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ABSTRACT. The most common model to support workforce management of telephone call centers.

is the M/M/N/B model, in particular its special cases M/M/N (Erlang C, which models out

busy-signals) and M/M/N/N (Erlang B, disallowing waiting). All of these models lack a ...
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who seek these services are delayed in tele-queues. This article summarizes an analysis of a

unique record of call center operations. The data comprise a complete operational history ...
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Technion SEE = Service Enterprise Engineering

SEELab: Hub for data-based research and teaching
» History: I.E. Dean, B. Golany, recruited Hal and Inge Marcus.

» Technion: In 2007, w/ P. Feigin, V. Trofimov.
» Wharton: L. Brown, N. Gans, H. Shen (UNC).
> industry



Technion SEE = Service Enterprise Engineering

SEELab: Hub for data-based research and teaching
» History: I.E. Dean, B. Golany, recruited Hal and Inge Marcus.
» Technion: In 2007, w/ P. Feigin, V. Trofimov.
» Wharton: L. Brown, N. Gans, H. Shen (UNC).
» industry (partial list):
U.S. Bank: 2.5 years, 220M calls, 40M by 1000 agents.
Israeli Cellular: 2.5 years, 110M calls, 25M calls by 750 agents.

Israeli Bank: from January 2010, daily-deposit at a SEESafe.
Israeli Hospital: 4 years, 1000 beds; 8 ED’s - Sinreich’s data.
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SEEStat: Environment for graphical EDA in real-time
» Universal Design, Universal Access, Real-Time Response.



egd. RFID-Based Data: Mass Casualty Event (MCE)

Focus on severely wounded casualties (= 40 in drill)
Note: 20 observers support real-time control (helps validation)
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Data Cleaning: MCE with RFID Support

Data-base Company report comment
Asset id | order Entry date Exit date Entry date Exit date

4 1 1:14:07 PM 1:14:00 PM

6 1 12:33:10 PM 12:02:00 PM 12:33:00 PM

8 1 exit is missin
10 1
12 1 :12: 12:35:33 PM 12:35:00 PM | entry is missing
15 1 1:07:15 PM 1:07:00 PM
16 1 11:18:19 AM 11:31:04 AM 11:18:00 AM 11:31:00 AM
17 1 1:03:31 PM 1:03:00 PM
18 1 1:07:54 PM 1:07:00 PM
19 1 12:01:58 PM 12:01:00 PM
20 1 11:37:21 AM 12:57:02 PM 11:37:00 AM 12:57:00 PM
21 1 12:01:16 PM 12:37:16 PM 12:01:00 PM
22 1 12:20:40 PM missin
22 2 127
25 1 1:07:28 PM 1:07:00 PM
27 1 :06:!
28 1 11:41:06 AM of entry time
29 1 12:54:29 PM 12:21:00 PM 12:54:00 PM
31 1 12:30:16 PM 11:40:00 AM 12:30:00 PM
31 2 12:37:57 PM 12:54:51 PM 12:37:00 PM 12:54:00 PM
32 1 11:27:11 AM 12:15:17 PM 11:27:00 AM 12:15:00 PM
33 1 12:05:50 PM 12:13:12 PM 12:05:00 PM 12:15:00 PM | wrong exit time
35 1 11:31:48 AM 11:40:50 AM 11:31:00 AM 11:40:00 AM
36 1 12:06:23 PM 12:29:30 PM 12:06:00 PM 12:29:00 PM
37 1 11:31:50 AM 11:48:18 AM 11:31:00 AM 11:48:00 AM
a7 2 12:50:21 PM 12:50:00 PM

Imagine “Cleaning” 60,000+ customers per day (call centers) !
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Validating LogNormality of Service-Duration\\

Israeli Call Center, Nov-Dec, 1999 At £iow
fﬂ'ﬂn‘g
Log(Service Times) LogNormal QQPIlot
Ei ’.r/'J
I D

Log(Service Time) Log-normal

Practically Important: (mean, std)(log) characterization

Theoretically Intriguing: Why LogNormal ? Naturally multiplicative
but, in fact, also Infinitely-Divisible (Generalized Gamma-Convolutions)
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Beyond Averages: The Human Factor

Histogram of Service-Time in a (Small Israeli) Bank, 1999

January-October
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» 6.8% Short-Services:
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Beyond Averages: The Human Factor
Histogram of Service-Time in a (Small Israeli) Bank, 1999

January-October November-December

2

6.83% :
s 5.59%

AVG: 201 Log-Normal

Ave: 185 STD: 263

STD: 238

0 100 200 300 400 500 600 700 800 %0

» 6.8% Short-Services: Agents’ “Abandon” (improve bonus, rest),
(mis)lead by incentives

» Distributions must be measured (in seconds = natural scale)
» LogNormal service times common in call centers
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Relative frequencies, %

Wait time(waiting) Retail
April 2002, Week days

2 8 14

20 26 32 38 44

Time (Resolution 1 sec.)
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(Im)Patience while Waiting (Palm 1943-53)

Irritation o« Hazard Rate of (Im)Patience Distribution
Regular over VIP Customers — Israeli Bank

0.005 0.006
L

0.004

0.003
L

Regular Customers
rrrrr Priority Customers

0.002
L

0.001

T T T T T
0 100 200 300 400

» Peaks of abandonment at times of Announcements
» Call-by-Call Data (DataMOCCA) required (& Un-Censoring).

Observation: VIP are more patient (Needy)
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<wven Psychology + Protocols
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IVR-Time: Histograms
Israeli Bank: IVR/VRU Only, May 2008

Relative frequencies %

IVR_only
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3.1 Three Queues in IL Bank

3.2 State-Space Collapse (Area normalized to 1)

7 / 7
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Individual Agents: Service-Duration, Variability
w/ Gans, Liu, Shen & Ye

Agent 14115
Service-Time Evolution: 6 month Log(Service-Time)

» Learning: Noticeable decreasing-trend in service-duration
» LogNormal Service-Duration, individually and collectively

19



Individual Agents: Learning, Forgetting, Switching

Daily-Average Log(Service-Time), over 6 months
Agents 14115, 14128, 14136

a 102Jday. break switch to Online Banking after 18-dhy break

[ 2 40 6 8 100 120 140 [) % )

60 el 160 § 50
Day Index Day Index

160
Day Index

Weakly Learning-Curves for 12 Homogeneous(?) Agents

Service rate per hour

Tenure (in 5-day week)
20



One Agent (Number 3) — 9:00-11:00 (January 24™)

e
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Disconnected . 36
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Example 1: One Agent on January 24" —9-11
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Example 2: A whole day (January 24™) of the same agent
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(Telephone) Service-Process = “Phase-Type" Model
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Table 1: (Part of the) Asymptotic Landscape of Erlang-A = 9 Operational Regimes

Erlang-A Conventional scaling Many-Server scaling NDS scaling
n & 0 fixed! Sub Critical Over QD QED ED Sub Critical Over
Offered Toad 1 B 1 1 1_ B 1 1 B _1
per server 1+6 vn 1—~ ite v iy 113 - = =
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Impatience rate 0/n [ 0/n
Staffing level | 2(1+448) | 2(1+2) |21 —v| 201+ | 2482 [21-9[20+8)] 2+8 [21-7)
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