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Abstract - Regarding the general willingness of agents to take weekend off, weekend off fairness is an important issue when 

call center makes out the schedule table of agents. This paper incorporates the manpower regulation that assures weekend off 

of agent no less than the prescribed number of times. An integer programming model for the problem is constructed. Since the 

problem is intractable, a heuristic is proposed based on the analysis of the problem structure and optimization properties. The 

performance of heuristic is evaluated by using enterprise data. The experimental results show that the proposed algorithm can 

obtain good solutions of problems. Finally, the influence of the weekend off fairness on the shifting labor cost is discussed. 
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I. INTRODUCTION 

 

Call Center refers to an organization that mainly uses 

telecommunication to provide customers with 

after-sales support, transactions, and other services. 

Call center is a labor-intensive industry, and labor 

costs account for about 70% of operating costs. 

Personnel operation management of call centers has 

aroused extensive research interest in academia[1],[2]. 

In recent years, in order to better focus on improving 

core business capabilities, more and more firms tend 

to outsource their after-sales call service. Therefore, 

call centers offering call services in China have sprung 

up, and the industry is expanding 

rapidly[3].  The on-site enterprise investigation reveals 

agents in call centers are mostly young people; they 

pay more attention to self-perception and are sensitive 

to the fairness of work arrangements. It is of great 

practical significance to formulate a fair scheduling 

and rostering plan for agents. 

Manpower management in call centers is composed 

mainly by staffing requirements calculation, routing 

strategy and scheduling of agents. There are many 

research results in staffing requirements calculation or 

routing strategy, but relatively few in scheduling and 

rostering problems[4],[5]. Recently, Defraeyen and van 

Nieuwenhuyse summarized the literature review of 

call center scheduling and rostering problems[5]. Many 

studies assume that the planning horizon is daily basis. 

Considering various practical scenarios in the day, 

such as multi-skills[6], Randomicity and dynamics of 

staffing demands[7], different costs structure for each 

shift and cross-training[8], or the correlation of staffing 

requirements of continuous intervals[9], etc., 

(stochastic) integer programming models of problems 

are constructed and optimization algorithms are 

proposed. Because the planning horizon is daily basis, 

these studies do not involve decision-making issues 

such as agent day-off and the co-relation of shifts on 

different days. Besides, a few researchers construct 

integer programming models when studying the 

problem with the planned horizon of a week in call 

centers, and propose optimization algorithms[10],[11]. 

Personnel scheduling in other industries, such as 

medical care, logistics and retail, takes into account 

the fairness of weekday off[12]-[14]. To the best of our 

knowledge, there has not been a study on the agents 

scheduling and rostering problem that considers the 

weekend off fairness in call centers. 

Different from the prevalent weekly salary system in 

the call center industry abroad, call centers in China 

usually adopt the monthly salary system to manage 

manpower by setting a monthly schedule of agents. 

Due to the random fluctuation of telephone calls in 

different weeks, it is difficult to ensure the fairness of 

weekend off by rolling using weekly schedule 

methods. In this paper, we study the shift scheduling 

and rostering problem in which the fairness of 

weekend off is explicitly considered, and of which the 

optimization horizon spans 4 weeks. Since the daily 

scheduling problem is NP-hard[15], obviously the 

problem under study is also NP-hard. By analyzing the 

optimization properties of the problem, we propose a 

heuristic to solve the scheduling and rostering problem 

of agents. 

 

II. PROBLEM DESCRIPTION  

 

When the call center builds a monthly schedule for 

agents, it is required to comply with labor regulations 

and contractual constraints. In addition, the fairness of 

scheduling is also a factor that cannot be ignored. Due 

to reasons such as social life and children’s education, 

most of the agents are willing to take weekend off. 

However, most call centers need to provide 7/24 

business services, which implies that some agents 

need to be scheduled to work on weekends. This paper 

demonstrates the fairness of shift scheduling by 
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ensuring that each agent has no less than a specified 

number of weekend off during the planning horizon.  

The problem under study is described as: how to make 

a schedule with minimum manpower to ensure service 

level and obey manpower regulations, and the 

schedule includes assign shifts and on-duty/off -duty 

days to agents within 4 consecutive weeks.  

Call service system can be described as Markovian 

birth-death process, in which call arrival rate obeys 

Poisson distribution, both servicing time of agents and 

customer patience time obey exponential distributions. 

The service level indicator often depends on the 

proportion of incoming calls in the service queue 

answered within a given waiting time (Telephone 

Service Factor, TSF). In this paper, the staffing 

requirement is calculated by Erlang A[1],[2],[11], and it 

characterizes TSF. The manpower regulations in this 

paper are listed below. 

C1: Agent shall not work more than 5 days per week, 

and cannot work more than 1 shift per day. 

C2: Agent must take at least one weekend off in the 

4-week planning horizon.  

C3: Agent must have a complete weekend off or on 

duty per week. 

C4: Agent works the same shift on weekdays, and 

may work different shifts in different weeks. 

Among these regulations, C1 represents the 

requirements of labor regulations specifying the 

number of off-duty days per week for agents. C2 is to 

ensure the fairness of agents’ weekend off-duty. C3 

not only reflects the desire of agents to be completely 

off-duty on weekends, but also facilitates enterprises 

to arrange more agents to take weekends off. C4 

guarantees regular weekly attendance. 

A. Formulation 

We define the following symbols and decision 

variables. 

 Parameters: 

E : Set of agents {1, 2, , }E e  ; 

wD : Set of Monday to Sunday of week w, 

{1, 2, , 7}wD   , where 1,2, ,4w  ; 

T : Set of working intervals every day, 

{1, 2, , }T t  , where an interval spans one 

hour; 

S : Set of working shifts {1, 2, , }S s  ; 

c : The number of intervals covered by shifts; 

sta : If the shift s S covers interval t, 

then 1sta  , otherwise, 0sta  ; 

wdtr
: The minimum number of agents at interval t on 

day d of week w, calculated by Erlang A. 
Decision variables 

ex :  If agent e is on-duty for at least one day in 4 

weeks, then 1ex  , otherwise 0; 

wdesx : If agent e works shift s on the day d of 

week w, then 1wdesx  , otherwise 0; 

wdsy : The number of agents who are on-duty for 

shift s on the day d of week w. 

The problem under study is formulated by the 

following integer linear programming model. 

Integer programming model(ILP1) 

1
=min

e

ee
F x
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1
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, {0,1}wdes ex x  , {0}wdsy Z   . 

 

In ILP1, (1) implies the staffing requirements of each 

interval that satisfies the service level indicator TSF. 

(2) denotes that agents should be on-duty for one shift 

per day at most of C1. (3) describes the relationships 

between decision variables. (4) denotes the limitation 

of the number of working days per week specified by 

C1. (5) indicates that the agents in the shift scheduling 

plan work at least one day in the 4-week planning 

horizon. (6) indicates that agents take complete 

weekend off/on-duty per week just as C3 stipulates. 

(7) depicts that each agent has at least one weekend off 

during the 4-week planning horizon specified by C2. 

(8) formulates C4 that the agent works for the same 

shift in a week, where Q is a sufficiently large positive 

integer. 

 

B. Calculation of staffing demands  

When the call center formulates the working schedule, 

it needs to utilize queuing theory to calculate the 

staffing requirements per interval, based on the 

incoming call volume forecast of intervals and service 

level indicator requirements. For each interval, it is 

assumed that an exponential distribution of service 

rate of   per second, a Poisson call arrival rate of   

per second, and an exponentially distributed customer 



International Journal of Management and Applied Science, ISSN: 2394-7926                          Volume-5, Issue-10, Oct.-2019 

http://iraj.in 

A Heuristic for Solving Agent Scheduling and Rostering of Call Centers with Weekend off Fairness 

 

84 

patience time of b . In order to calculate the staffing 

requirements, Erlang A is introduced below. 

Assuming that there are s agents in the call center to 

provide telephone service, let ( )P m denote the steady 

state probability of m customers in the call service 

queue waiting for service or being served. For that call 

service queuing system, the following formulas are 

established.  

 

( ) / ( 1)   0
( 1)

( ) / { ( 1 ) / }   

P m m if m s
P m

P m s m s b if s m

 

 

  
  

     
 ,

 
0

( ) 1
m

P m



  

 

When the waiting queue length is limited to the state 

space of 0 to N, in order to ensure that the sum of the 

state probabilities of the truncated queue length does 

not exceed the error  , let /{ ( ) / }s N s b     , 

the following formula is workable. 

 

1 1

( )
( ) ( )

1

m

m N m

P N
P m P N


 



 

  
  


   

 

Then, in the state space with a customer queue length 

of 0 to N, the approximate probability ( )P m  is 

obtained to keep
0

( ) 1
N

m
P m


  valid.  

In the Markovian birth-death 

process { ( ) | 0}X X t t  , let Pr{ | }W X m   

denote the steady-state probability that the customer 

waiting time w exceeds the given time  in case of m 

customers in the system. The probability 

Pr{ | }w X n   can be calculated by the following 

theorem (see [16]). 

Theorem 1. In the Markovian birth-death system, for 

any given 0  ,  
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holds. 

Let tdL  denote the TSF of the interval t on the day d. 

According to Theorem 1, then 

Pr{ } 1 Pr{ }tdL w w     

1 Pr{ | } ( )
N

m s
w X m P m


      is established.  Given 

the TSF tdL , the minimum number of agents tdr  is 

calculated as following: Initially, give the number of 

agents td td tdr h    , then the TSF tdL  is calculated. 

If td tdL L  , then update 1td tdr r  , and iteratively 

calculate tdL  that tdr  agents can achieve until 

td tdL L  . Therefore, the minimum number of agents 

tdr  required to satisfy the service level tdL  is 

obtained. 

 

C. Lower bounds  

Let wdF  represent the minimum number of agents 

required on day d of week w, where 1,2, ,4w   and 

wd D . Given the staffing requirements per interval 

within a day, the daily shift scheduling problem is 

described by the following integer linear 

programming model. 

Integer programming model(ILP2) 

1
=min

e

wd ee
F x

                                                                                   

Subject to： 

1
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      t T   
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s
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        e E  
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          s S   

1

s
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            e E   

wde ex x                      e E  

, , {0,1}wde wdes ex x x  , {0}wdsy Z   . 

 

Let 6wU  and 7wU  indicate the minimum number of 

agents required on Saturday and Sunday at the week 

w, respectively. Then 6 6w wU F and 7 7w wU F . Let 

wU  represent the minimum number of agents on the 

weekend at week w. Referring to the employment 

regulation C3, 6 7max{ , }w w wU U U . Set wdV as the 

minimum number of agents required at day d of week 

w, then wd wdV F , where 

1,2, ,4w   and 1,2, ,5d   . 

 

Although the daily scheduling problem described by 

ILP2 is different from the problem ILP1, it is not hard 

to see that the optimal solution of ILP1 on day d is the 

feasible solution of ILP2 on the same date as well. In 

this sense, the optimal number of agents obtained by 

ILP2 is a lower bound of ILP1. According to 

manpower regulation C2, some agents may be on-duty 

on weekends, whereas others may be off-duty. 

Besides, considering manpower constraints of being 

on-duty or off-duty at weekend during 4-week 

planning horizon, the lower bound of the problem 

ILP1 is derived. On the other hand, the employment 

regulation C1 requires each agent to be off-duty for at 

least two days per week, and taking into account the 

manpower situation of being on-duty or off-duty in 

weekday per week, these can also constitute a lower 

bound of ILP1. 

 

Theorem 2. The objective value F 
of ILP1 

satisfies the conditions： 

1) max{ | 1,2, ,4}wF U w    ;  

2) max{ |wdF V w   1, 2, , 4; 1, 2, , 5}d   ;  
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3) 
4

1
/ 3ww

F U


 ;  

4) 
5

1
(2 ) / 5w wdd

F U V


  ,where 1, 2, , 4w   . 

Proof: Both 1) and 2) are obvious. The followings are 

the proof of conclusions 3) and 4). 

Let wu  denote the number of off-duty agents on 

weekend at w week in the optimal solution of ILP1, 

so w wF U u   , 1,2, ,4w   . Thus, 

4 4 4

1 1 1
4 ( )w d w ww w w

F U u U u

  
      . According to 

C2, 
4

1 ww
u F


 holds. Therefore, we can conclude 

that 
4

1
3 ww
F U


 . 

Considering the optimal solution of ILP1, Let wv  be 

the number of off-duty agents at weekday of week w 

and let wdv  be the number of off-duty agents at the 

weekday d of week w, respectively. For 

all 1, 2, , 5d   , wd wdF V v   . 

Therefore,
5

1
5 ( )wd wdd

F V v


   Noting that 

5

1
2wd wd

v v


  and 

w wF U u   , 7 2( ) 2w w wF u v U   
5

1 wdd
V


  

holds. Based on the regulation that each agent must 

have at least two days off in a week, and either on 

weekends or on weekdays, we have that +w wF u v  . 

Thus, 
5

1
5 2 w wdd

F U V


  . 

According to Theorem 2, a lower bound of ILP1, 

denoted by M , is determined as follows.  

 4 5

1 1
max , , / 3 , (2 ) / 5 | 1,2, , 4; 1,2, ,5w wd w w wdw d

M U V U U V w d 
      
      

 

It is not difficult to find a problem instance that the 

M  agents are the optimal solution to the problem 

ILP1; that is, the lower bound M is the maximum 

lower bound of the problem ILP1. In the optimal 

solution of the problem ILP1, some agents may not 

only have one weekend off. If the maximum lower 

bound M can be utilized reasonably, it can effectively 

avoid the excessive assignment of weekend off in the 

process of designing algorithms. The schedule of 

M agents needs to consider both C2 and C4 

constraints whereas other agents can be scheduled to 

be off-duty on weekends. 

 

III. HEURISTIC  

  

Based on the analysis in the previous section, the 

heuristic can adopt the structure decomposition 

technique. Firstly, in consideration of the maximum 

lower bounds of ILP1, candidate agents can be divided 

into two types, one type is included in the optimal 

solution, another type is possibly included in the 

optimal solution, and different assignment strategies 

are adopted for the two types of agents. Secondly, 

assignment can be divided into weekday/weekend 

schedule and different assignment strategies are 

implemented for the two types of assignment. The 

heuristic algorithm is described as follows. 

 

Heuristic HA 

Step 1. Calculate wU  and wdV  by models ILP2, 

respectively. Then the lower bound M  is determined 

by Theorem 2. Let the set of agents be 

1={1, 2, , }E M . 

Step 2. Assign M agents to take weekend off. For 

1, 2, , 4w   , perform the following procedures: 

2-1. Calculate parameters w wm M U   and 

1w w wm m m  , where 0 0m  . Let 0 0k   

and 0 0a  . Determine parameters wk and wa  such that 

w w wm k M a  , where 0 wa M  . 

2-2.  Assign agents weekend off according to the 

following scenarios: 

i) if 1 0w wk k   , then assign agents 

1 1+1, 2, ,w w wa a a     to take weekend off. 

ii) if 1 0w wk k   , then assign agents 1, 2, , wa  to 

take weekend off. 

iii) if 1 1w wk k   , then assign agents 

+1, 2, ,w wU U M   to take weekend off. 

Step 3. Assign M  agents to work on weekends. For 

1, 2, , 4w   , perform the following procedures: 

3-1. Assign the unassigned e agents in 1E  to work 

for same shifts on weekend based on the optimal 

solutions solved by ILP2 for Saturday and Sunday 

respectively ( i.e. 
6 7= 1w es w esx x   ). 

3-2. For the other 6wU e   shifts, assign the 

unassigned 6wU e   agents in 1E  to work for these 

shifts on Saturday. In a similar way, assign the 

unassigned 7wU e   agents in 1E  to work for these 

shifts on Sunday. 

3-3.  If 6 7w wU U , then assign the unassigned 

7 6w wU U
agents on Saturday to work for the same 

shift as Sunday. Otherwise, assign the 

unassigned 6 7w wU U  agents on Sunday to work at the 

same shift as Saturday. 

Step 4. For 1,2, ,4w   , divide 1E into two agents 

subsets ,1 ,2 ,{ , , , }
ww w w w M UE i i i 

   and

, 1 , 2 ,{ , , , }
w ww w M U w M U w ME i i i   

   ,where agents in 

wE  take weekend off and agents in wE  are on-duty on 

the weekend. Let 5( )w wdt tR r   be the matrix of 

staffing requirements at intervals of weekdays on 

week w. For =1, 2, , 5d  , let 

1 2( , , , )T
wd wd wd wdtR r r r   be the vector of staffing 

requirements of the intervals on day d within week w. 

Step 5. For 1, 2, , 4w   , assign shifts of weekday 

to the agents in wE  and wE . For 
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agents ,1 ,2 ,, , ,
ww w w M Ue i i i    and 

, 1 , 2 ,, , ,
w ww M U w M U w Me i i i     , perform the 

following operations: 

5-1. Select the segment ( , )d t   in wR , such that 

max{ | , =1, 2, , 5}wd t wdtr r t T d     . If there are 

multiple intervals t  , then select the interval t   which 

makes the set { | 1, 2, , 5}wdtr d    contain maximum 

positive integer elements. 

5-2. If we E , then let on-duty date set 

\{6, 7}w wD D  , and goto Step 5-3. If we E , the 

on-duty shift date set will be determined as follows: 

To determine the date 

1 argmin{ | 1, 2, , 5}wdtd r d   ; if 1d  is not unique, 

then select 1d , such that set 
1

{ | }wd tr t T  contain 

maximum zero elements. To determine the date 

2 1argmin{ | \{6, 7, }}wdt wd r d D d  ; if 2d  is not 

unique, then select 2d  which makes the set 

2
{ | }wd tr t T  contain maximum zero elements. The 

set of on-duty dates 1 2\{6, 7, , }w wD D d d   is 

determined. 

5-3. Let { | , 1}
ii i s tS s s S a     and 

1 2
{ , , , }

cwd wdt wdt wdtR r r r   be the subsets of wdR , 

which is composed by the top c maximum value. For 

each  
is S  and wd D , define indicator 

( , ) { | 1, , 0}
iw i wdt s t wdt wd wdts d r a r R r      as the 

subset of shift is  that covers the non-zero elements in 

wdR . 

5-4. Let arg max | ( , ) |
w

i

w id D
s S

s s d




 


 . For wd D , 

if the segments covered by shift s  all have 0wdtr  , 

then let \{ }w wD D d  ; otherwise, assign agent e to 

work for shift s . 

5-5. For all wd D  and shift s  covering segment t, if 

0wdtr  , then let 1wdt wdtr r  ; then, replace the 

corresponding elements in wR  and wdR  with new 

wdtr . 

5-6. If 0wR  , below are different scenarios:  i) if 

,w ke i  and k M , then let , 1w ke i  , goto step 5-1. 

ii) if  ,w Me i  and 4w , if there is next week w to 

make 0wR   valid, then let 
1,1we i  , goto Step 5-1; 

otherwise, goto Step 6. iii) if ,w Me i  and 4w  , 

goto Step 6. 

Whereas 0wR  , then let the agents after e in wE  and 

wE  take off on weekday this week. If 0wR   is valid 

on next week w, then let 
1,1we i  , goto Step 5-1; 

otherwise, the feasible solution is obtained, close. 

Step 6. Set 1 e M  and 2 { }E e , perform the 

following procedures: 

6-1. For all 
1
, , 0

hw wR R  , assign agent e to take 

weekend off on these weeks. Through the similar 

operations from Step 4-1 to Step 4-5, assign agent e to 

weekdays on these weeks. Meanwhile, assign agent e 

to take a whole week off for the weeks that satisfy 

0wR  .  

6-2. If there exist at least one week with that 0wR  , 

then let 1e e   and 2 2 { }E E e  , goto Step 6-1; 

otherwise, the feasible solution is obtained for agents 

in 1 2E E , close. 

 

IV. COMPUTATIONAL EXPERIMENTS 

 

The call center contracted a number of firms for 

electronic products after-sales telephone service 

business. The call center divides the agents into 

several service groups, each of which consists of 

dozens of agents, and provides inbound call services 

for product line consisting of similar products. The 

call center shift-types and shift settings are shown in 

Table I. The experiments presented here ran on an 

Intel Machine with CoreTM i7 quad core processor 

2.8GHZ. The computational experiment uses CPLEX 

12.1 to solve the integer programming model; using 

C++ programming to implement the algorithm HA. 

 
Table I. List of shift-types and shifts in a call center  

 Types Shifts Working hours Meal break 

Day 

Shift 

A1 7:00-16:00 12:00-13:00 

A2 8:00-17:00 12:00-13:00 

A3 9:00-18:00 13:00-14:00 

A4 10:00-19:00 13:00-14:00 

Night 

Shift 

B1 11:00-20:00 16:00-17:00 

B2 12:00-21:00 16:00-17:00 

B3 13:00-22:00 17:00-18:00 

Two- 

Segment 

 Shift 

C1 9:00-13:00, 17:00-21:00 

No meal 
C2 9:00-13:00, 18:00-22:00 

C3 9:00-12:00, 16:00-21:00 

C4 9:00-12:00, 17:00-22:00  
 

A. Experiment analysis 

Ten problem instances are selected from small scale 

service group of the call center. Model ILP1 and 

algorithm HA are used to solve the problem, 

respectively. The calculation time (seconds) of the 

model /algorithm and the number of agents calculated 

are recorded. It is assumed here that if the optimal 

solution has not been obtained within 1 hour, we 

consider that the model ILP1 cannot obtain the 

optimal solution. The calculation results are shown in 

Table II. 

As can be seen from Table II, (1) The average 

computing time of model ILP1 is 2,334 seconds, of 

which two instances fail to obtain the optimal solution 

within 3,600 seconds. It shows that the problem under 

study is a very complex combinatorial optimization 

problem; whereas the integer model ILP1 (using 

CPLEX) is only suitable for solving small-scale 
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problems. (2) The average computation time of 

algorithm HA is 3.7 seconds, which indicates that the 

computation cost of HA is very low. (3) Algorithm 

HA finds the optimal solution for 4 out of 10 

instances, and the other instances only have one more 

person than the optimal solution (or lower bound M). 

It shows that HA can fully reflect the inherent 

optimization properties of the problem, whether in the 

step-by-step decomposition structure, or in the shifts 

covering the staffing demands and in the local 

optimization assignment. 

 
Table II. Experimental results of the small-scale problem instances 

Problem 

Instances 

Model ILP1   Algorithm HA 
Lower 

Bound M Time(s) 
Number 

of Agents 

 
Time(s) 

Number 

of Agents 

1 2944 12  4.3 12 11 

2 2584 12  4.2 13 12 

3 1374 11  3.8 11 10 

4 1283 12  3.6 12 12 

5 1128 10  3.1 11 10 

6 3112 14  3.9 15 13 

7 2082 11  2.8 11 10 

8 1632 12  3.5 13 12 

9 3600 —  3.9 15 14 

10 3600 —  4.4 14 13 

Average 2334   3.7   

  
 

Ten problem instances were selected from a larger 

service group. Since the optimal solution of the 

problem could not be obtained using the model ILP1 

within a reasonable computing time (within 1 hour), 

the performance of the algorithm HA is evaluated by 

the lower bound. The performance error rate of 

algorithm HA is defined as (solution of algorithm HA 

- lower bound M) / lower bound M ×100%. The 

calculation results are shown in Table III. 

From Table III, we can see that: (1) The average 

computing time of 10 problem instances is only 19.5 

seconds. Compared with the computing time of the 

instances in Table II, we can see that the computing 

time of HA increases linearly with the scale of 

problem and belongs to the optimization algorithm of 

polynomial time. (2) Compared with the lower bound 

M, the average performance error rate of the algorithm 

HA is less than 6.1%. Accordingly, the algorithm HA 

can effectively and efficiently find (sub-)optimal 

solutions for large-scale problems. 

 
Table III. Experimental results of the large-scale problem instances 

Problem 

Instances 

Algorithm HA 

 

Lower 

Bound 

M 

Error  

Ratio 

(%) 
Time(s) 

Number 

of Agents 

1 18.1 53  51 3.9 

2 19.6 55  51 7.8 

3 18.2 52  49 6.1 

4 19.8 57  53 7.5 

5 21.6 59  57 3.5 

6 20.4 59  55 7.2 

7 19.2 60  56 7.1 

8 18.8 58  56 3.6 

9 20.5 57  53 6.1 

10 19.1 56  52 7.7 

Average 19.5 —  — 6.1 

  

B. Discussion of employment regulations 

It must always comply with the manpower regulations 

C1 when the scheduling plans of agents are made in 

the call center. Other manpower regulations e.g. 

C2+C3 reflect the fairness of weekend duty. C4 

guarantees the regularity of agents’ working time 

during the week, and embodies the concept of 

humanized management. Below is a computational 

experiment to analyze the impact of employment 

regulations C2 to C4 on labor costs. The calculation 

results are shown in Table IV, where the definition of 

labor cost growth rate (G.R.) is (no. of agents 

calculated under specified combination of 

employment regulations - no. of agents under C1)/no. 

of agent under C1×100%. 

 
Table IV. Experimental results about the influence of employment regulations on labor cost 

combination of 

employment 

regulations 

Small Scale 

 

Large Scale 

Ave.no. 

of agents 

Max. 

G.R 

Min. 

G.R 

Ave. 

G.R. 

Ave.no. 

of agents 

Max. 

G.R 

Min. 

G.R 

Ave. 

G.R. 

C1  11.2 — — —  51.4 — — — 

C1+C4 11.8 8.8 0 5.4  53.8 5.9 1.8 4.7 

C1+C4+(C2+C3)  12.1 9.3 0 8.0  54.3 7.2 2.3 5.6 

  
 

As can be seen from Table IV, (1) It is possible to 

increase the labor cost regardless of the consideration 

of ensuring that agents have at least one weekend off 

or the regularity of attendance within a week. If both 

are taken into account, the increase in labor costs may 

be even greater. The minimum growth rate of labor 

cost in the table is 0%, which means that for this 

instance, the optimal labor cost can still be achieved 

under the condition of ensuring the fairness of 

weekend off and the regularity of attendance. (2) The 

smaller the scale of call center business, the greater the 

increase of labor cost caused by the fairness of 

weekend off. This means that small-scale call center 

enterprises are facing a prominent dilemma of labor 

cost control and humanized management. When the 

scale of call center enterprise is large, it is easier to 

balance the labor cost and humanized management. 

 

V. CONCLUSION 

 

In view of the real world management needs of 

small-and-medium size call center enterprise, this 

paper deals with the scheduling optimization problem 

considering the fairness of weekend off. By 

recognizing the problem structure and analyzing 

optimization properties, an integer programming 

model of the problem and a heuristic algorithm are 

proposed. The computational experiments show that 

the integer programming model is suitable for solving 

the optimal solutions of small-scale scheduling 

problems, and the heuristic algorithm can obtain good 

solutions of large-scale scheduling problems with 

small computational cost. The results show that 

considering the fairness of weekend breaks in 

scheduling may lead to an increase in labor costs, 
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although it is beneficial to the long-term development 

of enterprises.  
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