1 TITLE SYSTEM AND METHOD FOR PULL-1 N ORDER PLANNI NG AND CONTROL BACKGROUND
OF THE INVENTION Field of the Invention 5 The present invention relates to
manuf acturi ng mnanagenent, and in particular to a system and net hod of
pul | -i'n planning and control with a fixed planning schedule for an order.
Description of the Related Art 10 SupPIy chain is inportant for nodern
enterprises, system zing purchase of‘materials, transformation of materials
into internmediate and finished products, and distribution of finished
products. In the supply chain, custoﬁE?ELqransnit requests (demands)
consisting of a 15 request for a particular quantity of a product by a

speci fic dat gylos XRAUIRSHBHEFORABILLNSNTBRBERC PEARIING AND IONTROL
manuf act ur i ng—sc ACTO g tO 556 ECE S to satisfy each
custoner. Supply chai n nanagenent has become an inportant . 20.i ssue to neet

t he goal s of reduced invent ﬁ&ﬂgn& CRASE Qepesvity. Conventionally,
resources and facilities d?x%Kpro ucpﬁﬁn sygF£%1are6$egarded as limting

factors. Therefore, not every customer request may be net, since sonme nay be
prom sed, sonme may suffer_ 25 inadequate supply, and others rejected.
Consequent | Y, *€ ¢t fdctihife 19ei®itd %nd capacity managenent in supply chain
managenent w t hout excess capacity | oss has becone 2

5 The present invention relates to manufacturing

management, and in particular to a system and method of
pull-in planning and control with a fixed planning

schedule for an order.
Description of the Related Art

10 Supply chain is important for wmodern enterprises,
systemizing purchase of materials, transformation of
materials into intermediate and finished products, and
distribution of finished products. In the supply chain,
customers transmit requests (demands) consisting of a

15 request for a particular guantity of a product by a
specific date to a manufacturer, and the manufacturer
plans its manufacturing schedule according to these
received requests to satisfy each customer.‘

| Supply chain management has become an important

20 igssue to meet the goals of reduced inventory and
increased prbductivityy Conventionally, resources and
facilities of a production system are regarded as
limiting factors. Therefore, not every customer request
may be met, since some may be promised, some may suffer

25 inadequate supply, and others rejected. Congequently,
effective demand and capacity management in supply chain

management without excess capacity loss has Dbecome



fundamental and critical for alnpbst nmanufacturing and distribution

organi zations. Supply chains exist in both service and nanufacturing

organi zations, although the conplexity of 5 the chain may vary greatly from
iendustry to industry and firmto firmFor integrated circuit (1C foundries,
t he manufacturing process of each IC product is conplicated and varies and
the cost of wafers and capacity is ?elatively hi gh. 10 Many

commer ci al %HBBB?GFBQQ'%” g%ut i9n ALY detss:  Riami denpackaged: sy@t exra f or
clients to install an ol l ow, such as i2 technol ogy or ADEXA Inc. For a

manuf act ur e @k rapfiagbar ¥rgaustamebasassi gn forecast demands prior to
seasons or nonths. Commrercial supply 15 chain providers usually provide a
demand pl anni ng engbig t eladirecat esxdesstand in f ubodr prodiction. #nd
production scheduling engine is also enbedded in the commercial supply
chai n syst emenudagtranygs r@%ﬁﬁﬁ%%ﬁﬁ%ﬁﬁﬁ4ﬂa?éFP8P§h-f%?ea‘iﬁm%ﬁ?ﬁ%Qﬁﬂ‘6$an when

a custoner decides to purchase 20 a i
schedulﬁng the chain %gy vary greaglgrgggﬁfT%Qd%%%yjqHQd{Xdugpgyp£89UCtIOn

firm to firm. For integrated circuit (IC) foundries, the
manufacturing process of each IC product is complicated
and varies and the cost of wafers and capacity is
relatively high. |
10 Many commercial supply chain solution providers
provide packaged systems for clients to install and
follow, such as 12 technology or ADEXA Inc. For a
manufacturer or a factory, customers assign forecast
demands prior to seasons or months. Commercial supply
15 chain providers usually provide a demand planning engine
to allocate demand in further production. A production
scheduling engine is also embedded in the commercial
supply chain systems to arrange resources and materials
for a production plan when a customer decides to purchase
20 an order from the foundry. The production scheduling
engine provides a master production schedule (MPS) for
the wanufacturer or factory to follow. However,
conventional  production scheduling engines are designed
to meet thé best interests of the manufacturer or
25 factory. More specifically, conventional production
scheduling engines are programmed to generate a minimum-
cost, optimal-capacity, and low-inventory MPS.
For IC foundries, conventional production gcheduling
engines recalculate and generate an updated MPS to

30 optimize resources and capacity when receiving new



engi ne provi des a master production schedule (MPS) for the manufacturer or
factory to follow. However, conventional. production scheduling engines are
designed to neet the best interests of the manufacturer or 25 factory. Mre
specifically, conventional production scheduling engines are programed to
generate a mininum cost, optimal-capacity, and | owinventory MPS. For |IC
foundries, conventional production stheduling engines recalculate and
generate an updated MPS to 30 optim ze resources and capacity when receiving
new 3 order srd¥hen | dflsemr éotenmimy thenengaflhereiehéteed taofemsed to

wor k-i n-process), the MPS is still changed, indicating rolling, production
schedul es f@8F W@ﬁhﬁﬁQ—P§P§eﬁ§ﬂf(ﬁhﬁrﬁBﬁHiﬁnﬁQﬁ1¥cﬁﬁﬁﬁ@e@esbﬂgééé?lﬁﬂ

beconmes--difficult 5 to promise deljvery of the |ots because of the rolling
MPS. I n addFPiéAIcudt %F%%%Et?ﬁb?ggﬁﬁﬁi:4hﬂl-FHnn6P8er§f%F%r ﬁﬁﬁy
reasons. For_exanple, if o r ed o ity . tg. jcate an
order of a BPgaﬂé a?%OEOC%éd%%%ggayb8$$?3528.b h?&hq%%%%h%sfg%E? %F%?odupt on
the market the Gustomgrdeci-ges,d oo REi Quicld zedhesorder fiy dehiugry in

m d- Septenber, it wll be difficult for the foundry to prom se which day or
week in Sepwepber that they can deliver the pull-in order because of the
rolling 15 MPS. Conventional planning engines continually update the MPS of
the pull-in ordefin makidig iicn,di fdusudniertso gprmmi idee s hesclost onepunilt hnan exact
delivery date. For custoners, the uncertainty will disrupt transport and

i nventory ppédﬁﬁﬁg and FeRdgeifRsfons . For example, if a customer has

booked a capacity to fabricate an order of a product in

10 December, but, due to high demand for the product on the
market, the customer decides to prioritize the order for
delivery in mid-September, it will be difficult for the
foundry to promige which day or week in September that
they can deliver the pull-in order because of the rolling

15 MPS. Conventional planning engines continually update
the MPS of the pull-in order, making it difficult to
provide the customer with an exact delivery date. For
customers, the ‘uncertainty will disrupt transport and
inventory planning and management.

20 ‘ In addition, the rolling MPS encourages customerxr
pull-in behavior. Since the foundry is unable to deliver
tﬁe order with a commit date by the conventional rolling
MPS plan engine, customers tend to place the pull-in
order prior to their original demand to prevent delivery

25 délay. The pull-in behavior can be severely detrimental
to the production system because it changes the original
demand planning and can cause production disorder when

many orders are unexpectedly changed to pull-in status.



20 In addition, the rolling MPS encourages customer pull-in behavior. Since
the foundry is unable to deliver the order with a conmt date by the
conventional rolling MPS plan engine, custoners tend to place the pull-in
order prior to their original denmand to prevent delivery 25 delay. The
pul | -in behavior can be severely detrinental to the production system
because it changes the original derfand pl anni ng and can cause production
di sorder when many orders are unexpectedly changed to pull-in status. 4

- SUMVARY OF THE | NVENTI ON AcggmdiRg! oF e ODyWENTION t he invention is to

; provi de a conputer inplemented systemand nethod for pull-in order planning

i and control in a production 5 system which generates a fixed production

' schedul e of a pabbrinngiger for vhaepfodaéti dHesyIFBIRGFbI ['Gv. “Anot her
object of the invention i's to provide a p%%l-in or der Blann'ﬂgdanngontrol
syst em andprevhéd t® QRIPWERT t HEHAMER5 Sor §EF TRt N8 fi%%% SChedll e. 10
Still anther_object of the invention_is, to, praqvide . st A0k hod to
det er mi ne BUS&rilceCFeedl RdABUE Fﬁ%Oréggggfﬁ a:%}o ucti on sys?§%1 To
achi eve the_above ap t | S i LeRohS diHeertied 40 Hovel

ﬁg angY Fwodwﬁiéﬁigﬁ$égﬂé§§ a EPgeql p¥6ALELAGK

syste s for overcom ng conventional pull-in order planning
and control, problLeps. kN roRe terbedbABBt oA System peovbdesw.the planning and
control of "a pull-in request of an order wth demanded capacity in a

producti on syst @amotAep! aBbjesgi nef i $her ognaenetono Iwcdioveprzopabe-iad request
JEUY _ q

for the 20 order, release original demanded capacity, reserve a
pull-in order planning and control system and method to
deliver the pull-in order with a fixed schedule.

10 Still anther object of the invention is to provide a

system and method to determine a service level for pull-
in orders in a production system.

To achieve the above and other objects, the

invention is directed to novel systems and methods for

15 overcoming conventional pull-in order planning and
cbntrol problems. In one embodiment, a system provides
thé planning and control of a pull-in request of an order
with demanded capacity in a production system. A plan
engine is programmed to receive a pull-in request for the

20 order, release original demanded capacity, Yreserve a
capacity for the pull-in order and generate a fixed
production schedule for the pull-in order based on a
capacity modei that considers a plurality of capacity
vectors in the production system. A production schedule

25 monitor and evaluation module determines whether the
relevant current pull-in order conforms to the fixed
production schedule and whether to adjust the fixed
production schedule when the relevant current pull-in

order deviateé from the fixed production schedule.



capacity for the pull-in order and generate a fixed production schedule for
the pull-in order based on a capacity nodel that considers a plurality of
capacity vectors in the production system A production schedul e 25 nonitor
and eval uation nodul e determ nes whether the relevant current pull-in order
conforms to the fixed production schedule and whether to adjust the fixed
production schedul e when the rel evanf current pull-in order deviates from

the fixed productioresshedul e.a5 Byebhetabl yachidyramint achice\ednentcfnodel of
hi storical fixed production schedules is introduced into the above systemto
eval uat e t heidioeteakpfixeddyotddort ischeguiasiuhdfer 8% nifhE YR i'S*%ased on
historical 5 production information in the productign ataba§$ anot her

L
enbodi ment , tlae corpat er - iSsitEifent '€ s‘?/‘_ééf]elfﬁt‘?)r&]l“ﬁes fé_x§ Vil lé?/tejlnon
cnoine 1o Srauakied THCFECE: VbR plPRStn 7 Banet tor U SHREm R o

engine is i'n request for an or 10 rel ease

an origi nal_depanded c | t | <) , ELye a capacity for
t he pu%l-inp%?gg??1%%d§gg§%%¥%?énab§ig@% %ﬁ%ﬁﬁéﬁ%ﬁﬁl%ﬁﬁidule for the pull-in
order based on ajgapactt¥rmedebdifahcconsicdeipsitar Ainplalndnt af capaeity
vectors within the production 15 system A dynam c achi evenent nodel of

hi storical fixeddepr adugciiarescchedtl eget srivasedion fekathiudnshirpsohétmeen

hi storical fixed production schedul e achi evenent rate, ,fixed production
schedul e adpastireat iatea apdodwahupactsirsrrncapabh | iBy2acce$Ee f roi a

production 20 dat abase that stores production infornation of the
programmed to receive a pull-in request or an order,

10 release an original demanded capacity of the pull-in
order, reserve a capacity for the pull-in order, and
generate a fixed production schedule for the pull-in
order based on a capacity wmwodel that considers a
plurality of capacity vectors within the production

15 system. A dynamic achievement model of historical fixed
production schedules 1is based on relationships between
historical fixed production schedule achievement rate,
fixed production schedule adjustment rate, and
manufacturing capability accessed from a production

20 database that stores production informétion of the
production system. A production schedule monitor and
evaluation module determines whether the relevant current
pull-in order conforms to the fixed production schedule
and whether to adjust the fixed production schedule based

25 on the dynamic achievement model when the order in

| process deviates from the fixed production schedule. A
pull-in model is based on relationships between the
historical fixed production schedule achievement rate,
the fixed production schedule adjustment rate and pull-in

30 demand to define a working area of the fixed production



production system” A production schedul e nonitor and eval uation nodul e

det erm nes whether the relevant current pull-in order conforns to the fixed
production schedule and whether to adjust the fixed production schedul e
based 25 on the dynam c achi evenent nodel when the order in process deviates
from t‘he fixed production schedul e. pull -in nodel is based on

rel ati onshi ps between the historic fi xed production schedul e achi evenent
rate, the fixed production schedule adjustnment rate and pull-in 30 denand to

define a wogkihpgakea Ry iheddied paeduckhan &rschegliked achredenentnrate and
the fixed production schedule adjustnent rate in the pull-in nodel with a

m ni mum pul kchedgesanddaagdtaeher niaee a iser vthee peleltinacewitai ngliyh 5ain sti |
anot her enbodi nent, a method provides service |evel determnation for

pul | -in ordevinsemuwi ceulh-ian dEnkodndeyd Algresdiicts ot dSECANASE | $SN¥Rbvi ded to
store production information in the IC foundry. A plurality of pull-in
orders are maseradt@rléd with 10 corresponding fixed production schedules. A

fixed roducti on schedul.e achi evenent fixed ti d
adj ustnent rate, t&hd rﬁP?ﬁaiﬁn{ETéégﬁﬁﬁgkrlxg B&Pgﬁ a'ggovﬁagg ute

ers’ are ca t from

hi storical data .stored i - cijon datahase., Apmdel cwihee in
reIationshiS?IBécﬁbéﬁﬁi t%gg?fﬁéggggégug??o scheéhle achigvenent rate, the

fixed produgtiep sehedsylg. adj ustyeiud@ls andabheedemnhfvidud | tbn orders
is built accordingly. A working area of the fixed production schedul e

achi evement grahe angd-dhet fdrxed ffcguaticon schedilee ddj ustomedcyrate Bn the
rodel 1 plurality of pull-in orders are manufactured with
10 corresponding fixed production schedules. A fixed
production schedule achievement rate, a fixed production
gschedule adjustment rate, and a demand of pull-in orders
are calculated from historical data stored in the
production database. A model with relationships between
15 the fixed production schedule achievement rate, the fixed
production schedule adjustment rate, and the demand of
pull-in orders is built accordingly. A working area of
the fixed production schedule achievement rate and the
fixed production schedule adjustment rate in the model is
20 defined with a minimum pull-in demand.

One feature of an embodiment of the present
invention 1is fixed production schedule generation for
pull-in orders. The production system is designated to
follow the fixed production schedule to wmanufacture an

25 ofder of lots. It allows the production system to fasten
on the fixed planning schedule to deliver the pull-in
order of 1lots on time. In addition, it allows a

production system to promise the client a delivery date

for their pull-in orders.



20 defined wth a'mnimum pull-in demand. One feature of an enbodi nent of the
present invention i.s fixed production schedule generation for pull-in
orders. The production systemis designated to follow the fixed production
schedul e to manufacture an 25 order of lots. It allows the production system

to fasten on the fixed planning schedule to deliver the pull-in order of
lots on time. In addition, it allows’a production systemto prom se the
client a delivery date for their pull-in orders. 7 Another feature of an

enbodi ment of thgnpresentredtnvent icm ewal vabeditbetfi x€d phanmrmesesthedul e
according to historical performance approach. The conformability of fixed
pl anni ng schedahesomndvsheanesuaheprfogeds $lefng nche drafbbs carC®ed BYAl uat ed

and adj usted according to a groduction schedul e nDnitorihg%égﬂjevaluation
nodel basedtoomifsitordrpdal PeEERFTRNCSt APPTRE6her 88t (T P %P Ehbodi nent of
the invention determpnes a morking @rea an % service %evel 10 of Pull-in

orders for @f pfddect i BHPRYEREMSE Se Pt Lhen Hehdhts PTRIGECS 1 %4

orders for &'priogi iBriYsremIY Tethice . detdiied
Wih B erohie P5UERE CAUCORpaRy PAGSaFA oG, S1E B B BECCR B O G THE.

DRAWNGS The, Bhesentn| BURRLLOR GRS TRES Jidl | INGRTS0akady Baading the
subsequent detalled description and exanples with references made to the
acconpanyl ngn historical results.
Still another feature of an embodiment of the
invention determines a working area and a service level
10 of pull-in orders for a production system to reduce pull-
in demands.
A detailed description is given in the following

fixed planning schedule embodiments with reference to the

accompanying drawings.
15 BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be more fully understood
by reading the subsequent detailed description and
examples with references made to the accompanying
drawings, wherein:

20 Fig. 1 is a schematic of the system structure for
p;1l~in order planning and control in an IC foundry to
generate a fixed production schedule according to one
embodiment of the invention;

Figs. 2A and 2B are flowcharts of methods for pull-

25 in planning in an IC foundry of an order of a product

with a demanded capacity, according to the system in Fig.

1;



drawi ngs, wherein: 20 Fig. 1 is a schematic of the system structure for

pul | -in order planning and control in an IC foundry to generate a fixed
production schedul e according to one enbodi nent of the invention; Figs. 2A
and 2B are flowharts of nmethods for pull- 25 in planning in an I C foundry of

an order of a product wth a demanded capacity, according to the systemin
Fig. 1, 8 Fig. 3is a distribution%f the lots of an pul I -in order during
processi ng accordi ng to one enbodi nent of the invention,; Fig. is a

dynani ¢ achi evengfitd notlef Sof HistoFiiation pfxEfSprigthitt Ponasc e

according to onpe enbodi nent of the invention; Fi .C§ ise%%géﬁl-hg Qngl
accordi ng t S&IFenBYl RENtPTIFETHE'T nFERPEOR Tand FOGS 6°1R°A TF0oWcart of a
met hod for Vi vel . 10 determ nation for pull-in order service in an IC
foundry, aciﬁ%ilﬁg’%ﬂ?% & systemin Fig. 1. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON As wi | Ipshe. appt gciatgehys Pessensysididd edobalt Be aritsdgramatihe

di scussion herein, the present invention has 15 wide applicability to many
manuf actur erfsiadl pestyud tibist sclesduFes dtScv8shgntpubpes espddilmesitr atfi on i s
made herein to sem conductor foundry manufacturing (i.e., wafer fabrication
in an | C f ourddr y)nvedgwewer, the present invention is not limted thereto. 20

As summari zed above, the present invention is , ,
Fig. 5 is a pull-in model according to an embodiment

of the invention; and
Fig. 6 is a flowchart of a method for service level
10 determination for pull-in order service in an IC foundry,

according to the system in Fig. 1.
DETAILED DESCRIPTION OF THE INVENTION

As will be appreciated by persons skilled in the art

from the discussion herein, the present invention has

15 wide applicability to many wmanufacturers and many

industries. For discussion purposes, 1illustration is

made herein to semiconductor foundry manufacturing (i.e.,

wafer fabrication in an IC foundry). However, the
present invention is not limited thereto.

20 As summarized above, the present invention 1is

directed to novel systemg and methods for overcoming

conventional pull-in ordef planning and control problems.

Embodiment I: Fixed MPS Generation for pull-in order

In the IC industry, customers submit forecast orders

25 to an IC foundry according to their market plan. The IC
foundry reserves capacity for each order based on a
capacity model. For various reasons, customers may later

submit pull-in versions of original orders for advance



directed to novel 'systens and net hods for overcomi ng conventional pull-in
order planning and control problens. Enbodinent |: Fixed MPS Generation for
pull-in order In the IC industry, customers submt forecast orders 25 to an
| C foundry according to their market plan. The I C foundry reserves capacity
for each order based on a capacity nodel. For various reasons, custoners nmay

| ater submt pull-in versions of or?ginal orders for advance 9 production
due to hi ghpraaketieh UNeer tal Mygh egarfeng ot henertdamtdel Fugaydcagability
of the IC foundry. Fig. 1 is a systemstructure illustrating pull-in order

pl anni ng andheonhrolimendahit-€rioundapitiiti/i zEngha I& foxedrpr.oducti on
schedul e according to one enbodi nent of the invention. As shown in Fig. 1, a
custoner (not shedn) ¥ edgest s sviséenC $tonreliyre o igdiustinatamoordet1110 for a
roduct, such _as 200 count wafers of graphic chips. A plan engine 140
Pecei ves t he*B&FI Hlﬁr&néﬁwes%n%na%érﬁ»% eBs&d the SPVGIORA WHehnehfet® capaci ty
reserv%g foritgg Qr der %;0. tﬂg(ﬁ ll1-inre uesttischggti ted. to advgnce t he
productd on tiFE P @IV tTHE é%ﬁnﬁf?%@ BPF g Ral®" Sl HP AR "t her 8f or e t he
original resgrved,capacity capgbes,rel eggedpfigr of her, useq T ful {pLL the
pul | -in demand, 15 the plan engine 140 reserveés a capacity for the pull-in
order 110 base@ndn tiditld -tRer @QUIF RN, and ¢RNaci iy aADdelgl3031dhe

capacity nodel 130 considers a plurality "of capacity vectors in the IC
foundry, su€bras bebtductCapaeit s rEgerathtcapatity,of rgeagapacthyps.
fabrication 20 technol ogy, product characteristics, route information for
products, ahd/ ptavuseoaenepriiéPityecFheepl abhengpnel-in request and

10 releases the original demanded capacity reserved for the
order 110. The pull-in request is initiated to advance
the production time or delivery time beyond the original
plan and therefore the‘original reserved capacity can be
released for other use. To fulfill the pull-in demand,

15 the plan engine 140 reserves a capacity for the pull-in
order 110 based on the pull-in requirement and capacity
model 130. The capacity model 130 considers a plurality
of capacity wvectors in the IC foundry, such as total
capacity, reserved capacity, free capacity, fabrication

20 technology, product characteristics, route information
for products, and/or customer priority. The plan engine
140 searches the remaining free capacity according to the
pull-in requirement and reserves accordingly for the
pull-in order.llo.

25 : In a preferred embodiment, 1if insufficient capacity
is available, the plan engine 140 switches capacity with
other orders. For example, plan engine 140 postpones
minor orders and releases the capacity for the pull-in

order production. When capacity is available, plan

30 engine 140 geherates a fixed master production schedule



14' 0 searches the'remaining free capacity according to the pull-in

requi rement and reserves accordingly for the pull-in order 110. 25 In a
preferred enbodi nent, if insufficient capacity is available, the plan engine
140 switches capacity with other orders. For exanple, plan engine 140
postpones mnor orders and rel eases the capacity for the pull-in order
production. When capacity is avai | abl®, pl an 30 engi ne 140 generates a fixed
mast er prodygkir-eansehedul ectBrréberted nafst empsef er44ed fiar ashePSpulddihor t he
pull-in order 110 based on the capacity nodel 130. Generally, the_pull-in
order 110 camdee diM dbdsedt era pher akpegicl taoisl baséd onGeherplé¥essi ng
unit. For exanple, an order 5 of 200 count. wafers is divided into 8 Lots
based on a thei PWl 2% oL whi@rsaasbendivafedTid bty BFUTAe “HhuPl-in

order 110 are all assjgned with a fixed MPS 144. |In a preferred i ment,
the plan engPhé f@@edggﬁbﬁﬁFéé??%ﬁﬁ%%ﬁf3w¥§%ﬁ¢2 ﬂ%?rt%ﬁgﬁﬁi?iiﬁnogggggllo f or

10 pl anni ng optim zation untd he_pr i on: tem begi tg, ryn the
puII-iE?Iotg%ofhg%ecgy ngﬁﬁ%r%m?% 4%£§§3|c%? 5,%tﬁg§%fa%g§%§iﬁ§11§o

continually, H@até’? the MRS 142 rageordi ngnto tde | atmsd preducis opnst at us
before the lTots of pull-in order 110 start to run. Plan engine 15 140

assi gns theghatest, MP3ek42 ifoorarhelar desibh@dasithe a fiixed MES 144.. The
production system 150 is assigned to follow the fixed MPS 144 to fabricate
the lots of the 1Ipulla-i prefderelOefbedeinratt er thef epled t engsnwor k4Pn-
process, |ots-in-process, or order-in-process). 20 Preferably, the production
system 150 oenehert efceagsl bge MPS 142 for the pull-in order 110 for

10 planning optimization until the production system 150
begins to run the pull-in lots of the order 110. More
specifically, the plan engine 140 continually updates the
MPS 142 according to the latest production status before
the lots of pull-in order 110 start to run. Plan engine

15 140 assigns the latest MPS 142 for the order 110 as the
fixed MPS 144. The production system 150 1is assigned to
follow the fixed MPS 144 to fabricate the lots of the
pull—in. order 110 (hereinafter referred to as work-in-
process, lots-in-process, or order-in-process) .

20 Preferably, the production system 150 further feeds back
the fabrication progress of work-in-process to the
capacity model 130 for adjustment. All of the production
information of the IC foundry is stored in a production
database 160.

25 : Fig. 2A illustrates a flowchart of a method for
pull-in planning in an IC foundry of an order of a
product with a demanded capacity, according to the system
in Fig. 1. In step S$210, the plan engine 140 receives a
pull-in request for the order 110. The plan engine 140

30 releases the’demanded capacity of the pull-in order 110



the fabrication progress of work-in-process to the capacity nodel 130 for
adjustnent. Al of the production information of the IC foundry is stored in
a, production database 160. 25 Fig. 2A illustrates a flowhart of a nethod
for pull-in planning in an IC foundry of an order of a product with a
demanded capacity, according to the system in Fig. 1. In step 5210, the plan
engine 140 receives a pull-in requé@t for the order 110. The plan engi ne 140
30 rel easesinheteen@nded capasiep 6R30he Tl Ipliam erpimel 10l Iregarwiep S220.
In step S230, The plan engine 140 reserves a fixed MPS for the pull-in order
110 based oh t%kﬂagaﬁgﬁﬁtgoﬁnd%helaﬂ%lthPrnﬂqdﬁrh drider P23eg- -oRs fiHen

fact d follow fixed MPS 144 in.step 24Q. 5 ventionally, the
Rgguigcsg{F?aP%?}gﬁﬁgﬁﬂiggdékgg af&@? tﬁggﬁﬂﬁpPiﬂrgFaerg?'“Tﬁsprl‘3%5 t? )
tim t i ' i t e.ls t e lots of the
ggl:?}ﬁeorgﬁ?ngf??yﬁééggg?%%%gﬂ%?f%g%s?%¥$gﬁggﬁF£§£f5# %ggsbéég'interest of

the preduction syshesnt ssedn B3, 10nkowls Casts011]1 abef j candeongemem !y the
lots are delivered at separate tinmes. In addition, the customers are
therefore unabte tthecopfill mieeidetr oist Nei rpputeskn t®rdeeistnee e MPS
thereof is continually updated according the |latest status of the production
system 15 fhedpriesent syaventi ol plimdadesnteadd XeerdPSsgeheartattihen 1styst em and
met hod for a production systemto follow and achieve on-tine delivery of the

lots of thePpuFhei RUdldép. orEsodiingntbe | assisweed MPSthyal gatlilomaantPs
Adj ust ment for the best interest of the production system, such as
10 lower cost or labor, and consequently the 1lots are
delivered at separate times. In addition, the customers
are therefore unable to confirm receipt of their pull-in
order since the MPS thereof 1is continually updated
according the latest status of the productioﬁ system.
15 The present invention provides a fixed MPS generation
system and method for a production system to follow and

achieve on-time delivery of the lots of the pull-in

order.

Embodiment II: Fixed MPS Evaluation and Adjustment

20 Fig. 1 further shows a system structure to evaluate
a fixed production schedule in the IC foundry according
tol one embodiment of the invention. A production
schedule wmonitor and evaluation module 180 is programmed
to determine whether the relevant current pull-in order

25 110 conforms to the fixed production schedule 144. To
achieve this, a dynamic achievement model 170 of
historical fixed production schedules is Dbased on

historical production information in the production

database 160. The production schedule monitor and



20 Fig. 1 further shows a system structure to evaluate a fixed production
schedule in the I C foundry accordi ng one enbodi nent of the invention. A
production schedul e nonitor and eval uation nodule 180 is programed to
determ ne whether the relevant current pull-in order 25 110 conforns to the
fixed production schedule 144. To aghieve this, a dynam c achi evenent nodel
170 of historical fixed production Ychedul es is based on historical

production information in_the production .database 160. The n
schedul e nD%Y%%Paéh8n12mo%W%Tua&%%ncﬁﬁﬁﬁWEnf§0 H%?E% nesﬂﬁhe%ﬁg%& ﬁ%

rel evant current puII n .order c fixed piRductigngschedul e
144 and whetHeF®Eb a é& the Pfke ﬁgéplzg bgggggoni%ﬁe g&%hnic achi evenent
model “hen4§PSE§c9£9ﬁrédﬁé&£&£5§4ge¥h3t%&e&%@ﬁ‘Hh@ hipsedcproductiesd

schedule 1 rg. 3illustrates a distribution of the pull-in lots during
processi ng @pgondisngd fedneneriedi diiMmiod idieievavent i owdeGendral | yhet he
production system 150 follows 10 the fixed MPS 144 to fabricate the |lots of
pul | -i 15 or derdet10inHopeweesst hdelonsesf fhemputheinfoxddr prodwayieet fully
conformto the fixed MPS 144. As shown in Fig. 3, the pull-in order 110 with
200 count wafbedudievildéd into 8 lots is fabricated from DAY 0. Oh DAY M 6

lots are 15 still together but one lot is, ahead and anq% %P'behlﬂg On DAY
N, four lots areFfgbritatidd bdiGietand a ﬂs%ﬁ FotO% 4 eft™beRnd. *onl y

three lots 104 SORLALMAQ NG Id MR b to Uik PLASYSLAOR: SGhedLe
invention. Generally, the production system 150 follows

10 the fixed MPS 144 to fabricate the lots of pull-in order
110. However, the lots of the pull-in order 110 may not

fully conform to the fixed MPS 144. As shown in Fig. 3,

the pull-in order 110 with 200 count wafers divided into

8 lots 1is fabricated from DAY O. On DAY M, 6 lots are

15 still together but one lot is ahead and another behind.
on DAY N, four lots are fabricated beforehand and one lot

is left behind. | Only three lots thus conform to the

fixed MPS 144.

The production schedule monitor and evaluation

© 20 module 180 monitors the distribution of the lots of the
pull-in order 110 and decides whether to adjust the fixed

pfoduction. schedule when the order in process deviates

from the fixed production schedule.

preferably, a dynamic achievement model 170 of
25 historical fixed production schedules 1is provided as
shown in FIG. 1, based on  Thistorical production

information in a production database 160 for production
schedule monitor and evaluation module 180 to evaluate

the deviation in the order-in-process.



20 nodul e 180 nonitors the distribution of the lots of the

pull-in order 110

and deci des whether to adjust the fixed production schedule when the order
in process deviates fromthe fixed production schedule. Preferably,
dynam c achi evenent nodel 170 of 25 historical fixed production schedules is
provided as shown in FIG 1, basedégn hi storical production information in

a production database 160 for produ

a

ion schedule nonitor and eval uati on

nodul e 180 to ewlasate iflRestevitasi on drnenécorddrigweitced’delz 17 g. 4

illustrates a dynam c achi evepent nodel 170 of historical

i xed production

. { _ f
schedul es atcdHdi iiRF 1 G onel EABobF ABREL 6P t RENPAVERE] BACPFEFEFabPy S Fhe-

-dynam c ac

hi.evenent nodel 170 of hi,stori fixed duct,i
FHGETlsneD betaeet et o PrpFEhaBl Pon CifeatrStE

conpri ses

ul es
i evenent

rate (coordinate M, fixed production sghedyliead ustaent fale LGopr dinate
B) and deviation limtation (coordinate C). The deviation limtation is the
devi at son hetyean dhe fdogd-iMEE and;, 10 ragtaalorRiogr esoeafwarii ch fihed C
foundry is capable, an indicator of its manufacturing capability. According
to historigatodwdiqat i arhédibDs meatbhevamenne eabedi rmewiordd nameel 20f, fixed
MPS achi evenent is shown

10
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20
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fixed production schedule adjustment rate (coordinate B)
and deviation limitation (coordinate C). The deviation
limitation is the deviation between the fixed MPS and
actual progress of which the IC foundry is capable, an
indicator of its manufacturing capability.

According to historical fabrication information in
one embodiment, a model of fixed MPS achievement is shown
in FIG. 4. Curve I illustrates the relationship between
the fixed MPS achievement rate and the fixed MPS
adjustment rate. As curve I shows in FIG. 4, the more
frequent the fixed MPS adjustment, the higher the fixed
MPS achievement rate. Curve Ir illustrates the
relationship between the fixed MPS achievement rate and
the deviation limitation of production system 150. The
higher the deviation limitation of production system 150,
indicating the capability of the IC foundry to recover
from the deviation, the lower the fixed MPS achievement
rate.

Based on the model shown in FIG. 4, an optimal
working area (W) is further defined, based on the
relationships to evaluate whether to adjust the fixed
production schedule of the pull-in order 110. The
working area (W) is assigned with a range within which

the fixed MPS is adjusted but improvement in the fixed



in FIG 4. Curve | illustrates the relationship between 15 the fixed MPS
achi evenent rate and the fixed MPS adjustnent rate. As curve | shows in FIG
4, the nore frequent the fixed MPS adjustnment, the higher the fixed MPS
achievement rate. Curve Il illustrates the relationship between the fixed
MPS achi evenent rate and 20 the deviation |imtation of production system
150. The higher the deviation li mitafion of producti on system 150,

i ndicating the capability of the IC foundry to recover fromthe deviation,
the | ower tMESHixet dvPEnaethi epérermnd r bhe. T259Baseld RSt HeostoderPshdan in

FIG 4, an qptimal. working area (W  is further defined, based on the
rel ati onshi P&Vt eVl ubtt %%%%r&FGhé&lﬁﬁ“?het??xé&OQﬂQﬁﬁﬂﬁiBﬁsgﬁﬁedule of

the pull-in_order_ 11 h r ki area (W is,assigned with~a ra Wit hin
whtch 30 PR Fiked ire (a1 Aol BBEITE | nbPSvanent i the rl 208 as  NPS

achi evenent (rat e and, {de-;angec9bnt he MBSt LapahlbecAeykat iandidg tation
wi thin which the production system 150 can attain the fixed MPS. The

productd on sehedul @ nEDHILRIA ghehbawal iuat | mamdw & 1803 det er pi nesrwhgther to
5 adjust the fixed production schedul e based on the working area (W of the
dynam ¢ achkeeenen)nodél when tifeamprogaessevéméhe pubteiln ehder 436
deviates fromthe fixed MS. As shown in FIG 3, when the lots on DAY N
devi at e progress of the pull-in order 110 deviates from the fixed
MPS. As shown in FIG. 3, when the lots on DAY N deviate
from the working area (W) of the fixed MPS but are still
10 within the working area of the fixed MPS adjustment rate,
a new fixed MPS of the pull-in order 110 is re-generated
by the plan engine 140 according to the deviation degree
and the latest status of the IC foundry fér‘ order-in-
process to follow. The working area (W) provides a range
15 within which a low fixed MPS adjustment rate and a high
fixed MPS achievement rate are obtained for the IC
fqundry to maintain optimum parameters of Dboth the
customers and the IC foundry.
FIG. 2B illustrates another flowchart of the method
20 for pull-in planning in an IC foundry of an order of a
product with a demanded capacity, according to the system
ianig. 1.
In step 250, the production schedule monitor and
evaluation module 180 determines whether the relevant
25 current puli-in order conforms to the fixed production
schedule. If not, the production sgchedule monitor and
evaluation module 180 determines whether to adjust the

fixed MPS based on the dynamic achievement wmodel 170 of

historical fixed production schedules in step 260.



fromthe working area (W of the fixed MPS but are still 10 wthin the
wor king area of the fixed MPS adjustnent rate, a new fixed MPS of the
pull-in order 110 is re-generated by the plan engine 140 according to the
devi ati on degree and the |latest status of the IC foundry for order-in-
process to follow The working area (W provides a range 15 within which a
| ow fi xed MPS adjustnent rate and a gh fixed MPS achi evenent rate are
in
il

obtained for therlC £9w9ryewoa§hege 1QRLTHI RN ANREAN S tAforbOtdhd he
custoners and the IC foundry. FIG 2 ustrates another flowchart of the

met hod 20 f@fuptthdént N 4 arni Agxied aprb@uteundr yseheanler def qjuld prroduct
with a demanded capacity, according to the system in Fig. 1. In step 250,

t he productoodesshidubeprodiitoiocandyseeal tiat men nmedul & 1680 Idetigviares whet her
the relevant 25 current ‘pull-in order conforns to the fixed production
schedul e. |feabttimhe produeti owiséhedite nbuPienchhdtiedal @4ti dnistul e 180
determ nes whether to adjust the fixed MPS based on the dynamc gpievenent
model $70 oPTORFSEHPR caFCHTREE prfflict HH Sichetul LY %té%r%]ﬁt% “The above
enbodi nent iIIuEtrgtes evalggé&fgsand adjustnent of a fixed production
schedul e of "pUI 2T P et s TR a Production stemto maintain flexibility and

real -time controf with the isplemeatation of ixed S.@1egdusti onysahedul e and

b
therefore provide p?eglctable_ manuf acturing schedul es. In another
enbodi nent, -6 @c@ger srdi g i snd Urd hedompiiowi dash-dPFadt Of e @ e Mput er

program provi ding a
method of pull-in planning in a production system of an
10 pull-in order with a demanded capacity. The storage
medium method comprises using a computer to receive a
pull-in request for an order of an IC product, releasing
the demanded capacity of the pull-in order, reserving a
capacity and generating a fixed production schedule
15 therefor, detecting whether the relevant current pull-in
order conforms to the fixed production schedule, and
adjusting the fixed production schedule referring to a
d?namic achievement model of historical fixed production

schedules when the relevant current pull-in order does

20 not conform to the fixed production schedule.

Embodiment III: Fixed MPS Evaluation and Adjustment

Fig. 1 further shows a system structure to determine
pull-in order: service in an IC foundry according to one
embodiment of the invention. In Fig. 1, a pull-in model

25 1§O provides a service level determination.

Fig. 5 illustrates a pull-in model 190 based on
relationships between the historical fixed MPS
achievement rate (coordinate D), the fixed MPS adjustment

rate (coordinate E) and pull-in demand (coordinate F)



met hod of pull-in planning in a production systemof an 10 pu[l:in order with

a demanded capacity. The storage

receive a pull-in request for an order of an |IC product, releasing
demanded capacity of the pull-in order, reserving a capacity and generating
a fixed production schedule 15 therefor, detecting whether the rel eva
current pull-in order conforns to the fixed production schedul e, and

adj usti ng t Rechirddaigprtodgat ismbatiand eof efles rimgerbian. dyRaaferabhyevenent

nodel of historical flxe roducti on schedul es when the rel evant current
pull-in or défedged 1 - Q%Mﬁ%ﬁrﬁ?cP%*%ﬂf?&eHh%rGHHEWFGna§EH§HﬁWEHt
Enbodi ment Eval.uat.i on and Adj ust ment Ei t her shows a
systen1stru8¥ﬁ%@'f%ﬁdete RERELORGK I A 5ﬁ$9 %E?@lcgl %f?% ndfy

according tq
190 prOV|des a service level deterni natlon.

nodel

achi evenent

nON& ¢ SR04 IR fOftﬁémfi;E‘é’c?%éQ cljl{l%gérﬁ?ne' rQ‘tme)'QP

ustrates a pu

190 based Oked aligd | QAFHEPRREt WEER t(RE ml 1rd cabnfit@dplVPS-in

rate (coordinate D), the fixed MPS adjustnment rate (coordinate
E) and pul | demademamd (icoand natle -H)n Mod<lccorai ngas oshowenbadirngnt sof t he
i nvention.

Preferably, the pull-in nodel 190 is based on the dynamc

t he

nt,

deI

achi evenent unstaéll el 7el ifteref ok ege - a Miortki hixead ePEWad pustdediitnedals, an

intersection of the fixed MPS achi evenment
adj ust ment  F&FELEE) Wt Righni Bl hmi purrraad dfe‘?ﬁéﬁdc(lﬁfoi“ﬁrﬁhé?agﬁﬂq PR nodel
190. As shown i i xed
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un tab e deliver

Moreover, 1if the IC foundry maintains a fixed MPS beyond
its capability, the low fixed MPS achievement rate also
results in pull-in demand from the customer because the
IC foundry is unable to deliver the order as promised.
Thus, an optimal working area (W) 1is the intersection of
high fixed MPS achievement rate (D), low fixed MPS
adjustment rate (E) and low pull-in demand (F) as shown
in Fig. 5.

Moreover, a service level of the IC foundry can be
evaluated accordingly. The capability of the IC foundry
is evaluated based on whether the working area is
achievable according to the present manufacturing
capability of the IC foundry. If not, the service level
is too low and will possibly result in a high demand of
pull-in requests; and the IC foundry needs to adjust
their resources to elevate their service 1level to
approach the optimal working area.

Fig. 6 1illustrates a flowchart of the method for
service level determination for pull-in order service in
an IC foundry, according to the system in Fig. 1. In

step S610, production database 160 is provided storing

rate (D) and 5 the fixed MPS

MPS adgustnent

medi um nmet hod conprises using a conputer to

25



coordination with the frequently adjusted fixed MPS. 10 Mreover, if the IC
foundry maintains a fixed MPS beyond its capability, the Iow fixed MPS
achievenent rate also results in pull-in demand fromthe custonmer because
the 1C foundry is unable to deliver the order as prom sed. Thus, an opti nal
working area (W is the intersection % 15 high fixed MPS achi evenent rate
(D), low fixed MPS adjustnent rate (1 ) and low pull-in demand (F) as shown
in Fig. 5. pNoseoueron aseiniaedievel dfe tie f@fdundryPoah-be oevatsat ed
accordingly. The capability of the IC foundry 20 is evaluated based on

whet her t herawpredtngl amea kbeachisewdlbics vaedorditdy tor therpreésent L rmndf act uring
capability of the | C foundr If not, the service level _is-too |low and wl|
possi bl y reswduqmia hi gﬁhﬁéﬁhﬁﬁ ofin putteR n Pédlests: Aand tHE | C-FBundry

needs to adjust_25 their sour cesdto eI vat e their SE‘e/' ce.|level .t
appr oach tH‘éar&bft 3“\/5%%k|<$?gtaareaafj Fi g i71 WStT at 85571 owchart “OF t he

met hod _f or ev m on for Hul | {llﬂlogger &M ce;bp an IC
foundr?, a(,pcor ntglc%rlo t étggégém Pl?lédlfl g. 1.T I'n 38 step S610, production

dat abase 1%1&1&-&% dedrsieni pE-olictRiRAUCHQM i aERBEronchn theel C
foundry. Pull-in orders requested are then manufactured with correspondi ng

fixed productigadsphedukesonn sstepus@2@djakl merfc tiwete manufiadewnindg data and
results are stored into the 5 production database 160. The pull-in nodel 190
cal cul at es @f fipxedl productdors schedul etlachi @vementnr atBe  R®rYPPXEH1pPoduct i on

schedul e adj ustnent rate, and denmands ,
database 160 in steps 630, 640 and 650, respectively.

10 After retrieving the data from the production database
160, the pull-in model 190 builds a model with
relationships between the fixed production schedule
achievement rate, the fixed production schedule
adjustment rate, and the demand of pull-in orders in step

15 S660. In step S670, a working area of the fixed
production schedule achievement rate and the fixed
production schedule adjustment rate in the model with a
minimum pull-in demand is then defined according to the
model .

20 In a preferred embodiment, a storage medium is
further provided for storing a computer program providing
the method of service level determination for pull-in
order service in an IC foundry. The storage medium
method comprises using a computer to calculate a fixed

25 production schedule achievement rate, a fixed production
schedule adjustment rate and demands of pull-in orders
from data in production database 160, building a model
with relationships between the fixed production schedule
achievement  rate, the fixed production schedule

30 adjustment rate and the demand of pull-in orders, and



640 and 650, respectively. 10 After retrieving the data fromthe production
dat abase 160, the pull-in nodel 190 builds a nodel with relationships

bet ween the fixed production schedule achievenent rate, the fixed production
schedul e adjustnent rate, and the qgnand of pull-in orders in step 15 S660.
In step S670, a working area of the'fixed production schedul e achi evenent
rate and t heeffiixdcg pr odockionn secheaedulfe tadj uStmeht pradect nonhechedallewi th a
m ni mum pul I -in demand is then defined according to the nodel. 20 In a
preferred emobdievementa starageanddi (el s Livad harrpdevt ded f 6chefddieng a
conputer pro ran1providin% the nmet hod of service |evel, deterninﬂgion for
pul | -in or@8fusdmante FRtENn RE f bORdrYP9The witdt age MEdUM™ mBthod *Eonpri ses
using a conmputer to calculate a fixed 25 producti on schedul e achi evenent

rate, a fix&8d"PrGducti on schedul e adjustment rate and demands of pull-in
orders o f+om dat anldh REGHNEL | Qfadatabane SEOQnbubsdiag: a;odat iow ! br

rel ati onshi ps between the fixed production schedule achievenent rate, the
fixed producti@n ischadida Ndr 3026 sisd Bt réat & add tArederandoetn pul | -in
orders, a 18 defining a working area of the fixed production schedul e

achi evenent pralg-aandcbtie f{Xed. pr ddisetriven isck¢duéeboddgdstiventc anati®lien t he

nodel with a minimum- pull-in demand. 5 The nethods and system of the
present invemdien, rch as floppy diskettes, CD-ROMS, hard drives, or

any other machine-readable storage medium, wherein, when

10 the program code is loaded into and executed by a
machine, such as a computer, the machine becomes an
apparatus for practicing the invention. The methods and

apparatus of the present invention may also be embodied
in the form of program code transmitted over some
15 transmission medium, such ag electrical wiring or
cabling, through fiber optics, or via any other form of
transmission, wherein, when the program code is received
and loaded into and executed by a machine, such as a
computer, the machine becomes an apparatus for practicing
20 the invention. When implemented on a genera1~pufpose
processor, the program code combines with the processor
to provide a unique apparatus that operates analogously

to specific logic circuits.
While the invention has been described by way of
25 example and in terms of the preferred embodiments, it is
to be understood that the invention is not limited to the
disclosed embodiments. To the contrary, it 1g intended
to cover various modifications and similar arrangements
(as would be apparent to those skilled in the art).

30 Therefore, the scope of the appended claims should be



certain aspects or portions thereof, may take the form of program code
(i.e., instructions) enbodied in tangi ble nedia, such as floppy diskettes,
CD- ROVB, hard drives, or any other machi ne- readabl e storage nedi um
wherein, when 10 the program code is | oaded into and executed by a nachine,
such as a conputer, the nmachi ne becopes an apparatus for practicing the

i nvention. The nethods and apparatus”of the present invention may al so be
enbodied in the formof programcode transmtted over some 15 transm ssion
medi um suchcasreleecttrhecabrobdeny amteatdurg,idhr saghsf | ber eapbimpassor vi a
any other formof transm ssion, wherein, when the programcode is received
and | oaded iedtlo sadr &wdddiiedthyrs machisial lsuckragngeremput er, the machine
beconmes an apparatus for practicing 20 the invention. Wen inplenented on a
general - purpose processor, the program code conbines with the processor to
provi de a uni que apparatus that operates anal ogously to specific logic
circuits. Wiile the invention has been described by way of 25 exanple and in
terms of the preferred enbodinments, it is to be understood that the
invention is not limted to the disclosed enbodinents. To the contrary, it
is intended to cover various nodifications and simlar arrangenents (as
woul d be apparent to those skilled in the art) . 30 Therefore, the scope of
t he appended cl ai ns should be 19 accorded the broadest interpretation so as
to enconpass all such nodifications and sim|ar arrangenents. 20 Wat is
clained is;



1 1. A conputer inplenmented systemfor pull-in 2 planning in a production
system of an order of a product 3 with a demanded capacity, the system
conprising: 4 a capacity nodel, considering a plurality of 5 capacity

vectors in the production systemy 6 a plan engine to receive a pull-in
orderfor the 7 order of the product, release the demanded 8 capacity,
reserve a capacity for the pull-in goorder and generate a fixed production
schedule 10 for the pull-in order based on the capacity 11 nodel; and 12 a

production schedul e npnitor. and eval uati on nodule 13 to determ ne whet her
the pull-in ofeRr CorférmE? 18 to the fixed producti on schedul e and whet her
to 15 adjust the fixed production schedule when the 16 pul.l-in order
deviates fromthe fixed 17 production_schedule. 1 2. The system as cl ai ned
in clai'm1, whereiln thé 2 PIEHRIEET od "9y sTeRt ¢S afyFitegr&ted Rikeuit (10
foundr&' 13. Tgr?ni ti%maas Colcﬁlic%gani rsls % arinmog’agmg{’gilpct) ea 2r£cftlscq:r ved
capacity for ?%e puld -in order is reserved from 3°a Tree capaci y of the
producti on sygt@mDiddranexahangec i dy Witz %QQEQQrc&ﬁﬁﬁirsin?:Af- The system as
claimed in claim2, wherein the 2 pull-in order is divided into a plurality
of lotg for 3 productdmaritdl ImddelThe systielmrasgc| ai medlumaldltg mak, wherein
the 2 plan engine generates a new fixed production schedule for 3 the
pul | -i® order accordi nfFARFIHe FEFAtF ol viHgh production system;

6 a plan engine to receive a pull-in orderfor the

7 order of the product, release the demanded

8 capacity, reserve a capacity for the pull-in

9 order and generate a fixed production schedule
10 for the pull-in order based on the capacity
11 model; and
12 a production schedule monitor and evaluation module
13 to determine whether the pull-in order conforms
14 to the fixed production schedule and whether to
15 adjust the fixed production schedule when the
16 : pull-in order deviates from the fixed
17 production schedule.

1 2. The system as claimed in claim 1, wherein the

2 production system is an integrated circuit (IC) foundry.

1 3. The system as claimed in «claim 2, wherein the

2 reserved capacity for the pull-in order is reserved from

3 a free capacity of the production system or in exchange

4 with another order.

1 4. The system asg claimed in claim 2, wherein the

2 pull-in order 1is divided into a plurality of lots for

3 production.



4 receiving an adjustnent determ nation fromthe production 5 schedule

noni tor and eval uation nodule. 1 6. The systemas clained in claimb5, further
2 conprising a dynam c achi evenent nodel of historical 3 fixed production
schedul es for the production schedule 4 nonitor and eval uation nodule to
refer to and determine 5 the fixed production schedul e adj ust nent
accordingly. 1 7. The systemas claifted in claim®6, wherein the 2 dynamc
achi evenent nodel of historical fixed production 3 schedules conprises a

rel ati onship between fixed 4 production. edul chi gvengRt-ohat e nand fi xed
production 5 schedul e ﬁ&ﬁu§¥ At ?%tS?QT%%S g#egésgge%fas claimed in claim
7, whergin th? A2 dy¥pami coachi auaent,spdekeafl phbator ial sdtiecad eprfoduct i on - 3
schedul’es fur %er coﬁprises a relationship between the 4 fixed production
schedul ¢ achi eyweneptilnate anddes nanobeting i nep capzbi |4eyiatic® THE syst em as
clainmed in claim8, wherein the 2 dypanic achievepent nbdel of historica
fixed ptoductirenei3isghaduresustreHerdsiesiiaasiah oprT nklc Wi ki hyg ‘area based
4 on the relationships to.adjust.the.fixe gduction 5 schedule
accordihgly. ffhf%f%g %Pﬁbﬁﬁét%ﬁqi%%bl&%éﬁggg&gystén1for pull-in 2 planning
and control in an IC foundry for an order of a 3 product with a denanded
capacity, the system coapti siyikedt asprotuchédn idat alase sborifigrigroduction
information 5 of the IC foundry; 6 a capacity nodel consideriqg aéﬁ!urality
of capagity 7 aegtrdssngn &helh@riisundcypievement model of historic

3 fixed production schedules for the production schedule
4 monitor and evaluation module to refer to and determine
5 the fixed production schedule adjustment accordingly.

1 7. The system as claimed in claim 6, wherein the
2 dynamic achievement model of historical fixed production
3 schedules comprises a relationship between fixed
4 production schedule achievement rate and fixed production
5 gchedule adjustment rate.

1 ‘ 8. The system as claimed in claim 7, wherein the
2 dynamic achievement model of historical fixed production
3 schedules further éomprises a relationship between the
4 fixed production schedule achievement rate and
5 ‘manufacturing capability.

1 9. The system as claimed in claim 8, wherein the
2 dynamic achievement model of historical fixed production
3 schedules further provides an optimal working area based
4 | on the relationships to adjust the fixed production

5 schedule accordingly.



8 a plan engine to receive a pull-in order for the 9 order of the product,
rel ease the demanded 10 capacity, reserve a capacity for the pull-in 11
order and generate a fixed production schedule 12 for the pull-in order
based on the capacity 13 nodel; 14 a dynam c achi evenent nodel of historica
fixed 15 production schedul es, based on historical 16 production
information in the production 17 database; and 18 a producti on schedul e
nonitor and eval uation nodule 19 to determ ne whether the pull-in order
conforms 20 to the fixed production schedule and whether to 21 adjust the
fi xed ptoduction saheduhe based:iten-i2gléhentdyhansgsaehi evenent puwbdeln when t he
pull-in 23 order deviates fromthe fixed production 24 schedule. 1 11. The
system as cl aimednimac|aaidmcrOt igBerid Rt fpundsyr vod Eapd&TitsF Ur 4 he
pull-in_order is reserved from 3.a free capacjty of_ .the adry or in
exchangé with P& &tﬁéﬁgo?d ?Wa%EF%_Sﬂ??C+E§'s§% ésEggmbf%%%%gg?ﬁéélain1lo,
wherein,the 2 order nf 4¢:BLOdUELDESe dindded igHoauarpbur ahibym@fidiots 3
for proéuction. 1 13 The systemas clained in claim12, wherein the 2 plan
engi ne generates a new féoixetheprrodietthény schedule for 3 the pull-in order
according to a deviation when receiving 4 an adjustnent determ nation from
the production schedya®acstiomPeet GAESlaingt PoR npaltey of capacity

7 vectors in the IC foundry;

8 a plan engine to receive a pull-in order for the

9 order of the product, release the demanded
10 capacity, reserve a capacity for the pull-in
11 order and generate a fixed production schedule
12 for the pull-in order based on the capacity
13 model ;
14 a dynamic achievement wmodel of historical fixed
15 production gschedules, based on historical
16 production information in the production
17 database; and
18 | a producticn schedule monitor and evaluation module
19 to determine whether the pull-in order conforms
20 to the fixed production schedule and whether to
21 adjust the fixed production schedule based on
22 ' the dynamic achievement model when the pull-in
23 order deviates from the fixed production
24 schedule.

1 ‘ 11. The system as claimed in claim 10, wherein the

2 reserved capacity for the pull-in order is reserved from

3 a free capacity of the IC foundry or in exchange with

4 another order.



1 14. The systemas claimed in claim13, wherein the 2 dynam c achi evenent
nodel of historical fixed production 3 schedules conprises a relationship
bet ween fixed 4 production schedul e achievenent rate and fi xed production 5
schedul e adjustnent rate. 1 15. The systemas clainmed in claim 14, wherein
the 2 dynam c achi evenent nodel fur%her conprises a 3 relationship between
the fixed production schedule 4 achfevenent rate and manuf act uri ng
capability. 1 16. The systemas clained in claim15, wherein the 2 dynamc

achi evenent nodel fuyrth provides an optimal , 3 rking area based on the
relatioﬁships to ad#hst%®ﬁesy§tFWxéﬁ ﬁggaﬁggibﬂ Eigéﬂufg'aEESFﬂfﬂng? 117. A
conput ep, i npl egEpted, System . Qfq 387 i L& :ha%eh iAcdetepangtiop-er pull -in
order service in a productiion 3 system conprising: 4 a production database,
st ori ng3pr oductewmprdiudtfiennat i on of the production system 24 6 a capacity
nodel , considering a plurality of 7 capacity vectors in the production
system 8 a plan engine to receive a pull-in order for an 9 order of a
product I rel ease aldennddtéd segp&ei £ cleivedt ke etdér &t HBeperdduelre reserve
a capaci,ity 11 for the pull-in_order and generate fi.xed 2 oducti on
schedulg for the plloy SrdsFab58ed "9% %ﬁm?%én§§%§%fp? ﬁ8§8P$£i4y " dynami ¢

achi evegent noded ofihiist Orsedl abbXedind 5 Hrodustien oschedul esccbasgd on
“relationships 16 between historical fixed production schedule

4 an adjustment determination from the production schedule
5 monitor and evaluation module.

1 14. The system as claimed in claim 13, wherein the
2 dynamic achievement model of historical fixed production
3 schedules comprises a relationship between fixed
4 production schedule achievement rate and fixed production
5 schedule adjustment rate.

1 15. The system as claimed in claim 14, wherein the
2 dynamic achievement model further comprises a
3 .relationship Dbetween the fixed production schedule
4 achievement rate and manufacturing capability.

1 16. The system as claimed in claim 15, wherein the
2 dynamic achievement model further provides an optimal
3 ,working area based on the relationships to adjust the
4 fixed production schedule accordingly.

1 17. A computer implemented system of service level
2 ‘determination for pull-in order service in a production
3 system, comprising:

4 a production database, storing production

5 information of the production system;



17 achi evenent rate, fixed production schedule 18 adjustnent rate, and
manuf acturing capability 19 20 21 22 24 25 26 27 28 29 30 31 in the
producti on dat abase; a production schedul e nonitor and evaluation nodule to
det er.m ne;, whether the pull-in order conforns to the fixed production
schedul e and whether to adjust the fjixed production schedul e based on the
dynam c achi evemrent nodel when the orter in process deviates fronlthe fixed

production schedul e; uII nDde rel atji ﬁpg@ meen the
8 ? %ng%ﬁ@% 19, At é .5@6 prod

hi stori cal fixed produc? on §Eh I'evenent rate, uction

schedul @ adj ust ment rai@hﬁﬂﬁidyﬂdettergeﬁﬁndmi@r@ahbaeoﬁ sywerdkihng area of the
hi storical fixed production 32 schedul e achi evenent rate and-the fixed 33 34

8 a plan engine to receive a pull-in order for an
9 order of a product, release a demanded capacity
10 of the order of the product, reserve a capacity
11 for the pull-in order and generate a fixed
12 production schedule for the pull-in order based
13 on the capacity model;

14 a dynamic achievement model of historical fixed
15 production schedules, based on relationships
16 between historical fixed production schedule
17 achievement rate, fixed production schedule
18 adjustment rate, and wmanufacturing capability
19 in the production database;

20 a production schedule monitor and evaluation module
21 to determine  whether the pull-in order conforms
22 to the fixed production schedule and whether to
23 » adjust the fixed production schedule based on
24 the dynamic achievement model when the order in
25 process deviates from the fixed production
26 schedule; and

27 a pull-in model based on relationships between the
28 ' historical fixed production schedule
29 achievement rate, the fixed production schedule
30 édjustment rate and pull-in demand to define a
31 , working area of the historical fixed production
32 schedule achievement rate and the fixed
33 production schedule adjustment rate 1in the
34 pull-in model with a minimum pull-in demand and

35 determine a service level accordingly.



35 production schedule adjustnment rate in the pull-in nodel with a m ni num
pull -in demand and. determ ne a service |evel accordingly. 25 1 18. The
systemas clained in claim17, wherein the 2 order is divided into a
plurality of lots. 1 19. The systemas clainmed in claim17, wherein the 2
production systemis an IC foundry. 1 20. The systemas clained in claim19,
wherein the 2 nanufacturing capabil #®y in the dynam c achi evenent nodel 3
of historical fixed production schedules is deviation 4 limtation. 1 21. A
met hod for pull-in planning in a production 2 systemof an order of a
product (W th a demargled t@pasisitym a3 tdeimethaed ecoaphi sTngwhheeshepseof: 4
providing a capacity nodel considering a plurality 5 of capaci-ty vectors in
t he producti onosysrt e B viidedi vhhg a plidaliitvoededoter the order of the 7
product; 8 releasing the denmanded capacity of the pull-in order 9 reserving
a fixedlproduction ﬁ&he |l e for the pul,l- _1Q in oader QQSed on the gpacity

nodel ; and 11 nanufadturiﬁgﬁ?ﬁgeguﬁﬁ-fﬁagp erlgcgo?apng fowFﬁgelﬁzt i xed

product ion schedyh gt ibr22ysFhe T8t hedr@stkl@ided in claim 21, wherein the 2
production systemis an 1 C foundry. 1 23. The nmethod as clained in claim 21,

wherein the 2 pull-in order of the product is divided into a plurality 3 of
| ots forl productiong0. The system as claimed in claim 19, wherein the

2 manufacturing capability in the dynamic achievement model
3 of historical fixed production schedules ig deviation
4 limitation.
1 21. A method for pull-in planning in a production
2 system of an order of a product with a demanded capacity,
3 the method comprising the steps of:
4 providing a capacity model considering a plurality
5 of capacity vectors in the production system;
6 receiving a pull-in order for the order of the
7 product;
8 ' releasing the demanded capacity of the pull-in order
9 reserving a fixed production schedule for the pull-
10 in order based on the capacity model; and
11 manufacturing the pull-in order according to the
12 fixed production schedule.
1 22. The method as c¢laimed in claim 21, wherein the
2 production éystem is an IC foundry.
1 ' 23. The method as claimed in claim 21, wherein the
2 pull-in order of the product is divided into a plurality

3 of lots for production.



26 1 24. The method as clainmed in claim22,....-- further 2 conprising the
steps of: 3 determ ning whether the relevant current pull-in 4 5 6 7 8 order
conforms to the fixed production schedule; and determ ni ng whether to adj ust
the fixed production schedule based on a dynam c achi evenent nodel of
hi storical fixed production scheduleg, 1 25. The nethod as clainmed in claim
24, wherein the 2 dynamc achi evemer? nodel of historical fixed producti on
3 schedul es conprises a relationship between fixed 4 production schedul e

. achievenent rate and fixed production 5 schedule adjustnent rate. 1 26. The

' nmethod as clainmed in claim25, wherein the 2 dynam c achi evenent nodel

| furtherlconprises &4-3 Fofatiertd paset peaimachelni xekr it oddet  BarSededul e 4

achi evenent rate and.nanu&acturing éapability. 1 27. The method as clained in
claim 268, wher€i"W2 SHaFuf-86t GFFRY Lapability is deviation limtation. 1 28.

The nethod as cl ai A i Ghahm Rfecher @ha the) o dynankhGaehi gyenent nodel
further provides an optimal ~3 working area based on the relationships to
adjust the 4 fixed produeidon seheduhe. 1o29.tHe netthoddof sesduceidrevel
determ nation for

5 schedule; and

6 determining whether to adjust the fixed production
7 schedule based on a dynamic achievement model
8 of historical fixed production schedules.

1 25. The method as claimed in claim 24, wherein the
2 dynamic achievement model of historical fixed production
3 schedules comprises a relationship between fixed
4 production gchedule achievement rate and fixed production
5 schedule adjustment rate.

1 26. The method as claimed in claim 25, wherein the
2 dynamic achievement model further comprises a
3 relationship between the fixed production schedule
4 achievement rate and manufacturing capability.

1 27. The method as claimed in claim 26, wherein
2 manufacturing capability is deviation limitation.

1 28. The method as claimed in claim 27, wherein the
2 dynamic achievement model further provides an optimal
3 working area based on the relationships to adjust the
4 ' fixed production schedule.

1 29. A method of service level determination for
2 pull-in order service in an IC foundry, comprising the

3 steps of:



2 pull-in order 'service in an IC foundry, conprising the 3 steps of: 27 4
provi ding a production database storing production 5 information in the IC
foundry; 6 manufacturing a plurality of pull-in orders with 7 correspondi ng
fi xed production schedules; 8 calculating a fixed production schedul e
achirevenent 9 rate fromdata in the 9roduction dat abase; 10 calculating a

fi xed production schedul e adjustment2 11 rate fromthe data in the production
dat abase; 12 calculating a demand of pull-in orders; 13 building a node

with re}ationshi psphgtyeengt he pﬂdhddaﬂaﬁrHanﬁb@beonmsnhedylpr@dﬂnmwmment

rate, the 15 fixed production schedule adjustnment rate and 16 the demand of
pull -insorders; and 17 d@ﬁpmmnglanmgmwﬂng1é¥ééuéﬁthe fi xed -production 18
schedul e achi evenent rate and the fhi 19 product Pn schegule adt§§tnent
rate infthe 20 nodEPWHRERYEMRF nidnuRt PERT 5N 82 T730°7The® n€¥ od as
clained,in claim?29, wher p véged:d.nto a pluralit
of lots for 3 productlon%&% %?gd%ﬁ% %&%e%) rggqgeéFﬁe%&|n clai'm 30, further Y
2 conprising deter manicngagisgr vi axeaveirodaaeoidh ngchedthe adhwevdiang area. 1
32. A storage nediumfor storing a conputer program 2 providing a nethod of
pul l -ingplanning in a pn@d&cﬁm@m-dat@yyﬁéﬁﬁbﬁmﬁ UGk der %%t%P%ﬁdeuct with a

demanded capacit 4 using a computer to performthe steps
10 P Yy calculatgng' a tixed pro&hctlon sgheéhlé) agjustment

11 rate from the data in the production database;
12 " calculating a demand of pull-in orders;
13 building a model with relationships between the
14 fixed production schedule achievement rate, the
15 fixed production schedule adjustment rate and
16 the demand of pull-in orders; and
17 defining a working area of the fixed production
18 schedule achievement rate and the fixed
19 production schedule adjustment rate 1in the
20 model with a minimum pull-in demand.
1 30. The method as claimed in claim 29, wherein the
2 pull-in order is divided into a plurality of lots for
3 production.
1 31. The method as claimed in c¢laim 30, further
2 lcomprising determining a service level according to the
3 working area.
1 , 32. A storage medium for storing a computer program
2 providing a method of pull-in planning in a production
3 system of an order of a product with a demanded capacity,

4 using a computer to perform the steps of:



28 5 receiving a pull-in order of an order of an IC 6 product; 7 releasing

t he demanded capacity of the pull-in 8 order; 9 reserving a capacity and
generating a fixed 10 production schedule for the pull-in order; 11
determ ning whether the pull-in order conforns to 12 the fixed production

schedul e; and 13 adjusting the fixed production schedule referring to 14 a
dynam ¢ achi evenent nodel of histori@gl fixed 15 16 production schedul es when
the pull-in order does not conformto the fixed production 17 schedule. 1
33. Thesstorage nediesmiasngl ai mpaililniol aimie32, of 2 ashepefart v panl -G order
is divided into a plurality of 3 lots. 1 34. The storage nedium as cl ai ned
in clai M 33, 2 whereinR¥8YEserved capacity for the pull-in-eorder is 3
reserved froma free.capacity, of the undr in_c4 h wW.th
anotherqorder. 1 3§Flfﬁ3l§?or5§% HQ%T%é#%g 2%’iﬁggyinogla?§§3 , Zw&%erein
the dyngm c achi evenent dwgel. of historical fixed 3 production 'schedul es
conprises a relationship between 4 fixed production schedul e achi evenent
rate and fixed 5 preeductingn schedabecadj usenént geateatinge. aThef B%est age
mediumas clained in claim35, 2 wherein the dynam ¢_achi evenent nodel

furthefOconpri sing production schedule for the pull-in order;
11 determining whether the pull-in order conforms to
12 the fixed production schedule; and
13 adjusting the fixed production schedule referring to
14 a dynamic achievement model of historical fixed
15 production schedules when the pull-in order
16 does not conform to the fixed production
17 gchedule.
1 33. The storage medium as claimed in claim 32,
2 wherein the pull-in order is divided into a plurality of
3 lots.
1 : 34. The storage medium as claimed in claim 33,
2 wherein the reserved capacity for the pull-in order is
3 reserved from a free capacity of the IC foundry or in
4 exchange with another order.
1 . 35. The storage medium as claimed in claim 33,
2 wherein the dynamic achievement model of historical fixed
3 production schedules comprises a relationship between
4 - fixed production schedule achievement rate and fixed
5 productién schedule adjustment rate.
1 36. The storage medium as c¢laimed in claim 35,

2 wherein the dynamic achievement model further comprising



29 3 a relationship between the fixed production schedule 4 achievenent rate
and manufacturing capability. 1 37. The storage nediumas clained in claim
36, 2 wherein manufacturing capability is deviation limtation. 1 38. The
storage nediumas clainmed in claim37, 2 wherein the dynam c achi evenent
model further provides an 3 optinmal \working area based on the rel ati onshi ps
to adjust 4 the fixed production schedule. 1 39. A st orage nedi um for
storing a conputer program 2 providing a nmethod of service |eve

det erminati onaf arela8ipudiip nberdesn sehei ceixed apré@dtopndrgshadsilng a conput er
4 to performthe steps of: 5 calculating a fixed oducti on schedul e :
achi evehent ?FW%ﬁﬂﬁmFPﬁﬁﬁﬁéiﬁnﬁnm%mﬁ?ﬁﬁgEFFbﬁa8§F§£5§6 storing 7 a plurality
of pull-in orders with 8 corresponding fixed production schedules 9
productj on i nfor matyi_onthdl therk&e f akadny; a0 «alierbatimgcaafhxed, producti on
schedul e adjustnment 11 rate fromthe data in the production database; 12
cal cul ati ng avierrind mePufl iR opderdl11g ltﬁjidieéﬁlﬁgl%P nodefF2wih

rel ati onshi ps between the 14 fixed production schedul e achi evenent rate, 'the
15 fixed production schedulg adiust @ity ake, c@Nneheql6it herdegand of pull-in

‘orders; and 17 defining a working area of the fixed production 18 schedul e

achi evemrent rabherand thhedfinxeid 2t@iproduct modekchedulee adpusierent rate in the

20 nodel with a mininmumpull-in demand. . . .
3 optimal worklng area based on the relationships to adjust

4 the fixed production schedule.

1 39. A storage medium for storing a computer program
2 providing a wmethod of service level determination for
3 pull-in order service in an IC foundry, using a computer
4 to perform the steps of:

5 calculating a fixed production schedule achievement
6 rate from data in a production database storing
7 a plurality of pull-in orders with
8 corresponding fixed vproduction gchedules
9 production information in the IC foundry;

10 | calculating a fixed production schedule adjustment
11 rate from the data in the production database;
12 calculating a demand of pull-in orders;

13 building a model with relationships between the
14 . fixed production schedule achievement rate, the
15 fixed production schedule adjustment rate, and
16 the demand of pull-in orders; and

17 defining a working area of the fixed production
18 ' schedule achievement rate and the fixed
19 production schedule adjustment rate in the

20 model with a minimum pull-in demand.



30 1 40. The storage nmediumas clainmed in claim39, 2 further conprising
determ ning a service |evel based on 3 the working area.

30
; 1 40. The storage medium as claimed in claim 39,
i | N
i 2 further comprising determining a service level based on

3 the working area.




