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gﬁtlcle:t/_nfo ABSTRACT
[Y)
Atticle history: A Decision-Making in determining the project tender winner becomes

1 a significant challenge in the procurement stage, thus it is very

Receweﬁ Des 08, 2022 e : . .
Revised.dan 25 2023 vulnerable to administrative errors, corruption, and nepotism.

Therefore, a recommendation system becomes a new problem solving
CEEpi-eb 20, 2023 in order to increase the information transparency, the company’s

>

;_U. opportunity to win, the fraud minimization, and the community
eywor@ complaint on the project tender. The system is developed using the
analysis of Fuzzy MOORA to calculate the significant consideration

A

$ecgmmendat|o System of six criteria, including the administration, the qualifications, the
Den il s  Svst technical experience, the proposed price, the number of projects, and
FLT;ZI;IOMHO?)%)Xr ystem the size of the project based on the winning budget. Herein, 20

. mpanies wer Iternatives in lying an ing th
Sensitiiil] Analysis companies were acted as alternatives in applying and testing the

recommendation tender system. As a result, Blackbox and User
Acceptance Test (UAT) of this application from ten staffs of the
Working Selection Group (POKJA) at the Bureau of Procurement of
Goods and Services (PBJ) of Riau Province found that the entire
modules and functions of the system run well. Meanwhile, UAT scores
of 87.6% states that this application can assist the POKJA’s staffs in
objectively selecting the tender winner. In addition, the sensitivity test
analyzes the possible increasing of the weighting criteria, viz., C3
(technical experience) and C4 (price) can improve the quality rankings
of alternatives up to 79.16%. Thus, this result enhanced the efficacy of
Fuzzy MOORA approach in providing a better recommendation
analysis.

© This work is licensed under a Creative Commons Attribution-
ShareAlike 4.0 International License.
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1. INT?RODUCTION

%’ocurement of goods and services is a mechanism for meeting the need for goods and
services hat occurs generally within the domain of government and within the scope of Limited
LiabiIity_"_:,Enterprises/State Owned Enterprises (BUMN), BUMN subsidiaries, or companies linked
with BUMN [1]. Following Presidential Regulation No. 16 of 2018 Chapter 3 part one article 4
concernifig objectives procurement of goods/services defined that the procurement of goods/services
aims to produce the right goods/services from every dollar spent, measured in terms of quality,
quantity, time, cost, location, and provider.

nery wisey.
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The Decision Support System (DSS) approach can be used to streamline the process of
~acguiring’goods/services as in this case study. DSS is a component of an information system that is
gsgd to support a company's or organization's decision-making [2]. Besides, DSS is potential
cf,—k’;apgroacift»that valuable in searching and analyzing the massive volumes of data as well as collect
éugstant@ data for issue problem solving and decision-making [3]. DSS system and development
oBsiders--several issues in problem solving, including the complexity of the decision-making
g rgcess,?l.he need for fast solutions, the availability of expertise during the application, and the
sspgcificity of the problem [4].

b <  Several studies have been undertaken to determine the tender holders using the DSS
ga%roach:—:Annas et al., (2021) used the Analytical Hierarchy Procedure (AHP) method to analyze
~and studythe outcomes of priority criteria rank from highest to lowest that allowing the committee
%ocehoose"the tender winner. Then, Abdullahi et al. (2019) employed the Fuzzy Multi-Attributes
aGRup Decision Making (MAGDM) method in calculating and validating the evaluation module of
3e§der systems as a new technology decision making improvement instead of manual paper-based
gender systems. This DSS was successfully applied by the Nigerian public procurement agency [5].
= Besides AHP and Fuzzy AHP, the common used of MAGDM approach is Multi-objective
‘::Optimiz@_ion Based on Ratio Analysis (MOORA). This approach presented by Brauers and
&Zavadkas, as one of the newest Multi-Criteria Decision Making (MCDM) systems that is stable and
‘Srequires Felatively limited time in analyzing and calculating process [6]. This MOORA can identify
gthe mos@esirable alternative by ranking its feasibility as a recommendation for decision-makers [7].
@The MOORA approach uses simple mathematics, thus it is easy to grasp, and allowing it to address
Zthe numerous sorts of complex decision-making [7]. The MOORA approach is typically used to
galculate the initial subjective weights before combining it with a more analytical and detailed
‘Smethod, such as Fuzzy approach. The Fuzzy in MOORA is capable in producing the more
gdependable and accurate calculations of decision making [8]. Therefore, this research tries to take
=the advantages of Fuzzy MOORA in weighting mechanism of the tender winners selections. Thus,
&he sound of group participants as decision makers are acknowledged and becomes the valuable
Svariable analysis even thought it is far from the requirements.

N

RESEARCH METHOD
. Tender
Previous reviews have been frequently investigated the evaluation of tender processes from
Qvarious types of work, as well as the examination of the proposed criteria in recommending the
‘Fenders[9]. According to article 22 of law no. 5 Year of 1999, a tender is a price submission
ﬁnechaniﬁ'n conducted by commercial units in order to carry out several government work projects,
§ncludin@he project contracting, procurement of goods or provision of services, and acquisition of
f,’goods orservices. In the other word, tendering is the government's preferred way of acquiring goods,
Sservicesand projects by involving several commercial units [10].
= Tenders in the Riau Province Bureau are divided into several types, namely procurement of
“goods, construction, consulting, and other services. The above process is conducted by following the
several sﬁtges requirements, including administration, and qualification checked, technical and price
proposedj and tender winner selection process. As bureaucracy, the winner tender determination is
under responsibility of the Selection Working Group (POKJA) at PBJ Riau Province. By referring
the Presitlential Regulation No. 16 of 2018 article 1 number 12, POKJA is defined as human
resourceg,appointed by the head of the Goods/Services Procurement Work Unit (UKPBJ) to manage
the provider selection process in government work projects. Therefore, POKJA must be ensured the
entire precess and selection following the government regulation.

[EEN

W URp ueyjw

u

2.2. Fuzgy Multi-Objective Optimization by Ratio Analysis (MOORA)

According to Zadeh, fuzzy set theory [11] is a foundation of fuzzy logic that can make
reasonable conclusions in the presence of imprecision, uncertainty, and inadequate knowledge [12].
The phrase fuzzy refers to something confusion or unclear [13] information and data that utilized to
make a czgcision based on an explanation of conditions expressed as 0 or 1 [11]. In separating the
subjecti\gf component of decision-making criteria and features, the MOORA technique provides a

nery wi



‘nery eysns NN uizi edue; undede ynjuaq wejep iul SN} eAley yninjds neje ueibegas yeAueqiadwaw uep uejwnwnbusw bBuele|q 'z

NVIY VASNS NIN

‘nery exsns NiN Jefem BueAk uebunuaday ueyibniaw sepn uedinbuad °q

‘yejesew njens uenelun neje iUy uesinuad ‘uelode| ueunsnAuad ‘yeiw| eAsey uesiinuad ‘uenipuad ‘ueyipipuad ueﬁuuuedex >1n1un e/(ueu uedunﬁuad ‘B

hlgh level of flexibility and ease of comprehension [7]. This MOORA can be used to handle a variety
~ofxomptigated decision-making challenges in manufacturing settings [14]. This MOORA approach
Owa?cs) a high level of selectivity in determining an alternative[15]. MOORA's technique is also defined
‘”as@ coneurrent process to optimize two or more conflicting requirements on numerous constraints
:[1 . Thé'value of this aim is quantified for each decision alternative in decision-making difficulties,
Spre idirfg.a basis of alternatives possibilities comparison, and particularly facilitating the selection
mof&he mest potential option. As a result, multi-purpose optimization approaches appear to be ideal
“étools fomvanklng or picking one or more alternatives from a viable set of options based on numerous
vfe@uresghat are frequently contradictory. MOORA approach has various advantages over other
@acgessible decision-making methods, including fewer mathematical computations, shorter
§chnputlag time, and this approach is simpler and more stable than the others MADM techniques,
%m‘@udmg:Analytlcal Hierarchy Process (AHP) [17],The Technique for Order of Preference by
oSifnilarity to Ideal Solution (TOPSIS) [18], Elimination and Choice Translating Reality (ELECTRE)
°C>[]S] Mtticriteria Optimization and Compromise Solution (VIKOR) [20], and The Preference
gRanklnogOrganization Method for Enrichment of Evaluations (PROMETHEE) [21]. The MOORA
ctechnique is also adaptable and simple to use, separating the subjective component of the evaluation
Sprocess into decision-weighting factors with a variety of decision-making qualities [16]. MOORA’s
Zalgorithm stages are as follows [13]:

1. Determining the value of the decision matrix by starting the determination of the identifying
Burpose of the relevant evaluation attributes.

X11X12 -+ X1n

X21X22 ... X2
Lo=1 " [{rot s @

xmlxmz e

xmn

Where x;; = as the formation of decision matrix; x defines as value of each criterion; i as the
value of criteria; j as alternatives values; m as criteria value for m, and n as alternative value for
n.

2. Dtormalizing the matrix
Normalization attempts to combine each element of the matrix. Therefore, the entire elements
proVides the similar value. This ratio is expressed as follows.

Jaquins ueyingakuaw uep uewnjuesuaw eduey 1ul sin) eAl

»I)

< o Xii .

3 X+ij =——"4—(G=12..n @)
=% VIS, %241

(@

where X*ij defines as the normalization matrix of j on criterion i; Xij as the formation matrix
calcr.datlon i as the attribute or criterion sequence number ranges in 1,2,3,..., n; j denotes as an
altematlve sequence number that defines within 1,2,3..

3. “F‘erforming the attribute optimization
The hormalized measurements are added in the maximizing case (for favorable attributes) and
elimifiated in the minimizing case for multi-objective optimization (for unfavorable attributes).

m * n *
Yi=ZXj=1%Xi —Lj=g+1Xij 3)
J

11eAg uej

Where g represents as the maximum attribute, (n-g) is the number of attributes with the minimum
valug'}' and y; represents the i numbers alternative normalized value for the entire attributes. It is
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possible to improve the accuracy of attribute values by multiplying the appropriate weights as
T calclated in the formula below.

—_m * n *
Yi=2Xj=1 Wixij ~Lj=g+1 Wixij (4)

dio yeH

Where Wi is the attribute determined by the decision maker.

3
4. Ranking the value of y;
Thexvalue of ¥; can be positive or negative depending on the maximum and minimum totals in

the d_écision matrix. The best alternative has the highest y; value, while the worst alternative has
the lowest value.

92
2. 3. Sensitivity Analysis

O?Ehe study on how the uncertainty of output model (numeric or otherwise) can be adjusted
nto theguncertainty of input model is known as sensitivity analysis [22]. The Sensitivity analysis
assist resgarchers in understanding the relative importance of each factors and parameters within a
given preblem setting [23]. This analysis is effective in determining the most significant factor of a
’g’proposegmodel [24]. Sensitivity tests are used to determine, and compare the outcomes of evaluation
@criteria in order to define which criteria are the most critical or sensitive and highly contributes the
alternative ranking changes. Sensitivity analysis also provide the fundamental information about
Swhich input variables that should be prioritized in the following design process [25]. This method is
‘Balso extensively used to discover and rank models with the greatest influence on output model
Sparameters [26].

The sensitivity test can be carried out using the calculation of sensitivity degree (Sj) on the
Sattribute assessment, as following these steps [27]:
1. Determining the total value of the initial attribute weight, namely Wj = 1, with j =1,2. n

(number of attributes). The Fuzzy MOORA method determines the weight value in Wj = 1.
2. Changing the total value of the attribute or criterion weights with a value range of 0 — 1.
Then, the activity changes the weight values by increasing the weight values, starting from
5 and 1 with the other attribute weights remaining according to the initial weight.
éhanging in weight values are then used in calculating the final value of alternative rankings.
'Qalculating the percentage the alternative ranking changes using the following formulas.

as neje ueibegas dinbusw Bueleq "L
Buepun-6uepun 1Bunpuijq eydin ye

% yninj
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ou
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T
2 % 100% (5)

:Jagquins ueyingakusiu uep ueywn)
w

N drwe|

Wh@}e T defines as the total final ranking changes; i as the total numbers of iterations; A as the
number of attributes used.
v

Preliminary activity, the proposed criteria and alternatives in model development were
gatheredsthrough several interviews with the Head of the Section at the Riau Province Bureau of
Procurement of Goods and Services, including the administration, the qualifications, the technical
experierﬁfe, the price, the number of projects, and the project size. Furthermore, the defined criteria
then verified through the systematic literature reviews from papers and journal indexed. Meanwhile,
the alten’gatives were defined from the 20 registered participants in the Riau Province Procurement
Bureau'syYear 2021.

“Herein, the decision-making model system is analyzed using the DSS Fuzzy MOORA
approacht that stages defined in Equation [1-4]. The DSS Fuzzy MOORA is calculated to analyze the
recommended tender winners by applying the Prototyping technique in conjunction with the PHP
progranﬁing language and the MySQL database. Administrators, working groups POKJA, and

S
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o
o

tender participants are acted as the DSS’s actors. The administrator serves as a stand-in for and
—cantrols@ne DSS-Tender Recommendation application. The Working Group POKJA is responsible
Cfdl" assegmg the user input criteria through the calculation of Fuzzy MOORA analysis. Lastly,
ng‘lder participants provide the application services as a user who submit the application documents
Sas®well 7as tenders participation. Furthermore, the DSS-Tender Recommendation application is
3Bgckb09 and User Acceptance Test (UAT) tested methods. Blackbox is functionality tested the
DsyAatem fanctions and modules in DSS-Tender Recommendation system development. Meanwhile,
EU%T was distributed to 10 users from working groups POKJA and tender participants to identify the
CusEr intexface acceptance. The 10 questions on the UAT were responded to and assessed by the
@regpondents to ensure the acceptance of the DSS-Tender Recommendation application, both in terms

o

gof”appeaﬁince and utilization. Furthermore, a sensitivity analysis test was also carried out to

gd%ermn@ the level of sensitivity of the criteria and its effect on the ranking results.

o a ?e activity flow in this study is resumed in Figure 1.
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1. RESULTS AND ANALYSIS
3.1 Cri&ria and Weighting Criteria Determination

“The proposed indicated criteria were defined as in Tables 1 and 2. As mention before, the
finding Were derived from the interviews and literature justification restricted to the scope of
government tender construction in Indonesia. Indah et al., [29] observed that the most common
problemS.n construction tender is the bidding system’s inability to provide a complete database of
contracters with their personnel, past works and experiences, and performance evaluation. The
limited Fuman resources in both number and competency is another important issue to consider.
Therefoég these above become a main concern in determining the qualification of construction
tender. Naik et al., [30] strength this by explaining that the identification of contractors' ability, before
assigning-projects to companies provide the successful projects. Moreover, the tender documents,

nery wisey|



|
"

ﬁ%_

AVIY VASNS NIN

‘nery eysns NiN Jefem BueAk uebunuadaey ueyibniaw sepn uedinbuad °q

‘nery eysns NN uizi edue; undede ynjuaq wejep iul SN} eAley yninjas neje ueibegas yeAueqiadwaw uep uejwnwnbuaw bBuele|q ‘g
‘yejesew njens uenelun neje 3y uesinuad ‘uelode| ueunsnAuad ‘yeiw| eAley uesiinuad ‘uenpuad ‘ueyipipuad uebunuaday ynun eAuey uedinbuad e

E)

)

government regulation and Riau Province policies collected to completely the recommendation
~prycess.©)
o= T
2 f—,’ ) Table 1. Definition of Criteria and Sub-criteria
g5 = . o
cé % o Criteria Sub Criteria
=
§ g\dmlﬁstratlon Is the completeness and fulfillment of tender documents, including
Ea ) business entities, integrity pact statements, and valid taxpayer
3 & = information status [28-30]
® 3 =
g3 — , ) P : —
‘@ual f& ation Is the fulfillment of the provider's qualification requirements, including
- — a construction service business license, a business entity certificate
] - (SBU), never being the blacklisted participant, at least 1 construction
o) 2 working experience for the latest 4 years, the Remaining Capability
f,:, Package (SKP) range from 5 to P (Working Package) [28-30]
~
o)
Dl

Technical Experience
s

Is the participant's experience scaling level as a provider, such as less
than <2 years, 2-4 years, and more than >4 years [28-30]

0
=
(@]
(9°]

Is the amount of the offering price that is defined on a scale of less than
<120,000,000, 120,000,000-130,000,000, and more than >130,000,000
[28-30]

Number of Projects
(per year)

Is the number of projects obtained within one year with a scale of less
than <2, 2-4, and more than >4 [28-30]

Project Price (Per
year)

Is the amount of the project price obtained within one year with a scale
of less than <500,000,000, 500,000,000-1,000,000,000, and more than
> 1,000,000,000 [28-30]

Table 2. Weighting Criteria

Jaquins ueyingaAuaw uep uewnjuequaw edue) (Ul sin} eAuey yninjas neje uelb

Initialization Criteria Weight Description
C1 Administration 0.2 Benefit
C2 Qualification 0.2 Benefit
C3 Technical Experience 0.15 Benefit
C4 Price 0.15 Cost
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C5

Total Project (Per Year) 0.15

Benefit

C6

Size of Project Price

(Per Year)

0.15

Benefit

[lw e3dio YeH ©

uelbeqgeas diynbuaw Buele|q '
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=
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The Weighting criteria and sub criteria were conducted based on the level of importance of
critgion which is defined on a scale of 0-1 and a total weight equal to 1 [30].

urthermore, the fuzzification procedure is carried out based on the weighting of set criteria

(weightéd range 0 to 50). This is done to prevent bias in the selection and specification of criteria.
;::;Table 3 @ows the fuzzification results based on the list of formula in Equation 1-4.
Q

A

g o Table 3. Fuzzification

% < Criteria Sub-criteria Fuzzy Set Weight

3.

g’ Administration Incomplete Bad 10

©

; Complete Good 30

% Strongly Excellent 50

g Complete

o=

3 Qualification Incomplete Bad 10

Q

3 Less Complete Fair 20

s

z Complete Good 30

= )

g Sufficiently Quite Good 40

§ Complete

% Strongly Excellent 50

5 Complete

3

= <2 Years Bad 10
2-4 Years Good 30
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Technical >4 Years Excellent 50
&  © Experience
=
o qE
T 2 <=120.000.000 Excellent 50
Y -~
o (@)
= = 120.000.000- Good 30
8 = Price 130.000.000
a = >=130.000.000 Bad 10
c 3
= =
o —
2 = <2 Bad 10
;c C Total Project (Per 2-4 Good 30
a = Year) >4 Excellent 50
&
e
;/; <500.000.000 Bad 10
o Size of Project 500.000.000- Good 30
- Price (Per Year) 1.000.000.000
= >1.000.000.000  Excellent 50
c

-3.3. MOORA Analysis
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By following the Fuzzy MOORA analysis at Equation [1] and Equation [2], Table 4 and 5
re determined for calculating the decision matrix and Normalization, respectively.

Table 4. Decision Matrix Formation

:1equuns ueyingakusw uep ueswnjuesuaw pduey jui siny eAley yninjes neje ueibeges dynbusw buelejq °|

Alternati Criteria

ve

Cl C2 C3 C4 C5 Cb6
Al 250 250 30 10 30 10
A2 250 250 50 50 50 30
A3 250 240 30 50 10 10
Ad 250 240 30 30 30 10
A5 250 250 30 10 30 10
A6 250 250 50 50 30 30
A7 250 250 50 50 30 30
A8 250 250 50 30 50 30
A9 250 250 50 30 30 30
A20 250 240 50 30 10 10

Table 5. Matrix Normalization

Alternative Criteria

C1 C2 C3 C4 C5 C6
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1
Al 0.2293 0.2332 0.1608 0.0602 0.2142 0.0846
= @A2 0.2293 0.2332 0.2680 0.3011 0.3571 0.2359
g A3 0.2293 0.2239 0.1608 0.3011 0.0714 0.0846
=1 A4 0.2293 0.2239 0.1608 0.1807 0.2142 0.0846
g ::AS 0.2293 0.2332 0.1608 0.0602 0.2142 0.0846
g —Ab6 0.2293 0.2332 0.2680 0.3011 0.2142 0.2359
2 ?A? 0.2293 0.2332 0.2680 0.3011 0.2142 0.2359
2 QA8 0.2293 0.2332 0.2680 0.1807 0.3571 0.2359
§ =A9 0.2293 0.2332 0.2680 0.1807 0.2142 0.2359
e =
a i
c (=
c B
s =
a A20 0.2293 0.2239 0.2680 0.1807 0.0714 0.0846
o=
&

‘nery eysns NN Jefem Buek uebunuaday ueyibniaw yepn uedynbuad 'q

Next, Equation [3] is operated to calculate the attribute optimization value with the final
anking (Equation [4]) as shown in Table 6.
Q

JJlaquins ueyingaAusiu uep ueywnjuesusw eduey (ul Sin) Ay yninjgs neje ueibeqgas diynbusw buele|q 'L

< Table 6. Preference Calculation
Rank Alternative Weight
1 Al9 0.2046
2 Al2 0.1974
3 A8 0.1973
4 A2 0.1792
5 A9 0.1758
W
=
o
5 16 All 0.1363
wn
“; 17 A4 0.1325
S 18 Al4 0.1325
(s
= 19 A20 0.1272
¢}
@ 20 A3 0.093
<
o
Sl

gures 2 show the use case diagram and DSS Fuzzy MOORA system development.
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@ DSS-Tender Recommendation Nial Hitung Hasil Password Logout (pokja)

Q:,E Nilai Bobot Alternatif

Fi@%re 2. One of Interface DSS-Tender Recommendation system for Assessment Module

As the final result, the ranking of tender participants is explained in Table 6. On the table 6
Zinformedthat A19 as the optimum rank of tender participant with the value of 0.1968, followed by
SA12 with an optimization value of 0.1903, A8 with the value of 0.1899, and A3 with 0.0930 as the
alowest rank. The resume of participant ranking can be depicted at Figure 3.

The Blackbox testing evaluate several modules, viz., login, criterion menu, crips menu,
Iternative menu, alternative values, print menu, and password menu. As general, the findings found
hat the system is running well. Meanwhile, UAT reveals that 87.6% respondents indicated the user
Sfriendliness of the system interface. Furthermore, the application's functionality is sufficient in aiding
Zthe decision-makers at the Goods and Services Procurement Bureau at Riau Province towards the

c
Soptimum tender winner recommendation.

—_ I
2 )
o x
22
QO ~
= 4]
@ = O REFRESH
(@)
(BD 5 _5 Kode Nama Alternatif S01 S02 S03 S04 SO5 S06 SO7 SOB S09  S10 s11 812 Aksi
> g- —+ A01 GV Heroton Ada Ada Ada Ya Ya Ya Ya Ya 24 >130.000.000 2-4 <500.000.000 i
(-8 = QO tahun —
= Q A02  CV. Bakti Luhur Ada Ada Ads Ya Ya Ya Ya Ya >4 «120.000.000 >4 500.000.000- "
.3 c 3 tahun 1.000,000.000 -
o = ==* AG3 PT.Pulra Smart Ada Ada Ada Ya Ya Ya Ya Tidak 24 <120.000.000 <2 <500.000.000 F oA
o % — tzhun —
8 (3 N Av4 PI. Jaya Star Utama Ada Ada Ada Ya Ya Ya Ya Tidak 24 120.000.000- 24 <500.000.000
o A = tshun  130.000.000 —
b= g A0S PT. Davindo Visi Lestari Ada Ada AdaYa Ya Ya Ya Ya 24 >130.000.000 24 <500.000.000 A
0 o = tahun T
—
Q g A06 CV Banggal Raya Mandir Ada Ada Ada Ya Ya Ya Ya Ya >4 <120.000.000 24 500,000,000
C @ [9)) tahun 1.000.000.000
8 (— A07 PT.BUMIMASPERDANA  Ada Ada Ada Ya Ya Ya Ya Ya >4 <120,000.000 24 500.000.000- vt
c P tahun 1.000.000.000
c o A0 PT.WIRAKARSA Ada Ada Ade Ya Ya Ya Ya Ya >4 120.000.000- >4 500.000.000-
=&
el
3
QO
—
[ =&

edu

uguy

Grafik Hasil Perhitungan Metode Fuzzy MOORA
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Figure 3. Tender Participants Ranking
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3.4. Sensitivity Analysis
geferring to the final analysis of Fuzzy MOORA as depicted at Table 6, the sensitivity
calculatign tries to reanalysis the changes of the maximum value, initial conditions, and changing
conditiofis in order to investigate the new optimum ranking. As a result, a new optimum ranking are
defined as shown at Table 7.
e Table 7. Sensitivity Test Ranking Calculation
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Rank Initial Criteria 1 Criteria 2 Criteria 6
~ T ©  Weight
g (’; aE Wei1+(0.5) Weit(l) We+(0.5) Weat(1) oo Weet(0.5) West(1)
5% B
e
3 g gl L= 0.2046 0.3192 0.4339 0.3212 0.4378 0.2258 0.6278
@ ©
S o s
QS )
“‘é’- 2 3 0.1974 0.3120 0.4267 0.3138 0.4305 0.2101 0.4513
S =i
§ 3 = 0.1973 0.3119 0.4266 0.3093 0.4213 0.21 0.4512
_'g (=
§ 4 = 0.1792 0.2938 0.4085 0.2958 0.4124 0.1919 0.4331
@« w
5 2 0.1758 0.2905 0.4051 0.2924 0.4090 0.1885 0.4298
)
A
20< 0.093 0.2076 0.3223 0.2049 0.3169 B 0.0972 0.1776
Max 0.2046 0.3192 0.4339 0.3212 0.4378 e 0.2258 0.6278

The sensitivity test on Criteria number 1 found the list alternative ranking analysis are
efined as below

A19>A12>A8>A2>A9>A13>A18>A15>A17>A6>A7T>A10>A16>A1>A5>A11>A4>A14
A20 >A3.

For Criteria number 2 are ranked as

A19>A8>A12>A2>A9>A13>A18>A15>A17>A6>A7>A10>A16>A1>A>A11>A4>A14
A20>A3.

g?le overall calculation and analysis of alternatives ranking are presented in table 8. This
Dtable shows the total of 57 changes where the greatest changes of alternatives occur for Criteria C3
Zwith 14 a)anges calculation and Criteria C4 (Wc4 + 1) with 15 changes. As following the Equation
5], the $énsitivity analysis of Fuzzy MOORA for this case study reveals at 79.16% to indicate the
gpotentia@’and effective execution of this approach in recommending the tender winner rank.

AuaLy uep ugywNyeousw eduey} 1ul sin) eAIBY yninjes neje ueibeqes di

~

3 =
g :. Table 8. Results of Alternative Ranking Changes
Simulat Erite  Criteria Alternate Ranking Change Number of
ionto- Fia  Weight Alternative
1C) Value Rank
: W+n Changes
0 - - A19>A12> A8> A2> A9> A13> A18> Al5> Al7> A6> -

AT> A10> A16>A1>A5>A11>A4>A14>A20>A3.
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5 Wes+(0.5  A19>A8> A812>A2> A9> A13> Al8> A6> A7> A10> 14
=il @ ) A16> All> A20>A15> A17> A1>A5> A4>Al14> A3.
st = T
o 2T %3
@ =
c@@o o Weat(l)  A19>A8> A812>A2> A9> A13> A18> A6> A7> A10> 14
g 3 i Sy Al6> All> A20>A15> AL17> A1>A5> A4>Al4> A3.
= —
€5 o
L = Q
- O
S g 5 .3_. Wes+(0.5  A19>A8>A12>A9>A13>A2>A18>A15>A17>A1>A5>A6 10
SEE = ) >A7>A10>A16>A11>A4>A14>A20>A3
c Qa i
=~ D & =
= i S §4
§ o & Weat(1) Al2> A1>A5>A19> A8> A2> A9> A13> A18> Al15> 15
= = CC/) Al7> A6> A7> A10> A16> A11>A4>A14>A20>A3.
= x~
T [A))
© x
3 Q.
oo
xoall C‘CJ West+(0.5  A19>A12> A8> A2> A9> Al13> A18> Al5> Al7> A6> 0(no
26 ) A7> A10> A16>A1>A5>A11>A4>A14>A20>A3. change)
9 5
o =.
5
eSS  Cé6
12 Weet(1)  AL9>A12> A8> A2> A9> Al13> Al18> A15> Al7> A6> 0(no
= A7> A10> A16>A1>A5>A11>A4>A14>A20>A3. change)
3
o
g Number of Changes 57
&
=)
4. CONCLUSION

w ue

The development of winning tender recommendation system based on Fuzzy MOORA has
Bheen suc€essfully deployed. Based on the results of the user acceptance testing (UAT) and black box
atesting, fZan respondent agreement value of 87.6% was obtained, indicating that this tender
;:,recomm@_hdation system could perform well and meet user needs in delivering the best suggestion
%’Tfor tender winners at the Bureau of PBJ Riau Province. The sensitivity analysis test reveals that
wadding €ériteria weight for the criteria C3 and C4 induces a change in alternative ranking with a
Ssensitivify percentage of 79.16%. This demonstrates effectiveness and optimality of Fuzzy MOORA
Jin assesSing and ranking alternatives. As a result, the analysis of the recommendations provided

“*becomes:more accurate and optimum.
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