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Semiconductor Processing (3d Bd. 1997 McGraw-Hill Companies, Inc.) (ISBN 0-07-067250-4). Each
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Controlling a semiconductor factory fabricating such integrated circuits, however, is a challenging task.
A semiconductor factory (“fab™) is a complex environment where numerous parts, typically 40,000 wafers or
more, and numerous part types, typically 100 part types or more, are simultaneously being manufactured. As
each wafer moves through the semiconductor factory (or, “fab”), it may undergo more than 300 processing steps,

many of which use the same machines. A large factory may contain approximately 500 computer-controlled
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40  The process flow 100 also includes portions of a MES and an automated materials handling system (“AMHS™),
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might change the processing capability of a

machine.

Alarm Listener Listens to alarms that have been set at start or

end times for scheduled activities.

Schedule Advertisement Listener Listens to ‘“advertised” time slots for

scheduled appointments that have not started.
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|87t ace. Events nd
conpl et ed, charging

ROty Wrrestd G bbb Chis o
tens tgyevneeﬁ) RS appuihiipns

yoedrtine erlenfamath AT Seict B,
w@nﬁfeeﬂte@lendem c. Machi ne

Li stener L
i stens w

Lskens to VES &V
len a nmachine is
Oper ation|Li stener Listens
m ght change the processin
Listens t9 changes within
capability of a machine.

set at start or end tines

ENrs Lishiad OCCUT Om t
not available and r

to changes within g

EStend 5 GRS Bt HEVR 'B%eﬁ é&@ﬂﬁ%ﬁm
riately. Proc
SRtk eC R

4
Ve ~ si nce

gotkipedi ity of a n
a process since it

Al arm Li stener Liste
for _schedul ed actj i

ddstehnic MHSregantsgit doeus o the fot,

g lad pr&%llti@-a@@e,tpﬁ&it)pﬁﬁgeﬁﬁag&r
al arns that have beg
Qamt%m&é@hedule Adverti ser

Li stener Listens to "adver
that have|not started. -7

it AMEListeee 5| ots fd
2 6 OCT 2006 WO 03/

rListeas th ghapged tha foprp e fhelot &
04392 BER15AS02/ 41777

Sof tware Agent Associ at ed
St ate Champge Listens to an
schedul i ng cal endars of ot
Alarm Li stener Listens to

Hh&hﬁ&§h° §E@°U@mh%'
y.correspondi ng appg

Hé¥*"Ygent s t hat m gh
al arns t hat have bee

| L‘r%%;{rs;tﬁ b bﬂr&%boncﬁ?g *a{lbefmth‘mkh?s' i

tsehgqufipe: fal"l“?"és 84 PIRF Ags that
migheéffeatiits @teadat or end tin

it
€ess
it

19
2N

nt

'ES

for schedyhgd activiTies.
the lot, |such as product
AMHS Liste¢ner Listens to c
by the LSA Appointnent St
appoi ntments on Listener

OhmisEener Listens
change, priority chan
hanges in the | ocatild

Lns@éné\éﬁémﬁy ﬁ,atihave ibékﬁ‘ bet H&GaPEr
gc? tﬂ'nfes ﬁ%gefhg“fd a<8|rV1tles and so

I epresern

on
on.
t ed

olirecesSRpamyen llistendrens t
schedul i ng cal endar g

(Ll@nyto Clongee gpjgrn;hrwgss operation
s@fe i0hiBR Ehamt @ brScedsi@dapability

of a machine.

Machine Listener Listens to MES events occurring on the
machine. For example, it listens when a
machine is not available.

Appointment State Change | Listens to any corresponding appointments on

Listener scheduling calendars of other agents that
might affect its calendar.

Chamber Listener Listens to MES events that occur at chamber
level, such as downtime, PM, or Quals.

Process Listener Listens to changes within a process since it

might change the processing capability of a

machine.

Equipment Event Listener

Listens to events from the Equipment
Interface. Events may include carrier arriving
at the machine port, processing started,
processing near complete, carrier departed,

efc.

PM  Scheduling
(G‘PMSA?’)

Agent

Chamber Listener

Listens to MES events that occur at chamber

level, such as downtime, PM, or Quals.

Machine Listener

Listens to MES events that occur on the
machine. For example, it listens when a

machine is not available.
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m ght affect its calendar. MSA Alarm Listener Listens to alarns that have
been set at start or end times for scheduled activities. Process Operation
Li stener Listens to changes within a process operation yrsa puﬁm' ght
change the processing capability of a machine. Mchine Li &ez Listens to
MES event s VR 8UP¥BI11g on the machine. For exanple, it |iBIEERO2MTIEN a

machi ne i $ NotSotawaaé Agaktl €. |APPOAEshdEREIT istinets © (:nange LRS&&H&SB&M
correspongt i i atRs
agents that mght affect ar. - - - e SFLi%¥ e ne
Listens to MES events t hat| BECUrtenLivshanber Ié«F@PSfO@I&VcﬁWBMSQﬂWWB PM
or Qual s.| Process Listeneraphsi®h@ns bwe CN@RGSS MdcksNthBnges I 645 EpPoirihdi Ethdt
m ght change the processing:gapability of a nieng ﬂ@tmg&}éh nt Event

Li stener Listens-to-eventsl fromthe FEqui prent I ace vent s my

I nclude carrier arriving at the nmachine port, proce55| ng started,
processi ng nearAciopyilestion Toldg 1, ite softhepapdne des lised tereilPidteBe@pkitthenCchAGea MHat

|CharTFer Li kBNt !hén&?al@rﬂﬁ' t@nm@i@&o&)@%ﬂfesﬂbhﬁé‘dlsﬁggﬁf_ m@% cée%g @ér imL Entcgl(% E h@éﬁg

eve SucC | S 1 S S

bvonts ¢ oo SO TRues iher toahiesd RS Dol Ve 1 BBE T o T e et e

i s not AvaFi&ispdavithin ghe galegdagyfor ey ofgeving) 20a)s BSIIDTFXONLLISO RS AT, a8biSA\wad e

Agent AssoeRaAedIdisstse nmateﬁe@es@mﬂgqppoﬁum@ r)anhuemos@aﬁ]ma&;o Fér@dnbe el ener

LI St ens t OCH?E‘HXHI‘ &%Wn %&C§SSI§§ IB%“’JUECE\PEBT%?I COITCS OHCE Wii| e ec%stmlnogl I-fllltﬂs'lt ?Pgé] LI St ens
LY ACK ARt

for any new PMs or nges to
any appoi ntfrbnt S Thegej twp é’ﬁ@?tm?ﬁsgam ac%l‘f"b’é“‘éftmel‘ﬁ“%e QY%?F @ﬁd ¢ procasing ef 137y dent
from Tabl eTQOLA inge byovd different engjintis., BEMSA aslt i St heshetively) fosive bifférent @p@o zat ment

changegpt ga,glotmmmm@f,rg&g;n togqbbhgal endar. Consi der, ] f_(l)_r bIexarlrpl e, FI G 5
() scuesed 11 TR TN SR

illustrates dif eéefrg’ﬁfmw tﬁB%t
etc.) that created: U5 aproivtmgith@einselics mayrortdiea eltcamohlisendoe.o. agdikenet 3356358 ndiIG.dgent s

(the MSA f Distentdale added 18 e bypinthnek whebther st Bnts 893 Ghant to be notified that the appointment
has changed. In this case, the lot processing appointment LOT; on the MSA calendar 370 contains a listener 356

15 that notifies the LSA 305 through a notifier 354 when the processing appointment LOT; changes. On the other

hand, the lot appointment TOOL, contains a listener 358 that notifies the MSA 310 through a notifier 352 when it

changes. If the MSA 310 changes the processing appointment LOT;, the LSA 305 will be notified of the

appointment change and it will modify the appointment TOOL; accordingly. Thus, listeners enable the software

agents 265 to synchronize the corresponding appointments. Also, the software agents 265 can schedule reactively

20 to such predetermined events when appropriate and can then keep their calendars updated as changes are
instituted by other software agents 265.

When the software agents 265 react to appointment changes, they carefully manipulate the
corresponding appointments. In some cases, it would be inappropriate for two software agents 265 to manipulate
their respective corresponding appointments at the same time. Thus, a single software agent 265 is responsible

25  for manipulating its respective corresponding appointment, which will then prompt the software agent 265 of the
corresponding appointment to manipulate its respective corresponding appointment. For example, in FIG. 5, the
LSA 305 contains a move appointment MOVE; followed by the lot processing appointment TOOL,. If the end
time for the move appointment MOVE; arrives but the appointment is not finished, an alarm listener notifies the
LSA 305. (“Alarms” are one type of event listened.for, and are discussed further below.) The LSA 305 then

30 expands the duration of the move appointment MOVE; by a configurable amount of time, but also shifts the lot
processing appointment TOOL, to accommodate the expansion of the move appointment MOVE,.

At the same time, the alarm listener for the MSA 310 will notify it that the start of the lot processing
appointment TOOL, has arrived. Since the LSA 305 can best determine when the lot LOT; should arrive at the
process tool 115, the LSA 305 shifts the start time of the lot processing appointment TOOL, after expanding the

35 move appointment. The MSA 310 will wait for its appointment state change listener to notify it of the shift to the

lot processing appointment, will find its counterpart lot processing appointment, and shift it accordingly. In this
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a RSA). FIG 5 also illustrates correspondi ng appoi ntments between those
cal endars. For exanple, the MSA cal endar contains a processing appoi nt nent
LOT, that corresponds with the processi ng appoi nt nent TC?L;Z @@ lltl] e LSA
cal endar. These two appointnents are actually for the sa Fb n i.e., the
processi ngV¥030gP12 on TOOL,) nmade by two different entiRCEESEHLTE = the MSA
and the L Shecunisiecp eI 1Y jwilf igoretisdOwihakt fiRE Qith. @itohghingShowh,. t.1ot 130]fockd &0l Ot

LOT, and t pl% rgglgc(éﬁ §n§IPM a&d%als ;r% c)) eélj-:eﬁ;m%r nﬁ%ig?&)&)& lﬂov&n tg‘ét arge%ﬂgi FI G

5, when correspondi ng ﬁ%ln ment s creat
appoi nt rrenf’ys‘h"‘ts?’i‘é‘h‘%lagf’é%w 9“”&%‘5‘1"1‘?5 %C‘EEBF‘I“E%‘PQ“B?P‘??FSS‘PE steners, e.g., t he
| i steners 356, IB5Bhdranca-dfGheir3proactive stdenetis sardligiiidd, hosdihge agepoilﬁﬁtMn when

other seft xx@rm%rs a&&ﬂ&&n@&inwe&ncerpﬁa@eu@%a fil B, Wh&t scilefifeq 2RRALRALRB N FIG. hAS

changed. In roce n

changed. | Sutrtly BREe 4 Db S 5 oy ARR R e g Jar ol
notifier 35n2whbmoklsiel3Pr bt ominment pdmpeeriedrertandivhicitemess oDl > hieblisetbrer
hand, the fu@iktop@pm i fiBsds opefdidn, and QREMEILT aRApbisinenn Sikirt BRS(“4:$1pdhd MOppdidtmt t he
MBA 310 t hﬁﬁm (aTEu)OtIﬁ hhgﬁ:slr‘}t?g%an xﬁr@ :Rl 3‘6 gp%&ﬁﬂ%&%sare boéke& Pﬁunl\@cﬁ*m%&tﬁlt %ﬂ@o@ges the

processi ng C@pm nt nen be not
appoi ntifrent C¥RLhRe ‘ﬁ?ﬂ?wf fefifgd by anpgliest Sayt fhigne g5 Brofertnge) ﬁ'fT e Latest Reliveryi Tims v .
Thus, |i st €heFrS. Bralehdottl flecopaftt twarie at thgentsstod 65 nb tresyiamalivrEINang e prbass tool

corres pondmgome% &tngﬁt@tt@ prd%sﬁ@ nothtae? iRl YBF ENGRD BiHeter, 2RPE AB oSCRAMHINE
reactively 20 to su events when appropriate and can then

keep their YER"&HYSF ‘§°ea%aéﬁ Eeo"rﬁgce(?ﬁ?ﬁ@'&m‘hre instituted by other software
agents 265. WWhdnFithé tepfocssnpd | Bderhosked@ppintrecaie 1PR: o ABDfoilatlaeniotchpetiely; t hey
carefuliby maimabmaaaaengtlh}ama&emecsmmiiangu@ppoi ntnments. In sonme cases, it
woul d be i napprgpr s ; cu; oftvvare agents 265 to manipulate their
respective correépon g? rrents at the sane tine. Thus, a single
sof t war e agent L?BBW%‘!#@@ Fféﬂ’ble 25 for manipulating its respective
correspondi ng appoiPaaeMCW:idd,.eh Wi |1 then pronpt the software agent 265 of
the cor responddog%ﬁHQQJ] rgup]p]n,t to mani puI ate its respective cor respondl ng
app0| nt For LSA 305 cont ai ns

appoi nti ﬁg i%tfi/ﬂ@‘E " gf) NB’B'\%’H B’Vdf"ﬁ’ét’ Ised‘?ralﬁ?é@e@‘é‘i“ﬁ&m‘aﬁ‘ﬁ%‘iwﬁt%"éfﬁ b“l‘cﬁle of P {he
end tinme foeintnéns omplee Anppiotinertsreasthe MDEwithin thaincemmibeht wikiew.zp pyed attheeért nok s not
finished, anRrplodrplointilieREQF maDlel ckiafitd, i@k, c'an%ﬁed&%rescﬁedﬁédadé KEiscuseEm@N Rilly Y pe

of event | n re di sed .fur her ow.) The LSA 305 then
30 expands'bt%% ﬁgﬁerv%’tl?sé)r?eedbo? & a\éseé%gwagmmfm Il}ay‘i\/ﬁ%ﬁ a confle%urabl e

anount of ti ne, TheuenEingd BiG;: . tagPOtﬂW@ntf 66 th?p?rfefesgwpw% PrriferpEAtivepciopked ¢ o
accomudat en dalaglare epams cakndacf3ss, B, HoMancaadchntha®lxs abdol/Eg., theAtheduhg agarBOS, | e,

the alarm l.’:iOStﬁ(Qee rhO\I/erfr 'Ehta.'ten agp]oﬂuﬁ%rl Iare %tccl,s;lﬁé Jpﬁmrttm{s td@fcne%&&ﬁet prQJessinE'e | ot
processi ng

a
(AR eaedBILIR TRV LUMMES S SN I AT PN T BiEde LRIyt PpSERRe | sp
305 shiftste helesleoalretl propaingappotnhyent| 333 Tor deterss rafigying pBliGnl gt assE@OLhe logsf 1@ r
expandi Ng pl@ssRS ol MY/ @stPRIBG! B61MBIWxits Hdien M&o&&@n@ws hd arV@ il thef gaft 145108 the second

app0| nt HE“EroéeEs%F%ﬁ ?o%%?ch!aci f ?rgr:%s{imt ?pgc@ men 5I Eacl?{‘s t;bs sc;‘?xpdulfe;[ the:[ al%?_'omltﬂln%nts k()?t

processing a count ér par
appoi nt menth® ‘%ﬂ’?’ﬂ todpafsft petgen Hhe sagice|pn gesination FPCQ“H‘ISseg thy port 1§ %%H@e’\?@"‘ 115
03/ 093912 R@Tepls(i2s ¢Fihé Eefondpioteststiance, the MSA 310 will ignore its own

start time alar MG, A!OE(QM? Illnsqgtesﬁln&%atedtcgtﬁldérﬂﬁmn?ah'ngd fonqﬁrgecoqrﬂ?e'?entttﬁgé of enLﬂeléd—a
resour ces, corres rocess|n

ave
20 ot SO AR L B FSE PEIeBS PHgepRb . BRI Ra A8 ol aTaporars e
signif i36 an booksde At e Blesution toR BIG. feap opreerd it the Hwsoaties sfi G- 4, [ah afpeintméngsrfonvrcgven f
their pr Oaﬁﬂléndéem@-EHﬂap@éﬂaﬁ&)ia\éﬂgls ﬁJﬂ&iGléﬂ THo gorﬂu&nie@svmd&“heor%&i, tawala@e@ge Bﬁxﬁzedzt@5

I;?iG.nt Zi nO f ?am?%eﬁ Icé?l éianﬁ% ?tlrsomu uly %%L&fub e Zﬂlugrap o%e Enléla +¥Iar'l Flsg {lustr

cal endar cont ai hi ng 2 %Fﬁﬂﬁfn@t P@Wc%ﬁééq%n@alﬁﬁﬁélbmar?ﬁﬁ for fhe procegs fgol TOéPLb
process tool 115 including appointments booked for setups (e.g., SETUP;, SETUP,); lot processing

40 appointments {e.g., LOT}, LOT,, LOT3); PMs (e.g., PM); and Quals (e.g., QUAL);
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for a nunber of lots 130. An "appointnent” is a tine period certain in
which the process tool 115 has obligated itself to performthe process
operation, and is defined by an Appointnment Start Tinme ("7SH0T #08 an
Appointment End Tine ("TE"). In the illustrated enmbodi ment, the

appoi nt ment's’ &%€*¥voked wi thin "commitment windows" 10 (PEASO24B77 ¢ i e

w ndows defi ned by apaidadar |féresibt ITQ miainthingtebyf 015 A0 foo e I&i LOT, o4 BBAH dre bavkkda
Latest Delivery Ti My on(t;;h]:nggg n)oves -EQ M@k"‘i eﬂbvﬁ,%o%%ﬁ/l@m&@ )tanl Fol:e\!&g_at the
process tool 115 no Ipat er than t% the process tool g commts to
conpl ete-the pr oces%ﬁpﬂb‘m?‘f‘g(‘fga’t QIDL’PTI%%ﬁg LDT. Note, however, that the use
of comm tment ew ndovendar or NN maigged Snr BMIAcontvihish pre aqptcdd@ammtﬁneltt#fer EMsvyest i on.
In FIGs4; the procmea,;deﬁils@}&)m booked app0| ntments APPI - APP4 for

Lot Lot 4§58 S SRR bogo H St 00 S BT, LT 30, T
APP2[t 13, lpieg) avaﬂ@M@r processing, g “doyngpg apmmef tidRy be Moke@ABl[Stczlendﬁ 1 rePIES@Mhe

APPA[ t 3, tehjected ¥l tihs. Mo thal EaciNG titRse bifpihtmerdtdin thb @lehdal $fFUG.Stiefr 0 B2 A RAle,
several of ﬁr!t h’&an%g 'ﬁ]@s&{l&@ \MSQ%O cng%fgcéxe%ﬁe acpok‘lc{{| Q(Q {ﬂg mQrquaEtnﬁg do@!B{B% dtm :H%”t S
overl ap. Appoi ntnents may &t comm t ment ow, "SO

|l ong as®t HER™@b not overl ap ot her appoi ntments, or may be expanded,
shrunk, cancel ed agnitmeatsehailulr@cssiggsappadntngbniS3EH BIFE. Ireniss ifi tdel off seveoad [‘Gags”, or

However, i vesQtHain SRR S hiXBy Yivin iR frldR ﬂﬁx@tra&é‘&nbét@zl?éal it fRALey gy overlap. Thus,
returning to FIG 3

ol nt ment s rocessi poi ntme t 375
are proactively booffetffﬁ’ e 8’%‘?"‘8%‘%‘6‘%‘%%“ C‘Ef‘teg' tat P‘F"ié"”(’:ké‘rgﬂ'&fgr’s d‘§
mai nt ai ned by each bddwdul i ng agent, e.g., the schedul | ng agents 305 310.

Note, however, .t hat ,pQhy-ahd eRRRAbIILIRRLR b&h eooea Q66! 8Ly RPRQLRLTENT S.
Whenever the processi ng lﬁsm ntment 375.is booked, the: LSA 305 SCh%‘\MIu' es

move appoi nt neft s f EPYTERRIH S HENSE bt the apeaiririens By AErEdR: B PrBRess el LT e
booked processi ng appoikat nent 375. For instance, referring to FIG 1 again,

assune the lotsg 130actlpJ—Qﬁe%§\§'ntfo% agﬁaemfemwampﬁraq&ﬁmar&&ms dekaggXits froma
port 140 and needs to arrive at the of the second, 30 process t ool

115 for the sciedul 84PPER¥Es s’ihﬁfj’“élﬁbgi "rf?l}‘r‘ﬁfﬁ% Qughmertiopof 2 fM appRinimge basaisfy | es
t he app®i nt mentes f oproceksing—khekchddBied dcvity hea Risiel, B ehav@ettoinfismd 86 bée eonfiifed by

destination | ocati 0gs ;o8 11%Q?thpﬂi$rq%ﬁ9asﬁix wjne first process tool 115
and the port 145 of the second process tool 115. FIG 5 conceptually

illustrates three réﬂ°§f%PNQ“§ﬁd§f°§°WW£P’H‘§'d’fTWhﬁsﬁ?‘@@ different types of
entities-a | ote 130 peaficopblecems app@hentid fparing BhpRtiqaragdeaintt by @edarinfit GRANQEs

("TM')--on which di f(JgSEJI%&Esm ylggémgjmga\pa%ﬁ&o%)lnents are 35 booked. In the

illustration of FIG | ustration of FIG 4, all

appoi nfhents fdr a Q?WP@F?‘@&’F’@W&&@%H“’@ col | apsed onto a single ti meline. The
commi t ment Wi NGOWS tfkeledablbkainpminthicHits temave® fomiat daletliart Waforef i anteksi thaafracedsifg S

col |l apse and to keeg J"{%m unduly cluttering the illustration. Mre
particularly, FIG ustrates: a calendar for a process tool TOCL,

mai nt ai ned by & NMSA2§opd-tARROINEREHHESEOPReR BHringRIgOssing in  piedetstie #™S-appoi nt ment s
booked f or Asetatie apfo@itn@at, resdin Wtative SIRTIIPR Jopokbd) tvhgdup@eis Sitddgthe dideadpMisNtIHENT S

e 1 [8) 4 u S’ a roces lS VALY (V] 2 6
gx:ngoS% Yok 0‘%%%‘59"{%%)"&,%2{555%5@%7‘%9%a o %laﬁhgr;(pgn o m;d?raut%au ned

by a LSA f B Ui & i FoPpiRsFent g7 van e APPAREeTs B P 536 (it e PRSP S
(e.g., MOVE thdid¢Ess toolNIDVEEBTirmMDbEs 4tartell/DIoteSing. aPrde thotppintooe s pioreging.dppanstharent s
(e. 9., TOOws ulfbdndas coﬁﬂgﬁon and then is complete. If the appointment is removed from the calendar before
entering the processing state, it is “canceled” and removed from the system. Once in the processing status, the
35  appointment is “aborted” if halted. A completed appointment or an aborted appointment retains this status until it
is removed from the system.
However, in accordance with the present invention, the software agents 265 also reactively schedule
events for their respective manufacturing domain entities resulting from developments in the process flow 100.
Typically, reactive scheduling by the software agents 265 effects changes to appointments that were, in the first

40  instance, proactively scheduled. However, this is not necessary to the practice of the invention. For instance, in
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a calendar for a PM mai ntai ned by a PVMSA on which are booked appoi ntnments
for PMs (e.g. 5 PM, and Quals (e.g., QUAL). Still other types of

appoi nt ment s nay be booked. For |nstance if the process txpjcTTi-. goes
down, i.e., is no |longer available for processing, a "downti nme

appoi nt nent™O %3 hooked on its cal endar to represent RHEEUSIFGELt ed
repair tiree pahiodl® ehtvaine®atdsodfarel @S 26 R PRI borTBIES B rbabrioh frea wahi@nfaiare vafch FI G 5
is for an gyept nmﬁl; to slof) pmgmo s eztnﬁ:g PB4 Sownliifin %qurttwagaﬁ- 1RURRRS 1%@5

proactively sch e accor ranuf act uri ng domai n LNl %/
repr esent AN HPPapute AW rPf"ac“éd’g“hed‘El?‘i'eaplﬁ’ PReRlde;s 5%” F‘H"[e RT3 1 YG 3
exi st s i n cond bafredgy prdhnct.st at es”, or have a certain "status," at any

gi ven f[Si ne. I n Nfoﬂ%arhduiaﬂks the kRee %m5 RNy readk B@lf@%@%ﬂdﬁs tﬂﬁﬂccﬁ@mthm the process
Ejlegf:ﬁts!s\ég- {)lﬁ p’ﬂ'ngslerg/ﬁn a.s I(E]e?lg'mp ge o@ehgnrﬁle?z ﬁd {)re&j {enr?o ? g% at %ro%m a(d‘t.t'\'/ﬁlas in
booked, bufactros torhgte cpeais eRp bf drfincd B mproewte actiops il depedony adt‘mbf{%‘é faptory BENAg "9‘ n t he
appoi nt e rvhly it & podf riaM@ckuddy dbrdén idloDERBS alio0i@] typd dfevdnOtat whiivelked] The pregetdbiok ed;
active-t h%ve?x&%%atégbr&?d 11 kGt RRRERLTE Sne BAReATE4: prpgntﬁ\&&' st@d dharg@ 5 bbigrdy pant s
are ready; active PMQual-the start tine for a follow ng Qual portion of a
PM appt ntsﬁﬁﬁlfa“%‘?é’é"“é‘}af‘?vgﬁ 20 processing-the schedul ed activity has
started, i.e., Apvatrenighte chrogrramadly bepsr Ween saivart hgerrBoh, by the dkedyingrsentss3os. ool

115, or t hﬁO &Mg@gn a@dﬁlmeﬂae% &t Qfﬁ&@gg app&‘tﬁéheﬁs [ X]Q)ftPM a@h@iﬁﬁ Enb)ezhin@ﬁl tlﬁeQW:uU@ Qual
portion Ofthe gpo dmenfe%exaang or s%rnik cihe agll)’omtmentngncef tﬁwwmt&p P %]1'11”[1 tthgraepggmnnent ore rf(I)mqg

conpletion a ng timne

r emai ni ng, ohgak@PuieLme }he CQS‘d% @h?ﬂl’@%t@ﬁ‘ﬁr%é‘@s%?‘ﬁg V%"e’t’t‘ihﬁm"é‘tﬁé"d‘ i Cha“ged the

cancel ed- hpglgitle appochikaen the thangt. cHtbakaxtbid hoMBA3 0aleapmd thbhefieowld dirhtiogsfitier s t he
processi ng, oﬁmhtlﬁs on%glencﬂpoqﬁ hRds mp&hnmem%% rulf3 st BRRSA sBYLbY tharcﬁagg%sw ng

|naproce Sln st at us. entatlveagom remains tentative until it

i s booked, E‘EBBFP“FSP"D@H% WPLRPRES Ty A S SAUSPIR t”%it%‘?ep therppoinigpsnis HASATRER: i s
unr eady Urvkiods. thehevol aalendii B7G 365, Vv @gpaiitmentgaty rlocges gyt odhde,] 6 insGike apppbientt ment
is then r ecﬁ-x@)ﬂlakUﬂ; |abp0§nb1ﬁnt &Baﬂfl&ns, ﬂiﬁmﬁ&{ shhﬁﬁgea%ﬁhtﬂgrﬁrEﬁts,adanﬁﬁﬁts cihdng

appoi nj, e appoi nt ment comences) unti |
t he proOE:rgsséamtso‘%?f’mTi%ssggtﬁ a?dr?gm’fn Wmdb %{’r?%eed processing. Once the

appoi nt ment i s Fpopteaieshanges uwﬂywectuawm ‘hP Biate of thetfaptotiis . gi1thq procpss flppe Hchanges.
conpl et i orFaaodlsdid\@digt SredtOinp lofditte fibih tie VS apEiont HPIG. 2), e ABIES g&daldorsiown tnhe

cal endar bﬁf;% %r fro%nhe%qlulglgentz ﬂgrfagg @E’Ie §1§t| slrﬂ)gm)sfgr%e%rocéssl tocJtlsq 15 %}e;ta%d.han any

renmoved fromt %/ rocessi ng a poj nt nent
|y o { Gt g fasionss, LG FET LR PO TOBE b OTPED St R mont
ret ai n& t Hbatiwtchingisg, Lintaider ptiving @ 7 epdire gorf. regm Fdnevey Sctom sialdoshenge that s rp
accor dance- i%ettehmﬁeh %vaa{’eﬁa@ mftwhrg YRR assnmct Reor@it Vﬁéxﬁplﬁﬂ aabS ke 5haa;;es Qutrht

reactively, vents for .t respecti nuf a n Bi.n
en t| t| es r 30?“%? €|g Il?lfl I(/‘nIIITénCC,eEI machme ecomm ﬁq)?e ?\g@/e ua. Flf\ (\%tt 8%) gharlnger ($) él |
reactive s@ﬁ&déﬁtilen@t%?mqﬁ@e 36‘Pte\ﬁmpé3tedg‘€1‘ﬂv§f82@5@étﬁ¢ ects changes to

appoi nt ment s t hadrm &€ pcctrDin tihiepafticll s ttm¥sQime LSRN E Sheciftl Mak his \eqlingd. Saphetedced.
Howeveg, t a d R ' ; oFEQen
hedle anc% ), xll}lr?i?an aﬁam('&&néﬂg% \%g Ogo}/exg ﬁ‘eogxé%%Bxhta%_ﬁ_%%ts&Qx%4M\)7é§fb¥Al@t@:pp Fifent.

If the machine agent does not receive notlﬁcatlon that the appointment has ended, the machine agent will expand

the appointment based on a configurable percentage of the appointment’s total duration. Once the appointment is

expanded, the machine agent will set a new alarm for the new, predicted end time of the appointment. An alarm

event might be, for instance, an alarm firing for an appointment start time or an alarm firing for an appointment
35  end time.

Note that some events are unplanned, or unexpected. For instance, there is no reliable way to actually
know when a machine or chamber goes down unless it is going down for a scheduled PM or a Qual period. Some
of these events are expected. For instance, the time at which a lot 130 arrives at the port 145 of the process tool
115 should be known if it arrives on time since the move was scheduled. Some embodiments may therefore

40  choose not to schedule reactively to such an event, instead preferring to schedule proactively on the assumption
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one particul ar enbodi nent, the software agents 265 schedule activities in
reaction to a machine failure which causes the nachine to stop processing
and requires a period of downtime in order to repair the § There
usual |y woul d not be any proactively schedul ed appoi nt nent for such an
event sincQO¥ENAIne failure usually cannot be predict R/VW2/4tHVance. 5
More par t i wWhetklk Will He Rt aﬁd)éccﬁem&@reﬁ@»@ﬂtoﬁly 2@h sdnsduid kslnyt rlee abte tudtheli emb@im@nts

events t hat Oﬁ:engf’: reawgweg tOrLV g%ot B&éﬂ%%l%lcsfn ﬁddiIIIQVYO %KQHICU Jf%é@et %Ytﬁ&;eﬁ are I de nt I f I ed

bef or ehand?” 1€ pr.op rlatg ivities in
reaction to thS'seéea@\)’f‘eﬁ‘i‘Beé“h&&Wfﬁ@edd’@T“lt‘i‘fé’EF““eFFFé’f%{‘ﬁSBT‘BE}?‘F‘éFf“é’”] ‘l‘?{"’f’ hdne Rt
depend on oaitinemEindof shac tigres, uporC thel gartigylan Gtplementpkign. t Gezertlly precaiols, thanesEtyet uri ng

domai n si n‘é@x!&dﬂﬁg’typmﬂg/ iRluSR cﬁa%graﬁﬁgﬁtmgxtts gy end apﬁm&enﬂ 395 in BUR BMRSiouslRéeduled
pr edet er m nec

are _categori z ust r.at (0]
one of t hla%d 0?13?% e Qoiegﬁﬁaﬁswmgmée{l%%ng P%’]If/](glﬁ‘t agpomtmef)ts may | be sl?gefnex%a{ngeg rggcpn% énge
or an al astméyaneled, Agbsisehedrisht Moyeaané S%W&&ﬁgf@%’“%@ @5 nl“’?lﬁ uipedsire e dime 3ttt war e
agent 265 ,profosdhg, apﬁohﬂneﬁlﬁ he drbdifiey MOenliGeaddSembodided:, @brangpeinGiant apfitdatidnirent |

e.g., the JoJo 1My 375. A software agent 265 may change the
status of pp’E gﬁb&&%At orthekgggg)nd or shrink the appointnent, Dﬁncel t he

appoi nfnent , sHf ‘-‘L"a"EPI‘Fe baghesloPrpaeTia EPPoigiments, mesh by shiffst. which By e RPFENEO¥o t he
cal endar appopps tba@mkisd, gortdd e resraddald ayppoitiats ara pieveep pdbeadsre mitring’s Exlsingged,

the 15 appclEpg DdeRl e ﬁgﬁﬂédgo R0 vdBARlor FRwakd 1R th@@@gQrghtF&F'le@)ﬁﬁm Q,andtli‘IG 3yBA 310
may expand the schedul ed duration o ndar

nent.
370 due td”"{“ﬂ{;Peléfﬁi%‘i“hetCﬂ‘g‘ﬂ'{‘“"g‘?’g“df"t’ﬁ?ﬁ%ﬂﬁﬁ oéfcgggﬁdlﬁ“hﬁ@ﬁ "3?5? lllle‘golc‘f s IPUSE!?
change  bymbodjpmnidicnigplith e dugicr appitreds g netpproiitiad ivehift PBI7ES R aPR(’!*,““E%{I“éﬁ@%{r 385
to keepy th@eagpoi ntnents 375 synchroni zed across the two cal endars 370,

385. Ap P oi nt me %t nsx% ra%eecxrgul‘[ll{aﬁ&lgzg %vherrreay lolc Ergleggg ’a}i)poﬂtrrneﬁt Q(§ taa}&%?( coﬂ’BthQé mhgpt%

cancel | ati ons, %g Xpan hrin EaPOI nt ment
aborts, apRsHek Fimprevidesyamapromgty for heé\’f%ﬁ e "“’éﬁ'ﬁ‘ﬂﬁf fefuathat ‘%‘WP“I’“taf Fgauiig
conmi t rrentswahsad;awsupdah BHG. 3 Batd b¢ YSA 3 1atwll atheyngaistt heaeat abppingree toran piensiarthe
state of tfie . fAGkR N el Wheh H@lopf?,@‘é Btel é‘gb%cés‘é% Sohﬁﬁb%ﬁly, theh sl 3)6 )éao'ist at e

change events may originate fromthe %%eaﬁ tl; ; %%ﬂ: tum

280 (af’so WHAe fupseaupy gghedgipd apB?m“f"?"Sﬁ?I 8‘ tﬁ’%flﬁ’ ’fa“tf%gl og t e T EPT

shown) f orThe b 39f oidles difiowitls tolilSveniod bt loypyjocessivg compdipgarg®s may i ncl ude I ot
due date c hangﬁﬁm mﬁanké:l.ts sh@@i IHE[GDGK wititei @ drenx AR AGID Githhnhie Pl GRS SVindéw QWOCeSS

operati on fo the’} nei(t appoE mento PP ”1%1 nex %?Otllllton nt Xﬂa n%{lquhxfteﬁ le(ftagr ehrﬁ"é} matfn{el %Itﬂgltsat a

machi ne port or evef ange pr edet er mi ned
event,” t HREceRE cAmbegin a@mergly 276516 P%%ﬁkeé@eﬁwa?nh@rﬂyt be @&f&ﬁﬁ Sé'ﬁ‘?‘ t‘f"é&‘f"&‘r‘&?“est ate
C hangess M (GMSA 310 GiLiekechdor Aovutied toskeDappatn@ Rty mag hava citinii@er wodws agtirgwethd abl e;
a PM Qual JB? nplﬂne%?gagﬁel: qgone @f :ﬁé@b%ﬁ&[ ap n%ts CQQ)%OV&@TO e mg&@%ﬁ ivx'i:})gut@auE[E,«,C hi ne;

a move conpl et ed
parti cul ar“@ﬂ%ﬂl"f@’ﬁf’m"”\kﬁéﬁl a&""g‘ﬁ’g@f 1(31e g""g‘? 5?"“ "'egt W@Q’ﬁ moveg iy umﬁf) I ? aesé?: 30

when an al ad pthe\begked dppointiemieiwilbe-shifed ae xeaviptl.e Thismsenprict if showm isdilért e bersdmte t j e
has arri Ve&lmfnp fiméz. |0 WnidP@Ro| brﬁ';l&? Etxdle is| cfutsfﬁ&l e RBERIRR vﬁ@&ﬁ%ﬂd@ﬁ&heﬁﬁit bodkeRi Ve

notifi 863‘ t Irﬁ%?re tu?e%i[oAIIPé ut %lﬁp w1th1n t&e omxm aést w? gWg of ﬁx@ i 860 Péeﬁ' %pg@gﬁgﬁ AP l Iliengx pand

t he appoi confrgura e’ er centage o %‘? oi ntnent's
total dur athq bied apm&@ntfrfe”s Bﬁﬁfﬁ’@‘is ﬁtlﬁ’%‘t"e‘f §Peraé%baﬁﬂwvefﬁ%1“m he2d GEF i | |
set a new @pddiddnt AAP, i hefteMEIM to Plaexhiag tiecimendiatdy i wdE appéiemepoRFh. nt rrent An

alarm event mlg chell%ﬁuan(t Othe LSQ\% %Mﬁhe ﬁf@cte@lltﬁsr b ek Bétllﬁgl bfy(?trat tﬁen aﬁf@ﬂ&leﬁl?, ot
start tine or an alarm Tnl ring for an aEEOI nt ment 1T owgghedulteg'at

sone event ‘%ee“a‘ihé“gif’n pine fiFfagpee 18 St s St e fmesEsy a]is%‘g’f’ﬁ?’n@‘éappfoﬁer &%
reliabBe wagres Focictanal if ayboclkiﬂl eppcininentis shifeed deiffi theeeardjer S@Jhbm‘bmmg@é% 1%90\’/\)# agiyt ess

it is goingggaw nfa?ﬁe @ovﬁmﬁh}lﬂ%durp MyQGhe@le@d@%s the&dy 2 B Rart thfe nleftie &e 1BVeENt s
ar e expect Eg houlg moveri'a%er alrr] e%rgucuﬁnstgx]c e 51 I’x Mobes mayabe aﬁ opatdo 4L U §on@c§t axrnt;'a? port

:

145 of the nomn It ArrTives on time since
t he nove V\HBef@fé‘ﬁé‘Hmoed Sone enbodi rrents may therefore 40 choose not to
schedul e react i coadider 4190 tisURdamasceontemr the siffvat egals 25 efaeively saigpddlcbesigsh €d Gbrgion

proact Wy el ¥ a%m'retlﬂgpoﬁiﬁi%umtah %ointment immediately preceding it, is longer than expected. When the LSA
305 and MSA 310 book appointments, they set an “end-time alarm” (not shown) that notifies them when the
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-12 2 6 OCT 2006 WD 03/093912 PCT/ US02/ 41777 the schedule will be net and
scheduling reactively only if the schedule is not net. Note that other
enbodi ments rmay schedul e reactively to events not |isted $D§9Z%§ﬂ
addition to or in lieu of those set forth herein. The reag éhedul i ng
perfor rred NY(0e3/0089e2 occurrence of any particul ar event w PCT/GRepeId on t he

hat ure Joiﬂﬁneﬁ‘{seéaﬁed-ﬁé&% bd &mﬁl&E@ WhA R Gask QQ%l&eh&h@s%ﬁeHdlﬁykgaﬁts 305, 310 are

e ShEi i by b LS B 011
previ ous| yrmoeddided compitiebtrleduleB i e thattseepsisioryy nesfipvieRtdrt s and PM Qual
appoi nt ment s nﬁlG be axﬂmlﬁtmillusﬁeﬂaﬂ gedsimaabhor redimelinshibruidkappoinaniete Ineakh hamd
re-sc h%d u lbeen col ede an&1 El\e co%mentit% nt @BE’O% m& %ﬂé csj]s %s‘?rﬁ@%g lfot' kh@ galeﬂ&rs@r?ﬁ@e;d IQ-FIG he

time | ot nents are no

pol n
enbodi nent”: T, F‘hé‘é‘é “ﬁgﬁegﬂtﬂé‘ﬁﬁ e fthap s cgRyEteda g SO lmf’ﬁf M@gﬂbyt a“ﬂg'ﬂ 305
or the h/BAp}ﬁ)ihﬁmmt]é@P;F\@fe shikaImodr &, unbmodc@dunpd‘a@d@slmgﬂgurappoﬁl REGyaR tths appaipimeRs

shifted, \c’}@PCJa K 1EhYer Gt R4S emge!ﬁeﬂd SENLapp ARG APFTRRE PPl Qerbﬁlft&ﬁlﬁtereﬂ @k, Naort ed,
or resche

% l S I ng
appoi nt merif? ‘“&P@A“g‘g%ﬁ] T‘{‘Tg'gg ?16 L&ﬁ ‘fhﬁgge\ggg? v r’ecﬁe"c’saggl']‘1 m]?l \/Nglat ' tb &um “ L%

'I'i ght 10 Orcothinigrfient'windpwsfEpr@he cHange epppint@entsIere wige eriepgh tctqﬁ@rnmoc}a@&ﬁé‘m%é’ *E‘a’ffﬁn t ment
wi hdows a%oﬂ@@b&rﬁﬁkn&Qomwmdﬁt@dchanges in scheduling. In the illustrated
ebods rent . 03Ikt 10E hQOLS, ARRG! B FEOLE (ALRAOLN AR ol b oS T

past the next appol nt rrent Irection

ci r cumst arf(*f@m\m‘é? dn gengrghtin ‘b? Breeaienpappdiedt g shegting ) “’6“(% 1 U SHPIE e
earlier thanprekipaedeh: Thi s prOV| des an opportunity for the MSA 310 to
reactiyely schedul e rly start. Because the MSA 310
in Fl GY563 IS |§I e, %&&d&qq aémﬁ@mg&@ to shift the next appointnent
to an earlier s‘tartCa“‘fei"l‘ﬁéS%Fﬁ‘lillegfpa?“t”“‘?“fbef°fﬁ‘l‘€8i“‘é’t ely. Wien the lot 130

conpl et es the processédaghgappappinent early, the MSA 310 reacts 20 by
shifting subsequent . g‘p%gc ecfﬁféda gc&?m ments earlier intine to take

advant age of the earilr 5Ear udity. The LSA 305 will react
differently to %he expeﬁtng@??dllfqﬁ@qucmﬁ?l@@@@@Wﬁﬁ conpleting early. This
instangg is shawn i @mﬁlh@-the%am‘ﬂfeﬂxrs@kd'&leﬁKb@onﬁﬂd’nfent time tt falls within the

comm t ment wi ndow CW\L %upg :glpg tment APPI. The next appoi nt ment
e gpg?xixtinen 0 a]illel' or

APPl is then shi fte(‘filmi“%"@'fat"‘Che 8 hat its processing can

begi n i nmedi ated y. |fangikze coenitmeiy ooked app0| nt nent cannot be shifted to
start at the cusr entchaL%]ﬂE%n agpinthblEatRA (Be Qrad¥bdrlsta® B, fehaifif rampott the 2R1); booked
appoi ntnments that may have conmm tnment w ndows starting at the current time
or earlier. If ‘one &ftisgAL¥&™hooked appoi ntnents can be noved to start

i mredi asel y wi thout cmadisg mglantaiicel | ation of any ot her booked appoi nt nents,

t he booked appoj nt e I etluhdl. @ "] unp over” fashion and other
booked appoi nt ment s Q\hm?’\f‘,g %esmta%’f?pédo és tr e\c)u;l red. This scepario |%Fshom in

FIG 6B, wheer epdsermined eventy’ proypking juphacaptive sehediing Bay icfide. f5F BhiprRgiaiment glatp

out si de the comntrr&mfcelmgmppmm for the next booked 30 appoi ntnment APPI,
but falls within thex%%mnana nt wi.ndow OB of the th| rd booked app0| nt ment
APPS. Hence, the thHi%d appor Nt Ment APPS perfornms a "junp over" operation,
j unpi nglover appoi ntshrehmsanmwtﬂaﬁd APP2 and appointment APPl is shifted
right to a lateg st aa[,gm,{gla,n@pdn{mgl ately follow ng appoi nt ment APP3. In

ei t her S|tuat|on the LSAs q} or .t the affected lots 130 are notified by
that their appof nt rreaﬁf‘%"“ﬂtg\/% e Thanged. The difference in start tines
and end tines nay alsgifingmaagetee appropri at eness of schedul ed 35 noves.
For instance, if a qu&gﬂctmér%g@,nt is shifted left, the earlier start
time means the lot 130 nust arrive earlier than may be provi ded for by the
current®Py schedtil ed %V@‘é““%ﬁ‘@‘érsely, a later start time means the | ot
130 shoul d noves| at erloadkime giditdder ci rcunst ance, nodified noves may be

appropriate to achi eyl%nlgalagmg%d&ect arrival

. a lot joining a batch;

. a lot leaving a batch;

40 . canceling a lot from a batch; and
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time for the ot 130. Consider also the circunstance where the software
agents 265 reactively schedul e because the duration 40 of a current

appoi ntment, or an appoi ntrent i mrediately preceding it, i % | o %ﬁr t han
expected. When the LSA 305 and MSA 310 book appoi nt nents, ﬁtﬂ@ Bt an
"end-time av@eywssinot shown) that notifies them when theecrdsd2z21767 OCT 2006
WO 03/ 093912 PQT/ USQ@dafink & bommi@BRUnBdwTENt 1S schedul ed to be conpleted. Wen
t he task i%%rcgngl et eg‘, tH}e schedul i nq agents 305, 310 are notified and
these al ar ¥ 24P SARTEISR §© Progigeuncy ¢rof pishtbe-dy#2PPlFes, then the schedul ing
agents 305, 310° knowetedtien of gogpiment nent di d not conplete at the schedul ed
tinme, and that §he appiRbIBNL:NEQHS to be expanded. FIG 7A and FIG 7B
iIIustrgte two such situations. The tinmelines for the appointnents in each
have 5°been col | apLedVARFEYYmi t nent wi ndows are om tted as was the
case for the cat endarcsambd gdlg@owrbor cdnfinglap;G. 7A, t he nove MOVE3 had a | onger
duration than was e ) -1 he noves MOVE4, MOVES and the

appoi nt ment APP2 V\/e)r%emag%? tdggﬂlqut%@rn&?’n time to accommpdate this | onger
duration. In FIG 7Bchaged mpsitesrent  APP3 took | onger than was expect ed,
and so the appoi nt mendisn SRPAcsnd APPS were shifted later in tine. Note
that in,both FIG 7%(1%%90@ rCéc 7Bé B! he illustrated changes necessarily inply
that, in both circunstances the 10%comitnment w ndows for the changed
appoi nt nents wet e wiadérensggheet;o accormpdate the changes. Ot herw se, sone
appoi ntments woll d haygad@ompgigcancel ed. As can be seen fromthese two
exanpl es, the reactive scFeduI ing will vary according to the circunstance.
I'n general, in the i3 Fsef 5% nbodi ment, the fol | owi ng schedul i ng
activities may occuralstedpgnaisnged to a predeterm ned event: 15 aborting a
schedulygd appoi pt menty, i R BGL&SS: canceling a schedul ed appoi nt ment
before it begins; schedul 1 ng a new appointnent; starting a schedul ed
appoi nt nent ; ekpand‘il‘ﬁ@afﬁfﬁ@m@ga{“éﬂdi on of a schedul ed appoi ntnent; 20
shrinking the durat i:06podessapebhaditkadnappoi nt ment; shifting a schedul ed
appoi ntment to an earlier ot | g}agrgv.tgtr;%éach. ghangi ng a conmtnment w ndow,
changi ng an appoi nt nent PatrerrBore e g "M% ansport start time, remaining
transport #pr anglagn gvent, the predeteimingd event glighybyy 25  cancel ing an al arm and
changi ng the status a@barAflinis¥Rah oAb stalli@ie; 2R €det er m ned events” provoki ng
such reactive scheduling . na . an appoi ntment state change:

cancel i ng an appoi nth&AF- o ef%rbgér:?la‘i%%‘gé“é%gg‘%oi ntnent; 30 shrinking an
appoi nt mentNote thaigihese tijtnage oh eppe.nuniipdrative giy. afip ddenttyrefidredettraingl aveptsswilltbels ;
shifting ammpRppditiod B, and so may vary among embodiments. Typically, depending on the event provoking the
reactive scheduling, these activities will be employed in combination, or in the alternative, conditionally. Tables
25 2-5 list the predetermined events, their type, and their reactive scheduling activities for machine, lot, PM, and
resource scheduling agents, resf)ectively, for one particular implementation of the present invention.
Tables 2, Table 3, and Table 5 refer one or more of load/unload operations and appointments and
charge/discharge operations and appointments. As will be appreciated by those skilled in the art having the
benefit of this disclosure, some process tools 115 perform lot batch process operations in which multiple lots 130
30  are simultaneously processed in a batch. Some of these process tools 115 use load, charge, discharge and unload
steps. For instance, a process tool 115 may first load all the batch participants, i.e., lots 130, from the tool /O
ports (not shown) to the tool internal stocker (also not shown). Usually this type of process tool 115 has multiple
IO ports, and the load/unload operations are also performed in batches. After all the batch participants are
loaded, the process tool 115 performs a batch charge operation to move the batch participants from the internal
35  stocker into, e.g., a furnace tube (not shown) before the processing can actually begin. After the process tool 115
completes the batch process operation, it discharges the batch participants, e.g., from the furnace tube back into
the internal stocker. Finally when the lots 130 are ready to be moved to the tool I/O ports, a sequence of batch
unload operations is performed.
Table 2 also refers to appointments that are “Jocked.” To help prevent undesirable appointment shifting,

40  the illustrated embodiment employs an appointment locking mechanism. Generally speaking, when a lot 130
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an unexpected carrier arrival; 35 a transport tinme update; a load tine
update; an unload tinme update; alot joining a batch; a lot leaving a
batch; 40 canceling a lot froma batch; and -14 2 6 OCT 299@0?%0@3/ 093912
PCT/ US02/ 41777 updating a comm tnment w ndow. For a factory state change,
the predet M3 1%vent night be, for exanple:  det ectiW’%ﬁ”Z/ﬂ'&%tirre; a
machi ne begosmitsrigalanead fraabd prce eatian tPNpiQRess|toob E15.rigis ardéseabteadbave aneghrapwinarentgoi ng
down or comdga.g_imt of it By GRANE S ghmingﬁ,gtmagaﬁmg%mﬂgm,to& BiS5in tife. THHOER iskoRBCHI Ne
types; ad Ltgqhné\%fA ! Er,g}thsts 1 a d,tlorill otL 2 1[:D)ﬁgotcests oaPerat Hgtné g 2

| ot procesE EREAEIEA 155 S 1 PLSEIEGRPORSIN: henyh 18 190 Ea & =t Pos NOT Bt o

| ot pri oriloskedanremiyents nevertelesysomgimeg| deneefktp be shifiefn derdnstance, apspype Sy PREPINtERITHTC
changed;s  volle®bn i cAlERASFor @ PRIGILH Hotes RANJYS BndaRdirst dhe Is @loceskg Ahil tegot fisoaBAURY

ar riving agecoﬁi J?@Eab%u@@d th fﬂﬂﬂnovg glrme%ﬂ)c&! tgtﬁ WS.e)ﬁ%rlécbndta%}SinB&&gsqtgcﬁerdmcgﬁgt ig}{lent

m ght be: 20 an a armiirin Qr "an appol ntnment start tine; an an alarm
firing foriafrehBpwitHieRsitess A 13 iThhe firfarpaintmeptfunsqng and must g expagdegs tg ggeond one
exhaust i vemusbiit be shiftedss peatii treefirg nbeyto exfidné Thakethé lodkyd sebndppretiateatmst hedliftedeeent s

Wil be i aRbewRN: addeily SRRGIDIE.C ) In AdkkB ol BY:, YFbiNimBRORG SSBRGAEITER Srtain

Typi call+y,ddgrr)eryzlslonpg on thg event .provoking the reactive scheduling, these
activi 1 es W B BHEI BeratoT prog SHSH K4F1°9% or in the alternative,
conditionally. Tables 25 Zlablel2i Beactiviq Schedulinpchctivities feeMSésvent s, their type, and
their reaftiVeveaCNEea[l ERg: Bpt | VI L1 €S 107 MochuiveSchelidling AFtvitiesiNd T €SOUT C
schedul i ng=agent-s—respectiyely—for—one—particul-ar—i-nprerentation—af -t
present i m%a“ﬁl on. Taﬁa{été”g ngt?abA Idgwﬁlfl -\ mf\éﬁlfh%aﬁéﬁé ref hé'Fé lSocrlllrérenEtl)"yr_ noﬁ%?lléim%for
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process operations ih which nulitiple 0 30 are sinu taneouslﬁry .
processed|in a batch| Sonme of {H&sErJrAfciedoentimsgproinmest afferdbe gofigd Iof fhGessine
di schar ge and unl oad appointment or after the unload appointment. If the downtime event

occurred due to an error during processing, the MSA will book a downtime
appointment after the Iot processing appointment that is processing or the
unload appointment. Booked processing appointments overlapping the

downtime appointment are shifted later in time, if possible, or are otherwise

cancelled.
Machine Factory  State | Any active PM, QUAL, or downtime appointments are completed. The
Available Change (MES) | next appointment on the machine’s calendar is then shifted and started, if
Detected possible.

PM/Qual Detected | Factory  State | A PM/Qual appointment is booked after any active appointments. Any
Change (MES) | booked appointments overlapping the PM/Qual appointment are shifted
after the PM/Qual appointment. If any overlapping booked appointment

cannot shift, it is cancelled.

Chamber Down | Factory  State | All unready appointments for the machine or chamber that has not started

Detected Change (MES) | are canceled.
Chamber Up | Factory  State | The duration for any appointment is shrunken to the expected completion
Detected Change (MES) | time based on the new throughput rate and shifted to the right, or later in

time, if possible.

Lot Not At a Port | Alarm State | If the lot has “reserved” a port with the machine, the MSA will wait until
At a Scheduled | Change the LSA expands the move appointment. The expansion of the move
Start Time appointment will cause the LSA to shift the lot appointment to the right.
The MSA will then react appropriately to the shifting of the lot
appointment. If the lot has not reserved the port, the appointment is

cancelled.
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Lot Appointment
Cancelled

Appointment
State Change

If processing or near complete, the appointment is aborted or, if unready,
simply canceled. Upon cancellation of an appointment, the next

appointment is shifted earlier in time, if possible, to reduce any gaps

between appointments.

-17-



Change (MES) booked appoi ntnents overl appi ng the PM Qual appoi ntnent are

shifted after the PM Qual appointnent. |f any overlapping booked

appoi ntment cannot shift, it is cancelled. Chanber Down Factory State All
unr eady appoi ntnents for the machine or chanber that has A6€C T5t@ﬁted

Det ect ed CHUQIBOBNES) are cancel ed. Chamber Up Factory SPar/Es@R&7lur ation

for any apporBlHENT [ SERRIHPKEN To the eXpQ@.&cga,SQminEK&gﬂes Detected Thpnge

(NNB) t| n basnd foYal hn new-—t h nllnhnllf 4 ch 0O ha. riaht o
ater in |ICt e Do SESPE| 655 bi SRSt VRpITpy e AR RSP s
"reser ved"Mzhipdiott wi { GhapgsdElhac hibarted andhe dySimeihifed eqeliertin tim: | The neptapppingrepictil ed
Change theg LSA expan:is t he nov ,sha@mmaltammaspIJaialeeXpanSI on of the nove
o e A | oo +t A -cohi-ft
ﬂ]grﬁl ;'h{” PR .Xén'«? f\pvo‘qt frenc® Ve appmmmeé’%smffedngﬂ. {mc el quﬁ ?&Eétﬁ 0
“appoi nt mepRight| £t he | Bl Fpagenof Wessis E’é‘ﬁf tIF\'é‘S B’ﬁ‘f‘*ﬁ’ any %@"%[’E?ﬁ'd’l"ﬁ?%’g‘ﬁt”g}l‘ ghift
cancelled., -16 2 6 OCT 2006 WO, @3¢0834812 PCTI US02/ 41777 Event Event Type
React i ve Schedutng—Activities tot—Arrived—at—Factory—State+—the—tot
arrived at the right |ocation, the MSA will nake the appoi ntnent Mchine
Port Change (EIT)a I%\ét“if‘?fse“’ “feeqet opertiqa; In 2 pariqlly @Ppymaire Ry oY § AR °5f5‘b8‘i°?ffsrrent :
I f the appwarmonssm b§ whedyedpad dontwilqddn the eftwae dgents205. dfpoeniyt arvehsdt of thelpcdyBgolani | |
na{<e t het ﬁnpm tﬁletfﬁﬂfd?etund& &ade.ﬁm] Iof thd Jaﬁwm@usrz@s dnd thb @b & B ¥elytub®@r BRSNS
active e
parti ci pan
parti ci pansediasiebetore qa?he@m@! Prpgses OPWéh i2 aguepee| of “ie?'i‘ef” loprrations pam\pe deridgd fiomer r i ght
machi ne budonfigh@bldeREEhgO@ tHe protebiimd/BAheMdodtbolled pla@Slopdratios Gedbrfappainthedisf a@ruedtin | Ot

reserved t «ﬂ I(Rxl;g lagrhea s({:icxirtf Jrrﬁr l%tg% Lpg&nt hént ﬁ{gx}ée%hemh!&eah&ﬁ r tMoré Pﬁcm ﬁ@dexl

assign that Tot t he next avall
arriving |%poinigents are pssd whep héS*NB?Sth‘I“E %tdavc&thﬁwﬁegg*gﬁywaﬂwéor s%ﬂﬂ&sﬁff?&dﬁ& | f
t he | oti0 ar eperetipd with art dogal\proosagtodtd th i Heder aphratniviBaroviided tootpersdt r@essamctivitiesfor

di fferent hQt rebdsphied withe M&neqdat to the @u@ fued RML reLﬂQéant@e%@BbéﬁgonE he port, the
aval

MSA wi || a55| Xt | a

book an poi gj{]%p?sof%?m hga’ﬁ“\%ve jPRRSRtgts, BJ\‘? dgglﬂnoﬁer% %rﬂfé"e‘ . éoc"?assptﬁ(())lllﬁl nent s
will be sthétwlbmrfm th fing}tfgeder PHCW’EOR i§ fot kpawipwnEl thealptoli3h gegawmewmme fipah feprist

shift | at Edipeﬂatibn Ai‘ﬂﬁ}muhltmdu&é”hbpoﬁfmeﬁadi}&&htb alspork Rtivilids GER WS 1af) Geddd lﬁdfcéﬁb phiate I f a
| ot prggesgi, Cﬁm@i}?«?&ba@s& '?6'31%5 Iﬁ or[e‘én'ﬂﬂb'di'ﬂngnt, tl%tdgrhtloh be the%na?fﬁBB%ﬁeqm% 1exﬂ§£¥ierﬁred

Appoi nt nent e overl ng pol ntnents are s
right, or PYdbeetorf fseifapsgort t“‘RlPﬁ‘ﬁFeﬁ&e I‘f‘é‘tf"e‘?"’?r Pf°‘§ﬁ>9°°b§}*’é‘f9‘r 15 prerily cpriiied process tool
appoi nt mengtatiom 9 OWhes ke flabt feeileg Afpoiameht & heivaeppigiacttahpndessit®l YiDpertbraink dellast fepdef S

cancel | ed. op'exfatiJn hkelm@\QQ Q:idrﬁamtma;dﬁm{l Qﬁlfeeégpoﬁaﬂﬁknt will be replaced by a move appointment or a

sequence of move appointments.

stenf %‘hOSB 5 PCG?}S ogeratlons I'glF? g}! t[;'g S()ftt\)\(ljiree agep F 8&5” are Vﬁ‘]ﬁl‘}i COétll'l\lel‘(fceSf ?{)el‘ ations.”

20 Table 3 furthermore refers to a “bid request.” In the illustrated embodiment, the process flow 100
employs a protocol for scheduling appointments that begins with a “bid request.” The LSA 305 publishes a
“request bid” message to a capable MSA 310. The MSA 310 submits one or more bids to the LSA 305. The
LSA 305 selects one from among several such bids, which typically results in one or more “appointments”
associated with performing the operation the LSA 305 is secking for its lot 130 of wafers 135. Note, however,

25  that other protocols may be employed in which there is no “bid request” Thus, the bid request is an
implementation specific feature that may not be found in all embodiments.

Table 3. Reactive Scheduling Activities for LSAs

Event Event Type Reactive Scheduling Activities
Appointment End Alarm Event The alarm indicates that the scheduled end time of the move
Time Alarm Fired appointment has arrived. The LSA determines if the move
ForMove appointment should be expanded. If the move originates from a
Appointment machine port, move appointment expansion is always permitted
to clear the port. Otherwise, the move appointment is expanded
a percentage (i.e., 25%) of the originally scheduled duration
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Appointment  State

Change

The MSA initiates this change when the lot appointment is
running long. The LSA will react to this change by shifting all
appointments to the right, or later in time, after the lot
processing appointment being expanded. It will then expand

the lot appointment to the specified time.

Make Lot
Appointment
Aborted

Appointment  State

Change

The MSA initiates this change when the processing of the lot
has been interrupted. The LSA will change the status of the
appointment to aborted, put the lot on hold, and schedule a

move appointment to a sorter or a stocker after canceling all
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Make Unload
Appointment
Completed

Appointment  State

Change

The LSA will notify the processing agent and change the status

to completed. It initiates the next appointment,

Make Move
Appointment
Completed

Appointment  State

Change

The 1.SA will make the appointment completed and may shrink
the appointment if appropriate. It will also cancel the end time
alarm, appropriately updates the transport start time, and

initiates the next appointment.

Make Lot
Appointment Near
Complete

Appointment  State

Change

The MSA initiates this change when it receives an equipment
event stating that the lot processing is near complete. The LSA
will change the status of the appointment to near complete. It
will then schedule the post control move appointment and

invokes scheduling for the next process operation if appropriate.

Shift Lot

Appointment  State

The LSA will try to move the lot appointment to the left, or

-20-



| ot appoi
appoi nt ne

time al ar
schedul ed

ntnment, the L
nt. It wll

m

KA Pte o

SAwll ask a

al so appropriately update the total
and remai ning transport time. The LSA will
oi ntment Start Alarm Event This alarmi ndi
Time Arrived For specified PEEWI4Hphoi nt nent

f the

MSA to reserve a port and
transport ti
then create an appoi nt nent
g Wl

has occur
if it is

alarm Lo
appoi nt me
| ot appoi
associ at e
necessaryj
Lot Appoijn
appoi nt ne
change by
the | ot

| ot appoi
initiates
has been

appoi nt me
appoi nt mep
WO 03/ 093
Activitie
the statu
Aborted

| oad appo

Appoi nt e

| ot  Appo
Processin

processin
appoi nt me
| ot proce

red. Bdeat LSA

W | EveneiRyge Fe

eder Apponea&me&hedum@acﬁpml nt rrent

4

q

t Appoi nt nent
nt and any n&
ntment. It w

d w%ﬂﬂngme
e L
npé)ﬂlPtmg}ALfift
Nt is Appoin
shifting al

nt nent to t he
t fRpaintEens hife

| nt errupted.

nt to aborted

012 P& J“‘Usoz/

s of the unl o

‘Q&mﬁhhbkﬁat' h

I reschedule

s AppgiedniRighe nit Ghangvbke Unl g

a&;A Wittt
Appoi nt ment
n-active nove

| 1 also cance

=
| |

State
&l “‘l‘,‘a“ﬁ‘bvé F‘l%f’d“’ﬁi‘m ﬁﬂg‘é“’a&sa%t?i“ﬁ’f%ﬂ’d et
|cangdld the| iqy aghointmerd  unl oad app0| nt ment 4

ehtlier m‘tﬁn AblES

cance

sqf Eléﬁ'd lb‘ﬁ 'th'ﬁk&rhtfxﬁwfﬂ chabdt

| ock the

nme
end

t the

hctive

D

\

Nt he

h

b

fat

e RBA initi|d
t rent Change
app0|ntnent

TheW B4 VAP Ry © &He%@da&’ appoRINEal to MEVELL Wk F

mmﬁpmtmeetﬁgancmb@md wippiptmengspeapcels ¢
Sheu@apwﬁméni g ht

n

unh:ﬁei Ha &tqﬁéﬁhg éys‘aﬁg\ﬁxp J;c:ﬁlée? |alg Pgn-actlve

in time,

averand

q

or IateT

é?tﬁﬂﬁ fgt
SeC|F|e

vireree t he proc
The LSA wil |

put the | ot

ﬁ????&m%véﬁFz

ad appoi nt nen

Make Load App
i ntnent to

| nt ment Chang
g processing

nt to the pro
Ssing agent.

nt State The MSBA initiateg

g the appoi ntjinent.

I nt ment St atle
poi nt ment CH

has starteg
tatus, infor
Make Ld
essing statu
Pr ocessi ng

é‘s‘% Pragje tofshift et 1hbfyster¥\p¥wdmflﬁ%mn-aeﬂar
coan grpoibthentss batelsS unlbhd/ibdd eappofimnt,eqhd

a

rz.}gﬁom&e
doe et hARYHER 1 EHEIRE SR TR RS Fight

THe L%bgvﬁfl ff{t&' {nov the unload al on‘i_txﬂeg PEo e léff.hlf §

c%elmllaapp@iﬂﬂeﬁ(:hedu' € a nove
-19 2 6 OCT

s as
Expand

b this

aft er

he
MBA
nge

2006

i %ﬁfgcaw@wmewﬁsga move

apboipwi HitrrermovSipadinemeFtved it Aot witihd or ¢
ton tp madﬁﬁDQ* nﬁaemt pog'h ange aiomietove

%()Ar{nz}% it arrA:ﬁa a?ipeggrt oi%ﬁeklgt alfaf')tm%l'lgnex%f
of iidsapzormﬁg@fmﬁéﬁvetah@mme@icfe@%ﬁgw@f
exphivethd &R taittel sto N MG Bot P Roditnithid Nbad t

Lt?tn PN ACLHH aﬂbgpréc%{gtapé)gqm@? %r t

olntment State T

omtme L[

it will cancel all non-active move appointments, any

load/unload appointment, and the lot appointment.

hange
t he

t he
o the

ghange
he

Shift Load Appointment  State | The LSA will check to see if the previous appointment is a
Appointment Right | Change move appointment. If it is a move appointment and it is not
active or on a machine or machine port, it will shift that move
appointment to make it arrive at the start of the load
appointment (if the move appointment is active, it will expand
the end to the start of the load appointment). It will then shift
any preceding appointments to the right. If the system is unable
to shift the appointments right, i—t will cancel all non-active
move appointments, any load/unload appointments, and the lot
appointment.
Shift Unload Appointment  State | The LSA will shift appointments to the right. If the system is
Appointment Right | Change unable to shift the appointments right, it will cancel the lot
appointment, which will cancel all move, load, and unload
appointments association with the lot appointment.
Shrink Lot Appointment  State | The LSA will shrink the lot appointment to the specified time
Appointment Change and shift subsequent move appointments earlier in time.
Shrink Load Appointment  State | The LSA will shrink the load appointment to the specified time.
Appointment Change
Shrink Unload Appointment  State | The LSA will shrink the unload appointment to the specified
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Wrong Move
Completed

Appointment  State

Change

If the current location of the lot is a machine port, then the
system will cancel all appointments except for the lot
appointment. The lot appointment will only be cancelled if the
appointment was for a different machine. If the appointment
was for a different machine, the LSA will cancel all
appointments and wait for the MSA to invoke override
scheduling. Otherwise, the system will determine how long it
will take for the lot to get back to the next processing
appointment destination. If the lot can still make its original
processing start time, then the system will reschedule the
appropriate move appointments. If the lot is unable to make the
start time, it will cancel all move, load, unload, and lot

appointments and will initiate scheduling.

Lot Due Date Change

Factory State Change
(MES)

If the lot has a processing appointment active, cancel
appointments after either current appointment or following
unload appointment (if present). If the appointment is in “near
complete” status and the next process operation is not a control

operation or there is no next operation in the process, schedule a
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Lot put on Hold

(MES)

Factory State Change

If lot is processing, cancel appointment after post move
appointment. If lot is moving to control machine port, cancel
all appointments after the move and schedule a move to the
nearest stocker as soon as the lot arrives at the machine post. If
unload appointment is processing, cancel all appointments after
and schedule post move. If feeder appointment is processing,
shrinks and aborts the appointment and then cancels all
appointments after feeder appointment. If load appointment is
processing, it cancels all appointments after except for the
unload appointment. It will then schedule a post move

appointment.

status of processing or near complete, it is allowed to complete.

If the next appointment is an unload appointment, all

If the lot has a processing appointment active, and it is in a

subsequent appointments are cancelled and a move is scheduled
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load appointment is not processing, it and subsequent
appointments are cancelled and a move appointment is
scheduled.

If the lot is in an unload appointment, all subsequent
appointments are cancelled and a move appointment is

scheduled after the unload appointment.

If the lot is in a move appointment and the move has started, all
subsequent appointments are cancelled. If the move is to a
machine port, a move is scheduled to subsequently transport the
lot off the machine port. If the lot is on a move appointment
that has not started, the move appointment is aborted and all

subsequent appointments cancelled.
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Factory State Change
(MES)

If the lot has a processing appointment active, cancel
appointments after either current appointment or following
unload appointment (if present). If the appointment is in “pear

complete” status and the next process operation is not a control

operation or there is no next operation in the process, schedule a
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appointments after the current time. If the next operation is not

an unload appointment active, cancel
a control operation or there are no more operations, schedule a
move appointment after the unload appointment. Reschedule
for the next process operation. If no appointments are active,
cancel all future appointments and reschedule current process

operation.

Process Operation
Changed

Factory State Change
(MES)

The LSA will remove all non-active appointments. The LSA
will then check to see if the new process operation is a control
or feeder process operation. If the process operation is a feeder,
then the agent will schedule the next process operation. If the
process operation is a control and the agent doesn’t have an
appointment for this process operation, it will schedule this

process operation.

If the lot has a processing appointment active, cancel
appointments after either current appointment or following
unload appointment (if present). If the appointment is in “near
complete” status and the next process operation is not a control
operation or there is no next operation in the process, schedule a
move appointment after the current lot processing appointment.

If the appointment is near complete and the next operation is a
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Wafer Count

Decreased

Factory State Change
(MES)

If the wafer count for a lot decreases, the MSA shrinks lot
appointments on ifs calendar that have not yet started. The
MSA will try to shrink the appointment by the proper amount.
The MSA cancels any unstarted lot appoitment that cannot be
shrunk. The LSA subsequently reacts to the appointment
changes made by the MSA, depending on the what the changes

are.

Wafer Count

Increased

Factory State Change
(MES)

If the wafer count for a lot increases, the MSA expands lot
appointments on its calendar that have not yet started. The
MSA will try to expand the appointment by the proper amount.
The MSA cancels any unstarted lot appoitment that cannot be
expanded. The LSA subsequently reacts to the appointment
changes made by the MSA, depending on the what the changes

are.

Lot Terminated

Factory State Change
(MES)

The system will cancel all appointments for the lot.

Lot Moved In

Factory State

If the lot moves in to a feeder operation that is not the first
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Override Lot
Appointment

Factory State Change

A bid request and an appointment change listener are created
and returned to the MSA. (This is in response to an

unscheduled lot being placed on a machine port.)

Machine Advertises a
Time Slot

Appointment  State

Change

LSA will determine if it can improve its processing
appointment for the operation at the new time slot. If so, then
the LSA cancel the appointment and publishes a submit bid
message in attempt to reschedule the appointment for the

advertised time slot.

Table 4. Reactive Scheduling Activities for PM Scheduling Agents

Event

Event Type

Reactive Scheduling Activities

Cancelled

PM/Qual Appointment

Appointment

Change

State | The PM appointment is canceled and rescheduled.

Appointment

Expand PM/Qual

Appointment
Change

State
appointment is running long. The PMSA will react

this change by shifting all appointments to the right

The MSA initiates this change when the PM

the PM processing appointment being expanded. The

appointments that cannot be shifted are canceled and

to
of

27



after the follow ng | oad and unl oad appointnents (if present)
follow ng | ot processing appoi ntnent.
after the nove appoi ntnment and reschedul e the

O herw se,

cancel

and
al |

appoi ntnent s

el all "appbihl AR & o ter

If the lot has a feeder appointnent active, cancel
t he feeder Vﬁb@wmlhent and reschedul e the next process mjémm/mw as well
as preceging-fegggy——appointm Uex?tTy¢ tte—tot nﬂgacﬂvesg)@ﬂ,h@gqgm,{gr‘rem
active, c¢ancel annm ntnments after he_foll owing . un 9 :\né}nl nt nt | t he
ot has an unl oad appoi ntrent acti ve, carl?ﬂedulﬁgﬁb‘?"m’ﬁbﬂ‘?@ e Fl\é‘rappf"ﬂt@’e“t
current ttine. If the next oper at i on i s notothegpecfrdtimpl operation or thene
are no ny fI@aké)MQﬁ’a‘iA Biﬁtmexﬁ AEEhHRnE  TTONE &&Q@SM&H&Q%&B%@J whed 1€e pétEsSiadlof
appoi nt ngnt . aghe ul e % t he next pr (ﬁl been "“1 fe? {he%Aa‘p?gﬂap ment s
are active, Lt al 1 £yt oPE appoi nt menf® an 8 e curren rg(lrocess
oper ati on. V\af er Count Fagtory State Change stis thH\éawalf“é\e“‘é‘tﬂH?ftedebr"P Spat
decrease<, t he MBA shri nkg | ot Decreasedw(ulVEEﬁ):du&pﬂa@ppmhmmt S_on its
cal endar tshatshave 109 statr-te T e
: & P Al AR b et T S | T MO Tultakel s £ uz?%hén't'ﬁé MSA leams
appoi nt nt b mﬁa %’ 13 er a unt.— The ‘ﬁ/é cancel's any unstarted
appoi t rrert t hathée&sr‘fﬁot be | G¥eunk. The L$AesEMskudasedy Tlé?aé”tsé f”Bl t“]Pf‘ége
appoi nt ngnt changes made by t he MBA, depewpdmtmgxt@raptohaesmaﬁtaus t he changeqg
are. Vaf 'Maké’ ual ﬂﬁpbh&frr&énﬁ"A‘Ebd‘ﬁurhéﬂP‘“Ueséaﬂe Th@m@'xﬁﬁatés%éﬂchaﬁééfwh@n ltrBIPM has
i ncr easey, A expandg | ot I ncreased ( leﬁ% P{) I nt.ment s % oS tment
cal endar |t hat ﬁ:ﬁ(‘/‘@e“?‘i‘ot yet| Q%t ted. The |FRERIRE Procying ¥ oL Ppdn a?‘hé’
appoi ntmgnt by the proper |amount. The M apmercas. sTfaWSﬁn@t wﬂye@ pragessing
appoi tnment that cannot be | expanded. The |l.2A, Sti2s @6 k@it YorhRad; kil p@iteliRe
appoi ntmgnt changes nade (by the MSA, dependin fghh Watke LS $RANGES
are. Lot [Term nated Factorly State Change %nt occugen Kt EYI caehce%x ‘[Q
appoi ntmgnts for the lot. | (MES) Lot Movd dnlhﬁm@%i&%?“?e“’sf“aﬂte If the |ot
noves i n |t OMakePREAMSSint@@E atAppdinthdaBl | StaleQtThd FIRA TnitiatEd this ehdige Zhed it me2X00RE VWO
03/093912 PCT/, (77 51% Event TYF%HRW%&MY% %h%mg}gwﬁgga@/e ihd |€S
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appointngnt's end tine to lequal the curre 'Lat“%‘if%apﬁ‘i"?}@e“f‘ﬂea"“"e
Make PM Appointment Appointment State | The MSA initiates this change when it receives a
Processing PM/Qual Change Factory State Change indicating the Qual portion of the
PM appointment has started. The PMSA will change
the status of the appointment to processing PM/Qual.
Shift PM/Qual Appointment | Appointment State | The PMSA will try to move the PM appointment to the
Left Change left. If it is unable to shift left, the system will cancel
the appointment and reschedule it.
Shift PM/Qual Appointment | Appointment State | The PMSA will try to move the PM appointment to the
Right Change right. If it is unable to shift right, the system will
cancel the appointment and reschedule it.
Shrink PM/Qual Appointment State { The PMSA will shrink the PM appointment to the
Appointment Change specified time.
Update Commitment Appointment State | The PM appointment commitment window is updated.
Window For PM/Qual Change The commitment window represents the PMs earliest
Appointment start time and latest delivery time for a given
appointment.
Override PM/Qual Appointment State | The PM appointment is cancelled within the calendar if
Appointment Change it exist. It will then create a bid request and
appointment change listener and return it to the MSA.
This is in response to an unscheduled PM being
started.
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g‘ 7IZeact1ve Scheduling Activities for Resource Scheduling Agents

Event Event Type Reactive Scheduling Activities

Appointment Start Time Alarm Event This alarm indicates that the scheduled start time of the

Alarm Fired for Load specified load (unload) appointment has arrived. The

(Unload) Appointment resource appointment scheduler will make the appointment
active if it is not active. It will also create an appointment
end time alarm if needed. The resource appointment
scheduler will inform the processing agent to start
processing the appointment.

Appointment Start Time Alarm Event This alarm indicates that the scheduled start time of the

Alarm Fired for specified discharge appointment has arrived. The resource

Discharge Appointment appointment scheduler will make the appointment active if
it is not active. It will also create an appointment end time
alarm if needed. The resource appointment scheduler will
inform the processing agent to start processing the
appointment.

Appointment End Time Alarm Event This alarm indicates that the scheduled end time of the

Alarm Fired for Load specified load (unload) appointment has arrived. The

{Unload) Appointment resource appointment scheduler will expand the
appointment with a percentage (e.g., 25%) of the originally
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Machine Batch
Appointment Changes Its
State to Completed

Appoiniment
State Change

The MSA initiates this change when the processing of the
corresponding machine batch appointment was actually
completed. The RSA will change the appointment state of
the corresponding discharge appointment to the completed

status.

Lot Load (Unload)
Appointment Shifted to

Later Time

Appointment
State Change

The LSA initiates this change when a lot load appointment
was shifted to a later time. The RSA will rearrange its
and  shift

corresponding load appointments,

If the

appointment has a start time alarm, the alarm update will be

appointments on its calendar if necessary.

performed.

other

Machine Batch
Appointment Shifted
Right to Later Time

Appointment
State Change

The MSA initiates this change or responding the change

from the lot scheduling calendar when a machine batch
appointment was shifted to later time. The RSA will shift
the corresponding charge and discharge appointment to
later time. Other appointments on its calendar may also get
shifted.

Machine Batch

Appointment

The MSA initiates this change when a machine batch
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resource |Di scharge Appoi féwasatfDappo| b Frkt: Té%l%é*dﬁ"ic‘éf;‘@wdﬁ% onether he dots
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Carrier Arrived Factory State | The EI notifies the RSA that a carrier has arrived. If it
Change carries the expected lot, the RSA will change the
corresponding resource load lot appointment state to the
ready status.
Load Update Factory State | Upon motification by the EI, if the corresponding load
Change appointment is not the first one in the batch job, the RSA
will first shrink the previous load appointment, and pull the
follow-up load appointment to earlier start time, the
appointment state of the previous load appointment will be
changed to the completed status. The end time alarm for
the previous load appointment will be cancelled. The
PMSA will change the next load appointments status to
active.
Load Completed Factory State | Upon notification by the EI that a load has completed, the
Change RSA will shrink the corresponding load appointment,
cancel the end time alarm and change the appointment state
of the last load appointment to the completed status.
Charge Started EI Event Upon notification from the EI that charging has started, the
RSA will change the charge appointment state to the
processing status,
Charge Completed EI Event Upon notification from the EI that a charge is complete, the
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Unload Completed

ElEvent

Upon notification from the EI that an unload has completed,
the RSA will shrink the unload appointment, cancel its end
time alarm and change the appointment state to the

completed status.

Unexpected Unload
Started

EI Event

Upon nmofification from the EI that an unload has
unexpectedly started (i.e., the next appointment is not an
unload appointment or the transfer sequence is different
from the scheduled one) the RSA will change the scheduled
unload appointments, and make the first one active.
Overlapping appointment may get shifted to later time or

cancelled.

Unexpected Load Started

EI Event

Upon notification from the EI that a load has unexpectedly
started (i.e., the next appointment is not a load appointment
or the transfer sequence is different from the scheduled
one), if there is a lot in the list that is not one of the
participant of the next charge appointment, the RSA passes
a lot list and batch ID to a MSA for appropriate response.
If all the lots are in the next charge appointment, but the
from the schedule

transfer is different

sequence
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intnent will be .changed .to.the.coml eted st at us.
L e al ar mPEes IEiae b sefesepiatgn; of cbsiblien dyebit, ifn agmemory 1a qoppufing Sgpm on

a computing device. These descriptions and representations are the means used by those in the art to most

effectively convey the substance of their work to others skilled in the art. The process and operation require
20 physical manipulations of physical quantities. Usually, though not necessarily, these quantities take the form of
electrical, magnetic, or optical signals capable of being stored, transferred, combined, compared, and otherwise
manipulated. It has proven convenient at times, principally for reasons of common usage, to refer to these signals

as bits, values, elements, symbols, characters, terms, numbers, or the like.
It should be borpe in mind, however, that all of these and similar terms are to be associated with the
25  appropriate physical quantities and are merely convenient labels applied to these quantifies. Unless specifically
stated or otherwise as may be apparent, throughout the present disclosure, these descriptions refer to the action
- and processes of an electronic device, that manipulates and fransforms data represented as physical (electronic,
magnetic, or optical) quantities within some electronic device's storage into other data similarly represented as
physical quantities within the storage, or in transmission or display devices. Exemplary of the terms denoting
30  such a description are, without limitation, the terms “processing,” “computing,” *calculating,” “determining,”

“displaying,” and the like.

Note that the software implemented aspects of the invention are typically encoded on some form of
program storage medium or implemented over some type of transmission medium. The program storage medium
may be magnetic (e.g., a floppy disk or a hard drive) or optical (e.g., a eompact disk read only memory, or “CD

35 ROM"), and may be read only or random access. Similarly, the transmission medium may be twisted wire pairs,
coaxial cable, optical fiber, or some other suitable transmission medium known to the art. The invention is not

limited by these aspects of any given implementation.
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has started, the RSA will change the di scharge appointnent state to the
processing status. Unload Started EIl Event Upon notification fromthe E
that unloading has started, the RSA will change the first unl oad

appoi ntnent state to the processing status. Unl oad Update El Event Upon
notification fromthe El, an unload appointnment is wupdated. If the
correspondi ng unl oad appointnment is not the |ast one in the unload start
event, the RSA will shrink the correspondi ng unl oad appoi ntnent, cancel
its end tine alarmand change its status to the conpleted status. The RSA
will then pull the next unload appointnment to earlier tine and start
processi ng the next unload appointnment. If the correspondi ng unl oad
appointment is the last one in the wunload start event, the RSA will wait
for unload conpleted event. Unload Conpleted El Event Upon notification
fromthe El that an unload has conpleted, the RSA will shrink the unload
appoi ntment, cancel its end time alarmand change the appointnment state to
the conpleted status. Unexpected Unl oad El Event Upon notification from
the EI that an unl oad has



Started unexpectedly started (i.e., the next appointnent is not an unload
appoi ntnment or the transfer sequence is different fromthe schedul ed one)
the RSA will change the schedul ed unload appointnents, %gd €Pﬁﬁ the first
one active. Overlapping appointnent may get shifted to | f 8 fre or

cancel | ed Idkﬂg.pected Load Started EI Event Upon notification fromthe E
that a Iog ' unexpectedly started (i.e., the next appointnent is not a
| oad appoi ntnment or the transfer sequence is different fromthe schedul ed
one), if there is I inthe list that is not one of the partjcipant of
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sof t war e agetihdudes détbdiyig edinplipded veiitve ol ukdpRidavat.r espectively. This is
true also of other types of events in the process flow In the illustrated
enbodi nent, the invention is inplenented using object oriented progranm ng

("QO0P") techni guRs, methéhotghint hewhdidie @eicihgniBy oRrredEP lof MRNpredhidtmined

techni ques that are not object oriented The software agents 265 are

i npl ement %"&“ta‘g"lB‘gef g&‘??‘“&ﬁa oguFrencs ok OP§ g 2PPUpLReRt stafrhangen  frotoreStitfihued
Wi t h specitahge, 46 &g eb@k. whi ch they autononously initiate behaviors to
achi eve. Their behavior is relatively sinple and is partially configurable
t hrough scripts and properties. The behavior is designed to achieve

sel ect ed goal s4.sTHehmdkod ¢fClHi@\3, RbeRih @&SBHGNRY apsintalee sthad @an@ChtigasNg a
predefined | evel aof quality, maxim zin chine utilization, anpd
schedulingﬂ%ﬁﬂ%@faﬁﬁngﬁ‘ﬁr@béHFWQQQHB%WgQHHWbéW'ﬂW@"ﬁBVﬁéWPEP s s a
cl ass of ghppiahctt shrinkingh ai abppoiismend] B6rs ad hbpoidhRntS Rhingiige sageNtas 265
del egat e varj ous reaponsibilities or that Frovlde somnme ervice in

usef ul
the proce¥PomyBent iyl anppPoipient QyrEide: ahigens %Y%‘H"el‘%d,aten%}ﬁ’ﬁs Bﬁ‘éd‘pg*ﬁ%\?@, are
al so hel peailogl thssupdbfe ££ o8 jointhi$ bat& ABotAedvirg atdf cdnb&ing @liai frodda @@sIgr i pti ons
herein are presented in ter of a software inplenmented process involving
synbol i c ?EBV@§@HW§?f8W@m6P&§ﬁbrations on data bits within a menory in a
conputing systemor a conputing device. These descriptions and

representationg e tgg qﬁaqs used by those in the art to nost, effectively
convey the sub2t ahcaedrd Heglaimy by whergin fefroting e faptary stefe (hanegr ipcludgie

process aweoﬁﬁgﬁt?fdsﬁdheﬁeﬂaidﬁﬁn 3 Wﬁhﬁ@!:cldﬁaﬁﬂeﬁwna&hmrbsc@{ip@&\mﬂtﬁ@,Ia ot
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of el ect fMé@‘fsa? gﬂg%ﬁ"éweé; g B‘Paﬁg?ﬁ't g9ing ‘i’é’f"g ﬁ&%’/_ her pespming availsblegychangs iag
t ransf er r gachiosipatigibs; £ CHHAZS ROnachidd t@Alel:edndaRion of a process; an addition of a

process operation; a lot arriving at a machine; a lot process changed, a lot placed on hold, a

lot released from hold, a lot priority changed, a lot due date changed, a lot wafer count

changed, a lot process operation changed, and a lot departing a machine.

6. The method of claim 3, wherein detecting the alarm event includes detecting at
least one of an alarm firing for an appointment start time and an alarm firing for an

appointment end time.

7. The method of claim 1, wherein detecting the predetermined event includes
detecting at least one of an appointment cancellation, an appointment expansion, an

appointment shrinking, an appointment abort, an appointment becoming active, an

-35-



mani pul ated. It has proven convenient at times, principally for reasons of
common usage, to refer to these signals as bits, val ues, elenents,
synbol s, characters, terms, nunbers, or the like. It shoutg prne in

m nd, however, that all of these and simlar terns are to"be. aSSOC|ated

wth the 25. opriate si cal uant|t| nd are ner.el eni ent
bl & oo iR Wi, SopfhleiEns P ePbGRmetd, o el s poitizient Site P
ot her wi seamsintmnt hﬁ/eﬂidp,alam:hta, cbthﬁhngﬂﬁowﬁndbhe updaes edetectidrs @if 05 Woentihdiese

descriptions refer action S. of ect rol ni c .devi ce,
that mani PUTATES aaﬁ“@ql ﬁ% B‘Frf?sa"&éﬁ r%%&z(g‘éai% ‘&gadfﬁeﬁtﬁg’s‘? &hgm f%ﬁ%‘B% ronic,
magnet i ¢, dovn; aphdnitet hecgminatavhiiabk, M.tliahgemn&mne tgpabilioet & cithdyd manashiat or age
into othe

data sim| arl pre sical quantiti svmthlnthe
Storage. - BP i libh oP bebefsiah S i o PsoRberatien: Rt & WA T
denoti ng 3Bt smcdsss ahail@siC b qdiplaoed @vie]d, wildtheltdsed frofthald, o ot pﬁdsrey blemgai a
"processing,,” "conputing, 't "calculating," "determ ni ing," and
the 1ike. poﬂléifleé d?tﬁgcga‘lgﬁ(g 4l tvwg‘?recofl (fhé'ﬁ%ﬂ’t %gOta%rB‘é@ést gpeg#nof‘ I"Fé‘arfgﬁ@ %l on are
typicall yd@aningleduaomsmlaﬁmﬁrﬁn@for af e AmeR tsoFta it 4ddh uhim firihgflr aient ed
over sone_t ansm ssi on medi um The program storage nedium nmay be

]
magneti c fp.'jl?menéel}dlt%epy d| sk or a hard drive) or optical (e.g., a conpact
disk read only nmenory, or "CD 35 ROM'), and may be read only or "random

coaral ool e 8 e hdlfod PETRM | B RaiHE TR s gt eotehr gt BabEa: urm

known t o bdearréict incllifies: | nvent| onis not limted by these aspects of any
gi ven i npl enent a %J on. X 03/093912 PC %(\USOZ/ 4A76 This concl udes the
det ai | ed descr P 'in%ﬁnm‘ihr‘f@‘ theogrusrenes i3 ArtlishYs di scl osed above are

illustrative putlighingithe btRirrbrive &din thelpubliyheb® asabictibiag ligasbr;ph@ct i ced in

di fferent but | ent rs apparent to those skilled in the art

havi ng t he ben%af(]ll1 t@?so[t]tt’?’émtsrééeg gﬁé’l"g‘ithes MEliSENST ¢ her vari ati ons
not di scussed may be enployed in stl | 1 other enbodi ments. Furthernore, no
l[imtations ar nten etails .of c ruction or Si 5 herein
shown, ot her t lg‘@s%tl ?%‘Eg Wﬂerflﬁée*lﬂ‘%ﬁ Iy ge B&HIBWI’@I a(“‘?’émflﬁg‘?sé’? geflﬁ evi dent
that the pasbof mharg £ sdmedlilee A pointriking Gd @ﬁgﬁks@b@mhﬁ@y sbiedaled @apiht@entnodi fi ed
and all s riation re considered with scope.and spirit of the
T ent 1 on S SOttt PO oot it Saliiheh sHBA s PSR RbrgInED | 1t
cl ai ms bettewWuratidso2a &héXuled2PéintmichiAbiyinking theAlui@ioR @ a kelfedgieh@Puinto@t;i N an
aut onat ed uf agt ur,i envi ronnent, co iI.sin det ting an occurrence
o o R e e S TR te Do B ATt PR B eyt | ng
agent of tdpabiliGetiseitRIgQn alagitttafi RBGE dnvaliri; @rﬁh\,ﬁﬁhgliﬂgrtﬂe @z&umtah@ppoiﬂmmtt he

sof tware schedul i ng agent responsive to the detection of the predeterm ned

event. 2. The nethod of claim 11, wherein detecting the occurrence of the
pr edet er m ned 1@Vi@Binethoalobélgitn Oalirtet tdfprising proattielacheduRit an@ppciitmemex pect ed

event. E hngt hod f claim 1, wherein detecting the occurrence of the
predeterm WA G @léerﬂ'e GWE‘P\? eVefidt 8498 an occurrence of one of an

appoi ntment state change, a factory state change, and an al arm event. 4.
The met hod of ajm 3, erein det ecting the appoint tat e change
includes dete ki h_ﬁﬂ aietibdagt oG 1 et BESSHHY nechediice) s cpppitign
appol nt meitclud¥iRoueti@ly soheduling the appointment from the software scheduling agent.

12. A computer-readable, program storage medium encoded with instructions that,
when executed by a computer, perform a method for scheduling in an automated
manufacturing environment, the method comprising;:

detecting an occurrence of a predetermined event in a process flow;

notifying a software scheduling agent of the occurrence; and

reactively scheduling an action from the software scheduling agent responsive to the

detection of the predetermined event.
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appoi nt ment shrinking, an appoi ntnment abort, an appoi ntment changi ng
status, an appointnent shift, an appointnent override, an transport tine
update, a load tine update, an unload time update, a |ot J®00i &l a batch,
a lot leaving a batch, canceling a lot froma batch, and a conm tnent

wi ndow update. . 5..The nmethod of clai . erein defecti the factory
state change i %%I%‘ﬁggogr a&’e“@%‘?‘f F\ngeglﬁfn &ecidé?’m@hgﬁ%?md&eg&gitg%(’%cfm%{lcﬁgsmti e
occur r encthe peedatemtinadevire G theregecaiediinetholl énchales dédMcgpdn Winplangeddsteor ed; a
chanber gQrileQSecgeﬁ‘é“éma chanber becom ng avail able, a change in nachine
capabilitres;a cﬁaﬁge in machi ne types; an addition of a process; an
addition of a process operation; a lot arriving at a machine; a | ot
process change | ot placed on.hol a J.ot.released from hal d | ot
priority changg‘h 11%5 proﬁfaon?jﬁgraﬁ%fné’dlgﬁja%gcéﬂfn t)f WB?re\ﬂac%%?tlr}?othﬁPccugﬁnacﬁé’gd, a | ot
process ofyepeaieterminddange dh thamitoded wéthatbipalndds degte@ingan hédugrencd of dieeof et hod of
claim 3, \é\h%rn%é}nsgtt gﬁ:étniengfgct[]e atl arﬁn even% i ricl udes detecting at | east one
of an al afmrir ng f 128 app°6¥ AETSATEELP P 4P S VERD an alarm firi ng for an
appointment end tinme. 7. The method of claim1l1l, wherein detecting the

pr edet er m ned t includes detecti .at. | east. ane of an_appoi nt nent
bancel | ation. o DBEEhEnres PRIRG o id 2. SASen AbRafe ErreRengeda,
appoi nt meatenginahé ¢ncadedapiaidrihetedes dbeciinganGagt@hé ¥Lan @ppointnkint 2anbell@Xidn, 2006

appoi ntment _nearing conpletion, .an appoi.ntment conpl eting, an appoi nt nent
Shift, ant ERSEIEREREGYA PP FReint e Shinkina re e iiy; At p ARG et i on
of a downthanging sEsraheappaintneniEifi aeapbeiamienn@yeaida) dnafpdnsporiatimdVhfdasl abei ng

detect ed; , a.chanber going , down:. a chanb i i | abl hange i
machi no. c\SBA BF s B by B hon® 18T 4 R R Bameasier Dcese,

an addi t i enotdfona ararhes sompimeaiti windova updite, detedtioh g aadowatine @béuience; a | ot

o1 vor vy aangoteesne e B heng Beec: hBLSIRT et Bt XamBaa” o 1 o

process ope&omirngavaithRNgetngesinIngiichinel epabilitiedga ehangeCih na€hin@typest ad additloni ng f or

an appointpent start tinme and an alarmfiring for an appointnent end tine.
8 The mePhbdsPoCinidHEs GAdrErs HBTIIPY bl CRETECE ABRBTSCH S ARG agent
of the ocluangedende planal andesd, adetndiefigd &omi Hot, @ adtipaibrity fchirped, @doidue eltee t o a
publi sher;, publishjng.the gccurrence fromthe publisher to a subhscribing

| i stener; b}éaﬁﬁed’ 8allo* R tcﬂ‘é“?s%f“lg\ﬁg’r% YRR © t‘&ae‘ﬁl?’?ngﬁl’o‘?n?‘fth%epgﬂﬁ% &ri bi ng

| i st ener . nfichidd)en aiedrhfithgofbr &1 Mpoinfmenvdiit Gind andemtldrv SFiring $arhaa dppdimgedthe
action incIdees at | east one of aborting a schedul ed appoi ntnent in
progress; “Calt®ling a schedul ed appoi ntnent before it begins; scheduling a
new appoi ntnent; starting a schedul ed appoi ntnent; expanding the duration
of a schedul ed, appoi nt ment; shrinkjng the .duration.of a.schedul ed

appoi nt ment ; éﬁl {ﬂ% H@@%éﬁ?@ﬁl’ﬂ?ﬂf“ﬁ‘gﬁ’(gi "ﬁ?‘??e - Whesein 1QtfyiRg ﬁ?osc?gt?g‘ieng
capabi | i t s@gdulidg bhgint sfFhedodunoc Bshd digoded apttilliichides; setting an al arm
cancel ing an al arm and.changi ng the status of an appointnent. 10. The

nmet hod of cl ai ﬁ?nilfngfaﬂf't%ff@?onc(gjﬁttﬂ'ch‘i‘rff’émpﬁo(%’b‘{’lf4)‘3}’ y schedul i ng an appoi nt nent

publishing the occurrence from the publisher to a subscribing listener; and

calling the software scheduling agent from the subscribing listener.

17. The program storage medium of claim 12, wherein reactively scheduling the
action in the encoded method includes at least one of aborting a scheduled appointment in
progress; canceling a scheduled appointment before it begins; scheduling a new appointment;
starting a scheduled appointment; expanding the duration of a scheduled appointment;
shrinking the duration of a scheduled appointment; shifting a scheduled appointment; adding
new processing capabilities; deleting old processing capabilities; setting an alarm; canceling

an alarm; and changing the status of an appointment.

18. The program storage medium of claim 12, wherein the encoded method further
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wi th which the predeterm ned event is associated. 11. The nethod of claim
10, wherein proactively scheduling the appointnment includes proactively
schedul i ng the appointnent fromthe software schedul i ng abgoil 2002. A
conput er -r eadabl e, program storage nmedi um encoded with instructions that,
when execut ed by- a conputer, performa nethqd for schedulinpg.in an

AUt omat ecOTREARH RIERTHT RGO EAYI PSR ik KEEh BBIFIRS R8P At | ng an
occur r encgsafatal. predet erm ned event in a process flow, notifying a

sof tware schedul i ng agent of the occurrence; and reactively scheduling an
action fromthe software scheduling agent responsive to the detection of
t he predeterm nedA RyMPiting-sySted Podobalmed @b perfodm J RRthod Fo soieduling &gan medi um
of claim 12, wherein detecting the occurrence of the predetermned event in
t he encod@@%‘?%ﬂ’“?%ﬁ'f‘ﬂ%@?“& %tb‘?@etg WHPrSAted event or an unexpect ed
event. 14. Thedqictigs andcsirtnoder apelictermiabd &leal il prdcesyfiewei N det ecting the
occurrence of the gre(gteterni1| e@tr event in the encoded nethod includes
detecting an ofUUYPRAIUMEre sshduline agant of fsoLeHTsRssi @ at e change, a factory
state change, macivaly sahediilifgavidfion fidm thEhofiRie ERMIREAEEH Cespadivei e ®E Cl ai m
12, wherein detecting. the predeterm ned event in the encoded nethod

i ncl udes RFEER ?ﬁbe %rgdqteéﬁé"gd 8Yf8-of an appoi ntment cancel l ation, an

appoi nt mrent expansi on, an appoi ntnment shrinki ng, an appoi ntnent abort, an

appointment c ing status, an poi nt ment shjft, an appoi ntne

override, an t?@%o‘%{“pf‘?%sﬁﬁﬂ’ai”ggla'&‘ 1P oWherein fstegiigathe occrenss) %fgé‘eti e
updat e, apre@dterin@iedichight & tha poBramteld Methodandlitis det@AhE Bn udMael dvask oranl ot from
a batch, a comm.tnment w ndow update, detection of a downtine occurrence; a
machi ne bYEEPCHFY %% | abl e; a PM Qual being detected; a chamber going down;
a chanber becom ng avail able, a change in machi ne capabilities; a change

i n machi ne typg{s; an addition of a?process; an addition of a process
operation; a | ot Hersompungtystemhal flaim 194 Whessin gletsetingsthe ogepsrsacs, ofthe o

pl aced onpl@temidle®int mahems@Eme®Metholl theluded dtectitgl M lobdirefdNPRbI ad | Ot due
date changed, a | ot wafer count changed, a | ot process operation changed,
a | ot dep¥POInPens statsghanene fackyly stpts changpand gn #gim ¥§ttappoi nt nent start tine
and an alarmfiring for an appointnent end tinme. 16. The program storage
medi um of claim 12, wherein notifying the software scheduljng agent of the

occurrence in thehgSeBRERe setamef ‘%{*H’E‘I ghereig defacting thepredetermingd e¥GR t he

occur r encCehetppoglantiéd mSMEd incRidEY debdtting at RSt ORC B &PaYpBintricaMtdnd&laBbmdnsher to
a subscri bi n%tl istener; and calling the software scheduling agent fromthe

subscri bi FRPOIMIBENE fXpansipn, anppRpoRmgHt ghﬁi@&i% 20 SPPRIYMERh Fortc pry RpRoIBMmeRther e n
reacti vel yhangifgdidtush dppBintnadit SRR, dnMaphHiginRNE SRaHeRE RaEpdrhe dpstta | east
one of ab rél_gg a,schedul ed, appoi ntnent .in progress; .canceling a  schedul ed
appoi nt maﬁla Hee gpdats, en palgadfime upndpiefiet iing aRafhaploblenringnbatch, sangelingng
schedul eda agpedndaMRith; a Q¥RANRLRIVihdSy dbdadd, ideRctRh o Shedik eldcarag; At ment ;

machine becoming available; a PM/Qual being detected; a chamber going down; a chamber

becoming available, a change in machine capabilities; a change in machine types; an addition
of a process; an addition of a process operation; a lot arriving at a machine; a lot process
changed, a lot placed on hold, a lot released from hold, a lot priority changed, a lot due date
changed, a lot wafer count changed, a lot process operation changed, a lot departing a
machine, an alarm firing for an appointment start time and an alarm firing for an appointment

end time.

23. The computing system of claim 19, wherein notifying the software scheduling
agent of the occurrence in the programmed method includes:

sending an indication of the occurrence to a publisher;

publishing the occurrence from the publisher to a subscribing listener; and

calling the software scheduling agent from the subscribing listener.
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shrinking the duration of a schedul ed appointnent; shifting a schedul ed
appoi ntment; addi ng new processing capabilities; deleting old processing
capabilities; setting an alarm canceling an alarm and chan%ln&]the
status of an appointnment. 18. The program storage medi um ofl 6dU&iZ

wherein the encoded nethod further -37 2 6 OCT 2006 conprises proactively
schedul i ng an appoi ntnment with which the predeterm ned event is

associ at ed. 1924.Ahe @ﬂiﬁpﬁtinggyﬁbﬁi fof Bl 0YeHErEROrebQivEBT scBdMindg e hdied if or
schedul i n | n an ’6‘&15 nuf a]gasurl ng .environment, the net hod
0

conpri sin 'H%%%‘B‘PF 5o, O rABeRting 1A eI, BPPIENS iRy ocess

flow, nopnogmssnganaelﬁgiatsmaﬂecs@ﬂpeﬁ;uhdnngefagetrﬁegﬁi sblh'bﬁulﬂi;ngﬁeﬁvﬁﬁpﬁﬁnmﬁmﬂ

reactivel chedul i an action from.the s ftware schedu
r esponsi véa‘?‘Bg 2hef e‘ﬁ’getdeﬁﬁpf’@ﬂ“%’f ?"rﬁ’é‘mﬁ? ?‘H"Heﬂlf é\ﬁéli‘ﬁd“e pel* Eleﬁorrputl ng

syst em of slﬁin&inglﬂﬂe&lura&bﬁbﬁa Ebhécgﬂ@lcdpbﬁgtn{ehg sy Elrsa{bﬁﬁle@fxp[{ohﬂneng,raﬂdiﬁg er m ned
event in the ranme rret .1In uaes etect].ng an_unp nnga eyent or an
unexpect eaevéegﬁetsgn@'ﬁpaﬁ*mescHﬁﬁﬁ‘ﬁiﬁ‘gp@%f‘%@@f‘ h‘l“%i ?ﬁ“%,an\ﬁﬂ%’?e‘faﬂc%% ecting

t he occur aeslam; add dhigingahesiethesminagsbigment in the progranmed met hod
i ncl udes detecti ng an occurrence of one of an appointnent state change, a
factory state change, and an alarmevent. 22. The conputing systemof claim

19, wherein deBECTIixen@orﬁ;h@anr@ﬁierheéﬂTHBﬁd 10V &herein thet H&owdoﬁfeﬁxﬂmﬁdnmt hod
includes detectin st one of anp appoi ntnment cancell atl an,

appoi nt mefTTRERFal: ?‘iS‘ﬁely afi egﬁlﬂ)‘&ﬁ it ﬁ%"r?f“t‘gﬁ?l"i‘f% Hgich dhe apspecrmingd rﬁ"e‘é{b‘ért an
appoi nt memdsocigtétangi ng status, an appoi ntnment shift, an appoi nt nent

override, an transport tine update, a l|oad tine update, an unload tine
update, a lot joining a batch, a lot |l eaving a batch, canceling a lot from

a batch, a conpé.t A appavinidRwseheaiding in A8ta8kkaRd MinuficAand thviBnAeRUheence; a
machi ne becom ng?avai,labl e; a PM Qual being detected; a chanmber goi ng down;
a chanber *PHIEESHPRYSREi | abl e, a change in machine capabilities; a change

in nmachi ne typesansds d@ti@iﬁrtglaﬁlbcc@xfen@ o b PRA&EmIA eRéliid 4 §Bcedd fidw;pr ocess
operation; a | ot arr|V| &g Qﬁ machi ne; a | ot rocess changed, a | ot

pl aced on hol d™meaps|fgjmop ware §ehefiwing agent pigpe %“r"P’Sﬁ”‘lcﬁfméhanged a |l ot due

date changed, maadsoforwaécavelyaqumduﬁ@amdmonafrbm ther QERaRe Sdedulihg Mgethanged,
a lot departin an alarmfiring for an appointnent start tine

and an al éﬁSPﬁnF’lgﬂoﬁben‘?e&?‘“%‘hOféﬁﬁF‘?ﬁ%WF ®¥AW tinme. 23. The conputing system
of claim19, wherein notlfyl ng the software scheduling agent of the

occurrence in pe pr o d met hod i ncludes: sending an indication of the
occurrence to A-pdsIm Cﬁﬂfﬁlzﬁs}‘{]ﬂ“‘r‘i@}nt‘}!‘?em‘?i‘é%fﬂrrdéﬁﬁté‘gftp?)ﬁ?cﬂlﬁ@‘cﬁﬁﬁmes her to

a subscri pieB@ertiifeli @0k mcﬂlﬂ& méaad fok Hae&lhgaﬁﬁfpla%écﬁw&ﬁlﬁﬁﬂUﬁﬂeQﬁhcﬁg eWnt.f rom t he
subscribing listener. -38 Z 6 OCT 2
28. The method of claim 26, wherein the means for detecting the occurrence of the
predetermined event includes means for detecting an occurrence of one of an appointment -

state change, a factory state change, and an alarm event.

29. The method of claim 26, wherein the means for detecting the predetermined event
includes means for detecting at least one of an appointment cancellation, an appointment
expansion, an appointment shrinking, an appointment abort, an appointment changing status,
an appointment shift, an appointment override, an transport time update, a load time update,
an unload time update, a lot joining a batch, a lot leaving a batch, canceling a lot from a
batch, a commitment window update, detection of a downtime occurrence; a machine
becoming available; a PM/Qual being detected; a chamber going down; a chamber becoming
available, a change in machine capabilities; a change in machine types; an addition of a
process; an addition of a process operation; a lot arriving at a machine; a lot process changed,

a lot placed on hold, a lot released from hold, a lot priority changed, a lot due date changed, a
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24. The conmputing system of claim19, wherein reactively scheduling the
action in the programed nethod includes at | east one of ?b tiﬂ@ a
schedul ed appointnment in progress; canceling a schedul ed @BL LW nent
before it begins; scheduling a new appointnent; starting a schedul ed

appoi nt mepy . ndi, n he duration of sched d oi nt.nent: . shrinking
t he dur at ﬂ%ﬁagg&ims%l ﬁ%&%ﬂ“‘g&t RPpoi ?ﬁeﬁgﬂ? a‘ag%ﬁqf?téhgepﬁl%gg ARt L BHBI nt nent :
addi ng néungfooaeppoingnenicyattinhd dndes alace fiehg fogarodpgoiptmeaesditing. capabi l i ti es;
setting an alarm canceling an alarm and changing the status of an

appoi ntment. 25. The conputing system of claim19, wherein the encoded

met hod f urt her 30.Jberprihedef qaimR6] wheéiy tieahadudor ngifgng thp pefiwird@hédulihg h whi ch
t he prede§%émf% guveelqéeihcsludegssoci ated. 26. An apparatus for scheduling in
an aut ona manut acturi ng environnment, the apparatus conprising: neans

for detecting mmansdwuendgrzae iglicatopefabkedoeuminoetd agublishet N a process fl ow,

means for notifying a software scheduling agent of the occurrence;  and
neans for reac |%/n§?(§/r pgglﬁségl\gﬁlilenogcc%rﬁenﬁ%ﬁ %hefﬁlgﬂﬁthfr% asgglfsﬁ?\ﬂ?%{‘s%ﬁléﬁmi ng
agent r esponsmeas fa@ chlling the tefortarosthafulihd speptrfatiethe subsdribthgdisendr. 27. The
met hod of claim 26, wherein the nmeans for detecting the occurrence of the
predeterm ned event includes neans for detecting an unpl anned event or an
unexpect ed evesit..The 28thod oéclaiat 26) dvhefeirciha nad6or tehaively RcheldlingRBdnsctibor
detecting. t occurrence of the predetermned event includes neans for
ot ect i ng st aBGH KR RGP bns S s Thofi et B TgB I £ act or y
st at e chasthedulengpaintmehtarefiore it dagins; 26hedillig deivhapgoidfmeat; sfaiting @,schiddgleei n t he

neans for_detecting the predeterm.ne ent includes neans for detectin
e Teast SR ot e Mo CfEdioh Bk A e epoiafieny HE TR CrBioBERE on o
appoi nt mesthedihedi nkpaigmentn shiffiog Nd nehédudddo ppoitmemp piding Maey ploadghgg
status, an_appointment shift,. an appai nt nent override,..an transport tine
updat e, aCiPBIS) deIeHg ol mrocessing pnaBiitey seHing sleian ARE FLIATRGA bat ch,
a | ot | eashanginathbatatwk of anappehtimeat. a | ot froma batch, a conm tnent w ndow
update, detection of a downtime occurrence; a machine becom ng avail abl e;
a PM Qual being detected; a chanber goi ng down; a chanber becom ng

avai |l abl e, a cbaihe methodat tibine26; @pthdi ¢dniprieidy nRafangeackivelyrechbduldgtay pes; an

addition of a  process:.an additi.on of a process operation; a lot arriving
at a nmachfh l;m%‘%ltgfct B’?‘%@??r%ﬁtﬁﬁﬂ%ﬂeve’g‘f %focf:ﬁtegced on hold, a lot rel eased
fromhold, alot priority changed, a | ot due date changed, a -39 2 6 OCT

2006 1ot wafer,count changed, .a.l ot process operation changed, a | ot
departing a rraé%ii‘%?ea,ukgﬁggr'@i“?ﬁacwri“}%ei’?ﬁi??nél?enbﬁo’&‘g'ﬁﬁight nment start tinme and an
alarmfiring feproadsppaindt tent end tinme. 30. The nethod of claim 26,

wherei n the neans fotr notti fyi ng I he sofa(iiwartﬁ cheduhicgﬁ agent of .. t he
occurrence i ncf JABRVUNgSANEM: Bictuding & pyralify phsaftwate; sshedyfing AgenG dAingnce to a
publ i sher there@nise foftwafelsbhedslivigngeith Beifg capatle OERadtivelinstieaulpighbpsiidients0 a
subscri bi nmeans for call iﬁtgo%he sof tn\gﬁtre schedul i ng agent

|.istener, and i
from t he ![;og Bc‘stellgtfeg fnnt ¢ Prlo%eg%ﬂ%vy responsive to a plura predetermined events.

34. The automated manufacturing environment of claim 33, further comprising a
plurality of publishers and subscribers capable of detecting an occurrence of one of the
predetermined events in the process flow and notifying one of the software scheduling agent

of the occurrence.

35. The automated manufacturing environment of claim 34, wherein detecting the
occurrence of the predetermined event includes detecting an unplanned event or an

unexpected event.

36. The automated manufacturing environment of claim 34, wherein detecting the

occurrence of the predetermined event includes detecting an occurrence of one of an
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31. The nethod of claim 26, wherein the means for reactively scheduling the
action includes neans for at |east one of aborting a schedul ed appoi nt ment
in progress; canceling a schedul ed appoi ntnment before it §gt

schedul i ng a new appoi ntnment; starting a schedul ed appointnen expandl ng
the duration of a edul eg oi nt ment hr| nki n the duration of a
schedul edap&ﬁlﬁg?‘?ﬁ‘fﬁ%tﬁf’ ange; @ %‘ﬁ“ﬁgstateg'&%a&v H‘ﬂﬁﬁ‘cﬁv trent; addi ng new
processing capabilities; deleting old processing capabllities setting an
al arm cancel i n alarm. and_ changi the status of an ol nt pent. 32.
The nethod of %?a?i%ﬁa%’mafeﬂr’f‘ﬂ‘@fac@ﬁl%g H’Qeﬂ’fé’éh‘ i i, BP%%lEt‘{é@&tf‘kg @8 hedul i ng

an appoi predestininetl tdvemhinelnddshetdptigd et @asti &edoieyrelappdirﬁmaﬁ&eﬁdeamﬂ a83. An
aut omat ed manuf act uri nglaenvi ronmnt li“f‘i?f npri si n a process flow and a

conput i ng?ROGWHRGD! expAOPIGY; Fy2Rpol! gk Shrnkingy a’%&? QjimentabAGAN ?RPQ‘%%
residi ngI cﬁahgﬁe?us tdneappeihimwar ifs @he?wlhmn@@@ﬂm d?ﬁtkdﬁgaﬁﬁtatﬂﬂé)hﬂa@]‘ ?l
reactive chedu |ntme or. activities in.the proce ow
responsi v Bmﬁuﬁ‘i g‘??‘ﬁgadd’fm G&taelPtﬂf’WB’@aé%? Ht*’sl"t lgay ‘“%l@?“gu?aﬁ

manuf act ug Ild‘tg‘rcﬂﬂ‘dlbéﬁﬂn@%mlﬁftmedt amﬁa&Bupd‘ater ti&tedtiofs QA doSintige accuaJeweahl ty of

publ i shers subscri be ectlng an occurrence of one of the
predet er n{nﬁ@b"e &Npige aYF‘]EaElé EMZ ?‘1’% t%ﬁ‘lfifll AGRamBsT BN A £ c‘lc')“f'f’@be:!;oftvvare

schedul i Ngeca@@itavaible] Hienag Mrn{aem@capaﬁm@h@c@ﬂgeqmaeldn@@&sf @fdddttioR 9
envi ronneng of clai m 34, erein detecting the  occurrence of the

pr edet er nPh2BTOsEN" 2dditiog i@ H%%e%%?nef?aoerﬁ 7h priyiiget 20aAINSIot [ RTORexpect ed

event. 36chahfd, Wt @rBddesh Word) Wl laGtlddskd oRM6id, @ TaTRRbrit) fchsilgad, Mistdiue WREr €i n
detecting the icurrence of the predeterm ned event includes detecting an

occur r enc&haggedop dot grafefpount ghanged; @'T PIOERSE PG henastht and pdpdepptingad, a
factory smatinehodlgen fiddpdfondh AppaihieRVRAH timSdnd ahhurd WhiaFedr @Al appokhatt uri ng
envi r onnent of claim34, wherein detecting the predeterm ned event

i ncl udes EshtERS: | ng at | east one of an appoi ntnent cancellation, an

appoi nt ment expanS| on, an appoi ntnent shrinking, an appoi ntnment abort, an

appoi nt nent ng status, an appoi ntnment shift, an_appoi ntnent
override, an t Fg ﬂ'ﬁcﬂ“foni"it‘iﬁlem Hpypstugng gnvifosmant @ rféa‘ﬂpﬁ‘at""@ereé‘n“%ifﬁ‘%@et i me

updat e, asdffifard Rhédulife Rehiral.ocdurlefde ihd@iéh:ng a batch, canceling a lot from
a batch, a comhtrrent w, hdow update, detectjon of a dovvntl Me occurrence; a
machi ne becomi 3 ’é‘ﬁéﬂ“gtﬂa%m%ftllﬁl\%c@ﬁf‘“’d@ﬁﬁﬁ l#btrect ed; a chamber going down;

a chanber becgﬁﬂlﬁmnguﬁlobahle@aef@npth@ﬁ%smemd%mcﬂsmgﬁmldnal es; a change
in machine types; an addition of a process; an_addition of a process

operation; a | GAlingthe ?ﬂ%’%heéuh‘%Fﬁé}onhthF Sosasibifgdisienerchanged, a | ot
pl aced on hold, a lot released fromhold, a lot priority changed, a | ot due

date changed, a | ot wafer count changed, a | ot process operation changed
and a | ot depa?’?l FEF gutomated prmufagiyring éPYﬁoFllnFi‘tn@f flgim 34 MHFInnteARIVEY st ar t

time and sihedllidp M dcfibMthcfu@és AMa@tRRAR N LRIt a ﬁ:ﬂéﬁuﬁédr%pm%entﬂh%r&glﬂ&s@mt ed

manuf acturi ng, environment of claim 34, wherein notifying the
canceling a scheduled appointment before it begins; scheduling a new appointment; starting a

scheduled appointment; expanding the duration of a scheduled appointment; shrinking the
duration of a scheduled appointment; shifting a scheduled appointment; adding new
processing capabilities; deleting old processing capabilities; setting an alarm; canceling an

alarm; and changing the status of an appointment.

40. The automated manufacturing environment of claim 34, further comprising

proactively scheduling an appointment with which the predetermined event is associated.

41. The automated manufacturing environment of claim 33, further comprising at

least one of a manufacturing execution system and an automated materials handling system.

42. The automated manufacturing environment of claim 33, wherein the computing
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sof tware schedul i ng agent of the occurrence includes: sending an indication
of the occurrence to a publisher; publishing the occurrence fromthe
publisher to a subscribing listener; and calling the softwapg gsphggul i ng
agent fromthe subscribing listener. 39. The automated nanuf acturl ng

envi ronment. of. cI ai m 34 ei n ctiv ul i t he ctl on incl udes
at |east ONETdE AR PP HBth caﬁeé‘d’lﬁ{w g‘? %farﬁfﬁ ? rg‘lg@ra@géle o%aiteling a
schedul edin&mgmﬁpmﬂ@ndfeﬁedhemet. begi ns schedul ing a new appoi nt ment ;
starting a schedul ed appoi nt nent; expandi ng the duration of a schedul ed
appoi ntment; shrinking the duration of a schedul ed appointnent; shifting a
schedul ed appoihtrhemﬁomadﬂhmglfa@mr\ing pivdamsit g claiapEd whereinabe prdebefldwng ol d

processin a) abl iLtie setting an a celing an alarm and

changi ng %nm Preea portloSf’?%hn%Qﬁg?‘%?r agtﬂgp’g t%h‘g Yaut omat ed manuf act uri ng
envi ronment of cl aim 34, furt her corrprl sing proactively scheduling an
appoi nt nent vmééh whi ch tthe erm.ned event js associated. 41. The

aut omat ed nanu aé*{‘&}‘?ﬂ‘ e%ﬁ\? menwong}eﬁﬁ R3S ur t her conpri si ng at

| east one of aaplamufyaxftmﬂdpig:eexecutl on system and an automated naterial s
handl i ng system, @2 The aut omat e ufacturing environment of claim 33,
wherei n t he co%ﬁfa}lﬁé’ff’%’iesﬁmﬁﬁws%6‘@?‘ g‘ttgerﬁv‘?r pﬁfeslneagg’te PEESSEF a | ocal
area networKk, aplmdiey af ec&‘twwé wrekulmg agyasd edpable @3 soddvwiigl appaihtmdntt foanet , or
a portlon of t.he . Inte ut onat ed man uf act uri nwronrrent of
c1 B 33, PRSP ey Wk isen dfoyahofie RO Hewst dpor Ry SRS T nduct o
manuf act ucdpaige f)ﬂeachvdlyschédhhng\fbsmm'&@éf&t}ﬁdiefmﬂlué@@bhtﬁI ng environnment,
conprising: a plurality of work pieces; a plurality of processing stations
t hrough which the work pieces nay be processed; a plurality of software
schedul i ng age#s. srheanahiaedoﬁarmﬁaeﬁugieﬁgr@pﬁﬁti ot ¢1EInt 84, ffofther RoMPESSY Bg t he

wor k pi eces h the ess, stati he softvvare sche uI| agent s
capabl e o PLRCE TS RUCHERSS demBliost, A0 Pl derErRe oS, Bape 45,
The aut onpxtednﬂerm&mdlfe@antsuﬁ Ith@r&i&b’d flewn siRiotiQfingCorRi oMt o fiivire tsbiRGulhgrRént Si ng a
plurality ﬁ’l gubl i shers and subscribers capable of detecting an occurrence
of one of “tNe*“BFeG&t ermi ned events in the process flow and notifying one
of the software scheduling agent of the occurrence. 46. The automated
manuf act uri ng %é;\é[lhr onrrenf of claj m 45, wher e| etecti g‘g Ih occyrrence of
t he predet erni &\t mated dpapiRsturRg SRHTORYe P lf ann&gdeEetttecne

unexpect eocccan@iet . ofdthe prodetctmineddvent MRRIdEAAbtdting Jare MyplaizaE&entobr @hai m 45,
wherei n det ecti the occurrence of the predetermnined event includes

det ecti ng“réeﬁpe&tegg?“?nence of one of an appointnent state change, a factory
state change, and an alarmevent. 48. The automat ed manuf act uri ng

envi ronnment of i mA45, ere n detectin rm ned event

i ncl udes det ecf‘fr?g'ea?f’ltofné ?h Ctb’fm%lﬁnvérﬁ F‘ﬁt ‘&n(‘,” FIe%t e(tf’t‘ftm%ﬂ1

occurrence of the predetermined event includes detecting an occurrence of one of an

appointment state change, a factory state change, and an alarm event.

48. The automated manufacturing environment of claim 45, wherein detecting the
predetermined event includes detecting at least one of an appointment cancellation, an
appointment expansion, an appointment shrinking, an appointment abort, an appointment
changing status, an appointment shift, an appointment override, an transport time update, a
load time update, an unload time update, a lot joining a batch, a lot leaving a batch, canceling
a lot from a batch, a commitment window update, detection of a downtime occurrence; a
machine becoming available; a PM/Qual being detected; a chamber going down; a chamber
becoming available, a change in machine capabilities; a change in machine types; an addition
of a process; an addition of a process operation; a lot arriving at a machine; a lot process
changed, a lot placed on hold, a lot released from hold, a lot priority changed, a lot due date

changed, a lot wafer count changed, a lot process operation changed, a lot departing a
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appoi nt ment expansi on, an appoi ntment shrinki ng, an appoi ntnment abort, an
appoi ntment changi ng status, an appointnment shift, an appozgwpe2®ﬁ
override, an transport tine update, a |load tinme update, time
update, a Iot joining a batch, a lot leaving a batch, canceling a lot from
a batch, g,680 t ence; a
machi ne becom ngJ%% tl‘eri‘lg’}SiroéP{ aB%ﬁi%%j %Eat?r(rﬁ\]é Angqp gfaﬁdgﬁ)%}; %1%@88%8&& ng down;
a chanber enddisesoni ng avai | abl e, a change in machine capabilities; a change
in machine types; an addition of a process; an addition of a process
operation; a lot arriving at a machine; a |l ot process changed, a | ot

pl aced on hol d49.dhequtomated asadfatuong kimlicpment| oftclaim i46y whereio matifye, tha | ot due
date chapgefre a | ot process operation changed,
a | ot departlnﬁﬁtgJdﬂfm %ﬁgf@@#&%g%%%qﬂ%ﬂﬁlne an alarmfiring for an

appoi nt ment st santling pmindigatibnaod the loagumefidertp agulﬂxsher;an appoi ntnment end tine.

49. The aut omaf qgd: rein notifying
the software E@ﬁ%ﬂ9$?%g&%Hé%?goﬁq%hé%nggﬂ%ﬁgﬁgghﬁhgbé3mrgﬂgendlng an

i ndi cation of tdlingsbesefimverssehetiding agert fiomithe subguibing &ikteneg t he occurrence from
the publisher to a subscribing listener; and calling the software
schedul i ng agent fromthe subscribing |istener. 50. The aut omated

manuf act uri ng &hvTheoautemated imaphifactonings enwitoement nofr eaiot i45/eMyerei3 chetiwdly ng t he
action in [ a sch tment in

pr ogr ess; géhg(gﬁg Ia%enac{?(?lgl(c:lﬁ&g P 8‘& g’ge é{; mnﬁt b %Bireg PR rglel%rfqnspmgrce Redul i ng a
new appoi eanpeing a ssltedult:d apomtmeIc hﬁ’d@lnebtgmp;mlnadulnrngnewe\wrmmemg sthdtieg dur at i on
of a SChegl;lﬁL(ﬁﬁl dazﬁ)?wn{?ﬁe[n? ’%& afﬁ“ dlﬁgnon ef & s eélorf) (())1];1tmaénts snmg(m %e

appoi nt ment; Ing a *sche a p0|n diﬁ roc si'ng

capabi | i td@stlondef et isthgdwédd appadwmer) rsgxﬁm&pabscheduiedsappsmtmenngammgalnawm

cancel i ng d t he. st at .appoj.nt ment 51. The

it onat oqPcessie bR gHOMIOE DG bttt BRof BRELPh TN e Ry
proactivemwns@hédmhgngﬂeﬂmmppbmnmnnmhmmmth whi ch the predeterm ned event is
associ ated. 52. The automated manufacturing environnment of claim 44,

further conprising at |east one of a manufacturing execution system and an
aut onat ed mat efl.alle hlamdéttbmglasyﬁwtemg ep3ronifibve  afUtiaimat & dfunberuéagtrisingng

Ieg\(;la[ OglméExtol@]ég{v\e,:\lg:_sé'!emgﬁ%aa%p%ﬁnenéenrt‘ gvtlt\%ow ”QHet %re% e% S r égaelntsl astsom Etlads t One of a
intranet, or a portion of the Internet 54 A nethod for schedullng in an
aut omat ed nanu r \Y npris tlcaII det ecting
an occurrence é?cg%ﬁ#%%g?gﬂh?We u”n P““W aﬁzwng%g erﬁﬂ?%ﬁ%?%ﬁ process
fl ow, aut Easnbneceld yambiciufiyg exgcwion sjsttamaarel apahethded ngteagehztndbﬁg gyktem.
occurrence; and reactively scheduling an action fromthe software
schedul i ng agent responsive to the detection of the predeterm ned event.
55. The net hod5dfThelaatomated manhfactering evirommént ofklbiyn détvaetdimte icbrpaingur r ence
of the

system is at least one of a local area network, a wide area network, a system area network, an

intranet, or a portion of the Internet.

54. A method for scheduling in an automated manufacturing environment,
comprising:

automatically detecting an occurrence of a predetermined event in an integrated,
automated process flow;

automatically notifying a software scheduling agent of the occurrence; and

reactively scheduling an action from the software scheduling agent responsive to the

detection of the predetermined event.

55. The method of claim 54, wherein automatically detecting the occurrence of the

predetermined event includes detecting an unplanned event or an unexpected event.
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predeterm ned event includes detecting an unplanned event or an unexpected
event. -43 2 6 OCT 2006 56. The nethod of claim54, wherein automatically
detecting the occurrence of the predeterm ned event includes detecting an
occurrence of an appoi ntnment state change. 57. The net hod of § §Chil#t 56,
wherein automatically detecting the appointnment state change includes
detecting at | east one of an appoi ntnent cancell ation, an appoi nt nent
expansi on, an Sp(The nietodtof St 5K Wigkreim Autampitaly d&&dting B@r decurfticeagind Nt ment

changi ng st at us an ointment shift, an oi nt nent override, an

t ransport prfﬁ?e:‘?émﬁﬁﬁ8‘(‘38%%@“116838&?1%“ agsitenee 0?5%138?‘““&5‘5& e 85dat e, a | ot
joining a batch, a lot |leaving a batch, canceling a lot froma batch, and
a conmtnent w w update. 58.  The nethod of cl.aim54, wherein

Bt omat i cal |y SR e hs1950 SeV Brat ARoRRaY 99 rTor drSPaRTR Y ar

| east onechahgeaimchf@oidtctiagtat dedsc ohd af iaf MppaintnRPP CAndEIREOA, X HPpoMmindhr an
appoi ntment _shrinkin an intnent .abort, an appai ntnent becom ng

acti ve, ﬁ‘*’”&b"ﬁo%?ﬂ?@%‘?f@%%BF‘R‘@'%%&HBP%P‘PB £ abgft, aé‘p%ﬁ?‘ﬂtf‘}?ﬁh‘iha?%‘f?pﬁtaé‘fsi’ ng, an
appoi nt meamt appbinfnient shift, MPPPoINIERIGVede) dni tehdspoRitincupian]d fob®fine BhdackOw
update, detection of downt.iyme occyrrence; .a machi ne becom ng. avail abl e;
2P oM Guat Tty g becisan 0 RGP 1SHORnE DAL IR IS GG

avai | abl ebateh, allan@enifneaehidoe updapabi | i ti es; a change in nmachine types; an
addition of a process; an addition of a process operation; a lot arriving
at a machine; a lot process changed, a |l ot placed on hold, a lot rel eased
from holhd, a | ss. Tlhé methbd ¥t aiimeeheréin ahtentrx]latwmyd d@&oﬁlng:hxa@ge&em&@benwaf eL
count change ot ocess eratjion changed, a lot 6 departing a machine,
ool ar m P e \GSSER P REHPOGRT CRP BN a AP ERR I, oF or an
appoi nt meagpoiminent | sHeinking,. ad heppoiinide 2dbriCladi BppothtmyepRbMingub@ivat iagal |y
notifying the software schlﬁdul in a&ent of tge,occurren,ce i ncl,ﬁdes:
sendi ng afPPPRYPELICHH S0 FOPREI8e &1 rAPRARE SR, COMPIEHE SReFPPOIRmSTT SHftng™t he
oc](c:ur r encq;pfﬁrngmlnt hevefride) iaﬁdflleer cbﬁlﬁﬁnﬁhtg%ﬁdobﬁ rugddlté, Sledddbr oIngl doﬁvﬂliinkng fj hef
sof tware schedulin ent fromt ubseriling |istener. 60. The nethod o
cl ai m 54, °GHEFEPR? 8@31%{1? Eﬁwl%ﬁgﬁﬁqﬁ?’r@ﬁ%&%g{einﬁ efeqtefup cBamher geRgt  one
of abort i a@vra ashdsteb bedmafpaibiee B thanfe P AQHRS Sapabifles h ch@ig@insadrarel ed
appoi nt nent _du%ﬁti on_of a s_cheag‘#l,ed tggﬁoi nt ment,; shrinking the duration of
a schedul ¥8SaphBIdHoROR2 Process; anfdonofadiiacssy WaraLph diletarne 2t 3 JBFHES new

plr ocessi ngle lg;a)aais |chafnig|&§ a l6telRbd @ﬂhdlﬂ,fi larraﬁm@ i) hofdf,i]?&hipfibﬁt& QBangékht i ng 1an
alarm capcel i an al ar and changi.ng the status of ap appoi ntnment. :
The met holft ke E‘?taﬁ%?w& ‘{‘n‘u‘?tt"f?g‘?r PYRpThadsedy 2 Jetorregess, apsyation by o - 44 2
6 OCT 2008epaginp @inttichia&ltan\Warkl il €t ah RppdditREatsehtimeshdenmanim ifsin@ $¥Qai at ed.
62. The nethod of c]aim61l, wherein proactively scheduling the appointnent

i ncl udes PPGRERTGEIYH R hedul i ng the appoi ntment fromthe sof tware
schedul i ng agent. 63. The nethod of claim54, wherein detecting the

occurrence of redet erm ne
g&efhg method of claim 94, wherein automatically notifying the software scheduling

agent of the occurrence includes:

sending an indication of the occurrence to a publisher;
publishing the occurrence from the publisher to a subscribing listener; and

calling the software scheduling agent from the subscribing listener.

60. The method of claim 54, wherein reactively scheduling the action includes at least
one of aborting a scheduled appointment in progress; canceling a scheduled appointment
duration of a scheduled appointment; shrinking the duration of a scheduled appointment;
shifting a scheduled appointment; adding new processing capabilities; deleting old processing

capabilities; setting an alarm; canceling an alarm; and changing the status of an appointment.

61. The method of claim 54, further comprising proactively scheduling an
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event includes detecting an occurrence of a factory state change. 64. The
nmet hod of claim 63, wherein automatically detecting the factory state
change includes detecting at |east one of detection of a downtine
occurrence; a machine becom ng available; a PM Qual bei ﬂdi Hdt Btk ed; a
chanber goi ng down; a chanber beconing avail able, a change in machine
capabi | i tpREIntment with which ﬁil‘e REgEsiPTENd\eRENt 1s asspeiatethi t  on of a process; an
addition of a process operation; a lot arriving at a machine; a | ot process
changed, a lot_placed . on hold, a lot released fromhold, a lot priority
changed, a Iot678 e qREtRod 04 F, O YVhtreifareactively srfedelingn e 2PPainfEnt nr ocess
oper at i OninclaéR RActiveR Aclkdhlftg (RepPbininitat o BeRbMRare Shedulil@agert hod of claim
54, wherein detecting the occurrence of the predeterm ned event includes
detecting an occurrence of an alarmevent. 66. The nethod of claim 65,

wherei n aut omeg3. qaé ngthe@ behitnsh, tWhere] EtdttiRy BB bedufehddde the f&leREhined at
| east one of .an%dglbgqrm,fi ring for an appointnment start time and an alarm

firing fofvenidpel IGFHR%A OCEWERNES Pl fagiory stafe A8 nat ed manuf act uri ng
envi ronment, conprising: an integrated, autonmated process flow, and a

conputing syst i ncl udi .a plurality of software scheduling agents
residing t herg‘{;ﬂrﬁ‘e Pﬁ‘éoggt{&»&rﬁg, whesein abtemgticalledatectipp thg dactorn stpif ghagge

reacti vel icia@daieltingtt RRAUNB LIMB&ESIon 0Pk dBFhENG bdcBFericdl 4 MEchiHeQReesSing | OW
responsive Ig%lan automatj c detection and notification of a  plurality of

3 A
pr edet er n{adEPIG ¢ &/ Qual bging defected; o shamRen et devuE @ EPRmRET Beromingravaiableor * cl ai m

67, furthgehsmedTRr in&dhit@ cApabRitids;al EHadgelin MatAIne IPIRE;SanodiditiDH 8 G rpr&tRsss a apabl e
of det eCtl‘ﬁ&} an occurrence of one o% t he redeterm ned events in the

process fiICARE2 FOEGST QREFRGOBAOGHTIYIRR AtddRaclines leighessen shargedgdptPlaced ¢ he
OCCUr I encén héi-a 1§1@leasdld Gam! IRAH, ABHUSrREtUEHaRE SO BRI haRdedCh Rt KaRRB,
wherein the a‘iul}tonatl c detection of the predeterm ned event includes

det ect i ngSYRt GApeGIISPrEssPPeaionghangsdqrd & { ¢ departing agnaghiseT 2006 event. 70.
The aut omat ed manuf acturing environnment of claim68, wherein the automatic
detection of the predeterm ned_event  includes detecting an occurrence of an
appoi nt ment st &t dhe gislRg et cloim Sdppdersin detecting thswpenrspeeitithigPredris mkdrent of
cl ai m 68, evshigh@ides bdietiag hiPsRbdréhce Bl ddratden of the software scheduling
agent of the occurrence includes: sending an indication of the occurrence

to a publisher; publishing the occurrence fromthe publisher to a

subscri bi ng |i 64 gR€methadsk Fail6is NEhdrdi afirhitlaIlEdeRehBIME bidsh 8@ thclidedm t he
subscri bi nﬁg |istener. 72. The autonmated manufacturing environment of claim

68, wher efigectingeilpasbeng of ap pla firipg for pe appointEent stag tingead gr alagn 8fingfg of
aborting @@ﬁ&g%@@ld@aﬁpi ntment in progress; canceling a schedul ed
appoi ntnment before it begins; scheduling a new appointnent; starting a

schedul ed appoi ntment; expanding the duration of a schedul ed appoi nt nent;
shrinking the 67. An automated manufacturing environment, comprising:

an integrated, automated process flow; and

a computing system, including a plurality of software scheduling agents residing
thereon, the software scheduling agents being capable of reactively scheduling appointments
for activities in the process flow responsive to an automatic detection and notification of a

plurality of predetermined events.

68. The automated manufacturing environment of claim 67, further comprising a
plurality of publishers and subscribers capable of detecting an occurrence of one of the
predetermined events in the process flow and notifying one of the software scheduling agent

of the occurrence.

69. The automated manufacturing environment of claim 68, wherein the automatic

detection of the predetermined event includes detecting an unplanned event or an unexpected
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duration of a schedul ed appointnment; shifting a schedul ed appoi nt nent;
addi ng new processing capabilities; deleting old processing capabilities;
setting an alarm canceling an alarm and changing the s':)?ﬁt @ﬁ ?f an

appoi ntment. 73. The automat ed manufacturing environnment Al 68
further conprising proactively scheduling an appointnment wth which the
predeternf"ﬁ”d event is associated. 74. The automated manufacturi ng
environment of claim68, wherein the automatic detection of the

pr edet er m ned Z(\)lgﬁ’tf I ncl udes detecting,an occurrence of a factory state

change. 75. Th SHiemated FRATU SRS PRGORAI 06 SIHEM O3 ovhergin the, PMalif e ej n

t he aut omadtéction Btheprei@dimiied et PeRAGIRIBENEE oBMBRRhceioN 8 Appemtekat @&ki ng an

alarm everﬁ . -46
change.

71. The automated manufacturing environment of claim 68, wherein the automatic
notification of the software scheduling agent of the occurrence includes:

sending an indication of the occurrence to a publisher; publishing the occurrence
from the publisher to a subscribing listener; and

calling the software scheduling agent from the subscribing listener.

72. The automated manufacturing environment of claim 68, wherein reactively
scheduling the action includes at least one of aborting a scheduled appointment in progress;
canceling a scheduled appointment before it begins; scheduling a new appointment; starting a
scheduled appointment; expanding the duration of a scheduled appointment; shrinking the
duration of a scheduled appointment; shifting a scheduled appointment; adding new
processing capabilities; deleting old processing capabilities; setting an alarm; canceling an

alarm; and changing the status of an appointment.

73. The automated manufacturing environment of claim 68, further comprising

proactively scheduling an appointment with which the predetermined event is associated.

74. The automated manufacturing environment of claim 68, wherein the automatic
detection of the predetermined event includes detecting an occurrence of a factory state

change.

75. The automated manufacturing environment of claim 68, wherein the automatic

detection of the predetermined event includes detecting an alarm event.
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