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The SEE Center - Project DataMOCCA

Goal: Designing and Implementing a
(universal) data-base/data-repository and
interface for storing, retrieving, analyzing,
displaying and interacting with
transaction-based data.




The SEE Center - Project DataMOCCA

Goal: Designing and Implementing a
(universal) data-base/data-repository and
interface for storing, retrieving, analyzing,
displaying and interacting with
transaction-based data.

Enable the Study of:

- Customers (Callers, Patients) Waiting, Abandonment, Returns
- Servers (Agents, Nurses) Service Duration, Activity Profile
- Managers (System) Loads, Queue Lengths, Trends



Call-Center: Hidden Complex Service Network
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DataMOCCA: System Components

1. Clean Databases: Operational histories of individual
customers and servers (mostly with IDs).

- In Call Centers: from IVR to Exit;
- In Hospitals: from ED to Exit (or just ED).

2. SEEStat: Online GUI (friendly, flexible, powerful)

- Queueing-Science perspective;
- Operational data (vs. financial, contents or clinical);
- Flexible customization (e.g. seconds to months);

3. Tools:

- Online statistics (survival analysis, mixtures, smoothing);
- Dynamic Graphs (flow-charts, work-flows)
- Simulators (CC, ED; data-driven).
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Current Databases

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

2. lIsraeli Banks:

- Small (PUBLIC): 350K calls, 15 agents, 1 year. Started it all
in 1999 (JASA), now “romancing” again (Medium, with 300
agents);

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

3. Israeli Telecom (ongoing): 800 agents, 3.5 years; 5-55GB.

4. |sraeli Hospitals:
- Six ED’s (to be made PUBLIC);

- Large (ongoing): 1000 beds, 45 medical units, 75,000 patients
hospitalized yearly, 4 years, 7GB.
5. Website (pilot).
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Service Engineering: Multi-Disciplinary Process View
Call Center Design

Service Completion

(75% in Banks) Information Design

Organization Design:

Index
Function
Scientific Discipline

Marketing, Psychology, Parallel (Flat) Multi-Disciplinary
Operations Research Sequential (Hierarchical) N
Lost Calls (< Waiting Time Sociology, Psychology, Opefatmns/
« Return Time) Operations Research Business
Q Agents Process
Redial ueue Archive
5 Invisibl
(Retrial) ( ""'f‘ °) _ Database
Busy Computer-Telephony :Irc:;rﬁggchment N Tele-Stress Design
(Rare) Integration - CTI HRM Psychology Data Mining:
MIS/CS MIS, Statistics,
Good . rup to 0 i
Arrivals H i er Year) perations
(Business Frontier > : Incentives t Shops Research,
of the Bad Game Theory. Marketing
21th Century) : Economics 2)fh Century) Service
| I | £ —
VR | (CSRs) .
Forecasting H Psychological
SIEIEIES, Internet i Efficiency kil Based Routing Process
Human Chat : : Archive
Email : (SBR) Design '
Resource mall Customers Marketing, HRM, Expect 3 min
Management Fax Segmentation - Operations Research, Willing 8 min
(HRM) Customers CRM ) MIS Perceive 15 min
Interface Design Marketing ] Qualit ) (If Required 15 min,
Human Factors Back-Office )| then Waited 8 min)
Engineering VIP (If Required 6 min,
VIP Queue @Sewice Process then Waited 6 min)
New Services Redial Abandonment ges'g”t_ ; Psychology,

; edial Psychology, perations | Operations
DeSlQ"'_ (R&D) Staytisticsgy Research, Logistics | Research,
O, Lost Calls " Economics, HRM Marketing
Marketing, Positive: Repeat Business
MIs

Negative: New Complaint
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Service Engineering: Multi-Disciplinary Process View
Emergency Department Design

Service Completion
(sent to other department)

Information Design

MIS, HFE,
Operations Research
( <+ Waiting Time

Organization Design:
Parallel (Flat) = ER
vs. a true ED
Sociology, Psychology,

Index

Function
Scientific Discipline|
Multi-Disciplinary

Operations/

<+ Active Dashboard ) Operations Research Business
Blocked Process
(Ambulance Diversion) R 'C“;ema' Nurses Archive
ueue
- Database
: i Design
H Job Enrichment v
Acute, : Training & ED-Stress Data Mining:
Walking HRM Esychologyl MIS, Statistics,
Incentives igh jurnovers Operations
H Game Theory, h Resear_ch,
Arrivals : Economics Marketing
H Hospital
Reception H Triage | > SQLE'E:I r
. H > Home
Forecasting :
Statistics, .
Human s\;:‘t(_c:er Patients 3 (SBR) Desian Psychological
Resource 9 Segmentation Operations Research, :ro;gss
Management | Gustomers Medicine HRM, MIS, Medicine rchive
(HRM) Interface Design : Medicine,
Human Factors : Psychqlogy,
Engineering Orthopedic Marketing
(HEE) Queue Service Process
New Services LWBS Design
Design (R&D) Returns Psychology, Operations
Operations, Statistics Research, Medicine
Marketing, “Lost” Patients
MIS

Returns (Old or New Problem)

20



Expanding the Scientific Paradigm (OCR)

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

- Human-complexity triggered the above in Transportation, Economics.
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Expanding the Scientific Paradigm (OCR)

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

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
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Arrivals to a Call Center (Israel, 1999): Time Scales

Nrber ofcals

Average number of calls
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Arrivals to a Call Center (U.S., 1976): Queueing Science

(E. S. Buffa, M. J. Cosgrove, and B. J. Luce,
“An Integrated Work Shift Scheduling System”)
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Monthly Arrivals to Service

U.S. Bank: Daily Arrival-Rates, over a Month, 2002
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80000 80000 80000 80000
40000 40000 40000 40000
0 0 0 0
0 5 10 15 20 25 30 0 5 10 15 20 25 0 5 10 15 20 25 30 0 5 10 15 20 25 30
May June July August
80000 80000 80000 80000
40000 40000 40000 40000
0 0 0 0
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
September October November December
80000 80000 80000 100000
40000 40000 40000 \/‘\/\\»\l 50000
0 0 0 0
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30

20



Daily Arrivals to Service: Time-Inhomogeneous (Poisson?)

Intraday Arrival-Rates (per hour) to Call Centers

December 1995 (700 U.S. Helpdesks)

% Arrivals
120

Percentoftotal call volume
TR S

(Help Desk Institute)

November 1999 (Israel)

Daily

‘Auerage number of calls
B
i

P R

May 1959 (England)

2 T /’/«\‘
- AYARN

I May 1959 B\ A

Hourly rate of input
X

L L L L L i L L L L,
2 4 6 8 10 12 2 4 6 8 o 2 Time

am. p.m. 24 hrs

Observation:
Peak Loads at 10:00 & 15:00
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Arrivals to an Emergency Department (ED)
Large Israeli ED, 2006

e R
HomeHospital Patients Arrivals to ED Department
Week days
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275
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Time (Resolution 5 min.)
« Jan-06 - Feb-06 - Mar06 - Apr06 - May-06 - Jun-06 + Ju-06 - Aug-06 - Oct-06 - Nov-06 - Dec-06 ==Dates total |

o Second peak at 19:00 (vs. 15:00 in call centers).

@ How much stochastic variability ?
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Intraday Arrival Rates: Does a Day have a Shape ?

Arrival Patterns, Israeli Telecom
Arrivals, Avg. Weekdays/1-4/2005

Average number of cases
R EREEE N
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Intraday Arrival Rates: Does a Day have a Shape ?

Arrival Patterns, Israeli Telecom
Arrivals, Avg. Weekdays/1-4/2005

Percent to Total, 30 min.

Proportion to column totals

o
Time (Resolution 30 min.)
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A (Common) Model for Call Arrivals

Whitt (99'), Brown et. al. (05’), Gans et. al. (09'), and others:

Doubly-stochastic (Cox, Mixed) Poisson with instantaneous rate
A(t) = A(t) - X,

where fOT A(t)dt =1.

o A(t) = “Shape” of weekday [Predictable variability]

o X = Total # arrivals [Unpredictable variability]

w/ Maman & Zeltyn (09'):
Above assumes “too-much” stochastic variability!
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Over-Dispersion (Relative to Poisson), Maman et al. ('09)

Israeli-Bank Call-Center
Arrival Counts - Coefficient of Variation (CV), per 30 min.

Sampled CV - solid line, Poisson CV - dashed line
0.7

Coefficient of Variation
e o o o o
N w s v o

o
o

o
o

0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Time

‘—Sundays —Mondays —Tuesdays ——Wednesdays —— Thursdays

o 263 regular days, 4/2007 - 3/2008.
o Poisson CV = 1/v/mean arrival-rate.
o Sampled CV's > Poisson CV's = Over-Dispersion.
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Over-Dispersion: Fitting a Regression Model

In(Standard Deviation)

In(STD) vs. In(AVG)

Tue-Wed, 30 min resolution

y =0.8027x - 0.1235

R?=0.9899
y =0.8752x - 0.8589
R? = 0.9882
1 2 3 4 5 6 7 8

In(Average Arrival)

[+ 00:00-20:30 e 10:30-00:00

In(Standard Deviation)

Tue-Wed, 5 min resolution

y =0.7228x - 0.0025
R? = 0.9937

y =0.7933x - 0.5727
R’ =0.9783

In(Average)

= 00:00-10:30 * 10:30-00:00

Significant linear relations (Aldor & Feigin):

In(STD) = c - In(AVG) + a

5D




Over-Dispersion: Random Arrival-Rate Model

The linear relation between In(STD) and In(AVG) motivates the
following model:

Arrivals distributed Poisson with a Random Rate

A=X+ XX, 0<c<1;

o X is a random-variable with E[X] = 0, capturing the
magnitude of stochastic deviation from mean arrival-rate.
o c determines scale-order of the over-dispersion:
¢ =1, proportional to A;
¢ =0, Poisson-level, same as 0 < ¢ < 1/2.

In call centers, over-dispersion (per 30 min.) is of order
A¢, ¢~ 0.8 —0.85.
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Over-Dispersion: Distribution of X ?

o Fitting a Gamma Poisson mixture model to the data:
Assume a (conjugate) prior Gamma distribution for the arrival

rate \ < Gamma(a, b).
Then, ¥ < Poiss(A) is Negative Binomial.

o Very good fit of the Gamma Poisson mixture model, to data
of the Israeli Call Center, for the majority of time intervals .

o Relation between our c-based model and Gamma-Poisson
mixture is established.

o Distribution of X derived, under the Gamma prior assumption:
X is asymptotically normal, as A — oo.
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Over-Dispersion: The QED-c Regime

QED-c Staffing: Under offered-load R = X - E[S],

n =R+ 8-R°, 05<c<l1

Performance measures:

a. Delay probability: P{Wyz >0} ~ 1—F(p)
E[X —
b. Abandonment probability: P{Ab} ~ %
E[X —
c. Average offered wait: E[V] ~ %
n - 80
d. Average actual wait: Enn[W] ~ Epn[V]
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ispersion: The Case of ED's

Israeli-Hospital Emergency-Department

Arrival Counts - Coefficient of Variation, per 1-hr. & 3-hr.

One-hour resolution Three-hour resolution

coefficient of variation
045 = = = inverted sq. root of mean

coefficient of variation
01 = = = inverted sq. root of mean

00 120 10 160 10 15 20 25 30 35 40 45 50 55
m(erval

e 194 weeks 1/2004 10/2007 (excludlng 5 weeks war in 2006).
@ Moderate over-dispersion: ¢ = 0.5 reasonable for hourly resolution.
o ED beds in conventional QED (Less var. than call centers ! 7).

40
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Call Transitions in the IVR - Phase Type

Ouerv
7 8408 5550) —
‘ P<<0.01 ‘ 78 1 2 q
41 — 5
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2
Credit
10 121
37
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Service Times: Fitting Distribution

Fitting Mixture of 5 Gamma Components

Relative frequencies %

-

Fitting Mixtures of Distributions for VRU only time
USBank, April 2001, Week days

Time (Resolution 1 sec.)

— Empirical = Total — Gamma Gamma — Gamma — Gamma

Gamma I

/
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Beyond Averages: Waiting Times in a Call Center

Small Israeli Bank Large U.S. Bank

T T T T T T T T T y 2 s 8 11 14 17 20 23 26 29 32 35
3 s % 120 10 180 210 200 20 300 Time

Medium Israeli Bank

0.0
20 40 60 80 100120 140 160 180 200 220 240 260 280 300 320 340 360 380
Time (Resolution 1 sec.)
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“Waiting-Times" Puzzle at a Large Israeli Bank

0.9

0.
<o
za.i

fos

o

i

0.1

0.0
20 40 60 80 100120 140 160 180 200 220 240 260 280 300 320 340 360 380
Time (Resolution 1 sec.)

Peaks Every 60 Seconds. Why?
o Human: Voice-announcement every 60 seconds.
o System: Priority-upgrade (unrevealed) every 60 secs (Theory?)

Served Customers Abandoning Customers

0.9

0.8
07
0.6
05
0.4
03
302

0.1

lative frequencies.

0
20 40 60 B0 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 -
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340

Time (Resolution 1 sec.) Time (Resolution 1 sec.)
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Still a Puzzle at a US Bank

e © _ R
USBank , Quick&Reilly
January 2003, Mondays

1.50

1.00

Relative frequencies %

0.50

0.00
00:03 01:03 02:03 03:03 04:03 05:03 06:03 07:03 08:03 09:03 10:03

Time(mm:ss) (Resolution 3 sec.)

[—Wai( i — Wait i l

o Different cycles of peaks in the waiting times of both served
(protocol?) and abandoning (psychology?) customers.

o No theory for periodic updates of either priorities or information.
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Service Times: Service Science

US Bank: Service Time Histograms for Telesales, 2001-3

e 7
USBank Agent service time, Telesales
Week days

23 AVG=391 AVG=428  AVG=442
1 STD=477 STD=485  STD=517

Relative frequencies %
P

1.0 4
0.8
0.5
0.3
0.0 T T T T \ T T T T
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 24:00
Time(mm:ss) (Resolution 5 sec.)
L —May-01  —May-02 —May-03 | )
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Service Times: Distribution and Psychology

Histogram of Service Times in a Small Israeli Bank

January-October November-December

?

683‘// .
& 6 5.59%

AVG: 201 Log-Normal

STD: 263

AVG: 185
STD: 238

o Lognormal service times prevalent in call centers
o 6.8% Short-Services: Agents' “Abandon” (improve bonus, rest)
o Distributions, not only Averages, must be measured.
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Validating LogNormality of Service Times

Israeli Call Center, Nov-Dec, 1999

Log(Service Times) LogNormal QQPlot
2 °] ..-/.'
z £
oz o+ & s ) w0 ww ww
Log(Service Time) Log-normal 1
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Call Transitions in the Service

Israeli Bank,
Retail Service
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Length of Stay: Resolution Dependence

Israeli Large Hospital: LOS in IW

Days Resolution

LogNormal QQ-Plot

Log Normal Quantile

ERARRARARARRARA AR AR AR AN AR A AR AR RN R AR
0246810 1316 19 22 25 28 31 34 37 40 43 46 49
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Length of Stay: Resolution Dependence

Internal Ward A:  Arrivals / Departures / # Patients , by hour

45 49

41 [-=—Enter_now_w_a
—e—Exit_now_IW_A
——WIP_A

S
&
Number of patients

12AM
1AM
2AM
AM
AM
AM
AM
AM
AM
AM
AM
AM
PM
1PM
2PM
3PM
4PM
5PM
PM
PM
PM
PM
PM
PM

Ongoing: Empirical Analysis of an ED, IW and Everything In
Between, w/ Y. Marmor, Y. Tseytlin, G. Yom-Tov, M. Armony.
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90 x 90 Matrix, Sub-Ward Resolution
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8 x 8 Matrix, Division Resolution

Including Arrivals and Releases

Home Surgery Internal Psychology Intensive Care Pediatrics Emergency Dep. Gynecology
Home 8.4 3.2 0.1 18.3 60.3 9.7
Surgery 90 7.9 13 0.7 0.1
Internal 84.4 1.9 13 0.1 0.5 0.1
Psychology 94.3 1.9 3.8
Intensive Care 172 40.9 38.4 0.9 26
Pediatrics 78.8 0.6 20.6
Emergency Dep. 69.9 8.9 19.2 0.2 0.3 1 05
Gynecology 55.3 0.3 0.2 0.1 241

Transitions Inside the Hospital
Surgery Internal Psychology Intensive Care Pediatrics Emergency Dep. Gynecology

Surgery 78.3 12.7 0.2 7 1.4 0.4
Internal 12 83.3 0.6 3.4 0.2 0.5
Psychology 33.3 66.7
Intensive Care 49.5 46.4 1 3.1
Pediatrics 2.6 0.2 0.1 96.9 0.2
Emergency Dep. 29.7 63.7 0.6 0.9 3.4 1.7
Gynecology 0.7 0.4 0.1 98.8

o About 50% of transitions between ED and internal wards.

o Most transitions are inside the specific hospitalized unit.
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“ED-to-IW" Routing

IW Operational Measures, or Efficiency vs. Fairness
Israeli Large Hospital (1/5/06 to 30/10/08, excluding 1-3/07)

| [Ward A | Ward B | Ward C | Ward D |

ALOS (days) 6.37 4.47 5.36 5.56
Avg Occupancy Rate 97% 95% 86% 92%
Avg # Patients per Month 206 187 210 210
Standard capacity 45 30 44 42
Avg # Patients /Bed/Month | 4.57 6.25 477 477
Return Rate 154% | 15.6% | 16.2% | 14.8%
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“ED-to-IW" Routing

IW Operational Measures, or Efficiency vs. Fairness
Israeli Large Hospital (1/5/06 to 30/10/08, excluding 1-3/07)

| [Ward A | Ward B | Ward C | Ward D |

ALOS (days) 6.37 4.47 5.36 5.56
Avg Occupancy Rate 97% 95% 86% 92%
Avg # Patients per Month 206 187 210 210
Standard capacity 45 30 44 42
Avg # Patients /Bed/Month | 4.57 6.25 477 477
Return Rate 154% | 15.6% | 16.2% | 14.8%

o The “fastest” + smallest Ward B subject to highest workload:
occupancy, flux: unfair.
o Calls for ED-to-IW routing, which is both efficient and fair
(w/ Tseytlin (MSc), Tseytlin & Momcilovic, Tseytlin &
Zviran): exact analysis, QED approximation (natural -
hours wait for days service), partial bed-information.
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System Design: Simplification via State-Space Collapse

Service Rate: Class or Pool Dependent?

= Class-dependent service rate

= Pool-dependent service rate
a1



Many-Server Approximations: State-Space Collapse

Class-Dependent ~ V-Model

Private . Private
Prapaid Private ik
l l I private private private
prepaid VIP

Lol
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Many-Server Approximations: State-Space Collapse

Pool-Dependent ~ A-Model
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Unpredictable Variability: The Multi-Class Case

Unpredictable variability: X = (Xg,..., X))

Pairs: (XRetailaxBusiness) and (XBusineSSaxPlatinum)

US Bank: Correlations, 600 weekdays (Gurvich et al., '09)

Business vs. Retail Business vs. Platinum

5000 600

500

400

inunelq

300

200

100

0
0 10000 20000 30000 40000 50000 60000 70000 o 1000 2000 3000 4000 5000
Retall . Business

o Positive correlation (not independent)

o Research: Impact on design and control decisions 7
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System Design: Inter-queue Model

U S Ba nk | 10 AM — 11 AM (03/19/01): Interflow Chart Among the 4 Call
Internal arrivals: Internal arrivals:
224 643
o Sevedatl: o Servedatl
External arrivals:2092 67 (29.9) 157 (24.4)
2063(98.6%Served)+29(1. * Servedat2: *  Servedat 2 External arrivals: 1770
(%Aban) 41(183) 195 (30.3) 1755(99.2
¢ Savedat3: o+ Servedat Served)+15(0.8 Aban)
Not 87(3838) 282 (43.9)
Tnterqueued:1209(57.8%) o Servedatd: + Servedat4:4
©6 Not Interqueued:
"y ¥
1184(97.9/56.6) o Ahan oI 1503(84.9)
© Aban25(2112) o Served: 1497
Tnterqueued :883(42.2) 179 619 R (99.6/84.6)
o Served = fad 3 o Aban: 6(0.403)
here:174(19.7/8.3 Interqueued:258+9
) (15.1)
o Servedar2: 19 5
*  Served he 110
438(49.6209) ! 8}' 1 (:f.‘ze/s.;:
2 -1 o Servedat 1:58
o173
74
sds +7
External arrivals: 1694 External arrivals: 122
1687(99.6% o1+ 112(91.8
Served)+7(0.4% Aban) ? Served)+10(8.2 Aban)
pul
Not Interqueued: Not Interquened: 93
1665(98.3) (76.2)
o Served: 1659 - - o Served: 8
(9697.9) Internal arrivals: 613 Internal arrivals: (o1460.7)
Aban: 6 (0.4/04) . ;&; 7)" L e 181 o Aban: 8 (8.6/6.6)
Interqueued:28+1 (1.7) o Sevedat2: * 1;31) at Interquened:27+2
o Served here: S13(83.7) R (23.8)
17(58.6/1) o Servedat3: 42(51.9) . f“};ds‘/lﬁ‘s
o Servedatl: 55(0.0) o Servedats: o
3(10.3/0.2) + Abmarls = e
S 203)
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Conceptual Model: The “Production of Justice”

The Labor-Court Process in Haifa, Israel

Z E o
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Analytical Model: Little's Law in Court (1)

Average Number of Months - W

Judges: Operational Performance - Base Case
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Analytical Model: Little's Law in Court (II)

Average Number of Months - W

Judges: Performance by Case-Type
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Analytical Model: Little's Law in Court (II1)

Avg. Months - W

Judges: Performance Analysis
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Analytical Model: Little's Law in Court (IV)

Judges: Performance Analysis
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Analytical Model: Little's Law in Court (V)

Avg. Months - W

Judges: Performance Analysis
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Little’'s Law, L= \- W

US Bank: Retail calls, May 2002

A, Throughput Rate

W, Average Waiting Time
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Little’'s Law, L= \- W

Israeli ED, October 1999, Day Resolution
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Little’'s Law, L= \- W

US Bank: Telesales Calls, October 10, 2001
A, Throughput Rate W, Average Waiting Time
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Little’'s Law, L= \- W

Israeli ED, Hour Resolution

# Patients in the ED (average)
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Workload and Offered-Load

o Workload: Stochastic process, representing the amount of
work present at time t, under the assumptions of infinitely
many resources (service commences immediately upon
arrival).

o Offered-Load: Function of time t > 0, representing the
average of the workload at time t.

The Offered-Load, R(t), determines staffing level via c-staffing
(c = 0.5 is conventional square-root staffing):

N(t) = R(t) + 6 - [R(2)]
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Offered-Load vs. # Agents

Israeli Cable Company,
Retail Service,
January 2009
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Offered-Load Representations (or Time-Varying Little)

For the M;/GI/N; + Gl queue, the offered-load
R = {R(t), t > 0}, has the following representations:

t

R(t) = E[L(t)] = /

—00

Au)- P(S > t— u)du = E[A(t) At 5)] _

= E[/tis )\(u)du] = E[\(t - Se)] - E[S],

where

A= {A(t), t > 0} is the Arrival process;
S is a generic service time;

Se is a generic excess (residual) service.

In stationary models, where A(t) = A, the offered-load R(t) is the
familiar A - E[S] (or A\/p), measured in Erlangs.
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Imputing Service Times of Abandoning Customers

In calculating the offered-load, one must account for service-times
of abandoning customers.

A prevalent assumptions is that service times and (im)patience
times are independent. Experience suggests that this assumption is
often violated.

For example, it is not unreasonable that customers who anticipate
longer service times, will be willing to wait more for service before
abandoning.
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Service Times: Stochastic Order

Small Israeli Bank: Survival Functions by Type

Survival

Time
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Relationship Between Service-Time and (Im)Patience

Ongoing research (w/ M. Reich, Y. Ritov) develops a procedure for
calculating the function E(S|T = w):

1. Introduce g(w) = E(S|7 > W = w), which is the mean
service time of those who waited exactly w units of time and
were served. Then calculate g via the non-linear regression:

Si=g(Wj)+ei,
where i indexing served customers.

2. Calculate E(S|T = w) via the (established) relation

g'(w)
E = = —
(Slr = w) = g(w) = £,
where h-(w) is the hazard-rate function of (im)patience, to
be estimated via un-censoring.

Finally, extend the above to calculate the distribution of S, given
w, which is then used to impute service-times for calculating the

offered-load.
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