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Introduction to “Services”

U.S. Employment by Sector, 1850 - 2000+
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Expanding the Scientific Paradigm (OCR / IBM)

- Physics, Biology, ... : Measure, Model, Experiment, Validate, Refine.

- Human-complexity triggered the above in Transportation, Economics.

14



Expanding the Scientific Paradigm (OCR / IBM)

- Physics, Biology, ... : Measure, Model, Experiment, Validate, Refine.
- Human-complexity triggered the above in Transportation, Economics.
- Adopt in Services:

7. Feedback 1. Measurements / Data
8. Novel needs,
" necessitating Science "

Management Ny  Engineering Science

l

|

4. Maturity enables

Deployment s
3. Validation 2. Modeling,

6. Improvement 5. Implementation Analysis

14



Call Centers, then Hospitals, and Beyond
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. vy



Call Centers, then Hospitals, and Beyond
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

>
>
>
>

Expanding:
» Internet; Contact Centers
» Healthcare (Hospitals, Clinics): EDs and face-to-face services



Call-Center Environment: Service Network
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Call-Centers: “Sweat-Shops of the 21st Century”




Call-Center: Multi-Disciplinary ServEng View

Service Engineering: Multi-Disciplinary Process View

Service Completion
(75% in Banks)

Call Center Design

Information Design Organization Design:

Index

Function
Scientific Discipline

Marketing, Parallel (Flat) ) Multi-Disciplinary
Operations Research Seqyentlal (Hierarchical) Operations/
Lost Calls (—>Waiting Time Sociology/Psychology, 8
‘©Return Time) Operations Research Business
Process
Queue Agents Experts Archi
Redial Invisible) Consultants) rchive
( )
(Retrial) T Database
3 Design
Bus Computer-Telephony o
(Rar?el) Integration - CTI Data Mining:
G MIS/CS ;e'e-:'.lfess MIS, Statistics,
00! H . 'sychology Operations
Arrivals or : Job Enrichment ver up to " h
(Business Frontier | | Bad : Training, Incentives 2007 mer Yzar) Research,
of the : Human Resource P Marketing
21th Century) : Management of the Service
4>< VRU/ ’—> ||||HH HHm ‘ Agents 3 1th Century) Completion

IVR

Forecasting
Statistics

Human Factors
Engineering

Customers. Marketing,

Segmentation - Human Resources,
Customers CRM H To Kloid  Operations Research,
Interface Design Marketing H MIS

— > VIP Queue

(SBR) Design

VIP
(Training)

Service Process

Back-Office

Psychological
Process
Archive

Expect 3 min
Willing 8 min
Perceive 15 min|
(If Required 15 min,

then Waited 8 min)
(If Required 6 min,
then Waited 8 min)

Abandonment Design - Psychology,
Psychology, M Operations
New Services l Statistics Logistics Research,
Design (R&D) Lost Calls ” ) Marketing
Operations, Positive: Repeat Business
Marketing Negative: New Complaint

19




Mktg. =

OR =

HRM =

MIS =

Skills-Based Routing in Call Centers
EDA and OR, with I. Gurvich and P. Lieberman

Flow chart- March 2008

Fusiness.
on wie

ananan Arabic Arabie:
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Emergency-Dept.: Multi-Disciplinary ServEng View

Emergency-Department Network: Gallery of Models

Service Completion
(sent to other department)

Blocked

(Ambulance Diversion) >

Information Design

MIS, HFE,
Operations Research
( < Waiting Time
“+ Active Dashboard )

Internal

Organization Design:
Parallel (Flat) = ER

Index

Function
Scientific Discipline
Multi-Disciplinary

vs. a true ED
Sociology, Psychology,
Operations Research

Nurses

Queue
Job Enrichment v
Acute, Training N4 ED-Stress
Walking HRM Psychology
: |\ I rnovers
: ncentives
: Game Theory,
Arrivals : Economics
Reception [+ Triage |i-» Sdrdical
Queue
Forecasting
Statistics, Stretcher . :  Efficiengy  siill Based Routing
Human Walking res (SBR) Design
Resource Segmentation : Operations Research,
Management | customers Medicine : _ HRM, MIS, Medicine
(HRM) Interface Design Quality N
Human Factors : Imaging
Engineering Orthopedic Laboratory
(HEE) Queue Service Process

Operations/
Business
Process
Archive
Database
Design

Data Mining:
MIS, Statistics,
Operations
Research,
Marketing

Hospital

—> Home

Psychological
Process
Archive
Medicine,

Psychology,
Marketing

New Services Returns LWBS DesignA

Design (R&D) Psychology, Operations
Operations, S!aﬁIStICS. Research, Medicine
Marketing, “Lost” Patients

MIS

Returns (Old or New Problem)

29




(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
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0.003
L

Regular Customers
rrrrr Priority Customers

0.002
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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)

10



Beyond Averages: The Human Factor

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

January-October

?

683‘//

AVG: 185
STD: 238

0 100 200 300 400 500 600 700

» 6.8% Short-Services:

%0

November-December

AVG: 201 Log-Normal

STD: 263
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Beyond Averages: The Human Factor
Histogram of Service-Time in a (Small Israeli) Bank

January-October November-December

2

6.83% :
s 5.59%

AVG: 201 Log-Normal

STD: 263

AVG: 185
STD: 238

0 100 200 300 400 500 600 700 800 %0

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

» Distributions must be measured (in seconds)
» LogNormal service times common in call centers

29



Proportion

04
|

03
!

0.1

0.0
L

v

v

v

Validating LogNormality of Service-Times

Israeli Call Center, Nov-Dec, 1999

Log(Service Times) LogNormal QQPIlot

3000
L

2000
L

Service time

1000
L

T T T T 1 T T
0 2 4 6 8 0 1000 2000 3000

Practically Important: (mean, std)(log) capture Service-Times
Theoretically Challenging: Why LogNormal ?
Simple-model of a complex-reality? The Service Process:

25



The (Telephone) Service Process: Phase-Type Model

Retail
Service
(Israeli
Bank)

Work
Design
(Time
Study)

Password
creation
62/42



Final Products: Theory, Software, Insights

Constraint P{Ab} E[W] P{W >T}
Tight | Loose Tight Loose Tight Loose
1-10% | > 10% | < 10%E[7]| > 10%E[r] |0<T < 10%E[r] | T > 10%El7]
Offered Load 5% < a<50% |5% < a < 50%
Small (10's) QED | QED QED QED QED QED
Moderate-to-Large | QED | ED, QED ED, QED ED+QED
(100’s-1000’s) QED QED if 7 £ exp

Rules of Thumb for N = Number of tele-agents
» ED: N~ R—~R
» QD: N =~ R+ 6R

» QED: N =~ R+ BVR

(0.1 <
(0.1 <

(_

~v<0.25).
§<0.25).
1<p<).

WFM: Determine staffing level N , i.e. 70% operational costs.




The Technion SEE Center / Laboratory

Technion

EE



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



Current Databases

1.

U.S. Bank (PUBLIC): 220M calls, 40M agent-calls, 1000
agents, 2.5 years, 7-40GB.

. lIsraeli Banks:

- Small (PUBLIC): 350K calls, 15 agents, 1 year. Started it all
in 1999 (JASA paper);

- Medium (ongoing): 300 agents, 1.5 years, still in process;
daily deposit (IVR + ACD);

- Large: 500 agents, 1.5 years, 3-8GB.

Israeli Telecom: 800 agents, 3.5 years; 5-55GB.

4. |sraeli Hospitals:

- Eight ED’s (to be made PUBLIC);

- Large (ongoing): 1000 beds, 45 medical units, 75,000 patients
hospitalized yearly, 4+ years, 7GB;

- RFID-based tracking of an MCE drill: 25 doctors, 30 nurses,
55 patients, 500K records (1 sec resolution)

. Miscellaneous: Website, Face-to-Face, Fast-Food, ...

27



MCE with RFID Support: Rambam Hospital, May

Drill: Chemical Mass Casualty Event (MCE), Rambam Hospital

AURN -PNTI DY
' n'no QnIn-ninswn

EIRANET 7n117 N901

"'m wn 4%

Focus on the red casualties - severely wounded (50+ in the drill)

Note: 20 observers taking real-time measurements (validation)
59



MCE with RFID Support: Data Cleaning

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 12:02:02 PM | 12:33:10 PM 12:02:00 PM 12:33:00 PM

8 1 11:37:15 AM 12:40:17 PM 11:37:00 AM exit is missin,
10 1 12:23:32 PM | 12:38:23 PM 12:23:00 PM
12 1 12:12:47 PM | 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 00 PM
18 1 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 12:04:31 PM | 12:20:40 PM missin
22 2 12:27:37 PM 12:27:00 PM
25 1 12:27:35 PM 1:07:28 PM 12:27:00 PM 1:07:00 PM
27 1 12:06:53 PM 12:06:00 PM
28 1 11:21:34 AM 11:41:06 AM of entry time
29 1 12:21:06 PM | 12:54:29 PM 12:21:00 PM 12:54:00 PM
31 1 11:40:54 AM | 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 11:27:11AM | 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
27 2 12°59-21 PM 12-59-00 PM

Think “Cleaning” 60,000+ customers/day (call centers)?

23



MCE with RFID Support: # Severely Wounded Patients

Vs 7
30
—e— number of patients
—=— number of patients (original)|
25
20

S
A

11:09 11:16 11:24 11:31 11:38 11:45 11:52 12:00 12:07 12:14 12:21 12:28 12:36 12:43 12:50 12:57 13:04 13:12 13:19 13:26

J

- Paths of doctors, nurses, patients (100+, 1 sec. resolution) ?
- What if 1504 casualties severely wounded (feasible) ?

95



Technion Research Impact: An Example

b Images Videos Maps News Shopping Gmail more v Sign in
GO()gle Scholar ICEH centers Search Advannedrscholar Search
Scholar [<][Articles and patents | [anytime =] [include citations Results 1 - 10 of about 2,510,000. (0.06 sec)
[PDF] Telephone call centers: Tutorial, review, and research prospects psu.edu [PDF]

N Gans, G Koole, A Mandelbaum - Manufacturing and service operations ..., 2003 - Citeseer
* The Wharton School, University of Pennsylvanla Philadelphia, PA 19104, USA
upenn.edu ... T Vrij , De Boelelaan 1081a, 1081 HV/
3 u.nl ... § Industrial i and ..
Cited by 455 - Related articles - View as HTML - All 32 versions
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