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Abstract: In modern logistics processes, forklifts represent one of crucial means for 
performing handling operations. As a result, they play a very important role in achieving the 
overall efficiency of logistics systems. Based on the research conducted in the warehousing 
system of the Natron-Hayat company, and taking into account the current needs of the 
company, experience and knowledge of managers as decision-makers in this warehouse, 
criteria and alternatives for selecting a forklift were defined. The objective CRITIC (Criteria 
Importance Through Intercriteria Correlation) method was used to determine the 
significance of the criteria, while the MARCOS (Measurement of Alternatives and Ranking 
according to Compromise Solution) method was used to evaluate and select the most 
favorable forklift. By analyzing the collected data using the MARCOS method, it was obtained 
the ranking of alternatives, according to which the A4 forklift is the most favorable 
alternative, and the A1 forklift is the worst alternative. The obtained results have been 
verified through sensitivity analysis, which includes changes in weight criteria, as well as 
comparative analysis with other methods of multi-criteria decision making.    
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1. INTRODUCTION 

Logistics as an area is becoming increasingly important every day by rationalization and 
optimization activities improving the whole business and the overall effect of the supply chain. 
In addition to transport, which is the greatest cause of logistics costs, as a very important 
element or subsystem of logistics, there is a warehousing subsystem with all the accompanying 
activities. Taking into account that the movement of goods is a dominant activity in a modern 
warehousing system, the processes become more complex, so it is necessary to create different 
models for decision-making. This paper analyzes the warehousing system of the Natron-Hayat 
company as well as the possibility of purchasing another forklift to perform handling 
operations. Through the overall research, and this paper is a part of it, the parameters of queues 
on two transshipment fronts in the warehousing system were calculated in the first phase, and 
it was determined that Natron-Hayat achieves satisfactory results with two existing 
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transshipment fronts. In the next phase of work, the efficiency of transport and handling 
equipment in the company's warehousing system was calculated, and the DEA method was 
applied to determine the efficiency of a total of eight forklifts operating in the Natron-Hayat 
warehousing system. Since the DEA method showed insufficient discriminatory power to 
determine the overall efficiency of all eight forklifts, the MCDM model was further applied. 
The final phase of the work is a part of the research presented in this paper. After determining 
which forklift is the most efficient in the warehousing system, it was started the procurement 
of an additional forklift according to the needs and appropriate criteria in this warehousing 
system. To analyze the collected data, it was used an integrated multi-criteria model: CRITIC-
MARCOS. The CRITIC method is an objective MCDM method which was applied to calculate 
weight coefficients used then in the MARCOS method to weight the initial values.  
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3. METHODOLOGY 

3.1 CRITIC method

X

Defining criteria and alternatives for the forklift selection 

Multi-criteria decision making

 
CRITIC method 

MARCOS 
method 

Sensitivity 
analysis 

The most 
favorable 
solution 



11 12 1

21 22 2

1 2

...

...
1, 2,..., ; 1, 2,...,

... ... ... ...
...

n

n
ij

m m mn

x x x
x x x

x i m j n

x x x

i=1,2, …,m i j= 1,2,…,

min
max

max min
ij iji

ij
ij ijii

x x
r if j B

x x

max
min

min max
ij iji

ij
ij iji i

x x
r if j C

x x

mij

wj

1

j
j n

j
j

C
W

C

Cj 

1
1

n

j ij
j

C r

j

3.2 MARCOS method

AI AAI



1 2

1 2

11 11 12

2 21 22 2

1 22

21

...
...
...
...

... ... ... ... ...
...
...

n

aanaa aa

n

n

m m mn

aiai ain

C C C
xx xAAI
xA x x

A x x x
X

A x xx
AI xx x

AAI

min maxij iji i
AAI x if j B and x if j C

max minij ijii
AI x if j B and x if j C

B

X

ai
ij

ij

x
n if j C

x

ij
ij

ai

x
n if j B

x

V= [vij]mxn

ij ij jv n w

Ki.

i
i

aai

S
K

S

i
i

ai

S
K

S

Si i=1,2,…,m

1

n

i ij
i

S v

f(Ki).

f(Ki-)
f(Ki+)

;
1 1

1

i i
i

i i

i i

K Kf K
f K f K

f K f K



i
i

i i

Kf K
K K

i
i

i i

Kf K
K K

4. APPLICATION OF INTEGRATED CRITIC-MARCOS MODEL FOR FORKLIFT 
SELECTION 

 

4.1 Determining the criterion weights using the CRITIC method 

X



1 4 3 6 7 8 9 2 5 

4.2 Evaluation and selection of forklifts using the MARCOS method 
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5. SENSITIVITY ANALYSIS AND COMPARATIVE ANALYSIS 

5.1 Analysis of the sensitivity of the results to changes in the significance of the 
criteria 
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5.2 Comparative analysis 
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6. CONCLUSION 
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