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ABSTRACT
Turkish Air Force (TurAF) is always ready in any condition for accomplishing the mission. What is the background for being available and reliable? One may think that the systems in inventory such as weapon/defense systems lead to success. But the main reason behind success is to use those systems with qualified, motivated and well-trained personnel. In this article, we examine how the TurAF personnel assignment process works for Noncommissioned Officers (NCO) to keep them in track of mission. There is no way of mission accomplishment without personnel with proper qualities and quantity. The Mission itself demands for the trained personnel in the right time and at the right place. What the assignment process does is to allocate human resources optimally to positions with respect to personnel demands, TurAF assignment policy and mission requirements. Turkish Air Forces is composed of a variety of personnel whose rank, status, gender, specialty etc. are all different. Keeping in mind the fact that the majority of personnel are NCO’s, the study is focused on NCO assignment processes. On the other hand; assignment may affect the jobs of wife’s and children’s school conditions. Therefore; minimizing the number of assignment with respect to mission requirements is vitally important for personnel motivation, TurAF system performance and productivity. In this study, we come up with a model that takes some fundamental parameters into considerations and compare the results with approved assignments of last year. The advantages and disadvantages of the model will be discussed and the way-ahead improvements will be mentioned.

1.0.
Problem Definition and Methodology
1.1.
Problem Definition
The problem can be stated shortly as to formulate the mathematical model of the assignment process for NCOs with respect to some constraints under some assumptions. The detailed assumptions and constraints are mentioned in the related section stated below.
The assumption that “all NCOs with the same rank and specialty are equal” is an acceptable one in the real life. But this assumption may not be true for officers due to leadership and management abilities, education background, last accomplishments etc. Nevertheless, the core of this model will be tailored to the officers’ model. But much more constraints and new decision variables will be added to the model. Therefore, we firstly handle NCOs assignment in the model.
The assumptions and constraints make this model unique. In other words, this model is very different from a typical “n-jobs m-machines” assignment model.  

1.2.
Methodology:

The process will be carried out in the following stages. 

1.2.1.
Do some interview with the Subject Matter Experts (SME) in order to get familiar with the assignment policy and understand the assignment process in required detail. 

1.2.2.
Collect sample data (data used in the model will be coded due to privacy of information about individuals)  

1.2.3.
To formulate a mathematical model for assignment of NCO’s, 

1.2.4.
Verify & validate the model.

1.2.5.
Run the model with the test data.

1.2.6.
Do some sensitivity analysis,

1.2.7.
Modify the model if required.

1.3.
Assumptions [1] 
Units can be bases, radar units, training units etc. In this model all units are in the same type. (Unit assumption) 

TurAF military units are divided into five different garrisons with respect to geography, civilization condition, housing capacity, accommodation facilities etc. Garrisons are typically categorized by numbers such as 1, 2, 3, 4 and 5. (Garrison assumption)

In addition to this categorization, within garrison-1, there are some units which are very popular between personnel. In other words, most of the personnel ask for assigning to the positions in garrison-1. Therefore; some garrisons are also categorized as A and B to indicate popularity of the garrison.    (Garrison&Categorization assumption)

Any personnel who want to be assigned to another position can request at most four alternative positions. If a person does not request any position, the planners may assign the personnel to any position as required. Requesting for assignment to a position does not guarantee his assignment to one of those positions. (Alternative assumption)

Keeping the experienced personnel in the system is important for the sake of continuum of the system. Therefore; the senior NCOs’ requests are more important than the junior NCOs’ requests. For example; a senior NCO’s fourth (last) request has higher precedence than a junior NCO’s first request. In addition to that NCO’s first request has much important than the other requests.(Assumption about priority of alternatives)     

The penalty cost is mainly defined as the time spent in a garrison. Penalty cost will be defined with respect to assignment duration of a person in that position. For example; the longer you stay in a position, the less penalty cost you have. Penalty cost is not correlated with the rank. The less cost indicates more possibility to be assigned. (Assumption about the penalty cost of assignment duration)

No penalty cost for assignments within the same units. (Assumption about assignments within unit) 

Rank priority is taken into consideration when the candidates are a part of “conditional” or “must” candidates. For example; within the same garrison, the penalty cost of senior NCOs will be lower than that of junior NCOs in order to maintain the priority conditions. 

There are some limitations over assignments from one garrison to another. For instance; there can be assignments from garrison-1 to garrison-4 or 5. But there is no way from garrison-4 to garrison-5.  (Assumption about assignment limitations among units) Each unit in the model has the same capacity and each person at the same rank has the same capability (Capacity and capability assumption)Input data are formed in the way as the SMEs directed. But the number of units in the garrison and personnel is pseudo due to classification of the information. Test input data is shown in Table 4.

1.4.
Definitions

When we formulate the problem, we come up with an idea that the problem we handle is different from the assignment problems analyzed in the literature. The assignment pattern of any person can be defined as a decision-tree approach. We called it as an “Assignment Tree”. 


[image: image1]Figure 1. Assignment Tree
Any person in the TurAF can be mainly categorized into two groups. First group includes people who are not willing to be assigned. The other group includes the people who are willing to be assigned. For example; if any person violates “Max staying time constraint”, he is included in the “willing to be assigned” group regardless of his real wish.

“Unwilling to be assigned” group can be divided into two sub-groups. The majority of this group will remain in their garrisons. In other words; he will not be assigned to another position. But minority of the group will be assigned to other positions due to the fact that they will be the most appropriate candidates for filling the gaps. We call them as “chosen candidates”. They will be unhappy if they are assigned to another position. But in either case, the members of this group know that they are subject to assignment. 

“Willing to be assigned” group can be divided into three sub-groups. “Must Candidates” sub-group include the people who are going to be assigned to another position with no excuse. For example; any person in the garrison-5 who requests for re-assignment will be assigned to another position at no cost. Therefore; these candidates are called as “Must Candidates”. “Conditional Candidates” are the ones who are looking for better positions if possible. Otherwise they are content with the current position. “Conditional” candidates may be assigned to the desired position. Otherwise; they are not different from any person in the “unwilling to be assigned” group.

“Unhappy candidates” are the ones who are determined to be assigned primarily with the direction of their choices and/or system requirements. In addition to that, they are candidates for any vacant positions. 

Except from the “must candidates”, all candidates are subject to re-assignment. 

If any vacant position occurs, the model initially will assign a “must candidate”. If any vacant position is left, then a “conditional candidate” will be considered. If there are still vacant positions then “unhappy candidates” will come into the play. “Unwilling candidates” are the ones who are going to fill a position as a final option.
Table 1. The cost coefficients of assigning “Chosen Candidates”.

	Staying Time (Year)
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Cost
	44
	43
	42
	41
	40
	39
	38
	37
	36
	35
	34
	33
	32


Table 1 is prepared for the “chosen” candidates. In order to understand Table 1, two examples are given in bold. The cost penalty of 42 means that if any person stayed in the same garrison for five years, he would cost to the model 42 units. By the same token, the cost penalty of 35 means that if any person stayed in the same garrison for 12 years, he would cost to the model 35 units. It is clear that the longer a person stays in the same garrison, the more eligible for him to be assigned for the model.  

Table 2 is prepared for “must” candidates. As it is shown in the Table 2, the last request of senior NCOs is more eligible than junior NCOs first request because of less cost. For example; NCO Senior Sergeant-Major’s last request costs about 4 units where NCO Sergeant Major’s first request costs about 5 units. Since our model’s objective function is to minimize the cost, naturally it will try to include senior NCOs request as long as constraints permit.   For example; NCO Sergeant Major’s (Rank Code 2) requests will cost the model as much as 5, 6, 7 and 8 units respectively. The last column in table 2 indicates the cost of assigning the “must” candidates to position other than the request ones. Naturally, the senior NCOs will have precedence over junior ones. For example; for any NCO Seargeant Major, there are 10 positions available to select.  He will select only 4 out of 10 positions. According to the Table 2, the remaining 6 position cost the model as much as 26 units.  

Table 2. Cost Matrix about Rank versus Request for “Must” Candidates

	
	
	Requests
	For Other Possible Positions

	Rank Code
	Rank
	1
	2
	3
	4
	

	1
	NCO Senior Sergeant-Major
	1
	2
	3
	4
	25

	2
	NCO Sergeant Major
	5
	6
	7
	8
	26

	3
	NCO Senior First Sergeant
	9
	10
	11
	12
	27

	4
	NCO First Sergeant
	13
	14
	15
	16
	28

	5
	NCO Senior Sergeant
	17
	18
	19
	20
	29

	6
	NCO Sergeant
	21
	22
	23
	24
	30


All “conditional” candidates regardless of their rank will cost the model as much as 31 units for their requests. The cost of assigning conditional candidates to other possible positions will be calculated with regard to Table 1 values. 
Since we want to keep all units at the same capability, the number of outgoing candidates is expected to be equal to that of incoming ones. But the number of incoming candidates into the units may balance due to retirement, graduation reasons etc. 

We try to define the problem as simple as possible. Table 3 shows that each garrison consists of almost one unit which not the case.  There should be balance between garrison 1, 2 & 3 and garrisons 4 & 5. Since 7 candidates are outgoing from garrisons 4&5, we need to have at least 7 candidates, but we have at most 2 candidates to assign. 
Table 3. A Typical Problem

	Units/Garrisons
	# Outgoing Candidates
	Demands

	1
	2
	6

	2
	1
	7

	3
	1
	2

	4
	4
	1

	5
	3
	1


Outgoing candidates from Garrison-5 (You may think it as a Unit-5) is 3, but there is only 1 candidate demands for it. What is the cheapest way to meet the missing 2 candidates?  The more serious situation presents at Garrison-1. 

2 candidates are outgoing but 6 candidates demand for it. What is the optimal way to assign 6 candidates to 2 positions? These are the problems we are trying to solve.

1.5
The procedure for the problem formulation

The first step is to create the candidate list to study on it. If a person’s staying time at a position is equal to or between the minimum and maximum time limit, he will be considered as eligible for re-assignment.

The assignment process focuses on the candidates stationed at the garrisons 4&5, whose staying times are equal to or between minimum and maximum time limit.  If those candidates demands for re-assignment, then they have precedence over the other candidates’ request. They are considered as first “must assign” candidates. 

On the other hand; if the candidates stationed in  garrisons 1, 2 & 3, whose staying time are equal to maximum time limit, then they are also considered as “must assign” candidates.

Since the number of bases in the garrisons 1, 2 and 3 are much more than that of bases in the garrisons 4 and 5, more requests occur in favor of former garrisons (1,2&3). Because almost every NCO requests to be assigned to the units/bases in the garrisons 1, 2 and 3 at least once during their career, the proposed assignment model aims to allocate requests into proper positions. 

If first and second “must assign” candidates’ requests are met properly, then life will be easy. Unfortunately, requests don’t match with each other neither in quantity nor in the quality perspectives. If not, (generally this is the case) all candidates will be considered regarding to assumptions mentioned above.

1.6.
Constraints[1]
Each garrison has its own min/max staying time limitations. The time span for min.&max staying time limit is between 3 year and 15 years. Any person whose staying time is under the minimum required time is not allowed to be re-assigned unless there are some special exceptions such as family/heath related issues or administration approval. (Min staying time constraints)

Any person whose staying time is above the maximum required time is not allowed to stay there unless there is administration approval. (Max staying time constraints)

Assigning the personnel in the direction of his choices is vitally important. (Choice constraints)

Taking into account the senior NCO’s requests first is important in order to keep the experienced personnel in the system.  (Rank priority constraints)

There are some limitations over assignments among garrisons. No assignments will be planned among units whose attractiveness rate is A and B. In addition to that, no assignments will be done between garrison-4 and garrison-5. (Assignment limitation constraints)

2.0.
Test data for the model

Table 4 is prepared for validation and verification. The columns (1) and (2) show garrisons and related units, columns (3) and (4) show the personnel id and rank, column (5) shows how long the personnel stayed in that garrison, column (6) shows the candidate group of the personnel, N stands for “no” which means that the personnel does not want to be assigned. Y stands for “yes” which means that the personnel are in the “must” candidate list. YC stands for “Yes with Condition” which means that the personnel are in the “conditional” candidate list. The last column (7) displays personnel requests in accordance with his priority. NA stands for Not-Applicable means that the personnel cannot be assigned to that unit(s) due to several reasons mentioned in the assumption section. PA stands for “Potential Assignment” units means that those positions are out of scope of personnel requests. 
Table 4. Test data for the model
	GARR. (1)
	Unit (2)
	Per. (3)
	Rank Code (4)
	Year (5)
	Must/ Cond. (6)
	Possible Units (7)

	
	
	
	
	
	
	U1
	U2
	U3
	U4
	U5
	U6

	Garrison-1
	U-1
	PER-1
	3
	5
	N
	
	
	
	
	
	

	
	
	PER-2
	4
	8
	N
	
	
	
	
	
	

	
	
	PER-3
	5
	14
	Y
	NA
	NA
	NA
	NA
	1
	PA

	
	
	PER-4
	6
	12
	N
	
	
	
	
	
	

	Garrison-2
	U-2
	PER-1
	5
	5
	N
	
	
	
	
	
	

	
	
	PER-2
	5
	6
	N
	
	
	
	
	
	

	
	
	PER-3
	4
	12
	NC
	
	
	
	1
	2
	

	
	
	PER-4
	6
	10
	N
	
	
	
	
	
	

	Garrison-3
	U-3
	PER-1
	4
	4
	N
	
	
	
	
	
	

	
	
	PER-2
	5
	6
	N
	
	
	
	
	
	

	
	
	PER-3
	6
	9
	N
	
	
	
	
	
	

	
	
	PER-4
	5
	8
	N
	
	
	
	
	
	

	
	U-4
	PER-1
	5
	6
	NC
	
	
	
	1
	2
	

	
	
	PER-2
	5
	4
	Y
	NA
	NA
	NA
	NA
	1
	2

	
	
	PER-3
	5
	4
	Y
	NA
	NA
	NA
	NA
	2
	1

	
	
	PER-4
	5
	9
	N
	
	
	
	
	
	

	Garrison-4
	U-5
	PER-1
	3
	4
	N
	
	
	
	
	
	

	
	
	PER-2
	4
	5
	Y
	NA
	1
	2
	3
	NA
	NA

	
	
	PER-3
	5
	7
	N
	
	
	
	
	
	

	
	
	PER-4
	5
	6
	Y
	PA
	1
	2
	3
	NA
	NA

	Garrison-5
	U-6
	PER-1
	6
	3
	Y
	1
	NA
	2
	PA
	NA
	NA

	
	
	PER-2
	3
	4
	N
	
	
	
	
	
	

	
	
	PER-3
	4
	3
	Y
	NA
	1
	2
	3
	NA
	NA

	
	
	PER-4
	5
	6
	Y
	2
	NA
	1
	3
	NA
	NA


As shown in Table 4., there is no balance between garrison 1,2 &3 and garrison 4&5 (Note that the number of outgoing candidates from garrison 4 and 5 is seven but that of incoming candidates from garrison 1, 2 and 3 is three.)   

2.1.
Model Formulation
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Subject to
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(2)
Equation (2) is in “equal” form if xijk is “must” candidate, otherwise “less than or equal to” form.
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(4)
Objective function is to sum of cost over all candidates and units. The second constraint enables the model to assign each candidate no more than one unit. The third and fourth constraints enable the model to assign as much as required for each unit.

The model seems quiet simple but the main effort is used to prepare the input data set, then life is easy.  What makes this model different from the other assignment problems is hidden in its cost coefficient that makes all prioritization issues. Even this simple model can easily get complex as the number of candidates increase.  
2.3.
Model Results

Test data is very similar to what the assignment plan officers face with in the real life in terms of quality. Naturally, since there are hundreds of NCOs assigning from/to up to 70 units, the test data is not sufficient in terms of quantity.

Table 5. The Result of the Test Data 
	Unit
	Per.
	Rank Code
	Year 
	Must/ Cond.
	Possible Units
	Result
	Candidate Type

	
	
	
	
	
	U1
	U2
	U3
	U4
	U5
	U6
	
	

	U-1
	PER-3
	5
	14
	Y
	NA
	NA
	NA
	NA
	1
	PA
	X315
	Must

	U-1
	PER-4
	6
	12
	N
	
	
	
	
	
	
	X416
	Chosen

	U-2
	PER-3
	4
	12
	NC
	
	
	
	1
	2
	
	X325
	Conditional

	U-4
	PER-1
	5
	6
	NC
	
	
	
	1
	2
	
	-
	

	U-4
	PER-2
	5
	4
	Y
	NA
	NA
	NA
	NA
	1
	2
	X246
	Must

	U-4
	PER-3
	5
	4
	Y
	NA
	NA
	NA
	NA
	2
	1
	X346
	

	U-5
	PER-2
	4
	5
	Y
	NA
	1
	2
	3
	NA
	NA
	X254
	

	U-5
	PER-4
	5
	6
	Y
	PA
	1
	2
	3
	NA
	NA
	X452
	

	U-6
	PER-1
	6
	3
	Y
	1
	NA
	2
	PA
	NA
	NA
	X161
	

	U-6
	PER-3
	4
	3
	Y
	NA
	1
	2
	3
	NA
	NA
	X362
	

	U-6
	PER-4
	5
	6
	Y
	2
	NA
	1
	3
	NA
	NA
	X464     
	


As shown in the Table 5, all of the “must” candidates are reassigned. On the other hand, since the demand for being assigned to unit-1 is high, we end up with only one “chosen” candidate reassigned from unit-1 for this data set. One of the positions in the unit-4 is filled with a “conditional” candidate. The remaining of the candidates not shown in Table 5 is not reassigned. In this data set, we have 7 “must” candidates out of 24 personnel at 6 units.  The model made 9 assignments in order to meet the “must” candidate requirements. 

Real life problems can range from “100” must candidates out of 2 thousand personnel to 5 “must” candidates out of 30 personnel.  When the model is adjusted to a smaller version of a real life problem, the model solves it very efficiently.   
Table 6. The Problem Complexity  

	No
	# of “All” Candidates for each unit

(All includes “Must”) (1)
	# of “Must” Candidates for all units 

(2)
	# of Units

(m=k) (3)
	# of “NA” Decision Variables (4)
	# of Constraints (5)
	# of Decision 
Variables for “All” Candidates (6)

	1
	n
	< %7 # of Decision 
Variables for “All” Candidates.  
	m x k
	< %25 # of Decision 

Variables for “All” Cand.  
	(n x m) + 2m
	n x m x k

	2
	4
	8
	6 x 6
	26
	36
	144

	3
	25
	15
	10 x 10
	500
	290
	2,500

	4
	50
	100
	20 x 20
	4,000
	1,040
	20,000

	5
	100
	200
	40 x 40
	30,000
	4,080
	160,000

	6
	1000
	500
	10 x 10
	20,000
	10,020
	100,000

	7
	2000
	1000
	10 x 10
	25,000
	20,020
	200,000


The first row is the data for the generic problem. First row indicates the relationship between number of parameters and number of variables and constraints. The first column indicates the number of candidates for each unit. The second column indicates the number of candidates must assign out of all candidates in the model. We assume that at most %7 percent of “all” decision variables should be included in the “must” candidate list.  The third column is straight forward. The number of “from/to” units is the same. The fourth column is the variables that are not active in the model. “NA” decision variables can be thought of a reduction in the “all” candidate variables. We are taking %25 percent of “all” decision variables as the number of “NA” Decision Variables.  The fifth column indicates the total number of constraints in the model. The number of constraints is a function of the number of person and units in the model. The sixth column indicates the total number of candidates. As the number of “all” candidate increase, the number of decision variables soar into large numbers. On the other hand; number of constraints increase in a reasonable manner.

The second row is the data for the test problem. We have 144 decision variables and 36 constraints in order to model four persons positioned at each six unit. The model is going to assign 8 “must” candidates out of 24 all candidates (Note that the number of decision variables for person is 144).   

It is clear that linear programming for this type of problem may not be suitable for this type of real life problems. But what we can suggest to decrease the number of all candidates by setting it as much as 4 times the “must” candidates. What we mean is simply to categorize the “Unwilling to be assigned group” into several sub-groups. Another thing we can do is to prioritize the “NA” positions for each personnel in order to increase them. 

3.0
.
Extensions for the model

Several extensions can be made to the model. 

Each NCO has specialty level such as 3, 5 and 7. Specialty 3 defines the capability to start and finish the task with the control and direct help of personnel whose specialty level is 7. Specialty 5 defines the capability to finish the task with the control of personnel whose specialty level is 7. In other words, any personnel whose specialty level is 5 can start the task individually but he needs the approval of specialty-7 personnel to finish the job. Specialty-7 personnel can start and finish the task individually.  We include this extension so that we can allocate specialty-7 NCOs optimally across units. 
The positions will be filled in the following priority. Bases, Command and Control (Radar) Units, Training Units are examples for the unit types. Remind that the test model in this paper includes standard type of units. We can increase the number of unit types so that the model represents the real life situation much better way.
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