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Abstract

The paper discuses a case study of manpower planning for the Slovenian Armed Forces using Markov chains. This includes the description of the method and the results of manpower projections (in 1, 2, ... 5, 10, 20 years) under the presumption that past transitions between different defence segments (such as transitions from private first class to corporal) and transitions between the defence segments and the segments of general population continue in the future. Finally, two optimization questions are addressed: ‘Which transitions would immediately (i.e. in four years) lead to the target (desired) structure?' and ‘Which transitions would sustain the target structure in the long run?'.

On the basis of available manpower microdata for the period from 1st of January 1997 to 31st of August 2006, the career histories for all 12.246 individuals employed in the administration of Ministry of defence, in the regular Slovenian Army or under service contract in the army reserve have been established. In total, 120 defence segments have been identified: 23 in the administration of Ministry of defence (civil servants and inspectors), 45 in the regular army, 45 in the reserve army, and 7 among members of civil personal. Average transitions in the period form 31rd of December 2001 to 31rd December 2005 between different defence segments, and between the defence segments and the segments of general population have been calculated. They were used in projections based on different scenarios. Analysis immediately identified considerable discrepancies between official targets and projected sizes of defence segments if existing transitions will continue.
Optimization of the transitions has been solved with heuristic modeling approach. A simulation model with a specific loss function has been used. To perform feasible simulations in a 120 x 120 matrix, only those transitions were optimized, where experts had previously estimated that real measures existed to provide potential change (e.g. recruitment policy, regulation of promotion, retirement strategy etc). The solution proved successful for calculating both the transitions leading to the desired manpower structure, and those ensuring its long term preservation.
The paper contributes new insights into the section of manpower planning.

1.0 INTRODUCTION
Efficient manpower planning is a crucial task of managing large organisations such as transportation or industrial corporations, the state administration or military systems. All of these systems comprise many segments of employees with specific roles and job descriptions. Skills needed to perform assigned tasks are usually acquired through special training or long work experience. Both a shortfall or a surplus of skilled staff can be costly and very inefficient. To prevent such difficulties, the future needs of personnel have to be predicted well in advance, while corresponding strategies to achieve the desired structure must be adopted.
Knowledge about these processes is important for predicting the future development of the manpower structure in complex organisations. In large systems, such predictions are usually based on previous experience. However, knowledge gained from such experience is often difficult to apply without appropriate mathematical or statistical models and corresponding computational tools. 

Depending on the goals, various mathematical models can be applied in manpower planning. Obviously, the problems cannot be fully addressed by only using tools of the spread-sheet type. The choice depends on many factors, such as the size of the system being analysed, available knowledge of the processes that govern the system structure’s dynamics, the methods available to control the processes and the ability to predict the consequences of actions concerning regulations. Moreover, the choice of the appropriate model often depends on its complexity. While complex models can supply very accurate results, they often require data that are not easy to collect, or parameters that may only be vaguely known, especially if a very large number of them have to be specified. Consequently, the reliability of the resulting outputs is then put in question. For very large systems, simpler and more robust models are therefore often a better choice. A good overview of the existing models used in workforce planning can be found in Wang (2005). For other references, also see Grinold and Marshall (1977), Price et al. (1980), Purkiss (1981), and Georgiu and Tsantas (2002). 

The most basic information that can be used to model manpower dynamics is the rate of transitions between different segments of the system, i.e. the transition probability. Transitions are usually consequences of either promotions, transfers between assignments or wastage and input into the system. Often transitions are controlled by certain rules that govern the system and cannot be arbitrarily changed. If this is the case, planning has to be especially careful since slight changes in policies can have considerable consequences on the future development of the manpower structure. 

In several cases, the models used to predict the future structure of a dynamic system are based on Markov chains and their derivatives, such as semi-Markov chains. Both are based on the assumption that the rules governing the system’s manpower dynamics do not change very often and that future dynamics will follow patterns observed in the past. While classical Markov chains view segments as homogeneous, semi-Markov chains additionally involve the time a person has spent in a segment, of course at the cost of the model’s simplicity and therefore the possibility to reliably estimate its parameters. A thorough description of many variations of Markov and some other manpower planning models can be found in Bartholomew et al. (1991), Vassiliou (1998) or Vajda (1978). Besides Markov models, other approaches to the problem are also possible, such as models based on simulations or system dynamics models (Wang, 2005). Applications of manpower models used in the specific case of military manpower planning can be found in Jaquette et al. (1977), Murty et al. (1995),  Smith and Bartholomew (1988).

In our particular case of modelling the structure of the Slovenian Armed Forces, the number of segments alone was relatively large. Together with other potential problems related to the data collection, these were the main reason against using the more complex semi-Markov chains. Moreover, transitions between segments are surprisingly complex where, besides recruitment, promotions and wastage from the system, many more transitions to other segments also occur such as transitions from military to administrative positions and vice-versa.  

The models based on Markov processes can be divided into the following groups, depending on the level of the structural control i. e. the ability to attain and maintain the desired structure:
Descriptive – predictive models. This group is mainly concerned with the development and analysis of a time homogeneous Markov model whose parameters are often based on historical observations. It can be used to predict the behaviour of the system in time. The models of this group have no intention to search for any kind of optimal control, but rather they only give descriptions and forecasts. Several models of this group can be found in Bartholomew et al. (1991) or Price et al. (1980). In this paper, we use such a model in our first part to make predictions on the future development of the system. 

Control theory models – normative models (Markov decision processes). This group tries to find optimal set of policies in order to minimise a certain loss functions such as the cost of recruiting new workers or maintaining the existing structure. The descriptions of such models can be found in Grinold and Stanford (1974), Zanakis and Maret (1981), Lee et al. (2001) or a very general treatment can be found in Li et al. (2007). Our approach to searching for the transitions leading to a desirable structure could be regarded as belonging to this class, although its key concern is in finding a satisfactory policy rather than selecting a particular policy. The main reason for this is that we are only allowed to vary a very restricted set of transition, contrary to most models with more freedom of setting transitions. 

While in the first part we use the classical descriptive-predictive model, the structural control part of the problem described in the present paper does partly belongs to the class of control theory problems, although has a very specific form, and thus does not fit well in the context of controlled Markov chains or related models. The main specific point is that the choice of feasible policies is severely restricted by the Ministry of Defence, and the problem, at least at this stage, is thus not in finding policy that would satisfy some additional optimality criterion, but rather, finding any policy that leads to desired structure of the system. A similar problem has been theoretically studied by Antončič (1990), but subject to less severe restrictions. Our claim is thus that our particular problem does in fact belong somewhere between the first and the second group of the above, and that requires somewhat specific treatment. 

The problem we are dealing with thus mainly consists of two parts. In the first part we identify relevant segments and transitions between them. The goal is to make predictions of the future sizes of the segments if current transitions ruled the system's dynamic. This would likely be the case if no further regulations would be implemented. In the second part we study the attainability and maintainability problem. We first identify transitions that are possible to be regulated and then try to modify them in order to achieve the required structure. The problem is complex mainly because transitions that are not controllable are ruled by mechanisms unknown to us, and in the best case we can assume that they will remain roughly the same in the following years. To reach the required structure, we must then appropriately set the controllable transitions. The fact that uncontrollable transitions present a substantial part of the manpower dynamic makes this a fairly complex problem, without even posing any other optimality assumptions. 

The estimated probabilities of the uncontrollable transitions are used as expectations of future transition probabilities, thus we effectively assume a deterministic model with two classes of transitions, fixed and controllable. The only objective at this stage is then to find a sufficient set of transitions that would lead to required structure. There is no obvious analytical approach to cope with such a heterogeneous problem. However, the use of computer based simulations proved to be very effective in producing satisfactory results. The idea is therefore to simulate a large number of randomly generated scenarios and pick those yielding satisfactory structure after given period. The implementation however depends in a large degree on the particular specifics.  

The practical implementation of the approach to solving our problem also contains a web based user application that was developed to allow non-mathematicians to change parameters and analyse the consequences. The application’s user interface is designed to both as user friendly and flexible, so that it allows practically unlimited possibilities in testing different scenarios. The results of testing are displayed simultaneously in real time. The application is available on-line and no programs other than web browsers are needed to run it. 

The prediction part of the model is thus made in a fully interactive manner; however, the structural control part is still too complex to be implemented by ordinary users, especially because of computational complexity which requires several manual adjustments during the process of exercising structural control. Also the process of data preparation to estimate parameters is technically very demanding, because it requires combining several software tools, and is therefore not available in an automated form. 

The paper has the following structure: section 2 contains a description of the method used with some mathematical background, section 3 describes the implementation of the method for calculating projections of manpower structure of Slovenian Armed Forces and administration of the Ministry of Defence, section 4 presents the obtained results. At the end conclusions are presented.

2.0 Description of the method

2.1 Basic model

The model used for manpower planning in Slovenian Armed Forces and administration of the Ministry of Defence is based on Markov chains. The description of mathematical background of this and related models can be found in Bartholomew et al. (1991), Vassiliou (1998), Grinold and Marshall (1977). The usual assumption of those models is that the system modelled consists of clearly defined segments, and that transitions between them are time homogeneous and independent of history. To satisfy these requirements, the system must be sufficiently large to diminish the effect of random variations in time allowing transitions to be analysed on the aggregated level. 

Markov chains are used to model random processes evolving in time. A crucial assumption used is Markov property which would be best described by saying that the process is memoryless, which means that its future states only depend on the present state rather than its history. Another assumption which is usually posed is that transition probabilities are time homogeneous, which means that they are independent of time. Of course, this requirements is often not entirely fulfilled, however, omitting it would result in more general non-homogeneous models (see Vassliou (1981, 1998)). 

A sequence of random variables X1, X2, ..., Xn , ... is a Markov chain if every variable can assume any value from a set S = {s1, s2, ..., sm}, whose elements are called states. A particular realisation of the process is then a sequence of values from S. Mathematically we can describe Markov property by requiring that P(Xn+1 = sj | Xn = si,…, X1 = sk) = P(Xn+1 = sj | Xn = si) = p(n)ij., where n denotes the time points. This means that probability that the process will be in state sj at time n+1, given that it is in state si at time n, is p(n)ij. If additionally p(n)ij= pij, for every n, the chain is homogeneous, because the transition probabilities do not depend on time. The matrix P=(pij), whose entries are transition probabilities, is called transition matrix. 

In the particular case of manpower modelling, states are the segments of the system, and transition probabilities are understood as relative frequencies. Thus transition probability pij is interpreted as the ratio of persons in segment si at the time n that will make transition into state sj by the time n+1. Let γn be a statistical distribution over the set S, thus, γni is the number of persons in state si. Under the assumption of transition matrix P, distribution at the next time point is obtained by multiplying vector γn by P, γn+1= γnP. Thus, given initial distribution and transition matrix, we can predict the distribution at the next time point. Consequently repeating the same argument, predictions for all future time points are possible. The time interval used in our model is one year, thus if a person makes more than one transition within a year this is recorded as a single transition. 

The actual model used is based on the model described in Bartholomew (1991), where additionally a vector of recruits r is added. The model also allows wastage w, which accounts for the wastage from the system. According to this model the transition matrix P needs not be stochastic, but only substochastic, i.e. the sum of rows may be less than 1, where the difference is  wastage w,  thus,
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We assume the model with constant recruitment vector, since the only recruitment to the system are births to the general population. The actual recruitment to defence segments is then modelled as transitions between general and defence segments. Thus the model used has the following general form:
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Thus, defence segments used in our model are regarded as a subset of segments of general population. The reason for this is that new employees and those under service contract in the army reserve
 are recruited from the segments of general population, whose size then determines the number of possible new recruits every year. So, for instance, diminishing generations of school children due to decreased birth rates in recent years affect the number of potential candidates to enter military service. 

The whole population of inhabitants of Slovenia was divided into segments relevant for the model. General population is for instance divided into the following 6 segments: non-active population, which mainly consists of pre-school and primary school children; secondary school pupils, students, working people, unemployed, and retired persons. Defence segments are treated separately from the general population, because their relatively small size does not affect dynamics of the general population. 

The total number of defence segments is 120, which makes the total number of segments equal to 126. Of course this is not the only possibility to model our segments. If the segments of general population were omitted, for instance, the same effect would be achieved by adequately modifying the recruitment vector. The changes in the size of defence segments are consequences of the following factors:

· transitions between segments;

· wastage from the system (retirement, …);

· input from general population (recruitment);

· input to general population, which is modelled as birth.

Because of the small size of defence segments, wastage from the army may be neglected and treated as wastage from the system, even though actually there may also be transitions to other segments of general population. The model assumes constant size of annual input to the system, which we assume is the current birth rate in Slovenia. Slight deviations from this assumption in the following years would not affect the model substantially. The size of the whole population follows general trends in the society. 

Recruitment into defence segments is modelled by transitions from the segments of general population to defence segments. The model assumes that those transitions are regulated by a set of rules not changing often. We adopt the assumption that the transitions will remain similar to those observed in the past years if regulations do not change. If, for instance, 10% of officers in a segment were promoted to a higher rank, we assume that this will continue in the following years. This assumption is of course sometimes questionable, because it is rarely true that all members of a segment have the same probability of being promoted. However, the available data did not allow us to model possible heterogeneity within segments. 

The model is a mixture between deterministic and stochastic approach. Initially we start with stochastic transitions estimated on the base of historical transitions. Those are then mixed with the transitions that are possible to regulate and are thus deterministic. Another model with a mixture of stochastic and deterministic transition can be found in Guerry (1993), where only wastage transition probabilities are modelled as stochastic while promotion and demotion probabilities are considered constant. 

2.2 Attainability and maintainability 

The next step after making predictions based on the model is exercising structural control i.e. finding transitions leading to the desired structure after a certain time period, or at least close to it. Thus we are solving the attainability problem. Methods to solving attainability problems have been discussed in literature (see e.g. Davies (1973) or Nilakantan and Raghavendra (2005)), but none of the approaches seems to completely solve our specific problem, where the task is to be accomplished by resetting a certain subset of transitions within given constraints. This is because not all transitions are possible to be controlled, and neither are those than can be controlled allowed to change entirely arbitrarily. Therefore it is crucial to determine which transitions can be changed and to what degree. Once this is determined, the transitions yielding the best possible result are to be found. We find a sufficient solution using computer simulations. The idea behind the simulations is to generate many possible scenarios by varying the allowed transitions within allowed intervals and pick the most suitable ones. 

A sufficient solution, that is the set of transitions leading close enough to the aimed structure, is thus sought within the limits possible to implement. We thus first had to find out which transitions are possible to regulate and to what extent. We acquired this information in cooperation with the Ministry of Defence, who provided us the set of all transitions possible to control and typically the upper bound for each transition in terms of the maximal ratio of employees from each segment that can make transition to another segment. The transitions capable of sufficiently improving the resulting structure were then sought within these bounds. 

About 500 such transitions were identified and lower and upper bounds for the transition probabilities were given. To find optimal transitions within these bounds, several approaches seem possible. One of the options is to decrease transitions to segments with excess of units and increase those to segments with deficiencies. However, changing a single transition also affects other segments and the effects are difficult to predict beforehand. Thus it is difficult to determine which transition probability has to be changed to obtain desired result. Also, such an iterative algorithm would in a large degree depend on various assumptions and features of a particular example. It would be reasonable to expect good results with such an approach in a simpler model where the usual transitions are promotions and recruitment only; however, this was not the case in our modelling. Because of the large number of possible transitions this was not suitable for our model. 

The other natural approach is to try to find an acceptable solution by systematically examining all possible combinations of transitions within given range; however, a simple calculation showed that such an approach would be impossible to implement in such a large model. 

A remaining possibility are Monte Carlo simulations, where instead of changing transitions systematically, this is done by randomly changing them within a particular amount. More precisely, the change of a particular transition was obtained as

	
[image: image3.emf]p

ij

new

=p

ij

old



1+d

1

r

1



+d

2

r

2

,


	(1)


where the symbols denote 

d1 and d2 are the factors denoting the maximum amount of the change and

r1 and r2 are random numbers uniformly distributed over the interval [   ̶0.5, 0.5].

Further we required that all the changes sum to 0, so that wastage remains as estimated, since it is an uncontrollable parameter. 

Thus, on every step some transitions are picked and varied randomly, where the d1 and d2 are parameters of the algorithm, as well as the number of chosen transitions. The process is iterative. If the matrix obtained in this way leads to a better result, this new matrix is used again in the next iteration. Some tuning is necessary, of course, such as determining the number of transitions to be changed at each time and the optimal values of the parameters, which depend on the particular instance. For now we have not done any systematic analysis of the effects of the parameters on the efficiency of the algorithm. 

It turned out soon that it is not possible to obtain exact solution leading to the optimal structure, which is due to many factors, such as the set of transitions we are allowed to change and the amount of changes we are allowed to make for particular transition and especially the short time available to reach the desired structure. Therefore, we have to satisfy with a solution sufficiently near the optimal one. The concept of the best possible solution is thus not unique, but rather depends on more or less subjective criteria. 
We make some general requirements of optimality, such as:

· Big deviations in one segment are less optimal than a large number of smaller ones, even though, they sum equally.

· Bigger absolute deviations are allowed in larger segments than in smaller ones. 

A criterion satisfying the above requirements is expressed through a mathematical function. A function satisfying those criteria is the following one:
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In the above function the symbols mean the following: 

· xi: the size of the ith segment as a result of a given scenario;

· xi0: target size of the ith segment;

· C: a constant – varying this constant changes relative importance of either segments with smaller or those with larger number of units. A value that turns out as balanced in our particular case is C=50.

The above loss function may be understood as a distance function measuring the distance between the solution achieved in a given scenario and the optimal solution. The algorithm for attaining the desired manpower structure thus tries to minimise this distance.

Once the required structure is attained, the task is to find a strategy to maintain the obtained structure. Our goal is to solve it in a similar manner as the problem of attainability, that is by setting the set of controllable transition to values that would, at least approximately, maintain the obtained required structure. Here too, simulations do the task sufficiently. The only modification from solving the previous task is that we set the initial and the target structure to be the same and then, using simulations, try to find transitions that preserve the structure. Effectively, thus we are seeking for a transition matrix, within an allowed set of matrices, whose stationary distribution is the required distribution. Therefore we call the resulting transitions stationary transitions. 

3.0 PREPARATION OF DATA

3.1 Input data and population segments

The first phase of analysis included the identification of segments from the available data. The defence segments have been identified on the basis of administrative titles of employees, by regarding the employees holding the same administrative title as members of the same defence segment. The Ministry provided us with anonymised data (such as identification number, period of employment, administrative title, education etc.) for all employees in the Slovenian Armed Forces and administration of the Ministry of Defence in the period between 1st January 1997 and 31st August 2006. 

The most demanding task was the estimation of transitions between the segments. Since several thousands of transitions are possible between the segments, it is impossible to estimate them only on the basis of expert opinions. Therefore, they have been calculated on the basis of past transitions, which had been identified from the data on employees in Slovenian Armed Forces. This was possible thanks to the accurate manpower data of the Ministry of Defence. .

In the data, every employee’s transition from one segment to another and every extension of the employment contract in the same segment was registered as a new entry with the same identification number, and new initial and final date of employment contract. From that, transitions between various segments were calculated for every year in the period. Also, the number of people in each segment on 30th June 2007 was obtained as a basis for calculating projections (as initial manpower structure).

3.2 Standardization of data 

The model requires identifying employee’s administrative titles (i. e. affiliation to defence segments) for each year in the given period for which data are available. The employee’s administrative title usually does not change more than once in a year. Therefore, the administrative titles have been identified on 31st of December for every year in the period between 1st January 1997 and 31st August  2006.  The data enable the identification of administrative titles on this date for the period between 1997 and 2005. 

The data however did not enable us to identify from which of the 6 segments of the general population the employees of the Ministry of Defence came from. It was also not possible to identify into which of the segments of general population they went after they left the Ministry. For this reason another segment called “outside” was introduced, which stands for entire general population. Thus, transitions from “outside” to defence segments therefore denote new employments, while transitions to the segment “outside” from defence segments denote deaths, retirements or terminations of the employment contract. Consequently, transitions between defence segments and specific segments of general population have been estimated so that their cumulative effect at the aggregated level was equal to transitions between defence segments and the segment “outside”.

In the next phase, transitions between segments of every individual employee in the Slovenian Armed Forces and administration of the Ministry of Defence have been identified on the basis of comparisons between his or her segment in two consecutive years on 31st of December. 

It was possible however that a person made a transition more than once a year. In that case, all those transitions were only registered as the transition between the starting and the ending segment, since the person’s segments have been checked only on 31st of December. 
3.3 Estimating the transition matrix

For each year, the number of people in every segment and the number of transitions from one segment to another have been counted. The number of transitions from a particular segment to another one has been divided by the number of people in the starting segment. This gave us  transition probabilities between the segments for each year in the period. The average transition probability between two segments in the period has been calculated as a weighted mean:
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where xi denotes transition probability in a certain year, and wi  the number of people in the starting of the same year. 

However, the transitions have changed substantially in recent years, because of the changes in legislation and the process of professionalization of Slovenian Armed Forces. Consequently, some of the transitions possible in the past are no longer possible today, and the transition probabilities have also changed. For those reasons only the data for four most recent years, that is for the period from 31st December 2001 to 31st December 2005, have been used to calculate average transitions. Also in order to avoid those kinds of problems, the Ministry of Defence has reviewed the transition matrix and marked those transitions that are no longer possible. The latter have then been then assigned the value 0 in the transition matrix, while the transitions on diagonal (that stand for the share of people that stay in the same segment each year) have been correspondingly corrected, to keep the same total proportion of people remaining in the system. The final result was the transition matrix P with entries pij which summarise the proportion of employees of the segment i that make yearly transition to the segment j.

The next step is the identification of transitions that can be regulated by the Defence ministry's personnel departments. By simulating changes in those transitions it is possible to identify a transition matrix that leads to the desired manpower structure in a certain period. The transitions that can be regulated are for example promotions and new employments. What we want to know, for example, are the optimal share of people that can be promoted from one segment to another, and the optimal number of people that can be employed within the segment each year.

4.0 Results

4.1 Basic model: manpower projection with average transitions in 2001-05 period (scenario S0)
The results of our simulations show how the manpower structure will change over the course of years from 2007 on, if the future transitions are equal to average transitions in the period from 31st December 2001 to 31st December of 2005. The comparison of projected manpower structure in 2010 and the desired structure also shows which defence segments will face manpower shortages or surpluses. 

The initial manpower structure as for 30th of June 2007, projected number of people in 2010 achieved with average transitions observed in the period from 31st December 2001 to 31st December 2005, the desired manpower structure in 2010, and absolute and relative differences between the desired and projected manpower structure in 2010 for defence segments, where the projected manpower structure deviates more significantly
 from the desired for 2010, are presented in table 1.
Table 1: Manpower structure achieved with average transitions 2001-05 (S0)
	Group
	Defence segment

	Initial structure 2007

	Proj. 2010
	Desired structure 2010

	Abs. difference between proj. 2010 & desired 2010
	Rel. difference between proj. 2010 & desired 2010

	Civ. servants and inspectors
	Undersecreatry
	103
	125
	83
	42
	51%

	
	Inspector III
	24
	0
	28
	-28
	-100%

	Regular army
	Private PV-1 I
 (OR-1)
	476
	619
	1227
	-608
	-50%

	
	Private PV-1 II
 (OR-1)
	1126
	1693
	2087
	-394
	-19%

	
	Staff Sergeant (OR-6)
	700
	430
	760
	-330
	-43%

	
	Warrant Officer V Class
	167
	270
	142
	128
	90%

	
	Platoon Sergeant (OR-7)
	944
	968
	853
	115
	13%

	
	Private PV-2 (OR-2)
	635
	735
	642
	93
	14%

	
	Warrant Officer I Class
	90
	105
	16
	89
	556%

	
	Warrant Officer IV Class
	126
	166
	95
	71
	75%

	
	Sergeant (OR-5)
	125
	89
	145
	-56
	-39%

	
	Warrant Officer IX Class
	58
	95
	48
	47
	98%

	
	Warrant Officer XII Class
	49
	66
	33
	33
	100%

	
	Warrant Officer XI Class
	61
	78
	45
	33
	73%

	
	First Sergeant (OR-9)
	11
	7
	39
	-32
	-82%

	
	Warrant Officer XIII Class
	32
	44
	14
	30
	214%

	
	Warrant Officer III Class
	48
	46
	17
	29
	171%

	
	Colonel (OF-5)
	75
	73
	45
	28
	62%

	
	Corporal (OR-4)
	33
	54
	81
	-27
	-33%

	Army reserve
	Private PV-1 II (OR-1)
	1103
	1499
	2658
	-1159
	-44%

	
	Private PV-2 (OR-2)
	195
	171
	578
	-407
	-70%

	
	Private PV-1 I (OR-1)
	76
	191
	536
	-345
	-64%

	
	Sergeant (OR-5)
	40
	39
	357
	-318
	-89%

	
	Private 1st Class (OR-3)
	102
	102
	416
	-314
	-75%

	
	Staff Sergeant (OR-6)
	31
	31
	305
	-274
	-90%

	
	Platoon Sergeant (OR-7)
	7
	7
	145
	-138
	-95%

	
	First Lieutenant (OF-1)
	11
	11
	93
	-82
	-88%

	
	Master Sergeant (OR-8)
	1
	0
	59
	-59
	-100%

	
	Second Lieutenant (OF-1)
	18
	24
	82
	-58
	-71%

	
	Warrant Officer XIII Class
	0
	0
	55
	-55
	-100%

	
	Captain (OF-2)
	0
	0
	45
	-45
	-100%

	
	Warrant Officer V Class
	0
	0
	43
	-43
	-100%

	
	Corporal (OR-4)
	5
	5
	40
	-35
	-88%

	
	Warrant Officer IV Class
	0
	0
	27
	-27
	-100%

	Civil personal
	V. Tariff Group
	448
	423
	250
	173
	69%

	
	VII. Tariff Group
	192
	206
	99
	107
	108%

	
	IV. Tariff Group
	269
	237
	182
	55
	30%

	
	VI. Tariff Group
	98
	93
	50
	43
	86%


As can be seen from the table 1, in this scenario the manpower projection for 2010 differs considerably from the desired manpower structure: the biggest absolute deviations from the desired structure will appear in the defence segments Private PV-1 I and II in the army reserve as well as in the regular army. In the army reserve 1159
 soldires of Private PV-1 II rank, 345 soldires of Private PV-1 I rank, 407 of Private PV-2 rank and 314 soldires of Private 1st Class rank will be missing in 2010. In the regular army on the other hand 394 soldiers of Private PV-1 II rank, 608 of Private PV-1 I rank and will be missing in the same year, while there will be a surplus of 93 soldiers of Private PV-2 rank.
Equally disadvantageous will be a shortage of noncommissioned officers of Sergeant, Staff Sergeant, Platoon Sergeant and Master Sergeant rank in the army reserve, since it impedes normal functioning of military units. For this reason the predicted shortage of officers of Capitan, Second Lieutenant and Lieutenant rank in the army reserve is also troublesome.
Excess manpower will occur in the administration of the Ministry of Defence among undersecretaries, in the regular army among warrant officers (of I., IV., V. and IX.  class) and noncommissioned officers of Platoon Sergeant rank, and among civil personal (in IV., V.,, VI. and VII. tariff group).
4.2 Attainability of the desired manpower structure for 2010 (scenario S1)
Structural control has been exercised on the basis of transition matrix containing average transitions between 31st December 2001 and 31st December 2005, and the manpower structure of the Slovenian Armed Forces and administration of the Ministry of Defence on 30th June 2007. The target year for achieving the desired structure in 2010, specified by the Ministry of Defence, was reset to 2011. By doing so, an additional year has been added, otherwise the period for attaining the desired structure would have been too short. The improvements due to structural control are measured in terms of the change of loss function described in section 2.2. It turned out that about 1000 transitions are possible to occur and 500 among them are controllable. 

If the transitions in the period from 2007 to 2011 were on average the same as those in the period from 31st December 2001 to 31st December of 2005, the value of loss function would be equal to 3133
. The method of attaining the desired manpower structure was implemented in the following way. For each iteration 5 transitions were randomly chosen among the controllable transition to be modified using equation (1), where optimal values of r1 and r2 turn out to be 0.05 and 0.01 respectively. If the resulting matrix leads to a more desirable structure, the following iteration uses the new matrix as initial. After 200000 iterations the value of the loss function stabilises at 283, which clearly indicates significant improvement. Increasing the number of iterations does not present much more improvement. 

The initial manpower structure as for 30th of June 2007, projected number of people in 2011 achieved with transitions modified to attain the desired structure, the desired structure in 2010, absolute and relative differences between the desired structure for 2010 and projected structure for 2011 achieved with modified transitions for defence segments, where the projected manpower structure for 2010 in scenario S0 deviates more significantly
 from the desired, are presented in table 2. For comparison absolute and relative differences between the desired and projected manpower structure for 2010 in scenario S0 are also presented in table 2.
Table 2: Attainability of the desired manpower structure with modified transitions for achieving the desired structure (S1)
	Group
	Defence segment
	Initial struct. 2007
	Proj. 2010 (trans. 2001–05)
	Attained 2011 
(mod. trans.)
	Desired 2010
	Difference between proj. 2010 (trans. 2001-05) & 
desired 2010
	Difference between proj. 2011 (mod. trans.) & desired 2010

	
	
	
	
	
	
	Abs. 
	Rel. 
	Abs.
	Rel. 

	Civ. servants and inspectors
	Undersecreatry
	103
	125
	90
	83
	42
	51%
	7
	8%

	
	Inspector III
	24
	0
	32
	28
	-28
	-100%
	4
	14%

	Regular army
	Private PV-1 I
 (OR-1)
	476
	619
	1196
	1227
	-608
	-50%
	-31
	-3%

	
	Private PV-1 II
 (OR-1)
	1126
	1693
	1971
	2087
	-394
	-19%
	-116
	-6%

	
	Staff Sergeant (OR-6)
	700
	430
	728
	760
	-330
	-43%
	-32
	-4%

	
	Warrant Officer V Class
	167
	270
	138
	142
	128
	90%
	-4
	-3%

	
	Platoon Sergeant (OR-7)
	944
	968
	816
	853
	115
	13%
	-37
	-4%

	
	Private PV-2 (OR-2)
	635
	735
	624
	642
	93
	14%
	-18
	-3%

	
	Warrant Officer I Class
	90
	105
	30
	16
	89
	556%
	14
	88%

	
	Warrant Officer IV Class
	126
	166
	92
	95
	71
	75%
	-3
	-3%

	
	Sergeant (OR-5)
	125
	89
	140
	145
	-56
	-39%
	-5
	-3%

	
	Warrant Officer IX Class
	58
	95
	52
	48
	47
	98%
	4
	8%

	
	Warrant Officer XII Class
	49
	66
	37
	33
	33
	100%
	4
	12%

	
	Warrant Officer XI Class
	61
	78
	50
	45
	33
	73%
	5
	11%

	
	First Sergeant (OR-9)
	11
	7
	35
	39
	-32
	-82%
	-4
	-10%

	
	Warrant Officer XIII Class
	32
	44
	17
	14
	30
	214%
	3
	21%

	
	Warrant Officer III Class
	48
	46
	15
	17
	29
	171%
	-2
	-12%

	
	Colonel (OF-5)
	75
	73
	50
	45
	28
	62%
	5
	11%

	
	Corporal (OR-4)
	33
	54
	77
	81
	-27
	-33%
	-4
	-5%

	Army reserve
	Private PV-1 II (OR-1)
	1103
	1499
	1259
	2658
	-1159
	-44%
	-1399
	-53%

	
	Private PV-2 (OR-2)
	195
	171
	283
	578
	-407
	-70%
	-295
	-51%

	
	Private PV-1 I (OR-1)
	76
	191
	264
	536
	-345
	-64%
	-272
	-51%

	
	Sergeant (OR-5)
	40
	39
	200
	357
	-318
	-89%
	-157
	-44%

	
	Private 1st Class (OR-3)
	102
	102
	203
	416
	-314
	-75%
	-213
	-51%

	
	Staff Sergeant (OR-6)
	31
	31
	182
	305
	-274
	-90%
	-123
	-40%

	
	Platoon Sergeant (OR-7)
	7
	7
	77
	145
	-138
	-95%
	-68
	-47%

	
	First Lieutenant (OF-1)
	11
	11
	37
	93
	-82
	-88%
	-56
	-60%

	
	Master Sergeant (OR-8)
	1
	0
	21
	59
	-59
	-100%
	-38
	-64%

	
	Second Lieutenant (OF-1)
	18
	24
	31
	82
	-58
	-71%
	-51
	-62%

	
	Warrant Officer XIII Class
	0
	0
	50
	55
	-55
	-100%
	-5
	-9%

	
	Captain (OF-2)
	0
	0
	8
	45
	-45
	-100%
	-37
	-82%

	
	Warrant Officer V Class
	0
	0
	42
	43
	-43
	-100%
	-1
	-2%

	
	Corporal (OR-4)
	5
	5
	5
	40
	-35
	-88%
	-35
	-88%

	
	Warrant Officer IV Class
	0
	0
	27
	27
	-27
	-100%
	0
	0%

	Civil personal
	V. Tariff Group
	448
	423
	248
	250
	173
	69%
	-2
	-1%

	
	VII. Tariff Group
	192
	206
	107
	99
	107
	108%
	8
	8%

	
	IV. Tariff Group
	269
	237
	202
	182
	55
	30%
	20
	11%

	
	VI. Tariff Group
	98
	93
	49
	50
	43
	86%
	-1
	-2%


Analysis shows that it will be impossible to realise the desired manpower structure completely by 2011 at present regulatory and educational restrictions. The period is to short. Therefore significant
 deviations are going to occur in 16 of 120 defence segments. The biggest deviations will occur among soldiers and noncomissioned officers in the army reserve. The deviations of manpower structure in the regular army will be smaller. If the Slovenian Armed Forces wanted to attain the desired manpower structure, they would have to extensively increase the educational capacities for soldires of Private PV-1 I and II so that more than 450 candidates could be trained. Alternatively more than 450 soldires of Private PV-1 I and II rank could be employed if additional soldiers were found among those who attained this rank during compulsory service in the armed forces before 2005
. However this is unlikely since the majority of the ex-conscripts interested in military jobs have probably already been employed in the Slovenian Armed Forces. Consequently the modified transitions for attaining the desired manpower structure have been calculated under the assumption that the Slovenian Armed Forces can employ at most 450 soldiers of Private PV-1 I and II rank annually either in the regular army or in the army reserve. This is the main reason for the deviations of the structure attained in 2011 from the desired one for 2010. Consequently the projection for 2011 achieved with modified transitions (scenario S1) to attain the desired structure contains 240 soldires of Private PV-1 II rank less in the army reserve than the projection for 2010 achieved with average transitions observed in the period from 31st December 2001 to 31st December 2005 (scenario S0). By using previously mentioned educational capacities to their maximum only the deviations in the number of soldiers of Private PV-1 I and Private PV-1 II rank in the regular army and of Private PV-1 I rank in the army reserve however can be successfully decreased. For decreasing the deviation in the number of soldiers of Private PV-1 II rank in the army reserve the educational capacities prove to be too small. The projection for 2011 (scenario S1) deviates from the desired one by 1399 soldiers of Private PV-1 II rank and 272 of Private PV-1 I rank in the army reserve, and by 272 soldires of Private PV-1 II rank and 31 of Private PV-1 I rank in the regular army.
In the 2007-2010 period the Slovenian Armed Forces would have to employ 589 soldiers of Private PV-1 rank in the regular army (i.e. 295 of Private PV-1 I rank and 294 of Private PV-1 II rank) and 740 Private PV-1 rank in the army reserve (i. e. 244 of Private PV-1 I rank and 496 of Private PV-1 II rank) annually to achieve the desired manpower structure for 2010 by 2011. The realisation of the desired manpower structure in such a short period would therefore require unrealistic expansion of new employment.
4.3 Maintainability of the attained manpower structure for 2011 (scenario S2)
The solution to the attainability problem described above provides a set of transitions that lead to a structure sufficiently close to the desired structure in a few years. It must be stressed that the current structure is quite far from optimal, which is mainly due to the fact that it transformed substantially in recent years due to changing from conscript to professional service. Therefore, to reach desired structure in only few years, the needs for recruitment and also promotions tend to be higher than needed to only sustain the structure once the desired structure is reached. 

The next important step of exercising the structural control is finding transitions needed to maintain the desired structure after it has been reached. The method of finding such transitions is substantially the same as in previous case. We take as initial distribution the desired distribution and identify transitions, using simulations, so that they would preserve the structure. Roughly speaking, we try to find a transition matrix whose stationary distribution is our target distribution.

Even though, the problem seems easier than the previous one, it turns out that it is not possible to sustain the structure in all its parts. This indicates that some transitions prevent stability of the system. Identifying those transitions and examining possibilities to improve stability is one of the tasks that still have to be accomplished. 

For all practical purposes however the stationary transitions are quite successful in long-term preservation of the manpower structure as can be seen from the table below. 

The initial manpower structure as for 2011 achieved with transitions modified to attain the desired one for 2010, projected number of people in selected defence segments for 2031 achieved with stationary transitions, the desired manpower structure for 2010 and differences between the projected structure for 2031 attained with stationary transitions and projected manpower structure for 2011 attained with transitions modified to attain the desired structure, and between  the projected structure for 2031 attained with stationary transitions and the desired for 2010 for defence segments, where the projected manpower structure for 2010 in scenario S0 deviates more significantly
 from the desired, are presented in table 3.

Table 3: Maintainability of manpower structure achieved with stationary transitions (S2)
	Group
	Defence segment
	Initial struct. 2011
	Proj. 2031 
(stat. trans.)
	Desired 2010
	Difference between proj 2031 (stat. trans.) & 2011 (mod. trans.)
	Difference between proj. 2031 (stat. trans.) & desired 2010

	
	
	
	
	
	Abs.
	Rel.
	Abs.
	Rel.

	Civ. servants and inspectors
	Undersecreatry
	90
	88
	83
	-2
	-2%
	5
	6%

	
	Inspector III
	32
	28
	28
	-4
	-13%
	0
	0%

	Regular army
	Private PV-1 I
 (OR-1)
	1196
	1159
	1227
	-37
	-3%
	-68
	-6%

	
	Private PV-1 II
 (OR-1)
	1971
	1985
	2087
	14
	1%
	-102
	-5%

	
	Staff Sergeant (OR-6)
	728
	716
	760
	-12
	-2%
	-44
	-6%

	
	Warrant Officer V Class
	138
	134
	142
	-4
	-3%
	-8
	-6%

	
	Platoon Sergeant (OR-7)
	816
	813
	853
	-3
	0%
	-40
	-5%

	
	Private PV-2 (OR-2)
	624
	599
	642
	-25
	-4%
	-43
	-7%

	
	Warrant Officer I Class
	30
	21
	16
	-9
	-30%
	5
	31%

	
	Warrant Officer IV Class
	92
	89
	95
	-3
	-3%
	-6
	-6%

	
	Sergeant (OR-5)
	140
	135
	145
	-5
	-4%
	-10
	-7%

	
	Warrant Officer IX Class
	52
	47
	48
	-5
	-10%
	-1
	-2%

	
	Warrant Officer XII Class
	37
	34
	33
	-3
	-8%
	1
	3%

	
	Warrant Officer XI Class
	50
	46
	45
	-4
	-8%
	1
	2%

	
	First Sergeant (OR-9)
	35
	37
	39
	2
	6%
	-2
	-5%

	
	Warrant Officer XIII Class
	17
	15
	14
	-2
	-12%
	1
	7%

	
	Warrant Officer III Class
	15
	15
	17
	0
	0%
	-2
	-12%

	
	Colonel (OF-5)
	50
	48
	45
	-2
	-4%
	3
	7%

	
	Corporal (OR-4)
	77
	77
	81
	0
	0%
	-4
	-5%

	Army reserve
	Private PV-1 II (OR-1)
	1259
	1417
	2658
	158
	13%
	-1241
	-47%

	
	Private PV-2 (OR-2)
	283
	405
	578
	122
	43%
	-173
	-30%

	
	Private PV-1 I (OR-1)
	264
	509
	536
	245
	93%
	-27
	-5%

	
	Sergeant (OR-5)
	200
	337
	357
	137
	69%
	-20
	-6%

	
	Private 1st Class (OR-3)
	203
	203
	416
	0
	0%
	-213
	-51%

	
	Staff Sergeant (OR-6)
	182
	279
	305
	97
	53%
	-26
	-9%

	
	Platoon Sergeant (OR-7)
	77
	129
	145
	52
	68%
	-16
	-11%

	
	First Lieutenant (OF-1)
	37
	55
	93
	18
	49%
	-38
	-41%

	
	Master Sergeant (OR-8)
	21
	36
	59
	15
	71%
	-23
	-39%

	
	Second Lieutenant (OF-1)
	31
	66
	82
	35
	113%
	-16
	-20%

	
	Warrant Officer XIII Class
	50
	58
	55
	8
	16%
	3
	5%

	
	Captain (OF-2)
	8
	3
	45
	-5
	-63%
	-42
	-93%

	
	Warrant Officer V Class
	42
	0
	43
	-42
	-100%
	-43
	-100%

	
	Corporal (OR-4)
	5
	5
	40
	0
	0%
	-35
	-88%

	
	Warrant Officer IV Class
	27
	28
	27
	1
	4%
	1
	4%

	Civil personal
	V. Tariff Group
	248
	236
	250
	-12
	-5%
	-14
	-6%

	
	VII. Tariff Group
	107
	101
	99
	-6
	-6%
	2
	2%

	
	IV. Tariff Group
	202
	180
	182
	-22
	-11%
	-2
	-1%

	
	VI. Tariff Group
	49
	48
	50
	-1
	-2%
	-2
	-4%


Unlike in table 1 and 2, the projected manpower structure presented in table 3 has been calculated using the projected manpower structure for 2011 in table 2 as the initial structure instead of manpower structure on 30th of June 2007. As can be seen the calculated stationary transitions successfully maintain the manpower structure for 2011 attained with modified transitions in scenario S1.  The biggest surplus is going to occur in the army reserve in the defence segments of Private PV-1 I (245), Private PV-1 II (158), Sergeant (137), Private PV-2 (122), Staff Sergeant (97), Platoon Sergeant (52); and the biggest deficit in the segment of Warrant Officer V Class (-42). In the regular army the only significant deviation from the desired structure for 2010 is going to be a deficit of soldiers of Private PV-1 I (-37) and Private PV-2 (-25) rank.
4.4 Manpower projections for critical defence segments based on transitions between them and the segments of general population in 2006 (scenario S3) and in 2007 (scenario S4)
Because of the declining numbers of soldiers of Private PV-1, Private PV-2 and Private 1st Class rank (also referred to as critical defence segments) in 2006 and 2007, additional projections have been calculated. Those projections have been based on new data on transitions in 2006 and 2007 between the critical defence segments and segments of the general population, while for all other transitions average transition probabilities in the period from 31st of December 2001 to 31st of December 2005 have been used. This way time-consuming work for preparing new transition matrix has been avoided. Consequently these projections represent an example of efficient modeling of future manpower structure using only minor corrections of the original data.
The number of employees in the critical defence segments at 30th of June 2007 and the number of transitions between the critical defence segments and segments of the general population in the 2002-2007 period
 are presented in table 4.
Table 4: The state of critical defence segments in 2002-2007 period
	Defence segment
	Private 1st Class
	Private PV-2
	Private PV-1 I
	Private PV-1 II

	Number of employed at  
30th June 2007
	488
	635
	476
	1126

	Arrivals

	2002

	149
	176
	38
	102

	
	2003

	93
	265
	84
	395

	
	2004

	18
	121
	247
	287

	
	2005

	1
	24
	332
	214

	
	2006
	1
	3
	243
	156

	
	2007
	0
	2
	126
	66

	Departures

	200213
	8
	2
	0
	0

	
	200314
	10
	5
	1
	0

	
	200415
	5
	6
	3
	6

	
	200516
	17
	30
	21
	64

	
	2006
	28
	45
	72
	109

	
	2007
	37
	56
	55
	120


Table 4 shows that the number of arrivals into all the critical defence segments decreased, while the number of departures from them increased.
The results of the manpower projections for critical defence segments based on arrivals and departures from these segments in 2006 (scenario S3) and 2007 (scenario S4) are presented in table 5. As the initial manpower structure the number of employed in the critical defence segments on 30th of June 2007 is used. For comparison manpower projections for average transitions in the period from 31st of December 2001 to 31st of December 2005 (scenario S0) and for transitions modified to attain the desired manpower structure for 2010 (scenario S1) are also presented in the same table. The table also contains the differences between the projected and desired manpower structure in 2010 for all previously mentioned scenarios.
Table 5: Manpower projections for critical defence segments under scenarios S0, S1, S3 and S4. 
	Scenario
	Def. segment
	2007

	2010
	2011
	2027
	Desired
2010

	Difference between proj. 2010 and desired 2010

	S0
	Average trans. in the period from 31st Dec. 2001 
to 31st  Dec. 2005
	Private 1st Class
	488
	584
	619
	1267
	573
	11

	
	
	Private PV-2
	635
	735
	781
	1214
	642
	93

	
	
	Private PV-1 I
	476
	619
	641
	659
	1227
	-608

	
	
	Private PV-1 II
	1126
	1693
	1854
	3298
	2087
	-394

	S1
	Modified trans. for attaining the desired struct. for2010
	Private 1st Class
	488
	543
	558
	890
	573
	-30

	
	
	Private PV-2
	635
	601
	624
	900
	642
	-41

	
	
	Private PV-1 I
	476
	1105
	1196
	1292
	1227
	-122

	
	
	Private PV-1 II
	1126
	1797
	1971
	3589
	2087
	-290

	S3
	Arrivals in&departures from critical def. segments in 2006
	Private 1st Class
	488
	521
	533
	696
	573
	-52

	
	
	Private PV-2
	635
	657
	679
	779
	642
	15

	
	
	Private PV-1 I
	476
	633
	646
	609
	1227
	-594

	
	
	Private PV-1 II
	1126
	1254
	1285
	1446
	2087
	-833

	S4
	Arrivals in&departures from critical def. segments in 2007
	Private 1st Class
	488
	492
	488
	391
	573
	-81

	
	
	Private PV-2
	635
	577
	560
	451
	642
	-65

	
	
	Private PV-1 I
	476
	433
	424
	385
	1227
	-794

	
	
	Private PV-1 II
	1126
	991
	958
	784
	2087
	-1096


4.4.1 Results of scenario S3 
If the transitions between the segments of general population and the critical defence segments from 2006 continued, the Slovenian Armed Forces would have 521 soldires of Private 1st Class rank, 657 of Private PV-2 rank, 633 of Private PV-1 I rank and 1254 of Private PV-1 II rank in 2010. The projected numbers of soldiers of Private 1st Class and Private PV-1 II would therefore deviate even more from the desired ones for 2010 in scenarios S0 and S1 (look at the last column on the right in table 5). Also the deviation of those two segments would be smaller than in scenario S4; the deviation in number of soldiers of Private PV-2 rank would be smaller than in scenarios S0, S1 and S4; the deviation in number of soldiers of Private PV-1 I rank would however be bigger than in scenario S1 and smaller than in S0 and S4.
4.4.2 Results of scenario S4 

If the transitions between the segments of general population and the critical defence segments from 2007 continued, the Slovenian Armed Forces would have 492 soldires of Private 1st Class rank, 577 of Private PV-2 rank, 433 of Private PV-1 I rank and 991 of Private PV-1 II rank in 2010. The deviation of projected manpower structure from the desired one for 2010 would be far greater in all critical defence segments than in scenario S3 (look at the last column on the right in table 5). The reason for this are less numerous arrivals into the segments of Private PV-1 I and II, and more numerous departures from the segments of Private 1st Class, Private PV-2 and Private PV-1 II than in scenario S3 (look at the table 4). Only departures from the segment Private PV-1 I are less numerous in scenario S4 than in S3. The deviations of projected number of soldiers of Private 1st Class, Private PV 1 I and II rank from the desired are going to be bigger than in any other scenario. The deviation in the number of soldiers of Private PV-2 however is going to be slightly smaller than in scenario S0 but still bigger than in scenario S1 and S3. 
5.0 CONCLUSIONS
In this paper we presented a case study of applying a Markov chain in the Slovenian Armed Forces. First, extensive administrative effort was needed to obtain data on the individual status of all employees for the 2001-2005 period. We needed an exact assignment (of each person and for each year) to one of 120 key defence segments (soldier, lieutenant etc.). This then formed the basis for calculating transition probabilities in a 120 x 120 matrix. The Markov model was then applied to these data. Considerable gaps were found in the projected sizes of the segments compared to the official targets. Of course, experts and decision-makers were roughly aware of these discrepancies but the results of the modelling provided much more explicit and elaborated evidence of the problems related to future trends.

However, the Markov chain model itself could not provide an answer as to how to achieve the desired manpower structure. This problem was successfully addressed here by simulations. The simulation algorithm selected a solution closest to the target structure from a large number of computer-generated scenarios. A specific loss function was developed for this problem. 

The approach described in this article can be upgraded in several ways. For planning a smaller number of selected segments a semi-Markov model could be developed in which the “age” of the units in the segments (i.e. the time a person is employed in the segment) is considered in calculations of more accurate transition probabilities. Another direction is the implementation of a time non-homogeneous model instead of a time homogeneous model; this means that the transition probabilities could vary over time.

Analysis of manpower projections for the administration of the Ministry of Defence show critical shortage of manpower especially among lower ranks in the Slovenian Armed Forces (soldiers of Private PV-1 I and II ranks). 
In the case of continuation of average transitions in 2001-05 period (S0) in the army reserve 1159 soldires of Private PV-1 II rank, 345 soldires of Private PV-1 I rank, 407 of Private PV-2 rank and 314 soldires of Private 1st Class rank will be missing in 2010. In the regular army on the other hand 394 soldiers of Private PV-1 II rank, 608 of Private PV-1 I rank and will be missing in the same year, while there will be a surplus of 93 soldiers of Private PV-2 rank.

In the 2007-2010 period the Slovenian Armed Forces would have to employ 589 soldiers of Private PV-1 rank (i.e. 295 of Private PV-1 I rank and 294 of Private PV-1 II rank) in the regular army and 740 Private PV-1 rank (i. e. 244 of Private PV-1 I rank and 496 of Private PV-1 II rank) in the army reserve annually to achieve the desired manpower structure for 2010 by 2011. The realisation of the desired manpower structure in such a short period would therefore require unrealistic expansion of employment.
Equally disadvantageous will be in a scenario S0 a shortage of noncommissioned officers of Sergeant, Staff Sergeant, Platoon Sergeant and Master Sergeant rank in the army reserve, since it impedes normal functioning of military units. For this reason the predicted shortage of officers of Capitan, Second Lieutenant and Lieutenant rank in the army reserve is also troublesome.

Manpower projections for 2010 for defence segments of Private 1st Class, Private PV-2, Private PV-1 I and Private PV-1 II that are based on newer data on transitions between them and the segments of general population for 2006 (scenario S3) and 2007 (scenario S4) deviate even more from the desired manpower structure.
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� Both employees and those under service contract in the army reserve are referred to as employees in the following text.


� At least ( 25 people compared to the desired structure in 2010


� Defence segments in the regular army and army reserve are named after the ranks in the Slovenian Armed Forces. For translation in English their equivalents in the US army have been used as defined by the Ministry of Defence (2009) at http://slovenskavojska.si/poklicna/cini/index.htm


� Source: Ministry of Defence (2007): Data on number of employees in defence segments as for 30. 6. 2007.


� The sources of the desired structure for 2010 of the regular army and the army reserve have been the manpower projections of the Ministry of Defence (2005). The desired structure of the civil servants and the civil personal have been calculated by the Ministry of Defence under the assumption that the number of civil servants and the civil personal is going decrease in 2007 by 11% compared to 2006, while in 2008-2010 period it is going to decrease further by 3% annually. The number of inspectors in 2010 has been assumed to stay the same as for 31st of August 2006.  .


� Private PV1 with secondary general education


� Private PV1 with secondary technical education (lower education than secondary general education)


� Absolute difference between projected number of soldiers of Private PV-1 II rank for 2010 and the desired number for 2010: (1499 – 2658) = -1159


�	  Better are smaller values


� At least ( 25 people compared to the desired structure in 2010


� Private PV1 with secondary general education


� Private PV1 with secondary technical education (lower education than secondary general education)


� At least ( 25 people compared to the desired structure in 2010


� Compulsory service in the Slovenian Armed forces ended in 2004.


� At least ( 25 people compared to the desired structure in 2010


� Private PV1 with secondary general education


� Private PV1 with secondary technical education (lower education than secondary general education)


� Data on transitions between critical defence segments and the segments of the general population in the 2002-2005 period have been calculated from the list of titles of all employees in the administration of the Ministry of Defence and in the Slovenian Armed Forces that had been assembled on the basis of manpower data of the Ministry of Defence; the number of the transitions in 2006 and 2007 have been provided by the Ministry of Defence.


� Transitions from the segments of general population to the critical defence segments (new employments).


� Transitions have been calculated for the period from 31st of December 2001 to 31st of December 2002.


� Transitions have been calculated for the period from 31st of December 2002 to 31st of December 2003.


� Transitions have been calculated for the period from 31st of December 2003 to 31st of December 2004.


� Transitions have been calculated for the period from 31st of December 2004 to 31st of December 2005.


� Transition from the critical defence segments to the segments of general population  (cancellations of contracts, retirements, deaths)


� Source: Ministry of Defence (2007): Data on number of employees in defenece segments as for 30. 6. 2007.


� The sources of the desired structure for 2010 of the regular army and the army reserve have been the manpower projections of the Ministry of Defence (2005). The desired structure of the civil servants and the civil personal have been calculated by the Ministry of Defence under the assumption that the number of civil servants and the civil personal is going decrease in 2007 by 11% compared to 2006, while in 2008-2010 period it is going to decrease further by 3% annually. The number of inspectors in 2010 has been assumed to stay the same as for 31st of August 2006.





RTO-MP-SAS-073
11 - 1
11 - 20
RTO-MP-SAS-073
RTO-MP-SAS-073
11 - 19

_22212832.unknown

_23230272.unknown

_-1185128192.unknown

_22916688.unknown

_21262000.unknown

