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Abstract :

This study aimed to apply of the Markovian modaisd transition
probabilities’ matrix to analyze the movement ok tiworkforce in
Jordanian Productivity Companies. To achieve theysibbjectives, the
study is mainly based on the secondary data reladedvorkforce
movement selected from the annual reports of tihdahtan productivity
companies (potash, phosphate, and pharmaceutarajjefir (2014). The
study reached to a number of results, it was thgt ingportant:

a. The estimation of th&ransition Probabilities, refers to the highest
retentionpercentage was in favor of the Phosphate compatigwed by
Potash company, and finally followed by the Phamemngéical company.

b. The estimation of th&ransition Probabilities, refers to the lowest loss
was in favor of the Phosphate company, for Potasmpany and
Pharmaceutical company

Upon the foregoing results, the study reached tmumber of
conclusions, recommendations.

Keywords: Marcov Analysis, Transition ProbabilitiesStochastic
Processes,abol Turnover Workforce Planrna.
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1. Introduction

The workforce planning on the basis of establispestess requires a
good knowledge of those deployed in the establisiinaes well as entry and
dropout and promotion of employees in order to meaduture plan fit and
desire administration in determining the futureigieb of the workforce
system. As the number of employees at the faddifixed where noted that
this number will increase to the gallery by thergwtf new employees of the
establishment or system to represent (gain fobéskanent),or exposed to
decrease due to the leakage of workers outsidertity to represent the
(loss for establishment). As a result of this mogatrof workers, and the
movement of entering and there leakage. To achikaé can be used
Markov Analysis, which is one of the easiest methods to describe a
movement of the employees and thus predict the etsnbf employees
within the enterprise, and using tfieansition Probabilities' Matrix that
seem more accurate in the workforce planning.

2. Methodology
2.1. The Study Problem

The study problem revolves around the existenamafy productivity or
service organizations were suffered from a probténthe labor turnover,
and which would inevitably affect on the policigdans, and institutional
performance. In order to deal this problem sho@db the administrations
of these organizations use the scientific methadbs rmathematical models
for human resources planning and workforce movernmethie organization.

In the light of reportedly, Markov models are calesed appropriate
models for these problems, and to predict the veodef that you need these
organizations in the subsequent periods.

2.2. The Study Objects

The objectives of this study can be summarize@kiows:

a. To identify the concept of Markovian Analysis ammaree models related
to Markov chains.

b. Finding the transition possibilities' matrix foragation to analyze the
workforce movement, and used it to forecast in miarkhares for
productivity organizations.

c. To identify the concept of workforce planning foetorganizations, and
determine the importance of that in dealing witle fbroblem of labor
turnover.

d. Forecasting in the organizations workforce for ylears (2015 and
2016), and theumber workforce in period of the Market Equilibrium

e. Offer some conclusions and recommendations to ¢oesidn makers in
the Jordanian productivity companies.

3. The Theoretical Part & Literature Review
3.1. The Workforce Planning Concept
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Has become a study of workforce and planning ofoirignt topics, to the
importance enjoyed by the workforce as a factodilen producer and
engine of the natural resources on the one hardl ttea impact and the
importance of workforce planning in achieving ecmino development as a
whole on the other hand the process.

As a result of the development in the economidhrietogical and social
field, had the subject of workforce planning anddely watched by
politicians, administrators and economists, anchbse of the demonstrated
this development of a significant shortfall worlderresulting in a planning
consideration of the workforce a props and basitarpi of economic
development plans, where you specify the dimenstbrssprocess in the
light of the mobilization of manpower and appropiafficient distribution
and use of the various economic sectors, whiclecttely contribute to the
economic development process.

In light of the foregoing, the aim of workforce plang is to meet the
future requirements of the labor force or whatvailable in the future in
light of the multiple objectives such as econonoaditions, governmental
and instructions as well as the history of the liigciand its policies
regarding recruitment, promotion and dropout.

3.2. The Stochastic Processes

The random variables that are generated by prab@bilaws set had
defined (stochastic process), Lawer has pointecsuch operations as
random changed by the time variable and is denoye(X;) and rely upon
mathematical laws, and symbolizes the stochasticgss symbol (3§, such
that (n) refers to the discrete time (n = 0,1,2...).

The values which assumed by stochastic procegscéfed (States) and
the set of values called the (State space) andhtige of possible values for
the parameter marked Index parameter called theufider Space) may be
discrete or continuous and parameter (T) usualbrsdo time.

3.3. Markov analysis

Markov analysis is a well-known quantitative metbodvhereby the
analysis of the current changes to the phenomdmatn it order to predict
future changes to this phenomenon, this methodllysfals within the
Operations Research.

Credited Markov analysis method to the Russian avgA. Markov)
(1922- 1952), was limited to use this method in fingt instance on the
physical applications to study the movement of gasdecules in a closed
vessel in order to predict the movement of theskeootes in the future.

The Markov processes is a special case of stochastandom processes,
and look for these operations as a series of gnmtexperienced by the
phenomenon through a certain period of time or gsses through which a
moving object through different periods of timeissy called the mentioned
operations series by (Markov Chain). In order tentify the Markov
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processes must be used mathematical analyticaloaetAnd conclusions
and to clarify the distinctive properties during ttevelopment process.

Based on the foregoing, the Markov analysis defiasd'Mathematical
and scientific method to analysis of the behavibdifferent phenomena'’s
during the current period in order to predict thehdwior of these
phenomena's in the future in any later periods'Uéioa, 2009297).

3.3.1. Assumptions of Markov Analysis

An analysis of the Markov method is based on thed&mental
assumption that: (any system is dealt with in thst instance be in its initial
state, in preparation for the transition to anottate), and this assumption
based on a certain probability laws called the r§$itton Probabilities),
which are known as a "transition probabilities gfaaticular case to another
case during a certain period of time".

For example, the probability of transition phenooemf the case (i) in
the current period (n) to another state (j) in ter period (n+1) writes as
follows (Touama, 200298-299):

P{Xn+1=jlxn=i}:Pij ’ D'.J (1)
Whereas:

Xp: Value of the phenomenon in the current period (n)

Xn+1: Value of the phenomenon in the subsequent péniodl).

P;: Probability of transmission the phenomenon dies(g to state (j).

3.3.2. Transition Probabilities' Matrix

The traditional status the transition probabilit{®) values putting in a

square matrixP = [ P; ], which takes the following form:

P11 Pi2 P13z ...Pin
Po1 Pao Pos... Poy
P=| ..(2)

I:)ml sz I:)m3 ---Pmn

The above matrix called the (Transition Probaleiti Matrix), or
sometimes called (Markov Matrix), which represettie matrix of the
stochastic or random processes, in which the sutinegprobabilities of any
row ranks equal to the one, that is:

n
YPy=1 ,i=12,...m ...(3)
j=1

The elements (Pij) of transition probabilities' matrepresenting the
transition probability from the state (i) to theat&t (j) by one-step or one
time period, if we want to find the probability ual of the movement of
phenomenon from the state (i) to the state (j) withmited number of steps
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or time periods of (m), so the element"Ran be written as follows
(Touama, 2009300):

R™=P{ Xnm=j/ Xn=1i} Oi,] & (n,mEN) ...(4)
In order to obtained the Transition Possibilitiesatrix, we find the
following:

a. Ratio of Customers' Retention
It means that the organization's ability to retaith a greater percentage
of it's customers, and it calculated accordinghefbllowing formula:
R=1-L/V; ...(5)
Whereas:
P;: Retention probability by the customers for thgamization (i), and
these probabilities are located on the diagon#t®imatrix .
L; : The customers number who are losing them tharazgtion ().
V; : The customers number at the beginning periothi®iorganization (i).
b. The loss Probability of Customers
It means the loss probability of the organizatienitts customers to
another organizations, and it calculated accortbripe following formula:

PiJ':N/Vi s j=1,2,...,n (6)

Whereas:

P; : Loss probability of the organization (i) to tbheganization (j), and

these probabilities are located outside the didguointhie matrix.
N : The customers number who are losing them orgdioin (i) to another
organizations.

3.3.3.Forecasting in Market Shares for Organizations

We can determine the share of each organizatidhdicurrent period,
according to the following formula (Touama, 20894):

Sharqi) =V,/V (7)
Whereas:
Share; : Market share of the organization (i) in the curneatiod
m
V : Sum of customers at the beginning period, shaki[V = V;].
=

After that we canforecast the Market shares of organizations for
subsequent periods, by the following equation:
SP=S ...(8)

3.3.4.Conditions of the Market Equilibrium

The state of the market equilibrium, defined asitaation in which the
market shares of the organizations involved incthrapetition process in the
market become steady-state without these sharesrmtganged in Later
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periods" and can reach a state of the market éguin, through the
following relations:

a. Assume that we have the row probability vecto), (8presenting the
market shares to (m) organizations, this means (fhaama, 2009307-

309):
S= S S S ..(9)
Under the following constraint:
m
y§=1 ...(10)
i=1

b. Assume that we have thHeorecasting of Market SharesMatrix P =
[P;], which is square matrix with degree (mxn).

I:’11 I::’12 I::’13 ---Pln
I:’21 P22 I::'23--- I:’Zn

P ..(12)
I:’ml sz I:’m3 ---Pmn

And re-use the previous relations and solutioncés) be accessed to the
state of the market equilibrium, as follows:

S+S+S+...+5=1 ..(12)
SP=S ...(13)

After simplified the two relationships in (11) ardi2), we get on the
following equations:
S+S+S+ ... +S=1 ...(14)

S P+ S Pt ... +SPmi=S
S P2+ S Pt ... + SPm2=S

S_]_ Pln + Sz P2n+ ..... + qumn = Sm

It is clear from the equations in the above refaiops (13) and (14), the
presence (m+1) equation, and containing (m) of onkis, and for the
purpose of solving the previous linear equatiorstesy, should delete one
of these equations for getting (m) of equationsaétuthe variables number
(m).

After solving the linear equations system of (myu&tipn by using the

deletion method, we will get the row probabilistiector (S), and this
vector represents the conditionfsthe market equilibrium, and the values of

10 Oum El Bouaghi University - June2015



Application of Markovian Modéls... Journal of Economic & Financial Research

the row probabilistic vector indicate to the orgaations' shares in period of
the market equilibrium.

c. Determine the customers number in period of theketeequilibrium,
by using the following form:

m

Customers Number in period of the Market Equilibriar6y. V;)* S; % ...(16)
i=1

3.4.Literature Review

After taking a look at some studies related to Mar&n Models and
Transition Probabilities Matrix, a group of stuslieelevant to the study
theme had been chosen. Al-Bayaa (2003) explainedlifference between
registry errors in Markov chains. Also, Alwan (2007#iscussed the
application of Markov chains in the field of comnmzations using the
simulation method. Al-Saadi (200@pplying the maximum likelihood and
least squares methods to estimate the transitapapilities’ matrixand has
a comparison between the two methods to find tfferdnce between them.
Al-ali, et al., (2009) they focused on analysisnofirket movement using
Markov chains. Also, Ben Ali (2009) refer to Markabhains in order to
reduce the risks that threaten the economic intits, whereas Markov
analysis of mathematical and analytical way to Hékp institution or the
decision-makers on the knowledge developed in titeré and predict the
risk that you may encounter. Hussein (2009) disedighe use of Markov
matrix in estimating the time of staying of thed#ut in the Faculty of Law
at the University of Damascus, and determine thabms of graduates and
forecasting of graduates numbers for 2010.

Some authors as (Henry N., 1971, Lee T.C. & Judge @972, Collins
L., 1977, Nain R.B. and Kanwar S., 1980, Jong Rd, llakiom G., 1984,
Keilson J., and Graduate S.,1998, As-suaiiH., 2002, and Al-Zaiadi S.,
2003) indicated to the importance of using Markavalgsis and the
Transition Probabilities to prediction.

4. The Applied Part
4.1. Collection Data

The study is mainly depend on the secondary dadddéereto workforce
movement selected from the annual reports of thidahtan productivity
companies (potash, phosphate, and pharmaceutmalefr (2014). To
achieve the study objects, the researcher selest ttompanies from the
Jordanian productivity companies in order to choasenber of the
employees, loss, and win of employees. As shownTable (1) the
following:
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Table 1. The employees movement between companiesng studied,
and the employees number during the year (2014)

Companies Potash Phosphate | Pharmaceutical | Loss No. of
Company | Company Company (L)) | Employees
Potash Co. 0 38 33 71 2066
Phosphate Co. 26 0 43 69 4056
Pharmaceutical 32 41 0 73 2040
Co.
Win (W) 58 79 76 213 8162

4.2.The Results and Discussion
4.2.1. Estimation the Transition Probabilities’ Mak

We can find the transition probabilities' matrix sing the relations (5)
and (6), as follows:

0.966 0.0180.016
0.0060.9830.011
0.016 0.0200.964

P=

Evidenced from the results of the Transition Pakséds' Matrix the
following:
a. The highest retention percentage was in favohePhosphatecompany
amounting to (0.983), followed byPotash company with retention
percentage of (0.966), and finally followed by Btearmaceuticalcompany
with retention percentage of (0.964).
b. The lowest loss was in favor of tlihosphatecompany amounting to
(0.017), forPotash company by (0.006) andharmaceutical company by
(0.011).
4.2.2.Forecasting in Market Shares for Companies

Depending on the relations (7) and (8) we got theedasting of the
Market shares for the years (2015, and 2016) réspgc As shown in
Table (2) the following:

Table 2. Forecasting of the Market shares for thegars (2015, and 2016)

Years Potash Co. | Phosphate Co. | Pharmaceutical Co.
2014 0.253 0.497 0.250
2015 0.251 0.498 0.251
2016 0.249 0.499 0.252

Depend on the above Market shares, we foagcast the employees number of
companies for the years (2015, and 2016). As showiable (3) the following:
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Table 3.Forecasting in the employees number for the year2Q15, and 2016)

Years Potash Co. Phosphate Co. Pharmaceutical Co.
2014 2066 4056 2040
2015 2049 4064 2049
2016 2032 4073 2057

4.2.3. Determine the Conditions of Market Equiliibm

After we solve the equation which explained in thiations (14) and
(15), we got thérow vector of sharesinder theconditions of market
equilibrium, as follows:

S =[0.250 0.499 0.251

Also, if we use the relations (16), can be deteentireemployees
number at the period of the Market Equilibrium. As shoimrTable (4) the
following:

Table 4. The employees number at the period of the Market

Equilibrium
Companies Percentage of | Total Number | Number of
Shares ($%) vV=>V) Employees
Potash Co. 25.0% 2041

Phosphate Co. 49.9% 8162 4073

Pharmaceutical 25.1% 2048

Co.
Total 100% - 8162

The results in Table (4), refers to the final reshdit thePotashcompany
it haslost (25) employees, foPhosphatecompany by(17) employeeand
Pharmaceuticalcompany by(8) employee.

5. Conclusions and Recommendations
5.1. Conclusions

This part includes the most important conclusionfight of the results,
as follows:

a. The results of the Transition Probabilities estimatioefers to the
highest retention percentage was in favor of th@sphate company,
followed by Potash company, and finally followed the Pharmaceutical
company.

b. The results of the Transition Probabilities estiomtindicates to the
lowest loss was in favor of the Phosphate compan{0t017), for Potash
company and Pharmaceutical company
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c. The results of the estimation the employees nurabtre period of the
market equilibrium, indicate that the Potash Comgpénhas lost (25)
employees, foPhosphateompany and Pharmaceutical company.

5.2. Recommendations
The study came out a set of recommendations inuudi

a. Necessarily improve the work conditions of empkr/én companies
under the study, in order to treat the problenabbl turnover.

b. Necessarily use th&larkov models and Transition Probabilities, in
order toanalyze the workforce movement and forecastingetmployees
number in other organizations.
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