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Figure 12: Mean Service Time (Regular) vs. Time-of-day (95% CI) (n =

42613)

Time of Day

M
ea

n 
S

er
vi

ce
 T

im
e

10 15 20

10
0

12
0

14
0

16
0

18
0

20
0

22
0

24
0

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

30

�

�

�

�
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Figure 1: Arrivals (to queue or service) – “Regular” Calls
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Service Time

Survival curve, by Types
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Afternoon,
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by Hour

Operations Time In a Hospital 

Operations Time Histogram: 

  Operations Time - Morning vs. Afternoon: 
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Beyond Data Averages

Short Service Times 

AVG:200
STD:249
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µ

Primitives (Time-Varying Predictably)

λt exogenous arrival rate

e.g., continuously changing, sudden peak

µ service rate (of an individual server)

nt number of servers

θ abandonment rate (for an individual customer)
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Workforce Management:

    Hierarchical Operational View

Forecasting  Customers: Statistics, Time-Series 

      Agents : HRM (Hire, Train; Incentives, Careers) 

Staffing:  Queueing Theory

Service Level, Costs 

# FTE’s (Seats) 

    per unit of time

Shifts:  IP, Combinatorial Optimization; LP 

Union constraints, Costs 

    Shift structure 

Rostering:  Heuristics, AI (Complex) 

Individual constraints 

Agents Assignments 

Skills-based Routing:  Stochastic Control 

        Table Number 101616
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Economies of Scale
Average Waiting Time - But Only of Those Who Wait

E[Wq|Wq > 0] (Load: 10 per server)
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Charlotte – Center

6/13/00 - Tue 

1.Time Recvd Answ Abn 

%

ASA AHT Occ % On 

Prod

FTE

R =

( ) /N R R

0 20,577 19,860 3.5% 30 307 95.1% 222.7    

8:00 332 308 7.2% 27 302 87.1% 59.3 55.70 0.48

8:30 653 615 5.8% 58 293 96.1% 104.1 106.29 -0.21

9:00 866 796 8.1% 63 308 97.1% 140.4 148.18 -0.64

9:30 1,152 1,138 1.2% 2l8 303 90.8% 211.1 193.92 1.23

10:00 1,330 1.286 3.3% 22 307 98.4% 223.1 226.84 -0.25

10:30 1,364 1,338 1.9% 33 296 99.0% 222.5 224.30 -0.12

11:00 1,380 1,280 7.2% 34 306 98.2% 222.0 234.60 -0.82

11:30 1,272 1,247 2.0% 44 298 94.6% 218.0 210.59 0.51

12:00 1,179 1,177 0.2% 1 306 91.6% 218.3 200.43 1.26

12:30 1,174 1,160 1.2% 10 302 95.5% 203.8 196.97 0.49

13:00 1,018 999 1.9% 9 314 95.4% 182.9 177.58 0.40

13:30 1,061 961 9.4% 67 306 100.0% 163.4 180.37 -1.26

14:00 1,173 1,082 7.8% 78 313 99.5% 188.9 203.97 -1.06

14:30 1,212 1,179 2.7% 23 304 96.6% 206.1 204.69 0.10

15:00 1,137 1,122 1.3% 15 320 96.9% 205.8 202.13 0.26

15:30 1,169 1,137 2.7% 17 311 97.1% 202.2 201.98 0.02

16:00 1,107 1,059 4.3% 46 315 99.2% 187.1 193.73 -0.48

16:30 914 892 2.4% 22 307 95.2% 160.0 155.89 0.33

17:00 615 615 0.0% 2 328 83.0% 135.0 112.07 2.17

17:30 420 420 0.0% 0 328 73.8% 103.5 76.53 3.08

18:00 49 49 0.0% 14 180 84.2% 5.8 4.90 0.41
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GMR(x) describes the asymptotic probability of delay as a function of  when

x . Here,  and µ are the abandonment and service rate, respectively. 

Erlang-A: P{Wait>0}=  vs.  (N=R+ R)
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