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Operator Allocation in Procurement Process Using Computer Simulation and
Data Envelopment Analysis
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Abstract

Thailand’s commercial banks have been in fierce competition for quite some years. Procurement is
an important department where strategic decisions are made. With various procurement types and demand
fluctuation over the year, the bank could find it difficult to allocate operators to efficiently handle the tasks at
hand. In this research, a procurement department of an existing Thai bank is used as a case study. In this
particular bank, procurement department is divided into three teams which handle different types of
procurement: Building, Outsourcing and General procurement. Currently, they are facing with a high rate of
overall delayed work caused by a seasonal pattern of demand. Quarterly dynamic operator allocation
alternatives are proposed in order to mitigate the effects of demand fluctuation and reduce the delayed work
rate. The ARENA computer simulation is applied to assess alternatives. Parameters from the simulation model
are collected and used for evaluating the alternative in Data Envelopment Analysis (DEA). Two DEA models
which are BCC and MCDEA are used to determine the best allocation plan among alternatives. From simulation
result, with proper operator allocation, the department can balance the operator utilization among teams which
leads to lower cycle time and also the number of delayed work. Then these allocation plans are evaluated with
DEA model. MCDEA shows superior discriminating power over BCC model by awarding only two scenarios
while BCC award to 7 out 9 scenarios to be an efficient alternative. Finally, with the best efficient allocation
plan, the procurement department can reduce the number of delayed works by 2.6% without adding additional
operator.
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1. Introduction the process then the allocation decision should be

In Thailand, there are 14 commercial banks

which  compete intensely in the present.
Procurement plays important role for supporting
main operation by sourcing required resources
strategically to improve competitiveness and ensure
customer  satisfaction. Hence, efficiency of
procurement greatly affects responsiveness and cost
of the business.

Bank A is one of the leading commercial
banks in Thailand that aims to enhance their
business competitiveness then the procurement
department is demanded to improve its efficiency in
order to align with a business goal. Procurement
process can be considered as a labor-intensive
manufacturing process with User Purchase Request
(UPR) as an input and Purchase Order (PO) as an
output. As a consequence, operator allocation is an

important factor to the productivity and efficiency of

well defined in order to ensure the improvement of

the performance.

2. Procurement Process

The major procurement section for the bank,
operators are called as “buyer” who responsible for
execute procurement process according to the
procurement policy. They are divided into 3 teams to
handle different types of product which are Building
team, General team and Outsource team.

Procurement process can be simply described
as a conversion process of UPR into Purchase
Approval (PA) and PO. The procurement process
begins with creation of UPR from user then buyer
will process the request according to sourcing policy.
The difference types of sourcing process are applied
for UPRs with various ranges of budget. The

sourcing process can be separated by budget range

Sl 171 4 a1l 2 nangan-FuNAN 2561



M5F1IUILIND ﬁ’JﬂiiNq@lﬁ’lﬁ ﬂ'li1‘7|il (Thai Industrial Engineering Network Journal)

as shown in figure 1.

For PA budgeted below 1,000,000 Baht,
sourcing process can be simply done with sending
inquiry to at least 3 vendors for their quotation. Buyer
will make negotiation once all quotations are
received then issue PA to their manager for
approval.

Secondly, PA with 1,000,000 to 5,000,000
Baht, the “Bidding” process will be applied for
sourcing. 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. Once all quotations are submitted,
each vendor will be evaluated based on designed
criteria set by purchasing committee and then PA will
be issued after negotiation is finished and vendor is
selected.

Finally, PA with value more than 5,000,000
Baht, inquiry will be publicly announced and vendors
have to make their bid on “Sealed Bidding” system
then all bids will be opened on specific date and
contract will be awarded. PA will be issued after
criteria evaluation and negotiation.

In conclusion, the PA with higher required
budget incurs more complex, higher approval

authority and longer process time.

<1,000,000 THB

(Quotation Inquiry)

1,000,000-5,000,000 THB
Sourcing Process

(Bidding)

>5,000,000 THB

(Sealed Bidding)

Figure 1 Diagram of Sourcing Process

3. Current Situation
Currently, management of the department has

a direction to redefine manpower in order to get the

best outcome from their existing resources. This
study is started with observation of demand which
refers to number of incoming UPR in quarterly basis.

On average, demand for each team are not
equal and distributed among 3 teams as 52% for
building team, 35% general team and 13% for
outsource team. Currently, the bank has total of 16
buyers in procurement department which 6 buyers
are assigned to Building team, 6 buyers to General
team and 4 buyers to Outsource team. From 2012
to 2015, demand of users which can be implied from
number of PA 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 are shown in figure 2.

Quarterly Average Number of PA

150
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Q1 Q2 Q3 Q4

Outsource

e BUILAING ey General

Figure 2 Quarterly trend of PA quantity by team from
2012-2015

The result shows pattern of transaction quantity
which varies between teams. Quantity of work for
Building team is high at the beginning of the year
and decreases continuously through the end of the
year. On the other hand, workload for General team
gradually raises after second quarter meanwhile
outsource requirement is quite constant. Major
problem of the department is high delayed work rate

which refers to procurement transactions those have
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cycle time more than committed service level
agreement (SLA). The trend of delay work is
presented in figure 3 below. It shows the similar

trend to the quantity of PA.

Quarterly Average Delay Rate

40.00%
30.00% T
10.00%

0.00%

Q1 Q2 Q3 Q4

Outsource

el BUILAING  exmgys General

Figure 3 Quarterly Average Delay Rate by Team
from 2012 to 2015

The number of delay work is increased during
high demand period and lower in low-demanded
period. For example, the delay rate of Building team
is high in the first quarter while it is high in the fourth
quarter for General team which is consistent with the
PA trend.

In order to cope with this dynamic demand
trend, dynamic operator allocation in each quarter
will help department to balance utilization along the
year. Assigning more operator in peak period can
help to lower utilization of operators in a particular
team and lead to lower cycle time along with delay

rate of that team.

4. Literature Review

A study of operator allocation has been widely
performed and developed in many perspectives and
industries. Conventional approach that is still widely
used is an optimization method. Optimization by

math modeling is a method for solving operator

allocation problem in a deterministic way. Modern
optimization tries to analyze problem in more
stochastic manner. Two phased formulation [1] and
four-phased hierarchical optimization model [2] were
created to cope with practical problem with
uncertainties.

Another technique that is compatible to more
complex and stochastic problem is Simulation.
Simulation technique has been widely applied.
Computer Simulation is known as one of effective
tool for solving problem in many business fields e.g.
education [3], manufacturing [4], food industry [1],
health care [5], etc. But simulation itself is only helps
to visualize and simulate scenarios. The evaluation
among scenarios to select the best option has to be
done with Data Envelopment Analysis (DEA)

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 based on specific
conditions.

Selected parameters from simulation result will
be collected as input/output for further analysis with
DEA. DEA as an assessing tool helps to evaluate
options based on their relative efficiency. The
optimal alternative will be selected based on their
efficiency score which the maximum is 1. This
integration of simulation technique and DEA is also
known as “two-phase methodology” [1]. Variety of
DEA models are selected to evaluate scenarios in
different conditions. Apart of basic models like BCC
or CCR, more complex models like Multiple Criteria
DEA (MCDEA) [1], Principle Component Analysis
(PCA) [6], Cross efficiency scoring based on BCC
[7] were applied to have more discriminating power
of scoring.

DEA is also used for additional feature of
operator allocation e.g. including performance of

operator [8], learning effect [9], fuzzified data [4]
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which helps company to make better decision and
get better performance.

In this study, the two-phase methodology is
selected to evaluate scenarios. BCC and MCDEA
are selected as an evaluation tool in this case since
the discriminating power of these two models are

able to cope with the evaluation of this study.

5. Objective of Research

Determine operator allocation in order to
minimize number of delay and average delay time of
procurement process by optimizing with average
cycle time, average operator utilization and

throughput of process

6. Scope of Study

This study focuses on following aspects

1. Focus only allocation of buyers which are
operators who take major role in
procurement process.

2. Focus only processes and activities those
relate with buyers.

3. Performance of operators within team are
assumed to be equal.

4. Learning effect is not considered.

7. Proposed Methodology
This study is conducted based on two-phased
methodology as follow:

1) Develop simulation of procurement process
using ARENA software and run model on whole year
basis. The model will be input with variety of decided
allocation alternatives which allocations are
designed based on quantity of work of each team in

each period according to table 1.

Table 1 Operator Allocation Scenario

Quarter1 Quarter2 Quarter3 Quarter4

B G O|B G O|B G O|B G O
116 6 416 6 4|6 6 4]6 6 4
217 5 4)7 5 415 7 4|5 7 4
317 6 3|7 6 3]6 7 3|6 7 3
418 5 3|7 5 4|16 6 4|5 7 4
517 6 4|7 6 4|7 6 4|7 6 4
6|7 6 417 6 4|16 7 4]6 7 4
718 5 4|7 5 516 7 4|16 7 4
8|l6 7 416 7 416 7 4|6 7 4
916 6 5|6 6 5]6 6 5|6 6 5

B, G, O stands for Building, General and Outsource
team respectively

2) Collect concerned parameters from
simulation and categorize them according to
framework of DEA as shown in table 2. The input
parameter refers to parameters those should be
minimized and output parameter refers to

parameters those should be maximized.

Table 2 Parameter from Simulation to be collected

Input Output

- Number of delay work - Average utilization of

- Average cycle time operator
-Total number of - Throughput (number
operator of finished job)
- Number of required

movement

3) Utilize DEA model to determine the efficient
operator allocation by using parameters from 2) as
inputs and outputs for optimization. BCC and
MCDEA are selected to be assessment tools in this

study
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3.1) BCC model

s

maxZ, = ZurYrjo — U (1)

r=1
Subject to

m

Zvixijo =1 (2)

i=1
S m

Zuryrj - z vix;;<0,j=1,..,n (3)

r=1 i=1

U, v; 20 forallr,iand j

where z, is the relative efficiency of DMU,, j is
the DMU index, r is the output index, i is the input
index, vy is the value of the ry, output for the ji, DMU,
X is the value of the iy, input of the j;, DMU, v, is the
weight given to the ry, output and v; is the weight
given to the iy, input. DMUj is the efficient alternative

if Zo = 1

3.2) MCDEA model

S

mind, or maxh, = Zuryrjo (4)
r=1
min M (5)
n
minz d; (6)
=1
Subject to
Zu,y,j—zvixij+ d=0j=1..n (7)
r1=nl i=1
D vy =1 (8)
i=1
M—d; >0 9)

=

U, v;,d; 20 forallr,iand j
where d, is the deviation variable for DMU, and d; is
the deviation variable for the j; DMU, M is the
maximum among all of d;, DMUj is efficient if hy = 1-

dg equals to 1.

8. Results

Table 3 Simulation results

Throughput
Avg.

Utilization

No. of

Delayed Work
Avg.

Cycle Time

No. of Operator
No of Alloc.

1] 2,143 | 0.38 | 1,090 482 | 16 0

2| 2144 | 0.38 1,082 4.85 | 16 2

3| 2,143 | 0.38 1,080 4.81 16 1

41 2143 | 0.38 | 1,062 485 | 16 3

5| 2,149 | 0.36 1,072 4.79 | 17 0

6| 2,150 | 0.36 | 1,081 4.83 | 17 1

712149 | 0.36 | 1,056 4.76

8| 2,145 | 0.36 1,076 4.83 | 17 0

91| 2,146 | 0.36 | 1,082 486 | 17 0

Results of simulation are shown in table 3. The
allocation does not have a strong effect to the
process as expected due to the fact that the major
processing time of the procurement is caused by
external activities e.g. waiting for supplier to submit
quotation or negotiation but the improvement of the
process from the allocation can still be observed
eventually.

By assigning more operators to support teams
in more demand period, this results in lower of
operator utilization of particular team which lead to
lower number of delay work and can be obviously
seen in scenario4. Then parameters in table 3 are

evaluated with DEA model, BCC and MCDEA, which

Il 71 4 21Ul 2 nangran-suAN 2561



M5F1IUILIND ﬂ’JﬂiiNq@lﬁ’lﬁ ﬂ'li1‘7|il (Thai Industrial Engineering Network Journal)

assessment is shown in following table.

Table 4 DEA Results

MCDEA

2

c

5 (3] mind, | minmax | minsum

o o

n @
1 1.000 1.000 0.999 0.998
2 1.000 1.000 0.988 0.994
3 1.000 1.000 1.000 1.000
4 1.000 1.000 1.000 1.000
5 1.000 1.000 0.9998 1.000
6 1.000 0.992 0.990 0.991
7 1.000 1.000 0.999 1.000
8 0.995 0.995 0.994 0.994
9 0.992 0.992 0.989 0.989

Results from DEA explicit a low discriminating
power of BCC. With small different of result among
options, BCC model was unable to distinguish
relative efficiency of scenarios which can be seen
from 7 out of 9 scenarios get efficiency score at 1.
Meanwhile, MCDEA with stronger discriminating
power shows more variety of score in each scenario.
Finally, there are only two scenarios which are
scenario 3 and 4 those got rewarded as efficiency
alternatives by having efficiency score at 1 in all
objective functions and help company to reduce

delay work up to 2.6%.

9. Conclusion

This study determines manpower in
procurement department by focusing on improve
efficiency of labor-incentive procurement process
and reducing delay work. The optimal operator
allocation started with study on demand side and
found pattern of fluctuated demand. Then dynamic
operator allocation alternatives were created and
studied by using of combination between simulation

and DEA. Computer simulation is the input/output

generator of  different  operator  allocation
alternatives. Then DEA as an assessment tool for
evaluating alternatives helps select the efficient
alternative based on their relative score.

For further research, the improvement of
external waiting time can be studied in order to
evaluate each alternative considering efficiency and
investment. Moreover, learning effect of operator
should be taken into consideration for more precise

decision of allocation.
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