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Abstract

Risk identifier is a vital function for electronfirocurement system. To avoid risk potentialitieknawledge
base is developed which provides risk messageseds uo mitigate the risk in the corresponding areask
attributes defined and an acceptable vulnerabiitprovided to users through algorithm executiorultidle
Criteria Decision Making (MCDM) and risk mitigaticaigorithm is the key strength for the newly depeld
system model of risk removal. Both Fuzzy and AHBddl MCDM approach has been executed and thesresult
have been compared.
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1. Introduction

All procurement processes go through an uncertainty it reaches at the final success of receiypngcuring
item or services and after that post procurememttions end. The aim of this research was to devaltuzzy
based model that allows evaluators to assess atigytar case of procurement and risk level is tdfed with

the help of a risk scale and also to mitigate tble providing messages to users of this system fidmowledge
base. The objective is to formulate the mathemlafieandation and algorithm to incorporate propossutel of
risk identifier and to illustrate the newly designenodel with mathematical illustration to demontréhe
implementation and compare the fuzzy MCDM results WHP MCDM results.

2. Background
In the practlce of procurement an unbiased comsemisemsmn is a mandatory reqmrement for efficien

presented by Raymond J. Madacy (1995) that ger&edﬂelsmn from a knowledge base getting weightage
factors and ratings given by Decision Makers usiisgsoftware. The model was developed based on Q@@O
which is known as software cost estimation modd&louigh the technique is quite preferable for autecdhat
procurement decisions and its risk mitigation,determinants are needed to be revised for apmicat all
general procurement cases and build mathematicdéinmdgth MCDM approach.

3. e-Procurement Risk Identifier M odel

Risk assessor and cost estimator, the primaryttoptedict the chance of success and failure ofpanject, to
minimize the failure chance mitigating the problémtors to maximize success potentiality, a newaggh of
fuzzy MCDM based risk derivation through proper wfification and mathematical foundation is introddadn
this section. The generalized procurement Riskbates are identified in Table 1. Risk assessoesssin the 5
major risk areas using 15 risk attributes in anycprement case using the grading scale mentioné&dbte 2.
The calculated risk is described by Risk ValR®)(is determined by using equation 1, 2 and 3 askilgvel is
nomenclature using risk description of Table 3t time of rating by the Decision Makers, theisessments
are quantified in two dimensional fuzzy matrix whiform 210 knowledge predictors which are to beduee
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messaging the risk location and purpose to mitigiaterespective area going towards risk free cadifor
procurement execution according to Algorithm 1.1éwing formula mentioned in George J. Klir[3] wib first
normalization of fuzzy variable input as weightued for generalized risk attributes of procurement.

F(.%;)
X)) = max(f (4, %;), F(xj, )]

f(x 1)

/ .
f (xk) =min(X;) 2)
wherek = 1 to 15 anK=generalized risk/maturity attributes

The total risk value of risk indicator will be calated using following formula,
15

Rv= ' /() €
k=1

Algorithm 1 Algorithm for e-Procurement risk miigon
Step 1: if f (Xk )has more than zero rows then Select: Attrlbute>([nh£1(xk) ]) else goto Step5
Step 2: if ( max][f (Xk ]) > 0.1 then goto Step 3 else goto Step 5

Step 3: Risk Message- Description (Knowledge Base): Attnbute)(—J Where X i= All other attributes except
the selected attribute

Step 4: Resolve the discrepancies, remove row ffc!rﬁxk) , goto Step 1
Step 5: Risk mitigated/Insufficient Risk

4. |llustrative Example

15 generalized risk attributes in 5 categoriesdafned in Table 1. These risk attributes have ratad in fuzzy
pair wise comparison matrix in Table 5 which istfigér normalized in Table 6 by using eq (1) andrlatdues of
15 different risk attributes have been determindth their respective risk levels by using eq (2)icthare then
added together to determine the valudruf The values of risk levels of each attribute aggted and value of
Rv are summarized in Table 4 for fuzzy ratings abl€ 5. Through the implementation of fuzzy paisevi
comparison matrix, a fuzzy based knowledge basgerserated by nomenclature of risk attributes pair e
RELY-DURN (Reliability with limited duration of sypy or service), CPLX-SCED (Optimization of produmst
job complexity for delivering product or servicethn tight schedule), UMTG-RVOL (Bidder’s usage of
modern technology is required to be cope able aithkind of requirement volatility) etc. 210 knodtge atoms
have been identified all of which are to be usedsdssmessages focusing the location where risktexhich is
subject to be mitigated. In the execution of riskigation algorithm mentioned in Algorithm 1, 16nés of
iterations has been found to remove all major riskhis case. In the first iteration, the algomitlyenerated risk
messages are UMTG-RELY, UMTG-DURN, UMTG-CPLX, UMTGRIS, UMTG—CADP, UMTG-SCAP,
UMTG-WSZE, UMTG-WSKL, UMTG -SEXPUMTG- SCED, UMTG- PMEX, UMTG-PDTH, UMTG-
RISK, UMTG-RVOL as highest risk level existence has been noticetVfidTG (Use of modern technologies)
is 0.6. After execution of Step 1, Step 2, Stem@® Step 4 in first iteration, the algorithm is ag#erated to loop
back at Step 1. Meeting the criteria at Step 1osedteration goes to Step 2, Step 3 and Step ih.aghe risk
messages generated in this iteration are DURN-RELWRN-CPLX, DURN-CPIS, DURN-CADP, DURN-
SCAP, DURN-WSZE, DURN-WSKL, DURN-SEXP, DURN-UMTG,URN-SCED, DURN-PMEX, DURN-
PDTH, DURN RISK, DURN-RVOL concentrating on Projdatration main attribute with risk value 0.429.
After resolution of risk showed, the algorithm fsrated further for third loop back and so on. Phecess is
iterated for 15 times and then at the sixteenttatiken, the loop is terminated meeting the termimgatondition
at Step 1. Thus, the procurement risk is mitigatechpletely and procuring agency can proceed towaider
selection and other procuring process.

5. Conclusions
The major disadvantage of Algorithm 1 is that aiyonic approach for procurement risk mitigationagemove
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all risk issues completely from procurement prodéeggven mandatory which may become problemati ieal
case where procurement process is needed to batedewith existence of some level of risk at leaéstsuch
case this model will stuck the whole process uigH is totally removed as it is in the loop of thlgorithm. The
remedy to this problem is nothing but it is to itsmother conditional statement whether to ledreerisk value

to exist in the procurement process or it is reagded to remove risks and make the processytoisl free
before the selection process starts. Moreover, ave ldevised 210 rules for knowledge base or ruse éhere

all the rules have been used as message for risktib® and its risk potentiality. There could b®re accurate
knowledge base if attribute pairs are paired furted new knowledge description is determined. RaanlJ.
Madachy (1995) also derived about 210 rules andeparated some of them as suggestions, some asande
few as useless but we have considered all 210 ageressage to users and risk factor to be mitlg&eside
the application of Fuzzy based method discussedeal®HP method has also been executed and risk hexge
been noted and compared with Fuzzy based resudesadment of risk ratings summarized in Table 5gutie
linguistics in Table 2 which is normalized usinguation eq (1) and determined risk values for edtfbate of
risk areas which is later used to determine th@oped risk value of the procurement project. Afteat AHP
normalization processed has been exercised ovesaime dataset of Table 5 by dividing each elemétiie
matrix by the column sum of respective column teamming up the averages of new values each rows. Th
result off/(x) of Fuzzy normalization and the result of AHP nolimaion have been summarized in Table 7 and
tried to observe the differences. Here we have daasignificant difference between AHP and FuzzyDAC
method results (Figure 2). We have found that FulkyDM showed higher values in attributes of risk
associated in test result where AHP produces loafres. The question is which results are to beidened as
more acceptable. AHP determines the selection lectiag highest value from the matrix of the rowrsuof
AHP normalized matrix. AHP method has producedcseterisk area CPLX (Product or Service Complexity)
According to Fuzzy MCDM we have the selected ridaas UMTG (Usage of Modern Technology Area) which
is determined by selecting the maximum value fréw minimum values of each attribute pairs’ nornealiz
This is actually an optimized solution determined Fuzzy MCDM method. AHP result will provide less
opportunity to concentrate for risk mitigation feach area as both CPLX and UMTG have higher rislkeva
generated by Fuzzy method than AHP results. If wecete the risk mitigation algorithm with AHP vas,et
would be iterated less times and mitigate lessfaskd by the system as AHP method has producedrlosk
values in the results than Fuzzy MCDM which couwdér the system efficiency. Hence, Fuzzy MCDM has
been found better suited method than AHP in tisis area selection and risk mitigation.

6. Recommendations

Reliability measure of proposed e-Procurementidsktifier model is badly necessary before impletaton of

the proposed model. We encourage assessing thsiadecitaken in many tendering and procurement cases
samples collected from public and private sectard feed into this new model, to analyze the dewieti
including the thorough studies of the risk attrémitMoreover, in the illustrative example, fuzzgimg is shown

by one decision maker whereas many decision makaisg will make the decision result more apprat@i To
achieve this fuzzy MCDM with fuzzy TOPSIS with thelp of some mathematical techniques could be egpli
obtaining more sophisticated model. Developmentnetiro-fuzzy and fuzzy-genetic approach will be an
effective way of implication of such a model forttee efficiency.
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Table 1:Generalized e-Procurement Risk Attributes

Category Description of Attributes

Required product or service reliability (RELY)
Required product volume or service duration (DURN)
Product complexity or service (CPLX)

Customer Product complementary infrastructure (CPIS)
Attributes Customer skills, knowhow and adaptability (CADP)
Service Providers or consultants or bidders caippal8 CAP)
Personnel Workforce size (WSZE)

Workforce skills (WSKL)

Service experience (SEXP)

) ) Use of modern technologies (UMTG)

Project Attributes|"Required supply or service schedule (SCED)
Process experience (PMEX)

Process documentation thoroughness (PDTH)
Process Attributes Risk eliminated by rules and regulations (RISK)

Requirements volatility (RVOL)

Product or
Service Attributes

Attributes

Table 2: Suggested numbers for risk rating

f(xi ,xj ) Risk/Maturity weight of; with respect toxj
1 Low Risk
3 Moderate Risk
5 High Risk
7 Very High Risk
9 Extra High Risk
2,4,6,8 Intermediate values between above levels

Table 3: Risk Scale

Risk Value (Rv) Risk Description
00.000~03.000 Very Low Risk
03.001~06.000 Low Risk
06.001~09.000 Moderate Risk
09.001~12.000 High Risk
12.001~15.000 Very High Risk

Table 4: Calculation of Risk Value

Product or Service  Customer Personnel Project Psoces
pd o o ] - o o ) > T |
> o o g o < N N X = L 1 — (% O
w ) a1y 1< QL2 W= 9|3 |0 |z |2
o a) @) S 0 = = n 35 %) o o @ (04
0.33 0.429 0.33 0.33 0.11 0.11 0.11 0.11 0.2 0.6 0.33 | 0.143 0.2 0.429 | 0.11

Rv= 3.87 (Low Risk)
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Table 5: Fuzzy rating of risk attributes by deaisinaker

f(xi ’Xj)
x| alo|lC|d|ln|Z2|=|ln|5|o|la|a|lx|x
RELY 1 3 7 9 7 9 3 5 5 5 3 1 3 9 b
DURN 5 1 3 5 5 3 7 5 3 5 9 3 3 3 D
CPLX 9 5 1 9 9 9 7 9 5 7 5 1 3 9 5
CPIS 3 3 5 1 1 3 3 5 3 1 3 5 B v 1
CADP 9 1 1 1 1 1 3 3 5 5 3 3 1 14 L
SCAP 5 7 5 3 1 1 7 7 3 1 5 T L D 1
WSZE 1 9 7 1 1 3 1 9 3 3 9 ] L B i
WSKL 7 7 5 5 1 5 3 1 5 3 7 1 1 9 B
SEXP 1 1 3 1 1 5 3 7 1 1 1 3 L 3 1
UMTG 7 5 5 3 3 9 3 7 3 1 3 5 3 9 Y
SCED 1 5 7 1 1 5 9 9 3 s ] 1 b 4 3
PMEX 3 1 1 3 1 7 3 5 7 5 3 1 1 L
PDTH 1 1 7 3 1 5 3 5 1 1 1 3 1 L L
RISK 5 7 9 7 3 7 3 9 5 9 3 3 K 1 o)
RVOL 5 1 3 1 7 3 1 1 5 1 5 3 9 T L
Table 6: Normalized matrix of fuzzy ratings of Tald
f(xi 'Xj)
zZ o o L — o [a] —
G E| (8 83|88 5 2|8 |E |5 8¢
o A @) o O ) = = n 5 ) a a o 04
RELY 1 0.6 0.78 1 0.78 1 1 0.714 1 0.714 1 0.33 1 1 1
DURN 1 1 0.6 1 1 0.429 0.78 0.714 1 1 0.6 1 1 0.429 1
CPLX 0.33 1 1 1 1 1 1 1 1 1 1 1 0.429 1 1
CPIS 1 0.6 0.56 1 1 1 1 1 1 0.33 1 1 1 1 1
CADP 1 0.2 0.11 1 1 1 1 1 1 1 1 1 1 1 0.143
SCAP 0.56 1 0.56 1 1 1 1 1 0.6 0.11 1 1 0.2 1 0.33
WSZE 0.33 1 1 0.33 0.33 0.429 1 1 1 1 0.11 0.33 0.33 1 1
WSKL 1 1 0.56 1 033 | 0714 | 033 1 0714 | 0429 | ou 0.2 0.2 1 1
SEXP 0.2 0.33 0.6 0.33 0.2 1 1 1 1 0.33 1 0.429 1 0.6 0.2
UMTG 1 1 0.714 1 0.6 1 1 1 1 1 1 1 1 1 1
SCED 0.33 0.55 1 0.33 0.33 1 1 1 1 1 1 0.33 1 1 0.6
PMEX 1 033 | 0143 0.6 0.33 1 1 1 1 1 1 1 1 0.33 0.33
PDTH 0.33 0.33 1 1 1 1 1 1 1 0.33 0.6 0.429 1 0.33 0.2
RISK 0.56 1 1 1 0429 | 078 1 1 1 1 0.429 1 1 1 0.714
RVOL 0.2 011 0.6 1 1 1 1 1 1 0.143 1 1 1 1 1
Table 7: Risk attributes’ values generated by FlWM@ZDM and AHP method
o o 1] — o )] —
S|E|R|8|8 |38 |8 |8(E|8|2|5 8]
x alOo|lP|l0|ln|2|2|n|5|0|a|a|x|&
el (8322838383838 |k|8|g|8
I q o =) — o o o o o =) o o o ) o
< o|oc|oco|oc|°®|c|loc|c|oc|loc|oc|oc|oc|©°]|o
yig|&(8|8/2 /222|982 3|8z
9 o oS o o o o o o o S S o
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Cost

Figure 1: Efficiency of Risk mitigation algorithm
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Figure 2: Comparison of risk values for Fuzzy MCRKNd AHP results



