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Figure 1 Typical Performance Measures as a Function of the Number of Skills per Agent and the Offered Load for an M,/ M /90,30 SBR Call Center

with 1/, = .- =1/ u; = 10 Minutes

— 1. Normal load — 2. Light load — 3. Heavy load
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Table 1 A Comparson of Simulation Estimates of Performance

Measwures for the SBR Model with Six Skills. Two Skills., and
DOne Skill for Three Different Loadings: Light, Mormal. and

Heawy
Ferformance measure
Loading P odel Blocking E ] Pl = 0.5]) LItilization
Light A AL 90 30 0.00017 002 0.942 .80
Six skills 000015 0.0% 0.951 .80
Twwo skills 000023 015 0.910 0. 860
One =skill 000620 1.84 0,500 0.854
N NI 1575 0.02880 050 0.737 0.854
AT AT 15,30 000007 215 0.575 0.827
Mormal AT AT 90 30 00026 0.45 0.733 0,920
Six skills 00038 0.46 0.7381 0.929
Two skills 00044 0.59 O0.716 0928
One skill 003232 2.85 0.478 0.897
N NI 1575 0.0&850 0.82 0.541 0.927
AT AT 15,30 0.006E 4 94 0.244 0.872
Hearwy A AL 90 30 0.024 1.24 0.287 0.977
Six skills 00232 1.24 0.493 0976
Two skills 0.025 1.40 0.453 0.974
One =skill 0075 2.29 0.419 0.918
nrfrs 1575 0.095 1.05 0.555 0.9r2
AT s AT 15,30 0.028 297 a.153 0,905

Nofes, Also included are the corresponding exact numerical results for the
AT AT 90,30, AT AN A155, and AT AW 15,230 models. The waiting time is
conditional upomn entry.
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Tahle 4 Performance Measures in the First Seven Iterations of the SBR Hewristic Algorithm in the Case of Different
Service-Level Targets and Unbhalanced Offered Loads: p, = p, =4.25, p, =10.50, p, = 13.75, p; = 19.25, and

pe = 20.50
SEBR heuristic resource provisioning algorithm
Number of iterations (Mumber of agents, extra waiting space)

1 2 3 4 5 G Fi
Parformance measure (90, 21) (91, 200 (92,19 (93, 18) (94,17) (93, 18) (93,18)
Blocking (%) 0.53 0.42 0.26 0.31 0.26 0.:30 0.31
Mean delay (minutes) 0.35 0.29 0.23 0.19 0.15 0.19 0.19
Mean delay 1 0.80 067 0.58 0.39 0.35 0.39 0.44
Mean delay 2 0.84 057 0.48 0.40 0.30 0.35 0.35
Mean delay 3 0.37 0.27 0.21 015 n1z2 015 013
Mean delay 4 0.38 0.32 0.27 0.23 0.19 0.24 0.26
Mean delay 5 0.27 0.24 N 016 0.11 014 0.14
Mean delay & 0.24 0.21 016 014 012 015 016
Zeidelay = 0.5 | entry) (%) a1.1 B3.7 86.5 838.6 Q0.6 a88.5 BE.4
Seldelay, = 0.5 | entry) 6a.2 2.0 74.9 a1.2 83.2 a1.7 B1.3
Sefdelay: = 1/3 | entry) G5.0 72.3 751 Ta. a82.2 80.1 a0.s
Seldelay; = 1/3 | entry) 756.9 B1.4 85.1 88.2 Qn.2 aa8.2 po.3
efdelay, = 1/3 | entry) TE.0 T8.7 81.3 83.8 86.0 82.9 B1.8
geldelay; = 1,/3 | entry) 79.9 g2.0 85.7 87.5 Q0.1 J8.2 Ba.r
ejdelay, = 0.5 | entry) 84.4 BE.3 88.9 qQ0.4 92.9 89.8 803
Sverage agent utilization (%) g1.2 an.2 89.2 8.4 a7.5 a8.4 8.4
Work group 1 utilization 86.6 25.4 841 81.3 79.9 81.2 21.1
Work group 2 utilization 86.5 B4.2 82.7 81.2 70.9 81.1 20.8
Work group 2 utilization 289.6 Bes a87.0 86.1 85.2 a6.1 85.4
Work group 4 utilization Q0.7 G010 891 8.5 ar.7 J8.6 Ba.r
Work group 5 utilization 1.6 a0.9 qan.2 0.4 88.2 80.0 go.2
Work group B utilization 93 .1 g2.5 g91.8 g91.3 a0, 7 1.7 a2.1
Work group 1 primary utilization 53.8 547 55.5 51.7 h2.5 51.4 51.6
Work group 2 primary utilization 53.6 50.3 51.4 51.3 51.9 50.9 50.7
Work group 2 primary utilization 563.4 B2.8 61.5 51.1 E2.2 51.3 50.0
Work group 4 primary utilization 58.9 B9.2 70.2 71.0 71.3 71.2 71.3
Work group 5 primary utilization 1.6 7258 T2.7 Ta.0 2.0 71.4 70.8
Work group B primary utilization T7.a 785 7a8.7 TO.5 70.8 0.8 281.8
Nofes. The mean service times are 1/u, = ... =1/ u, = 10.0 minutes, and the target blocking is e = 0.005. The service-lewvel

targets for call types 1—6 are (B0, 3(]‘.1 |,IC| ED‘.l l.’EICI 200, (80, 207, (90, 201, and (80, 30), respectively, wheare (80, 20 means
Ze(delay = 0.5 | entry) = 0.80.



Table & Performance Measures in Seven Later HMerations of the SBR Hewristic Algorithm in the Case of Different
Service-Level Targets and Unbalanced Offered Loads: p, = p, =4.25, p. =10.50, p, =13.75, p; = 19.25, and

pe = 30.50
SEBR heuristic resource provisioning algorithim
Mumber of iterations (Mumber of agents, extra waiting space)

a aQ 10 11 12 15 16
Paerformance measure (93,18) (93, 18) (23, 18) (93,18) (92,19 (23, 15) (93, 14)
Blocking (%) 0.31 0.32 0.32 0.32 0.38 0.44 0.503
Mean delay (minutes) 0.20 0.20 0.20 0.21 0.26 019 o118
Mean delay 1 0.40 0.45 0.34 0.38 0.44 0.34 0.34
Mean delay 2 0.24 0.35 0.3 0.326 0.40 0.21 0.32
Mean delay 2 0.13 o1z 012 0.11 0.14 010 0.09
Mean delay 4 0.28 0.28 0.29 0.25 0.31 0.24 0.23
Mean delay 5 012 o.11 010 0.11 I 0.09 0.09
Mean delay & .18 0.19 0.22 0.24 0.32 022 0.20
@ofdelay = 0.5 | entry) {20) 88.2 2a87.9 ar.6 ar.s 24.9 ga.2 8.6
@ofdelay, = 0.5 | entry) 81.4 79.9 82.9 81.8 9.5 83.0 2.6
Ze(delay. = 1/3 | entry) 80.5 a80.2 80.5 80.0 78.3 a1.2 81.4
gefdelay; = 1,23 | entry) 89.8 a0.2 T | Q0.7 B89 o1 .6 a1.7
ge(delay, = 1,2 | entry) 81.0 0.9 g0.0 81.9 785 B2.6 82.8
ge(delays = 1,3 | entry) 89.4 a0 Q0.6 a90.6 89.0 o1.4 g1.8
ge(delay; = 0.5 | entry) 858.3 87.3 862 85.3 81.3 85.6 6.4
Average agent utilization (&) 88.4 8.4 8a8.4 88.4 go.3 88.3 88.2
Wark group 1 utilization 80.8 81.3 7o.8 79.49 21.2 7O.6 79.5
Woaork group 2 utilization 80.8 81.0 80.9 80.9 B2.4 g0.8 0.8
Work group 2 utilization 85.4 85.4 85.7 85.9 287 85.7 85.6
Woark group 4 utilization 835.9 89.0 80.3 88.5 205 88.6 8.5
Wark group 5 utilization 88.6 88.2 88.2 88.5 29.3 88.2 38.2
Wark group & utilization 926 02.8 03.3 93.6 04.3 03.5 Q3.5
Work group 1 primary utilization 51.4 52.5 48.2 48.9 43.6 48.6 443
Work group 2 primary utilization 50.8 51.5 50.8 5141 51.0 21.0 50.8
Work group 3 primary utilization 58.7 58.0 58.0 57.7 56.8 57.8 57.6
Work group 4 primary utilization 71.4 71.3 1.1 59.1 GE&.6 9.3 G68.9
Woark group 5 primary utilization 591 G7.6 GE.9 671 GE.0 GE.7 GE.6
Woark group 6 primary utilization 831 4.1 85.4 86.4 ar.4 86.4 J6.1
Nofes. The mean service times are 1/, =« .- = 170, = 10.0 minutes, and the target blocking is e = 0,005, The sarvice-lewvel

targets for call types 1—6 are (80, 30), (80, 200, (90, 207, (80, 207, (90, 20%, and (80, 307, respectively, where (80, 307 means
Zefdelay == 0.5 | entry) = 0.80.
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