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A Method And System for Constraint-based Project
Schedul i ng FIELD OF I NVENTION This invention rel ates
woao@/met7hod and system for constraint-based pPOTSGR007/000043
scheduling and to a data storage medi um cont ai ni ng
conmput er readabl e code neans for instructing a
conputer systemto execute a nethod for
constrai nt - based project scheduling. BACKGROUND
Project planning typically involves at |east five

AR ATV s ShL R Eehaf B Das 80 ol fRefiRing

are different. At present, critical path nethod (CPND
based project managenent tools have been w dely used
i n high- IeveI planning (i.e., master and phase).
IHEFBWﬁyﬁWV CPM tools are generally unsuitable for
W | eve anning (i.e., |ook-ahead and conm tnent)
because these tool s ignore many indi spensabl e

Thlspiﬁ RO rShES t& Qr}ﬁéthéd Bhe s(&ed for E&%ﬁﬂlﬁ@@a&@dprmect scheduling
ornmation avai l [ities, contract, and safety

andmu ahdajp est@rﬁpwaﬁd'am ﬁP’g‘ﬂm!"@véPmBPt&ﬁrfeﬁaatHﬂtC‘Pq?pé‘ﬁa@ﬁt for
mst@ktl dcpw taMQltePsPBIMNE efdsUgidNthetitR)l forofmshinpbasuti pebject
S to a substantial reformof mndset and
SCh?FE{"ﬁgdol ogy in terns of shifting the managenent focus
frombig activities to smaller tasks and constraints.
At |owlevel planning stage, activities need to be
broken down i nto manageabl e-si zed tasks and the inpact
BACGKGROQUNID ecedence constraints shoul d be accounted for
in order to nmake realistic schedules. The basic CPM
approach works well in high-Ievel planning but nmay be
Projectepldnaingitymicdlly invielyes eblsestdive Istageevieimaiyl, stratealg. mastasebase,
t f ' t I
look: Jﬁ%ﬁ& Q{ae%cﬁ'ﬁrg@gént e TRUs d E@Q&r ﬁe&? éc(léér are &ﬁéren’c At

constrain &H)Ject SC |ng t esses at
presesh stiticgheath metis d\@eb%emor%ﬁ%m@ﬁwmowmmﬁqnwdely

use@GF AlghasVee pléﬂnhlhg %é' h?éste"f‘%‘?:@%ha@é) tl-lb@vepéle?d@é%te CPM tools are
i nventi on, a neth

genergihs tipssftakle 6%{31@‘6("?%% p@evmg évr?ed‘aP*f ﬁ@eaéomsir pPRgment) because

thes@atoﬁtsaigﬁbrﬁgnﬂnyf Iuﬁcﬁépsahaéta@ qzﬁ@reqmateabmmm @$.8Gtresource and
at a SSOC

‘ lnforl%artlpg avadlﬁgxhtéesncé ract, an fgtyymwhlch are knvua? thagh Fevele pI?annmg but

important at low-level planning. Changing the scope of planning leads to a substantial
reform of mindset and methodology in terms of shifting the management focus from big
activities to smaller tasks and constraints. At low-level planning stage, activities need to
be broken down into manageable-sized tasks and the impact of non-precedence
constraints should be accounted for in order to make realistic schedules. The basic CPM
approach works well in high-level planning but may be ineffective in the scope of low-

level planning.

A need therefore exists to provide a method and system for constraint-based project
scheduling that addresses at least one of the above-mentioned problems.
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peri od of an assignnment plan; maintaining a second

dat abase contai ning data associated wth a | ook ahead
wol2e07/09141@ | ook ahead pl an covering at | east aRCDSEROEDO0043

portion of the next period of the assignment plan such

that the | ook ahead plan overlaps the assignnment plan;

transferring data associated with one or nore shiel ded

tasks having a starting tine within the overlap

LONn of the next period fromthe second dat abase

SUWAh?he first database as a nodification of the

proj ect scheduling data associated with the next

In &%Beo%ﬂcgtmth% dé@éspgeemﬁe g#eaem .ﬂoght e@%gqm&med a method

accor t he hext erio e assli gnnent
of ppaﬁr%ﬁmednptonﬁ;ct nesiefluléng mompé@mgs orieininaga disly database

conﬁﬁﬁ%%&g sW\éJﬁ ihd'8atd 8% EodRRE Rhln | (?'i‘l £a chfréﬁt peRb@BAS & next

urt er conpri se ayl respectlve
periggr of cifs aéslgnrnentagbngmwmmga@ é‘eﬁ@Pftdhéiat ake epkgining data

assBl:@t‘édhﬁﬁmeQ I8k hR@ddRhR tﬁ@rﬁcﬂk' Q%‘Qd' plad B@vé‘nhb%ft I@e&d an overlap
second dat abases respecti vel Péé‘ i ncl udi ng t

porbiRne®f| thp NpEPEriem ohe ERECHmsT P gt oS ok ﬁ'@f‘(fdr{’éif‘ overlaps
thefagstdgﬁfenc PRPI itr3AsfERNG Lc@ta r@@smt@@wmg@?@ S fhgﬁéﬂshlenh&idﬂtasks
base oces. t e roject s u . t he
et et IBzaaiy BabeRn PLPErEp 2B ' o' ¥Bone
datalpedat integ theh dirsh dieitatamsy asclaedmthﬁcqt@hhofbﬂ&edromt scheduling data

assggg e]élas:g'tn Ité&%e)?tf fo%l gfc l’rheS % Lﬂq] e g‘nata?\dl &ec eqr g%og%Ject

“AdY I'Sory sch may bé gen
accoatirer too thet h@(tmg:némféhb lassgerdemtcldamtagecamnl\ﬁbe troefified project

sch%@ﬁ%a odgs Baa@purtﬁﬂeereﬁegpﬁ‘prdldg@lmdﬁa@g 3%88? héACPM

advi sory schedul e path on the displayed | ook ahead
Th@h@fﬁodm f’uﬁﬁé? c%hﬁ)ﬁge &Eﬁﬂylﬁq)’es%@m@p%ﬁloﬁs R d%glgnment plan

erlo he net hod er conprises mani U atin

ang fhe "?Rko?f@étj p?@rt@aaqi PR&edrta Cﬁ@é’é‘@? it b it eRd tsﬁ%o"d databases

respattil &P and Biciuafhg RS Sbriap parfiah vithe nekt peAbgt rai nts and
the advisory schedul e path. The method may further

conprise maintaining a third database containing data
Th@mﬁﬂdahagl fuithdr tdmeprise Npneadting san advsarpdahédulp phiht based on

traints a ni pul ation of
pro?%sgmggﬁ prohecf ﬁcgepﬁll éjn ap aeconi.ﬁ%tag%a associ at ed
with the constraints nmay conprise a set of
The/ %éﬂf\éo‘: %dyoﬂlrtﬂévr @Eﬁbﬁsresupdating the advisory schedule path based on

modifications of project scheduling data in the second database.

The advisory schedule path may be generated based on the Augmented Precedence
Diagram Method (APDM) or the Augmented Critical Path Method (ACPM).

The method may further comprise displaying the advisory schedule path on the
displayed look ahead plan.

The look ahead plan may comprise a pulling period, and the method further comprises
manipulating the project scheduling data associated with the pulling period based on
analysis of constraints and the advisory schedule path.
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for each constraint for tracking and nmanagi ng a hi dden

fl ow associated with the project. Only data associ ated
wonodr/eghks shi el ded from uncertainties in therPCT/SG2007/000043

constraints associated with said respective tasks may

be available for transfer into the first database.

Dat a associated with tasks tgaving uncertainties in the

constraints associated with said respective tasks my

not be available for transfer into the first database,

and data representing starting dates of said
Thee setigtd weayt fsthsr i qontpiee | meiktaitiend Hhieh databaemiqootairied data
astsgmg(gd %[‘n%ﬁéjgor?sttrgln%a%%dtn{&ﬁa \éeé'tétﬁé’ leﬁ‘ oP t%ﬁsi?é?ﬁ% as a

n accordance W a secon aspect t he

m@mretd@tmn of theetata iorthe thirdrdatabaser ovi ded a syst em for

constraint-based project scheduling conprising a first

dat abase contai ni ng project scheduling data associ at ed
Thei data gesociatest with Hgrgonsiraiple rmaydcamriisg an%%ttof weiificaliproparameters

foPSsth $BARMNt Pclr%cklﬁ(]; 2R RRAaGAL aPRRIEN AOWESSHAE A fe project.
associated with ook ahead plan, the | ook ahead pl an

covering at |east an overlap portion of the next
omye thtathsebcidtewals &isgs BRiBIded Fram Lﬁﬂ@ﬂt‘auﬁﬂé@ﬁn tri@e:ohgedmtabeaﬁiated

ol e FE ke ed 75 Al oLt 300 1R R GRERER. o o

shi eI ded tasks having a starting tine W|th|n t he

% oacz Lt wttlh ?;%ﬁgfh]a%/ipg tuﬂgé%alrﬂ% i® ﬂw éo‘?\%igh% {38&% \nflth said

abase as a no
resﬂa@t:m dqsés:tma/chefdm iavgilabdet fordsanstsir dnte dthey first qia’tebaﬁ;extand data

re@fégérﬁﬂgogtahtgg é@%& g?ﬁmgglg Pésﬁgctlvgh?asﬁé’ Sth bk’ Hhdd¥elhian is

'ayl ng respective portlons
m@ﬁlplﬂﬁéd toshg @lﬁﬁé‘ﬁﬂ lsa%tﬁh@ﬁ‘@r e @Oﬂ'@i) Rf the &gyt psirigf .based
on the data contained in the first and second
dat abases respectively and i ncl udi ng the overl ap

In RecpidsRcd Withna sgexRd gapedPf the eresen €§’§8F'°ﬁhn‘ih?ferr§ypr°"'ded a
syg@hef@tcana{fmm%h sga l@‘q&@f@itﬂl@ﬂ@hr@ﬁ]dm&%ﬁ@adﬁﬂd%t eétgmedon&mmg
ct schedul.in e con aba
ProjP e BRGUInG 1R HRgPHeR A of oL T Rt LA Bopeod of an
asBigameénpanadiccond tatanssecdfonfirdng ddta assuitied with dadozk dhead plan,
e ,second dat abase. The advi sar edul e ath
tne Il B2 5 R8T Al s & Bl EARE e nB Yy BB G the
asBigemedeples sbcta iz rthevixidivoahe@ARIEM) ovarlaph ehheAagmmmemﬂ plan; and a
prgéstsé)rc\mit fg)latg?\s%l?rtlrtbo&iat& ’%g?cMated with one or more shielded tasks having a
starting time within the overlap portion of the next period from the second database into
the first database as a maodification of the project scheduling data associated with the

next period of the assignment plan.

The system may further comprise a display for displaying respective portions of the
assignment plan and the look ahead plan based on the data contained in the first and

second databases respectively and including the overlap portion of the next period.

The processor unit may generate an advisory schedule path based on processing the

project scheduling data in the second database.
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The display may further display the advisory schedul e

path on the displayed | ook ahead plan. The | ook ahead
woheor/oaeyo conpri se a pulling period, and the pPOTSE3@7/000043

unit is utilised to manipulate the project scheduling

data associated with the pulling period based on

anal ysis of constraints andithe advisory schedul e

path. The system may further conprise a third database

eGPy SRS o

projetif sehemiling datafin tHessecombddtabazes as a mani pul at| on of
the data in the third database. The data associ at ed
with the constraints nay conprise a set of
Thevedviddrg athatule anthnmate ibe sﬁemera&eut oy cha strocissdr findlr based on the

elol S

P HadpenE DRRY defed AP TR AT biEs! Par
Method)mfﬁﬁ’M)art ainties in the const raints associated with

sai d respective tasks may be available for transfer

into the first database. Data associated with tasks
Therdishlagman dethenrisplpe e agvispey sebpdule apthten the diselrygdigok ahead
plaf t h sai d respective tasks may not be available for

transfer into the first database, and data

representing starting dates of said respective tasks
Thd 1Bolt BeddOskn ﬁi&ﬁ@dmphsfwa bauuﬁgapérml ahethetpPodeesdruing iigletiliséd to

l.east the ove orti noft next period. In
marae@%tpd R cRIoIRe ﬁc dﬁlmgr gsaﬁgeql 8?] Wi thg %‘E‘gﬁt perlod based on
analysisexf tomgtsairithancethe adyis@y scediule st em of

constraint-based project scheduling conprising neans

for maiintaining a first database containing project
Thessystetu maydundizer sospssc a dhistdathbase atontagrig data @esaciated with the

.ad disOf; I

confEfinfls oA g, A pralBeid e Rt 35 o denan AOmp R 51 ne
congisajolisiagtagranipylption df $wikdathiade pird dlatabpge.| ook ahead

pl ancovering at | east an overlap portion of the next

period of the_assignnment plan such that the | ook ahead
Thepqleg@, aggesiateh with fhe eRpsiryRiseraY sanapiise Pesai of poffication parameters

for édcANDhErdihtT8r eitking ARG RBINAGIRE a\Mdden ABR a8SodEMEwitinepr§eLt.
tasks having a starting tine within the overlap

portion of the next period fromthe second database
Oné tdta atsklﬁttaftéd gith dakabisisldedifo Umﬁéﬁté"ui\ttéathh e oohsttdiets associated

wit %aﬁ {efj%})%? ive ﬁaes% @9@%%&%@ Eﬁsfgh rans?er II‘WOE ft rg apa%ase

Data associated with tasks having uncertainties in the constraints associated with said
respective tasks may not be available for transfer into the first database, and data
representing starting dates of said respective tasks in the look ahead plan is-
manipulated to be outside at least the overlap portion of the next period.

In accordance with a third aspect of the present invention, there is provided a
system of constraint-based project scheduling comprising means for maintaining a
first database containing project scheduling data associated with at least a current
period and a next period of an assignment plan; means for maintaining a second
database containing data associated with a look ahead plan, the look ahead plan
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In accordance with a fourth aspect of the present

invention, there is provided a data storage nmedi um
woant7avta7ag conput er readabl e code nmeans for  PCT/SG2007/000043

instructing a conputer systemto execute a nethod for

constrai nt-based project scheduling conprising

mai ntai ning a first databasg containing project

schedul i ng data associated with at |east a current

colign AEiPAT T 2o0ak oRonE! LRAeRl egREaT G YAvIPN lan suoh that

theak®bh caletaeld plant bveriabe oke adi&ﬁ@ﬁmha mlart heehmo Korarasderfih@ data

sSZHEIE: Bheof Aep el 58 P00 Brind B 0ble thpeatgrer
porfivraef dhe meab petidre frasst@nammnd meaarhasanndtd trenfifsedpiabgse as a
mogﬁé ﬁséfoﬁ'n' aFlﬁ)Eech{:ﬁea%ﬁl’? %Etanggﬁ%g%moe Wﬂﬁ dthIa qfé&f I;})Qﬁé’d '3? the

as artlng t he over portion o
asgighnegtipnom t he second dat abase into the first
dat abase as a nodification of the project scheduling
data associated with the next period of the assignnent
lan, It is noted that while the terns "first"

In acsarisnge withy fougkh aspecipfith REEgNtHaveNtisBe el sPrpYidedha data
stoEdWﬁiéduﬁﬁ deértginfgaicBmpute era@ﬁ@ﬁl@nbodiél ViABAh Ffoﬂ $nd@kting a

corpBby BustEfy I BIREEHR By e NTE It (HGUPRCbared epdiect Seheduling
congﬁr&tn:m ghaintditihg radf:rsem%ulitg?adgg%mnfgap}%t %c:hé_?ﬁggsﬁe\baesociated
da se strycture. . NGS,
it BARCE cBElPethd =ML SR P b @S HERT I RiTh ALY g5me o
secand databatiel gontaipeg dath atsocite with :a)lmik naegd sk, | the fonk tibead plan
p t
o iy S R UL ENDR L ESSE4 hly 15Ysy o
themkcahea@fp@umedarmbﬂ@smm nan @wﬂra@fqmg ﬂateugssroatautadgmth
one’&" m%%hﬁ@ébdct%%ﬁa?ﬁr@‘a %Hln t&dee\ﬁltrﬁﬁ( 'tr%t \ab goft‘ion of the next

conver si on node gure hemat1 ¢
period|figst thetsergnd ﬁ@ta?%ﬁ?tmfeﬁh%ﬁ@hgatﬁmqq 3 @ medification “of the project

schBE@ME BBRSassbESEH With tTQNE périckiCdt eNBddsfgnfHeRBpIAM
illustrating the checki ng of constraint status in

mul ti ple stages. Figure 4 shows a schematic di agram

It idl dtetbthabivhiRgtht REmTsEfiRl's SebsndI JEIR" kit ditshasas Haldbden used in
thepsru(r)\gnlﬂljgrtyland % cl?alms the present invention is not limited to implementing
separate databases, but may also be implemented by integrating the "first", "second",

"third" etc database contents in a single database structure.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be better understood and readily apparent to one
of ordinary skill in the art from the following written description, by way of example

only, and in conjunction with the drawings, in which:

Figure 1 shows a schematic diagram illustrating various non-conversion activities

existing in a conversion model.
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Fi gure 5A shows a schematic diagramillustrating a

proj ect schedule w thout delays. Figure 5B shows a
wecehemaid7e di agramillustrating the project scheasceo07/000043

remai ni ng unchanged despite a delay in the delivery of

a resource and information prerequisite. Figure 5C

shows a schematic diagramiélustrating delay of the

project schedul e due to the delay in the delivery of

e 3 SRR, e B0 B Moo

prqeebs$esdri ven schedul e approach in the exanple
enbodi ment of present invention. Figure 6 shows a
schematic diagramillustrating the steps of the

Figsiee St sheivata seheoiatin gliagsarn diisteaipodie ehepking of erastising status in

SErogiLgent of the present invention. Figure 7 shows a
m EHRQ ?Sc diagramillustrating a G aphical User

Interface (GUI) according to the exanpl e enbodi nent of

FugtuP@4F§h§§/§ %t schB¥ad Hﬁ@ranﬁll%!(aﬁn@th%hl‘é\f@asé tAGREI®™ bGsh and pull
ramillustrating a pulling buffer and a screening

p"%’F%‘éTSMSF?THSI ook ahead plan w ndow according to the

exanple enbodi ment of the present invention. Figure 9

schenat | | | lustratin | anned

FiGL 08 e S bl g o TAKAYES o e BB PRt delays.

G aphi cal User Interface of the exanple enbodi nent of

nt N, F| sh he

FicgPE B ST s AR o B PRI B sgmggning
unchrangedd i Qewtescahsimwé in ntrteh@le@emhoi:aa rgseurce naecﬂf!afmématlon
pregé%\}sgfe exanpl e enbodi nent of the present invention.

ure 11 shows a schematic diagramillustrating
pl anned schedule is aligned with an advisory schedul e

F lduFe B@%h%@@@cﬁ%aﬁ&ﬁégr&nﬂtllﬁfsﬂé\ﬁ% &iay Qtethg )ﬁ%]%t%chedule due to

nmbodj nent of present 1 nvention. gur e shows a
thes‘?ﬁ\@h‘ﬁ‘tth‘é dﬁi“%?@f SfﬁhPI’PW?%?”%'@f%W@BP@ P\’ﬁje‘ﬂ}{ﬁ"m rul es
in task buffer rranagerrent in the exanpl e enbodi nent of
.the present inyentijon 13 shows a mati c
Figs 205 50013 AcTonamelis dset dlrSaiion e, 1o &1 PUSgYer rehedule

approach in the example embodiment of present invention.

Figure 6 shows a schematic diagram illustrating the steps of the constraint tracking
method employed by the example embodiment of the present invention.

Figure 7 shows a schematic diagram illustrating a Graphical User Interface (GUI)

according to the example embodiment of the present invention.

Figure 8 shows a schematic diagram illustrating a pulling buffer and a screening buffer
in a look ahead plan window according to the example embodiment of the present

invention.

Figure 9 shows a schematic diagram illustrating a planned schedule being behind
an advisory schedule in the Graphical User Interface of the example embodiment of the

present invention.
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Graphical User Interface (GJ ) workabl e backl ogs and
maki ng wor k assi gnnents according to the exanple
wentrdvment of the present invention. Figure 12CTio287/000043
schemati c diagram of a system for constraint-based
proj ect scheduling in an exanpl e enbodi ment. Figure 15
shows a flowchart illustratzing a net hod of
constraint -based project scheduling according to an
exanpl e enbodi ment. Figure 16 shows a schematic
drawi ng of a conputer systemfor inplenenting the
Figuret toshcausch sghehetic diagamdillngratiog anplanatpsaneduigdingeahead of

0
on S A8 RSB el ) ] b o
preSBES@ReIﬂ‘ﬁhO\I Sone portions of the description which
follows are explicitly or inplicitly presented in
terns of algorithms and functional or synboli
Figyrephleshomsza schemage diggerillisising plapaed sm%l%lsfaahgned with an

adv%%wgélﬁddf@lm{hé GrE'Bﬁ‘%& (P Witb i AHE & tHE SRArhPk i BB of the
functional or.synbolic representations are -the neans
prespRbvVeRtiothose skilled in the data processing arts
toconvey nost effectively the substance of their work
her s Skl | ed the art. .An orithmi e
FiouR i S IghotainBedat staursBefiauolt] ufks B ek burer
masaesTt én e esxbmple dneadinfgt bitha passntriedntiesul t . The
steps are those requiring physical manipul ati ons of
~physical quantities, such as electrical, magnetic or
Figarpt 113 adhowis gmaicberalraliagraot illbeiratipgsdioplan and rmagpéatioadof the
[ r [
oroRER PRG ERRL Rt A Hathist, TR Pkl Shor st
acconhimgftg rtflleowewgale ¢mbwlment@étl‘@m®élt '@t’%’d'oﬂh at throughout
t he pr esent speci f| catl on, di scu33| ons utili zi ng terms
such as "scanni ng", "cal cul at | ng", "determ ni n%
Figuiiee ft aghowe sch@@ﬁgq é{lqg@m of ,an§y$tgqn| fqrn@onstramt ased project
sche@Wiruh dnSamph einBédilicke, refer to the action and
processes of a conputer system or simlar electronic
devi ce, that mani pul ates and transfornms data
Figliepr 8s sidvisl eﬁSIoﬁrbM@i diistrgtiadita trhethodi dthconstiattibheed project
uter_ s m i nto ther 8ata simlarly represented

SCh%a‘J' SNt n% a3 PEe GMPR '“e conmput er system or

ot her information storage,
Figure 16 shows a schematic drawing of a computer system for implementing the
method and system according to an example embodiment.

Figure 17 shows a screen shot of a split screen GUI implemented in one example
embodiment.

DETAILED DESCRIPTION

Some portions of the description which follows are explicitly or implicitly presented in
terms of algorithms and functional or symbolic representations of operations on data
within a computer memory. These algorithmic descriptions and functional or symbolic
representations are .the means used by those skilled in the data processing arts to
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transm ssion or display devices. The present

specification also discloses apparatus for perform ng
woOher7aper7at i ons of the nmethods. Such appar at us PaBSGR@7/000043

specially constructed for the required purposes, or

may conprise a general purpose conputer or other

devi ce selectively activategd or reconfigured by a

conputer program stored in the conputer. The

gorithnms and di spl ays presented herein are not

CO“Y%BP@hFﬁ?“W@’VeFP%cP“PEtE‘%‘??y ‘§§H i Wefkale ‘&‘Bﬁfﬁu?‘%’\er‘]o'f‘ Be et An

alg@iﬂmrﬁhaﬁe aMA 'deAsNallY @dAteedDior 0 8 &elfRohsistent eyl of steps

oadi By i SR a Te RCSETREE b, PR GRS Rtons o
physlpﬁcqutdnhtz@l sApip aisatlotrical, peaghaicnot bgticak gighale ccapeblorf being

St°r88 ﬁ%@ﬁ{g?%ﬂa‘fmay%éf grrh%atr?% c‘;%g %&%mﬂgtnfarr\%u%te appear from

t he description bel ow In addltlon t he present

' Unlg'&egfzgmf%gﬁ)} g{%ﬁ&{ 3@\&\/&? a%gﬁfélnf’?r%fnoﬂﬁi?dmmwgr it will be

progr am arent
appsddidiedihat ﬂnrqugbo«@trthe prisaenttsra@clf agdPwidineabsiensagiizing tefme such as

“SG mg;@d Q:%ft:% éz('g &’d h@ét@?n’ﬂmﬂ&/ bepiEing Nt Gbe%fafa%ﬁ? bY‘lmtlallzmg,

I onput er program’i s not ended
ouwéﬁlng mqr éble fike. arﬁ§f3r ﬁarﬂt\@ acfioar anst BeacarsAsny 3 sAGRHIGE Séﬁﬁ%r“’ or

simildFI B RiccveB, thBEmEMbulatel and |tﬂan9f©nﬂ@§étﬁ%@%§éhtéd1§é piysical
vari ety of rogrann1E% | an u es and COd'%ﬂ

uap S a0 1 501 Pt Yo Bie MG NI Gea Al Tepresented as
phy@tk:§lC|cfQ|§Hﬂit%sCQﬂhaal neRs bengiter. sSyBleROVET otiidre informztiber storage,
intended to be limted to any

ogramis
tfafgm%foé‘lﬂf&fspgaﬁ’ﬁv'fi? ‘flow. There are nmany other variants

of the conputer program which can use different

Thecé)%%%n spfe%iﬁca |ox¥vI a sooc}"scloggggééérgtgs% &ﬁoﬂﬁm?%é béerg or}s of the

EUPRIER " on
methbdpSwh dpparatuamay dre smeogﬁsanmmylc@g fpe theotenuiced purposes, or

ma %E%:pam rmgé%%l ;%J}p&gs EGHGRL 8} other %é‘?*&ease‘f&ﬂpéfytl %Etlvated or

on any conputer readable Tedi um
recqugurfa@nbmeepomea@amwmmﬂewﬂmthenépma'étestB?ea@lsof'thms and

dlsﬂﬁ;)é' &3§er§é@ﬁer@§1 B MREInhErehlly RRItEE R akl &?ﬁeuléf%ﬁfp)ater or other

, 0or other storage devices suitable
apﬁafﬁtkﬁfé(éi'?@ weperah w?amaﬁmn%s@axﬁ&ﬁpu@@fi Wi gprograms in

accBRIFREE &ith irRAdaditysRedin. Wt@ﬁ%\tnﬁélﬁ Qhé Behstdetich df aicte Bpédidlized
nmedi um such as exe I|f|

aPRAF3WY osRerioE kT *@aé i Pl PR e el of a
comshtmbmmewsn@me Jdr@m@rmmameaprrognmmptidmmmw and
execut ed on such a general - pur pose conput er

In addition, the present specification also implicitly discloses a computer program, in that
it would be apparent to the person skilled in the art that the individual steps of the
method described herein may be put into effect by computer code. The computer
program is not intended to be limited to any particular programming language and
implementation thereof. It will be appreciated that a variety of programming languages
and coding thereof may be used to implement the teachings of the disclosure contained
herein. Moreover, the computer program is not intended to be limited to any particular
control flow. There are many other variants of the compdter program, which can use
different control flows without departing from the spirit or scope of the invention.
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effectively results in an apparatus that inplenents
the steps of the preferred nethod. Exanpl e enbodi nents
wohod7ve1gop esent i nvention involve the use of aRCT/SG2007/000043
augnent ed precedence di agram net hod (APDM or
Augnented critical path nethod (ACPM [ see e.g. Chua,
K. H D, Shen, L. J., andgBok, S. H (2003).
Constraint-based Planning with Integrated Production
Schedul er over Internet. Journal of Construction
Engi neeri ng and Managenment. 129(3), 293-301], a

Furt?@r‘ﬂﬁiré 2ot ort ﬁltér@bkdf Mige a@ww th@éﬂﬂn%lﬁ@kpﬁb%ré?emayme qgeormid in

or constraint-bas nni n schedul i n

parall], 5ot e (ROHE GG B PRI ey o] ek Setibgn eny

com@[ltér c;@amaﬂéerrmtdm.amm mn&?@gﬁ%addbmnmdwm mphyarimiludg. storage
hods and syst the exa

devigs st Padiegtat 2 obtiem fikse MRty TRS) G BAet SRy, BBoes

suitgile)] fec tinterfatirge w&hlta egeperaCanusasac toropyterViinef semputenggadable

mqu xP(ﬁ U‘E?ef g sogh g{a(e@ gvnrgfi n%rm dﬁﬂﬁr&{ a&*eorzﬁged in the Internet

system, egwireless a@dumcwpla@mmptlﬁﬁdpn dhe&6Momabild telpphone system.-
Thefb?&t)\ﬂﬁeror? éh V\ﬂén LB YRd @xecMe‘Brtﬂrsschh alJeRb@EburBbsd Efnputer

on Its own as a project planning
effegtpeiiiasets in an awaé%aﬁﬁ!aélmmw stegs of Fﬁ?féér@‘?] fnethod.
invention, there is provided a constraint- based
schedullng tool, hereinafter referred

Exampie grioginepisoebdie grasenty fyentanpyolve otbe rHa?ﬁu ﬁ"n an augmented
prede@bh@bh@g@hﬁﬂﬂéthb@%ﬁmmm ot hegmentse icplicas path rmamu (ACPM) [ see

Ki
ot & P BB ort R0 S0y 200 c SRes PRt bfed Planning
w:tﬁl' emkeg?andr tPrNiuctibB Schataler fover| itegreait dourRalc iof | €gnstruction
EngUr}?%l xgg;e gM &%he%enﬁ)en}) r1%(a?1? éé 3&%95 E&E{rb@%ﬁﬁ@g&%% 9aé1)d task
bufféSimiashgkinmet mr@dnmm:rmbaswtmemmmamt sehedulingmt deruera-pduction’

stag{@am ;'3&9Jﬂcular‘1f?éJ @gglah%éj 4%31&;"3 %%%Aﬁﬁg%e% £ Pﬁf&t planning.

enent,
Thecmﬁtodalamﬂssu{steﬁl@edeﬁ'g exapInty gmbodiments ("33997@) utilippd tin jvgrious

mdu-gme% mbloﬂg%éésﬁ% br%gf& Ynél‘f ggﬁ’iﬁﬁlt @'d‘t@or@ﬂdctidﬁwt\,ﬂ?ﬂf&cﬂmng,

ted?
Engtmerwegg@;ﬁ] I‘?ﬁ’n wwgmﬁmaﬂe%%e; [HH?’%%qs;Hbglee%xaé‘m'?neﬁ‘gPF'ﬁlfms

ma)h bé dﬁ’(e?rfatéw@s h Q:oh%ﬁéhe tP {bﬂi}eﬁflﬁ tpld@ﬁfnfgcﬂdﬁﬁlﬁtéesudhrhé Bﬁmavera
i me

Micgaai EFRIF& HE hedko. ¥ SUBETT o ¢ B PaNane TtAAse ¢
particul ar, the focus of managenent extends fromthe
traditional | y inmproving task productivity to a nore

In aa@xpmelecsmsbodendnt afibé prasati iovertibm\theraliziprovided a constraint-based

scheduling tool, hereinafter referred to as an Integrated Process Scheduler (IPS), for
making reliable plans based on the principles of lean thinking [ see e.g. Koskela, L.
(1992). “Application of the new production philosophy to construction.” Tech Report No.
72, Center for Integrated Facility Engineering, Dept. Of Civil Engineering, Stanford
University, CA., or Ballard, G. and Howell. G. (1998). “Shielding production: essential
step in production control.” Journal of Construction Engineering and Management,
ASCE, 124(1), 11-17] and theory of constraints [ see e.g. Goldratt, E.M. (1990), What is
This Thing Called Theory of Constraints and How Should it be Implemented? North
River Press, New York, NY].
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view that reforns project managenent in a holistic
way. The theory of constraints discovered that only a
wemad7ioormaber of constraints are critical fromPCisG2007/000043
system poi nt of view, though the rest may be locally
important within a particular scope. Critical
constraints greatly affect{gystemperformance in terns
of reliability and productivity. In nbst cases, they
are the binding factors on the system bottl enecks.
Eli mnating these constraints or reducing their

TheV%Eu'tw akihiihgd %{)hﬂ@ﬁpﬁ)} GV SdagaNElinindting riddznt hewo e rimblove project
system per

or mance. rds nstrain
periaengn LSS R BCash ROk BRI ESs o SFILFHw R Earsharency o
prodiiE@nt fshitbfing 1Rl ehtrbli Padartols ﬁﬁeafomss)f nespgerhalt leytemdseirom the
tmdg&%@@r@%h%ﬁﬁrs Llljc(rt:@g{ tﬂ %Ir ngwotltel g'léagsélve It,rans§ ématlonr}l%w—value
viewitthtnefoatsi grojédt e@mnageenenbin arhoktit way:t ies. It nmanages
constraints hidden in, for exanple, the processes, the
supply chain, and information flow, including
Thectmnmt cvfapmtrsmtsedmpvergd that epiad sl n@meepﬁ/coemtﬂalntg Ater Giigigal from
gfs?e% tpafnm)? VI%?YZ TBY AR rrpagl Bd %eﬁﬁzk%dbﬁantbﬁlthm a ;tJart|cular

Ivel |ed and nmoved 1'n advance.
scops fpricel mmntmatu affgelksyaieanBefIrRANGSs iny Wﬁﬂ%ﬁéfﬂ"@@“tasand

proﬂlcﬁ\Hﬂbﬁ{ ikt E&ss méfyf Q‘ésthérﬁ'lrﬂﬂﬂ)eféc@r@%ﬁ tﬁetéyﬁlénﬂbbtﬂerﬁbfcks
['ook- ahead pl an. Task buffer nmana

Elmwaﬁs'nwwes%ﬁtr@'ﬁfatort TREUGHSS el aRrBAItY RS icpB, fprove the
oveﬂaﬂts%t&’n edomizinc®nh BtHey wbide, memﬁe @&Encﬁt@q&hllyﬂﬂ@bﬂt@t i Hﬁgher
oot B B bt e e B s SRR, et
resduddek @re Ipiledect s the tasks to sone policy to filter out
unqual i fi ed tasks whose constraints status do not
satisfy the rules. The tasks are prevented from
ThealihBaofdhae gxdropls wosedumart conhilprts addiess prajeet volasbiliigndue to

unc&% tltt@é ft ?r}a%gé%sséér%ﬁ?mt-gm&déﬂHSﬁgﬂ%ﬁﬂlﬁ thé Ié)g&%gfce s 'ﬂ% supply

ectroni cal l
Chamlr d@d lnfcmmpmnl ﬂOMh inchdingdhgheiraings Tﬂi@n@ it QWHW SBTeB/na“d ContfaCts

CorlSRIRGCREN may cfa‘égé 'b%ﬁl%n@cfk@ c%ﬂf Y efskivay tl&ﬁftlf‘ ddhand remgved in

constraints"w ||l be expedited or the schedule w |
advap®at ed to refl ect the current reality so that

downst ream wor kfl ow wi Il not suffer fromfurther

di sturbance. Figure 7 shows a di agram of an exanpl e
In the aRAmplal erbisRliméritteldoR@@ead plahds liffleiented @xampinger of task

buﬁggﬁb %%nggcg‘tafopﬂ Eliece.lﬁéf Ig’f lheﬁ(tngk@gh%%d tpPaen. V\Parslﬁlbrﬂ%r I%gnég%%nt is
employed such that the position of any task is now determined not only by the -
precedence relationship in the project network, but also by the Rl constraint status
based on some task buffer policy. Each task buffer subjects the tasks to some policy to
filter out unqualified tasks whose constraints status do not satisfy the rules. The tasks
are prevented from advancing to subsequent buffers unless the constraint policy is
satisfied. This consequently triggers the warning of delays electronically in the schedule. .
In order to pull the schedule to its original plan, management directives are enforced:
either the RI constraints will be expedited or the schedule will be updated to reflect the

current reality so that downstream workflow will not suffer from further disturbance.
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enbodi nent. Task buffers are |ike tine zones where
different actions should be taken to nove the plan

weahemdo19fask buffers al so control the novement pot/SGR@7/000043
t asks dependi ng on the status of the constraints. The
Graphical User Interface (GQUI) of the IPS conprises
two i ndependent w ndows, akqassi gnment plan w ndow 702
and a | ook ahead plan w ndow 704. W ndows 702, 704 are
i ndividual tinme charts displaying activities,

as .

Figugay dsehoaisng Sliagieim (oh @n emnsa BEPhicat Ysgr lf%effaéﬁr"é&é%hg%y" an
exarﬁpl@eé?ﬁ@d&{ﬁlﬁérﬂr Fi@afe B ilstrdtes he7ﬁ<§gg§@§$:dsalﬂmﬁ6rsaff&he example

represent e ctiv
embgAREh s PUTR " [kedtia fonERunpeigont apansbolid hedhfen to
mov@ltla@plah Reexd. Tagk baifeps dlsesoramsihgmeslearht ofithé Bsks derskding on
" % ?E@tral nt, The | ook-ahead plan w ndow 704

& 2P s°°8§§af"3ﬁ'ed and unassi gned activities, tasks
and constraints. The assignnent plan w ndow 702

consi sts of a previous period section 706, a current
Thegmphidaldéset irterfaz0gEUBM the IRSxonuisee tvas isdenandentindawss an

assu%ﬁ’rﬂgn%‘g\gm%\ﬁQQ%H@QWOK%ﬁeg@Blsclh% SloN 703, Wlﬁdﬂ\ug%2 704 are

current eri od section

individuat fimierrgatie fiselying setivities. Ha%‘@wﬁ?ﬂséré@tsaaﬂﬁ’etﬁ? AEQM Bfifh A task
is re%?é%%h% d ﬂe@tér@hlﬁpbér%fg? rtés@d’ZBoC&%tl‘éﬁﬁé%l’ége&%Jrﬁd) by @dot e.g.
buf a screenin g%@ 722.
dot %ﬁ:rf\ct'v'h%s é%%ar@rw?@ﬁfi aep%th?é@skaﬂaﬂ%r@ k%@%&%ﬂ%ﬂ% plan
wmd?ﬂﬂ?@@ @oﬂbﬁé@sﬁé@@né@a@hwh&@'tla&ks Arasduretiaink. trrn@ idaldlahead plan
oral "ov i nc an
VAN LT T A
ass@ﬁméntnﬂam W@d?\?/ mamgném? biid peviops lpenam“lsel‘,tl?ts 7@6 at dverent period
n er 0
seotfh oy g" 0 Bp e R 7 el FRERBHL PRy fou dnssts of
a previpliepaivdesciion ¢ 2nacheent perict $dotoridi 4, \mygeldmm blllftﬂﬂ i7f§ which
com?hgee ag Xeft dB8od %@%8@9?@ g%seadre?érﬁed tg d vJo%ﬁ@Bufl’e’r tsp%ﬁknb Buffer

rran erren raw ngs
720garstca sgyeening bqffﬁéﬂ%? evi ous period sections 706 712 of
t he assignnent and | ook-ahead pl ans respectively store
the historical data of previous weeks or days,
ending on the tine frang

As Py BRESHETER PRSP ook pasrbna {0t BELIBIMEA™ anePI
faan&DK@h@@W' Wiasa ftéiﬁ;ﬁtﬁ@lt "bvaiays Mefiigeatt ovdilap Goir the niext period
71 Ow?the as%IQnment plgn %jé with the nepxlf pgn Sae orI ﬁorkigg buffer portion 718 of the
shielding buffer 716 of the look-ahead plan 704. It will be appreciated that the split
display may be implemented in a number of different ways, including side-by-side,
concatenated etc. and is not limited to the arrangement depicted in the drawings in this

description.

The previous period sections 708, 712 of the assignment and look-ahead plans
respectively store the historical data of previous weeks or days, depending on the time
frame defined by user. The current period sections 708, 714 of the assignment and look-
ahead plans respectively represent the current working week in which the purpose is to
achieve smooth production and high Percent Plan Completion (PPC), that is the percent



10

15

20

25

30

achi eve snooth production and hi gh Percent Pl an

Conpl etion (PPC), that is the percentof tasks in the
wazesi7gament plan 702 that is conpleted with reBoEsG2106/000043

t he nunber of assigned tasks. There are three types of

task schedul es represented on the GU of the exanple

enbodi ment, nanely an advisgsy schedul e as represented

by the advisory path task bars 724, a planned schedul e

ted by the sequence of tasks 734, 732 in
of ?E}?ES ] %%S%%@aneafa&w@% tﬂatn'é} oA Pieted Wihaaspest iecthgl numbsr of

assigigdassiat ed by the sequence of tasks 726, 736.
di spl ayed on the assignnent plan 702. The advi sory
schedul e or path 724 is typically an early start path

iR B Bl BRES o mel ReelBe ethahet) G thehniind: Fofe. example
empOFHDINt, nlametynan ervisql escheduted hsreeriresdnteel BPBM hdvisope@ath task
bart e SRR <RGBS EP b el agke F98 ¥h2 in the

e SC e e acco I ng
look@hgad plas i0psanst an assignneand stieelubevas l‘eatnslentbdehy thé s&uence of

tasRQ‘?‘% 7785 BisBlaydd'6n e RBEANSH R0, 732 represents an
payse .

| ndependen I ne-tuned produ on schedul e on top of
t he advi sory schedul e 724. The assi gnment schedule 736

.
Thé Bdidty Qﬁ}%ﬂﬁl@r&?ﬂéthWZﬁrh fgbxegg\rfgn Vé@lﬁly g%rt%df ConpUtc) Sﬁaés,ed gn the

audrinigs et ot meifed {ACP e e Wemedtar ereredencs dieram method
(AFHZEM)SS:S &l dnaniphe eFBBBIMRAL, ttﬂi@AFbﬂ'ﬂi@Qﬂsea Chﬁéﬂ Hb@sofpdchddule 724
T e T S L
of thskskenguheavijlabitittdsof RB4orstraints. The planedd sdheadle 732 Repf&knts an
b g P SRS kB T o
aSSIlgmlentah@@dulpl 26 i70de essigmment plagevindusy @02 Mrb%teadh%tafds in
I ose tasks
thell&)kt Q[éeéén t %%ﬁ'nﬁgr o a%?o?ig %%neg\;ggrl &%rgrétnq% Tﬁ S)W“e'“ﬁgi?eedu'e
73@ ﬁé‘oé HeeassyHY) mwmeagﬂﬁﬁeeplgnne?l%hmye 584 |1t demandsl jongesirce
ava%'lﬂht? @r %h\%ﬂ 96§sndié}at'i(ﬁ1§0é!rtﬁee ﬁmga f%dgkﬁ{g ﬁ@ réﬁskfghﬁ\@ﬁt ® Figure 7,

he task bein

taslgt Zﬁz{ ogﬁutr@ol‘gﬁk abezyh plap mgggqegthqémksmlmady@agmgned to the

ass@?n&ﬁaﬁﬁﬁlaﬁ Raidodr mmﬁ@iﬁeﬂnéﬂéoﬁﬁ tés’?éki%d dh ﬁwE%cﬁ@a“He@H RN 704
uld s "mrrored" back into t

can|p %%E)ngﬁ g%\gg te%ﬁhﬁdoqlﬁ%\egg sﬂ'iﬂ’lﬁ%t Tgﬁd:ontrol of those
tashsoiods- lideaadanpﬂeﬁrés td thet a¥3ighBAT BI&E 702, WHANS tHRNEbridspdhdihg tasks

e.g. 736 may still be adjusted due to changes in resources or other conditions on site,
with the task being updated with the actual start and completion in the assignment plan
702. Changes that are made to those tasks in the assignment plan 702, would still be
“mirrored” back into the look-ahead plan 704.

Having the assignment and look-ahead plans in two separate windows and with a
temporal overlap advantageously enhances project schedule displaying for improved
visualisation and comprehension of the project flow and can aid in ensuring that
constraints are resolved and resources are available for each task requiring cértain
resources before commencement. The look ahead window 704 displays. a workable
backlog which the user can view and make contingency plans. In contrast, having a



10

15

20

25

30

tenporal overlap advantageously enhances proj ect

schedul e di splaying for inproved visualisation and
woaogreeivemsi on of the project flow and can ai dPCWSG2007/000043

ensuring that constraints are resolved and resources

are available for each task requiring certain

resources before commencemen. The | ook ahead w ndow

704 di spl ays a wor kabl e backl og which the user can

o P A, A AR b e er an
locitahphdiyled, o miihnedicampsiyonertp tmmleémls aabigarele.ﬁzlaﬁ\ﬁ look—ahead
plby B a3t ofth R MR ARG T iy 8188 RS Tl e teast
ml@éﬁtatﬁ@%h@y‘!dpmﬁ@\ the aseigomest pla ayd ?ﬁ elbcgs&‘i&adﬁiéarﬁ ithout
o Lot Wiy, 406 MR B o s FERTS crocs
an‘\i/PEc, warkablgt task flawdsaldtioess nféurtherrpcprer frutiiet gxdnaple poswiipent, the
dISE l/écp\éldﬂgor?fsf&a%ﬁeaém/aﬂfa T‘-’:‘QI g'an‘EJ glte{té’é fnd L %3\‘ ggr“ﬁpa@)e Jith a

urt her nore, exaw nment’,
rehg{.]lglp@@rhy %%%BQJ P%V'%RJIWQH? @B@@?S'f’%@mf} QQ‘I[SESInlSh e user
coming up wth a reliable plan by providing advice
In tbgat t es into consjderation constraints. In the

BleRasimt staluses plseausiinis & eitharmogimiited, eprfieed or
fulfdiednYFUIfmﬂ m@sm‘slh theesbnefraiftuhid blr@shy bEéH Fés'olv@&l é@aﬂspromlsed
t een r
T e R e
crepied 95 atpherise loe plaos $witrmuhgudnarteds) $dr erﬁ?n@ﬂ@&bﬁQre@rﬁt has been
rant ees). for reso
ma@%I %ﬁgﬁrg@n\?mﬁ g ggﬂbé%%}ﬁh% g@%hvsr a Ce)étSWt [eSRYICE i Wage that is
subfgck &jchamge |duado tcerteialhidden flaws e'Coafimede sothie ctatisswh@d ehere is

full td&ﬁﬁdén%e sth'é%l tﬁ%tco'i‘ngtr&nla@eg? b9 YEsdBdChit @' %t WeP denelovs g. it is

Confirned tus where thére
quakyHes L the ‘(qﬂs‘pr th?é ﬂafb FRSPHIER ryill bardebvsere@wltmmj bigiuttasi sot yet

bechORIfNGS. F658kahsle emgFIPdute 7 Scoaé{?eﬂﬁnfdz%eg Ohi %{St%?rfulﬂled

source W del rvered on tine
Smﬁ%?or?é?mbi?é}nlsfcapﬁrmepe@sk PRy 742 @saptiated with cpgsiraint 728 has been

trarclmetriai the  Z%ringent G wm@mbwbz r!a@.t tafsk”tfdrH@d AoeRSfple for
bar 742 associ ate

TR A e R
synelyenigethmith thleaplanhetd svhefR asktzsls RighlighttO or %ﬁe@xﬁﬁpbr%ject
o e SIS TS a0 e T e
that\MWﬁWﬂié%Mhb&é@bf&l@ﬂi@dtﬂ imé.ask 732b hi ghlights or

alters the project manager to an opportunity to nove

forward the planned task 732b, i.e. in anticipation
In addition, data pertaining to all executed tasks (e.g. task bar 726) will be archived and

can be used for generating project reports 744 such as Percent Plan Completion
Reports, Variance Repo&s, "To Do’ / Watch list of constraints, Key Constraint reports,
full Constraint Watch List Summary, etc. Similarly, the reports can be generated from
the look-ahead plan 704, and such reports may be used to guide discussion on the
work ahead. Reports on the assignment plan for the next period can also be generated

to guide site work.
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woask/ooea79 726) wil |

that constraint 738 will be conmtted in tine. In
addition, data pertaining to all executed tasks (e.g.
! \ be archived and can be use®#CT/SG2007/000043
generating project reports 744 such as Percent Pl an
Conpl eti on Reports, Variance Reports, T o Dol / Watch
list of constraints, Key Cgpstraint reports, full
Constraint Watch Li st Summry, etc. Simlarly, the

reports can be gener ook- ahead
AR AN R e R R TS
furtidit@e¥dibkd.ahead. Reports on the assignnment plan for the

next period can also be generated to guide site

wor k. The purpose and features of each task buffer in

t hesceseniglriffenbodi ment wi I | now be further descri bed.

Screening buffer Figure 8 shows a pulling buffer 804

gg g:lgilriGTShGW'B ragpuiinaf iffeB88R4 amd @ sbrseking thafier §2an alpeidahead
The ,screeni ff t \%

actan Vs R0 T Ry ey 882 BhBhe il S ivifes (o0

| PSictivityi 8@ peithed craatad inHke mﬁ:‘a@'em@f)rt%&@ré theyphgsesi master plan

g{ ?fe#ﬁeggélg&%@&méﬁféomﬁ 8:9- PrPrﬁé\)E?é’eM% PM?eo?réu; e¢ﬁese

ctivities are general not suitable
pr cglivigsoars weagtally rigpt sHteBlonor oPFOB%@uS@heH@wgu §G%| control

gﬁ"cé@fe tﬁ@@bé@eﬂ cbphsd Qﬁ‘élleh B4R tﬂiaQ Hafe BXBS ekétlite@dNnorssiteand
each his in turn ave? ional informati

(o.090h alcisuino @ GMawPIENAETHBPB RS-l o PR, FPYes

; e?%tﬁftm&g@f gtrc?}(rlah C%Yrthﬁﬂetdttﬁefc&é qmyt@d beldxeratbor Eherafareheach
ctivi rqoken, down to

Lt s S Sy BB TS B kel

80&rokehhtiowvnStaip attivity BO®S This sep meduienidecigm krowfedop &y ;I)ryperly

des em:r% heﬁ}%%ﬁ%qqe%geu e%CdeCOrﬁgm &O%E%eﬂﬁgl llialﬁganwhﬂe the

def € prerequisi
ancpremfiaisiteat Ror(fesoomrst @ad ninforfatien) garsiairits n@dJ UnCOﬂmeed

garq%%t% At 1?&% ‘%‘I\%ﬁ;r'?%@@@ré @Q@dﬁ% are identified.

i'ng 'back to Flgure 7, the pulling
buf f er 720 pl ays an inportant role in the | ook-ahead

pl anni ng. The sequence of work tasks is structured
ac doullingriyffen :

Referring back to Figure 7, the pulling buffer 720 plays an important role in the
look-ahead planning. The sequence of work tasks is structured according to
construction methodology and precedence. Further, the verificative parameters
of constraint status are determined and associated with Rl constraints. Also,
EATs for prerequisite constraints are either set for or requested from project
participant. From this point onwards, the status of each RI constraint prior to the
estimated available time (EAT) is monitored. Additionally, an advisory schedule
can be obtained through the method of ACPM or APDM, therefore a feasible and
reliable schedule is always available as guidance for reliable project scheduling.
Advanced constraint analysis (e.g., the key constraint analysis) can also be
carried out to identify critical constraints so that it is possible to reduce or

eliminate project delays.
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construction met hodol ogy and precedence. Further, the
verificative paraneters of constraint status are

wdeb@roariared and associated with R constrai nt SPCRASE2007/000043

EATs for prerequisite constraints are either set for
or requested fromproject participant. Fromthis point
onwards, the status of eachsR constraint prior to the
estimated avail able tinme (EAT) is nonitored.

Additionally, an adyjsory  schedu n e
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Heﬁém(?tttﬁ&achge@jatﬁ ehrlicmthag die amwsory smeenrfé ueuamémmtrgmt 1008
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ach;iteet/ebl theea shing rtinmeh 28 thaeacbue@mmﬁdyt@heﬁmﬂenb’e@ame@o 1012

co %ﬁgée%'t@ that QB ik ! df &Wloﬁ%h\/eﬂ' EQ\% cff Qh@ %oﬁéﬁaﬂif eﬂ)OB be

are. two OSSI proj ect mana so| ut
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1038 aAPEastO . advRbytdchREdule BRAIYAE ke rhOdds (8 irpPIeSE plahiraliability
Task A 1004 be del ayed. to start at the sanme tine as

t hdhraugh synacinsas fescribsst uti on 2 scenario 1012
suggests that the time of conpletion/delivery EATc of

NG, o094 AL a2 PR1BC1102 is aligned with Task Bar 1104, ie. the planned
schedule is the same as the advisory schedule. Since the schedules are aligned,

there are no project management problems with the scenario in Figure 11.

e Shielding buffer

Referring back to Figure 7, the role of the shielding buffer 716 is to reduce the
impact of uncertainties caused by prerequisite constraints in the hidden work
flow. The key concern here is to ensure that Rl constraints are smoothly resolved

so that each task is ready to be assigned for execution.
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expedited so that the advisory schedule will reflect
that Task A 1004 is feasible. In any case, the

wadvi7gery9 schedul e provi des the neans to i nproreTsiGanm7/000043

reliability through such actions as described. Figure
11 shows that Task A 1102 is aligned with Task Bar
1104, i.e. the planned schedule is the sanme as the
advisory schedul e. Since the schedul es are aligned,

"8 PP RS TSI B AP TR b i g o

t 0 perigdisectidn 71 01én thelassigimert @la@WOQ) chilled tirufiché permaseptmn 71 0
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ne>a= tp@%h@ﬁ.r@es&fre?m&l@macﬂ it RRtdnied rwyeme lmeara)f ?rQaZ)Ps The

cal | the next period section 710 Eﬁgf so referred
0

as Wﬁ R having tie next RRSioR SBFtionyA0us H@@éw&ablwwg with

conjufiiciept thalk®adeiobassi@fkenhar 742) to be assigned as
execut abl e tasks (e.g. Task bar 740) in the assignnent

plan. "Next period" is arelative termto "current
period”. It could nean "next few days", "next week",
" naiith fefeveneetosFigeect2, fdthee delaitgfonthe haioniaf éhep$hitltieg buffer

Sh'@#} Hb\{oggt&é?%r%eﬂ or twé@ﬁﬁ"g@?&ﬁt@{]e KB AeS08 %t HAR AIFRR, the

pose next
secohgiraintd 0204 atmcqrtﬂrquhowulﬂt%sbﬁ@ thsdh daskay 1%5)% has been moved

sufkGd £ife gmélhﬁ\grmydder b@wekA B Rhieldid Buﬁ@rf BI0BN&RI the

to Figure 12, further detalils for the actlon t he
shirsligy rﬁ)gffm#mrofva lopk-abeachilar sdtdon, 21 2. FaR ﬂtﬁh@ther hand, the

ad\ﬂoﬁﬁl‘é(nt@ﬂbm tf(ﬂfsthe Eé&ls&gggthotfasﬁ Bak1A61laA0dsk BN@18 are not all

constraints

© acRnt s HAE% diorith atogdeadte Ak aaghe gonpirants

1206 1heipaepres it i aRSUEAD oflrbAdyadond@dlBtsand the pul | ing
buffer 1210 of a | ook-ahead plan wi ndow 1212. On the

ot her hand, the constraints 1214 for the advisory path
task bar 1216 of task B 1218 are not all confirmed or

f ulBechuissdof tHer yffer rules applteddn tthaexample rambaskiment, the advisory

i lp‘éﬁ{ {agi( ibQ|g1 iﬁieis %%ﬁ&f Q’f tﬂ& §hielding point 1206, i.e. it will not advance
into the shielding buffer 1208. However, task B 1218 still advances into the
shielding buffer 1208 as the real time progresses, but the advisory path, in
particular task bar 1214 relative to task B 1218 will advantageously indicate and
highlight to the project manager that the original plan schedule is no longer
feasible because the corresponding constraints 1214 are not resolved. It is
noted that as a result of the blocking of the task bar 1216 at the shielding point
1206, the downstream advisory schedule is also affected, which will reflect the
delay caused by the unresolved constraint 1214 of task B 1218. Therefore, the
shielding point 1206 with its associated buffer rules advantageously provides the
mechanism to allow the project manager to make reliable plans. In other words,
an advisory schedule or path that proceeds beyond the shielding point 1206 and
into the shielding buffer 1208 has constraints fulfilled or confirmed, therefore
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weonhardomant |

1214 may represent the | atest EAT of many constraints.
Because of the buffer rules applied in the exanple
the advisory path task bar 1216 i BCbiSGeded00043
at the shielding point 1206, i.e. it will not advance
into the shielding buffer 1208. However, task B 1218
still advances into the shitgl ding buffer 1208 as the
real tine progresses but the advisory path in

rtlc 1214 rel atj
PPl g Pploeh Alardfd il i felner PSefied S0l tn e
rramawngma‘er 1208 tba:nrgpmadzntplvamk&bdmwlﬂbe i s no | onger
feasi bl e because the correspondi ng constraints 1214
are not resolved. It is noted that as a result of the
bl ocki ng of the task bar 1216 at the shiel ding point
120%gure A8 itvstintes weoskmblribackingg and hemulognple Wpdpassignments in
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t hel38thi & #108g 2pdiTat! 39&0@%“%998?@ gv"as%%w%f'l@&s i o ortcable
I ul Rgkiag Yoot Aepy %éﬂy%r@éls@ﬁﬁnehﬂ? ButBaBIANiZeMis @ss@:]ried\é{s task

t he project nanager t reI|aI pla
wordE. 1355 17 S5TGUL e BetHsp i or R Bleo JEURY Foources
bemm@ dehferédllhethél fopwieg Wéek’[%@ (Qeu:batmnmmgremmM) dhenigok-

? ﬁghg";‘% Pégslgglga'fltﬁg n@t e rLillJblf : l l %r ?51(fgmtélﬁg%gam three
advaskstlyatare reafiy fwmegsmhﬁd@l &2 113ﬂ6t WBlCB thiae lbgemmaved inte the

{205 Do T8 Ptk B0 iy i

| I'UsS €s wor

assiddfmpdtls 1806 atecassigneg|as Eqsb@er it and ?ﬁaﬁe@ﬁpwww the
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are osed wi th Starting tines jn

wordeabhet Backyl gc%mta‘?ﬁjeé?‘é‘t?%af&ff Sahly s‘i'%f'nﬁ%rﬂ“foresee“
butcieithitadés 1 8h 5 1868110 MRS wdbkabRs Kadkitly datl Bel sssighed and
assi gnnent pl an because of, for exanple, linited
resﬁﬁﬁﬁ@smﬁ@ﬁﬁg delivered. In the follow ng week W1
(see bottom di agram 1314), the | ookahead plan is
updat ed. Now, the workabl e backl og 1310 contains again
thr e tas a
13155 TRt SEoRE b BT i, RBRPRET otk 1 428 1207 of 7
vveetaommow HesBl6ckesrfconT 4nteB0 thel qurigeiekeriog 1, 322w©thea19ms-ahead

12 et 8 And %ergéﬁtﬁoﬂag HRERING S heP SV pRf tadiSBE ARA, the

espectlv
down stream actlvmes advisory path task bars such as task bar 1326 of T, 1308,

and task bar 1328 of T would also be affected accordingly.

An example work flow a user may adopt when using the IPS of the example embodiment

is as follow:

a. create or import activities into the screening buffer. Note that activity can still be
added in any buffer as project proceeds

b. break down activity to task level (this signals the changing of perspective to
production planning) ‘

c. create or import constraint library

d. identify constraints for each task, where applicable
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assignnment plan, with T remaining due to e.g. resource

shortage. If it later turns out that T2 1316 can not
woeomwecaped, for exanple, due to unforeseen PCT/SG2007/000043

ci rcunstances, then T4 1308 in the workabl e backl og

can be assigned and executed instead. It is noted

that, before to being assi dded, the advisory path task

bar 1307 of T3 1306 woul d be bl ocked fromentering the

FodlsP RS hedhide dtorhlte, pERle BT Bt Mo i fypfhor®
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ex{aBl & sakediegnt s follow a. create or |rrport
activities into the screening buffer. Note t
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nal s e Cha (0] er clLlve 0] | ONn
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iugenﬁaldgfsyare:@ a8k reﬁtelgé mefs?reldemﬂuﬁ’eaSMy aﬂéreheaamptbmtmakmr ite.
e advl.spr e mn rella

o DS B R RS Y ooy, T BRardcis RS RlcBRe R e
Th|a$|w|smwlsuti@du|dbem@blaykedfasmt treaaiiglding poigionstrai nts, 2)

elo%Ya él&%?%&@c%?gb‘f%{aﬁé IRYY!e ﬁbxt eﬁQ&Tb*/vﬂi@ﬁ kPh tﬂé gb%&]g

entity

ey constraint analysis to |
" b@lavlklweck constral nts", if any delay need to be

lzesa%gl for ?égogfce@?cﬂﬁt&rtéaékgﬁn FhAMSRR mﬂnobairssk not.

proac ctives expedi ting EAT of constraints
or asega%dw@mﬂm indhe W@fkéé'le@éc‘t'%f% ﬁlﬁfert?eﬂ \@EQI@P&%W &

CORbhirfgeficyplabfifiy @Y ﬁ&fe)éseﬁ?hedlﬂ e to serve as a
ui dance for assi anrent .. ke sure

ntaHesassnIng 3 eslyi tr'ﬁ"g amnmﬁnt megulgfepggartqqgnss tfge splﬁt window
AV ahé akdidrinidre plaffis dugtﬁbmé@tcﬁsw}esu ;teencmmi diral thé focas ef
¢ Onrgellnraggr%ent%os\n?ls esﬁ‘?t 8 %oegroé%cltlon control g% t?\g tagglganent pFan
n. Monitor project progress and update the weekly work plan. Various project
reports (e.g. PPC and variance) are to be generated
o. Learning from mistakes seen in the project reports

p. Repeat the above processes

The example embodiment described above also incorporates integrated constraints in
low-level plans (i.e., look-ahead plan and commitment plan) to model hidden resource
and information flows and perform schedule analysis using the APDM or ACPM. The
augmented path based on either type of analysis provides advisory information to
manage the task and constraints. A pull driven schedule control workflow is implemented
through proactively tracking constraint status, selectively expediting certain key
constraints, and shielding pre-production work tasks from uncertainties prior to work
assignments. A series of task buffers (namely, screening, pulling, and shielding) are
employed and customized buffer policies can be assigned to discipline the rules for
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advi sory schedul e being bl ocked as at the shielding

point, j . obtain a list of executable tasks in the
woOneodoopapi od", which formthe workabl e backl ogCk/iSG2007/000043

assign (or waive) resources to the tasks in the

wor kabl e backl og. Task not assigned remain in the

wor kabl e backl og for the nepgt week to allow for

conti ngency planning when necessary. |. after

cor AT e R PSR A IR e
perfdraardel]ieeds. §.cCCuapKeldt Dp&hencl.phrarsl Bokg St He(2088) Cooistraint-
t f
bas%?n %ﬁ@{g‘ﬁ ”@ wtgq{ggﬂbfﬁpo?%}rc%ﬁ gé)cg}cé?[ﬂe?gmfepgé{e%eéo obi§ of
Consfrdeiio Emmnaweglayldvmﬂagpmm 19%30 o203~ Wope@thua,elﬁoHt ., and
g. n
s 1, FE T RRBARE o8 AOE A s g
Prdd@péam ﬁhéec#dg«/e Ppiceeding e sf T% ternplicsak n%ﬂ?fﬁéﬁ‘ﬁ "on Lean
CorREddnP R I@QB}{Q Lﬂ{l\%’slt‘y%@ erﬁ%ij%oh\@)"aﬁeﬂrtéhﬁghng uses Iof ADPM

constrarnts in plans ook- ahead

or /éﬁBMcfaﬁWﬁvehemuswséhs ADPMOEACHM aiéi FiSaDr baih 4 gohedule in

‘conzd?nfc@drﬂmﬂ R il%l?{kﬂ‘ dQSﬂépibErf@ &@l@ﬁﬁﬁ@h&ar@ﬂ@él«@te&d Wrﬁgn the

e pe ey Ay BRI, PRI DR 1 S MGl
rranage the task and constr_al nts. A pull driven
TS e BT AL P hRLE TRALES L B penec

conettging] tieating e coastraink dyraco msckuag? norssiraimh etaiisi atatizng constramt

. t i .
mp\%rgt 8!9’ Hé nir:T%(?% rg\R{s AH’L g’ﬁtlﬁﬁ" S o%% 2&5{5}%@# ﬂ# ' 1& ngcadgﬁ%tn{s? and
estdmsbegn m@ablep uNdrk mgtpnsaﬁtﬂlbsltﬂde fdithey pragactivee apnsgpisdl ragnpgement

workHob. OH‘ Zifds b(ﬁff 8k bﬂﬁéﬂscérgsdé?ﬁad he #RSiFE&Hd tHiffer pohmehs are

I SCIP [T ne rules forconstraint managenent , whi
discinliat mcaldetyrrweﬁ pealistin lagheseherilgs pecqstiing & hRFopwrain status. With

a f@(ﬁ@l &? tpr@SFoEGétﬁSﬁ EFI@nr{lrbgs 8Rd &cBedufiiy athe KPSHbrolies 8haRtegtated

Const r.ai nt based Pl ann

eV o OE G RSN PHOIERIB CORHBRIP R VH08. PRI mERcTeduling,

and) bﬂtﬂb Hénc@oaexternwgbbwy Emlem&resrw.dangfuuﬁmgmamd smooth
and ,Shen, L J

pro%l%lgg)woﬂ%@wéf ?éT"?]“ted'l\ﬁngﬁq‘f"hff“%tlﬂ—I&y BAPaPenagement with

I nt egr at ed

To cope with uncertainties in, for example, a construction process, two measures are
often adopted. One is increasing capacity at the right places. The other is adding
temporal buffers (or inventories) big enough to reduce disruptions. However, these
measures not only demand additional cost but also conceal the real problems that result
in uncertainties and delays. Relying too much on redundant capacity and time buffers
(as opposed to task buffers in the example embodiments) would inevitably introduce
wastage in the process. Moreover, in many cases it is difficult to detect where the
bottlenecks in a project are located and how they are formed. In the long run the two
measures become ineffective.

In order to systematically get rid of uncertainties, the intrinsic causes should be
examined. The conventional view of a project (especially in the construction industry) is
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Producti on Schedul er. Proceeding of 9th International
Conf erence on Lean Construction, the Nationa

wonowawsi7dy of Singapore]. Conpared to existi ngCuses00ainonn43
ADPM or ACPM however, in using the ADPM or ACPM as an
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plans in the exanpl e enbodi nents facilitates
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I't1onal Ccos e real proble
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I\/breover in many cases it is difficult to detect
where the bottlenecks in a prO{ﬁ’ect re | ocated and _how
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exani ned. The conventional view of a project
An émpm: waylaﬁopi@dt Hyethemmplﬂztembodlmndum diyijnish uncertainties is to

inv |§|Slg)r es ﬁ)?&g%ezg gC %&FI &t on “of pp%hﬁgtfo% &% new production
philosophy to constructlon Tech Report No. 72, Center for Integrated Facility
Engineering, Dept. Of Civil Engineering, Stanford University, CA., or Koskela, L. (2000).
An exploration towards a Production Theory and its Application to Construction. VTT
Technical Research Center of Finland]. In the IPS framework, the Resource and
Information (RI) availabilities representing flow constraints are incorporated in the
schedule to improve plan reliability. Here, it is noted that IR is used as a generic term for
flow constraints not limited to resources and information, but also including e.g. safety,

quality, contracts etc.
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producti on phil osophy to construction.” Tech Report
No. 72, Center for Integrated Facility Engi neering,
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(2000). An exploration towards a Production Theory and
By infiflerftiting Gl ¢Kéﬁk*hi ofes1Etraine stats; thlfﬁﬁprﬁ@@hﬁﬁ r8ject management

Re h Cent nd rk. the
crop S 3 SRS AU AL Moo Py e S ses! IBush

systep ketesab ianjgb fdresisaly asdarding ts thar gresaibed pohedubs] whicht ikenade
based on the forecast of demand and remains unmodified within a period of time no
matter what is happening in the process. A pull system releases a job according to the
request from downstream processes. In practice, the push system may be less effective
when the demand varies frequently and radically. The pull system, on the other hand, is
not easy to be implemented but can be much more effective when the demand
fluctuates. Most real-world systems may have aspects of both push and pull [ see e.g.
Hopp, W.J., and Spearman, M.L. (1996). Factory Physics: Foundations of Manufacturing
Management. Irwin/McGraw-Hill, Boston, Massachusetts]. Similarly in a project, a push
driven scheduling approach only works well when processes are very stable, which
might not be the case in most complex work flow. The pull driven scheduling approach
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schedule to inprove plan reliability. Here, it is
noted that IR is used as a generic termfor flow
woanwtimwe7at s not limted to resources and i nf OPABISGEIN7/000043
but also including e.g. safety, quality, contracts
etc. As schematically illustrated in Figure 2, a
construction process 200 i@22a project may interact
with two external and traditionally hidden processes,

. e.qg..des] 202 d. ) 4
via isbar Pz ks ol Bl o BRIy HembiloOfleln the
exambleem&bcrmhem awnad mbteeﬂmqhima(KEAffgctive:c‘uni;s respanse igldefnE and
dlsrﬁé}gngzl the%c&@%n@g djﬁglﬁrffo?@g&lvgl@@ alone to both actlv:tles and

awi ngs and pretabri cated
ﬂowmmannmawem lmp@w@@ufw am“fapamaph@ ther eagmimemhediment
isturbing the

oredf PRl ing UBRrHRY REFEFER pol FREIH HBbibms flom disturting
main peojeEhprogask. subsequent |y alter the construction

schedul e. Li kewi se, changes in the construction

schedul e may i npact the external rocesses E ?fore .
Forjepaglen e SSARYCICH RIagRSHr BOEATEaS Rebisl Rh aRt pul stehs i
depitdipgubRatsally hatigire 4. s feasible to determ ne the r eal

causes of uncertainties and take actions to mnim ze

t he adverse inpact. The status of flow constraints can
in m@rmn Ub@ur@ah itasks 46 laRSpaseddnt tasiadaking plase pefogr Bask N 406,

‘410, Pr' E\quug[:nm Rleﬁl 20&: a%eﬁ 48% :JSO!ASéI@} ;&g@]o;ﬁﬁﬁq a pnblglwaae %chedule

41 SHHompéretmt supedulatof sl M R85 iy notFyalid hecdlsedtspprefeguisite 408 is
del%fggctftﬁﬁn?o%né{é e{h@%raﬁl%t HadRofrbRERE! prgrﬁgih? rbe@ét%e‘rf’fis not

es wor draw ngs
exphiitit msor@pratcfd titee ther @s}hédwe,t wnlikerin |t'ﬁﬁ16><%[f'l?'eref‘!lwé'ment This will

me\g%g‘lw P%%xﬁ%&h@éﬂ(@ dRARRoRSLhiMEESHd HAle BREN a¢di®sKkP @i delay of

esi gn process 304, the status of t

preteghisite 08t was repasierineatlier; Oraflip glbeapand, #idheR bl ol be
reséll?@d I%B%Céffé@ilm;smWpulﬁ@@taﬁﬂﬁﬁﬁ@ﬁrpyodmm,gmmg constraint status

irective can aed t uat |

414 fBinde FEFAG WoRBOY RBH rers T GERYInel e reteR S cqnsfaint 12

of TRBRNOAORo eddugs meeiﬁipaaama@ﬁmaﬁcymamge@ceésmm a push to
a pull scheduling approach. In a manufacturing
process, a push systemrel eases a job precisely
Theapuitdeierg stivedufee contedicisi baldatde Hod uirevidindi a thelter @iierpative to
n fo f 0B B kf-d
co%?etr?]cq uh er‘igﬁueos d’rrrc(ﬁ;ﬁ E{fié fidw &%@f?@ﬁt ?&g\,\ﬂéc’% %%Bﬁgﬁﬁnﬁgéﬁ@ﬁ the
differeacesr mtwssn pashp@nd pylsschedyle coalsds F@U{%EAa(é@rGﬁ%ﬂtﬁ@‘ pigiect

schteglﬂe in which on completion of task A 506, in order for task B 502 to commence, a
RI prerequisite C has to be delivered at EAT; 504. Say for some reason, the delivery of
RI prerequisite C is delayed, hence EAT. 504 is delayed as indicated in Figure 5B. If
working with a push-driven schedule, this delay may not be promptly identified and the
original project schedule remains. As a result, task B 502 would be inevitably delayed‘as
illustrated in Figure 5C due to the delay in EAT¢ 504. This delay may cause schedule
disruption to every organization involved in task B 502, wl%ich consequently may impact
the downstream workflow as well.
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request from downstream processes. In practice, the

push system nay be | ess effective when the denmand
woaoi7aeidpequent |y and radically. The pull sysPemSGeon7/000043

the other hand, is not easy to be inplenented but can

be much nore effective when the demand fl uctuates.

Most real -world systens mayshave aspects of both push

and pull [ see e. g Hopp, WJ., and Spearman, M L.

el SRt BBy PRI, PR B
the Bulitivaml gchedul@ appropelt tThahisptosdeteht ithee delay foBAT ¢ PRy earlier and
assQ%)sD E%@eﬁ'g%ﬂa ey CV@Eer gﬁ(ﬁedggwﬁﬂal%%@eﬁﬁe@e S@f t‘é@fi 3B 502 If, for

case I n
examolek BATe w04 Tae bpu&npe@itadv(en pelisidpthutn earliepineas ﬁb@\&n m Figure

5D Qﬁ@ %ﬁttﬁev niz&RRE iM@vea Qﬁé 'ir%rmedséf E%It:éJ ev@@gh&%@ %/énnr%t only

neasures I n e exanp odi nent can
the d@lme can b&rqsiueechoq»d eliminaled) b alsq hett@r qoesqﬂmg@ CaHbey é%%d
and disruptions. It shifts the focus of managenent
fromactivities alone to both activities and w
In e Ml egbodienkf ¥ dudmeplednieiteedrgoa IRITRM, %%UQCWPDW
fornhulatbd &isy %‘i@b&c@ﬂ@&dhéﬂiﬁﬁra@fgﬁw Nodsﬂﬁ:h&a(SERl thstraints) in the

congRpr N o pahdpar Ao bRl plssed N B HR PSR Aoy

Thd:n@@ﬁltnﬁgl@cthedﬂie@ basssen thichePDIrdre agdre hﬂﬂmblmcapss bnaenidinties in

ull.s nmat. i Pl
oy g 18 K] STt LR I RS LT Maifed ol pficined Boon
anatyaisi anyl qﬂjbmctedkieithy wlditmskl sltartlam fi ms:hlmeceldnn@dw@rptnsiht&

system 402, task N 406 is assigned follow ng a prior

made schedul e 418. However, the schedul e of task N 406
The follevdng isad figt db detiniinasifersthg veriaties usaddn Jpgequatiges foy éFDM in
the RHbwi gfo%ért)bgaﬁ 6 the bRENRE QRILBEIMMAE not det ect ed

pronp cause it Is not explicitly incorporated
into the schedul e, unlike in the exanpl e enbodi nent.

Ti indida$esPrebedimteydskabl y result in schedul e di sruption,
whi ch coul d have been avoided if the delay of

prerequisite 408 was reported earlier. On the other
Tj ikthdites SubeBednig@bhgkn coul d be resol ved nore effectively

in the ] stem t.hr ou roactivel ¥ ehinas
5 pfleaies By el iPeae 1 SV Phe Hinsk Binbabbirtidia apy tme
conetgintdi(botigcofpmratipg IRI ipnggquidiee qonstradais). si t e constrai nt
412 of Task N 410 to reduce the inpact of contingency,
when necessary. The pull-driven schedule control is
LS indicateplate $taut tipedid. terlgtest thee a task ghn begiawitheutdelaying the

project (not incorporating RI prerequisite constraints).

LF indicates late finish time, i.e. the latest time a task can be finished without delaying

the project (not incorporating Rl prerequisite constraints).

FSindicates Finish to start precedence constraint, i.e. the task can only start after a

specified minimum amount of time has elapsed after the preceding task has finished.

SS indicates Start to start precedence constraint, i.e. the task can only start after a

specified minimum amount of time has elapsed after the preceding task has started.



counteract uncertainties fromthe fl ow constraint
perspective. Figure 5 illustrates the differences
woetomem7push and pull schedul e control. Fi gur eCB&8G2007/000043
represents a project schedule in which on conpletion
of task A 506, in order for task B 502 to commence, a
Rl prerequisite C has to be4delivered at EAT 504. Say
for sone reason, the delivery of R prerequisite Cis
del ayed, hence EATC 504 is delayed as indicated in
Figure 5B. If working wth a push-driven schedul e,
SF ihdiicstesiBiadtyto finigh pmcedkmcp comgitaing, iiedthettadki cad calydintshafter a

soegiof (iRl RAL RGeSl B e PRpRuif Rk s 8R0S
Figure 5C due to the delay in EATc 504. This delay may
5 FF i?\a’%gt]%\s/ %C{H I ﬁlsg 'pg Eg@cg&ﬁﬁ&raﬁ\\ﬁ@’ th%rtgﬁrliaﬁ%hly%lsh after a

i ch consequent act
spetified nimmsmraemnnwrtkﬁd haw elapsag fterthe pegeding @Sbﬁ%@n'
resol ves such a probl.emin push schedul e control by
adopting the pull-driven schedul e approach. That is,
FF glgo m@pet@@ Initiad e} by thst eatliepEsta b Aime.af Pk fask ifythg priest netvork.

prerequisite C can be expedited to alleviate the del ay

of task B 502, If, for_ e e,, EAT 504 cgn he .
10 FFalkpidicaiss TeaRnpLHm #f- f’f\%@%%ﬂ?fr g of ?%ag‘s'“?mweﬂq
netvb@ure 5D and all the organizations involved are
i nformed of the new schedule, then not only the del ay
can be reduced (or elimnated) but also better
D irclimatedi T2k idoratic@n be achi eved. I n the exanple
enbodi ment, an Augnented Precedence Di agram Met hod
(APDM for mul ated usi ng the concept of incorporatin
15  E4findicates Estimated agailoble tRie, okt extiented finerthatiaeRI prerequisite
| PDMto enhance schedule reliability is
Con%fs?ée‘ﬁﬁgwﬁﬁ%gd of the existing ACPM The resulting
schedul es based on the APDM are nore robust because
ES’ W%‘iés‘%@&f‘ i&Pedrf) st 18, OF. th8 @affbst@RieSd a8k Barbbddi, subject to
hi d are epr|C|tIy|dent|f|ed and mtigated
anyt fisemcARHRIpLs; ‘@Of%ﬂi@‘f&fﬁj%?%‘ds'fe&opﬁ*@‘%dl tional start
20 and finish pr ecedence constraints. The follow ng Is a
list of definitions for the variab
Th SEheEBAS LM P B 1 519 URERY” Telar et B folquing
coriRAT) SvardTbelgy imehdject Combledbieat es Preceding Task i Tj
. indicates Succeedi ng Tasky Z indi ca({fs I%grl y start 1
tine, i.e. the eff) F8s4Sme a task "darf egi n, subj ect ()

to any tine \
INITIAL TIME

EF, +FS,
where ES, =MAX {ES;+SS; Lis the early start time of T, in which
“ " \EF,+FF,-D,

|ES, +SF, - D,

25  EF, = ES, +D, is the early finish time of 7}, T; being the predecessors of T;; D; denotes

the Duration of T; LS,=LF,~-D, is the late start time of T, in which



constraints (not incorporating R prerequisite

constraints). LSindicates late start tinme, i.e. the
woat@abid7d e a task can begin w t hout del ayi ngrPCisG2007/000043

project (not incorporating R prerequisite

constraints). LF indicates late finish tine, i.e. the

| atest tinme a task can be fBni shed w t hout del ayi ng

the project (not incorporating R prerequisite

constraint%%. FSi ndicates Finish to start precedence

const NAFRUINAL e TIMEe task can only start after a

speci firgd-msni num afount of time has el apsed after the

rpo_tmsk h i ni shed.. $S indicat t t
o R e o 2o TSP s PR B 0 ol thgpscor o

start {&FtedSSa+sBecified mini mum anmount of tinme has

el aps f the preceding task has started. SF
i ndi c ?gg é&ir_}—tﬁt o finish precedence constraint, i.e.

7. FRer agKatRsr 8ote tdtirdh-@idat, fMishReahibh, efarfoXtakNBnd start-
anmount of tinme has el apsed after the preceding task

to-fipjgly pregpdance gonstiaints dpPREWSIYEi ni sh to fini sh precedence
constraint, i.e. the task can only finish after a

specified_m ni amount of t] has, el apseq after the
incopfeggi (i Rl SRS PHPiermde MDMIEB5 oF HBPRENAS: | i ¢ 1 a
time, i.e. the garldesk gtart time gf apy task in the (g
project network. FE also indicates Tefmnal tine, i.e.
whetd&S;liatheshodifiedi ey tianktings ofamsk T, &sdccomttidraelaby ga. The
network. D indicates Task duration - indicates .
forwgeg ?%P@Eﬁ'%ﬁ?‘ﬁ KBYiect sfae pr “-ic?‘é@?”c?hEAEx ﬁﬁg F’ég st fondifags-
: erequi site constraint is fulfilled. ES
ES ?r‘ﬁe{ga&’es Modified early start time, i.e. the earliest

time agtask gi bject to any time constraints
i ncorporatin ﬁ\&ITP“g’re?%é ite constraints. The

schedul ed st agf, +ipsp S1-|for any task 2} in a project
Pis determ Ejpysfhef | | owi ng condition to avoid

-de MAgk of €Tt” ol et fon: re«tg = | 5.1 he
ES eat y btart {ERe+oF, 2)D, ’v%%ﬁt tgl {éﬁf ot ‘imjl:d? 8+ pP?
is thelearlyifinish tinejof Tu T being the
predecgessors &t L5 D8 dbnot es the Duration of T/, LS
-LF. - |DADYEHHER) | ate starf tine of T1-, in
whi chTERM' NAL TI MVE

Ik

Task start condition here include conditions such as “must start on”, “must start before”,
*must start no later than” etc and also non-working day conditions.

in which EAT, represents the estimated available time for the I constraint of task Tj.

EF;, LS;, and LF; are the modified early finish, late start, and late finish, respectively,
EF,=ES,+D;, and (3b)

The backward path considers project finish and precedence. LF; is given by,
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LSk -FS Jk LF =M N LFk ~FF jk where LSk is the late
start tinme of Tk, the successor of all k LSk -SS Jk
woepo7iobke79 SF Jk O TJ. FS, FF, SS, and SF denoPetTiskie007/000043
finish-to-start, finish-to-finish, start-to-start, and
startto- finish precedence constraints, respectively.

I ncorporating the RI constréint paraneters, the APDM
can be depicted as: where ES- is the nodified early

start tinme of task 2} t unt for.reliable plan.

The forward path consi dék W@t start,

precedence, EAT] 1 and g k}gt art co ditions. ES - is
given by, INITIAL, TI ME E% all i , subject

to "task start &BnaMINg ayk EF + FJ - Di MAX(EAT #39)
) all I " Task start Cdekt—-l.SSr)\ +4pre include cond|t| ons
such as "nust start on nusf start {before", "nust
start no later than" etléFandFal"sB; nop- wor ki ng day

conditions. in which EAT] 1 represents the estinmated
avai lable tine fer_the_l§h constraint of.task Tj . EFjsq
, LS , and LF]ig’re theﬁrh)dlfled early finish, late G
start, and |late finish, resgect ive

. + . -
In thnabqveRlcHANIORER WERM pAriRT aam%%%r B&%%O@gfa"#? i 6 nidden
flowatfouyhekie deATC vhichRboul® omewei@e Iy, dokitted frbﬁcmelrabﬁdmal LIFDM or
P OB AR T GERTS RS VIS A Sves b abisory
schedule taking into consideration the RI availabilities so that the plan can be made

more reliable.

In the example embodiment, a canvas view calculation modification of the APDM is
performed as the schedule is displayed on the canvas (i.e. the GUI implemented as
described above). This modification is based on the task buffer policies, i.e. subjecting
the task to the filters based on the constraint status as described above.

In the example embodiment, the forward path considers project start, precedence,

EAT;, task start conditions and buffer policy (to be discussed subsequently). EP}' is

given by,
[ (INITIAL TIME))
EF| +FS,
MAX {ES;+SS,; { task start condition
ES, =MAX,q all i . , subject to 4
! EF, +FF; - D, ( ) buffer policy “)
ES +SF D
MAX(EA )

Using Canvas View Calculation, the backward path considers project finish and
precedence. LF; remains the same as equation 3c.
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flow t hrough the EAT which would ot herwi se be omtted

fromthe traditional PDM or CPM conputations. The
weaod7yoeatd | ate tines provided by the APDM gi veeTskie007/000043

advi sory schedul e taking into consideration the R

avai labilities so that the plan can be nmade nore

reliable. In the exanpl e emnyodi nent, a canvas vi ew

cal culation nodification of the APDM i s perforrred as

the schedule is dis he canvas
In pP R SRdNRe FrEVaRSBRYES T oopn: Romset Fpettive
lterd&@ﬁefét Qe ?}dwmﬁ/éls Blabmﬁgf; atageoioi |demi§y and enarsagoj Ieuddiem@owSh dt is
tot

acht%gq: Iﬂ?rBlé(Hl gﬁoqpélceq)tno ‘?g%gﬁﬁta ng%z&)rr%h{gseﬁtt tﬂg YkdRR flow
(dlabﬁfnmcdlnuaghecib as chﬁstsamrchpewblnﬁ 302) , wifhw beé@eh@@lm@k‘qﬁ‘ the

con%fﬁr@rt&tﬁgérg %ﬁ gﬁ?‘; ‘?k?e% E)éﬁf it d ﬂratﬂ@ e'rscl)é%@d’thgﬁatus of the

I ven
con€laaintaso \/ihaw t&l auistizinb progressed at@rmsh d "’ﬁﬁmd@ﬁh stales grom a

con%t&écf Statd lé QIH? Beg?]ﬁrq gz{oeg ﬁﬁfﬁl@@ %taté—g\}enﬁ?ﬁ?' BéhstrBft B hgFoms

equat 1 on nbodi ment, " constr ai nt

thetqrmt istapsaefcconstsainihasgd rséb?%@%tﬂ‘reeﬁtéf’? tof e pensiraint acking

BinB&dimbACRe liRksiraea in Figurislanaagabed
meﬁbdggﬁl(’?%%@&aﬂﬁ@achl evled th?ouglg t he C%Hcepﬁl of °

as fplgWs; i cati ve paraneters to represent the hidden flow
(diagranmed in Figure 3 as constraint checkpoints 302)

with the final ful fil rsent of the constraint
e phdi¥ibriregkdown{Rres8P) These verificative paraneters

| ead to the status of the constraint so that the

ok o RN SR RO ] i P i
st atiezagsee thieUednitgnt o@@nemraltmnartagamlenhg dapenderttpm the scope of
il P I ST B s o
t hepreepmqmbmoremboningmlsaesequmbl%taﬁm fa sub-artivy r% S@Pérﬂi job
des&r{iér@?%rgjﬁonjeoi ﬁﬂ?’&late ARL Mbéﬁ(nd’&cﬁﬁkﬁ’@%ﬁﬁ@éset@ §tBdedence

At s evel activities are broken down
|ntr@|a§ﬂlmhlili§r0ft gare amsiggefls because the content of
constrai nt managenent i s dependent on the scope of

e Create and update constraint library

Step 604 involves creating a constraint library or database and updating the
constraint library. A constraint library predefines the template of constraint
source, management type, and verificative -parameters. A constraint library
typically consists of several sources defined by departments or disciplines, e.g.,
contract, engineering, procurement and construction. Each source is
characterized by several management types, which define the way the constraint
is to be managed, which in turn is represented by the verificative parameters.
Each verificative parameter defines a checkpoint for constraint status tracking.
For example, the engineering category may have a management type called
drawings and the drawings may comprise six verificative parameters:
preparation, details, épproval, construction, vendor drawing, and data sheet.
Preparation would denote a committed status for the constraint while data sheet
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woherrriomge | evel s,

pl anni ng. Hi gh-level activities are suitable for
mast er and phase pl anning but at pre-production
execut abl e tasks (or sub-act PeTiSG2a7/000043
steps or job orders) are nore appropriate. After
breaki ng down the activities, the precedence

rel ati onshi ps of tasks are 28ssigned. Create and
update constraint |ibrary Step 604 involves creating a

CO%JLﬁcﬁidgﬁot% :tlgér g{@leg rsttad apase tr?é'%? daPHRdERYNGRSe the current

constrai nt 'y. Aconstraint lTibrary predefines
t hestatesrpl teecopstraiwnwhichideteraings dle, PostiRR Yetherask hyjters (to be

andyiieddd £Btdqeniar aneters. A constraint library
typically consists of several sources defined by

departnents or disciplines, e.g., contract,

SNYHARBS dRBduIPESaRENt and construction. Each source
is characterized by several managenent types, which

define the way the constraint is to be managed, which
IE n ijqtéhﬁ BOG MvbIesy BaeabRyiRy ahd) gsso%tiiﬁg @@tstraiat(srr&rrﬁm;@rnsuaint
ach verificative paraneter defi.nes a checkpoint r
corbraralaie Gk (erBrg s corsraia aronaATos Bat Would Hinder or
englisragrthagecaficgsirayplamed haske Essamtilygiaae hélp nygrage dld ledden
draw n and the. draw n C [ [ .
vertors SacRl ofeltrieshilsSe s 2fioR Foiutbes that can be easiy
appcquiedd, o substitutect arennotweorthwhilel ta e igeludaddasi goastraints. The
sh ; 2nar at | 0 I L
Sl BRI B HEREL A W b PR ot
f uldsith¢ BATst at us. Thus, these paraneters indicate the
current status of the constraint, which deternmines its
position in the task buffers (to be discussed
subagkRngtmanage cpprirgints y schedul e constraints Step 606

i nvol ves that identifying and associating constraints
fromthe constraint library to the tasks, Cenerall

] Iy
t heep GORSE B Rrasess ©F Anaringgthe Hasksugid thenponsiigingsy for flow
di sekEbilitt. oM XBBUbIIG rédlisfc RIsRNItAEdIA K deteRfiRd ibgl dsihg the

t he I e the hidden fl that, are ofte i nes

i . e FHERY Bt i i SRt R gt v et Gl g thet

acqun ratehadr ofs tHes IAPDM gdr azugmieatedwpathhwing | ret trelidide since the

i ncl uded .as_constraints, JThe avail abl.e. ti each.

corel P e 3o eIy et nd Bl oL R B

i ndep pantiatsedre possible: expedite the constraint so that the plan becomes
realistic or delay the task to be in line with the augmented path.

A watch list or to-do list of consolidated constraints is also generated at step 608
to provide the constraint status and responsible party so that the necessary
actions may be taken to resolve the constraints before the EAT date.

¢ Perform key constraint analysis (KCA)

At step 610, key constraint analysis (KCA) is performed.

The key constraint analysis (KCA) algorithm follows the theory of constraint
principles to generate a list of critical Rl constraints (namely, key constraints)
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as the EAT. Track and manage constraints Step 608 is

the process of managi ng the tasks and the constraints
woaoorivomwrel iability. Fromthis point, realisPCT/SGa®R/000043

schedul e is determ ned by using the APDM The APDM

acts as the advisory schedule for the planned task.

Tasks that run ahead of thegAPDM (or augnented path)

are not reliable since the constrai nts can onIy be

fulfilled after the planned st @ é]et

th.t@r%%lteevatl«%nga&qﬂéﬁﬁ@maﬂ@ataos A 31ougi fOé PH@“b'QUWSW

co %fé’nﬂlnmg tﬁ@ phi dﬂ@‘bs bhel @nsfaibe e thesprojeet goat (ew. erhodai @yject

e au nt e

the ta
el T OREBER) (4t Ao hon < U 6 el e eapgted ©
| S idpre0e e pbsimahcs Tap I€X8prouidps e lod’dmallwlutlon in constraint

constraint status,and, r

neduedryone e 5 SRR s Rpld rdsbficos are
conigtitediand sorhedtitive t he EAT dat e. Perform key

constraint analysis (KCA) At step 610, key constraint
analysis (KCA) is perfornmed. The key constraint

and{GAs helpg Kaje Bottierdck imnstsinto aed twaket onfistay selutions to reduce
co rb?‘%é(ﬁ' d&layBr +RE fegbl?% 5 ﬂf(tg&ﬁép bRstuits ¥ b@fexﬁédlﬁaﬂ GRknultiple

nstrarnts (name constrai nts)t

ev atepat Thig tagether with me qopgtaqngt listiimatokchiat ¢f tp@@élstg fprms the basis

UNaai G AInciabRAGIHRIfRE rbRdiRri orities of R
constral nts to the project goal (e.g., shorter project

duration). It is observed that only the key

¢ OMidpoRing tahd e@sing © be expedited to inprove project
performance. The KCA provides an optinmal solution in

constraint management, especially under the
C [ rStékaBH anaasvesh &Jpertlag ahfoahdtonr @s cystem: aaratibngyi foedxample,

bR e g pe et S5Eh Tt REHERSH i gomaton. o
pr &}xempled ebagtting Thenotifysoflthe issma drioss inod skoailar project before the
COTBHERR 18 T REF Pl o b B S g o
li sﬂrc)qecﬁtcachgd\ﬂdneleb‘mmleaily.oTot@b@pagtrqmtﬁgaQﬂmnwgkrqqgm@qq@prrectlve
1 QW dBkds@Bh BsystdRRP Aaribfiths2 A tHeP #Fd)edtdas well. Variations in. the

assignment plan become the basis for continual improvement of the project
system so that future systemic failures can be corrected. This can be achieved
by noting the reasons for variations of actual execution to the assignment plan —
these reasons surface the underlying systematic problems in the project or
variabilities that cannot be confrolled e.g. weather. These systematic problems
and e.g. weather problems are not typically discovered during the identification of
the constraints at the initial stage, but now they serve to reveal problems that

may be addressed.

Comparing with the traditional way of activity focused schedule, the constraint-based
scheduling approach adopted in the IPS of the example embodiment provides an
enhanced framework for pre-production constraint management. It allows for detecting
and reducing schedule uncertainties, analyzing the key bottleneck constraints, and
diminishing delays with pull-driven schedule control. In implementation, the IPS employs
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Step 612 invol ves reporting information on systemc

vari ations, for exanple, delays in processes, errors
woeewrrwed9 etc and | earning fromthe informati @ar/SGer07/000043

exanpl e, correcting or notify of the sanme errors in a

simlar project before the errors occur. The earlier

steps provide the nmeans to 3ganage uncertainties in the

project schedule el ectronically. Total constraint

o <RSI oM RGP L. 0 0l RO s o
sysmugaiﬂyaes;mm thembsxcibakeddhetablasirs advance frami angapuffer to another,
hué gP{v%Yn%Fta éblé %rl@lﬁ\% %%nt&éflzt nthé Qn%lhlﬁ}ffei Yh cSnstraints are

ures can be cor i's can
fulharsispleed tesbifing it gnagter reliabiiyso the wark plagy Oy Wh@\ tbws condition is

attafiUh +SAE % it b ch‘L Rulel ?oratﬁé WEDKE A sifinddiht plahhese

reasons sur ace t underlying systemati c problens in
the project or variabilities that cannot be controlled
e.g. weather. These systenmatic problenms and e. g

weat her problens are not typically discov F l{ %
With gferonetipIGHE | idn SSRETPRiC Ugrart g A PuTRESe Rt SV %m {400 for
corstra@e-bassit pgcs}wt SehedaRig/ én tah eRN@plke gmbumtnb ashaway The
esse traditional
syskitp D, Copines b ire dpbace 180 shifiner lifiet Sedtling cata
assscibied Withng legsp theaa hreat p@‘laddanmthe mext frSiodfof tireassigamené plan.
The ?yé;{)e& g%tg)gfflglaow %‘H S§easn c%ﬁgﬁgfég%eﬁmc{olﬁtaluﬁ%at? associated
withdthied etk algpad rpdang edd) dlenlgols ehetfuplen aenees atdeagtiapggveriap portlon of

theg'{é% ﬁég 0* B %(S%Y s et :ﬁ)%eﬂ%hclﬂgtsmeal'oaﬁ 3 e?de‘%lan overlaps the

driven sche cont
assigmmmppleme easyﬁtm 140:further eanpIrises 8 Pseaesad Lt 1t49§K>°UP|ed to

the it fRb Sebdid SERALES 1262, daba Rdtemsefingdfid 'agébcﬁlted W|th one or

constraints and syst emat i cal |y resolve them sq

O TP RSV ABEINDI A mﬁ'@n B p¥srlap @ogwatqﬁéhe St geriod

frorﬁ rtﬁt\,‘ | gHcHgd fd@fabéseS b | the iRstkddtapuse Eé[@ at hh@HiF YationNoft theé project
buffe he constraints oI ved

nal
SChP@@l']'Qtdianaﬁsﬂc‘%t?% WitR e gxt BEd, ‘?)9‘91 ‘??Stgﬂé‘ ﬂn pl an.
Only when this condition is attained, the tasks can be
schedul or t he vveekl ass nt L% h -
o S 5o o NS BRSO B, 408 Thonpin, g
assbcibtet wdthsthe m)r]sli@@lté @nd dios processor ubibisembupledjte the third database
| d ' n : : ;
for SEAFRN, 423 e Y B e o RRRARG R riir i of KRSt iy the
thirfbﬂaqaéese-schedul ing data :

Figufe 15 shows a flowchart 1500 illustrating a method of constraint-based project
scheduling according to and example embodiment.

Step 1502 involves maintéining a first database containing project scheduling data

associated with at least a current period and a next period of an assignment plan;

Step 1504 involves maintaining a second database containing data associated with a

look ahead plan, the look ahead plan covering at least an overlap portion of the next
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associated with at | east the current period and the
next period of the assignnent plan. The system 1400
wouod7vers7gonpri ses a second dat abase 1404 cont aCWiSBZ007/000043
data associated with the | ook ahead plan, and the | ook
ahead plan covers at |east an overlap portion of the
next period of the assignngnt plan such that the | ook
ahead pl an overlaps the assignment plan. The system

1400 further conpris ocessor unit 14
perigd of e 56I0EmeHhplog él:‘%hﬁ‘a&lgte RES @Ee%@i" Oiafgafes 5 B gnment
plarf; ransferring data associated with one or nore shiel ded
t asks havi ng a starting tine within the overlap
portion of the next period fromthe second dat abase
Step 506 inbelvds trestsfeﬁa‘tgaimesmslamdrmdi driecarthome sbieldet dasks having

ct s ul i dat '
a stgglln g—: vnegla% Rgﬁf)ﬁ ?%e ﬁ«%)ﬁgeﬁﬂgﬁs Fgﬁr%qﬁﬁgg&r?gydatabase
into ftioe fuhse databaqmr ase neodificatiah Qfathaln’aﬁ@t BaRsiuing taip dsperiated avith
aints, and the processor
the ﬁ%ﬁ %«@J@gﬁ%ésﬁ; Hla?\ ‘ﬁ ﬁ&‘?rd dat abase for updating
status i nforrratl on of the constraints as a

Stemg’(ﬁ%ﬁ‘w&&é e@utl %hﬁe Eﬁgeat éé'bo];dl}g folthé ﬂeﬂ%ﬁ@@&ﬁhe E'sé.]g'ﬂirﬁent

rating met hod

plarcbased ) the- rb%f@d prisflevheddine sl ﬁ@soa'@teerwm@etwbﬂ%ﬂod in
the frsbdRhsasenbodi nent. Step 1502 invol ves maintaining a

first database containing project scheduling data

associated with at | east a current peri od and a next

an a nment 50 e

Exaffiie, BapAREE Qabentrean: Bylion dbRF bV Ty PG Teatures and
advatages.ated with a | ook ahead plan, the | ook ahead plan

covering at |east an overlap porti on of the nextperiod

of the assignment plan such that the | ook ahead plan
Exefif LSRR T MIREERN flcBllon, 2P Bniead T PRIKE Manpgermon
funatign ifer mar@ptngarwggtsmdu migieet tramsy Rreip¢t managdesy apd igpms can gain a
tasl@ﬁér&b&ﬂv&ﬁf Hﬂeplé‘r?)éhd BErdpdtd rg@ﬂb&mﬁd SO NS Qﬂﬁrﬁbé%@, all the

dat abase as a fication of

"ecﬁﬁséfyeé‘?ta'éscﬁf@o‘iﬁﬁlﬁ‘i’@d PaRfamadss (f‘ad&x ayeigpleHbioHe ﬁe?iaph'ca' User
InteHBéd @Ulpévdn&ﬂe @SBk gomRné oﬂﬂhé@examﬁl@ eﬁtbbﬂmﬂe’iafb&elgnml IPeGUI).

5 A W P 5 985 k2 e R A B s
InteFradee evdilabig @amammmteeﬂrom hete shepty meedi todfocus on the
constraints. When the constraints are resolved, the associated tasks become "can
do" and when the coﬁstraints are managed, the task is managed. Tracking barameters
explain the status of the constraints. The project managers and teams are hence better
informed of the status of the project. They can then better decide their actions instead of
"fire-fighting" based on a disarrayed plan.

Also, by providing integrated constraint management, which uses tracking parameters to

‘monitor the status of the constraints that have implications on the schedule, example

embodiments of the present invention enable project managers and their team fo be better
informed of the progress of not just the task network but also the "hidden flows" of the
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the first database. Exanpl e enbodi nents of the present
i nvention may have the foll ow ng features and
weadvawages. Exanpl e enbodi nents of the presenPCT/SG2007/000043
i nventi on can enhance the Project Managenent function
for project managers and project teanms. Project
managers and teans can gair382a task perspective of the
plan and be able to 'get behind V\,hat vvas pl anned as

pm’?“etaan$3'”§ 'g‘?"ggh%" ?ﬁ&%%’ﬁe gr@(%li | ca g‘i r"(?er g gelayed

"hidiéBflowsavai | abl e in the software of the exarrpl e
enbodi ments (e.g. the IPS GU). AT o Do / Watch list
of constraints can al so be generated through the

Usikg apbiesalf tagk dffern tesaftegoizeasns Matsige tasks bhsedswt thelstatus and in

con{:m& th %ﬁ%d% 5@2@ @ﬁlﬂ@ gg ovide8 By R ArISiSr 8BP 8 separate "can do"

ralin nstraints are reso t he
frona Ssberdd de'e exanapik smbedirpernis cafdw'mmeatnﬂe@kmﬁwb%@e more organized

and°HB&ddiif 'Bysen%f)lﬁmg%g 3;9&@& thitRigbRSind thel¥BBAHAH- foé[lrsa&kfe@g“ed

paraneters explain the status of the constraints.
actiphsojos GeChrEARgaY s Exwarle @m?ed'eﬁew&%@"%vefqr éP“W"ﬁP'EP&’r%&O”S by
profidind Rorkhiské bsckh ahtﬁﬁ]aﬂdaw @ﬁfrolleﬁbﬁ)fiﬂlfeaﬁe b)hlﬁé aMoh&fchedule for

deci dg their acti o ead re fi qf"h} %{_? e ¢
swaghing ofiasic P gpsdre siaR g 55k Pls L e Projec
plaringst r ai nt rranagerrent V\,hl ch uses tracking paraneters

to nonitor the status of the constraints that have

i mplications on the schedul e, exanpl e enbodi nents of
Vartdtienspingwejatt ¢canveurti¢ation cthalehginpergigeprbcasa migay thatdroject sub-

e oo
ol e L oA 1 e 8557y et
andofcorréntest: olne exampieicembpgiments efisthe hresens ieendipn.e these tyRiemic

var%@xﬂsy afeC TRAhifdd ?‘(‘r&hgﬂp ﬁalé?xn v&h@nc@e Laxgss," Ritide rfoété:%w%ontmual

series task fers to categorize and
lmnﬁ@@ﬁg@t”dﬁk@%ﬁ@&ﬁ“%@ﬂquwst atus and in conjunction
wi th an advi sory schedul e prow ded by the APDM or ACPM
to separate "can do" from "shoul d do"

Furbeseriprifpiee! REFINAR AT iBIPE) Vet Perrbse .“rf‘g%mﬁ&%g@ PgRRers are now
gun@&ogamﬁ(eeﬁamewomtedfacms e r@yom@mada@ckéw sfiad] @ cdhifing blame.
o BB eyt LB R LREAR R Lo e o
contingency actions by providing a workabl e backl og

Morae(%k%gﬁgoga%f ela}ﬁscrggg} EI% laﬁglyéjer frern flJevc%'ﬂ? ?’IahyCérnaet%qvérﬁo\yéﬁance
reports generated by the GUI of the example embodiments to prevent future occurrence of
problems that lead to undesired project performance, and take performance to a higher
level. In addition, by generating a Key Constraint report and a full Constraint Watch List
Summary, a focused action plan can be determined and executed, resulting in even higher

efficiency.

The methods, algorithms, and IPS of the example embodiment can also be
implemented on a computer system 1600, schematically shown in Figure 16. It may
be implemented as software, such as a computer program being executed within the
computer system 1600, and instructing the computer system 1600 to conduct the
method of the example embodiment.
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35

swappi ng of tasks to ensure stable workflow, which is
not possi ble with conventional project planning.
woaoi7abions i n project conmuni cation, the engi REESGR7/000043
process or any other project subprocess/ systens
remai n obscure and detrinmental to the project unless
they are identified and cord3ected. In exanple
enbodi ments of the present invention, these systemc
variations are identified through plan variance
anal ysi s, which fosters continual inprovenent in
Theprcoinpoter systeend 680 datimiriseeray compriehéneriie, 16p2ojrpat modules
t
sudfi! 4 AR 1O LARY fiouRE 1006 S ABIRAR) Bl O IEE Ich as
adrﬁ@@dﬁﬁ@@l@“‘d Wm’f@!a‘tﬁ@f shifting blame. Utinmately, the
mai n obj ectives of the project are acconpli shed.
Mor eover, project teans(%ﬁi al so anal yse from Per cent

Th@P@ﬁP@@hﬁloét"ieowogriﬁ copne t© 3 epypPYter peieriai G2 vp a sﬂgtable
trarfdebivef dbtige ePSﬂ'ZfP k6 pEbrAbERRSE &oté)gpfhév fitérnbt/bH Iother network

e e S ke oy e B

In addition, by generati ng a Key Constrar nt report and

héphbblus oS 18l Vel ok ohe BUTHRLY, 1L oCSEdo 6 - pon

Acdesg Mamat {IRAMINE620 ahbea Iﬁmm@dty Memglyr (ROWVB1622n dr HeR®naduter

mo&ﬁ'lg @i&c‘? % %ﬁﬂ%bgﬁ ﬁQOPﬁ)uE ?ﬁd}ﬁmﬁ&*a% oi'?)r %xample

er Sy

/o 1rﬁerf¢¢e 1ﬁ§aﬁ tp éhe drpp@rréﬁ@émrmsl/@ m’c@rmeé 6260 lﬁhealse oard 1604.
comput er program being executed within the conputer
system 1600, and instructing the computer system 1600

The sopmenaels ohéhersonuitest modalee 160 | iepisalyo gPMEMNICAER Via an

intr QIAMERY bR 628 1ahE G a GRaRHet Rﬁéw@t&tﬂggiérﬂn JRRdliethkG@vant
i nput nodul es such as a keyboard 1604 and nouse 1606

artand a plurality of output devices such as a di splay
1608, and printer 1610. The conputer nodul e 1602 |s

dt 1 t WO
The ABRietsy aroaiam Bolbily STepien s 8o bt ot b Suhief system
1600nkatatet & aoddkar stnr@tgmmbdmyrs beaers as ux ICAROM @al fladh aaemory

carhlgrI and regé' AN?rsng cgﬁespo%%mlse&é’rgrgtor(a IY)n'edium drive of a data
storage device 1630. The application program is read and controlled in its execution
by the processor 1618. Intermediate storage of program data maybe accomplished
using RAM 1620.

Figure 17 shows a screen shot 1700 of a split screen GUI implemented in one
example embodiment.

It will be appreciated by a person skilled in the art that numerous variations and/or
modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects to

be illustrative and not restrictive.
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The conputer nodule 1602 in the exanple includes a
processor 1618, a Random Access Menory (RAM 1620 and

wa 208ad19ml y Menory (ROM) 1622. The conputer nmeduise2007/000043
1602 al so includes a nunber of Input/Qutput (1/0
interfaces, for exanple I/Ointerface 1624 to the
di splay 1608, and I/ O interftace 1626 to the keyboard
1604. The conponents of the conputer nodul e 1602

CL ﬂﬁscally conmuni cate via an interconnected bus 1628

in a manner known to the person skilled in the

relevant art. The application programis typically

su ?‘g g%dtoq cggse({alﬁet{asga ﬁ'g]ﬁ%%%ﬁ@%l ﬁ@ hc%ﬁ?figm&f 2OM or

or age um su
f | asdintaipimgrayfirstatatabase aonfanipadreiestisceedwingdata associated with at

Ieas‘f? LRy qb&@ncﬂ%é%%@@ﬁﬁgﬁr{%@ig‘ﬁmeﬂ{ by of a data

orage eV|ce cati on progran1|s rea
an dnajamnml a sgeand qiqtaba@ﬁe@qmtamm lgata; arsopiptsdedifih p '9@@18he6d

plar, @ﬁ@fo@?‘ahéaoeplﬁﬁ QoG Rﬂojt ld%fs@gﬁ %%r@a%t SorfidY &fethe next period of the
acconpl u3|n% ure 17 shows a_ screen

assigRDONPRIDSSh that 4 Ippk R, ARpiheAeRERTCRLPIhe
ex aﬁakfgnm@mt g BBdYciatdd \t/vbth lohe b rage rsﬁ@lc?ﬁeldskkyhaanrmea sediting
kille e a numer qus variatio
tim e fresvenit Sorln bRt Beson o el Fryikee o gae st
dat@daewas amddifeatgreditie propebeadhedeimgsiate ddsociated eyithrihe next period
m t he §H|r|t or scope of the invention as broadly

mwQﬁﬁﬁ?H”H@B ¥Hé&™8r esent enbodi ments are, therefore, to
be exeating dneeprojeat addordieg fetbe siekiopdsied iof thesassignmest plaal based

on Bt m%S@EJ ﬁc}é Y%c%h dhta ’%‘s%ﬂ?&dj with e, ﬁ%md hagRdhrst
proj ec irst

rising: malntaining
datapmsabase contalnlng prOJect schedullng data associ at ed
with at least a current period and a next period of an
assi gnment pl an; maintaining a second dat abase

2. corfthei methgd st dlaimedoes slameduin 19laim | o Jkrihasccomnsising , disniaying

reséé?:@ﬂfe phaas & ths angrﬁﬁérRQ)léﬂ arﬁ@ﬂx&tloﬁﬂa@é@dlé}pb&%ﬁtdrﬂﬂﬁe data
he next period of the assi nment w qﬁ |

coni@ins] Bolhostiebah sareTb EnpLEos: HabSks') ARer Do pia. e overiap

portion of the next period.

3 The method as claimed in claims 2, further comprising generating an advisory
schedule path based on processing the project scheduling data in the second database.

4. The method as claimed in claim 3, further comprising updating the advisory
schedule path based on modifications of project scheduling data in the second

database.

5. The method as claimed in claims 3 or 4, wherein the advisory schedule path is
generated based on the Augmented Precedence Diagram Method (APDM) or the
Augmented Critical Path Method (ACPM).

6. The method as claimed in any one of claims 3 to 5, further comprising displaying
the advisory schedule path on the displayed look ahead plan.
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transferring data associated with one or nore shiel ded
tasks having a starting tinme within the overl ap
woaodazioor7ef the next period fromthe second darabaser07/000043
into the first database as a nodification of the
proj ect scheduling data associated with the next
period of the assignnent pl3sn; and executing the
project according to the next period of the assignnment
pl an based on the nodified project scheduling data
associated with the next period in the first database.
7. 2. Theemaibbticd caae'metiam laaeyi oas dflihe rpmﬂ:e'dmg cliamnsn Mherein the look

snobHIELr AR PR B BRSNS DRPIL o fhuanne
the me@aﬁcaedldlngadaﬁe@smmatﬂbmth rtbe mﬂldgstmoﬂd)ad@t Qbaadysis of
the overlap portion of the
Con%tgei@g%éérjl od&dv%@@ éca&él}l’(ﬂbé}gas claimed in clainms 2,
further conprising generating an advisory schedul e

8. PatimebaReRHI0Rs RIMAES Sh ncgalinhq Qurﬂie?céonﬁﬁi@.ﬁguﬂnbﬂ%lrﬁ@ % third
in the second dat abase. 4. e nmet hod | ai med

datgbage npentaipingt alp  asiesiaied H@thuﬁla%t?%é"ﬁ’ﬁ‘é élﬂ‘@l é'Bﬁii}‘"g status

infofrfdtiRf W theldhitrdaas a8l a Ainnipaftitioh oRthe @At iAfthePthpd 8sthbase.
scheduling data in the second database. 5. The net hod
as clained in clains 3 or 4, wherein the advisory

9. schitduhettpdt &s ictairged dn adlahah Ba&&ﬂreﬂm thénejafil gesotiatell with the

con L5758 S0 T AL o A o
andinmaregingafedden flolwassscidied with thef projebler conpri si ng

-di spl ayi ng the advi sory schedul e path on the displ ayed

| ook ahead plan.7. The nethod as clainmed in any one of
10. t hd@hgresfber ayclaimedrig clainre? of A wirseingolk datreagsophied with tasks

shlefdégﬁfdﬁ SRcéHaititbs '|m@|eQ:%Hkt%i|nts 2agbdidisd WRh I%Qiq rEéHetc{\%r tasks are

nprises mani pul ating the project scheduling data
avau@g%f@r H?‘&fleﬁ/\ﬁ‘tt)ﬁhetﬁfg daiabeseg peri od based on anal ysis
of constraints and the advisory schedule path. 8. The
od as cl ai aim7, further conprisin .
ﬁ‘?d??fhﬂ‘g %?‘iﬂ'“a‘éﬁ“@b& Shegsip Spl ?Fé"%gfﬁﬂ with tasks having
uncaﬁesmlﬁs&i e cohéthaitth aseasdd withndaid redpettivp ks a@ rot alailable for
transfer into the first database, and data representing starting dates of said respective

tasks in the look ahead plan is manipulated to be outside at least the overlap portion of

the next period.

12. A system for constraint-based project scheduling comprising:

a first database containing project scheduling data associated with at least a
current period and a next period of an assignment plan;

a second database containing data associated with a look ahead plan, the look
ahead plan covering at least an overiap portion of the next period of the assignment plan
such that the look ahead plan overlaps the assignment plan; and

a processor unit for transferring data associated with one or more shielded tasks
having a starting time within the overlap portion of the next period from the second
database into the first database as a modification of the project scheduling data
associated with the next period of the assignment plan.
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informati on of the constraints as a mani pul ati on of
the data in the third database. 9. The nethod as
wohei7eth7on cl ai m 8, wherein the data associ at edTsGRIV7/000043
the constraints conprises a set of verification
paraneters for each constraint for tracking and
managi ng a hidden fl ow asseéi ated with the project.
10. The method as clained in clains 8 or 9, wherein
only data associated with tasks shiel ded from
uncertainties in the constraints associated with said
13. r eJpecystem dsackimedras claimied ableint d@. furthes¢amprisiiaca display for
first i) ' j | Al
dmp\H}{@% é?ﬂ)%g ?ogté%ngsgqf g%éqé;ss\lgﬁbﬁﬂgpl% aﬁjﬁ Bk hifedd FAibasad on

tasks havin

the @ataemr@almﬂd wsthierfirsthand seeand databasgs 5@@9&? ey and inclugiing the

Iwﬂl' ¢ ﬁegjlg o€ not available for transfer into
Oveﬁﬁ)s ITst o# g and data representing starting
dates of said respectlve tasks in the | ook ahead pl an

14,1 Tﬂ@@y@t@haéﬁ Bl Qalingi 1@e whbrdirt @it pﬂbb@ss@k/ Qhit @Bnerates an
portion of the next period.

advisgiyscheruif PRRdE8eH PR |PEESERR émrpﬁgty %tto*'ﬁgiﬂing.%a in fhe second

datdtagst dat abase contai ni ng project scheduling data

associated with at |least a current period and a next
peri od of an assignnent plan; a second database
15. COIMhai systeeh datamimed de ictiradl 4 vHerein | tbe lpredesaet wiitanpdatése the
ook ahead n i verl: i
a5 BORE p A B U o RRlons BERIGIAR < NEh A AR o Rocond
datdtase.l ook ahead pl an overl aps the assignnent plan; and
a processor unit for transferring data associated with
one or nore shielded tasks havi ng a starting tine
16.wi tThiersystam asvaiaimag ip@aifriscid asf15; waergindhe 36 Y'F% sehestyle pash is
gen@%@é?ﬂﬂ/ tﬂébﬁ;&%&%r umt %a&éheorf ih@ﬂugﬂféh@%ﬂsr@cétﬁan@e Diagram Method

di fi'cation of #lect schedul i ng data associ at ed
(APWM)WT tﬂ?é\qgé's@ﬂt%‘&ﬁt'éa' Pcﬁ" MethoddAEBMent pl an. 13. The

systemas clainmed as clainmed in cI aim12, further

SECE RN IR GG R ——

for @h@ayshRs advisory sdreddiatpatcanthaidieyediookehéad glian.and

second dat abases respectively and including the
overlap portion of the next period. 14. The system as
18.c| diheexysiem ad alaimedlB, anyhaecfrtidine 12rtocHs sderaimihie look ahead

plarggglg{)ﬁstegsa %ﬂlling period, and the processor unit is utilised to manipulate the
project scheduling data associated with the pulling period based on analysis of
constraints and the advisory schedule path.

19. The system as claimed in claim 18, further comprising a third database
containing data associated with the constraints, and the data processor is utilised to
update status information of the constraints as a manipulation of the data in the third

database.

20. The system as claimed in claim 19, wherein the data associated with the
constraints comprises a set of verification parameters for each constraint for tracking
and managing a hidden flow associated with the project.
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advi sory schedul e path based on processing the project
scheduling data in the second database. 15. The system
wagowiaigred i n claim 14, wherein the processor PAmiSG2007/000043

updat es the advi sory schedul e path based on
nodi fications of project scheduling data in the second
dat abase. 16. The system ag7clained in clains 14 or
15, wherein the advisory schedule path is generated by
t he processor unit based on the Augnented Precedence
Di agram Met hod (APDM or the Augnented Critical Path

21. MetTihedsysdaPh clalhied ihhaaisysst®or 88, wherimeahly datargssotri@tedfwith

cl ai 4 t0 1 ' di
o g kB, S o SR a5 [ ot
are bealeble ierdchnpleainto the firsTHatabgsst em as clainmed 'in any one

of clains 12 to 17, wherein the | ook ahead pl an

conprises a pulling period, and the processor unit is
22. ut iTheswtetroasralingsgl iatalaimad, prhefaie datecarsearintps githdpgks having

unc@n?aclﬁ’tfés% . d@hétl%ﬂtg‘ Ssé?)'éia'técnﬂtrpﬁsﬁd Ra@ H3H6 thsRO a7k Mﬁéll‘éme for

constrai nts and advi sory edul e path

trangfps fndpribesfire) dataase; ﬁ”%ﬂ%\t?rfﬁﬂ@se'ftlﬁﬂt%?”% 3 PE??@ regpstive

taskshh sk 188k aharepISPRIApUIEed & Be BEERIGI A6t thetdveildreportion of
constraints, and the data processor is utilised to

the Uﬁ?ﬂ&’?@o%t atus information of the constraints as a
mani pul ati on of the data in the third database. 20.

tem.as_cl ai.nmed in mil he data
23. ;o RIp B oot baseth Brojedt sPhedlpt BoloBhdnd e, 45
v ermédnsafar omaiptirdme tae fist fdatabeae hcqmmmt\g arpjectf sgheduling data

ass{bm%gtgg k/\p(g a?{égit%a«ﬂ@%h%r% I?ah&' g%x{ ;geQWd %? 2P Qé.ﬁ?gfn%n%%n'

proj 6c g &y a0
20, mednsrfesi maiotaimnmS@OaQ §et§ba$fzé@br\mmlhg dalglessedinted wity a look

ahefaﬁ Bg}nuﬂ%% dicenBbd ?lﬁn icBvdriAg of %ﬁ%eﬁﬁ?\)&lép B&ﬁ&?bﬁh@ ﬂe)‘d"ﬂehod of

respect lve are aval for transfer into
the tamgrfmwplam:afbﬁ@bthe iqpk ahgad glagoxaraps the assigamenhplalai m

21, madigresd %&@r%@&?@ﬁéﬁc%ﬂa%ﬁﬂ“oﬁ@&hﬁo@%ﬁl%d tasks havmg a
uncertainties in the constraints as 55'3

starig fae VI b QKRR Ia0 O AP PRBPESS B Lhessrral Spigbgee imo

the iR dfatabsge dataaha&ﬁoauaim df €t projeePsateaingndats hegdciatg with the
dat (f) r estpc?ct ive

next perlod o} the assngnmen pla

24. A data storage medium containing computer readable code means for
instructing a computer system to execute a method for constraint-based project
scheduling comprising:

maintaining a first database containing project scheduling data associated with at
least a current period and a next period of an assignment plan;

maintaining a second database containing data associated with a look ahead .
plan, the look ahead plan covering at least an overlap portion of the next period of the
assignment plan such that the look ahead plan overlaps the assignment plan; and

transferring data associated with one or more shielded tasks having a starting

time within the overlap portion of the next period from the second database into the first



tasks in the | ook ahead plan is mani pul ated to be
outside at |east the overlap portion of the next
woeoi7md19723. A system of constraint-based proj 8CT/SG2007/000043
schedul i ng conprising: neans for maintaining a first
dat abase contai ni ng project scheduling data associ ated
with at |east a current perB8&d and a next period of an
assi gnment plan; means for naintaining a second
[
e PN B R RARIIAD B ibided T uGdRREperon
Ofgﬁﬁﬁﬁﬁﬁm9$tmﬁb next perlod of the assignment plan such
that the | ook ahead plan overlaps the assignnent plan;
means for transferring data associated with one or
nore shiel ded tasks having a starting tinme wthin the
overlap portion of the next period fromthe second
dat abase into the first database as a nodification of
the project scheduling data associated with the next
peri od of the assignment plan. 24. A data storage
medi um cont ai ni ng conput er readabl e code neans for
instructing a conputer systemto execute a method for
constrai nt - based project scheduling conprising:
mai ntai ning a first database containing project
schedul i ng data associated with at |east a current
period and a next period of an assignnent plan;
mai ntai ni ng a second dat abase contai ni ng data
associated with a | ook ahead plan, the | ook ahead pl an
covering at | east an overlap portion of the next
period of the assignnent plan such that the | ook ahead
pl an overl aps the assignnment plan; and transferring
data associated with one or nore shiel ded tasks having
a starting tinme wwthin the overlap portion of the next
period fromthe second database into the firstdatabase
as a nodification of the project scheduling data
associated with the next period of the assignnment
pl an.



