion of the entire
work order quantity at the current operation. The computation of the EST and LST for the

preceding Operation; is based on the succeeding current Operation; + 1 as illustrated in FIG.

14.

[00162] In the backward scheduling methodology, non-overlapped case, the EST and

LST are computed as shown in the following equations:

(EST); = ASTvg - TT; - MaBS; - PT; 8
(LST); = AST 41 - TT; - MiBS;- PT; (9)
Where:

(EST);: Earliest Start Time for Operation;
(LS8T);: Latest Start Time for Operation;
AST:+;. Assigned Start Time for Operation;+
IT;: Transit Time from current Operation;.; to preceding Operation;
MiBS; Minimum Buffer Stock between Operation; to Operatibnm: ,
MaBS;. Maxinmum Buffer Stock between Operation; to Operationgy - .
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LET, : Latest end tine of order i. EET,:Earliest end tine of order i.
AST,, = AET,j- M- B - pu(29) Subject to: ASTI, ?_ EAT(30) Where:
AS7;: Actual start time of order i on nmachine j. Mealtine. B: Bl ock
out tine. EAT : Earliest available tinme of resources.

[ 00208] Subsequently, t he best suited nmachine in the current
suitability cat”@goryﬂr@fﬁeﬁﬂé@mat(@@m{?}lx This best suited machine is
also referred to as a "candi date" machi ne. [00209] The currently
operative M5 Rules and associated M5 Rul e Control i ggers will
govern m 63| ect lorsovtash, whenlith rperaiens have b«:enasmcﬁg@aebmmﬁ@ fosbe

o owsaplied B R ool hII BRI, Ts fely 382D & 1

machi ne with earllest Actual End Tinme is chosen. In t he present
enbodi nent, the M5 rule 'neet due date' is always I\%plled (i.e. |t IS

"har d- vi0Pdlas t ke ieaations for rempytingr B E apd LSTharendspredngt oy Whethes the
may not p%%u&t{éﬁ a{e of tﬁk tc&tl}&lqtdp\éﬁltﬁ)ﬂgl g 18% %ﬁl or greater than the production rate of

the preceding Operatloni.

[00165] When the production rate of the cwrent Operationiy; is slower than the
.~ } production rate of the previous Operation; (“Case A”), the equations for the calculation of
the EST and LST are as follows:

(EST); = ASTi+; - TT; - MaBS;- URT; (10}
(LST); = ASTixs - T1; - MiBS; - URT; (11)
Where:
(EST);: Earliest Start Time for Operation;
(LST);. Latest Start Time for Operation;
AST;.;.  Assigned Start Time for Operation;+)
175 Transit Time from preceding Operation; to current Operation;+;
MiBS; Minimum Buffer Stock between Operation; to Operation;s;
MaBS;: Maximum Buffer Stock between Operation; to Operation;s
URT;: Unit Run Time for Operation;

[00166] When the production rate of the current Operation;+; 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}s1 - TT; - MaBS;- OPT - URT; (12)
(LST); = ASTy+y - TT; - MiBS;- PT - URT, (13)
Where: '
(EST): Earliest Start Time for Operatimi,-
- (LST);: Latest Start Time for Operation; .~~~
i ) AS’EH Asmgned Start Tlme for Operat:onﬁ; - RIS

- '3-9*. .




[00210]If multiple M5 Rul es are defined, they are progressively

applied until the field is narrowed to a single candidate. M5 Rul es
may be generic or industry specific. Exanples of generic M5 Rul es

i nclude 'neet due date within maxi num buffer stock', which selects
machi nes that can conplete the work order by the due date while

sati sfying the Muf f erlreesiistimgifrom prenerling Mpetation; tb guwentiQperationhi ch

Ze| ?ft E | t h_?__ Wﬁ%z}mﬁhwﬁﬁmiﬁ&%ﬁéﬁbﬁgﬁ%eﬁﬁ&ﬁtl%égﬁ%;{o e'%egfdlnhgs'ft .
vai | abl e Ti me machi n r rder’' s sghedul ed star

(V. “[oo211] Yol i PR e Pheh SetRlio T REMEED. o

splitting of Pd/R7:I défmit Ruelinemipr Bpeeationot | dentifier' which attenpts

to assign work gprier ProdesdiReT PRREdsim TS er lot identifiers to

t he sane machi ne, w thout exceeding the production cut-off tine, and
"sane wafer lot finished within the cycle tinme of its speedflot type'

whi ch sqbet6H machisne ftie foRere WehefiingOhtetivddRpybasnedler bhexlisine the
wafer lot identifier, part identifier, product famly and be able

conpl et @redvstipn gte ofith cymemiQperationy n i dastar arydower thp thatid dhe prgesding

are spe¢ifiG: 10 i r ! . i

[00215] CRehigh Pl b AaHaY Bl CRFLIRS AREER Y B ARUR bustr sock
An exiambh’e«re@ﬁ GyrerathhnRed g)p(é‘mﬁbﬁggl (A;ﬁ’ﬂh 'Sgg)dfe 1‘;&111?] ofiehe MfEE’l i iﬁEtFnelEﬁsﬁﬁd ST
M5 Rule is a tine period. (e.g. 2 urs), suc at eligihle chj nes
havi ng [fesgaulyq sheuld Suhsé%eﬁghé’f’t- s sefearnesquihappen whn therpdyrtion rate
requal | Ni dul ed. O her

exanpl ego o%f I\/%ﬁ%fsetOJCoH%Ptrogﬁle\‘lﬁrgé)géegﬁgﬁlgﬁgﬁgoﬁgﬁg time tol erance and
Processing tine limt' Trigger and the 'production cut off range'

Tri gger formgr .trigge ils fwo par.at resh : .
e T VO ANCR e SRR S e el LR PR MR MidterfkRonnepoduling
refers e ofleid BB ARPWHhe Hovk 5HB) RY6dWNisGllugtrdt@eDpBrati®s 1680 Mekicird
must conpl ete an operatl on before a higher priority machine before

t he opepned Py sghaduling runcansl ig epelirablsrfos eftear ifitheyfogwardhy hagkwardmcheduling
machi neme%%@%s'\'e TIMELIMT refers to a m ni mum duration of
processing ti of an operation before the operation will be
considered for scheduling at the lower priority machine. The latter

tri [ i ngl e threshol d PROD CUTOFE , i ch
opr occ M ot Al B0 RBBRERBRS o oD daraat R RESFIBE o5 BialiPHGPhop
hours | fhoRelP1bds éhiblexihd iHeARBIPrRfitBalifie Bidd€adrb dbr H9M hpPrnlfBLL ik 1o

all machines in the same category In order to balance“the lo _
machi nethevipetthat dable woskrerden teebpsopediilod 21 3]fikive shaptodél iseheduling askentaild

Processjng tine |li.mt. _Trigger and the.' Prodyctiaon cut. off range'

Tr i gger EHAPHEEPEEIPTdR e gRERERGe PRS- T aRER A8 ne. Thi s

ds illustrated in FIG 24. In this exanple, two machines (M and M)

- are suitable for con&l{eti ng the current work order operation. M has
1

~hi gher 01301t y i fimitar festhefol shopanedel epeation 80@ desceheshdhiong, ansration 1600

e of Dyt B Eafof ARTARAUH) oldoHRps SFPRRAR shBlfe: bl brealifreif hnd
pr oceduthe like iaghé Sthedwling DiatdDCache NG (B1NE2)TEAERANGE: sibzequenebmatiohdf a

Else If processing . time on M < P SSING TIME LIMT, then select M
El se |fwak@d¢m99f@y?wm&m@§er£ elect M Else Select M

[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

- - work center associated with the first operation and ending at the work center associated with

| - 40* .




[00215] The third filter in this rule trigger causes machine ML to be
sel ected even though DI has exceeded both the END _ TEVI E_ TOLERANCE
and PROCESSING TIME LIMT, as long as the DI is less than the
PROD CUTOFF_RANGE val ue, which is nornmally the duration of the

production_shift. the exanple, These conbined trigger tol erances
i ndi cat dhe jast operatian (assugn |forppare seheduling medhodelal R anerativie; fhbackward

smal |) [ ime (END TI ME TOLERANCE) is

Wi t hin %ﬁ%éﬁpgﬁgagﬂ%éa%%ﬁ}elﬁ&f\%pgsﬁgﬁq%f%ot be selected as it incurs
nore changeovers. [00217] Once a candi date nmachi ne has been identified
Wi thin th rent suitability category, subsequent suitability

cat egor ilggrgﬁn ai Migsgraingly.ahe pediRorkgehens S&lietea Adhey thegiabe) Tlow shop

52114, - . i | i ] ine:
e om eadfily FEER) andiV BESHK brofl ki s ) ot AL S8 BROBiGRized
suited qSe6il) Jomidritizetiorsinvbives commestionrof BSAl AnddfST fee cadnetorkadrder, with
hi 52116). |f di dat i sts, thal machine |
chosen. tpanpthionet BREAed 48 T ARin bRas ifisericon s Bulhsturemian oeash
“Mist” ﬁ;&ﬁﬂ Rer Rk e éHxéiﬁﬂlgco?BFaﬁ@ﬁé 9§‘dés@fib@c?‘£’dl?5}%?n aésBciH&&?g'itH@ﬁb job

one can ate exists, the se ion of the overall best suite

machi ne shopnydeh eSlackc hinmeah T eigh Opesitivs Tyoe Remaihihy madermputéd; e.g., in
machine tri r aneter. [ 0021 h est:fi. chipne trj .
bar ot 41 EARE il 266 TE Fks SUPRIAT SIAck AB eAteitealfa: s esrst APRE Qeeeion
¢IT"§«_fer emimiRehiaffne ArLGRRE, SO as to bal ance the |oading of nachines
i'n"different suitability categories. An exenplary application of the
best-fit nmachine trigger paraneter is illustrated in FIG 25. In this
exanpl e e cangl| chi | $ha : ' f

o, one OGN . vatktahst, TRERISBREN T iRRORREN B alfmpt AMORUEA
NP. Thehiphkftepéorite Wworkesidei foreshivht suheduldp lascndiPydtshebh mrchpbel (Rin?2).

M2 and is D2. To choose a best i date nachi ng, .the follow
sel ect i g%chn&@éheﬁﬁél is e armna ey %M@Wﬁl 38 PSS ETeRRr ek Delow.

PARAVETER o8 the & aMnabiliSesdlfciioR, the Ristink bdie LG il RbidkRicated to
PARAMETER, thén select M? El se sel ect M3 100220]In essence, the

sel ecti tw It bivddler ©2cindasearded KBk 4 avidindthe ecentec-mionle ofder datdestrugfure (not
di m ni sgii1 r‘l)ﬁl)sui tability based on whether the utilization quotas of
machi ne& 4HY"

[00174] If scheduling is found to have been unsuccessfil (S1616), ¢.g. because no
machine suitable for completing the work order operation was available, the work order is
removed from all work order pools (S1618). The rationale for this removal is the same as

for the job shop model.

[00175] The process is repeated for the remaining unscheduled work orders of the
current work center (81620) 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 §chcdu1iﬂg methodology is illustrated. The

bottleneck scheduling methodology may be chosen where a bottleneck operation exists in




suitability categories have been nmet. This procedure is applicable to
both of the forward scheduling and backward schedul i ng net hodol ogi es.
[ 00221] Once t he best candi date machi ne has been identified, the work
order operation in question is scheduled for execution on that
machi ne (82118). During scheduling, a forward searching and node .
splitti ﬁée PEEHeINseRvirenEeR Pebptioneck opsmtion ifateoprofionovkessreapadity s dess
avai | abl j i I I i Arr i
oy Do bRl phleed L B Bh"eGHACH WHERAE RRCAHE oF o kRELE! LAR:
mat ches wihige polacassprogeskédret af sibher et el thepedratdepiantied. f U, bitheneck
.node wi || be_chan%ed to an 'x' node _to schedul e the operation.

Al t er natsehiediuding modgl, wogk ordgiset the hottieneck gperatinroare seheduled fustdeangiye that

that is ' 1 s 1hes. e i

o noadh BRI A ANARER SpRdubh BF pibrh e SHEREN ARSI gl Wik
time perorduds arevbeediled tdithef befoke poddtenithd botliendrkt bigergtics elepemiing onethe
of the current ﬁperation nd wl| Be givgn a nachi pe statii of 'x',
and t he SEQEBFRIChaRR2NRYs) refatiye da dhpy bafHlgnqesransiations j (eeralion (Y isperecuted
gi ven aoqﬁé: %ﬁh i ' Eepqﬂ i '
may be sc egéurlrgg orgz?ég%‘:lbdt ?soorll21 %I | ngﬁlrgru? ﬁ@%}b@ﬁ?ﬁ%ﬂ%&ﬁéﬁﬁggﬁgﬁqln '
across $hiif tmderstoodettat ahe nsedl ofb meak sordeist Fore ahfchotthet hettlenpek i sobksluling
havi ng an .associ ated ' x. e. The latter case is.illustrated in FIG
26. [OO%O@P%6W??GWW’@\OS %,am"‘bﬁ?}ﬂf’n?? ORF AR ocessing time of
§22, start tinme of 340 and changeover tine of 20, is to have one of
i"tSs operations schedul ed for execution at machine x. The forward

sear chi IRWHd nod&oxpirpesssd ilestiatinnsthe sekaduling phmertip ehwerkaerdeggrragh
wor k or der. ich i rr |y rungin [ A

navi ng. i Hsie'sf T dpthnas R b 1300 (ERESIE Dal il B 1,
wor Kk or dekvill bé déddyibedNodes of type 'b' (block out) and 'm (neal tine) .
are ignored by the search procedure. In the result, an 'a" node is
found which starts fromtinme 310; this node is selected since it ends
at ti mergpBrgyWhi CRefesri Ll tHhan 1kh 15 ' o
A Changgoverslbl ocEe#.eZm% F%%gtt%??mgﬁﬁgepgﬁé&kg%gﬁue %ﬁéa&%x%c’g;gi? iﬁlgrre 0 Y
t he wor keceivedrat thihdP' mioduled02 §StMéh sPhese pardneetérhrieeludo dbs useymovided

first node.(ti.me 3 t i me, 320) retains the . nmachi ne stat f.'a.
| he” seogRatfitaien ¢ ' Soberi Gpbigiofies (HuiRsORlcr e HE, i 4 2
'c'  angchbdgide sk An ROl MAnSEOFbOBbitEReck Bherdtond] 8B At BaRRE is 2

status 'x' with a duration of 110. Typical information that is ]
wri tt enusesspavifisg lepdtime ofbdet thet repogsknis ke expeaies cvmuldive ayoletiEne required
- cunul at | ' rder r j xt

ot S 6 B At SR M G TR 5800 s
‘prioces ssatgy tinvebudied. Ouring Hottleabclpsobedsliign chis bffect 328 det] o theadongamhd start

schedul ed time 110) of the work order .y. Apn 'a'. node starting af Line
560 is %%/afr@ooféﬁa S%kpﬂdpledt@%eéﬁﬁ%aw epbal SHReARGTY 05%8@%%%%0@#’%
of wor ki.Qr, e i j

coul o e duling oE SRR HrRRIENAR, bbithodt breERion AL IR, SHERAINE e
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o ot geiting hote BRaRAEY et o SORulREn D Een i bR unng: 8 the
t he ESTycQEddiRE towigdaint . This may reduce the unschedul ed orders. k

| [ 00224] As wi 'l be appreciated by those skilled in the art,
nodi fications to the above- described enbodi nent can be nade w t hout

d i f the.i ian. F | i J
and e ORZRF o Velo Rk G gRtiond EE merieng ety PR ishf s aigtos th
i ndust raet8aRek foperaBiby | dndNdRstreSt Chhettions,S 8t €N ERE6HO seDBEIEIE upstream

“assenbly environnent, may be used within the scheduling system 100.
The " hadpévations,fgr albwotknerdens (Fb702)) Pormisiears ppavaiigsiass those wbichmgeur affer

.+ the bottleneck operation according to the work orde routing deffmnon (opé;aﬁen§. Op4 o o
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APPENDI X | - JP and M5 Rules Table 1: JP Rules Listing 421 Lot

cunul ative tinme greater than *** 4 Cunul ative'tinme > * (centre
setting - cunulative tine). For nore information, see JP Rule 421 422
Lot processing time greater than *** 4 Lot size > * (in terns of
processing tinme, centre setting - lot size). For nore information,

see JP Mp&imBIG. A8} dhilenapsirdam operations asfthesegiidcly oseuraprior e ther bottleneck
operation (operations Opl and Op2). The purpose of this split is to allow the forward

scheduling methodology to be used to schedule the operations of the first set with the
bottleneck operation and the backward scheduling methodology to be used with the second

set.

[00180] All the detailed information captured in the global work order tree is
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 bottleneck scheduling

.
.

methodology. If, as in the present example, the work orders each have at least one

s,

operation in the first set and at least one operation in the second set, the first work order tree
and the second work order free will contain the same group of work orders (i.e. all work
orders). In the general case, some degree.of overlap typically exists between the group of
work orders contained in the first work order tree and the group of work orders contained in

the second work order tree, but identity between the groups will not necessarily occur.

[00181} For the forward work order tree, the work orders are sorted by ascending
operation sequence number, and the number of work orders in each operation is determined
for the purposes of memory allocation, use as counters in the for-next loops, etc. (51706).
Depending upon the routing variability among the boftleneck and the downstream

operations, either the forward flow shop model or forward job shop model will be activated

Nrnceact

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

*execution at a machine in the forward scheduling path, the ‘Due Date’ of the last (i.c. latest)

43~



4 Wp inventory > * (in ternms of PkgLC qty). 424 Lot staging tine
greater than *** 4 For nore information, see JP Rule 424 425 Lot
size equals nother |ot size 4 426

o
: '\

:‘w,,,_«/—

operation of that work order in the backward scheduling path is updated based on the

following equation:

(DDyy.1 = (ASTy; + TT; (14)
Where:
(DDy);.;. Due Date for work order i at the upstream operation j-1
(48T});. Assigned Start Time for work order i at the bottleneck operation j
TT;. Transit Time between upstream operation j-1 and the bottleneck

operation j

[00183] Backward flow shop or job shop scheduling is then activated to perform job
prioritization and machine selection for all the work orders in the backward work order tree
(S1712). When this is completed, both the work order trees are merged to facilitate output
of the resultant schedule to the user (S1714).

[00184] In the event that the user-specified “Offset Minutes For Bottleneck
Operation” parameter was initially set too high, a gap of unused machine time may exist
between the start time of the scheduling horizon and the scheduled commencement of the
first scheduled operation for each machine, as iltustrated in FIG. 19. Putting it another way,
unused machine. time may be available prior to the Actual Start Time assigned during
machine selection and’ after the Earliest Start Time at which the first operation could be
commenced. In such cases, a pegged orders forward displacement mechanism is activated

to “pull forward” the first operation in the schedule and all subsequent operations (51716).

[00185] Manipulation of the machine schedules according to the pegged orders
forward displacement mechanism is illustrated in FIG. 20. The initial machine schedule
2000 is broken into three time periods labelled ‘a’, ‘c’ and “x’ for w/o: L”. The ‘a’ time
period represents available (i.e. unused) machine time. The ‘¢’ 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 maching). The “x’ for w/o: L” time petiod

represents a scheduled operation of work order L at the relevant machine.




Sort by conpound type 4 501 Order By Earliest Start Tine, PartlD
and WO 5 For nore information, see JP Rule 501

S

[00186] Initialty, the pegged orders forward displacement mechanism sets the
changeover time period ‘¢’ to start at the beginning of the scheduling time window, since it
is known that changeover will always be required prior to execution of the relevant

operation of work order L.

[00187] Thereafter, the extent to which the scheduled operation of work order L can
be pulled forward (that is, the extent to which the Actual Start Time for the relevant
operation of work order L (ASTL) can be made earlier in time) depends upon the Earliest
Start Time for the operation (EST), (which was computed during job prioritization at S808
of FIGS. 8 or 81610 of FIG. 16) and the Changeover End Time (CET). In particular,
(AST)L can be adjusted to the later of the (EST). and the CET, with the proviso that (EST),
will be shifted back in time to the Earliest Available Time of necessary resources for work

order L (EAT)y) if (EST), was initially earlier than the (EAT);. This is summarized in the

below equations:
(48T), = CET If (EST) <= CET (15)
(4ST), = (EST), If (EST). > CET (16)
(EST)= (EAT); If (EST)r < (E4AT) (7
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 '

[00183] 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;




502 Order By Earliest Start Tinme, PartlD WaferLot 1D and WO 5 For nore
I nformation, see JP Rule 502 503 Waferlot Integrity Wthin
Max. Queue Time 5 For nore information, see JP Rule
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[00189] If forward displacement of the first operation is successful, the newly
Assigned End Time of the first operation work order L (AET)y, is recorded and used for the
calculation of the EST for succeeding operations. This is repeated until all the eligible work

orders have been forwardly displaced.

[00190] Referring to FIG. 21, operation 2100 of the MS Module 104 for attempting
to schedule a work order operation for execufion at a work center is illustrated. As
described above, machine selection attempts to find, from among the machines at a
specified work center, the machine that isi best suited of the available machines for
performing the desired operation. Operation 2100 may be invoked either during job shop
model scheduling (see S814 of FIGS. 8), flow shop scheduling (81612 of FIG. 16), or
bottleneck scheduling (in the context of either of the job shop or flow shop model
scheduling which is performed during bottleneck scheduling). It will be appreciated that

operation 2100 is executed multiple times per scheduling run.

[00191] Initially, the machines of the selected work center are categorized imto

suitability categories based on the suitability of each machine for completing the current

work order operation (82102). In the present embodiment, five different suitability
categories exist: (1) Must - identifies machines that must be used for the current work order
operation for reasons such as better throughput, tooling constraints, 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).




503 504 Order by due date, waferlot balance gty fromupstream SPT 5
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[00192] Based on the categorization of machines, a first machine suitability category
into which at least one machine has been categorized is set (S2104). Next, the availability
of resources necessary for completing the current work order operation at each machine in
the selected category is checked (S2106). Necessary resources typically include material,
fixtures and tooling, and operator resources. The earliest available time (EAT) of each
resource needed by the operation is determined, and the EAT for resources overall is set to

the latest of these times, as described below.

[00193] The primary consideration in determining the EAT for material (EATM) is
whether sufficient quantities of the material(s) necessary for completing the operation are
available. Two types of quantities are considered: inventorized quantities and scheduled
receipt quantities. Inventorized quantities are quantities of material immediately available
in inventory at the stock location. Scheduled receipt quantities are quantities of material
which are due to be received within a predetermined time period. The latter quantities of
material can be nsed to complete a work order operation if the Assigned Start Time of the

operation is equal to or later than the scheduled material receipt date.

[00194] At the beginning of each scheduling run, the system will retrieve the latest
inventory status to ensure that any schedule that is generated will be based on real time

material availability status. The calculation of earliest available time of material is based on

the following equation.
EATM, =d,, (18)
Subject to:
.20,
;0% o (19)
0<n=m,
Where:
EATM, : Barliest available time of material i while satisfying the quantity
requirement.
dy: Inventory available time of material i.
d;: Scheduled jth arrival time of material .
¢y Currently inventorized quantity of mgterial B

@ Schoduled quantity of jth arrival of materlali,

-47"



5 For ECL *Refer to Table 3 for the format of fields of type and
job rule id Table 2- M5 Rules Listing Rule |ID DESCRI PTION Type
Remar ks 101

0 Required quantity of material i by current operation.

m: Number of scheduled arrivals of material 1

[00195] The EAT for fixtures and tooling (EATF) is simply the earliest time at which

a fixture or tooling necessary for completing the current work order operation is available.

[00196] When a work order is being completed on a machine, the associated fixture
is unavailable from the start time to the end time of the work order operation. Thereafier,
the fixture is released and returned back to the fixture pool. The MS module 104 will wait

until the required fixture is released in case the required fixture has been exhausted from the

e

fixture pool (i.e. the assigned start time of the work order at that operation will be delayed

Tiu,
EaineN

due to fixture unavailability). The equation for determining the earliest available time of a

particular fixture is follows:
EATF, = min(1;) 20)
Where:
EATF,: Earliest available time of a fixture in fixture group i.
1 Release time of jth fixture of fixture group i.
Tio* Available time of any fixture of fixture group i in fixture pool.

[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 operationi 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 a certain minimum skill level. Tt
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,) 21
Where:
 EATO,: Eatliest available time of operator satisfying requirement i.
bﬁ : ' Release time of jth operator satisfying requirement i. '

isi . Available time of any operator satisfying requirementi.

-4
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[00198] " The BAT of resources for the work order under consideration is simply the

maximum among EAT of material, fixture and operator, i.e.

EAT = max( EATM, EATF, EATO) 22)

[00199] After the availability of resources necessary for completing the current work
order operation at each machine in the current suitability category has been checked, the
start and end time of the changeover time period and work order operation processing time

are determined for each machine in the current suitability category (S2108).

i [00200] The changeover start and end times are determined based on the part
identifiers of the previously scheduled order and current, to-be-scheduled order.
Determination of changeover time duration may be simplified by classification of the
changeover into one of a number of changeover types, each having an associated
changeover time: (i) same part number with zero changeover time; (ii) intra product 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 ( 4ET,, ,,, ), 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. 224. For backward scheduling, the allocation is right before the §

. changeover start time (CST(.y) ), or the order’s 1atest end time (LE’I}), whichever is earlier,
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203 Least loading 2 204 Fixed time period constraints 2 consider
fixed wo run tine 501 I'Vleet production cut-off S

Stvrt

subject to the earliest available time of resources (EAT) required by the work order. This is
illustrated in FIG. 22B.

[00202] The equation for calculating the processing time of a work order on a
machine (in minutes) is as follows:

_60xg,xEF, xLR,,

UPH @)

by

p
Where:
Erxror! Objects cannot be created from editing field codes.: Processing time
of order i on machine j, in minutes.

g: Quantity of order i.
EF,:  Efficiency factor of machine j, EF,= [0,1].

S
LR,,: Learning-inratio of team k on machine j while processing product m,

LR, =10,1].
UPH, Unit 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.

[60203] The learning-in ratio 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 lIevel 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:
¢ Learning-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

thesamecurve.
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For more information seviViS Rul e 501 502 No splitting of part
ID5 For nore information, see M5 Rul e 502. Must be used toget her

[00204] The attributes of a learning-in curve typically include the following

information:

e The relationship of the learning-in curve with the product, machine and production
team;

« Normal output per shift of the product on the machine;

¢ Quantity produced so far;

e Definition of the various stages of learning-in curve: the number of product produced
identifies each stage in the learning-in curve. For example, the team must produce 100
pieces of a product on a particular machine before entering the second stage and

produce another 200 pieces before entering the next stage; and

» Percentage of oufput per shift at each stage.

[00205] A typical leamning-in curve is depicted in FIG. 23. The curve shows the
efficiency (percentage of normal capacity) of machine ‘M1’ when operated by production
team ‘T1’ to process part ‘P1” during various stages of learning. Five stages of learning are
illustrated, each having an associated efficiency. For example, if the normal output per shift
of part ‘P1’ on machine ‘M1’ is 100, then team ‘T1* will produce only 10% 'of that amount
(i.e. 10) in the first stage of learning. At the last stage, the percentage of the output per shift
is 100. This means that the learning-in process is completed and the normal output rate will

take effect as the product is considered to be fully learned-in by the machine and/or

production team.

[00206] The MS Module 104 also calculates the Actual Start Time and Actual End

Time of the work order operation on each machine under consideration during S2108. 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

cﬁuaﬁons for calculating the actual start time and actual end time of a work order are as

follows:
S | AST,=max(CET,EAT.EST) @8

. Subjecttor . B DR RN
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with JP Rule 414. 503 sane wafer lot finished within the cycle tine
of its speed/lot type 5 Try to assign the lots of sane wafer lot to
the same machine if they are within the cycle tinme. For nore

i nformati on, see MS Rul e 503. Must be used toget her

AST,; < LST, (25)
Whete:
AST,:  Actual start time of order i on machine j.
CET,: Changeover end time of order i on machine j.

EAT . Earliest available time of resources.
EST.: Earliest start time of order 1.

LST.: Latest start time of order 1.

AET; = AST; + M+ B+ p, (26)
Where:
AET;: Actual end time of order i on machine j.
,;_f-"'} M: Mealtime.
e B: Block out time.

[00207] For backward scheduling, the equations for calculating the actual start time

and actual end time of a work order are as follows:

AET, = min(CST,,.,,,, LET,) 27
Subject to:
AET; 2 EET, (28)
Where:
AET,: Actual end time of order i on machine j.

CST,,,,;: Changeover start time of order i~1 onmachine j.

3 LET;: Latest end time of orderi.
EET:: Earliest end time of order 1.
_ AST,; = AET, ~M —B—p; 29
Subject to:
AST; 2 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.




with JP Rule 414 (for d/a) 504 Lot finished within the cycle tinme of

Its speed/lot type 5 Sane wafer |lot is not necessary to assign to the
sane machi ne. For nore information, see M Rul e 504. Must be used

t oget her with JP Rule 506. (for wh) :

[00208] Subsequently, the best suited machine in the current sujtability category is

selected (S2110). This best suited machine is also referred to as a “candidate” machine.

[00209] The currently operative MS Rules and associated MS Rule Control Triggers
will govern the selection of a candidate machine. If a single MS Rule is defined, it will be
used to identify the candidate. For example, if minimizing the cycle time of the order is the
only MS rule, the machine with earliest Actual End Time is chosen. In the present
embodiment, the MS rule ‘meet due date’ is always applied (i.e. it is “bard-wired” as the

highest priority rule for the MS module); this may not be true for alternative embodiments.

3 [00210] If multiple MS Rules are defined, they are progressively applied until the
field is narrowed to a single candidate. MS Rules may be generic or industry specific.
Examples of generic MS Rules include ‘meet due date within maximum buffer stock”,
which selects machines that can complete the work order by the due date while satisfying
the buffer constraint, and ‘smallest loss time’, which selects the machine with the smallest
gap between the Earliest Available Time of the machine and the work order’s scheduled
start time.

[0621 1] Examples of industry specific MS rules incinde ‘no splifting of Part
Identifier and Wafer Lot Identifier’ which attempts to assign work orders of the same part
and wafer lot identifiers to the same machine, without exceeding the production cut-off
time, and ‘same wafer lot finished within the cycle time of its speed/lot type’ which selects
machine for the current work order based on the same wafer lot identifier, part ideritiﬂer,
product family and be able complete the processing within the 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 Rule Control Tnggers are the ‘End.time tolcrance and Processmg time

 . hmlt’ Tngger and tﬁa ‘}’roductmn cué off range Tngger The former tngger entaiIs two. '
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*Refer to Table 3 for the format of fields of type and job rule_id
Table 3- JP and M5 Rule Types Rules Rule type Type in table job rule
Job rultid in table job rule Meet Due Date Hard coded rule 1 101

separate thresholds: END TIME TOLERANCE and PROCESSING TIME LIMIT.
END_TIME_TOLERANCE refers to a minimum amount of time by which a lower priority
machine must complete an operation before a higher priority machine before the operation
will be considered for scheduling at the lower priority machine.
PROCESSING TIME_LIMIT refers to a minimum duration of processing time of an
operation before the operation will be considered for scheduling at the lower priority
machine. The latter trigger entails a single threshold, namely PROD_CUTOFF_RANGE,
which represents a minimum utilization (e.g. minimum number of operating hours in a
particular shift/day) of a machine that should be met by all machines in the same category in

order to balance the load onr machines within the same category.

[00213] The ‘End time tolerance and Processing time limit® Trigger and the
‘Production cut off range’ Trigger may be applied together to select a candidate machine.
This is illustrated in FIG. 24. In this example, two machines (M1 and M2} are suitable for
completing the current work order operation. M1 has higher priority in terms of the
changeover level comparing to M2 (i.e. M1 requires less changeover time compared to M2),

but the end time of the work order will be later than M2.

[00214] The selection procedure is as follows:
D1 <END_TIME TOLERANCE, then select M1
Else If processing time on M2 < PROCESSING_TIME_LIMIT, then select M1
Else If D1 < PROD_CUTOFF_RANGE, then select M1
Else Select M2

[00215] The third filter in this rule trigger causes machine M1 to be selected even
though DI  has exceeded both the END TIME TOLERANCE  and

PROCESSING TIME LIMIT, as long as the Dl 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

thresholds are essentially used to d:etermjne_'whe‘thcr_ it is worthwhile to introduce another

- changeover if the lower priority machine ean complete the work order earlier as shown in
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Generic Rules Single 2 > 200 and < 300 Conpound 3 > 300 and < 400

i,

the example. These combined trigger tolerances indicate that if it is a small work order
(PROCESSING TIME LIMIT is small) or the difference of the end time
(END TIME_TOLERANCE) is within the tolerance, then M2 should not be selected as it

incurs more changeovers.

[00217] Once a candidate machine has been identified within the current suitability
category, subsequent suitability categories containing at least one machine are exainined

(82112, 82114, S2106-S2110). The result will be a single candidate machine from each
suitability category.

[00218] A best candidate (i.e. best suited overall) machine is then chosen from all of
the candidate machines (S2116). If only one candidate exists, that machine is chosen. This
will be the case when one machine has been defined as a “Must” machine for the current
operation for example. If more than one candidate exists, the selection of the overall 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:

IfD1 <BEST _FIT MACHINE TRIGGER PARAMETER, then select M1
Else if D2 < BEST_FIT MACHINE TRIGGER_PARAMETER, then select M2

' Else select M3

[00220] In essence, the selection procedure chooses a best candidate machme in oxder

of dlmmlshmg sultablhty based on whether the utllmanon quotas of maci'unes in Iugher
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Sem conductor Single 4 > 400 and < 500 Conpound 5 > 500 and <600
*The sanme format applies to Machine Selection rules (1) Detail ed
Descriptions of JP Rules JP RULE 421: LOT CUMJULATI VE TI ME GREATER
THAN *** For WP: Lot cunulative time = earliest start tinme - track

in date

e,

."-u\,-;-?.

suitability categories have been met. This procedure is applicable to both of the forward

scheduling and backward scheduling methodologies.

[00221] Once the best candidate machine has been identified, the work order
operation in question is scheduled for execution on that machine (S2118). During
scheduling, a forward searching and node splitting mechanism is applied by the MS module
104 to search for an available time slot or time slots during which the current operation 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 periods, 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 lefiover 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 shifts or operator meal breaks, with 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 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 Actuaqutart 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 fime 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 information that is

written to an ‘x’ node includes work order number, part number, cumulative time since

. order released, and fixture used. The scarch procedure continues to search for an ‘@’ fode. .
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For new release lot: Lot curulative tine = earliest start tine -
rel ease date Lot standard cumul ative tinme: defined by the user at
centre level using GU centre setting cunulative tine. JP RULE 422:
LOT PROCESSI NG TI ME GREATER THAN *** |ot processing time: estimted

Lot standard processing tipne: defined by the user at _centre | evel
usi ng Gdpr drereainiag: pregesgingotime 210 (i | tofad eppesssing rtimey P Qparmysn lgeady

two set ] I NgAL I : I
pr ocossi i RIdL e TIOPHARE WRERRR v)9Ad AT MBI B & TRE oopioenc
GREATER st atddmrhodats thegemgininigipocessing tiektofstak brdet 2 - track out
date Lot standard staging tinme: defined by the user at centre |evel
using GU centre setting 4 staging tine. Al the lots are grouped
into t . Lo i r ' t f :
st agi ng IUREM e Tt bt ! Gl b iond (A8 SRR 16, i
current resalitis eepotted badiite th I Modakf dfepweated ah imgovahsehbddlingwuogss rate,
Oper 2 RS WP PR b oSN AN S5 5
the work order to an available machine even in violation of the EST or LST constraint. This

may reduce the unscheduled orders.

A,
—

[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
specified. 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 nsers. 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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Wrk orders are sorted based on the following criteria before.nmachine
selection: 1. Cunulative tine ratio, i.e. (cunulative tine +
processing tine) / cycle time goal, divided into two group, greater
than or equal to 1 (out of cycle tine goal already) and less than 1
2. If out of cycle tinme goal, sort by lot priority, 3. Sort by famly
group bARRENRIXhe JRandddSRules (Desc) Wthin sane fanily group 4.
Wrk order's priority, highest priority first. 5. Wafer |ot average
curmul ative tinme ratio (Desc) 6: Wrk order's earliest start date,
earliest first. 7. Part ID, in alphabetical order. 8. Wfer Lot ID,
al phabetical order. 9. Wrk ofablels JRBules bisfingbeti cal order. 10.

Mother lot_id, based on the wafer lot order of a nother lot the |ast
subl ot | Hule NOBSECREPTIAN wi || be t hd Tyt | Bemarhst he |ist of the
not her |t JP RULE 501: - ORDER BY BARUFST START TI ME, PARTI D AND
VORK ORDBER WHakliat Da¢ Dar € sorted bdgsied op the following criteria
bef or e[ machijne serection: L. EarlTtegt staft Tine based on a range of
cut of 2 1”!: S(flgﬁb i claéhr{g’iﬁn ENtTe Gﬁl[l Mg The start e that T 5
w thin O1 at cn:t.,lazucl,u as—the—sane plIUIILy Z.
Part | P ng ﬁe;qeﬁafaﬂ% ol Aigmesedie
203 | Largest total operation time 2
remaining
27 204. | Smallest slack time available 2
L 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
1 404 | 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 eurrent 0perat10m |4 | Letsize>* (interms of qty} -
| greater than *#4 o ' b L

.“:‘LI’.‘QJ .
vt e
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3. Work order's name in ascending order. JP RULE 502: - SAME FAM LY
CODE AS PRECEDI NG JOB AND EARLI EST START TIME BY A CUT OFF TI ME RANGE
Wrk orders are sorted based on the followng criteria before nachine

selection: 1. Earliest start tine based on a range of cut off tine
defined-in.the centre setting The start time that is within the cut

of f ti neddlangleoticomulptive timeegicater thare sdne rGusnulative tirge >Pocentredtingane
i n ascdndi ng| B*der. 3. Wafer lot |0 in agceneisgiverites). Fordanoor k
order' g nanel i n ascendi ng order. JP RULE 5G@formatibhl-Edd LNI EGRI TY W TH
MAXI MUNT QUEUE TI ME PER WAFER LOT Wbrk orders are sorted based on the
fol | owijng criteri a before machi ne se ectlcerR&leﬂElke the work

CLL i

QOCU UII

Che world2r a Qe&%@r%cg?we%eegfeaﬁfﬁ% 4 e e [ fglio PSR
(0]

of sub-{group wafer 1ot IDwth maki mum|diiugeniiatering gk
order. [JP RULE 506: - WAFER | NTEGRI TlY W THWM@M@%[E 't R US A D
ON CUM |H28E |Fsmndardinvessoty of RkeL€ ar e| 4or t 4 W ipdseahtany >t hGnfterrsoi ng
criterija befigreatershim he* sel ecti on: H rst V&kgl.Crgty).
424 | Lot staging time greater than *** | 4 For more information, see JP Rule
424
425 | Lot size equals mother lot size 4
426 1 Sort by compound type 4
L ) 501 | Order By Earliest Start Time, 5 For more information, see JP Rule
PartID and WO . 501
502 | Order By Earliest Start Time, 5 For more information, see JP Rule
PartiD WaferLotID and WO 302
503 | Waferlot Integrity Within 5 For more information, see JP Rule
Max.Quete Time 503
504 { Order by due date, waferlot 5
balance gty from upstream, SPT -
506 | Watfer lot integrity with max 5 For more information, see JP Rule
queue timne 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

"y Table 2 — MS Rules Listing

Rule | DESCRIPTION Type | Remarks
D
101 | Meet Due Date Within Max. 1

Buffer Stock

B

201 | Smallest loss time
202 | Smallest diff. between actual & 2
latest start time

203 | Least loading 2
204 | Fixed time period consfraints 2 consider fixed wo run time
50 | Meet production eut-off = = |5 — For more mformatmn see' MS

‘ & f Rule 50[
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1. Make the work orders' wafer lot IDinto sub-group of maxi mum queue
time based on the-work orders' cunulative tinme. 2. Biggest

cunul ative tinme of sub-group of wafer lot ID w th maxi num queue tine
in ascending order. Current Version: 1. Cumulative time ratio, i.e.

(cunul ative tine + processing time) / cycle tinme goal divided into
two grbGB? MeesplittingidpagiDequal to|B (ouf Fermesednformptien, gesaMS
already) and less than 1 2. |If out qf cyc|Rulg$i2. bt be uwsdtogsther of
priority 3 Sort by wafer |ot based on WafwﬂhIPdlulaﬂhf?age cunul at | ve

time ragpd %ﬁ@haﬁéﬂdﬁ'ﬂﬁﬁh@&r%ﬁh@ﬁﬁé 500 BTr\ierassioh GRS 106 oBkARE | LY
h! ghest pri (’rﬁrél?!bfdero?tits %$ rde S eawe@gttgg@rgang%&hm@e;fl est
first.|6. Par i ar abet grderc thé%v?r a}@&ﬁhﬁrtﬂ@éycfetﬂﬂ

al phabeticall order. For new rel ease | ot or 3 SWJr
ordersjare sorted based on JP Rule 303. ( gﬁ%xel dr% of
MS Rul s MBJRULE 501: - MEETING CEN|j ER O AW };{%&

t hrough_thelgroup of machines within a fapf JP Rulg 7 es thht
have t h804% anﬁotﬁﬁJBhewlnn dredorels time | Be wol Rate safer doide pot necessary
consi der at i pofit@spebd/ldtiygee i s machi ne t ha} tosassigefie e sewadiachive. | n
step 1} go fo step 3. O herwise junp to sfEgrBoreinformation , see MS
Rule 504, Must be used together
with JP Rule 506. (for w/b)

A

{3} *Refer to Table 3 for the format of fields of type and job_rule_id
Table 3 - JP and MS Rule Types
Rules Rule type Type Job_rule_id
in table job_rule [ in fable job_rule
Meet Due Date | Hard coded rule |1 101
Generic Rules | Single 2 > 200 and < 300
Compound 3 > 300 and <400
Semiconductor | Single 4 > 400 and < 500
Compound 5 .| > 500 and < 600

*The same format applies to Machine Selection rules
. (I) Detailed Descriptions of JP Rules

JP RULE 421: LOT CUMULATIVE TIME GREATER THAN *##*

For WIP:
Lot cumulative time = earliest start time - frack 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 Iots are grouped into two sets. Lots with larger cumulative times than the standard
- cumulative time have higher priority.

{i{ )

P
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3. Search for machine with the same part |ID and has the cl osest end
time as the previously assigned split work order. If found, keep the
information. 4. Search for machi ne that has the cl osest end tinme (Not
considering part ID) as the previously assigned split work order.
Keep the_ found |nforrrat|on 2. Compare result fromsteps 4 and 5, and
choose dPEAIEEA2%d OT RROCESSINGAIIVE GREATER THAN*f & irrent |y set to
30 m nutes). I\/achl ne with the sane part |DV\A|| be chosen if the

di f f er eltot petcvssang temel esfimetedf previ ously assigned split work order
and cur 1eoktandi pocesing thnd:elkfnédbnthd Qiseri an vée® lewipeing Gilcenne bemeg >
w th di ffegent part 1D but closer to the end tine of previously

assi gned split vvork order This conparison wll make sure that the

split Y‘@(l‘%ﬁ ed(i%mévf s %ot?{ﬁ'tﬂ%rg&gﬁ?ﬁé@%fﬁ% rtﬂngEg thad: tPé’?tﬁﬁHa?@ S

are se ng crite

pr ef ere nga@% # }%Eﬁﬁr the previ ously assi gned work order as
t he mnrk order under consrderatron and the current work order can
conpl et dP RULE 424i 10T STAGING TRME GREATER THAN & ent part ID of the
previ ously assigned work order as the work order under consideration,
and t helotstaging tiwet kartiesd startctane € anaght edtelats t hi n one cut of f tine
range. Tot SafRrPaafging Boeft défiedbyalie 0ies byyconas igobekindGKIl eeales sansng e
wor K or gekinénfigd. consideration, and the current work order wll

conpl ete processing in nore than one cut off time range. d. Different
ayt | Dagf nder
pay 9 thb s Q:re%\fbﬁ 8 lidho 35 '3&5'619:1( é&%ﬁﬁ%oﬁn%ﬁs%ﬁﬁa%ﬁﬂwi

consrder te processing in
nor e thafr%téfn%e cu ﬁe&ﬁgnge e. Fromthe above cat egory of

criteri t t hat can start at .t owest s i.on |1 be
consi de&@ﬁ“ﬁ Eﬁ?“é © CHITeat eaRty éemaﬁtﬂnlé %@tf%%@&é“lﬂ%ﬁdhﬁ of
the cat &jlmmngppgrationsof theaWikF A% igRied.can start to process the current
work order at the earliest time will be chosen. Fig. 1. The

def i ni t IPRUIE 4kl t S AMEFAMILY GODEIASBREGHIPING I®r t he sel ection of
between preferred and non-preferred machine famly, the follow ng

rul es anphek orders drelshftell Dakd S AR folloWiEritbAR Hefork MadvhiddRIgetbRCt | ON
will favor the machine with the same part |ID and cl osest end tine as

g{ g‘é'sogi' & Pltiot 1&”%@%9&%;19 chésHﬁi% )P fmk goayah
non- preferre {f ?&M %‘Oaﬁpég 'S tEasede%(%ln preference |n %agétlrgadyt)gn d.

Due dat |nto@5) ‘ﬁé’ lf the preferred and non- preferred
Sty

famly g J%B Oggytrfﬂy group based on the average ratlo (Desc)

Wlthm same family group

4. Work order’s priority, highest priority first.

5. Wafer lot average cumulative time ratio (Desc) -
6: Work order’s earliest start date, earliest first.

7. Part ID, in alphabetical order.

8. Wafer Lot ID, alphabetical order.
9.
1

Work order’s name, alphabetical order.
0. Mother lot id, based on the wafer lot order of a mother lot, the last sublot of the mother
1ot will be the last one in the list of the mother lot

JP RULE 501: — ORDER BY EARTLIEST START TIME, PARTID AND WORK ORDER

Work orders are sorted based on the following criteria before machine selection:
- 1. Earliest 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 c0n31dered as the same prxonty
2 Part Irs name in ascendmg ordetr e
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M5 RULE 502: - NO SPLITTING OF PART I D AND WAFER LOT I D Definition:
Section - The scheduling tinme horizon is divided into many sections

I n which each section's duration is equal to the cut off tinme range
defined in the centre settings. Section 1 Section 2 Section 3 Cut off
Schedulina start time - Selection within the same group of machines
(wi t hi n 3or Bfask prser’s nane iy ascendingiorder.c) : Note: Due date range setting
wi || hav@ KdLEbizct SANME ReMIBYHIOBESSY EBECHNINThEDR ANDRHRARLIEST START
machines are in the follow ng preferred order based on the work

order, WIME BETA CREF OPRIUME RANGvafer ot ID "Waferl D, whichis to
be assigned to the machine: 1. Machine with | ast processed work

or der, "Wbﬁpmgﬁﬁr#}esemg%a on b ﬁﬁgwﬂ%fo(l‘ﬁtebgtbei’d}ettﬂa Eﬁré’é?échﬁﬂf der

to be assi gne e Wor or nmust 0 start an Inls

vv|th|n | e sectl n. If there on hi n sfies
this orik Q@Eﬂf-s E ol ot oL Bt BV PR Rinp Pt
time. 2Hm 1?13’1 eP‘étét éﬂggéﬁc%ﬁ’r‘iﬁr A d1e Sas iPH%s t he sane
part | D2ahdt llas same gy aspen 113g9qq1§r work order to be assi gned. However,

t he wor RB- Bfaﬁ@rlmt@m@sceaquréerstart and finish within a single

sect i on4alrk helet'onahe inafsesnding orderant ity is able to conplete
processing within a single cut off tine range. |If there are nore than

one maclp RUISR50S 1 RMARER INEECRETYOWI THMASISUIMEQUREE TRVE PER SAARER

start at the earftest tine 3- MAChine wth ast processed work order,
yihy ch h |@l-lthe same part IDto the wdit order to be assigned, and that

¢an co e processing within a single section. If there are nore

I': gﬁ n s ? QS‘Y{E@{: oh Ildgjgv, az'gfsh%tfgé ggf&%ff&ns th%rijohgvrv%nag’ cr%tggg before wﬁhmcsgiecﬁﬁ Lhat

1. Make the work orders’ wafer lot ID into sub-group of maximum queue time based on the

work orders’ earliest start time.
2. Biggest earliest start time of sub-group of wafer lot ID with maximum queue time in

ascending order.

JP RULE 506: — WAFER INTEGRITY WITH MAXIMUM QUEUE TIME BASED ON

CUM TIME

For WIP, Work orders are sorted based on the following criteria before machine
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. Curmulative 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. TIf out of cycle time goal, sort by lot priority
3. Sort by wafer lot based on wafer lot average cumulative time ratio (DESC)
~ Within same wafer lot .
4. Work order’s priority, highest priority first.
. 5 Work order’s earliest start date, earliest ﬁrst
6 Part ID in alphabetlcal order :‘," U




4. Machine with |ast processed work order, which has the different
part IDto the work order to be assigned, and that can conplete
processing within a single section. If there are nore than one
machi ne satisfies this criteria, then use the machine that can start
at the earliest time. 5. Machine with | ast processed work order,

whi ch hdk Wrsk eeder’spame, alphabeticeherdgor k or der to be assigned, and that
cannot conpl ete processing within a single section. If there are nore
t han one&roraeki reteas@ldtok imdp fidm apakede) Wark ob@ers usesdrbel basetlionelt Rale
can starggzat the earliest tinme. 6. Machine with |ast processed work
order, which has the different part IDto the work order to be

assi gne t o) cessing within a single

secti onch)l @‘j‘-‘?ﬁﬂé‘g %égeﬂﬁﬁénghmg‘ﬂ%m ne satisfies this criteria,
then use the machine 1hat can _start at the earllest time. Note that
after t EEd NG (EN TR CULRQEF RANGE chi ne or none will he
chosen fromw thin each group of machines. - Sel ection between

di fferert Seancphraighriegione sf fibetinmsarithin effamily fordheimachingsrtbitdrave the:
For the sedametsplitwotld erdetk apttefverrk etdeandderanngdattéon.ed machi nes to
have ef ReCI thdré Bifachiv@thgt sbisfiRE ontHEM REst@ND R0 biep!B Slfhwiie futfp € step

machi nes. gn other words, this rule is required to choose bet ween two

machi nes, %Hfopﬁaa@ﬁlﬁé %Mﬂe arRﬂ?asftﬁé)&IbM{‘eﬂartﬁﬁ@&srtﬁQP ly
;Qet ﬁgl ec£ % Edm 198&13 Lid H% 1}113)‘%1@{ I?r eferred or dfe b%se
\ﬂ? A m 8 (El es fid lgW@ifc% Fl J]ga:tgﬂr}ga ?ﬁé

—"‘-@

fhat is to cﬁ [ &f.e EHih
W|thlat fiﬁptr 0 oh® aeﬁﬁ@srér?{em and vvafer
lot 1D %P%F‘??u é‘?StFIi‘)S ‘do@ §‘P€;ﬁ Qpse 8 befighn aﬁ

machi ne vm‘f3|11“q (gueniyoebosi0gmingies). derbme itk fhepame pag 10 tﬂsqnef thsd
waf er | ot diffgrentbatyreenenddivas @l%nre‘fleusiﬁ agpigrieg plit work q@éaﬁéﬁ pdrertk ed
group nachirder if fes than S8 aninvies compared Wmscmnﬁ)wéhdiffﬂymtt@eﬂ\mrﬁm ohogesrto s
| ess t han ththendime iof prefvamslytaesigneelf sphit wdikgerden Theis bomparisdn wild eaake sure”
pref err ed thatahespliaahirk erdefs willscoggidte aralaioar the spnetimssi ng t he work
order i g, |M¥achiddiaie iddetatRistdon fhefollhiginp @fitdiach tid @derdiTPudferBedi ne.

5. If both the QR RHIEARACRdUI AE8ENRAEkVier 78 Y WaE ofdahinder

processing the c¥39§15er9t’i61:? Bnd ﬂletcnﬂemm&ér 8 cotPRR WHRARe LI time
machi ne that cag,deonpl efe processing the total wafer lot quantity

Wi trerence E@@en‘fﬁ@gﬁ B erepf%{l % %z%r%dq’ﬂﬁ PEOfhelsfork Dfter ader
rchi e s 1o FHR o e i P B S s

non- pref er r ed LE 503 SOVE MPER LOT LN SHED
w TH N THE GrodemepiDoe Iéi’fﬁl?@m@lﬂ pepgmefypprk 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 earliest time will

..n.

{.

be chosen.
b Section 0 I Section 1 | Section 2 [
Cut off time l ~ Cutoff time - Cutoft:' ti'mé: ‘
= range —>+~ > range o __» _

range
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- Selection within the sane group of machi nes: The sel ection of
machines is in the followng preferred order based on the wafer | ot
id, part id, famly code, and cycle tinme, which is to be assigned to
the machine: |. sanme wafer ot id within cycle tinme 2. sane part id
within cycle tine 3. sane famly code within cycle time 4. within
cycle tinme 5. sane wafer lot id 6. sane part id 7. same fam |y code
8. the avail abl e machi ne which has the earliest end tine. In case of
nmax machi ne nwiger Thedefatitonal sectidrodnd cut offftinadngot her nmachines wil |
be di sabled if assigned machi ne nunber hits the setting. If (end tine

of the sel gglgd sa@&iahrb?betweéﬁ Rakddeml B8R réﬂaﬁ@d ﬂlfacﬁjﬂ@faﬁi’l | iRbRowing
machlne> ﬁﬁi’ |rrerange and vmthln cletlrrethen élect the

machi ne Whl c B0l t to v % o, with the
%P? g& %ﬁ n%ﬁ Hrega)ﬁls]é{ ggii%‘;eg c§§ 81}

priority (%a
cycle t| rre

first. etmcg%@t oygh $eps0.tht $rlsctiog of mar ?%bea@%ﬁ eeffe 8n4he
machi ne WI t h qon@mfatr&faﬂa@sargw@ds b@ﬁ@ﬂ@ﬂ p(@fﬁre%l@rw b Mﬂe Adeelal Tagge
end tine) of come intoptayronkoif thaquniingdand gon-pesferset familyiggound sptidithst i n

t he machi ne, semekiifegis. are categori sed into 6 groups:

MS RULE 502: — NO SPLITTING OF PART ID AND WAFER LOT ID

r‘{-:::‘?s‘”
S—

Definition:
Section — The scheduling time horizon is divided into many sections in which each
section’s duration is equal to the cut off time range defined in the centre setiings.

Section 1 Section 2 Section 3

L 4
A
A 4

<+ Cutoff —>=

1

Scheduling start time
- Selection within the same group of machines (within preferred, non-preferred, etc):
T Note: Due date range 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 Iast 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 sat:sﬁes this
eriteria, then use the machine that can start at the earliest time.

s 3. Machine with Jast processed work order, whmh has the same part ‘]ID 1o thr:: woﬂ% order o o

“ to be aSSIgned, and that can complete processmg Wlthm & smgfe sectmn If there are
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0 nothing 1 has a wo with the sane changeover group 2 has nore than I
wo wth the sanme changeover group 3 has only one wo with the sane
part id 4 has one wo with the sane part id and has wo(s) wth the
same changeover gruop 5 has nore than 1 wo with the sane part id 6
has wo(s) with the same changeover group and has nore than one wo
with the saoe tharene rdachidesatisfiosdins cuiteriny thesusedhamselgne that eamsdarhatriibe
with | owereapiigsofimty if the wo is different fromall the last assigned
product 4i vhélEndwah ﬂd&f—‘ﬁmcwﬁéc{lﬁoﬂ@ﬁd&eWlﬁdh&a@ﬂﬁlﬂiff@ﬂﬁ@a@ﬁmﬁ@%ﬂﬂ a
machi ne whj ad thas agéﬂﬁleaaiﬁa tR&chn cbm Tet ﬁﬁgeﬁmﬁf@aﬁ RSt Hithdbe

fol I ow ng 40 joR i 9 ablifid satiyAb erﬁ u DR b SERYLT €
0 g

above, Onltﬁ one. ne or none W osen in eac roup
of machi.n i on i ff roups of [ |nes
e %ﬁ“&s ?ﬁe‘gfoﬁaora?wﬁ STl BB R 80

t here shodf CB%‘S* (U GORRIGG BROFESSINg SIBS en%aetmm eff’ﬁfe

ot her wor dgoretthﬁnsoneun@hu@ spisfies tlig oxitsriayfhersese &Wé@ﬁn? thet eanctiathatdhe

for exarrpIe@Illesﬁem'fsrom preferred group and one from non-preferred
group. BlerMachitrewish last processedowortkhedemuhichdag theuleramtepagtdi togltic whtkst |
DP, SP, Nrrddviis be biigned, andahatehn hbiecomgddte poocedsinghwitids atshrgldsegtion. If
group pri qhdré Yre i@ thardrenddheneMafikfiesribie ritkibthen Gyeahenfabhige that can

sel ect t hqyipghhd@ridyt flmecan finish the work order within cycle tine;

£y Note that after the selection procedure above, only one machine or none will be chosen
N/ g = .
from within each group of machines.

- Selection between different groups of machines (between preferred and non-
preferred):

For the selection rule of preferred and non-preferred machines to have effect, there should
be one machine chosen from each group of machines. In other words, this rule is required to
choose between two machines, one from preferred group and one from non-preferred group.

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 fess than the due date range setting. Otherwise, use the non-
preferred group machine.
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3. select the machine which has the higher group priority and end
time of the work order on the machine with higher group priority -
end tinme of the work order on the nmachine with |l ower group priority <
due date range; 4. select the lower group priority nmachine. M5 RULE
504: LOT FINISHED WTH N THE CYCLE UNE OF | TS SPEED/ LOT TYPE -

Sel ection within the sane group of machines: The sel ection of
machines is in the followng preferred order based on the wafer |ot

id, partMBRUIBHOBYSAME WARERAWST EIMISPEEDWITTHIN THE CYC 135 ITigRedF 17
the machine: 1. sane part id within cycle tine 2. sane fanily code

W t hin OAfer W|th|n cycle tinme 4. sanme part id 5. sane famly

code G.M machi ne which has the earliest end tinme. |f

(end ti fp&theagn cted rrachln he earliest end tinme of the

avai | abl"®<IREEAR R gllﬁsa&?gliof'ﬁé’ PATYEeSand within cycle tine, then

sel ect the machi ne which has the earliest end tinme. O herw se (tout of
q

cycle ti r{)se legtinsafanachinepiscnithe.follawing rraferied pides basedion they waker jqt dd part
Consi dend,fgmilficodeagnd exeds Gmedwhich thtotbeiapsighed terdleshinpchingrachi nes are
categorlsed into 6 groups:

same wafer lot id within cycle time

same part id within cycle time

same family code within cycle time

within cycle time

same wafer lot id

same part id

same family code

the available machine which has the earliest end time.

RN
i
S

h -

In case of max machine number for one wafer lot is defined, other machines will be
disabled if assigned machine number hits the setting.

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, except for the first priority (same wafer lot id within cycle time).

Otherwise (out of cycle time), choose the machine, which can complete the work order first.

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
- job list, '

| Note that after the selection procedure above only one machlne or none will be chosen .
from wn“hm each group of machmes : e S
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0 nothing 1 has a wo with the sane changeover group 2 has nore than 1
wo wth the sanme changeover group 3 has only one wo with the sane
part id 4 has one wo with the sane part id and has we(s) wth the
sanme changeover gruop 5 has nmore than | wo with the sane part id 6
has wo(s) with the same changeover group and has nore than one wo
with the same part id the current wo tries to assign to a nachine

wi t h | oweSel@tionrhetyeérf differentgrowpsdif infaehémes: from al | the | ast assigned
product in the machi nes, which reduces the occurrence of occupying a
machi ne Phitkdiseldtioh fdle SAARCIRA!In dET@ént COUBfe Bl Ele%ésﬁm&‘d & odehe
fol | ow rlﬁaé?ﬂné ShokdiefrbARadH Sbou Bﬁiﬁc AU Ath&" w& & Ris Qe id QPuRELRIRYER
sbove,  HbicdHisglpitis 3 il 0] hohions 91%8 GO ki P

hall g

of mchle%g ection eren nmachi nes:
t he sel |on rule of machines in different groups to have effect

t here shoul d, be .one chi ne _chosen from eac ou of ITB.ChI nes. In
ot her e, the vanﬁl?fr@ﬂ?esmﬁ duns rappsase d Tfé’é‘élel\’g’é% 5Pt B> MaghiNoles

one fronk: pr‘éWé fheanadhinsphish baothe hishengtaup PE?@WeW’eﬁ.\m@h thaork ordes within
the priori eye&stime; t he machi ne groups are defined: Must, DP, SP, NP,
Must Not2. delect dHeanschieewhial hamfinisiinihe lwdrk srden evithiméyeie tgme;u p priority,
can fi ni3shsddve theankchiedwhichviddthe highed gotyp pHority and
end time of the work order on the machine with higher group priority - end time of the
work order on the machine with lower group priority < due date range;
1 4. select the lower group priority machine.

oy

f;'.
’ o

MS RULE 504: LOT FINISHED WITHIN THE CYCLE TIME OF ITS SPEED/LOT

TYPE

- 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 1d 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.

,
o

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:
0 nothing
1 has a wo with the same changeover group
2 has more than 1 wo with the same changeover group “

i 3has onIy one wo with the same partid :

_ . 4 has one we with the same part id and has W@(s) with the same changeover gruop

) ._IShasmorethanlﬁwomththesameparﬁxd PR : :
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2. select the machine which can finish the work order within cycle
time; 3. select the machi ne which has the higher group priority and
end tinme of the work order on the machine with higher group priority
- end tine of the work order on the nachine with | ower group priority
< due date ran%e;, 4. select the lower group priority machine. VHAT
| S CLAI NEms|ve(s)ywithnthe same changeersy igeaipedhes Biorthan ope Weadduhe syneipart
persi stdfit storage nmenmory in communication with said processor

st or i ng the owuess eo triesidabdign tonsmackiné with 1dwer pdiorigcifitingwe d diffeeut fremtadl
schedul eh@lapt dskighéd prodiict Wothle nictlizies, wigeiteduers kthosdarrende Galctpying a

pl ural i tiyadp@ienphidehdsiBelsdie FarPidWrahidgéoRdr sPREY AldneRF tHefolewmahasil he
at a plyp@jity of work centers, each work center having a group of
machi neS, each work center for perform ng an operation, the

schedul i .SiN on receivin h | indi cati.on
conpri s Qﬂ%?&%\;ﬁﬁ bt dhdl, P 58 R of P Bt & ebosen
schedul i Wéﬁlﬁb‘ﬁ% PO Wfhg one of a forward scheduling

nmet hodol OS,% and a backward schedul i ng net hodol ogy: (a)

cl assi fyi écea%hemeesdﬂfdermtgr%\pa@fma&bw&smandi date for scheduling at
one of said work centers, said classifying resulting in one or nore
candi datFer therselectiaiemis; of machines (i liffesant grovpgtehapreictiect theteosheakdrbeatme

sai d camgtctiakehven ironk eehsrdgsethahimes Slatotied woods, ik aule s 2@tiredto choose
rul es; between t6 mackines; bhé Grom frehes krdqupiaad iohy freaisindpleterted g, der
laying a priority that is at least as high as any priority assigned

to’ any R SRt b etV deh e WbupsdRTdefined; MubtidbPasP aqPIvEe N&.
schedul | : : | : :
el 8, S A i ) SR bl i
order is a-candl date. ba ea on a.set of ac inet selection rules, said
atterrpt'hgse&gg Fiing S fhgmg‘?mge & oK BRSL FEhE QIR ng of

anot her 3op% f b Anaghing yyhc RS HEReT HP W%&P@Iate_mprk or der

fol | owed HRpddmaseithe wopy oxdenentheimashie vt highsrgrowhpigrity - epd Hasof hee
of sai dWegk Rrdst erethe maghine with lower govgpeiarily £ dn¢ date aieesai d at t enpti ng
t o schedulssleshibg lopsreaeumpriortameehingg t he previ ously schedul ed
operation of said highest priority candi date work order and

refraining fromfurther attenpting to schedul e any other operation of
said highest priority candi date work order.

‘-6&-“ 




2. The conputing device of claim1l wherein said indication of a

met hodol ogy is an indication of a forward schedul i ng net hodol ogy and
wherein said classifying classifies each of said work orders as a
candi dat e u 4 the work center associated with its first
operati on.&ﬁ@fgﬁiwgﬁ%hg device of claim2 further conprising,
if said attenpting succeeds in scheduling said operation for
execution at said machine: if said highest priority candi date work
order has laAsisywéigsAeypre@bP&me:r ecl assi fying sai d highest priority
candi dat e V\orka%rrg&ésoq.san% candi date for scheduling at the work center
associ ated with*said successor operation, said reclassifying

resul ting in apes@tas siofdgednaauid idedemweicktir €il saidpeboassst goting a
priority to said reclassified candi date wrk order based on said set
of job priPERGES05 sRafahe insirastions for dpretingpaid: e vier Werhelos pleralitnel
wher ei n sai . Ladl i f L | Dokl i 0n: a
Packnar d_ ensa o e ooy A ey er e dR ek E R Pl br

cl assi f i evpeattnsab bsathbduedlat o phesl8y as warkcemttirsl @heh Work eonteedavingg at

the work center. associated with its |ast operation., 5 The conputing
dovi ce. of STHR AFRTEE ek WORARIS T, pe Pro e aP g e SUGeCushs | n
schedul i ngoBlisinSRRoAEQRNVIAS a SRIpInd®RSE Md\aitioh bodplicinhh RRA R hdd

o
candi date work ordér has a predécessor operation: rec?ﬂgsi 1py| ng said
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conpl et i ngafidate B0 8h hQBt FmARind sbicfi@Siuldl 4 hksmmandicdatRg WaeKa
order; for each suitability cat egorﬁ/, identifying a candi date nachine
of the rraélllﬂcﬁﬁﬁ-ﬂipﬁe@@l-lséch@iﬁ‘ilagpf Ry Qr@pergbplyog@sgbugbestyapﬁtymd@ate
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associated with its first operation.
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14. A computer readabl e nedi um contai ni ng conput er-execut abl e
i nstructions which, when perfornmed by a processor in a conmputing
devi ce, cause said conputing device to schedule a plurality of work

orders, each . i l. ural | i i rality of
operation?‘tom@%éggﬁgﬁaﬁg%wégcgcpuﬁﬁ?&#%é”%ﬁhagﬁ%’ggﬁ?é@?%pgg%h wor k
cent er hagind@eds igschdulifig SHC bpdraison foaekecunsKaicail @acHit: ifaldagesng an
operation, the scheduling conprising, upon receiving a shop nodel

i ndi cat i ofrieBHptAdidas Vaorf%@ E‘gﬁai)a pHsqeIsoneReratiomaraplass fang w@h@h@ston of

a schedul i : LS : ing

et hodol o8y P A ofia de SFRTRE b St AR Hin il BE HAREWBANG

cl assi fyi mgsoemedd woith seéd shosesskr apetion, sedd sectaasifilinatesultiog st teetindifiad) at
one of said work centers, said classifying resulting.in one or nore
candi dat e SHRSHHAtEMEF geder; and assigning %B%?léﬁit‘%émgf‘?ﬂlhiséﬁrfl‘g‘?ﬁa”tdb&é%}i’ﬂﬂ%f

sai d candbgﬁgga%@Qgsgmq@f§ﬁQ@§ﬁgdh tidn $§lks.Of job prioritization

rul es; (c) selecting a highest priority candi date work order

having a priority that is at |least as high as any priority assigned

to any ot her candi date.work.order. . (d),.attenpti t hedul e
e oy ot dor oM P Rb R Al hsrin ik BORER e BadeiaS s
machi ne Oﬁn%dﬁwti%n%@%@ékw?érd%Heﬁﬁ'ﬁix?g&h@'thbﬂtﬂb%}ﬁ&n@@h&éintsﬁid\/@és%ifﬁhﬂer is
a candi date based on a set of nmachi ne selection rules, said

at t enpt i nglasuifies vach @1 sefid siorkgorslats e e shudidge duri sshedvdinh atiilie iwegk egnter

anot her o I af .. sal I st priority candi date work order

fol | owed %%rogltal[se@cr}%@gls@%%tdof%&]agg§1 ing of an operation of different one
of said work orders; and (e) upon a failure of said attenpting

to schedul e said operation,  canceling any previously schedul ed
oper at i onof sding cHPPHER dgyigedtictaim dafehertomprising disgidattgngting
refrai ni ng,d Lok YEHAGfin AL E OR-AM 4 Q ‘ﬁ&l]%f‘cﬂiﬂ €; 1A HPSHAE pridRy at i on of
said hi ghestC prilor{;ty éﬁ(ﬁd% Wor;t %(l)lr er. i éht% pridhfty
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 reclassified candidate
work order; and assigning a priority to said reclassified candidate work order based on

said set of job pricritization rules.

6. The computing device of claim 1 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.

7. The computing device of claim 1 wherein said job prioritization rules
comprise a plurality of rules and wherein said assigning a priority comprises
progressively applying said plurality of rules until a unique priority is assigned to

each candidate work order.

8. The computing device of claim 1 wherein said attempting to schedule an
operation of said highest priority candidate work order comprises: categorizing the
machines of the work center for performing said operation into suitability categories

based on a determined suitability of each machine for completing said operation of
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said highest priority candidate work order; for each suitability category, identifying a
candidate machine of the machines in said suitability category based on said set of
machine selection rules, said identifying resulting in one or more candidate machines;
identifying a best candidate machine from said one or more candidate machines based
on said set of machine selection rules; and scheduling said operation of the work order

at said best candidate machine.

9. The computing device of claim § wherein said suitability category is chosen
from the set consisting of Must, Dedicated Preferred, Shared Preferred, No Preference,

and Must Not.

10. The computing device of claim 9 wherein, if said categorizing has categorized
any machine into the Must suitability category, said identifying identifies said

machine as said best candidate machine.

11.  The computing device of claim 9 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.

12, The computing device of claim 8 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.

13. The computing device of claim 1 wherein said set of job prioritization rules is

work centre specific.

14. A computer readable medium containing computer-executable instructions
which, when performed by a processor in a computing device, cause said computing
device to schedule a plurality of work orders, each work order of said plurality
defined by a plurality of operations to be scheduled at a plurality of work centers,
each work center having a group of machines, each work center for performing an
operation, the scheduling comprising, upon receiving a shop model indication

comprising a job shop model and receiving an indication of a scheduling methodology
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comprising one of a forward scheduling methodology and a backward scheduling
methodology:

(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;

(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 orderis a
candidate based on a set of machine selection rules, said attempting occurring after a
successful previous scheduling of another operation of said highest priority candidate
work order followed by a successful scheduling of an operation of different one of
said work orders; and

(e) upon a failure of said attempting 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.
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