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<Figure 1> Sub-Processes of the Procurement Before and After the Innovation
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Define Agents

+ Select target as an agent

- Define attributes of an agent

Define Behavioral
Characteristics

Agents
Implement
Set interaction relations among > Simulation
agents Modeling

- Set information request and response
rules during the simulation

\ Define Relations among

* Allocate behavioral characteristics
and resource

« Set behavior rules of an agent
according to conditions

<Figure 2> Steps of Agent Modeling
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<Table 1> Major Variables of a Process Agent

Variable name Definition

Explanation

Pro_Name process hame

The name of the process

Domain_Pro Institutes related to the process

The process—related institutes to conduct the business

As-was/is_ProcessX_Time | Average working hours

Average processing time in the process of each institute

The number of tasks being

Num_Task
processed

The number of processes that are currently being processed

The maximum number of tasks

Max_Task )
being processed

The maximum of Num_Task in the process

<Table 2> Major Variables of a Task Agent

Variable name Definition Explanation
Next_pro Next process Variable containing the code of the next process which a task agent have to operate
) ) Binary variable to determine whether a company is registered in the G2B KONEPS
Reg Registration
system or not
Suc Successful bid Binary variable to determine whether the task is completed or not after reviewing bids
Con Type of contract | Variable that contains the code of the contract type of the task

Process1’ | | Process1”

2
No 3 Yes

Process3’

<Figure 3> Behavior Properties of Process Agent
and Task Agent
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<Table 3> Behavioral Rules of the Process Agent and the Task Agent

No. Behavioral Rules of Process Agent Behavioral Rules of Task Agent

® Shift the task agent after processed to the next step of | Move to the next step of the process following the order of
the process the process agent

® Process the arrived task agent and interact with the A task is processed by the process agent and the value of
value of the variable which the task agent has the variable is assigned

® Assign the next step of the process to go according to | The next step of the process is assigned by the process
the value which the task agent has agent

® Shift the processed task agent to the next step of the | Move to the next step of the process following the order of
process(Same to M) the process agent(Same to D)

® | Repeat above rules Repeat above rules

X SsHEEAT 18 25 20124 6¢ 163
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As-Was Process
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<Figure 4> Relations Among Agents
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<Table 4> Source code of the Performance Evaluation Modeling of Innovation Process Based on MAS

® Setup Procedures

@ Runcost Procedures(1)

® Runcost Procedures(2) @ Interface Procedures

to new 3 Observer Button
clear-all
load-map
make-as-is-tasks
make-as-was-tasks
ask patches

set max_task O
set num_task 0

set Num_Remake 20
end

to load-map ;i Observer Procedure
3 Filenames of Level Files
let maps ["map2.csv']
import-world item 0 maps

end

to make-as-is-tasks

create-asistasks Num_As_ls_Task
[

set color 45
set heading 180
set xcor 112
set ycor 60
set size 3
set pick 1
set reg random 2
set shop random 9
set step 1
| set stop_count 1
end
to make-as-was-tasks
set-default-shape aswastasks
"pellet”
create-aswastasks
Nu[m,As,Was,Task

set color 45

set heading 180
set xcor —29
set ycor 60

set size 3

set pick 1

set step 1

set stop_count 1

set-default-shape asistasks "pellet”

to act_task

ask turtles

[ if-else stop_count > 0

[ set stop_count stop_count - 1
if stop_count <= 0

fd 1

if-else act? = true
task_step

fd 1 ]

]

ask patches
[

if act? = true

[ set num_task count turtles-here
if max_task < num_task
[ set max_task num_task |

end

to do-plot
set-current-plot
"As-Was-Num-Task"
set-current-plot-pen "Process1”
set stop_count 10000 plot sum [ num_task ] of patches
set step step + 1 with [ wok_dom = 10 ]
die set-current-plot-pen "Process2”
] plot sum [ num_task ] of patches

to task_step
ifelse breed = aswastasks

f step = 50

if step = 49 with [ wok_dom = 20 ]

[ set stop_count 1 set-current-plot-pen "Process3”
if pick = 1 plot sum [ num_task ] of patches
[ 1t 90 1 with [ wok_dom = 30 ]

set step step + 1 set-current-plot-pen "Process4”
] plot sum [ num_task ] of patches
step = 48 with [ wok_dom = 40 |
set stop_count 1 set-current-plot-pen "Process5”
it 270 plot sum [ num_task ] of patches
set step step + 1 ] with [ wok_dom = 50 ]
step = 47 set-current-plot-pen "Processt”
set stop_count 1 plot sum [ num_task ] of patches
set step step + 1 ] with [ wok_dom = 60 ]
if step = 46 set-current-plot-pen "Process7”
[ set stop_count 1 + plot sum [ num_task ] of patches
pro80_was_dem with [ wok_dom = 70 ]
set prodwas pro8was + set-current-plot-pen "Process8”
pro80_was_dem plot sum [ num_task ] of patches
set dem_cost_was with [ wok_dom = 80 |
dem_cost_was + ( pro80_was_dem *
Time_Cost )
set step step + 1 ]

[ 52

set-current-plot-pen "Processt”

plot sum [ num_task ] of patches
with [ wok_dom = 160 ]

set-current-plot-pen "Process7"”

plot sum [ num_task | of patches
with [ wok_dom = 170 ]
set-current-plot-pen "Process8”

plot sum [ num_task ] of patches
with [ wok_dom = 180 ]

[ olst 42t ]

end
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ksl 445 1= Netlogo(v.4.1.3) MASE
g8t FdstAh

34 HOIE <&

G2B A|2~Elo] EFE A~
A= 7o) A dHolHE
<Figure 6>3} 7ro] T Z A~
AREL BI(EEH, 0025 5
, ZEAZ YA 34 AEE 2009Lﬂ
Al 293 DB HolHE ARSIt 97

2 4] Ae) A 28N, 2R BB

I

B

TE3F SOl talA = 20099 749 289~84 3
A7 T3 2V AT 2AEE G2B
Alzgll 558 AR oF 179 53 7he
6838 = FE AES S £3
FAA ol FRE S8 F 3039 HEAES
Tkl

& & o
MAS Algdo]Al Aol AR dlolE &2
= ¢ N R
A AR AT, G, (ZEA
y -
d Hur Ay Aol e IR =7t
5 57 H = 2=
8, AAA, BA1QoR FRAL 4R &, 4
- - e - o .
4 3ol A JF Ao Bk vlE A4 5 A
[e] = A= [e) =) <
2 9181 MAS ABdold B71% Tyshe We
= O =) o] 3 =
5 AAD] 9184 20099 DB dlo]Efell A 3
’ As-was(2002) ‘ ’ As-is(2009) ‘
Research . Surve
Method Y
+ Cited index value of existing literature
\\litalizalion,g‘ﬂa(;];)mg forthe G28 User of G2B system | Survey target | Respondent
P, Demand Instiutes 39,120 1519
Target Frocuenert 136,557 5319
Total 175671 6,838
+ Demand institutes: the lead time, * DeTa?d institutes: the |Tad time,
i cost, etc. per procurement processing
ﬁf?{i :210. per procurement processing by using G2B KONEPS n 2009
Research ] * Procurement Companies: the
* Procurement Companies: the o P
Content y number of visits to contract institutes
number of v‘\sns_ to contract institutes and related institutes for the
and related |nst|tut'es for the procurement task by using G2B
procurement task in 2002 KONEPS in 2009
<Figure 6> Data Collections
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<Table 5> Data for the Configuration of MAS Simulation Space

Name of Data Real Value Used Value
Number of bid notices 142,919 10,000
Number of Shopping mall transactions 797,727 60,000
The total number of contracts 940,646 70,000
Shopping mall transaction volumes against bidding 1:5.582 1:6
The number of bids per bid notices 7 7

<Table 6> Average Processing Time of Each Process(unit : per hour)

- ) Public Procurement
Demand institutes Procurement companies )
Process name Service
As-Was As-lIs As-Was As-lIs As-Was As-lIs
Search Items and Acquire 11.00 029 _ _ 333 0.01
Proposals
Review Items, Specifications and 8.88 057 _ _ 28.20 051
Contract methods
Notice of a Bid 27.50 0.26 - - 4.00 0.02
Company Regisiration and - - 400 333 400 026
Verification of Applicants
Bidding 27.50 0.32 3.00 3.16 - -
Qualification Examination 31.33 2.22 4.00 2.59 67.40 1.00
Contract 24.50 1.99 6.00 4.90 32.00 0.01
Invoice and Payment 2.00 0.96 3.00 1.12 - -
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<Table 7> A Paired-Difference Test Result for the Number of Processed Tasks Before and After the Process

Innovation
The mean difference [
. . Degrees value
standard Standard | 95% confidence interval t of (both
Mean deviation error of the freedom :
eV mean Lower Upper sides)
) VAR00001 -
Differ 1 VARO0017 130.78907 47634 .08697 130.61120 | 130.96694 | 1503.881 29 .000
) VAR00002 -
Differ 2 VAR00018 384.24963 1.05996 .19352 383.85384 | 384.64543 | 1985571 29 .000
) VAR00003 -
Differ 3 VAR00019 441.04063 2.82343 51549 43998635 | 44209492 | 855.584 29 .000
) VAR00004 -
Differ 4 VAR00020 1194.37633 | 1.44559 26393 1193.83654 | 1194.91613 | 4525.387 29 .000
) VAR00005 -
Differ 5 VAR00021 1752.70813 | 3.41077 62272 1751.43453 | 1753.98174 | 2814.608 29 .000
) VAR00006 - 10404.75
Differ 6 VAR00022 5574.10047 | 2.93429 53573 5573.00478 | 5575.19615 5 29 .000
) VAR00007 -
Differ 7 VAROO023 583.81163 1.08079 19732 58340606 | 584.21521 | 2958.633 29 .000
) VAR00008 -
Differ 8 VAR0O024 254.86663 2.29406 41884 254.01002 | 255.72325 | 608.511 29 .000
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<Table 8> A Paired-Difference Test Result for the Number of Cumulative Processed Tasks Before and After

the Process Innovation

The mean difference p -
Degrees value
standarg | Standard 95% confidence interval t of (both
Mean deviati error of freedom ’
evialion | e mean Lower Upper sides)
Differ 1 AS’;\;\/_&:: N 10885165.32 | 5315.76 970.52 10887150.26 10883180.38 | 11215.81 29 .000
) Was_P1 -
Differ 2 s P 127531.94 578.89 105.69 127748.10 127315.78 1206.66 29 .000
) Was_P2 -
Differ 3 s P2 433504.70 1281.95 234.05 433983.39 433026.02 1852.18 29 .000
) Was_P3 -
Differ 4 s P3 411855.95 3363.42 614.07 413111.87 410600.03 670.69 29 .000
) Was_P4 -
Differ 5 s P4 112144399 | 1296.36 236.68 1121928.06 1120959.92 4738.19 29 .000
) Was_P5 -
Differ 6 s P5 1755861.25 194.53 35.52 1755933.89 1755788.61 49438.07 29 .000
i Was_P6 -
Differ 7 s PG 6037291.77 | 2191.44 400.10 6038110.06 6036473.47 15089.47 29 .000
) Was_P7 -
Differ 8 s P7 825782.03 1272.23 232.28 826257.08 825306.97 3555.17 29 .000
i Was_P8 -
Differ 9 s P8 171893.69 2302.88 420.45 172753.60 171033.78 408.84 29 .000
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<Table 9> Efficiency Evaluation of the Process Innovation

Review Company
Search ) ) )
ltems, ) Registration e Invoice
[tems and o Notice . Qualification Total
; Specifications i and Bidding - Contract and
Acquire of a Bid e Examination Process
and Contract Verification Payment
Proposals ;
methods of Applicants
The increase
rate of the
average number | 75.1% 88.7% 97.6% 95.1% 92.3% 97.9% 70.1% 66.1% 92.7%
of concurrently
processed tasks
The decrease
rate of the
average 97.6% 97 4% 99.9% 95.4% 96.7% 98.5% 87.0% 49.8% 95.4%
processing time
per task
100% 15
80% 4
60%
40% 4
20% A
0% -

\
Pro1 Pro2 Pro3 Pro4 Pro5 Pro6 Pr?ﬂ.P'r:)B

The increase rate of the average number of concurrently
processed tasks 0 1

\
Pro1 Pro2 Pro3 Pro4 Pro5 Pro6 Pro7 Pro8

O The decrease rate of the average processing time per task

B Processing time per task

<Figure 7> The Performance Rate of Processed Tasks and the Processing Time of a Task
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Abstract

A Study on the Performance Evaluation of G2B Procurement Process
Innovation by Using MAS: Korea G2B KONEPS Case

Won Jun Seo” + Dae Cheor Lee™ - Gyoo Gun Lim™

It is difficult to evaluate the performance of process innovation of e-procurement which has large
scale and complex processes. The existing evaluation methods for measuring the effects of process
innovation have been mainly done with statistically quantitative methods by analyzing operational data
or with qualitative methods by conducting surveys and interviews. However, these methods have some
limitations to evaluate the effects because the performance evaluation of e-procurement process
innovation should consider the interactions among participants who are active either directly or indirectly
through the processes. This study considers the e-procurement process as a complex system and develops
a simulation model based on MAS(Multi-Agent System) to evaluate the effects of e-procurement process
innovation. Multi-agent based simulation allows observing interaction patterns of objects in virtual world
through relationship among objects and their behavioral mechanism. Agent-based simulation is suitable
especially for complex business problems. In this study, we used Netlogo Version 4.1.3 as a MAS
simulation tool which was developed in Northwestern University. To do this, we developed a interaction
model of agents in MAS environment. We defined process agents and task agents, and assigned their
behavioral characteristics. The developed simulation model was applied to G2B system (KONEPS: Korea
ON-line E-Procurement System) of Public Procurement Service (PPS) in Korea and used to evaluate
the innovation effects of the G2B system. KONEPS is a successfully established e-procurement system
started in the year 2002. KONEPS is a representative e-Procurement system which integrates characteristics
of e-commerce into government for business procurement activities. KONEPS deserves the international
recognition considering the annual transaction volume of 56 billion dollars, daily exchanges of electronic
documents, users consisted of 121,000 suppliers and 37,000 public organizations, and the 4.5 billion

dollars of cost saving. For the simulation, we analyzed the e-procurement of process of KONEPS into

*  Hanyang University

** The School of Management, Kyunghee University

*** Corresponding Author: Gyoo Gun Lim
School of Business, Hanyang University, 17 Haengdang-Dong, Sungdong-Gu, Seoul 133-791, Korea.
Tel: +82-2-2220-2593, Fax: -82-2-2220-1169, E-mail: gglim@hanyang.ac.kr
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eight sub processes such as ‘process 1: search products and acquisition of proposal’, ‘process 2 : review
the methods of contracts and item features’, ‘process 3 : a notice of bid’, ‘process 4 : registration
and confirmation of qualification’, ‘process 5 : bidding’, ‘process 6 : a screening test’, ‘process 7 : contracts’,
and ‘process 8 : invoice and payment’. For the parameter settings of the agents behavior, we collected
some data from the transactional database of PPS and some information by conducting a survey. The
used data for the simulation are ‘participants (government organizations, local government organizations
and public institutions)’, ‘the number of bidding per year’, ‘the number of total contracts’, ‘the number
of shopping mall transactions’, ‘the rate of contracts between bidding and shopping mall’, ‘the successful
bidding ratio’, and the estimated time for each process. The comparison was done for the difference
of time consumption between ‘before the innovation (As-was)’ and ‘after the innovation (As-is).” The
results showed that there were productivity improvements in every eight sub processes. The decrease
ratio of ‘average number of task processing’ was 92.7% and the decrease ratio of ‘average time of
task processing’ was 95.4% in entire processes when we use G2B system comparing to the conventional
method. Also, this study found that the process innovation effect will be enhanced if the task process
related to the ‘contract’ can be improved. This study shows the usability and possibility of using MAS

in process innovation evaluation and its modeling.

Key Words : Multi-Agent System, e-Procurement, Evaluation, Process Innovation, MAS, Simulation
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