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WO 2007/091979 PCTISG2007/000043 A Method And System for
WOCﬁg%{ﬁig%based Project Scheduling FIELD OF INVENTIO'\LH}EG:
Invention relates to a method and system for constraint-based projec
scheduling and to a data storage medium containing computer readable
code means for instructing a computer system to execute a method for
constraint-based project scheduling. 10 BACKGROUND Project planning
typically involves at least five stages, namely, strategic, master, phase,
- ' f
A T e S et
management tools have been widely used in high-level planning (i.e.,
master and phase). However, these CPM tools are generally unsuitable
for low-level planning (i.e., look-ahead and commitment) because these
FIELBJRFiSRNTISNY indispensable prerequisite constraints (e.g., resource
and 20 information availabilities, contract, and safety),. which are trivial at

This E'E%%}Lt?%’rf :5%%%% oglgb;régtir?é ;Jsﬁl;ﬁgéé%%wfé?@n@l‘?‘”r’?ti-”b%gg %P%@? & auing

07/600043

1al” reform of mindset‘an
and ritethodal gyiarass Msediushiftpitalitne arrage i ResiabrorPBRy raeavRIcSr
instriR GaaleEsaskaaneyeenlrai ntseAltd W-Ig\ehBRRGING BABAnRISANER Project
sche%‘ﬁg to be broken down into manageable-sized tasks and the impact of
non-ﬁr’ecedence 25 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
f ists to provide a method and system for constraint-based
BA&pgggjgt?[%ﬁ;cheduling that addresses at least one of the above-mentioned
problems. WO 2007/091979 PCT/SG2007/000043 2 SUMMARY In

Proj@ﬁqtsrl]é@gam@awf iHa;@ ﬁiﬁf%i&@pgct@stha@mﬁh giﬁ&m@&@%ﬁiﬁt@ﬁ&:j&%@&@dpﬁb@e,
m _of constraint- roject scheduli omp[is

oo T QR S AR
presgriuFiisabiestb detra {{&xl) based project management tools have been widely

used in high-level planning (i.e., master and phase}. However, these CPM tools are
generally unsuitable for low-level planning {i.e., look-ahead and commiiment) because
these tools ignore many indispensable prerequisite constraints (e.g., resource and

~ information availabilities, confract, and safety}, which are trivial at high-level planning 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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period of an assignment plan; maintaining a second database containing

qug&g?f@gslﬁ%iated with a look ahead plan, the took ahead planpgfﬁfgg%%]%%o“
eas pla C

an overlap portion of the next period of the assignment plan su

that the look ahead plan overlaps the assignment plan; transferring data

associated with one or more shielded tasks 10 having a starting time

within the overlap portion of the next period from the second database

i first database as a modification of the project scheduling data

associated with the next period of the assignment plan; and executing the

project according to the next period of the assignment plan based on the
in afmew&m eRPuaIact ﬁ@ﬁ@%&% ﬂm@mﬁi%f h , Mtkhmﬁerﬂgxlé peratkinahesthod

irst database. 15 The method, m rther comprise displaying pective
M I A
conigiine Greisplesr it thbing seimassesigirs ddthrideastaspatenionprigihand a next
peritRCleding tha ayemaRtPerkion akinaifexst Reridodd ThesmahoshbAtaiting data

further c rise,generating_an, advisory, schedule path based on
s S R EAE e A R R R e o overer

portipeaidbeniayt fopfitst dohfpriignpeatiftpthe el e ddcrheasRirnayadaps
the @ﬁs@@dfémamﬂ:s phirierigsahedubisgetata inviine SRCONGwatabABRIcD tasks
The advisory sche pat e rat ased on t ente
R B SRS T e ey e ene
dataprtRotpiadeMist ieighasn dtn ay adiseEsmpiseigigihgiheduling data
ass@ﬂ&iéa@r)ﬁlﬁﬁhﬁdui%ﬂa@mtbe t66 displayeshioplaghend plasuiliie teoloroject
[ u , elnogl 1u .
acccorﬁrﬁeiﬂeﬁ?a%ﬁﬁﬁﬁ%]ﬁﬁ%ré%%%ﬁﬁéﬂ il RO HR8feo, profect

schorlifing feiacePasiadominihepsd BedehEtiinid ssiigiasRivisory schedule
path. WO 2007/091979 PCT/SG2007/000043 3 The method may further

T D S eair G SR Che pen

3ndrﬁ%¥ﬁ?ﬁﬁfﬂﬁ?6ﬁﬁ% besadignibanrir $efipingd ig the first and second databases

respectively and including the overlap portion of the nex{ period.

The method may further comprise generating an advisory schedule path based on
processing the project scheduling data in the second database.

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

The fook ahead plan may comprise a puliing 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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The data associated with the constraints may comprise a set of
verification parameters for each constraint for tracking and '

WOhl%lrd @r? R‘I%\%v associated with the project. Only data associat(;%evli\:ﬁ?%@oows
shielded from uncertainties in the constraints associated 10 with said
respective tasks may be available fogtransfer into the first database. 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

ThenarIbROAERY BIEASS A8MRSRfpMaETE e DUEde RiRNRSCiHOBRAg data

asqRiHed withthaexneetints, |arRcopddancetwith afseaatichasibet @friftenints as a

resept in [ ] i ' system for constraint-based project
mas%%%?ngﬁéﬁgﬁ?ﬁéﬁaé zrr{g{%%?a ags% containing project scheduling data
associated with at least a current period and a next period of an 20

Thassignmeestiaten wisecordrdatihiasasoniaipintg datatassasiftatbwitrameters
look:ah I ari '
o e B R e o et
overlaps the assignment plan; and a processor unit for transferring data
OnBssaEi atedakitbdonighaasherhiideltifohtasice Hawites & Btartmgstiahdswithiriated
: I ion Qf | into 25
T SR ™
associated with the next period of the assignment plan. The system may -
Daﬁurmb@atwm aadispleyviiay di&;ﬂﬁgﬁnﬁ@a;éapbet@ﬁnmﬁﬂas&sﬁdhetgd wit_h said
re%%%@%”}g%oﬁgﬁﬂgtt%% tg@ﬁg@ﬁssa@pm@m@ D& AR ARLANEL data

irst and 30 Second databases respectively and including the overIaP )
reRSBRABINGT ik PRIFSd O A JESREBTEnitARSy GertBPat%h 2BGRbEN
mSthadisle tpail hasied etiqrsiobssing treppiioject dohedklipgriddta in the
second database. WO 2007/091979 PCTISG2007/000043 4 The
processor unit may update the advisory schedule path based on . )
N ARRRTRARRHAER BrSRRAELIREAGRh G o MSRESJCURY BRtbRER SrREovided a
syaidvistmycsrisadine paadpayids gemstaliod byrtireipngca Sseirdatibbasedriaining
pr{jl%:ét §cﬁé‘&%?£?éi‘ap J8ssqanaeiaaRIMEINRS-ARRM) Lkt ext period of an

\ugmented Critical Path Method (ACPM). The display may further displ
oo ESORP<E BRI AR ) BB ToCACRHER v & ook Sheb .

the look ahead plan covering at least an overlap portion of the next period of the

" assignment plan such that the look ahead plan overtaps the assignment plan; and a

processor unit for transferring data associated with one or more shieided 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 proiect schéduiing data associated with the
next period of the assignment plan.

The system may further comprise a display for displaying respective portions of the
assighment 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 dafa in the second database.
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plan. 10 The look ahead plan may comprise a pulling period, and the

Wooimg%unit is utilised to manipulate the project schedulingdata:»07/000043
associated with the pulling period based on analysis of constraints and

the advisory schedule path. 15 The system may further comprise a third
database containing data associateg with the constraints, and the data
processor is utilised to update status information of the constraints as a
manipulation. of the data in,the irdéjat base. The data sag)%t&ﬁ %%'h
The G L o S e VIR, R S S AR o
projeshsshedutinordatiinbesganddaiipeea: hidden flow associated with the
project. One data associated with tasks shielded from uncertainties in the
copstraints assqciated with said respective tasks m jlable for
T Y B AR DB e e Gttt Qo on the
Augmeptataintresdenpe cingrainMaiiReddariaMiitarstia fesmeriicd (aERsah Spth

Mettigd ecawalable 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.
The Zippieyceaydarioe Witk avtiipedyjsent stpdultesthomisntishlarstonk ahead
planprovided 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 ofan
The JedligiiAaf PR SERYHSE A AW PRy iacs ceshige s asy Lol dsiMifiged to
marfliliR@sgaciaigdavithia datkgabenrd lsutidteel |oalk aheashpien MWdd based on
7 . Q ing at least an overlap portion
analggg]o’é)?&%?r&ﬁ%%éﬁ% %Q%%ﬁ%&%{&{#ﬂ

e next perio e assignment plan‘such that the look ahead plan
overlaps the assignment plan; means for transferring data associated
Thewiitemenaymetesshisideidasksibaling asstadingingedaithindbeave tdth the
con@PAHEE, USACHRENAGLON e SRRACda1ahate MRS REAhIRAPEEhe

as a 5 modification of the project scheduling data associated with the next
conpiEaind 8F thE 2RELHHRER %?a?ﬁ%“&@&%?@f%gétﬁ?ﬁ?% fourth aspect of the

present invention, there is provided a data 10 storage medium containing
TheC@MH£§5£%@@W%%RQ%&@@&ﬁt@&%%ﬁ%@@a sef of verification parameters

for each constraint for fracking and managing a hidden flow associated with the project.

One data associated with tasks shielded from uncertainties in the consfraints associated
with said respective tasks may be available for fransfer info the first database.

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 consiraint-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 coniaining data associated with a look ahead plan, the look ahead plan
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computer system to execute a method for constraint-based project
woeshiediding, comprising maintaining a first database CON&ininﬂcﬁﬁ@l%bwoooms
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 took ahead pian, the look ahead plan 15 covering
at least an overlap portion of the next period of the assignment plan such
I ad_plan gverl t ' lan;.and transferrin
co R D e R B A AR B P e

the \ioPfin 2heasvdipp pyrtisRsofitte FREIGNHERD IS FraBechidimiipaiss data
assiiattdedirstahrtalpanerasshionpstilieakio malfitihe Piethgseheduiing daavearap

porfre i Rd D e ne periRd oLile psslanment plan, 20dLis oled hal,
while the terms ™first”, "second", “third" etc databases have been used’in
mogifigadiom b iparidisel cherdutihe sldideptsRoE i Stdirmpeddnreriod of the
assigapiemenriing separate databases, but may also be implemented by
integrating the "first", "second"”, "third" etc database contents in a single
database structure. 25 BRIEF DESCRIPTION OF THE DRAWINGS
Embodiments of the invention will be better understood and readily
n aghpNreTd GRS BrOTARRG < SHGRESER S GRERIBRTRiRYHed 2 data
stordgecripddinibyonatpiofrexampleuB0 orbdane inabmjunetion Wiith itructing a
cortBaNggsitnvhic,lauee 3 shawsd rehemlicdirgtaryIgSHAtiNcheduling
variQus non-conversign activities existing in a conversion model. WO
OIS PO & 570 S A P b TRE LR aifoessociated
wittdiddeant #lustratihgdriteraction asxdpgindltplenpregiginpruceisses:dritringg a
secar iWshasschemaliciacr AL ilisaing NR.sReRKING L CORS RN LALAW Sian
in. 5 ml%lt"’l?ple sta%e . Fﬁgur,e 4 Sht ws a schematic diagram |IIustrat|ngﬁhe
ooV PR Bb AR BT ANA BT EUIcHeSy e SRR PAGRIFEER SHE L=t
the ek abaratioiahiaayenant ube adpignnendjpletsenddtdesiithiop tdel apsockigdreith
one? AU SHRENCEAICHIRBEAMSIIGIEARNG (DRRI YRCERSDGA MR AIRE ext

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.

it is noted that while the terms "first”, "second”, "third" etc databases have been used in
the summary and the claims, the present invention is not fimited to implementing
separate databases, but may also be Implemented by integrating the "first", "second”,
"third" etc database confents 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 vatious non-conversion activities
existing in a conversion model.
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unchanged despite a delay in the delivery of a resource and information
rerequisite. 15 Figure 5C shows a schematic diagram illustr
w r%é’“& osje(?tgschedule due to the delay in the delivery of the ress%%grscgegéﬁyc?%oms
information prerequisite. Figure 5D shows a schematic diagram illustrating
the use of pull-driven schedule 20 gpproach in the example embodiment
of present invention. Figure 6 shows a schematic diagram illustrating the

Step. he constraint Ira k| m i‘” ed b the exam
5 et Brif eg'r%%ce eh %‘rgt ,gﬁ%%ﬁ ) amend, m uﬁ 6Rle project

pmeﬁ@m illustrating a Graphlcal User Interface (GUI) according to the
example embodiment of the present invention. Figure 8 shows a

schematic diagrgm ill tr tin buff r and screenin uffer
PO ot T SR T e BB TR B g i
mUbﬁé@@rﬁ@Q&@ invention. Figure 9 shows a schematic diagram illustrating a
planned schedule being behind an advisory schedule in the Graphical

User, | erface (é? le e di of the Rre ent |nvent|o
POl D608 ST ROt SR 1S o B LS rhigh o pul
progisgjiemeiRistAgting a planned schedule being ahead of an adV|sory

schedule in the Graphical User Interface of the example embodiment of

the ent inve tlon 5 Ei ure 11 shows sche atic dia ill ti
POl S S a e s T RS SR s e

User Interface of the example embodlment of the present invention. 10
Fighiguss 12hshews echehrimatitagiagy amsdiusiating sirgilingpristrlesiaining

t e nage in. a di e prese .
g e 2 R R R BRSSP aporpaton
prepeadiplifation of the Graphical User Interface (GUI) workable backlogs

and making work assignments 15 according to the example embodiment

Figﬂpe%péﬁgﬁgtai %ﬁgl%%ﬂc diagram iliustrating delay of the project schedule due to
the delay in the delivery of the resource and information prerequisite.

F:gu

Figure 5D shows a schematic diagram illustrating the use of pull-driven schedule
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 inierface {GU)
according {o the example embodiment of the present invention.

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

Figure 8 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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Figure 14 shows schematic diagram of a system for constraint-based
ject eduling in an example embodiment. 20 Figure 15 shows a
W{ﬁé%vbi/ﬁ)gr ?Ifustrating a method of constraint-based project Scﬁgg/ﬁ%zé}u’//ot}oms
according to an example embodiment. Figure 16 shows a schematic
drawing of a computer system for implementing the method and system
according to an example embodiment. 25 Figure 17 shows a screen shot
of a split screen GUI implemented in one example embodiment.
DETAILED DESCRIPTION 30 Some portions of the description which
Figuisll AR ShpwermRtidyaicdipitay vesatmecirpiaenad sshagulsuhriaskabead of
an JenstanateeaYB ol leRissed BlensRHRREGtian SRR enBEHiMent of the
computer. memory. These algorithmic descriptions and functional or
P resgﬂﬁ\gﬁ% I%presentations are the means used by those skilled in the data
processing arts to WO 2007/091979 PCT/SG2007/000043 8 convey most

rigleectivelibe suhsinmeaiabiainversiaoinarsskiladiuibasamghed with an

algorith itfpere nd.generally., conceiyved to Qﬁﬁa self-consisten
' §
o AU B S TP 0 3 e FEEU TR Up o epigent o the
preseijiiniegtiohysical manipulations of physical quantities, such as electrical,
magnetic or optical signals capable of being 5 stored, transferred,

'Figu%%rqgins%d W%Og] g{%gr%agcngig t:hael{lvﬂﬁest@g{?%%ﬁ%%?% Elct?tg? ﬁﬁgsc '&kc%% buffer

stated otherwise, and as apparent from . T wil
mangssracatés el Robetiagreadhe spesaméimenienscussions utilizing

terms such as "scanning", "calculating", "determining", "replacing”,

oIS, WA, o U B BRI o

Graphiib Warss iairriarantibing ei@ble praskngsd 2RIpRERE Yok agelgnments

acciylitip iherthexarimpWabsyisient dnthohesaaiaweindarly represented as
physical quantities within the computer system or other information

storage, transmission or display devices. 15 _ )
Figure 14 shows schematic diagram of a system for constraini-based project

scheduling in an example embodiment.

Figure 15 shows a flowchart iliustrating a method of constraint-based project
scheduling according to an example embodiment.

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 expiicitly or implicitly presenied in
terms of algorithms and functional or symbolic representations of operations on data
withiri 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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The present specification also discloses apparatus for performing the

W ogetl%tb%s of the methods. Such apparatus may be speual%gﬁz%%%gf%(m 13
or the requwed purposes, or may comprise a general purpose compute

or other device selectively activated or reconfigured by a computer
program stored in the computer. Tk@ algorithms and 20 displays

presented herein are not inherently related to any particular computer or
other apparatus. Various general purpose machines may be usedﬂwnh

convigyo rashSffectivelr dan bFian e e ReInYe HelRifthRIR AR R art An
algoftnstiziciios efhagrespiig)aliredivappar bt s togiferfomiattmt sequiret of steps

!eadm§ ‘%%@B%@%’sﬁﬁ' aﬁ@%@é@%r@hﬁoﬁé”%‘d[ﬁrﬂ&ap HigRBliations of

neral purpose computer will appear from the descrip |on below.. 25 ¥
Physé&ﬁ!|ﬁ6‘ﬁ“¥ﬁ@§»ré%‘htas?pélﬁﬁ%ﬁbMQB%%REM&PB‘?@EIB‘Q@@’% EBMARlGcY Peing
storgif ogaasieirednabnibined)ddepapmiment tthtrevisenrsanisiddied.in the art that
the individual steps of the method described herein may be put into effect
by computer code. The computer §)rogram is not intended tg be limited to }
oB%aRBPSESAh prameiaohtBsof. Y be
appwdldn@iappremaﬁgﬂmlﬁaha mardety spfepiigrammlisgussigumgdiimnootingh as

rscanlfhgef m%%li %jjf todmplemend the teaghings of e disalapure initializing”,
erein.

cont alned oreover, the computer program Is not intended to be

“outpitfied 1@ aMPp it RS i PRER ?H%r@"g?éﬁﬁ%ﬁ fothEPVRHEREYSHRRe O
simizorajeutemiregrdes, thhichariuiats difficirenttomsoldtowepisishoisd as physical

quaR@RRUReFomdheSRidh ﬁﬁa@o%tgmhﬁt@v&ﬂﬁprha\f!%%@@uo%ﬁégented as
PCT/SG2007/000043 9 Furthermore, one or more of the s{?xprgél on S rage.
S

phygligah G HSSraithiny e p%%?ﬁm%rd Ry SHRTIIES r oY thE entiafly
tranSuisiarcondpyiey geogreem may be stored on any computer readable
medium. The computer readable medium may include storage 5 devices

such as magnetic or optical disks, mema r other stora e devic
AN A

ThepfesAt RRCHISARGRISRITPEFER AR ﬁ%ﬂ@%%f’@or%%a fis, O the
metheddaBlechragiaratmay aiseisokaisia tershwiied faedenesyirdsur POS@S or

maf)&%mBHnga'rb%llﬂt%%Bs@/ %Eﬁ'ﬁﬁu%rv\!:lfe&ﬁ&n&diéénsﬁl&h@y activated or

exemplified in'the GSM mobile telepho es;lgﬁtem Th §8%15 an.d
rec‘%mgwf’@aé’gdaaﬁ&‘@%t@ﬁté’&agf‘?% P geferdfptirpos ue@Eompute 0
dispéfec ety nesuiteriinarapparisieninraapidnie Ay thiaridss erpeter or other

apparsfesred msthodie foramplegeabadiments okibg Hresassdnvaatioprdgvatve in
accg}galilascg \?Jit h%%%ac%mgg herein. Alternatively, the construction of more speacialized
apparatus to perform the required method steps may be appropriate. The structure of a

conventional general purpose computer will appear from the description below.

In addition, the present specification also implicily 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 fo 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 compziter program, which can use
different confrol flows without departing from the spirit or scope of the invention.
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precedence diagram method (APDM) or Augmented critical path method

WO(AO%EMM ee e.g. Chua, K. H. D, Shen, L. J., and Bok, S j%%%owoom

onstralnt based Planning 15 Wlth Integrated Productlon Scheduler over
Internet. Journal of Construction Engineering and Management. 129(3),
293-3011, a constraint tracking meghod, and task buffer management for
constraint-based planning and scheduling at the 'pre-production’ stage, in
particular the look-ahead and commitment planning stages in project
planning. The methods and systems of the example embodiments may
Furtiizgruitiseshin orariotss @QHadteisies thectumpuitagsgrgrojeay ranafermentin
paraﬁeg Egtﬂ@?t(ﬁéﬁt'%@?mﬂét ACHEiNg %BQ!B%P”&O@%E?%Q? B4Cstored on any

ementations illustratéd in the exam mbodiments ma de i
Gom‘i’r‘r{f@@rﬁ-‘t@%?a%%ﬁ’t’rﬁ‘erﬁgﬁt E0PPYIEEL %@H&d%“@m“““ & slorage
devik¥insaaras ansnﬁt@rommbldtﬁahkeempexmlpﬂ it oisastarpgejststvices

su:t laNRING ROMNAIE - @it 2SN RIG SRRROdiRRREST thﬁep@ﬁ%ﬁtﬁtv%ﬁt%ble

ere is provided a constraint-based scheduling tool, her Efgfter ee red

medimay |ﬁt%gta?étt%t@§§ SRR AR 8Y SO A RIGE TATA T B Aatermet

systéased wircthesprindiptesuwhlearetkinkiiig] sethe GoKoslablie teleptoog)system.
The d%ﬂ@tﬁépﬁl%grr m%vﬂg?{vl&{@éj&'ﬁﬁ@%ﬁﬂt@é@%s&ﬁ%@ﬂé%@hrpﬁ@@'&omputer
Report No. 72, Center for IH {ed Famhgl?,é%ref%lngég t Oof %}A
eﬁe‘"@ﬁﬁ%@%ﬁt‘t@ ISR S URRS i}m&'AS B i g B° Asar
(1998). "Shielding production: essential step in production control.”
Exa tt{g%%%ﬁ%%t%tqn&weﬁﬁn[m@@w&nﬁsgm@t U&S%gaﬂ-%l(éaiented
and theor s [.see e 0
Pf@"?ﬂ?é‘%fﬁtagﬁ’éﬂéagﬁ?é? zﬂfé@]%’tﬁﬂs o A e S [oee
e.0. IBipleniented? Naven, Rivir 1 RoiEw HorROMPY) S ioaigHawsesh §lanning
wit $riteefndl 7 BRRAEAO g&ﬁelﬁﬁ@ﬁ%ﬂgiﬂﬂt%%@p%@ﬂﬂpcﬁeSonstrucﬂon

eliminating hidden flow to ject per in ter S
Engaﬁgﬁpygoqr\% PSR etgé@s %g prH by a% Etginsprg(r:en R8fand s
buffgrmwammﬁrﬁmm@mat-@@ﬁa@piﬁnwm@mhﬁchﬁaéuwwgtdhm@%@@ﬁéﬁton

stag%xiiﬁr}%'?tfégﬁt e Rérasliianalhy isoRtaving-iaplepraduativity 1@ srolitlanning.
ensive tr nsformation-flow- valu ew that refo ms projec
e BriRER 3

Fndle ifvg ﬁ@ﬁsf’ By The %eecr)?y iment

cons raln scoverejrt various
industrigs mwmm mitseRive wﬁméumgwmﬁéaﬁ%nQ%§9%?€m S\Bam!f%ﬁurmg,

EnghiBiigoreidhriestnapheasalivienRgaatayithine preisplarehBodimerts
mate%,eagfh?@tg &8 SOTUGMIRALRRTY BllFSLoyRISINE AR SERH R Bivers

Microsoft Project or the like, or exist on its own as a pmject planning software.

In an example embodiment of the present invention, there is provided a constraint—t)ased
scheduling tool, hereinafter referred to as an Integrated Process Scheduler (IPS), for
making reliable plans based on the principtes of lean thinking [ see e.g. Koskela, L.
(1992). “Appiication 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. (1988). “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, £.M. (1990), What is
This Thing Calfed Theory of Constraints and How Should it be Implemented? North
River Press, New York, NY].
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productivity. In most cases, they are the binding factors on the system

bottlenecks Eliminating these constraints or reducing their v,
WK W]mg&nz?y improve the overall system performance. In othe%&vf@r%% Htdooss

constraints are not equally important. Higher priority. should be granted to
the critical constraints, especially when the available 15 resources are
limited. The IPS of the example em1bod|ment can help to address project
vulnerabilities due to uncertainties. It manages constraints hidden in, for
example, the processes, the supply chain, and information flow, including
The GeastEiKag efibgoithg ualitycsafe glimimdtcgnthixtisn 2@ st @nehatroject
perfo ma%gea YR&0 tstl%?gﬁgﬁx)g \ki) I?Hﬁﬁt'\’ﬁllghl@gt'@@geﬂv%eéﬂ@‘c% Harency of

Jdvance. In the ex odiment a look-ahead plan’is implemente
proda@!@mmﬁ@mr %aéwq&mbr'g ARG taRoRGYS GhReRRReBrH SRS R dhe
radxtﬁﬂﬁ@iﬂﬁﬁl@hﬂ@‘%dm anagemantds 2pencpioyetaustistirandenpisitidoefalue

view rtg%k |S\Rr,}, VéIC% Qﬁgnp]ﬂtaqm%ﬁ,y\h}ae precedence relationship in the

project ne ut a o by the RI constraint status based on some task
buffer policy. Each task buffer subjects the tasks to some policy to filter
The GitbHnsivalieaiasisosose banstiamntsstiatusiber ndtsaisfintherewdsainen

the }690 nstrgg%p r?v\gg&? dtﬁéggbaﬂlé%%mw B %EQM& ﬂﬁ;@é’r@%ﬁs \Uﬂ*ﬁ‘?% %ﬁcular

nt policy is'30 fled. This consequently triggers the wa
scowgygcele%qfeﬁeaiﬁ/%eﬁi@ &zclaretem %%@8?@8% ‘fhéeEEﬁe‘HJFg rﬁ% and

produtigingl planoshanagemeay diredtieesiatiog ffotorsd oreithe rsifsteRl bottlenecks.
ElimFRRG LS, Wél&r%‘?r&%ﬂ??@?%&&%tﬁ‘én%w{u laeme@ﬁgawqﬂﬁ%@eeme

curre trea so that downstream workflow will not su from furth

overalgwf»b%ee QUERSER DB S Y BEST I RSTBRHRIB WS eﬂ%ﬂ}fgﬂ?—%"%‘ﬁo‘d@“&f
priogtyligigraich bé agrantad ple iGrapiiical Uswirthkitdsiacepsicthlly IRSB4n dme available

rescERANRIE pmbediment. Figure 7 illustrates the workings of task buffers of
the example embodiment. Task buffers are like time zones where

different actions should be taken to move the plan ahead. Task buffers
ThedRD cbiitsabthmphoverneditaiiheatabil depeiddisg preisthelsesbifiefskes to

unc&‘?ﬁlﬁﬁ@ NiSmLRSfaLanhisphiisaidater iﬁcﬁ)l(%%%féhﬁaép ﬁ&@@%@@ S t%?apiy

independent wmdows an aSS|gnment 38 ?%g Ioo o%acts
Cha'ﬁka‘??%ﬂﬂgﬂ?m Wnﬁfiiﬁ%‘%%“f&&‘ afifine: csr?ar HiSpraling
Corattiritic thab skay musaamtgwnwmea&%mmmwmﬁfed and removed i
advance.

In the example embodiment a look-ahead plan is implemented as a number of task
buffers arranged along a ime axis of the look-ahead plan. Task buffer management is
employed such that the position of any task is now determined not only by the -
precedence relationship in the project network, but alsc b\} the RI consfraint status
hased on some task buffer policy. Each {ask buffer subjects the tasks to some policy fo
filter out unqualified tasks whose constraints status do not safisfy the rules. The tasks
are prevenied from advancing to subsequent buffers uniess the constraint policy is
satisfied. This consequently friggers the warning of delays slectronically 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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10 is represent by a rectangular bar e.g. task 726. Constraints are
resented by a dot e.g. dot 728. Activities 730 are placed abgve the
5%’% 8 1PS GuI. The assignment plan window 702 com593§§2('07/000043
aSS|gned activities, tasks and constraints. The look-ahead plan window
704 comprises assigned and unassngned activities, tasks and constraints.
The assignment plan window 702 con5|sts of a previous period section
706, a current period 15 section 708, and a next period section 710. The

Figuipok-sMvetl dIdRamT ol D e S BPhice st rperrns Qlcisn P $2inaen
exanﬁﬂ@%ﬁﬁiﬂﬁﬁkﬁ@rﬁeﬂmcﬂ 14l iskiel ding wotrigé e wsichuffernpriises axaextle

embBSfRheaA b ia( A e RS ip A e DB R LHBAS b Ben to

“hd A5creenin 0 As such, the assignment p
movaﬁwm@m@mm&w*pmﬁ@reélaﬁéz%mﬁysdnﬁ@m@m@ ?a%méhscﬂ??ﬁaf&@ jon
the stdihsaotenasaialiraver/ap” including an overlap for the next period 710 of

the assignment plan 702, with the next period or working buffer portion
718 of the shielding buffer 716 of the look-ahead plan 704. It will be

The a@%@ﬁ%@?%é@%tﬁ}%@@%@iﬁ@é&ﬁd?& Zb@ﬂmm(agtmww&pamm henddws, an
Irerent wa nc sjde concaten
assighment P&f%e ra'#g*@%l%“nfi e"p"ﬁéteh ﬁ?t%%“d‘P’é%‘vm Eﬁrﬁé’%ﬁécm‘?ﬁ"“ are

indivichal e sharisetiopiadeg 668V 1ES, tﬁf@%ﬁ@ﬁé%@'ﬁ@ aRfbReaoNbRadh A RSk
is replaBsnt By RacHkHY Biptetheghistwicad. dafasabpe \dad fpresksiat playsot e.g.

dot 9580%0% i%%ni%e am ac:;)’eo fr%ov% ﬂ?f'{%%gs% H‘?‘e P “ﬁ’ﬁé‘&?&émem plan

Sections e assignment and look ahead plans respectively

wmci@m&%ﬁpm@'!éaﬁréﬁwaﬁm@tm Fﬁ%ﬁ!?ﬁtﬁ@f]&fﬁj%e@%oa‘éﬁ@@ plan
wmcﬁmomh @W@%@maﬁgﬂwlaﬁe{@@@@@kaa gamipetions @Ry, dbadtisitte The

t WO 20 9P
R R ST G I B By o

sectalgs@&eafta%ew@r@ér@ﬁi%g ﬂ%é’@%ﬁ%ﬁ%ﬁ%aﬁwmggﬁt&%ﬁ% of
a prm&islﬁe%m@eemms 5 embadisreiat sacioelyian ashisidhygsekftsd Titsashich

comt s(e%sgm)g aes%%%ow@%3%@%&7&4@9@ ﬁﬂéﬁ@eﬁ&llﬁ'@ﬁuﬁe\.f

epresente e si%ﬁlence asks 734, 732 in the “look-ahead plan
7207@29 aﬁSfame Zschedule as represented by the sequence of

tasks 726, 736 displayed on the assignment plan 702. 10 The advisory
schedule or path 724 is typically an early start path computed based on

As éb&'a, the assignment plan 702 and the look-ahead plan 704 are displayed in a "spht”
fashion on the GUI, with a temporal “overlap” including an overlap for the next peried
710 of the assignment plan 702, with the next petiod or working buffer pertion 718 of the
shielding buffer 716 of the look-ahead plan 704. it will be appreciated that the split
display may be impiemented 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 pians respeciively represent the current working week in which the purpose is to
achieve smooth production and high Percent Plan Completion {PPC), that is the percent
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augmented critical path method (ACPM) or the augmented precedence

Al ethod (APDM). In the example embodiment, the I%[B}%I I
W(ggaegj. Je%advis.ory schedule 724 represents a feasible and'?)e ia %EUOWOOMS

schedule accounting for the precedence relationships of tasks and the
availabilities of RI constraints. The planned schedule 732 represents an
15 independent fine-tuned production schedule on top of the advisory

‘sﬂl%gedul 724. The assignment schedule 736 in the assignment plan
of (a0, 70 215 BPEAEH RIRR e L2 istio HErTBISNe LN prRbicbe Posslgeof

assigwidakdor execution. The assignment schedule 736 is not necessarily
the same as the planned schedule 734. It depends on resource
availability or other considerations at the time of making the assignment.

Thdre Figeirtwge 2(desksf 7@4i0Tsehtuaiaokepleadptrinr GAdnaigatsr s tasksple
assigned . i t plan wi 702. Eurthermore, t
e B0 e BB, By o 2R dock
bar, g RBleIsdaRs e 68 reR@sstiab Py tRRoRIUSRES didegedid4, 732 in the
looitrahederpieh to0h eand sipnassighplan 0Fadiiacse HBpressrRsoNINg Jagksnce of

tasfs 26 35BN Y R eg%ﬂq%%%%%ﬁgﬂ gﬂg%ﬁs in resources or other

conditions on site, 25 w ng updated with the actual start and

completion in the assignment plan 702. Changes that are made to those
Thetzskdsimythehassigometh iy Gjcanuic stilipetineerestpaek tiseen the
augRRkaleagy %th%eth@"gﬁig}@ %ﬁl%”mg%%?edd Ipak-ahead plans in wo

separate windows and with a 30 temporal overlap advan ageougly

(AFSIAL AR dRe pspeRple RO riaRshI A REM it H50ed TR rdidaamyrsehriiule 724
repezeTisch Enesible ahthes|ubje chflodunetcamiig brenssinghaics ensticieips

of tHRIERP e AN SRBOLIGES %‘?}ﬁ?‘cﬁﬂéplﬁowéoggi%ﬁqgatgéﬁﬁggg?aglgp%nnts an

. ,reso rce? before commencement. The look ahead win plays a
N SAEREH 155 REE IRAT IR, SR TP el e oot gaery e, The
asslgnountt ashedald ipa W DL a8d(PaLIT IIRCHISERONTI00 0434 Ihactders in

the RIRTPeaR SALAITG RN £ARNIBUYSLY; dis @%&ﬂn&%ﬁﬂg‘ ggs?g?u%@x@s%ﬂteduie
erla e

and look-ahead plan, i.e. with no temporal ov etween

738 5N RSP SISO SRa s ik PR BRStRRe B ren B4udeiersRtin gBrigyource
avajiahiiitingr toffinyohwasidelayitns tas k" itnkh ofl easiting ithatedsalgthedsoundainire 7,

tasiRetaes tiﬂetﬁéﬁmﬁﬁéﬁ|§%§%&hf?\m&aﬁ%&g£@%?@gg§? U%s?si&ned to the
convenient visualization and assessment opportunity for possible
e S 5 S e SN

caneh@rigpree b didbetbnadineted in the look-ahead plan 704. The control of those
tasks has been transferred to the assigniment plan 702, where the corresponding tasks

e.g. 736 may siill be adjusted due fo 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
backiog which the user can view and make contingency plans. In contrast, having a
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displayed advisory schedule advantageously facilitates the user coming

up with a reliable plan by providing advice that takes into consideﬁr(s%tion
WQRANERNE. 10 In the example embodiment, statuses of constralfts ae 00043

either committed, confirmed or fulfilled. 'Fulfilled’ means the constraint
has already been resolved e.g. a prO{gised resource has been delivered.:
'‘Committed' means that the constraint has just been created or a promise

bac(?(rl (Pl ns (without gyarantees) for resolving the constraint has been made
e gg

199 & BRI R HREW B B HBUeE RV P S aVed creabinrde assiament and
looknaliesdl Blaubijectith chategepdue tuestndintielete thél awsighFantiEne dis Hiead

plagl@iUsaviereibe %@e@g&@ﬂﬂgﬁwEtéhﬁﬁ%ﬁ)(?@vrlﬁy@ﬁ%?t atgﬁqi%s'%l’}/ 89 teast

. bltjt;js,E %t yet resolved e.g. it is guaranteed by the ven ]
N, 3 RSB RRMEEPB AR semert REN 2t Berorlimradmelan, without
a copaanitel ivistrjiusdiah codsaasetFR8s aupfitovdst Hort potduitlledloBincefiects
andINSHERBLIEZ &k GRIITERRAIRSK RPARA%a=sopiaied &5“1%%”3%%‘5@%%%& the
dis ase%:g&jv?% transffggr,r‘gd to the assignment plan window 702 as task bar”

AR IR RCRS B YRR ML FaRT'SS . erasaiecriBin@atRhwith 2
relizploisry peprovidikbavidotismholesintheonidderatich thagtaneed schedule

task 732b highlights or alters the project manager to an opportunity to
ove foerard hrﬁi Iantned task 732b, i.e. in anticipation that constraint
|

" USEATDS CoRTtSd reiie 2\ FARIRIOR, o Rt anmig g dicontimed o
fulfidedclitetiltedkaeny thekdsasTae) Wil bareachiverbandscande gsed gaimised

res@BET AHEREN RN ThhaHEASRENSCHR 1Ak COMRSHP R0 Seen
creélt%crf%n%e B?y@gertgf "I;g %{ i\,{Va%ch list Fﬁf c?rl}stramts,, K?/ Constraint

raports. TUll ConStrAWSER it S AR H CRtRS SRS cpRstapbias been
magda e iSe YSAEHARIMED B0 tirativl- dhdalivptan 7Ot iandssucts repordatayt is
sutﬁ&yﬁﬁ&&@“@%ﬁ@ﬁ%@ﬁ%&ﬂ%dﬁ%?k@%@&e@qg%g C%%tﬁ%%%ere _§[here is

| en or the next period can also be generated to guide site

I 2007 815 Bt oo o00bAa0 s T i SeePhid 2o 1 i
guAERIaREshyT BactPrsisk Birfdhmmerewramildenbbdiradminwithadwibeas not yet
bechinipfedeseubestarses enipgiler SoflauiashowshikaoRI et 8.
Sin@@%%s%%ﬁ??%ig gcf)ﬁ*t :rr%%%,@ag]g%%léﬁﬁeéas%ociated with constraint 728 has been
transferred to the assignment plan window 702 as task bar 740. An example for
committed is constraint 738. Here, the fact that the advisory path task bar 740 is not
synciwonised with the planned schedule task 732b highlights or aliers the project
manager to an opportunity to move forward the planned task 732b, i.e. in anticipation
that constraint 738 will be committed in time,

in addition, data pertaining to ali executed tasks (e.g. task bar 726) will be archived and
can be used for generating project reporis 744 such as Percent Plan Completion
Reports, Variance Repoé’ts, "To Do’ / Watch ist of constraints, Key Constraint reports,
full Constraint Watch List Summary, efc. 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 peried can also be generated
fo guide site work.



plan window 800. The screening buffer 802 contains high-level activities

wé%ﬂ @qﬂx@ty 806) either created in the IPS or imported from H&&@ﬁ%ﬂmoo "

mas er plan of a project management software e.g. Primave

Project etc. These activities are generally not suitable for production
scheduling and control 10 because ey usual comprise smaller task that
have to be executed on site and each of this in turn have additional

information (e. % resources, dr ts%?e nrqgghggo %Z) at |s{ reﬁuwed
The pErprSeEY dg e RERaRRS oré, each % V|ty| FOKENn down 16 a-
furthgralgsaibesecutable tasks (e.g. task bar 808, which is broken down from
activity 806). This step requires domain knowledge to property 15

describe the size, sequence, and content of task definition. Meanwhile,
’thesfiﬁ‘é‘@a%{%‘r@ehl (resource and information) constraints (e.g.

nflr constral | | P.
ool ADEE AT e A ety e e Paon

.mmamn@w.ﬁ@ﬁe%@caﬂ@aaqomna F1OUalseriel TRlonk e (g
strughivigdsact erthiagcieatoliattictipg oréthunieddioantheréeedenceaster piaﬂ
Further, the Ve of.con t r rmpipe

an ass&';%?ed &v%ﬁ%é%@ﬁg{?ﬂéi %c(;é) ng Eﬂ,&gﬁsé%rﬁfrégﬁj%ﬁe@w Fhose
corfsiiiing e cRpapraliy fﬁ%rst‘éﬁ’ﬁg’stgﬁ RSRTFHRS S HatdiBanERE SRt
thisop o e MM dsuh eshatise chedeh Riictnstraivd pribe extveteattimsitednd

avall Ieo?rqlﬁs(ﬁﬁ‘-l’zhtlﬁ MRS HQ@“%@!@’\S@%SQ%%QU'&%S

tained through the method of ACPM or APD erefo sible
and“?@?%ﬂﬂ@%ﬁf?éﬂhﬁ@ai‘s’%ﬁ&‘ﬁ)geﬂm gmdgy é‘ﬁﬂigﬁgé(%?tﬁ ]gﬁgr%%mcetac
Sch@amltpgs BRAtvdvveetb comsuaint exmiysisiédapkaiie kdgtormt@ftwhich is

a%%%mglﬁ&t?%cm&'ggwm '&@amaaswag%ﬁ%mmg@ett@m@r

possible to reduce or eliminate pr ect delays

PCT}P@@?@O%%@?:S%‘@?@%T@Q FOIER ‘Pgstﬁsg éﬁgﬂWﬁlCh i€ ana“??’oef the
the m@@q&dlmhﬂdu{mmmm PatithgirBuffietionn wisidiviad \’msdovmconﬁrmed

%Rr%%dy'%@ﬁeﬁadﬁcaﬁ&oqaé%mﬁaa ask A 902 and is

con Task bar 906 Is part of the advisory schedule. In Figure

¢ Pulling buffer

Referring back to Figure 7, the pulling buffer 720 plays an important roie 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 Rl consiraint prior to the
estimated available time (EAT) is nionitored. 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 fo reduce or
eliminate project detfays.
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9, Task A 902 is to the right of Task bar 906, thus failing behind Task bar

06( 75 Whjich means the planned schedule is falling behind the adélisor 1000043
3%&%? The advisory schedule in this case indicates that therdSE % )

opportunity to move Task A 902 to the left i.e. move forward to where
Task bar 906 starts. Hence, the prgject manager may “listen" to advisory
schedule's advice and move Task A 902 forward to where Task bar 906

starts, and thus advance the task. 10 The scenario 1082 in Figure 10 .
shipsmehaur A Tash 180 ichis 8018 6RMe BB i‘iﬁ?&‘%&@é Eonuliing

thesaghetsen y Bﬁiﬁeﬁt@l@:ﬁimﬂﬂs&o@naﬁo@im&vmm?&dﬁ retoeatetieited ask
ea%%{g%%%d%ecgg«ﬁ ¥ Sﬁ;ﬁqﬁgﬁ Q%%%F%E%‘W@&Q%cﬁ%%uﬁg Figure

Tas 4 to be delayed. There are two possible project 15
oAl dnPER 5189 10bE 7511 B Ot L a8 WSHEIE! hask bar 906,
scenatipsntaad tandiddta. Sokdice ssedingricchDtCisugdesttvahdddk. Ahe

ég‘%éﬁgog,eé%xs&@ iSiAl aldbesrmedime asheadvizporsrie®itove Task

ution 2 scenario 1012 suggests that the time of completion/deljyer
 EARCBP e Bani it OV REVBHAAINETES AR atNisR Skt e

will;ﬁe]‘mtmbaggaska& ‘ﬁ@&ﬂ”imfegsimw Qﬂwmdahﬁmg&ahe@@ﬂ%ﬂiask A 902
schedileREAVIAES 38U DEAaSSIaIMBraxe PIRD JefaRiltkdiergh such
actions as described. Figure 11 shows that Task A 1102 is aligned with
Task Bar 1104, i.e. the planned schedule is the same as the advisory
scHeshukeSinte 1082 scifaputes ushatigricd! DEiharélareincprefeef advisory
management R bicrs With ihe-scROANQIRITIIE R Ilis SieknITRIHe 1004
Referrlnﬁghback to Flaure 7, the rogz g%éh‘e shlel%ln u{)fer 716 is to{rexdg,flq(a08
theC3FhBEABIRE IRt L NS B PYer&lt SHStrRIRtS T The

constraints in
hideédin weonke floxekThe KelAcomcben Helayds todsareiihaiRl cosstpiingyoject

are 3moathhe resolvRshs I8 et arh fask nnRAdNqIDS AR dRkrios 1010
execution. WQ 2007/091979 PCT/?GZOO?l 08\043r 1@ tlhﬁ)gglgldlgg di

buffSI97 1% ComAOR SORPRI pEHISTISECETalZh W fhe Rext paiiod o ©
sectiart Zi0tie therassigenmasntiplaadrdRy calidgduie nExlysieriod seetiafc71012

(alsq fpfarredte anviking Sufiploasaskatie bagklen Merehsidiieni 008 be

Coné?(g]esdited‘so that the advisory schedule will reflect that Task A 1004 is feasible.

in any case, the advisory schedule provides the means to improve plan reliability
through such actions as described.

Figure 14 shows that Task A 1102 Is aligned with Task Bar 1104, i.e. the planned
scheduie is the same as the advisory schedule. Since the schedules are aligned,
there are no project management problems with the scenario in Figure 11.

s Shielding buffer

Referring back to Figure 7, the role of the shielding buffer 7186 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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tasks (e.g. Task bar 742) to be assigned as executable tasks (e.g. Task

%S)E)g; in the assignment plan "Next period" |sarelat|ve {:%097/000043
curren perlod It could mean "next few days", nextweek "nex

weeks" etc., depending on the size of the shielding buffer 716, which is
determined by the user of the IPS. The purpose of having the next period
section 710 is to form a workable backlog with sufficient tasks ready for

ent,.10 With reference.to Fi etail r the '
oft r}glﬁa Bu Fér?\}v |°r?8v‘v“BS aescrlE)}g%l blg g e?d\(/]ls%r %:hext
bapqrmbser:ta@kmolnzoize mtmett@tﬁfs@é’@&%@ébﬁmﬁea%@ctmﬁms?dO
tha{bt@é'ﬁe‘f‘eﬂr@@a&‘% ket evieer @ﬁ&ﬁﬂ‘k’aﬁl@ Ehtﬂ@@ﬁ@@ﬁﬁ‘)‘; 1M contains

W the [of] r 1208 I| r
IooEfZ] (?(ﬁgs& P an?w n&%ﬂﬂ@ﬁe 'il? he ot él)?‘l B%ga%%gn Sird jllr?tasg Iﬁ?tr 740)
foritribeassiamy graithitas s aqm’aﬁtaéﬂi@\iezmate Rofrant eeRgdmEgBHd
fulfiiesh H\%E@,f&fd?%w ABRAL e anker Hwskrading éfﬁ@ cansiidingsorl fbdsize
ma preenteast T rain Becs
bu e}?}uleg’%!éb %5) fthe exa %(fg iesmcge nﬁ?‘hgﬁt t vills&%ﬁ;l 5 %%Egk The
bapg@p@ﬂfsﬁbm@ataetneénﬁtwﬁtﬂﬁfft@de tt)éﬁftf\/ﬂlt“-ﬁdt BARigogEh

thesghiglhingbfiernd 2 @5 ddawerert. 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 25 hi hI| ht to th tm er that th | plan

oA T R a0 LR SR S TBBONT  EraRg buffr
12 liamevnbtressivibdd It frribecatiienrapathdsakt bﬁitﬁé(kﬂoﬁkfﬁﬁ} éf tRe2, the
i oiniettp st bioiijoskebis oot edllioe

| ause

O RIS FEof Ak PP P8, Wie M S5 o A0 2 the
poiptiiegd Guiith ﬂ%%eﬁa@e@ﬁwﬁémﬁa@w&@mt@g@ou@w inovibeshped, the
me&&%@%&@iw&hﬁ]&%%w%@geést@gaaketelmteelen@tm PALTE

e o R AR R
ConTRMGdaﬂT@mf?@I@W@ OST DY 9TI@E TSSIFHNE/000043 17

Because of the buffer rules applied in the example embodiment, the advisory
path task bar 1216 is blocked at the shielding point 1208, Le. it will not advance
into the shielding buffer 1208. However, task B 1218 still advances into the
shielding buffer 1208 as the real fime 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. 1t is
noted that as a result of the biocking 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
info the shielding buffer 1208 has constraints fulfilled or confirmed, therefore
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providing the project manager with an advisory or reference schedule in
the shielding buffer 1208 that represent a workable backlog. Figure 13
XD e

Wal8h e Workable backlogs and how to make work assignmPe

example embodiment. In week W (see top diagram 1302), three tasks, T1
1304, T3 1306, and T4.1308, are disposed with starting times in the
workable backlog 1310 and are ready for assignment, but only T1 1304 is
assigned as task bar 1312 in the assignment plan because of, for. .
xR Y P FRISEL FRA S B LT RS 15 s VYR, the
(sesnisbiituntafiay 1268 1814 pmiesdpok iTrisdadasi8Pds updated. Now, the
workable backlog 1310 contains again three tasks that are ready for
assignment i.e. T2 1316, which has been moved into the next period

singe , T IRk MG OB S TR AR |
and'?@r/%gﬁgﬁ{ g%%%%%%é%g g’se gjsc %éasr 1%18 and 1320 r(a%%ﬁaectﬁ/ééf in the "
asdignprempinpmbntimenteln ATarly WS 5. 48RP Wndrilges iBrks. T
latersuns,1fpoelt Hhat T.2 1BB86 sendigiobedexdibustatifgr ibramiplahelueotoable
unTpIeRes of i ahmSIANeas, PD.TAAOR IBINGWOrabin RoGRpEaaD By

assigne d executed instead. It iS noted that, before to being assigned,

thebaaviddRy pafte1A8RIBRPaRoRR PSCB5e W6 HoGFBRIBIRER P uTces
entesing cﬂbe_v@wdiem Wfopb%@v«ﬁdihwab{ea@eaﬂozplamgﬁﬁm Akth mmr;-
of he-Blp gL a0V Na RRUNIARKAEHaRBo S8 QASHENGain throe

activities advisory path task bars such as task bar 1326 of T4 1308, .and

taskeplsy D8barsf et it ReSIENIRI bt e d I SRy RA2BeRR TRYRRUC the
worefiopedodsanda ayeaklofit Whedoasimyitiie 1BS of theesiaiie two tasks, T
embagimentrisagdallavs.ai GEeAlR qLIRRAF At/ iies 1R hA SSEERNNG the

buffer. Note that activity can still be added in any buffer as VOJ?C_E

rOBSHRRTISS AR M SRVRES ik o e (RO NGRSO HOR A A 1
perspechze & 3046rochrctiont Hanping)iedcrdatecspinporidcendtraimforssesn
librapy. dridentify ganstrainisdariqagh taskuneisaanpicalie B Qssigned and

2007/091979 PCT/SG2007/000043 18
executed instead.

It is noted that, before to heing assigned, the advisory path task bar 1307 of 75
1306 Awould be hlocked from entering the current period 1322 of the look-ahead
plan 1324. As a result of the blocking of the advisory path task bar 1307, the
down stream activities 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 buifer. Note that activity can siill 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 lilirary

d. identify constraints for each task, whete applicable
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e. Use advisory schedule to determine reliable plan and analyze the

Wd%%rggquelays an.d schedule conflicts. This include: 1) del%? G2007/000043
prerequisite constraints, 2) delay of upstream workflow, 3) a combination

of both 1) and 2) f. apply key constraint analysis to identify "bottleneck
constraints”, if any delay 5 need tojlge resolved g. monitor constraint
statuses and take proactive directives (eg expediting EAT of constraints
£ [ResiadulngloaaNe MesiheddRrlelas anganlics Bdasadusory
schedule to serve as a guidance for assignment plan. 1. make sure a task
entigiavharshichary e GRafighiy Bt VAiRAA P HRUBBerUEtRINTe
copyHanispIptankimeddoigCIepantipnatitirbef insticajesidg)the advisory
schedule being blo ielgj in.a list.of .
AT R e R S U R A
asSRAf (erifRarRaO@3ources to the tasks in the workable backlog. Task not
dl5rassighedrarnminsiaitihesvokaltie hasklog tivcthiveridpvespbdiongliBaTTof

confingency %'Pr%géugﬁew!} LCERRAY éc@éﬁfl@%a«gm adasksthe

assignment schedule appear across the split window m. the assignment
thlafF iR BSHRE PR e E R HEHERAME RIS R3Ragement
inowmdkeshifted taghroskeesi ¢ cohithpbille ansigafiee Higptani@itedMdititor

g%?e%ﬁé?sgtree%n%ﬂgi date, rY}QSSK'ESEM%ﬁ%%sWiBH%(&%& gféﬁg%fts

and variance) are to be generated o, Learning from mist

se@iseREsHisEdeRBR SRR pR AL iR SIRIUED ROsses 25 The
jexaistale ®nsbotlexent alsisdritiedrathe Ve adspanodtparateintdgyatedable
cor&%ﬂ s in low-level plans (i.e., took-ahead plan and commitment plan)
to model™hidden resource and information flows and perform schedule

lan&RAEEDSIAING) ASDIPES RABNRSKRE DisHreirbls DAt Basd a5 Sither
typasefgandlysisapravitie svadkasierjacomiatitne exnaedg tiovask and

consia) éggkﬁgg%gﬁl}%@%@@ntrol workflow is implemented 30

through proactively tracking constraint status, selectivelg expeditin,% o

lee Bl REFORBINH ats T BRSIARARL EREPIERRARN HOTRILGEHndow

oD thetabsipsano ptaniodstassigh mentschseticpaoftsask BugtagiGrrimely,

SCrR RN RUNRYWARL SRIEIJNGL8Bton control of the assignment plan.

n. Monitor project progress and update the weekly work plan. Various project
reports {e.g. PPC and variance) are fo be generated

0. learning from mistakes seen in the project repotrts

p. Repeat the above processes

The example embodiment described above aiso 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
augmenied path based on either fype of analysis provides advisory information to
manage the task and constraints. A pull driven schedule control workfiow is implemented
{hrough proactively tracking constraint status, selectively expediling cerain key
constraints, and shieiding 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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employed and customized buffer policies can be assigned to discipline
W the, 7[ules for WO 2007/091979 PCT/SG2007/000043 19 ConStra}thO(}'}’;’OOO{MS
%Q%éﬁgé%gnt which eventually help achieve reliable plans aﬁg%gﬁ

project performance [ see e.g. Chua, K. H. D., Shen, L. J., and Bok, S. H.
(2003). Constraint- based Planning jyith Integrated Production Scheduler
over Internet. Journal of Construction Engineering and Management.

129(3), 293-301, or Chua, K. H. I{E\){ nd 5 Shen, (lj'é 001 % tra nt ¢
conB L BRI PN AGRIHEN DR THRisacs e bR S SR e
perféroseed repeih ChiernationB. Ciferénde andlBeln &@héﬁ%}oﬁqngframﬂ
bas&@tﬁaﬁhh&a'v‘wﬁﬁm@%@p%h&@%wagsﬁé@sﬁ&sao&maéma%@rof

CPM however, in usmg he ADPM or A 5 %%)%n advi re( p?{h‘_?r and
C°”§HH8mﬂeEiﬁ9‘88ﬁ incaedh ﬁﬂ%%t&??% 3y D gill'aBrp FasdightnSrt
Sheandl. |obl<madq:tawmmm@aénarwp|@ Swibodanagsaemtaet Integrated

Prolfifification gfsuitabie wark flowsringarol gRLRIaRAL- Cﬂﬁ%@rﬁ:@f He Lean
example embodiment facmtates .metho é?denu%ag% sclh“ed s of ADPM
Con@&mg%mn%ee Srrtanay Wﬁﬁ%%?ﬁ P ER HatRNE HEAT SR LALTE

or KGRI Zioy@ansiraisinaripachRERbIMr EoM stV pRNsRIgesedue in
confeXREANE-RY CORITGIny oaedea%m@ta@mmh@h@nmrmmzans in the

ttributed to th t I t t A
exail VEATRE BT LA, AREUISS SR oOaP ST aVE WEBlRr Ear e

determine realistic task schedules according to the constraint status. With

Thed IBSUSFOMPesRrRsUCinbRiRnanFANTsshas uliBghdh et PRtpite satedule
mtegrated %nwronme%t fOI’ onstr tkldentlfIC tIOQ S(Ea%SSIflcaEIOIﬂ

congERiRiRg S'5A C80R g% aa IEhSHIng “HeRce, advant }ﬁ% ConIStram’E
impamcermwg Mamﬂmtgmrmmﬁagm@oﬁxpp%mti@m v@@ﬂaﬁ@w‘ﬁ% and

estamiﬁx@dreiﬂaswlmﬁgliﬂ&ixlé,tyamnk&ne@dna Oﬂﬁ@&ﬁiwitbd#@@@m@ém&faﬁbment
exa pe a canstructio roCcess, 0 easure n t
worl S A Bl A elp e Rl X e Ty cardl BB s are

 disciptinsdrid éaﬁmr@r&nh@m@%@%@iaﬁ@mﬁwmm@@ RAnHRIASStatus. With

a f&'&%‘é’%ﬂfﬁar@l&%tﬁe@%ﬁrﬁ% QY demamchadeitonad qsgahbu& alsointegrated
onceal the real pro at.resu ertaipties an

envfm(fmr?ﬁch O 7 rao%n% gg%zf(% ?%‘né%ﬁsfic% er;ﬁ}é(c posé%fX o) a%l%m"g'

andyErer§ng. tﬁe@mﬁmmwmelm@w»%@@fﬁmﬂwﬁr@w@éuﬁ%t‘a@@fﬁh

profUHRBPRRPRTRSY M QEPMMRN, IarN ary: earasity IS diffianlise detect where the
30 bottlenecks in a project are located and how they are formed. In the
long run the two
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 coniceal the real problems that result
in uncertainties and delays. Relying foo 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 inefiective.

In order to systematically get rid of uncertainties, the intrinsic causes should be
examined. The conventional view of a project (especially in the consiruction industry) is
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measures become ineffective. In order to systematically get rid of

wd' DS ?%’?Iﬁgs the intrinsic causes should be examined. Thafg@yseé%g%hm 3

view of a project (especially in the construction industry) is
2007/091979 PCT/SG2007/000043 20 represented as a conversion
model [ see e.g. Koskela, L. (1992),5Application of the new production
philosophy to construction.” Tech Report No. 72, Center for Integrated

Facility Engineering, Dept. Of Civil E r|n rS|t A
repr%ewﬁ%ﬁmﬂy*%fﬁ@ﬁﬁaéﬁ@r&% %ﬁ%%%B gBPE QLSie Hw
prodatizen ptGo piithe nussitgdienim ﬁéﬂ@rﬂ@md dbnvéatidratiteieforofrdegrated

Facify BRGHEHT ERPHIes: BN BUBIRBFRRIREIaRRRI BANRSSRT( Wﬂﬁ%ﬁﬁ}\y
activities, r%ﬁresentln the movm% and waiting of resourceﬁ f(;[
& {RBSTHIS

other, indisRepspble, PleMRSIHE 108HBIGEET RICSHRS: MEaReENk %9*“9
comflavenighirch matw@l(mw@mmﬁ)&%@mgmmMMMWéﬁw a

serie? HH G-I RAVIEBL bR BRI R ardhRfiting of resources

non-conversion actlvmes include 10 mép ct'&)n rework, and discar i
Do BRPEPREGRE, A TR LT Rttt ARG CORAE: o Tyimation
flow,Fighich lzol’huatmw's(manm(ﬂmcbmévém)famlé@ thastiplyimies of plans,

dramaggy%%@r}é}%&é’&k&ﬂﬁfo&’ﬁ%ﬁswéoaﬁa CRINEEHRISAGH VildtiMBYIngiude
104 and W %{é% are non- 15 conv sion a tivitie that a e resource

DB FAIRLE A AEERE L0 el 5 BPpfani (O Lo o1 neccssery and

Shouh@ndgcbﬁvgmsl@d-actlwty that provides information for the Processing 102.
Other non-conversion activities in the conversion model 100 are

orking 110, ns ection 112 and dn 114. O
F'guﬁ%rx‘iv é‘[ﬂ‘f’?\)%gfsoﬁaﬁl't%% LT RAVHERIYe s%ae ?,Sga‘ﬁ‘é |R9 Coitr a%r%veetrg:%rrode!
100 1irasrasiqlel 8o dirpemicisientingiith by mgdtih angwiaitiegtigé are non-
con{]@%%l‘{%ﬂﬁ%@@ﬂaﬂ rﬁ%{ﬁ@éﬁﬁéﬂ%ﬁﬁtﬁéﬂ@é%ﬂﬂ%&b@tteogtra&@w of
i rocess uncertaintie, n effective way ado

Pl TR T HATIEH BT L is ot e R s a2
Oth@.gaqnma:s@.n(lag@:zweapm@am(mvr@fetﬁ@ﬁ efgsigldtBfoarpRteaigto 19,
insp@@ﬂﬁirWﬂ%d{' BRehriRes AN OtHa, opRiehorslpiagtiad &aelitinclude safety,
qualﬁ%%k eterl Dept. Of Civil Engineering, Stanford University, CA., or

OOO) An exploration towards a Production Theory and its
Appllcatlon to Construction. VTT

in the example embodiment, identifying these “hidden” flows, i.e. the resource flow and
information flow, enables to employ a better strategy in handling process uncertainties.

An effective way adopted by the example embodiment fo diminish uncertainties is fo
invest in flow reliability [ see e.g. Koskela, L. (1282). “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 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 constrainis are incorporated in the
schedule to improve plan reliability. Here, itis nofed that IR is used as a generic term for
fiow constraints not limiied o resources and information, but also including e.g. safety,
quality, contracts efc.
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Technical Research Center of Finland]. In the IPS framework, the
W ORzeﬂ%%gclg_gnd 30 Information (RI) availabilities representing fé)ov%/T IS G2007/000043
LONEHRINS are incorporated in the schedule to improve plan rglla%%'ty.
Here, it is noted that IR is used as a generic term for flow constraints not
limited to resources and information%ﬁut also including e.g. safety,
quality, contracts etc. WO 2007/091979 PCT/SG2007/000043 21 As
schematically illustrated in Figure 2, a construction process 200 in a,
As shdfEatienly MhierakdiinRigeexte PPN ERIDIRERThikRel fotaisst snay
intea@. dRthigRQ2tentdi nate tialdtitpply 20iddthrqugtetiseantedacieafflo®0?2 and
sirain ilapilities.in ter. [ j j =AT)
e e T SR n torms o
estigaipg qiairble HBAEROD dRAIMERNEHE bReRBRt e f BedM S RMBl teRrpsent
two aRE RefujiRitdsomdhaeiearaspoindingute sigfichricasup plyaprecedsss, EAT are
aca{FRRCHRY mb N eSHAUMER I Nas8 PRRMING BERCCRRRRAtaY alefldiRel.
EAT and subsequently alter The construction schedule. Likewise, changes
Uncprigiaies iR tstort BRRENGI SRERPReH Y AEPELIHTRI b ASbsupsequently alier
the Thesefetenikishaddesiimviasadiangdhim itite rcepéndéncygdhethdsl Biay impact
the SROALB38ALI/ARASIDIG R HELRUIRP S RALCRIRRAIAAERAI i e

take actions to minimize the adverse impact. The status of flow
schediiersariet b EabiRdrdsiP D PSS LM RN ANt 5sYies and take

actitimoughinhuitiplbestalgespriroptoidelivery. Figure 3 illustrates the checking
of constraint 15 status in multiple stages at the IPS. In Figure 3, a project

process 300 interacts with an external design process 304 that produces
I the PRdcE IS REH

PO JoIress
throafiemthtipleestaggs 206 hmdelbenn diglive @ diuatradas thehduighbngt FOD o$traint

stalReiHeRIGLR Qs 3Mnthg-slainsRftesll Qv cERSIRIEdSs aHaadc with

any delay is detected at the checkpoints 302, the necessary man en

an SHeHREL (B B R o PEm R e P B g At e e
nexthsekingtod qunitrhiot statirs,eheftep froatieiproféift hevsdgeeneiriivered. At
sachNANGRSIIANBEPYSIR feRigh S50EELHIRGAPREO-ER:4NGR AR SRR Ehint is

process, a push system releases a job precisely.according to the
xR AL R o SRR T it SO ALE s o HERoY Tamageen
diregiticereandindsaned ddiffecknistbin sitpetiot of time no matter what is

happening in the process. A pull system releases a job according to the

By implementing the checking of constraint status, the approach of project management
changes from a push fo a pull scheduling approach. in a manufacturing process, a push
system releases a job precisely according to the prescribed schedule, which is made
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 rejeases 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 o 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.qg.
Hopp, W.J., and Spearman, M.L. (1896). 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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request from downstream processes. In practice, the push system may be

- Aez%ﬁﬁ@%%/e when the demand varies frequently and radicaﬂhjﬂgzwl)ﬂmo 3
' nbe

system, on the other hand, is not easy to be implemented but ca

much more effective when the demand 30 fluctuates. Most real-world

systems may have aspects of both paish and pull [ see e.g. Hopp, W.J.,

and Spearman, M.L. (1996). Factory Physics: Foundations of

_ Manufacturing .Management., Lryin/ -Hil . ]

via RS & 100t & GO Ao st R R e e
exanniersphscinest cae heryperBrivimired Higrivpibistrseasteiiprigkiys and
dispmcm%eg wark fawodhedpwbasvensattrshlingianp oaste WOZ0AZIDEES Z0id

PCT. 00£/00Q043 . 22 via proacti racking. c [ u :
fon SN e AT MBI R ol S TR ARG RIS Erliment
greathoirciRaabictbn Grattsenit 1n ReevesheAn e diguyrrabiamafpitiiarhing the
mais BHfetaprtaers of management, from activities alone to both activities and

flow constraints. Therefore, implementing a pull approach in the example

embodiment 5 greatly increases the opportunity to prevent potential flow
For grenieinsifreraaiisiuasivn RRseRa it Fojalca Hrbeas Bk ansppell ifvgtems is
depRENSERINMIBEAEasEighe gaontrast between push and pull systems is

depicted schematically in Figure 4. 10 In Figure 4, Upstream tasks 416

are precedent tasks taking place before Task N 406, "410. In the push

in Figaierh Aieiear Reead a6 GrRes b ARk P Rirfbslpedlnsk 41400,
‘410HPWRYglusharerdube ohtask MOS0l isstighealithheday sertibprexde sisitedule

is_delayed J ) .
41 83&5&235'\{5?8\/3?“?!;{5” chlithéljﬂ[go?riw ?\EYJ&? @@8@&%@6&#@%@%@%@&%@8 is

explicitly incorporated into the schedule, unlike in th

delayranfyfe WiasbRmRbn e HRERIIM eIy festmish SEpaatie RRSAYSHON, 'S not
expidrishreeuidhae ibreha\wisenlis theitelay e peregiisimaiveas This wil

inevge%?e/rt?g %EH%C%%\E@%%%&@&W%@HC&B@ l?xrﬂg 58%@%5&&?%!\’@@ HRRAE of

ctively in the pull'system through proactively tracking constraint status
prerepaistiisn #f WRRISPPRIGHRAIBNTISRd R pBGitRIG O BNt th (RS fgHE Pe
res60BG RIS 4ddctrBipiiNiasiodl 4fddm techig thedipabt idowiogeieynt status
41 4""%8:% ﬂweecﬁ%%%WwE%QH%}Q{ | %bﬁ&fﬁ%%t%&%&??h&é yalhablRifoCoryiding 2
a better alternative to counteract uncertainties from the flow constraint

of T@é}@ﬁé@@,’@_ rle@.gﬁeetgq imeackakappiingency, when necessary.

The pull-driven schedule control is valuable for providing a better alternative o
counteract uncertainties from the flow constraint perspective. Figure 5 illustrates the
differences between push and pull schedule control. Figure 5A represents a project
schedule in which on completion of task A 508, 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 58. 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 fo the delay in EAT: 504. This delay may cause schedule
disruption fo every organization involved in task B 502, wl%ich consequently may impact
the downstream worlkflow as well.
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differences between push and pull schedule control. Figure 5A represents

w agé)ﬁg@ggést schedule in which on completion of task A 506, @cqrgg'%@z{ g(m

o commence, a RI prerequisite C has to be delivere
504. Say for some reason, the delivery of RI prerequisite C is delayed,
hence EATc 504 is delayed as indieated in Figure 513. If working with a
push-driven schedule, this delay may not be promptly identified and the

origingl project. schedule remains. As a result, ta ,
The e B Py e L0 T oA PG o e s EBHELPE, aggping
the BOUdrTIsR silayunapRmash. stideldo disiefitiba ﬁ?'@mfy@ﬂ&aﬁé%ﬁaﬁlef and
assdy ﬁ?ﬁgr&hwﬁ%a%%z%%%g@@w%&? @navlcg%wo%; %ﬁ?ﬁﬁea:@v@stream for

wQr as well. A -
e BT G SHEEEL (oAl 1 el 22 g8 |Gy I Faure
5D wydaalofhenercrrizptitinarivesivechasuieiapdat i RaYischeddee dbarenct only

the @83Ycah BATS684 ear iamant@ssassdb preracdsitnaticardicbexpckiied.
to alleviate the delay of task B 502. If, for example, EATc 504 can be

expedited (or pulled) to an earlier time as shown in Figure 5 5D and all the
in tepgaxarnrieneihodivetiaren ogRenisr tisasedrsendaide 2MeMebed P PM)
fomlglﬁtgﬁ:%@mb%ﬁﬁwﬁﬁ ﬁw@ﬁ%ama@ddwwammtwrwwdmﬁmsqam the
e achi n the example i t..anA
con O A A S A R e
TheflgwitbasteirisiestrIeGASHAMAT Mt zee f@é%ﬁ%fﬁﬁcﬁ?ﬁﬁﬁﬁﬁm‘éma*“ Ies In
ternRNERIREERI Cheditantel[abitiiish ket jnate adititheidudtitiogd #haRighteel upon
esulting s u S
ana A B e B e L S ey
identified and mitigated upon analysis, and subjected to the additional
TheS@bwang finishspescetaioaschinstainisatiosThsstbliotinggsatidist &fr APDM in
finiti .the variabl ' : tions for APDM in the '
the %ﬁ%%%g%é%&é?g?oﬁgﬁ%%ﬁ%ﬁ%@%@%ﬁment. Ti indicates Preceding
Task i 20 Tjindicates Succeeding Task j ES indicates Early start time, i.e.
Ti rilieztes sk idhegd #8&K can begin, subject to any time constraints (not
incorporating RI prerequisite constraints). LS indicates late start time, i.e.
_the latest time a task can begin without delaying the 25 project (not
Tj nAicatpd ARG RIS dAsKdiisite constraints).

ESindicates Early start time, i.e. the earliest fime a task can begin, subject to any time

constraints (not incorporating R prerequisite constrainis).

LS indicates late start fime, i.e. the latest time a task can begin without delaying the
project {not incorporating Rl prerequisite constraints}.

LFindicates fate finish time, i.e. the latest time a task can be finished without delaying
the project (not incorporating R! prerequisite consiraints). ‘

FSindicates Finish fo start precedence constraint, Le. the fask 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, Le. the task can only start after a

specified minimum amount of time has elapsed after the preceding task has starfed.
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LF indicates late finish time, i.e. the latest time a task can be finished
i aying the project (not incorporating RI prerequisit
Wo\é\%&ﬁﬁ%#ﬁé). 30 FS indicates Finish to start precedence cons %Tﬁ?%%@t/ﬁ%ﬂ{m
task can only start after a specified minimum amount of time has elapsed
after the preceding task has finishegl; 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.
WO 2007/091979 PCP/SG2007/000043 24 SF indicates Start to finish
SF ingieied Siiet Toinigtningcedense sasri@. dehiinisrtarasy s faisitiater
sped AR ol insrdansansad alter the pwreadipaRsikbatarted.
started. 5 FF indicates Finish to finish precedence constraint, he. the task
can only finish after a specified minimum amount of time has elapsed after
FF intisaesdadisty ttebhishay setdpret FRAlshidde hedantinaninl, finishigier a
spelisshRRNh IR AlanYiRskain dapRiaE ebpRske ik BRcrIRas ndiskéas
Terminal time, i.e. the latest finish time of any task in the project network.
D indicates Task duration 15 EAT indicates Estimated available time, i.e.
FF dihe iosjvabtedniliadithatis Riprerbepiisiest ionstamt skt prepct network.
indicates Modified early start time, i.e. the earliest time a task can begin,

ubject t time constraints incorporating R1 prerequisite,constraints.
g e VA S s s
netvgykhe following condition to avoid delay in project completion:
ES|5Sj<_LS;, VTjeP (1) INITIAL TIME EF +FS;j where ES. =M1AX ES;
Dmégasééfj_sli_%hggarlgosgart time of Tj, in which an r EF+FFj-D1 ES; +SF,. -D1

JF'B’l; IS the early finish time of Ti, T being the predecessors of
T; Dj denotes

EATindicates Estimated available time, i.e. the expectad time that a Rl prerequisite
coﬁstraint is fulfilled.

ES’ indicates Modified early start time, i.e. the eailiest time a task can begin, subject to

any time constraints incorporating Ri prerequisite constraints.

The scheduled start fime S; for any task 7; in a project P Is determined by the following

condition to avoid delay in project completion:

ES, <8, <15, VT, e P )
INITIAL TIME)
EF, +FS,
where ES, =MAX {5 +55; Lis the early start time of I, in which
all i
EF, +FF;~D,
\ES; +8F; —D; |

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

the Duration of 7; LS,=LF,—-D, is the late start time of 7, in which
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the Duration of Tj; LSj=LFj-D, is the late start time of T,, in which WO
79 PCT/SG2007/000043 25 TERMINAL TIME LSk.s .

W(E%Izl@ﬁﬁ;k -- FFJk where LSk is the late start time of Tk, th?éi%gsﬁsdz)@ 00043

of allk LSk - SSJk+D, LFk - SFJk +D, TJ. FS, FF, SS, and SF denote the

finish-to-start, finish-to-finish, start-tgsstart, and start- to-finish precedence

constraints; respectively. 5 Incorporating the RI constraint parameters, the

AP(r)M.can be depicted as: ESJ-<SJS5LSJI VTJeP (2) where ESJ' is the

modifi rt f task T; to account for reliable plan. The

forward gtk €6nsiders the project start, precedence, EAT,, and task start

- COPEODE, EEF s given by INIEIAL FIME 1IEE siaf BrhoMAX B% s RaMsH of

ESadi= IXI )("3(% FD.+ FH - D, subject to "task start condition” (3a) ES; ,

+SF-D AX(EAT], Y all || Task start condition here include conditions

such asfaustBattien”, "inust start before”, "must start no later than" etc

IsQ.non- ns, in which EAT.JI. represents the .
7 B aL e A G SRR G st

rking . day conditi
SRR T

to-firighj peceienpodifisti dialy HaRistie. start, and late finish, respectively,
EF; = ES, +DJ, and (3b) The backward path considers project finish and

ncolS 5895 IR Eohdt SMGR Rt R0 HOSIPLR oS Bpargggi000043 26

ES, <8, LS, VT, eP ()
where ES; is the modified early start time of task 7; 1o account for reliable plan. The
forward path considers the project start, precedence, EAT), and task start conditions.
ES; is given by,

-

(INITIAL TIME))
EF, +FS,
| MAX JES; +S58; . ' o,
ES, =MAXq @} EF}' +FF, - D, >, subject to “task start condition (3a)
ES;+SF, ~D; |
\W(EAT,?)

now

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 * constraint of task 7;.

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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TERMINAL TIME LSk - FSIK LF' = MIN LFk - FFIk (3c) 1 a[ik LSk - SS Jk
+ -SFIk +D1 LSJ = LF, - DI (3d) In the above calculat
WOA%%ngggicitly accounts for the constraints in the hidden fI(EjLW ﬁ%%"é’ﬁ“’““m
the EAT which would otherwise be emitted from the traditional PDM or 5
CPM computations. The early and laie times provided by the APDM gives
the advisory schedule taking into consideration the RI availabilities so that
the plan can be made more r Iiab!e; In the example embodiment, a
canvas view calculation modifj¢& e is 10 performed as the
schedule is displayed on the aiﬂgasl(i&'g the GUl implemented as
described above). This modifi gp?a'ysﬁ?gsed on the task buffer policies,(3c)
_i.e. subjecting the task to the filters based on theg constraint status as
described above. In the exam e“r‘ﬁ‘ﬁ%@li?‘i'r@mt, thie forward path considers
project start, precedence, 15 eﬂ'mggskk,sm_rt canditions and buffer policy
(to be discussed subsequently). I':&Fl' i givén by, INITIAL TIME EF.
+FSU MAX ES +SS] task rtﬁondition ES1 = MAX all = subject to (4)
EF,.' +FFJ - DI buffét’pality Pi ¥SFF -DI MAX(EAT.1) all 1 20 Using
Canvas View Calculation, the backward path considers project finish

s an
In sy abavR saleulatirRe aide Y SXpiEtyLeeRIS oS e\RRISIE B 1g §ldden
ﬂngﬁI‘E@EE%&OHQDOMBh would otherwise be omitted from the ftraditional PDM or

CPM computations. The early and late times provided by the APDM gives the advisory

Gd

schedule taking into consideration the R! avaitabilifies so that the pian 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 GUIl 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

o lask start conditions and buffer policy {to be discussed subsequently). EF}' is

given by,
[ (INITIAL TIME))
EF, +FS,
MAYX ES; + S, L task start condition
S = MASY el . L, subject o 4
B, EF +FF,-D, : buffer poficy “
|ES; +8F; - D, |
MAX(EAT,)

Using Canvas View Calcufation, the backward path considers project finish and
precedence. LF; remains the same as equation 3c.



10

15

20

25

30

27 in the example embodiment, constraint tracking and resolving
epetitive iterations at the low-level planning stag ' '
W(g%%?r@g{r}%e hidden flows. It is achieved through the conce&%ﬁgﬂ}ﬂmm%ms

verificative parameters to represent the hidden flow (diagrammed in

Figure 3 as constraint checkpoints 392) with the final fulfilment of the 5

constraint represented as an EAT. These verificative parameters lead to

the status of the constraint so that heé:{(%nsgr?'ngﬁ gr& Lrﬁess!%s %‘lsl’é)L{gh ofitive
0 e eFFABH S P RELIRS I SRS RIS e’in the Begin ing? S Rufmed _
iteraditate alvéruallyle@ansmamiogratkhegttoidasiitrhenrloianegp dighen flows. it is
achi%%l?tﬁ‘?}‘&ﬁjcﬁﬁﬁ%dc?ﬂ{l%gb‘mgfe-ﬁﬁ@aﬁt%pﬁa%rmﬂé?@ﬁﬁtf@@%géﬁktﬁg Heedndow

_ employed by the example embodiment are i rated jn Figu nd
(GBI LR O RS RER N DTSR Lol e ) A S GaEnt of the

condtigintl exprbeetivides aredsokEhedowerifivaiverzdiemaisis laasddashg status of the

o e o e Al o o &
of planning. High-level activities are suitable for master a se, .

comB R A B PEHTBRSCHh B A5 el SRk e Tl e form

the sulpiattitens o stepsiwijbbasrd ad)eskintord appropridtdhe\Rersiieakinerking

metAONEMPRREIINIES hampreerframsntationmiinstel tasky e asnipneribed
2@ Create and update constraint library Step 604 involves creating a

as 1S raint library or database and updating the constraint library. A
constraint library predefines the template of constraint 25 source,
ManReRMeRINRSyAdetifgative parameters. A constraint library
typically consists of several sources defined by departments or disciplines,
e.g., contract, engineering, procurement and construction. Each source is
chakictieiz 6870 \highviend! mativigsnriat wpes Weieh atdisealieniayiehel nis is
Cor!?é@g}@ei%xf@ &ﬁ\f@ﬁnégoﬁgEné%Eiﬁh ﬂr?}aﬂé@éiﬁéﬁ@f@%@@%bﬁ&t the the scope of
verificative parameters. 30.Each verificative parameter defin ,
oD b e MR AT SHle® iy Tarar e BHBES Baning ut
cateyenyriaginavisaninenisyeimenaygabiafesksdieiiHi ey gfeRvingdoP
May,cRARPERS mbry apfifaiiaD AR SFeERing 'eRATalio tctelalls tapprovadence

conS o YerRL NG, ghg data sheet

e Create and update constraint library

Step 604 involves creating a constraint fibrary or database and updating the
constraint library. A constraint fibrary predefines the template of constraint
source, management fype, and verificative parameters. A constraint library
typically consists of several sources defined by departments or disciplines, e.g.,
confract, engineering, procurement and construction. Each source is
charactetized by several management types, which define the way the constraint
is to be managed, which in tumn is represented by the verificative parameters.
Each verificative parameter defines a checkpoint for consfraint status tracking.
For example, the engineering category may have a management type calied
drawings and the drawings may comprise six verificafive parameters:
preparation, defails, épproval, construction, vendor drawing, and data sheet.
Preparation would denote a committed status for the constraint while data sheef
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Preparation would denote a committed status for the constraint while data
7/000043
tatus. Thus, these parameters indicate the current gatus 0 %e
constraint, which determines its position in the task buffers (to be
discussed subsequently). 5 Identifyzgchedule constraints Step 606
involves that identifying and associating constraints from the constraint

oraekd IaIRSHS. RAMEIP Waihesh6entElb o arvhinG Rl e d:ront
hinder or dlsrupt the execution of a planned task, Esse (?Pag%’* the

maFiEH e McRAS ot A oS TR L e Gk fers o be
comm:ssai;sutnsem&mman be easily acquired or substituted are not
worthwhile to be included as constraints. The available time of each RI
constraint to be fulfilled is estimated and incorporated as the EAT. 15

Traetentity SeiaisfepRERalAts Step 608 is the process of managing the

tasks and the constraints for flow reliability. From this point, realistic task

SCP@Q I%d% ﬁjﬁ le% tgﬁd '%‘@8 £ %ﬁ@@%@%ﬁ%ﬁ@%onstramt

ad V|sory schedu Ianned task. Tasks that 20 run ahead of

APW%%@%%%W‘&@%% F@f‘éHPé"ﬁﬁw%r@ ﬁﬂé’“&%é‘ﬁ@&ﬂ@%ﬂ'&ﬂ&or
be tiidfillptiiafterdhdiqiaineastactidhtheHaskstidiyt e hsp, niarmaetionbidden

areRORSIRIR KR BRSBTS ﬁﬁggséaa'ag&argh@&mﬁm@s%@&fa@mr@amce%iy

delay the task to be in line with the augmented h. 25 A watch list or

o, QAN CorPUBRUANE 2Bm et e &éﬂsréﬁ@adsﬂs?ép@@é gpts- The
prowichidhle torstfaratistBtusasithissponsibifiljzdrty sdithaethemeinesgamated
actighg, may-be taken to resolve the constraints before the EAT date.
Perform key constraint analysis (KCA) 30 At step 610, key constraint
analysis (KCA) is performed. The key constraint analysis (KCA) algorithm
follGnskhentheony@f candteditt principles to generate a list of critical RI
constraints (namely, key constraints) WO 2007/091979

PCT/SGZOO?/OOOO43
Step 608 is the process of managing the tasks and the constraints for flow

reliability. From this point, realistic task schedule is dstermined by using the
APDM. The APDM acts as the advisory schedule for the planned task. Tasks that
run ahead of the APDM {or augmented path) are not reliable since the
constraints éan only be fuifilled after the planned start of the tasks. in this case,
two actions are 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 fo-do fist 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 fo resolve the constraints before the EAT date.

¢ Perform key consfraint anatysis (KCA)

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

The key constraint analysis (KCA) algorithm follows the theory of constraint
principles fo generate a list of critical Rl constraints (namely, key constraints)
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29 through evaluating constraint floats. The KCA allows for

iguausly determining the priorities of RI constraints to ESIE
Wdzjgga (E%b.l,gshorter project duration). It is observed that only tﬁtg%gy froooss

constraints need to be expedited to improve project performance. The
KCA provides an optimal solution irbgonstraint 5 management, especially
under the circumstances where available resources are limited and _
competitive. KCA helps locate bottleneck, co ints and make optimal
soltiR oA, repBal Aty O3 e Esufﬁg% {O&ﬁé@fcom%ﬁmg%sw
be @xtpeditedy ithenritiplies 10 Biepsshingady tithargiddt doelderstrstintitsproject
53%*@3@;%;%‘3%4?%% 5@3&9{@@%1@%@@ @@%@%@&m@
[ . orting and learnin e involves reporting . _
inférﬁﬂ'iﬁ{YSrP%e%QfﬁfﬂW‘%?%tﬁ%W Qp&%ﬁ%ﬁe?fh%?&%aﬁ?%'?aggecgﬂsﬁa'“*
errarsnagenteat esteeaiatlyl eaceintydroinsuhrstinioematiors fyeilekémiptources are
corgecting ok QQM%%JQ? same errors in a similar project before the errors
occur. The earlier steps provide the means to manage uncertainties in the
project schedule electronically. Total constraint management requires
corketiviesR8 inezisuretiaTesiy stemicairisi ationgakehepirvib sohdione|to reduce

VariglionsdBaie 1asSigimes LN R&EQBs e hasis 98 eaRlaMA in multiple
improvement of the proge%ct ?%/stem so that f ttf{g inter%C a&lg{;res can Be .
corfied Fhioet e e Ba g b e e 1 Ukhighsis g bais
actiralepediiigrte thekirsiha ffmnreliakie. these reasons surface the
underlying systematic problems in the projector 25 variabilities that cannot
be controlled e.g. weather. These systematic problems and e.g. weather

broBRIAEEEENGIANCRIy discovered during the identification of the
constraints at the initial stage, but now they serve to reveal problems that

may e #ddresngtSPLOmRATg- Wi he fradiianat wayLbaslivey example,
focused schedule, the constraint-based. scheduling approach adr.opteiln fo
the 1P/31 R 25Tt SRR /528 AR ERRAFE ARSI o
pre exewciicticnrommiisy ain thotin agdheesarie afows foredeitetaingraignd before the

reduging sehgdyie: Werialatishranaly 2iagdbs-kay haHeneckGorRstRINNs the
and dgmlnls%:l&del s with pull-driven s%hedule control.

l. | . .
imp%ﬂ%ﬁtﬁﬁ RS Oé\lﬁﬁﬁ?gy otal constraint managemenp requires corrective
measures on systemic variations in the project as 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 fo the assignment plan -
these reasons surface the underlying systematic problems in the project or
variabilities that cannot be conirolied e.g. weather. These systematic problems
and e.qg. 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.

Compating 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 puli-driven schedule control. In implementation, the IPS employs
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WO 2007/091979 PCT/SG2007/000043 30 a series of task buffers
Wd%?fﬁ&?ﬂ@d as databases to identify RI constraints and Sysﬁ%‘?@@&ﬁ”y/@mo 43

resolve them so that each task can advance from one buffer to another,
thus providing for a stable workflow. Eventually, in the final buffer, the
constraints are fully resolved resultgng in greater reliability in the work
plan. Only when this condition is 5 attained, the tasks can be scheduled

a s%?aéh%f gk‘%@ﬁa@wﬁe&@lﬂed%hﬁ%&w@ RlEHE 1 LRSIAE and

ram of a purpose wl}@&stem 1400 for constr nt-based project
systsﬁl?é’aa\‘mgeﬁ?'é{ﬁ bemrmdnah e dask e sAGYATCE '@“16% rfﬁcﬁﬁ'ofhef
thusCprogtipgsier fir stalasahadd dw.02venintailying ﬂnejﬁnabbh‘é@ulihg certatraints are

fuuﬂ%éS%é%%é’&ﬂﬁHg&ﬁé&Q}%%ﬁ{‘ %8%99 Jhe nexiyReRadAkREndition is

assignment e system 1400 further comprises a second database
atta'i‘&éil"ﬁ%?ﬁa‘fﬁlﬁ@“d&é%@é’b‘lﬁﬁt@ﬂ hGikerV aSRYIBad Bé“% and the look

ahead plan covers at least an overlap portion of the next period of the
assignment plan such that the look ahead plan overlaps the 15

%énment plan. The system 1400 further comprises a chssor un{
With JeE RIS TR HrsParem OB AEIASR PYRSS 1A Ryptom 1400 for

contiaisfelbtngdd atajass aaiatddivghionenoexmongls hioitleditaskt lsadhowen. The
sysaéﬁ{ “WoWL%WHHQ&éhS QY@J'E&Q&K&QW%Q‘%&%&W %}Ha%&hscﬁﬁﬁgnéata

database into the first database as a modification of the
asSQCRIRMNG BnEPRCL, AT BT RorER BFURE SLUT FASerant plan.
The2Fhm dyisterhed Oomayisies th epoum plitebashitdHatabiaéenudBa associated

wﬁhcmét%em%a&ﬁ ARSARIRIRY uR éhsa%paama&a«aaaﬁ[éaaa%@@a% waikitsh of
coupled to the third database for updati tu ormatipn of the the
tho GRS 48 I ARHEES BRSNS IR0 LR, Qinot g, the
assitfrshotygaa floirechatedt 000N datiameprpietisoal heossaraint-i48e goupled to
the a?ei%d SERBHYIRg,BecRE ciRg0a0d @@m%%mgqm @BEHRBILRAR one o

involves maintaining a first database G nin ect sched a
o A o Y 2L 0 VA T B R g g et period
fronastigrenemdldataSiep ¥B04lnviivesiatelintsinisga smf@’w@maﬁaﬁé& project
scheaDiRNIRE-dAl AsRRCIAIR W IR A Jerivahead Riagathaienihahead plan

covering at least an overlap portion of the next
The system 1400 may further comprise a third database 1408 containing data
associated with the constraints, and the processor unit is coupled to the third dafabase

for updating status information of the constrainis as a manipulation of the data in the
third database.

Figuz;e 15 shows a flowchart 1500 illusirating a method of constraint-based project
scheduling according to and example embodiment.

Step 1502 involves maintaining a first database containing project scheduiing 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

jook ahead plan, the look ahead plan covering at least an overlap portion of the next
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WO 2007/091979 PCT/SG2007/000043 31 period of the assignment plan

Wosg(%h/t'hat the look ahead plan overlaps the assignment plan; %&e&%%&)%o%“
Involves transferrlng data associated with one or more shlel S

having 5 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; and Step 1508 involves executing the project according to the next
periqiepioth® AENDARSBhRRhEUED fahtBadek dhard RaniRke s Péq Wi Beslgent
planscheduling data associated with the next period in the flrst database.

Example embodiments of the present invention may have the following

features and advantages. 15 Example embodiments of the present )
StopioRRHBYPER BARSIAEE B BSceHIBH Y AR RURRELAYEE B having

a startmgaiires dttthpitejestadansrRrojetthm aray esiaddrogahe sascgdidaiabase
into IASHHR eﬁé&%‘éﬁﬂl‘& 9f he-BlaRah e fRISAQ9e SBeDfh Ak wasHelaRRedith

as all the necessary details are displayed and made readily available
the nErbpEied @Fﬁﬁﬁ%ﬁ?’ﬂf@%‘?t?@ﬂn@?ﬁace (GUI) available in the software of
the example embodiments (e.g. the IPS GUI). A 'To Do' 1 Watch list of

Stepc?f)}?érﬁ"}vrgﬁ/é?@@é%p& tgél@%%@daé%?&igb %B%@m@as&kd&&&rm@@émem

available in the software roject teams sim needgt‘b{ocus

plan eV ARRTIRG RRIRSh SEOBg S R,@as otz g . g PR é’e“f’d in

the fbeiodatebican do" and when the constraints are managed, the task is
managed. Tracking parameters 25 explain the status of the constraints.
The project managers and teams are hence better informed of the status
Exambibepimechehteyichan fhresshbitermdéodethehaactitrsiitisidad ffatures and
advéﬁ@%gg,hti”g" based on a disarrayed plan. Also, by providing integrated
nstraint management, which uses tracking parameters to 30 monitor
the status of the constraints that have implications on the schedule,

Exafif d,té)m% 683*% diments of e ﬁ}P{:%Fe%%g‘%%H%%Qx&ﬁ@&lﬁe”?‘?b?&&%%%@ﬁem

elr o be bet orme the prcgress of not just the task
funcheRJer IR R C1H ARE PIRRGS 1R RIS BIFAASS TR teams can gain a

taskPSeldSLRR0FIAABG4E and be able to ‘get behind’ what was planned as all the
necessary details are displayed and made readily availabie through a Graphical User
interface (GUI) available in the softwars of the example embodiments {(e.g. the IPS GUI).
A 'To Do’ / Watch list of constraints can also be generated through the Graphical User
Interface available in the softiware. The project teams simply need to focus on the
constraints. When the constraints are resolved, the associated fasks become “can
do" and when the cohstraints are managed, the {ask is managed. Tracking parameters
explain the status of the consiraints. The prolect managers and teams are hence better
informed of the status of the project. They can then betier decide thelr actions instead of
"fire-fighting" based on a disarrayed plan.

Also, by providing integrated consfraint management, vghich uses fracking parameters to
‘monitor the status of the constraints that have implications on the schedule, example

embaodiments of the present invention enable project managers and their team fo be betier
informed of the progress of not just the task nefwork but also the "hidden flows" of the
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32 project, and thus allows them to be able to take early remedial actions

W()%bé%ﬂ%@yed "hidden flows". Using a series of task buffersﬁgﬁﬁ&gg}&ﬁo 3
an a

manage tasks based on their status and in 5 conjunction with-an

advisory schedule provided by the APDM or ACPM to separate "can do"

from "should do", example embodimgents can help project meetings

become more organized and productive by enabling the project

. managers and their,team to focus on.requir ctions, for.each g
pro]%(aar'ﬂplé 3%%%’3%@%%“5 35 afow %r%%%tlér% n%f/n S&’i%ﬁé’%’& Sp?ﬁﬁ% n&éﬁ%yed
"hiddeofiettsfe backlog automatically controlled or influence by the advisory

schedule for 10 swapping of tasks to ensure stable workflow, which is not

. possible wi ‘]1 conventignal project planning. Variations in project .

USRI LS (A kR LS Grh R B e G oatus and i
conjproiisrssidysteadviserm aiheshie arevidad RIchmAITeA @ teFidfesenamiasgan do
fromtAsakedistestifingic EnmpodiRenectRthdp prpBPIR-eIRo disoentsrbitherganized

present invention, these systemic variation identified.th h plan . .
A N R R SOAeny St it Rk 18 SO i Hauiron
actiysformershcaenpsry Exampleraaradiprsjscelsr slinysiarcamipasiey actions by
proRRGRYISRIRBIBIIGEb AN AGBIREsraRaNIAGg i a iRy ahesbigedutl for
swapitt RS SNONIG LOAGORGKAAN A% A ABITRCBIE M, RS S

1amn objectives of the project are accomplished. Moreover, project teams

plarpiagy also analyse from Percent Plan Completion and Variance reports

generated by the GUI of the example embodiments to prevent future

occurrence of 25 pr e ' 0j e
S B T e e
pm@@ﬂgyﬁémsfé%ﬁi@ﬁésslﬂm@6@Wé&ﬂﬂﬁi@f@@ﬁ%ﬂﬁ?ﬁ,fa%a?s@&m*ﬁed
andaetinfadpian panckantieternibediandsexeciiedokasuiting/entiventhighesystemic
varig{igclsega% ) ?c?eltﬂ% ARMEUR @da@%(&fs}h%ﬁ?éﬂmggers continuat
embodiment can also be “implemented on a cormputer system 1600,
ImpERHENGRE AN IPRIAKSERREPE 481VRMay be implemented as software,

such as a computer program being executed within the computer system

ng ix ' e
e
guided by the framework o focus on removing roadblocks instead of shifing blame.

Ultimately, the main objectives of the project are accompiished.

Moreover, project teams may also analyse from Percent Plan Completion and Variance
reports generated by the GUI of the example embodiments to prevent fufure occurrence of
problems that lead to undesired project performance, and take performance fo 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, resulfing in even higher
efficiency.

The methods, algorithms, and IPS of the example embodiment can also be
impiemented 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 1800, and instructing the computer system 1600 to conduct the
method of the example embodiment.
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33 The computer system 1600 comprises a computer module 1602, input

uch as a keyboard 1604 and mouse 1606 and a p '
W ou%%ﬁigéces such as a display 1608, and printer 1610. 5 he%}c%ésr%%g{]’{g‘%"“‘”’

module 1602 is connected to a computer network 1612 via a suitable

transceiver device 1614, to enable ggcess to e.g. the Internet or other

network systems such as Local Area Network (LAN) or Wide Area

Network (WAN). 10 The computer module 1602 in the example includes a

processor 1618, a Random Access Memory (RAM) 1620 and a Read
TheOoHIy IR SHSIRIOMGAS ZRrmpises A ptREP e 488 2182 imaUbewequles
such4R BaichbapytQounard fRdusterbagesndos plaatijeol /s fniedaveckoddtoas
a ditsh? d|§gb%y 16(%)%%“%91 1{691 terface 1626 to the keyboard 1604. 15 The

c%r%’poneritgno e computér module 1602 typically communicate via an

interconnected bus 1628 and in a manner known to the person skilled in

Thelkerplewanioatie EDaRP keaiier BEogradmpiraalyaapphed 20/#e vakable
tran%EE;h\?eF‘%I’e‘\@“teFrggﬁfe goa%%o%gc%%%dﬁqeqa.%ﬁé@ﬁéﬂ%ﬁ%r"‘&%@%ﬁwmk
SUCh as a E?— orcﬂasfh memory carrierand read utilisi

ng a
sysiasmespdhameraatdsta igverkd hﬁ%‘é%f@a“dﬁﬁa”%@éé‘g’&h’ée 1630.

The application program is read and controlled in its execution by the

; .
e EREREE ot BTN R SRR ThARKET MRS IR Mets, @ Rapdom
Accgen MsArath GRANBUIBRRAER & Rea FERE SRR IR oot e SRR r
mo@Bresiedsbyincherso m skitetdn dhenadtbatpuinien) Ustedtatianoanrionple

1o ﬁ%ﬁ%géf%%?tﬁéaéf i?@ve{tg%%é?éﬁg PrEseltiueiionasshown da, egoq.

specific ments without departing from the spirit or scopé of the
invention as broadly described. The present embodiments are, therefore,
Thdodeengonsidered ihallcespetts tmdoeddlustieriviysindipotrastrictivete3yia an

intew&éé’é%lé‘)@dé 7 82%)%?;@@ %%Zaé%%@%éwn to the person skilled in the relevant

ari. .
The application program is typically supplied fo the user of the computer sysfem
16800 encoded on a data storage medium such as a CD-ROM or flash memory
carrier and read utilising a corresponding data storage medium drive of a data
storage device 1630. The appiication 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 spiit screen GUI implemented in one
exampie embodiment.

ft will be appreciated by a person skilied in the art that numerous variations andfor
modifications may be made to the present Invention as shown in the speciiic
embodiments without departing from the spitit 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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34 CLAIMS 1. A method of constraint-based project scheduling

w&%@%ﬁig@f maintgining a first database con'gaining project s?&%@&_}, 000043
data associated with at 5 least a current period and a next period of an
assignment plan; maintaining a second database containing data
associated with a look ahead plan.gfe look ahead plan covering at least
an overlap portion of the next period of the assignment plan such that the

CLA'&R ahead plan overlaps the assignment plan; transferring data
associated with one or more shielded tasks having a starting 10 time
within the overlap portion of the next period from the second database into

1. theﬁmﬁétmciﬁwﬁaﬁmmmaé&@ﬁi?kffdﬂeﬂmmbsmirh@g data
associated with.t t perig ign ;
e T R

leashaculifiett prsjed esd etk e tedrhas SREINRN PR next period in the
firstdRtaniabasecdniiheatapihedoantalainedas slaivarttih wigin lodurtend
camprising displaying respecti rtio fth .'gmﬁp I

pianro% %%ﬁéa%%?gorp T)%s%fﬂvﬁ?f?%é%%égpggng?ﬁgé iﬁoﬁ?gf\ first ané1 %g&%%% Btne

assighmam sl RLbdbat g ook Maadplgrtiexsiansdpe 269 8IH6R T IRe next
petiggsRding methatasarimes ionelaimadt sfytiertedommtisinging a starting

. eratin iSQr d ' |

e S L aS s vt

datatrsmas, JareibicedriprishiryRipiaating Ak ng rsdR PeERRigiaR Wilths s Rt

of tHaaséigatiensripesiect scheduling data in the second database. 5. The

me&%&%ﬁgﬁﬁ%}g@é&CAQ&%EQO{O%\@ %&%igegig%am@mggnﬁ&u{ep%%ed

30 generat on the Augmented Precedence Diagram Method
on {hePmmfsetREizt GHkEine Rt BserkiathodiaBP 0 X6 PRRAnR GG st
datzdgigdaimed in any one of claims 3 to 5, further comprising displaying the
advisory schedule path on the displayed took ahead plan. WO

2007/091979 PCTISG2007/000043 35 . o ) )
“The method as claimed as claimed in claim 1, further comprising displaying

respective portions of the assignment plan and the look ahead plant based on the data
contained in the first and second databases respectively and including the overlap
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 fook ahead plan.
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7. The method as claimed in any one of the preceding claims, wherein the
W(pﬁlﬁ'f')ﬂbﬁﬁg plan comprises a pqlling period,.and the methqdf,@' & 2007/000043
comprises manipulating the project scheduling data associated with the
pulling period based on analysis of 5 constraints and the advisory
schedule path. 8. The method as clggned in claim 7, further comprising
maintaining a third database containing data associated with the
constraints, and updating status information of the constraints as a
manipulation of the data in the third database. 10 9. The method as
7. claifhedme BRI CRimséi R tReVdeRs LdbeiaegsHing thiaireondtiaifis the look
ahegOMiprisesparisal yelifigationpasamiieiadticotiicansirapiséar tradisingting
ing:a hi oW, iated with ject. .
the B e et AR S Al TS o Mgt o
congifgids e e dHdrrrAckeBRtRaMn the constraints associated with said
respective tasks are available for transfer into the first database. 11. The
s. Mefpad asglaimed inglaim s&‘%&‘é’aﬁ?@!”f&%%@%ﬁ%@ﬁ%&wﬁ%%%h& A ra
20 uncertainties In the constraints assoclated with said respective tasks
databas®oCaViEiRIbR fenanersiaRt tWETiIrsidafpaleintind sta e ntiag s
infoistaitingofldte s@fssaidisespe oibraptiestks iof the ook iaheathplbdaiabase.
manipulated to be outside at least the overlap portion of the next period.
25 12. A system for constraint-based project scheduling comprising: a first
9 datdBEsBeBRthiAT G BIBREL I3 cHatRIIRg Rt sheifam wisotiadyth the
conshmiheint enatiand agiat peifodiohameassigpmdat pkam eosetaint for tracking

and@ﬁéﬂg p% sonialnngsataassagiaias withslaek ahead plan, the look

.ahea n covering at least an overlap portion of the next period of the
assignment plan 30 such that the look ahead plan overlaps the
10. assigrmerthplay daidadirocess Bunitforitcasisienindatatsassaiedieih tasks

shiefER A QUSRS HAH AR ARG A AAHM M UL B RVEHRP are

portion of the next perigd from the second database into the first
avaliphia ot s et e dtor 88 Broject scheduling data associated with
the next period of the assignment plan. WO 2007/091979

11. PCHRGAAAGO000AR3Pin claim 10, wherein data associated with tasks having
unceriainiies in the constraints associated with said respective tasks are not available for
transfer into the first database, and data representing starting dates of said respective
tasks in the look ahead pian is manipulated o 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 lsast 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 overfap portion of the next period of the assignment plan
such that the look ahead plan overfaps the assignment plan; and

a processor unif for transfetring 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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13. The system as claimed as claimed in claim 12, further comprising a
w(fi&%glﬁ%{gx;gdisplaying respective portions_of thfe assig.nment m%/%gﬂé%aoo 43
ook ahead plan based on the data contained in the first and secon
databases respectively and including the 5 overlap portion of the next
period. 14. The system as claimed g claims 13, wherein the processor
unit generates an advisory schedule path based on processing the
_project scheduling data in the second database. 10 15. The system as
claimed in claim 14, wherein the processor unit updates the advisory
13. scbgURSHINA5REA AfoRiAiEbIRSH B ol LkIR RO 8k Frithiay for
dispRgtondspetahapertibhslé ibesystamnrdpkiaineiie dalnmhdadgrdbbased on
the \é&%}g renihe-AKSRY mehedy'e Raiisiaanalated: e@ﬁﬁ%ﬁ@%ﬂ&!%\ﬂg the

sed on the Augmented Precedence Diagram Method (APDM) or the
overigiodiateef thatet PatRdethod (ACPM). 17. The system as claimed in
any one of claims 14 to 16, wherein the display further 20 for displays the

14, ag\gﬁs%é W%%'%;B%B(fwef%imépi@Mé@&% %ﬁ&%%e@go.’l%nﬁ SYSYan

as claimed in any one of claims 12 to 17, wherein the look ahead plan
advigapn SrRRdle RalieRBRRiaN, RIRAETHNgr BRI PAinee iR 436 D Shf
datathseproject scheduling data associated with the pulling period based on

analysis of 25 constraints and the advisory schedule path. 19. The

system as claimed in claim 18, further comprising a third database

15. ConBRTHGER S SBIRR FWiRTh e CoMORERs i A BnE T PP el e
advigtilisechteiulippatte statdscinfordifitiativos tHeoriastmindding datmip dhetimreond
data%fag%? data in the third 30 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
16. hidtdan fimtemssociateddiiticitimpidiect! IEhR0T B8 Eaivisory schedule path is

98“5&%5@{%%%%3%%@ﬂ*a%m%"é?tfifg%%g%”@ o unear e e
t

(AP b BRI Sat Sl

17.  The system as claimed in any one of claims 14 to 16, wherein the display further
for displays the advisory schedule path on the displayed iook ahead plan.

18. The system as claimed in any one of claims 12 to 17, wherein the look ahead
plan comprises a pulling 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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are available for transfer into the first database. 5 22. The system as
W(p%wﬁglg%plmm 21, wherein data associated with tasks hav'%'r/smmmi)ooo 43

uncertainties in the constraints associated with said respective tasks are

not available for transfer into the first database, and data representing

starting dates of said respective tagks in the look ahead plan is

manipulated to be outside at least the overlap portion of 10 the next

period. 23. A system of constraint-based project scheduling comprising:

means for maintaining a first database containing project scheduling data

21. asdbEMEtaMtREEREGSIC HAIRE ool dhdWRER aROHAER gscciated with

taskasigRiaentplancdfameans tbe naistainis gssseeenitdiatatidsespeotimiagks
are 13 A35acia gglfgylm@t% ﬁ@@&ggag@n the look ahead plan covering at

east an overlap portion of the next period of the assignment plan such
that the look ahead plan overlaps the assignment plan; means for

22. tramsieriageiaia armachiadtikiih Dheabirodreishielsedidsksitavimga having

unce am Ad ime %th’?‘. &%@ RAaR Qélm%%?g&.esmé@@m@aégmg for

ata ase |nto rst dat ase as a modification of the project

trangfeh &iaIiRg aafadag%%at@&mﬁt%pﬁ%%arw@ﬁoﬂ%wg@é@ﬁ ﬁ?éﬁfﬁ?&ﬁcﬂve
task24n fud aialstoragephie diumatipoiatiading ceroptside raddadilée adering aodifor of
the g,gdrb%t[rggtlng 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

23. curfesysieniool andsé aieikbpesib drofemt sgwdgohngntgtamismaintaining a
Seqaggnga@b%st&%&ﬂw'agﬂﬁa&%@g@t%mmxﬁao%@es%hé&mn data

the took ahead plan covering at least an overlap portion of the pﬁ% Rerlo

asseigtie WibighieRshe aReel BRTRRAINEAIS6K: 2785 DR BRINPR
assigame ftrptaaintainthy ansiemih g alata sssociat@davitdecrremiaiedreith a look

aheé@'&Q?Q@%&%%w;ﬁaﬁté@@%é@%‘ﬂ%ﬂ m@@g i ROsHER Abihe AR of

period from the second database intq the first 7 P GZOO7/000043
the W@ﬁﬁé@@ﬂ%‘@? @6&0}%@1@8 pian overlaps the assignment plan;

means 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 pian.

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
ieast a current period and a next pericd 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



database as a modification of the project scheduling data associated with

the next period -of the assignmefit plan. 25. The method as claimed in ani( ‘
one of claims 1-11, wherein said look ahead plan further comprises, af € 1/8G2067/0600643
least one task buffer. 26. The method of claim 25, wherein the gﬂ‘éeégf%%])“emh” 2007
task buffer is selected from a group,gonsisting of a shielding buffer, a

pulling buffer and a screening buffer. 27. The method as claimed in any

one of claims 3-11, 25 or 26; wherein the advisory schedule path is
calnelatedenmherdaton darasR ALASATHY ISP ANV w8 BRRAIIRM.A

- OERUR cehsisingRf,a task precedence relationship, a task start date

condition, a time of a prerequisite constraint, a states of a verification ‘
parameter, a buffer policy, and a task status. 28. The system as claimed

in“Any. onk BetSiAS 49mes nanyens dagirok Hheherpitessidiptiahead plan
chifiprisenpisesattensectmsksh biftrr. 29. The system of claim 28, wherein

the at least one task buffer is selected from a group consisting of a
steldinenliaiod # indRIIRLENEE SGeening BYTRE0; Theasieh as
clqﬂmggo%&riﬁégpae g;‘eﬁ Ealmf,rff'LS-ZZ, !'28 or 29, wherein the advisory ,

schedule path'is calcalatdd S8 Hpdie - Beid 3a-meagbdike parameter

selected from a group consisting of a task precedence relationship, a task

stéft datdectrithdes deitieriroiny predglaisise a0nairei s, aisiaie hohavisory
verfiisatiopapasaniatetsaabd ifptapelisye Ao taska srAmenied Shest
IREfMMdonsisting of a task precedence relationship, a task start date condition, a Gime

of a prerequisite constraint, a states of a verification parameter, a buffer poliéy. and a
" task status.

28.  The system as claimed in any one of claims 12-22, wherein said {oak ahead plan
further comptises at ieast one task buffer.

9. The system of claim 28, wherein the at feast one task buffer is selected from a
group consisting of a shielding buffer, a pulling buffer and a screening buffar,

30.  The system as claimed in any one of daims 15-22, 28 or 29, whersin the
advisory schedule path is calculated and updated based on at least one patameter
selected from a group consisting of a task precedence relationship, a task start date

condition, a time of a prerequisite constraint, a states of a verification parameter, a buffer
policy, and a task status,
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