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ABSTRACT

Although a large number of studies have been made on modelling a multi-project scheduling problem, little is
known about proposing a process which calls for the issues of project creation and selection, resource planning and
project scheduling. Project advancement (PA) is a new approach involving such concepts. Seven-step rules of engaging
the problem with constrained multi-tasking environment are proposed and illustrated to resolve the most challenging
part of decision-making problem in PA. The purpose of this paper is not only to explore the properties and rules of
applying PA strategies that have been proven useful for the decision-makers at all levels of an organization, but also to
examine the management concepts imposed in PA by the case study of polarizer process improvement.

Keywords: multi-project environment, project advancement, management concepts, polarizer process improvement

INTRODUCTION

Numerous attempts have been made by OperationabRée®rs to model a multi-project problem. Whatrseto
be lacking, however, is the process involved bathcepts of project creation and resource planriiang and Chen
(2007) provided a new seven-step decision ruleédaalecision-maker to model a resource constramelti-project
problem. Many viewpoints of PA varied from convemial theories. Except incorporating the concepipufject
creation and selection into the process of modgllinulti-project, PA states the PARAT (Project-Badeésource
Allocation and/or Transfer) policy. On the othemBamost traditional studies adopted the ActivitysBd Resource
Allocation and/or Transfer (ABRAT) policy to modalresource constrained multi-project problem (Btazewicz et
al. (1983); Kurtulus et al.(1985); Kwan et al.(2p05De Reyck et al.(1998); Sprecher et al. (206tBroelen et al.
(1997; Williams(1999); and Steyn (2001), etc).

ABRAT policy refers to (1) use activity as the lagtsource allocation unit, (2) allow to transfereatain type of
shared resource to another project at any timeteien if the shared resource has not completshtde tasks in the
executing project yet, and (3) while the shareduese has left a project, it still has the dutyedo the activities which
were not done while the period of the prior workiimgthat project. Nevertheless, the adoption oRRB policy
implies that (1) the shared resource allocatioiicgalses a whole project as its basic allocatioih, (2) all activities of
the executing project must be either completedesfopmed in a certain time period, before beingwadld to transfer
this shared resource to other projects, and (utg to redo the remaindering tasks which weredwste while the
periods of the shared resource staying in thateptoj According to the definition of PBRAT, four & of project
advancement strategies have been suggested by PA.

In addition to the concepts of PBART policy andjpob advancement strategy, PA also suggested theepts of
fundamental objective, value-perspective objectarg] value-based time limit, to predicate what sineuld do before
scheduling multi-project. In short, PA uses suchoapts to examine the issue of project selectiarcoAding to the
critical concepts mentioned above, PA suggestsvansstep decision rule to aid decision-makers lateakl in an
organization to decide:(1) what things they havalag (2) what objectives and what modes of timestaimts they
have to consider when scheduling the multiple mtsjeand (3) what type of resource allocation aaddfer policy and
what type of project advancement strategy they Isheelect when modeling a resource-constrained i1prdfect
problem. Few scholars have applied partial resilf2A to different fields of researches (e.g., @hand Chen (2009);
Jeng and Chiu (2010). To our knowledge, PA is\a approach and no other scholar has performed e stagy to
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explore its management concepts. This is the reémomputting this article together. In short, thpaper aims to
demonstrate the management concepts imposed iy BAploying a case on polarizer process improvement

PROJECT ADVANCEMENT

According to some managerial postulations and teahmassumptions, PA suggested that an organizatoid
encourage its decision-makers at all levels folthes seven-step decision rule to do problem-solwhgn they faced a
resource constrained multi-tasking environment. dhtiled contents and processes of seven-stepiaecaile are
illustrated as below.

Step 1: Confirm the fundamental objective (FO) which is tiesult that a decision-maker or his/her superwsants
from the perspective of benefit-maximization of Wharganization when an organization faces a sigecif
problem-setting.

Step 2: Manage the necessary management actiorish velne treated as projects, and their specificlityua
requirements or standards required to achieveuthgaimental objective.

Step 3: Identify the value-perspective objectivegP®) which are the significant factors that lead o
decision-maker’s disappointment and frustratiosu€h an objective is lost while conducting thoseessary
management projects decided in Step 1.

Step 4: Differentiate the time-horizon and modevafue-based time limit (VBTL) of a project with gl to
contributing to a specific VPO, if such a VBTL hasbe considered in this context.

Step 5: Evaluate a reasonable project implememntatitategy anddentify the constrained shared resources by this
implementation strategy.

Step 6: Decide whether to adopt ABRAT PBRAT policy. If a PBRAT policy is adopted, thehere remains a
second question: evaluate a suitable project aédvaent strategy.

Step 7: Formulate the resource-allocation and@msfier model with respect to the concerned VPOso, find an
effective solution procedure to resolve the model.

Notice that two kinds of the VBTL associated witBpecific VPO were suggested by PA, which wererretkto
as Mode | and Il. IndeedT; is referred as to Mode | VBTL, iff; meets the following Features 1 and 2 given

projectj is implemented starting at time 0. Furthd, is termed the Mode Il VBTL, ifT; meets the following

Features 1 and 3, given proj¢és implemented starting at time 0.

Featurel: They make, almost, no value difference, if theliyratandard assigned to projegt is achieved at any
time points within time interval[0,T;] .

Feature2: The extra efforts outside the timg make no value to the considered VPO, when theitgtsthndard
assigned to projectj cannot be achieved within time intervd, T;] .

Feature3: The value loss from projecf contributing to the considered VPO would be muekater and would
grow even worse the longer it takes to achievetaéinget quality-standard for project when we cannot
achieve the PG within time interveD, T;] .

According to seven-step decision rule, we will shitve application to a case of polarizer processdvgment.
Yet, the management concept imposed in PA williseu$sed after the case application.

THE IMPLEMENTATION OF PROCESSIMPROVEMENT CASE

Background

Taking a Taiwanese polarizer manufacturer as a tadkistrate the application of PA, all the scaoeof this
case is real except the numerical data. To signgtié address, we name the target company “Compaimstead of
‘the Taiwanese polarizer manufacturer.” Companyufrently has three different types of polarizer mfaoturing
factories. In this case, we only take the TFT-LOBduction line from Factory L as an example to prat how the
head of the factory applied PA to solve his probl&aing asked by CEO to improve the defective citd FT-LCD
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production line within a certainly limited time-ped to reduce production cost. Similarly, ‘the te# the factory L
is represented by ‘Head L. There are three kfdaspection jobs of on-line quality control foFT-LCD production
line. The quality control processes include ingulity check (IQC), process quality check (PQ@y autput quality
check (OQCQC), respectively. The TFT-LCD productlove consists of seven work-stations. They are FAgptical
module extension, PSA module coating, roll to sh@&kS), super cut, sticking, inspection, and pacigg The
inspection and packaging stations are respongibldding OQC in contrast to other stations resgmeadbr doing 1QC.
Such is shown in Figure 1.

Figurel: TFT-LCD Polarizer Production Flowchart

In the following subsection, this case will be eaydd to demonstrate the management concepts beAind

I dentifying Fundamental Objective, FO

Considering the case that the long-term average oétdefect of the TFT-LCD production line had been
maintained around 0.15%, it recently went up t&® &l of sudden, which caused a dramatic increaggadduction
cost. Therefore, CEO of Company Z requires He#a improve the rate of defect within a month amstaee it to the
level of 0.15%. According to the CEO’s instructiétead L should set the FO as to ‘minimize the pilofs caused by
low production efficiency of this TFT-LCD productidineto original level’ according to the definition oOF

Deter mining the Necessary M anagement Projects and Target Quality-standards

Consider the case of Head L having collected amdlyaad data through recent quality control of IGQC, and
OQC. Five major factors causing defects were ifledt after careful data analysis. They were abrarigiue
ingredient, poor sticking property of coating, eptideviation, improper size of super cut, and precision of RTS (as
shown in Figure 2).

The rate of defect of TFT-LCD production line candefined as the percentage of defects in procssted by
various quality control jobs (IOC, PQC, OQC). Swe use the term “defective rate of factor” to referthe
percentage of defective products in process attiiide to a specific factor (for instance, the déi¥ecrate of 0.05% in
terms of the size of super cut means that for e¥8r900 pieces of products, 5 defective producteénmanufacturing
process are caused by improper size of super Thé) total rate of defect (0.3%) of this productiorelis the sum of
the defective rates of the above five factors. Assthat the existing defective rates of the fivedes for Factory L are:
0.06% (RTS), 0.05% (Super Cut), 0.055% (Glue Inigmedl, 0.07% (Sticking Property of Coating), and85%
(Optical Deviation). In order to reduce the deffeetrate of the production line to 0.15%, Head L &yed the goal
of the project on improving factor defective ratessto reduce the current level to 0.03%. In otherdgiothe target
quality standards for all projects were assignddes8.03%.

The Journal of International Management Sudies, Volume 5, Number 2, August, 2010 153



Minimize the profit loss caused the low productesficiency

Projects
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Figure2: Major Causes of Defects

Confirming VPO and VBTL

In order to obtain the minimal degree of regretatie¢ would have to confirm his VPOs before makiagaurce
utilization policy. Both personal interest and amiational interest are put into account in He'adrind for reaching
unit's target. The first VPO is ‘to minimize thegtrability of being criticized by CEO or even firafter due date (VPO
1).” The second one is to ‘minimize Company Z'sslaswused by the lower production quality of his atang factory
(VPO 2)." Clearly, VPO 2 is the same as the FGdietby Head L.

Because Head L had to restore the quality of TFDL&oduction line to original level as soon as [luss
corresponding to VPO 2, the VBTL associated withO/P can be defined as an extremely short time borand as a
Mode Il.  On the contrary, the VBTL associated WwiRO 2 can be defined as the time horizon of onatmand as a
Mode | due to the time constraint of one month.

Deter mining Project mplementation Strategy and | dentifying Shared Resour ce

Project implementation strategy defined in PA i®source type utilization strategy; in other worsilecting the
appropriate project entry strategy is equivalenseatecting the appropriate resource type to redlieefundamental
objective effectively. For instance, assuming Heéalelieved that time-coordination is too difficihd cost is too
high to outsource a professional consulting firmanracademic team. A significant increase in dafeqiroducts at a
work station usually indicates the occurrence aficstiral problems associated with the operatiomal managerial
mechanisms. Therefore, a concrete improvement folarvery station is needed in any attempt to redihe rate of
defect, and therefore experienced engineers waallcetpuired. Accordingly, Head L decided to seaymroject team
consisting of internal experienced technical engiiado take care of these projects.

After carefully considering the factory’s overakks, Head L selected five engineers out of exjstxperienced
engineers to deal with these projects. Where twgineers are persons capable of doing project®dr (precision of
RTS) and 2 (improper size of super cut), two engiseare persons capable of conducting projectbiBo(enal glue
ingredient), 4 (inferior sticking property of caag), and 5 (optical deviation). The final one isvell-senior engineer
capable of any project.

Deciding to Adopt ABRAT or PBRAT Policy

Assumed that the each engineer could provide &whking hours a day, the total working hours wobélforty
hours a day if there are five engineers in an aegdion. Whether to possess continuity of expemefor these
engineers becomes the most professional issuescto stuation. Using “working hour” as the smallesit for
resource allocation tends to cause high risk. dddé an employee quits after undertaking a ptajeough half way,

154 The Journal of International Management Studies, Volume 5, Number 2, August, 2010



whoever replaces him would encounter the situadfodiscontinued experience, which will lead to ttigh variation of
performance while conducting a project. Thus,woi@ such occurrence, Head L decided to use “inldial’ as the
smallest unit for resource investment. Consequetiiy adoption of PBRAT policy is better than thee mf ABRAT
with regard to the view-point of experience-conduWhenever the PBRAT policy is adopted, PA sutggkeselecting
one of project advancement strategies before stihgdihe projects, which may take some immeasurédidtors into
account and thus benefit the reduction of risk sltibnducting those projects, like the control céjatof project
leader. Four project advancement strategies wefieedl in PA as below:

Centralized sequential advancement strategy (CSASgfers to centralizing the total amount of geyof
shared-resource into a project, and transferriagstiared-resource onto another project once tgettquality-standard
of this project or a desired implementation timeial has been achieved, by the same token,alhgifojects achieve
their target quality-standard or the total timeitis fulfilled.

Decentralized synchronized advancement strategyA@)St refers to decentralizing the total amouhadype of
shared-resources into all projects until the immatation of this project reaching the preset timterival, or until the
target quality-standard for this project has besrieved.

Type | mixed advancement strategy (Type | MAS)efiresents the mixing strategy consisting of bd#AS and
DSAS. Consider the projects A, B, C and D, andd#ivihe four projects into two groups: {A & B} andC{& D},
which are referred to as “X” and “Y” respectivelyype | MAS means that deploy the CSAS within theugrs X and Y,
while going ahead between group X and Y with theABSas show in Figure 3.

Shared Resource

Figure 3: Thechart of Typel MAS

Type Il mixed advancement strategy (Type Il MAS)dfers to deploying the DSAS within the groupsid Y,
while going ahead between group X and Y with théA\6Sas show in Figure 4.

Shared
Resource

Figure4 : Thechart of Typell MAS

Consider the five projects can be differentiatad & 1 and G 2. Different groups imply differeneds of special
knowledge. G 1 includes poor precision of RTS angrbper size of super cut, that is, G 1 includegeguts 1 and 2.
G2 includes abnormal glue ingredient, inferior letig property of coating, and optical deviationattis, G2 includes
projects 3, 4, and 5. Owing to the characteristitshared-resource analyzing in Subsection 3ik&,applicable
project advancement strategies have boiled dowfype | MAS or DSAS strategies. Additionally, tocad either
insufficient or excessive resource allocation, \aeehto first find minimum effective scale-size (MiE) and maximum
effective scale size (MAESS) defined in PA for egebject. MIESS refers to the lower bound of sharesburce
allocated enabling to shorten the time requireccdmplete the project goal (target quality-standaRBstated, the
expected time to complete the project goal willrappmate infinite if the input level is less tharetMIESS. In contrast
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to MIESS, the term of MAESS refers to the upperribof shared resource allocated enabling to shdhertime
required to complete the project goal. In otherdsothe additional input will make slight contrilmt to shorten the
time required to accomplish the project goal whHenihput level goes higher than MAESS.

In this case, Head L has to find the relationstdpMeen the expected time required to achieve &grrgpal and
the invested resource (manpower) in order to ol¥iIBSS and MAESS. Such results were assumed asnsho
Table 1.

Table 1: Relationship between time and resour ce

Project Code 1 5 3 4 5
Human Resource Input
1 — — — — 14
2 13 12 12 12 13
3 12 11 11 10 12
4 9 8 9 10 12
5 9 8 9 10 12

With the use of results in Table 3.1, MIESS and M¥SEor each project can be found as shown in Table

Table 2: MIESS and M AESSfor Projects

Project Code

Effective Scale ! 2 3 4 5
MIESS (person) 2 2 2 1 1
MAESS (person) 4 4 4 3 2

According to the results in Table 3.2, it is easyfihd that DSAS is not applicable since the mangois not
satisfying the requirement of MIESS for each Prbjée other words, Type | MAS is the only feasiljeoject
advancement strategy.

Shared-Resource Constrained Allocation and/or Transfer M odel

In order to minimize the regret function of decrsimakers, if any project associates with Mode | \Bor
contributing a specific VPO, it needs to searchdaresource allocation policy under a specific gcbjadvancement
strategy to maximize the degree of realizationto$ VPO within its associated VBTL. Otherwise, ifiyaproject
possesses Mode Il VBTL for contributing a speciiPO, it needs to find a resource allocation policy thereby
minimizing the value loss of this VPO (resultednfrthe fact that all project can not be expectentligied within their
associated VBTLs). If any project contributibgg a VPO does not possess any mode of VBTL, detisiakers

should find the optimal one thereby maximizing tlegree of realization of this VPO. Let us cons@drVPO problem.

Letting AL denote the achievement-level function and valgs-function for a VPQ, j =1,2,--,J, and R the

regret function. Then the decision problem for thi¥PO problem is to find an optimal resource altn policy
thereby minimizing the following regret function:
R(Z,(P),-~,Z,(P), ,Z, (P)| a specific project advamoent strategy |

where P denotes a feasible resource allocation policy, and
{A, if VPO j possesses Mode | VBTL or doast have VBTL,
i =

J

L,,if VPO j possesses Mode Il VBTL.

The preemptive method is an effective tool to famdoptimal resource allocation policy thereby miizing the
regret functiorR. Central point to use preemptive approach to vesal PA-based multiple VPOs problem is the
determination of priority for each VPO. Having i the priority of each VPQt would be necessary to further
consider a resource-transfer rule. Goal-based faansle (GBTR) and constant-time transfer rule T®) were
proposed by PA. GBTR means that the shared resauilicee transferred to another project only aftee goal of the
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ongoing project has been completely achieved. CTidans that the shared resource will be transfaoeahother
project as soon as the predetermined implementttianof the ongoing project runs out.

Taking CTTR into the model will cause the implenaiun time is a decision variable, whereas takiBJ| it is
not one. Just as the illustrative example of precesprovement here, the maximum achievement-levetigh
associated with CTTR should be formulated for tHOV1 (because any project associates with ModeTIMB term
of contributing to VPO 1). And the minimum valuestomodel associated with GBTR should be modeleth®oWVPO 2
(becauseany project associates with Mode Il VBTL in respexf contributing to VPO 2).

MANAGEMENT CONCEPTSOF PROJECTMENT ADVANCEMENT

Some management concepts imposed in PA were ptediaa follows:

Allow employing the objective of personal interest maximization as the resource-allocation objective limited to the
necessary management actions and the associated target quality-standards that were determined by the objective of
organizational benefit maximization. PA believes making such a decision for any desisimker might not threat the
competitive survival of an organization; howeveénvould benefit the organizational commitment adexision-maker
in the long term. As stated in the process imprayencase, such a decision might create the pa# fesulted from
the target quality-standard of any project that mayachieved by a longer time due to the discoatinexperiences of
engineers if the Head L conducted a resource dltwt@olicy to maximize the performance of procesprovement
within the period of one month to minimize the pmbbity of being criticized by CEO. Therefore, suahprofit loss
may be predicted as a small value since the negessmnagement actions and their associated qusthtydards were
determined by the objective of organizational b&#meaximization. Yet, such a management concepp@sed in PA
has to satisfy the postulation that the decisiotkargat all levels would employ the objective afamizational benefit
maximization as the resource-allocation objectif/¢he consideration of a specific VPO could thrds competitive
survival of an organization.

Do not always think the efficiency of resource utilization. Indeed, the adoption of ABART policy usually seetms
benefit the efficiency of resource utilization snone can find a resource-allocation policy to mine the expected
idle time of any resource. However, the variatibperformance of a project on the duration of cartithg this project
is high and it is hard to evaluate this variatignam objective method whenever adopting ABART ppoli&s shown in
the process improvement case, using “working hag”the smallest unit for resource allocation mad|éo the
extremely high variation of performance of procisprovement due to the discontinued experiencemngineers. On
the contrary, the adoption of PBART seem to reisuét longer idle time of any resource than the éidopof ABART,
however, it may be actually create the desirabtéopmance for a decision-maker.

The appropriate selection of project advancement strategy may benefit the reduction of risk while conducting
multi-project. The case of process improvement fits any onepd tyMAS and type Il MAS as the resource allocation
and transfer strategy if all engineers have theiafig to do any project. In this context, the magolvantage of type |
MAS is the efficiency of resource utilization anHet experience-cumulated in same project group. iagor
disadvantage is the diversification of control objpct-leader, which leads to growth of the vadatbf progress and
quality. In constant to type | MAS, the major adize of type Il is the centralization of control pfoject-leader,
which leads to the reduction of variation of pragr@and quality. The major disadvantages of thaeqy are the less
efficiency of resource utilization and the losseaperience-cumulated in same project-group. Intmmcthe choice of
Type | or Type Il is in accordance with what leeen set up the situation and made actually.

Mode | and mode Il VBTL alarm the decision-maker to define the correct resource-allocation objective. It is
possible that a specific VPO associated with twad&iof VBTL. In other words, a specific time hormzonay be
identified as mode | VBTL by a specific decisionkaa and may be identified as mode Il VBTL by anotbee
corresponding to a certain VPO. For example: if anufacturer plans to conduct a multi-product R&Dgyam and
hopes to render the new products in a market whsgeaific time horizon has elapsed, since this fauturer believes
that the major competitors will also render thewrproduct when this time horizon has elapsed. Basethis premise,
a manufacturer will treat this time horizon as ademd VBTL and take the constant-time transfer ndefind the
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resource allocation policy, if this manufacturedidees the loyalty of customers is low. On the estthand, a
manufacturer will treat this time horizon as a mdd€BTL and take the goal-based transfer ruleitw fthe resource
allocation policy, if this manufacturer believeg tloyalty of customers is high.

Mode | VBTL indicates the partial value concept. It is more suitable to illustrate the exampleR#&D projects
mentioned above to explain this view-point. Indeiéé, manufacturer will treat this time horizon asnode | VBTL,
then this manufacturer should create the situatibare there are multiple choices of quality-staddar any project,
since the resource allocation time has to be tdeatedecision variable. Restated, if only singlaliggstandard is
assigned (i.e., only the target quality-standaravigilable), a lower efficiency of resource utitisa within VBTL will
be predicted.

CONCLUDING REMARK

PA is characterized by the following critical copt® (1) value-based objective, (2) value-basee timit, (3)
project-based resource allocation and/or transfdicyy (4) project advancement strategy, and (Shimum and
maximum effective scales related to the input lefedhared resources. PA focuses on aiding the geasaf all levels
in an organization (a group or community) to: @¢ntify the right problem-solving context facingth, and (2) build
an effective resource planning model to minimizeirthiegret functions for the problem-solving prac@s a specific
shared-resource constrained multi-tasking enviraimia this paper, we have examined the manager@mtepts
imposed in PA by employing the case study of petariprocess improvement since the nature of newoaph.
Because the application of seven-step rules of R&gmted in this article already covers most of tfemagement
concepts of PA theory, the results of proposed eélsendoubtedly enhance decision making in areoigation.
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