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THE ROLE OF COMBINATORIAL OPTIMIZATION 

PROBLEMS FORTHE EFFICIENT DECISION MAKINGOF 

A COMPANY - CASE STUDY - 

ABSTRACT 

All company seeks to improve their performance through 

achieving several objectives to stay in the labor market and increase 

competitiveness.  The problem lies in the fact that it often relies on 

atraditional methods for efficient decision making, causes a waste of 

times and effort.  The paperaims tofind thebest car service stations 

among a number of proposed stations by the Naftal Company,which 

seeks to achievethe two most important objectives;maximizing 

lubricants and tires revenues, and maximizing fuel and LPG 

revenuesfor the year 2019.The new applied case study was done with 

the help of the binary multi-objective knapsack problem,whichis 

considered one of the most important problems in multi-objective 

combinatorial optimizationproblems. The problem was solved by the 

epsilon constraint method using MATLAB and CPLEX software. The 

study results confirmed that the proposed efficient solution set (Pareto 

optimal solutions) provides decision maker with a comprehensive 

view of how to make their decision in a scientific, thoughtful, logical, 

and convincing manner that suits his situation and puts him at ease, 

away from trial and error or relying on self-experience. 

KEY WORDS: Combinatorial Optimization Problems, Knapsack 

Problem, Multi-objective, Efficient Solution, Pareto Optimal solution. 
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LE RÔLE DES PROBLÈMES D’OPTIMISATION 

COMBINATOIRE MULTI-OBJECTIFS POUR LA PRISE DE 

DÉCISION EFFICACE D’UNE ENTREPRISE 

-ÉTUDE DE CAS- 

RÉSUMÉ 

Toutes les entreprises cherchent à améliorer leur performance en 

atteignant plusieurs objectifs pour rester sur le marché du travail et 

accroître leur compétitivité. Le problème est qu’elles reposent souvent 

sur des méthodes traditionnelles pour prendre la décision efficace, ce 

qui entraîne un gaspillage de temps et d’efforts. L’objectif de ce papier 

est de trouver les meilleures stations-service automobiles par   certain 

nombre de stations proposées par l’entreprise NAFTAL qui vise à 

atteindre les deux objectifs les plus importants; maximiser les revenus 

des lubrifiants et pneumatiques et maximiser les revenus du 

carburant et GPL de l’année 2019. La nouvelle étude de cas appliquée 

a été menée en utilisant le problème de   sac à dos multi-objectifs  en 

variables de décision  binaires, qui est considéré comme l’un des 

problèmes les plus important des problèmes d’optimisation 

combinatoire  multi-objectifs.  

Le problème a été résolu en programmant la méthode epsilon 

contrainte en faisant appel aux logiciels Matlab et Cplex. Les résultats 

de l’étude ont confirmé que l’ensemble de solutions proposées 

(solutions optimales au sens de Pareto) donne au décideur un aperçu 

complet  comment  prendre sa décision de façon réfléchie, logique et 

convaincante, adaptée à sa situation, et le mettre complètement à l’abri 

de l’expérience, de l’erreur ou du recours à l’expérience personnelle. 

MOTS-CLÉS : Problèmes d’Optimisation Combinatoire, Problème de 

Sac à Dos, Multi-Objectif, Solution Efficace, Solution Pareto Optimale 
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 (Marlello, 1990; Ehrgott, 2005; Teghem, 2012 ; Keller, 

2004,…   

{0, 1}  

 

 21NP-hard   

 Choice problems

 

(The amount of total revenue)

2019.
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1

COP(Combinatorial Optimization Problems)

𝑋 ∈ {0, 1}

{0, 1}

𝑋𝑖 = {
1   

0   

NP-hard)

ا
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1.1 

(Multi-objective Assignment 

Problem)

  Travelling Salsman

Daoud, 2016

Hungarianmethod

Ulungu,1998 ;Ehrgott,2005;Teghem,2012 ;Keller,2004,…

(Multi-objective 

Transportation Problem)

)2016,( 

(Multi-objectiveTravellingSalsman 

Problem) 



Les Cahiers du Cread -Vol. 39 - n° 03 – 2023          

282 
 

Multi-objective Shortest Path 

problem) 

 .(NP-hard)

2.1

iwi

(continous knapsack problem)

(fractional knapsack problem)

(binary knapsack problem)({0-1} knapsack problem)

(Binary Bi-

Objevctive Knapsack Problem) 

(BOKP){

"max′′ 𝑍𝑘 = ∑ (𝑃𝑖
𝑘)𝑋𝑖

𝑛
𝑖=1 𝑘 = 1,2

𝑆/𝑡 ∑ 𝑤𝑖𝑋𝑖
𝑛
𝑖=1 ≤ 𝑊

𝑋𝑖 ∈ {0 ,1}

)

(
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1.3.1 

(Vincke, 1988) 

(

1 (Dominance Relation

dominated: Zk(x1) ≥ Zk(x2),   ∀k = 1,2, … , p 

 p ) (. 

2

 x∗efficient  solution

(non-dominated point)

 

) 

 ()
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(Martello, Toth.,1990)(Keller Pferschy,Pisinger, 2004)

(Branch and BoundDynamic 

Programming(Approximationmethods)

.2021

(Cacchiani, Lori, Locatelli, Martello, 2021)

(BOKP) (Visée,Teghem, Pirlot,Ulungu, 1998)  

(two phase method)  لحل

Jorge, Gandibleux, 2007) 2009الباحثان

 (Bazgan, Hugot, Vanderpooten, 2009) 

(Delort, Spanjaard, 2010) (Two phase method 

and dynamic programming

(Lust, Teghem, 2012)

2022

(Cacchiani, Lori, Locatelli, Martello, 2022)

 ؛
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2 

1.2

300

.

2017Bouhenniche,Haoua, 2021 

2.2 

2017
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Bouhenniche 2021

01

2019

 1.2.22019 

- 01

36

- 01

- 

36C…,,2,C1C

- 01GPL

36R…,,2,R1R

- ,…,2,N1NN63

N

2.2.2

- 

- 2015
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- 12.6

3.2

 

1.3.2

36n = 36

36Decision variables

𝑋𝑖 = {
      1 𝑖   تم إختيار المحطة 

0  لم يتم اختيارها
 

  

 

𝑀𝑎𝑥 𝑍1 =∑Ci

36

𝑖=1

𝑋𝑖     , 𝑖 = 1, … ,36 

 Ci𝑖 
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GPL

 

𝑀𝑎𝑥 𝑍2 =∑Ri

36

𝑖=1

𝑋𝑖     , 𝑖 = 1, … ,36 

 𝑅𝑖GPL𝑖 

3.3.2  

 𝑁 

∑𝑁𝑖𝑋𝑖

36

𝑖=1

= 𝑁1𝑋1 + 𝑁2𝑋2 +⋯+ 𝑁𝑖𝑋𝑖 ≤ 𝑁 

𝑁𝑖𝑖 . 

4.3.2 

    𝑁, 𝑁𝑖 , 𝑅𝑖  , 𝐶𝑖 

 ∑ 𝑁𝑖
36
𝑖=1 > 𝑁  

 𝑁𝑖 ≤ 𝑁

 NTighness ratio) 𝑟 =
𝑁

∑ 𝑁𝑖
36
𝑖=1

( 

 𝑟 
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𝑟 ≃ 50%

(Visée,1998;Daoud,2016) 

01

 

(BOKP)

{
 
 

 
 max  𝑍

1 = ∑ 𝐶𝑖𝑋𝑖
𝑛
𝑖=1

max  𝑍2 = ∑ 𝑅𝑖𝑋𝑖
𝑛
𝑖=1

𝑆/𝑡      ∑ 𝑁𝑖𝑋𝑖
𝑛
𝑖=1 ≤ 𝑁

𝑋𝑖 ∈ {0 ,1}

 

3

1.3 

(BOKP)

020304
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 020304(Efficient solutions)

ES

:

ES={ES1, ES2,ES3} NDS={NDS1,NDS2,NDS3})

ES(Non-dominated Solutions)

 

ES1={S1,S2,…,S17}

02

dominated Solutions-NonNDS1

(ES1))2(ES1), Z1NDS1=Z(ES1)=(Z01

01 

 

ES2={S18,S19,…,S35} 04

NDS2(ES2))2(ES2), Z1NDS2=Z(ES2)=( Z

0301

 

 

ES3={S36,S37,…,S52}

)(ES3)2(ES3), Z1NDS3=Z(ES3)=( Z 03
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ND302

01 

 

SE. 

 1SE*)07e+1.0( 

ES1 

 

Z(ES1) 

S1 S2 S3 S4 S5 S6 S7 S8 

Z1 0.0475 0.0473 0.0473 0.0469 0.0468 0.0468 0.0467  0.0467 

Z2 1.0630 1.0777 1.0903 1.1255 1.1374 1.1394 1.1520 1.1520 

S9 S10 S11 S12 S13 S14 S15 S16 S17 

0.0462 0.0460  0.0459 0.0458  0.0458  0.0458  0.0456 0.0456 0.0452 

1.1653  1.1671 1.1676 1.1794 1.1803 1.1892 1.1934 1.1934 1.1942 

 

01

1Z2019 +07e 1.0*0.0475

GPL2Z7e+0. 1.0*1.0630 

S1 GPL1.1942*1.0 e+0.7  

S17 

23ES*)1.0e+07(

ES2 

 

Z(ES2) 

S18 S19 S20 S21 S22 S23 S24 S25 S26 

Z1 0.0451 0.0451  0.0448 0.0447 0.0447 0.0447 0.0446 0.0446 0.0444 

Z2 1.1988 1.2033 1.2040 1.2052 1.2077 1.2090 1.2162 1.2164 1.2182 

S27 S28 S29 S30 S31 S32 S33 S34 S35 

0.0443 0.0443 0.0440 0.0438 0.0436 0.0435 0.0427 0.0426 0.0425 

1.2259 1.2336 1.2362 1.2402 1.2419 1.2499 1.2523 1.2557 1.2562 
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02

GPL2019

S18,S19,…, S35

3.2ES)*1.0e+07( 

ES3 

Z(ES3) 
S36 S37 S38 S39 S40 S41 S42 S43 

Z1 0.0423 0.0422 0.0420 0.0416 0.0414 0.0408 0.0404 0.0402 

Z2 1.2588 1.2674 1.2685 1.2702 1.2820 1.2848 1.2861 1.2871 

S44 S45 S46 S47 S48 S49 S50 S51 S52 

0.0402 0.0401 0.0395 0.0395 0.0391 0.0382 0.0381 0.0378 0.0371 

1.2936 1.2982 1.2989 1.3073 1.3086 1.3125 1.3149 1.3162 1.3199 

 

03GPL2Z

GPL0.7e+ 1.0*1.3199

1Ze+0.7 1.0*0.03712019

03

1NDS
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01

(Non-dominated 

solutions)(Pareto front)

 

 

 

 

 

 Interactive methods

52

2.3

36

52
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01

Nbrd'eff

ectiffor

mé 

CA Carburant et 

GPL/C 

CA lubrifiants et 

pneumatiques 
Adresse Station 

14 189502,0363 31565,28074 54 AVENUE DE ALN 

HUSSEIN DEY 
1621 

10 266931,1287 15479,31275 114 RUE DIDOUCHE 

MOURAD ALGER 
1622 

17 646617,9253 18487,59194 RTE NLE N°5 LES 

VERGERS 

BIRKHADEM 

1625 

23 811021,556 9802,6296 AV COLONEL 

AMIROUCHE BEK 
1627 

28 283112,4415 500,388 RTE NLE N°5 BAB 

EZZOUAR 
1628 

27 865106,5402 41181,97734 ROUTE DE SIDI 

MOUSSA BARAKI 
1639 

48 1638906,185 35278,34302 PARC DES LOISIRS 

CAROUBIER 
1640 

22 1199584,841 75776,78786 AUTOROUTE DE 

L'OUEST 

MOHAMMADIA 

1645 

16 568212,5583 16933,59758 AUTOROUTE DE L'EST 

MAZAFRAN 
1646 

23 932996,3837 11839,5144 AUTOROUTE DE 

L'OUEST MAZAFRAN 
1647 

32 1308274,34 54213,2189 ROUTE N° 21 

CHERAGA 
1648 
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18 516262,4385 9216,5652 CARREFOUR BRIDJA 

STAOULI 
1649 

12 440445,614 13016,35114 130 CHEMIN MED 

GACEM EL MADANIA 
1650 

6 1281923,206 45705,52685 AUTOROUTE DE L'EST 

ROUIBA 
1651 

12 340891,0235 4805,058 AVE MOHAMED 

FELLAH KOUBA 
1652 

8 285505,0881 6744,4644 HAI EL BADR KOUBA 1653 

7 211906,9628 4066,4772 AVENUE DU 1ER 

NOVEMBRE ROUIBA 
1654 

5 85661,78194 4816,9812 PORT ALGER 1656 

12 231851,0373 3980,88042 EL BIAR 1659 

16 482052,0551 9852,176244 MADANIA 1657 

14 84790,3985 587,1024 BAB EL OUED 1658 

27 579137,7826 21963,4474 ROUTE N° 24 FIGUIER 

BOUMERDES 
3520 

20 442759,2436 19205,01766 BORDJ MENAIEL 

BOUMERDES 
3521 

11 526511,0015 14835,05699 70 AVENUE DU 1ER 

NOVEMBRE 

BOUDOUAOU 

3525 

24 671389,7237 9529,804452 BOUIRA 1020 

16 260791,527 9415,948776 SOUR EL GHOZLANE 1021 

15 335941,5744 22906,12264 KADIRIA 1022 

5 91472,21179 7563,7197 GUERROUMA 1023 

22 661680,7837 20307,17423 ROUTE DE TIKDJDA 

BOUIRA 
1025 

5 78413,57011 11175,06593 AIN BESSEM 1026 

14 351009,5846 16918,54472 BECHLOUL 1027 

15 202124,0401 11669,80235 BIR GHBALOU 1028 

11 138641,9482 8057,129736 RAOURAOUA 1029 

16 849460,4903 7176,911844 BECHLOUL NORD 1030 

26 1217085,092 7292,237184 BECHLOUL SUD 1031 

15 572213,9044 14647,43771 AIN BESSAM R1032 
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2 1ES

X36( 1) 1) 1) 1) 1) 1) 1) 1) 1) 1) 1) 1) 1) 1) 1) 1) 1) 

X35 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

X34 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

X33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

X30 0 0 0 0 1 1 1 1 1 1 0 1 0 1 0 0 1 

X29 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

X28 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

X27 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 1 1 

X26 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

X25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X24 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

X23 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

X22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X21 0 1 1 0 0 1 1 1 0 1 1 1 1 1 1 1 1 

X20 0 0 1 0 0 0 1 1 0 0 0 1 0 0 0 0 0 

X19 1 1 0 0 0 1 0 0 0 1 1 1 0 1 0 0 1 

X18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 

X16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X15 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

X14 1 1 1 1 1 0 0 0 1 0 0 0 1 0 0 0 0 

X13 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

X12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

X9 1 1 1 1 0 1 1 1 1 1 1 1 0 1 1 1 1 

X8 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 0 

X7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

X6 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 

X5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X4 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 

X3 0 0 0 1 0 0 0 0 1 1 1 1 1 1 1 1 1 

X2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

(X1 (1 (1 (1 (1 (1 (1 (1 (1 (1 (0 (1 (1 (1 (1 (1 (1 (0 

X S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 
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03ES2 
X

36
( (1
 (1
 (1
 (1
 (1
 (1
 (1
 (1
 (1
 (1
 (1
 (1
 (1
 (1
 (1
 (1
 (1
 (1
 

X
35

 

1 1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1 

X
34

 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 

X
33

 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X
32

 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X
31

 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

X
30

 

1 0 0 1 0 1 1 0 0 1 1 1 0 0 0 1 1 1 

X
29

 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

X
28

 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 

X
27

 

0 0 0 1 0 1 1 1 1 1 0 0 1 1 1 0 1 1 

X
26

 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

X
25

 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X
24

 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

X
23

 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

X
22

 

0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

X
21

 

1 1 1 0 1 0 1 0 1 1 0 1 1 1 1 0 1 0 

X
20

 

0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 

X
19

 

0 1 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0 

X
18

 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X
17

 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X
16

 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X
15

 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X
14

 

0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

X
13

 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

X
12

 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X
11

 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

X
10
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