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ABSTRACT

The proper operation of security personnel is one of the major problems in public institutions. By
assigning the security personnel to the most appropriate duty areas, security service can be provided
in the best conceivable way. From this point of view, the problem of assigning the most appropriate
security personnel to determined places is handled in this study. As a place of application, a big scale
university campus where the 158 security personnel serve 24 hours with a total of 10 points is
considered. A monthly schedule is obtained for this group by solving the identified problem by a goal
programming model which is solved by ILOG CPLEX Studio IDE Optimization tool. As a result of
solving this proposed model is shown that the intended goals are achieved, and better results are
obtained from the existing schedule.
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1. INTRODUCTION

Scheduling problems have become one of the most studied types of problems in recent years by
researchers. Personnel scheduling problems, a specific type of scheduling problems, are confronted as
one of the most studied scheduling problems when they are examined to date. Organizations need to
focus on many parameters to reach top-level goals such as satisfaction at the top level, maximization
of profit and system efficiency and cost minimization. Considering the significant effect of the staff
employed in the production of goods and services, achieving the distribution of a fair work among the
employees, the importance of staff scheduling which serves to increase the motivation and
performance by ensuring that they work in safety in works suited to the sufficiency, desire and needs
of the employees arises. Staff scheduling plays an important role on production and service industries.
Staff Scheduling is a widely studying area which is a process that plays an important role in
manufacturing and service industries. In this study, a monthly schedule is proposed for personnel
involved in security at a university, using the goal programming method. 158 security personnel serve
24 hours with a total of 10 points in a university campus.
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2. STAFF SCHEDULING

Arrangement of work plans and assignment of staff planning and staff scheduling in order to meet the
demand for resources that vary according to time. These problems occur in service industries, such as
call center operators, hospital nurses, police officers, transportation personnel (aircraft crews, bus
drivers) and so on. It is very important topic for personnel scheduling. These environments are often
prolonged and unsteady, and staff requirements fluctuate over time. Schedules typically include
equipment requirements, trade union rules, etc. It is the subject of various restrictions dictated by. The
problems that arise tend to be combinatorically difficult. Staff scheduling problem’s structure can be
divided into several categories. General solution method is with integer programming. This method
contains a large class of personnel scheduling problem solutions. Besides, there is a special class of
integer programming problems, namely cyclical personnel problems. This problem can be used in
terms of class and a combinatorial viewpoint. Apart from these, crew and operator scheduling
problems have a different model structure.

3. GOAL PROGRAMMING

In goal programming; minimization or maximization of objective measures cannot be done directly.
Rather, deviations between the goals are sought to minimize. The objective function is constructed
only from deviant variables [1-3]. Since both positive and negative deviations cannot occur at the
same time, at least one or both variable deviations must be zero. After the determination of the
unwanted variables, the deviation goal programming formulation was made. It is desirable that only
one of these variables be deducted by the decision maker [4-8].

4. APPLICATION

The problem of assigning the most appropriate security personnel to the designated locations has been
addressed in this study. As a place of application, a large-scale university campus with 158 security
personnel serving 24 hours is evaluated with a total of 10 points. The number of personnel required in
each region and each shift is given below.

Personnel requirements for each shift are as follows: 32 personnel - shift 1, 20 personnel - shift 2, 10
personnel - shift 3. There are 10 areas for the staff for being ready.

For this group, a monthly program is obtained by solving the problem defined by a goal programming
model.

CONSTRAINTS

Constraint 1: Number of personnel needed for each shift every day.

Constraint 2: A staff working any day at night should not work in the morning and evening shifts the
next day.

Constraint 3: A person working on any day of the evening should not work the next morning in the
morning.

Constraint 4: Every staff member should not work more than 6 days.

Constraint 5: Every staff member should not work on his/her the day off.

These constraints are for the number of night shifts each staff should work at least according to their
seniority level.

Constraint 6: Every staff member should be assigned one shift per day. To overcome the excesses.
Constraint 7: In the Evening Shift, the staff cannot be operated more than 9 days.

Parameters

1: Personnel index, i=12..e (1)
j: Day index, j=12,...m 2)
k: Shift index k=1,2,..,n 3)
l: Area index I=12,..v 4)
e: Number of Personnel e=158 (5)
m: Number of Day m=30 (6)
n: Number of Shifts n=3 (7
v: Number of area v=10 (8)
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MATHEMATICAL MODEL
Decision Variables

Vo = IL If personnel iis assigned to day j on shift k to the area [ 9
R 0, otherwise ©)
B = [1, If the personnel i is on leave in day j 10

LD, otherwise (10)
CONSTRAINTS:

Constraint 1: The constraint that indicating the number of personnel assigned to each shift:

a. Number of personnel needed for shift 1.
0 Xy = 32 i=1,2,..m k=123  1=12,...10 (11)
b. Number of personnel needed for shift 2.
T Xy, =20 j=12,...m k=123  1=1,2,...10 (12)
c. Number of personnel needed for shift 3.
Y2 X = 10 j=1.2,..m k=123 1=1,2,...10 (13)
Constraint 2: The constraint that indicating if a staff working any day at night should not work in the

morning and evening shifts the next day:

XE'_:I'E + Xz'l:_;f+1:|1 + Xz'l:_;f+1:|2 =1 i:1,2,3,...,1 j:1,2,...,29 1:1,2,10 (14)
Constraint 3: The constraint that indicating if a person working on any day of the evening should not
work the next morning in the morning:

X:'}'z: + Xil:}'+1}1: =1 i:1,2,3,...,1 _]:1,2,,29 1:1,2,10 (15)
Constraint 4: The constraint that indicating every staff member should not work more than 6 days:
N hij+ Rygan + Rigeny + Rigagy + Rigagy + Rigas) + higag >=1 i=1,2,..,1(16)

Constraint 5: The constraint that indicating every staff member should not work on his/her the day
off:
rmi Xt h=11i=123,..1 j=12.m 1=1,2,..10 (17)

Constraint 6: The constraint that indicating every staff member should be assigned one shift per day.
To overcome the excesses:

T, Ky < 1 i=1,2,3,...1 j=1,2,..m 1=12,...10 (18)

A
Constraint 7: The constraint that indicating in the Evening Shift, the staff cannot be operated more
than 9 days:
Xijm + Xigenm + Xigena + Xigena + Xigron + Xigesyn + Xigrgu + Xigena +
Xijemmu =9
i=1,2,3,...,1 j=1,2,.,21 (19)

GOAL CONSTRAINTS
The total number of shifts assigned to each staff should be as equal as possible.

YE X —dlf +d17 =1 j=1,23,..,30  k=1,2,3 1=1,2,...10 (20)
OBJECTIVE FUNCTION
minZ = %29 (d1} + d17) 1)
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The proposed model, ILOG CPLEX Studio IDE is written in the program and is solved with the
CPLEX solvent.

5. RESULTS AND DISCUSSION

In this study, work schedules of the security personnel of a university are planned. Scheduling
includes one month of staff work. Before this work is done, once the current work scheduling is done
by hand, the benefit of working is revealed once more. In Table 1, final schedule of the job is given.

Table.1 The final schedule

oAYS
1 2 3 ) 5 6 7 s s 0 i 2 ) W 3 % 7 8 ) » ) 2 3 u 5 % F F F) ]
(s[5 1958 v 1 [ ] 123¢ | 1234 | 1230 | 1234 || seruw| 2345 | 1mmw] 123¢ [s000]| 1230 [Suss|[nans| 2578 | 1235 | 1238 | 3467 | 4567 | 123% |000w| 2w s | 1w | 5678 | 3456 | 1237 [muus|nnnm
8 [shiz sws | s 1 55 105 56 56 @ 2 69 651 5% 85 51 98 | s 39 [ 16 58 51 48 1% 6110 410 s ¥ [ B8 | 5%
< s3] w0 ] 3 B 1 9 7 [] 3] 10 0 15 55 B [ n 0 3 3 3 0 ) ] 9 ] E] 5 2 [ E)
 [Shit]sL90 100 0] 7,15 58_[2,134 153 5] 0678 78 | 78101 | 89100 [sL B 1 #4345 | 7818 [598%] 6788 [0460] 89101 [05L258 (4557 | 1LBWS] 58510 | 5672 |7141516] 51012 | 567,50 155166 | 0001216155 10 15[ %1012 | 510115 | 5682 | 1151651 [ 1151660
§ [shtz] e 90,100 51% 39 nn ] B115 [ o8 5% 94 1518 1w 58 7 1 11 93 1918 nn 3% .6 113 1616 B 260 (¥ 5 e
< s3] & [ E] 8 ] n o 5 u £ u ] [3 u 5 E) ) 31 5 [l o £ @ [3 31 El &
o [oit] mon | w6 | sms | B0l 60610 | 878 | 15%6% | 269 [ 01% | 00% | 257 [ 0ne | 289 | 025 | 608 [ 0na | 05 | 568 [ D06 | 590 | B | 508 | Bus | 129 | 010 | Be | 586
§ [snta] _esur 161 67,150 3 .18 09 3% %% on 23 1,31 06 08 uu Bl 04 6 e 6 nu 110 518 %15 B8 .6 el 06
<[] & 1 n ) 0 E) ) ) © 3 [l ) [ ) © % 2 B ] ) 3 n 2 El 9 © ) [ 3
o [sita] o | w23 | Bmm | enn | wew | Swa | a2n | wmw ]| aon | 666 | 9um | sus | wew | 286 | Bue | 5w | w55 | 560 | sse | auu | 550 | Bew | ann | smwm | awme [ sow | ane | nee | n2e | e
flo wm [ me | aw | ms | ns | we | ws | sw | s | ns | em | sw | %y | we | se | ma | ey | ww | wm | sn | w8 | se | a5 | szw 0 | ow | we | 6 | ae | se
< s3] & B £l 9 B 7 [ 3 1w 52 50 07 6 [l 3 @ 4 o £ ) % (3 7 [ 5 105 2 ] 3 )
o (St e | mss | w2 | %y | wm | onw | 259 | gmn | maw | 529 |@wm| nsm | aEn | 5%6 | 500 | 559 | 685 | 950 | &89 | 009 | 008 | 609 | wo0 | 00w | w200 | 508 | 066 | 456 | 556
8 [shitz| 13 57 053 mB | B i EE) B3 w5 BE | mw | nw | wr a0 B %90 53,57 57,11 09 | nws | nw | B | %6 E¥) 6,155 X EEX] 19,6 67 BT

< s[5 5 1 ) 0 3 B ) i) B El ) ) B3 ) 5 5 & % ) 18 ) i » 0 m 5 o & n
o [sitt] st | gy | w045 | mawx | mnn | w5 | 3% | musDs | WY | %257 |0506107| 410 | 409 | 837 | B0M | 738% | 6% | 8w | s | BuB | BM | B0 | 0B | KDL | B | 4518 | 0% | @su | 288 | 288

8 [shia| 510 116 mn | Ba 5% By i 058 % | W | mw | 8% Y] Wi EX 6.6 &6 B | B3 | pw | nm | 8w B 89,158 %5 | n9 X3 BN B
< s s I s | % El il 2 ® s [ m | w [ % W 7 = a I T T T T ] 5 w | ® 0 o B

w [ mss s | momw | s | s | wsy | amwn | w90 | nusns | wiso [mons|ossuo] 5w | seuin| a0 | 2B | 008 | aee | nee | wsis | 696 | Ko | 250 | 03 | 4w | s | 28w | 3%9 | n6s | 00 | 00
g [sie] mus | wim 189 mu | wss | o | s | omw | mea | wis | wer | mwm | sw | 8% | un | ew | se | me | s | w6 | wm | aw | we a1 @5 | »w | sw | nw | wn | wn
< [sis| 7w o) ) 73 o] ] 5 3 8 w B ) 0 [l [] [ 1 15 i T 0 8 15 g 01 B n %
a [sitt] w5 | s | ws0B | Wy [wsw | aws | wsy | woum | mad |sus] wie | 2am | som | sse 03,9 | 0051 | 99w | 5050 | 0o | 551 | BA | SBB | nnm | 036 | %50 | An0 | B | nun
8 [snft2] 81,16 116 1014 wB | wd | B | %6l 713 wu | W | mes [ 8w | sw | &6 ws | amw | ou | as | B | 2% | s5 56,13 i G YO B X0
< Jsina]_w ;3 B w gy w @ B 5 0 W 5 15 ) B o 5] ] 5y ur 5 ] 5] 0] % B 0

o (St B9 | Gus | mk | way | mus | wnw | 9we | pws | w5 5| w07 | 05 | S0 | 860 | 550 | 60w | mes [ 9m| aen | 065 | #en | A58 | %70 | aHE | A0 (N05]| BOn | 799 | %78 | 598
§ [shfta| 810 o o wH | Wk | ww | e 1% WE | nw | s | sm | we | &0 | m% | W | 83 | s | 605 | 018 | ®w 5,15 mE | ms [ awe | By EX) EX
< [sus[ 55 5 ) 1 3 5 7 [ ] 55 5 w5 8 il Bl 3 5 5 il B s © B 15 ) N 8 3

g (o] mwim | man | G185 | W | wam | Sem | nnn | 65 | Sa5 [mumm] wen | Bus | 99l | 50w | 00 | snw | s || 65 | 565 | mn ] 5 | 9o5 | S5y | mum [uns| a6k | 55% | 5408 | 506
§ [soma] e B0 50 W% | %0 | 58 | na 8,139 3 | miw | wen | w15 | At | sus | omm | s | @ | usme | eis | eis | omiwl | mss | a8 1013 mE | s | #1m | sy ns g
< oty & 157 15 g 157 15 [ 3 157 1 w 15 157 T [ T 15 ] 55 15 156 157 154 16 1 155 158 [ i 8

Given the large number of employees and the number of areas that need to be found, the large size of
the problem makes scheduling very difficult to do manually. Moreover, the manual execution of this
process subverts a risk to the justice of the job distribution. With these mathematical models used,
both preparation of the charts is shortened, and quality charts are obtained. In the mathematical model
developed in the study, the wishes of the employees were fulfilled. Goal programming model has
been used to achieve the goals that need to be realized and the demands of the staff with the least
deviation.

The assignment of employees to designated jobs has been a concern for many years in the service
sector. In the service sector, more attention has been paid to staff appointments in recent years due to
increased service lines, the importance given to customer satisfaction and the expectation of balanced
work by employees. The models established in the following studies can be used not only in the
university environment but also in many other sectors. In this study, wider schedules can be made by
increasing all kinds of points such as the number of points of duty, number of staffs, staffs’ desires
and so on. Meta-heuristic methods can be used depending on the size of the models to be used.
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