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Measurements: Face-to-Face Services
23 Bar-Code Readers at an Israeli Bank
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Beyond Averages: Waiting Times in a Call Center
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Conceptual Model: The Justice Network, or
The Production of Justice
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Judges: Operational Performance - Base case
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3 Case-Types: Performance by 5 Judges
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5 Judges: Performance by 3 Case-Types
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Judges: Performance Analysis
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Judges: Best/Worst Performance
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Empirical Fluid Model: Queue-Length at a
Catastrophic/Heavy/Regular Day
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Arrivals Process, in 1976

(E. S. Buffa, M. J. Cosgrove, and B. J. Luce, 
“An Integrated Work Shift Scheduling System”)
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Service Times: Returns
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p
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>
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.
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a
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>
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a
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∞
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:
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R
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∞
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R
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•
E
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%
A
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d
on
ed≈

γ
(10-25%

);
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.
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%
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+
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b
e
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n ∗
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+
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,
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=

√
μ
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,

•
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<
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•
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⇒
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∗
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⇒
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∗
<
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!

•
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e
m
a
rk
a
b
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Interdependence of the Building Blocks
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Figure 12: Mean Service Time (Regular) vs. Time-of-day (95% CI) (n =

42613)
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Arrival Rates: Longest Services at Peak Loads
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Arrivals: Inhomogeneous Poisson

Figure 1: Arrivals (to queue or service) – “Regular” Calls
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Service Times: Short and Long

Service Time

 Overall Regular 
service 

New 
customers

Internet Stock

Mean 188 
 

     181 111 381 269 

SD 240 207 154 485 320 

Med 114 117 64 196 169 
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Service Times: Stochastically Ordered

Service Time
Survival curve, by Types

Time

Su
rv

iv
al

Means (In Seconds)

NW (New) = 111

PS (Regular) = 181

NE (Stocks) = 269

IN (Internet) = 381
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(Im)Patience: Regulars vs. VIP
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R
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41(6.7) 
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A
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S
k
ills-B

a
se

R
o
u
tin

g
:

O
p
e
ra

tio
n
a
l
C
o
m
p
le
x
itie

s

M
ulti-queue parallel-server system

 = schem
atic depiction of a telephone call-center

:

 
          

1  
 

  
2  

 
  

3  
 

     
4

1       1
2  

  2 
 

  3 
3  

     4 
  

4

 
           

1
2

3
4

5
6

7  
   

8
 

  

 
                     S

1  
 

   S
2  

 
     S

3

H
ere the 

's designate arrival rates, the 
's service rates, the 

's abandonm
ent rates, and the S's are the 

num
ber of servers in each server-pool. 

Skills-B
ased D

esign:

-Q
ueue: "custom

er-type" requiring a specific type of service; 

-Server-Pool: "skills" defining the service-types it can perform
;

-A
rrow

: leading into a server-pool define its skills / constituency.

For exam
ple, a server w

ith skill 2 (S2) can serve custom
ers of type 3 (C

3)
at rate 

6 custom
ers/hour.

C
ustom

ers of type 3 arrive random
ly at rate 

3  custom
ers/hour, equipped w

ith 

an im
patience rate of 

3 .
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S
o
m
e
C
a
n
o
n
ica

l
D
e
sig

n
s
-
A
n
im

a
tio

n

      I            N
               X

               W
 (V

)                  M
 

               1
2

    1
2

         1
2

1
2                                                     1        3       2 

I– dedicated (specialized) agents 

N
:  for exam

ple, 

      - C
1 = V

IP, then S2 are serving C
1 to im

prove service level. 

      - C
2 = V

IP, then S2 serve C
1 to im

prove efficiency. 

      - S2  = B
ilingual. 

X
:  for exam

ple, S1 has C
1 as Prim

ary and C
2 as Secondary Types.

V
: Pure

Scheduling;
U

pside-dow
n V

: Pure R
outing.
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M
ajorD

esign / Engineering D
ecisions 

1.  C
lassifying custom

ers into types (M
arketing):

     Tech. support vs. B
illing, V

IP vs. M
em

bers vs. N
ew

 
 

2.  D
eterm

ining server skills, incentives, num
bers (H

R
M

, O
M

,O
R

)

     U
niversal vs. Specialist, Experienced / N

ovice, U
ni- / M

ulti-lingual; 

Staffing: how
 m

any servers? 

3.  Prerequisite Infrastructure - M
IS / IT / D

ata-B
ases (C

S, Statistics)

     C
TI, ER

P, D
ata-M

ining 

M
ajorC

ontrol D
ecisions 

4.   M
atching custom

ers and agents (O
R

)

      - C
ustom

er R
outing: W

henever an agent turns idle and there

are queued custom
ers, w

hich custom
er (if any) should be routed

         to this agent. 

       - A
gent Scheduling: W

henever a custom
er arrives and there

         are idle agents, w
hich agent (if any) should serve this custom

er. 

5.    L
oad B

alancing

       - R
outing of custom

ers to distributed call centers (eg. nation-w
ide) 
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p
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.
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