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procurement. Currently, they are facing with a high rate of overall delayed work caused 
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1. Introduction 

Nowadays, there are rapid changes of business world in many aspects e.g. 
technologies, customer requirement, production cost, etc. which companies cannot 
avoid facing these challenges. Instead, they need to adapt themselves in order to 
cope with these problems. Process improvement concept has been initiated in many 
companies for research their existing process and develop to higher level of 
performance. This concept is originally and mainly applied in manufacturing field but 
many service industries have already adopted this idea recently including banking 
industry. 

In Thailand, there are  14 commercial banks - public company that 
authorized to accept deposits money subject to withdrawal on demand which 
distribute their funds from depositors and loan out to household and business 
sector (Thailand, 2014b)-  in total including government banks and private 
banks(Thailand, 2014a). Recently stability of commercial bank in Thailand is in good 
condition despite global economic downturn in past few years (Thailand, 2016) but it 
is not easy for banks to get through this kind of situation. 

According to Figure 1, global economic recession presented by declining of 
world GDP growth since 2010 combining with internal political instability obstructed 
many industries in Thailand to recover from the crisis as shown in limited and non-
continuous growth in GDP since 2008 
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Figure 1 World versus Thailand Annual GDP Growth (Bank, 2016) 

 

 
Figure 2 %YoY Financial Performance of Thai Banking Industry (Thailand, 2016) 

The historical data since 2013 to 2015 in Figure 2 reveals status of Thai 
banking business which may not be in an attractive situation. The revenue growth is 
quite constant during 2013-2014 and become even lower in 2015 as a consequence 
of economic crisis and political issue as mentioned. Banks have been forced to 
improve their business in more efficient manner since growing only revenue is not a 
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good option since revenue cannot be driving factor for sustainable growth 
represented by its trend. 

Improvement of service level in order to support demand of customer and 
response actively to provide more customer satisfaction has already been widely 
executed in many aspects e.g. launching of new financial products, implementation 
of internet and mobile banking along with other premium services for their customer. 
Furthermore, for approaching to more customer and improve competitiveness in the 
market, banks have open new branches continuously as shown in Figure 3. 64 new 
branches have been opened since 2014 despite the economic downturn and limited 
revenue growth which indicates intensity of competition in this business. 

The competition in this business will be much intensified by AEC which 
welcome more competitors in this business from this region then customer has more 
opportunity to select the best service from not only banks in Thailand but allows to 
move freely around ASEAN. 

 

 
Figure 3 Number of bank branches in Thailand (Thailand, 2016) 

In order to improve competitiveness in market and support business direction 
for coping with incoming challenge, banks need to focus not only on sales and 
marketing side but also need to improve customer satisfaction. Active and responsive 
reaction to customer demand is a key success factor for service business like banking. 
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To achieve higher service level as expected, synergy within organization is an 
important factor that helps the firm to achieve their goal firmly. In general, 
organization can be broadly classified as Main operation unit and Supportive function 
(GAIKWAD and KULKARNI, 2014). Main operation is an activity that directly produce 
product and service and also generate income to organization which can be banking 
services, loan, etc. in this case. While supportive function refers to a department that 
is responsible for activities those may not directly generate income or product but 
support main operation to be accomplished such as supply chain, human resource 
management, etc. Synchronizing between main operation and supportive function 
can lead to flawless end-to-end service system  

In order to understand more regarding efficiency improvement in an 
organization, Bank A is selected to be case study. Bank A is one of leading 
commercial banks in Thailand. They provide a full range of financial services, 
including corporate and personal lending, retail and wholesale banking, foreign 
currency operations, international trade financing, cash management, custodial 
services, credit and charge card services and investment banking services, through its 
head office and its extensive branch network. 

Target to be the best bank in Thailand is challenging the organization to 
improve their efficiency and performance then process improvement policy of every 
function is implemented. As mentioned above, supportive functions are also 
considered in this improvement policy since they also play important part in helping 
main operation to get customer satisfaction. Procurement is one of supportive 
function that is responsible for sourcing and procuring product and service according 
to requirement of internal customer in an organization.  

Procurement process is part of most of operation in an organization since 
many activities require material or component which cannot be generated internally 
then must be purchased from external party. Therefore, efficiency of procurement 
greatly affects to responsiveness and cost of business. In many organization, 
procurement is considered as strategic function that plays major role in improving 
profitability then it is reasonable to focus on improvement of this department. 
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According to its nature of human-based activities, procurement needs many 
staff to accomplish many tasks in this department since it deals with many 
conversation-based activities such as vendor contacting, sourcing, negotiation and 
also deal settling. In addition, procurement process can be considered as production 
process which has purchase requirement as a raw material to produce purchase 
order then procurement can be considered as one of labor-intensive manufacturing 
system. Since it is labor-intensive, any changes in manpower of process can 
significantly effects to the performance of the process especially in throughput and 
cost. Unfortunately, most of management do not have proper tool to make decision 
on allocation. The allocation normally was made by experience or trial and error 
method which may not be fully utilize or over utilize their resources.(Rani, Ismail et 
al., 2014) 
 Many researches have already been done regarding operator allocation in 
many aspects. Methods, parameters and performance criteria were wisely selected to 
determining the optimal allocation in different circumstance. Most of studies have 
been done in manufacturing sector which typically select average waiting time, 
average cycle time, number of operators, operator utilization and throughput for 
optimizing the allocation. 

In this study, situation of procurement process of Bank A is selected to be a 
case from actual business unit. The allocation has to be decided for optimizing 
between delayed work which refers to procurement transactions those take time 
over target of service level agreement (SLA) and other parameters to ensure 
efficiency of the decision. 

 

2. Procurement Process 

Procurement department of this bank is responsible for process of purchasing 
or hiring in order to obtain material, asset, IT equipment and electronic that requires 
set-up, testing, and also purchasing marketing service including construction and 
building construction.  All of purchasing or sourcing of product and service need to 
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be done or involved by central procurement department. This department has been 
divided into 2 sections. Since IT related item requires specialty in technical spec and 
specific knowledge for purchasing, bank has decided to separate procurement of IT 
equipment as “IT procurement section” and the remaining procurement transactions 
are handled by “Non-IT procurement section” which this study will focus on this 
section. 

In Non-IT procurement section, which is the major procurement section for 
the bank, operators are called as “buyer” who responsible for execute procurement 
process according to procurement policy. They have been divided into 3 teams 
based on type of item to be purchased as shown in Figure 4 
 

 
Figure 4 Overall Procurement Structure 

 

- “Building team” is responsible for purchasing products and services those 

related to construction, renovation, decoration of building or parts of building 

including construction of new branches, office supplies, furniture, etc. 

- “Outsource team” is responsible for sourcing of outside supplier to handle 

jobs which bank wants to outsource to subcontractor such as data entry staff, 

facilities management staff, transportation and logistics, etc. 



 

 

10 

- “General team” is basically responsible for the remain items from 2 above 

mentioned team. Mainly general team handle purchasing of premium gift or 

gift voucher for customer, uniform for bank staff, etc. 

The procurement process begins with creation of user purchase request (UPR) 
from user which refers to person or department that want to use purchased 
product/service. UPR can be created digitally in in-house developed system and will 
be sent to related procurement team automatically. Then buyers of each teams 
have to response those UPR whether to receive or reject (mistakenly created, 
incomplete or incorrect UPR) within 1 working day. After UPR is received, buyer will 
process that UPR into further step based on its budget range which presented in 
Figure 9 below. 

Basically, procurement process can be simply described as a process of buyer 
to convert UPR into Purchase Approval(PA). In order comply with transparency policy 
of bank, the difference of process between each ranges of budget are sourcing 
process and document that need to be attached with PA. The sourcing process can 
be separated by budget range as per Figure 5. 

 

 
Figure 5 Sourcing process of procurement 

 
For PA budgeted below 1,000,000 Baht, sourcing process can be easily done 

with send inquiry to at least 3 vendors for their quotation. Buyer will make 
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negotiation once all quotations are received then issue PA to their manager for 
approval. The quotation inquiry process flow is presented in Figure 6. 

 

 
Figure 6 Quotation Inquiry Process  

 
Secondly, PA with 1,000,000 to 5,000,000 Baht, Scope of Work (SOW) or Term 

of Reference (TOR) must be created according to the regulation then sent to at least 
3 vendors along with the requisition. While all quotations are not received, buyer has 
to arrange meeting to assign “procurement working group” which consists of buyer, 
user and specialist if required to supervise this project and also evaluate and score 
each vendor in many dimensions e.g. company profile, technical and past 
performance comparison, etc. Meeting between vendors and buyer will be arranged 
after all quotations are submitted for clarifying SOW/TOR and also make 
appointment for further site visit and/or product demonstration if required. Once all 
quotations are submitted, meeting among working group will be arranged for 
announcing quotations and also input more data into scoring comparison. In general, 
bank will choose to award contract or select vendor into their final shortlist with the 
best Price Performance Ratio (PPR) which  

 
 PPR = Performance from comparison table / Unit price 

 
Negotiation will take place after all technical comparison is done and potential 
candidate shortlist is settled. Candidates will be invited to office individually for 
official negotiation. PA will be issued after negotiation is finished and vendor is 
selected. The bidding flow is shown in Figure 7 below. 
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Figure 7 Bidding Process 

 
 Finally, PA with value more than 5,000,000 Baht, the process is almost similar 
to PA with 1 million to 5 million Baht but instead of supervision from procurement 
working group this type of PA is supervised by “procurement committee” which 
consists of same concerned parties with working group but higher authority. In 
addition, inquiry of bank must be announced on website for 3 days to make 
requirement public and open opportunity from wide range of vendors. Then each 
vendor has to make their bid on “Sealed Bidding” system which all quotations must 
be submitted in a sealed envelope along with money deposit and all envelopes will 
be opened on specific date. Another difference is presentation of PPR scoring. After 
completion of negotiation, scoring and support document must be presented to 
committee and management level before issue PA in order to ensure transparency 
of procurement. Process flow of close bidding is presented in the following Figure 8. 
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Figure 8 Close Bidding Process 

 
Once PA is issued, it has to be initially approved by manager of their team 

before send it to procurement department manager or vice president (if value is 
above 20 million Baht) for final approval before send it to support team for issuing 
Purchase Order (PO) and submitted to awarded vendor which is the end of 
procurement process. 
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Figure 9 Overall Procurement Process Flow 
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3. Current Situation 

 According to historical data of 2012 to 2015 in Figure 10, procurement 
department has to handle more than 2,000 PAs each year and demand of users 
tends to grow up continuously. 
 

 
Figure 10 Total Annual Number of PAs from 2012 to 2015 

 
On average, 2444 annual PAs are distributed mainly to Building, General and 

Outsource team respectively as shown in Figure 11. Continuous growing demand of 
users caused by bank policy which focus on continuous improvement in order to 
enhance competitiveness and service level in this challenging market. Most of 
activities are assigned to building team for expansion of branches and also develop 
environment in branches for improving customer satisfaction and well-being of 
employees.  
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Figure 11 Proportion of PAs for Each Teams 

 
Within each team, PAs with value below 1 million Baht is majority with more 

than 75% of proportion then the proportion is smaller once budget gets higher as 
shown in Figure 12. 
 

 
Figure 12 Average Number of PAs by Team by Budget 
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Figure 11 and Figure 12 show imbalance work quantity and also workload 
among teams. Unfortunately, this imbalance cannot be managed from demand side 
since they are requirements from users which depends on strategies of those unit 
and also unpredictable.  

Currently, bank has total 16 buyers in procurement department which 6 
buyers assigned to Building team, 6 buyers to General team and 4 buyers to 
Outsource team. Major problem of the department is high delayed work rate which 
refers to procurement transactions those have cycle time more than committed 
service level agreement (SLA). To examine more on this problem, more in-depth 
data has been collected hereinafter. 

From 2012 to 2015, bank has observed that demand of users which can be 
implied from number of PAs are varied from month to month. PA quantity has been 
studied and grouped on quarterly basis in order align with regular milestone period 
and results shown in Figure 13. 

 

 
Figure 13 Quarterly trend of PA quantity by team 

 
The result shows pattern of number of transactions which vary between 

teams. Quantity of work for Building team is high at the beginning of the year and 
decrease continuously through the end of the year. On the other hand, workload for 
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General team gradually raise after second quarter meanwhile outsource requirement 
is quite constant. There are some support reasons of these pattern as it is natural 
behavior of the jobs. Normally, annual budget for each unit in bank is announced at 
the beginning of the year and every unit will proceed that budget usage especially 
project with high priority, high budget immediately. Such as opening new branch and 
renovation of workspace which related to Building team, this kind of project will be 
required to be purchased at the beginning of the year. Moreover, staffs are also 
regularly allocated at the beginning of the year then modification workspace and 
order of new furniture are also requested during this early period. Once all these 
jobs are done at the beginning of the year, demand of this type of work will be 
reduced gradually in the later half the year then it is not surprised to have 
decreasing pattern for Building team.  

For General team which is mainly responsible for premium gift for customer, 
this type of work is normally required before ending of the year as a preparation of 
new year gift since bank requires huge amount and wide range of products for their 
customer. Furthermore, each department tends to spend their remaining budget at 
the end of the year then demand of General team will get higher during last 2 
quarter of the year. 

While above mentioned teams have varied trend of workload, demand for 
Outsource team is quite constant. Main task of this team is to renew expiring contract 
for outsourcing service which is periodic and manageable. The remaining job which 
are bidding for new or other ad hoc contract take only small part of workload for this 
team. As a result, demand for this team has low variability and present in constant 
trend as shown. 

Imbalance work throughout the year imply inefficient and inconsistent 
utilization of operators. Overutilizing during peak period and underutilizing during low 
period can lead to stress, fatigue and also dissatisfaction of operators which may 
results in high turnover rate in long run. 

This improper workload also affects bank in operational aspects. During peak 
period, high utilization of operators can be expected along with higher waiting time. 
This results in higher cycle time for each transaction. Once UPR entered into system 
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and transformed into PO according to procurement process in figure 9. In order to 
ensure satisfaction of internal customer, the procurement performance of each 
transaction will be evaluated from their cycle time which is defined as the duration 
from receiving UPR until PO issue. 

Figure 14 shows trend of average cycle time of each team. Considering Figure 
13 and Figure 14 together, quantity of work has strong correlation with the average 
cycle time of each team. High workload affects higher cycle time for 1st and 2nd 
quarter of Building team and also 3rd and 4th quarter of General team.  

 

 
Figure 14 Quarterly Average Cycle time by Team 

This higher cycle time has negative effect to overall performance of 
procurement department. One of quality index to measure performance of this 
department is number of delayed works. Delay of this department is defined by PA 
that has cycle time more than committed SLA. Cycle time will be compared against 
SLA that released by management of organization as shown in Table 1 below. 
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Table 1 Service Level Agreement of procurement process 

Budget Range 
(THB) 

SLA  
(days) 

below 1 million 3 
1 to 5 million 5 

5 to 20 million 10 

20 to 50 million 20 
above 50 million 30 

 
SLA is defined in order to ensure fast and responsive procurement for actively 

support other business units. According to Figure 15, higher budget requires more 
process and approval authority then management allows higher SLA. Performance of 
each team against SLA during 2014-2015 has been collected and shown below. 

 

 
Figure 15 Quarterly Average Delay Rate by Team 

Figure 15 presents trend of quarterly delay rate among teams. As a 
consequence of higher cycle time, the delay rate also grows higher during peak 
period of each team. Negative effect of high delay does not only take part in 
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implementation of bank strategies or even dissatisfaction of customer then 
correction of this problem should be done immediately. 

In conclusion, from presented facts above, requirement of procurement is in 
growing trend in each year. Well preparation and management within procurement 
department has to be done in order to cope with growing trend. Moreover, number 
of requirements is dynamic throughout a year but using of static operator allocation 
caused imbalance of workload among procurement teams which lead to high cycle 
time and delayed work.  

As a labor-intensive process, number of operators in this department should 
be well defined since it has strong effect to productivity of the process. Dynamic 
operator for each quarter will help department to balance utilization along the year. 
Assigning more operator in peak period can help lower utilization of operators and 
lead to lower cycle time along with delay rate. 

Even procurement department may not have major role in this banking 
organization but it cannot be ignored since supportive function is also an important 
factor which supports and drive every company’s tasks and goals. Proper determining 
of manpower decision has to be selected in order to ensure optimal decision which 
results in higher service level and responsiveness of this function and also business 
competitiveness in intense and rapidly change market. 
 

4. Literature review 

Study of operator allocation has been widely performed and developed in 
many perspective and industries. Conventional approach that is still widely used is 
optimization. Optimization by math modeling is method to solve operator allocation 
problem in deterministic manner. The exact set up of allocation will be defined by 
optimization between objective function and given constraints. (Kuo and Yang, 2006) 
conducted study of manpower allocation in TFT-LCD plant using optimization 
modeling called two-phase formulation. The 1st phase is the optimization of 
throughput and the allocation decision. Scenarios of operator availability were set 
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and optimization was done in order to find maximum throughput for each product in 
each scenario. Then result from the 1st phase became input for 2nd phase. In this 2nd 
phase, demand requirement was created and formulation was performed to 
minimize the total number of required operators per shift. Finally, the model can 
effectively help the plant to reduce their required operators up to 20%. Despite the 
satisfy result, the math model solved the allocation problem deterministically. There 
is no variation in operating time and also demand in constant. 

In real business world, every process has variabilities and uncertainties so 
there are difficulties to define precise process parameter. Here, deterministic 
approach may not be able to solve problem with high variabilities properly. 
Development of modeling to tackle with more stochastically problem has been 
studied. (Egilmez, Erenay et al., 2014) has done interesting four-phased hierarchical 
optimization model. Processing times and demand were assumed to be stochastic 
and normally distributed. Similar to (Kuo and Yang, 2006), the objective of 1st phase 
is to maximize the production rate with the constrain of bottleneck. Then normal-
distributed demand for each product is generated and used for defining capacity 
requirement in 2nd phase. The output of 2nd phase was capacity requirement with 
fitted distribution for each product and will be used as input in the 3rd phase to 
determine the optimal manpower level for each unit and also assign product to 
units. Then 4th phase was developed to maximize the production rate in case that 
performance of workers is different.  

This model improves weak point of conventional math modeling which is 
normally able to solve only deterministic problem. But it is still based on some 
assumption such as normal distribution of demand and also complexity of the 
model then this method is not widely used in practical problem. In order to handle 
with more stochastic problem, Simulation technique has been widely applied. 
Computer Simulation is known as one of effective tool for solving problem in 
business world as it can visualize process and help management to make decision 
better (Azadeh, Sheikhalishahi et al., 2013). By given conditions, simulation can 
illustrate the situation and also provide process summary of desired period of time. It 
has been widely used for process improvement in many business field e.g. education 
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(Watanabe, Murasawa et al., 2013), manufacturing (Azadeh, Sheikhalishahi et al., 
2013), food industry (Rani, Ismail et al., 2014), health care (Oh, Novotny et al., 2016), 
etc. This helps user to trial and study effect of any tentative improvement without 
actual implementation which may disturb the process or not a worthwhile option. 
Even versatility of its function, simulation still has limitation as it only visualizes the 
process from give parameters but cannot help user to make decision or comparison 
between any scenarios. To select the best scenarios, Data Envelopment Analysis 
(DEA) is selected to be a proper tool for assessing simulation alternatives. 

DEA was originally proposed by (Charnes, Cooper et al., 1978) as a 
nonparametric technique to measure and evaluate the relative efficiencies of a set of 
entities with common inputs and outputs called decision making units (DMU). 
Parameters generated by simulation are selected to be input/output of each DMU in 
DEA. It classifies each DMU from given input/output by efficiency score which 1 will 
be given to efficient DMU and less than 1 is for inefficient DMU (Azadeh, 
Sheikhalishahi et al., 2013). Advantage of DEA is to solve problem with multiple 
inputs and outputs and also helps to choose appropriate weights for inputs and 
outputs for determining efficient alternatives (Rani, Ismail et al., 2014).  

In general, simulation is considered as a tool to provide input/output for 
utilizing DEA. Model will be developed and run with several decided scenarios to test 
the process performance of specific conditions. At this stage, simulation can present 
result of given condition which user can easily select the best scenario from the 
given result if only one criterion is considered. Comparison of more than one 
criterion is regularly observed in our business world moreover trade-off decision 
between two parameters can be expected. Then sometimes it is not an easy task to 
judge or rank between scenarios. Selected parameters from simulation result will be 
collected as input/output for further analysis with DEA. DEA as an assessing tool will 
help to evaluate options based on their relative efficiency then the optimal 
alternative will be selected based on their efficiency score which maximum at 1. This 
integration of simulation technique and DEA is also known as “two-phase 
methodology”(Rani, Ismail et al., 2014). 
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Normally, simple model of DEA like BCC or CCR is able to solve problem but 
there are some cases which these models give more than one alternative to be the 
most efficient. Therefore, additional tools or procedure need to be done in order to 
discriminate those efficient options. In case of (Rani, Ismail et al., 2014), Multiple 
Criteria DEA (MCDEA) and AHP method were selected as a discriminating tool while 
Principle Component Analysis (PCA) and numerical taxonomy were chosen in in 
(Azadeh and Anvari, 2006). Tijen Ertay developed his own robust and cross efficiency 
scoring based on BCC to have more discriminating power of scoring. (Ertay and Ruan, 
2005) 

In modern study of allocation, apart from quantity allocation, wider 
perspectives of problem were studied to cope with more variabilities. Fuzzy 
Analytical Hierarchy Process (FAHP) was used in (Rani, Ismail et al., 2014) to evaluate 
operators’ performance once performance of each operators in different tasks is 
considered not to be equal. Operators will be evaluated by their supervisor and 
grouped according to their FAHP score then allocation can be made by concerning 
their performance in particular activities. This helps company to make better decision 
and get better efficiency as expertness of operators is considered then the allocation 
is made on “Put the right man on the right job” basis. 

Another dimension of operator’s skill was concerned. Skill levels of operators 
can be improved by repeatedly doing same work. This learning effect caused 
reduction of process time in each iteration. (Azadeh, Sheikhalishahi et al., 2013) 
considered to integrate this effect into allocations then unnecessary allocation will 
not be made since it causes higher in process time which align with real behavior of 
operators. Operator takes some time to get used to their new tasks before stabilize 
their process time to constant at certain level. 

Apart from operator aspects, allocation was studied in more fuzzy manner. 
input/output from simulation is fuzzified before input them into FDEA. This method 
utilizes more data from simulation since it is not only crisp data which is average of 
parameters that will be considered but also their variation then the better allocation 
can be expected. (Azadeh, Anvari et al., 2010), (Azadeh, Sheikhalishahi et al., 2013) 
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Data Envelopment Analysis 
Data Envelopment Analysis is a nonlinear programing model which 

determines the efficiency for evaluating alternatives (Charnes, Cooper et al., 1978). 
DEA has been fast and widely developed and applied in managerial and economic 
field. In term of operator utilization, DEA is used for evaluation operator allocation 
plan in many business field and wide range of models e.g. TOPSIS model (Yang, Chen 
et al., 2007), Fuzzy-DEA (Azadeh, Anvari et al., 2010), Cross Efficiency Model (Ertay 
and Ruan, 2005), etc. In this study, BCC and MCDEA will be focused and applied to 
evaluate the alternatives after simulation. 
 
BCC model 
 This is one of the simplest model of DEA which has been long applied since 
(Banker, Charnes et al., 1984) proposed this model in 1984. BCC is based on the 
assumption that the proportional change of inputs and outputs are not the same. 
This type of change is called “Variable return to scale” 

 
Where z0 is relative efficiency of DMU0, j is the DMU index, r is the output index, i is 
the input index, yrj is the value of the rth output for the jth DMU, xij is the value of the 
ith input of the jth DMU, ur is the weight given to the rth output and vi is the weight 
given to the ith input, DMU0 is the efficient alternative if z0 =1 
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MCDEA model 
 (Li and Reeves, 1999) has proposed this model in order to increase 
discriminating power of DEA. MCDEA also results in more reasonable weight of inputs 
and outputs which eventually leads to more reasonable evaluating results. The 
objective functions of MCDEA are minimizing d0, minimizing the maximum deviation 
(minmax) and minimizing the sum of deviations (minsum) which the model is 
presented hereinafter. 
 

 
 

where d0 is the deviation variable for DMU0 and dj is the deviation variable for the jth 
DMU, M is the maximum among all of dj, DMU0 is efficient if h0 = 1- d0 equals to 1. 
  
BCC model is one of the simplest DEA model but it is still applicable to use for 
evaluating operator allocation scenarios. In general, BCC may result in more than one 
efficient alternatives due to its low discriminating power. Then Multiple Criteria Data 
Envelopment Analysis (MCDEA) with higher discriminating power is selected to cope 
with this situation. Multiple objectives of the model increase power of discriminating 
among alternatives and also force the model to consider weight of input and output 
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in a more reasonable approach. As a consequence, MCDEA is able to handle more 
complex problem and smaller difference of parameters compared with BCC model. 
 

5. Objective  

- Determine the operator allocation that minimizes the number of late works 

of the procurement process by considering average cycle time, average 

operator utilization and throughput of the process. 

- Design the decision-making framework for operator allocation which can be 

applied to other departments. 

 

6. Scope of Study 

This study is focusing on the effect of operator allocation to the performance 
of the procurement process then the scope of the study is identified as follows: 

1) The procurement process consists of many positions who directly related 

to the process e.g. managers, support teams, etc. But this study will focus 

only allocation of buyers which are operators who take major role in 

procurement process. 

2) In order to complete the actual procurement transaction, it may 

irregularly require cooperation between department e.g. buyers, lawyer, 

etc. which can be considered as external factors that may not directly 

relate to the sourcing process then those activities are ignored in this 

study. Instead, it will focus only process and activity that related with 

buyers. 

3) In fact, buyers have their own specialty or familiarity with some products 

or suppliers which cause them to perform differently in different 

transaction even the process is the same in general. In order to eliminate 
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this individual variability, the performance of buyers within same team are 

assumed to be equal in this case. 

4) From the fact in 3), operators may need more times to learn and get used 

to the new transaction or suppliers when they are newly assigned into the 

new team. But this study aims to find the solution in long term which all 

training should have already done properly then learning effect is not 

considered. 

 

7. Methodology 

This study can be divided into two main parts. At first, the process is studied 
and data collection is designed especially for the processing time in each stage in 
order to create simulation model.  

The simulation model is constructed according to collected data of normal 
activities in procurement process. Model validation is performed to make sure the 
representability of the model to the actual procurement process. Once the model is 
validated, the operator allocation plans will be applied to study the effect of the 
allocation to the procurement process. Each of allocation plan or called “scenario” 
will be assess its performance from following parameters  

- Number of delay works  

- Average cycle time  

- Number of operators 

- Number of required movements 

- Average utilization of operator 

- Throughput (number of finished job) 

These parameters are generated and collected as an output from simulation 
model and will be relatively evaluate using Data Envelopment Analysis (DEA) in order 
to determine the efficiency of the scenario and identify the best scenario among 
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alternatives. DEA can be considered as assessment tool in the second stage of this 
study which it helps to evaluate the alternative when multiple criteria are 
concerned. In DEA, each criteria or parameters are separated into two groups. First, 
“Input” which does not mean the parameter from the incoming side of the process 
in this case but it refers to parameters those needed to be minimized instead. On 
the other hand, another group of parameters is called “output” which is group of 
parameters those needed to be maximized. In this study, concerned parameters can 
be categorized into these two groups as shown in Table 2. 

  
Table 2 Group of Parameters from the Simulation 

Input Output 

- Number of delay works 

- Average cycle time 

- Total number of operators 

- Number of required movements 

- Average utilization of operator 

- Throughput (number of finished 

jobs) 

  
Number of delay works can be considered as unwanted or defect in the 

procurement process then it is put in “input” group since it needs to be minimized 
along with average cycle time and total number of operators which also need to be 
controlled at minimum level. Number of required movements refers to total number 
of times that operator requires to reallocate in the allocation plan which also need 
to be minimized in order to prevent complication in implementation of the plan. In 
contrast, the more average utilization of operator can lead to the less idle time of 
operator then it is classified as “output” which need to be maximized along with 
throughput. 
 Once all parameters are classified and put in DEA model, DEA as an 
assessment tool will evaluate each scenario relatively then finally the model results 
in efficiency score for each alternative. This score is given based on its input/output 
for each alternative comparing to others which maximum score is 1 which will be 
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awarded to the alternative(s) that can be considered as efficient alternative(s). In this 
study, BCC and MCDEA model of DEA is selected to be assessment tool. BCC which is 
one of two simple DEA model is chosen from its simplicity and should be good 
enough in evaluating operator allocation. MCDEA is more complicating and better 
than BCC in term of discriminating power. In some cases, BCC may not be able to 
distinguish efficiency of alternatives and results in awarding multiple options to be an 
efficient option with score at 1. MCDEA with multiple objective functions has more 
discriminating power and should be able to identify the best efficient scenario when 
efficiency of alternatives is slightly different. Finally, the scenario with score of 1 is 
selected to be the best efficient alternative and should be implemented in order to 
improve the performance of procurement process. 
 In conclusion, the simulation model acts as a parameter generator to 
generate parameters for each alternative. Each operator allocation plan is input in 
the simulation and simulate to explicit its effect in the procurement process. 
Parameters are collected and considered as the output from the simulation which 
reflects the effect of operator allocation to the procurement process. They are 
classified into “input” and “output” group then each scenario is evaluated based on 
its collected parameters in DEA. DEA as an assessment tool evaluate each scenario 
relatively and award a good efficient performer with score of 1 then it can be 
defined as an efficient operator allocation. 
 

8. Simulation 

Simulation Model 
The simulation model which will be used as a parameter generator in this 

study is constructed using ARENA software. The procurement daily operation is 
studied and broken down into small stages based on process flowchart in Figure 9. 
These stages are created in a simulation model as a process which contains both 
actual process (receiving UPR, negotiation, etc.) and waiting period (waiting for 
quotation from supplier, etc.) which is not waiting time from queueing but caused by 
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the procurement process itself. Basically, the process can be divided into 3 main 
parts which are 

- Incoming part which creates and assigns attributes to PAs e.g. arrival date, 

team, budget, etc.  

- Sourcing process which is the main part of this simulation. It consists of the 

activities of sourcing process which converts UPR to PA including approval 

process. The sourcing process of each team is separated into 3 lines which 

are for sourcing product with 3 different budget range. This type of sourcing 

process is identical among 3 teams. 

- PO process which may not directly related to sourcing process but need to 

be included in the model in order to ensure that all steps in procurement 

process is taken into account then the cycle time of the process can be 

reflect the actual situation. 

Each process will be determined both required resource and process time according 
to collected data which the data collection will be discussed later. The simulation 
begins with creation of PA. PA is considered as an entity in the simulation model 
which flows through all the processes in the model based on its assigned team and 
budget then attributes of each PA is recorded at the end of the process using 
read/write option which are 

- Serial 

- Arrival date 

- Assigned budget 

- Assigned team 

- Approval date 

- Finish date 

- Replication 

These attributes are written into file and will be proceed further in order to 
determine the cycle time of each PA and also number delay work. For other 
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concerned parameters which will be used in scenario evaluation process, they are 
available from summary of ARENA itself.  
 Apart of process, required resources are necessary to define to reflect actual 
situation of the process. Resources in the process are the concerned staffs those who 
needs to execute activity(s) in the process which are presented in following table 

 

Table 3 Resources in the Simulation 

Resource Quantity Responsibility 

Building buyer 
6 

Sourcing process for Building 
product/service 

General buyer 
6 

Sourcing process for General 
product/service 

Outsource buyer 
4 

Sourcing process for Outsource 
product/service 

Building manager 1 (Scheduled) Approve PA of Building Team 
General manager 1 (Scheduled) Approve PA of General Team 
Outsource manager 1 (Scheduled) Approve PA of Outsource Team 
Department manager 1 (Scheduled) Final Approve all PAs 
Buyer for PO 2 (Scheduled) Receive approved PA and issue PO 
PO manager 1 1 (Scheduled) Approve PO 
PO manager 2 1 (Scheduled) Final Approve all POs 

 
Buyer in each team is set at the same amount as existing set up at this stage and will 
be varied according to allocation plan in the experiment later. Other resources which 
most of them are managers, the quantity is fixed based on actual amount but 
capacity in the simulation will be scheduled. Since manager will not be ready for 
approve every PA immediately once it is issued and they also have other 
responsibility which may not directly relate to approval process. Moreover, they all 
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have their own pattern of approval behavior which can be seen in collected data 
then their capacity has to be scheduled based on their actual behavior. 

 
Data Used in the Model 

 Data is essential in simulation model construction which is used in many parts 
of the model including incoming rate, proportion assigning, process time, etc. The 
data used in the model are collected from following method  

- Data collection form which is the main data source of this study. The form is 

created and distributed to buyers and managers for them to fill out actual 

processing time in each step of their daily works. Buyers will mainly provide 

data of their sourcing process while data of approval process is collected 

from managers. The data is collected during 1-month period for this study. 

 

 
Figure 16 Example of Data Collection Form 

 

- Historical data which is used mainly used for scheduling incoming PA. The 

data is provided by support team of procurement department in form of 

department record and report. Data from this source is used to predict or 

estimate both quantity and type of PA in the simulation. 

- Interview with buyer which is used for some process those may not be 

recorded with data collection form easily. For instance, scope verification with 

buyer, this process may not be finished within one meeting or one phone 

call. It may require several conversation or interaction to complete the 



 

 

34 

process so it causes difficulty and complexity for buyers to record the 

processing time then the data collection form is not used for this type of 

process and the estimate from buyers is used to represent the processing 

time in the model instead. 

Since there is no enterprise management software or database system at the 
department. All of the data has to be clean manually. The data is verified with 
department record to check the overall cycle time of PAs. For processing time in 
each stage which filled in data collection form, data is compared with normal 
processing time from buyer’s estimation and also SLA. If there are some abnormal 
deviation, they have to be clarified with buyers in order to ensure that there is no 
human error in data recording from user. 
  
 Model Validation 
 Once all data is collected and verified, it will be put in the model to 
complete the construction of the simulation. The model needs to be validated 
before using as a parameter generator in order to ensure that it can represent the 
actual situation of the procurement process. 
 Firstly, the processing time from data collection form needs to be fitted into 
distribution. Two-third of data is separated for creating distribution those used in the 
simulation model while the rest will be set aside as a reference for validation. 

In this case, empirical distribution which derived from the probability is used for 
processing time in processes which are gathered from data collection form because 
buyers always round their processing time to the closest 5 minutes (e.g. 5, 10, 15 
minutes) when they recorded in their data collection form and these data cannot be 
fitted with any discrete distribution. Then each of distribution is individually validated 
by generating number from the distribution to compare with the reference that we 
have already set it aside at the beginning. Hypothesis testing with t-test is used for 
validating the result with 

H0:   µgenerated = µreference 

Ha:  µgenerated ≠ µreference 
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At α = 0.05 or 95% confidence level, H0 will be rejected if P-value is less than 
0.05 and the distribution cannot be used in the model. The result of this validation 
and the distribution of each process is presented in the below table. 

 

Table 4 Processing Time and Validation Result  

Team Budget Process Unit Distribution P-value 

Building 
 

Receive UPR minutes Empirical Distribution 0.54 
  

Verification hours 1.5 - 
 

<1m Wait for send 
requirement 

days Empirical Distribution 0.55 

 
Wait for quotation hours Empirical Distribution 0.42 

 
Negotiate with 
vendor 

minutes Empirical Distribution 0.58 

 
Issue PA minutes Empirical Distribution 0.94 

 
Telephone minutes 123 - 

 
1-5m Verify TOR minutes Empirical Distribution 0.39 

 
Wait for send 
requirement 

days Empirical Distribution 0.61 

 
Wait for quotation days Empirical Distribution 0.56 

 
Assign committee minutes Empirical Distribution 0.45 

 
Technical scoring minutes Empirical Distribution 0.66 

 
Brief TOR minutes Empirical Distribution 0.55 

 
Final negotiation minutes Empirical Distribution 0.58 

 
Wait for present PPR days 1 - 

 
Present PPR hours 1 - 

 
Issue PA minutes Empirical Distribution 0.77 

 
Telephone minutes 140 - 

 
>5m Verify TOR minutes Empirical Distribution 0.39 
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Table 4 Processing Time and Validation Result (Cont’d) 

Team Budget Process Unit Distribution P-value 
  

Wait for publish 
requirement 

days Empirical Distribution 0.61 

  
Publish requirement days 3 - 

  
Wait for quotation days Empirical Distribution 0.56 

  
Assign committee minutes Empirical Distribution 0.45 

  
Technical scoring minutes Empirical Distribution 0.66 

  
Brief TOR minutes Empirical Distribution 0.55 

  
Open envelope hours 1 - 

  
Final negotiation minutes Empirical Distribution 0.58 

  
Wait for present PPR days 1 - 

  
Present PPR hours 1 - 

  
Issue PA minutes Empirical Distribution 0.77 

  
Telephone minutes 160 - 

  
Approve 1 minutes Empirical Distribution 0.81 

General 
 

Receive UPR minutes Empirical Distribution 0.64 
  

Verification hours 1.5 - 
 

<1m Wait for send 
requirement 

days Empirical Distribution 0.47 

 
Wait for quotation hours Empirical Distribution 0.34 

 
Negotiate with 
vendor 

minutes Empirical Distribution 0.47 

 
Issue PA minutes Empirical Distribution 0.97 

 
Telephone minutes 132 - 

 
1-5m Verify TOR minutes Empirical Distribution 0.65 

  
Wait for send 
requirement 

days Empirical Distribution 0.89 
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Table 4 Processing Time and Validation Result (Cont’d) 

Team Budget Process Unit Distribution P-value 
  

Wait for quotation days Empirical Distribution 0.31 
  

Assign committee minutes Empirical Distribution 0.41 
  

Technical scoring minutes Empirical Distribution 0.68 
  

Brief TOR minutes Empirical Distribution 0.48 
  

Final negotiation minutes Empirical Distribution 0.68 
  

Wait for present PPR days 1 - 
  

Present PPR hours 1 - 
  

Issue PA minutes Empirical Distribution 0.68 
  

Telephone minutes 152 - 
 

>5m Verify TOR minutes Empirical Distribution 0.65 
 

Wait for publish 
requirement 

days Empirical Distribution 0.89 

 
Publish requirement days 3 - 

 
Wait for quotation days Empirical Distribution 0.31 

 
Assign committee minutes Empirical Distribution 0.41 

 
Technical scoring minutes Empirical Distribution 0.68 

 
Brief TOR minutes Empirical Distribution 0.48 

 
Open envelope hours 1 - 

 
Final negotiation minutes Empirical Distribution 0.68 

 
Wait for present PPR days 1 - 

 
Present PPR hours 1 - 

 
Issue PA minutes Empirical Distribution 0.68 

 
Telephone minutes 172 - 

  
Approve 1 minutes Empirical Distribution 0.94 

Outsource 
 

Receive UPR minutes Empirical Distribution 0.53 
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Table 4 Processing Time and Validation Result (Cont’d) 

Team Budget Process Unit Distribution P-value 
  

Verification hours 1.5 - 
 

<1m Wait for send 
requirement 

days Empirical Distribution 0.64 

 
Wait for quotation hours Empirical Distribution 0.45 

 
Negotiate with 
vendor 

minutes Empirical Distribution 0.37 

 
Issue PA minutes Empirical Distribution 0.84 

 
Telephone minutes 203 - 

 
1-5m Verify TOR minutes Empirical Distribution 0.56 

 
Wait for send 
requirement 

days Empirical Distribution 0.77 

 
Wait for quotation days Empirical Distribution 0.41 

 
Assign committee minutes Empirical Distribution 0.55 

 
Technical scoring minutes Empirical Distribution 0.47 

 
Brief TOR minutes Empirical Distribution 0.52 

 
Final negotiation minutes Empirical Distribution 0.62 

 
Wait for present PPR days 1 - 

 
Present PPR hours 1 - 

 
Issue PA minutes Empirical Distribution 0.73 

 
Telephone minutes 230 - 

 
>5m Verify TOR minutes Empirical Distribution 0.56 

  
Wait for publish 
requirement 

days Empirical Distribution 0.77 

  
Publish requirement days 3 - 

  
Wait for quotation days Empirical Distribution 0.41 

  
Assign committee minutes Empirical Distribution 0.55 
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Table 4 Processing Time and Validation Result (Cont’d) 

Team Budget Process Unit Distribution P-value 
  

Technical scoring minutes Empirical Distribution 0.47 
  

Brief TOR minutes Empirical Distribution 0.52 
  

Open envelope hours 1 - 
  

Final negotiation minutes Empirical Distribution 0.62 
  

Wait for present PPR days 1 - 
  

Present PPR hours 1 - 
  

Issue PA minutes Empirical Distribution 0.73 
  

Telephone minutes 265 - 
  

Approve 1 minutes Empirical Distribution 0.83 

Others 
 

Approve 2 minutes Expression - 
 

Receive PA minutes 1 - 
 

PO approval 1 minutes 3 - 
 

Final PO approve minutes 2 - 
 

Wait for print hours TRIA(0.5,1,1.5) - 
 

Print PO minutes 10 - 

 
Please note that the processes with a specific processing time are the 

processed that the processing time cannot be collected by data collection form then 
the interview with buyer has to be used for estimating the processing time instead. 
As a consequence, the statistical validation cannot be applied for these processing 
time. 

On the other hand, for the processes with distribution of processing time, all 
of them have the P-value more than 0.05. As a result, these distributions are 
statistically valid and can be used in the model. 
 At this stage, all the processing time ad their distribution of the processes in 
the simulation are defined and validated. The next step is to validate the model in 
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order to ensure the representability of the model. In order to validate the model, 
outputs from the model such as PA’s cycle times are compared with the actual 
ones. Outputs of the three teams, each with three sourcing methods, are validated 
separately. All of the settings in simulation such as number of operators in each 
team, working hours, etc. are set to be the same level as existing level to duplicate 
the situation of data collection period. The arrival rates and proportion of PAs in 
each team and budget are presented below 
 

Table 5 Proportion of PAs for Output Validation 

Team  Team  
Proportion 

Budget Proportion in Team 

<1M 1-5M 5-20M 20-50M >50M 

Building 31.82% 55.56% 31.75% 11.11% 1.59% 0.00% 

General 59.09% 78.63% 12.82% 3.42% 2.56% 2.56% 

Outsource 9.09% 44.44% 33.33% 11.11% 5.56% 5.56% 

 

Table 6 Arrival Rates of PAs for Output Validation 

Workday 

Arrival  
per 
hour Workday 

Arrival  
per 
hour Workday 

Arrival  
per 
hour 

1 6.125 8 0.75 15 0.75 

2 1.125 9 0.375 16 0.875 

3 0.5 10 1.125 17 0.875 

4 0.5 11 1.625 18 0.75 

5 2.25 12 0.5 19 1 

6 1.25 13 1.125 20 0.375 

7 1.625 14 1.25 21 0.125 
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The arrival rates and proportion of PAs which are used for model validation is 

the actual data during data collection period. Once all of parameters are set then 
the model is run for 1-month period (21 workdays) as an actual condition with 20 
replications.  

According to the nature of actual process, this is the non-terminating process 
from the fact that there are some jobs those cannot be done within a day and they 
can be carried over to the next day. As a consequence, warmup period of this 
process is defined by Welch’s procedure and results in 15 days of warmup period.  
Then the processing time of outputs from each team and sourcing method are 
separately collected for validation and result is shown as per below table. 
 

Table 7 Result of Output Validation 

Team Budget 
Actual Simulated 

P-value 
Mean Variance Mean Variance 

Building <1m  4.26   12.26   4.57   11.48   0.63  

Building 1-5m  4.20   7.22   5.19   12.29   0.25  

Building >5m  9.75   35.64   8.35   18.96   0.45  

General <1m  5.77   20.33   5.00   17.82   0.15  

General 1-5m  6.87   20.70   6.20   15.60   0.42  

General >5m  7.60   97.82   5.71   26.41   0.48  

Outsource <1m  2.92   6.99   4.06   6.93   0.21  

Outsource 1-5m  9.00   25.20   11.05   14.58   0.29  

Outsource >5m  9.60   56.30   11.78   41.94   0.58  
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The same method of validation is applied at this stage which is t-test hypothesis 

testing at 95% confidence level (α = 0.05) with  
H0:   µsimulated = µactual 

Ha:  µsimulated ≠ µactual 

The result in Table 7 shows that outputs from all teams and budgets have P-value 
more than 0.05 then H0 cannot be rejected. This model is statistically able to 
represent the actual situation of data collection period and ready to be used for 
experiments. 
  
 Design of Experiment 

 The main problem of the department is the high level of delayed work so 
this study aims to create the operator allocation in order to mitigate this problem by 
minimizing the number of this delayed works. The delayed work along with cycle 
time have been studied in quarterly basis as shown in Figure 14 and Figure 15. The 
result in these two figures reflects the pattern of the delayed work. For building 
team, the cycle time and delayed work are higher at the beginning of the year and 
decreased at the end of the year while the trend of general team is vice versa. The 
dynamic allocation plans are created in order to match with this trend. The 
allocation plan is also considered the option to add one additional operators into 
the process. The additional operator will be added in both static and dynamic 
allocation. Another main concern in creating new allocation plan is implementation 
stage of this plan. Each of allocation plan in Table 8 is created with a minimal 
modification to existing setting and also avoid reduction of operator in each team if 
possible. Finally, the allocation plans are created as shown in Table 8. 
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Table 8 Scenarios considered in the Experiments 

Scenario 

Quarter1 Quarter2 Quarter3 Quarter4 
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0 6 6 4 6 6 4 6 6 4 6 6 4 16 

D8887 8 5 3 8 5 3 8 5 3 7 6 3 16 

D7776 7 5 4 7 5 4 7 5 4 6 6 4 16 

D7766 7 5 4 7 5 4 6 6 4 6 6 4 16 

A-B 7 6 4 7 6 4 7 6 4 7 6 4 17 

A-G 6 7 4 6 7 4 6 7 4 6 7 4 17 

A-O 6 6 5 6 6 5 6 6 5 6 6 5 17 

AD8887 8 5 4 8 5 4 8 5 4 7 6 4 17 

AD7776 7 6 4 7 6 4 7 6 4 6 7 4 17 

AD8877 8 5 4 8 5 4 7 6 4 7 6 4 17 

 
At first, the existing setting of the department is defined in scenario 0 in order 

to reflect the actual situation as a reference in this research. Other scenarios are 
designed to demonstrate the possible allocations which created from above 
mentioned idea. Scenarios are labelled with alphabet and numbers. The alphabet 
refers to the main modification in the plan. D stands for dynamic operator allocation 
which operators in these plans are re-allocated dynamically among each quarter to 
catch up with the demand of each team. A is a label for a plan with additional 
operator which these scenarios are created in order to simulate the effect of adding 
operator into each team for the department to make decision without dynamic 
operator. AD refers to plan with both additional operator and also dynamic 
allocation is applied.  

Meanwhile, the number of in the labelling refers to number of operators in 
building team in each quarter since this team handle major part of the department. 
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For instance, D 8887 refers to the scenario with dynamic operator allocation which 
number of operators in building team in each quarter is 8,8,8 and 7 respectively. 

Scenario D8887 is created by considering workload of each team using 
number of PA weighted with SLA of each budget in each quarter. The number of 
operators in building team should be increased in the first 3 quarters while operator 
of outsource team should be reduced according to its low number of PA. 

Scenario D7776 is the scenario that try to allocate more operator to building 
team without reducing operator from outsource team because the reduction of 
operator may cause complication in actual operation and outsource team already 
has the smallest number of operators then reduction of operator in outsource team 
should be avoided if possible. Scenario D7766 is the modified version of D7776 since 
D7766 is the semi-annual operator allocation which may be more practical than 
D7776 with only 1-quarter allocation. 

Scenario A-B, A-G and A-O is the scenario that add 1 additional operator to 
building team, general team and outsource team respectively. These options may 
not be match with the dynamic demand but they are proposed and planned to be 
tested in case that the dynamic operator allocation is unable to implement at the 
department. 

Scenario AD8887 is created by matching the optimal number of operators in 
building team from scenario D8887 but there is no need to decrease the number of 
operators in outsource team in this case since there is one additional operator. In 
order to avoid reduction of operators in each team, scenario AD7776 is created for 
minimizing negative reaction and complication which may occur in the operation. 
Finally, Scenario AD8877 is the modified version of scenario AD8887 but with semi-
annual allocation instead of quarter allocation.  

Each of these scenarios will be run in the simulation model by scheduling 
operators which are buyers in each team according to the plan. In each experiment, 
the model will be run with 1-year duration and 20 replications in order to represent 
the effect of allocation in all 4 quarters. The daily arrival rate of PA in 2016 is used in 
order to represent the quantity of incoming work and the proportion of PA is defined 
by quarterly average of historical data from 2012 to 2015 as per following table. 



 

 

45 

Table 9 Quarterly PA Proportion by Budget 

Team Quarter PA Proportion by Budget 

<1M 1-5M 5-20M 20-50M >50M 

Building 1 86.07% 10.63% 2.42% 0.73% 0.16% 

2 84.05% 12.71% 3.00% 0.01% 0.22% 

3 80.93% 14.73% 3.39% 0.61% 0.35% 

4 80.99% 15.14% 3.33% 0.23% 0.31% 

General 1 85.20% 9.69% 4.40% 0.00% 0.72% 

2 86.12% 10.82% 2.49% 0.38% 0.18% 

3 87.04% 8.89% 2.91% 0.63% 0.53% 

4 85.60% 10.96% 2.13% 0.51% 0.80% 

Outsource 1 66.58% 13.05% 10.00% 3.40% 6.97% 

2 69.61% 15.04% 9.38% 1.74% 4.23% 

3 76.28% 13.59% 7.37% 1.37% 1.39% 

4 80.67% 9.53% 2.32% 2.32% 5.16% 

 

Table 10 Quarterly PA Proportion by Team 

 

PA Proportion by Team 

Building General Outsource 

Q1 57.90% 29.43% 12.67% 

Q2 55.09% 31.99% 12.92% 

Q3 50.46% 36.01% 13.53% 

Q4 43.85% 42.23% 13.92% 
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The team and budget proportion of PAs in Table 9 and  
Table 10 are input in the model as expressions to assign a team and budget 

to PA according to its arrival date.  
In order to solely reflect the effect of operator allocation in this study, the 

main external factor which is vendors are assumed to perform at committed level. In 
this case, they are assumed that they will submit the quotation within the period 
indicated in the procurement policy according to below table. 
 

Table 11 Request for Quotation Period 

Budget of quotation Submission period 

Below 1 million Baht 1 day 

Between 1-5 million Baht 2 days 
Above 5 million Baht 5 days 

 
Table 11 shows the committed period of request for quotation process which is the 
duration that all vendors who receive the enquiry need to submit the quotation 
within this deadline. In the simulation, the quotation submission period is set to 
these periods constantly. Moreover, operators or buyers are responsible for other 
tasks in daily operation e.g. following up the outstanding transaction, goods receiving, 
making report, etc. The time consumed by these non-PA-related activities are 
removed from the operating hours of the process since the only time for PA-related 
are considered in this study. As a consequence, the process is set to be active for 
only 6 hours per day in the simulation. Once all parameters are set then each 
scenario is simulated in the model. The parameters in Table 2 are collected and will 
be evaluated with DEA in the next step. 
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9. Results and Analysis 

Results from Simulation 
One of the major benefits of simulation is the reflection of process 

modification without actual implementation. In this case, all of scenarios are tested 
in the simulation in order to study their benefit to operation though set of 
parameters. The department is not necessary to make any adjustment to their daily 
operation which may create complication and negative effect to their performance. 

In scenario 0, the operator allocation is set to be as-is condition. The 
operators are statically set to each team which are 6 operators for building team, 6 
operators for general team and 4 operators for outsource team. These teams have to 
handle the incoming UPR according to proportion of historical data as mentioned 
above. The proportion of works in each team is presented in the following figure. 

 

 
Figure 17 Proportion of PAs from Simulation 

Figure 17 shows the proportion of works for each team from the simulation 
which presents the same proportion as Figure 11. This also reflects the problem of 
this study which is imbalance workload among teams. Building team has to handle 
with the most PAs of the department which is 52% of total PAs while outsource 

52%35%

13%

Proportion of PA from Simulation

Building General Outsource
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team get the smallest number of works at only 13%. This imbalance workload leads 
to unequal utilization which presented below. 
 

 
Figure 18 Average of Operator Utilization from Scenario 0 

This figure shows imbalance utilization among teams. Building team which 
hold the highest number of PAs results in the highest operator utilization at 0.82 
while outsource team with the smallest number of works shows only 0.42 of 
operator utilization. At this level of utilization of building team, the high number of 
delay rate can be expected because of higher waiting time and longer queue. The 
simulation is also able to present this problem in form of waiting time in the process. 
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Figure 19 Average Waiting Time in Each Team from Scenario 0 

The waiting time in process also responds to the trend of utilization. Building 
team with the highest utilization gets the highest average waiting time at 0.45 days 
while outsource team has only 0.08 days of waiting time. The waiting time at almost 
half of the day of building team shows the problem of non-matching between 
number of works and operators. Operators in this team do not have enough time to 
finish the job efficiently which represented from their utilization at high level then it 
leads to high waiting time. On average, each job of building team needs to wait for 
almost half of the day before it can be processed and finished all the activities in the 
procurement process. This can lead to more delay works which the result from 
simulation is presented hereinafter.  
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Figure 20 Number of Delayed Works from Scenario 0 

The number of delayed works in building team is relatively high compared 
with other teams. This reflects the actual situation of the procurement team which 
they are facing with high delayed work rate. The operator allocation in Table 8 is 
created in order to minimize these kind of works and helps the department to 
improve their performance. 
 Scenario D8887, D7776, D7766 are created by studying demand of 
procurement for each team in quarterly basis. Operators are reallocated in scenarios 
in order to match with the fluctuated demand and also operation aspects as 
described in previous section. By assigning more operator to building, this results in 
less utilization of operators in building team but also increases the utilization of 
other team as shown in Figure 21 below. 
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Figure 21 Average Operator Utilization by team from Scenario 0, D8886, D7776, 

D7766 

This figure shows average operator utilization among scenarios which dynamic 
operator allocation is applied without additional operator. The overall average 
operator utilization are the same in these scenarios (at 0.63) since they all have 16 
operators in the process and the rate of incoming UPR is the same. But with different 
operator allocation plan, they present variety of operator utilization among teams. 
Operators in building team of scenario 0 show the highest utilization. In other 
scenarios, the utilization of building team operator is lower because the allocation 
mainly moves operator from other team to building team in order to support higher 
demand. Scenario D8887 shows the lowest utilization among these 4 scenarios while 
results in the highest utilization of operator in outsource team. This is caused by the 
additional operator in building team is moved from outsource team then it results in 
this changing in utilization. For utilization of operators in general team, scenario 
D8886 and D7776 present the high utilization because these two scenarios allocate 
one operator to building team in the first three quarters while scenario D7766 shows 
a little lower utilization since it allocates one operator from this team to building 
team for only two quarters. By assigning from other teams to building team, this 
lowers the utilization of building team but also needs trade-off by increasing 
utilization from other teams. 
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 In scenario A-B, A-G and A-O, one additional operator is added into building, 
general and outsource team respectively. It helps to lower the utilization of those 
particular team with additional operator while the rest remains the same as in 
scenario 0 as shown below. 
 

 
 Figure 22 Average Operator Utilization by team from Scenario 0, A-B, A-G, A-O 

 In scenario with additional operator and dynamic allocation, those scenarios 
are AD8887, AD7776, and AD8877. The effect of these scenario is quite similar to 
scenario with dynamic allocation (D8887, D7776, D7766) except the less negative 
effect of dynamic allocation because of one additional operator then the 
requirement to reallocate operator to building team is less. The result is shown in 
below figure. 
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Figure 23 Average Operator Utilization by team from Scenario 0, AD8887, AD7776, 

AD8877 

By allocating more operator to building team, the utilization operator of 
building team is decreased. AD8887 is the scenario with the most operator in building 
in this case team then it shows the lowest utilization of building team but it also 
results in the highest utilization of general team since it requires allocation of 
operator from general team to building team. While the other two scenarios allocate 
operators to building team with lower magnitude then they present higher utilization 
of building team and lower for general team. As mentioned above, the additional 
operator helps to avoid reduction of operators in each team for dynamic operator 
allocation. Comparing between D scenarios and AD scenarios with the same 
allocation of operators in building team, for instance, D8887 and AD8887 are the 
scenario with the same setting of operator in building and general team which results 
in same utilization for building team in both scenarios. But the D8887 results in 
higher utilization for outsource team due to reduction of operator in this team while 
AD8887 does not require the reduction of operator due to the effect of additional 
operator. This effect can be found in scenario D7776 and AD7776 also. D7776 
requires one operator allocation from general team in order to increase number of 
operators in building team while additional operator in AD7776 can fulfill this 
requirement without moving operator out of general team. This causes higher 
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utilization of operators in general team for scenario D7776 while this parameter can 
be maintained at the current level for AD7776. 
 The utilization of operators can leads to the average cycle time of each 
scenarios. Since the higher utilization of operators results in higher waiting time in the 
process than the higher cycle time of the process can be expected. Since majority of 
PA in each team are PAs with budget below 1 million (52% on average). This type of 
PA is selected to represent the relationship between cycle time and the utilization as 
presented below 
 

 
Figure 24 Relationship between Average Cycle time of PAs with budget lower than 

1million and Operator Utilization in Building Team 

 -
 0.20
 0.40
 0.60
 0.80
 1.00

0

2

4

6

0

D8
88

7

D7
77

6

D7
76

6

A-
B

A-
G

A-
O

AD
 8

88
7

AD
 7

77
6

AD
 8

87
7

Da
ys

Avg. Cycle Time vs Utilization of Building Team

Utilization Avg. Cycle time



 

 

55 

 
Figure 25 Relationship between Average Cycle time of PAs with budget lower than 

1million and Operator Utilization in General Team 

 

 
Figure 26 Relationship between Average Cycle time of PAs with budget lower than 

1million and Operator Utilization in Outsource Team 

Figure 24, Figure 25 and Figure 26 show the relationship between operator 
utilization and average cycle time. They represent the close relationship between 
these two parameters by showing the same trend in each team among scenarios. As 
expected, a lower utilization leads to lower cycle time of process which this trend is 
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also applied to PAs with budget between 1-5 million and above 5 million.  By 
increasing number of operators, the waiting time in process is decreased which leads 
to lower cycle time as shown in figures above. The correlation between number of 
operators and average cycle time has been studied in order to support the effect of 
operator allocation to the cycle time. 
 

 
Figure 27 Correlation between Number of Operators and Average Cycle Time 

Figure 27 shows the strong correlation between number of operator and average 
cycle time. The correlation is on negative side because cycle time is decreased when 
the number of operators is increased. In addition, the correlation is at high level 
especially for building team which caused by the fact that this team has the highest 
number of PAs and utilization then changing in the amount of operators can strongly 
affect to the cycle time of this team. The correlation is weaker when the budget of 
PAs is increased because of less workload then number of operators has less effect 
to the process. This can be concluded that the operator allocation has a strong 
effect to the process performance by improving the cycle time when more operators 
are assigned which is the objective of this study. However, the operator allocation 
can reduce significant amount of operator utilization but not the cycle time. Even 
though, the cycle time has the same trend of improvement as utilization but the 
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magnitude of improvement is not the same level as utilization. This caused by the 
fact that 

- The cycle time of the process is dominated by external factors like quotation 

submission period, waiting for negotiation, etc. The operator allocation helps 

to reduce waiting time in operator-related activities by improving utilization of 

operators. But the fact that these activities may take only hours to complete 

while non-operator-related activities take days causes the improvement of 

cycle time to be at low level compared with the operator utilization. 

- Approvers normally approve PAs in batch basis which another factor that 

impede the improvement of the cycle time. As mentioned in previous reason, 

the operator allocation can only improve the performance of operator-

related activities which they are in the scale of hour. But this improvement is 

also diminished by the batch approval of approver. Since the approver does 

not approve the PA immediately after the creation of PA from buyer, the 

improvement on buyer side will be weakened by the waiting time for 

approval. 

Even though the improvement of cycle time does not take significant effect 
as expected, this reduction of cycle time still helps the department to correct the 
problem of delayed work. The relationship between cycle time and number of 
delayed work is presented in below figure. 
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Figure 28 Relationship between Average Cycle time and Number of Delayed Works 

Figure 28 presents the relationship between average cycle time and number 
of delayed works. It shows the similar trend which reflects strong relationship 
between these two parameters. Even though there is no significant improvement of 
the cycle time in this case, but the lower cycle time can still help the department by 
reducing number of delayed works which is the major problem currently. Scenario 
AD8887 with the lowest cycle time can reduce the number of delayed work from 
1,805 cases of scenario 0 to 1662 cases which is 8% reduction. 
 In conclusion, operator allocation affects to the performance of the 
procurement process. The additional operator can reduce the utilization of operators 
by sharing workload within team which leads to better cycle time of the process. 
This is also supported by the strong negative correlation between number operator 
and the cycle time of the process. Assigning more operators results in less cycle time 
from the lower utilization. The dynamic operator allocation which is designed to 
match with fluctuation of demand for procurement in each team helps to balance 
the utilization of operators among teams which leads to better cycle time and finally 
reduces the number of delayed works which is the major problem of this particular 
procurement department. 
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Alternatives Evaluation 
 According to result from previous section, the operator allocation can help 
the procurement department improving their process by balancing utilization within 
teams. The different allocation plan creates variety of effects to the process. All of 
the parameters in Table 2 are considered in ranking basis in order to visualize the 
performance of each scenario. 
 

 
Figure 29 Ranking of Scenarios by Parameter 

Scenario AD8887 results in the best improvement among scenarios from 
many aspects which can reduce the delayed work at 8% but this scenario requires 
one additional operator and also need one reallocation of operator. Even though, 
this scenario gives the best outcome but it may not be the most efficient alternative 
when trade-off between required resources and level of output are considered. 
D8887 or D7776 can be a candidate for the best alternative since it requires no 
additional operator but also able to improve the performance of the procurement 
process. In order to evaluate alternatives considering this trade-off, Data 
Envelopment Analysis (DEA) model is applied for assessing performance of each 
scenarios.  
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DEA is a methodology for empirically measure the productive efficiency of 
alternatives which can assess each option with multiple criteria simultaneously. DEA 
will optimize weight for each parameter relatively in order to reflect the efficiency of 
each scenario by giving efficiency score. The scenario with the score of 1 is 
considered as the efficient scenario. 

Prior to the assessment, each of delayed work should be weighted with its 
budget in order to reflect the severity of the delay. The weighted scoring for each 
scenario is presented hereinafter. 

 
Table 12 Weighted Scoring of Delayed Works 
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0 1555 197 54 1806 2111 

D8887 1465 180 53 1698 1984 

D7776 1514 181 53 1748 2035 

D7766 1531 183 53 1767 2056 

A-B 1470 182 53 1705 1993 

A-G 1530 190 52 1772 2066 

A-O 1549 191 53 1793 2090 

AD8887 1435 172 55 1662 1944 

AD7776 1478 182 54 1714 2004 

AD8877 1448 181 56 1685 1978 
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This delay scoring will be gathered with other parameters in Table 2 which 
are collected from the simulation model for each scenario in order to create 
evaluation criteria for DEA. The parameters are shown as per below table. 

 
Table 13 Parameters for DEA 
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0 2,111 4.97 7.34 13.21 16 0 2,137 0.63 

D8887 1,984 4.54 6.55 12.78 16 1 2,144 0.63 

D7776 2,035 4.65 6.72 12.71 16 1 2,146 0.63 

D7766 2,056 4.85 7.09 12.90 16 1 2,147 0.63 

A-B 1,993 4.51 6.53 12.52 17 0 2,147 0.59 

A-G 2,066 4.77 7.10 12.96 17 0 2,142 0.59 

A-O 2,090 4.94 7.21 12.88 17 0 2,139 0.59 

AD8887 1,944 4.47 6.36 12.49 17 1 2,151 0.59 

AD7776 2,004 4.51 6.62 12.68 17 1 2,149 0.59 

AD8877 1,978 4.48 6.47 12.59 17 1 2,150 0.59 

 
These parameters will be put in the DEA model and each scenario will be 

evaluated based on these parameters. In this stage, BCC model is applied for 
evaluating each scenario first. BCC is one of the simplest model of DEA which is a 
good starting model for this assessment. The result from BCC model is presented 
hereinafter. 
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Table 14 Result of BCC 

 v1 v2 v3 v4 v5 v6 u1 u2 Score 

0 0.0005   -     -     -     -    0.0602   -    1.5873  1.0000  

D8887 0.0005   -     -     -     -     -     -    1.5873  1.0000  

D7776 0.0001   -     -    0.0642   -     -     -    1.5873  1.0000  

D7766 -  -     -     -    0.0625   -     -    1.5873  1.0000  

A-B 0.0004   -    0.0204   -     -    0.0714   -    1.6949  1.0000  

A-G 0.0002   -     -     -    0.0313  0.0320  0.0005   -    0.9812  

A-O  -     -     -    0.0375  0.0304  0.0228  0.0005   -    0.9827  

AD8887 0.0005   -     -     -     -     -    0.0003  0.5685  1.0000  

AD7776  -    0.1688   -     -    0.0136  0.0073  0.0005   -    0.9930  

AD8877  -    0.7602   -     -    0.2324  0.0074  0.9990   -    0.9990  

 
v1 to v6 are the weight of inputs and u1 to u2 are the weight of outputs in 

Table 13. The objective function of BCC is to maximize the score in each scenario by 
optimize the weight of input and output. One of the drawbacks of BCC is the bias 
which may occur in the optimization. In order to maximize the score for particular 
scenario, some of parameters are excluded from the analysis by given the weight at 
0. Then there are high possibilities that more than one scenarios are awarded as an 
efficient scenario with score of 1. This situation is called low discriminating power of 
BCC which refers to the situation that BCC cannot distinguish efficiency of scenarios 
by giving multiple score of 1. In this case, there is no significant different in 
parameters in each scenario due to the external factors as mentioned then the BCC 
with low discriminating power cannot distinguish efficiency among scenarios. 6 out of 
10 scenarios are awarded as an efficient scenario which some of them are considered 
only 3 parameters. The scenario selection cannot be made with this multiple-
awarded result. Then Multiple Criteria Data Envelopment Analysis (MCDEA) model 
will be applied in order to distinguish efficiency of these scenarios. The result of 
MCDEA is presented as per following tables. 
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Table 15 Result of MCDEA – max score objective 

 v1 v2 v3 v4 v5 v6 u1 u2 Score 

0  -     -    0.1433   -     -    0.0614   -    1.5873  1.0000 

D8887  -     -    0.1433   -     -    0.0614   -    1.5873  1.0000 

D7776 0.0001  3E-06  -    0.0599  0.0011  0.0496   -    1.5873  1.0000 

D7766  -     -     -    2E-07 0.0551  0.1186   -    1.5873  1.0000 

A-B 3E-06 7E-08 1E-07 4E-07 0.0551  0.1232   -    1.6949  1.0000 

A-G  -    7E-08 1E-07 4E-07 0.0588  0.1282   -    1.6949  1.0000 

A-O  -    7E-08 1E-07 4E-07 0.0588  0.1282   -    1.6949  1.0000 

AD8887 0.0001  7E-08 1E-07 0.0421  0.0186  0.0068  0.0005  -2E-07 1.0000 

AD7776  -    0.1688  1E-07  -    0.0136  0.0073  0.0005   -    0.9930 

AD8877  -    0.1698  5E-07  -    0.0137  0.0074  0.0005   -    0.9990 

 

Table 16 Result of MCDEA – minmax objective 

 v1 v2 v3 v4 v5 v6 u1 u2 Score 

0 3E-11 -2E-07 0.1349   -    5E-08 0.0246  0.0002  0.6814  0.9066  

D8887 5E-05 1E-07 0.1348  3E-07 3E-07 0.0269  0.0003  0.7312  1.0000  

D7776 3E-05 0.0002  0.1348  3E-07 3E-07 0.0252  0.0002  0.7156  0.9756  

D7766 1E-05 0.0002  0.1349  3E-07 3E-07 0.0217  0.0002  0.6901  0.9271  

A-B 1E-05 0.0002  0.1348   -    0.0057  0.0235  0.0003  0.5606  0.9980  

A-G 8E-06 0.0002  0.1349  0.0018   -    0.0231  0.0002  0.7027  0.9189  

A-O 1E-06 0.0002  0.1349  0.0018   -    0.0220  0.0002  0.6945  0.9029  

AD8887  -     -    0.1288   -    0.0066  0.0693   -    1.6156  0.9532  

AD7776  -     -    0.1349   -    0.0053  0.0166  0.0003  0.5584  0.9643  

AD8877  -     -    0.1302   -    0.0020  0.0454   -    1.4759  0.9491  
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Table 17 Result of MCDEA – minsum objective 

 v1 v2 v3 v4 v5 v6 u1 u2 Score 

0  -     -    0.1307   -     -    0.0418   -    1.4252  0.8979  

D8887  -     -    0.1486   -     -    0.0270  0.0002  0.7479  1.0000  

D7776  -     -    0.1449   -     -    0.0263  0.0002  0.7293  0.9757  

D7766  -     -    0.1376   -     -    0.0250  0.0002  0.6925  0.9265  

A-B  -    1E-07 0.1488   -    0.0016  0.0271  0.0003  0.7129  0.9964  

A-G  -    1E-07 0.1408   -     -    0.0256  0.0002  0.7090  0.9191  

A-O  -    1E-07 0.1386   -     -    0.0252  0.0002  0.6979  0.9040  

AD8887  -    2E-07 0.1488   -    0.0016  0.0271  0.0003  0.7143  0.9990  

AD7776  -    2E-07 0.1470   -     -    0.0267  0.0002  0.7401  0.9612  

AD8877  -    2E-07 0.1488   -    0.0006  0.0271  0.0003  0.7362  0.9831  

 
According to above tables, more parameters are considered through multiple 

objective of MCDEA compared with single objective of BCC. The multiple objective of 
MCDEA can reduce bias of the model which try to maximize efficient score of 
alternative by removing parameter from the analysis. Multiple objective functions 
force the model to consider parameters in more perspectives for granting efficient 
score. This results in higher discriminating power of MCDEA. In this case, there is only 
one scenario which is awarded as an efficient alternative from BCC and all objective 
functions of MCDEA. Even though scenario AD8887 shows the best outcome in term 
of the lowest cycle time and number of delayed works but it is not awarded as an 
efficient alternative. On the other hand, scenario D8887 does not give the best 
outcome among 10 scenarios but it can be considered as the best scenario without 
adding additional operators.  
 Finally, with the best efficient allocation which is D8887, the procurement 
department can reduce their number of delayed works by 6% (from 1805 cases to 
1698 cases) without additional operator. 
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Discussion 
 This study only focuses on the improvement of procurement process by 
operator allocation which is the internal process that can be directly managed by the 
department itself. Operator allocation is the process improvement which affects to 
only operator-related activities. But in practice, procurement process is the process 
that involves several parties both internal parties (e.g. law and regulation, security, 
building management, marketing, etc.) and external parties especially suppliers. 
 Suppliers or vendors play an important role in procurement process by 
supplying required product/service to the bank according to enquiry sent by buyers. 
The procurement process requires vendors to submit their quotation prior to delivery 
of the product/service in order to comparing offers from at least 3 different vendors. 
After enquiry is sent from buyer to vendors, buyer need to wait for quotation from 
suppliers which can be considered as an idle time of buyer. Moreover, this period 
can cause higher cycle time from longer waiting time if supplier does not send 
quotation within the period in Table 11. The quotation submission period of the PA 
with budget below 1million is selected to be a case study from its high proportion in 
total PA (52%). In addition, PA with budget below 1million has less complexity in 
requirement or specification from user compared with PA with higher budget which is 
more complex and may require more clarification and communication with vendor. 
Then vendor who receive the enquiry of product/service with budget below 1million 
should be able to create quotation and submit to buyer within the desired duration. 
 According to data from data collection form, it shows that currently there are 
some jobs that vendors submit the quotation beyond the commit period as shown 
in the following figure. 
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Figure 30 Percentage of Quotation Submission Period  

 According to the procurement agreement for PA with budget below 1million, 
vendors should submit their quotation within 1 day after receiving procurement 
enquiry from user. But from the data presented in Figure 30, it shows that there are 
21% of total jobs that vendors submit the quotation beyond the agreed time which 
can be implied that 21% of works are certainly delayed from vendors and buyer 
cannot do anything to shorten the cycle time for these cases. 
 In order to minimize the delayed works, management and buyers need to 
coordinate with vendors in order to minimize the quotation submission period by 
following means. 

- Introduce more bulk bidding: Bulk bidding is the bidding method for some 

regular items those need to be purchase regularly through the year. The 

bidding takes place only once at the beginning of the year. The price from 

this bidding will be applied every time the item need to be purchased within 

a year. This eliminates time consumed by repeat sourcing process of the 

same item. 

- Set up vendor ranking system: Ranking system can help to award vendors 

who perform and cooperate well according to the procurement policy which 

promptly submit quotation is also one dimension of evaluation. The ranking 
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will incentivize the vendor to submit quotation within designed period for 

getting other benefit of higher ranking. 

- Sign more long-term contract with vendors: Close and long-term relationship 

with vendor help to improve the performance process since the vendor has 

already known the regulation and culture of the department then they 

should be able to perform according to the policy of the department. 

- Implement forecasting for regular purchased items: Using forecasting 

technique can prevent delay of quotation submission by sending enquiry to 

vendors in advance. Buyer will know the estimate quantity and also the 

period that user may want the product/service from forecasting result then 

the enquiry can be sent to vendors prior to creation of UPR from user. 

With above mentioned method, the department should be able to decrease 
the delay of quotation submission which leads to reduction of number of delayed 
works eventually. The estimate of improvement has been done in the simulation 
model and the result is presented hereinafter. 

 

 
Figure 31% Reduction of Delayed work when the delayed quotation submission 

period is increased. 
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 Figure 31 shows the relationship between total number of delayed works and 
% of delayed quotation submission. The horizontal axis is the percentage of delayed 
quotation submission while the vertical axis shows changing percentage of total 
number of delayed works. More of delayed quotation submission results in more of 
delayed works. On the other hand, the number of delayed works can be decreased 
by reduction of delayed quotation submission. Finally, the total number of delay 
should be reduced by 12% if all of the quotations are submitted within the desired 
period which is a great improvement of the department if they can achieve at this 
level. 
 In conclusion, the delayed works of the procurement department should be 
rectified in order to ensure the satisfaction of both internal and external customers. 
The improvement of performance can be done by improving internally and managing 
external party. In term of internal improvement, operator allocation can improve the 
process by balancing operator utilization which lead to lower cycle time and also 
number of delayed works. For managing external parties, performance of vendors 
should be focused especially for quotation submission period. Currently, there are 
21% of quotations those submitted beyond the deadline which creates delayed of 
PAs. By eliminating this delay, the procurement department can reduce the number 
of delayed works up to 12% through strategic procurement policy and better 
cooperation with vendors. 
 

10. Conclusion and Recommendation 

Currently, the procurement department in this case study is facing with high 
delayed rate of procurement tasks which caused partly by the imbalanced workloads 
among its three teams and the fluctuation of demands over the year. This study 
applies an operator allocation in order to tackle this problem. The dynamic operator 
allocation plans are proposed in order to match the unequally distributed workload 
and demand fluctuations. 
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By applying Computer Simulation and Data Envelopment Analysis (DEA), each 
allocation plan is simulated and evaluated based on set parameters. BCC and MCDEA 
model is used and really help to evaluate multiple criteria by considering efficiency 
between input and output simultaneously which is better than consider some criteria 
individually which may result in the alternative that give only some best parameters. 

The combination between computer simulation and DEA can be considered 
as a powerful tool to simulate and evaluate any option prior to actual 
implementation. Organizations can use this tool to assess alternative when multiple 
criteria need to be concerned and foresee expected situation which also helps to 
avoid unpredicted loss or disturbance in an actual operation. 

In this case, BCC and MCDEA, they obviously present their discriminating 
power. BCC with lower discriminating power cannot distinguish efficiency of 
alternatives with slight different performances. While MCDEA with multiple objective 
functions can reduce bias of the model and results in a higher discriminating power.  

Finally, scenario D8887 is awarded to be an efficient option by getting score 
of 1 from BCC and all of the objective functions of MCDEA. Even though, this 
scenario does not give the lowest number of delayed works and cycle time but it 
requires no additional operator and produces reasonable outcome. The scenario 
AD8887 may result in the lowest number of delayed works but scenario D8887 gives 
slight higher in a number of delayed works but requires no additional operator and 
also produces a higher operator utilization. 

As a consequence, scenario D8887 is awarded from DEA model to be an 
efficient scenario in this case. The procurement department can reduce their number 
of delayed works by 6% with this allocation plan. 

Normally, operator allocations in many departments of the bank were made 
by the management of the department in order to solve daily operation problem 
such as delay reduction, lowering utilization of operators, etc. As a consequence, the 
allocations are regularly able to cope with only one objective from the fact that the 
management has no decision-making tool to make an efficient operator allocation 
plan. Moreover, adding operators to the process is always an option for the 
management since additional operators can help to lower workload of operators and 
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complication in the process. But additional operator also requires higher resources in 
term higher fixed cost and training period. 

According to the result of this study, the scenario with the best performance 
in some parameters may not be the best alternative in term of efficiency considering 
tradeoff between its required resources and outcomes. The bank can apply this 
framework for the next operator allocation in order to create a more efficient 
allocation plan. By in-depth studying of the process, simulating desired allocation 
plan or estimating the effect of the allocation to the output of the process, 
evaluating efficiency of each alternatives with DEA, this framework should lead to a 
more efficient alternative which may not require an additional operator as presented 
in this study. Eventually, this decision-making framework should help the bank to 
make an efficient decision which leads to better business performance with the 
lower resources. 

For future improvement of this research, data collection should be done in 
wider duration for representing behavior of system in more varieties of condition in 
order to get more reliable results. Moreover, other models of DEA can be applied for 
controlling the weight of each parameter. Number of delayed works should be more 
focused and the weight of this parameter should be given at higher rate in order to 
reflect the importance of this parameter. Then evaluation can be made based on 
the give importance of each parameter. 

 
 
.
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