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ABSTRACT

For most service industries, the service agent scheduling or rostering is a major
concern of the management because the high cost of service professionals can hardly be
replaced by automated technology. In addition, the morale of the service crew highly
relies on a fair roster or schedule, and this morale would easily translate into customer
satisfaction, which in general represents the goal of a service business. Call center service
agent scheduling problem is a typical case of 7-days-24-hours service crew scheduling
problems. The scheduler not only has to provide a roster to satisfy all labor regulations
and the service requirements (Hard Constraints) but also needs to consider to fit individual
equitableness (Soft Constraints) as much as possible. The multiple-skill consideration, i.e.
a single service agent can serve for multiple skill requirements at one time, makes the call

center scheduling problem more complicated than general scheduling problem.

In this research, we formulate the call center service agent scheduling problem as a
constraint satisfaction problem (CSP), and using constraint programming (CP) method to
solve the problem in two phases. The first phase is “Crew Scheduling”, which generates
the optimal shift combinations to meet all work requirements and minimize demand
unfitness and over-time labor cost. The second phase is “Crew Rostering”, which then

generates equitable roster for each service agent to meet all related regulations.

We conducted a case study of the call center of a Taiwan’s major bank. Using real
world data of a division with 45 agents, we implemented the CP model on an AMD 1.6G
personal computer. The ILOG OPL Studio served as the tool to construct our CP model.
The results of a full-month roster of the case problem can be generated in 10 minutes. The
results were checked by the case company, and obtained very positive response. In
addition to the roster schedule results, our model also provides many useful information

for workforce and manpower planning and management for a call center.

Keywords Call Center, Personnel Scheduling, Personnel Rostering, Constraint

Satisfaction Problem, Constraint Programming.
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If (PT_agent[a] .1_skill=0) then PT_WD 1 giii.da= 0 vainPT,Vvd
If (PT_agent[ a] .2_Ski||:O) then PT_VVD 2 sill,da = 0

)

FT WD 4a=2 2 FT WD 441 2a<>1& FT_WD 441, 2<>3 YainFT,vd

FT_WD 4a=4 2 FT_WD g441,a<>1& FT_WD 441,a<>3

(Max WD )
MaxZ_WD (FT V\D <>O) <= Max V\D Valn FT,
= — e - d =1~ Max_day— Max_WD
i VainPT, Vpart,
> (PT_WD part, a1, a<>0) <= Max_WD P
i—0 B d=1~ Max day-Max WD
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If (Reseverga=1) If a=FT
FT_WD 44,=0

If (Resevery,=1) If a=PTpart
PT_\/\D part, dY a: 0
Sum_offpartrra>= -1 vainFT,Vpart
Sum_offpartpra>= -1 vainPT, Vpart
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45

1992

(Full Time FT)

500

(Part Time PT)

91

24

44

EXCEL



30 4.1
4.1 &
1 3 4 5 6
7 8 10 11 12 *13
*14 15 16 17 18 19 20
21 22 23 24 25 26 *27
%28 29 30
C 15 15 96 42
42
1 |00:00~00:15 | 25 |06:00~06:15| 49 |12:00~12:15| 73 |18:00~18:15
2 100:15~00:30 | 26 |06:15~06:30 | 50 |12:15~12:30 | 74 | 18:15~18:30
3 100:30~00:45 | 27 | 06:30~06:45 | 51 |12:30~12:45| 75 |18:30~18:45
4 100:45~01:00 | 28 |06:45~07:00 | 52 |12:45~13:00 | 76 | 18:45~19:00
5 |01:00~01:15| 29 |07:00~07:15| 53 |13:00~13:15| 77 |19:00~19:15

92



01:15~01:30

30

07:15~07:30

54

13:15~13:30

78

19:15~19:30

01:30~01:45

31

07:30~07:45

55

13:30~13:45

79

19:30~19:45

01:45~02:00

32

07:45~08:00

56

13:45~14:00

80

19:45~20:00

02:00~02:15

33

08:00~08:15

57

14:00~14:15

81

20:00~20:15

02:15~02:30

34

08:15~08:30

58

14:15~14:30

82

20:15~20:30

02:30~02:45

35

08:30~08:45

59

14:30~14:45

83

20:30~20:45

02:45~03:00

36

08:45~09:00

60

14:45~15:00

84

20:45~21:00

03:00~03:15

37

09:00~09:15

61

15:00~15:15

85

21:00~21:15

03:15~03:30

38

09:15~09:30

62

15:15~15:30

86

21:15~21:30

03:30~03:45

39

09:30~09:45

63

15:30~15:45

87

21:30~21:45

03:45~04:00

40

09:45~10:00

64

15:45~16:00

88

21:45~22:00

04:00~04:15

41

10:00~10:15

65

16:00~16:15

89

22:00~22:15

04:15~04:30

42

10:15~10:30

66

16:16~16:30

90

22:15~22:30

04:30~04:45

43

10:30~10:45

67

16:30~16:45

91

22:30~22:45

04:45~05:00

44

10:45~11:00

68

16:45~17:00

92

22:45~23:00

05:00~05:15

45

11:00~11:15

69

17:00~17:15

93

23:00~23:15

05:15~05:30

46

11:15~11:30

70

17:15~17:30

94

23:23~23:30

05:30~05:45

47

11:30~11:45

71

17:30~17:45

95

23:30~23:45

05:45~06:00

48

11:45~12:00

72

17:45~18:00

96

23:45~00:00

(C

37

45

93

30

96

124

)



4.2

CD)

45 4.3
(Double Skill DS)
(Part Time PT) (FT/PT)
4.3
2 7
BK BK
12 1
2 1
CD CD
16 0
3
DS
1
4.4
XX BK 07:20~22:00

94

BK)

4.4

(
(Full Time FT)

4.5



2 XX BK 07:20~22:00
3 XX BK 07:20~22:00
4 XX BK 07:20~22:00
5 XX BK 07:20~22:00
6 XX BK 07:20~22:00
7 XX BK 07:20~22:00
8 XX BK 07:20~22:00
9 XX BK 07:20~22:00
10 XX BK 07:20~22:00
11 XX BK 07:20~22:00
12 XX BK 07:20~22:00
13 XX BK 00:00~24:00
14 XX BK 00:00~24:00
15 XX DS 07:20~22:00
16 XX DS 00:00~24:00
17 XX DS 00:00~24:00
18 XX DS 00:00~24:00
19 XX CD 07:20~22:00

95




4.4
20 XX CD 07:20~22:00
21 XX CD 07:20~22:00
22 XX CD 07:20~22:00
23 XX CD 07:20~22:00
24 XX CD 07:20~22:00
25 XX CD 07:20~22:00
26 XX CD 07:20~22:00
27 XX CD 07:20~22:00
28 XX CD 07:20~22:00
29 XX CD 07:20~22:00
30 XX CD 07:20~22:00
31 XX CD 07:20~22:00
32 XX CD 07:20~22:00
33 XX CD 07:20~22:00
34 XX CD 07:20~22:00
35 XX CD 00:00~24:00
36 XX CD 00:00~24:00
4.5
1 XX BK 08:20~17:00
) “x K 19:00~02:00( ~ )

17:30~02:00( )

96

(

)



19:00~02:00(

l

XX BK
17:30~02:00(
19:00~02:00( ~
XX BK
17:30~02:00(
19:00~02:00( ~
XX BK
17:30~02:00(
19:00~02:00( ~
XX BK
17:30~02:00(
19:00~02:00( ~
XX BK
17:30~02:00(
19:00~02:00( ~
XX BK
17:30~02:00(
19:00~02:00( ~
XX CD
17:30~02:00(
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10

G7 )

41%3=123
4.1~4.3

(PA3)

37-7+10+1=41

7

off

(Aa
41

Ab Ac Ad Ae

124

Ba Bb)

30~88



4.1

99



100




4.6

101

72




2.
51 ( PA3
(
4.6

Al 31~64 45-46| 57 | Al 2 31~72 45-46 | 57 | Al 4 31~80 45-46 | 57
A2 33~66 46-47| 58 | A2 2 33~74 46-47 | 58 | A2 4 33~82 46-47 | 58
A3 35~68 47-48| 59 | A3 2 35~76 4748 | 59 | A3 4 35~84 47-48 | 59
A4 37~70 48-49| 60 | A4 2 37~78 48-49 | 60 | A4 4 37~86 48-49 | 60
A5 39~72 49-50| 61 A5 2 39~80 49-50 | 61 A5 4 39~88 49-50 | 61
A6 41~74 50-51| 62 | A6 2 41~82 50-51 | 62 | A6 4 41~90 50-51 | 62
A7 43~76 51-52] 63 | A7 2 43~84 51-52 | 63 | A7 4 43~92 51-52 | 63
B1 55~88 70-71| 82 Bl 2 55~96 70-71 | 82 | Bl 4 55~8 70-71 | 82
B2 59~92 71-72]1 86 | B2 2 59~4 71-72 | 86 | B2 4 59~12 71-72 | 86
B3 63~96 72-73| 89 | B3 2 63~8 72-73 | 89 | B3 4 63~16 72-73 | 89
B4 67~4 74-75| 93 B4 2 67~12 74-75 | 93 B4 4 67~20 74-75 | 93
B5 71~8 75-76| 1 B5 2 71~16 75-76 1 B5 4 71~24 75-76 1
B6 65~2 73-74] 90 | B6 2 65~10 73-74 | 90 | B6 4 65~18 90
C 93~30 7-8 | 20 C2 93~38 9-10 21 C4 93~46 11~12 | 22
AaBa|31~46|73~88| - 78 |AaBa 2|31~46|73~96 - 78 |AaBa 4|31~46| 73~8 - 78
AbBa|33~48|73~88| - 79 |AbBa 2|33~48|73~96 - 79 |AbBa 4|33~48| 73~8 - 79
AcBa|35~50|73~88| - 80 JAcBa 2|35~50|73~96 - 80 |AcBa 4|35~50| 73~8 - 80
AdBa|37~52|73~88| - 81 JAdBa 2(37~52|73~96 - 81 |AdBa 4|37~52| 73~8 - 81
AeBa|39~54|73~88| - 82 |AeBa 2(39~54|73~96 - 82 |AeBa 4|39~54| 73~8 - 82
AaBb|31~46|77~92| - 82 |AaBb 2|31~46| 77~4 - 82 |AaBb 4|31~46|77~12 - 82
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30~88

4.7
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AbBb|33~48 | 77~92 83 JAbBb 2|33~48 | 77~4 83 JAbBb 4|33~48|77~12 83
AcBb|35~50|77~92 84 JAcBb 2|35~50| 77~4 84 JAcBb 4|35~50|77~12 84
AdBb|37~52|77~92 85 JAdBb 2|37~52| 77~4 85 JAdBb 4|37~52|77~12 85
AeBb|39~54|77~92 86 |AeBb 2| 39~54 ‘77~4 86 |AeBb 4(39~54|77~12 86
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4.4

o B N W b~ O

4.5

11
4.8
FT 194 /
FT 244/
PT 135/
PT 165 /
PT 195 /
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30

(1
2
A3)
“4)

20

5-7

11-1
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5.1

10

20

45

30

5.1

500

25564

20400

5~10

3075

266454

20~30

107

10



2.1
52 Max _codMax_unfil /| ed
5.2
Max_day 30
d 1~30
p 1~96
S 124 )

108




5.2

part BK/CD
skill BK/CD/DS
kind day/night |Shift kind ( / )
Max_cost ( )
Max_unfilled  |( ) -
Max_WD 5
FT_20Tcost 194 ( /hr)
FT_4O0Tcost 244, ( /hr)
PT_cost 135 ( /hr)
PT_20Tcost 165 ( /hr)
PT_4O0Tcost 195 ( /hr)
FT_Max\WD 22
PT_MinWD 8
Reservey sqll type kind

(1) Demand 4, p A

@) Shift_time[s] 53
5.3
| | off | a1 [a12]a14] a2 [a22]az4a] a3 [A32]A34]

109



0 34 36 38 34 36 38 34 36 38

A4 | A42 | Ad4| A5 | A5 2| A54| A6 | A6 2 | A6 4| A7

34 36 38 34 36 38 34 36 38 34

A72 | A74| Bl |Bl2|Bl4| B2 |B22|B24| B3 |B32

36 38 34 36 38 34 36 38 34 36

B34| B4 |B42|B44| B5S |B52|B54| B6 |B62| B64

38 34 36 38 34 36 38 34 36 38

AaBa |AaBa 2|AaBa 4| AbBa |AbBa 2|AbBa 4| AcBa [AcBa 2|AcBa 4| AdBa

32 34 36 32 34 36 32 34 36 32

AdBa 2|AdBa 4| AeBa |AeBa 2|AeBa 4| AaBb |AaBb 2|AaBb 4| AbBb [AbBb 2

34 36 32 34 36 32 34 36 32 34

AbBb 4| AcBb |AcBb 2(AcBb 4| AdBb [AdBb 2|AdBb 4| AeBb |AeBb 2|AeBb 4

36 32 34 36 32 34 36 32 34 36

C |c2|ca | Pl |PL2|Pl4]| P2 |P22|P24| P3

34 36 38 22 24 26 16 22 20 24

P32 | P34 | P4 | P42 | P44 | P5 | P52 | P54 | P6 | P62

26 28 18 20 22 26 28 30 20 22

P6 4 P7 P72 | P7 4 P8 P8 2 | P8 4 P9 P9 2 | P9 4

24 28 30 32 22 24 26 30 32 34

110



5.3 ()
P10 | P10 2 | P10 4| P11 | P11 2| P11 4| P12 |P12 2 |P12 4| P13
24 26 28 32 34 36 26 28 30 34
P13 2 (P13 4| P14 | P14 2 |Pl4 4| PI5 |P15 2 |PI5 4| Pl6 |Pl6 2
36 38 28 30 32 16 18 20 34 36
P16 4 | PA3 |PA3 2 |PA3 4
38 34 36 38
(3) ni ghtShI ft_doskm 5.4
5.4
nightshift_dO g« 0
nightshift_dO cp 0
nightshift_dO ps 0
4) ( ) (FT/PT) Max_nbAgentpart, type
5.5
Max_nbAgent BK,FT 18
Max_nbAgent CDFT 22
Max_nbAgent BK,PT 8
Max_nbAgent CD,PT 1
%) ( ) (FT/PT)

111

5.5

nbAgent i, ype, ind

5.6



5.6

nbAgent gk, FT day 12
nbAgent gk, FT night 2

nbAgent cp, F1 day 16
nbAgent cp, F1 night 2

nbAgent ps Fr,day 1

nbAgent ps Fr night 3

nbAgent sk, pT day 1

nbAgent gk, pt night 7

nbAgent cp, pT day 1
nbAgent cp, pt night 0

112




5.7
Max_day 30
D 1~30
p 1~96
S (124 )
part BK/CD
skill BK/CD/DS
type day/night (FT/PT)
Max_WD 5
Reservey 4
(1) FT (int) (M/F)
DS

CD(0/1) BK(0/1))

FT _agent[a]

BK CD

FT_agent[a] =[<1,F,0,1><2F0,1><3,F0,1><4,F01><5F0,1><6,F0,1> <7,F0,1><8F0,1><9F0,1><10,F0,1>,<11,F,0,1>,
<12,F,0,1><13,M,0,1>,<14,M,0,1><15,F,1,1>,<16,M,1,1>, <17,M,1,1><18,M,1,1><19,F,1,0>,<20,F,1,0>,<21,F,1,0>,
<22,F1,0>, <23,F,1,0>,<24F,1,0>,<25,F,1,0>,<26,F,1,0>, <27,F,1,0>,<28,F,1,0>,<29,F,1,0>,<30,F,1,0>,<31,F,1,0>,

<32,F,1,0>,<33F,1,0>,<34,F,1,0>, <35,M,1,0>,<36,M,1,0>];



@) PT (int) (M/F) CDO 1BKY 1PT_ agfant

PT agentgk[a] = [<1,F,0,1>,<2,M,0,1>,<3,M,0,1>,<4,M,0,1>,<5,M,0,1>,
<6,M,0,1><7,M,0,1>,<8,M,0,1>];

PT agentcp[a] =[<1,M,1,0>];

(3) ( ) Supply_shiftpar, g s 5.8
4) Max_nbAgent part type 5.5
Q) nbAgent i, type, kind 5.6
53
. 3.1
20944 - 900 97.0%)  1300( 95.7%) -
(PLo) (Zo)
( )
1) 900 -

900| %900 900

114



| 200000 *195000 190000
(CPU ) 685.98 507.07  >1519.63
Iteration 80338 70132]  >155268
900 900
199730.5|  *194797.5
©) 1000 -
1000 1000 1000 1000
190000 180000 175000/ 170000
(CPU ) 121.17 336.07 44735 >51279.52
Iteration 17473 43006 54263 >5090521
1000 1000 1000
189814.5|  179973.5 174977.5
3) 1100 -
1100 1100 1100
175000 1700000 165000
(CPU ) 801.71 677.30 725.11
Iteration 90175 78382 81088
1100 1100 1100

115



| 174893 169827.5 164898
4) 1200 -
1200 1200 1200
170000 165000 160000
(CPU ) 253.16 650.92 301.25
Iteration 33676 74805 37287
1200 1200 1200
169330 164717.5 159224
%) 1300 -
1300 1300 1300
160000 155000 150000
(CPU ) 24421 242 .54 65591
Iteration 32872 31924 75025
1300 1300 1300
159874 154863 149736
900 *) 195000 (*)
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900 - 195000
507 B

5.1 52

5.1 52

- 112 (92~96 )
11~12 12
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5.1

OOFMN—HO
A et e

OO~ OOTONHO ||

52

21

195000

900

30

20

118



21

2.
(D
8 0 59
8
5.8
BK DS
112314567 |8[9(1011]1213(14|15|16|17]18
8 8 8 818 8188|888 |8|8]38
=0 =0
CD
1912021 (22(23124(25(26|27|28|29|30|31|32|33| 34 3536
8188888888888 8|88 8 [8]8
=0

5.9

119

12-13

5.8

19



BK CD
1 2 3 4 5 6 7 8 9
19 13 13 13 13 13 13 12 8
=1
(2)
(FT/PT) ( ) (/7))
8
5 6 (
6 5 ¢
) 6 4
5.10
11213415 7 10111(12(13|14(15]|16(17|18
515151616 6 6|5|5(3/4|6|5|5|5
=1 =1 =0
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19

20

21

22

23

24

25

26

28

29

30

31

32

33|34

35

5.11

5.4

95%

121

97%

45



6.1

122



6.2

124
15

ILOG OPL Studio
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17.
18.

13 2

“Call Center o ( ) 2002
« CTI Call Center CTI ”
« Call Center ” 74

“ Call Center ”
« Call Center ”

113 . bR}

, http://www.xinhuanet.com

(NSC 84-2416-H-009-006)

31 2 9 4

76 2000 5

77,2000 6

2000 3

78 2000 7
76 2000 5
2001.11.08
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, http://www.digitalobserver.com,
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50 ,2000.12.11
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