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11 July 2005 WO 2004/044807 PCT/ SG2002/ 000260 METHOD
FOR ESTI MATI NG A LEAD TI ME OF A PROCESS FI ELD OF THE

I NVENTION 5 This invention relates to a nmethod fidrduly 2005
estimating a lead tinme of a process. In part

P o4 gd is suitable for estimating or fd?@?gggFﬁgna’
a | ead tlne for manufacturing a product or providing

a service, depending on the urgency of delivery.
BACKGROUND OF THE | NVENTI ON 10 Business is

conpetitive. Wiether it is in the production of a
product orygNfoR FOR ESTRAAPNGSA LERDWIAR OFCAPROCESS ar e
interested in timng and cost. Sonetines the two are

at |least partly interlinked, especially when it cones

t pIELDoP TR MvENADN Nventory and storage. Thus nodern
busi ness, where systens can be quite conplex relies
|ncrea3|ngly on 15 thorough planning and good

eXFﬁQ Hveftidn r@ét%@ té Bendﬂﬁﬂtfort sutieatdes &demmermrawr@ess erparticular,

ve bee C l e I onl .
PR 5 SHRDIeG chsatmatfR of R asing =i Pach il & miidturing =
bprodue onproediog msbmc,e, depemdingdinthe tiigendyaf deglivatyi on of
vendors. In present day systens, enfire resource

pl anni ng 20 and schedul ing are necessary and further
aBﬂFUQ&%EH“[hPE THEJHYENH i nprove these activities.

Sorme of the nmain approaches currently in use are the

terials Require nsPlan in fat r
%‘é‘eﬂlﬁsﬁ@ W?%Wﬁg F%?ﬂ %%g@r g Y rov:gon ofa

Pheavien, Rgstodibrs( arBMtereyied emtmmg/laﬁd icesta Smﬁ&tms ethesyr@t amat least

Lﬁe{rt u\? @ﬁ“rk?%ggjﬁggéﬂy%n i c@r%s% th@}\ﬁ&%{ﬁﬁwgp&' ﬁ%e\r/@ﬁ'y and storage.

t FeisMRPdery dugineesn dvhiefecsystests cdrabe gpite mﬂﬁhéellaﬁmcreasmgly on
vlqe,glq,gﬁh bISAtihd SIEGY0S ekdbuiguf act uring resour ces

planning. ERP 1s a further enhanced software system

for managing the entire operation of a manufacturing
eV RE ipast sk Hewldes] enargl éysterr&nmt then Scorewpidialiy dindpl@mented.

N
rincleding theddtegstion f wendérsr In pl‘amradg‘,e syﬁj@macﬁmtmgeaource planning

F ese
A IR koL O e

V'%PS are softvvare systens designed to integrate
with ERP and MRP systens to enhance the short term

Rt S S AR R e R P rths i
A0 Om&ﬁfé’ctﬁiﬁﬂ B&R0a2/ MagdeO(MRPI) and Enterprise Resource Planning
(ERP) systems. MRP is a software system for planning materials to arrive at the point of
manufacturing just-in-time (JIT). MRPH improves on the MRP system and includes
Iébour, machine and vendor requirements in manufacturing resources planning. ERP is a
further enhanced software system for managing the entire operation of a manufacturing
enterprise ‘and includes all transactions required for supporting its operation. One of its
major drawbacks is its fixed lead time. Attempts have been made to address this, for
instance, by adding a Finite Capacity Scheduling (FCS) and Advanced Planning &
Scheduling (APS) system as a module in MRP/ERP. FCS and APS are sofiware
systems designed to integrate with ERP and MRP systems to enhance the short term
production planning and scheduling systems that are notoriously inadequate in MRP
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2 systenms. However, FCS/ APS cannot solve this problem

in some situations. This is mainly because of the

conpl exity or dynamic state of the manufacturing!July 2005
Enterpri se Resource Pl anni ng (ERP)

ex (?%aoﬁg%%mof MRP and MRPII. MRP systens 5 mpéﬁs&'aozmuozso

initially designed for use in the United States of

Aneri ca when | abour cost was phe highest cost

conmponent in menufacturing costs there. Therefore, the

fos@blt%m@f ﬂﬁ&év‘é@*CS‘iAP&ﬁ@ilﬁ@%&vé bifts pRMBle ﬁ.dsmé SfidaBbrs. This is

to use, at g
t HB%'&S%@G%%Pfﬁh%?wlqwgrﬂmwcé@éﬁtgf%'a wﬁ%wﬂng.snﬁems

| abour efficiency and product|V|ty 10 However,

354 U PR R L B e
plvmﬂeu initiglly designed fog nse iorthe UnilvRRititesvaSAmernpaevien jabdur dopt was the
Ja4Hast &P%pgﬂént %ﬂaﬁlf%&'urﬁg P8k 'ﬂ% @Wﬂer@?‘?«?‘%é %cus of MRP was

eqU|renents anni n esl

i tpEehrduleriee @gwredfmémafs tH(ﬂF@’@é}f thei Roingiofj usfoethe gghtétme- thereby
S QhiNitidiriEnEARREEdsK anBHIRBIIRI TabdUr eficientytind pRfiuctivity.
traditional MRP environments. 15 ERP adds
functionality to MRP, and allows integration of
v dfodever, MR taesnpies, infinitd cagadtyrerbat shop flaot, oarich éhidVielddd leads to

: :ﬁ;&b’iéﬁ?g fn%rf&%%ﬁé(resmwgﬁfm%ﬁYﬁ%xwpﬁgn Ecrﬁlﬁﬁll was implemented

I OVene n resource
bW ARG FoBBECHGARaAY HINE aone GapaphoReaHemmmS Plphingtbesides
haghef RIBBUIEE Go %ﬁd@éﬂ&&ﬁef& MRPh Q-Idw%ﬁér @@uﬂﬂ%ﬁf iy to 28vd- h‘z%rcﬁpacuty

R TR e, P, ©

still perforned by using fixed lead times and
?%gﬁm@%% ﬁ.\%&%%’ll ) B N{F\er 'EnBr'ﬁl%Mg tintggljﬁh%e ?/ Jo?s c%tglqers and
g assu iron of Tnfrnite 0 capacrty

2gispipgiosinientisMRAk infromefionaetweds, Htwmveh evert:\lwttdbsse lmprovements
R Rsbidtbe ?}éﬁhlh@tihé Fltaﬁ'fmﬁ’gS nRB8e H ERPCrenBRE YAAEEHE 2B %hat in MRP,

constrain I anni ng of new product
d¥Pich Bas E%"WW%HPW%%‘H@E@‘PQP@ WyesEs. However, FCS
met hodol ogy still predom nates the basis for
S n_APS. 30 FCS sys. e assune
APaR ') hated Keerora ioa) A" RCEHRRG P RRPIVEE) ™o toy
aumanamm basgs GAtERAIMBR akestiReerymed by Téirgs Gxddeeddt hnes and
Q%Qéa%&hb@uhﬁ rfg&fl.{%feeﬁellvér& dafRKAH H@Wor%sacééﬂfﬂ ﬁoﬂrb? infinite

S proces I ng known an determni's
nﬁ'ﬂ%’rﬂoa!‘%apﬁ@%g aval | abl e, etc., and provides
unreliable information during the initial

APS extends the power ot_‘ FCS, which includes material availability as one of the
manufacturing constraints, and allows planning of new product deliveries from
prospective sales. However, FCS methodology still predominates. the basis for
scheduling in APS.

A FCS system assumes infinite material availability or obtains historical material
availability data from the MRP system. These lead to drawbacks in FCS. Further, it
makes many assumptions, such as process times being known and deterministic;
materials being available, efc., and provides unreliable information during the initial
planning stage of production. If is {00 unreliable, time consuming and over-demanding
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35 planning stage of production. It is too unreliable,
time consum ng and over-demanding 11 July 2005 WO
2004/ 044807 PCT/ SG2002/ 000260 3 for use in hi gH14et005

g}aﬁﬁqf&%ﬁt ages. This is al so because the vgl-4a@oz000260
é%al e

schedul i ng decreases rapidly after two to :
three weeks in a dynam c manufacturing environnent. 5
Even with w despread support 8or APS, it is still very
difficult to integrate ERP and APS because of their

dfdtﬂfs&ﬁnaﬁiﬁv ekl prRANIRY stggbﬁcﬂiié’%ialsbolﬁtg:ahsﬁ [ﬁ({j—:-olflalue of detailed
m g-t.erm anni n | VS., short-term scheaul.l n | . )
ot detages . o0 145 o e ok & i Percturing

capdronmgntschedul ing in APS. Planning in ERP assunes

that its plan is always feasible when scheduling. 10
No support from APS's cagaci ty schedul ing nodul e to

| FYRIOVEN WesPrradPUPPPTERPAPSY | isesiill very diif@c,ultg% infegrate ERPrand APS

DBiéq%hE% & ther ddi%ﬁsl‘ gbﬁg’dmﬁ?hé A%Tectiféﬁl APS or ERfF’+APS to

esti e .alead ti 0. CQ e ocess for .

o ot B BIEnEg 1 B e sharbledh saveatioiyAPSs

hi gh |iafdte capactty plinningen ERPorssFiairesapadity iscliseinlrigyin APRI s

is be P . ' .

const gﬂ%ﬁ%&?ﬁg FE(:%M&Q@GE l?ﬁr‘:%:itlg g’%hilésﬁ‘ﬁ%’slf%éns er valsl%!}?du'mg'

FCS/ AR® supethiromrAP S ocapacibuscheduling sopdélado impfevenanning in ERP
ately, but it is inpossible in nost situations

due to the dynam c manufacturing environment as well

as the lack of 20 accurate data during the early
pik BNthierfors rdgesssibiRRE téPRRPIMRPIERPIFCS/APE @R ERR+APS to estimate

f i . o
B B B WS P B g oo B AR 8 curno
il fevelriwitiab planning stoages efficentiyt This isvisacausenIBPAMRRIVERR treat lead
! th&afs PERBAIRY (R aff,&fmﬁfﬁﬁis% @?g’é; wgnario 1

illTustrates a typical process of 'securing a custoner
order: Scenario 1. A salesman for a manufacturer

WWAPS%nae@b?’é% tAQuldte @%bei eBd timd ia@l@ abcRedidly) bueRiifpossible in
SO asi c i.nformatjon about .the client's requirenent
ES ARG PR RERE MRS FRTRELS Hel B i fack of
sdcawdter data oiringudhe sspayiplanning sthgespr BREEAPS is a new direction in
PRI Pl p T HSbLNED g WA fotoms v
digbeen aygfeemal es the shipnment; reserves the necessary
materials frominventory; orders needed parts from 35

uppliers, and _plans the manufacturing and assenbl
épgagggggtlmﬁ{gpﬁcgeqaggf; yeny daportant, utl’!tr has been rgnoreg %r yee}/rs.
Scenario 1 illustrates a typical process of securing a customer order:

Scenario 1. A salesman for a manufacturer prepares a quote for a client. The salesman
enters some basic information about the client's requirement into a computer, and the
system produces a formal standard contract specifying the product’s configuration, price,
and delivery date.

When the client accepts the quole, the system records the order; schedules the
shipment; reserves the necessary materials from inventory; orders needed parts from
suppliers, and plans the manufacturing and assembly processes in the factories.




11 July 2005 4 The main problemin Scenario 1 is how

to provide a reasonably accurate delivery date in a

time to the client upon request. This delivery d&t‘@'ﬁféoos
shoul d be as short as possible to reflect the
conpetitiveness of the conpany, and it shoul d not be

too short so as not to lose éredit because of late
deliveries. This is very inportant because it is very

Thé fiahprdblérmin Sdeaard aismew to prodide & reasoadhly accutate delivery date in real

e PR (oS I B e Rt 4, P a8 o rei

&@tdonmb&dredeasi ofi ¢het dvenpiany,tandlit ghoakimoh e sdcesied. so@srnot i lose credit

REke G P ils HEPR e Biprdis Beflse S SERPHALAN K the planner

andioteshedutat to mmr@md prolperoy dgtrng later wiehufaaturingdéages when the product

RP . i
Bl e, o e el iR Al A0S A 3R LBGEs. Curent
bxacilaeagenotduaporh@lsé@wmfwnmnaﬁtuer that the estinated
product lead tine is on the conservative side. The
FCS/ APS approach requires information about product
MRPMRRIV/ERP ansumes @ fixeddsead timeitsayithes naenthisy and iptantly provides a
@é& rﬁ'd@féﬁ?%é&]@ﬂt ‘A%WPIW?EF&# dﬁé‘é’ﬁﬂ%g fl@é}shﬁ p fior Ioadlng when
advance |

. 't uses inite capacit ng to find
ysingsfixed erosesrdead imemd neust beiloggerdthan neqegsary ireorderdbat t@hesﬂmated
‘;FE(H &‘ﬁrﬂé'is%ntl'f@%‘é@&a velsideS very difficult to obtain

ese ata with reasona tbl e accuracy during the
pl anning stage several nonths in advance in a

'I'T%n HE3RPY | 'aB[%i'o&rhV Fédﬁfr‘i@ Hiormakish 2lbb&dpRaha dé{hﬁﬁlré%:bg%cess times,

an two or three wee becone unreliable. ERP+A
raptgtiale slatystand dherantigippted shem Boaricaranity gavaralgneriths igdvance. It uses

fﬁﬁt@%pm @Hﬁa@lu!ﬂg t%'ﬁnlfi%ffe%ﬁlé schéfuld b%@@alktﬂﬁt@s bl 168y %e based on

hi st ori cal | oor caﬁeam ty of

PCS t
tblalsc‘::b‘?f&ﬂee @w@w@m fds veWe%l@cwlﬁ fPecbtajnt ﬁ@e@%a@h#@me’?fe accuracy

cﬁHhé Y @lahRihg &tddeBdvierH)/ hEHIRS i biviBicé @ mbAtaéliing environment.
product “pl anni ng st age when accurate data are not

%ﬁ@lepéme@u!ese then byo oritiree MeekeheoRMBAINEIIARIST t he
present invention is thus to provide a new | ead tlma
estimati ng nmet hod and sstqeqm The aim,is to est

ERAAE® @'f%annpb*ae'mﬁweh geing A rofust RigRiMg Stﬁ%%@i"ﬁ% t sither uses

tﬁ?@f)%éti(k%d tPdeCof EIRFKbMBe hidtoAcA @ASH Akt ahpaily BLPCS IS calculate a product
acity (or other relevant consideratjons

ATy gqtmm%tmqﬁ AR SUEAD &r@rﬂ'mtmgéteasa%ﬂnﬂde%tl@ﬁedurmg the

pRRECHaring! SR eRirRARELrhtd \Ha e 4r8 Aot dvafdbRe. 1 S provi ded a
thod for use in estimating a lead tinme for a

process whi ch has one or nore operation steps, using a

stiMMARY GPGHE IRVENTROREd process schedul e that

i ndi cates a proposed capacity profile for at |east one
of
An aim of the present invention is thus to provide a new lead time estimating method and

system. The aim is to estimate a lead time, for manufacturing a product, providing a
service, etc, taking into consideration current capacity (or other relevant considerations) more

easily, reliably and/or efficiently.

According to one aspect of the present invention, there is provided a method for use in
estimating a lead time for a process which has one or more operation steps, using a




the one or nore operation steps, which capacity

profile includes capacity requirenents for one A 2005
nore ot her processes which share at | east one of <%

at |least one of the one or nore operation steps, said
met hod conprising the steps of: (a) identifying

proposed capacity requi rements within said pr oposed

AR BB e ST B TR P PR ot on o
thelemt orf here dppfe&igﬂ isteips, \ﬂ':(i@pczqmdit)cﬁr?ﬁleiir_iok})uldee@ubac&tgmmﬁrements for
t { L :
B snrthe et ohrsto ol shad BB o a i drohage of the one o
marp @peratiomsteps aidhnethediFomprisiig thy istegsjpf.oposed capaci ty
Bhar GFEGst et SR T B RER Ao droBotid cBppiyprofies
el iexedbaleemaxinint capality reapace titerigsagintaasivle; t eri on as
B padsh Butheh ERRs g P et e i ame iR By Astepe Amed o
niaking)i thére fegsible;updat i ng sai d proposed process schedul e
W th . i ' : d. t.ur.ni
P SR 5 BB s B BB B, e
(ih) @enfifyingipngposes p?nigm;eda;qr?'rremeﬁts V\Sthigledid ﬁopfﬁeelrcabaﬁtity profiles
tifyin e, proposed. capaci .
oo TRLRl o Tty BB R phoye ¢ gitial
t hat cap&itbzdsowcemﬁteﬁamamnﬁeasmci ty resource Cri _teri on
" A8 04 B RS R TLHB Sl
pr oposkidg tepataasiple; equi rement s are deened i nf easi bl e
The. repairi.ng ste

furth iterion.
By o GrdHlod sttt e Biachss et e it $glehand
(@r nmt@ningttdstepdpeordd) ibllrephirmelpemdnlﬁia.ste'b‘(e);reweai ri ng
t t t he excess
P equPPRHERT S Prefiiad BREPSS $hERMEr d o the one or more
time periods. The repairing step or steps may conprise
Sfipr pLTaR eoise GFRRued BR arRay CoboRIL R e R DI
pmpoﬁcbqwid%roﬁla%iggsagrmwmmemt mf\fdab@ci@g&cd.@@éd criterion but
- _excess uly . requi renents fo r and.sone
A TRE oiliar chateiBiisewcs BRGrLAT IS otk i SRSy Whether the
critieplgproposed Shpsrity redlirep@ntieare doomed Sfsasibly bakkedoncefisther
uirements to one or nore other operation steps by

g

&y nati ve routi ng.

The repairing step or steps may comprise moving excess requirements to one or more

other operation time periods.

The repairing step or steps may comprise moving the excess requirements forward or
backward to the one or more time periods.

The repairing step or steps may comprise dividing the excess requirements and moving

some to different time operation periods.

The repairing step or steps may comprise moving some of the divided excess




The repairing step or steps may conprise proposing a
nodi fi cation of resources to change the total

capacity for an infeasible operation step, theréﬂf”wzoos
changi ng the maxi num and/or critical capacity

resource criteria for said operation step. The

repairing step or steps may &onprise proposing a

nodi ficati on of resources to ., outsource. at st sone
LA T B R T e b e

The nethod may further conprise conducting a backward
estimation of the |lead tine based on an actual agreed

THe FeRAEING SRR & SKIPSTARY SANRIISES MOYE SXESRS TPRYHEMARYS gene or more
oftiet bpEhish sftgﬁél\wﬂtefﬂéﬁ%ﬁ)lﬁiﬁgr ent date or backward from

an actual agreed delivery date of the process. BRIEF
DESCRI PTI ON OF THE, DRAW NGS The present invention

T% |répa§iﬁlgfs*t)éd Meﬁéﬂﬁw tdmastiseypropiingfa medifiddtioh batdseerces to
nples wt reference to the acconp%gép dr awi

Chrﬁ‘lgﬁﬁh% fptai nggqgltworg@ggfeaslbie Opgytipn Alegy hanging e maximum
aR&bf A0 98838 burde Eiteht @r dail bparatisraitep. t he use of

the Forward and Backward Lead Tine Estimators for

obt ai ning an order and then planning a shop floor

'Tﬁé Achafnl %Ebpﬁ&%@éﬂs&ﬁa%ﬁbrrs@%ﬁ&mgfa mbdifidation 6Efesoﬁrces to
gure illustrates the vvorkf%r%_bl @{1 exe
 otsuias af IEBHeone E ORIt Pl UPTRGE BIA Shs g %%/Pesem

invention; Figure 3 ill ustrates t he wor kf | ow of an
exenpl ary Backward Lead Ti t or cor

Theygetadsaai futhgiesomniine c&@ﬁqr-gf 3 BodorarY el EHoB repery tme

baded\bi & dadia aQFee'd?a%mdrrdét@ o@mb@es@f the present
invention; Frgure 5 lustrates a forward schedul e

for sone of the processes in an exanple of the

TRE R28Mind MXEPE ESimatdd fdrvardIifon®a iclifrestidatd @badcRivhriddtom an actual
capacity conditions for two work centres in the

'a@ﬁaﬂﬁpwenﬁiajapéth? AP4e§St rat es nodified capacity
conditions for the two work centres of Figure 6,
taking into account routings in the exanple; 20 Figure
8 illustrates a nove forward repair technique; Figure
9 illustrates a nove backward repair technique; and

BRIEF DESCRIPTION OF THE, DRAWINGS

The present invention will be further described by way of non-limitative examples with

reference to the accompanying drawings, in which:
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25 Figure 10 illustrates a Gantt chart for Finite
Capacity Scheduling. DETAILED DESCRI PTI ON OF TW%JU|2005
| NVENTI ON The present invention will now be y
Wfﬁﬁi/buéﬁd by a method for estimating a | eagfdd¥hooBszeo
O manufacturing a product or providing a service (a
Formard Lead Tinme Estimator) and a nethod for working
out the schedul e and plan, ongte a delivery date has
been fixed (Backward Lead Tine Estimator). These are

gfmdret o iustratgs decugdl aihE TYnedd aﬁa@w\z&rﬂ lq.ea&umﬁé iEt@mﬁators for
erV| nitia anni st age.
biRbg e Kk ik 86, Bl ¥ i it choncigpl dpor Foceipt o

'dﬁ?&?l’ﬂﬁ"éd in terns of manuf acturl ng runs. 11 July 2005

WD 2004/ 044807 PCT/ SG2002/ 000260 8 However, it is not

Ibnited ﬁhereto.'For instance it could be used in

eE0MRat Hustimtes g s Wokiaye pf no prareplany niorwaidt Lepsh Tore &stimator

nmoyrporathey the presbaivestrer ci al Iy or ot herwi se, “in

of fi ces, governnment, education and so on. 5 In typica

use of the present invention, when a custoner's

efiguier § Hlustrates dhe ebrkflaw efadie exemplenyt BackwaiTReRFine Estimator

ustoner's product configuration

“ﬁggﬁagﬁggﬁ%ggg r#%ﬁ Ebrmard Lead Tine Estimator of

the i nvention then wor ks out sone possible delivery

dEies 4 iRt Reas B o MatSRbls 48 1I4e48R 4n @ﬁén?ple Wh@ﬁ‘r@ée@ﬁ vention;

delivery date or an earliest possible delivery date

etc. based on current shop fl oor and ot her condi ti ons:

Tigure 6 mirelssarfomaehsohedule fhe SomBRf tegiredBEes\ih bR eRarhplB®f the
' .0l lowi ng which the cost and delivery date

can be negotlated The actual delivery date nmay not

necessarily be the sane as any one of the possible

(Rdury € iMstRE LRIt ALAb&SSly cdrd ltﬂﬁé’fopﬁvﬁmdr?fﬁﬁreg ﬁittﬁ etinpi)€

in between. 15 Once an order 1s confirned, he ’

Backward Lead Tinme Estimator is enployed, internally,

tFiguré @ dllL&trpieedlwtiiﬁed eapadite dordridas F6rkhe hwd RRrkC&iMrkd BEHigure 6,
d9kd v ﬁ"°”ﬁ@83'( aIs [ qw red are planned and

booKe u |)(Sef‘ﬁ'n eclpacltl es, such as nen and
nachlnes are reserved. 20 In practice, a sal esnan

Wré@muétra@‘esda%b\)é%awa% én@&%cﬁr@”espondi ng prices in

real tinme, say wthin several hutes, so that he can
pronptly quote these to the custoner. Sonetinmes, it

Figharsa iudtiatdsl cemb@nN@ekwdr@repat RIchhifse; khe three
categories of delivery date mentioned above, and the

custoner may not be willing to wait any longer. In
Eigute 0 ilusirstes atGeintt chart fooBinitf CaRicityr@thietiging. del i very
date is enployed to generate a delivery date, 25 say a
normal_delivery date tIy, so that the sal esman

PEFRAREQJAESCRIPEION OF e INVENTION

The present invention will now be exemplified by a method for esfimating a lead time for
manufacturing a product or providing a service (a Forward Lead Time Estimator) and a
method for working out the schedule and plan, once a delivery date has been fixed
(Backward Lead Time Estimator). These are used to integrate planning and scheduling
functions during a production or service initial planning stage.

In general, the present invention is herein described in terms of manufacturing runs.
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negotiation while the Forward Lead Tine Estimator
continues to find other feasible delivery dates $ 2005
| at er negoti ations. For exanple, suppose the For Vet

Estl mator produced a normal delive
bﬁégﬂo}%ﬂg the express delivery date IE)%‘T/;ié%gzmoozso
Sept. and the earl iest delivery date is 10th Sept.,
each corresponding to a parti@ular production
schedul e. After negotiation wth the custoner, the
aqwa;lvbny Rl hotelinitedathbretos THoX fifdthee 30 LHIPHRL usedV\Ihl @éﬁmatrng a

earlie ry .date but
| AR BiP  Sure PR AP s olngonvicam pammsrialier Pigsrwise,
i foffidelhgopéramenisedlictiionaantdisvenat t he express delivery
date is adopted, inventory will increase 35
unnecessarily early If all activities in the plan
cdr rigeigad sk nef the mesenhlinveationy sihgn dacestemer’s1 enquiry \is 2eGived, a

V@a?a@@iﬁ/i QH@%Q}?JHB%E/S:@%&% S}p%@lpthe%u&bﬁ@l 9| er@.}(:?gonf’ iguration into

f orwar d days -inste

f é‘a%?"ﬂﬂ%‘—‘r T‘PﬁJEO’%"ﬁ@ L@Scﬂ%ﬁrﬁffﬂlﬂé@a ofrth?én@t'%ﬁ\ea qu”§9 out some
u%fds_ulﬁl@ ddlﬁ.rteﬂ;lrc_mtése stidheasl & ﬁcginéphamery kg ldn Qﬁarbﬁidehvehry date or an
contlr . Lver Lgure strates-the,.. .

R TERDIE B0 el o combeita otk aror TR 48 i b Raons: e
f salesibamthen prpvides thedestomaowitthetime hastaiangfoliovdpwhith thercost and
Prd%ﬁl}égﬁ HAE csﬁm@%eb&falr&o Ahé %EE%P&%J%W datd &) n8f @&ETsahE} be the

otentral custoner IS receive

stsé’fﬁe@Q a”Y ﬁ'ée pidhevaessiticcdriivery gates guoted;iif may by a laterdatey or one in
t ®efife@] de possi ble delivery dates, according to the
urgency required. Step S3 sees negoti ation with the
customer over the actual delivery date (and cost). The
o1Ghee ah Srdeh é&nconfianfedy thie Backwsd epadBlimeHstimiatoy js etrilmoyed internally,
a ' [ f
t?}cge H@ @Fo%qgfbb s%g cﬁ.l?ehgé%%é on r??a gé;&ﬂﬂ%{jdei%\g St lag requwed
b&re @@@ed@@d Snekedrand g rarp@wb@rdeanaﬁges, @u%@w%wames are
Thégenfehow is only exenplary. The order may change; for
i nstance, the Backward Lead Tine Estimator may be
used before the order is confirmed. It may not even be
né&rephacticefa. smanfmdmeqmtdem}equmm@ﬁnbodasmduhg pﬁdeesuereai time,
2 ates.th rkf | Y,

Qa)&a\:vgcﬁﬁl_ eeg(ejnJ lr s% that ﬁe ti d)éorg;\éY{yag¥c5?Q ﬂ%’éSWB tﬂ% customer.

For Stl nator. represents
t Bemstimes, utn’@k@ma rittleoibngshite defsemniae itom thrée cathgasies tof gielivery date

5 Ationel Spbyd @ndfihe Q&Qbrﬂ&%ﬁaf‘ ﬁ&%"bf irv m? So Yk %H?‘I&@gr ih lsuch a

is classified elther as nor mal an urg
OF RSy this ras?thad Bfr‘?ﬁgmﬁ‘t"}ﬂ %ﬁ%’@?w(dé‘feg‘s BMPM?%\*W?WE a delivery date,

i Wbt@ﬁhamdldh%ﬁr Yagt Srompiy, %@%prhleaéa%shﬁﬁcbahlp@a%a quote for
Saééngt?oﬁgw trs? ?‘%?W@@n%ﬁ%nf"ﬁeﬁt\?@&v c:onf1 nues gto eﬁnd other feasible

delivery dates for later negotiations.

For example, suppose the Forward Lead Time Estimator produced a normal delivery
date is 1st Oct., the express delivery date is 15th Sept. and the earliest delivery date is
10th Sept., each corresponding to a particular production schedule. After negotiation
with the customer, the actually delivery date is fixed as 25th Sept., which is earlier than
the normal delivery date but later than the express delivery date. For actual production, if
the plan used to arrive at the express delivery date is adopted, inventory will increase
unnecessarily early. If all activities in the plan corresponding to normal delivery date are
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bei ng worked on or planned. In step 8104 (Initialise),
process and material information and constr ai nts IF 005
i nputted, and details of key processes and mat er'| A
sed based on the type of order, i Bh2/000260
urogzgﬁ%@&g? delivery determined in step 8102.&1&‘65;3?2 I
exanple, a key material is theoretically available
wthin 4 weeks from overseas,gor within 2 weeks if
extra fees are paid when an order is urgent. In step

Sls%ly( (P& fHrRariOes tdd %&‘%‘eaﬁ' ‘ﬂﬁg gia%hlﬁaﬁfi‘lﬁl b&Stasible. Thus the

%F \@lgf start dates of the processes or
lepd a“ﬁpth s@fgﬁt@rs |sopsqgeg? deiermine, the fpal plan, based on the

debeirmed@sivéry dalespect i ve of 11 July 2005 WO
2004/ 044807 PCT/ SG20021000260 10 current capacities),
and the theoretical process or nove times required for
e &igurest elplsiraltes trenudeadft the i Fograrthiand (Baskuart! laad Time iBstimdiors for
b A it .
p%‘%%*é@ RIS A p s fodrdro Refon, clpablRpon rocint o
sthabgrdat ne) -- Equation 1 5 Totalling the "Initial
process | ead tinme" for every process along t he

|t|c ath j ductiqn r I OVi at, is. ..
e fS“‘PFF“E‘P“& fse’ eB‘?“’%“hLejnls ?}f‘?eF?rB'?rdt litad Time
pEstam is (xaadgo ;tdmietpomblé rdetactyhdatey, asmndimg  ttle lurgeatyrequired.

t §teb|§% s%@ﬁ%ﬁéﬁon vﬂﬂﬁ% (?]% omtepSfeP frR et &éllg«?’g dgt[e a{aqd cost). The

Key re rces I est pOSSi

d@ndersls émerkegnﬂm@ﬁdu istepsSAndingllyethe ap@)lqb poduction reehesute irgianned

hﬁnY&lgﬁ 8680tRE BEGkwAHS Lead THAE BRYhtaN AfRAR Q@Q% Be he%erved and
generated in step S108 (Forward Schedul e witht

ag'éi? FP’G’ﬁ"'&fmlbﬁ #Ned| v avail abl e capacities at the
p0| nt of planning. This forward process schedul e

R T B O, Bt THR R by PR 1% ey BB er Lea
STire Bstwater ey b8usead hefree theCagra & dopfitRredf itinggdy, not even be needed if
bﬂédfﬁ%%&a%ﬁos%@ﬂ&%@% d'ﬁB?e identified within the

forward process sche ed out in step S108.
Every process has a naxi rrum capacity. If that is

eRGHe daRisPhte AR MRAGIBR Gf art éxchPEPPESWArdILE TinhedEstimator.
bottl eneck. In practice, however, there are usually

only a few processes that approach capacity. Two
t $rti2qBlaHjsprezetis e satingpdintwf tHir gsshatiod, Indhie sieptS 10 rthe type of

%{%Few&% %% H&eﬁ‘uﬁne%o %eéifsrsﬁe@gith\gf §§ Q%r{rﬁl X\QQF ]gu‘f El%teﬁteorder‘

reac Its cri |ca capacil
cHpheriery arden (§Br ftorg envery lmaortemléﬁlﬁrut)u etq an gepragyiate legd time

ARPMRetéd |, lEBt\GébrF NERS BOk Ghedt asdigied BaSnHRY oA thd | hlﬁgncy of delivery

eriod, then this work-centre Is considered to
'EI"@E'@?IP“ %p{aﬁ &h infeasible capacity plan. 25 The
bottl eneck identification procedure used in this

G %{g&l SHo¥ (}Tﬁ Flse}- p%ecegg temcrir?na?ertal iformation and constraints are inputted,
and details of key processes and materials are processed based on the type of order, ie.
urgency of delivery determined in step S102. For example, a key material is theoretically
available within 4 weeks from overseas, or within 2 weeks if extra fees are paid when an
order is urgent. '

In step 5106 (Generate Lowest Queue Time), the earliest possible start dates of the key
processes or earliest shipping dates of key materials are determined (irrespective of
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slightly different from known bottl eneck procedures.

In actual practice, bottleneck resources nmay c

states over a short period of tine. In order no?‘alt‘g‘%’zo05
Wﬁ@‘% ate a potential bottleneck, the bq;ct-ll,s@ggﬁ}ﬁomm
Iden I'Cation procedure in step S110 includes al
potential bottleneck resources in this invention. The
pot enti al nunber of bottl enecilyg 30 resources consi dered
is, therefore, larger than the nunber that other

C% r@rﬁ'ﬁa&%&a&é} Qﬁcﬂﬁe t&%&%@él &gsmrﬂ&féstin@yre&tﬁi%ﬁ 'f&eérach step in

even ar ger I'S necessary
ummac@'ﬁn%thﬁﬁ’f@uﬁm? ma@*feqcm@@? Bp@tug@p@qagﬁ%ggasg?ilgws

considered during this initial planning stage

O herw ted bott | Kk
O P e TR QBRSPS TR S en
July 2005 WD 2004/ 044807 PCT/ S&002/000260 11 In

S tI‘nglllf }I’?e tﬁr%lﬁ“a? lpl%%g%féa%/g F‘Dgn g C %DO% E&eatgﬁg thgaé?i‘a&il tp\éQh’ in the

t he capaci
en@ﬁuﬁ@a rmmc@qsemhaémeﬁechs@iv afiisbestimatecof Ssigad tlm%for the process

| tvetichdrdm tr%vpﬁéééaﬁélda@eafte Meed@stombsohé‘e éinn@prlauess times of
a repaltr

é)o in
pgg K rEFPUESRe %‘Bttf'? @ﬁ@@% Rf’éﬂ%}‘éﬁtﬁ}’t F@F?N&? ggey J?SOU%GS and their
bﬁmbmlrﬁbveﬁi‘nedlh‘évﬁ bégh vmrmdut anforfard pecdsstehédulnie glenerated in

thagﬂgg (1190215/ c&e e) WIt %%I'EB ﬁ%‘% '}in?ﬁ'gelxl\gvatggﬁé gapacxtres at

b&ekmmtdoft platmnrpmr |Tdu$sforwan@ pmebm isehedulef indiiddsdietgisacf currently
bQ&Jeb@H%ﬁ&p&B@%%‘tﬁrﬁu&iﬁhﬁ’W HEBMUE] RbricdcbifResPer 1 0ds i's

known as | nterchange repair. After any infeasible
capacity plans have been resol ved or bal anced, the
alnt stepds {10 WBdrdratd BoRieh@MuUCapdchy PreiE)N @dﬂléxﬁecst\e@k&‘éames are

] T Per i dent i f
CPRed il e, P PRy Eei ot EB Ao §TRLE e process
ahas & mesdmunh eamacity e lighatge sacketiéd ougpppodchedrit becomes a potential

pg&tﬁén%w( fn a:g%c\%fgt’?, oﬁ{%@% f\8fe 4rEAS Zbll§ Iaﬁlg Q' t%:egs;é{%g%,%approach

nment 1 oned 0oes excee
ARG | T Brosbelsi Hih gad Aol Tiesbeldt aretsst F GRBRIWaN contre 1

na&t@mﬁrké)&ﬁémeﬁ 9 waRLSE Wi rahet ReEnticheya 'Ear:@ beas) Bhe. If the

In s

GBPOIH 3 wolkauts e 45 Sy o8 bous 8 iahyhEshold et any

peariicutis tieel idriod | thet litds evoikecenipe & ¢dnbidered dapacd bottleneck, with an

rd process schedule is deened
fggggglfaggga%gyﬁlﬁwgtep S118 (Define Lead Tine), the

Esti mator outputs the overall lead tine result,

pﬂﬁ-ﬁb&ﬁéﬁeﬂp% fRbtioM dr eﬂur@rlﬁég‘ﬂpm é%fenfpré?y Eéé&Fﬁﬁ%%ttmator is-

and 20 OSSIbﬁ even the costs of product]on (wh

relightivh Sﬁfe'@éf u@&bl kpeyn ppdlaRRcki BRcedtiiade Ml \PA%CF'% c‘@?tﬂeneck
aBsdursdshay eHaflgd Bate8R0EEd SHOR RABS oftimes e PraSirdl t6 dhiculate a

potential bottleneck, the bottleneck identification procedure in step S110 includes all
potential bottleneck resources in this invention. The potential number of bottleneck
resources considered is, therefore, larger than the number that other current bottleneck
scheduling methods may consider, and may even be larger than is necessary, but this is
useful to ensure that all possible bottlenecks are considered during this initial planning
' stage. Otherwise, a possible neglected bottleneck resource could resuit in an infeasible

produgtion plan.
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If any critical capacity period is identified in step
S116, the process branches from Step S116 to ng 005
S122 (Zoomin to Critical Periods), where the pr b2

e es on 25 each of them In step 5
Egﬁggéﬁﬁﬁgchedule), t hese proposed capaC|t|é§ﬁg&f&§mhﬁm
conpared with the available or finite capacities at
the shop floor by enploying aknown scheduling
routine. This routine exam nes each critical process

aq,c,: %‘iéﬂ 8¢qd ﬂé’r oféélga; rle Q]Ethﬁﬁ’ %% SBag ? Ghe %&@b&ﬁé Capachy R each

Short est
MAoHigesk veris esaire ‘Wa"\l@ﬁdg?ﬂdeﬂﬁeﬂiﬂb\fet otions a@mg!ﬁg}o resolve this

Tio¥erioading p&ibleﬁﬂ ThiERC NS BY erﬁfo!oﬁﬁg?& FE;hlair Pdlat @, foHb@8npleS by moving

SRR o BS PR sapa R o i AR 1Vide0 poporton of the
f llnbﬂlehédcmgpadite bphmpms.ewl ot mt@m’ﬁé perialis] eitt@n fdrRard, backward or a
a‘&SHHﬂE’t ﬂt gid fon)%rh %J’ﬁ cp 3@3 ﬁee}{%?g Il'gi‘;‘ nlqtucris1 eof ng a

deci sIon |s
( Ibe@gnewk éagactblnbahh@nrsswwttlmeg)eabdsss énbvstasemamam Te{oRir.
35 whether it is feasible. If it is found to be so,
t p\ﬁ rpr ocess noves to step S118, where it 11 July 2005
er 3 Peibio a2pacty Riwnp e Hes) teeivasbor balanges, mﬁ aterasforward

oweteallt id ©achinddi® stee Sl 4 (fdéﬁhﬁr C&ffidamhﬁe Pamfda; 1oqabrﬁfiﬂ€ﬁmy critical

prarRRBERtbay ilal epriy Hotss A oo bap e BPRTHER frosahout o
t h pemgllﬂaranelnocﬂ H@Ss'@hedch the drighuthreshadldimettepeGaiie aind dbéweexceed

PiaNo %hr@éﬂoldf cmc,a: éaﬁe.t,: GaRbOhSd B Js&ﬁg 2 oré %faseuy to

capacities |n crit process periods
n%?te"’f'@a‘gh%‘l‘%t@b’@"%f%ﬁ“é%t to.repair, at step S128 (Use
Repair Method to Bal ance the Capacity), using

f ) h t echn

PR P TR S ey FEIRG Ao AsEBin. i atop Y thes ap ot
s¢appc:t§rjibﬁods]£us1'methere fsaiorcritiext bapacitygeriediihopathrd prosésishedule
J é]o%eﬁl 9 fe"c‘é'sﬁﬁe Qﬁcf in W%S;?§1 48 lSDefHQV&\éS r'l‘lmegz)h %1e Estlmator outputs the

entl |cat 1 oNn lres repairi
dﬂP\PfeéJr'éﬂ@ limenresyle pposgilile | tomlmmth 8 lus@@owm of rtee gracesses and

t fiRsiBRPAfeNt thel BSEH RE RERN ﬁoﬁ W@h & Ghayt h{e‘ﬁs BO! el ef\SP'productlon

(Wi thout consideri ng the s fl oor | oadi ngé
i Hanaggyert vagance sgalys %>san9§%%oa%am@§5¢w steRS1 @H)t y

pr obl em V\/nen a capacity cannot be accommbdated within
dul e aft i bl 5
SRR sor B e e Balet B 2R TR afies Marghes fram step
r‘u“e'lsiﬁatﬂ tssepa$1&t @porB i 4q Crifideh Parigdsh fwhehe thet mpsesS g foouses on
kB oPBER! Bl sfep M'(ﬁ(ﬁm Glené?at%?:?@%ﬂéeﬁ tﬂ%&%ﬁﬁos@{i ?%bdcl‘ct’es are

found wthin the fin ac
ACtRBGgithdbe ayrdalle ﬁr‘eﬁr@e Gﬁh%mﬁﬁ Gk theshpp) 8@%dy§naolwmm known

tsﬁhé:tumg rdufing) OF, hiseié&hrhi @cdﬁhﬁb{é &%? daical %Ebc@ésogé&aﬁﬁhga{ot 8ifferent
er of. iterati.on

el s TRl BT i SR riaRo e b Bttt Dot ppimum

Sbaplii Tinel, WelgbedsStoftest Processing Time, and so on, Each set of scheduling
rules is examined one by one automatically until a feasible schedule is found and the
required capacities for fulfilling the proposed customer order can be accommodated
within the finite capacities at the shop fioor.

A decision is then made in step S126 (Feasible?) on the resulting altered schedule as to
whether it is feasible. I it is found to be so, the process moves to step S118, where it
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delivery order, if required, and alternative yet
feasible lead tinme estinmates are provided for t e y 2005
custoner. 25 Certain rules apply to the operatio é?

w20|(3}94 I‘.,d Lead Tinme Estimator of this e"bf’(fiffé@z%zmoozﬁo
nd espeC|aIIy to the repair and reschedul i ng

'operatl ons. Repair of particular periods does not

necessarily mean just noving agound the jobs of the
proposed new order. It may nean noving around exi sting

0 rtﬂ@;ﬁt&s th%QN&@l! Ie\é@ kit PEUR Uétc and Q{e%lera’ﬁ@ﬂ bR s@h%ﬂ 2?] Allit is not

d t
FIBEIE A o B aecs sra KBniIogar 8Wkal pr ocess 11 e

|s cal cul ated based on key materials being obtained

us [ | ar

o BTG o TRl oo PGP sk g e peffund to
t er feasiblarin istept$126, e qdpatiiiesrin 36e stfvebiproessb ametisonhich are not
t ffgis%!@@e 's§banelB ;eﬁélf’ g%ostle{:» V%‘?A? Ogjf%%lz%égbl\n@%d %CBalance the
Pdé'?ﬁp d’z’f“@dwetf‘ bi"ok""laﬁjr Neifterghangg 1epaic kshiiayes discussed earlier,
ergnli dhyeshetatiop then relertdiolassilse pl an, that is, by

noving operations with capacity probl ens to a later

date to resolve the capacity problem It is expected

t Hae repristephniques emploged in glepe Sa12 and IS02R)ere Hedidalt However, the
b'tﬂenﬁﬁl%tléipgpﬂgﬁtlb@g Sg ce}ﬁ..[%zh;‘l@ |sk<ﬁﬁérerllt0\’\fn ST%J §1JIZS rgggé ls used to

hi ghly desire

n&TSolE tretapgeiyjoading abave the pigh ﬂara@towevel wtbmattqoysr@am the shop
t Roer Isa'.d“ﬂgljfﬁwhwsﬂ uh st@@%ﬁ@\/@am&ea% ?és%ﬁfe 't?l%ﬁ&cnl? rbrob?é?ﬁ/vﬂwen a

eX|stln S oor pro on_pl ans
SRR RS e SRODUBIAIFT SBales Shep 196t sorsidn, anay il possibl

esﬂEﬂuhgrwbanmememndmemaﬁs with confirnmed orders

cannot be changed. The theoretical process tine is

cal cul ated based on key 10 materials being obtai ned

-udhe greyatinn taprestags labstap §1 kb swithranymiltheestepnS t i6atb F1€8gossible

t bgdn DAl ATBAsKle prlﬁcésséaldnsls Wamd vﬁtﬂﬁ thi ﬁmfee&ggért?e@%f the shop floor.

ti L formarﬂ schedul e tested
i np{ v e B prosmisuRRIES SreoYbie SeRISNd fgsile plan can bo
eprodiies afterssprotigemidaunbendlilaabegd bal ancing of the
shop floor capacity is necessary and conpl ex repair
schenes, such as nove backward, interchange, etc. are
uEleigl Fom@rch%demEsgmem operatizaris repehted dorsilllthe rediiréd elagses of

IOJjé?iOery @der QNeEEiFerEI? Pié‘l@?ﬁéilﬁ@?&‘:@%‘iﬁé leall 9?‘@ ésfu'ﬁ?flgﬁ %Fe provided

herwi se), exce ose t are part o
cBﬁﬁ‘hPrcHﬁam@'arl i est possible delivery plans can be
re-pl anned when necessary. The theoretical process

tée'FFain rules apply to the operation of the Forward Lead Time Estimator of this
embodiment, and especially to the repair and rescheduling operations. Repair of
particular periods does not necessarily mean just moving around the jobs of the
proposed new order. It may mean moving around existing orders.

For working out a normal defivery plan, all existing planned and confirmed processes at
the shop floor cannot be changed. The theoretical process time is calculated based on
key materials being obtained using normal lead times and a larger initial lead time
parameter, k = 3 is chosen. Forward scheduling is used to find an initial production
schedule based on these and is then tested. If capacity problems are identified, a
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is cal cul ated based on key materials bei ng obtained
usi ng the shortest possible lead 20 tinmes. The i ijljlaéOOS
| ead tine paraneter is set as k = 1. Wien capaci y

(F’Eﬂu?/ A@re identified, repair schenes ar epé’ﬁ?&o&ﬁooozﬁo
ance existing planned capacity first, and

proposed schedul e of the present order belng wor ked on
i s changed only when no ot her 13f easi bl e producti on
plan can be accommodated within the finite capacity of

t Twﬁtﬁ?gipsaf r;fvgérpe 25 eﬁiﬁld@@@% Ypm\hdﬂse anegﬁﬂEYpléﬂ tﬁ&' iV 8% Ymoving
ke

i ces.
RPRORD EelomoboTE B b et b PooS is.mapesiesobiom. it s
t hepegedthattbid ptameddrewﬂl@jeaaﬁm“a lbager lgad difle] B&itlﬂﬁéncdmduthtlan cost is

prlér%\%glr% t'[ﬁf@ig%hﬂ?ﬁ@ﬂ%ﬁ?sirgg P&Q\ugé g@ éraggmgré?%ﬂérggb% a higima), delivery
asdatenfor the [custpracrpremptly andrthissckeme wilpwt bave mpeh adverse impact on
S@W@ﬁ’stlﬁg@‘tﬁoﬁ S ProRBetBh BlafBior b gah.cbns% imes, and  so

on, are ermned. Optimsati met hods, such as
genetic algorithns rmy be enployed to f| nd sone
nd@r wordngroat ais exunedsi deivehppias] edliesxitiny ﬂﬁmﬁs@ debsdshAtheconfirmed

oSEARLBLS, S5 Uy, 2005, Yo 200 aaadT

agnaterinlsakeinto elfpined uging asme @xpress tadttivess! efadntallereinitibiubad time

I t: f,f
Iptgﬁagr{r’é%ngeﬁg is %ﬁ& %ﬂg LY rg%htﬁ’a ﬂ?% }o eﬁ eﬁ?cfuﬁﬁquged With a
whrataedoshortgs tirg werqarreaafmartaif qon‘@ceagstlnggerﬁmasepos&mte more

5 cahpirRafeat lbéf’a@wﬁ@ pcffotﬁ@ rbhw Yol BSpchy ‘fsalnéél-:lseérg a}n‘ﬁig&b?ﬁd?& repair

a ortlon fixed [ead-tine 1nh an  exi
pP RE g‘PWaWaWHBteFC&‘Ff'@' elgpPedseh, an altered

| ead tlrre rmdlfler k' with a value of Iess than 1
d th
1 P g, S an, SRig' (RGbE" Setbenied, 3P S Rafliec gropesses
1(P°DEUffwdr<N’ eiherwisa), aaxcerd| thpsseodhattar@rpastcbfeelxld;tmg deinfinice! Sarfiest
i hbdéd é"éh?eﬁ%]BBﬁs VT e gy E%%he#@%%@(g Thé %‘)?eo;%ti% process time

ti mat or does t

h
r Bpralisidsbasad °§t"§¥t’ﬁ'%‘a&opﬁ'ﬂ9 @Pfatnh@ ushg Itbmrs@pr@efanpssmle lead

Tilrﬁ@s =T iﬁ'ﬁél%ad ﬁlﬁe Tamntkedr i aky adat e 1hQ§héﬁe§§;acuy problems are
he |'atest reasonabl e start

e§8'ﬂ“°e€§ﬁé i f E???S Breoiseddo bglaneg existingplanpngg &@macrm@t tapd the
bmopkmed Isolicaiald, of thietpésant dre@erddsitigl vedtkead! o is f:héﬁgb@ only when no other

f fl h d
P S50 0 GO0 o R el s
(fqu?l‘tl alise), and the processes and materials timngs
are to be

Evidently, the urgency of delivery will translate to different product prices, Cost
estimation based on different delivery scenarios is then provided to the salesman for
negotiation with a prospective customer.

In order to execute this Forward Lead Tims Estimator, several parameters, such as initial
lead time parameter, type of repair scheme, key resource and material lead times, and
$o on, are determined. Optimisation methods, such as genetic algorithms may be
employed to find some near-optimal scenarios for determining some of these
parameterts,
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pl anned according to the urgency of delivery already
prom sed. 20 In step S206 (Generate Lowest CUeuq1Juw2005
Time), the |latest possible start dates of the
gﬁ&%ﬁ&ﬁﬁnand | at est nove dates of materi al Sp@f/&;zoozmoozﬁo
termned, and the theoretical process or nove tinmes
are nodified by a similar lead tine paraneter, k
di scussed earlier. This k caa be the sane as the
previous k, but the agreed lead tine is not be 25 used

hﬁl‘hé initial Lésti Thab shelRPhd 88l 1oOast fRsibIB &k \Wa iél rdaRiadl el 18R time, but it

" ot e 19 17 S0 5 B SIrLa ETHREH cad 1o 16

estl mat ed based on the assunptl on of providing

p 'irP(gg %[)?:Vezﬁﬁ zr@t%zé Pségél‘ﬁmg ?ss\ﬁtjyrpéncﬁ Oeurt1 ﬁg%;thg é]%f%?egic%l irpgogcreg%%ﬂc} t?me. An
 elirroative ramna@woulchbeb@cdemme it wsiny @ oo of iherikest lebddime in an

OBXIEtiHé p‘F&H’ﬂ:EﬂlJn'E‘?Qelquﬁl théjﬁﬁé‘r d;i OBEH LAdHERT 1daa tife! rﬁ"é(drf ier k” with a

production as l{l;? ate is net, so as
nf’ﬂ??r?fé%ss h"ﬂ\/%‘ﬁ? 2USPRus in the same way the forvvard

. estimtor uses a start date, usually "today", to work

farwards from. so t ckward esti

o ERe R Tear BiR s Aot (R ATENAE SorEhienl s SeiER, fSte) necessary
WO W@ﬁ4¢lﬂ48¢89(7m@®fb®@@'03m9@50ﬁgﬂr§ Afiftusirated lthet erkflow of a
PBRSARs e PRl Yk BSAHCeS, and the | at est

possi bl e start dates o key resources and their
process/ nove times have been worked out in step S206,

astep @Qbﬂ\@‘tﬁ‘t}%ﬂ?@é@d{s&hé Stafifg Bk o? thel Bacl#8 LW Bime Estimator.
(Backward Schedul e). Backward scheduling is a

techni que for calculating operation start dates and
dUee delvewy ditcahad hepnnwedrifimied, laad duelatat eeaboariablehgtat rdder for each

AAHEGH RGRAG KIRG e SR ARE RO S ] B PhiBblo or ke

e or eac
SEpecificsericthe seorBinor. | dheaykeesa pad ma}eﬂaf ipfarmagon aﬂdeconstralnts are

Ciapaetiy sEHpoéidzie(lrﬁﬁah?%C Qnd"@fekpro%@ég 8nd aBFRR" HhiRsh Qr'édto be
gg%/ bott| enecks are identif In step S110 1n

f @ocorgingorthe gpency Oéd?li"@M a{“Fﬁdéfm'%eq s set, and a
process period is considered bottl eneck |f the

o Ao BAE B RH 0P Ao o 0o
Gupeesbesy and datest boovs! dates: lof pmter_@ﬂias ager detenneigal, \aad tby theoretical
ERYeg ot tt'in?é} %rta r& i‘(éd"BF%Séirghé? IQ@doﬂﬁlbtdéé é?'get%r k discussed

capam t e or war

rRafiser Thistu@arbe i same mstiee preisuplbriubthe agieed Igad fimp is not be
kb hefe; It ienot impoMado bRt ha¥RIAH 19HdQRRSSstimator. After negotiation, the

agreed (forward) lead time is discarded, because this lead time is estimated based on
the assumption of providing products as early as possible. Such a lead time could lead
to unnecessary high inventory.

In order to reduce inventory, a backward lead fime estimator based on the confirmed due
date Is introduced to delay production as long as the due date is met, so as to minimise
inventory. Thus in the same way the forward estimator uses a start date, usually “today”,
to work forwards from, so the backward estimator works backward from the agreed due
date.
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In step S214 (ldentify Critical Time Periods), the
repai red process schedule is exam ned and any 11 July 2005
critical time periods, if any, are identified. As N

af(ﬁg %ﬂ,, of the Forward 20 Estimator procq.ccsrfsctzmzmom
ased on a low threshold. In step 8216 (Criti cal

Ti me Period Found), a decision is nmade whet her any
critical time periods existislf there are none, this
backward scheduling plan is deened feasible and the

| ﬁﬂg' 41 A% pfoRBssl fes ﬁ%n%&@?&soﬁﬁé@ aRd tH BRYCHAAmIet Rart dates of -
til the present custoner utted in st g
shasere@wﬁ%@wd_@sw PT‘P‘%‘?%")’maY?df”f‘?Fe ?‘@q‘?ﬁen% ek ot Bedon, 7306
gg@a(watd @gwedmapac igbl)érﬁé@ :neaeps VEah8i (Babkﬁ:ﬁrd2$9}ae(dﬁe$68nﬂ(ward
rr on L
sfg}? @%gbe, a( Ia')lq ?r c @rag Paé?r? gtgﬁ g%tté? gncrl) g% %aé%st starting with
f thendlei datesfoe ;ﬂ'ldSGrdiér artdrmbln@baq:imw @r@t@m the dequired stap date

?8@ % éegggggregcrggﬁgé‘blﬁl cal Periods). In step S224

nerate the capacity in these
periods are conpared wt h the avai |l abl e capacity at

t hﬁsté 8910‘ t@éwéra@eq éoﬁi&i@%mdésﬁbntﬁwmej,l thg dapacip Rofile at each work
n rules. as in.s
Eeied: s Sasaty biBpol v kendied ASnaen 5 g Fawerd

| Estinmaiorga blghethiestidiissseh extld lal proeessi periodhiacensidseech botiargck if the

| Eor I AR M e RN 20 TS et her 1 he

proposed plan is feasible. 11 July 2005 WD
Zﬂpﬁérpéﬁ‘&o(_@sg m%ﬁ Q9 Qgﬁﬂce th8 Jabaditye ﬂk@@dﬁﬂ@i’e& 6Fenods are
schedul e can

t hi apacities
strspved Bomoying §tp€ﬂ‘08 2&@9 in ???&'%&%Péalﬁﬂ & ﬁagafr“éeég‘ma Brgiward
aot mag divided maseh beiwse® Bt madfe S$imeppdEdds anin stbe S112 of the
rF ui@%ﬁg C@)Pacities for this order are reserved in
S (grﬁla MaRY PRS- f easi bl e schedule is found in step
8226 any unfeasible critical capacities are sent for

o otpLSZW (ddanft bhilc%‘ﬁn%fPé?X&’sr)l tﬂ@?’%@tr@@ﬂ%@és%'s@ﬁem\@ dxamined

eriods I n Repai r

¢ enchan il Wae eaids; tfyf)"y AP idontiiog s‘\s BprRSoh %/f%he Forward

t Ritinatdprdcusy, thidis bhsaildra I6WReshoRICK to step S214 and
the repaired schedule is examned to 10 identify any

critical process periods that mght still exist. The
opﬁtm $21% (Chition! Pinecetd Fasnd)ed dedsidm smadecyhe@ Rt 4ny critical time

Fén%HQ Q)t( %to|f§|]i%9 Eezgcﬁ}eefﬁcﬁga%églé\??rfi ggﬁ%ﬁ}ﬁﬁkﬂpléﬁ Eeﬁéﬂegg?aslibée and
ftislanlqad timeifor thesiast glarti dagg pf produfien ';Onfﬁtfib&ebp@swrcustomﬁ is
t hapdteliGn bR @21@ eo&inBLRad |Tﬁlﬁb) %Ysé'tlheﬂ@qﬁirécf rebhi@cdse@d production

t 75 ter th |
ey sned o 15 B Ao CARE o bR ten
ends at step 5220 (End). -

If any critical capacity periods found in step 5216, these periods are examined in step
$222 (Zoom in to Critical Periods). In step $224 (FCS to Generate Schedule), the
capacity in these periods are compared with the available cap'acity at the shop floor and
examined according to some scheduling rules as in step $124 of the Forward Estimator
Process. After a feasible backward schedule is found or all the scheduling rules have
been used to examine the critical capacity processes, a decision is made at step 5226

(Feasible?) as to whether the proposed plan is feasible.
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The repairs and scheduling of the Backward Lead Tine
Esti mator operation may result in existing pla
havi ng portions rescheduled. If that happens, nﬁ JUIYZOOS
ire plans may 20 need reschedul i ng. Backma
%Oﬂﬂf"ﬁf‘f’d ains to see that the process is dBfHyRA02Q0260
Iong as possible, wthout taking risks and needing to
make urgent orders. In this , nmoney for materials
can be paid out as late as possible. The Forward and a
Backward Lead Tine Estimator operations contain many
simlar, if 25 not identical process steps. This is
nditbe bankyatischetiile antihathiathe dnid @ipbdittesttie dhoatlodrn step $226,

b éﬁefgecglgclitg? f%?s?%g d QX%J anf]eglﬁlfaﬁétdl.@i o#g;g/%g& a%rbdjthe required

béﬁﬂ?é’éﬁsf%ﬁvﬁ<P!’§9|'t€|ﬁ@f9<§¢'@r@¢m@feps?tzr1ﬁt egies to be used (at

|l east in the repair steps). 30 The above esti nmator
pr.ocess are not limted in use to when new orders

affd0; /2 el}sﬁ%scf@ffv’? ipfouns), ineR $2R0n 8L tfepsiblergiitical capagitigs are sent
B keygairg witk pdrtibhsref Eﬁetrlbwdocfapaatlé‘shﬂ@-lew temthernﬁmp&rbu@m step

P2 GO0 Peph? Mhality RERABRSE e Kapkhl Cain P opoato o e

g Bpckyerdlestimatdiendves bieokdo ahepl S384 knbihe répeirdd s¢hedsle is examined to
O RIBREF ﬁhﬁpcri@@d? pro@@s gdsttﬂat'nﬁ]%l,tgﬂ;} &idthe buffer capacity

the s | oor has Ing a particular period of 35
plannlng This buffer capacity nay be appropriately

' u!m@ioﬁ@aﬁw&hé‘rombc@é&r&%&dfe FrbmIdt ZySZQDShmMgH to step 3223 until a

0448 OCT/ . SG20Q2/0Q0 aci t
ot if&r%sﬁ%d SR MM Sanection gl (g 3o B0 B bRt is most
opaikely, ibmot dhpossible fsthibgreftb be ino ifeasilat plarewestiably if the lead time is no

' gﬂoﬁ@lr gﬁhetﬁe %[%ﬁlrergtn@tgl{blen{é% ltﬁ‘l\éeéstllﬂ%t fv@ﬁ "iH ﬂ%d {Jag estimator

For war ead process | al so sul
f¥PCESSr ecasting a shop floor 5 production capacity.
This only requi res mnor changes to the rules of

rati.on forecastin rocedure_is simlar to
Qﬂéﬁ%ﬁf’?f@ %\S'S%CE?FB%"“% PG ?,adar%s@ bead Hae Esfimgton gpgralion may result
deleigtingyplarat lesvingr mrig@s essehadlisain df m_?_ﬁh@p@ﬂd;] @kbse entire plans may
C e casts. e orecaste
RRRTbIHERURL® PR Sl A FRORHS 1o T BB 1o PSS iEpeied o
|lm@aa:a@ts®lee witoud dakéng nelie andh neasiig tamakesirgdtt prdewt dnitiis way,
r'ﬁwyrf@rweé@sﬁ%n HR!pER Rfad Bl ec%@%&&a in this manner,

all owi ng purchasing to be l'ayed for as long as
p033| ble. The Lead Tine Estimator of the present

I TheeFtinvar s8d i Bekaarl IQe)éﬁd‘nﬁtS Eaﬁma%rt tﬁ:feﬂa’ilbhé/ Borltdin n{ah? similar, if

SR TlH BB BT il g Bl Bl ot
CHpredias\feasitilen b fangarti REGRtionris MRRY 1d be feasiblef by baglkwdré planning.
Wﬁéﬁﬁ Péh‘éﬂ%ézbét%e# bt isd QOFCE oﬁé}gféfﬁﬁéégto d‘eet?&%d -l(—étqgast in the

Esti ma OFS rves as an aI ernati ve

rerRAlnistePint s Pl anni ng ( CRP)

The above estimator processes are not limited in use to when new orders are in the
offing. By providing both a Forward and a Backward Lead Time Estimator, a shop floor
production plan can be revised periodiéa!ly, using either procedure or a combination of
both procedures. The gap between the forward and backward lead times generated can
be used to indicate the buffer capacity the shop floor has during a particular period of
planning. This buffer capacity may be appropriately used to overcome emergency




in MRP. By considering the shop floor capacity (at
| east wwthin the current planning period) and lv 2005
vari abl e process |ead tines (depending on the ur1g1eJnuch

er being 20 worked on/planned), th
%?r%"la%%’tg#" tors can be very useful in today'géﬁSé:%@Z%omo
conpetitive and dynam c commerci al environnments. To
illustrate the operation of ap, enbodi nent of this
i nvention, a worked exanple of a shop floor with
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bills of material, custonmer delivery dates, ﬁnd SO on,

I in th roduction system Table 1 shows
3e‘{“§ﬁ%éw%$ Le Tﬁﬁc@ﬁ%iﬁ@?’ipﬁcéé%ﬁ o gitald fordoregasting pyshop floor
2 (BaEuchibd %ﬁﬁyO#ﬁS%ﬁ:yﬁ_@i&ii@@Zﬁ/ S Iﬂi&{ &&?%fs@to th8 rmgf |6|f loperation. This

chi nes. i.n AN i ndi n illin
AR g BEBLAES 1 Mol 5 Herhigo B, ofar &ronl tat ofty normal
Melehienedatds arplgedenated ginddhd plganedr @phkiietent ngedvas fireuas82These
Ol dPpdishd %c&@%&%@ rﬁeé %E%a%%ﬁl}éﬁé&ot%%té Sudbh&r orders

Cut Machine EDM Wrk _ o
Fivhen AdgieRd auses| \Kewimateriabregyirenmants eanglyesefertopsted in this manner,

FialidwimOpuhe ReRE kd/bd\iddyed Eor @8 ton4aE kosepiM.I € -
Fittingl Assenbly Machi ne 03 ol :‘6shi ng Machine 0

Pol i shing Work Centre Polishing Machine 02 Table 1:
Vb LesesTioe Bstimatapoiithe presem Snvenfidnecan tieremiploveb @p ahlafi@hative to

ca{éﬁ%’ @Hﬁ' By I thy, and the current

pro ug%c?ﬂgﬁ p g%hllgsmé?]el\glgﬁabl e, when a new custoner

order is secured. A bill of materials for the new

OTHE Fotwiard $BEVTirhd ESIIHABE sétvesT BE aRl diteralivdVR} RbUGH ul Bapacity

a ||s_t F£ &LI, the itens_used in the production of
Planning (() CCP) in MRP, for verifying the Master Production Plan, and the Backward
Lead Time Estimator serves as an alternative of Capacity Requirements Planning (CRP)
in MRP. By considering the shop floor capacity (at least within the current planning
period) and variable process lead times (depending on the urgency of the order being
worked on/planned), these Lead Time Estimators can be very useful in today's

competitive and dynamic commercial environments.

To Hlustrate the operation of an embodiment of this invention, a worked example of a
shop floor with seven work centres is used. Each work centre has one or more
machines and a capacity of 550 hours per week, and there are 16 customer orders with
specific bills of material, customer delivery dates, and 50 on, already in the production
system. Table 1 shows details of the machines in each work centre. -
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2. Rout| ng iPart I\lunrhpr 101004 Pﬂ = M%Cﬂ ’h

Cavity Main |$efd cessi "M Mg Bhd Oper 4ti on
~No. Work Centre ? Fﬁse &é) melegmélahneoz Days)

Descri pti on —Retease—10 U\i\, 3—16—3—CNCRougtig

Hardening 5 15 5 Hardenin
Table 1: Machines at the work cenires

operati on ge

20

5  The current shop floor capacity condition is healthy, and the current production plan is
feasible, when a new customer order is secured. A bill of materials for the new order is
shown in Figure 4. The Bill of Materials is a list of all the items used in the production of
the new order, including such items as part identification and the quantity of the different
components. The key for Figure 4 can be seen in Table 2 below.

10
10 | J020002 | Core Main 1 | Piece
12 | J020003 | Core Insert 1 | Piece
14 [ J0O20006 | Core Slider 1 | Piece
16 | JO10002 | Cavity Main 1 | Piece
18 1J010003 | Cavity Insert 1 { Piece
20 | J020001 § Core 1 | Piece
22 | JO10001 | Cavity 1 | Plece
24 | Jo0O0OC | Mould A End Assembly |1 | Piece
Table 2 — Bill of Materials
From Figure 4, there are two sub-assemblies in the final assembly, namely Core and
15 . Cavity. Core consists of three components, that is Core Main, Core Insert, and Core
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30 'Drilling/Ginding 1 52 Ginding 40 CNC 1 3 2 CNC
Finishing 50 EDM 2 6 3 EDM 60. Polishing 4 15 a Julv 2005
Polishing Store Routing Part Nunmber J010001 f"y

n Cavity Setup Tinme Processing Fi
@f&g’&%ér?‘? No. Work Centre (Hours) Tine (I—Iours'iéf%aﬁmmm
(Days) Description 10 Fitting/ Assenbly 4 20 5 Fitting
& Assenbly Store 10 Table 3g Routing of Parts:
Cavity Main and Cavity Table 3 shows the routing for

B R TR e L
Har deni ng, Ginding, CNC Finishing, 15 EDM and

F’m 6r§é}4tag%1refér}a§§pr9&%ﬁoﬁtmé}merawﬂe@s réehihgs ﬁdaaml@ampwems which

n
ARNEILA AR INCIC S R St AN
r popest 4 pettiyularTévenpohlent.” Eael stﬁpl irpthevrouting it lehRetnamt épmnation, and

O ol Sl R maBliE ERG Tl PreR08 ¢ e rouiings
prequiwstommmse twF o trprmattes(satrn@jy.tqambsmamardl @(WW) of thts product,
SRfich bieS % inﬁgufe%dd%bga-ﬁabl e 3 also shows the

routi ng onent vity, which consists of
only one operation, which requires the

—Rédﬂngg/ ASSGWOI y work centre tor 20 hours. This

faYal«l n\lf\l A\ OO A OF 1IN

1 af Vil b Aarik-aeanal £ ol
s HY OV Cl. oo t++He——o61 - TIOUT S AT da TTATU
%a"dmfmber of 5 \1/05?,92’10 In routing, the fixed | ead

| PareDe¢ssripfiogpan |ofaviti Main usual |y required to perform an

oser atTon or a sdip Bme(Proviessigg | QFiked AS L€ad(Opemtion
egrVerk Gamitenes CHbRY | nc ‘ltplglmls ﬂ- BBy<) S vqjegcnplgygh

egdter than t co |ne p_ar nrnrpccu do_tines

Thig is quite npormal in JOb shopd, where parlt R?’ease

Lsudldne spend 90% of thdiio | ead tijses walti ndg GNE Roughing

4" \ At

[ ) H £ bl + 1 — 1
42(-}: V\II.II LLLS] .d.UU ul5| T or1rat !5UII, | ALS] '_(‘IH%;HQHI]
ea | m:q:qtlma or is uUsed to estlinate sone g

td

30 | Drilling/Grinding | 1 5 2 . Grinding
40 | CNC 1 3 2 CNC Finishing
50 | EDM 2 6 3 EDM
60 | Polishing 4 15 5 Polishing
Store
'Routing
Part Number J010001
Part Bescription Cavity
Setup Time | Processing Fixed Lead | Operation
No. | Work Centre i . . L
(Hours) Time (Hours} | Time (Days) Description
10 | Fiting/Assembly | 4 20 5 Fitting & Assembly
Store |

Table 3: Routing of Parts: Cavity Main and Cavity

Table 3 shows the routing for the component Cavity Main. There are 6 operations fo
produce the Cavity Main, namely: CNC Roughing, Hardening, Grinding, CNC Finishing,
EDM and Palishing. These operations require CNC, Hardening, Dri!iinglG_rinding, CNC,
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possi bl e delivery due dates and to find a
correspondi ngly feasible process schedul e.

reference to Figure 2, the follow ng steps of h|1Ju!y2005
AR digyare il lustrated: Step 5104: Initi ql(?’l%d}&wﬁﬁo%ﬂ
process and nove tinmes for all tasks require

conplete order. 20 Al processes and material nove

times are identified and detegm ned. This includes the

i nformati on shown in Table 3 for each routing. Step

Stofr arlaelf’&irsﬁ"h$1 otk 6rks ?&sbeé%élgeﬂﬁe N Lo Sl%wdeszﬁnfonnation

The urgenc thi s order has been determned in step
Silogal afﬂsce%%éeq@ew& oEE§8%585 Ay coniFtefl Ty ProcpEy TRk sequence,
hetdrtingd @t thiedewdst pioeshsi nidm®bie Prie kddcessing fihésars ta@io, spbdified in the
|nf9rnat|on entered in step 8104 is used to work out

t {8"%ar 1 i est start dates and processing tine of each
process, including the nove times of all the materials

2?9&%15%0 HowSGhe %0? tlfe%%rﬁﬁﬁerg’tgﬁ%\ﬁty wlﬁ%{ &!ﬁsﬂsé é?'?)%!y one

e steps In proc ssin asse
i apesatipnakich mguires; the F@‘?"QB‘\W@Y WEFk eenie der e?@shqvgs tTfPﬁe process
Ofhvdiils Yo sRRUpltiér F 4 ho@s ahdd b Six<IERS timdbftdyagguat i on 1, we
could use k = 2, i.e. the estimator is set to estimte
an 35 express delivery. Using equation | given
elarrbu'ltﬁg, tha fixddiead freoiset spaalof fime aesdly nauiredid pekforhd an operation
0 / 0 .

Il serRd 4 opdBlichlO Ui 4R gé’%ﬂ/ho%?%%%@ rOHRGE he ichd fithe js very
tmn@ greater tharsthg comeined sefuand prougsaing timesy rdhis ig nviienrgman! in job
| $Hobs, HheteSits UsiHly Spend DoAY E[’%tr%radrt% Wa)fln]@j Mylas. An
alternative approach is to use: 5 Initial process
lead tinme = k' x (Fixed Lead Tine) -- Equation 2,

Wi thekdboves information/Mat Fored VeRiMiPle dstimdtor i Qséd td timate some

T8 e SR 8 St ST Bk LI Bl

effinpefarermado Rigale 2athedglooing dteps oborenlios pre ilkistratediason t o
have such a long lead tinme is that Fixed Lead Tine

does not consider capacity constraints and extra safe
tSteRSie4: | Indalighe aquﬁSStawé Ve depes (05 @l taskareqyiredig,gemplete order.
situations, this fixed lead tinme should be I ong

h f nd i
et aRLRSERT e R, pleddrrins ot B Heg! (3R npludes the
fiaforngation Bighivwngn Aable &lforshcleroatitg. nat i on based on the

shop floor capacity conditions, which is normally nuch

shorter that the Fi xed Lead
Step S106: Determining earliest process start dates.

The urgency of this order has been determined in step S102 and the key processes and
materials required have been identified in step S104. In this step, the information entered
in step $104 is used to work out the earliest start dates and processing time of each

process, including the move times of all the materials required.

For example for the cavity, which is one of the steps in pracessing the final assembly,

~ there is a fixed lead time of 5 days for a processing time of only 20 hours.

For this order, with equation 1, we could use k = 2, i.e. the estimator is set to estimate an
express delivery. Using equation 1 given earlier and the theoretical processing time of
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Time. If k' were set to a nunber nore than 1, then in
theory, this initial lead tinme should be alway

enough for processing, thus no further adjust rreﬁt1§m%¥r2e005
required. In this case, the result of this j '

WA 200444507 se than traditional Fixed Lead Tiﬂn‘fg\/&%dﬁaﬁhm
approaches. 20 0 is, in fact inpossible; k' should, in
practice, be no | ower than 0p2. The Fixed Lead Tine

is a typical period for conpleting a process

dBfﬁ@Jéé 8l ind g%tgp gﬁ% 3 ﬂ?&ﬁgﬁ%ﬁfg&%&cﬁﬁhe foX brd prB&ess i I8 2 x (20+4)

%ﬂy emin use or it
nagurd @ivingranjnital fead Hinp 548 hatioer reydbdiiwe 88k ds or
statistical analysis thereof. Using Equation 2 in this

exanpl e 25 instead, we calculate the initial |ead
t PRBLerRlve grRn 13 Q48 ead ti me given in the routing

tables, that is 5 days. Supposing the pararreter k' is

0o, e ek P DSl s e,

different cal culation approaches are quite different,

%ngﬂwaﬁé{&%&we%ﬂodrh idoes not matter as this is

just an initial estimate. 30 Simlarly, we can al so
calculatethe initial lead time for all process steps.

Sk e@no‘ill&l% thE@H \b@é@s@sﬂ@aj uéaidﬂ!l'ne &nobasiypreity (@@l combartedavith the
initia ead

t
S%%éa(ﬂ quﬁ%)SIr‘gl tl%n{?g}' %’68% Ry, 08%]% %Rﬁ%s%g% GE}'IOLI% W?‘Bg reason {o
RGke SER0 02 1aQ0R60 tinR2isathgd Fixet nhasd| Timgedqpsr fiahr gppsiderTprpacity

Séo?]%ﬁ'aqutaﬁd Wil saﬂzytmﬁ ik Heldhe PR RS f:lfcéd’lejéeli‘ ﬁtlng atnemw SifuckiB®s, this

emi1s runn user can a to

a
diived legddime @t@u@lheﬂ@rm engrghe for PEocessingp 8kl ist 'BU%'elonger than actual
Clegd timB8E the Wéantam}éﬂW s%etﬂl foe Broﬁ’ﬂﬁ\gta @alistic ebtfation based on

C%%%S%g'ﬂ o oo met\é F@'&ﬂ}ons S\%/kg Ozlglfg\ﬁwna I?H%ucgrsgelgegﬁgeﬁ the Fixed Lead

O’ﬁﬁkalf ktmaeaeeto& rauntbangeck than il dbércialthemng éhis ipftial lead time should

ot mr!{f E%QH@‘[%[ El‘oge%s rtﬁusS hd@ﬂﬁér%dlﬁtﬂ%&%r@ v, 9 thls case,

a Sc ere
stbi ezhult efrthprlro@etmgmlf beowerae than é’\ﬂm@taéﬁﬁecalaqaé Tmappmaches
conmput es the conpletion date for an order, usually

_FI’_EQQ a5 @écf‘ %pJSéIQI@ RrEtﬁhoﬁlFr it ;;rﬁcﬁi@é &idt & lover fH&ﬁ 0.8SThe Efled Lead
e f ustrat es e Initi
SPW@(!FU? Fy%:alf;%noql éc%rgﬁﬁtg\qearﬁ rOGess Iop?fam ﬁﬁl%ta imay come from an

| gxibiting tiatelbase of &l airdnt MIRRIERPaaystemi in ussperribinay be deriyed from past

oI od é&%@% dgtgq,s 31 e eof %E%@H% in this example

Fto$te@:h |weg:alomatehthﬁ|lmt@dj lead dimeg algmg |tlrpﬁ3@<egﬂeag timg gigen ip thegrouting
"’lﬁﬂeé RAYS 5 HEFP eSippY¥Shy the Yt Ahshiér 03 @BEhEIipiAhg theTwo Rambers,

the lmﬁal estimate arrived at is 3 days. The results from the different calculation
approaches are quite different, aithough not hugely so. It does not matter as this is just

an initial estimate.
Similarly, we can also calculate the initial lead time for all process steps.
Step $108: Forward Scheduling.

Based on calculated initial lead times for all process steps, a forward scheduling
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the initial lead tines come out as 2, 3, 1, 1, 2 and 3

days for these operations. Suppose productl on Stflr‘}u? 2005

on | Aug, the forward schedule for the Cavity M y

‘Gﬂﬂ.ﬂ&(ﬂ ,as shown in Figure 5. The refereanC foS0260
ow are not the process nunbers of 20 Table 3 ut

the reference nunbers in Figure 5. From|l to 2 Aug,

CNC Roughi ng operation 30 w ok be processed by CNC

work centre; From3 to 5 Aug, Hardening operation 32

V"afgbntﬁfﬂ il B¢ S&ﬁﬁﬁe@YTﬁ@&gﬁ Wafégmll"% i&eﬁ@ﬁ‘ bE %et toztﬁe @Btebuhen the

G i ndi ng qperation cesse

DPTHaTS R TRG YR fr e ey o 7 Skl wheRghd curent order is
Femppskum be RenminedNVRA anblvn BegiRsrostas date, iy prdvessiy fimes, and

38 will .
o P wn el rBESeR sbyrii Phir=t) SRF 00 Ol Sl opetions are
Pairanghsl mgom praiet oficompletion dndkm‘omaatms@de IsythiRadenstataaly
work centre; By the end of 12 Aug, the conponent
Cavity Main should be ready for assenbly. 35 11 July
ZBWHWGODGMF@MS(ﬁPh‘F@WQB@!)mQVQ)%QFGGhe schedpitpr ﬂﬁ@eﬂ@s(from a

skrmnl dlart bﬁf Ring CRAPuted he B&Wﬁ]ettbﬁ d e £ dnl ortaérCaNNagiy ipPdcBeding
[ usi ng e conponen vity
Nﬁ? ﬂ%%ﬁﬁgh‘g%%ve thi's gives rise to an
|n|t|al lead tinme of 3 days. Thus the "Cavity"

I t | A0 ;
ﬁ'ﬁ%@*@%@%%%@5%3‘?%@.8%%&% ool g e
Fitting/ Assenbly work centre. 5 In step S110, the

bed sligiieedd i& FBRE 13! theRS &6 'sixeoﬂeﬁattgwrﬁ%cﬁ!ée tﬂe.nCQ\hy W&h @Bmely:

R Rubiine et rhghon ENBEnbie. L gl Fofg. Wit e

neahBméei 3, 502)2p Btand Stdaysraspsactivdly  Usihgp atpacdmeitdri of 05h ap above,
f |

"0 B CA R Bl K6 £ 0147 £ arBlatBYS P LS GHOUNs, |

rest of this 10 exanple focuses only on these two vvork
CEPpb&Spraftibi B oth laugt e rfonwaekscﬁsdmerﬁsthe (@V%PM%R%OUM be

shows the shop floor capacity conditions fo

AveEhopa "FF{Q{“T%@/ A Eigefoe Qishhers belpw g&e pefi tB? PFRgesshumbers of

MRS, Betthe Fefgtric® nlnibBiin Bigoess. t he nodi fied capacity

profile for these two just taking into account the

above Cavity Main and Cavity Routings. CNC 15 roughi ng
daam 130 2@ug.3CHG BosgirBetnepation G@ will Herppesessddiyy ONCraprk ceNes;
finishing adds 1+3 = 4 hours and Fitti ng and Assenbly
adds 4+20=24 (see Tabl e 3). As Figure 7 shows, the CNC
PR 3de Ave. igsgening gpeeading %] wglagmqegsqdé)ygty@dqmrvgork centre,

Dur i ng the week of 29 Jul to 4 Aug it reaches over
(? 8 Aug. rGsﬁ‘ndlng opera{ton 3%. iYge Lr%gessgg gy Drilling/Grinding work centre;

On 7 Aug, CNC Finishing operation 36 will be processed by CNC work centre;

From 8 {o 9 Aug, EDM operation 38 will be processed by EDM work centre;

From 10 to 12 Aug, Polishing operation 40 will be processed by Polishing work centre;

By the end of 12 Aug, the component Cavity Main should be ready for assembly.
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20 threshold. Wth this plan it wll be over capacity
during this period. Consequently, this planis ulv. 2005
i nfeasi ble and corrective action is needed to malzéJ fyt
feasible. This bottleneck is identified in

SHYP0RUNR07 o repair in step 5112. Al though tﬁéﬁ&ﬂ%&%%om
Fitting/ Assenbly work centre is recogni sed as

critical, in this plan, it hag nothing over. the upper

‘threshold in this identified period and thus does not

(tRE %gﬁe&?&eiégﬁ?b{ogc hathcﬂr\eBy %IB"}II %Pﬁ[%‘%f’lglg s ggﬁ%% Ruting,

sulta

stigpg @@z@mm@%pﬁ%’d\é@a Ay ertigedhphayp; tﬁ@ giveg rive fmpn initial lead
base &f Bl RPN ITHASs e «ean{yom@eésm Sah Ve GARROHdY 13 to 15 Aug, with a

TGRSO

strat egy, nove backward repair strat egy and

: P‘\t [? e S&Eff‘eneclf aatoﬁgyrfaf Ig%y get?lgra't'escﬁeln tﬁlts §5§§§or, the CNC

ratés a nove
hwgnrks:eoﬂre and the Eﬁﬂngll}sspmb!w aofi gegire lqmé fo pievide die Itileaacksewhich

”Ra\éﬁl% fh‘éfr\%fpﬂt H&ex\ffﬁﬁé& the %%tphh@irﬁs' shop BB YTﬁ’é oﬁﬂﬁ(m@rk centres
caaC|t%;’ ek.. I'n particular, it is

BBy e6e“RH§h Cﬁ&a%‘h@ E@%W&"dﬂ% QB‘p'éP%tt i16RrefaRe. tth% r‘isi of this
J epteynplidbuse¥\Ghly 00 tHeld dlnorRedte62RDig h618 QR 6her Wdrk Wbimtres.
Cavity, the CNC Finishing operation occurs five days
| ater (see Figure 5), it too nust be noved, to 11
Adigyrenshobvs ithes stiop Iflbori aapuity kcorditioBs fr thye GNCaindlthe Fitting/Assembly
t \F}Brﬂ légtlﬂl%‘étpn&qﬁ tHid Adw ﬁl‘ﬁ@le ki )?91% ﬂtﬁeﬁ% thém’c%nf %boééggcdty é)rof' ile for

does not appen 1 n 1S € anple gure
athRgs/ éﬂ%yek ipg inte @émnw@ ahoue C@aw Maireand,gavity Rqugegs. CNC

Ti"chﬁgﬁm aHs B+ O {3 heSurd {m@nﬁﬁ MRiabshsing Tirh®! ONC finldhibgthdds 1+3

T R T R

forvvard to put a week up over t he upper threshold. The

pAsPP@ﬁr%lT sh\g%gl tﬂ'ﬁ 2‘?\](?@%%?3?3 ?@t L h?ésﬁgiﬁ%gﬁ)%}tﬁéjioor I'?DBFH bunng

proc I €S

ethﬁlwgﬂscpf Budulite 4 éuws@iameé quer %@R haurﬁe'efklcimps ahee thgeupper

| {AMRRoId. thﬁ o flan ‘ﬁh«hnﬁ e NBR@NSapatity duri SE&!TQ%nsequently, this
critjg ether this rmv can ccet rl
viig ’s Sétget gqqﬁqg@&tn@yacﬁ:?rmstr@e aq: rrgv'é bottleneck is

- fidentifisdlin sty 81 1aadd\eent] faxmrepai in |smpc3n 1QeAthIughl dn Biingdbsembly

RbH¢ | ree}s Fe% né'#{%)édeaspéﬁﬁ&,% dn gn s |Bl ltr}r%s ngﬁ-lﬂl Ptﬁgmpw%reshold

exi strn Bhnot e moved
po Yig lbelﬁ!fed perivdrand guis dogure (Yejaiead eepaiing. Sour ci ng,
whi ch neans sonme process steps are carried out by a

th|rd ﬁgérty in order tQ resolve a bottl eneck capamty,
oveR P heW%W“H@%SU“aQ‘SF‘?P&BI@hﬁ'ﬁ\éﬁa@l"?%ke the pla feagikled

to neet the capacity requirenent; or alternative
ré%e L é% Repair-based process planning.

Repair based planning is employed to solve capacity overloading or plan unfeasibility
problems. Several repair techniques, such as move forward repair strategy, move
backward repair strategy and interchange repair strategy, may be used. Figure 8
illustrates a move forward technique. Here the 13 hours of Main Cavity processing time
in week 3 can be moved forward to week 4 as there is plenty of spare capacity in that
week. In particular, it is moved to 5 and 6 Aug. As the second CNC operation on the




whi ch transfers sonme of the production capacity to
alternative work centres to alleviate 20 the burden

of a bottleneck resource. Once such infeasible 3@@&2005
RAY S0obEG5;" epai red, step S114 determines if H’ﬁé&u@zﬁo@ozﬁo
any critical weeks in the revised pl an shown 1 n

Figure 8. These are defined as those weeks where the
required capacity is higher tdgan the | ower threshold.

25 In weeks 7 and 9, the required capacity of the CNC

- \Mmém eanly! tel @N@%éﬁ%r&erm aecwsswéweq/a%teﬁ 338 Fidife 5), it too
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- Pilé W0 BECAAMIEoar 360, S WARRE s iYe! Qin!i2kodd

ower  t hreshol d but
L B o Mook ie 46 Adr VIgLis S i WErieta g & Reh thigpabpyyfor tht
a vieeRas b Boyps.an i s not guaranteed. Further
verification in step 'S124 against the finite
capacities at the shop floor is necessary. For the
otAibeugivaib Kses notIGppére iNCRIG expomda, i igurey dillgiiates e ngye kackward

| Redhhifud it 'ca9 saﬂ@km%%st?{’eéaa ?H?%Bbl@@n tﬁ]é‘ﬁ\sfaﬁé’é‘ WoBid be that it

capacity Is not crit Aval capacity IS

s Worlddeasthe pregeding wegls Week dHRfp Rear QT%P&H'E {Besghold.gitdgyimpossible
gai&ﬂa myed gédk Gahadi ©' mfla_\&@éélkb.lﬁ dviey thesiipper HirédhbR. The proposal
|ty che e estl mator CcCess . .

- RRRE it And Prted Py B r PR Eranl B Bber stratggipg would
i e employed eButii id posdibleyto ;pOOHSwempZmnﬂ'@zimihreshold which means

ot will be
has™ been everything on a generalgl se scar'

i getefrpipechby imitepeheduling. and S124 take a micro view,
| ooking at the specific process in detail. Finite

pac Scheduljng is e oye |nth| step t .
TR ISTWRE ey bardweR IR G togliouet By oot fspsile pln,
t kedkingastoaceasit whgliexisticg fefemeatscdancand canabt beé mevexk rathed possible

t P pg]%e {I}l gbéss lnéud%cglﬁ%ﬂ{r&ng{é%ﬁh m(?ﬁps gsﬁ'lllee%r%?éss steps a d—: carried out

sbpa?r tird pastyeid u¢fd¢‘rg’f0r (giselge aq heftlerierk @ﬁmty.s@mldnﬁau viigich means

t aGdabIE 8 Sacity KGHcr8ssel 36 ﬁleeﬁiﬁ@rcﬁ CJtEMIréﬁé{tC& altematlve routing,
constrai nt progranm ng etc.

WhBEh ensiersisemp 5 depracuchien C@%’H‘pﬁoé‘ lorpatpisrtor éant tq Gleviate
i thedburdzhaf b Bottérslck cessuper i nposed on anot her heuri sti c.

The overall approach is to avoid entrainnent in

cycles by forbidding or penalising noves which take

t Pecs slahtinfeasible weeksehave bgen iepairest slop S114dgteinmines if hererrse any

S it ks RARE Bé?lfs@éf BH %'hé{ Crxinsl*@ﬁ"% 8. BhdePdi8 Qbfined as those weeks

[I

sch eé ng tec Shor t est ProceSS| ng
Trhere theyiggiesd cpp §sh*9hf5th?“ﬂ‘§‘WW%§1° Pue Dat es,

M ni rum Sl ack Ti mes, and Wi ghted Shortest Processing

Tj me th d t hed ' -
rlsEsasf g Y. B e eecd of PO vl iy iy whih
ahighdrithacthe Iuweb;hr@heldamt doestnotadckbed thlemlpaerrihleélmld dtiese periods

05,@ h?téi'é}géi L:niﬁ a%ﬁsd I%L ble H?Qﬁé@ glsaln{eg rﬁmh%lf Vé?lhéatlon in step

sche es have use n

pszb‘szwmst the finite capacities at the shop floor is necessary. For the other weeks in
the CNC operation and all the weeks in the Fitting and Assembly operation, the required

capacity Is not critical. Available capacity is sufficient and a feasible plan is guaranteed,
Step S124: Verify schedule's feasibility using Finite Capacity Scheduling.

The estimator process identifies any critical periods in step S114. It zooms in on these in.
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schedul e is found, then the schedule is not feasible
and corrective repair techniques are 20 necessary, |
step 5128. This step has available to it the sarﬂé JU?YZOOS

%@ﬁ%&%@éﬁ; as step S112. In this instance, 1Qﬁ$SﬁMﬁana)

S 3 and 7 are critical and are reviewe
step 5124, only week 7 is illustrated in Figure 10,
which is a Gantt chart for tlhg Finite Capacity
Scheduling to verify plan feasibility. Finite capacity

SQ@S @4bs Ngp IPHRHY Qfsha%rlﬁeﬁ Tﬂékaﬁy ﬁﬂe\%@tﬁuﬁg ol Qger%rahsed scale, in

f easi bl e schedule
S EREB0 FEPs ATEA B AR or R 1R 7€ PR S eSTIRRrocs et
| Binfé Chpatith Sshedulig iSte!n’udloyG@Eh fhisnstephtoadxamineewtathico e shop floor

PR E AR e efBa Pl ¢48hn fribd) LR TEIIE 8 wie

t sch@did8 famaiplebe repeated until all infeasible and
critical 30 process tines are resolved and a feasible
schedul e is found. Once this is done, a  feasible

dBrlevant infermetienuis PapgeddatsBrhpdding &oHing I RsPRIBISRAAGT YigY uies
PERS QfSicRd s&féﬂhﬁg”ﬁ)ﬁh @8, siCaMpcay sédrah| Taou sBhich, constraint

TR T TN T NS T S

I iBid inafa- rpamamu;mrmpoéeﬂ on arstitan beuristin diheaiverdl Bpireadh is to avaid

%F m%entzﬁlnl ? b@?ﬁ:ﬁ?&&ﬁ@%? g&@llél?@h\ﬁvé&i\kﬁclﬂf kéﬁ{ehsomﬁ% in the

an ear Aug.
Joex iterats, tmmommh@wsmp@@WMQM%O 26 The
sal esman negoti at es vvlth the custoner to find the

CETerent oo B ot e A° SEORFR Prarpres Lt Jpdest Pocess
OPkieTE& sy DuevBatad, | Mialtuer Black dimes aud dieighted iShartas Processing
' nec ssar I A / .al

FOReSE S iy OSSR b S MR 42 pr
f aﬂhﬁaﬂdﬂingmlemded@etd ansrhycbne@ntomalieally,ihe Rsefelssherder, until a feasible
a%%ﬂﬁ& r?s. FRHOVIB aff Q@hé&i% RS $ATDekh MRe@Snd e EAIMEDRocess

proach, except that a backwar

" Eneria /et fon thsschedi Prich BAHPB AN T IB P gpes are

ShéREsHrY MGtdpesing] THiested T dvallabier td itaincksnactsoimictied anstep 5112.
Time, Estimators can be enbodi ed in software which,

for use, is |oaded onto an individual conputer or onto
alnribis Wwstance, Biihougbtbatinkeslts 8 and @ire ¢riting] apH aresredintied BSiaR S124,

a@rﬂ&éfégqu% Gt &ted ﬁ?FIQ@l@ fe \A}ﬁ?cﬁtls laNGAC AR Bf th%e[f!Mtéf Capacity

ase, acces fromone or nore no

Thehedylinode werify plan fessibilive Fﬁ?"éﬁé@%‘% sehedulipg §q08wgp%% are employed
Off firfie.5 feh i U hedIdTORgIRe | 10Ndho@s o fassithlé Isehedayé pAltwighi thg CNC

net hod f {
AR PLIE Qo SRt Py kol il T Bl agbtons on tme.
Eshidrafeteptheiptaniarweak §aé fehsiple @oe ss agilstmaintrigreqgicdd. and a

f easi bl e process

Steps S114, S116 and $122 to $128 may be repeated until all infeasible and critical
process times are resolved and a feasible schedule is found. Once this is done, a
feasible delivery due date is outputted {and the corresponding processing costs may also
become available). This Forward Lead Time Estimator can also provide other feasible
delivery due dates based on a spread of initial parameters, for instance a normal delivery
date of 20 Aug, an express delivery date of 15th Aug. and an earliest delivery date of
10th Aug.
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20 schedul e can be worked out during the initia
pl anni ng stages, especially when accurate procesQ July 2005
capacity data is not avail able and a reasonably

uotation has to be provided to th
%agﬁh?ﬁy qSteps S108 to S114 of the Forward ﬁgﬁ#ﬁ@&%ﬁ&mo
and S208 to S214 of the Backward 25 Estimator can
toget her ‘be termed as "Infini4ge Planning", i.e.
initial capacity planning does not consi der the
capacity available for perform ng each process
operation. These enbodinents of the present invention
t e saleman praotiates: with thej gygtomar tor fing dhes sustonagiug date, sep25 Aug

venod. YBﬁéG t&:nlﬂﬁi’f; Uﬁé Hﬁeﬂhé%@b@&r&éﬁﬂr&&h% trlsh %ﬁiplo%cﬂbr optimising

us e Lnfi anni
P Ohorah BieEiiGe | 5o+ HUaiPend biesoBia chR ot ngoessay
3€bsﬁmneslmdl\eaais a@eesenwﬁedfﬂwke&jﬁwdatedis iordee gan bafulfileand delivered
n@mBl anning tool which utilises FCS to inprove the
pI an qual ity, it provides a nechanismto find |ead
time under different situations; it focuses on sone

CThé bmaﬂdlaasgmaa{ oSt thbRiEh BRREHCTiRS nyhs%wamadﬁ%\éch except

terials e to use the | owest possib
nﬁ!ﬁt PQPC'?“@HHS%??H‘E'"%%P%F'H%‘? mw&wd i eﬁee a°3388 |“ISteaﬂPf mﬁ fprward
28fedul@issfiqed) 44807 PCTI S&002/ 000260 27 it is able
to conbi ne Forward and Backward Lead Tine Estimator to-
find a quality plan; it is able to provide different
p®iss Fgiverdoasidi Beskyard dead T kwiivatas carobe espadiet] ingsoftware which,

CoP uSe, lif 184b4 oﬁtgséd ﬁﬁﬂﬁlﬂalt %nﬂ?&{%? BN Q%W”Trmd HEWBR use,

negot l'at i on; TOVI

%K'%'ﬁ%r%&ﬂ%@*%ﬁ?ﬁﬁrﬁnéns%dtw%tr@é% CéBrRﬁJl‘?FériF g [cpriyal Server or
r ddtitaag, doe@siﬂa e eRd bmb@rﬁodég O dshieh 2an dBfve proposals at

pre ent rov S hadol ogy to inprove
p'flﬁ meﬁsg 8%%’ gﬁ’%ﬂ grﬂ'l?d $mﬁ'gr§}’eﬂ??ventl on can hel p
current MRP/ MRPI |/ ERP systems to integrate better with

(BRSPS Pt MRS .

nerwed Leat Tipe %F@Wﬁt% Bael ussfuhpPess algnisg iqoémct dfeasible process

ORABHM EarSRONSké Lo dul %Inﬁﬁm ﬁféhﬁﬁi@ Ist§§es Ggﬁ&téw &hAdn accurate
users can conflicgts

at e
e GarR oS PEaATaNS i Grrsor oA pleles s to bo
werbvideido SepbipmEhpromptlyl 5 I\/Ianagerrent systens to inprove
their planning nodul es significantly. Wile only few
enbodi nents of the present invention have been
sk SHRY tafd14 wEihe FoperdEstaraion andiSE0Rte8214 ©f the Backward

URERGRT e20ob iRl HIRBY<NAMRESite PR Gl infkiBikcaPAGty planning does

vari ations
not consider the capacity available for performing each process operation. These

embodiments of the present invention then use finite schéduling in steps $124 and $224
to verify such infinite planning during critical time periods. Thus they combine infinite
planning and finite scheduling to find a feasible plan efficiently.

Some advantages of the embodied inventions are:
it is a planning tool which utilises FCS to improve the plan quality;
it provides a mechanism to find lead time under different situations;
it focuses on some critical time periods, bottleneck resources and key materials;
it is able to use the lowest possible initial lead time and iteratively increase it;
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could be made to the present invention w thout

departing fromthe scope of this 20 invention. i

the present invention has been described w _t h Vﬁ Juﬁ}zoos

r 6%0?‘,51&@040 a manufacturing environment, LC+/§G20%00?260
earl’y applicable to any other service processes a

reqw re some formof planning for their efficient

execution. 11 July 2005 28 GRAIMS 1. A nethod for

use in estimating a lead tinme for a process which has

one or it toYRibiMe FRRvard SREBackwhidd ed PHRPESHFAP E@rﬁﬁsasquamy

schedul ¢ that indicates a proposed capacity profil

for at PlfBast one of the one or more operation st eps,

¥M1I ch @fapabletty nadswﬁe diferbitqlodsisis demmeatby aé@ﬂélll dsecopiabSonding
or on 0 I__processe east

one. of cadt el et e BOESORR SEOHE ARG FedtyptFEs4,

st eps itgaiablentst prodide campe-ogdraliyet inecheniemstooprotech poncurrent cl:ents
i dent i %mg l%d‘?iﬂ%%ﬂm%&%ﬁ%nﬁu@@u' rements. within

sai d propoSed capacity profri t hat exceed a maxi mum
capacity resource criterion as infeasible; (b)

r amalpresegt indRbdr prodided MbtBasdl wo Mﬁmslﬂ&nﬁ@n%isw-makmg The
UI [ enen

FBsFan bep Y MR IREN RS cfenth WPl sterwinaRres.

vvlta an allyativp @i rag improséeragnt (oh) MREAWRRAIMERR'S blannigg prcobardsddl  The
g¢ﬁ1 3046 SRHOUSHR HeohibRIdd 53! &%@@9@% TGBERI short-term

num capaci t
c ﬂpﬁaéﬁd %hecbms Siopowreat wsery qao@re integsalet tcyavomom eonfhcts
criterion as infeasible; (e) repairing the infeasible

p osed capacity req th steps aine

IR veribi (AR VBt i HEMHGVERE Got Mslloge dupply Chain
p Managsnest ithnscto Whirbveathyir plamaig Modulessighfiicattly, and

(g) returning to step (a) or (d) if repairs were made

in step (e); else (h) outputting a proposed process

s ¥¥idel only. few  erbodiimentad ofalbe praseniginvantion have beeniescdtiad and their
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2. . Amethod according to claim 1, wherein step (a) comprises identifying the proposed
- capacity requirements within said proposed capacity profiles that aré below the maximum

capacity resource criterion but above the critical capacity resource criterion as critical, and

then determining whether the critical proposed  capacity requrrements are deemed
infeasible based on a further criterion.

3..  Amethod according to claim 1 or 2, wherein the repamng step or steps comprises
maoving excess requirements to one or more other operatlon time periods.

4 A method according to claim 3, wherein the repairing step or steps comprises
rqovmg the excess requirements forward or backward to the one or more time periods.

5. A method according to claims 3 or 4, wherein the repairing step or steps ‘comprises
dividing the excess requirements and moving some to different time operation periods.




Abstract: This invention provides a nethod for

estimating a lead tine of a process. This lead tine

may be that for a normal delivery, express deli v Jaly2005
earliest possible delivery, and so on. This lead tine

i's necessary before a reasggably accurate quotation

or process planning can be.provided. A process
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identified and repaired if necessary.

7. A method according to any one of the preceding claims, wherein the repairing step
or steps comprises movmg excess requurements to one or more other operation steps by
alternative routing.

8. A method according to any one of the preceding claims, wherein the repairing step
or steps comprises proposing a modification of resources to change the total capacity for
- an infeasible operation step, thereby changing the maximum and/or critical capacity
resource criteria for said operation step. |

9. A method according to any one of the preceding claims, wherein the repairing step
or steps comprisés proposing a modification of resources to outsource at least some of the
~ requirements of an infeasible operation step.

10. A method according to any one of the preceding claims, further comprising
_ conducting a backward estimation of the lead time based on an actual agreed delivery date.

' _ of the process.

11.  Amethod according to any one of clalms. 1 to 9, wherein the lead time is estimated
forward from a cumrent date or backward from an actual agreed delivery date of the
process. '






