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A Computer Implemented Method and Apparatus for obtammg an Optlmal

Pro;ect MakespanlCost

Backaround and Field

;jThe mventron relates to a computer lmplemented method and apparatus for

i jobtammgvan optlmal prOJect makespan and/or cost

- ‘Many real llfe srtuatlons requ:re srmultaneous management of multlple pro;ects

"some of whtch may be requxred to share a common pool of resources For

example a vessel docked at a shlpyard often requrres multlple tasks or projects
to be performedconcurrently on lt with an ~overall objective of having the vessel
ready for use within a predetermlned penod of tlme In another example two or
more vessels may heed to be mamtamed usmg a common pool of resources‘ '
such as weldrng personnel equupment and tools and it can be a challenged to
manage the maintenance projects on the different vessels using the common
pool of re-sources,especially Eunder timelconstraints. Other examples may be

observed during aircraft m'aint‘enance where overhaul, repair, inspection and/or

'modlflcatlon of an aircraft must be completed before a specified tlme to avoid

costly penalty charges and where multlple tasks or projects typlcally run'
'concurrently Yet another example where the management of multlple prOjects
may share common resources is in constructton or burldmg s:tuatron Typrcally,
a manager of extensrve expenence would be reqmred to allocate the limited
resources among the multlple projects such that all the»pro;ects can be

completed within a prescribed time. Even so,'theimanager has no systematic
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'means of determlmng ahead of trme the optrmal way of allocatlng the Ilmlted j
' resources and is pressed to provrde Gost and makespan estrmates based on'
”experrence and gut-feel. It rs also 1mpossrble for the' manager to compare

: across different schemes of resource allocatron

: ;It l$ an object of the present lnventlon to provrde a computer lmplementedr ‘
: _f.method and apparatus for obtamlng an optlmal pro;ect makespan and/or cost

fwhrch altevxates at least one of the dlsadvantages of the prior art and/or to

5 ;provrde the pubhc wnth a useful chorce

Summary

In a first aspect, there is provided a COmputer implemented method of obtaining

an optimal project makespan comprising (i) recervmg a plurality of tasks for

‘completing the at least one proyect within an initial pro;ect makespan tdentxfymg’

at least one critical task from the plurahty of tasks which determines the initial -
proyect makespan, deriving a crmcal chain for the at least one project based on
the at least one critical task (u) allocating additional resource to the at least one
critical task to obtain a m,inimum"”pr’oject makespan of the at least one project;
(iif) denvmg a current pro;ect cost based on the mrmmum makespan (iv) if the
current pro;ect cost is equal or tess than a predetermmed budget, 1dentn‘ymg the'
mlnrmum makespan as the optlmal prOJect makespan (v) if the current pro;ect
cost' ‘is more than the predetermmed budget ad,lustmg the altocataon of the
additional resource to the :at least one task to derlve a project cost which ISb

equal or less than the budget; the project cost being associated with a revised
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:prOJect makespan and (vr) Identlfymg the rev1sed pro;ect makespan as thef ‘

optsmal pro;ect makespan for the at least one pro;ect

; The ‘method' may comprise calculating a minimum: project cost for the at least

. one prOJect and comparmg the mmxmum pro;ect cost with the budget In this

it; IS p083|ble to determlne lf the budget |s reallstlc or not. If the mmlmum

f{pro;ect cost |s more than the budget the method further compnses outputtlng

i :that the budget is not able to complete the at ieast one pro;ect

‘There may be more than one crltrcal task aSS|gned ‘with the addmonal resource,

and step (u) mcludes track:ng change in cost after allocation of the addltronal
resource to the critical tasks. This is partic:ularly, useful to track quantitative
changes which may be UIs'ed for'further adjufstm"ents later. Th.e :-method m'ay
further comprise summing: up all the change iin coat to derive a”totalzchange in
cost; and deducting the totali change in cost from the current project cost to
obtain the minimum project coet.

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

‘may mctude un-allocatlng the allocation of the addltlonal resource to denve the

,pro;ect cost whrch is equal or tess than the budget in other words the un-

allocatton may be repeated untnl the pro;ect cost comes fo wrthm the budget

The un- allocat:on may tnclude arranging the cntucal tasks in order of the tracked
change in cost each cntlcal task being assomated with a sald addlttonal |
resource; and un-allocating the said addltlonal resource one at a time to derive

the project cost which is equal or less than the budget.
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: The method may be apphed to multiple pro;ects and thus, step (|) may include
_‘derlvmg a crltlcal chain for multlple pro;ects and the method may mclude
"obtatnrng the optrmal prOJect makespan for each of the multiple projects or for

atl the mutttple pro;ects

;-‘ln a second aspect there IS provuded a computer rmplemented method of

: obtammg an opttmal pro;ect cost compnsmg (t) recetvmg a piurahty of tasks for '

completrng the at least one pro)ect thhtn an lnltral prOJect makespan |dent|fyrng
at Ieast one- cntrcal task from the plurality of tasks which determmes the initial -
prOJect makespan, denvmg a cntlcal chain for the at least one prOject based on
the at least one critical task (n) attocatmg addmonal resource to the at least one
critical task to obtam a mlmmum project makespan of the at least one project;
(m) calculatlng a minimum pro;ect cost based on the allocatlon of the addltlona!
resource; (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 predetermlned duratlon hmlt |dent|fy|ng the minimum project cost as the
optimal pro;ect cost; (vi) rf the current project makespan is more than the
predetermlned duration hmlt adjustmg the allocatlon of the addltronal resource
to the at Ieast one task to denve a pro;ect makespan whrch is equat or tess than
the predetermlned duratlon I|mrt the pro;ect makespan bemg assomated with a
revi'sed project cost; and (v,n): tdentrfymg the revrsed pro;ect cost as the optimal

project cost for the at teast: oné project.
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Step (n) of the second aspect may compnse companng the mmtmum prOJect :

' makespan WIth the duratlon hmlt In this way, it is pOSSIble to determme whether
; the durahon hmxt is reahstlc or not. If the mrmmum project makespan is more
:‘than the duratlon fimit, the method may further comprlse outputtmg that the

_:;,iduratlon hmlt is. not abte to complete the at least one pro;ect

:There may be more than one crltlcat task ass:gned W|th the addltlonal resource :
: 'and step (m) of the second aspect may mclude tracklng change m cost after
’allocatlon ot the addltlonal resource to the crutlcal tasks Th|s is useful to track

quantltat:ve change in the cost attributed - to the altocatron of the ‘additional

resource.: The method may further comprise summmg up all the change in cost

to denve a totat change in cost and deductmg the total change in cost from the

current pro;ect cost to obtaln the minimum project cost.

Step (vi) of the second aspect may include un-allocating the allocation of the
additional resource to derive“the project makespan which is equal or less than
the duration limit. The un-allocatlon may lnclude arrangmg the cntlcal tasks in
order of the tracked change in duration; each cntlcal task being assocnated with
a sasd add:tlonal resource;. and un- aﬂocatmg the sald addrttonal resource one at

a tlme to denve the pro;ect makespan Wthh |s equal or Iess than the duratlon

fimit..

Just like the first aspect, the second aspect may be applied to muyltipfle projects,

and step (i) may include dertving' a critical chain for multiple projects,,and the
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methiod may include obtaining the optimal project'chSt for each of the multiple

projects or for all the multiple. projects.

: The addl’uonal resource |n the above aspects/features may mclude overtlme
:4_:and/or outsourcmg of tasks to subcontractors If the addltlonal resource
;"_’allocated to the at least one crltlcal task mcludes outsourcmg of tasks to
'z’:subcontractors the outsourcnng of the tasks may replace an lmtlal resource

': " allocated to the at least one cntlcal task under step (l)

Step (|) of erther or both aspects may lnclude aSS|gn|ng constramed resources

‘shared WIth other pI'OjeCtS to the plurallty of task and Ievellng the constralned

resources. The method may also comprlse pnor to step (i),. recelvmg user

~ definition of the pluralrty of. task requrred for completmg the at least one prOJect'

" and initial resources for allocatlon to each of the task for denvrng the critical

chain. Step (i) may also mclude a preprocessing step to adapt the method to be
compatible with a -third party project management application. The above
methods"“mayalso comprise receiving task priorities, and associating the task

priorities with each one of the plurality of task.

' Durmg the calculatton of the mtmmum prOject cost m etther aspects the plurallty'

of tasks may include non-cntrcal tasks, at least some of which are ‘associated

with additional resources; iand the method may compnse tracklng .change in

" cost after allocatlon of the addmonal resources to the non-critical tasks and

addlng the tracked change m cost of the non-crltlcal tasks to the total change in

cost for the calculatlon of the mlnrmum pl‘OJeCt cost
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» Optronally, step (|) ln erther aspect may mclude (a) rdentlfyxng a set of crrtrcal :

tasks for the or new crrtrcal cham at least some of WhICh are assocrated with

: addrtronat resources and step (ii) may mclude (b) checkmg if any of the crrtrcal
; :‘Ztask s duratron has not been adjusted due to the assocrated addmonal resource
g“:and lf there rs xdentlfylng such cr|t|ca| tasks (c) adjustrng the duratlon of such
¥ crrtlcal tasks based on the assocrated addrtlonal resource (d) derrvmg a new
. crttrcal charn based on the adjusted duratron and (e) repeatmg steps (a) to (d)

i untll the duratron of all the crrtlcal tasks assocrated wrth the addmonal resource

have been adjusted to denve a revnsed crrtrcal cham and obtalnmg the
mmrmum makespan based on the revrsed crmcal charn As a result rt can be |
apprecrated that the critical- cham is dynamrc and may change dependmg on the

additional resource allocated to the tasks.

The method discussed above:may take several forms. For example, the method
may be implemented as a ptug-in computer program product which forms a
third aspect and the product comprises xnstructrons when executed are

arranged fo control a computer to perform the method as discussed above

There may atso be a computer program pro’d'ucti-.Which A‘forms a tourth aspect
and thrs is stored on a data -recording medrum comprlsmg mstructrons when

executed are -arranged to control a computer to perform the method as

discussed above.
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An embodlment of the mventlon may also be lmplemented in hardware Wthh

forms a fifth. aspect and thlS isin the form of apparatus for obtammg an optlmal

' prOJect makespan The apparatus compnses a processor conﬂgured to (i)
recelve a plurallty of tasks for completlng the at least one project within’ an initial
o protect makespan ldentlfy at Ieast one cntlcal task from the plurahty of tasks

f'whlch determmes the rmtlal pro;ect makespan denve a crltlcal chaln for the at

least one prOJect based on the at least one cntlcal task (u) allocate addltlonal

'resource to the at least one cntrcal task to obtatn a mlnlmum pro;ect makespan

of the at least one pro;ect (m) denve a current pro;ect cost based on the
mrmmum makespan (|v) lf the current pro;ect cost is equal or less than a
predetermmed budget, ldenttfy the minimum makespan as the optlmal pro;ect
makespan; (v) if the current pro;ect cost is more than the predetermmed budget
adjust the allocatlon of the addltlonal resource to the at least one task to denve
a project cost which is equal or less than the budget the project cost being
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 for-obtaining an optt‘mal project
cost comprtsmg a processor configured: to (r) recerve a pluralrty of tasks for
completlng the at least one pro;ect within an rnltlal pro;ect makespan ldentlfy at
least one critical task from the plurality of tasks ‘which determines the initial
project makespan, derive ja crltical chain for the at least one project based on
the at least one critical 'task' '(ii) allocate additional{ resource fo the at least one
critical task to obtain a mlmmum ‘project makespan of the at least one pro;ect |

(iii) calculate a minimum prOject cost based on the allocatton of the addltlonal
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' resource (lV) derlve a current pro;ect makespan tor the prolect based on the

minimum pro;ect cost (v) |f the current pro;ect makespan is equal to or less

; than a predetermlned duratlon lrmlt rdentn‘y the m|n|mum pro;ect cost as the
»}'optlmal pro;ect cost (vr) rf the current prolect makespan is more than the
;predetermlned duratlon lrmrt adjust the allocatlon of the addrtronal resource to

i;jthe at Ieast one crltlcal task to denve a pro;ect makespan Wthh is equal or less
‘i;than the predetermmed duratlon llmlt the project makespan belng assocrated I
”thh a revrsed prolect cost and (vu) ldentrfy the revrsed prOJect cost as the

v optlmal prolect cost for the at least one pro;ect

Other embodlments of the present invention may provrde methods of managmg .

a portfolio of projects, each portfolro havmg at least one. prolect Each pro;ect A
may further be drvrded lnto one or more tasks. The management of the portfollo
may be performed with an ob)ectrve of a desired outcome in whrch the desired
outcome may be to minimizethe makespan of the projects or to mrmmrze the
cost incurred by the projects.lThe projects and/or tasks may run concurrently,
with différent or same start times. The makespan -of the portfolio refers to the
perlod beginning with the earllest start trme and endrng with the latest end time
of all the pro;ects in the portfolro The management of the portfollo may take mto
consideration resources |n the form of overtlme and outsourcmg Outsourcmg |
may lnclude engaglng temporary staff or mdependent contractors (also known
as sub-contractors) to perform specified projects or specrfled tasks Qvertlme
refers to having staff perform specified projects or specified tasks, over and
above their usual working ‘ho'urs, and at an o.vertlm,e wage rate typlcally higher

than the normal wage rat'e.'_ The manageme;nt of‘the portfolio Qma:y'--provide[
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ethods related to cntlcal chaln methodology to schedule the pro;ects or tasks

or to allocate resources to the pro;ects or tasks Two or more projects or tasks

: maylnvolve one or more stmrlar or ldenttcal resources such that the resources
. have to be “shared” between the pro;ects or tasks in a portfollo Each of the
i: f;resources may be a non consumable” resource ln the sense that the resource
- ;.may be used by a ‘ﬁrst prOJect or ﬁrst task at one tlme and the same resource. ’

' 'may be used by a second prOJect or second task at another tlme

' Other embodlments of the present rnventton m Wthh the desrred outcome is the

o

15

20

25

v,shortest makespan may mclude methods havmg steps of ) Identlfymg or

ﬁndlng a crltlcal chaln for a portfolro of prOJects |n Wthh each prOJect may be

expressed in terms of at least one task thereby ldentn‘ymg one or more critical
task; i) pre-processmg the pro;ects to be optlmlzec_l; m) assrgnlng overtlme and
subcontractor to each crttlcal task if so desired,; 'tv) finding a minimal project
rnakespan and a minimal project cost based on h‘eurlstic rules that adjust the
duration and/or cost of each ;task; v) identifying an_y task which is not assigned
to overtime or 'outsourcingjso that the cost of eachiproject ‘may be kept{within a
pre-determmed budget; Vl) finding an optlmal makespan for the portfollo of

pro;ects based on a list sorted by changes in task duratlons and vn) post-

processmg.

Optlonally, embodiments of ‘the present invention may further include, when
ldentlfyxng or flndlng a cntlcal chain, Ievelmg the resources for a. plurallty of

pro;ects and normallzmg the resources so as to resolve resource conﬂlcts

between the plurality of pro;ects.
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Other embodirnents of the;‘pre:se'nt invention in -which the desired outcome is the

lowest cost may mclude methods havmg steps of t) ldentlfymg or f ndmg a

. cntlcal cham for a portfollo of pro;ects in Wthh each prOJect may be expressed
5 f. Tln terms of at Ieast one task thereby ldentlfylng one or more cr|t|cal task i) pre-
processmg the pro;ects to be optlmlzed m) assngnmg overtlme and

,' subcontractor to each crttlcal task if so des:red lV) ﬁndmg mxmmal pro;ect cost

and mmrmal pro;ect makespan based on heunsttc rules that ad;ust the duration . -

’ and/cost of each task; v) |dent|fymg any task WhICh |s not aSS|gned overtlme or

‘outsourcmg, so that the pro;ect makespan would be kept w:thm a pre-:

determlned tlme vn) fmdmg optlmal cost for the portfollo based ona llst sorted.

by mcremental costs; and vu) post-processmg

Optionally, embodiments of the present invention may further include, when
identifying or finding a critical chain, leveling the resources for a plurality of
projects, and normalizing Zthe resources so as to resolve resource confiicts

between the plurallty of pro;ects

in th|s manner, embodlments of the present mventlon facnhtates systematlc

schedulmg of multiple pro;ects taknng mto consuderatlon opportumttes for.

overtlme or outsourcmg for one or more tasks. There is thus provnded a method |
and software for alternately ﬁndlng an optlmal makespan for a portfolio of
projects with constralned prOJect makespan or fmdmg an optlmal cost for a

portfolio of pro;ects with constralned project _make_span.
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Brief Desoriotion of the Drawings

}E;Examp&es of the mventnon wm now be descrrbed with reference to the

_»accompanymg drawmgs m WhICh

Flgure 1 is an overwew of a system for managmg multlple prOJects which

: mcludes an optrmlzat:on engme

Frgure 2 is block dragram of the ophmlzatlon engme of Flgure 1

Fjgure 3 lS a ﬂow chart xllustratlng a’. method performed by the

| optlmlza’non englne of F|gure 2 to obtam an optlmal prOJect makespan for a

repair and mamtenance prOJect

Figure 4 is a flow char't illustrating a method for:un-aesigning edditiona!
resources in order to deri\'/e‘ ihe optimal project makespan for the repair and
maintenance project used as,én example in Figure 3; |

Figure 5 comprising EFigures 5a-5f is a pi_cto;rial representation to obtain;a
mi‘nirhunﬁ“‘project makespéh rOr the repair and'marntenance projeot used as an
example in Flgure 3; | o

' Frgure 6 is an example of a graphrcal user mterface (GUI) for‘

implementing the method of Figure 3; |

Figure 7 defines a plurahty of task for the repalr and mamtenance project

used as an example in Flgure 3 and resources allocated to perform the plurality

of task,‘
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: Figure 8 depicts a‘:Géhtt chart together with the resources Of Figure‘?

‘showmg a resu!t of op’umuzmg a pro;ect makespan for the repa|r and

) mamtenance prOJect

Flgure 9 IS a ﬂow chart lllustratmg a- method performed by the

5" zoptlmlzatlon engme of Flgure 2 to obtam an optlmal project cost for the reparr

o and malntenance pro;ect

3 '.110'.3,

15

20

25

Flgure 10 is a flow chart lllustratmg a method for un- aSSIQnmg addmonal

resources in order to derwe an optlmai pmject cost for the repalr and

mamtenance prOJect used as an example in Flgure 9

Flgure 11 is an example of a graphlcal user mterfaCe (GUI) for

.|mp|ementmg the method of Frgure 9

Figure 12a shows a prqject schedule for three projects prior telo.‘ptimizing
their project makespans; and.

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

- optimizing their project makespans.

Deta‘iled"Description of Pre’ferred Embodiment

Figure 1 is an overviewioll‘g a system 100 ,forifnvwanaging: multi;ﬁle;. Aprojec‘ts'
according to an emb~odiment30f the invention. The eystem‘ 100 inciudes’: a server
110 and a ciient 120 whi'ch’m'ay be a computiﬁg device such ae a server
computer, a personal cemputer mobile eleetr'o?nic device, a tQUC'h—screen i
computer or: a moblie commumcations devsce The ciieht’ 1‘120 ':is |
commumcativeiy coupied to the server 110 and has an opt;mizatlon engme 200:'

configured to commumcate WIth the server 110 and an mput/output devnce 124,
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which _may include a 'disp'tay monitor, printer, keyboard, touch-screenfo‘:r mouse

-gtc.

fThe server 1 10 mcludes a. pro;ect server web servxces mterface 112 arranged to

i:mterface the chent 120 and an operatlon mformatlon database 114 and a

pro;ect database 116. The operatton snformatron database 114 feeds -

mformatron relatlng to productlon caiendar flnance lnformatlon and resourbe

poot etc to the optlmtzatron englne 200 The pl’OjeCt database 116 rncludes
;resource constralnt database 118 project proflle database 120 and the prOJect .

ischedule database 122 The resource constramt database 118 prowdes

mfcrmatron retatmg to aII resources mcludmg resource constralnts such as

calendar critical equipment hst etc for completmg the tasks in each pro;ect The

resources are provided for selection by a user when assigning resource for

completion of a task.

The project profile database 120 provides‘input relating to project informatiOn
such as profrt due dates, task—resource mappmg etc and the tasks requxred to
complete each pro;ect and pro;ect schedule database 122 prcwdes schedulmg
related mformatlon such - as pro;ect tracking mformatlon and task block—out
mforma’non A project schedule consusts of a list of a prOJect's actrvmes/tasks
with intended start and ftmsh dates. PTO}GC’( actlwtles/tasks are oﬁen estimated

in ferms of-v resource _vre.qwrements, budget and - duratlon ,hnked by

dependehcies.
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Figure 2 is a biock dlagram of the optlmrzatlon engme 200 of Frgure 1 whlch

comprlses processor 202 an tnput/output mterface 204 and memory 206 The

,processor 202 performs mam processmg functlons for the optlmrzatlon engine .
.200 and communrcates thh the server 110 vra the xnput/output mterface 204
‘jFurther the processor 202 also recerves mput |nformat|on from the lnput/output ‘

devrce 124 and outputs lnformatlon to the mput/output devrce 124 lnformatlon

recelved by or to be output by the processor 202 1s stored in the: memory 206

and the memory 206 also stores programs/codes for instructing the processor

;202 to execute certaln actrons whnch wrll be elaborated below and data Wthh
fthe mstructlons operate on The optlmrzatlon engme 200 is conﬁgured to'i' .

produce an optrmlzed output mcludlng a modlfled prOJect schedule (or :

schedules) ‘having an optlmal pro;ect makespan satlsfylng cost constralnts or

optimal project cost satisfying time constraints, for one or multiple projects as

explained below.

Frgure Jisa flow chart lllustratlng a method 300 for deriving an optlmal pro;ect

'makespan performed by the optimization engme 200 In thls embodlment a

repair and’ malntenance protect 250 (see Flgure 7) of a vessel in a shtpyard is
used as an example although it would be apprecrated that the method is also

applicable for deriving an opttmal project makespan for multiple projects.

At step 302 the optlmrzatlon engme 200 recerves deﬂnrtaon of the repalr and

malntenance prolect 250 by a -user: The prolect deflnltron 302 also lncludes-

defining tasks 1o complete the repatr and mamtenance prOject 250 and the frve:

tasks defined are found in Flgure 7 which are..
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4T1 dockmg of vessel;

VT2 —'malntenance of hull' o
- ?TB ' mamtenance of ballast .
{T4 = repalr of steel plate

5 }TS Undockmg of Vessel

Actions 702,704,706,708,710 required for each  tasks T1,T2,T3,T4,T5 are
 defined in Figure 7.
1}0} :v }At step 304 a cntrcal cham tor the reparr and marntenance pro;ect 250 ts;l .

defmed based on the defrned tasks T'l T2 T3 T4 T5 and thls lnvolves assagnlng: )

resources by the user (as ldentlfled from the resource constralnt database 118)
to complete each task, and leveling the resources so as to resolve resource
conflicts between projects which require the same..resource fo complete a task
based on. Critical Chain fPr‘oject Management “(CCPM) methodology. The

longest sequence of resource—leveled tasks for each project is identified as the

critical chiain 260 for that pr_oject.

Figure 7 also lllustrates the resources allocated by the user to complete each
task T1 T2, T3 T4,T5 for the pro;ect 250. ln the case of the task T1, the
resources allocated are “Dry Dock and dry dock personnel” 712; for the task T2,
the resources allocated are “ngh Pressure Jet 4 x pamters etc” 714 for the
task T3 two malntenance personnel 716 rs allocated for the task T4 the:
resources are “cuttmg machme weldmg tools etc” and for the undockmg task‘ '

“Dry Dock and dry dock personnel” are allocated Durmg the deﬁnmon of the
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cntlcal chaln at step 304 the user also ldentrfles pnorltses for each task, if

appltcable and mdtcates agalnst each resource whether additional resource

isuch as overt-tlme or outsourcmg of the task to subcontractors is avallable to
:‘compllment or replace the allocated resources By detault all the tasks are

assrgned normal prrorlty when each task is created and the user (e g pro;ect

managers) may change the prlorlty during the course of the pro;ect leeWIse

. when the resource is ﬁrst allocated to one of the task the user then determmes

whether OT or outsourcmg iS allowable to be aSS|gned to that task and performs :

‘,_the assugnment The aSS|gnment may take- place dunng the resource allocatlon . g

Based on CCPM, the allocated resources are leveled and the crltlcal cham 260
is tdenttﬁed and this is shown plctortally in Figure 5a with the tasks T1 02,13, T5
forming the critical chain 260 for the repair and mamtenance project 250. It
should be abpreci‘ated that the task T4 is performed in parallel with the other
two tasks T2,T3, and the Eduratlon to complete the tasks T1,T2,T3,74,75 as

identified'in the critical chain 260 is defined as an initial project makespan 262.

The identification of the critlcal chain at step 304 may involve a preprocessing

step, especially if the method 5300 is configured as'a plug-in computer program |
which mteracts with a host prOJect management software appllcatlon 'such as
Mlcresoft Pro;ectTM so that the method 300 is compatlble thh parameters of the' :
host pro;ect management software appllcatlon The preprocessmg may mvolve,
backing-up relevant pro;ect task and resource assngnment data such as task

duration etc; validating and adjusting project schedule constralnts to meet
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cntxca! charn atgonthm needs and creattng specxal prOJect buﬁer task and

prOJect end mllestone task for the whole prOJect if necessary, explomng the

’f:prOject and alt rts subpro;ects external tasks/prcjects with the fottowxng

,changes

‘ (l) add pro;ect mrlestone task to mdrwdual subprotects and adjust task
' dependence(s) lf necessary, and o
(i_i) change their tasks plannlng pohcy to be “As: Late As Possuble” o

f meet critical cham'atgonthm needs.j, -

At step 306 the optrmxzat:on engme 200 checks whether there tS budget controi' “
for the repalr and malntenance prOJect 250 based on user—deflned tnputs lf
there is budget control, the opttmtzation 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 optirnization engine 200 procee‘ds

directly to step 310.

At step 3‘10,. the cptimizatic:n:en:gine 200 identi-fies 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 determmes duratrcn or makespan of a protect It must
finish on time for the entire pro;ect fo finish on tlme Iif a cnttcal task is delayed |
the project comptetton date xs also delayed. Any task in a Cntrcat Cham is
deﬁned as a crltlcal task. In the case of the cntrcal cham 260 deplcted in Flgure
Ba, the cntlcat tasks whrch determmes the mmat pro;ect makespan 262 are -
tasks T1 T2, T3 and T5 and these set of tasks is |dentrfred as the crltlcal tasks. |

Since task T4 does not affect the initial project makespan 262 of the critical
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chain 260 the task T4 is- not identified as a crltlcal task in Flgure Sa At step

312 the optlmszatlon engme 200 checks to see lf there is any crltlcal task

ldentlfled ln step 310 and srnce four tasks T1 T2 T3 T5 have been |dent|f|ed as

crmcal tasks the method 306 proceeds to step 314

- At 'st‘ép 34‘1 4: the optimlzat'ion:engine 200 a'sslgnsf:additional resource vof Over-

: Tlme (OT) or subcontractor to each crrtlcal task T1 T2, T3 T5 if applrcable as

deﬂned earller by the user ln thlS example the tasks T1 T3 and T5 were not.

allocated or assocrated wrth any addltlonal resource and OT was assrgned by f

the user as a possrble addrtnonal resource for the task T2 Thus the

optlmlzatlon englne 200 allocates or assngns OT to the task T2 as shown in

Figure 5b.

At step 316, the optimization engine 200 re-deﬁnes the critical chain 260 in view
of the assrgnment of OT to the task T2 and the eﬁect of this is shown in Figure
5¢ which deplcts shortenlng of the duratron to complete the task T2 when

compared‘wrth Figures 5a jor 5b.

After step 316, the methdd 300 goes back to step 310 to identify any critical
tasks in view of the redeﬁnition of the critical chain 260 and this is depicted as_'
Figure 5d whrch is a dupllcate of Flgure 5c lt should be apparent that the crrtlcalf
chaln s makespan is now detmed by the duratlon ef the task T1 T4 and task T5:

and thus at step 310, these three tasks T1 T4 and T5 are ldentlﬁed as the :

critical tasks in this cycle .
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Next the method 300 goes to step 312 and the optlmrzatron englne 200 notes

that the task T1 and T5 have already been rdentrf" ed earller (WhICh may be by
~f-way of a. remark agamst the task T1 and T5 or ﬂag) and that the task T4 has
"yet to be checked so the cntlcal task list rs not empty Thus the op‘umlzatron

' :englne 200 proceeds to step 314 and checks whether an’ addrtronal resource is

to be allocated to the task T4 gl thrs respect the user has assrgned pos&brhty :

of outsourcmg the task T4 to 2 subcontractor and- the optlmlzatlon engme 200 -

Eallocates a. subcontractor to take over or replace the ongmally allocatedi. .

iresource 718 m Flgure 7 and thls allocatlon rs shown |n Flgure 5e

The method BCO next goes to step 316 wh'lch .re-deﬁnes the critical chain 260

and the effect is shown in Flg‘ure 5f which shows a reduction in duration of the

time to complete the task T4' (when compared to Flgures 5d and 5e). 1t should
be apparent that the makespan of the repalr and maintenance prOJect 250 is
dependent on the duratron of the tasks T1 T4 and T5 With the critical chaln 260
redefined at step 316 the method 300 goes back to step 310 agam to identify
any critical tasks wh|ch have yet to be allocated addmonal resources, and the
optimization engine 200 notes that all the tasks T1,72,73,T4,T5 have been
completed. Thus, at step 312 the optimization engme 200 notes that there is no

critical task (i.e. it is empty,)jand the method 300 goes to step 318.

Durmg step 314 in the - allocatlon of addltlonal resources such as OT or
outsourcmg, the optlmlzatlon engme 200 also tracks two parameters
a) “DurationChanges” Wthh defines changes in duratlon for completmg a

task prior to and after allocating the predefined additional resource; and
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b) “TotalCostChanges whrch defines changes in pro;ect cost for completmg

: : a task prlor to and after allocatlng the predef” ned addlttonal resource

It should be apprecxated that the steps 310 to 316 are’ recurslve and rs

performed untll there is no new task (task that is not in the crltrcal charn before)

: mserted into crrttcal cham, hst by means of heunstncs such as appfymg Over-

_Tlme or Subcontractor to a task |f the duratlon of the task reduces based on the :

. jpnorttles of pro;ects and tasks and heunst:c rules as follows ,,: S
. 1) No change m cost or duratlon n‘ no Over-Tlme and no Subcontractor

' 10 :2) If a task is to be sub contracted out then Over-Tlme does not apply,

3) * App!ymg Over-T:me to a task will shorten lts duratlon The cost may

change;

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

Next, at step 318, the optimization engine 200 determines minimum project

makespan 264 and 'minimun"f project cost based on heuristic rules that adjusts

task durations and costs 3a:s£ described earlier and the following. steps arev

performed:

1) The makespan of the repair and maintenance project 250 at step 316 which
Ieads to no further cntlcal tasks bemg ldentlfled at: step 310 is cons:dered to be
the mmlmum pro;ect makespan 264 since the cntrcat chaln 260 of Frgure Sf lS’.i

the shortest after allocatlng the predeﬂned addltlonal resources to the'

applicable tasks T2,T4.
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It should be apprecrated that a prOJect cost assocnated wnth the mmrmum prolect

i makespan 264 is not the mmrmum prolect cost m vnew of the allocatlon of

addltronal resource such as OT or outsourcmg whlch may lead to mcrease

cos_tst x

Next the optrmlzatlon engme 200 calculates the mmlmum prOject cost

2) For each task assocnated wuth OT or outsourcmg, assngn the Over-Tlme_ .
50f‘SUbCOﬂtfaC’f0r if appllcable based on the heunstlc rules descrlbed above for;,
:aSSlgnlng Over~T|me and Subcontractor to each task As it can be apprecnated'.'r
: .from Flgure 5, the crltlcal cham is dynamlc and changes whenever task duratlon:v

'changes due to allocatlon of addltlonal resource such as OT or outsourcmg at

step 314 and there may be mstances in which one of the tasks for. the project
250 has been allocated wtth OT or outsourcing but is not part of the critical
chain (vvhich are called non'-critical tasks). This means that cost changes due to
the OT/outsourcmg allocatlon have yet to be consndered and thus, at step 318,
the optlmlzatlon engine 200 is conﬁgured to track the cost changes assocxated
with allocation of such addrtlonal resources. |

3) - For each task with Over-Tlme assrgnment compute the change of costs
for each assignment and add rt to TotalCostChanges of the task

4) For each task Wlth Subcontractor assrgnment compute the change of'
costs for each aSSlgnment and add lt to TotaICostChanges of the task |
5)' Calculate TotalCostlncreased by sum up all- TotalCostChanges > 0

6) : Calculate dlfference of the cost of the current pro;ect(s) and' |

TotalCostincreased as the mlmmal cost.



10

15

.20

25

W0 2011/115575 ’ ' PCT/SG2011/000098

23

- 'As explamed above the tasks explalned abOVe may include the: cntlcal tasks
ﬁ a(current and prewous ones) or. the non cnttcal tasks whsch are requrred to
'complete the pro;ect but do not form part of the cntlcal cham smce such non-

- -cntrcal tasks do not affect the project makespan

Applymg the above atgonthm to Figure 5, let s assume that wrth OT allocatton to

v'the task T2 the mcrease |n cost is: $500 In the case of the task T4 m whlchf;

;outsourcmg |s assrgned thts'”esulted m a reductlon in the cost for completmgi{ I

) : 'the task T4 and the “TotalCostChanges” for assugnmg outsourcmg .to 4;"'|s : ?"'i £

j -$200 (negatlve srgn o reﬂect cost savmg)

Next in paragraph (4) a-bove, the “TotalCostlncreased” is calculated by
summmg up “TotalCostChanges > 0". The cost changes which are more than
zero IS the allocation of OT which resulted in-an increase of $500 to the prOJect
cost. Thus the “TotalCostlncreased” for the pro;ect in Figure 5 is thus $500.
Next the cost difference ‘is calcutated to obtain the minimum pro;ect cost =
current pro;ect costs — “TotaICosttncreased” Assummg that the current pro;ect
cost (as explamed earlier, thlS corresponds to the minimum pro;ect makespan of
Figure 5f) is $X the mtnxmumepro;ect cost woutd thus be ($X-$500) Of course,
the above !s a simple example but in reahty, there may be hundreds or‘-
thousands of tasks (crltlcal and non-cnttcal tasks) to track the change in costi :

due to the allocatlon of addrtlonal resource. -

Based on the minimum project makespan and minimum project cost calculated

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



WO 2011/115575 PCT/SG2011/006098

24

-budget if the minimum proiect cost is more than the budget the optimtzation

engine 200 performs step 322 WhiCh is post processmg and then the method

- :300 ends to highhght that the budget may not be feaSible to compiete the repair -

| and maintenance proiect 250 if the minimum proiect cost is less than or equal

to the budget then the optimizatton engine 200 goes to step 324.

, ;At step 324 the optimizatlon engine 200 determines the current proiect costﬁ

=wh|ch is, the cost to compiete the repatr and maintenance proiect 250 based on.ii 1‘7

. _‘,‘the minimum proiect makespan ||iustrated m Figure 5f At step 326 the

o
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optimizatton engine 200 compares the current pro;ect cost wﬁ:h the budget andg '
if the current proiect cost is iess than or equal to’ the budget the optimization
engine 200 executes step 332 to find the optimal project makespan, this being

the minimum project makeSpa'n 264 identified in Figure 5,

If the current project costis more_than the budget‘,':: the optimization engine 200
executes step- 328 which un-‘assigns OT or outsourcing to jsubcontractors to
reduce the current project:co’st and Figure 4 iiiustrates the steps to performj At
step 402, the optimization engine 200 sorts the assigned OT and subcontractor
tasks by “TotaiCostChanges;’ and “DurationChanges” in descendtng order. In
the exampie of Figure 5f the sorted task T2 wouid have a higher: :
“TotaiCostChanges of S$500 than that for outsourcmg task T4 Wthh yieids: :
savmgs of ~S$200 At step 404 the optimization engine 200 next un-assrgnsf ‘
the OT or outsourcmg based on the highest TotaiCostChanges, _and in this
case, the OT is un-assigned from the task T2 since this cost more than the

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



10

15

20

, "the budget steps 328 to 330 are repeated

WO 2011/115575 PCT/SG2011/000098

f. ‘25‘}

»_rewsed at step 406 and the duratron of the task T2 would be s1mrtar to that

:.shown in Flgure 5b

'The method 300 next returns to step 330 of- thure 3 to calculate a new pro;ect
-~ cost’ and makespan due to the un-aSSIgnment of: OT to the task T2 The new' "
prOJect cost is: compared WIth the budget at step 326 and |f it is: not over the

:_budget the optlmlzatron engrne 200 goes to step 332 whrch defme ' the newﬂ

Epro;ect makespan as the optrmat makespan: :tf;the new pro;ect cost; |s Hore than;i

It should be"appreciated that the new project c':ost'f'is due to the uh-asSignment
of the OT which in other words is exactly the same as the minimum pro;ect cost
calculated at step 318 and thus 'thlS new prOJect Cost would deﬁnrtely be less
than the budget. In other words step 320 prowdes a gate to ensure that if the
method 300 branches to step 324 in the worst case scenario, ‘the un-
assignment of the addrtlonal resources of OT or. outsourcmg woutd result m

reducing the project cost to the minimum project cost.

After obtammg the opttmal makespan at step 332 the method 300 goes to step
322 of Frgure 3 to perform the post processmg The post processmg mcludes
(l) Settmg Crltlcal Cham ﬂag (—true) to the crltlcal tasks m the |dent|f|edf. :

Cnttcal Cham or uncheck Crltlcal Chain ﬂag ("false) lf the ex-crltlcal task:

becomes non—crltrca!,
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(u) Recordxng the task’s duratlon change to |ts Notes as audlt tnal lf lts

jc;hanged in the ldenttfy Crmcal Cham process Notes are an explanatory text_ |

- attached or assocxated wrth a task of the pl‘OjeCt

(m) ecordmg the prOJect and its subpro;ects duratuon change and lnmal' o

cost to their Notes as audlt tr:al

(|v) Clearmg backup lnformatlon to release memory space

(v) Hldlng aII the mternal processmg data and temporary ﬁles and/or

(vr) Presenttng th flnal"result m a combmable custorn wew (eg

'iiv' customrzed Enterpnse Gannt Chart w:th customtzed Resource Vrew) forf :

example as that shown m Flgure 8 In this example the optlmal makespan for :
the reparr and malntenance prOJect 250 is denved to be 43 days WhICh is a.

reduction from the initial pl'OjeCt makespan of 60 days.

After post processing, the metho'd of Figur:es ie"nds; -

A sample GUI for implementation of the method de_scribed in Figure53 is shown

in Figure 6:

Figure 9 i is a flow chart for a method 900 for obtammg an optlmal pro;ect cost

also performed by the optxmtzatlon engme 200 usmg overtrme or outsourcmg

,strategres as addmonal resource The method 900 wnll be descnbed based on 5 o

the example of the repalr and mamtenance pro;ect 250

It should be appreciated that steps 902, 904, 910, 912, 914, 916, 918, 922, 928

and 930 of Figure 9 are similar to corresponding steps 302, 304, 310, 312, 314,
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S 316 318 322 328 and 330 of Flgure 3 and thus the above explanatlons are

appllcable for Frgure 9

At step 906 rnstead of budget control in step 306 step 906 checks whether

there rs duratron or trme lrmlt control If there is duratlon hmlt control the method

_jof Frgure 9 proceeds to valrdate a predefrned duratton lsmrt at. step 908 (msteadv

i fof vahdatmg budget rn step 08 of Flgure 3) and the optrmrzatton engme 2005‘, .'

3checks that the duratton trmtt ’rnput by the user is: correct After vahdatron or rf
' there rs no duratson hmtt control at step 906, the method branches to step 910 to

rdentrfy cntrcat task if any, rn the Crrtrcal cham srmrtar to that rn step 310 of

Flgure 3

Steps 910 to 916 are performed similar to steps 310 to 316 of Figure 3 and the

end ’_'result is that showhh;in‘_ Figure 5f, which depicts the minim'umf project
makespan 264 and the mihirnum project cost is aISO obtained just like what is
described earlier at stepv_31“8 of Figure 3 for obtaining the optimal project

makespan:

At step 920 the optrmlzatron engme 200 checks whether the mrnlmum pro;ect
makespan is more than the duratrcn hmrt If the mmrmum pro;ect makespan is
more than the duration hmlt the method goes to step 922 for post-processmg»:: :
(refer to the exptanatzon ot step 322 dtscussed earher) since the budgetedl' '
duration limit may not be feas_rbte to comptete. the_,protect 250. If the mmrmum

project makespan is not m_ore than the duration tirhit, step 924 is performed to
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‘deter'_miné' the fjcurrent;projecté‘:makespanfbased on'the minimum: project cost

obtained at step 918.

At step 926 the optlmlzatlon engine 200 compares the current project

Amakespan wrth the duratlon hmrt and rf the current project makespan is less_ 1
Ithan or equal to the dura‘hcn hmtt the method QOO goes to step 932 whrchiy :

‘ ;det" nes the mlnlmum pro;ect cost as the optrmal pro;ect cost for the prOJect 250 I

I the current prOJect makespan |s over the duratlon hmrt at step 928 the
B optlmtzatlon englne 200 un assagns OT or outsourcmg to subcontractors similar

to step 328 of Figure 3. At step 928, the opttmrzatlon engine 200 performs the

steps in the flow chart of Figure 10 which is similar'to the flow chart of Flgure 4,
However, mstead of sortlng “TotaICostChanges and “Duration changes at
step 1002 the optrmrzatlon engrne 200 sorts by “DuratronChanges to determme
WhICh assigned OT/outsourcrng results in a hlghest change in duratlon Of
course, it is envisaged thatithe sort may be based on both parameters just like
Figure 4."Taking the example of Figure 5 and if the change m duration of the
task T4 is larger after asmgnmg the outsourcing than the change in duratlon of
the task T2 after assrgmng OT then at step 1004 the optrmrzatron engme 200. .
un- assngns the outsourcrng to the task T4 With thrs un-assrgnment the_:’
pro;ects cntrcal chain is updated at step 1006 and plctonally, thrs rs snmtlar to’
the crrttcal cham rttustrated m Frgures 5d or 5e. Based on this revrsed critical -
charn at step 930, the new prOJect cost and makespan is calculated and the
new pro;ect makespan is compared with the duratron limit at step 926. If the

new project makespan is less than or equal to the duration limit, the method 900
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goes to step 932 and det" nes the new pro;ect cost assocrated wrth the new

prOJect makespan as the optrmal pro;ect cost for the pro;ect 250.

Just hke Flgure 3, if at step 926 the new progeot makspan is strll over the

duratron limit, steps 928 and 930 are repeated

: The method of Flgure 9 ends after the post processmg step 922 WhICh .

performs funchons s:mrlar to step 322 of Flgure 3 A sampte GUI forj :

‘ |mplementat|on the method lllustrated in Frgure 9is shown in Frgure 11

As'it oan be appreciated, the proposed "methods aré capable of handlinp one or
multi-project scheduling and abie to derive optimal makespan and/or costs by

assigning additional resource such as overtime or outsourcing of tasks.

In terms of management of n'_ru!tiple projects, the_.rnethods of Figure 3 and 9

may be configured to optimize project makespan or cost for ’muttipte projects.

For example, Figure 12a shows a project sohedule for three projects — Project
1, Project 2 and Project 3 pnor to optimizing thelr makespans and Flgure 12b
shows the project schedule after optlmlzatlon Through apptymg the method
proposed in Frgure 3, it can be apprecxated that the three pro;ects makespan |

have been optlmlzed SO that an overall op’nmal makespan is- also obtamed for

all the three projeots.

The described embodiment rs not -to be construed, as limitation. For example,

although the method for optimizing makespan in Figure 3 is described separate
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: from the method for optlmrzmg costs in Frgure 9 |t should be apparent that the .

features in one ‘method may also be applled in the other method Further the '

pre—processmg and post-processmg steps descnbedm Frgures 3 and 9 may not
be- necessary and may be omltted dependlng on applrcatlon Further Ievelrng of
iresources may ‘not be carrled out lf there |s no confllct in the resources to be

allocated to the tasks of a project. -

iAt step 402 of Flgure 4 the sortmg was performed based on parameters |

"TotalCostChanges and “DuratronChanges” but |t lS envrsaged that the sorting

need only be performed based on one parameter and in the example of Figure

4, sortmg based on “TotalCostChanges is sufhcrent

In the descrrbed embodlment the addltlonal resource allocated for the task T4
in Figure 5e is to outsource the task to a subcontractor Wthh replaces the
ongmally assigned resource 718 of Flgure 7. However it is envisaged that
outsourcing of a task may compllment the originally assrgned resource such as

Dry Dock;rather than replace it.

The descnbed methods may be lmplemented as a standalone software program ‘
or- as a plug m computer program to lnteract wrth host prOJect management‘ |

software such as MS Pro;ectTM

In the described embodiment; the user assigns either OT or outsourcing to a
subcontractor as an additional or alternative resource but it is envlsaged that

the user may assign both or more additlonal:resource to a task. in this way,
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optrmrzatron engrne 200 may select whrch addrtronal resource to select based

on greater cost or change rn duratlon A|so certarn addrtronal resources may be

subjected to certaln restrrctlons for example |t may be strpulated by Iaw that a

worker may not work more than a certaln numbers of OT and the method may'

take thrs rnto consrderatron when assrgmng the amount of oT 0. that rt is wrthrn

. ,the legal Irmrt

' The descr bed embodrment uses the reparr and marntenance pro;ect 250 in a'

jshlpyard as an example but rt is envrsaged that the descrrbed embodrment rs'

also apphcab|e to other mdustrres WhICh manages pro;ects such as the-
constructlon rndustry, healthcare (such asin hosprtals in which operatmg rooms,
equipment, specialist etc' are shared) manufacturmg such as car
manufacturrng, or in the aerospace lndustry such as malntenance reparr and

operatlons of arrcrafts or ﬂrghts and even proyects wrthm an orgamzatron

-~ Having now fully descrr’bed ‘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.
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CLAIMS

A computer implemented method of obtaining an optimal project
makespan, comprising

(i) receiving a plurality of tasks for completing the at least one project
within an initial project makespan, identifying 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 at least
one critical task;

(i) allocating additional resource to the at least one critical task to obtain
a minimum project makespan of the at least one project;

(iii) deriving a current project cost based on the minimum makespan,;
(iv) if the current project cost is equal or less than a predetermined
budget, identifying the minimum makespan as the optimal project
makespan;

(v) if the current project cost is more than the predetermined budget,
adjusting the allocation of the additional resource to the at least one
critical task to derive a project cost which is equal or less than the
budget; the project cost being associated with a revised project
makespan; and

(vi) identifying the revised project makespan as the optimal project

makespan for the at least one project.
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A computer implemented method of obtaining an optimal project cost,
comprising
(i) receiving a plurality of tasks for completing the at least one project
within an initial project makespan, identifying 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 at least
one critical task;
(ii) allocating additional resource to the at least one critical task to obtain
a minimum project makespan of the at least one project;
(iii) calculating a minimum project cost based on the allocation of the
additional resource;
(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 duration limit, identifying the minimum project cost as the
optimal project cost;
(vi) if the current project makespan is more than the predetermined
duration limit, 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 predetermined duration limit; the project makespan being
associated with a revised project cost; and
(vii) identifying the revised project cost as the optimal project cost for the

at least one project.
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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;

and comparing the minimum project cost with the budget.

A method according to claim 3, wherein if the minimum project cost is
more than the budget, the method further comprises outputting that the

budget is not able to complete the at least one project.

A method according to claim 4, wherein there is more than one critical
task assigned with the additional resource, and step (ii) includes tracking
change in cost after allocation of the additional resource to the critical

tasks.

A method according to claim 5, further comprising summing up all the
change in cost to derive a total change in cost; and deducting the total
change in cost from the current project cost to obtain the minimum

project cost.

A method according to claim 5 or 6, wherein step (v) includes un-
allocating the allocation of the additional resource to derive the project

cost which is equal or less than the budget.

A method according to claim 7, wherein the un-allocation includes

arranging the critical tasks in order of the tracked change in cost; each
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critical task being associated with a said additional resource; and un-
allocating the said additional resource one at a time to derive the project

cost which is equal or less than the budget.

A method according to any of claims 6 to 8, wherein the plurality of tasks
includes non-critical tasks, at least some of which are associated with
additional resources; and the method comprises tracking change in cost
after allocation of the additional resources to the non-critical tasks, and
adding the tracked change in cost of the non-critical tasks to the total

change in cost.

A method according any of claims 1, and 3 to 9, wherein step (i) includes
deriving a critical chain for multiple projects, and the method includes
obtaining the optimal project makespan for each of the multiple projects

or for all the multiple projects.

A method according to claim 2, wherein step (ii) comprises comparing

the minimum project makespan with the duration limit.

A method according to claim 11, wherein if the minimum project
makespan is more than the duration limit, the method further comprises
outputting that the duration limit is not able to complete the at least one

project.
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A method according to claim 12, wherein there is more than one critical
task assigned with the additional resource, and step (iii) includes tracking
change in cost after allocation of the additional resource to the critical

tasks.

A method according to claim 13, further comprising summing up all the
change in cost to derive a total change in cost; and deducting the total
change in cost from the current project cost to obtain the minimum

project cost.

A method according to claim 13 or 14, wherein step (vi) includes un-
allocating the allocation of the additional resource to derive the project

makespan which is equal or less than the duration limit.

A method according to claim 15, wherein step (iii) further includes
tracking change in duration after allocation of the additional resource to
the critical tasks, and wherein the un-allocation includes arranging the
critical tasks in order of the tracked change in duration; each critical task
being associated with a said additional resource; and un-allocating the
said additional resource one at a time to derive the project makespan

which is equal or less than the duration limit.

A method according to claim 14, wherein the plurality of tasks includes

non-critical tasks, at least some of which are associated with additional
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resources; and the method comprises tracking change in cost after
allocation of the additional resources to the non-critical tasks, and adding
the tracked change in cost of the non-critical tasks to the total change in

cost.

A method according any of claims 2, and 11 to 17, wherein step (i)
includes deriving a critical chain for multiple projects, and the method
includes obtaining the optimal project cost for each of the multiple

projects or for all the multiple projects.

A method according to any preceding claim, wherein the additional

resource include overtime and/or outsourcing of tasks to subcontractors.

A method according to any preceding claim, wherein if the additional
resource allocated to the at least one critical task includes outsourcing of
tasks to subcontractors, the outsourcing of the tasks replaces an initial

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

A method according to any preceding claim, wherein step (i) includes
assigning constrained resources shared with other projects to the

plurality of task, and leveling the constrained resources.

A method according to any preceding claim, wherein prior to step (i),

receiving user definition of the plurality of task required for completing the
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at least one project and initial resources for allocation to each of the task

for deriving the critical chain.

A method according to any preceding claim, wherein step (i) includes a
preprocessing step to adapt the method to be compatible with a third

party project management application.

A method according to any preceding claim, further comprising receiving
task priorities, and associating the task priorities with each one of the

plurality of task.

A method according to any preceding claim, wherein step (i) includes
(a) identifying a set of critical tasks for the or new critical chain, at least
some of which are associated with additional resources; and step (ii)
includes

(b) checking if any of the critical task’s duration has not been adjusted
due to the associated additional resource, and if there is, identifying such
critical tasks;

(c) adjusting the duration of such critical tasks based on the associated
additional resource;

(d) deriving a new critical chain based on the adjusted duration; and
(e) repeating steps (a) to (d) until the duration of all the critical tasks

associated with the additional resource have been adjusted to derive a
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revised critical chain, and obtaining the minimum makespan based on

the revised critical chain.

A plug-in computer program product comprising instructions when
executed are arranged to control a computer to perform the method
according to any preceding claim.

A computer program product stored on a data recording medium
comprising instructions when executed are arranged to control a

computer to perform the method according to any of claims 1 to 25.

Apparatus for obtaining an optimal project makespan, comprising a
processor configured to

(i) receive a plurality of tasks for completing the at least one project
within an initial project makespan, identify at least one critical task from
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 task;

(ii) allocate additional resource to the at least one critical task to obtain a
minimum project makespan of the at least one project;

(iii) derive a current project cost based on the minimum makespan;

(iv) if the current project cost is equal or less than a predetermined
budget, identify the minimum makespan as the optimal project

makespan;
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(v) if the current project cost is more than the predetermined budget,
adjust the allocation of the additional resource to the at least one critical
task to derive a project cost which is equal or less than the budget; the
project cost being associated with a revised project makespan; and

(vi) identify the revised project makespan as the optimal project

makespan for the at least one project.

Apparatus for obtaining an optimal project cost, comprising a processor
configured to

(i) receive a plurality of tasks for completing the at least one project
within an initial project makespan, identify at least one critical task from
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 task;

(ii) allocate additional resource to the at least one critical task to obtain a
minimum project makespan of the at least one project;

(iii) calculate a minimum project cost based on the allocation of the
additional resource;

(iv) derive 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 duration limit, identify the minimum project cost as the

optimal project cost;
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(vi) if the current project makespan is more than the predetermined
duration limit, adjust 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 predetermined duration limit, the project makespan being
associated with a revised project cost; and

(vii) identify the revised project cost as the optimal project cost for the at

least one project.



