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Abstract

A data storage system is a set of technologies and tools helping in
decision making and storing optimal data for analysis. The data used
for building data warehouses usually come from different sources and
their processing mainly aims at improving the decision making
process. The use of data warehouse allows a considerable gain in time
spent on the development of requests for the search of decision
making related-evidence induced by an increasingly competitive
business environment. The purpose of this paper is to propose a
dimensional model adapted to social resilience process and a Bayesian
simulation model of OVCs’ resilience mechanism due to HIV AIDS
in Cote d'lvoire. This work falls within the framework of the
development of the Resilience Engineering which actually focuses on
resilience measurement and analysis by computational modeling
approaches. The significant modeling branch is the Resilometrics,
creates by Achiepo Odilon Yapo [1] and [2] that is actively under
development. The paper also intends to propose mathematical and
computational tools to facilitate the work of the observatory of
resilience in general and social resilience in particular. The use of
orphans and vulnerable children context as a result of HIV-AIDS is an
example of the actual implementation of the Resilience Engineering.

Keywords: Data Warehousing, Dimensional Model, Resilometrics,
Resilience Engineering, Bayesian Networks, Orphans and Vulnerable
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1. Introduction

In the original context of Business Intelligence, data
warehouses were needed to better use the data. In a capitalist
world governed by the principle of free competition and the
profit motive, the development of assistive technology decision
is a necessity with the IT Business Intelligence technologies.
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These are based on the concept of data warehouse, a basic
conventional data storage approach, provided data models not
using the classical entity-relationship formalism. The most
used model to build data warehouses is the start schema. As
part of the activities on resilience, the establishment of an
observatory requires resilience to have data storage devices for
analysis purpose. In this context, the use of data warehousing is
an ideal choice. The data stored in the data warehouse may be
used in Data Mining studies to optimize decision making. This
article focus on the particular case of resilience analysis
consisted in proposing a suitable approach dedicated to data
warehousing and modeling the OVCs’ resilience data in Cote
d’Ivoire. Precisely, we use the Bayesian networks technology
for the OVCs’ resilience analysis in order to facilitate the
understanding of the process governing OVCs’ resilience in
Cote d’Ivoire. The choice of the Bayesian network technology
is due to the fact that these kinds of model have qualitative and
quantitative aspects. This specificity make the model easily
comprehensive for people not specialized in data modeling and
can be used by many people without technical knowledge.

2. Dimensional modeling of OVCs resilience data

In Céte d'lvoire the issue of support for orphans and vulnerable
children (OVCs) has led many organizations to implement care
arrangements monitoring and evaluation systems. Very often
management policies are provided by international programs. The
following table shows the different dimensions included in the
monitoring and evaluation mechanism for the NGO Manasseh
OVCs in Cote d’Ivoire.
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Table 1: dimensions and monitoring and evaluation followed by OVCs

DIMENSIONS | ATTRIBUTES LEVELS
Good, Average,
Food and nutrition | 000 Safety Poor, very Bad.

- Good, Average,
Growth and Nutrition Poor, very Bad.

Good, Average,

Housing and Care Housing Poor, very Bad.
Care Good, Average,

Poor, very Bad.

Abuse and Good, Average,

Exploitation Poor, very Bad.

Protection Good, Average,

Poor, very Bad.
Good, Average,
health health Poor, very Bz?d.
Good, Average,
Poor, very Bad.
Good, Average,
Poor, very Bad.
Good, Average,
Poor, very Bad.
Good, Average,
Education and Poor, very Bad.

performance Performance Good, Average,
Poor, very Bad.

Legal Protection

Health Services

Emotion

Psychosocial
Social behavior

Education

The table shows the structure of monitoring and evaluation
information to assess the level of vulnerability and resilience of
OVCs proposed for the CSI (Children Status record Index). Based
on this, one can construct an improved dimensional model,
adapted to the setting up of a OVCs’ monitoring and evaluation
data warehouse. In fact, dimensional modeling including the
star schema is well known for its effectiveness in developing
solutions to aid the decision making. It is readily usable for the
development of reporting applications and dashboards. The star
schema from the Table 1 is given by the following diagram:

DIM_PSYCHOSOCIAL DIM_PROTECTION DIM_ALIMENTATION_NUTRITION

1d_psychosocial - Integer id_proctection : integer id_alimentation : integer
ermotion : text abus_exploit : text securité_aliment : text
compontement_sacial : text protection_jurid : text nutrition : text

1n

DiM_SANTE FAIT_STATUT_EMNFANT DIM_PERIODE

1d_sante : integer Id_enfant: integer 1d_periode : integer
sante : test 1.0 |ld_periode : integer mois © date
service_sante @ et Id_education : integer 1n année | date
Id_sante : Integer jours : date
1d_logement : integer heures : date

in

Dim_LOGEMENT_SOIN DIM_ENFANT DIM_EDUCATION_PERFORMANCE

id_logement : integer id_enfant: Integer id_education : Integer
Iogernent : text nom : text performentce : text
sointext prenam ;text education : text
date_naissance : date
nbenfts_menage : Integer
sexe : text

menage_enft: Integer

Fig 1: OVCs’ resilience model in the star shaped diagram

The implementation of this diagram requires that the diagram
database currently used (spreadsheet) be converted into the
format of the data warehouse by an ETL program. On top of
that, the quality of stored data should be considered in the
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practical implementation of the data warehouse. For high
quality data, it is still possible to extract useful data for a
multidimensional search, realizing, at the same time, all the
data cleaning operations necessary. The advantage of having
a data warehouse is to regularly study OVCs’ resilience in
order to optimize the management policies used. According
to Richardson, "Resilience is the process of adaptation to
stressors, adversity, changes and opportunities, resulting in
the identification, strengthening and enhancement of
protective factors, whether personal or environmental”
(Richardson, 2002). Many non-governmental organizations
for health and HIVV-AIDS fighting are overwhelmed with data
but lack the information needed in making good decisions.
Knowledge Discovery in Database (KDD) technologies can
help these organizations optimize their decision making.
Therefore, in research and pratical works on resilience, the
measurement and modeling technics are introduced,
especially in the fields of Resilometrics, in order to adapt
some modeling methods to resilience processes specificities.
In the particular case of OVCs, analytical needs require easy
way to update and providing a simple and efficient simulation
approach. In this context, the Bayesian Networks technology
is an ideal approach.

3. Bayesian network OVCs’ resilience modeling

Also known as probabilistic expert systems, Bayesian
Networks are tools of knowledge representation and automated
reasoning on that knowledge. They were introduced by Judea
Pearl in the 1980s and are found to be powerful useful tools for
representing uncertain knowledge and reasoning from
incomplete information. Bayesian Networks are simulation
tools for observing the behavior of a complex system in
contexts and conditions that are not necessarily accessible to
experimentation. Technically, Bayesian networks are graphical
models combining graph theory and probability theory. The
following diagram (2) shows an example of Bayesian Network:

P(Radio|Séisme)
Séisme =
P(Cambriolage)=[0.001 0.999] P(Séisme)=(0.0001 0.9999] 0 N
7 A }f, Radio=0 [0.99 0.01
S Z /™ | Radio=N | 0.01 0.99
/ . \ / B \ / adi
\Cambnol ge & Selsme/ /
- o /  péasvisionRado)
S L é(?’ e
&;f\“ = T o N
4 @ i Tde=0 [0.99 0,50
ﬁfd‘\A’arme/) @ Rad'°_> Téé=N 001 050
P(Alarme|Cambriolage, Séisme) \"'\-»,_»i?_‘;.%_\
Cambriolage, Séisme = Télévision \
00 ON NO NN o A4

Alarme=0 | 0.75 0.10  0.99 0.0 -
Alarme=N | 025 090 001 090

Fig 2: Example of Bayesian Networks
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The above diagram is taken from a tutorial presented at the 8"
scientific meeting dedicated to Knowledge Discovery in Data
from (Philippe Leray). This Bayesian Network [11] and [12]
models the process of triggering a security alarm in an
environment frequently subjected to earthquakes. These
earthquakes affect radio facilities upon which the television
infrastructure is built. As shown in figure (Fig 2), a Bayesian
network is a directed graph in which nodes represent the
variables and the arcs symbolize the dependency relationships
between these variables. Each node has a conditional
probabilities table that is a model of beliefs in the occurrence
of a particular case when we are in such a condition. In the case
of modeling the process of identifying the best actions of
resilience, such a graph translates the identified actions and
decision variables thereon. This graph depends on the policies
considered and the structure of the corresponding interactions
that may vary from one study to another. To modeling the
process of understanding the resilience of OVCs, let consider:

e X = (Xi)i<icny the different attributes considered in
the CSI monitoring and evaluation system, all combined
dimensions (nodes of relationships graph).

e K, the number of levels of the attribute (node) X;

e P(X;) the group of variables that are parents nodes of the
attribute node X;

Attributes X; (nodes) are linked by causal relationships. The
following chart provides the structure of relationships between
the different attributes:

(=] Service de Santé (=] Sante roissance nutriction ecurité alimentaire Ci (@] Emotion

Bi 100 ] [Bien

[Moye 0%) oy

IMauvais 0%| Mauvais

[Tres Mauvais 0%  pyo] [Tres M [Tres Mawvais 0%| p|
O Protection juridique

(=] Soing. [ Bien 100% |

Bi 100% | Bien Moyen 0%|

[Moye 0% Moyen Mauvais 0%|

Mauvais 0% Mauvais [Tres_w: o pRl

[Tres. %] ] [Tres_

aaaaa

[Tres mauvais 0% ¢y

[© Logement et soins
Bien 100%]
Moyen 0%
Mauvais 0%|
[Tres_Mauvais 0%

[© Education et
Bien s6%[I |
Moyen A4%|
Mauvais 0%
[Tres Mauvais 0%|

[ STATUT DE L'ENFANT
Bien 0%) i~
Moyen  100%
Mauvais %
Tres Mauvais 0% g

Fig 3: Structure of Bayesian Network

This graphical structure is an intuitive representation of the
resilience process governing OVCs based on the information
(attributes) used by the CSI to assess their related resilience.
This dependency graph is the qualitative part (or aspect) of the
corresponding Bayesian network model.
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Formally, a Bayesian network is a couple (G, ©) where:

e (7 isadirected graph without cycle

e O is a probability distribution defined on the variables of
the graph (attached to the nodes)

e Each node of G is associated with a random variable and
only one (an attribute X;)

o The set {Xj,..., Xy} represent all random variables
(nodes of the graph).

e The join probabilities of / nodes obeys the fundamental
property below:

O =P, ... ,Xk)= EP(XJP(XJ) (1)

A Bayesian network is completely described when we have
some nodes, the relationships graphs between nodes and the
conditional probabilities associate to each node knowing each
related parent. All Bayesian Network follows the Markov
condition, that is to say, in a Bayesian Network, any node is
conditionally independent of its descendants, knowing his
parents. In the case of OVCs, inference in Bayesian networks is
to calculate the probabilities:

O = B(Xi, ..., Xu) = [ BCX[P(X,)

In practice, these calculations are performed through chaining
of rule following conditional probabilities VA € [1, N]:

P(X:, ... , Xg) = ﬁp(x,; | Xic1, .. X1) (2)

4. Proof of the chain rules

The rule chain is not a general probability theory mechanism.
It’s important to factorization to reduce probabilities calculus
in Bayesian network technology. This property can be proof
easily. Using Bayes theorem, V.X;, X, we can write :

P(X,, X;) = POGIX,)B(X)) = P(X,|X)B(X,) (3)

If K = 2, we have:
P(X, Xy) = P(X| X1)P(X7)

_ﬁP(Xi|X;_1,...,X1) (4)

If K =3, we have:
P(Xla X27 X3) = P(X3|X2J XI)IP(XQ: Xl)
= P(X3| Xy, X1))P(X5| X4)P(X,)
3
=[I1P(X; | Ximrh oo, X0) (5)
i=1
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Let assume that VA € [1, N:
K

P(X1, ... Xi) = [IP(X; | Xirr. . X0) (6)
i=1

Based on this assumption, we can write:

P(X1, oo Xg) =P({Xy, -0 Xk}, X))
:P(XK'+1|XK1 ')Xl)]P(le JX[\')
P
=P(Xgp1| X, - X)) [TP(XG | X, X0)
i=1
K+1
= [I P(Xi | Xiq,..., X4) (7)
i=1
Therefore, we have VK € [1 : NJ.
K
]P(Xl, ,X[{) = H]P(X;. | X?;_l,...,Xl) (8)
i=1

Although the conditional probabilities can be provided by
OVCs experts, the fact of having stored data provides more
accurate estimates of these probabilities. We therefore perform
parameter learning from data. Learning Bayesian Networks
Parameters from data consists on estimate the unknown
parameter based on the data. Knowing the structure, the data is
assumed representing the probability distributions governed the
studied process. To estimate the probabilities, if we note z; a
possibility we can observed for the attribute X, the likelihood
function defined by:

£(6.D) = F(D|©) = H P(z, |©) (9)

The principle of learning the join probabilities © (parameters)
using observed data consists on using the technic of maximum
of the log-likehood defined by :

Lo (©) = log(£(0, D)) = ; log(P(z; |©)) (10)

In practice, because of the importance of Bayesian Networks,
many algorithms have been developed to do these estimations
and many software implements the different algorithms. The
important thing with using Bayesian Networks consists in,
once parameters are estimated, simulating the effects of a
number of choices on all other actions and variables included
in the model developed. The GeNles Bayesian Networks
software, used in this paper, is a very comprehensive software
and especially free for both research work and for trade-related
work. In fact, GeNles is open source software dedicated to
Bayesian Networks and their extensions (Dynamic Bayesian
Networks and Influence Diagrams). It includes a large number
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of learning algorithms as well as the parameters of the structure
from the data. It also has a friendly interface and can easily be
used by non-specialists in modeling, including psychologists,
economists, sociologists, environmentalists, etc.

5. Conclusions

As part of OVCs management policies, the storage of
information collected in a data warehouse, not only will
greatly improve the management of these data, but also their
processing for purposes of decision support, particularly in
understanding OVCs resilience processes. As part of the
analysis of resilience in general and that of OVCs in
particular, Bayesian networks are particularly appropriate
because it is adapted to situations where one is faced with the
uncertainty, incompletely and inaccurately. The use of the
Bayesian simulation in the management of OVCs will allow
organizations using the CSI, to better understand the process
of resilience by simulating the impact of changes in one or
more attributes of the CSI and can update easily the model
with newly available data collected about the orphans and
vulnerable children situation.
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