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ABSTRACT
This paper deals with the impact of social factamshomelessness in Bangladesh using
Fuzzy Cognitive Maps (FCM). The objective of thesearch work is to find out the most
influential factor causing homelessness in Bangladdhis paper has five sections.
Section one discusses the background of this s&eltion two talk about related work,
the materials (literature survey of FCM), methodsl aesults analysis are given in
Section three, Section four presents measure dfatigy for analyzing FCM, Final
section derives the conclusion based on study.

Keywords: Homelessness, Fuzzy Cognitive Maps (FCM), AlgoritffRCM, Measure of
Centrality.

1. Introduction

Homelessness is a complex social problem with &tyaof underlying economic and
social factors such as poverty, lack of affordaimesing, uncertain physical and mental
health, addictions, and community and family breakd These factors, in varying
combinations, contribute to duration, frequency] &pe of homelessness. To be fully
homeless is to live without shelter; however, margerience partial homelessness that
can include uncertain, temporary, or sub-standaedter. Homelessness is difficult to
define, thus governments struggle with uncertawtyen creating and implementing
policies they hope will effectively manage or ecadé this problem.

A study in Bangladesh in 1995 [4, 9] defined thenktess as people who sleep on
streets, railway terminals and platforms, bus-teti parks and open spaces, religious
centers, construction sites, around graveyardsiraather public spaces with no roof.

Understanding the interplay between various sdaietiors is the main motivation
behind this research project.

2.Related work

Shoma (2010) [4] has worked on homeless situatidbhaka Bangladesh. The study of
Ahmed et al. (2011) [9] discussed on the Lives hindlihoods on the Streets of Dhaka
City. Ashley and Carney [5] have told about Susthie Livelihoods: Lesson from early
experience, DFID, London.
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The writing of Bannerjee and Das [6] presented ba Nature, Extent and Eradication of
Homelessness in India. Garg [8] has worked on &tN\ibelters programs for homeless:
A case study of Delhi. However, to the best of knmwledge none of the earlier studies
analyzed the homelessness problem of Bangladesld lsmsmathematical tools. So, this
study will try to find the fact behind homelessnéssBangladesh using FCM and
measure of centrality.

3. Fuzzy cognitive map

3.1 Introduction

In 1976, Political scientist Axelord has introducednodel called Cognitive Maps (CM)
[3, 7] to study decision making in social and pcdit systems. CM is digraph designed to
represent the causal assertion and belief systempafrson (or group of experts) with
respect to a specipic domain and uses that statémender to analyze the effect of a
certain choice on a particular objective. Fuzzy itige Map (FCM), introduced by Bart
Kosko in 1986 [7], extends the idea of CM by allogithe concepts to be represented
linguistically with an associated fuzzy set. FCVh auccessfully represent knowledge
and human exprence, introduced concept to représeeissential elements and the cause
and effect relationships among the concepts to imbeebehavior of any system. It is
very convenient, simple and powerful tool, whichuised in numerous fields social,
economical and medical etc. In this work, we rettadl notion of Fuzzy Cognitive Maps
(FCM), which was introduced by Bart Kosko.

3.2. Preliminaries

Fuzzy Cognitive Maps (FCM) are more applicable whendata in the first place is an
unsupervised one. It model the world as a collactié classes and causal relations
between classes. Some important definition of F€discussed below:

Definition 3.2.1. [1, 3, 10] A FCM is a directed graph with concepts like policegray
etc, as nodes and causalities as edges. It represmesal relationship between concepts.
If increses (or decreses) in one concept/ nodesleadhcrease (or decrease) in another
concept, we give the value 1; otherwise we givevilee -1. If there exists no relation
between concepts the value 0 is given. CgtCs, ... ... ... , C, be the nodes of the FCM.
Suppose that the directed graph is drawn usinghteig; € {0,1, —1}. The matrixE' is
defined byE = (e;;); wheree;; is the weight of the directed edggC;. E is called the
adjacency matrix of the FCM. All matrices associated with an FCM always square
matrices with diagonal entries equal to zero.

Definition 3.2.2. [1, 3,10] Let Cy,Cy, ... ... ... ,C, be the nodes of the FCM. Ldt= {a,,
Ay eee eee e ,an}, Wherea; € {0,1}. A is called theinstantaneous state neutrosophic
vector and it denotes the ON-OFF state position of tteerad an instant

0if a;is OFF (no ef fect)

a; {1 if a; is ON (has ef fect)

Definition3.2.3. [1, 3,10] Let Cy,Cq, ... ... ,C, be the nodes of the FCM. Let
C.C,,CyC5, ... ... TC]’ be the edges of the FCM. Then the edges formeatdid cycle.

An FCM is said to beyclic if it possesses a directed cycle. An FCM is saioeacyclic if
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it does not possess any directed cycle.

Definition 3.2.4. [1, 3, 10] An FCM with cycle is said to have a feedback. Wierd is a
feedback in the FCM i.e. when the causal relatftove through a cycle in a revolutionary
manner the FCM is called alynamical system.

P —

Definition 3.2.5. [1, 3, 10] Let C;Cy, CoCay von vo. .. ,C,_,C, be cyclic when(; is switched
on and if the causality flow through the edges ofi@de and if it again causes, we say
that the dynamical system goes round and rounds Ehitrue for any nodé&;, for

i=1,2, .. ,n, the equilibrium state for this dynamical systesrcalled thehidden

pattern.

Definition 3.2.6. [1, 3, 10] If the equilibrium state of a dynamical systera imique state

vector, then it is called faixed point. Consider the FCM witly, Cs, ... ... ... ,C, as nodes.
For example, let us start the dynamical systemwiicking on C;. Assume that the FCM
settles down withC; and C,, ON, i.e. the state vector remain @so0,0, ... ... ... ,1), this

state vector is called fixed point.

Definition 3.2.7. [1, 3, 10] If the FCM settles with a state vector repeatingh@ form
Al =5 Ay > A; — A4, then the equilibrium is called a limit cycle bEtFCM.

Definition 3.2.8. [1, 3, 10] Supposed = (a4, ay, ... ... ... ,a, ) is a vector which is passed
into a dynamical systerf. ThenAE = (aj, dy, ... ... ... ,a,), after thresholding and
updating the vector, suppose we géb,,b,, ... ... .. ,b, . We denote that by(a,,

Lo Py ,ay) © (b1, by, e . , b, ). Thus the symbot> means the resultant vector has
been threshold and updated.

3.3. Algorithm in induced fuzzy cognitive map [3, 4, 10]

The Induced Fuzzy Cognitive Map (IFCM) focuses loa algorithm of the FCM which
works on unsupervised data to derive an optimsstiation. To get such optimistic solution
in the problem with unsupervised data, the follayéteps must be followed:

Step 1: Collect the nodes for the given problemictvis unsupervised data.

Step 2: Draw the directed graph for the model.

Step 3: From the FCM, obtain the connection maktixn this matrix the number of rows
equal to the number of steps to be performed.

Step 4: Consider the state veclffk,) by setting the first component of this vec@r in
ON position and the rest of the components in th& @osition.

Step 5: Calculatd! = C; X E. At each stage the state vector is updated aedtbid. The
symbol & represent the threshold value for the produchefresult. The threshold value
is calculated fromM by assigning the value 1 when > 0 and Owhen x; < 0.

Step 6: Each component in tidg vector is taken separately and the product ofthen
matrix is calculated. Find out the vectgy, which has the maximum number of one’s (1).
Step 7: Considered as fixed point when the samestiotd value occurs twice and the
iteration gets terminated.
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Step 8: Set the vectdr, in ON state and the rest of the components in &te. Continue
the calculation discussed in steps 4 to 7.

Step 9: Continue the above process for all the iEnmastate vectol,, and find out the
hidden patteri simple FCM of heart disease illustrated in Figlre

Cholesterol

Exercise

Heart
Disease

Blood
Pressure

Figure 1. Example of a simple FCM to assess heart disease

The concepts, determined empirically, which retatbeart disease in this model include:
exercise (E), food habits (FH), cholesterol (Cydal pressure (BP), and body weight (BW).
The links, directionally joining the concepts, regent the fuzzy causal relationships. The
connection or adjacency matrix, M for theart disease probleisias follows:

E FH C BW BP HD

E 1 0 1 1 0 1

M= FH 0 1 1 1 1 0
C 0 0 1 0 0 1

BW 0 0 0 1 1 1

BP 0 0 1 0 1 1

HD 0 0 0 0 0 0

Following our heart disease example, consider: dbecept, E, is active for some
individual. ThereforeE=1. No information is available for all other copt®in the map.
Therefore FH=0, C=0, BW=0, andBP=0. This is expressed by a vectr= (1,0,0,0,0,0).
According to the algorithm of FCM, the processiadjsted in Table 1.

C.W | =] (L0110, =] C,
C,W | =| (1,0,2,2,1,3) | & (1,0,1,1,1,1) | =| Cs,
C:W | =| (1,0,3,224) | o (1,0,1,1,1,1) | =| C, | oC,
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Table 1: FCM processing when exercise = 1
The symbolsindicates the thresholdhlue for the product of the restilthe above results
demonstrate that it takes four steps for the systeconverge to a stable state (limit cycle).
The vectoiC , demonstrates that the active E has direct inflaemcC, BW, BP, and HD.

3.4. Adaptation of FCM to the problem

Here the illustration of the dynamical system foe social factors of homelessness is a
very simple model. At the very first stage we h#aleen the following sixteen arbitrary
attributes(P, U,E, 1, A, SI,FB,MI, NGO, Pop, GA, CH,RS, C,H).It is not a hard and first
rule we need to consider only these sixteen atgfuOne can increase or decrease the
number of attributes according to needs. The faligwattributes related to the social
factors of homelessness are taken as the main fardgsidy:

CJSI:Criminal Justice System Involvement

P: Poverty

U: Unemployment

E: Education

I: Income

A: Addiction

Sl :Social Isolation

FB: Family Breakdown

MI: Mental lliness

NGO : Non-Government Organization

Pop:Population

GA: Government Assistance

CH: Cost of Housing

RS: Rental Subsidy

C: Crime

H: Homelessness

3.5. Thedirected graph related to the risk factors of homelessness

Figure 2: Directed Graph
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3.6. Implementation of FCM model to the study

The connection or adjacency matrix M is obtainedtdiing risk factors(P, U,E, I, A,
SI,FB,MI, NGO, Pop, GA, CH,RS, C,H)as the rows head and columns head respectively,
assigning values as 1, if there is any relationvbeh nodes and O, if there is no relation
between nodes. Here we consider three cases ty #tedproblem, for case-1, the
activated concepts are CJSI, A, MI, H where asctirecepts involved for case-2, are E,
MI,NGO, |,H and activated concepts for case-3 al€ICA, FB, I, E, SI, H.

The connection matrix for Case-1

CJS A Ml RE H

CJS 0 0 0 0 1
A 0 0 0 0 0

Ml 0 0 0 0 1
RE 0 0 0 0 0
H 1 0 1 0 0

Following our Directed graph of homelessness, ctmrsithe concept, CJSI, is active and
all other nodes are in inactive mode for some iiddial. Therefore, CJSI=1. This is
expressed by a vect@; = (1,0,0,0,0). According to the Algorithm in Indact Fuzzy
Cognitive Map, the processing is listed in Table 2.

-EIMI:II:IEI-I:I

(10100

(00002 = (00001 = Cy 0y
Table 2: FCM processing when CJSI=1

MEIIMII:II:IEI-I:I

(00000

(o000 = C, = C,
Table 3: FCM processing when A=1

-EIMI:II:IEI-I:I

= (10100

(00002 o (00001
Table 4: FCM processing when MI=1

C:M

C:M

CgM C4_ =4 Cz
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Lem]=]
CzM =

G | —

L1
C3

(o000 =
CsM = (O 0000 = C4 = CZ
Table5: FCM processing when RS=1
The connection matrix for Case-2
E Ml NGO | H
E 0 0 0 1 1
Ml 0 0 0 0 1
NGO 0 0 0 0 1
I 1 0 0 0 1
H 1 1 1 1 0
coM il = B (©oo11 B B W= c, 0§
c,M = 21111 o 11111 = Cs
CsM = 21124 o (11111 = Cy =0y

Table 6: FCM processing when E=1

com i = B ©ooo1 P W M -=f c W

C,M | = (11110 = C;
CsM | = (10014 N (10011 = C,
M | = (21122 S (11111 = Cs
CsM | = (21124 S (11111 = Ce | &¢Cs

Table 7: FCM processing when MI=1

;M | = (11110 = Cs
C:M | = (10014 S (10011 | = C,
CM | = (21122 S (11111 | = Cs
CsM | = (21124 S (11111 | = Ce | ©Cs

Table 8: FCM processing when NGO =1

e = B (ooo1 B B M -=f c W

;M | =

(11121

3N

(11111

C;3

C3M =

(21124

3N

(11111

C4 =4 CZ

Table 9: FCM processing when | =1

63



Md. Ashraful Alam and Md. Babul Hossain

The connection matrix for Case-3

CJS A FB I E Sl H
CJS 0 0 0 0 0 0 1
A 0 0 1 0 1 0 0
FB 0 1 0 0 0 1 0
I 0 0 0 0 1 0 1
E 0 0 0 1 0 0 1
S| 0 0 1 0 0 0 1
H 1 0 0 1 1 1 0
Table 10: FCM processing when E =1
= (oo1o001 B M  Jf = |
c,M = (1001111 = Cs
CsM = (1012214 53 (1011111 Cy
C4M = (1112224 53 (1111111 Cs
C:M = (1122224 S (1111111 Co | © Cg

Table 11: FCM processing when CJSI =1

4. Measure of centrality
There are many measurements for analyzing an FQMhdre we focus on Measure of
centrality. In this subsection, we describe thelltef the analysis based on two types of
centrality: degree centrality and closeness cattraDegree centrality of each
node/concept, in a given weighted and directed lgrép defined as the sum of the
absolute values of the weights of the outgoing emdming edges. It indicates how
strongly a concept node in a FCM affects other ephcmodes of the graph. Closeness
centrality of a node is the inverse of the sumhef lengths of the shortest paths between
that node and all other nodes. It indicates howldwia concept node affects other nodes

of the FCM.

Concepts Degree centrality Closeness centrality
CJS 0.1: 0.4¢
NGO 0.07 0.4:
CH 0.07 0.4:
Pog 0.07 0.4:

I 0.2 0.4¢
GA 0.27 0.5
RS 0.07 0.34
U 0.1: 0.3¢
E 0.27 0.5Z
P 0.z 0.52
Ml 0.1: 0.4¢
Sl 0.z 0.5
FB 0.1: 0.3¢
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C

0.z

0.41

A

0.1

0.3¢<

Table 14: Degree centrality and closeness centrality of ezencept

A Il _(0ooooo1 B B W =WC

C,M (1001110 Cs
M | = (0011104 o | (0011101 Cs
M | = (1102222 o | (1101111 Cs
CsM | = (1022214 o | (1o11111 Ce
CeM | = (1112224 o | 1111111 C,
;M | = (1122224 o | 1111111 Cs | = C

Table 11: FCM processing when CJSI =

WEMEII:IEI-I:I

C:M
C.M
CsM
CeM
C,M

(1101110
(0021104
(1102222
(1022214
(1112224
(1122224

Table 12: FCM processing when Sl =

(&N
(&N
(&N
(&N

3N

(0011101
(1101111
(1011111
(1111111
(1111111

CB =4 C7

cm BB =f8 (©o1o0000 P B W= FCH |

;M | = (0100010 Cs
M | = (0020001 o | (0010001 Cs
cuM | = (1101120 o | (1101110 Cs
CsM | = (0021104 o | (0011101 Co
CeM | = (1102222 o | (1101111 C,
M | = (1022214 o | (@o11111 Cs
CeM | = (1112224 o | 1111111 Co
CoM | = (1122224 o | 1111111 Cio| © Co

Table 13: FCM processing when A =1
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5. Conclusion

After analyzing the results from the above FCM psing tables and measure of
centrality table we may conclude that people of @atesh regarding homelessness are
badly affected by various social factors suchGasrernment Assistance, Education,
Poverty, Income, Mental lliness et&s shown in table 14, Education aGdvernment
Assistance has the greatest degree centrality W86, Population, Cost of Housing
and Rental Subsidy has the least. This meandsEihatation and>overnment gives and
receives the greatest direct influence on all ottwrcepts, where as NGO, Population,
Cost of Housing and Rental Subsidy gives and resethe least. Similarly, closeness
centrality identify that Education and Poverty égelhe greatest force on the map, in
reference to closeness centrality with changesdinc&tion and Poverty resulting in the
most prominent changes in the other concepts. ligeewchanges in Addiction would
result in the least amount of change in all othamcepts. These results are consistent
with the results of the overall experiment.
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