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Although there are only four basic operations, they can be combined in hundreds of different ways, depending

35  upon the particular fabrication process. See, e.g., Peter Van Zant, Microchip Fabrication A Practical Guide to
Semiconductor Processing (3d Ed. 1997 McGraw-Hill Companies, Inc.) (ISBN 0-07-067250-4).

Controlling a semiconductor factory, however, is a challenging task. A semiconductor factory (“fab”) is

a complex environment where numerous parts, typically 40 thousand wafers or more, and numerous part types,

typically 100 part types or more, ate simultaneously being manufactured. As each wafer moves through the fab,

40 it may undergo more than 300 processing steps, many of which use the same machines. A large factory may

contain approximately 500 computer-controlled machines to perform this wafer processing. Routing, scheduling,
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O

in the control system must be initiated by the WFT, as opposed to being self-starting or self-initiating.

However, the presence of WFTs also inevitably introduces some inefficiencies. There typically is a
large difference between the performance of the best WFT and the performance of the worst WFT. A WFT
typically simultaneously monitors the processing of multiple tools and lots, making it difficult to focus on an

40  individual lot or tool. Furthermore, the size and complexity of the modem fabrication process flows makes it
exceedingly difficult for a WFT to foresee and prevent downstream bottlenecks or shortages arising from

2-



avai l-able. If the WFT does not retrieve the | ot soon enough, or neglects to
initiate processing at the earliiest available time, the nmachine becones
idle and production is adversely inpacted. 30 These types of deficiencies
in the typical automated MES enphasize the inportance of the \Z\%TNQVnL'Uﬂﬁhe
efficient operation of the manufacturing process. WTs perform many vital
functions. For instance, WFTs initiate dispatching, transport, and
processi ng apstréami actavitiesnShifnclenged, irast hreals] ted ddyeoff forkthe ICHE dlsoi digate

deci si ons such.as whet her t.o ryn an inconpl ete batch, as opposed to waiting

for approachtHg“FEres o, fagfipg 4 Fitige thai Vetgely|imppetLhe BHOBRGRERERECShst ead
of processi fw. Qust adFESimRSHLBEMN R e\wbqeisaQQ%ﬁFE@% tHENRACEhGRS o?'%ﬂe 35
utilize conventional factory control systens tHha arg passive. In thrs

cont ext, thauiograted MESs sovare theinnficaertciasi dfiths WETimhgefiedby hislimpystares nust be

357, D ] ot e SR 5l B 1879
i nef fi ci encineSenabliea Qigm’dv}\ig_@ df/autSmation. A 1#8e Qilétézﬁ% GRORrY 8&&%&&1&&9\2{&6\% .

performance of the best and the perfornmance of the worst WT.

typical |y sifahultechnisians| gndvsther ofastoriestafif otoe ssinityr cthe ratdte i gl thet Gaptaryatal

| ots, making_lt . dififi t.to focus,on an 40 i ndividyal .l qt ot .tool.

Fur t her mor e,go t;|1e11%g.|£ I eég%dtopg?ﬁ)s%ﬁiwn%?’ th@akﬁd@mdf g’glspﬁagt HeSHsIORSoRIL L0 £ | ows
nmakes it exdéadiangl doottifidte @'adtéryfédhtx%l'%]'vi%ﬂiﬂ Qrtmg nédeR TRKR vafte RISt r eam
bottl enecks or shortages arising from -2 9 NOV 2006 upstream -

act i vilPi es. teshnicians geegegts, proyiding dhaactiverplementghatris lackingtindactpry egngrol

create inetidGhengcd | NErel i hat versely inmpact the
it act ur | o g 224 8ol RAG R Bndsb TR shy MlardF YS! KRREIndu0E:
magni fi ed byndubiey disf iquite ndépeadadt bhetheauveilabike, NWodudivitg ekilhdevel and

I nefficiencies.of th% WET magni fied by his i rrgr?jrﬁjtance. 5 Thus, factory
control sysF¥ScReY 9t hsge b agsats. Wafes fab tgshnigiags puskmoaitormad fperaiior
enabl e a hi gimg&oseoRrf iR t var n
wafer fab technici agg lg‘?\%&gﬁ‘;er fggt;gféﬁg?%b?f@gg a?réoﬁ’f%/egr%t‘ﬁgﬁgg gfagltogg t he
fact oly, t otoodsbays uoaietial hapdling systeranandiatvadbynafefactory cmitel spgpérms. As a

| ogi sti cal i sians.and to_initiate and dinate factary .
activity i noh s PioRHAiAmE andhutrs Seihelf piete AR fplrao i diipstte,
provi di ng t heenahé icredsetrecdmplerity | ndl 961t wikhdul GheHedsifg® Mt or SysEine TS .

As a result, factory effectiveness in the highly caonpetitive sem conductor
i ndustry i s““tﬁﬁsﬁl?eae}}&ﬁ?}eﬁ’ teeh Vistbilityap upsirerm, and, downsirerys pReratigus; ool ev el

and . consi siaacwoRlir B MMITRRARHR SN AL ibAfRal Chni cians must moni tor

and ogerate a nunber” of tools Ioocat | rious bays in a fab. They are
forced0t o nul ti pHoweaer, dey logistical| decisienssarenfieqprently Hasebn nthisslimmitedrandind a

i et f t . SY.st ) fab' duct i d
vompt e pr ol REA BebmR A SR bRlY partRly providedin B formtol SHbRs W ekE o
conpl exity gibdtehd B?d% sipaificahd afdaft BE iddeA {rierabtinyy SR BysteriRabhddifolifs -

Wafer fab tech visibility-of -upstream-and downstream operations, tool
state, wor kfarcFPfM rRyERis sndripte cbangese aad petfaningt gthersndr-value added fistionssr |
key 1 ogistigah A9qES 100 nd Sk Sy td{s¥upq{ill§ee 9p§2tictonhcl)t§th‘|3 el {5 fe Afnicians

25 are temporarily unable to provide required monitoring and coordination. Despite the

best efforts of the technicians, utilization of tools suffer, adversely impacting other
key factory metrics including cycle time, inventory levels, factory output and mix.
With the need for intrabay material handling to transport 12-inch wafers in new 300
mm wafer fabs, significant additional complexity is introduced. Conventional factory
30 control systems are not capable of providing this level of detailed scheduling and.

execution control.
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25 BRIEF DESCRIPTION OF THE DRAWINGS
' The invention may be understood by reference to the following description
taken in conjunction with the accompanying drawings, in which like reference
numerals identify like elements, and in which: '
Figure. 1 conceptually illustrates a portion of one particular embodiment of a first
30 - process flow constructed and operated in accordance with the present invention;
Figure. 2 conceptually illustrates, in a partial block diagram, selected portions of the
hardware and software architectures, respectively, of the computing devices in Figure.
1; .
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process
- the invention, the terminology pertaining to semiconductor fabrication shall be retained in disclosing the

30  invention in the context of the illustrated embodiments. Thus, the term “lot” is to be construed broadly, meaning
any work piece that may be processed in a manufacturing process.

The illustrated portion of the process flow 100 includes two stations 105, each station 105 including a
computing device 110 comnumicating with a process tool 115. The stations 105 communicate with one another
over communications links 120. In the illustrated embodiment, the computing devices 110 and the

35  communications links 120 comprise a portion of a larger computing system, e.g., a network 125. The process
tools 115 are shown in FIG. 1 processing lots 130 of wafers 135 that will eventually become integrated circuit
devices.

FIG. 2 depicts selected portions of the hardware and software architectures, respectively, of the
computing devices 110 programmed and operated in accordance with the present invention. Some aspects of the

40  hardware and software architecture (e.g., the individual cards, the basic input/output system (“BIOS”),
input/output drivers, efc.) are not shown. These aspects are omitted for the sake of clarity, and so as not to
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Returning briefly to FIG. 1, as was mentioned above, the computing devices 110 may also be part of a

larger computing system 125 by a connection over the communications links 120. Exemplary computing systems
in such an implementation would include local area networks (“LANs™), wide area networks (“WANSs”), system
35  area metworks (“SANs”), intranets, or even the Intemnet. The computing system 125 employs a networked
client/server architecture, but alternative embodiments may employ a peer-to-peer or other type of architecture.
Thus, in some alternative embodiments, the computing devices 110 may communicate directly with one another.
The communications links 120 may be wireless, coaxial cable, optical fiber, or twisted wire pair links. The
computing system 125, in embodiments employing one, and the communications links 120 will be
40  implementation specific and may be implemented in any suitable manner known to the art. The computing
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] monitor transport activity and react to deviations;

. schedule and initiate transport to a reserved machine port by a specified appointment start time;
35 ] detect machine port carrier arrival via auto-identification and equipment event;

. initiate recipe download and processing to 2 process tool 115 via an equipment interface;

. perform MES transactions;

. monitor processing activity and notify WFTs of abnormalities;

. detect near completion of processing via an equipment event and schedule a processing
40 appointment for a next process in the process flow with a certified process tool 115;

] initiate transport to the nearest stocker or a nearby process tool 115;
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window, respectively. Provider agents 310 represent the interests of providers 325, e.g., machines such as the

30  process tool 115, in meeting the demands of consumers for processing resources in advancing the lots 130
through the process flow 100 in a timely and efficient manner. For instance, a software agent 265 representing a
Tot 130 of wafers 135 would be considered a “consumer” agent 305 and a software agent 265 representing a
process tool 115 would be considered “provider” agent because the process tool 115 is “providing” processing
services “consumed” by the lot 130. Note that, as was previously mentioned and as will be discussed still more

35  fully below, a software agent 265 may sometimes be classed as a provider agent 310 in one context and a
consumer agent 305 in another context. .

As noted above, the distinction between consumer agents 305 and provider agents 310 is particularly apt
in the context of scheduling. The scheduling of actions initiated by the software agents 265 in the illustrated
embodiment revolve around budgets, costs, and ratios associated with the processing. More particularly, to

40  further the implementation of a contract net negotiation protocol for allocating resources, a combination of
budgets, costs, and ratios are used to implement a floating market model approach. The combination is structured
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agent 268d Fevpe\sretn the iyl request, @¢ set| Bh infthe ek 845 In 3Rermative| ealbtﬁene@wr@ekfe%ﬁﬂafe
lci gns u rr:aa entaqmazty ﬁﬁﬁonanﬁy BdsS Qttn\eamdaaﬁathe gﬁad&e&ﬁﬁﬁegwmm a Pelea@ 827 6 00l
wou e co er' t he ces Q s
orov, di e PRRRLE, i i Gl H eec S B pinod st ) SRR iR Qe o) 5
was prevfwoa gmy slmwhldn@dpraﬂ@r 305 oo pokentindly mogéqﬁbeedlemdr sivicgypHog eagispofantial {ime
bel 0wy assiohd Wevidr BY Sibknit?Hd mum istaeBnd I thile £ @flopisnabeofd! OVi der agent
310 in one copjext andag5 cogﬁ agent .305 in ggsot er cgnte Cp
above, the dist9 FETT8h- et r SORYER 8B G8> ABFR SHPHR P FEFIg it & y310
is parti eQ;lbléqﬁhg/thap'me andrppti¢pal coghn ﬁé@(‘tonﬁmmers?dﬁ ddn hwvands.a cPheactde the grevifes g2ofor the
actions kdMcledl Bl ed@l se@Yorﬁl thewsb&tsw RouBIDBS EodsudlePsofRart tg%ntlsbd waeaet ot pr@maqis ment
revol ve aroynd u ets, Staf and ra}ros assocratep ttntae rocessi,ng.
More p ar &P ﬁ!‘j otiafing w1th several consumers 315 on an ongoing basis. It is posm provider 32
35 subsequenﬂy scheduled another consumer 315 in a manner conflicting with the submitted bid such that it can no
longer accept the contract. Thus, the provider 325, through its provider software agent 310, checks the calendar
327 to see whether it can still implement the bid and accept the contract. If the bid is still feasible on the calendar
327, the provider 325 then confirms the awarded contract, as set forth in the box 360, and both the consumer and
provider schedule the appointment 362 on their respective calendars 323, 327. An “appointment” is a time period

40  certain in which the provider 325 has obligated itself to perform the activity.




40 further the inplenentation of a contract net negotiation protocol for

al l ocating resources, a combination of budgets, costs, and,gajiagpsare used
to inpl emégb a floating market nodel approach. The conbi nat ?on I's

structure I¥B7Y NOv 2006 WO 03/ 102771 PCT/ US02/ 41659 POI/EMRHISAge

" desi rabl eet RRO lecrmaﬁmgm m{gﬁfetsrmw%g ,sg@td@@by RhbaR b gﬂtublhr il deRihd O

machi nes, IS assi consuver 315

ne
that t hMoeomgigHsh, %?g*ewtr sgfywerg, sgésfs 885 ¢ Setsreé 1 ARIVI GVEESIOTE &Y \‘ﬁs CBE®B% he
provide H@eﬁﬂxﬁ on Siected fadtdry such hcpripiitg vil leteress 3 RHviddn sufigyers ageain310rmerdssigBad5o providet he

processr n ervic Adir of
he. budfio “RERyREE Sk sspoBREG R i of  AumpollrAERS Sebde il s oL ApaBBY

consfine Pﬂ@i@ ﬁ‘@@@&“ ﬂlwedeﬁ%@éeslreﬁ@n@ ¥e peermallyigough %Wﬁ%‘t‘? le pIoRezHist ¥ UMY Hhe
amount ghaf Qﬁghswd tztste onP¥hY i thbedeciR@fs atbcaen d W oddngHikw tiisaid lcyncert, teeedsmarend | | |

;} Z Z)(i B?’gg!‘si% aoﬁlw%re a%ernfx ?(Bbﬁg 6&? r%t%to sihslg &Tm%rs B% 1@5 Hmel;; Qx@ efﬁgéhq%é‘t and costs

ars, not necessary t ractice of the
i nvention. AHG. drdeRict portiop 452 eBICARSCIYS GbTieatiop Hr9Fes g&‘ﬁ"'oo'l‘%r ?”“rf’lh e 95U B°H G

?g thefztes df%‘%(’; hhexg%dyﬂtt&téeﬁveﬁgf@aﬁhh&ﬁ& Wﬂ@aﬁﬁﬂz{i@,dh@ﬁttﬁesﬁﬂqwmmn@st i ced |h n a
variety of enbo n nd | ati.gn arti chis
di sdPosed below. T%E{m?fﬁ‘éﬂ%?em (g@ﬁe%?@ i@@‘n’fg 5% SO(?‘C"'pro i gbresss)nt(l vv%are

agents 310 use a PMondQut;troqa@tesrfreggmesﬁttmbfwﬂh&dﬂ@emwﬁpproach to schedule
the consunerg 315at&tc§td§ﬁngp;§9rr@§m 482 Imictl NG RMHY TRivaR A8 RpralRind RIWK | at €

wi th provider agents he consuner 315's access to the provider
325's services. Th}&forgehedding pugrosesit erred to as an "appointment.” In this
particul ar erbodi ERthincleHellihd1SoeRUMDISATEL102G0MTs BADn @mtimeriaed pprovided suftwarg e nt

310 /book” the apgor n aengmgontheg:énf%pgl Chl??ﬂp e% %/%g%gén?%%rpioceslagl ﬂ?h’l?()d

330 Begi ns by prod¥d ddge e con r a particular
process resource, scheduling puppsstands t i ne on t he process tool 215, it next

wants to congune, aaéoéé%tscﬁe@ﬁ&@ageﬁt (B®A")335, which & 2GRVl KBfiwareldgent fefiedonting tde s

t hrough its consuner g f agent 305 a bid request for the consuner 315
to acquire the pr&giggd20fprs WIS set forth in the box 340. In one
i npl emenklabigh not skdve, tb@hsunmocssoftQOV\HISEi’I\agre@tal BeBdurec(oet slora) 45l epsicls 19l dgye g |

el i gjgbl ecoﬂésgéﬁbxg%‘BS coshiy” Qélntpﬁ)%'oﬁl tﬁafsch@duﬁ&rlgéﬁmbs 3165415\ PascofAINSREA R s time

software requests. a rqvi ders 310 erti nent
i nf or natbeﬁe%‘ERﬁrfhea%“““‘P’hé%éeo‘h’sm AL ?aﬂé“?ﬁefef‘t ‘@éff VB% ?P’ﬁ’%es eHe F ’t‘lS e t o
begi n  twakis prty caskies, WETS, 085 ang Thppodsifiow 4pimplemeisHiedloitvg markét gofieh anpropch

conpl et Qe um éf’i‘e? ﬁ%ﬁkg&eu p%ot&vgl didGsd QB ved G, BA Qﬁ F'IQ Cﬁ |’1‘§5‘L§Af 403‘&%!00 h

t he consuner transported to the provid
CoNs une rMigimizg seRgethile saying gnsehsiule. Thg M3hn4 ﬁ?rtﬂ?fltﬁ%‘fnm;‘ﬁ%“ ﬁ ‘ﬁa“°‘t Pﬁ’%u"@fﬁmztm§

provixerpofd. t war e agent 310, submts to the consuner 315 at | east one bid

responsi ve t onl hga il uloLUESE me & 1574 o t,feget,@ot Giokdif. NS0 bids @) s | ve
enbodi nent s, @pr ovi der so

not subm { an _l‘frs
ment i onewilizagen ef, the precesstend i lalse’rt rﬂ?@?@%ﬁ@“‘é@’em‘* an'él 417 triep & mpximized "Lf %o
track appeid mre&nts \Abethe fetible d20r @UpteatBd the RSA dtéau egresehtxahep typss ioflssousesf ear e

agent 3 10 'e Cdmg ?e;&pc% %g Q'gﬁJs, cachtes, R 2 tfulBansS rBintehdhcdtinfiblank D8, Ao der

305 can quested service. For ea ;JT gqot ential time
30 s, mwheeqmﬂew e PHESH. 415 siaripls 18, OppoEnStFrly sabpdylg T anfh Quals oy, ¢t e by
times an&o@ﬁt ta;pttlsonaé vafi6ifs lagenit 165, 6 TONSISERA 4 Bl thid i ttewgiext dfaegpiatisg mpeintgieits war e

agent 30? i th;[a Qo%]um%g tp:%ce%sxég%?s%&e% %9 atf’dsgngtt% prices they offer or budgets to pay for services in
accordance with the schedules they need to meet or want to keep.

More particularly, a lot 130 typically negotiates with a number of pieces of equipment, e.g., process

35  tools 115. The LSA 405 tries to find a time slot offered by a process tool that will allow the lot 130 to meet its

due date and feed the next bottleneck machine station at the appropriate time. At the same time, the MSA 410

tries to acquire lots 130 for processing in a way that optimizes the utilization of the process tool 115. Overall, the

goals of the MSA 410 are to maximize the overall utilization of its respective process tool 115, respect the

relative priority of the lots 130, reduce setup or recipe changes, and optimize its batch size. This collaboration of

40  agent interaction results in the scheduling of a lot 130 on a particular process tool 115 within a specified time

window.
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considering the time and optional cost. The consuner 315 then fﬁﬂﬁﬁ ﬁ
contract to the provider 325 for the selected bid, as set for e box

355, thro onsuner software agent 305. However, 325
typi cal | y*igg”?(g”g&f‘. ating with several consuners 315 on an&eﬁbg‘rzhg‘géasr S.
i s possible tlﬂéénerﬁlh@mpﬁﬁwﬁﬂﬁs b%ééﬂ?e’ie@uhﬁewrﬁmshyg SeQesidic theqipo uisas all of

consumner nner conf bmt te i.d it
can no % %@éﬁﬂgé‘*@éb “ntglli’e“?@%ﬁf’lf glétcapqﬁlﬁ ttsperf?rﬁ’mg vty %B’gng ‘%Pg.‘%%a gﬁ%‘f
provi derpoinbfat ik 1055 eqting &10providee bicanse fhe proesssetpel dil5 183’2071@5 Poessingie iy igt  can

fSt il b: NRbERRE fimd, hlﬁxe Bisd 4@6‘@1: é’a@ﬂ letphﬁesgﬁﬂtlﬁgggn récfnpttohﬁe ]E&'{ﬂstlbﬂ n&EdaéeMZS ded
easi e, . on Ca, r.ov r 0 ntlr V\ﬁ e
cont ract 9 Eesse?f’“’“r‘f)l?’ Ief%mfeﬁeh Hb?fﬁ q&‘ﬂﬁedo%tfc 4%: °lgsana ?sol{\?l der

sc hedul eowxhenuapqad)mtargem tBBOR Y M hfell capdbispeoitrien ge. mlén@at@s M)B TheMSA 41An

" appol nt ey shﬂ%d @on“ ﬁgvxcﬁ?{t'ﬂ&dpomflg 2 CEsinitr anb the \M%&Jlo& R IPHRNosRbinSpecelaS
obligated itse tt? rformthe acti Vlt}/ L\W%{ﬁbvg 03/102771
PCT/ US0 25 £ tr- T‘Wﬁé“ g‘é&“?? &0: FathiRig 4in “P‘ﬁsé“‘ﬂ? 68‘@@% t{r“r“t‘i AYEPE OF LT §8E by
econoni cbilsoBs,@se dfwhish fhp MSAa0 saltetadim dhclusidebin @s d#d0i Thd MEA ¢10, baving savedengfifdt war e
agenie 385()&1; gmfﬁm ethudnR 15604 & assrr,oraer: S pibdelsfg Qémke@SEEf O %5@1&&(1%&’ is

dependi ng_on ected factors, such priority or lateness. Provid
sof t war e srgérﬁbgthswAéﬂ% it QBRE PEFIFSEAVESES bﬁlf Bw&eaw@a‘aarf R8¢ ¢¥ces more or less
aggr essi vel y ErpMEMi4NQrepsesingd n@eme Pbcedsal LIS Sybnstsl iy o otk faigls #@vethe BPA 405

utilizat {hg)cgu};ligheﬁ E‘rg }e e§t b % C O’ﬁ%%l@ 4(;5r§a£cts 09%@4&%%%%11 6 Ehbplﬁted bids
A

mani pul at e externa urabl e properties or curves th

t
af fect bHGGEIheMRAsdy t’@e ﬂaéeqﬁé‘it 6§§§° ra? MSH A 10submitips the selge %1"&‘«3
t hi S15 n 66NTRy MSA umehamsmmﬂﬁneaadldarpmm‘detdatnesm‘t the@idds silj enatldle05 if s@ b®ards

cooper at aerom@m fie ARE SOBRUBEERA 10 51defa fla JasTPhRSANNIS Gl il ke[RRI

FIG 4 de a sem conductor fabrication process flow 400 in
which th Sﬁrs%tkcebxh@er%aﬂa%@ddfmweefhe SOPEIHIEERI 753 R ity e grsovpes galqndar 445. The
speci al i R84 1409 thedVbdnBrnf3athd bdﬁuiwamny A “Cénirmp bilt eBSage| 405y A0 Ghei MBA Wileschediles an PM

schedul i ng _.age ’lt475() IBR/P@&&%JA? 1470, thiﬁeféané)t@%ﬁ@E 4?%&}9@(/:?&%@&&0 dbul i ng

representtn ures F0CESS for sc

pur pd8es43s. ghel M$A &8s Eﬁ“ﬁlsr?g]‘c‘&@@}?ﬁ bid* mesyaee 450 tpghe Iv%ﬁl 40h The L3A ¢431en ?Fé?d‘l%ﬁ}“"c war e
ag ﬁ nfj Ir e Bdre@emlig Iaﬁ:ohﬁend 403: onl@@wﬁ R caRfidaCds] Wheh tﬁHHnFéQ&BrSs for the amstmhnm 475a,
schedul i pg

represen{ﬂorﬁgownhe process tooI 115 for schedul | ng purposes, and a resource
schedul i ng ageRis, «fchdng agkntéldiIne ok §he &eusaamrpwﬁad%d Qﬂfﬁﬂﬁfﬁeh&@ﬁf&ﬁ‘erenﬁaﬁon

representin e 420 for. s p

e oy pt g kgl et EomBfneife iitiot s RIA0T Bine 10A apMEe RLASIDT,
420 al Itbav@ve digussion ree#)rzm@isﬁgch differsptiation; Hlgwevarympre subtledlﬁﬁmmowems*eﬁeﬁmw ng
agents 4@ imdekid ﬁtﬂﬂoﬁlmeRSﬂtl&4l5 163 Qﬁferaﬁb' mdﬁ@%esloﬁpﬂo&ssttbdmlﬁ;ﬂ& e §peIbfipRgest he
activity. t hat re ot her t 0 CLSS

resour ced® Ngsemghﬁﬁ?ﬁﬁ?sﬁb%@ét ? f;s? é‘é e§Pe Pgel%ti;ﬁ% e
process Filecializat06. Emeweqhar@tqnms ﬂ!hml lend ﬂmserbeq tommmwpp sachine agegts ithde
cont gCt jfGiatel GAREMRLt ifeRladr Ot ocol di scussed above relative to FIG 3A and

FIG 3B. The LSA 405 t t
The MBA 410 t Fi es Wbeﬂﬁglfhgif"?‘gs f°gl10]IlS ?P?‘i%ﬁ% %ﬁ%ﬁ Y I*‘P?g“i ﬂb’% HE

batches of wafers;
. whether the process tool 115 processes wafers, lots 130, or batches serially (i.e., completes
processing of a first unit before beginning processing of a second) or sequentially (“cascading,”
35 i.e., capable of beginning processing of a second unit before completing processing of a first);
. the number of ports for the process tool 115;
. whether the ports for the process tool 115 are input, output, or input/output;
. whether the chambers for the process tool 115 are used in series or in parallel;
. whether the process tool 115 can chain PMs;
40 . the number of chambers in the process tool 115;
. whether the process tool 115 includes internal storage;
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25 profits. The LSA 405 tries to keep the lot 130 it representsgryy 2308
schedul e. The MSA 410 tries to maximze utilization of the process tool

115 it rep (g)se)ﬁts. Simlarly, the RSA 415 tries to maxim ze utilization of
the resouVOPM2 epresents, i.e., the reticle 420. Note PHEUSEHISSRSA 415

can represent, ot Negheh¥RRSyrikss i NY cafiiene SrebrocessifBG A1 §3d QAR Ehilk BRAMiEE
dummy wafers, cassettes, wafer fab technicians, maintenance technicians,
etc., in other 30 ﬁ"?ﬁbﬂ’@ﬁﬁ%&?“f‘@ns. The PMBA 418 attenpts to

opportuni stical | y wehaditlpeoctMsolansireqited 16adig andloninkedit | 8, the process tool
115. The various agepts,405, 410 15, .and 418 dq t.his in the context of
negoti ati ng a'ppoi n 'é’?\rt %le PRSP %‘Wleu oﬁg‘ffﬁspfef%u ﬁeso?n(a’plrf()sg’e‘glllse}’ﬁrg&r’sgsrosﬁ&rr%ésareby
adj usfing the pri cledicatddagpouyfes ershaged rdsemeiget s t o pay for services in

accor dan§ge Wokdver! 018 13 GRELUIRS whiBEY mite8agkQ, WS sobard Btk 2450ark HBdalizWHiIEbe

parti cul g]rlé,, a [ ot 130, ypically negotiates wth a nunber of pieces of

equi prentishipimglemenigionspecific’ 35 o] s 115. The LSA 405 tries to find a tine

sl ot . of f ered Gynsiderplooinsase, tap dioplenratationi Wwierem| thaokinet dgent{ @e speGidlizedobynwlhether ey due
dat e andf,6e0nd RerNG¥ot, B9 b2 RRC kin RS ?ér@c%laxs Eroliient e EdMEWiRP BEGRE 1288 otd ME.
At the sane tine, the MSA 410 tries to acquire lots 130 for processing in
a vva;}othﬁ’Ppl?i’f)‘i‘i m zes the utilization of the process tool 115. Overall, the
goal s of the WBA ddfisetifecprdcessiipagemy ze t he overal |l utilization of its
respective process ‘t‘,agg_lbas%dleoch&s%_ge%_ the relative priority of the lots
130, reduce setup or feclrp c‘:har%giés,’ and optimze its batch size. This

col | abor ati oneof A4@wagdased, seypatiapiofessmgrgestil ts in the scheduling of a |lot
130 on a partjcul agwggrgggsg%%m;hosg verkidi probhslifll 3@ Specified tinme w ndow. -9 2
9 NOV :006 WO 03/102771 PCT/USD2/ 41659 I'n "general terns, the LSA 405

begi A8 the nefot i at Valer-baspd: heteh mrosppsipgpgent r equest bi d" nessage 425 to al | of
the M5As 410 ceprespiMaldagrobds@sptpet,t 00l s 115 capabl e of performng a desired
manuf acturing operation. At this point, a MSA 410 is acting as a provider
because the pfoces&tBd stPERIPrISFyIe WYy processi ng services, i.e.,
processing time. Thp«bdkd, vakhpbessing ageht; capabl e process tool 115, upon

recei pt of the requgst hid.ness 425, 5 jdentifies a potential bid,
recogni zes t hat itag’f?afeglﬁge{é%seguegﬁg?rfﬁsgaagrﬁé‘ii cle 420 to performthe job,

and [@0bli sheseits abasline sbpdaingagentd nmessage 430 to the RSAs 415 of all

capabl e resougces, , @ yasel Y@eduih eagenq.eti cles 420. The MSA 410 has now
shifted froma provider at  this péint to a consuner since the process tool
115 i s now coMsuni h¥afprrheedsequentalschpduing aggntie.  time with the reticle 420.
Each RSA 415 pepr eggitdiifd dathidipedtiaBtheihd S 420 submits one or nore bids
435, one of which the MSA 410 selects for inclusion inits bid 460. The MSA

410, having n8w i deHifrhase beh hrduiRaesstsary resources, returns to its role
as a mrovi der «of p&RERSEIsCHIOHES ageres. | f anot her potential bidis
identified by the 410, it. agai n requests bids fromthe appropriate
RSAs 415. Each I\/ISALYE%?s eﬁﬂﬂ%ﬁﬁ%ﬁ‘ﬂm ag(Q,‘ril}’pabl e process tool 115 subnits one
or nore bids 460 t elot-based| tafch 4db&dulirighagdnt; pndbl | shed t he request bid nessage
425. The LSA 405 sgle o . ng all the submtted bids 460
of all the MSAs 41 io‘?%ezi’%%g\s%%ﬂ?%gn a%g%"g‘?t he contract 465 to the NSA
410 submiThisipagjenlas embesrasat Eeplepients s 2@, usipp bk Qrignty RpgEEEdng edmiqyes it de
cal ersdar vésélhe agh provitie RS cldsh @dfinitiitand thel oth& agehis bile sibladsésabihg cREs0 Calkddars @.g., &iar ds
t he contrgact . the. reticle 42 submi. t l.ec [ 35.
The Roa Fiumndripdie I pallieie bl 3l o2 thlllad fih 16 BFRUEGY Tufk
the embodiment mentioned immediately above, the following specialized calendars are used:

. a wafer-based, sequential calendar;
. a wafer-based, serial calendar;
35 o a wafer-based, serial batch calendar;
. a wafer-based, batch sequential calendar
. a lot-based, serial calendar;
) a lot-based, sequential calendar;

o a lot-based, serial batch calendar; and
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445, sees that the bid is still available, and schedul es the ap%g pﬁ\}w&%
475a on its own resource cal endar 445. The RSA 415 then confir het
contract w "confirm bid" nessage 455, and the MSA 410 s ules an
appoi nt ne\r%’bgﬁ"gln its machi ne cal endar .470, with a ref er‘é?(@g&?%é he RSA
415 that proveded §BebasdifReblécgRntiadbia@ndf 435. The MSA 410 then sends a
"confir i d" age 480 to the L 5. The LSA 405 then schedul es the
correspgﬁgﬁe’ﬁ'ﬁweavﬁrg%%%fsﬁse’ﬁ’fneﬁef?g% *Pe °eo‘$n%efn(‘)'?m%nal endar 485. \Wen the time
arrives for tRtereaggndsnecinlizatiops Aighteelso ba PHEloyed 78Y apantsarer da seecializerebyswtivdetuhd ng
agent s 4QRintefbddd prdbifired they Pfdin &0 BhsEPdn ik, WHHBK brobRRB G pry@Rsshl BAMSSIratekseIENt S

(not ghown). Thus, although agents of the sane type ar ual | oqr. d
Weh Si Pl i A R LR Op erene B P e HPeg e R
agents. @pntpaeémpdoyedhe behavi or of the MSA 410 to the LSA 405 and the RSA
415 in the apove ggfg[q;dégbﬂqcﬂemg%ajggmg eveal s such differentiation. However,
more subtle differentiations exist,” as well, in the illustrated

embodi ment. FOr extfpbascd RMyshedulizg ageftiny t ypes of process tools 115, and
each type of proceggcesdimghitbabét iz IhttmbRYG? RSB0 Globds@h, @ihbef BtYaRkel Bfobesded)Cru f OF
which a respective soffware agent 265 may need specialization. Exenplary
chard@teristics thﬁ“gedﬁéﬁ?algeé‘ﬁd t hensel ves to specialization in machine
agents in thee 30 pilobessidgriak dabed(aipochinnietive plobssdingdiste) PMkebddidag agedie pr ocess t ool
115 processes by I I X 30, or by batches
of wafers; whet h\é\?Je r?’é“%?“éé%é%“@%“&?‘%i@%r%c@ §%§Skn§/r§‘?mé ’s, lots 130, or

bat ches seri akly (ivafer-based BMairasessinz agentsocessi ng of a first unit before

begi nni ng progessi pge eI HEQREY Rhus;S€QUENti al |y ("cascading,” 35i.e.,
capabl e of begi nning processing of a_second unit before conpleting
processi ng of *a fi POsosing ynirbase (e pumher o dats Qoﬁﬁ’ﬁesieﬁé‘“ﬁ"%%@hﬁs@%mf%‘?ﬁ‘
whet her the ports bReesdilpagqtspcess tool 115 are input, output, or

i nput/out put; _ whether .t he chambers for the praqce tool .115 are used in
sories or i par af PRress e iRALRE: funlsbae eERTM bORnt BaRaRe ™ o,
t he nunmber of echankentbajed PMipeocessingagents (¢ 0 eddidb procevsingetva). t he process t ool

PCT/ US02/ 4 b ISR, AGhRORIR wign Stiol Y b Wt Bpih ok i X0t cxample o e
ot B0 P B HsHne et ebier Fis bt OF B (2000 S300r ThEEEniased BN haigne
process tAgedt dddiinesabptinteals RM R clhaiy addingt/30 days nl txelakt ugurrenaafohiBY. Ohthe pthocids s
tool 115 JE B th&d PMSHRYIIHLE %g%pa&hav'e; diée?mﬂg){mN%E BRhe 10 PR sh%&%ﬁ% £&5t i cRedulihg

dedi cated resources or sharéd resources. te, however, that the factors
al ong whi®®H basedy e aypRtocggEngton thytoad (e- Eut ERFND. JHhen the Fgept-baged PM; Scheduling; Acen
Wi || be dats@dthynd eichleenthad atuned) itsyilechethilea PN onthatdecific fradessitdakbilance, an

i npl efgent at i ogsw%gggaemw%gg&g&h%&ar e speci alized by whet her they

. priority;
. product; and
. product farnily.

Thus, a LSA may have a different behavior in selecting a bid based on the lot’s priority, product, or product
30  family. For example, a higher priority lot will select a bid based on the time it can be processed, while a lower
priority lot would select a bid based on cost. A lot may also behave differently based on the lot’s product family.
As an example, consider a flash processor lot versus a microprocessor lot. A flash processor might have the
behavior of getting through the process flow as quickly as possible. In this case, the lot will select bids based on
time. In the other hand, a microprocessor might have the opposite behavior and would select bids based on cost.
35 Resource agents may likewise be specialized as scheduling or processing agents and by whether they
represent dedicated resources (e.g., a loading resource) or a shared resource (e.g., a WFT, reticle, dummy wafer,
or empty carrier), as well as by the specific type of resource they represent. Still other specializations may be
employed in alternative embodiments.
The OOP environment in which the illustrated embodiment is illustrated is well snited for specialization
40  of this type. As will be appreciated by those skilled in the art, an OOP environment comprises numerous
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In addition to inheriting the baseline behavior, each specialized MSA contains unique behavior and

overrides some inherited behaviors. Most of the unique behavior, in the illustrated embodiment, is based on how

the process tool 115 associated with the MSA processes lots 130. Some of the behaviors include processing the
tool status, processing equipment events, reacting to appointment state changes, reacting to factory state changes,
20  determining the consumption time for a lot or batch, and creation of specialized helper classes (discussed further
below). In order to illustrate the different behaviors between the scheduling agents, we will compare and contrast
the behavior of a Wafer MSA 518 versus a Batch Lot MSA 510.
A Wafer MSA 518 (representing, e.g., a plasma strip tool) processes a wafer at a time for a given lot.
On the other hand, a Batch Lot MSA 510 (representing, e.g., a furnace) processes a batch of several lots at a time.
25  During initialization, both agents 510, 518 will request a tool status. The tool status received by the agents 510,
518 is unique. The Wafer MSA 518 will receive a tool status that contains information based on wafers while the
Batch Lot MSA 510 will receive a tool status based on lot batches. Each agent 510, 518 will uniquely process the
tool status in order to discover the state of the machine. Another difference between the agents 510, 518 is how
they process equipment events. The events depend on how the machine processes lots. In the case of a wafer
30  machine, some equipment events are wafer based. With a batch lot machine, some of the equipment events are
time based. For example, the near complete event is triggered when the process tool 115 is almost done
processing the lot 130 or batch. On a wafer-based machine, the event is triggered when a given number of wafers
are remaining. On a batch lot machine, the event is triggered when time remaining reaches a particular threshold.
Determining the consumption time of a new appointment is also different between the Wafer MSA 518
35  and the Batch Lot MSA 510. The number of wafers 135 a lot 130 contains and the process operation determine
the consumption time on a wafer-based machine. On the other hand, a Batch Lot MSA 510 uses a baich
consumption time for the process and process operation. When the scheduling agent receives the near complete
event, the agent determines if it should expand or shrink the appointment. In the case of a Wafer MSA 518, the
agent 518 determines the number of remaining wafers to be processed. It will then determine the remaining
40  consumption time based on the remaining wafer count. It will shrink or expand the appointment based on the
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the end of the discharging, and then the late arrival’s loading appointment is scheduled after the unloading of the

A

first batch. In some other cases, the process operation is not very close to the end of the process route, and there is
no such urgency to rush the unloading appointments, so the late arrival lots 130 will be scheduled for loading

30  following the discharging of the first batch job and unloading of the first batch will be scheduled after the
completion of the charging of the second batch job.

For a dedicated RSA 554, because of the nature of a dedicated resource, no move appointment is required
to transport the resource between appointments. However, for a shared RSA 556, because the resource has to be
shared between a group of processing tools 115 or lots 130, a move appointment has to be scheduled between two

35 appointments if these two appointments are scheduled for two different locations. So a shared RSA 556 will have
its own specialized behavior when creating and booking a resource processing appointment: a move appointment
will be created and booked if a transport of the resource is necessary. A shared RSA 556 also has its own
specialized behaviors regarding bid generation and bid confirmation. It allows a higher priority processing tool
115 or lot 130 to bump appointments for less important processing tools 115 or lots 130.

40 Other specialized RSAs also exhibit other specialized behaviors. For the WFT or MT scheduling agents
568, 570, each has specialized behavior to consider the constraints related to the person’s qualifications (skills),
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35  Alternative embodiments may employ still other classes.

As mentioned, the SALSA agent 605 determines when new lots 130 are released into the process flow of
the fab. More particularly, the SALSA agent 605 monitors work in process (“WIP”) in the process flow and
identifies ene or more workstations that create bottlenecks in the process flow. The SALSA agent 605 calculates
a WIP value representing the amount of work approaching each bottleneck workstation and determines whether

40  the WIP value is projected to fall below a control limit during an evaluation period. If the WIP value is projected
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Composite Ratio Calculator Calculates a composite ratio, which is a combination of a

—

hunger ratio and a critical ratio

Hunger Ratio Calculator Calculates the agent’s hunger ratio, which is a measure of
whether a particular lot needs to be accelerated to feed a

bottleneck downstream in the process flow

Critical Ratio Calculator Calculates the agent’s critical ratio, which is a measure of

whether a particular lot is on schedule
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PM Scheduling Calendar

Stores and manipulates appointments
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Resource

Scheduling

Loading Order Calculator

Calculates a proper loading order and feasible loading
start time for all the participants of a batch appointment.

Agent

Bumping Bid Request
Processor

Responds to a bumping bid request from a MSA, it
generates a bumping bid feasible on the resource

scheduling calendar.

Open Slot Bid Request

Processor

Responds to an open slot bid request from a MSA, it
generates an open slot bid feasible on the resource

scheduling calendar.

Join Batch Bid Request
Processor

Responds to a join batch bid request from a MSA, it
generates a join batch bid feasible on the resource

scheduling calendar.

Join Batch Bumping Bid
Request Processor

Responds to a join batch bumping bid request from a
MSA, it generates a join batch bumping bid feasible on

the resource scheduling calendar.

Shift Left Actions Converter

Generates a collection of appointment shift and jump over

actions for a given shift left action collection coming from

the corresponding machine scheduling calendar
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El adapt ¢rs that send commands to equi presiaes iy giveh hié gigliteacipn collpotion| comide
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the AVHS| and notifli cati on adapters t hitwik gmefatey ardllention $f@rtips tofaccomplish the
notificaion (e.g., [screen, pager e- bhmmg%ﬁ etc.) to fab personnel
(e.qg., Ts). Table CADONRET agen bne
particul ar enmbodi ner p?i’fs“fﬁ"és"?‘wgﬁ‘?ﬁss(? | Evafusjsy ghe feasibilty ra"dp ot d f‘
Call ed by Software Agents Software Ageipteatilgd, piewilClgamste Cojcelisttioh usfcacliomab i t v
of Helpeq Cass bjlect Lot Schedul i ng | AR B pladd St ens for and
reports AVHS nove eyents—Agent Bid Redquestor Cenerates_and publishes bijd
requests |Bi d Sel ect ¢roirahFpmsibiliyReocesspr ¢ Gugluateh, thet fpasibilig ofy doin batghalid. f it is
Cal cul at gr Cal cul at @s a conposite rati @ feasibls,Cih wils genefad MDichittion NofOictiéhs to
hunger ratio and a ¢ritical ratio Hungeaa£$ﬁkaﬂgahgg&%ﬁor Cal cul ates the
agent's hunger ratiq—which is a neasuie 0 i a particular |ot needs
to be acdel erated t qJqieBarhBumpipg Fepsibility: it Evaluates the Easibilinef o fnin btch bumpingbidgifit
Critical |Rati o Cal cylpakasor Cal cul ates t hes ﬁg;euu usw,nrgeﬁefaead céliddtioR of Wb hoil s a
measure ¢of whether ja particular |ot i9 qnﬁ g éﬁ % 006 WO
tch ) :
03/102771 PCT/ US02/ 41659 Software Agen aﬁe’f’%’ Aass Dt Funct | onalitly
of Hel pef O ass Obj|&echinedistemidget Cal céﬁsm&)fpr e reaqtantp plets chang¢s plod machipathaty he
agent's budget for impact appointments.
Resource Scheduling Calendar | Stores and manipulates appointments.
In this particular embodiment, the software agents are implemented using object-oriented programming
techniques. In the terminology of object-oriented computing, a software “agent” is an autonomous, active object.
Given its set of operations, a software agent can take independent action in response to local conditions, thereby
5  generating adaptable system behavior. The present invention presents an agent-enhanced system that defines,
configures, and deploys autonomous and mobile “software agents” that mimic and improve the functioning of
“real world” agents in a semiconductor manufacturing plant such as factory workers, material, equipment,
resources, etc. One skilled in the art will recognize that an agent or other software object can include one or more
software objects. As used herein, the term “object” will be understood to be a software object that may, in turn,
10 be composed of other software objects. Conversely, one skilled in the art will also recognize that the
_functionality of one object may combined with other functionalities. It is to be understood that functionalities
described as being associated with separate objects may be combined into the functionality associated with a
single object.
Some portions of the detailed descriptions herein are consequently presented in terms of a software
15  implemented process involving symbolic representations of operations on data bits within a memory in a
computing system or 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 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,
20  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.
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in the art having the benefit of the teachings herein. Furthermore, no limitations are intended to the details of

construction or design herein shown, other than as described in the claims below. It is therefore evident that the

particular embodiments disclosed above may be altered or modified and all such variations are considered within

20  the scope of the claims below. Accordingly, the protection sought herein is as set forth in the claims below.
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Budget Cal cul ator Cal cul ates the budget for a PM Bid Requestor Generates a
bi d reques@M specified service and sends the request to the

appropri at ot Processing MES Adapter Initiates MES transactions Agent
Notification Notifies appr oprl ate fab_personnel AVHS Facade Initiates |ot
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Agent 1laurrgieﬂgs§h_d Request Responds to a bunpi ng bi d request froma MA it
Processor generates a bunping bid feasible on the resource scheduling
cal endar. Qpen Sl ot Bid Request Responds to an open sl ot bi d request from a

MBA, it R lot.bid f
Schodul i g oal offar GBF R A BN (BRI RELD BRI o) OTIFORL e b o
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a process tool ;
15 a preventative maintenance/qualification procedure for the process tool ;
a process resource employed by the process tool ; and

a lot for processing on the process tool .

3. The automated manufacturing environment of claim 1, wherein the representing
20  means include at least one of a means for scheduling on behalf of the manufacturing
entities and a means for representing processing on behalf of the manufacturing

entities .

4. The automated manufacturing environment of claim 1, wherein the representing
25 means include at least one of a means for representing a processing tool , means for
representing a lot , means for representing a preventative maintenance procedure , and

means for representing a resource .

5. The automated manufacturing environment of claim 1, wherein the representing
30 means are further specialized by the characteristics of the particular entity they

represent.

21



schedul i ng cal endar. Join Batch Bunping Bid Responds to a join batch

bunpi ng bid request froma Request Processor MSA, it generates a join
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Actions Converter Cenerates a collection of appointnent shi £ Jalvl iU\Lﬁnp over
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TS Feast o RURAE SR TetatitE A g ae PRGN BrocsrFoAS e PEES! | Sh
the bynpiwggishi d. Open Slot Feasibility Processor Evaluates the feasibility
of an open slot bid, if it is feasible, it will generate a collection of

actions to accopiptalighofiprecespmsowicet etmpthyed by theBarbedss Fedsjamdl i ty Processor
Eval uates the feasihbili of ,a join batch bid, if it is ,feasible .it wll
generate a col Iaegfuiragﬁy (S’H%ltét fotfrémf%?smﬁcoé‘o%lqrgwsﬁ ﬁ‘?é’tli oPRd {5 FSRTISFRING) o
Bat ch BunphéwlsFm@rﬁbéianﬁuﬂigtb?Et@ﬁl, idqudigasi bility of a join batch bunping
bid, if it Processor is feasible, it will generate a collection of actions
to acconplish & pBirgliy of peackinemgenisn dobsehedwlinghandeexecuting aetivifiest e éhef or and
react gpt o nges of a machine that inpact appointnents. Resource
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preventative maintenance/qualification procedures on the process tools .

7. The automated manufacturing environment of claim 6, wherein the machine
20  agents include at least one of a machine scheduling agent for scheduling activities on
the process tools and a machine processing agent for executing scheduled activities on

the process tools .

8. The automated manufacturing environment of claim 6, wherein at least one of
25  the machine agents is specialized according to at least one of:
whether the processes tool process by wafer , by lot , by batches of lots or by
batches of wafers ;
whether the process tool processes wafers , lots or batches serially or
sequentially;
30 the number of ports for the process tool ;
whether the ports for the process tool are input, output, or input/output;

whether the chambers of the process tool are used in series or in parallel;
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at tinmes, principally for reasons of common usage, to refer to these
signals as bits, values, elenents, synbols, characters, ternms, nunbers, or

he |i ) 9 3/102 CT. 2./ 6 hould be b
e i gno o Nmal et frouhl of O’ AoR et GO RY Bedls "ot g

with the iaplpdeprleast engbys idatheduliny ddent and 8 dotdr6cclBh@hgencONVeni ent | abel s
applied to these quantifies. Unless specifically stated or otherw se as

may be apparent, throughout the present disclosure, these descriptions
refer tot actyl AT I 1 ice, .t

mani pul at egmandf%fg%g@g%ﬁs%%@? a re&? éensvzlﬁf’%gﬁt;éf %%‘}g ?g‘g’}{&%@l aeté%hgg)ﬂlllec?f 5
magneti c, nhg lmmch@chﬂ?lgqaigamt afd te loi pﬂgbess'mgrmﬁeﬁ! @sl*.lfeoialized_d@_v&tdeés; oﬁ¢ of age
into ofher_data.simlar represented as. physical quantities within the
storag]eJ',1 othe PROTIRY, REduEgrgRo tgﬁ‘%‘b’l‘é@}gﬂ@i%@msﬁéml ary of the terns
denoting such a description are, without limtation, the terns
"processing,"” "conputing,” "calculating,” "determning,"” "displaying," and
the like. Note Bheoeutohmted mensfaétiving envinpineent rifedaias peohsrenf tHehesoureent i on
are typi callé encoded ﬁn one {ormof l&ﬁﬁﬁggram st oy age nedi um or,

i npl ement e#eBPeC t{SASE ong of # LFSOMECE SF AETR ag‘?‘qBEﬁcﬁrW%Cteﬁsf‘%e

medi um meygefe. magnetic (e.g., a floppy disk or a hard drive) or optical
(e.g., a conpact disk read only nenory, or "CD ROM'), and nmay be read only
or randbm access. Sinilarly, the transnission mediummay be twi sted wire

pairs, coaxialrcabl.e tica i ber, or so ot her, suyitable transn ssi on
et um knotah + 0! S inpR8 BeFacklEleny PR or Hatiie, Sl R e RRERE T . o1
any given maiptedaRdd agdn®. inkfudd it Jef0 066 WHOS pidiendii@inlaptlestRss stiRiduBg  The
particul ar enbodi ments discl osed above are illustrative only, as the

i nvent i on 3EePt Bd ppEvenEHve Meiniensacq progessingdigetter ent but equi val ent nanners
apparent to those skilled in the art having the benefit of the teachings
herein. Furthernore, no limtations are intended to the details of

const r2fcti 8 or Thieau@mael dianufabying cdviteimédtast algingl &5 e dcontprishi &1 ai ns
below. It is therefore evident that the particular enbodinments disclosed
above nay Purality eflofistart agenis i ed and al | such variations are considered
within

14. The automated manufacturing environment of claim 1 wherein the
manufacturing domain entities comprise:
30 a plurality of process tools ;
a plurality of preventative maintenance/qualification procedures for the process

tools ;
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20 the scope of the clains below Accordingly, the protection sought herein
- is as set forth in the clainms below. -20 2 9 NOV 2006 CLAI MS: 28. NN206

aut omat ed manuf acturi ng environment, conprising: a plurality of

manuf acturi ng domain entities; and 5 representing nmeans for representing

t he manufacturing domain entities to schedule a first subset of the

manuf acturing domain entities for consum ng the process resources provided
by a second sulbfsplurality efipsoeasnresewrces iemyl@@gﬁml@mmssmls somdr act erized in

that: the repres 112 nscare specialized according to..the t . of
entity they 10 PLbPEE of o5 eSt it s B8 iy okt o) tsnirprestiiind: o
claim 1, wheinsicomplises afipudai systéin, ideliding; entities include at |east one
of: a process tool ;. 15 a preventative naintenance/qualification procedure

for the process® Piyglity of schsduling aganis ofer sehednlimpygaivitisg fondhepprsreniativeool
and a kot fah RLACRsSliAHBRA P&%%g@rﬁqgcsl%&ﬁstg?g%orgr%eg éanm%tsagﬁ ﬁ{g?p%gé%sﬁs)ols

manuf acturing environnent o 1 represe neans
i ncl ude at; andast one of a means for scheduling on behalf of the

manufacturing entities and g nmeans for representing processing on behal f
of the manuf act‘“h]i?l ty effrpegsgiag agents fﬂ%exéﬁ‘t‘%b‘é&hﬁg‘ﬂﬁ‘i AiSSng envi r onment
of claim1, wherein the representing 25 neans include at |east one of a
means for representing a processing tool , nmeans for representing a lot ,
means for ISepr eBwmvitorgatad prapufantusing \eavirenmére of oknén idpwheleireat leashone ofeans

for representi.n resource.. 5. The autonated, uf act uri ng, envi ronpent of
ol ai mid, fie Fé}eﬁuﬁ%ageaﬁr ead chriffmgs%s%a&S@F@@%ﬁcﬁ%@%@éﬁsPﬁ%edog'; t he
char act er ithé bty f repre€erip@r t i cul ar entity they represent. 21 2 9 NOV -u66

6. The aut omat ed manufacturing environnent of claim11, wherein the
manuf acturing domain entities conprise: a plurality of process tools ; a

plural ity 4f DAk ahidE oA SRRt BoBhit PRk 4RSS e et Bl
agents include at least one of:
15 a machine scheduling agents for scheduling activities on the process tools ;
a lot scheduling agent for scheduling the lots for processing on the process
tools ;
a preventative maintenance scheduling agent for scheduling the preventative
maintenance/qualification procedures on the process tools ; and

20 a resource scheduling agent for scheduling the utilization of the process

resources by the process tools .

17.  The automated manufacturing environment of claim 14, wherein the processing
agents include at least one of:
25 a machine processing agent for executing scheduled activities on the process
tools ;
a lot processing agent for executing actions to facilitate the processing of lots
on the process tools ;
a resource processing agent for executing actions to facilitate the use of the
30  process resources by the process tools ; and
a plurality of preventative maintenance processing agents for executing

scheduled preventative maintenance/qualification procedures on the process tools .
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a plurality of process resources enployed by the process tools ; and a
plurality of lots for processing on the process tools ; and the
representing nmeans conprises a conmputing system including;, a?flNg&gristy of
machi ne agents for scheduling and executing activities on the 10 process
tools ; a plurality of ot agents for scheduling the lots for processing on
the process tools and executing actions to facilitate the processing of
the lots on the process tools ; a pIuraIity of resource agents for

schedul i ng g he Tl{eldukcﬁﬁété@&aﬁﬁfamﬁn e érﬁ%?l:’l'éﬁESMbNhérQﬁ thE L&fESRingO0! S
and executing actions to facilitaté the use o e process 15 resources by
t he pr ocesystemdligher comprisesd phugdlity 9f lot start@gents at i ve nmi nt enance agents for
schedul i ng and executing the preventative nmaintenance/qualification
procedures on the process tools . 7. The automated manufacturing

envi rosnent9. of & pajceysHlowiitatadiormhhRd Fembffiring Cndid@ihént] deipidmgat | east one
of a machi ne schedullng agent for scheduling activities on the process
tool's and a mactilHelipr ofoesniferiuringdemdio enétiescand ng schedul ed act|V|t|es on

the process to nufa ur|n nvironment | ai m 6,
wherei n at Ieag{%%wgﬁgf()Zga#h§g§%6hln aﬁ% ?ﬁ%c?%ﬁ?% g@% ing to
at | east ananudicturmipeddingin tehetigy decsseamré Q@nts%d?ﬁ@%cﬁ‘ﬁzwbﬁ fype dﬂénh@'t , by
batches of lots or by batches of wafers ; whether the process toogl

processes Ifptessnted anddpaction tp sehedale asliust sybsst of the wagifasturing ﬂgmala@ntw nu nber
of por f are
nput leutigfj tc&ﬂégtrnﬂfggl‘gg?? Oc&?sgﬁgtsour%pﬁde& pﬁa@&%otnﬁ s(l8§et to?ﬁ}e%&’rﬁ?%cz%ﬁs t ool
are used idonsdu emitiesr in parallel; 22 2 9 NoV .3u6 vvhet her the process
tool can chain preventative nmaintenance procedures; the nunber of chanbers
in the process tool ; whether the process tool includes internal storage;
uhether i, pr OBRSproce@! AGRNOALERE 191CWRERRCAR! RinBacrh@ ddaift ABHEN Wil ©
5 processing another lot or batch; wHet her the process tool requires

| oadi ng ant¢lode atltastdinef: and whet her t he process tool requires resources
and, |f Sso, mhether t hose resources are dedicated resources or shared
resourées éﬁ?i’onat ed manuf acturing environnent of claim6,

wherein t he | Ota 1&9%3&1% maintenance/qualification procedure for the process tool;

a process resource employed by the process tool; and

a lot for processing on the process tool.

20 21.  The process flow of claim 19, wherein the software agents include at least one

of a scheduling agent and a processing agent.

22.  The process flow of claim 21, wherein the scheduling agent comprises one of a
machine scheduling agent, a lot scheduling agent, a PM scheduling agent, and a

25  resource scheduling agent.

23.  The process flow of claim 22, wherein the resource scheduling agent comprises

one of a dedicated resource scheduling agent and a shared resource scheduling agent.

30 24.  The process flow of claim 21, wherein the processing agent comprises one of a

machine processing agent, a lot processing agent, a PM processing agent, and a

resource processing agent.
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include at | east one of a | ot scheduling agent and a | ot processing agent.
10. The autonated nmanufacturing environnent of claim9, wherein at |east
one of the |lot scheduling agent and the | ot processing agent 3% N0V 7706
specialized by at | east one of 15 the priority, product or product famly
of the lot it represents. 11. The automated manufacturing environnment of
claim6, wherein the resource agents include at |east one of a resource
schedul i ng agent and a resource processing agent . 20 12. The automated
manutact urisng e froBlk Abwalr flifhl 24 Yol i fsduie RESKARE Abdnf SR eNanCe
agents include at Teast one of a preventative mal nt enanc chedu Ing agent
and a pr eveetodtidedicaed nésomn peocessinesgentgndgshated réSoutcd. prddessing hgemmt ed

manuf acturi ng environment of claim®6, further conprising a plurality of

| ot start agents . 14. The automated manufacturing environnent of claiml

wher ei B t hg; MBIUY Spbass ifldey SEOéfTRihPli%ﬁérEﬁsthQ Q0K Are %gen?tp}lﬁhﬁle.lﬁ? okt dneOf

process tools ; aplurality of preventative mal ntendnce/ qualification

pr ocedur esffaonachine ggens edot agentoh BM agdit, and akddurct'a@ént a plural ity of
process resources enployed by the process tools ; and a plurality of lots
for processing on the process tools ; and the representing neans conprises

a conputi rmxy. sy Stigprocéts i B clafin Rl6U ety 1 maG&RIM enD BoPEik Dk UF a
scheduling activities for the preventative 5 maintenance/qualification

pr ocedur esmachifiesehednling agentand a maghine| pyoesssing agent.pr ocess tools and a
pl ural4sty of processing agents for executing the scheduled activities. 15.
The automat ed nmanufacturing environnent of claim14, wherein at | east one

of 10 thegscheThd progesd R Hf AMAMPLOCHEEMIth8dh hfent SomPpHSdsdbrieZ6fadscor di ng
to the nature of the entity it represents. 16. e aut omat ed manufacturing

envi r onnericheguliag geent and apigresessingageithedul i ng  agents include at | east
one of: 15 a nmachi ne scheduling agents for scheduling activities on the
process tools ; a lot scheduling agent for scheduling the lots for

processi nR%n tTie prooes’ssow bolaim;263 viletaif M PMY Bgefid corb gk GheSSIeBM | ng

agent for scheduling th reventative
g 15 sc e(Fu(iimg aggnt an aq’l\? processting agent.

30.  The process flow of claim 26, wherein the resource agent comprises one of a

resource scheduling agent and a resource processing agent.

20 31.  The process flow of claim 19, wherein the software agents are further

specialized by the characteristics of the particular entity they represent.

32.  The process flow of claim 31, wherein the software agents include at least one
of a specialized machine agent, a specialized lot agent, a specialized resource agent,

25 and a specialized PM agent.

33.  The process flow of claim 32, wherein the specialized machine agent for a
process tool is specialized according to at least one of:
whether the process tool processes by wafer, by lot, by batches of lots, or by
30 batches of wafers;
whether the process tool processes wafers, lots or batches serially or

sequentially;
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mai nt enance/ qual i fication procedures on the process tools ; and 20 a
resource scheduling agent for scheduling the utilization of the process
resources by the process tools . 17. The automated nanufacturi 9NNy 2206

envi ronment of claim 14, wherein the processing agents incluég g} %gast
one of: 25 a machi ne processing agent for executing schedul ed activities on
the process tools ; a |ot processing agent for executing actions to
facilitate the the Bembeyaigors fardhesprogesstdd; process tools ; a resource

processi ng age td i facilitate the use of the 30
process resourg&%§%%tﬁﬁéﬁgggggfgﬁé%%§§mg83#@“%(ﬁh%&éFfW@mﬁpﬁﬁ’eventative
mai nt enance pr oglesborniye cipaivess fHothe@resys iodlare I8REIASERE g paratlet i ve

mai nt enance/ qual j fjcation procedures on the process tools . 24 2 9 N1 9V
~ 06 18. The Harthardheprogess tgod semehaigPMsyi ronnent of claim 14, wherein the

conput isng SVSttﬁ@hﬁx%éﬂﬁrchﬁﬂgﬁﬁEﬁﬁégngoo%lséj{oﬁi-ity of lot start agents . 5 19.

A process flow 1 n an aut onmat manufacturing environnent, conprising: a
plurality of newmdtketthe progesd covdinchedesiintenmal starage;a pl ural ity of autononous,
active software nts associated with tqf manuf act uri ng donaig engities,
the software ag®Mierag PEOEN:Iq0h cAY Gyeps, theypracesping fi 4 Jot qrah paish while and
function tRo&EHREHAGKE 161 sbatchubset of the manufacturing domain entities 10
for consum ng the process resources provided by a second subset of the
manuf act uri ng irrthe procesetnol 26quirkh dogsling esd/of holwadingchrmd whather Weer ei n
t he uf act uri domain entities .include,at |east one of: 15 a.pracess
tool - 10 prHEbEHs (el AT AGRUSPS g ff &t MORDSE SuBgPBrers helqiGiades
tool; a pesRe&s of SisRed f8oebd. oyed by the process tool; and a | ot for
processi ng on the process tool. 20 21. The process flow of claim 19,

wherein the software agents include at | east one of a scheduling agent and

S BLoCee S OB s DSOS ALl B BT gl

schedul i ng age onpri ses one of “a

schedul i ngit &gstdne o aPviosity) pestucher Fro@it fardilglofithe 26 if RpRWME Schedul i ng
agent. 23. The process flow of claim 22, wherein the resource scheduling
agent 1éorrpri ses

35.  The process flow of claim 32, wherein the specialized resource agent is

specialized by the type of resource.

36.  The process flow of claim 35, where the type of the resource is selected from

20  the group consisting of a shared resource and a dedicated resource.

37.  The process flow of claim 32, wherein the specialized preventive maintenance
agent is specialized according to at least one of a wafer-based PM, a time-based PM, a

processing unit-based PM, a processing time-based PM, and an event-based PM.
25

38.  The process flow of claim 19, wherein the software agents includes lot start

agent.

39.  The process flow of claim 38, wherein the lot start agent comprises one of a

30  starvation avoidance lot start agent or a scheduled release lot start agent.

40. A process flow in an automated manufacturing environment, comprising:
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one of a dedicated resource scheduling agent and a shared resource
scheduling agent. 30 24. The process flow of claim2l, wherein the
processing agent conprises one of a machine processing agent &@M\\ptxg%
2%05638:\8‘\:’/ 288?122 P¥hpr ocessi ngf ialgent],c alnd_ a Zzes\%r ce pr;)(r:] sing ent .

: : e process ow of claim 24, erein e resource
processi ng agent conprises one of a dedicated resource processing agent
and a shared r ddwelly ofaaudagtyingdumain entities; anthe process flow of claim I19,
wherein the sof | A aﬁ@ [ , a lot
agent, a PM ageIIrll_ ) Eg%ﬁggﬂ%%%gégﬁ%g %@%ﬁt’.@%&c}ﬂ%@ﬁgp@%&s ovtvg_g?h%gﬁg}am 26,
wher elh n t Mersthaubbst rod tmm?faoﬁmlohggbm_?ﬁnmtﬁfesabr df?tlsgl\l?vn%f 1&2 lipe(ddeai nfszﬂggmﬁﬁgpte i ﬁnd

: . e process :

T o " BAIEE R 5D i o ths B o i RopOEEG o n
agent. 529. I 1] in the PM agent conprises one
of a PI\S/I 1%8%}???2%%% ngal%gg#?%apﬁ?%n p?rgé%gésc?ng agent. 30. The process
flow of claim 26, wherein the resource agent conprises one of a reso]lcjlrce
schedul i ng,.,age and a resourge, processjng, agent. 20 31. The process ow
of ol ai m 5wl PioF el gt Pl ol betBir ey FiaH R tugRe ORI, SRS | he
char act er ija¢lh@SatQast b P@rticul ar entity they represent. 32. The process
flow of claim31, wherein the software agents include at |east one of a
speci al i zed madtiraecsag@lt . a specialized | ot agent, a specialized resource

agent ,;, 25 and a eci alized PM . ..33. Th r.ocess flow of claim 32,
V\ﬁer eill the speac?rgﬁrglga %‘@ﬁ‘i‘%&e@ﬁ%ﬂic@% pl;.gcetﬁ.pgggst eP‘iS’S?SSit%Oqs peci al i zed
according to ataﬁxﬁ@@hré%Bﬁrc@EmpM}@Hngrthéﬂ@césg@&ﬁ,S@dt ool processes by wafer,
by lot, by batches of lots, or by 0 batches of wafers; whether the
process tool pr%&@@%@@@tﬂe@@ce&toﬁht ches serially or sequentially;
26 2 9 NOV '06 the nunber of ports for the process tool; whether the ports
for the process tool are input, output, or input/output; whether the

chanbers 4% t Hehepprocas lowoof claing 405 tereth e ref8sedfing Mndaas aichwle;at leasiet her

t he prqcess tool can ¢hain PMs; ) ..
P 1% one of a means for scheduling on behalf the manufacturing entities and a means for

I,

representing processing on behalf the manufacturing entities.

43.  The process flow of claim 40, wherein the representing means include at least
one of means for representing a process tool, means for representing a lot, means for

20  representing a PM, and means for representing a resource.

44.  The process flow of claim 40, wherein the representing means are further

specialized by the characteristics of the particular entity they represent.

25 45. An automated manufacturing environment, comprising:
a plurality of manufacturing domain entities, including:
a plurality of process tools;
a plurality of preventive maintenance/qualification procedures for the process
tools;
30 a plurality of process resources employed by the process tools; and

a plurality of lots for processing on the process tools; and
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5 the nunber of chanbers in the process tool; whether the process tool
i ncludes internal storage; whether the process tool can queue the

processing of a lot or a batch while processing another |ot or 28at%WHi6s
whet her the process tool requires | oading and/ or unl oadi ng; and whet her the
10 process tool requires resources and, if so, whether those resources are
dedi cated resources or shared yesources. 34. The process flow of claim 32,

wherein the spetfeNpyng sydemapehndings a phaality|of maghipg agents fog scheduling @ o
priority, &lesiplacAlites O telprbd top2f the lot it represents. 15 35. The
process flow of claim 32, erein thé speci ali zed resource agent is
speci al i zed by 4 plerdliyp bt aente Sorischedulidg thelloes for pressifg ewthefpradeas tooBS5,

where the type of.the.resource js,selected from 20 roup .consi sting of
aé%/l 3 J@ E‘Plﬁw of claim

he
a shared r (fﬁ?‘é‘gmﬁr?ﬁt‘%flség gelifptedhe BSESHS. of ghe lotsom the g gt of ¢
32, wherein the; ppagi@ b Féi?%éVa%@hﬂsV%r rg%héﬁgglﬁgrtﬁ@ utiﬁﬁ%mn g? I;c)lﬁf/lé)?ygdcﬂé zed

according to at l[east one of a wafer-based a tine-base
pr ocessi ngrespureestwsthel privessatopls aod sseaning ianterisas datilitve thedseaof the @racessas ed

PM 25 38._Th rocess. flow gf cl.aim 19, wherein the software agents
i ncl udes Irce)fo"g?%rbfy%ﬁ%gré’ﬁ?s.s t‘ﬁg.s’ af’ﬁe process flow of claim38, wherein the

ot start agenta priglty $€préRAtiAS mAint&finsd agentd fo?@cl?e\dﬁiiﬁl%iﬁﬁ& ek&utifg Md agent
or a schedul ed release |ot start agent. 40. A process flow in an autonated

nmanuf act urRTR¥ENENG imaderance/ qealifisation argcedures on the pogessodls. a plural ity of
manuf gt uring domein entities; and neans for representing the nmanufacturing
domain entities function to schedule a first subset of the manufacturing

donai n ent44.i esThoautomaed thamfAdderingy oeefhnicas ofitlais 45Pphvbveieile thebmachigecond
subset of the maauf acturing domain entities, the representing 5 neans
bei ng speciEENisABeluds at lsps oge of gimachinesphedwmgeageniyfpr soheduling aetivities ¢y of

241 £0. SESHEAE b ARG LGSOkt LIEMSE sttt 7
t he pr ocesthe pomess toalspr ocess resource enpl oyed by the process tool; and a
| ot f 95 Pr ocessing on the process tool.
47.  The automated manufacturing environment of claim 45, wherein at least one of
the machine agents is specialized according to at least one of:
whether the process tool processes by wafer, by lot, by batches of lots, or by
batches of wafers;
20 whether the process tool processes wafers, lots or batches serially or
sequentially;
the number of ports for the process tool;
whether the ports for the process tool are input, output, or input/output;
whether the chambers for the process tool are used in series or in parallel;
25 whether the process tool can chain PMs;
the number of chambers in the process tool;
whether the process tool includes internal storage;
whether the process tool can queue the processing of a lot or a batch while
processing another lot or batch;
30 whether the process tool requires loading and/or unloading; and
is whether the process tool requires resources and, if so, whether those

resources are dedicated resources or shared resources.
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42. The process flow of claim40, wherein the representing neans include at
| east 15 one of a neans for scheduling on behalf the manufacturing
entities and a nmeans for representing processing on behalf thz9 Y. ~ma
manuf acturing entities. 43. The process flow of claim 40, wherei VY 00
representing neans include at | east one of neans for representing a
process tool, neans for representing a lot, neans for 20 representing a
PM and neans for representing a resource. 44. The process flow of claim
40, whereiggz th [ : e al

char acter i4§f [ cgn%lfe?ﬁitft (ﬁg&g&ah{@gﬁéﬁﬁg %E‘?‘t@‘%ﬁ’gy frccla%@e[gslé ﬂﬂ.ezeglgﬁ%%?{ %%nts

aut omat ed inelndd atdeast omgoBmlot sahwedwittg, ageotgxdi slotprocessing agadti t y  of

manuf acturi ng domain entities, including: a plurality of process tools; a
plurality of preventive maintenance/qualification procedures for the
procesg t490l s;THROaRorRAted dantibacRirink cAGRSENER DO UlafR %5 WRERMEH 180t ddofPr OCess
tools; and a plurality of lots for processing on the process tools; and 28
2 9 NoV ~-theilot sehedulimg agentand e dohprocessinglagant isespptializediby\at testrome lof the agent s

for schedulin n xecut.i activities on the process tools; a plurality
| ot agent spr%gy’?é%%u g?ﬁWSd’ﬂﬁgﬁP&8%(@840'[&’&?8&??%?{9 on the process tools and
executing actions to facilitate the processing of the lots on the process

tools; 5 a plurality of resource agents for scheduling the utilization of
the proces¥. rcEwupiiemated mamiapgingsenvitgsmsnipficlaine 40t wherein the gaspures

facil iqfhat . (o) e nro | S.c:.and a
pl ur all?)t yea(%FHtg rlgég%f%k/%aegﬁa@%t(gﬁgaﬁeggﬁrgégﬁges%%ﬁgg )é%%:‘ﬂeaélﬁlal %gglgﬁ%&g)fgscsh i ng the
prevent i veagent. nt enance/ qual i fi cati on procedures on the process tools. 10
46. The aut omat ed manufacturing environnent of claim45, wherein the

machi ne agents include at |east one of a machi ne scheduling agent for

schedul i nggjact iwid A 4 chine: [0, agent
For executing SoReutTaaed ahGehoRE shvh ko 8P 1o B UhBDBE SRR

aut omat ed maEntehamtelagenty irhuder ab ieasnoneadf acPMi schethulinglagergiand atPM pastssarge of

t he hi ne agents is specialized according to at | east one of: whether the
proce t mgrocesses by wafer, by lot, by batches of lots, or by batches

of wafers;

52.  The automated manufacturing environment of claim 45, further comprising a

plurality of lot start agents.

20 53.  An automated manufacturing environment, comprising:
a plurality of manufacturing domain entities, including:
a plurality of process tools;
a plurality of preventive maintenance/qualification procedures for the process
tools;
25 a plurality of process resources employed by the process tools; and
a plurality of lots for processing on the process tools; and
a computing system, including:
a plurality of scheduling agents for scheduling activities for the preventive
maintenance/qualification procedures, process resources, and lots on the process tools;
30 and

‘a plurality of processing agents for executing the scheduled activities.

30



20 whet her the process tool processes wafers, lots or batches serially or
sequentially; the nunber of ports for the process tool; whether the ports
for the process tool are input, output, or input/output; whethd?V tdie
chanmbers for the process tool are used in series or in parallel; 25

whet her the process tool can chain PMs; the nunber of chanbers in the
process taqqgl; et her the process toal inclugdes. infernal, storage; et her
the pr o_cegg' t oéqm@éi "&f’t‘ig{]’é‘ ‘hfgcwlﬂﬁég‘élfﬂﬁnﬁ ogglﬁ’c‘}f g%}frw rﬁl&t%f?ﬂ%ﬁﬂéé)

pr ocessi NGh@sHeSling n&rarﬁaﬂrﬁ&ssiégedtgﬁﬁﬂs he5pdchiizod 9&%§(ﬁn$ @9 thel Sfllte 0TS

| oadi ng and/ or unl oading; and is er the process tool requires

resour ces theentity it representset her t hose resources are dedi cated resources or
shared resources. 29 2 9 N ?V -~L6b 48. The aut omat ed manuf acturing
environment of claim45, wherein the |lot agents include at |east one of a

| ot scBedwsi ng B@etoniel MamifhctBfiAg eAwidHneRe 8N¢laind 57 Swvhel 61 tdichedilg
manuf acturing environnent of claim45, wherein at |east one of the | ot

schedul i ngges includedt teget angofpr ocessi ng agent is specialized by at |east
one of the prioL] fam J.y. .of lot. i1& represents.
Bl PERRHRE aBbu PP St R od B ar Ko bl

50. The aut omat ereln the

resource 10 ageht schodalinglagadt foeashedutiag Ghe dots go0pFoeessighedlthd p@cagent and
a resource processing agent. 51. The aut omated manufacturing environnent

of clai m 489%Sinherei n the preventive maintenance agents include at |east

one ofjpa PM Scrhegi‘gvieﬂtgveamﬁteﬁﬁl(ée ﬁicﬁ%ilﬁg %;?%&ﬁﬁr f%c?l% Hin t the>Breviiifie

aut omat ed manufacturing environme r=conprising a
pl ural i t y mdintenancsfqaalifietienpeoce@fire58n thirpracdsotoslsedndranuf act uri ng

envi ronment, conpri sing: lurality of uf acturing domain entities,
including: a HE?SBPWCFySCBF‘?‘BE’gc Agt 1 195 %c,hg‘g‘rf‘ﬁgu IPtt‘lg:ZaHPng‘?fle Prasess

Mai Nt enanGgesdirk bl teddlofiys gacedures for the process tools; 25 a plurality
of process resources enployed by the process tools; and a plurality of

| ots for processing on the process tools; and a conmputing system
I ncl ucl'sng '56.  The automated manufacturing environment of claim 53, wherein the processing
agents include at least one of:
a machine processing agent for executing scheduled activities on the process
tools;
a lot processing agent for executing actions to facilitate the processing of the
20  lots on the process tools;
a resource processing agent for executing actions to facilitate the use of the
process resources by the process tools; and
a plurality of preventive maintenance processing agents for executing scheduled

preventive maintenance/qualification procedures on the process tools.

25
57.  The automated manufacturing environment of claim 53, wherein the software
agents includes lot start agent.
58. A method for automated processing, comprising:

30 instantiating a plurality of autonomous, active software agents associated with a

plurality of manufacturing domain entities, the software agents being specialized by

type of entity represented and function to schedule a first subset of the manufacturing
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a plurality of scheduling agents for scheduling activities for the
preventive maintenance/ qualification procedures, process resources, and
|l ots on the process tools; 30 and a plurality of processingéﬁpﬁﬂ;sjﬁor
executing the scheduled activities. 30 29 N2V :U-66 54. The alt ﬁg ed
manuf acturi ng environnment of claim53, wherein at | east one of the
schedul i ng, agent s _and processing agents is specialized according to the

nature of JMAIN gpfitigs\for eonsumingiBe pEocess rgspurces pravidedhytacwconthwbsrioftheng

envi ronmeng,.afe Gl Al : .el.n the scheduling agents include at |east
_one of a na?ﬁ¥%e séﬂgéﬁﬁpggﬁggtnt for scheduling activities on the process
tools; a | ot scivhedilinggappgmiherito forsthé dilstl subget td1€orsaing thoprogessaessirdeg; on t he
process toals; 10 a preventive nai ntenance scheduling agent for scheduling
the pr everﬁq%\Féec‘ﬁﬁigﬁt‘gFéﬁg@Féﬁ%qu‘FWéfsi on procedures on the process tools;
and a resource scheduling agent for scheduling the utilization of the

process resources by the process tools. 15 56. The aut omat ed manufact uri ng
envi ronment9.of Theimetlsgl, forreatamated peocpssinge o6 ickaim 8g evitesein rindtandiating theeast
one of a ngchi.ne processing agent for executing schedul.ed activities.on the
process {T@lﬁall?y éRI %"t%‘b%% sﬁgﬁ‘éf’ SGERETS Ggergiégiﬂcfaﬁ é@ﬁﬁ m?spk‘lfalfté{cf’fi tate
the procesghmfa@iridd Gomdid énitiss Hehides iMiRE8ESy h PRIty fBRAYMBEs, cRFESSI Ng
agent for executing actions to facilitate the use of "the process resources
by the prowi¥ere aginis asspriatad it axplurality of prasvfanturing dowiaint entities énchrdiegessi ng
agent (formﬁéﬁf <§&Q schedul ed preventive nai ntenance/ qualification

pr ocedur es on € prfocess tools. 25 57. The automated manufacturing

envi ronnent of L£pwicedsIol; Wherein the software agents includes lot start
agent. 58. A nethod for automated processing, conprising: 30 instantiating
a plurality of apicyshsuBaintspacesualifieation erocgdvre Jortbe pracessdeolni t h a
plurality of | I th Ll ) tware agents being

speci al i zed b;/ma{I fgggsg§§°§’°ﬁue?e?'§@r’%8$§st§%%’g"%"’%?ﬁg&f %ﬁ({:ti on to schedule a first
subset of the nalutfagirocdssigg o the process tool.

15
60.  The method for automated processing of claim 58, wherein instantiating the
plurality of autonomous, active software agents includes instantiating at least one of a
scheduling agent and a processing agent.

20 61.  The method for automated processing of claim 58, wherein instantiating the

plurality of autonomous, active software agents includes instantiating at least one of a

machine agent, a lot agent, a PM agent, and a resource agent.

62. The method for automated processing of claim 58, wherein instantiating the
25  plurality of autonomous, active software agents includes instantiating a plurality of

software agents further specialized by the characteristics of the particular entity they

represent.

63. The method for automated processing of claim 58, further comprising

30 instantiating a lot start agent.

64.  An automated manufacturing environment, comprising:
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2 9 N2V 2L06 domain entities for consum ng the process resources provided
by a second subset of the nmanufacturing domain entities; schedgy n,gﬁ
appointnments for the first subset to consunme the process r esolut %Y and
executing the schedul ed appointnments. 5 59. The nethod for automat ed
processing of claim58, wherein i nstanti ating the plurality of autononous,
active software_a C|.ated EE]]Iturallt of uf acturjng

t, of,

domain entiti esm? ft?ﬁelgs g‘&ﬁt?éf?ﬁ? QDO ACtG § B2t | ve

sof tware ageitifleBHRRG Fhﬁﬂty%ftrﬁarﬁlfiﬂt&ﬁr?é a&ﬂalﬁfenﬁ@égu{ha%ﬂcvhﬁgagéﬁmm
entities includin 'east one of a 1&E}cocess tool; a preventive

mai nt enand®eejaliged foycHps Gfmelptrtmmrgmterdcﬁndt b tpmdoesgbedmtfoa ﬁrstaulpﬂebofaéls
{
b ocess AR abfaPLRERS Tot IohamBs 1B aRicelOtesbiRET BRI a5°

wher ei § i netamntsubiet bftheiganudciiriilg domdh editieenonous, active software agents
i ncludes instantiating at | east one of a scheduling agent and a processing
agent. 20 61. TRenTdeh¥heduingappotniments forode distriybsst te Censumsghe arrsesi n

i nstanti atljeglguéelge golurality of autononous, active software agents includes
instantiating at afneast one of a nmachine agent, a |ot agent, a PM agent,
and a resour ce memntor é2cutigahersdheduled appaantinen®t ed processi ng of cl ai m 58,
wherein instantiating the 25 plurality of autononous, active software
agents includes instantiating a plurality of software agents further

speci ghi zegh by Tﬁ'éealﬁ&ﬁét@&}fahhﬁkhffﬁl %BV% 8R'k fith 4, G F,feﬁr}’ th(ggﬁé’ s for
represent. 63. The method for auto proceSS| ng of clarm aip t her
conpr i si ngnstagiating tthepluality gofeaviterionsduay actagmftwaﬁedfagahlts assbointet] ewliith the

manuf act ur.i,n nyironnent . ¢ isin LO6 . neans fo

"ot ant 1 aGUE P4 R Ryief Shrsr G s et e iaiac Welci at ed
with a pl Llffaédtéﬁbnﬁfus W&&%%Wa!ré‘ﬁ Qﬁ%hd@)cﬁ%‘ WitRS phibflity YriNahFaRGRY S
being specialized ]z/‘ﬁe of entl ty represented and function to schedule a
first subgbﬁnmemttt@Sl hgatleast oge dbmai n entities for consuming the

proce resource ed by a 5 second subset of the manufacturing

domai Sl%enu ti es SI'OECSSYOOCIi

a preventive maintenance/qualification procedure for the process tool;

a process resource employed by the process tool; and

a lot for processing on the process tool.

20 66.  The automated manufacturing environment of claim 64, wherein the means for
instantiating the plurality of autonomous, active software agents includes means for

instantiating at least one of a scheduling agent and a processing agent.

67.  The automated manufacturing environment of claim 64, wherein the means for
25  instantiating the plurality of autonomous, active software agents includes means for

instantiating at least one of a machine agent, a lot agent, a PM agent, and a resource

agent

68.  The automated manufacturing environment of claim 64, wherein the means for

- 30  instantiating the plurality of autonomous, active software agents includes means for
instantiating a plurality of software agents further specialized by the characteristics of
the particular entity they represent.
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means for scheduling appointnments for the first subset to consune the
process resources; and neans for executing the schedul ed appointnments. 10
65. The aut omated manufacturing environnent of claim 64, whereild NHelddkans
for instantiating the plurality of autononous, active software agents
associated wth the plurality of manufacturing domain entities includes
means for instantiating a plurality of autononous, active software agents
associated with a plurality of manufacturing domain entities including at

| east one gf © Hy A, REAGRISM ctufind BYEUE G bR AN I Ao O
procedure for the process tool; a process resource enployed by ‘the“process
t ool ; and mednsforfiostagmiating adotaaroagenhe process tool. 20 66. The aut omated
manuf act uri ng environment of claim®64, wherein the neans for instantiating
the plurality of autononous, active software agents includes neans for

| nstansi ating &k dofipiler 2Bl ofaheitdsBin AR cRBdPw R ARETIO0 tpgeNt

67. The automated manufacturing environment of claim64, wherein the neans
for 25 i nshearaxeentedby alsempiigr,gierfoymafmethod furautmsnatatprovessingf thovarethaigent s

i ncludes neans. for instantiating at |east one of a machine agent, a | ot
agent, a ﬁﬁpﬁﬁgﬁg; and a resource agent 68. The automated manufacturing
environment of iattaitiaiad a pMaLS! oF duftoiRA8Sactiff sofBPark BSdn YskadiatBd withe
plurality of autononous, active software agents includes neans for

i nst ant i atRlwgliy of meapfactpripg doprainantitiesgéhe: software lagents peing sbecializeBybyt he

char agteri,st | [t [. entit e presen 33 2.9 N2V : 06
69. Tﬁltg aut?%én%fggi%% Séiéﬁféﬁl r@ﬁéﬂ@c&vﬁﬂg nsﬁé - eo¥ ﬁgﬁﬁfl eﬁﬁf thfﬁ?ﬁg?cugg}gpri si ng
means for donsdimsititissifogeonsibinggh@piocagediourdes prbvideddgmietend subsetathie
program st orage nedi um encoded with instruction that, when executed by a

conput er, PANHRFVRING dRImMBENELES; aut onmt ed processing, the method

conpri sing: i NSLAMRL! . i ' . agents
associated w tflsrca p]?gragﬁ?l?gﬁ éo#sr Pn‘%ﬁh?é@%tf?‘?%g&géwﬁnéﬁweg% P %6?8%%%%&3’0ftware
agents beiang specialized by 10 type of entity represented and function to
sched%je a first subset of a@g manyf acturing domain entities for consum ng
the pridcess resed‘ﬁ?‘gg’étb? gd gppoInt@entng subset of the manufacturing
dormain entities; scheduling appointnents for the first subset to consune

t he process resources;
71.  The program storage medium of claim 70, wherein instantiating the plurality of

|72

autonomous, active software agents associated with the plurality of manufacturing
domain entities in the encoded method includes instantiating a plurality of autonomous,
20  active software agents associated with a plurality of manufacturing domain entities
including at least one of:
a process tool;
a preventive maintenance/qualification procedure for the process tool;
a process resource employed by the process tool; and

25 a lot for processing on the process tool.

72.  The program storage medium of claim 70, wherein instantiating the plurality of
autonomous, active software agents in the encoded method includes instantiating at
least one of a scheduling agent and a processing agent.

30
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and 15 executing the schedul ed appointnments. 71. The program storage nedi um
of claim70, wherein instantiating the plurality of autononous, active
software agents associated with the plurality of nmanufacturing domain
entities in the encoded nmethod includes instantiating a pluraliz%Nof Z.6b

aut ononous, 20 active software agents associated with a plurality of

manuf act uring mai n entities including | east .one of process tool; a
prevent i veﬂr?rai n AR RIgHaRe Wél%ﬂgﬁlﬁﬁ%géu‘?’]éﬁ@@ﬂmﬁ%‘aﬂ% urafigof 5

process r eafdHonRuS RURYECDANArd BEerd f BRSedBLd ﬂﬁ)dzéipﬁldké)ins{aﬂjgatﬂ{ gessi ng
on the process tool. 72. The program storage nediumof claim /0, erein

i nst ant i atleasy ondhef pmackine agentfa lotageot arfMi sgemcindwaeresmirteament agents in t he
encoded nethod includes instantiating at |east one of a scheduling agent
and a processing agent. 30 34 2 9 N9V 9b 73. The program storage medi um
of cl aism 7, mﬂfeqbra%ﬂaﬁﬁétaﬁ & #lddifin bPElaith 70 Avhdr¥inQhstaftistiap WO SralifCof Ve
software agents in the encoded nethod includes instantiating at [I'east one
of a machiAéonYons, adivieotofiapesn agends MMithe entoded miethod dnabudes dnstgdiating a74. The

o5 o SRS TS Lp T BB AR RS o B futhald v °

i nstant i aténtigy they pdpuésehi.ty of software agents further specialized by the
characteristics of the particular entity they represent. 10 75. The
program st orage nedi um of claim 70, wherein the encoded nethod further
conpriges q1st j ab | a0l . C i

o ogr aed To. oot Aotk yicdiith o PRl 70 g s BERHEAE ol e
conpri si ngeconifrisenmbtantiataty algt staglagem) i ty of aut ononous, active software
agents associated with a plurality of manufacturing domain entities, the
sof tware agents being specialized by type of entity represented and

function tg schgduhBn@idd 'SlesU afdfneli D cturd q@_rmah'] {ties
for consum ng the prgcésgs s?egou?]?:(gésr prggi g)e(rjgéw;% tgegzﬂon dsu set {bg?ﬂﬁw
manuf act urpracessiogrthe nethdd doayrisit@: schedul i ng appoi ntments for the first

subset. t o consune the progess, resources; and executing the scheduyl ed
appoi nltsment S 1nstant1a%ng apqurafity ots au%lonomous, acglve S(;(ftware aggnts assoaate wl{th a

plurality of manufacturing domain entities, the software agents being specialized by

type of entity represented and function to schedule a first subset of the manufacturing
domain entities for consuming the process resources provided by a second subset of the
manufacturing domain entities;

20 scheduling appointments for the first subset to consume the process resources;
and

executing the scheduled appointments.

77.  The computing system of claim 76, wherein instantiating the plurality of
25 autonomous, active software agents associated with the plurality of manufacturing
domain entities in the programmed method includes instantiating a plurality of
autonomous, active software agents associated with a plurality of manufacturing
domain entities including at least one of:
a process tool;
30 ' a preventive maintenance/qualification procedure for the process tool;
a process resource employed by the process tool;

and a lot for processing on the process tool.
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77. The computing systemof claim76, wherein instantiating the plurality
of 25 autononous, active software agents associated with the plurality of
manuf acturing domain entities in the progranmed nethod includes
instantiating a plurality of autonompus, active software agenf§ M¥<dsi at ed
with a plurality of manufacturing domain entities including at |east one
of a process tool; 30 a preventive nmaintenance/qualification procedure for
the process tool; a process resource enployed by the process tool; and a
lot for prrg;essTi comphites RYQGASSE RGN 76, 3Whéreth NMnEReng (& phPAlGOSPUL i Ng
system of claim 76, wherein instantiating the plurality of autononous,
active sofaujgnomageietiye software agendginatheprogrammed niethsldinduddsistantiating ahg at

| east one | i | d _a processing agent. 5 79. The conputi ng
syst em of lg%sélglrlné%?g%ﬁg@g}gi%%ﬁntts%@%l?rg‘f‘?%ﬁlé’gtaﬁg’tpI urality of autononous,
activesSsoftware agents in the progranmed nethod includes instantiating at

| east one of a nmmchine agent, a | ot agent, a PMagent, and a resource agent
10 80. The/%onplis SeMYLERg sy Bem ol iclpime76.wwhersim instantiating she miprality of
plurality fkonoRith@NQ%R ﬁwﬁ%fei e 0. 4t AR t hod

i ncl udes in§?§nt|ailngggo p uﬁéﬁngf%¥@%§¥?@%@éigggﬁﬂgﬁPﬁ%ﬁﬁ%r sﬁg%?glized
by the chdeastbee bfa mmshiné agdne, glat sdent)ladM ageiiti and 4 Reeoureeggeasent . 15 81. The
conmputing systemof claim 76, wherein the programed nethod further
conprises instantiating a lot start agent. 82. A nmethod for autonated
procesg nggo, CONphd ThAGutihd'SY&&h! 8f icl¥n276) ' i iQCht Ve
sof tware agents, 1ncl Hiln%:gzo a plc%?lgl |7§)’y'vU(i)1 e#{aé{%#%\ngﬁgﬁgégﬁé;%?%?h%ch%dul i ng
and pr ocesatiterpnaqpey adtive neftwareagenh in thei prygramnprdonethed tnohidss inataptiatimld t y of

| ot agents_,for. scheduling and .pr,ocessi. lurality of. lots on the
process to%P‘?,ﬁltyaO};F R eng BGPE%&%&@SJ‘ F GPax gtﬁ%%ﬂﬂs i% dhe RAFtigiat essi ng
the utili zaitpthePlreptesedd Pl urality of process resources by the process

tools; a plurality of preventive maintenance agents for scheduling and
processing a plurality of preventive nmaintenance/qualification procedures

h |.s. hedul i | . he | f [
on thaprofes 1orEma St 8P sPRROIC TR 8 Praerimogd fueiiiy Biriee™* "0

r esour ces; confifftises instantiating a lot start agent.

82. A method for automated processing, comprising:
instantiating a plurality of autonomous, active software agents, including:
20 a plurality of machine agents for scheduling and processing operations on a
plurality of process tools;
a plurality of lot agents for scheduling and processing a plurality of lots on the
process tools;
a plurality of resource agents for scheduling and processing the utilization of a
25  plurality of process resources by the process tools;
“a plurality of preventive maintenance agents for scheduling and processing a
plurality of preventive maintenance/qualification procedures on the process tools;
scheduling appointments for the lots for processing on the process tools and for
the process tools to utilize the process resources; and

30 executing the scheduled appointments.
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30 executing the schedul ed appointnents. 36 2 9 NOV L6'96 83. The net hod
for autonated processing of claim82, wherein instantiating the software
agents includes instantiating a plurality of software agents further _
speci al i zed by the characteristics of the particular entity they3r@prelent .
5 84. The nethod for autonmated processing of claim82, wherein scheduling
appoi nt ne i | | tean atl on .nr ol . 85.

The net hod for autonated processin conpr
i nst ant i atsofigvaze ageatsviatiudes mg@antiatingea platalisy af sofapratgentOfusther specialized

by the characteristics of the particular entity they represent.

5 84. The method for automated processing of claim 82, wherein scheduling

appointments includes implementing a contract net negotiation protocol.

85.  The method for automated processing of claim 82, further comprising
instantiating a starvation avoidance lot start agent.
10
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