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Technion SEE = Service Enterprise Engineering

SEELab: Hub for data-based research and teaching
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» Wharton: L. Brown, N. Gans, H. Shen (UNC).
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SEEServer: Free for academic use
Register, then access (presently) U.S. Bank and Small Israeli Bank.
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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: Arrivals, Departures

—o—entries
—o—exits

—4—entries (original)

—a—exits (original) /_J/e/ﬂ
) | /‘/{/4‘

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

Operational Question: Predict completion time (rolling horizon)
54



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
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» Service Science / Engineering (vs. Management) are emerging
Academic Disciplines. For example, universities (world-wide),

IBM (SSME, a la Computer-Science), USA NSF (SEE), Germany
IAO (ServEng), ...



The Case for Service Science / Engineering

» Service Science / Engineering (vs. Management) are emerging
Academic Disciplines. For example, universities (world-wide),
IBM (SSME, a la Computer-Science), USA NSF (SEE), Germany
IAO (ServEng), ...

» Simple models that explain fundamental phenomena , which
are common across applications:

- Call Centers
- Hospitals

- Justice

- Transportation



The Case for Service Science / Engineering

» Service Science / Engineering (vs. Management) are emerging
Academic Disciplines. For example, universities (world-wide),
IBM (SSME, a la Computer-Science), USA NSF (SEE), Germany
IAO (ServEng), ...

» Simple models that explain fundamental phenomena , which
are common across applications:
- Call Centers
- Hospitals
- Justice
- Transportation

» What Can Be Done vs. How To



Stop for a Commercial

Tomorrow: 2 Service Engineering Sessions, Sponsored by SEE.

1. 8:30 - 10:00, Tuesday, June 29, 2010, Session TA, Room B-151

» On the Accuracy of Delay-History-Based Delay Announcements in
Large Call Centers; Armony, Bassamboo, Ibrahim, AM.

» Emergency Departments: The Case for Service Engineering;
Marmor, Armony, AM, Tseytlin, Yom-Tov.

» Uncertainty in the Demand for Service: The Case of Emergency
Departments and Call Centers; Maman, Mandelbaum, Zeltyn.

2. 14:30 - 16:00, Tuesday, June 29, 2010, Session TC, Rom B-151

» Skill Based Routing (Part Il): Data-Based Review and Research
Prospects, with a Focus on Staffing and Routing; Gurvich,
Liberman, AM.

» Queueing Systems with Heterogeneous Servers: On Fair Routing
from Emergency Departments to Internal Wards; Tseytlin,
Mompcilovic, AM.

» Design and Inference of a Call Center with an Answering Machine
(IVR); Khudyakov, Feigin, Gorfine, AM.



Expanding the Scientific Paradigm

Service Engineering vs. Industrial Engineering

Human Complexity



Expanding the Scientific Paradigm

Service Engineering vs. Industrial Engineering

Human Complexity = Scientific Paradigm (Physics ... Economics)
and beyond (with IBM Research):
7. Feedback 1. Measurements / Data
8. Novel needs,
m necessitating Science n

Management Engineering Science

l

I

4. Maturity enables
Deployment

3. Validation

2. Modeling,

6. Improvement 5. Implementation Analysis

12



Started with Call Centers, Expanded to Hospitals

Call Centers - U.S. (Israel) Stat.
» $200 — $300 billion annual expenditures (0.5)
» 100,000 — 200,000 call centers (500)
» “Window" into the company, for better or worse
» Over 3 million agents = 2% — 4% workforce (11K)



Started with Call Centers, Expanded to Hospitals

Call Centers - U.S. (Israel) Stat.
» $200 — $300 billion annual expenditures (0.5)
» 100,000 — 200,000 call centers (500)
» “Window" into the company, for better or worse
» Over 3 million agents = 2% — 4% workforce (11K)

Healthcare - similar and unique challenges:
» Cost-figures far more staggering
» Risks much higher
» ED (initial focus) = hospital-window
» Over 3 million nurses



Call-Center Environment: Service Network




Call-Centers: “Sweat-Shops of the 21st Century”




ER / ED Environment: Service Network

Acute (Internal, Trauma) Walking




ED-Environment in Israel

17



Beijing Hospital
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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




ED Design, with B. Golany and Y. Marmor (PhD)

Routing: Triage (Clinical), Fast-Track (Operational), ..

e.g. Fast Track most suitable when elderly dominate

G
[ |

‘ED Area 1 ‘ED Area 2| ‘ED Area 3

\ ]

Patient Departure

(a) Triage Model

‘ED Area 1|

o}

]

‘ED Area 2|

Fast Tack
Lane*

(b) Fast-Track Model

erational criteria
(short treatments time) —
acute or walking patient

_/~ Wrong ED placement
Patient Arrival
./~ Wrong ward placement

“Hospital” E

L[ ]

ED Am ED Area 2 ‘ED Area3

Patient Departure

(c) lliness-based Model

Patient Arrival

Walking Area |

ED Area 1| ED Area 2|

_/~ Wrong ED placement
./~ Wrong ward placement

(d) Walking-Acute Model

Acute Area

| [Room1

. (via DEA)



Prerequisite I: Data

Averages Prevalent (and could be useful / interesting).

But | need data at the level of the Individual Transaction:

For each service transaction (during a phone-service in a call center,
or a patient’s visit in a hospital, or browsing in a website, or .. .), its
operational history = time-stamps of events .

bkl
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Prerequisite I: Data

Averages Prevalent (and could be useful / interesting).

But | need data at the level of the Individual Transaction:

For each service transaction (during a phone-service in a call center,
or a patient’s visit in a hospital, or browsing in a website, or .. .), its
operational history = time-stamps of events .

Sources: “Service-floor" (vs. Industry-level, Surveys, ...)
Administrative (Court, via “paper analysis")
Face-to-Face (Bank, via bar-code readers)
Telephone (Call Centers, via ACD / CTI, IVR/VRU)
Hospitals (Emergency Departments, . ..)

vV v .vY

v

Expanding:

» Hospitals, via RFID, with B. Carmeli, S. Israelit, Y. Marmor
» Operational + Financial + Contents (Marketing, Clinical)
» Internet, chat (multi-media)

bkl



Prerequisite II: Models (The Fluid View)
Stochastic Individualism Averaged out by the LLNs (Scale)

Labor-day Queueing at Niagara Falls




e.d. Erlang-R = ReEntrant Patients, with G. Yom-Tov (PhD).
5-fold Rise in Inflow-Rate, between 9am -11am:

Number of Patients

Fluid Models: Preparing for Mass-Casualty Events

60.00

50.00

40.00

30.00

20.00

10.00

-10.00

Delta=0.2; Mu = 1; p = 0.25; s = 50; Lambda=10 (t<9 or t>11), Lambda=50 (9<t<11)

X sim-ql
X sim-q2
——ODE-q1
——ODE-q2

| | ——upper_q1

—— lower_q1

1 | —upper_ql

——lower_g2

3 4 5 6 7 8

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

t
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Prerequisite IlI: Models ( )
Traditional Queueing Theory predicts that Service-Quality and
Servers’ Efficiency must be traded off against each other.

e.g. Single-server queue (M/M/1) in Heavy-Traffic:
91% server’s utilization goes with

. _ E[Wait]
Congestion Index = m =10,

and only 9% of the customers are served immediately upon arrival.

26
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Prerequisite IlI: Models ( )

Traditional Queueing Theory predicts that Service-Quality and
Servers’ Efficiency must be traded off against each other.

e.g. Single-server queue (M/M/1) in Heavy-Traffic:
91% server’s utilization goes with

. _ E[Wait]
Congestion Index = m =10,

and only 9% of the customers are served immediately upon arrival.

Yet, heavily-loaded queueing systems with Congestion Index = 0.1
(Waiting one order of magnitude less than Service) are prevalent:

» Call Centers: Wait “seconds" for minutes service;

» Transportation: Search “minutes™ for hours parking;

» Hospitals: Wait “hours" in ED for days hospitalization in IW’s;
and, moreover, a significant fraction are not delayed in queue. (For
example, in well-run call-centers, 50% served “immediately”, along
with over 90% agents’ utilization, is not uncommon ) ? QED

26



Operational Regimes: Conceptual Framework

R: Offered Load not too small.
def. R = Arrival-rate x Average-Service-Time

e.g. R =25 calls/min. x 4 min./call = 100

N = #Agents ?

27



Operational Regimes: Rules-of-Thumb, with S. Zeltyn

Constraint P{Ab} E[W] P{W > T}
Tight | Loose Tight Loose Tight Loose
1-10% | > 10% | < 10%E[r] | > 10%E[r] |0<T < 10%E[7]| T > 10%E[]
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-1000s) QED QED if 7 £ exp

ED: N~ R —~R
QD: N~ R+ R

QED: N~ R+ 38vR

(0.1 <y <0.25).
(0.1 <5<0.25).

ED+QED: N ~ (1 — v)R + BvVR

29

(-1=<p<1)

(v, 5 as above).




Operational Regimes: Rules-of-Thumb, with S. Zeltyn

Constraint P{Ab} E[W] P{W > T}
Tight | Loose Tight Loose Tight Loose
1-10% | > 10% | < 10%E[r] | > 10%E[r] |0<T < 10%E[7]| T > 10%E[]
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-1000s) QED QED if 7 £ exp

ED: N~ R —~R
QD: N~ R+ R

QED: N ~ R + 8vR
ED+QED: N ~ (1 — v)R + BvVR

(0.1 <y <0.25).
(0.1 <5<0.25).

(-1=<p<1)

(v, 5 as above).

WFM: How to determine specific staffing level N ? e.g. 3.

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 L

0.004
L

0.003
L

Regular Customers
Priority Customers

0.002
L

0.001
L

» Call-by-Call Data (SEELab) required (& Un-Censoring)

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

» VIP are more patient (Needy)
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Beyond Averages: The Human Factor

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

January-October November-December
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» 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
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Validating LogNormality of Service-Times

Israeli Call Center, Nov-Dec, 1999

Log(Service Times) LogNormal QQPIlot
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Practically Important: (mean, std)(log) capture Service-Times
Theoretically Challenging: Why LogNormal ?
Simple-model of a complex-reality? The Service Process:
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Beyond Averages: Length-of-Stay in a Hospital

Israeli Hospital, in Days: LN
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Stay in a Hospital

of-

Beyond Averages: Length

Israeli Hospital, in Hours

Israeli Hospital, in Days: LN
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Explanation: Releases around 3pm
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The (Telephone) Service Process: Phase-Type Model
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service time

Individual Agents: Service-Time, Variability

Agent 14115

Service-Time Evolution: 6 month Log(Service-Time)
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» Learning: Noticeable decreasing-trend in service-time

» LogNormal Service-Time, individually and collectively
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Mean Log(Service Time)
42 44 46 48 50 52 54

Individual Agents: Learning, Forgetting, Switching

Daily-Average Log(Service-Time), over 6 months

Agents 14115, 14128, 14136

e
a 102-iday break
e

switch to Online Banking after 18-dfy breaK
‘e

0 EY

60
Day Index

25

100



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 4 6 8 10 10 140 [) 2 )

60 8 160 § 50
Day Index Day Index

160
Day Index

Weakly Learning-Curves for 12 Homogeneous(?) Agents

Service rate per hour

Tenure (in 5-day week)
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Why Bother?

In large call centers:
+0ne Second to Service-Time implies +Millions in costs, annually
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» Classical IE with New-age Technology:
» Work Design, Time and "Motion" Studies (w/ Khudiakov (PhD))
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» Service-Process Model helps the bank:

» Technology Management - Old MIS system has slow response &
cumbersome protocols, which gives rise to phases with little or no
added-value: Justify replacement value

» Cross-Selling - Potentially more money at the cost of longer
services: Justify value, which is congestion-dependent
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Why Bother?

In large call centers:
+0ne Second to Service-Time implies +Millions in costs, annually

» Classical IE with New-age Technology:
» Work Design, Time and "Motion" Studies (w/ Khudiakov (PhD))
» “Worker" Design, Learning, Forgetting, ... (w/ Gans & Shen)

» Service-Process Model helps the bank:

» Technology Management - Old MIS system has slow response &
cumbersome protocols, which gives rise to phases with little or no
added-value: Justify replacement value

» Cross-Selling - Potentially more money at the cost of longer
services: Justify value, which is congestion-dependent

» Learning: Predict individual future performance, which is important
in a high-turnover environment

» Heterogeneity: Quantify operational consequences (WFM, SBR)

» IVR Process Model: 75% services, same method, easier data
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