WO 2011/ 115575PCT/ SG2011/ 000098 1 A Conputer | nplenented Met hod and
Apparatus for obtaining an Optimal Project Makespan/ Cost Background and
Field Twenvassson relates to a conputer inplenentedpoetsicach1anehos
apparatus for obtaining an optimal project rnakespan and/or cost Many

real -life situations require sinultaneous nmanagenent of mnultiple projects,
10 sonme of which may be required. to-share-a.compn pool of. resources. For
exanpl e, /&Qmeeterdotnlemeated Methogand dppasatusifarreltainingian Optimals or
projects to be performed concurrently on it; with an overal | objective of
havi ng the vessel ready for Lijea:tMIakeapanlem:aterm ned period of time. In
anot her exanple, two or nore vessels may neéd to be maintained using a
comon pool of resources 15 such as wel ding personnel, equipnent and tools
and it can be a challenged to nmanage the mai ntenance projects on the
drfferentBa\ée‘ 'n%é’rﬁilﬂﬁl he common pool of resources, especially under tine
constrai es may be observed during aircraft maintenance
wher e overhaul repair, inspection and/or nodification of an aircraft nust
be coﬁpleted before a specified time to avoid 20 costly penalty charges,
and where nul ti Ie tasks or projects typically: run concurrently. Yet

anot her 3)@ rﬁS‘IVg Wrére'at%t%&amrﬁr l@?p'ﬁmef'ﬁﬁ agfhgd nds aﬁaw%%rer conmon
resources is in.construction:or building situation. Typically, a nmanager of
ext ensi vebéarlp!egrmmdmrdre@m%@epae@ndépraidstjcat e the linited resources
among the nmul'ti ple proj ects such that all the projects can be 25conpl eted
within a prescribed tinme. Even so, the nmanager has no systematic

' Manyreal-lrfe sttuations requrre sinwultaneoojs:'rnanvagement of multiple projects,

;1f0f ‘sorneofv\i/vhi:ch;may be re,q'uzi:red to share a oomrnon povol of resources. For
exarnple, a \re'ssel docked ata s'hipyard -often ire_qui‘res multiple tasks or projects

to be performed concurrently on it, with an overall objective of having the vessel

ready for use within a predetermin.ed vperiod,of time. In another example, two or

more vessels may need tOE be rnaint_ained os'ing a common pool ‘of :resources

15 suchas welding personnel,z-equipn'lent and'tools and it can be a ohallenged to
manage the maintenance orojects on the different vessels using the common

pool of resources, especially :under time constraints. Other examples may be
observed during aircraft m‘aintenance where overhaul, repair, inspection and/or
‘modification of an aircraft must be completed before a specified trme to avoid

- 20 cost|y penalty charges and where multrple tasks or projects typrcally run
vcon_currently. Yet another example where the man_ageme_nt of multrple'v’prOJects

may share cOmmon resouroes is in constructton orgbuilding situatio'n'.‘ :'Typically,

a rnanager of:extensive e)ﬁ(p‘erience would be redUired to aIIocat‘e.the limited
resources among the mu‘Itip:le projects such that all the projects can be

25 completed within a prescribed time. Even so, the manager has no systematic



2 means of determ ning ahead of tinme the optiml way of allocating the
limted resources, and is pressed to provide cost and nakespan esti mates
based on weperiasee and gut-feel. It is also inpossibleptoscei/oowosger to
conpare across different schenes of resource allocation. It is an object of
the present invention to provide a conputer inplenented nethod and
apparatus for. obtaining an optinmal. project makespan and/or:- cost which

al | evi at aseans bt deteronieingfahdas df Hmeythe: ag’m;abwawm‘ alidoatingrthe dimiitest t o
provide the public with a useful choice. .10 Summary In a first aspect,

there is rpsouricdsdand ¢ ppedsed tonprloﬁlwlb@st aved hkeshanistiniitey bageddn nal
pr oj ect makespan, -conpri sing. (|) receiving a plurality of tasks for

conpl eti ng H@né’é e% ht-%?é? R 8o Yihb@isi?lénfdr | Harfge 96t corbaRPan.

|dent|fy|n 15 at one critical romt e plurality of tasks which

ar Teast BREEIERH %2@@%&%@%8@% Fone ori tical task: (1)

al | ocati ng addltlonal resource to the at | east one critical task to obtain
a ni nimum project makespan of the at |east one project; (iii) deriving a
current :project-cost based on .the :mni num makespan (|v) I f-the 20 current
proj ect  dbds-ansobigehiof dhel reresenhmve@tlpnef@ep@wﬁm@dcgmgtﬁr implementsd ng t he
m ni mum nekespan as-the optimal project nekespan; (v) if the current

pr 0j ect cmethodsarrdnepptatﬂms tfdsreolptaardtmg annoptidabpebjedt, makigspemn agdfoheost
aIIocatron of ‘the -additional:- resource to the at |east one task to derive a

proj ect - Gpsith WleGtés aduadt Sic P thet didddiditages e tthe thorpa] sifocest  being
associ ated - wi.th a revised 3 project nmakespan;.and (vi) identifying the

revi sed gir?hﬁgtthgﬁbﬁﬁ@%h%susetﬁl Giiddral pr Oj ect makespan for the at | east

one pr 0j

Sumrrtag(
In a first aspect, there is provided a ccmputer implemented method of obtaining
an optimal project makespan comprising (i) receiving a plurality of tasks for
completing the at least one: pro;ect within an initial prOJect makespan identifying

15 at least one critical task from the plurality of tasks which determines the initial -
project makespan, deriving a critical chain for the at least one project based on
the'et least one critical task; (ti) allocating additional resource to the at least one
critical task to obtain a minimum proj‘ect makespan of the at least one project;
(iii) denvrng a current prOJect cost based on the m|n|mum makespan; (iv) if the

20 current prOJect cost is equal or Iess than a predetermlned budget, |dent|fy|ng the'
minimum makespan as the optrmal prOJect makespan (v) if the current project
cost is more _than the predetermlned budget, adjustlng the aIIocatron of the
additional resource to the -}attleast one task to derive a project cost which is

equal or less than the budget; the project cost being associated with a revised



The nethod may conprise calculating a mninmumproject cost for the at | east
one project; and conparing the m ni num project cost with the budget. In

t hi s way,wotoig1ipxrssi bl e to determine if the budget is realsicabiimoaos not |f
the m ni mum project cost is nore than the budget, the nethod further
conprises outputting that the budget i not able "to conplete the at |east
one project.. io There may be nore than one critical task-assigned-with the
addi ti onajro,leetscumlc&spaandmslt en) (den)tufymgItbdetsevtsedcpro]gctchmkgepam asofhe af t er

al location of the additional resource to the critical tasks. This is .

particul afddtmatwjubt ihakésparkion daa bi leakt ¥se phsja@es whi ch may be used for
further ustrents | ater. The nethod may further conprise sunming up all

t he change in cost to derive a total change in 15cost; and deducting the
total change in cost fromthe current project cost to obtain the m ninum

pr oj ect he current cost.is nore.t ud ~.step (v)
bf “Lhe. 11178 metiod Ay LomBtke ReRfifing B3Ry REies sk i et st

addi tional resource to derive the 20 project cost which is equal or |ess

t han' fhe ngdgect; ﬁ”@t‘}?@?p%}gdg‘e t‘h‘é"‘lﬂﬁ%lﬂrﬁl@&t rest Wﬁ? thﬁé’”rd&%altne@“%nt il
the pr oj ect ‘cost coires to within the budget. The un-allocation may i ncl ude
arr angi ng/vamet isrpagsikle to gsterniine it ther bedgathie realisticeer retalfgibei minimym each
critical task: being-associated with a said additional resource; and

un- al | ocairojegt tost isandreattdint thmbhdgasm oeethoe fatther tomprises datguting?5t he
proj ect -cost’ which i's equal or less than the budget. The nmethod may be

appl i ed ttﬁat”ﬂ%lettitﬂlg%t %ﬁ%t%‘b‘létcﬁ@&nbf@t’é thééﬂ@aé! dnéTEbbééétd ude?} deri ving a
critical chain fof multiple projects, and the may i ncl ude obt ai ni ng

t he optimal project nakespan for each of the multiple projects or for all
the. multiple projects. In a- second aspect there is provided a , conputer
ai ni-ng risin

Irggleﬂ\(h néﬁ'@rgﬁé}ygge%prgﬁhaggpg cfr@ipaf)t%skraasag%e%] OSddmona resourcg (1)

| and step (||) mcludestrackmg change in cost _after allocation of the additional

resource to the critical tasks. This is particularlyi useful to track quantitative

changes which may be Uis'ed for further adj_u‘stments |ater. Thve :method may

further comprise summing,v up all the change |n co$t to derive a ‘to‘tal change in

15 cost; and deducting the total change in cost from the current project cost to
obtain the minimum project ccSt.

If the current project cost is 'rnore than the budget, step (v) of the first aspect

‘may include un-allocating the allocation of the ‘additional resource to derive the

20 _prcject costhwhich :is equat or Ies:s than the; budget. In other words, the un-

allocation m.ay be tepeatedft.tntil the project:ccst::iccmes'to Within thej' budget.

The un-allocation may incluidze/, arranging the critical tasks in order cfrthe tracked

change in cost; each 'crit:ic:al task being a_ssociated with a said additional

resource; and un-allocating the said additionalv resource one at a time to derive

25  the project cost which is equal or less than the budget.



conpleting the at | east one project within an initial project makespan,
identifying 10 at | east one critical task fromthe plurality of tasks which
det er m newotzbg/i188751 al proj ect nmakespan, deriving a critceaiG2ehabmsor the
at | east one project based on the at |east one critical task; (ii)

al l ocating additional resource to the at |east one critical task to obtain
a mni num proj ect nmakespan of the at | east one project; (iii) calculating a
m ni mum proj ect cost based on the allocation of the additional 15 resource;
(iv) deriving a current project nakespan for the project based on the

m ni mum prHy gfethsdBiay ¢ hpbfied K6 ntfipleNdrofict 8RY tHBK &teE M) infa@ fHERhdd 0 or

| ess than a predeterm ned duration limt, identifying the m nimum project
cost as tfe. onti - 01 O) Lost- vl ) LE fhe cunr er raj v an is
nore than ?"Hg'%forlagg}e'tt'(girl n%lﬁéie'tc]i @Bﬁhylltlé}r/lé l)plrfrzhﬁ?tts gad]f&’usﬂ{i?%e{?mﬁg gﬁyoca |%n of the
additional .resource 20 to the at |east one task to defive a.project
makespan SATFIERY et gvaloﬁ)roﬂeéggn?lf%ﬁpaphfgrﬁﬁgﬁ&%&bﬁﬂﬁg@p%p@ﬁ%ﬁ i ¢ the
proj-ect makespan being .associated with a revised project cost; and (vii)

i dent Pf yialghe meultiplgi yeigc: oj ect cost as the optimal project cost for the at
| east one project. 5 Step (ii) of the second aspect may conprise conparing
the m ni num proj ect makespan with the duration limt. In this way, it is
possi bl e to -determ ne whether -the duration:linmt is realistic-or not. If
the m ni nnnaHeebAdt asmdots Bedrei-B prROVEdddhan chiputél &hplemdnitéd tmethidg B8t hod
may further-conprise outputting that: the duration limt is not able to

conpl et e Jphenaty AC88tima peiEoToi Jpe e Ry he. wopeccnitdcal task
assi gned &V%Rﬁphée@ggﬂdﬁntg Pgrrlo%&rcg%})uﬁo-(ﬁgﬁiﬁ?%ﬁz{ %‘%IWP% ﬁlgfé] Itt)ﬁgﬁtsée\s?:% r]:gp aspect
may i ncl i Ng. after .al.l i on_9of the addi.iional
retour ce RERE IR GER g gt S aBia5Bsd Pudlesbaf BERIMIR e
change in the cost attribyted tqQ the allocation of the. additional_ resource.
The a@t h@(ﬁﬁ?t%ﬁ; Q& e '(t,%ﬁﬁ)ﬁp%a%wa@y eﬁ-téﬁhsw ich.deighuines t,g%f"t'?b_ derive
a total change in cost; and deducting the total change in cost fromthe
current prejeetmakespan,glesiying a aritiealrghsaimien thedtdeastcans projegtibasedvan of the
second aspect may include un-allocating the allocation of the additional

r esour ce the atllast ené leetipaldasi;t (i jralkecatiag additidmal sesayued tothd atdeasthare t he
duration limt. The un-allocation may include arranging the critical tasks

in order caficaNgsk 16 Petsin G ANt dijedt hfdkgesﬁaﬁfbffiﬁétét%stkﬁﬁ(?#@ﬁédlg_
associated wth a said additional resource; and un-allocating the said
addi ti ongfi) ESRAIIRG LREniftum project cost based on the allocation of the additional
15 résource; (iv) deriving a current project makespan for the project based on the
minimum project cost; (v) if the current project makespan is equal to or less
than a predetermined duratioﬁ limit, identifying the minimum project cost as the
optimal projéct cost; (vi) ‘if the currént project makeSpan is more than- the
pred-etermin(:ad'dura’tiovn Iimit,fadjustin'g the aII:ocatiOn of the additional resource
20 to fthe at Ieaét bhe task to dfefi\:/e a‘“project make’spén‘ which is equal or léss than
the predetermihed duratio;f limit; the project ﬁ]akeépan béing fassdciatéd with a
revi:séd project cost; and (vn) jdentifying the revisea project cbst as the optimal

project cost for the at Ieést: bhe project.



20 a tine to derive the project makespan which is equal or less than the
duration limt. Just like the first aspect, the second aspect may be

appl i ed twormitiipi7e projects, 6 , method may incl ude olptaisczeng/obdves opti nmal
project cost for each of the nultiple projects or for all the nultiple
projects. The additional resource in tyhe above aspects/features may include
overtime and/or outsourcing of tasks to subcontractors. If the additional
resour ce Stepqipoédhe csecbad atspeetsiay ocomprise tdobaparingsthe nihintles projesbur ci ng
of tasks to subcontractors, the outsourcing of-the tasks nmay replace an
initial rrﬁél%ﬁ(;ﬁ% With S8 @AtbA IiMIE IRthis AR ita8 PoSsible ©detbfitheUlNGthest €P
(1). io Step (i) of.either or both aspect's may. include assigning

constrai - ges shared. W t ol ect s ral it t ask,
and | eveltia g fRisH S STRaRgie bl Rob Fihe BiBliGh prbfect Malfd kol ' orior
to step (j), .Leceiving user definition of the plurality of task required
o copoithdn 1S st IBAET tngo et Sy Tyt Semanss cbiditing el T8

al l ocation to each of the task .for deriving the critical 15 chain. Step (i)
may aPso duislierimy ippetrilede spmplefedpe vb leashpnepreieskt hod to be conpati bl e
with a third party project managenent application. The above net hods may

al so conprise receiving task priorities, and associating the task
priorities with each one of the plurality of task. 20During the calcul ation
of the NiTHemY MY be @edrecthsh one citicBPlasREReRIned WiltetHd sdditiohat rebolireeks may

i nclude non-critical tasks, at least sonme of which are associated wth

addi t i ongndr SSAUHAESE 1+ Y- Vi M S6 ki ng ch, L cost
fter ol Podr R TR e SR ARar R R R BRn g i ROSPEfEE o ana
addi ng t 1. chapnge in ¢ f,t nan-critical.tasks to the total
changg i %‘ﬁa\é%t@oscrfggg}e ?ﬁg'ﬁgﬂﬁc%géhc%ntoo&%t ﬂg'cﬁf Eﬁ%mﬁrbf'soﬁse_ steﬁélo tt_rack
Optionally, step (i) in either aspect may include (a) identifying a set of
critillal cglggﬁga%pgrc@q{kgeofn rﬁ'@%v%tqttsﬁvt%%é?ﬁﬁea@'?q%éleﬂ othe gddilongh ar e
associated with additional resources; and step (ii) may include (b)

checki ng resourag. bhe methed innay urthes sempriser summinghap alidhelahangedn wostd due
to the associated additional resource, and if there is,- identifying such

critical to dekise A to}alathangeiimgosty@andutetiuicting dlie $atahchtarige inadost &oks tHesed on
t he associ ated additional resource; (d) deriving a new critical chain based

on the adupeheprdjedtalosPi olstah ﬂw@)mfrﬂﬁ@ﬁibr@?bc&b@_@@ (a) to (d) until the
duration of all the critical tasks associated with the additional resource

15  Step (vi) of the second aépect may include un-allocating the allocation of the
additional resource to derive_fhe project makespan which is equal or less than
the duration limit. The un-allocation may ir_lclude arranging the critical tasks in
order of the trackéd change ih duration; each critical task being associated with
a séi;d additionjal resource;i énd un‘-a‘IIocativ’ng the said additional resource one at

i 20 atime to 'defivé thé projeéf m,akesbvan which:ié equ_al or less than t»he.;duration

limit..

Just fike the first aspect; thé second aspect may bé applied to muItipie projects,

and step (i) may include def_iving a critical chain for multiple projects, and the



10have been adjusted to derive a revised critical chain, and obtaining the
m ni mum makespan based on the revised critical chain. As a result, it can
be apprecweted/tibss the critical chain is dynam c and negrsGang@oaependi ng
on the additional resource allocated to the tasks. 15 The nethod di scussed
above may take several forms. For example, the method may be inplenmented as
a plug-in conputer program product which forms: a third aspect-and the
product eoethodsray iimdude obtaimiagvthe ropdineal yirejitchicestafor savaghdoft thecuooltiple  a
conputer to performthe nmethod as di scussed above. 20 There may al so be a

conput er pphjaefsedn fBF Qi tfd mtipté pfsjedrs. a fourth aspect and this is stored on
a data recordi ng nmedi um conprising instructions when executed are arranged

to control a computer to performthe nethod as di scussed above. 8 An
enbodi ment - of the . invention may al so be inplenented in hardware, which

fornms a fifth aspect., and this is,in the formaof apparatus for ohbtaining an

opti mal J‘r'lﬁﬁﬁééaﬁﬁaﬁ?eé‘??&cherﬁéi%p’f‘(ﬂ%{?ués%%ﬁiﬁfé?gﬁ?saﬁ\ﬁyo% &r O lmegured to

(i) receive a plurality of tasks for conpleting the at |east one project

wi thi'd a@ndfen ostsosreingcef iarks plan subrariracters. alf theysaddiienalr fasogEge t ask

fromthe plurality of tasks -~ - o ' - ;
~allocated  to the at least. one -critical task includes outsourcing of tasks to
. subcontractors, theé outsourcing of the tasks may replace an initial resource

allocated to the at least one critical task under step (i).

1~0  Stefp; (i) of e'ithzer or both aspects may includé aséigning constraiﬁea_ resources
sharéd w.ith>ot'rlier projvects‘v to ’th.e plurality of t'a_sk,.iand Ievelihg thé :c_ohstrained
resources. The method may also c'ompris.e,b prior to step (i),,recéiving user
definition of 'thé plurality of 5ta'sk reduired 'forj compl.lieting}the at Ieaét;:Onié project
and initial résources for éllobation to each of the task for deriving'thie critical
15 chain. Step (i) may also incluvde a preprocessing stép to adapt the method to be
compatible with a third party project management application. The above
methods ‘may also comprise; receiving task priorities, and associating the task

priorities with each one of the plurality of task. -

20 Dﬁriﬁg the c’aléulation of thé _hjiniﬁum projectfébst i:n eithe:r aspects, i’th:e': pIuraIity'
of ta‘sks may include non;c;:ri:tical tasks, at least sdme of'which'are:a'ssociated
with additionai resources.;’ 'aﬁd the method may Comprise tracking change in

" cost after allocation of th'e additional resources tb the non-critical tasks, and
adding the traéked changeéin: cost of the non-critical tasks to the total' change in

25  cost for the calculation of ti'h:elfminimum projg'cti COsf; :



whi ch determ nes the initial project nakespan, derive a critical chain for
the at | east one project based on the at | east one critical task; (ii)

al | ocat e wodnivasss resource to the at | east one criti cacrTisaakiitoooedt ain a
m ni mum proj ect makespan of the at |east one project; (iii) derive a
current project cost based on the 10 m ni mum makespan; (iv) if the current
project cost-is equal or Iess.than a predeterm ned budget, identify the

m ni num nakespan as the optinmal project nakespan; (v) if the current
project cost is nore than the predetermnm ned budget, adjust the allocation

of the adgptidrng stéswwq eRh&ICaddeRt Alay iRdiBile QaPidentlyirnda 46t bV &itRaPr O] ect
cost which is equal. of |less than the budget; the project cost being

19assoct Ao it e & FE'cHS a|pérfy"g§(§j|ée%i%ngéggfnﬂe (¥bJaketdd Yl e T evised

pr oj ect pan as t pan east one

proj ect . xt h. aspect d rat obt.ai ni ng an
opti mal - pﬂdg’ ttp@@ [ﬁ?é’f‘"c%oﬁﬁp% EPg’sdse &3(‘3@%8‘?89#equgfrtb?)cr'ﬁ‘éqel ve a
pl urallty of tasks for 20 canpl etln the at- | east. one project- within an
initial A%, %éwa%ane’@ﬁamp hﬁfé\ﬁqlﬂ?e tdueeththe(ﬁ*FéO%'?tqq additional ke$QWReLt he
plurali ty of "t asks whi'ch detérnines the initial project makespan, derive a
criti cal “anddf thereis, tidentifying sash cotiealgasks ¢¢) adjusithgthetduration bbasth one’
critical task; (ii): allocate additional resource to the at least one

critical criied thskobasidion tiie BEsauatedcideitionzhkestnece;ql) tbeviag ol magt one
project; 25(iii) calculate a m nimum project cost based on the allocation

of the a@#.h&@ase bgsecgﬁﬁ%sa,us(éd/aur%bhvan@(a%?eaﬁnq)g@pg%) fgﬁ@span for

t he project on the m ni-rum proj ect cost he curr proj ect

?ﬁie%pﬁ.”rﬂﬁ'ia' @ FhaliSa 8ot 36 ol %kgrﬁ%‘g%%%,*%ﬁc?ﬁ@é@ sBftRal ieSbiue ont

pr oj ect an i t han t he det.erm ned tion | adj ust the
P P i Ve andutied toafve adeyled o el b @tafing M 1 cal task 1o
derive a proj ect rrakespan which is equal | ess than the predeternined

dur at i on MiniMym makesnasy kasedeik hipravises wglcahgfs@aa As adesilt.it can bevi sed
-project cost; and (vii) identify the revised project cost as the optinal
pr oj ect capmrecflahedtthat thie drmaatchme |spdyr;amic and may change dependlng on the

additional resource aIIocated to the tasks.

15 The method discussed aboveimay take several forms. For example, the method
may be implemented as a plug-in computer program product which forms a
third aspect and the product comprises instructions whe‘n executed are

arranged to control a compnter to perform the{ fnethod as discussed above.

20 There may also be a cornlefer program pfdduct;,Which forms a fo'U_rih aspect'
and this is stored on a d'ata'frecording medium ¢omprising instructions when
executed are arranged té control a computer to perform the method as

discussed above.



O her enbodi ments of the present invention nmay provide nethods of managi ng
a portfolio of projects, each portfolio having at | east one project. Each
proj ect mmp2burtibes be divided into one or nore tasks. Poe/scanagerest of
the portfolio may be perfornmed with an objective of a desired outconme, in
which the desired 15 outcome may be tg m ninze the makespan of the
projects or  to mnimze the cost incurred by the projects. The projects
and/ or t @gkembmgiment cbiheuinventidry mayi alsodid fraplentented frahardware! whictes. The
makespan of the portfolio refers to the period beginning with the earliest

start tiggmadd fRmdasiboti 4y tHieid iAtRE FoRn &f bPBratis f-ﬁr'obttalﬁlr%réh 8pfial N the

portfolio. The management of- the portfolio may take into consi derati on

"o our 00rict Nl SO THY SduanEn AHSAU£ oo U SO TBY ] Nl ude

engagi ng 't nporary ependen tors nomn as
o e R b R TR SIS B PR R e
and : A5.. prOJect makespan |dent|fy at Ieast one cr|t|cat task from the plurallty of tasks
"whlch determlnes the |n|t|aI prOJect makespan derlve a crltlcal cha|n for the at
Ieast one pro;ect based on the at Ieast one crltlcal task (n) aIIocate addltlonal
resource to the at Ieast one crltlcal task to obtaln a minimum prOJect makespan
of the at least one pro;ect'--(m) derive a current pro;ect cost based on the
1_?0 m|n|mum makespan (|v) If the current prOJect cost is equaI or Iess than a
predetermlned budget, |dent|fy the minimum makespan as the optlmal project
makespan; (v) if the current project cost is more than the predetermlned ‘budget,',
adjust the allocation of the ‘additional-resource to the at teast one task to derive
a project cost which is equal or less than the budget; the project cost being

15 . associated with a revised project makespan; and (vi) identify the revised project

makespan as the optimal project makespan for the at least one project.

In a sixth aspect there is :provided apparatus forvobtaining an opti}mal project
cost compnsmg a processor confugured to (r) recelve a plurallty of tasks for
+20 completrng the at least one pro;ect within an |n|t|a| pro;ect makespan |dent|fy at
least one critical task frorn the plurality of tasks ‘which determines the initial
project makespan, derive :a critical chain for the at least one project based on
the at least one critical Vtask;‘(ii) allocate additionalf resource to the at least one
critical task to obtain a miynimum'project makespan of the at Ieast one project;

25 (iii) calculate a minimum project cost based on th_:e:allocation of thef a‘dditional‘



above their usual working hours, and at an overtinme wage rate typically

hi gher 25 than the normal wage rate. The managenent of the portfolio may
provi de WO 20metibsrds rel ated to critical chain methodol egy/scaoamheds| e t he
projects or tasks, or to allocate resources to the projects or tasks. Two
or nore projects or tasks may involve gne or nore sinmlar or identical
resources, such that the resources have to be "shared" between the projects
or tasks resoarcppivj derive sEaciftent ptdjectrraakesp=es farahebprofect mased crs tinabl e
resource in the sense that the resource maybe used by a first. project or

first taskinghufnprojédtndosta(Vd it fiee TARNt PRGHECMAKBYPHE i¢'eRBabYo drI8§9nd
project or second task at another tinme O'her enbodi nents of the present

i nvent i onpi, ol )Py L ed. out o [t 10 | -nams y
i ncl ude- rrlrg?ﬁo%\@}%ab\}i&ﬁﬁnggzdp@sg?ﬁﬂlgﬁfg@%ﬂ[‘tlﬁi/ytﬁﬁg%%r"ﬁp ﬁ{nhﬁﬂ%ﬂa cr iﬁ@a&chai n
for a portfolio of projects, .ifn Wich each project may be expressed in
torms of SRiMalPledt Caskel ifr e GUTencRGISH HEKERRAS JBPE T1aN | &8 ¢ ask:
i) pre-processing the projects to be optim zed; iii) a_ssiPni ng overtine
and sdbcdieraierminadodwadian dinit.iadiystithealiocation gt dhe additiopal rasedresyta
m ni mal - project- 15 nmakespan -and a .mini mal: proj-ect cost based on heuristic
rul es thdheatjeast onperiticablisk o dedvea profct olakesphniwhikh is/pqualertlessyi ng any
task which is-not ‘assigned to-overtime or: outsourcing so that the cost of
each projthet theyprogetieamnined dination liphit-tet @ojEch ecakuspanat beikg)askobidtey an
opti mal makespan for the portfolio of projects based on a list sorted by
changes ivitH 83&vided pdj@dtoosthdY | i(Vii)PRINtifyZEHY P6R88H NStojdeRldRP3ld Yhe .
enbodi nents of the présent invention may f urther include, when identifying
or findi rb%tiﬁiaqrp'rojegﬁoos?t?@tﬂe' ati?é’éaslt'o'ng &rgﬁc{_esopr ces for a pl u:r ality of
10
Other embodiments of thett pfesent invention may p'rovide-_ methods of"managing -
a portfolio of projects, eaoh portfolio 'having' yat Iea‘t.st one . project. rEvach project
may further be divided into fone or more tasks. The"'management of the portfolio
may be performed with an objective of a desired outcome, in which the desired
15 outcome may be to minimizeithe makespan of the projects or to minimize the
cost incurred by the projects. The projects and/or tasks may run conourrently,
with different or same start times. The makespan of the portfolio refers to the
period beginning with the earliest start time and ending with the latest end time
of all-the projects in the portfolio. The manage“mvent’io_f the portfolio may take into
- 20  consideration resources. |n the form of overtime a_nd outsourcing. Outsourcing |
may include engaging temporary staff or independent contractors (also known
as sub-contractors) to perform specified projects or specified. tasks. Overtime
refers to having staff perf_orm specified projects or specified tasks, over and

above their usual working :ho’urs, and at an overtime wage rate typioali‘y higher

25  than the normal wage rate.'v The management Of'the portfolio Qmay_-provide



projects, and normalizing the resources so as to resolve resource conflicts
25between the plurality of projects. WD 2011/ 115575PCT/ SG2011/ 000098 11

O her enbwdizoamtiss7ef t he present invention in which theprdesiceed/ ooawgone is
the | owest cost may include nethods having steps of i) identifying or
finding critical chain for a portfoliggof projects, in which each project
may be expressed in terns of .at |east one task, thereby identifying one or
mor e cri tmethibdsaslated tg criticabichaimsmetigpdologypioogahedsild thebprojeats ot raesks, i i)
assigning overtime and subcontractor to each critical task if so desired;

i v) findigigordlibtam reBbIcRS!toTRE fpréjBetsTbrtalRs. T GCof@bR5EaR dtaasks on
heuristic rules that adjust the duration and/cost of each task; v)

i denti fying,an ' [ | Sk ' Qvert ihg, so
that ¢ he T e fe BPiSte cinféh of BEbpe TRy Brock Rt i L SRR

finding qptimal cqst fqr.the portfolio based pn.a |Iis orted.b

i ncr enent ,Vgct(?StB% ;?.S%SSVPPEN?)%%EQ%PBH%%@q{gt_.asgit"i' &B‘P'I%)‘?ﬁoerg%(a] ﬁém% of the
present. invention may further:include, when 15.identifying or-finding a
critiéal TepQurges I’%@Aéiéﬁrﬁg RAfeconsymaRie srasorree | thessensg 1At frefasousce and

nor mal’i zi ng ‘the -resources so as to resol ve resource conflicts: between the
pl ur al i t ymay-bprugeskchy a firat projectaarfiret taskreai adientimes ané thésapreessmouréevent i on
facilitates systematic scheduling of nultiple projects, taking into

consi der ahapbe uzpdiBylset®@®l p@ject or second task at another time. ~ - '

Otﬁer embodirhents of the;pr:':eisent invention: |n whiéh the desired outﬁome is the
150 Shdrtéétl_fnékéspan may iii_n,cj:liude, methods - ﬁa_vinlé steps .of: i)v‘.i_:deilfjtii,fying 'of-
finvdi‘ri@ a cri{icél chéin for ;é -p'ortfolio'of prOJects |n which eachvvpr_bjjécv:t:may be
expressed in terms of at Ie’aét one task, thefeBy idéntifying one or rh':OI:e criticél
ta'sk;- ii) pre-processing the»p.rojects to be optimized; iii)vassigning errtime and
subcontractor to each criticalv task if so desired; 'fv) finding a minimal project
15 makespan and a minimal prbject cost based on h‘euristic rules that adjust the
duration and/or cost of each ;task; v) identifying any task which is not assigned
to overtime or ’outsourcingi‘so' that‘the cost of each project may be, kept.within a
pre-determined budget; VI) finding an optir-n'al makespan for the portfolio of
projects based on a list Sbfted by changés_ in tésk durations; and \;ii) post-

20  processing.

Optionally, embodiments of the present inventiorj may further include, when
identifying or _finding a'critgic'al chain, leveling the. resources for a.plurality of
projects, and normalizing' the resources so as to resolve resourée conflicts

25 between the plurality of projects.



20 overtinme or outsourcing for one or nore tasks. There is thus provided a
nmet hod and software for alternately finding an optinmal makespan for a
portfoli ovof2opwasssts with constrai ned project makespanPpPor/sGzodiongosn
optimal cost for a portfolio of projects with constrained project nmakespan.
12 Brief Description of the Draw ngs ;fxanples of the invention will now be
described with referencel to the acconpanying draw ngs, in which:

Figure 1 is an overview of a system for managi ng nmultiple projects which

i ncl udes an optim zation engine; Figure 2 is block diagram.of the

opt i mi zatcfBr BRBoRRNStsf W& Bresent thvEntih th ﬁlhic‘h fheldddive8Mtéornk il ating a

nmet hod performed by the optim zation engine of- Figure 2 to obtain an
opti nal C GQﬂQﬁ oj.ec
Fi gure 4 \%&(%OI g%?ﬁ pdg%etﬂf)gglﬁ?k@g@%%ﬁ d’s & uﬁy'Résjlogth%mgdc? tional
resources jn order to derjye the op pr.o t makespan for the repair
o BRI HAR, s ot el b B o B3 e Sxrisedd 01 & 5
conprl sing Figures 5a-5f is a-pictorial- representatlon to obtain a mnimum
proj eét rlimt@rgpa@f atdeattr@ertaplai thesehy Wentitvineere opmsre eritiggldaskisi) aeexanpl e
in Figure 3; . Figure 6°is an exanple of a graphi-ccal user
I nterf aceproﬁslls)ng‘ othe20pnoqexltszrnlmt |beg optmnized honj) oésﬁggnge di/ertlme and
_' subcontractor to each critlcal task if so deswed IV) flndlng m|n|maI prOJect cost
and minimal proiect makespan based on heuristlc rules that adjust the duration
and/cost of each task; v) |dent|fy|ng any task wh|ch |s not aSS|gned overtlme or
10 ,outsourcmg, so that the proiect makespan would be kept wuthln a pre-v

determined tlme VI) finding optimal cost for the portfolio based on a I|st sorted

by mcremental costs; and vu) post-processung.

Optionally, embodiments of the present invention rnay further include, when
15 identifying or finding a critical chain, leveling the resources for a plurality of
projects, and normalizing :the resources so as to resolve resource conflicts
between the plurality of projects. . |
In this manner, embodiments ofigthe present in\lention facilitatesis;{stemat’ic
scheduling of. multiple p:rOje_ct's, 'taking into ."consideration ’ opport:un:ities for.
20 overtime or outsourcing 'for ;one or more tasks. There is thus provided a method
and software for aIternaterr .finding an optimal makespan for a .po'rtfolio of
projects with constrained proiect makespan or findlng an optimal cost for a

portfollo of proiects with constralned project makespan



Figure 7 defines a plurality of task for the repair and mai nt enance project
used as an exanple in Figure 3 and resources allocated to performthe

pl ural it ywofotiaks7s 13 Figure 8 depicts a Gantt clrarisGcogmbéves W t h
the resources of Figure 7 showing a result of optimzing a project makespan
for the repair and mai ntenance project; Figure 9 is a flow chart

illustrating a nmethod perfornmed by the optim zation engine of Figure 2 to
obtain an optimal project cost for the repair and naintenance project;
Figure 10 is a flowchart illustrating a method for un-assigning additional

r esour cerigh DUsEABLidP ot DRWARgEPt | mal project cost for the repair and
mai nt enance proj ect used zasan exanple in Figure 9; ioFigure -11 is an

. exanpl e- of -a graphical user interface (GJ) for inplenenting the method
of Figure 9;. ° = Figure 12a shows a project schedule for three projects
prior to.

shows thgo)%%ll)?mééltgfgéﬁggiﬁ{vsﬁ{'&e‘g’ e%ﬁ?i&ayﬁﬁggg }Q‘Iitpelrefffﬁﬂﬁg %; | 12? hei r

proj ect 'rjrakjés‘pans.f Det ai l'ed :Pescription of Preferred Enbodiment Figure 1 is
an ovér viasaempanyieggirawingso i whicanagi ng nul tiple projects” 20 according to
an enbodi ment of the invention. The system 100 i ncludes a server
| gFigure 1 is an over\_)iiev:vf of a system for managing multiple projects which
inc::liu‘jdes an op;t’irr‘lization englne ‘ - |
Figure 2 is block diégrém of _the optim'iz'étion'_;éngine_ of Figuré 1; |
. o ;‘F.iéur(:-z 3 is a flow chart _inustratiﬁg; a_f;rhetho_d perfp‘r:m:éd;i by the
| obti'r/rflzi.iationjeﬁgkine' bcl>.f Flgure 2 fd to-b:taikn anoptlmal pfojecf makespan fvor-'a.
repair and rhaintenance pr;):ject; o | o
Figure 4 is a flow chart illustrating a method forlun-assigning édditional
resources in order to deri\‘/ev the optimal project makespan for the repair and
15 maintenance project used asvan example in Figure 3; |
Figure 5 comprising :Fi_gures 5a-5f is a pictorial representation to obtain a
mi:nirhurfi"“projéct makespah fc)r the repair and'maintenance project used as an
example in Figure 3; |
~ Figure :6 is an eXa,mpIe of a grabhicaj user: interfacelz (GUI) for
20  implementing the method Of Figure 3; |
Figure 7 defines a plufélity of task for the repair and maintenance project

used as an example in Figure 3 and resources aIIo_cated to perform the plurality

of té_sk;



110 and a client 120 which may be a conputing device such as a server
conputer, a personal conputer, nobile electronic device, a touch-screen
conput er wo 2a1mbi7se conmuni cati ons device. The client 220/SG2011/000098
communi catively coupled to the server 110 and has an optim zati on engi ne
200 25 configured to communi cate withy4he server 110 and an i nput/out put
device 124, 14 which may include a display nonitor, printer, keyboard,

t ouch- screen ¢igureud elepicts alBanttechvart tdddthenelithdibe respunjescof Biguer7 web
services interface 112 arranged to interface the client 120 and an

oper at | ORhLRARY MR teduItddF ABpERIZAd RNProjedt’ PhaispaAt #61a%Re 1idbairl end _
operation information database 114 feedS information relating to production

cal endar .. f:ii.pance..i nf.: tion and resourbe pool etc to the optimzation
engi ne 26%%'h.[i_gﬁeg%§?c§{?®g¥;€gat abase 116 incl udes resource constraint database

118, project profile databgse 120 .a he project,iq schedul e dat gbase 122.
The resourcej_’%régf'ér?r%;df aaﬁ%’aéaflg‘%ﬁ&@spgeé ,;i'TP.?tBPaaPP H"P'gﬁ;asyn G0 all
resources including resource constraints such-as cal endar, critical,

equi pfrenioptimizatiancengine frfpgte. A dotattainaak oprtimat pegiept epstder theveepaisour ces
are provided for selection by a user when assigning resource for conpletion
of a taslandlrbaiftengoej wojecirof i | e dat abase. 120- provi des input-relating to
proj ect -information such as-profit, due dates,. task-resource nmapping etc,
and the tasks FAiqerdi TE 4 flodoshdrellastatiiy Brmptheid fondnpdsgigrihg Sdditidnbak

dat abase 122 provides scheduling related information such .as project
tracking réglgagléts Ftnoj’gfr@é}d tb 23&rifd sk~ SPtimaA0 prajEer TRt B thePF&pAF tarkFhedul e

consi sts of . t a project’s activities/tasks with intended start and
resour ce R FORETYEEttaLES AR enEFle H Pt BY) hed by dependenci es.
3 U Flgure 11 |sanexample of a graphlcal user interf:acf;efi (GUI) for -
| ;.im‘plé‘rﬁentiné éhe rﬁefﬁdd ofFlgureQ " LT o
Figure 12a shows a 'perect scﬁedule fbr thrée projects prior to'o,‘ptimizing
their project makespans; and. |

Figure 12b shows thé project schedule for the three projects after

15  optimizing their project makespans.

Deta‘iled"Descfiption of Pre’ferred Embodimént ' i

Figure 1 is an overview‘o'fé a system 100 for:fmanaging muItiple; .projects'
20 acco‘rding to an embodimént:Of the invention. The System 100 includesi a server
110 and a client 120 which méy be a computing device such aé ‘a server
computer, a personal ccjmputer, mobile electrognic device, a tquch-screen i
computer orf a mobiléf ‘f_lcommunicat_io’r‘jsj’:vde.'»\;/ivce_. The _C“.iel’:]»tj»".‘.."]zo ﬁ_ is
co'mmunicatiivély cdupled t ::tfﬁe'séwé_r 110and has fvan obtimiiafid{n?_éiriéine 200

25 configured to communicaté'with the server 110 and an input/output device 124,



15 Figure 2 is a block diagram of the optim zation engine 200 of Figure 1
whi ch conprises processor 202, an input/output interface 204 and nenory
206. The woaoasyss75202 perforns main processi ng functi omeTiserotifveoos

optim zati on engi ne 200 and communi cates with the server 110 via the

i nput/output interface 204. Further, f%jQe processor 202 al so receives input
informati on fromthe i nput/output device 124 and outputs information to the
i nput / outwhith deayi inelutizda display mahiton prisderi, keybagrdo touah-sereenopumouse t he
processor 202 i's stored in the nenory 206 and the nenory 206 al so stores
prograns/gg@des for instructing the processor 202 to execute certain
actions, which will be el aborated below, and data which to the instructions
operate on The optim zation engine 200 is configured to produce an

optim zed output including a nodified project schedule (or schedul es)

havi ng an. opti mal 0 es at I-s COS t timal
oroj oot dberoae 1Y el e RIRGNeRTA A8 RN GRS {74 gty 81 S
expl ai ned bel ow: 15 Fi ure 3'is a flow chart |Ilustra 300 for
deri viing ItRragei the c Ctﬁ"g m&s‘pﬁﬁer%'@ﬂf Bformation L"bo'%? ek a"t‘n‘gr? engi ne
200. In this enbodinent, a air and nuaj ntenance oj ect 250 (see Figure
7) of a wesieet tatabasei Py6r dTﬁe epesation awfenmatione cgate awgyhlilé 9 be
appr eci at ed that the nmethod i.s-al so 20applicable for deriving an optinal
proj ect ﬁrﬁfoﬂaaﬁdsh freratrnyltbl pﬂoelupttm azlendahl finhrge dfarmatien @i réspatteon

engi ne 200 receives definition of the repair and nmaintenance project 250 by

a user. The| RiQits thelShtimizhtion cHitnal200. ITHd F'{;bﬁﬂéctdééta'b'aﬁé 1165 Kisclu@egonpl et e
the repai'r and mai ntenance prol ect 250 and the five 25 tasks defined are

found in rEé&chs cbn\étrbﬁ;\tt] d%taeoas 118 prgfé%'f'pP&llé’fda‘l@c?a%%l 120 and the pro;ect, :

10 _fschedule database 122 The resource constralnt database 118 prowdes

informatron relatlng to aII resources |ncIud|ng resource constramts such as
calend_ar, critical equipment Ilst etc for completlng the tasks in each project. The
resources are provided for selection by a user when assigning resource for
completion of a task.

15
The project profile database. 120 provides input relating to project information
such as profit, due dates, task-resource mapping _etc, and the tasks reouired to
complete each project and; pjroject SCheduIe database 122 provides' scheduling
related information such vasizproject tracking information ahd task block-out

20 information. A project schedvule consists of a list of a project's activities/tasks
with intended start and finish dates. 'Project activities/tasks are ofte_n: estimated
in terms of resource ’} requirements, budget'i and -}duration‘, j :Iir\_ked by

dependencies.



12 - maintenance of hull; T3 - maintenance O ballast, | 14- repair of
steel plate; T5 - Undocking of Vessel. Actions 702,704, 706, 708, 710

requi red wonosaubs7sasks T1, T2, T3, T4, TS5 are defined in Fipguse20i1/00@d8 st ep
304, a critical chain: for the 'repair :and M ntenance , project 250 is
defined based on the defined tasks T1442, T3, T4, T5 and this invol ves
assigning resources by the user (as identified fromthe resource constraint
dat abase Figi#re) 2 ti® acblopk etiagraar lof tthe loptimizatiosvenging 20 of Efgaurecewhich as to
resol ve resource conflicts between projects which require the sane resource
to conpl @beprisedsiodsdtrTOP, &ih Pput/baRut FisiaceRouesid MymesEs. THCPM)

nethodology The | ongest sequence of resource-|evel ed tasks for each

proj ect ipoddent 'Zfogeﬂer?&rﬁé‘ﬁta% g??é‘é’ésr rictigﬁQ fbOthe Qﬁm&éﬁbﬁ‘etn ifd gure 7

al so |IIustrat es € resources ocat e user to conplete each 20

iiiﬁufieﬁg?t%fépﬁﬁn@fﬁéa%%?y s Jhe SeraR ot td Jsi e 'éﬁgﬁﬂﬂgr WialsB55 804, e "t ask

.-12, sisour ces.-al l'ocated are "Hi gh Pressure Jet pai nters etc"
714; fsor of iR prscetsm%%ﬂeeﬁa%ég ERYG iHeImatan fre"tathedeawéaﬂp%r t he
task 14, the resources are "cutting rrachl ne, vwelding tools etc"; and for
t he undoclevieg 124 RNdXBItpyts iDfarradind tdrtbedmlkt/q&éplsbdﬁéte 1aﬂelrstotroetmred
During the definition of the 17

received by or to be output by the processor 202 IS stored in the memory 206
and the memory 206 also stores programs/codes -for instructing the processor
’202 to execute certaln actrons Wthh erI be elaborated below, and data WhICh

g :-1{0‘ 'the instructlons operate on The optimlzatlon englne 200 is conflgured toi
produce an optimized output lncludlng a modlfled proiect schedule (or :
schedules) having an optlmal proiect makespan satisfylng cost constralnts or
optimal project cost satisfying time constraints, for one or multiple projects as
explained below.

15

Figure 3is a flow chart illustrating a method 300 for deriving an optimal project
makespan\ perform_ed by the optimization engine‘_200. In this embodiment, a
repair and maintenance project 250 (see Figure 7) of a vessel in a shipyard is

used as an example aIthoug-h it would be apprec'iated that the method is also

20  applicable for deriving an optimal project makespan for multiple projects.

At step 302, the optlmizatlon englne 200 receives def|n|t|on of the reparr and
maintenance prorect 250 by a -user. The proiect def|n|t|on 302 also rncludes |
defining tasks to complete the repalr and malntenance prorect 250 and the flve‘

| 25 tasks defined are found in Figure 7 which are.



critical chain at step 304, the user also identifies priorities for each
task, if applicable and indicates agai nst each resource whet her additional
resour ce woehiiagssrgsert-ti me or outsourcing of the task Prorscheanve@gtors is
avai l abl e to conplinent or replace the allocated resources. By default, all
the tasks are assigned normal prioritygwhen each task is created and the
user (e .g.. project managers) may change the priority during the course of
the proj dct- dockiegiceessélpn the resource is first allocated to one of the
task, the user then.determ nes whether Ol or outsourcing is allowable to be
assi gned ﬁgo_mﬁtehgﬁke@nﬁuperforrrs the assignnent. The assignment may take
place during the resource aliocatlon at step 304 or at any tinme prior to

optim zi 0 sed on CCPM the allocated resources are
| evel ed- g%’d he‘nﬁeﬂa ?“égﬂ’ahaﬁa 260 is identified and this is shown

pi Ctorladj“? Fal {gﬂth the tasks T1,T2,T3,T5 formng the critical
chaji n. 26 oFeQEH'e %tﬁﬁ R'a&hd mai nt enance proj ect 250. It 15 shoul d be
appr eci ated that - the task T4 is performed in parallel with the other two
t asksST2, 703 Usigcking affassebn to conplete the tasks T1, T2, T3, T4, T5 as
|dent|f|ed -in the critical chain 260 is defined as an |n|t|al prolect

makespan 262. . The identification of the critical chain at step 304 may
i nvol ve a preprocessing 20 step, especially if the nethod 300 is configured

as a pl ugkdtiong OMP2 764, TDETOS M Ohietuiredt ¢sraciaghwiddksa THORR, Terrai TBt are
managenment sof tware- application such as M crosoft ProjectTM so that the
met hod 3%f|h? gl e with paraneters of the host project nanagenent
sof t war e appl I cat 'on. TFhe preprocessing may invol ve backi ng-up rel evant
project, task, and resource assignment data such as task 25duration etc;
val i dat| ng and adj usting proj ect schedul e constraints to neet 18 critical

chai n al gorith 2eds; speci.al ect buf f er ta nd proj ect
and 1 e obteP: 305 Popritiat HRGT conihs epai raril A Senghce Pl 12 fho
project and -all “its subprojects,; ext ernal: tasks/ pr ‘ects with-the follow ng
changes: defined based on the defined tasks T1,T2,T3,T4, T5 and this involves aSS|gn|ng
resources by the user (as identified from the resource constraint database 118 )
to complete each task, ahd leveling the resources so as to resolve resource
conflicts between projects which require the sameiresource to complete a task
15 based on Critical Chain Project Management (CCPM) methodology. The

longest sequence of resoutce-leveled tasks for.-each project is identified as the

critical chiain 260 for that project.

Figure 7 also illustrates thé tesources allocated by the user Eto complete each

- 20 task T1,T2,T3,T4,T5 for :thefi broject 250. In the case of éthe task "T1, the
resources allocated are “Dr'y'Dock and dry doCk pe’tsonnel” 712; for the'vtask T2,
the resources- aIIocated are “ngh Pressure Jet 4 x pamters etc” 714 for the
task T3, two malntenance personnel 716 |s allocated for the task T4 the
resources are “cutting machlne weldmg tools etc - and for the undocklng task .

25 “Dry Dock and dry dock p_ersonnel” are aIIocated.‘_,. Dunng th_e deflnltlon of the



(i) add project m|estone task to individual subprojects and adjust task
dependence(s) if necessary; and (ii) change their tasks' planning policy to
be "As Lave 28s1/Ressi bl e” to neet critical chain al gorit rorseeds/oodds At step
306, the optim zation engi ne 200 checks whether there is budget control for
the repair and mai ntenance project 25Q;based on user-defined inputs. I|f
there i s budget control, the: optlntzatlon engine 200 vali dat es whet her

budget dei-rtloaldclbaintaitestmeems tleousectalsy identifies pricritie3Ofbrf esche tadk, if o ect
and then goes to step 310. If there is no budget control, the optim zation

engi ne 2%8)pﬁéé’<§]€eét$d Rrdicarst égalhet eheR résBurcht mb%ﬁé@amém RI¥oufgezat i on

engi ne 200 identifies any critfical task in the-critical chain 260 which

S sl B G B B o AL ARG Jr3aRdeE D sﬁbsamtéa&ls kalailapiglg | ned as

a task WhIC erm.nes dur a

finish ont| r the enti ect tOflnI |t|cal t ask
5ol ay oMo BHSCK MY AibehEahestuiceh By BbrdyLen Me dlsig
Critical Chain is-defined as.a critical task. 1n the case of the crltlcal
chai n526@sgigriest rermal Ariogity when eagh task isi @reatetdagné thgiuser deGemiviget t he
initial project makespan 262-are tasks Ti , T2, T3 and T5 and these set of
tasks is matmger‘s) mtayaehange thel piiarity dtamlgstheZ&EIrae@ftthe lprajectidebemlee af f ect
the initial project nmakespan.262 of the Critical 19

: when the resource is first allocated to one of the task ‘the user then determlnes

whether OT or outsourcmg |s aIIowable to be aSS|gned to that task and performs

'_the aSS|gnment The aSS|gnment may take- pIace durlng the resource aI|ocat|onl. >

v :_ 10 ‘at step 304 or at any tlme prlor to opt|m|2|ng of the pro;ect

Based on CCPM, the allocated resources are leveled ancf the critical chain 260
is identified and this is shown pictorially in Figure 5a with the tasks T1 ,¥2,T3,T5
forming the critical chain 260 for the repair and Vmaintenance project 250. It
15 shou_ld be appreciated that the task T4 is performed in parallel with the other
two tasks T2,T3, and the ;dt:Jration to complete the tasks T1,T2,T3,T4,T5 as

identified in the critical cha:in 260 is defined as an initial project makespan 262.

The identification of the critical chain at step 304 may involve a preprocessing
20  step, especially if the method 300 is configured as a plug-in computer program
which interacts with a host pro;ect management software appllcatlon such as

Microsoft PrOJectTIVI

SO that the method 300 |s compatlble W|th parameters of the :
host pl'OjeCt management software appllcatlon The preprocessmg may |nvolve
backing-up reIevant pro;ect, task, and resource aSS|gnment data such as task

25 duration etc; validating and. .adjusting project schedule constraints to meet



chain 260, the task T4 is not identified as a critical task in Figure 5a.
At step 312, the optim zation engine 200 checks to see if there is any
critical weskiidsssified in step 310 and since four tasksT/EG20@/008995 have
been identified as critical tasks, the nethod 300 proceeds to step 314. At
step 314, the optim zation engi ne 2004@ssi gns addi ti onal resource of
Over-Time (OT) or -subcontractor to each critical task T1, T2, T3, T5 if

appl i cablcgificals chiaini algorithen | negdshyanchereating spacrahlmopzarhulffer tadle angkks

T1, T3 and T5 were not allocated or associ-ated wth any additional resource,

and OT WaB0jaBh e enlilostoh8 taBR fos ehe ashaleDOrosade! it neadssdryoeaploitiegothiece f or
the task T2 Thus, the opt| mzation engi ne 200 allocates or assigns O to

the task ngeE‘e 6 SOVl i gprcﬁ%ég é%te,%faﬁptaéﬂé@@ﬁasomﬁmmtﬁ@tfornawﬁg' ne 200

re-defin crltlca in view1l5 o e assignnent o to the
task T2 ancat éhg ef fect of this is shown in Figure 5c which depicts

short.eni r%‘ 8 ‘he duration to conplete the task T2 when conpared-wi th
Figures 5a gr 5b. After step 316, e met oes back, t 310 to

i dent Pfy an{}) ) cri a9¢ Proiset ffwe&gonente\%?etn 'Bﬂ'vt‘ﬁr@? rmﬁ?tﬁ.%i a?htts}]i ¥itical
chain 260 and this is depicted as Figure 5d which is a dupllcate of Figure
5c. It shoul d bedepgndence(s)lifnecsssany @ndcal chain's rnakespan is now
defined by the duration of the task Ti ,T4 and task T5 and thus, at step
310, these (iihr eecharsges their tai'sksalpthrﬁﬁngarpellcyieotbé g laste tAe Rosstbleato t asks
inthis cycle. 20  Next the nethod 300 goes to step 312 and the

opti m zat i on engjnaet g@ﬁbdp@hgﬁ, dlgsiithhhBeédsk Ti. and T5 have al ready been
identified earlier (which may be by way of a remar k agai nst the task Ti and

T5, or flag) and that the task T4 has yet to be checked, so the critical
task 1i st is not enpty. Thus, the optim zation engine 200 proceeds to step

31-4-a‘nd c ether .an additianal. re ource 1 t o, be al locat ed Q, the
t ask ?4 ?@Q’ré‘gp%tm'z‘%@ goape r%.?@ %st?leh? ﬁ? Qﬁt C8U rgl)urm ng
t he task T4 to a subcontractior and the ogtlmzatlon engj ne 200 al | ocates a

subcont r §e% 8ie rerain@adomaintapanes, paeiect R OOQQWnQPI%/S%qu@BQFe'GPP@Sd rce 718

in Figure 7 and this allocation is Shown in Figure 5e. 10
there is budget control, the optimization engine 200 validates whether budget

defined by the useris correct or not at step 308 for each project and then goes
to step 310. If there is no budget control, the optimization engine 200 proceeds

15  directly to step 310.

At step 3‘1‘0,‘ the optimizati:ozn:engine 200 identifies any critical task in the critical
chain 260 which have yet to be assigned additional resources. A critical task is
defined as a task which determines duration or makespan of a project. It must
20 finish on time for the entire preject to finish on time If a critical task is delayed |
the project completlon date is also delayed. Any task in a Cntlcal Chaln is
deflned as a cr|t|caI task. In the case of the crltlcal chaln 260 deplcted in Figure
5a, the crltlcal tasks Wthh determlnes the |n|t|al pro;ect makespan 262 are
tasks T1,T2, T3 and TS and these set of tasks is |dent|f|ed as the crltlcal tasks.

25  Since task T4 does not affect the initial project makespan 262 of the critical



The net hod 300 next goes to step 316 which re-defines the critical chain
260 and the effect is shown in Figure 5f which shows a reduction in

dur ati on w0 20he115578® t o conpl ete the task T4 (when conpacesceo1fon@us es 5d
and 5e). It should be apparent that the makespan of the repair and

mai nt enance project 250 is 15 dependepy on the duration of the tasks T1, T4
and 15. Wth the critical chai.n 260 redefined at step 316, the nethod 300
goes baclkhain 26@pthltaskgd iis hot idtetified yasaaycritical tasllintlgurse thi Ahstepre yet
to be allocated additional resources, and the optinization engine 200 notes

that al | Fbe thasditinfizailon Ehghts PHohaecKReR seenpltrérdis BRYScritrthl 3460 312

t he optlmzatlon engine 200 notes ‘that there is no 20critical-task (i. it

i's enpt y%d@rﬂﬁiehgﬁ éf@ﬂi %Cfﬁ a’h%osﬂe@%tgota% 3#%:':3(“ b s BEER idgén‘trﬁeHrhs he

al l ocation o ronal resource suc sourci ng,

optim zati 200 racks ters:-a) "DurationChanges”
whi ch deﬁﬁ‘é@ﬁég Sﬁ%rﬁﬁiﬁ%@sgb o?iceietﬂ['sv\@osﬁ%ﬁ)g’ ti'hg a 25task prior to and
after al I ocati ng t he predefined additional resource; and 21 b)

"Tot aISCostChanges .whi ch defines changes in project cost for conpleting a
task prior to and. after al l ocating the predefined addi ti onal resource. It
shoul d bé\tagiep &didatiee oplintization engipe 2900assigns @dditionakresosirees of Qivers
performed until there is no -new task (task that is not in the critical

chai n beframe) (OT)ser sebcdritizeter id eaeh ceitiealntask sT1,02, TBTHIf applivabld, sad cs such
as appl yi ng -Over-Time or Subcontractor to a task if the duration of the

t 3|S§Sr ggla;égﬁfaae%eﬁer%y the u@ér %'thlseéxé?hplﬁr %@%esami T3S Tsnrierz@%t stic
' allocated or.assocrated wrth any additional resource and OT was assrgned by i
' '10 the user as a pos5|b|e additional resource for the task T2 Thus the_

optimlzatlon engine 200 ailocates or aSS|gns OT to the task T2 as shown in

Figure 5b.

At step 316, the optimization engine 200 re-definesi the critical chain 260 in view
15 of the assignment of OT to the task T2 and the effect of this is shown in Figure
5¢ which depicts shortening of the duratron to complete the task T2 when

compared with Figures 5a or 5b.

After step 316, the method 300 goes back to step 310 to identify any critical

20 tasks in view of the redefinition of the critical chain 260 and this is depicted as
Figure 5d Wthh is a duplicate of Figure 5c. It should be apparent that the critical.
chain s makespan is now deﬂned by the duration of the task T1 T4 and task T5:_Y |
and thus, at step 310, these three tasks T1 T4 and T5 are identifled as the :
critical tasks in this cycle. | |

25



1) No change in cost or duration if no Over-Time and no Subcontractor; 10
2)If a task is to be sub-contracted out, then Over-Time does not apply; 3)
Appl yi ng woentiTitggsto a task will shorten its duration. pCisGeestooray

change; 4) Sub-contracting a task may change its duration. The cost may
change. 15Next, at step 318, the optipgyzation engine 200 determ nes n ni num
proj ect makespan 264 and m ni mum proj ect cost based on heuristic rules that
adj ust s tNestt: tkielrrmthods'sm)ngonm steps 312 sandi ﬂhecb;ﬁamﬂzatnn angineh200 alokesni ng
steps are perforned: 20 1). Thée makespan: of ‘the repair and naintenance

project 24 tak 1BERM1344d W5 k4vd arésd d} bedn idantiieareariét (wifith ek delgi ng
identified at step 310 is considered to be the mininumproject makespan 264

PL1CC LSl of SRR ol Y5l o i ApUIAThe el achd S|

t he pred 1I"ned t1o resources to the e tas 22 It

ororecr " SeRURRETLATboL s EBH TR s BEBARLSthyY, e %%‘?'HF“Z?”%@

aIIocatlon of additional resource suc out sour.ci ng whi ch may | ead
to i nér e£HNHEPQ progsads tptﬁe%ﬁﬂi“rﬁnﬁa&ﬁséﬁ@‘?th@r 20 @A ERIXIERES i ni mum
proj ect cost: 2) For each task associated with OT or outsourci ng assign
t he O/ertdlheealtmca&ﬂatbﬂilermde iln thisgespecibthe wsgrdmsoassigredheassislity rul es

descri bed above for assigning Over-Time and Subcontractor to each task. As

it can befapsxeciayate kask ManoFa g;ubeoﬁt,ractthandithecmtmumndn ‘eagidgr20d ¢ and
changes whenever task duration changes due: to al l ocation of additional

r esour ce sfbsiteds aCBubbortHIIES | RRteabyst &R Afacndht hefiGinaRYy ARCARSE ances
i n-whi ch-one of the tasks for:the project 250 has been-all-ocated with OT or

Outsowc'r@gqrtrg&m AP afld thb RS GRlopBIA 1 Figltect ar e cal 1 ed

non-critic asks) anges

1;0

| The method 300 next goes to step 316 wtwich .re-defines the. criticallc‘hain 260
and the effect is shown in Figure 5f which shows a reduction in duration of the
time to complete the task T4 (when compared to Figures 5d and 5e). It should
be apparent that the makespan of the repair and maintenance project 250 is

15 dependent on the duration‘ .‘.cf. the tasks T1_,T4~and T5 With the critical chain 260
redefined at step 316, thef rhethod 300 goes'back Eto step 310 again tc identify
any criticat tasks V\rhich hat/e yet to be allocated ad_ditional resources,‘:and the
optimization engine 200 notes that all the tasks T1,72,T3,T4,T5 have been
completed. Thus, at step 31 2‘, the optimization engiﬁne 200 notes that there is no

20 critical task (i.e. itis empty,)iand the method 300 goes to step 318.

During step 314 in the - aIIocatlon of - addltlonal resources such as OT or
outsourcing, the opt|m|zat|on englne 200 also tracks two parameters
a) “DurationChanges” wh|ch defines changes in duration for ccmpleting a

25 task prior to and after allocating the predefined additional resource; and



15 the OT/outsourcing allocation have yet to be considered and thus, at
step 318, the optim zation engine 200 is configured to track the cost
changes aseaoilatiedtswith all ocation of such additional reswsGees/000088 For
each task with Over-Tinme assignnment, conpute the change of costs for each
assignment and add it to Total Cost Chapges of the task; 20 4)For each task
w th Subcontractor assignnent, conpute the change of costs for each

assi gnnent - bh dTatﬂCosthmnﬁes’aWMt defmegehaofes fire ptajest; cosb jorCaineplbting

Tot al Cost | ncreased by sumup.all Total Cost Changes > 0; 6) Calculate

di fference of ettaskfm*@f t@éndQ#teﬁdﬂd&@lhgﬁhélp@é@éﬁfecﬁétﬂhlffétia'?l|r€§>t§1rbéCreaSEd as
the minimal cost. 23 As explained above,  the tasks expl ai ned-above, may

include-the critical tasks (current and previous ones) or the non-critical
tasks which are.required to. corrpl ete the project but do not form part of
n rit]cal

the critigal Si n S not “affect . the project
makespan. IPWPW*& ﬁ?@%%%‘x?@ H]ag °t Ko 3?—@ E’reﬁ% air%tregugé\ée”aé'nd[ 2t with
Or allocation to the task T2, the increa in cost is $500. In the case of
the tdsk qrw%ﬂrgﬁﬂaﬁregs@m%tw @ask é\%aﬁ netinthestlicalehaim befargdiuct i on
in the cost for onpleting the task T4, and the "Total Cost Changes" for
assi gni ngnsmte;bu‘rtom@lcabcllaml list dy- msmfet;etumsteswgm a9 applyirg tOvssst
saving). Next in paragraph (4) above, the "Total Costlncreased" is
cal cul at e'ldnfeyorSSItmhsndlgraa:mr"tG(a tds@@ﬁﬂh@hﬂngﬁam of the ta'§heed@cés bdsemge:s tl’vml ch are
more than - o g
prrorrtles of pI'OjeCtS and tasks and heurlstlc rules as foIIows S -§. ?j; if -
v 1) | No change |n cost or duratlon |f no Over—Tlme and no Subcontractor
i _1{0" 2) If a task is to be sub contracted out then Over-Tlme does not apply,
3) | Applylng Over—Trme to a task will shorten |ts duratlon The cost may
change;

4) Sub-contracting a task may change its duration. The cost may change.

15 Next, at step ‘318, the optimization engine 200 determines minimum project
makespan 264 and 'minimdm project cost based on heuristic rules that adjusts
task durations and costs as described earlier and the foliowing steps are

performed:

20 1) The makespan of the repair and maintenance project 250 at step 316 which
Ieads to no further cr|t|cal tasks berng |dent|f|ed at step 310 is consndered to be.
the minimum prOJect makespan 264 since the cntlcal chain 260 of Flgure 5f |s'.' :
the shortest after allocatlng the predeflned addltlonal resources to the'
applicable tasks T2,T4.

25



zero is the allocation of O which resulted in an increase of $500 to the
project 15 cost. Thus, the "Total Costlncreased"” for the project in Figure 5
i s thus $80Qo11Nazi7s t he cost difference is cal cul ated tecolsiGaon/obées nm ni num
project cost = current Project costs - "Total Costlncreased”. Assum ng that
the current project cost (as explainegyearlier, this corresponds to the

m ni mum pr oj ect nmakespan of Figure 5f) is-$X, the mninum project cost

woul d t husstimuld x-sipegiated thabarrejec bostrassabiaved withdhe imipineurexprojelct,  but
inreality, there-nay be hundreds .or thousands of tasks (critical and

non- cri t irsakedpankod4 tie Adtagle MInRMANEBjdch @RBlin Wt 6F iHee afbé At bPn of

addi ti onal - resource Based on_the m ni num prol ect makespan and m ni mum

pr oj ect 'l“r{é%&!ir%g such. Q 985t or lofudd? L%r B“\R}h@”?rr%ole%t gngw% e

t han t he e opti mza i-on ‘engi ne pertorns’step

post proces |ng and then the nethod 300 ends to hi ghl i ght that the budget
may not 58SFeasible to conpl ete the repair and maintenance project 250. |f
the m ni mumproject cost is |ess than or equal to the budget, then the
optinPzation engi ne 200 goes to step 324. At step 324, the optimzation
engi ne 200 determ nes the current project cost which is the cost to

conpl et e Nénd, thepitimizatibmengine2@0cal@rajesdhe 2EdinEm guiojeat coss: . mi ni mum
project rnakespanillustrat ed in Figure 5f. At-step 326, the 10

opt i ni zatd)on - degieaehA@6k ceEPELRSR! WMtk OTIOretseUreings assigatthy oterthﬁqebudget
and if the current project cost is.less.than or equal to the budget, the

optim Zatdr%tﬁfbﬁtr@@to@@ﬂaﬁﬁt%ﬁt@ﬁa%@@netﬁg Héunfsh@‘?ulbgedé%ghb@@lab%élfspt

nakespan thi's bei:ng the 'm ni'mum.project nmakespan 264 entified in-Figure

engi ne fzaég@ﬁﬁtt)w it 8‘%@85%35%*%5%5‘?%%?%“’?\Pqtig?@ouréﬁbﬁag'ﬁééd“ zatton

subcontr ctor uce,. t curre roj ect .cost and Figure 4 il| ustrates
e, SPepdiert Fiuire & Fe aftical ehaifoh BnaBic BEhnaaors ARengHAeiosb SLERHIT. | he
aSSI gned or and subcontract or tasks by "Total Cost Changes" and

" Dur at i of0RBRAGR stuejtp @l@g@g@,qﬁ@d@lﬂ@@e rggpurce such as OT or outsourcing at

step 314 and there may be instances in which one of the tasks for the project
250 has been allocated wi_th OT or outsourcing but is not part of the critical
chain (Which are called non:-critical tasks). This means that cost changes due to
15 the OT/outsourcing alIbcation have yet to be ;cbnsfi»dered and thus, at step 318,
the o'ptimization engine 200 is confi'gured‘ to track:the cost ch’anges-associated
with allocation of such addltlonal resources. |
3) For each task with Over-Trme assrgnment compute the change of costs
for each assignment and add:lt to TotalCostChanges of the task;
20 4) For each task with‘ Subcontractor assignment compute the} change of>
costs for each assrgnment and add itto TotaICostChanges of the task
5) Calculate Tota|Costlncreased by sum up all TotaICostChanges > 0
6) “ Calculate drfference of the cost of the current prOJect(s) and
TotalCostincreased as the m|n|ma| cost. |

25



20 the exanple of Figure 5f, the sorted task T2 woul d have a hi gher

"Tot al Cost Changes" of S$500 than that for outsourcing task T4 which yields
savi ngs oNo-26f208575At step 404, the optim zati on engi neP2@BGaeniooanas assi gns
the OT or outsourcing based on the highest Total Cost Changes, and in this
case, the OT is un-assigned fromthe bask T2 since this cost nore than the
250ut sourcing of the task T4. Wth the un-assignnent, the project's
critical Ashexplainged Mlbv%Olﬁé 1&%75%(@62@5@/600@@@&%6 the seticalttasksep 406
and the duration of the task T2 would be similar to that shown in Figure

5b: The Bikast 3RQ MreviousebRESS of Iha ! Roh-SAat taSkgWificl 4re Aot a new

proj ect cost: and nakespan due-to the un-assignment of O to the task T2.

The new %@ﬁ@@g d@gts;sro;%é%%%r f6k errtnhparlP%fl?Héjg:ngcé\tchcatlﬁ%rﬁ%G @(ggabg it is

opti'm.zat’l on engi n oes to ste whi ch

def th t h k If th
ool et cageaEsRL b RphafBi B8 RHRE koS 526 10 530 are repeared. 10 It

shoul d be appreciated that the new project cost is due to the un-assi ghment
of thé O which in other words, is exactly the sane as the ni ni num project
cost cal culated at step 318 and t hus, this. .new project: cost. would

def i ni t elApping Mabom]ametmndgﬁgurer'é dnt}seasaumejﬁwtwm;ﬂfﬁzﬂopam thes a
gate to ensure that if the 15 nethod 300 branches to step 324, in the worst

case scenis itgsk The thearsbaguTentost ist $60RAHithe ARl dfetheutasksToin Whidh
out sour ci'ng - would resul't in reducing the project cost to the m ni.num:

pr oj ect %?éour@iﬁb% 23 Hie BistrBEUIREY I8! re gﬁkﬁoﬁpﬁ{‘t@ c8t98r 33% Iéth‘?g met hod
300 goes to step”20::32 of ' Fi gure 3:to.performthe post proce55| ng.”-The

oot i DShg Rk 2%%4*“?3 TojalgaricangS: for Asidd 6o Rl A (1 .“§L| He
Chalnfla 6 falskl tp X-Ccritical task becorres ‘non- crltlcal o
10 §2 O(neg? eS|gn (o} re?lect cost savmgs o S

Next in paragraph (4) adee, the “TotalCostincreased” is calcUIvated by
summing up “TotaICostChanges > 0”. The cost changés which are more than
zero is the allocation of OT which resulted in an increase of $500 to the project
15 cost.‘Thus, the “TotaICosﬂ;ncreasad" for theiproject in Figure 5 is thus $500.
Néxt, the cost} difference ‘is ;calcg'lated to obtain fhe minimum p’ro’jeci cost =
currebnt project costs — “TotaI:CostIncreased’v'. Assufning that th’e curr’enf project
cost (as explained earlier, this:;corresponds to the minimum prbject makespan af
Figure 5f) is $X, the minimurﬁ‘. project cost would tﬁus be ($X-$500). Of course,
.20 the'above iS a simple éxéfnple ‘but in reality, ’ihere 'inay‘ be “hit"mdreds or
thousands of tasks (crltlcal and non cntlcal tasks) to track the change in casti

due to the allocatlon of addmonal resource. . ,

Based on the minimum prbjeét makespan and minimum project cost calculated

25  in step 318, step 320 checks Whether the minimum project cost is more than the



WO 2011/ 115575PCT/ SG2011/ 000098 26 (i1) Recording the task's
duration change to its Notes as audit trial if it's changed in the Identify
Critical wbann/mssrsess. Notes are an explanatory text arcasieec1®ooss
associated with a task of the project. (i) Recording the project
and its subprojects' duration change gpd initial cost to their Notes as
audi-t trial; . (iv) Qearing backup information to release nenory
space; budget I€ the Irimdlmngnabrbjddtre:oshtsenmé tham ties Hudget)dhe aptithizatigror ar y
files; and/or (vi) presenting the final-result in a conbinable

cCust om Viegd\irle® 200 p‘étﬁirﬁis‘ 20f 1 WhRH Rep&RBrokeSH1A tandl fhanCthat PEHHRS
Resource Vi evv) for 10 exanple-as that shown in Figure 8. 'In this exanpl e,

th t o g
5 oel T, SR BRI el RS B ROTS ERME G BORRL (R Ry 3?'28
days. Aft t i he, met hod of Fi 3 15 A

for i ml a%éﬁ%fnt%ﬁé&%eﬁﬁigﬁ@  HeBRimiin pieTett oL IR (oA o SHF qure

6; Flgure9|s a flow chart for a nethod 900 for obtalnlng an optlrral
proj eét d@dhe budget, then the optrmizatlon engine 200 goes to step 324.

‘ ;At step 324 the optlmlzatlon engrne 200 determrnes the current prOJect cost
.whrch is. the cost to complete the reparr and malntenance pI‘OjeCt 250 based on'_.-
u the mrnrmum prorect makespan |Iiustrated |n Flgure 5f At step 326 the'
l_o.’ | optlmization engine 200 compares the current prorect cost wrth the budget andv '
if the current prorect cost is less than or equal to the budget, the optimization
engine 200 executes step 332 to find the optimal project makespan, this being

the minimum project makespan 264 identified in Figure 5f.

15 If the current project cost |s more than the budget,': the optimization engine 200
executes step 328 which un-'assigns OT or outsourcing to subcontractors to
reduce the current project:cost and Figure 4 iIIustrates the steps to perform. At
step 402, the optimization engine 200 sorts the assigned OT and subcontractor
tasks by “TotaICostChanges” and “DurationChanges” in descending order. In

20 the example - - of Flgure 5f the sorted task T2 wouid have a hrgher
“TotaICostChanges of S$500 than that for outsourcrng task T4 whrch yrelds
savings of —S$200 At step 404 the optrmlzatron engrne 200 next un assrgns' '
the OT or outsourcrng based on the highest TotaICostChanges, and in thrs
case, the OT is un-assigned from the task T2 since this cost more than the

25  outsourcing of the task T4. With the un-assignment, the project’s criticali chain is



20 al so perforned by the optim zation engine 2001 using overtine or
outsourcing strategies as additional resource. The nmethod 900 will be
descri bedwvbasadi1ssrst he exanpl e of the repair and mai nt eramse2prnop@os 250.
27 316, 318, 322,328 and 330 of Figure 3 and thus, the above expl anations
are applicable for Figure 9. At step 986, instead of budget control in step
306, step 906 checks whether: there is duration or time lint control. If
there is rdunsewatnstbpnd(m aodt thel durahen msftthedtask 63 gmulad Depsintizeds that

val i date' a predefi-ned duration linit at step 908 (i'nstead of ‘validating
budget |n5hs,t,@p,n F|§@|%55 Figure 3) and the optim zation engi ne 200 checks
that the duration”limt .input by the user is correct. After validation or
if there is no duration linmit control at step 906, the nethod branches to
step 910 to 10i dentify critical task, if any, in the critical chain sinmlar

L0 oL Sk ot Bogt By ShE"BnA i o SRR L L7

whi-ch depicts the mnimum project 15 nmakespan 264 and the mninjijum project
cost " iSs aqosbaastraahespe}mgve|tpubew+mass'gma§§tspf atathe tagk 52 shemems of
Figure 3 for. obtaining the opti-mal -project makespan.- At step 920, the
optl mi zatprOJeCéngsints Q@opamt:WﬁhWhetMQetm atew&z@narpnl df lécs not over the '

;_budget the optlmlzatlon englne 200 goes to step 332 WhICh deﬂnes the new v; 2
EpI'OjeCt makespan as the optlmat makespan If the new pl'OjeCt cost |s more thani;i
_ .the budget steps 328 to 330 are repeated » o
10
It should be'appreciated that the new projeot costfis due to the un-assignment
of the OT which in other words, is exactly the sameg as the minimum project cost
calculated at step 318 and; thus, this new _project'_;:cost would defihitel'yj; be less
than the budget. In other words step 320 provides a gate to ensure that if the
1‘5 method 300 branches to step 324, in t'hev' worst case scenario, ‘the un-
assignment of the additiortal resources of OT orioutsoUrcing wou'l_d "result in

reducing the project cost to the minimum project cost.

After obtaining the optimal makespan at step 332 the method 300 goes to step

20 322 of Flgure 3 to perform the post processmg The post processmg mcIudes
(I) Settlng Cr|t|cal Cham fIag (—true) to the crltlcal tasks in’ the |dent|f|ed
Crltlcal Chaln or uncheck Crltlcal Chain ﬂag (—false) lf the ex-crltlcal task'

becomes non-crltlcal,



20 makespan is nore than the duration limt. If the m ninmum project
makespan is nore than the duration limt, the nethod goes to step 922 for
post - procwewngiissief er to the expl anation of step 322 dipstisssed/ e@wsi er)
since the budgeted duration limt nmay not be feasible to conplete the
project 250. If the mnimum project npgespan is not nore than the duration
limt, step 924 is performed-to -WD 2011/.115575PCT/ SG2011/ 000098 28

det er ni ne t he (EuReeording: theata*sktsadensa@uan dhenge tonits Netes as rauditdrie] #dt's cost

obt ai ned at . step 918. At step 926, the optinization engine 200 conpares the

current phanhged iAEKesEaAtiiy chtuédt@wblﬁaprboesé iNblesaaré am expRarztsryetekt proj ect
makespan is 'ess than or -equal‘to the duration Linmit, the -method 900 goes

oot £or Hicdl of sdssiiR Wi oot StFeiBleRt, o0 ﬁZkLQSaﬁpf Sovel the”
durati on l 'v m,t(in) ?’gecorc'ia Rg? ‘prOJegt and its subprOJects -duration change and initial
. 5: | cost to their Notes as audlt tnal' | |
(|v) Cleanng backup lnformatlon to release memory space
(v) H|d|ng aII the mternal processmg data and temporary flles and/or
(vn) Presentlng the flnal result |n a comblnable custom V|ew (eg,f‘
'v .customlzed Enterpnse Gannt Chart W|th customlzed Resource V|ew) for;' :
1".0:‘ example as that shown in Flgure 8 In this example the optlmal makespan for

the repair and malntenance prOJect 250 is denved to be 43 days WhICh is a.

reduction from the initial project makespan of 60 days.

After post processing, the metho’d Eof Figur:ev3 ?endsf;}
15
A sample GUI for implementation of the method described in Figure 3 is shown

in Figure 6:

Figure 9 is a flow chart for a method 900 for obtaining an optimal project cost
20 also performed by the optlmlzatlon englne 200 usmg overtlme or outsourcmg
strategles as addltlonal resource The method 900 WI|| be descnbed based on

the example of the repair and malntenance prolect 250

It should be appreC|ated that steps 902, 904, 910, 912 914 916, 918, 922 928

25 and 930 of Figure 9 are s:mllar to corresponding steps 302, 304, 310 312, 314,



i 0o optimzation engine 200 un-assigns O or outsourcing to subcontractors
simlar to step 328 of Figure 3. At step 928, the optim zation engi ne 200
perfornms wbaosttapssin the flow chart of Figure 10 whi chpcs/sszaiifoasoss o t he
flow chart of Figure 4. However, instead of sorting "Total Cost Changes and
"Duration changes", at step 1002 the eptim zation engi ne 200 sorts by

"Dur at i onChanges" t.o. determine-15 whi ch:assigned OT/outsourci-ng results in
a hi ghest316h3h8e322 3% and 330 oOFigtwe Bsand thusi thecald veagyadanationstare sort may
be .based on. both paraneters, just like Figure 4. -Taking the exanple of

Fi gure 5 applicabletférerighmnge in duration of the task T4 is larger after
assigning the outsourcing than the change in duration of the task T2 after
assi gning OT, then at step 1004, the optim zation .engine 200 20 un-assi gns
the outsourcing to the task T4 Wth this un-assignnent, the project's

he crit ALReR oo, RRRE R o iR 3B 0 Ll Bfe ke LBl L ct”

critical chain, at step 930, .the n roj ect, cost and makespan i s

cal cuPat dergra durRtioRor ﬁynsﬁ'@zﬁ cRRiRalts SheTeds Guraliondmit,ePRt ol heimedhochn 1 i mi ¢
at step 926.. 1f ‘the:25new proj.ect makespan.is |ess than or equal to the
durat i on of iRigure & n@qe@ﬂndg_-vgb@ate\mpmﬂpimgWaﬁm}us@zansim@_cgs(msiz@cgoes I'to
step 932 .and defines the new project cost:assoeiated with the:-new project
makespan ofsalifiatirapbudeét jor siepc308 of tFigure 3hangitg eptinizidtion)esginki 269 Fi gur e

3, lif at step 926, the new pro6j-ect nmkspah’is still over the duration
limt, stppekdAatand Qirdticn GnfiEeppat 8- théniseias kefkeef. AftaHNAidAtiendy ipfter

the , post processi.ng step 922, which perfornms functions si'milar to step 322

f Fi A S i Lo OF. o Lan. ik : L ust: d i
P S g b
t hod bl e of  handling.p ] t.i - project dul i d. abl
or V8- oSTHEY Al Bt Brimor (B8 raRbol Hoehg MR E I RN P BBPLE stcn”
as 0-vertiFrir§urgr3.out;50ur cing of tasks. o j S

Steps 910 to 916 are perfofmed similar to steps 3;I:O to 316 of Figuré 3 and the
end result is that shown'jinf Figure 5f, whfch depicts the minim'um_: project
15 makéspan 264’ and the miﬁimum project cost is a]So obtained just Iike‘u what is
described earlier at step 318 of Figure 3 for obtaining the optimalv project

makespan:

At step 920, the optimizatiﬁdn_ engine 200 chec%ks Whether_ the minjmum project
20 makéspan is more than the Ac:i,uratibrm' Iimit:. If th:e- mfinimum project {njjékigspani is
more than thefduration I|m|t ;-thé, method goes to step 922 fdf poi:st;prcg‘)-'cessing: ‘
(refef to thé éxplanation ofstep 322 diséUés_ed'ié.arlier) sirice‘ the .budgeted.
duration limit may not be feéSibIe to compléte the;project 250. If 'th.e‘ minimum

project makespan is not moré than the duration Iimit, step 924 is performed to



151 n ternms of managenent of nultiple projects, the nethods of Figure 3 and
9 may be configured to optim ze project nakespan or cost for nultiple

proj ect s.wban1iemssvpl e, Figure 12a shows a project schedelce/sicasiitonsee
projects - Project 1, Project 2 and Project 3 prior to optimzing their
makespans, and Figure 12b shows the-ppgject schedule after, optim zation.
Through appl yi-ng the nethod 20 :proposed:in Figure 3, it can: be appreciated
that the ddtemenprtbeemtrtawtrm]mﬁpnakew basad opt the zrenirrunntpratecarcost/eral I
opti mal nmakespan is-‘al so obtained for all-the three projects. -The descri bed
enbodi meybtained @t sté'p@fg construed as limtation. For exanple, 30 fromthe
met hod for optimzing costs in Figure 9, it should be apparent that the
features in one nethod may al so be applied in the other nethod. Further,

t he pre-proceSSing and post-processing steps described in Figures 3 and 9

may not and be omtt.ed endin pl | on rther,

| evel i ngqﬁf S %e Wégaﬁ%n c%'i‘%’%dggﬁt coqnp hetﬁ' etﬁg CH'ESgﬁtorﬂfPiGS I n the

resources to be aIIocated to the tasks ect, . At step ﬁ of Figure

4, thé smire-@aria@"tbetheoiuretiomie@tiaaﬁ 'b;tia%r?efr@n Pr%?*ai‘t%‘@ﬁ@ﬁﬁri@ §8S and
DurationChanges but it is envisaged that the sorting 10 need only be

per f or rredh@iasmdequaldnethpadamerlimth,dthen meteo@ @0 geesftoFstgnrIBA, WfBQh ting

based on "Total Cost Changes" i's sufficient: In the described: embodi rrent t he

addi ti Onaiefihestﬁhe nﬁniatdrmp&bjedt éo:st thBebpﬂhaTéroiect cost for the proiect 250

I the current proiect makespan is over the ‘duration fimit, at step 928 the
1:05 : optimization engine 200 un assngns OT or outsourcnng to subcontractors similar |
to step 328 of Figure 3. At step 928, the optimization engine 200 performs the
steps in the flow chart of Figure 10 which is S|m|iar'to the flow chart of Figure 4,
However, instead of sorting ‘TotaICostChanges and “Duration changes at
step 1002 the optimization engine 200 sorts by “DurationChanges to determine
15 which assigned OT/outsourcing results in a highest change -in duration. Of
course, it is envisaged that:the sort may be based on both parameters, just like
Figure 4. Taking the example of Figure 5 and if the change in duration of the
task T4 is larger after assigning the outsourcing than the change in- duration of
the task T2 after aSS|gning OT then at step 1004 the optimization engine 200.
20 un-assigns the outsourcmg to the task T4 Wlth this un- aSS|gnment the_z
proiects critical chain is updated at step 1006 and pictorially, this |s snmilar tov !
the critical chain |||ustrated in Figures 5d or 5e. Based on this rewsed critical -
chain at step-930, the new proiect cost and- makespan is calculated and the
new proiect makespan is compared with the duration limit at step 926. If the

25 new project makespan is less than or equal to the duration limit, the method 900



in Figure 5e is to outsource the task to a subcontractor which replaces the
15 originally assigned resource 718 of Figure 7. However, it is envisaged

t hat out swoneimgsys a task may conplinment the original | pcassegnedomwgsour ce
such as Dry Doc,--rather than replace it. The descri bed nmet hods may- be

i npl enented as a standal one software pgogram 20 or as a plug-in conputer
programto.interact -with host.project managenent. software such as M5

Pr oj ect Tigoebntot siepd@32 randedefimdo thereety, ptdjectusest assoicitsd avitt éne @Bwor
outsourcing to a subcontractor as an additional ‘or alternative resource but

it is en\ﬁréjéeﬁﬁhakagéaﬂésm@owﬂél ﬁ%j{eo@%és%rh%brd]’éctw addi ti onal

resource to-a task. In this way, optim zation engine 200 may sel ect

whi ch additional resource to select based on greater cost or change in
duration. Al so, certaln addltlonal resources may be subjected to certain
restricti or_.exa may.,he stl ul ated |, aw _t hat mork r_ may not
wor k m)re’ ?ﬁ% e figa rr‘lf ﬂt ézgf thsr eé(‘h(ﬁ"’?’ﬁgpﬁiﬁﬁfi’anrfﬁ a%er % into
consi derati on when assi gni ng the amount of O so that it is within the

| egal 51 i surationriifaitteps gg@&“%‘?ﬁ%@l"@r@ﬁ?a@es the repair and maintenance
project 250 in a shlpyard as an exanple but it is envisaged that the

descri bed enbodi nent is 10 al so applicable to other industries which
nmanages. projects such as the, .construction industry, healthcare (such as in

hospi t al THen méthed ePEigireng: éﬁ@srsafteeqtheprwst prepesding i stéped22,amhicthar ed)
manuf act uring such as car manufacturing, Or in-the aerospace industry such

as mai Nt ¢RABFRs r&%bhsagmury?ef@tsteas 39 Bf rFlE;ﬂFé S3.01A fédrﬁﬂ&lbs G@In(?oneVen
pr oj ects w thin an organi zation.
|mplementat|on the method |Ilustrated in Flgure 9is shown in Flgure 11
B 10
As'i{ Can be appreciated, the brdposed 'methods_ are capable of handlihg one or
multi-project scheduling and able to derive optimal makespan and/br costs by

assigning additional resource such as overtime or outsourcing of tasks.

- 15 In terms of management to mulﬁple projects, the,imethods df Figur.e. 3 and ,9
may be configured to -optimizé project makespan 6r cost for 'muItiple projects.
For example, Figure 12a shows a project schedulé for three projects — Project
1, Project 2 and Project 3 .vpriv‘or to optimizing }theirfnakespans, and vF.igure 12b
shows the project _schedulé;aftergoptimizatio:n. Th:rough applyingthe.»met.hod’
20 propc@sed in Figure 3, it céﬁ-be "appreciated:_t‘hat tﬁe three prioje’ct"s':r:nake_s'pan N
have _been optimized SO thatan oVeréII opti'm'a-l mékespan is-als.o:'d.b:téined fbf

all the three projects.

The described embodiment |s not to be construed. as limitation. For example,

25 although the method for optimizing makespan in Figure 3 is described separate



15 Having now fully described the invention, it should be apparent to one
of ordinary skill in the art that many nodifications can be nmade hereto
wi t hout dwpaniimngs7srom t he scope as cl ai ned. WO PCT/SG2011/000098
2011/ 115575PCT/ SG2011/ 000098 32 CLAIMS 1. A conputer inplenented nmethod of
obtaining an optimal project nmakespanggconprising (i) receiving a
plurality. of tasks.for conpleting the at |east one project-wthin an

initial from ¢ed metlackdasqnaarptlmrdmg cdstsmgFagureeQasttsfmm belappmentttaaktffer omt he
plurality of tasks which detérmines the initial project rnakespan, deriving

a criticabaehad h bR& rMhéRoatmhfaiéo BECPYIBHERthBaRAREr RRIGE RirtHeragle one

critical task; 10(ii) allocating additional resource to t he at Ieast one

critical ptrg_%ffoé% ﬂﬁ%é‘hdd‘e Pasﬁb%'c%&hg s?eﬁscdes@fb%aqﬁrf:@j rek ar Onlrﬁ%}g ot n| um

proj ect; rving a proj ect cos ase

makespan; 'be necessary and may be omltted dependlng on appllcatlon Further Ievelmg of

s resources may not be carrled. out if there is ;no confllct in the res_ource_s to be -

;a||¢‘c§£'ed tovt:he::tasks ofa prOJect

_At step 402 of Flgure 4 the sortlng was performed based on parameters |
"TotaICostChanges and “DuratlonChanges but |t |s envisaged that the sorting
.10 need onIy be performed based on one parameter and in the example of Figure

4, sortlng based on “TotaICostChanges is suff|0|ent

in the described embodime:nt',- theiadditional resou_rce allocated for thejtask T4
in Figure 5e is to outsource the task to a subcontractor which repfaces the
15  originally assigned resource 718 of Figure 7. However, it is envisaged that
outsourcing of a task may‘compli.ment the originally assigned resource such as

Dry Dock, rather than replace |t

The descnbed methods may be lmplemented as a standalone software program. i
20 orasa pIug |n computer program to mteract W|th host pro;ect management' |

software such as MS PrOJectTM

In the described embodimefnt, the user assigns either OT or outsourcing to a
subcontractor as an additional or alternative resource but it is envfsaged that

- 25 the user may assign both or more additional resource to a task. In this way,



(itv) if the current project cost is equal or |ess than a predeterm ned
budget, identifying the m ni num makespan as the optinmal project 15makespan;
(v) if thwoceurrasi7sproject cost is nore than the predet ecwisced 1buaget ,
adjusting the allocation of the additional resource to the at |east one
critical task to derive a project cost31 which is equal or less than the
budget; the project cost being -associated with 'a revised project

20makes p@lptm'amiron( gngine 200 nfayi $Eejecthwh|chva®htiorpnlopeomrceetbesme¢t basadce

opti mal project nmakespan for: the at |east one project. A conputer

i pl ementopdyrBRidiedsPbr BRARIINGUratloR PAISBBEeAIA)RIitichas Fesouddes fiay Heecei vi ng

a plurality of tasks for conpleting the at least one project within an
tial I 1 th
el Wl ke too L o Dbl ol oA B 1

a critical gchain for th ast_on ect b he at ast one
critical V‘t%t@% may; qc)t Vi ?dﬁ%’ﬁ ﬁ&n %ﬁﬁﬁ?ﬁmgw&sﬁﬁﬂe *t%g‘eé*t‘ (fg%yt one
cri-tical task:to obtain a mnipum project: rrakespan of _the at.least one
proj eét ; takg this Ir&@|cenﬁlgerat@nawh¢muaﬁﬁ'snmgot hecamewrt offdt & that ttt'r%W&Nrbcat i on
of the addi ticonal resource; 16(iv) deriving a current project ‘makespan for
t he proj ekteldmemton the m ni mum project cost; (v) if the current project
rrakespan i s equal te or less than a
“The j‘c;ie'scribed?embodim'erit' uses the repair and rrtaintenance project_ 250 in a
, shipyard'as -art':'exaimple b"u}t:ﬁi't is e'nvisaged‘: that the described erhbcdiment is
> _1"055 also apphcable to other mdustrles WhICh manages prOJects such as the
constructlon mdustry, healthcare (such as in hospltals in which operatlng rooms,
equipment, specialist etc are shared) manufacturlng such as car
manufacturlng, or in the aerospace mdustry such as malntenance repalr and
operations of alrcrafts or ﬂlghts and even pI'OjeCtS W|th|n an organlzatlon
15
Having now fully described ‘the invention, it should be apparent to one of

ordinary skill in the art that many modifications can be made hereto without

departing from the scope as claimed.



predeterm ned duration limt, identifying the mninmum project cost as the
opti mal project cost; 15(vi) if the current project makespan is nore than

t he predewenmimmassyduration |imt, adjusting the all ocatipom/schotiveooss

addi tional resource to the at |least one critical task to derive a project
makespan which is equal or |ess than ghe predeterm ned duration limt; the
proj ect makespan bei ng associated with a revised project cost; and 20(vii)

i denti f yiGigAIIS reV| sed project cost as the optimal project cost for the at
| east one project. 3. A nethod according to claim1, wherein prior to step
(iii), the nethod Vcorrpri ses cal culating a mni mum project cost
for the at | east one project; 25and conparing the mnimum project cost with

or of oot “cost raoimPy t"“ﬁ"‘tﬁéﬁ%a3*‘%0"%%'b?4i”“ﬁ§art@u&§rﬁé'ﬁb“8tm%?.es2‘5“' o

out putting that _the bud@ it not able to conplete the at |east one
proj ect. %‘ﬁ?@&‘ g 't"c?f'ﬁtnﬁg to.claim4,- wherein there is - nore than one
critical task assigned with the additional resource step-(ii) i'ncludes

trackng chandb reseBga atumty af taalsatf%qprarlet'n@t%at teaéheme p&je@tr ce to the
critical tasks. .
W|th|n an rnlttal pro;ect makespan |dent|fy|ng at Ieast one cntlcal task

M:from the plurallty of tasks whrch determlnes the |n|t|al prOJect makespan b
-derlvmg a cr|t|cal chaln for the at least one prOJect based on the at least -
| one crltlcal task “
1of ' . (||) aIIocatlng addltlonal resource to the at Ieast one critical task to obtam
| a minimum project makespan of the at Ieast one project;
(iii) deriving a current pro;eot cost based on the minimum makesoan;
(iv) if the current projeot costis equal_or Iess"than a predetevrmivnejd
budget, identifying thi‘e :minimum makespan aj:s the optirnal pr.ojr:ect
15 makespan,;
(v) if the current project.cost is more than the predetermined budget,
adjusting the aIIocation of the additional resotJrce to the at least one
critical task to derlve a prOJect cost WhICh is equal or less than the
budget the prOJect cost belng assomated wrth a revrsed pI‘OjeCt
20 s make_s_pan, and |
~ (vi) identifying the reVised project make:span as the optimal project

| rnakespan for the at‘teaet one project."

2. A computer implemented method of obtaining an optimal project cost,

25 comprising



6. A nethod according to claim5, further conprising summng up all the
change in cost to derive a total change in cost; and deducting the total
change i nwoasii/fism t he current project cost to obtain Poe/Sceainwempr o) ect
cost. 15 7. A nethod according to claim5 or 6, wherein step (v) includes
unal | estating the allocation of the adgitional resource to derive the
project cost which is equal .or-|ess than the budget. 20 8. A nethod
according to: c(l)aeoerVr,ngvdquealrtybﬁtaeketoﬂ d:ompletmg thenat ledssone peo]gctng t he
critical tasks in order of the’ tracked change in cost; each.critical task

bei ng associ atvﬁdwrmahhnmas@oﬁbo@d@bltespaal meaawg:@neaacbﬂéﬂ@drttdamslkng the said
additional resource one at a-tine to deri ve t he project cost which is equal

according to LI@“W@F@M@%M%?@ T TSP pAA Raiopinr ™ 1o
I I f k I Kk h
D oet ot Lo 0§ T BB bl o Bt SR BBl BB P ot ™ ©

change in cost after allocation of the addltlonal resources to the
non- ¢ ti cal - tOEK& 'Céhtfsgddl ng the tracked 'change in cost of the

non-critical tasks to the total- change in.cost. . o
;—(||) aIIocatlng addrtlonal resource to the at Ieast one crltlcal task to obtarn .

a mrnrmum prOJect makespan of the at Ieast one pro;ect
X (m) calculatlng a mlnlmum project cost biasedj on the-aIIocatiovnjof the
| ,:addltronal resource | | ” | -
,130' : (|v) denvrng a current pro;ect makespan for the project based on the
| | _ minimum project cost, | | " |

(v) if the current project makespan is equal to or Iess than a
predetermined duration“lirnit; identifyind 'the ndinimum project cost:as the
optimal project cost;

15 (vi) if the current project makespan is more than the predetermined
duration Iimit, adjusting the allocation of the additional resource to the at
least one critical task to derive a project makespan which is equal or less

- than the predetermlned duration limit; the pI‘OjeCt makespan belng
associated with a rewsed prOJect cost and o .
20 - (vii) ldentlfylng the rewsed prOJect cost as the optlmal prOJect cost for the .

at least one project. -

3. | A method according to;claim 1, wherein prior to step (iii), the method
comprises calculating a minimum project cost for the at least one project;

25 and comparing the minimum project cost with the budget.



10. A nethod according any of clains 1, and 3 to 9, wherein step (i)

I ncl udes deriving a critical chain for nultiple projects, and the nethod

i ncl udes woabiiaiies7ag t he optimal project nmakespan for each/schotilveonosil tipl e
projects or for all the multiple projects. 11. A nethod according to claim
2, wherein step (i) conprises conparigg the m ni num project nmakespan w th
the duration. limt. 15 12. A method according to claim 11, - wherein if the
m ni mum project cost is nore.than the duration-limt, the method further
conprises outputting that the duration Iimt is not able to. conplete the at

| east onej pr o) fet?e 3cAraRigeLIART S Whein [ tité Ainimuin prbjeceddstidiere i s

nore than one critical task assigned with:the additional resource, and step

Cesourco-t o+ RRSfEiEh B BGOE e natito Arher B O AIng BEuaRL' ' 207

t hod di,ng te. claimi3, furth DI Si N ing up all the-
" cost to derieelisnstabie ieHblelt It ot BaHE HeRGH g "t he total change i n

cost fromthe current project cost to obtain the m ninum project cost. 15.
A met Rod ‘according to claim 13 or 14, wherein step (vi) includes un-

5. ‘A method according to claim 4, whirein there is more than one critical -
'iégk: af.ss?i.'gjned With theaddltuonal resource and sieb (i) jmgmés* i}a};king |
Change in coSt aﬂef?éllécatidn of the; éd_ditiohél resource to the crifticalv_ |
s ta_sks.g | | H o |
10 B
- 6. .A rﬁetlh'o"d according :t.ozc':léi'm 5, further éompffising summing up all the
) change in cost to dér?ivé a to_tallchange Zin co:fst; and deducting th.egtotal
change in cost from.t:h:é current project :cost to obtain. the minir'nurﬁ
project cost. | | |
15
7. A method according to claim 5 or 6, wherein step (v) includes un-
“allocating the aIIocation of the additional reséurce to deriye the :project

cost which is equal or Iéss than the budget.

20 8 A method accordingj‘étdg claim 7, wheréivr;'t'he ﬁn-allocatio:n inc.;iu'd:eé
' arrangihg thé crit.icai Etafs':ks in order of the traéked change in coét; ;each
critical tésk being aséojéi.ated with a said .add':fti‘onal resource;‘ ahdf un-
allocating the said a'd‘dit'ional resource one at a time to derive the project
- cost which is equal or I%ess than the budget.

25



allocating the allocation of the additional resource to derive the project
makespan which is equal or less than the duration limt. |0l16. A nethod
accor di ngvoeoolassms15, wherein the un-allocation incl udesTacrzengoegst he
critical tasks in order of the tracked change in duration; each critical
task being associated with a said addggional resource; and un-allocating
the sai d additional ‘'resource.one at a tine to derive the project nakespan
whi ch i s equalA methﬁacd:drdmgttbeanymfaﬂalm 5 thtwhe‘rBdéﬁend@nMethina@cor di ng
to claim14, wherein the plurality-of tasks includes non-critical tasks, at

| east sone Of wHEreih: tﬁé%l@%ﬁ@%f&b% iNcludeaddntranal tdsRE 04t 1688t somhél of he
met hod conprises trackl ng change in cost after-allocat ion of the additional

resources to "w'}ﬁcﬁ'Q &étu Ev&ﬁ%@}utué‘ﬁ&ﬂ r@%@urﬁgszéﬁd"ﬁa fﬂ%%d change i n

cost of the non- cr| tota ange I N cOosS 18. A net hod

2Ceri il ool “ehabh a'sﬁ%c%ma&d Y6125 atfcalceling oh e adghbial' s ! Vi N

2011/ 115575PCT/ SG201.1/ 000098::37 i ncl udes obtai i ng the optimal proj ect cost
for edch of tm@scmrpem tchepra@}-éafﬂ%aléaslts@andraddmgethmrqqksﬂé:hampé@pgst

of the non crltlcal tasks to the total change |n cost

10. - A metho‘d acCording.ahy of claims 1, ahd 3 tc 9, wherein step (i) includes
‘ denvmg a crltlcal chaln for muItlpIe prOJects and the method mcludes
| '1‘03 obtalnlng the optlmal prolect makespan for each of the multlple projects

or for aII the multlple prOJects

11. A method according to:claim 2, wherein step;(ii) ccmptiees ccmparing
the minimum project makespan with the dutetion fimit.
15 |
12. A method according to-claim 11, wherein if the minimum project cost is
more than the durati'on' limit, the method further comprises outctjttihg that

- the duration limit is h:ot:abletto complete the at least one project. -

20 13. A method according to:CIaim 12, wherein thefe is more than cr_\e critical
task assigned with the additional resource, and step (iii) includes tracking
change in cost after"el‘lccation of the additional resource to the critical

tasks.



19. A method according:to any preceding claim wherein the additional
resource include overtinme and/or outsourcing of tasks to subcontractors.
20. A netwoidnizassmsdi ng to any precedi ng cl ai m wher ei npcfi/sGhet1adaivs i ona
resource allocated to the at |east one critical task includes outsourcing
of tasks to subcontractors, the outsoggcing of the tasks replaces an
initial ioresource allocated - to the at | east one critical task under step
(i). 21. A rretAnmjath@d:acmrdmgf@ claiyn 3 cltiethiengomipeisimg sumemisigup altthe i )

i ncl udes assi gning constrai ned resources shared with other projects to the

plurality of towgeandobersalarive 4 ftralchasigbdh kest; badalsdueting e %al A et hod
according to any preceding claim wherein prior to step (i), receiving user

definition of M&% BliNG t'ﬁé/m‘thefcﬁﬁ'%nfﬁ Wt @ otahelhitgmbpe at | east

one prOJ ect and i |t|a resour ces ocatlon to each of “the task for
deriving the rc1[)rrée| g% tchal n. 20 23. A nethod according to any preceding
claim wherei 8§ ? - includes a preprocessing step to adapt the nethod
to be conpatible with a third party project managenent application. 38
24. A Rethod according to any preceding claim further conprising receiving

t ask prlorltles and associ ating-the-task priorities wth each one of the
pl uralitylf- tAgg]ethod accordlng to claim. 13 or 14 wherem step (V|) mcludes un-

aIIocatlng the aIIocatlon of the addltronal resource to derlve the prolect

:makespan WhICh is equal or less than the duratlon limit.

10 v 16 A method accordlng to clalm 15, whereln the un-allocation |hcludes
. ;-arrangmg the crltlcal tasks in order of the tracked change in durat|on
each critical task bemg associated with a sald additional resource; and
un-allocating the sai_dadditional resource ohe at atime to zderit/e the

project makespan which is equal or less than the duration limit.

15
17. A method according to claim 14, wherein the: plurality of tasks includes
non-critical tasks, at least some of which‘are;associated with addvitionalv v
- resources; and the rhethod comprises t’rackihg change in costfafter |
 allocation of the adc_iitiohal resources to the hﬁo:n-critical tasks, _ahd.addih_'gé' '
20 the tracked change{ih cost of the nonecritical_ tasks to the total fchange in N

cost.

18. A method according any of claims 2, ahd_11;to 17, wherein step (i)

includes deriving a critical chain for m’uilti'ple projects, and the method



- A nethod according to any preceding claim wherein step (i) includes (a)
identifying a set of critical tasks for the or newcritical chain, at |east
sone of whDOchianss7associ ated with additional resources; pamdGOEDOEN9S )
includes (b) checking if any of the critical task's duration has not been
adj usted due to the associated additigpal resource, and if there is,
identifying such critical tasks; (c) adjusting the duration of such
critical tasksndtaeezdobtalrtlh@ﬂ&septnnat projend dbst fonabch ef the owitiplé d) deri ving a
new critical chain based on the adjusted duration; and (e). repeating steps
(a) to (d) untdrbjet;{georcrgf afl tmn@it,p?éPrdggscrl tical tasks associated with the
addi ti onal resource have been adjus ci to derive a revised critical chain,
and obt aining the mininmm rrakespan based on.the revised critical chain. 20
26. A plug-in conputer pr ogr am pr educt corrprl sing instructi ons when execut ed
are arra edto ol . a conputer to per od ording to any
pr ecedi ngl |a.”rﬁ“e§7°<5 WB@'}%‘H&FE rcgﬂm:tw %'rnetg Qfa recordi ng
medi um conpri si ng instructl ons: when execut ed afe _arrang ed to control a
25com§ut er to TREYUTER iGlkde pieTie avd/er eutrsgumneﬁttaﬁkséo ghhgontraciorss.

. 20. N A method accordlng to any precedlng clalm whereln if the add|t|onal
| 'resource aIIocated to the at least one cr|t|ca| task mcludes outsourcmg of
| tasks to subcontractors the outsourcmg of the tasks replaces an initial |

10 ’ gresource aIIocated to the at Ieast one cntlcal task under step: (|)

21. | A method accordlng to any precedlng clalm whereln step (i) includes
assigning constramed resources shared wrth other projects to the

plurality of task, and Ievellng the constrained resources.

15
22. A method accordingv to any preceding claim, }t/vherein prior to step (i),
réé‘eiying user defintttch of the plurality of task required fcr ccrhpleting the
} at least one project aén'd initial resou._rces for allocation to each of the task
for deriving the critical chain. | -
: 20 |

23. A method accordlng to: any preceding claim, whereln step (i) includes a
preprocessmg step to adapt the method to be compat|ble W|th a third

- party prOJect-management appllcatlon.



WO 2011/ 115575PCT/ SG2011/ 000098 39 28. Apparatus for obtaining an opti nmal
proj ect makespan, conprising a processor configured to (i) receive a
pl ural itywofwtiagkssfor conpleting the at | east one proj ect/Seohionoas
initial project makespan, identify at |east one critical task fromthe
plurality of tasks which determnes thg initial project nakespan, derive a
critical chain for the at |east one project-based on the at |east one
critical 24ask;A mdthodibtearding tadshyt precadingadaio, ferther ddmepriding eecdivinge
critical task to obtain a iomninum project rnakespan of the at |east one
proj ect;  tak Pﬁd‘riﬁiﬁ iang absbbialiRG the takesilortias Wilhesfth e bt Ni mum
makespan; (iv) if the current projéct cost is. equal or less than a

pr edet er mi nedﬁ&@gg}' fihdentify the nini num makespan as the optimal project
makespan; 15(v) 1T _t%e Current project cost is nore than the predeterm ned
budget, adjust the allocation of the additional resource to the at | east
one critical task to derive a project cost which is equal or |ess than the
budget; the proj ect ‘cost being associated. with a revised: _5(,0_]'._ ect nmakespan;
and (Vi) 3%enth Methodaceardigdonny recedinr«ciyan wherenestep (i) ingludasoj ect -
20nmekespan for the at least one project. 29. Apparatus for obtaining an
opti mal proj eda) destifyingaset of crifical fasks darsthie or new critical chain, at least

js,'djnlie 'of vwhic::h are ééééciated with additionéi resources; and step (ii)
inludes - |
::fv(':b).;cv:hzec%li(ing;'if anyof the critical task’$ déxratiifon has:not beeﬁ édquted
10 . due to the asfs{Ojciatézé,;éé;jdi:ti;c:jnal res'oiéjiricfé, and i there is, idAe‘nt:ifyi}Eng such
- cfitxicaji tasks I |
(c) adjusting the durétibn of such criticéI»}ftask;s based on the a_séociated ‘
additional resource;i
(d) deriving a new critiéal chain based on the adjusted duration; and
15 (e) repeating steps (é) to (d) until the duratioh of allhthe critical tasks
assocjated with the .‘additional resource havef been adjusted to derive a
- revised critical chairj,ﬁ énd ob_taihing th.ef rﬁinifﬁum makeépan _‘baéed on

the revised critical chain. -

20 26.. A plug-ih computer prdgram product cdmprising instructions Wheh
execufed ére arranged to control a computer: to perform the method
accordihg to any prééeding claim. |

27. . A computer progr'aniigpfrbdtijc.t storec__i ofn;a da:t:a:re_cording medium
j compfis}hg iﬁstructiéh‘é when exec@teidzéj're éffanged to controi a

25 | computer to perform fthe method according to any of claims 1 to 25.



configured to (i)

receive a plurality of tasks for conpleting the at

| east

one project 25within an initial project nakespan, identify at |east one
critical wekifmssyws WO 2011/ 115575PCT/ SG2011/ 000098 40 troe/scherabedy of
tasks which determines the initial project nakespan, derive a critical

chain for the at |east one project baggd on the at |east one critical

t ask;

(ii) allocate additional resource to the at |least one critical task to

obtain a C ,

m ni mum proj ect ‘makespan of the at |east one project;

(iii)

cal cul ate a mini mum proj ect cost based on the allocation of the additional

resource;2g, (i \Apoé?étu‘sﬂ‘oﬁoﬁtlairﬁﬁ@bnprﬁhféﬂprcb]@&ﬁ%ﬁﬁé‘srfa?f cbhfprerr@ gct based on
the m ni num pI’OJ ect - cost;

0

15

20
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29.

processor confugured to

(|) recelve a plurallty of tasks for completlng the at Ieast one. pro;ect

the plurallty of tasks WhICh determlnes the mltlal pI'OjeCt makespan
denve a cntlcal cham for the at Ieast one prOJect based on the at least
_: one cr|t|ca| task | | v |

E;_(n) aIIocate addltlonal resource to the at Ieast one critical task to obtaln a
;f‘_:mmlmum prOJect makespan of the at Ieast one prOJect |

: -(m) derlve a current pro;ect cost based on the minimum makespan

(iv) if the current prOJect cost is equal or Iess _than a predetermlned
budget, identify the rninimum makespan as the optimal project
makesoan;

(v) if the current project cost is more than the predetermined budget,

adjust the allocation of the additional resource to the at Ieast'v one critical

task-to derive a project costwhich is equal or less than the budget; the -

project cost being associated‘ with a re\)ised project makespanf; and
(vi) identify the revisediproject makespan as the optimal project

makespan for the at Ijea:st one project.

Apparatus for obtaining an optimal project cost, comprising a processor

‘ configured to

(i) receive a pIurallty of tasks for completlng the at least one prOJect

within an mltlal pro;ect makespan |dent|fy at Ieast one cntlcal task from

:W|th|n an |n|t|al pro;ect makespan |dent|fy at least one crltlcal task from



10(v) if the current project makespan is equal to or less than a
predeterm ned duration limt, identify the m nimmproject cost as the
opti mal pwojectiisost; (vi) if the current project nmakepparsGze11vo6est han
the predeterm ned duration limt, adjust the allocation of the additional
resource to the at 15l east one criticgh task to derive a project nakespan
which is equal or |ess than the predeterm ned duration limt; the project
makespan bei nghaphwmalitytofdaskistwhishdetérstidetin ieittal prsject rﬁaﬁes{parr) identify

the revised project cost as the optimal project cost for the-at |east one
project. 20  derive a critical chaln for the at least one project based on the at least
‘one cntlcal task' '
fz(u) allocate addltlonal resource to the at Ieast one cntlcal task to obtaln a
g . 5 :Emlnlmum proyect makespan of the at Ieast one prOJect v Eia |
i;(m) calculate a mmrmum prOJect cost based on the allocation of the
Eaddltlonal resource : “ »»
f(|v) denve a current pro;ect makespan for the prOJect based on the
‘E'mlnlmum pro;ect cost - |
10 | Ejv(v) if the current prOjectA m'akespan is equal to or less thana
'-'predetermlned duratron Ilmrt rdentlfy the mlnlmum pro;ect cost as the
optimal project cost; o -
(vi) if the current proje(:t_ makespan is more than the predetermined
duration limit, adjust the allocation of the additional resource to the at
15 least one critical task to derive a project makespan which is equal or less
than the predetermined duration limit; the project makespan bein_g
: asSOCiated with a re\rised proje:ct cost;f.and’ |
: (vii) identify the reviseo project'cost as the o:ptimal project co:st{ﬁf_ov‘rfthe at
' least one project. - |

. 20

25



