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Abstract: This paper focuses on the problem of supplier photfselection where a company has to choose tbe be
possible set of suppliers with respect to varicusstraints. An intuitive heuristic can suggestse any of the methods
for suppliers ranking and then to put the first orie the portfolio. If some required constrainbit met, then the second
supplier according to the ranking is added, andrsauntil all the constraints are satisfied. Howegech approach can
result in a non-optimal decision. The constraimtis cause that a combination of the alternatives Mter rankings can
be better, than some higher-ranked alternative tlwrperspective of feasibility. To build the optzation model, the
authors of this paper use the PROMETHEE V methqabpular combination of multi-criteria decision nradkmethod
PROMETHEE and mixed integer programming. Howe\tés, shown that the original PROMETHEE V methodnedy
the logic under which an objective function is s&tot suitable here and leads to discriminatiosuppliers with worse
ranking. Therefore, a modification, which bringsrmeeasonable results, is proposed in this papeunderical example
is used to show the suitability of the proposedaggh and compare the results with the originarétigm and also with
one prior modification introduced by by other auth@n the past. The analysis is further supportgd lihorough
sensitivity analysis using flexible and paramegricgramming.

1 Introduction combination of suppliers for a company. The aitoifnd
Suppliers and their quality play a vital role inthe pest. feasible portfolio of suppliers based givan set
competitiveness of each production company. Patentiof criteria. _ . i
troubles with suppliers, like delayed delivery, pgaality Despite the problem of supplier portfolio selecii®by
of products, difficult communication, or overpricgdods, far not as frequent as the ranking problem mentione
can be the source of the bottleneck with ominoudbove, several studies have also been publishedela
consequences. Therefore' managers should be \"elfyﬂca the authors of [6] have established the model bardtie
to select the most suitable suppliers. In ordelotso, many combination of ANP and Data Envelopment Analysis
guantitative tools are available to make their ctida (DEA), and the authors of [7] have presented theleho
easier. This problem is a common topic of multilatite ~Pased on genetic algorithms and mathematical
decision making (MADM). It would be almost impodsib Programming. Despite these models are very valyable
to find a MADM method, which has not been usedtget our opinion they are very difficult to understandr f
evaluate Supp“ers_ Let us mention at least thdqm praCtltlonerS, which can limit t.helr- use for. reid-|
which are currently very popular in quantitativeygart of ~Problems. The model presented in this paper iscbase
decision making: Analytic Hierarchy Process (AHR), [ the PROMETHEE method established by [8] and its
Analytic Network Process (ANP) [2], TOPSIS [3],extension for the portfolio selection presenteddy(so _
ELECTRE [4], PROMETHEE [5]. But, all these studiescalled PROMETHEE V). The PROMETHEE method is
provide the ranking of suppliers, which is suffitievhen ~€asy to use, since its algorithm is computatioredlyy and
the best supplier is identified, or, when companiessure also tractable, see [10], and it provides the naplof
the performance of their current Supp“ers_ Howgevler alternatives. Based on this ranking, the portfiﬂid')ound
many reasons, companies usually do not have orgy owsing the mixed integer programming (MIP) withire th
supplier for all their inputs (either they hedgeiagt risk, PROMETHEE V method. In this paper, the suitabitfy
or simply because of the availability of the goods)d the PROMETHEE V method to solve the supplier pdidfo
then, several dependencies and synergistic efigats Selection problem is shown.

occur. In this paper, these dependencies and sfféitte As mentioned by [11] and [12], the original
taken into consideration to identify the best sqiga PROMETHEE V method suffers from a severe drawback.
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Namely, the alternatives with negative values ie thresults and the sensitivity analysis of the res(ite last
PROMETHEE ranking (negative net flows, see Secipn section, Section 5, concludes the paper and ostline

are discriminated. The authors of [11] have proga@seay
how to eliminate this discrimination. However,

proposed method brings undesired biases in favidarge
portfolios, see the proof by [13]. The authors If][have

proposed another solution how to solve the drawldck

PROMETHEE V based on the so called optimal
portfolios where the optimal portfolios for a fixedmber

possible directions for the further research.

the

2 PROMETHEE rankings and
PROMETHEE portfolio selection
The family of the PROMETHEE methods belongs to
outranking methods of multi-attribute decision nmeyi

i.e., its algorithms are based on special (outragki

of selected alternativesare found. The new model is built reference relations. The basic PROMETHEE methods,

on both proposed approaches, i.e. [11] and [12f Trg
original PROMETHEE V model is transformed accordin

to [1] and explore the-optimal portfolio. To avoid the
biases in favour of large portfolio (like in theiginal

proposal by [11]), the optimisation model is furthe
modified. In the original PROMETHEE V and all its

extensions mentioned above, the suitability of efplo

is determined by the alternatives in this portfolio return
to the case of supplier portfolio selection, eaatifplio of

suppliers is evaluated according to the supplievslved

in the portfolio. This is also the reason why tippraach
by [11] leads to the large portfolio involving albssible
suppliers (if some further constraint does not msikeh
solution infeasible), regardless of the suppliedrdgity. In

our opinion, the utility for the supplied comparsy not
generated by suppliers themselves, but through
supplied goods. Therefore, the built model considkat
the optimal portfolio is evaluated not only accagito the
involved suppliers, but the supplied quantity toother
words, it is supposed that if a supplier delive@90 pieces

stablished by [8], are used to get the rankings of
Qiternatives based on a given (discrete) set dérii
(PROMETHEE | and PROMETHEE Il). However, outputs
from the PROMETHEE ranking can further be used to
solve other decision making problems, like clusigrihe
alternatives [14], efficiency evaluation [15], ocorgfolio
selection [9]. Its variability is not the only adwage of
PROMETHEE. It has become very popular mainly due to
its very transparent computational procedure thahagy to
understand, which is valuable also for practitisndhe
popularity of the PROMETHEE method is proved by
various fields of real-life applications publishsai far, see
the review paper by [16].

In this section, a brief review of the PROMETHEE
algorithms for ranking the alternatives and poitfol
t88lection is provided. More detailed descriptiom de
found in [17].

In line with [18], the PROMETHEE ranking can be
split into 4 following steps:

of some product, or only a single piece, the geadra Step 1

utility is greater in the former case.

This paper brings two main contributions. Firste th
suitability of the PROMETHEE V method to solve th

supplier portfolio selection problem due to itsyeasnd
tractable algorithm is demonstrated, and
segmentation constraints for this problem are ifledt
(the portfolio is constrained by the total budgemand for
products, availability of products at suppliergesof the
portfolio). Second, a new modification of the onigi

typic

Preference degred®(4,,4;) = P(v;, —v;;) € [0,1] are
ecalculated for all pairs of alternativéswith respect to each
criterioni = 1,2, ..., k using preference functio% (this
z{A,lnction assigns a preference degree to each pessib
ifference in performance values), whegestands for the
performance of the-th alternative with respect to tlih
criterion. The preference degree says, how much the

decision-maker prefers an alternative with better

PROMETHEE V method [9] is introduced, which is mordP€rformance in the given criterion to the one witbrse
suitable for the solved problem. On the other haini performance.

worth noting that the proposed modification is bshed
for the given application field. Its suitabilityrfother areas
must be assessed by a user for each potentiatapgpti
individually.

The paper includes a numerical example, which

solved using the original and modified PROMETHEE
method. Furthermore, a sensitivity analysis of rbsults
for different levels of budget using the flexiblenda
parametric programming is provided.

The rest of the paper is organised as follows.i@e&

recalls the methodology of the PROMETHEE rankirgs a Negative

Step 2
The preference degrees are aggregated to preference
indices expressing, how much the decision-makeeme
Qne alternative to another. This is done using st

\product of preference degrees and weightsee (1) and

Step 3
The preference indices are aggregated to posithe a
flows ¢* €[0,1],¢~ €[0,1]) of each

PROMETHEE V for the portfolio selection. Section 32!ternative, see (1) and (2). The positive flow af
presents the PROMETHEE V model for the Supp"e:fllternatlve is a mean value of the preference édic

portfolio selection using both, the original ana thew

approach. Section 4 provides a numerical exampe, |

comparing this alternative to the others (how mbetier
is the alternative than the others). The other amynd,
the negative flow of an alternative is a mean valtiche
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preference indices comparing the remaining alteresto PROMETHEE Il algorithm, optimisation models are mor
the one under evaluation (how much worse is theomplicated to solve. But, the model to solve witthe

alternative than the others). PROMETHEE V is still easily tractable and, in gexler
more simple than the models proposed by [6], orl[&}
Step 4 x; be a binary decision variable denoting if th¢h

Due to the fact that the ranking using only theitp@sand  alternative is involved in the portfolio, or nothan, the
negative flows (PROMETHEE 1) provides only a pdrtiaoptimisation model can be written as follows:
ranking @ is preferred té if p*(a) = ¢*(b) A ¢~ (a) <

¢~ (b), where at least one of both inequalities must be max ¢Tx

strict) these partial flows must be aggregatedhe riet st. Ax<b 4
flows ¢ € [0,1], see (3). The PROMETHEE ranking based x € {0,1}°

on the net flows is called PROMETHEE Il and it pomps ) ) o

a complete ordering. where the set of constraints with the coefficieatnm A €

R™ and the right-hand sidels are the segmentation
The calculations of the described algorithm cashmrtly —constraints defining the feasibility of a solutioAs

written as follows: mentioned in the introduction, dependencies and
synergistic effects must be taken into account when
Sopjer e Wi Pi(vie — v;)) (1) selecting multiple alternatives. Each constraint tie
p*(A) = 1 model represents a restriction on the portfolio.r Fo
S ek Wi Py — Vi) 2) exampl_e, for a typical asset allocation_ probleme th
p-(4) =—L=1— L constraints can be used to guarantee minimal esgect
b(4,) = ¢+(At)s__¢:}_(At) 3) profit and maximal acceptable risk.

wherew; is the weight of thé-th criterion,s is the number 3 PROM_ETHEE_ model  for  supplier
of alternatives an#l represents the number of criteria. portfolio selection
In this section, a general optimisation model af th
The authors of [8] have defined the general prag®rt supplier portfolio selection is provided in linetivi[18].
of a preference function. A decision-maker can seamy A company, which needs to deliver product types by
non-decreasing functiorP (the greater difference in potential suppliers, is considered. The compariyriged
performances, the greater (or equal) prefereneeagttn in by the following constraints:

favour of the better alternative) wift(x) = 0 forx < 0, - total delivery costs cannot exceed the budgéd);
with the domain of all real numbers € R) and the range - the demandd of the company must be completely
P(x) € [0,1]. In order to make the choice of preference  satisfied (5b);

functions simpler for decision-makers, the authafr§8] - the suppliers have available only limited quargitie

have proposed some predefined shapes. But, byhéar t  of the required product types (5c¢);
most common shape is the linear one, which allaws t- the portfolio can be restricted in size(too many
consider too small differences in performance w@lue  suppliers can cause organisational and bureaucratic

negligible using the indifference threshagldand, on the troubles to the company, on the contrary, too few
contrary, too big differences exceeding the prefeze suppliers increase the risk), (5e).
thresholdp are preferred absolutely and with the same
strength, see Figure 1. max zjzl‘i’f"f @
P(x) S-t-zj=1yij =d; i=12,..,m, ()
11 Yij S 1) i=12,...mj=12,..,s (c)
0 x<x<q, Zi:lz]‘:lpijyij =P )
P(x)=1 L g<x<p, s
i, ' x> p. Z},:lxi =c j=12,..,s, (e) (5)
Zl Vi sMA-a) j=12,..,5, ®
q p X i=1 ]
Figure 1 Linear shape of preference function a+x =1 J=12,..s, (9)
x;j € {0,1} j=12,..,5s, (h)
Multiple alternatives selection using PROMETHEE % =0 i=12..,mj=12..s (i
(PROMETHEE V), introduced by [9], is based on the q; €{01} Jj=12,..,s. G

PROMETHEE Il ranking and its net flows To find the
optimal  portfolio of alternatives, mathematical
programming must be used. In comparison with the
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In the model (5), unlike the general formulation), (4 utility of the company and vice versa. To face this
new real variableg;; are used, and they stand for thedrawback, the authors of [11] have come with the
quantity of thei-th product delivered by thjeth supplier. following modification of the objective function ed in
Thus, the company decides on where to buy the pteduPROMETHEE V:
and how many products are delivered by each supjplie

constraints (5f) and (5g) result from the implioatthat if max(¢ + q)"x (7)
there is a supply from a supplier, this suppliernit _ o _
involved in the portfolio, see Note M(s a sufficiently However, according to [13], the modification us{i7y

great prohibitive constant, is a binary dummy variable). brings the opposite trouble to the original dravikbac

The problem (5) is a model of mixed integer prograng. Namely, if it does not violate any constraint, thgtimal
portfolio would always include all the alternativé®r the

case of (5), it means that each involved supplieuld
increase the total utility of the company, regasslef the
supplied quantity. It can easily happen that @ap§mal to
deliver “almost zero' quantities from some supgjién
If there is some positive value gy for anyi, based on order to artificilally increase the objective functivalue.

) J ’ This is not desirable. One can admit that, the awian
the constraint (Sf), the correspondmgmust pe equal t0 |,se the constraint (5€) to prevent this problemuéier,
zero and, according to (5g); is equal to 1, i.e., theth  in our opinion, the method should be applicableneve
supplier is selected. without any additional constraint. Besides thatisitnot

The constraints in (5) are relevant for the vagonity  always easy, or even possible, to set a suitathle Var c

of production companies. Each company can alsatadd in (5).

Note 1. The following implication is involved in model (5)

Yy >0 = x; = 1,otherwisex; = 0, j = 1,2,...,s. (6)

individual specific constraints depending on cdodi The second drawback is caused by the logic of the

under which it operates. For instance, the foll@vinobjective function as a whole and, in fact, ithe reason

examples of such constraints can be considered: why the modification of the objective function pomed by

- each product must be in stock at least at two &nspl [11] suffers from the troubles mentioned above. The
for the sake of substitutability; objective function in (4) evaluates a solution adow to

- total distance to the selected suppliers cannatekc which suppliers are chosen for the given portfolibe
a given value; logic behind is that if a supplier is selected, ¢haluation

- the shortest route between the selected suppligifofile of this supplier, including its advantagesd
cannot exceed a given value; disadvantages, is also reflected in ‘quality’ sfsupplies.

- delivery costs can also depend on load capacifthis idea is reasonable if the decision on a discre
utilisation (e.g., goods are transported to a custo alternative (e.g., a supplier) is not simultanepusl
by trucks and if a truck is not fully loaded, theaccompanied with another decision on some quaétat
delivery costs are greater (this also prevents fropyoperty (e.qg., if a university committee must sglahich
crumbling the supplied values). scientists will be awarded for their research, oniipal

elections). However, in the presented supplierfploot
As mentioned in the introduction, two drawbacks ofelection (5), the company decides not only on khic
PROMETHEE V make troubles to users. suppliers are involved in the portfolio, but also the
First, if it is not necessary for the feasibilitf @ delivered quantitiey,;. From the mathematical point of
solution, alternatives with negative flows are al&a yjew, one cannot get the optimal values of varisjlehich

excluded from the portfolio because they would eélase 5re not included in the objective function. Theseiso a

the value of the objective function. But, it is mattural to logical reason, why the function (5a) is not suiegbr (5).

take the zero value @f as a critical threshold if to selectThis will be explained using a simple example. bet

the alternative or not. A negative valuegofndicates that cgnsider the problem described by (5) with= 2 ands =

the negative flow of the given alternative is I&san its 3 je. the company requests 2 product types from 3

positive flow (i.e., the weaknesses overweights thgossible suppliers. Table 1 provides three diffefemsible
strengths), see (3), but it does not necessariyntbat the  goutions of the problersil, $2, S3.

alternatives with negative net flows decrease ttal t

Table 1 Feasible solutions of the numerical example

Solution S; |Supplier 1|Supplier 2|Supplier 3|Solution S, |Supplier 1|Supplier 2|Supplier 3|Solution S3 |Supplier 1{Supplier 2/Supplier 3
Net flows: 0.1 0.5 0.9 Net flows: 0.1 0.5 0.9 Net flows: 0.1 0.5 0.9
Product A 20 20 Product A 40 Product A 10 30

Product B 40 50 Product B 80 10 Product B 90

All three solutions bring the same value of theeobye suppliers are always selected into the portfoliaut, B
function equal to 1.5 using (a) in (5) becausetlalke intuitively, S3 is the best option an§ is the worst one.
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The reason is that, according to the PROMETHEE Used for other problems without further analysis.

ranking, Supplier 3 is the most preferable ondndi the
greatest net flow); for example, it provides thetlzpiality
of the products and also the best service conditidence,
it is reasonable to prefer greater quantities dedig by
high-ranked suppliers. Therefore, the authors pepo
replace the original objective function (5a) wig) for the
problem described by the model (5).

?:1 ¢jYij (8)

As mentioned above, for some problems, the original
PROMETHEE V model is more suitable. As well assit i
possible that one can face a problem, for whicterairihe
presented models makes sense, and which will equir
some completely unique approach.

4 Numerical example

In this section, a numerical example of the supplie
portfolio selection is provided. Namely, the exaepl
presented by [19] is used. The original authorehased

The use of (8) brings also other benefits. Firlsg t this example to demonstrate their DEA-based method

modification (7) by [11] does not necessarily favag

portfolios. Second, if the company does not want
explicitly restrict the size of the portfolio, like (5) using
(e), the new optimisation model will not contairy d&inary

variable, the constraints (5f) and (5g) will beleded, and,
thus, the problem will be a linear programming eafy

which will be simpler, smaller and faster to solBeit, in

this paper, all the constraints from (5) will bepkeo

provide the sensitivity analysis of the resultsdhanging
portfolio size:

max ijl(d)j—l—q)yi]’ 9)
st (5b)-(5)).

wheregq is set in line with (7).

The objective function of the model (9) assigns53,,
97 to three solutions in Fig.84, S2, S3, respectively. This
result confirms the intuitive reflection above.

At the end of this section, it is worth emphasizihgt
the proposed modification is suitable for the cdesed
decision making problem. But it cannot be autonadltic

evaluate the suppliers. The original data to get th
tPROMETHEE rankings are used, and extended with
necessary input data for the algorithms and models
presented in Sections 2 and 3 similarly to [18]ewehthe
example has been solved using the original PROMEEHE
V method.
The modeled company evaluates 18 potential supplier
S1-S18 using 5 quantitative criteria:
- Supply variety [number of provided product
types] (maximizing);
- Quality [% of non-defect products] (maximizing);
- Distance [km] (minimizing);
- Delivery [% of products delivered in time]
(maximizing);
- Price index [%] (minimizing).

The same importance is considered for all the raite
i.e., each of them has a weightequal to 0.2. All the
criteria are treated using the linear shape optleéerence
function, see Figure 1. The performances of th@lsns
in the given criteria, together with the threshadlds the
preference functions, are displayed in Table 2.

Table 2 Performances of the suppliers and the tiolelsvalueg andg

Cl |C2 | C3 | C4| C5

Cl| C2] C3 C4 Cf

5 0] 30 0 0

w 0.2 02| 0.2 0.2] 0.2

p 2C 5/100C] 2C| 11

S1 2| 10C| 24¢| 9C| 10cC

S1L( 3| 97.5| 58&| 10C| 10C

Sz 13] 99.¢] 645 8C| 10C

S11 1C| 10C| 241 9&| 10C

S& 3| 10C| 714 9C| 10C

Sl 7]199.¢| 567 9&| 10C

S$4 3| 10C|180¢| 9C| 10C

S1: 1¢| 10C| 567 9C| 10C

S5 24/ 99.8| 238| 90| 100

S14 12 91.9] 967 90| 100

SE 28| 96.€| 241 9C| 10C

S1t 33| 10C| 635] 95| 8C

S7 1] 10C| 1404 8E| 10C

S1¢€ 2| 10C| 798| 95| 8C

SE 24| 10C| 984 97| 10C

Sli 34| 10C| 68¢| 95| 8C

S¢ 11] 99.€] 641] 9C| 10C

S1¢ 9]99.4] 91%| 8t| 10C

Using (1), (2), and (3), the PROMETHEE |l rankirfgtee
suppliers is calculated, see Table 3. In line With the
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+ 0.0001 = 0.3259,
without loss of generality. The final adjusted \ediof the

transformatiory is set to|mjn{¢]-}
]

objective function coefficients for (9) are provitdén
Table 3.

Table 3 The results of the PROMETHEE Il analysis

Rank | Supplier ?; i tq Rank || Supplie ?; $ita
1| S15 0.400¢ 0.726° 1C| s1 -0.016° 0.309:
2| S1i 0.395! 0.721: 11] S¢ -0.043¢ 0.282:
3| S1( 0.220¢ 0.546! 12| S1¢ -0.067: 0.258¢
4| SE 0.154¢ 0.480¢ 13] S& -0.099: 0.226¢
5| SE 0.091¢ 0.417: 14] Sz -0.139¢ 0.18¢
6| S1] 0.079¢ 0.405! 1E| S1¢ -0.186¢ 0.139!
7|S6 0.0513 0.3772 16| S4 -0.2879 0.038
8| S1: 0.049¢ 0.375° 17| S7 -0.300¢ 0.025¢
9| S1Z 0.024¢ 0.350¢ 18| S1« -0.325¢ 0.000:

The company needs 10 products P1-P10 for productitwtal delivery costs. It is assumed that the company is not

in quantitiesd; provided in Table 4. Each product can b
delivered by at least two suppliers to avoid tfivesults.
The selling prices per one product can differ witppliers,
see the values typeset with upper indices in TdblEhe
last remaining input value for (9) is the uppertior the

a@ble to set this value. Therefore, in the firstanse, the
model (9) is run without the budget constraint (&djl the
obtained results are further used for the sensitanalysis
exploring the restrictive effect of the budget dosmist.

Table 4 Available numbers of products with thelilirsg prices (in bold)

S1 Sz S& S$4 SE SE S7 SE S¢ d;
P1 10 6 0 0 208/ O 0 0 0 0 15
Pz 0 0 3C 5| 4C 6| O 0 0 3 7] O 6C
Pz 0 0 0 5 71 O 0 26| O 0 7C
P4 0 2C 2| O 0 10C 3| O 0 0 0 12
Pt 0 0 0 0 4C 5] 3C 5] O 0 4C 4| 8C
Pe 0 28 6| O 0 5 5| O 0 6C 5| O 7C
P7 0 0 0 0 0 0 0 5 9] O 4C
PE 0 0 0 0 0 0 9C 4| O 0 10C
P< 0 0 0 0 0 0 0 0 0 10C
Pi( 0 0 0 0 0 0 0 0 0 10C
S1( S11 Sl S1:t Sl S1t S1¢€ Sli S1¢
P1 0 0 0 3¢ 71 O 0 0 0 0
Pz 0 8C 4| O 0 6C 6| O 0 0 0
Pz 0 0 0 5 9| O 0 0 0 0
P4 0 5 1| O 0 8C 2| O 0 10C 3] O
Pt 0 0 0 5 5| O 5C 0 3C 4] O
Pe 6C 4 0 0 0 0 0 6C 3| O 0
P7 6C 10| O 5 8] O 0 5 9] 0 0 0
PE 8C 5 0 0 0 0 0 0 9C 5| O
PE |12C 4 0 0 0 0 8C 5 0 0 7C 3
P1C| 8C 4 0 0 0 0 0 0 0 10C 3

In line with [12], the model is run for differenalues
of portfolio sizec, in order to get the so callegoptimal
portfolios. In the first instance, the model is mathout the
constraint (5e) to get the upper boundor c. Then the
model is run repeatedly with gradually decreasingtil
the feasible solution exists (i.e., far=¢,¢— 1,0 —
2,...,¢, wherec is the minimalc, for which the model
remains feasible).

The model (9) is solved using the MIP solver of GBM
software and a computer with |7 Intel processo@Hz,

and 228 constraints (excluding non-negativity casts
and binary constraints) in total.

4.1 Resultsand discusson

The results of the model (9) without the budget
constraint for different values ofare provided in Table 5.
It can be seen that the optimal portfolio withotie t
constraint on size contains 9 suppliers (thus,9) and the
model is feasible forc>7 (thus, c=7). The
corresponding optimal values of the objective fiors are

16GB RAM and Windows 10 x64 OS. The model containshown in Table 6.

216 variables (180 real variables and 36 binaratbigs)
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One can expect that whens decreased by 1, one (thethe supplier S11 that is in tlieoptimal portfolios forc =
least suitable) supplier will be excluded from geetfolio 7,9, but not forc = 8.
and the remaining suppliers will still be selectBdt, the
results in Table 5 shows that this is not truegnegal, see

Table 5 The optimal portfolios based on the nevppsed approach and their comparison with the presiapproaches B®] and
[11] without bound: (i.e.,c < 18), and forc = 7 andc = 8

The approach proposed in this paper
S1 |SZ |ST |S4 |SE |SE |S7 |SE |SE |S1(|S11|S1z |S1:|S14|S1E | S1e|S1i|Sa¢
c=7 0] 0] 0/ O] 1] o 1] 0] © 1 1 0 1 0 1 0 0 1
c=8 0] 0] 0] 1| 1| o] 0] 1] o0 1 0 0 1 0 1 0 1 1
c<18 0/ 0/ o] 1| 1| 0of o] 1] O 1 1 0 1 0 1 0 1 1

The original PROMETHEE V bi9]
S1 |SZ |ST |S4 |SE |SE |S7 |SE |SE |S1(|S11|S1z|S1:|S14|S1E | S1e|S1i|Sa¢
=7 0] 0] 0] O] 1] o 1] 0] © 1 1 0 1 0 1 0 0 1
c=8 0] 0] 0] 1| 1| o] 0] 1] o0 1 0 0 1 0 1 0 1 1
c<18 0 0 0 1 1 1 0 1 0 1 1 1 1 0 1 0 1 1
The approach proposed [iy1]

S1 |SZ |ST |S4 |SE |SE |S7 |SE |SE |S1(|S11|S1z |S1:|S1<4|S1E | S1e|S1i|Sa¢
c=7 0] 0] 0] O] 1] o0 1] 0] © 1 1 0 1 0 1 0 0 1
c=8 0] 0] 0] O] 1] o 1] 0] 0O 1 1 0 1 0 1 0 1 1
c<18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Table 6 The total utility expressed by the objechiinction in (9)

This study | Brans and Mareschf®] | Mavrotas et al. [1:
c=7 382.5° 170.7¢ 170.7¢
c=38 431.1: 171.5¢ 171.5¢
c<18 4421« 173.8: 179.1.

Table 5 includes also the results of the problelvesb other two models for all three scenariog ¢hote that this
using the original PROMETHEE V method and thds approximately the same difference as in the gaiim
modified version by [11] (differences are typesebold). Figure 2 where the solutions could be evaluated
The most differences can be found in the modelstuitively).
unconstrained in size. Unlike the approach propaséds Despite the optimal portfolios for all three corgwhr
paper, the results of the model solved with thgioal approaches are identical foe= 7, the structure of supplies
approach [9] include 11 suppliers in the optimattiotio  y,; differs for the new approach (M1) and others (M2)M
(S7 is replaced by S6 and, in addition, S8 and &2 gas it is signaled by the values in Table 6, seeeTab
added). The results using the approach by [11jgbnio Differences in values are typeset in bold. Oneedifice
surprising results - all the suppliers under cosrisition are  deserves a special comment: based on the input$théa
selected to the optimal portfolio. Two reversalswicfor must be selected because another supplier whode®vi
c = 8: S4 and S8 are replaced by S7 and S11 for thelmoge 0, i.e, S10, cannot satisfy the whole demandlequa
based on [11], meanwhile the results based on @] a100. However, this supplier performs very poorly
identical to the new proposed approach in this.cBBe according to the PROMETHEE ranking (see Table ). |
optimal portfolios are the same for the smallesisilele  spite of this, the approaches designated as M2M®d
size, i.e.,c =7. The optimal values of the objectiveassign the whole demand to S18 because the delivere
functions can be found in Table 6. For the sake @fuantity does not influence the value of the obyject
comparability, all the optima are calculated usihg function. The solution M1 should be definitely meed.
objective function in (9), i.e., the values obtairigy two It is worth noting that this solution is an altetina optimal
compared approaches must be recalculated accordingl solution even for M2 and M3, but the probabilitatithis
is not surprising that the new approach bringstiést solution is found by their corresponding modelsiteto
values. But, it is worth noticing that the new aggmh zero.
performs more than twice better in comparison it

~ 297 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 9 2022 Issue: 3 Pages: 291-301 ISSN 1339-5629

MODIFIED PROMETHEE V METHOD FOR SUPPLIER PORTFOLIO SELECTION
Frantisek Zapletal; Rijad Trumic; Radim Lenort

Table 7 The optimal distribution of supplies for7cand three compared approaches

S1 |Sz |St [S4 |SE |S€ |S7 |SE |SE [S1( |S17|S1: |Sia:t |S1<4 |S1Et |S1€ [S16 [Sit

P1 M1 0O O O O O O O O O O O 18§ o0 O 0 0 0 o
M2,M3 0O O O O O O O O O O O O 155 0 0 0 0 o0
P2 M1 0O O O O O O O O O O 6C O O O 0 0 0 o0
M2,M3 0O O O O O O O O O O 6C O O O 0 0 0 0
p3 M1 0O O O O O O 2c 0 O O O O 5 0 0 0 0 o0
M2,M3 0O O O O O O 2c 0O 0 O O O 5 0 0 0 0 o0
P4 M1 0O O O 0110 O O O O O 2c O O O 0 0 0 o
M2,M3 0O O O O 700 O O O O O 50 0 O 0 0 0 0 o0
p5 M1 0O O O O 3 O O O O O O O O 0 5 0 0 o0
M2,M3 0O O O O 40 O O O O O O O O O 40 0 0 ©
P6 M1 0O O O O 1cf O O 0 6C O O O O O 0 0 0 o0
M2,M3 0O O O O 1cf O O O O 60 O O O O 0 0 0 o0
p7 M1 0O O O O O O O O O O O O O O 4 0 0 o0
M2,M3 0O O O O O O O O O O O O O O 4 0 0 o0
P8 M1 0O O O O O O 20 O O 80 O O O O O o0 0o 0
M2,M3 0O O O O O O 9 0 O 100 O O O 0 0 0 0 o
Pg M1 0O O O O O O O O O 2c O O O O 8 0 0 o0
M2,M3 0O O O O O O O O O 100 O O O O 0 0 0 o0
P10 M1 0O O O O O O O O O 8 O O O 0 0 0 Q0 2
M2,M3 0O O O O O O O O O O O O O O O o0 o0h10

Another analysis of the optimal supplies' structisre 7,8,9 are equal to 3,625; 3,825; 3,765 respectively. The
done for three scenarios ofalues (again far = 7,8 and  minimum of the delivery cost, for which model (8)mwains
¢ < 18). Figure 2 shows the results of this analysishdf feasible, equals 2905, i.e., (9) brings more expens
size of the portfolio is reduced from 9 to 8, oohe change solutions almost by 25%. The company can reducgethe
occurs — S8 is excluded from the portfolio andjitantity costs using a budget bouhd5d). An effect of this bound
is covered by S11. On the contrary, wiada reduced to 7, on the optimal solution of the model (9) is exptbrathin
the exclusion of S17 leads to many complex chaimgée  the sensitivity analysis in Section 4.2.
optimal portfolio.

As to the total delivery cost, if there is no budge
constraintb set upon the model, the total costs foe

Pl B2 P3 P4 P5 P6 P7 P8 P9 P10

[ss ]
[ss]
[s10]

0 100 200 300 400 500 600 700 800
Number of products
Figure 2 Optimal structure of supplies for the nuiced example solved by the new proposed approatthdifferent sizes
of portfolio
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4.2 Sensitivity analysis not satisfied at all if the cost is greater tharequal to
In this section, it is explored how the optimalwgin 3,765 units.
of the solved numerical example changes when the
company limits its total delivery cost by variousues. It
has been shown that if the company does not regtec
budget, nor the portfolio size, the highest cosia¢}3,765
units. On the contrary, the minimum value of thestco
when ignoring the PROMETHEE rankings of the
suppliers, is equal to 2,905. It is reasonablexfreet that
the company requires to reach the budgdtstantially
Iowe_rthan the one given by model (_10). In th_|s ways it 0 2905 3765 *b
possible to avoid determining a precise valueirie with
[20], such vague constraint can be solved usinfékible
programming approach where the uncertain relatgon i
expressed by a fuzzy set. Namely, the basic Veydega : C .
model with vague constraints is used h&ebstantially According to [.20]’ the detgrm|n|stlc form of thevgn
. ; vague constraint is as follows:
lower than 3,765s replaced by the non-increasing fuzzy
interval depicted in Figure 3. The membership degre
represents to what extent the company is satigfigdthe
value of costs. Certainly, it is absolutely saéidfivhen the
cost equals the absolute minimum of 2,905 unitsitisd

all

Figure 3 Fuzzy interval describing the uncertainbStantially
lower than 3,765’ relation

?;1 Z?:l DijYij < 3765 — 860« (10)

where 860 is the difference between the cost oblates
dissatisfaction (3,765) and absolute satisfactty@0p).

Table 8 The results of the numerical example wéttilfle constraint on the total delivery cost (OFobjective function value)

o | S1|SZ | SE|S4| SE| SE| S7 | SE | SE€ | S1(|S11|S12|S1%|S14|S1E|S1e|S17|S1E| OF

0Oj]o0|]0]0O 1]1]0]O0 110 1]11]0 110 110 1| 1 | 4421
01/ 0] 0] 0 1]1]0]O0 110 1]11]0 110 110 1] 1 |441.7¢
0zf1,0]0]0]212]0O0]1]0]0O 1]11]0 110 1 1 1| 1 | 428.0:
01,070 1]0]0]|1]0]0 1]11]0 110 1 1 1 | 1 | 424.6:
04/ 1,00 1]0]0]1]0]0 1]11]0 110 1 1 1| 1 | 410.0¢
0100 1]0]0]1]0]0 1]11]0 110 1 1 1| 1 | 3934
06| 1 0 0 1 0 0 1 0 0 1 1 1 L D il 1 1 1 36448
07/1 0] 0 1]0]0]1]0]0 111 1 110 1 1 1] 1| 3294
01,100 1]0]0]1]0]1 111 1101 1 1 1| 1 | 293.4.
0c| 1 110 1]0]0|1]0]1 111 1 110 1 1 1| 1 | 241.5¢

111 110 1]0]0]1]0]1 111 1 111 1 1 1] 1] 180.4¢

The model (9) will be solved again, but with (d)companies has been built, and, using this modslag
constraint replaced by (10) fare [0,1] (particularly for demonstrated that the original PROMETHEE V method
a = 0,0.1,0.2,...,1). The results are provided in Table 8. I{9] can distort the final decision. This drawbatdnss from
is not surprising that the optimal values of théeotive the logic how the utility of portfolios is measurdd the
function decrease with increasing level of sattéfmcowith ~ original method, the evaluation is based only oa th
the budget constraint (10) since the model is morelected suppliers regardless of the quantitiggeded by
restricted. On the other hand, the portfolio sizmeréases these suppliers. This fact strongly favors largefptos
with increasingr. But, it is worth noting that the optimum by crumbling the supplies among the suppliers with
of the objective function for maximum satisfactigith the ~ positive values of the net flows resulting from the
budget constraint (i.eq = 1) is still greater than the PROMETHEE Il ranking. The second drawback, which
values of the same function for the optimal sohgiof the has already been many times discussed by resesrihier
compared approaches without the budget constraint that the original PROMETHEE V discriminates the

Section 4.1, see Table 6. suppliers with negative values of the net flowserEfore,
the authors came with the modification of the otjec
5 Conclusions function of the PROMETHEE V optimisation model. To

In this paper, the authors focused on the supplif@ with the former drawback, each portfolio was
portfolio selection problem. Namely, it was shovawithe ~ €valuated using not only its structure, but it at® taken
PROMETHEE outranking method can be used to solge t{Nt0 account how many items the selected suppiigpply.
kind of economic problem. A general model with thel N€ latter drawback was eliminated using the aprdy

constraints applicable to the vast majority of pribn  [11]- Despite the authors of [13] has proved tiipraach
unsuitable because it favors large portfolios ewere than
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