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Abstract

Fuzzy logic, with its ability to model uncertainty and imprecision, offers a promising
avenue for addressing complex decision-making processes in various domains of information
technology. This paper presents a computational exploration of fuzzy assignment dynamics
using the statistical computing language ‘R’. Through a series of case studies and practical
implementations, we delve into the application of fuzzy logic principles in decision support
systems, pattern recognition, natural language processing, control systems, data mining,
optimization, human-computer interaction, and robotics. Leveraging the flexibility and
robustness of ‘R’, we demonstrate how fuzzy assignment techniques can enhance the
adaptability and intelligence of computational systems in handling uncertain environments.
By examining real-world scenarios and employing ‘R” as a computational tool, this journey
offers insights into the practical implications and potential advancements in fuzzy logic
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applications within the realm of information technology. The proposed algorithm is
applicable to any finite number of sources for a balanced fuzzy assignment problem.

Subject Classification: 94D05, 90C05, 90C08.

Keywords: Computing environment, Assignment problem, Fuzzy assignment problem (FAP),
Triangular fuzzy number, Open-source programming language.

1. Introduction

Fuzzy environment refer to the utilization of fuzzy logic and concepts
in the design, management, and execution of distributed computing tasks
in computing environment. These systems involve the distribution of
computational tasks across multiple interconnected devices or nodes in a
network, where uncertainty or imprecision in data and decision-making is
being addressed using fuzzy logic. Fuzzy logic can be applied in various
aspects Fig [1] of computing environment:

Decision
Making

Figure 1

Different Aspects of Fuzzy Logic

Load Balancing: The load balancing concept for fuzzy logic involves
using fuzzy logic principles to dynamically allocate resources across
computing nodes or servers in a distributed computing environment.
Unlike traditional load balancing techniques that rely on fixed rules or
algorithms, fuzzy logic-based load balancing takes into account the
uncertainty and imprecision inherent in workload characteristics, server
capacities, and system conditions. Fuzzy logic-based load settlement is
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done using a set of fuzzy rules to make decisions regarding system load
distribution. These rules capture the relationship between input variables
(e.g., current load, server capacity) and output actions (e.g., when the
server to assign a task to processor). Fuzzy logic-based load balancing
systems adaptively allocate resources based on availability of real-time
system metrics and user-defined preferences with optimal way.

Resource Allocation: The resource allocation concept for fuzzy logic
involves using fuzzy logic principles to dynamically allocate resources in
various computing environments. Fuzzy logic, with its ability to handle
uncertainty and imprecision, offers a flexible and adaptive approach to
resource allocation, especially in dynamic and heterogeneous systems.
Fuzzy logic-based resource allocators use a set of fuzzy rules to make
decisions regarding resource allocation. These rules capture the
relationship between input variables (e.g., current resource usage, system
load) and output actions (e.g., where to allocate, how much to allocate).
Fuzzy logic-based adaptability allows to handle fluctuating system or
processor load and varying system conditions more effectively compared
to static or rule-based approaches.

Fault Tolerance: Fuzzy logic can be applied to handle uncertain or
imprecise information related to node failures or network issues. It can aid
in making decisions on task migration and failure. Fault tolerance in fuzzy
logic refers to the ability of a system to continue operating reliably and
effectively in the presence of faults, errors, or failures. In the context of
fuzzy logic-based systems, fault tolerance mechanisms are designed to
detect, isolate, and recover from faults or errors that may occur within the
system components, such as sensors, controllers, actuators, or
communication channels.

Security: Fuzzy Logic can be applied in various domains including
security due to its ability to handle imprecise or uncertain information. In
the context of security, Fuzzy Logic can be utilized in several ways. Fuzzy
Logic can be integrated into decision support systems for security
operations to handle the ambiguity and uncertainty inherent in security-
related data. By incorporating fuzzy reasoning, these systems can provide
more information and context-aware recommendations to security
personnel. Fuzzy Logic can help in building more robust intrusion
detection systems by allowing for flexible rules that accommodate the
uncertainty inherent in identifying malicious activities. It can help in
classifying network traffic as normal or suspicious based on fuzzy rules
defined by security experts. Fuzzy Logic can enhance access control
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systems by considering vague or uncertain factors such as user behavior
patterns, location, and time of access.

Data Fusion and Decision-Making: In distributed environments
where data from multiple sources is collected, fuzzy logic can help to fuse
and interpret this data, especially when it’s uncertain or imprecise. Fuzzy
Logic allows for the integration of information from heterogeneous
sources with different levels of reliability and precision. It provides a
mechanism to represent and combine uncertain or conflicting data from
various sensors or data streams. Fuzzy Logic can manage incomplete or
partially available data by assigning degrees of membership to different
possible interpretations. This enables effective fusion of incomplete
information without discarding potentially valuable data.

‘R’ with Fuzzy: ‘R’ provides various packages that implement fuzzy
logic techniques, making it accessible for researchers and practitioners to
apply fuzzy logic in their data analysis and decision-making processes. ‘R’
users can leverage fuzzy logic techniques implemented in these packages
for various data analysis and decision-making tasks. Few of them are-

* Fuzzy clustering algorithms implemented in R can be used for
clustering data with vague boundaries.

e Fuzzy inference systems can be employed for modeling and
reasoning under uncertainty in decision-making processes.

* Fuzzy logic can be integrated into predictive modeling workflows
for handling imprecise or uncertain data.

2. Literature Review

In a distributed environment where various factors can affect system
behavior and performance, fuzzy logic can help in making decisions based
on vague or incomplete information. Distributed computing systems often
involve the allocation and management of resources across multiple nodes
or machines. Fuzzy logic can be applied to optimize resource allocation
decisions by considering factors such as system load fluctuations, resource
availability, and user preferences in a distributed environment. Fuzzy
computing techniques can aid in load balancing across distributed
computing nodes by dynamically adjusting resource allocations based on
fuzzy rules that consider factors like node capacities, current system load,
and network conditions. This can help in improving system performance
and scalability in distributed environments. Fuzzy logic-based control
systems can be applied in distributed computing environments to regulate
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and coordinate system behavior across multiple nodes or components.
Fuzzy control techniques can help in managing complex interactions and
dependencies among distributed components while accommodating
uncertainties and variations in system dynamics.

Load sharing in fuzzy computing refers to the allocation of tasks or
computational load among multiple computing resources (such as
processors, nodes, or servers) in a fuzzy logic-based system. Fuzzy
computing involves the use of fuzzy logic, which allows for reasoning and
decision-making with imprecise or uncertain information. In load sharing
within a fuzzy computing environment, the goal is typically to distribute
tasks efficiently among the available computing resources to optimize
system performance, throughput, and/or resource utilization. Fuzzy
techniques can be utilized for load balancing strategies to evenly distribute
computational load across multiple resources.

Distributed computing as well fuzzy environment find large number
of applications in various domains such as Internet of Things (Iol)
networks where sensor data may be imprecise, Smart grid systems for
managing energy distribution, Autonomous vehicles for decision-making
in uncertain traffic conditions, Healthcare systems for diagnosis and
patient monitoring, Supply chain management for demand forecasting in
uncertain markets. The assignment problem in distributed computing
systems is a well-studied optimization problem that involves allocating a
set of tasks to a set of resources while minimizing certain costs or objectives.
The review related to fuzzy assignment problems, as researchers have
considered this an important challengeable area of research while going
through the literature various research papers on the assignment problem
in such environment has been identified.

The Fuzzy Assignment Problem is an extension of the classic
Assignment Problem in OR. In any fuzzy assignment problem the
assignments are not binary but instead allow degrees of assignment or
membership values. In this research paper [1], the author has obtained
assignments from TFN’s and discussed them in detail. Here, to convert the
crisp numbers they use the robust ranking method and hence the optimal
solution has been obtained.

The solution to the triangular fuzzy assignment problem has been
obtained by the author [2] using fuzzy Hungarian method, Hungarian
method and direct method. Obtained result is then the optimal solution is
compared between these methods for the effectiveness of the method. In
paper [3], the author has solved the triangular FAP with C as the cost of
assigning work to workers. Here ranking functions with fuzzy costs are
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used to obtain the optimal solution. In paper [4], the authors solve FAP
using generalized trapezoidal fuzzy numbers using the Hungarian
method. The method proposed here ranks all types of fuzzy numbers that
represent optimal values. In paper [5], a special strategy for solving FAP
that uses arithmetic progression and ranking methods to obtain the fuzzy
triangular numbers and fuzzy trapezoidal numbers is developed. This
research in which, FAP is diffused into crisp values that used statistical
beta distribution approach and the optimal solution achieved here by
using Hungarian method.

In order to obtain the optimal solution, IFSAP is formulated by
authors [6] and then solved by Lingo 17.0 software tool. It is the software-
based approach for solving intuitionistic fuzzy solid assignment problem
(IFSAP). Cloud computing technology involves providing a variety of
computing services, including storage, processing, networking, and
software applications, over the Internet (“cloud”). In research paper [7],
the author has presented the state-of-the-art approach of cloud computing
based fuzzy logic and its important features. In paper [8] Researcher has
presented an optimal solution of the FAP with the help of Fourier
elimination method. Here, by taking all the parameters as triangular fuzzy
numbers, the minimum assignment cost in the fuzzy environment for the
FAP is obtained by the Fourier elimination method.

In research paper [9], authors considered the assignment problem
with trapezoidal fuzzy parameters. Further it solved by novel Dhouib-
Matrix-AP1 (DM-AP1) heuristic. In [18] author search the well-organized
arrangements of huge multi-objective assignment problem by modifying
the Jaya algorithm with the help of product operator in exponential
membership functions. Also in paper [10], the author has presented
icosagonal fuzzy numbers in various ways, in symmetric & asymmetric
form, in linear and non-linear form and in single-valued and interval-
valued form. Author has also presented some defuzzification procedures
with centroid method based different techniques, such as, alpha-cut
method and bounded area method.

In research papers [11, 13], the author has solved the problem based
on fuzzy triangular numbers in the first part and obtained the optimal
solution by using genetic algorithm in the second part. Here through this
method the optimal solution for the recruitment process of individuals
and decision variables has also been obtained. Triangular fuzzy assignment
problem is expressed from triangular fuzzy numbers to crisp numbers
using weighted summation process. Optimal solution obtained by
improved assignment method. In paper [12], the researcher has given
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many examples and compared it with other existing technologies and
obtained the optimal solution. This research papers [14, 15, 17] solves the
task assignment problem with FET and FCT, that realistic in nature. Here,
the optimal impedance time to the system is obtained through processor
speed & serviceable model is designed that uses K-means clustering
technique. Also, In paper [16] the authors present an alternative approach
to solving the unbalanced assignment problem which involves achieving
IBFS optimality.

3. Methodology

The methodology outlines the systematic approach or procedure
used to conduct research or solve a problem. It encompasses the steps,
techniques, and tools employed to gather, analyze, and interpret data or
information in order to achieve the research objectives. The methodology
provides a clear framework for how the research will be carried out,
ensuring rigor, transparency, and reliability in the research process. Here
methodology discussed by three important points: Fuzzy Assignment
Problem, Pseudo Code of Proposed Algorithm and ‘R’ code for Proposed
Algorithm.

3.1 Fuzzy Assignment Problem

There are certain mathematical phenomena corresponding to every
physical structure in everyday life. Let us consider n jobs and n people. In
real life the assignment cost affected by various parameters and hence the
assignment cost coefficients are usually uncertain values. These will
change respectively in different time frames.

Here, Let assignment cost is a fuzzy number so it is defined by,

c=c/c/c

¢ =most optimistic assignment cost / most possible assignment cost /

most pessimistic assignment cost

Hence total assignment cost becomes fuzzy as cost coefficients are
fuzzy numbers.
Subject to,

u sth

PIES =1, j=1,2,3,...,n(only i"should beassigned the ]'”' rocessor)

i=1
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ixv =1, i=1,2,3,...,n (i" performfor j" rocessor)
=

X, € {0,1} for i,j=1,2,3,...,n

Consider the balanced FAP for which

‘- {1, if i" task is assigned to j" processor
710, otherwise
Now, by using weighted sum technique for triangular fuzzy number,
the FAP is transformed into crisp their value. This crisp value is numeric
number for given FAP. Also for finding the weighted sum for each
triangular fuzzy number, it is necessary to obtain weighting coefficients
and then weighted sum by using the following equation:

1
~ No. of total elements’

where i w,=1,w,€(0,1) (1)
i=1

I/vswn = Z:’:l wixi (2)

On applying the Hungarian method on crisp value for the given
triangular fuzzy assignment problem (after implementing equation (2)),
optimum allocation is obtained and hence finally, the optimum solution is
obtained by using equation (3) of ref [12].

3.2 Pseudo Code of Proposed Algorithm

Find Optimum Solution (n)
{
/ /where n = number of jobs = number of persons
fori=1ton{
forj=1ton |

min.z = min.z + C(C[i1[71) * x[{1[j1;

oo th - . th
//where, x = 1,if i machine is assigned t0]“]0b and ¢ is
10, otherwise

assignment cost.
}

}
/ /find weighting coefficient

W =1 + No_of Total Elements;
/ /find weighted sum
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fori=1ton

{

Wsum = Wsum + w[i] * x[i]; / /where w[i] is weighting coefficient

}

/ /Finally Optimum Solution

Optimum_Solution = (Total_Allocation_Cost / (1 + Total_Number_of_
Allocation));
Return m_Solution;

}

3.3 ‘R’ Program for Proposed Algorithm

Input (m,n)

tsk=n

prc=n

prer = nxn

tske=n
etm = matrix (nrow = prc, ncol = tsk, data = 0)
fetm = matrix (nrow = prcr, ncol = tskc, data=0)

k=1

for iin 1: n)

{
{

fetm [k,] = ¢ (i,j,as.integer (runif (3, min = 0.1,max = 1)))
k=k+1
}

}
wt = tsk*prc

for (jin 1: n)

]
—_ =

—

1
for (i in 1:prc)

{

{
etm [i,j] = ((fetm[k,3]+fetm[k4]+fetm[k,5]) /wt)
k=k+1
}
}
asgn = hungarianSolver (etm)
asgn()
Ip.assign(etm)
etm ()

for (j in 1:tsk)
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4. Implementation

Implementing an algorithm involves translating the steps outlined in
the algorithm into executable code that a computer can understand and
execute. It encompasses writing the necessary instructions in a
programming language to perform the specified computations or
operations as described by the algorithm. The implementation typically
involves choosing a programming language, writing code to express the
algorithm’s logic, handling input and output, testing the implementation
for correctness and efficiency, and possibly optimizing the code for
performance. Here we take the FAP of order 5 x 5 for implementing the
proposed algorithm and its stepwise output is shown by Fig [2-6].

R RGui (64-bit) - [R Console]
R File Edit WView Misc Packages Windows Help

=2 ESETHER =YY

> fetm
(.11 .21 (.31 [,2] [,5]
1,1 1 1 & i 3
2,1 1 = 7 = a
(3,1  E 3 k3 2 7
(4,1 1 kS E= 7 1
5.1 1 = a = =
(6,1 = 1 = 4 2
[7.1 =2 =2 = 1 8
[e,1 2 3 = S =]
(2,1 2 < a =] 2
[10,1 2 =] 2 E =]
(11,1 3 1 = i 7
(12,1 = = = a =
(13,1 3 3 =1 8 1
(14,1 3 4 ES =z &
(15,1 3 5 s 3 &
(16,1 4 1 4 & 2
(17,1 4 2 7 3 =
(18,1 4 3 =] & 4
(19,1 4 4 = 3 =
(20,1 4 5 = 3 s
21,1 s 1 ) 4 =
(22,1 1=} 2 8 3 o
(23,1 5 3 =] i 4
[z4a,1 = a = & =]
[25,1 = ) 7 - 2

Figure 2

6,1,3) (759 (427) (871) (425)
(542) (818 (859) (992) (249)
FETM =|(57,7) (84,5) (981) (426) (53,6)
(4,62) (735) (964) (538 (835)
(7,45) (839) (974) (569) (7.22)

Figure 3

Mathematical Representation of Fuzzy Execution Task Matrix
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R RGui (84-bit) - [R Conscle]

R File

Edit

View Misc

Packages

EEEEHE S

Windows

> etm

[I
.40
.44
.76
.48
.64

[1.1
[z,1
[3.1]
[4.1]
[5.]

[ s s T

1]

[.2

[ s

-84
.68
.68
.60
.80

[,3]
.52
.88
-T2
.76
.80

[ s

[i’
0
0
0.
o
o

(S I« VY SO VI VT )
O ol 0O b e
[ I s s

[.31
.44
.60
.56
.64
.44

> asgn=HungarianSolver (etm)

- asgn
Scost

[1] 2.48

Spairs

['

[1.1]
[2.1
[3,1
[4,1]
[5.1

1

1
1
2
3
4
5

Crisp Value of FAP and its Solution

[.=2

[y N I SR S PR

Figure 4

R RGui (64-bit) - [R Console]

R File

Edit View Misc

Packages

EEERER

Windows

> lp.assign(etm)$solution

[.11 [.2] [,3]1 [,4] [,3]

[1,1
[z,1]
[3,1]
[4,1]
[5,1]

0

(=T = = N ]

0

OO O

> lp.assign{etm)

Success: the objective function is 2.48

1

[ s I s

0

[ T S

Figure 5a

= o ooo

Representation of Allocation Positions

825
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0 0 052 0 0
044 O 0 0 0
ETM =| 0 0 0 048 O
0 060 O 0 0
0 0 0 0 044
Figure 5b

Mathematical Representation of Allocation Positions

R RGui (64-bit) - [R Console]
R File Edit View Misc Packages Windows Help

=]e=[a] [=]@]c]

> Cl=c (Optcost)

> Optimum Solution= C1*C2
> Optimum Solution

[1] 12.4

Figure 6
Optimum Solution of FAP

5. Conclusion

Assignment problem always have challenges for researchers and
computer scientist while working in any computing environment specially
while assigning the tasks or jobs to the processors. Optimally assigning
the tasks to the processors are very essential so that performance be
upgraded and execution of all tasks be completed within specified time
span as well cost effective. Random number generation plays a vital role in
various aspects of fuzzy computing, ranging from initializing fuzzy sets to
simulating uncertainty, optimizing algorithms, validating systems, and
handling stochastic inputs. It enables the modeling and analysis of
uncertain and complex systems, making fuzzy computing more robust
and applicable in real-world scenarios. Here the proposed method allows
random number generation in formation of balanced fuzzy assignment
problem.
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Here an Assignment Problem is converted to the FAP and then uses
open-source programming language ‘R’ to achieve the desired results in a
distributed computing environment. An illustration has been mentioned
in this paper, that shows the optimal assignment is obtained and overall
execution cost is also optimal. The method suggested in this research is
good enough for providing optimal solution for the balanced assignment
problem. For the case of unbalanced assignment problem, it require more
work to be done and future researcher may take this as a new research
problem.
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