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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

f t oJo'

nﬁe{rt u\? @ﬁ“rk?%ggjﬁggéﬂy%n i c@r%s% th@m&%{ﬁﬁﬁg & ﬁ%e\r/@ﬁ'y and storage.
tﬂwswnpdegyéwnemwhemmm cana bR Gikite ﬁglﬁﬁlpx]@ellgﬁmcreasmgly on
viqa,glq,gﬁh FISRkiA] STESYod akdbufignuf act uri ng resources

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
and SE hedul i

n%c? dug {}b ql %&g@%ﬂ%ﬁ %xrrreﬂt V\RHse arthg )OlséEena S Iielal%tren'?ern?s Planning
(MRP}, Manufacturlng Resource Planning (MRPIl) 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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systens. However, FCS/ APS cannot solve this problemin

some situations. This is mainly because of the 11July2005

or dynamic state of the manufactu

&‘%H(’%%&MEM erprise Resource Pl anning (ERP) f'éﬂ&;zoozmuozso

extenS| on of MRP and MRPII. MRP systens 5 vvere

initially designed for use ina2the United States of

Ameri ca when | abour cost was the highest cost

Odm&%ntHé\&vaiaWSWSJ Eér!?ﬂt §61§é aué BRbRm Hheskd Qﬁtf‘atsoﬁsh This is
f ocus he required material s

¢ Gy Picaiag of HeoRAaY BB 21 1A EHH=qtring syotoms

thereby mni m sing invent ory costs and maxi m sing

a 22 tota® RfsBiee B RS R R0 ey iy AR lrey i systems
ofvmen Irilt@thdéesigned for o84 ibrtise Umtadﬂatéaommenwg whep dabouoiecost was the
@T@b%t &Jnﬁn(%ﬁé% %I;ﬁbﬂﬁaéhﬁ‘my%été tﬁ@?ec‘ o‘:r‘é'qﬂé Fogus BMRP was

acl t nni ng paC|

Rou
Réa a?hgeéH*é ﬁg% renv!eaﬁinw@ﬂaf%@ﬁﬂd@@f ﬂlﬁ mﬁ OFrE%ﬂJPféQB ngfei time, thereby
| mRhigNeng iRentipecddts AMRMaxinieieMabour kfficidhd) dhaiphidastivitR

solve the capacity managenent problem of the
traditional MRP environnments. 15 ERP adds
f iHoeevean MRR astumelyRAfinita nehpadity ows ai sttopglioat,i amt dfis often leads to

Y%ﬁﬂﬁn‘?‘s mmaﬁﬁﬁq(regﬂgce gltaﬁﬂlﬁd %te%eﬁsihﬁhghﬂhpﬁ V\M@Fi)llnblemented
i nTormat 1 on net wor K. wever, ‘even W t ese
i by regdisgieugh-CutCanagity fflamingl andrFangcitn Requserapmip Mipnning, besides
m@ehék ﬁzoumeﬁ%Pn{p&we Itmsb%emwmoa@vém @i rfotiigho solw@th@fbapacuy

has remai ned %[Mggﬁ’gﬁg N{ﬁ?’ | ast 3 years. 20 The
i S0EIRIPHE RipP ipep o?ﬁU“'W"ﬁ?st he concept of
ERP/ MRP. The key underl y| ng bases of ERP/MRP are

' f

S B 08 LARERARY o Vi A6 RRARSE v, e, an
t Idlsfﬂhﬂ@rﬁgn@éb@ﬁﬁﬂl mfprmat:anﬁemrlt eHowsvep everoith tbeqwamptoyements
2 &B&r@ébﬁﬂﬁ#ﬁg,tt%pﬁﬂw nBBuIE%ERWe&me 'iﬁé USRS as that in MRP,

mat eri al avai l as one of th manuf act uring
cYReh has W‘”%Hﬂ%“%ﬁ/@”ﬁ%ﬁ?ﬁ?%aﬁ new product

deliveries from prospective sales. However, FCS

dol o still e nates the basis fo
Sn?hé;r ul?i %%YetmngA%d 3%’[!“ Yy wrong W|tch %18 concept 01[ ERP/MRP. The key
- underlying bases of ERP/MRP are still performed by using fixed lead times and
backward scheduling from product delivery dates with the wrong assumpfion of infinite

shop floor capacity.

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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A FCS system assunes infinite material availability or

obtains historical nmaterial availability data from

the MRP system These lead to drawbacks in FCS. 11 July 2005

ﬁ!ﬁrfogﬁ({gm“ makes many assunptions, such asR¥seSaiSR00260
I'mes” berng known and determnistic; materials being -

avai |l able, etc., and provides unreliable information

during the initial 35 planning stage of production. It

is too unreliable, tinme consum ng and over-demandi ng

Lor JisbYin2G5 1oV OHEAIH Q40T TRETS SEBORZE0AORR0 IR boactaed
us 1,N. NI eve anni S es. |S IS ,al SO .
b Scheliod dhreoSoes el B ool WER wetke T aRiei i, maputacturing

r epNinghiperdf t er two to three weeks in a dynanic
manufacturing environment. 5 Even with w despread
support for APS, it is still very difficult to

| Ryasgwith widespreag appiSor BBSal estib ver kifiiqult &e agsale ERP and APS
gFédénss S déf%éétﬁs&%;ﬁﬁ\bﬁf bri é@éwvésﬁrgw or mid-t e; g

anni ng in _VS. orf-termsc ing i :
i i WO LB e B g i ER SOt St g APS,
scheduhiinttg capacityBannird in ERIPNG. FiniteedaPacity SoirselalingiaAPBL s
pl an i A ' ] [ t
P om ApeghiotE B SB8IKenalE Beh € ittt bh oS cRERARS.
pl anniNgsuppoEfRpm ARSS eanaciiy sdheduling aodfle teimpiere planning in ERP

gl € to use MRPIMRPII/ERP, FCS/ APS or ERP+APS to

estimate a lead tinme to conplete a process for
producing a product or providing a service during 15
hit ghiheeXed, rioﬂbc?sisible tﬁ}u@dﬂ MHmstlgRB, BE$/APE @nERP+AAB ksestimate
i S ause P/IVRPII/ERP treat. | ead . tJ a . .
o B TRE P ALPrbtet e Sing Soauld Jo gy service aurng
RS P initied planoiog stages effitientlyallys ishleechesedMRPAMRAISTRF treat lead
i A estaﬁ}%nd tBis'a§sdn?HﬁBaCﬁ§rﬁll&'ndepvaligpSt situations

due to t yham ¢ manu turi ng environment as wel |
as the lack of 20 accurate data during the early

m@&rﬁbet@na@e@s to Eﬂ&nﬂ@@ré @a@ﬁme\g]dtﬂé t&ﬁﬁiﬁdté‘!ﬂ bbiuﬂit is impossible in

man CLUll esouy ce anni.ng ou .ne [0 e 0

RO G, Ao, b S ol P RTMA Dl SRl BORPE Mygelack of

Laaorate detaediingethe @arlf @lanongt stagesv e ERPiHAPSris anhew bditection in

oAb RO B lA2 S URCHRRK Bk o ptemo
1

diag Epen WEEARPR o A sal esman for a manufacturer
prepares a quote for a client. The sal esman

Lead time estimation/forecast is very important, but it has been ignored for years.
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.




enters sone basic information about the client's

requi renent into a conputer, and the 30 system

produces a formal standard contract specifying t'gluly 2005
product's configuration, price, and delivery date.

When the client accepts the quote, the systemrecords

the order, schedules the shifpnent; reserves the

necessary materials frominventory; orders needed

Wﬁd@ tr&mfﬁr@bbm #6Sna 1 Bew taprﬂwidb ansaﬁohaalymfoufmmlwémgiate in real

G SRR SRR L BB DBk o LYo rtes

theaampatitvenesscif tret conghehy,vandyit shetid noh be éx shom soeastrot thlese credit

I i_ent n,r. I I

Gt st BROTIRE frp P, fiPolftpéeaeh SR, dlnl B he planner
aimborcschgduter to auercointe sbiders duriig later menufadtwing stageawhanthe product

I e I [

956 085 0 eglBEAAET ik SadiRy N G oAl boes Curn
piiaatives do nafﬁﬂ;ppmﬂﬂnlshwmitdfémctmahtyercorre probl ens during

| at er manufacturing stages when the product lead tine

has not been properly estimated during the initial
MRHIMREI@IEBPa@eQmeQ:@rﬁxeﬂtleadpﬂra%taadébrea anendhs, 0@ pestantly provides a
I{I ec'r&lﬂ'a e élféﬂf: I WIWI!]W@W&D ﬁgtggﬁ’sﬁé%“ﬂ? fioét loading when

say three nont I nst ant
yRingfixgd grqgessdgad tiraesy itaausk be Ipngﬁeth@m neggesanain order that the estimated

BYERIMBEY lih ERforliRe Soraivai@iaieder shop Tl oor | oadi ng
using fixed process ad tinmes, it nust be
| onger than necessary in order that the esti mat ed

ﬂ&?é@g\lﬂs‘s @?prBéﬁP rdgRiir&d) lﬂf&ﬁmaﬁ&ﬁ‘ Sa%ﬁﬁabﬂoﬁﬁctsétﬂﬁturegh eprcnces.a times,

oac requl res I nformati on about pro uct
ragletials slets and s anfisibiedbop faitcapraly sewrakmantasip adkence. It uses

gé lcGpRAY %Qne%h% thIPIG fa fedflBie | ey Sﬁ@bal&lﬁb?% 164y time based on
vance. uses finite ca{)ac:lt scheduling to find

thig ssherule. Jm,w & in¥aTVCaifeull 9t ekidin thassciata iih sgasonabla accuracy

&Jﬁhé A€ PRAHNS - stddRVeM Fal d16nthssinV§<NénQé f‘rf laCbhufb@uitiyt 8hvironment.
hese data wth reasonabl e accuracy durin the

Qﬁt%ﬂ‘?ﬁ .sﬂ@edgleageegfe@%m oriyRe MeeksbecagReslialie

manuf acturing environnment. Detailed schedul es ol der

than two or three weeks becone unrel.iable. ERP+APS
ERFsgFesir eannel elninueh awwqﬁetpr@ua RIBRTIRG $IRg PRGRYSE it either uses

ti5d BEA IQRAMESE BRP & thd ﬂi'stdpiﬁéi%ho;i héor ichpgy berds td @cdﬁte a product
ERP or the historical shop floor caﬁjam ty of PCS, t

leash e dBeth angthesdsuare nat éﬁ%ﬁbaq frk estipatingiferasastingdead Hwe during the
protiub B RiHgQaR HeRRE Ak Idafafa abl MdidoRad tinme during

the 'product planning stage when accurate data are not
avai | abl e. SUMVARY OF THE | NVENTI ON An ai m of the

SUMRARY ORYTEEINYENTSOKNNUS to provide a new lead tine

estimati ng nethod and

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
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manuf acturing a product, providing a service, efc
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efficiently. According to one aspect of the present

i nvention, there is provi ded ®a method for use in

B e s 8 ATk PSS 9 BB e
tinz onessmerelvpdrstion steps, which caplaeity profiie dphigied capautgiréquirements for
Bp s e s Mosssser byRBRbfe L Rt S gaeT e 8 the Brne or
mare vpemtimmsteps, aaid roethod comprisingthbetepplohicesses whi ch

ne

Ghe bl BM51p 288 9530 G brr R bR Bl SR BeBhpromes
thieft ex¢ee)d & maxitutycapgcipr repawresl citeparcad infeasile; r enent s
Bl bR BB P Rt E R Sabee Bep e BBy WiEecpppimed at
makjprgi themdeasitdnt i f i ed | nf easi bl e proposed czﬁpaci ty
L [ tS. W i ned Jraki t.hem
DoastBFEPSCEH ittt Belt e Bbau B rdettd bendot o
~ (dji t hidenifying paoposed na[setcﬂpregd_u)reméptg witbiewraid griopgsefaqua!)aeittwbroﬁles
{. thin, sai ropose apacity...
or of Tk &re bl TRt gepraly iRt RER R 38REA ftce
crit eapauily lmsbumbeviterian as irffeasitile; capacity resource
G o P e SRR reh o BB BEPEh it
maki mgkinp émanh ésesibld; e; (f) updating said proposed
sch I it h [ N tep. :
Py~ FREPA PR bt brEass EPRRE i i sie W e R g
(g)nhsgemrmiﬁwg)é? siepge) i)} ibreppin wénregnﬁdeai{r@mi gy E@l e{m;]egcess
e . Step (e),may conpri.se iden
(hafopgég%'@%ﬁfgqq%ﬁgq B%F?Se%ﬁf@ew thin S){:/li dg pr oposed
capacity profiles that are bel ow the maxi mum capacity
S{eB3BHIMBEoEpasE SRS b TEars Copa e AT T
praphesdubraphbity profiles thabbre[betpothednoanani capadigesdupciditérion but
terion.

oy SRR LR oL BAE R o, A Een ol iHliener e
critieglproposed icapadity oemuirements e deémed irfgeitad basedidnefurther

erj ods.
criterion.

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 noving the
excess requirenents forward or backward to the gne g{
nore tine periods. The repairing step or steps f”w 005
conprise dividing the excess requirenents and novi ng
some to different tine operation periods. The

repairing step or steps may &onprise noving some of

the divided excess 11 Jul y 2005 re |renent

reQHrGREHS fMardsand Semetqiéh%ﬁi'wa%am@ﬁ& PRSH {5 bagoyards.
backwards. The repairing step or steps may conprlses
NOVi Ng. excess requirenents to one or nore

Thp Erairing Stap PReRsyMaY SUTRISES Moving L?B‘F‘?r"j‘ reef‘l'i@"i‘ rqnﬁd’r more
%?Bp&ﬁt[&{ﬁ@ﬁs Pt ePRETE k&iingr oposi ng a nodi fication of
resources to change the total capacity for an
i nfeasi bl e operation step, thereby changing the

TRBYp5iHRg i érQitedirhay SathprispRidsitigrARedificetion lof fedbirdes to
for 'said gperatiaon ste The re ai rj ng slt_ei’gggr st eps

chingedbpital sappity s Casiig@peraion FisR. b i thg gnavimurn
aRdlbP&HicaIaphcilydasdurésmed fof SMd bpérdtisresept s of an

I nf easi bl e opéeration step. The nethod may further

conprise conducting a backward estimation of the |ead

Thé EairPdSeb SHbi6H: ragf sbmhprie fp@cﬁﬂ)siﬂ!gb medificaliah ef Rfsoiilees to

process. The lead tine r% §ﬂ’ g% §F f or rd from a
 oplgpyien et lasisope thadsrariee emsptan inteesile 0%? Lo step.
delivery date of the process. BRI EF DESCRI PTI ON OF

TS AR 0T R ROSTVGR PGV BRI s ead tme

béﬁd&frﬁél@@ctw ahRRdARGRmpameidithefravésags, in which: 11
July 2005 !.,; WD 2004/ 044807 PCT/ S&2002/000260 7
Figure 1 illustrates the use of the Forward and

TREREHATE haRBe E5tiRatEs fdrnirdTFom & @limertifatd 6 tR@kWANddFfoke i actual
and then pl'anning a shop fl oor production capacity

agised delbesy %@teﬁthetﬁﬁ%ﬁe%r der, 5 Figure 2 illustrates
t he wor kf | ow of an exenplary Forward Lead Ti ne
Estimator incorporating the present invention; Figure
3 illustrates the workflow of an exenplary Backward
Lead Ti nme Esti mator

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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I ncorporating the present invention; 10 Figure 4
illustrates a Bill of Materials as used in an e | e

of the present invention; Figure 5 illustrat esxﬂr%Iy 2005
QﬂgﬂﬁPgmﬁﬁhedule for some of the processes ig-@dt2002/000260
exanple of the present invention; 15 Figure 6

illustrates initial capacity conditions for two work
centres in the exanple; Figurg 7 illustrates nodified
capacity conditions for the two work centres of Figure

6 Figutealiifugtratas theaog0oinihe RontErd @di Backiard Q6a0MNiRs Edfmators for

oS SR OIS o B St o

“aff@togeli gure 10 illustrates a Gantt chart for Finite

Capacity Scheduling. DETAILED DESCRI PTI ON OF THE

IE[\/ENFI ON The present invention will now be

eKIOHiSI 21 Hidsiralps themwenkBy o6 rane sxgralany nigprwande bepd; Time Estimator
Sdcopoafigrthe bredentanvBhtdduct or providing a service (a
Forward Lead Tinme Estimator) and a nethod for working

out the schedule and plan, once a delivery date has

bEigvref 3 xilustrateBaok wenrkfloweafdanTiewemBlatyi Badkes)d. Lddte Finea Eetimator

Ufﬁ&‘&pfsrgﬁrigl}hgg,regg,ﬁir%ﬂﬁﬂg ng and scheduling functions

during a production or service initial planning stage.
35 In general, the present invention is herein

i@ ulir@tritBs & SIHE MaferiaB B [ RGN bh B -
VO 2004/ 044807 PCT/ SG2003] 600260 s“i‘?o’ﬂi‘v“ée}’?m?%“"‘?"‘égfﬁ@?

limted thereto. For instance it could be used in

dSgurertitillusiyatas adoman schadye for 8186 lof therfRocekidsi ig ah isRE@B &f the
nPhi&hion€r Vi ces commercially or otherw se, in

of fices, governnment, education and so on. 5 In typica

use of the present invention, when a custoner's

Al B ﬂlu&t%té@iﬁﬁél‘éﬁﬁcét@mrﬁiﬁbﬁé%o%rf Eentrad mq?@éﬁa'n‘%ﬁ on

i nformati on about custoner’ s product confi gur
into a conmputer. The Forward Lead Tine Estimator of

tFigpire Mvitustraies nﬁdﬂﬁi@d\wpdlmé @fﬁdit&ﬂﬁﬁc&r ROTRd ok Sty BF Migure 6,
f el lver ate, an express
B e ptath i R e, o :

rvery date &t possi bl e delivery date,
etc. based on current shop floor and other conditions:

ﬁb%re 8 illustrates a move forward repair technicue;

Figure @ illustrates a move backward repair technique; and

Figure 10 ilustrates a Gantt chart for Finite Capacity Scheduling.

DETAILED DESCRIPTION OF THE 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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10 sal esman then provides the custonmer with a tine

guot ati on, follow ng which the cost and deliveny f tfbos

can be negoti ated. The actual delivery date may oty

gﬁﬁﬁﬁﬁﬁwkﬁy be the same as any one of the p9§§$£ﬂﬁhmmna)
ivery ates quoted; it nmay be a later date, or one

in between. 15 Once an order is confirnmed, the

Backward Lead Tinme Estimator igs enpl oyed, internally,

to find a production schedul e based on the confirned

dehidweey id @t ﬁ‘et iviitear thadefo. I ¢0H iifsRfice af Sod %n@ééda.ﬁdesnmatmg a

booke on capacjties,. suc

eRh Y rapiectofReligton 2ng PR ol SarYeS Commasyially s nerwise, In
nmeofficeepoverament, eduentiondmties oand correspondi ng prices in

real tinme, say within several mnutes, so that he can
pronptly quote these to the custoner. Sonetines, it

t dRetypical |uset ofethi guregsnt inyedtisnemitena chsiomeriseenquiry is received, a
CalREREA @ﬁte%fso%l Ha‘éﬁﬁﬁforﬁ%ﬁ@n aﬂ@f‘ﬁb%ﬂ&gm@@ﬂrﬁduc@%f’ bi8tion into

cust oner be [1ng to wa

It any
s@cFP'%PUtE‘daE'ée F?fmagd H%’{th@e tmgtor ﬁﬁfhedgve&t'%mev éYO«ykS out some
daptoesubls delwehpam b@chORe herhRl delilelyidaRy, ¥in réa@ress ddbverayiat or an

" Fa st S Sttt B PREY ¥ olfert Htp fop Sk R B ope: The

L saldsamtheiptavidas the costnineinuitisa tiroe flictakiont followihgakittbthe cost and

d f

SS%%\% eM?t%%EEZ)F ml%poﬁ%oeg‘h?_%gﬁ%g’éh}/ %g;e’: HE% gétaﬁuce%;k%anly be the
nGPWE[2S REY P%PV“e Bossipla deliveyy diates gueted; it fﬁé\’ '@(ﬁl‘%@'@ate or one in
dekineehy date is 15th Sept. and the earliest delivery

date is 10th Sept., each corresponding to a

particul ar production schedule. After negotiation

WiQrise tah erdeu &t confinmedt the Backwead Lyadi€hieEstinatba iscempoyed xiemally,

gé& Q %giﬂ%ﬂo’n s\‘:\!ffécfmat ﬁasse %F\lth? Eorktn%}j d&ﬂ&& Qf%{enﬂﬁiais re;:quired

de?lvery han € express

d gteeplamgd aaétbed‘fedwdmrpwmn ﬁapaplh@s gUdresUgaandonachines, are
arddeM@gat the express delivery date is adopted,

inventory will increase 35 unnecessarily early. If all
activities in the plan corresponding to nor nal

déi praeticy, dﬁ[&nﬁh&nay}edjﬂeweﬁ\&%datmmé%ﬁ&ﬁj prices in real time,

Pgﬂl—/ %@02‘% %rgp%ﬁl%tes ) tﬁgt gevspg%raﬁ[ym%&oq%Wesg ﬁ"%}{é customer.

st ea [Taf’ may no S hus ™t
Bﬁokmm@is, Lte’aaesm rigleBsndarde ceterming deel three dateaaries rob delivery date

f H&ﬁhon‘éh aaaov@aa%aqh@ Eugtﬂﬁer @W‘fg?tr%eﬂillﬂgltb \a%gxéngi Mr@er. In such a

Figure 1 illustrates t €

psasewdismelbed|oesimaing 7 Aelvem siateds CEBIoAFs fargpngrstens gelivery date,

apsly hhﬁﬁn@cﬁﬂﬁ‘érﬁ'@aﬁ promptly, | R0thatPihe itdshRA caARAS)ake a quote for
Rgg%tlgtleo% whi } 81]; Forward Lead Time Estimator coniinues to find 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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that order. In step 81, a potential custoner order is
received. In step 82, the Forward Lead Tine 10
Estimator is used to provide possible delivery Jar%£y2005

Rg;to the urgency required. Step S3 wa@f52002/000260
negotration with the customer over the actual delivery
date (and cost). The order is then confirmed in step
84. Finally, the actual produgtion schedule is planned
through use of the Backward Lead Time Estimator,

alsinfy ﬁﬂv@cﬁﬁﬁ‘ﬁéﬁ%ﬁ 8 2§s iRk afs dpd mQWn%f @'f@asmie Thus the

orderin be pl anned. 15 This flowis on
e{ﬂ@ﬁ'ﬂva&? eadrﬂ“@ﬂ%rEa@Patﬂw H$pshigedeterming the Ere%evlart thased on the

Baofivasdlddliead dafél me Estinmator may be used before the
order is confirmed. It may not even be needed if one

of the actual proposed dates is chosen. 20 Figure 2
i Flgust t dltueksate thevwasek ofl they Fofwad aps digskeary Lead \lame Hsémeditors for

T'oﬂ@m gtdn"ﬁ&&f andglﬂrg'?f)lgﬁl E)Sh ﬁ&ﬁ%%ﬁ!.fg{i%?h&pﬁkgr Jdoﬂ%celpt of

pol n I'S operat s ste
ofhaf%f%rr ness scenario is det er mned. It is cI aSSI f| ed
either as a normal order; an urgent order,

froma ver ort ent
DIt pstenel it oy recaed, TR are thek'l" bk g Time
I Estrmhtéi is umdtbe;rov&ﬁspogmmd deliyeandhiterg aoatbrtﬂ:hgatong anyeycyofequired.

dTe' P es P{doﬁ&roﬂ%thﬁ% c?lgtoﬂ{e{ g\le?ﬁ[éea%t | &‘eh&%rﬁ .aéigngi cost). The

rocess an orma
c@ndgit is Ahfm epnfimeed; in stept ¥4, Finallyd theeachial srodfiction yschedule is planned

pfh?&@ﬁ ﬁ@éoﬂﬂé’ BH@&%H I§=.laa THhE ERINRR&S §I%rﬁac°a§§’cn‘}@o bReserved and
urgency of deli very determ ned

%‘a?f'@ﬁm@f@lg t°Fb8rp’9é‘§3%qrpl a key material is

theoret| cally avail abl e within 4 weeks from over seas,
Vo B, T 5 85 s BT teo 8 Qe Load

TTlrm)Estamaier way bé usd qgfms thiel agdes issponfiiete 8 nody riohevende needed if

3ohd Y HRARARPBPoRAULLER! §éur.0p' ng dates of key

materials are determ ne Irrespective of 11 July 2005
WO 2004/ 044807 PCT/ S&0021000260 10 current

CRIg@E RiiliueBates AB IoliiBw bh@0&:RkipfR) FRMASSd TTmdBitihatdrNES
required for each step in manufacturing this product

are nodified by the lead tinme paraneter, k as foll ows:
| $1i02i (Startprepomssts theaslartingmeoint df this ¢pdnationdhithis ktepSI02 dbe type of

tﬂtﬂfﬁeé"s s%‘éﬁéﬂ?) iJ h&@%iﬁéd. E%L@éésﬁgd éithe? as a normal order; an urgent order;
or a priority order (e.g. from a very important client) etc. An appropriate lead time
parameter, k, between 1 and 3, is then assigned depending on the urgency of delivery
being worked on or planned.

In step 8104 (Initialise), process and material information 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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Totalling the "Initial process lead tinme" for every
process along the critical path in the producti
provides what is effectively a first estimate ofﬁt‘JrY'é:y 2bos
bRPfloddsig, for the process (e.g. the tinme frl‘t"f‘fstdiﬁ‘ozmoozso
present to delivery to the custoner) Once al

process tines of non-key resources, .and the earl | est
possi bl e start dates of key rgsources and their 10
process/ane ti mes have been worked out, a forward

ﬁﬁﬁﬁ lgcfclﬁ@guhﬁd ﬁ% tiEoRAEA ﬁ:ﬁ:eéé1 rﬁ&\%ﬁ:n%%qﬁnléﬁ rféﬁeerag step in

e assunpti on O Infinit aval |
c &Eﬂeﬁaﬁi‘-’@@ tis prodyet %mﬁ@lf eskbyghalead tige Pﬁ‘ﬁl’"@‘%dﬂ”%{? l?ws

process schedul e |ncludes details of currently

wor RGeS SRR -k ol Tl

Capacity Profile), bottleneck work centres are

| {plhg iyl Biobd Bad BUCf o0L P R8s GHALMGE 04 6 in the

r process
c Biggustion run nrowmwhaélse;ﬁ@@@%hea figst estipygteod Shvdlgad tirpe for the process

b@eﬁ@ NR:Stirde Poh & ﬁr@éen} t@%ﬁdeﬁﬂ@% culsfdni%F)aéﬁéeCﬁl, thélamsée@rt.mes of

there are usuall ocesses
L BOTEns (PO REs. ol o GHAGs! RSP st delgs |9 ke RERURBS qnd thelr
apeceaimdertinea Ghvé’\ﬁééﬁ veerkedr ait, tzpfoRiird] ploesds seReduieeit lyenerated in

h ' "
¢l S9N kA6 b oGS0 o PRAELY BBl Blsies o
a&legmimtgoft paringabdinis fotveartipgieesh sesdule dneludesngetails of currently
haH!
O o P ol R e i Bl
capacity plan. 25 The bottleneck identification

Pogte usﬂoumfsrafe tHottensoke Rty Plpamaq bbtendokt WarRt ®htres are

f f f 4 k
et Pl e Bocsr, S A WBseR oLt P 108 Eyarggrocess
n’ﬁqs 8 Imeaxipauns tapaedty. oVidhatds sharetlep er apmloarhed,i ibecolmes a potential

neBI?t wtﬁ?%épﬁ lm%bgrafhgreaare RSS ?Bhl?l fQ\ﬂ&)‘r&G%%&%lihattalﬂﬁroach

enec I cafion roce
i ‘Pﬂﬂa@tYesTVm thresbglﬁ%rﬁ bigh 2y e igwe fsesholleaiouset &5 Gaph WRikesentre to

| dateine Grhetimea R&Hr@@édtr@' wilt L%EQ,W [tspf:ntféﬁ!t sApRBBCK: 8% time. If the

res OH{CES cons

r
Bt T otdeare icpaified B8 0B e be Dotk e MisPryeasold at any
ndritontis titeypatiot Stheke this avbrk-denlye &veomsideret do dera bdthemetls with an

' qﬁ%gg%‘?[?x%%’?w"aﬁhl s is wuseful to ensure that all

0SSI enecks are considered during this
initial planning stage. OQtherw se, a possible

”F‘I?J é%‘@cnb%hé &%kpres&aewlfs@d wwsdeﬁe%w L4 ‘ﬁﬁme Estimator is-
easi b 35 005

ightivo giifarent |frerry %&%‘8%}) er@pggoproq@ures Ir¥ actual practlce bottleneck

resources may change states over a short period of time. In order not to miscalculate 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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In step S112 (Use Repair Method to Bal ance the
Capacity), the capacity at each bottleneck vvorkI1Jl 2005
centre is exanmined and alternative solutions are ' W

WE{) fo resolve this overloadi ng problem cW%odzﬁoozso
one e, y

y enpl oying a repair nethod, for exan'p
nmoving a portion of the bottl eneck capacity forward,
or backward; or dividing a pofition of the 5 bottleneck
capacity between two or nore tine periods ei t her

fCIﬁ V%pdS‘lpf‘ﬁlgé'éahgp R Wtnoft 35 a'Lﬁ\Eé Clﬁee fap E@W@hé’ c%Bchty at each

backwar d

béeitieaprsrore a%r@ ig 9quﬂe%w alewefivl sclutions p@rsoaa@ tp gesolve this
ki rwmaamg oFdbRb: TGS @Iohe aaempsof}ﬁd srepamémme@ﬁé@nﬁﬂe by moving

h b
o BTAP obRdpUerett SRl U Tahes g Svdpe 3 Eerfop of the
( Ibadianack ycafdity ibeleer it oPmibieotitad pémodspl eiftiat ffqrwﬁtﬂy backward of a
bl‘i’nkﬁgﬁon SPPo%ar?yar%e Ba&g\%rd gpﬁt 'gecr%ﬁs ?H?a ct:e;ct:h¥u of 9‘ tviding a

roposed r
pﬁp’{ﬂﬁmk aAPasity bei\demgeraldmermedﬁ i hrepvm agtintefcharsgeokphir.
ment i oned above, but does exceed the |ow threshold.
Sych critical capacity periods need to be | ooked at

¥ AW dersbls eapagiy RIANg ke Rprit Isepivachrypalanged digsalisrad forward
16cHeduls igxabilika it Sep Si Cﬁtfdéﬁtrﬂﬂ)rﬁi@éllmﬁ@ PEmaaplt’é)mexﬁfy any critical

d
o SHBE o B DRety P a7 b Bhpro B0 Epospe throughpu for
papadidilan pesiod deasamtirepclothe highdiskshthid mentiopedelsve dbut does exceed

T #8I6W kifedHaf, Bl Jg&afs |

Estinator out péuhtcg tﬁca%%p% ’Lﬁ%ﬁia nrb&I '?@%egl%%re closely to
perieming whethesthey arafeesiblas br eakdown of the processes

and 20 possibly even the costs of productlon (whi ch

h d [
SO RS S B SRR ey SISy s
| $apacity periods exist. Hdbaya &i rtoycriphet cmﬂcntyspende,nhé forvexld prvcedsahedule
3% ]u%er(w%!f Qeé%fb‘?ec ‘EﬁdS i bét?fﬂ %q Ffé éf%@c}_%)ag Pr; él Jﬂ? Egtmga}t of' eté%uts the

cal "Perio
t pyerallf '@é%l@@ '@ﬁult FBseibly Hogsther nwith alme@ﬂewn 5if e (pF@8sses and

Cﬁﬁ@ib@t &venC h\%d HbR of td?&ﬁf:tld?{ W&? Ciln@aﬁ%ﬁ' bd GRe8' Br tproductmn

ared with the avail abl e fint pacities
U REGR B PUB I BB 1 FroOREr B RRCS & SIFEaED g
rout| ne. This routi ne exam nes each criti cal process
SESG s BT e iy ISR Bones 50 st
N B ria retepSh 2k (ZGonrdn ta\Erritidal Belricish rvitest trBr mromsnh@ focuses on
HalR of tﬁ@rq ﬁ.%t%%u’i%ﬁés ?c?éel?ératé éjdﬂllét) n(ﬁes%q%r{)bgsggf:éeﬁacmes are

exam ned one one autonati cal
LomesigH evithdhe 6Yﬁ*|6b|%ﬁ'af nite Sapacitigs |a¥tm shap Hearthy esndiaying a known

fsdhdduling R@tihe) ETHY RRARCERIATIsOSRN CAliEHE Hrdeass Qéimrdlng to dlfferent
SSRGSt s
Sl stk eWpigbledt Stertest Frbtdssigy a‘hmeraﬂ schedidch sa$ of 6cheduling
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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35 whether it is feasible. If it is found to be so,
the process noves to step S118, where it 11 Jul y112f“?¥52005
WD 2004/ 044807 PCT/ S&002/ 000260 12 outputs

ad tine result, etc and the operat %%00260
%0?%/%44@ If it is not feasi ble, the un eas&b

'processes are identified as such. After iterating

through all the scheduling rukgs in step S124 and the
plan is not found to 5 be feasible in step 5126, the

C aam:té th@S)vérﬁ[! lcae tiﬁnélrésluﬁaétc Bh® ERpeRB5H 85lR Mie§@1%? €if |t is not

to repair, at step S

Rgftﬁ?ﬁ"?]e 3@? HEEE‘SE%E? @3?95%‘?,5@'? Ilgntified ﬁ‘éé?‘?‘&/) usi ng

forward, backward or interchange repair techniques

t t t
T e
Sibefeasibe 1 28pa¥126i the roapacities lhldkmvatrcal proesss periods which are not
| deaYidid 'a‘?@tshﬁj@ctotfo ?’é’ggﬂf 5@%br§§28r§j§% ﬁ%ﬁlﬂ' hthod Jp, Balance the

, sed to

d:qcteafere In st repair reso
pag Scﬂsw P"&’é » REclvaeal e 'PWEChHF%fePﬁ'F teshyiaues| c&wssed earlier,
( \sinti BeLdperatins thae Fdveds ohdepsda@. 1 oor | oadi ng), whil st

in step S128 repair is used to resolve the capacity

probl em when a capacity cannot be accommobdated within

t Hée Jtpar ethrniques eplbyed irnbteps Sai2 am)ﬁsmbb& iddrlical. However, the

S e

r g&?gﬁag&g ?f g&hﬁsreg%‘fg rggzﬁﬁ]}g?cg d?#e?&t,[ i s 1355{%2311 g used to
siesglvg dasssappelty l%@l@s @boye the h@hﬁ@a@idﬂ levah fvaf@e@s:omr@amng ghe shop
f ﬂbldi?doawlrtgh |Whil§th|$ step @12@ r&ﬁﬁ@b%@@ rédbivt B BMRy fp'réb?é'm when a

Al t ho cess | ncl udes count

! GRp Safit 4 SReeBili lfinEhR oo foer pesdle sk Pl ossible
aSGEHdHQGUM$hmﬂtnamﬁ&mmaf iterations. This Forward

Lead Tinme Estimator operation is repeated for all the
required classes of delivery order, if required, and

- allb@ pperpliapdhgniestaga st siep S1dhdwith any aidhe stepseS Wrte 5128 possible

pégﬁlﬂ: dedl a b aviod c&dé%ié?f"@ rfounaf?mtﬁﬁlrthé‘?ﬁ}ter éék)?&tie@%‘? ke, Hdp floor.

Iﬁﬁg)og H%tl on t he Forward

t AROUSR R IPYYR Aere. ‘Bﬁ&%%ﬁé&‘?"éﬂelsf qoanttthétoxaeim fﬁasabigplan can be
r prediredutengpregeeratiieditimbBegateratiots. particul ar peri ods
does not necessarily nean just noving around the jobs

of the proposed new order. It nay nean novi ng around
ekhig Fomgrd keask Bme $BtiRator nparkiiangs oepeated faraiethe dejuirateclysses of

PchPery drder, Gk tealitdi0 aftt BRRGRAVENS: BLRHL TR R LG0SES Srébrovided

for the customer.

Certain 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




10

15

20

25

30

35

t he shop floor cannot be changed. The theoretical
process tine is cal cul ated based on key materi a{ Julv 2005
bei ng obtai ned using nornal lead tines and a Iarger y

“ﬂ?}dﬂ% &pad time paranmeter, k a 3 is choseger g(%gxg([ogzﬁo

Ing is used to find an initial productlon
schedul e based on these and is then tested. If
capacity problens are identifigd, a 11 July 2005 WO
2004/ 044807 PCT/ SG2002/ 000260, 13 forward repair

sctbamﬁd Ir@paﬁ”ﬁh%@ds te@zﬁﬂfy@&'t@%r&nrﬁéésfegl:@le p;LIQrF etpéth%t by moving

i on aci t
| gesTloBY Y GonaBBirab Bl 2 dats CfestiEine qapasiy problem. i s
ex@@ed;tecﬂthaﬁhus ptdsedurpwillgedemte a/\rohd;er%ﬁ@lhﬁt Butdhd &Jﬁﬁﬁfatlon cost is

?% IH'VFﬁ}]s Qléfili ﬁ%ﬁ& ﬁgg&ggéagggteh% s%fesgug? 8%rh§rﬁwg%ﬁ normal %ehvery
pr‘ﬁ\'ﬁ tpethg © ‘?rﬁ%ﬂ prefapiiyvandythis sdbgres will nob bavusitichnedverse impact on

PIIebbihg B hétk BrodGAIBBIapd fok alichiaMdruch adver se

i mpact on any existing shop floor production plans
for a particular tinme. For working out an express

d éHor werkingpiutian exirésseiiigdy Mgn, Fdli’cls&l%ﬁaﬁb ﬂé@fe@%ﬁ&s‘és%éstvmh confirmed

b
o Ty B 508 A S0 e SR 0 o v
b@aﬁq%bb@nme!@talugi Hging oome expiess feat datbst | Armmallgk initial lead time

S%Hﬂ%ﬁeﬂ Rt bal ds@é'q;\nﬁ' #HE rQQfl ﬁigE#?’élufoKNeﬁg stch%duVe\/\?%F?%n Dith 2

resulting Initra
p PesfaTadeghasthp fitner and re@rrameme@amf amg‘enemtmgfemrmseposs:bte more

e&b:ﬁﬁlic@&d%ﬂléﬂcﬁ§ d19AS 1 shbS fohP Espac&?"eo'né&e%ﬁfi ?d?@téig repair
of the shop floor capacity is necessary and’ conple
r Spigmes % anfrgve & args'“%ﬂi?‘é“%@t@v@rﬁé'seﬁ nt er change,

etc. are used. 15 For working out an earliest possible
d I

%'l %,%F%gpl;&nan 2 ﬂ'?s\?\/lxséf '*’%e%“{%"!%'ir}n? ﬁ'&s%‘Pteﬁ'ﬁtfngaPI@”?%lr processes
ofCOEGﬂT@ﬁl ergothewise), mexderd athbsee $at gre gwitbbfeexistingveniirmed earliest
ph@é&ﬂ)léf‘@&v&?ﬁphﬁs ﬁ%@%ﬁr‘ﬂ@@wﬂ@fﬁeﬁ%@é Ny, ThEShe 8reticallgrocess time

eoretical process ti IS Ca ated base

nit quiated pased g disy anateripisbeing obtained meing dke shustest msglble lead
| ;aek. a@letihaﬁﬁﬁead-rﬁﬁemﬁfaﬁﬂe?ér IE e‘:'»%g abiE 1DWJ§’rE]‘|e£%’IaC|gspr§ﬁEms are

|§ \\hen capacit | ens are
- Binp JepRi sbeies St Sbtp BlNGmHlogi ARG cBaRn g, and the
crappaset! pelfdduletof thentlesehicord@Tieingsesikscdes 'dhéhg@& ohlff@hen no other

eS8 S 5 1 10K SRRl g o son

vﬂqﬂhln the finite capacity of the shop floor. 25

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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Evidently, the urgency of delivery will translate to

di fferent product prices. Cost estimation based”ou 2005
different delivery scenarios is then provided to't ey
?ad Mg Or  negotiation with a prospectivepcyst98Fiozeo

I'n order to execute this Forward Lead Tine

Estimator, several paranmeters, such as initial |ead
time paraneter, type of repait#4 schenme, key resource

and material lead times, and so on, are determ ned.

QThb 'iﬁlti‘?aﬁt.é&i(fj‘]' n{ﬁ@"sﬁ&ﬂ@f be §§E)W étspogﬁﬂéltsggls@&é é'%ﬁg% P%‘gedfmor e, but it
o fin
P%‘?‘ﬂ?‘ﬁ%ﬁg"%%é" 8% nqtﬁ%é%cﬁﬁ 8i%®: 35 11 July 2005

V\D 2004/ 044807 PCT/ 8@0021000260 14 The initial Lead
T |

II e%EB}é ﬁing ur?tla‘i"%aél ﬁﬁﬁ’o ?ﬁ%&&ﬁ%{s&g Ll? ?gi&e%iev?} glgalgagoc%gﬁugq tﬁne An
eﬁﬁ@eaﬂve Iaeprpetrlf\mulphbﬂzw caloulatehib usihgb@ eprtiom of the |ﬁt<edaleadiJeme| in an
t bﬁ?tinb?né(%l&ﬂﬁ%ty&gh MIhd Bt pida aﬁtartg‘@g Ie%ﬁ‘i’iﬁfé r k' with a

ernative approac eto ca ate
i yalg%pfr{%ssa{h%}w% d¥selhe fixed | ead-time in an

. existing production system In the latter approach, an

£ Bl 2 tsitines STeBRC donbnchyaoPiettbal vr 2 ey eiph 336 necessary
(@. gorkt outoarg hetaa r@edretitn otheduldel Figeney3 diusigtes ithe werkflow of a
ggﬁgﬁéfg eag%ﬂné @stw#m% 88 ARt ual production

: igure l'ustrates the workflow of a
Backvvard Lead Tinme Estimator which does this. Step

E soBt Eathn) e BIARARG Staftifg pSHRS tHeEhcRdrd Le& TilBEstimator.
Backward Lead Tinme Estimator. 15 The delivery date has

been confirnmed, and the | atest reasonable start date
f Ohie delvlry datenbad bemntorfimoek wad tiee fatdsf rdasbriEble stadekte for each

ha)\ﬁgt:thé]nt ggocgfstt? Hﬁ’ﬂ ﬂﬁgordy IH% t ﬁ%get%%eda\%h? g\re ati%x Ealbfe A fi finite

capaci
i ‘Fﬁpéf-ih@t ofdhe ahep ﬁ,@nsfhea@rmesss ane materphmfoavaﬁqn ande@nsmns are

(lhﬁ.ﬁtfel:!%'s?e%) szcﬁ%ﬁm@e)pw %%S&%cé@é’s HRd il ﬁm;ng.,sn&% to be

accord to the urgency of

d@?ﬁ'\?@ WC%@'P%QG‘}B 'ﬁ’ﬂ%‘?ﬁyﬁﬁ‘ﬂ“’% AR PERNIEFH6” (Gener at e

Lowest Queue Tine), the latest possible start dates of
dBrash SRS O TRT e Pricane HaeF Tt Budt o 5ot efig ot e
arecaseri Anddates) reowi datesof Ingdetials ave peteringide randkthe theoretical
HrS&M4S K Gnove times are modified by a similar lead time parameter, k discussed
earlier. This k can be the same as the previous k, but the agreed lead time is not be
used here; it is not imported to the backward lead time estimator. 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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earlier. This k can be the sane as the previous k, but

the agreed lead tine is not be 25 used here; it ffﬁd?&OOS
inported to the backward lead tinme estinator. Afte

g%gzg wdshPn, the agreed (forward) |ead timgpdricae02/000260
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on the assunption of providing products as early as
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ey resources the | atest possible start dates
of key resources and their process/nove tines have

bﬁﬁﬁe N KE Eeddfatd BoBériek 84 @alty Profips) Clhwaagaciy RSt & dagh work

SEett 5%154@ SHE a%'m%&&aﬁs e e ngt%[bg? i e Forward

s Estintatalah éighdhdsiibiscet, emd st @modess genad i congidesed] bettiatetieif the

f J to determine the-
r%ﬁ%’%@géﬁ%r{nﬂ@q %5'&%9104#1 gﬂéwdd;t es for each
operation. In step S210 (CGenerate Bottleneck Capacity

Prrodiéy 8212 (‘U&@ F&e@&?‘ ficthbd RS Bhlah@ Bk (ﬁﬁ&l.‘ity}/\ﬁﬁ'ié(botﬁé?\‘@b!f Bericds are
gener at ed bot t | enecks  are ent |

sf%af@ﬂsompwns REORGR RbihS T eaRRERCRT Caaawegﬁ@f%\'amp backward

t br Bk Qlvilied Smatier baivder tP¢ @€ @RBe gk paicds asoinsstd@Sdd2 of the
capacity under planning is above

b I k jf th
t éfﬁﬂﬁ{ed&%%fﬂﬁt%gftﬁgﬁ%& In step S212 (Use Repair Method to

Bal ance the Capacity), the bottl eneck periods are

r goqlveshal )ﬁeﬂﬁ% bﬂ@ca@ﬂﬂ\%rﬁér@&) Ohe Hiﬁtréd“fn%@éés Qbﬁ‘edu!e is examined

capaC|t or acities orvvard backwar d

daRd a@dcrrmﬂlnféﬁe Betitsel anoarsridenified. tAs ?}%? ﬁi&% °f2'35 frward

SEStnator bloces, tidis bhsodwar=doksirégmaldor process. In step
S214 (ldentify Critical. Time Periods), the repaired

process schedule is exanined and any critical tine
pler tepd$216i (Critozy Tineer Reriod dlotind)j & decishan ismmasieeyheiet 4ny Eritical time

t@@n E}% 5% ﬁllﬂaﬁgg 2SRRI Y bRk S8 SehedultigPptar? isAR2ARd98asthle and
the' lead tlme for the last start date of production to fulfil the present customer is
outputted in step S218 (Define Lead Time) and the required resources and production
capacity are reserved in step 219 (Reserve Cotresponding Capacity). The process then
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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In step 8216 (Critical Tinme Period Found), a decision
is made whether any critical tine periods exisnT1in2005
there are none, this backward scheduling plan is i
deened feasible and the lead tine for the last start

Y B8 oduction to fulfil the present cusPoHEF20pa00260
25 outputted in step S218 (Define Lead Tine) and the
requirted resources and produc{'on capacity are

reserved in step 219 (Reserve rrespondi ng Capacity).
The process then ends at step S220 (End). If any
critical capacity periods found in step 5216, these

pdirthebackeam sehaiuleed fit wittdn tp finiBOcapadies(of darshop fléw® in step 5226,
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s edracipdin, mgh IpottieAs BRYEIoBRAINCAPS kst MoVRNAT1 difer R periods in step

5238 S, FRHRF B 37 25550 SN R Sl o e

pPagkwasd Esfimatdyinoved backib gtep$a%4 aMiOhg Gepsired d8@dule is examined to
PlaEhREMOAiIN Broelss phodd thétrh%glﬁ)}%ﬁ,r%@gtd schedul e can fit

wthin the finite capacities shop floor in step
8226, the schedule is feasible and a |lead tine result

| Shed upgrationi thers bRBesi 1R [ifdle oM SEFI8R1£L AhroG@PRCitd €528, until a

¢ Bt Bl BB A iR Bl e pemaplist o Bgshiogpor s Rna. s most
uwilisely, ibha inspassibledbr thereds be inedeibls dambvailbists iftiepiaad time is no
' [ £ 0 a PAGI LI es: t er..
D Bieh 8 Safes U bROBES (TR SR F g o otmator
BRPeR¥€e t he Capacity). After this, operation of this
Backward Esti mator noves back to step S214 and the

repai red sche 10 identify any

%Jéﬁis xam ned to ] y

c % fepalrs i qeheduling pf fga?a?'mfd heaghtimeiEsfimaioy preratiopygay result
dp exiatingoplarishieavingr Rekee SeseReddido LIEtth Mﬁg&h@ ﬁh{%@ libﬁtire plans may
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(6 tdrandesiallboh SETa it B AR YRG! © 1 the | ead

tine'is no 15 shorter than the earliest possible |ead
time estimate given in the forward estimator process.

Tihe Foppart fafd anBack@aRAWal Min® Estiri@oBssekatRhdl cdanl mBhfBimilar, if
I%\So{ |deR tc%[ pr%Beesrsas ép%r] Tﬁg){S Figc%géatry to ensure that a completion date that is
offered as feasible by forward estimation is found to be feasible by backward planning.
What may change between them is the order of strategies fo be used (at least in the

repair steps).

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
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© BiReriimbilis of materlal customer deilvery dates and so on, already in the production

system. Table 1 shows details of the machines in each work centre.




serves as an alternative of
in MRP. By

Lead Ti ne Esti mator
Capacity Requirenents Pl anni ng (CRP)

considering the shop floor capacity (at |east wi t hJurY 2005
&2):2&8#0|r4%?§9t pl anning period) and variable p $02/000260

S (dependi ng on the urgency of the or
bei ng 20 wor ked on/ pl anned), these Lead Tine
Estimators can be very usefulqyg n today's conpetitive
and dynam c commercial environnents. To illustrate the
operation of an enbodi ment of this invention, a worked

er

“cust oner

exanpl e of a

shop floor with

seven work_centres

and a capacift
custoner org
del

‘Mﬂlm%r}fﬁ@k-‘:hh‘diﬁp fi C

i rllﬁiﬁ%?ﬁg'd there—af
o s of materi.al

|W‘§¥ Ge¥at es, and i

¢ Griegding Machigendy i n t he

producti on
machi nes in
2004/ 044807

stem_ Table 1 s
nipg YRk Sertter e

h Hvelerdgithachise ®f t he

PCT/ SG2002/ 000260

Flrgefioieeiifne YO

Machi nes M

IINGYP BRI ng/ G i

RICHMFCRS | 1i ng Machi

Wrk Centre

@crremim Wgrk m:itl‘d ne

'Mﬂrdeml\ﬂ@hlmchl ne 01

Har deni ng
Centre CNC

IE‘D I'UCIII
1 [}tﬂga()lt

‘)rE E]pnfrp W.re Cut

Machi ne

vEERYfrsemBly Meshiig PAs s e

np
[ EDM_F){)?E :ggﬁ%g,r e EDM
Machi ne 01 [N senbl y

02 Work Cer
Machi ne 01

t"i’%k‘l"l? i ngl Assenl

Pol i shi ng Work Ce

'Fitthglﬂgsbvﬁbls Eladzﬂlw OMaC h

Tabl e 1: Mag

gglﬁfelp%lgac ine 0T

o Rorddawaror k

Polishing Machine 02

LS
used. Each kabrlc@antreshas on(Mgc_mﬁg 25 machi nes

e 16

Table 1: Machines at the work cenires

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 | 4020002 | Core Main 1 | Piece
12 | J020003 | Core Insert 1 | Piece
14 | J020005 | Core Slider 1 | Piece
16 | J010002 | Cavity Main 1 | Pisce
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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10 RaeNG ng  Para Nunber |3010002 F’art DescrlptGhm’Roughmg

SR
\'J

tI-YarJéﬁii“lé" Set Fi1re F'l.lgbcooi ng xed—tead ‘Héﬁfeﬁﬂ’lé on

30 | Dirilling/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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No. Work Centre (Hours) Tine (Hours) Tinme (Days)

Description Release 10 CNC 3 10 3 CNC Roughi ng %@ 005

Hardening 5 15 5 Hardening 30 Dr|II|ng/Gr|nd|ng 52
40 CNC 1 3 2 OCNC Finishing 50 E

égﬁo%%ﬂ déol ishing 4 15 5 Polishing Store go\‘,'l}fsl(,?%ﬁmoomo

Part Nunmber J010001 Part Description Cavity Setup

Time Processing Fixed Lead Opgration No. Wrk Centre

‘(Hours) Tine (Hours) Tinme (Days) Description 10

FEbM‘ Ay ﬁtﬁ@ﬁiﬂ@'\%ﬂf"&%@eé ré:s'péétlklélﬁ 'ﬁhe“@%e'”mddfnn ﬁto%é‘s infdmation

e 3: RoutTng of Parts:

Cav
Tﬁ‘Eﬂ”& PEICESH FRAVERING: oﬁquP@e‘F &fe P?f@”&f@ﬂr&’b ﬁwsmww sequence,
Metiarting WHIE B 18Wdst ProB@xe maknbem SThHe Qrodeisia tifed £1@ alsa\sbbaified in the
F nanmel y: CNC Roughi ng, Hardening, Ginding, CNC
=k '%i ng, 15 EDM and Poli shing. These operations
require CNC, Hardening, Drilling/ Ginding, CNC 11

‘]‘l"%fkpgoa% shilds %IQ&O ﬁcfuﬁrigﬁ%p ?heF’SSH %&O@é\ﬁg%ﬁcﬁl cndists only one

ol 1 shi ng tres respectiv

ceReiRn oG tﬁégifﬁsrif'@) Fﬁfmgfpéﬁemfab Witk gantie dar20clyitre nEhin grocess

PheSRs SR ip tineCd? B G @ld b fixdd 105BERe BlEMGE. Sequence,
starting wth the | owest process number. The

processing tinmes are also specified in the routing.
Tialrbiging, the Sxedsbaitimé Ben spantof thge Lisually hequredipqredntm an operation

C‘g].vé Lé/rlesvg@ioﬁg}aﬁ;o%g?i&tfg qﬁﬁe agéryfro% hese roufings, the lead time is very

much greater than the combined setup and processing times. This is quite normal in job
shops, where parts usually spend 90% of their lead times waiting In queues.

With the above information, the Forward Lead Time Estimator is used to estimate some

. possible delivery due dates and to find a correspondingly feasible process schedule.

With reference to Figure 2, the following steps of operation are ilfustrated:
Step S104: Initialising process and move times for all tasks required to complete order.

All processes and material move times are identified and determined. This includes the
information shown in Table 3 for each routing.

Step S106: Determininé earliest process start dates.

The urgency of this order has been determined in step $102 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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operation, which requires the Fitting/ Assenbly work
centre for 20 hours. This process involves a setup

time of 4 hours and a fixed lead tine of 5 days.qtlIJ(J'h-’I2hOO5
routing, the fixed lead tinme is a span of ti

?”é’q’ﬂ?‘wgf?o?o perform an operation or a seri e@é@&%h&ém
operations. As is quite clear fromthese routings, the
lead time is very nuch greabgr than the conbi ned

setup and processing tines. This is quite normal in

J ' Vi prb&iRb s 2 x (20+4
| 80t AREne SO finB B4 Aol e hfigfipiEifing REUA bR 2 x (2014
i hduss. givingan inifidh lsaf Enaef 46 hasgorrpygblveee da¥ or i s used

to estimate sonme possible delivery due dates and to

find a correspondin l%f feasi bl e process schedul e.
W@ﬁ't%t@?@%%acﬂ‘dﬂﬁi%ﬁ re 2, the follow ng steps of
operation are illustrated: Step 5104: Initialising
process apd. nmove tij fan.gll t ui ;

conpl et e @?'8'2'3@835 l?ggﬁ'ine pr oggj:s'?g?‘ %gﬁ & {n?regt e Fﬁgﬂh&?r%’v e
times-are identified and determ ned. This includes the

| QB s Whdieeh@®r@ 13 for each routing. Step
Slgg:er%estééé%éﬂ%ng earel i est process start dates. 25

The urgency of this order has been determned in step

ﬁmﬁncg fbrd !hgn che_még ERES e@adamlse (i)srmm4 sliygettyn@guiompdred with the
ave een | ntif.i e A step . t ,

Sl PP esinodite P Re e ek G ophShelid B RUER: Thd feason to
tieve esuchi @ dangstead ttimeta fsethatu ke r lowmd s Bimegdasis neot ofongiglerh capacity
PLREESR ah%itié%fb&in‘iéﬁ@ 'ﬂﬁﬁj}ﬁ@d N tﬁ@ﬁix&i 18 timb N S SkuBbSS, this
requl rea. or exarrpfe or the Cavi t .. which is ne
ofixeg firaddimspshopid bsrlengeanonaly for RECCPSSING) a%é% iSrrpYGh longep Hian actual

| Badutithb X Gfle lpRAEN RS is usSRYBr pRViding R @EIRES etindibwBased on
cbaiRhoR, Leprigatacsy cpncont. JSRtCE Rl men S o 4 FiBy Lo
alime 3 Kewge asttodaiumber morelfhamg, tbepuiatthery, thiginiighiead time should
S o 6 i ARG CERAR TE Rt fy s case
hibe resulh atthis inveniionyyill ke werse than traditienal Fixerbl-gad Time ppRreaghies.
time for this process is 2 x (20+4) hours, giving an
| Biid, iikack fRhsbibBEKMhofl8, MQEGICE bd B BlMeY tHan®.2layise FRed Lead
a'{'i}ng risng {'ylp}égl p%%gcﬁ %?gomﬁlgtintgoa H’gceéss ogération. This data may come from an
existing database of the cutrent MRP/ERP system in use or it may be derived from past
shop floor records or statistical analysis thereof. Using Equation 2 in this exampte
instead, we calculate the initial lead times using the fixed lead time given in the routing
tables, that is 5 days. Supposing the parameter k' is 0.5, multiplying the two numbers,
the initial 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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Initial process lead time = k' x (Fixed Lead Tine) --
Equation 2, Were k' is a paraneter between 0 2005
10 k' is not nore than | because Fi xed Lead Tine |s
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1, then in theory, this initial lead time should be
al ways enou qh for DYOCESSIQ%“ thus no further
abipatdnecheduling ds pegheduliog tachnigys whergsiBe schepliler gippepdgpfrom a

t h’lo‘wnl SIME Bt Gid Wohiputee 5%@ g&ﬁplétfbﬂrua}té’ &iﬂldnl aros ugfange (inla;oceedmg
is, in fact inpossible;
%F@ﬂsﬁﬁp%gg@tqf@@ 3%be no | ower than 0.2. The Fi xed

Lead Time is a typical period for conpleting a

pﬁ%cfﬁtﬁﬁw flsfhteOthe u{ Tl ﬁbng%gcﬁg?ﬁﬁhr%%% dhnt Cavity Main.

exl st ng ata ase o current ystem I n” use
or it may be derived frompast shop floor records or

shsiisdidated in TRLBS therd A8 %S(prerd#ﬁ:hm prétiRE 'tﬁH‘Cé’v:ty i) ingmely:

R IR e R A ?ippﬁﬁmn&ﬂh fived

tladd thaes 6f1%a6, 2,2, 3 ad&)%&iay&qspmwﬂg Using piaecmesttearof K.5, bs above,

gg‘? fnitgﬁgédaﬁél@v etc{b?aé 37 ‘ayser"'a’3 CIE‘&es u l}géé F‘?%?nho{l ﬁ'e

di fferent cal cul ation approaches are quite different,

ad fppesdbtod o H@ﬁé In ‘Autq | the @&ﬁ%drb@ﬁed'%t foPthe Q%vﬁﬁﬁll&n'\ﬁould be

J ust an initial _estim Sim | arI Yy, We can al so

c‘%ﬂ Taradie Fige 9-nithe aqfem%nqmtrﬁés pelpw 2re nofipe eracess wyabers of

Fpfe SH08he fsrvvehupbbeduiFigng.5. 35 Based on cal cul at ed
initial lead tinmes for all process steps, a forward
scheduling I'l July 2005 WD 2004/ 044807

Fogih 32 @ 3R, 000 Boug DRy erlegation 86 willkiel drodeeseuidyfGNCrvdrk cBhies;
start date will by default be set to the date when the

systemis running. The user can also nodify it to a
d%/(gt@ 34p & Avg Héardeninaiperalipy 82 willbe processed by Hardening work centre;

On 8 Aug, Grinding operation 34 will be processed by Drilling/Grinding wark 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 cef\tre;
| 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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supposed to be confirned. Wth a known or given start
date, the processing tines, and by follow ng tqj 2005
process constraints entered in step S104, the pr
operations are 5 arranged in |ogical order o

Bﬁhﬁwﬂ?%%ﬁ and a forward schedule is thus ge£%§§ﬁm%me%0
Forward scheduling is a scheduling techni que where the
schedul er proceeds froma kn@w start date and

'conput es the conpletion date for an order, usually

e e&f.@ft s‘f% lnftﬁé’ ﬁo&ét&f fg!s eg&zgrﬁ&?{h%t éi@@ M?te'i'ichdg ié At Cavilt)(r) Routing,
sypiagthe; %@pp@ent Crdtyddaipoienenticasd @lgpvmﬁﬁ gives risg to an initial lead
| Gk %BQ@# 'ThE@ﬂlee‘C%wty? B%é’ssﬁ{:ﬁ:aﬁ It AP AS td 95 Aug, with a
RN e T

Pollshlng, W|thf|xed 15 lead times of 3, 5, 2, 2, 3

aEﬂdstgp gﬁ’(ﬁ ﬂ;eeécﬁ'{? IFly ?aé%alty%r fld i is FQI@F %Eft I?Irth'gfshgp ﬁ(]_orafile CNC
ZWQMeBtFQJIal}C!sthﬁ Gittingffssembly evort ¢eotﬂs tensdrp poyide ﬁm@nmma@ﬁ, which
SFn@Eﬁ§th‘éfﬂ o'utpﬁtJ geteltnhﬁesf 1] Véﬁfp‘ét 6##?\%%6 ﬂfoezIr he ofreY 'bvbbk centres

Mai n woul d as shown_in gure 5. The referenc
Nt Ea"ﬁeﬁ”}?ﬁﬂ'& Fapagity g ﬂ@s'bV‘Slf dbs %%%r d héfﬁfc’“zdher&?ﬁt of this

3exdhiple foi®es BRIE bR RS MWK Seritids Bhdidhdre 2ll ofhepWork cbitred.

Aug, CNC Roughi ng operation 30 will be processed by

CNC work centre; From3 to 5 Aug, Hardening operation
3Bigwield shows p.haﬁieg dledr dapaditsticdrsiitiong fauthekC€randdhe FifBgBasembly

GWéF%ent@/'s gﬂ %l@ﬁﬁﬁ 3|IdleP Fﬁ;ﬁé ?"ﬂh!erll sttb?vs ﬁﬁ&ﬁ@&iﬁ&dcal%mty profile for
Hhases Fwwsfoﬁa@naﬂn @ﬁcezsmwm ahgue &%@ewge@rﬁycw Rytigs. CNC
Cl@ﬁgﬁl@g adgﬁ 354 oggM :8116@3& efipdimeEDMo6deINg tTindd) g)ﬂg\ﬁﬂlslhlr@%dds 143
e SSe WOr en u
A5 o Bl R A e oo B b 32 A% 1

vvork centre; By the end of 12 Aug, the conponent

Rt S A el R R AR s, pue

sthepvaek of 9 i de ésBug dsreaphsarpvply 78thaomp) whigh isvgbeyei Hissupper
| thirebhéld. GANh this B@Ht.tl Vil be di8i wa&ﬁyedﬁﬁgmgl PBfiodCBGhEdquently, this

'\ﬁ'm is éf'l?s esgejanc{ ?q@cg\{eo%;t:%?éleeq%t\é en?%é“ff%eﬁlﬁe yIEhIS bottleneck is

- ddantifisd innderc 80 adcbsqplt &g aepairdmsticp S1d21Althdugh the FilinglAssembly

bk 04 Mg %g@ﬁ%@&%sﬁﬁ%@ﬁﬁﬂés?ﬂa& 5928 3ot 148 upper threshold

in this identified period and thus does not (vet) need repairing.
Step S112 therefore employs a suitable repair technigue to make the plan feasible.
Step 5128: 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




5 1n step S110, the bottleneck capacity profile is

generated. In this shop floor, the CNC work centr

and the Fitting/ Assenbly work centre tend to prg\}"g@zoos
B bdgnecks, which neans their output BEHah080260

t%ﬁseezoﬁttlpuﬂt of this shop floor. The other work centres

al ways have enough capacity to finish their jobs on

time. Therefore, the rest of a4his 10 exanpl e focuses

only on these two work centres and ignore all other

- Wilidin €8y &@ cwdflmghm %pamm o&dws ﬁ\reoaayfsh& s@éﬂ'@g&é 5) it too
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condlélons

camet be Tredo 1 A €TR 1 HoWEoH-ho GRENS,S felgh Hiongt for tht

t eekasilf hags.capacity profile for these t'wo j ust

taking into account the above Cavity Main and Cavity

Routi ngs. CNC 15 roughi ng adds 3+10=13 hours (Setup

t iAthoughFit deess satniyppPenmin) thisON@Rfplani Figure§ ilwdretes+@ mave packward
h;?éghﬁlq@é‘%aF'cM% %tﬁi% I@éﬁ@é&ibWe %@gﬁle 4t 305 Rdtah8€ QrolidMeBthat it

ure CNC work centre u

t HWH@H?ﬁddﬂ% Breseding weak, ye@k hrfesneands ypger rrsholibc |t injmpossible
Z%r@hot@béckﬁa%mard @amh es«:esew&r &&Otrhaowp@r thMéEhﬁh iThe proposai

b 20
D0H0 L SRR P! BPEH 6Y PR ey v 0 i Dby pyides wou
t bbie srrqploaeti i Butiitrid pessiblel te pataiwesk upeaer the leverritioastiodd, which means

g‘gn e ‘Beém érithcefl gﬁgk&glﬁegqeﬂ?lj]@ iR Kede tedtorpnot will be

I'n st sent for repair |
5ﬁ§i2nnwetwﬁr§ﬁsqh¢émmuttu ng/ Assenbly work centre is
recognl sed as critical, in this plan, it has nothing

er the upper t Ldentified riod.
Ok GBS e ) e e b5y &b i,
t kekingfiotoeacenymt ofiat exising tefdnlentsr egpaand ¢amobinbeameved) athek @ossible

F alt Iteacﬂnlalg%%wua% outgc;u?&r(ljgs Jvﬁi%n nB%R@st@ﬁr%F&s %Ef%g Grcarried out

ase anni n
sbl/\ﬁeﬂ'w‘dmﬂﬁyt!y @fd@r tooeasplitgy aobotﬁqmﬁk \PaPRGilY pYartims; which means

PLEALAE R apaehy Rl iAtre4RA b McbEMB '&'agé&ﬁi reqﬁ#&herﬁsor'%ﬁlatwe routing,

d
SPHER gyS1SR o o B L PP AT BBYIe i oprasda vt

FirgwurdeB of h bbi&iechte@surae.nove forward techni que. Here

the 13 hours of Main Cavity processing tinme in week 3
can be noved forward to week 4 as there is plenty of

s Pacesuchpefeasible waeksHeve BBenwepkired] alep & 14 defemrinesi if there are any

eﬁ%l‘&é%l!j? 'rﬁggﬁeg"é“\ﬁ%'aﬂé& %@4'5' 79 N b %{50%5%54” eeks

Wh?fe@%ﬁfeﬂwedtcﬁéam@hﬂ@ﬁnﬂ'ﬁI%’\!?éﬁﬁ??’@lﬁ’ occurs five

days |ater (see Figure 5), it too
In weeks 7 and 9, the required capacity of the CNC work cenire is 500 hours, which is
higher than the lower threshold but does not exceed the upper threshold. These periods
are considered critical and a feasible plan is not guaranteed. Further verification in step
8124 against 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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nmust be noved, to 11 Aug, which is still in week 4.

Gving a total throughput for that week as 17 ur s,

5 AIthough it does not happen in this exanple, EﬂgjdlfyZOOS
i) tes a nove backward technique thgicrfi@Bozi000260

&9 W(}%g?be used. The trouble in this instance woul d

be that it would | oad the precedi ng week, week 2 up

to near the upper threshold. 26t is irrpossi ble for a

nove back or forward to put a week up over the upper

t Qt(e $19), dup H\ﬁaﬁcﬁoﬂ'@%ﬂ‘?’és bR Woking &t é\iéﬁ}ﬂ'ﬁl‘ig?& & B6heralised scale, in

Efﬂa&%teed AAENE AT A
Itoﬁfnit@C\amEky SBhavilrig i@shsmdld?w in thisr seyhiol akamiviel wietiee dresshop floor

1S wee econes Cr C :
ool oty T o SigdceS Bl o o g W P "o e

sséhedulé feagiblel f nove formard nove backward and
di vi si on techni ques do not provide a feasible plan,
[ into account what existing el ements can

15 takin
c Ralgwant Ergormmrs Res$Rel toFoschedling reling 3 SEPRAL eq??@'@‘?”r}"g rules
| Bitd dfBien® dbISRALNTG! fé@hnldd’élstudﬂieﬁélfﬁocﬁDmnﬂf OR:B6 Sseatchp sonstraint

LTI AT ST RN,
alsad nelalheudstip aapdrinpiosed orcaediee diel;lr(stlttréféle averall eppreadhtiy to avaid

requl gféﬂﬁf E1t cycl%g 88|f§r8ﬁ81 yg%rlfa%htngi s WAL Rid 'E]*%ns%fluﬁibﬁ in the

sone ter nati ve work
caext ﬂerehqnotoaqoir@/m heesolugign ﬁme lﬁ[ﬁ\’lﬂ’éﬁy ¥bited. bot t | eneck
resource. Once such i nf easi bl e weeks have been

repaired, step S114 determn i.f .there .are.an
CerebErengauRs (SarHEs. <ot SBTBItE PLRGRHI TR} fapgssh Process
T’ﬁﬂftﬁ‘Eﬁﬁ@t ek Datek, dfininiuas Slack dlirses, \eihd Weigiited Sbortdst Etocessing

CHRRS b gl rghRBA ¢ Q&Qm‘h'e“jhé %&%dul‘e’%ﬁ@?ﬁﬁlb] ‘InZadie, separate

€ Tequired capac
cscmeddmg sulsO@eHiad @e hmﬂr@wut@atlmllg,ngla nrefaed ¢rden gr\%p feasible

tﬁk!h%&'n@'@ (Rﬂ& dpes sBldufCRRG A8 Bé@ﬁQfse(ﬁ féﬁ@%%ﬁbrble process

ese perlo are considered crjtic

DPRCIIS 5 okl s 470 DBKUIE o SRS A et TP éef%q“es are

SleAsafpinRep 8. THigutbehaadvaikible te & tied sanitaednopes hosiep S112.
IS necessary. For the other weeks in 30 the CNC
operation and all the weeks in the Fitting and
Andhiniiristanos edtbatigbbothtweeks 8 quiil 7 et criispa0d 1ie ievievied in step S124,

Slllli '\nfé?lL 7 |$Ylﬁ|% 284 ﬁg%‘:’id Whicﬁ |§ léféérﬁi Skt @Pﬁ'}ealete Capacity

uar ant eed 4: Verif z
sﬁﬂ-@guun@ tg vqarégagfiab qS[bSktyufﬂl cgpamlty gt@gwgg |tqc§;mq es are employed

%r@ata Teﬁ&b]e%’éaa%@ estguramto%hzwe QCfessible demidule] esthaugh the CNC
critilca erjods_Ln e 0
17oghips, i Chiyh by @%ﬁ%é’)‘%@#ﬁ@éﬁ 7“6‘66‘8@(5’%"?"%“% b time.

Therefore, the plan for week 7 is feasible and no adjustment is required.

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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25 step 5122. Up to that point, it has been | ooking at
everything on a generalised scale, in nacro. St@pRiy 2005
S122 and S124 take a mcro view, |ooking at the

' rocess in detail. Finite CapaC|ty
é’gﬁgdgui){inag is enployed in this step to exam R RRp3 ep260
the shop floor capacity can deploy the resources.
requi red for each critical tinge period to make this 5
schedul e feasible. Relevant information is passed to a
schedul i ng routine, and separate scheduling rules and
different schedulin&}technlques such as | ocal search,

Tdbe salespamnegstizies W He cuplomgr Wi ibe sustometdue dste, say 25 Aug

t QS@ZEdBéiséd %ﬁ&hiﬂ\/ﬁﬁé Bae, thb bhSwaRPSHIPORN i€ en %ﬁ@lﬂ?é&for @ptimising
ea is a neta-heuristic su eri nposed

aﬁ?ﬁrﬂlg eﬂ%’[ﬁ"ﬁ%t iresoufgre  Yilisaton ppP%Fé?g??rY’s 0 a\Wﬁ ¢ hecessary

e ndsoaicestaateriale ayresargediypokadt i ttaki thig oader panbeé fuffilied)and delivered
whi ch take the solution, in the next iteration,

to pornts in the solution space previously visited.

Di fferent scheduling techniques, such as Short est

PrRS Bsckivard a-BbﬂSBch #em&qﬁ& MoERHRS8me Iliﬁe 3s R fﬁgﬂd a%?FanH @xcept

| ack Tines, and
Dﬁ@&@%ﬁ”\{i‘%‘ﬁ‘ ”""81“%9“"‘5\"% 15 ‘ﬁ%ﬁ\%ﬁ?ﬁé‘as‘?ﬁ Séﬁéﬂﬁsﬁ‘@dtq}? éhe forward
sgchedulingtei:hﬁtqml bility. In practice, separate
scheduling rules are tried one by one automatically,
in a preferred order, until a feasible schedule is
f dogmborward axidl Baskward ideadh ginreyEsiisaboy earbbe ambediet! inrsdftware which,
fRRSLD) g § 19400 A ar® ar® R RihiCodnibule YR Gnid Q%HJOH@ FoP AL use,

is not feasi ble and corrective repair ues are
28Xistiag ddangr gnd F?Pgtrea@dsaobsduiwwg'egtcep beagepavaua sPteal tsgrver or

| daththiee S@ﬁ&stb%ﬁb?h QH@Sr ﬁ\&reﬁﬂcﬂﬁs Stiud saldseh b derive proposals at
ance ou h bot and 7 are critical and

a?lgblmsevﬁg e gixaﬁekorf}ﬂ? (kéveek 7 is illustrated
in Figure 10 whi ch is a Gantt chart for the Finite

C@)ﬁﬁl‘élg&g%p%?ﬁ%r‘ %g ﬁ’n%tﬁé Ipﬂeg@h&g ?osfnghdférfu)/re a progduct, this

nlques ar e ¥
tioprwardd-ead T@'@ﬁﬁyn@tos @H’@WL}IS@M prpgeﬁs@anoms m@ncha easible process

fé?)ﬁ§didilé @arﬁi‘é\ﬁ&&d&&ouﬁ&hﬁﬁ@!ﬁg Bt szaﬁ}m{ sBE 'eE‘;%ciaﬂy M‘?éh accurate

Chart pre can finish
GaBise Fomrst e aot Selh pet & Srdnpeh s ReERoT et be
fraddeal te trerastomeaphomptlyrent i s required. Steps 5114,
S116 and S122 to 8128 may be repeated until all

i nfeasi ble and critical 30 process tines are resolved
avtepsn St Biléet ot thedbprwards Estiuater. arch 5808 ki §214 ofl dree Bagkward

fgiflalh Eariji%bét}'i&* BS tERddR U Rihife AN t:%dunﬁlmpééiﬁ planning does

correspondi g processing costs may -l 5o
diPhicpagifes ) the FRpacity L%dﬁ?ﬁw = r?&’tc@?s 88?[3%9"50 These

pzrnmt)t!ﬁ%n&tdﬂ e ﬁrmt ilentionl eieh\ueé ﬁnméls@hétm.m;sm Bape G104 afd $224

JBVERR o ol e Al ool i el Tipey S R e

Thhinguagd fizitedscheduliiag foified B felsible/glary efiicierdlyof

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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PCT/ S&0021000260 26 The sal esman negoti at es vw41 JEBOS

custoner to find the customer due date, say 25 Aug

%ﬁg%muﬁﬁ(ﬁd on this due date, the backward aPBﬁ@@ﬁEmh&mo
oyed for optimsing overall enterprrs

resource utilisation, if necessary, and the necessary

5 resources/nateriaIS-are resgy ved/ booked so that this

order can be fulfilled and delivered on tine. The

. backwaltGs MPIABRIBiNeFohiid arld Eadal L%Q@Tﬁr@'@stfglafb? tfind a quailty

the forward approach, except that backwa
scheduPlPRy technique is enployed in step S208 i nstead
of theiifiorwarid prdvidesaiti@dit! foagbik efeiveing ugtes B8 deﬁ%s\/w@spondmg

2ot 1 vapSni el < et ot SRy ShBrSBRa AR e

conput & rls ableotnt prosidaet wooperativer megtanismktoupm@iect eancatremtgolients
pl ans m %QBMHmﬁggmgﬁﬁﬁthkﬂﬁc&UIes can be kept in a
centra ver or 1 at abase, accessible fromone or

nor e nodes Thus sal esnen can derive proposal s at

CU$b @F&éégt in@hlidrcgBvitidy lﬂétﬂl%cﬂbg ﬁ:‘iﬁrb\lerﬂgarﬁﬁn tJé%ls‘ohJﬁfbklng The
rovidi e overa
D vBREog i Rl Zuri BREeREIERP TR hdata tevanu AffECs.

Esi amalienativs ov enyimpoeéradnt pnddRBRMRHIERI' ¢ glahoiay namshiardsm, The

e@ui%qh.p ﬁ%ﬁfoascan 32 d%@nﬁga&d% %arfbé?ﬁpwéﬁ i géne% bflfh-tem

anni ng ages, especl ccura
pldéféé%ﬂsscbafﬁj%ﬂﬂ t%ﬂneafeat u@rsmn ba\uﬁegraiﬁd é) avietdl qapacity conflicts.
reasonably accurate quotation has to be provided to
t cust gner. pronptly. eps, S108 to S114 of the
FAPRaeEnRa e Ve uashn; UREDIAPJERF g il i, SyplysChain
Esfaihagentent saemsag&hiveve their piamrirermoduies sitnifishits.
Pl anning", i.e. initial capacity planning does not
consider the capacity available for perform ng each
pVéde osivdperemiodimerthelsibe pessbuidinvantios hate bérn desegimdtand their
' Bﬂﬁé‘ﬁdng SRR, 4R UnbiBrslod BEDREHY bthgbs MRSt 2fhd %ﬁaﬂons

to verify such infinite planning during critica
t F%d (P8 aeR to T'owqsﬁ‘ey g g nr@ tho fﬂ?ﬁqﬂeg fﬁ‘Pfﬁan? f§oRe@f this

f indéritien.s baetu khen @rdsent imamnfwmbére dekéibegf Wit ireilehye to a
| ONsS .a

B i AR T PRCaBS s N B G Pes

pr@mr&qme fosm of planning for their efficient execution.




it provides a nechanismto find |lead tinme under

different situations; it focuses on sone critical, ti
periods, bottleneck resources and key naterials%1l§¥5505
it is able to use the |owest possible initial |ead

time and iteratively increasegit; 11 July 2005 WO

2004/ 044807 PCTI SG2002/ 000260 27 it is able to

conbi ne Forward and Backwal&AMSd Tine Estinmator to .
find a quality plan; it is able to provide different

"Rossi Rl | . .as well as correspondin
0ot o et oY e/ in LRl s JEE, o s s ARG e more
RegBYINattersn usiege Mofiased sroabisescheduty thet ihdicates a ;l)r_oposed' capacity
Rfile e =t t r current clients.
Py ﬁ*é"éﬁ""ﬁ‘ﬁ&“’%%ﬁ“&gﬁ%? Bt AR WHE Sopatip SRS incudes
ﬁpggbr{gq?'ﬁg\@ﬁ |f6frf>']§r%m°ma@ﬂ1mmmo~gychtsbaterm lesteone of said at
eastront nithe oné 61 e BPrafish stdfiCsaid MYRS befbrisg ggbteét&s of:

rr MRP/ VRPI | [ ERP systens to I ntegrate er wth :
ApPs/ ﬁ%ﬂ%ﬁ ProRpspd cappclly feguimrpeniewidiin Said ipmposed aenacityapiofiles
Worbexeee 4 hERRUS qbanty resguite eitemineRinfdliout put of this
th =an . 0:a, FCS/,APS system t, .
O 1 S S ARO8HE broddsd Eapot, reudrenteg v ep aimed at
'8@'%‘1‘%_ feasbleint egrat ed to avoi d capacity conflicts.
e iupyRing | ' ' 2 Pl | LERP as
(Ehl I ?g @gbgfi p'rc%ﬁg%;cﬁ&of‘%& @na@é%ﬁk&%‘gﬁs{eh (thj’rrpr ove
Phei 1OPF HE iP ERasitysiegyiremestsrwithin sajth ptaposadl gapaeity profiles
et ki) AU B ARy il osty
under st 0o ?%'g%e%%&y .changes, nodificati ons and
(G i Srabhg thegolensiblb propaste chpadi RqRIRERRIR WG 4iR8d at making

thérh R@sibledeparting fromthe scope of this 20 invention.
i |'st_ the present invention has been described with

(P et o PedAting $9id Rropagad recessischadulewith anyrapais in stbp () and

(o) cardiyming s16(eh &r (upir RAPMIrOISIE Inat6 i diffaigaesses that

i equb@mﬁnogrre_'foor m_of ~ pl anni nL%L or err I'ci ent

eecofPuig gp BORSJ PsESS schedie. Al MS 1. A net hod for

use in estimating a lead tinme for a process which has

2 e iAo MG Y oD yrRRi soual e ordpsi e roposed

CRRACI, fequiEsiRantwithin Said heoposeel @padky pRofikE &t tar® Belol 8RSmaximum
cﬂﬁdcﬁflregé\j?@&bﬁt%dﬁ it Eﬂﬁe 'ACLHES Sapacity resource criterion as critical, and
then determining whether the critical proposed capacity requiréments are deemed
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(54) Title: METHOD FOR ESTIMATING A LEAD TIME OF A PROCESS

{57) Abstract: This invention provides a method for estimating a lead time

of a process. This lead time may be that for a normal delivery, express deliv-

ery, earliest possible delivery, and so on. This lead time is necessary before a
reasonably accurate quotation or process planning can be provided. A process
capacity profile is first generated for each constituent process step. Any infea-
sible capacities within the capacity profile are identified and repaired. Like-
wise any critical cpacities are identified and repaired if necessary.
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