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Introduction to “Services”

U.S. Employment by Sector, 1850 - 2000+
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Economic/Society Development (Fitzsimmons, Chapter 1):
Dominant Activity, Human Factor, Technology.

e Pre-industrial: Agriculture, Mining; Muscle; Hand-tools.
e Industrial: Production; Technical; Machines.

e Post-industrial: Services; Intellectual; Information.



Scope of the Service Industry

e Wholesale and retail trade;
e Government services;

e Healthcare;

e Restaurants and food:;

e Financial services;

e Transportation;

e Communication;

e FEducation;

e Hospitality business:

e [.cisure services.

We focus on:
e Function: Operations (vs./plus Marketing, I'T, HRM,...)
e Dimension: Accessibility, Capacity (vs. RM, SCM,...)
e Modelling Framework: Queueing Theory (plus Science)

e Application: Call/Contact Centers (Healthcare,...), which
play an important role in most of the above.
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Conceptual Model: The “Production of Justice

The Labor-Court Process in Haifa, Israel
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Present Focus: Call Centers, but Expanding
Call Centers: Business-Frontiers & Sweat-Shops of 215! Century

U.S. Statistics (Relevant Elsewhere)

Over 60% of annual business volume via the telephone
100,000 — 200,000 call centers

3 — 6 million employees (2% — 4% workforce)

1000’s agents in a “single" call center = 70 % costs
20% annual growth rate

$200 — $300 billion annual expenditures

vV v.v. v v .Y



Call-Center Environment: Service Network
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Call-Centers:




NITIAR NIN'Y

nN'wn oI'o
(D'122 75%)

A A

11970 TPIN PN

N'XNII91'X PN
puw+x"apn
,NINNN UNn )
(Mmmr &

alh
———>
ATIN AN A ("X x7)
019N :
(hm) .
a1 :
IN 7wnn pn
'R (CTI) awnn-n1194h0
1
NINIZY 'woIn \ yT'n ndyn
anonn'tn) g AYnnnym
(21 nxnn -
B iemmd|||
2
. H
NI'TNN g : n
+Nj7'00'VLO VINVI'N .
WIIN 'ARWUN ON'Y :
7"NIT
o9 niNiEY? niyo :
NIP? pwnn pn (CRM) :
1Y = nN'vy/nnn
A1 NOTIN =L
WIIN
— >  VIPn
(9"m) pn niy'ol
DnnY | aTIN AN +nn171>'09
D'wUTN N{7'v0'vLO
+21von+puw NITIAX NIN'Y
YT NIDWN b

miNN-11 '2'aN VA JNN'Y NIDAYN NOTIA

RN PN
(n1ow) ap7na

(1) 02 Ix

D'T?IN

+n1171'x10
+n1171>'09

Xam
n'X2115

N'wTn N1'79'x0"T

minn-21

x"apn

D'?10'Y NYYN

7oy\"71yon TIy'N
170NN v

0'11N1 'T0N DN

NIwIN R :D2IN2 N
DI SRR Tele-Stress +YTm NN
N'a171>'09 +N7'00'0V0
w7 200%/Tv noI'72nn) +¥"apn
n'xnn eat Shops) I,
+0'PNYNN NN
ayayp) oo
D'a'x] \ nN'wn
1712'09 TIV'N
170NN v
00I2n 2IN1 PN
(SBR) ni'iamim '
+¥"3n+Y 713 'J'I'D':q
T8 PN

+YIIX 'ANUN
yT'n nidhyn

370N PN

+x"apn

nN'un

‘llll

+N'72'D ool

YIIX 'AXYUN
nmrin n'y Al

Back-office

NS00 NN Y

"1 15 'nwnrﬂ
77 10 'mwnT DX)
P78 MmN TN
,'77T 6 '"MwITI DN
(716 MmN TN
+N12171>'09
+x"apn

Y




The Technion SEE Center / Laboratory

Technion

EE




DataMOCCA = Data MOdels for Call Center Analysis

» Technion: P. Feigin, V. Trofimov, Statistics / SEE Laboratory.
» Wharton: L. Brown, N. Gans, H. Shen (UNC).
» industry:
» U.S. Bank: 2.5 years, 220M calls, 40M by 1000 agents.
» Israeli Cellular: 2.5 years, 110M calls, 25M calls by 750 agents;
ongoing.
Project Goal: Designing and Implementing a (universal)
data-base/data-repository and interface for storing, retrieving,
analyzing and displaying Call-by-Call-based Data / Information.



Network Balancing via Inter-Queues at a U.S. Bank

‘ 10 AM — 11 AM (03/19/01): Interflow Chart Among the 4 Call ‘

Internal arrivals: Internal arrivals:
224 643
o Servedatl: o Servedatl
External arrivals:2092 67 (20.9) 157 (24.4)
2063(98.6%Served)+29(1. o Servedat2: o Servedat2 External arrivals: 1770
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Balancing Protocols and Performance Level

U.S. Bank: Histograms of Waiting Times

Retail

Business

1 14 17 20 23 26 29 32 35
Time

2 5 8

o
2 8 14 20 26 32 38 44 50 56 62 68 74 80 8 92
Tine

Peak for Retail service at 10 seconds — Why?
After 10 seconds of wait, Retail customers sent into the inter-queue.

Business customers — peak at 5 seconds, for the same reason.
Second peak — unclear, maybe priority-upgrade.




The “Anatomy of Waiting" for Service

Common Experience:
» Expected to wait 5 minutes, Required to 10,
» Felt like 20, Actually waited 10,
» ... etc.



The “Anatomy of Waiting" for Service

Common Experience:
» Expected to wait 5 minutes, Required to 10,
» Felt like 20, Actually waited 10,
» ... etc.

An attempt at “Modeling the Experience":

1. Time that a customer expects to wait
willing to wait
required to wait
actually waits
perceives waiting.
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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

0.004

Regular Customers
Prigeity Customers.

0.002 0.003

0.001



(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

0.004

Regular Customers

Priceity Cusiomers

0.002 0.003

0.001

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

Observation: VIP are more patient (Needy)

-3



Beyond Averages: Service Times in a Call Center

Histogram of Service Times in an Israeli Call Center

January-October November-December

Nov - Dec:
Jan - Oct: oy~ Dee
?

] 72%
san

i 7 Log-Normal
“ i 1o 249
o ” h T T

» Lognormal service times prevalent in call centers - why ?
» 7.2% Short-Services:

AVG: 185
STD: 238

T T T d
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Beyond Averages: Service Times in a Call Center

Histogram of Service Times in an Israeli Call Center

January-October November-December

Nov - Dec:
Jan - Oct:

s ?
72%

o 54%

i 7 Log-Normal
“ i 1o 249
o ” h T T

» Lognormal service times prevalent in call centers - why ?
» 7.2% Short-Services: Agents’ “Abandon” (improve bonus, rest)
» Distributions, not only Averages, must be measured.

AVG: 185
STD: 238

T T T d
S0 00 700 800 600



Present Focus: Call Centers, but Expanding
Call Centers: Business-Frontiers & Sweat-Shops of 215! Century

U.S. Statistics (Relevant Elsewhere)

Over 60% of annual business volume via the telephone
100,000 — 200,000 call centers

3 — 6 million employees (2% — 4% workforce)

1000’s agents in a “single" call center = 70 % costs
20% annual growth rate

$200 — $300 billion annual expenditures

vV v.v. v v .Y

Expanding:
» Health Care (Hospitals)
» Internet + Telephone Services



Hospital Network (Marmur, Sinreich)

Generic Emergency Department (RFID)

proportion of patients 01 process requires bed 02
Else Lab Imaging Nurse Physician

ECO vital signs
handling
patient&famil
o>

consultation

Xray | #20(imaging

34

.

[ |
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The Human Factor, or
Even “Doctors™ Can Manage

Operations Time - Morning (by Hour) vs. Afternoon (by Case):

6 AM

3 PM

Hours

EEG Orthopedics Surgery  Blood Surgery  Plastic Surgery  Heart/Chest  Neuro-Surgery Eyes E.I. Surgery
Surgery

Department

Afternoon, Morning,
by Case by Hour



Measurements: Face-to-Face Services
23 Bar-Code Readers at a Bank Branch

Bank — 2nd Floor Measurements




Conceptual Model: Face-to-Face Services

Bank Branch = Queueing Network

Bottleneck!
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