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Measurements and MOP (Measures Of Performance)

Why Now? Why Measure?
Measurements - Some Empirical Axioms

Transaction-based (Event-based) Data; Time statistics
e Face-to-Face: The T, C, S, I, F, O methods.
e Telephone: ACD, CTI/CRM, Surveys.

e Internet: Log files.

Transportation: The Hertzel-Balfur intersection.

Administration: Project Management, Emergency Services, Government.

Healthcare: Emergency Departments,...

Averages do NOT tell the whole story

The Systems/Network View
e Niagra Falls, A Bank, A Call Center.

e Networks: Decentralized Call Centers, Haifa City Hall, Shouldice Hospital.

Simple Tools: Pareto, Fishbone Diagrams, Histrograms. Sometimes enough, but
often lead to the use of models and, moreover:

Subtleties: What is Service Time, Customers Patience (later)

Sample Size Matters

Scales; Frequencies of use; Model-based Database (eg. DATA MOCCA =
Data Models for Call Center Analysis; Extansions to Healthcare, Internert,...)

The Fluid View: Introduction

Lord Kelvin said (roughly) the following: “We can not understand (do science
with, manage) that which we can not measure (quantify).” Galileo Galilei
adds: “Measure what can be measured, and make measurable what can not be
measured.” (Does this really apply when “measuring people”?) And Leonard
Cohen sings in “The Future”: Won’t be nothing = Nothing you can measure
anymore.
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Why Only Now?

e History
— Telephone - 1910 (Erlang, Palm)
— Computers - 1960 (Moore, Kleinrock)
— Transportation - 1960 (Newell)
— Manufacturing - 1970 (Jackson, Solberg)
— Communications - 1980,...

e Services
— Research: academic, anecdotal
— Public sector: monopoly, no resources
— Management: vision, intuition
— Attitude: customer neglect, we’re experts
— Technology: Telephone, ... ,Multimedia,...

— Measurements
* Why bother?
e Time statistics scarce
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Call Center Measurements, Data Models and Data Analysis
Adapted from: Telephone Call Centers: Tutorial, Review, and Research Prospects

By Noah Gans (Wharton), Ger Koole (Vrije Universiteit) and Avishai Mandelbaum (Technion).
Published in Manufacturing and Service Operations Management (M&SOM), 5 (2), 2003;
downloadable from http://ie.technion.ac.il/serveng/References/CCReview.pdf

Abstract: Telephone call centers are an integral part of many businesses, and their economic
role is significant and growing. They are also fascinating socio-technical systems in which the
behavior of customers and employees is closely intertwined with physical performance measures.
In these environments traditional operational models are of great value — and at the same time
fundamentally limited — in their ability to characterize system performance.

We review the state of research on telephone call centers. We begin with a tutorial on how call
centers function and proceed to survey academic research devoted to the management of their op-
erations. We then outline important problems that have not been addressed and identify promising
directions for future research.

1 Data Generation and Reporting

As it operates, a large call center generates vast amounts of data. Its IVR(s) and ACD are special-
purpose computers that use data to mediate the flow of calls. (Acronyms are explained in the
Appendix at the end.) Each time one of these switches takes an action, it records the call’s
identification number, the action taken, the elapsed time since the previous action, as well as other
pieces of information. As a call winds its way through a call center, a large number of these records
may be generated.

From these records, a detailed history of each call that enters the system can, in theory, be
reconstructed: when it arrived; who was the caller; what actions the caller took in the IVR and
how long each action took; whether and how long the caller waited in queue; whether and for how
long a CSR served the call; who was the CSR. If the call center uses CTI, then additional data
from the company’s information systems may be included in the record: what the call was about;
the types of actions taken by a CSR; related account information.

In practice, call centers have not typically stored or analyzed records of individual calls, however.
This may be due, in part, to the historically high cost of maintaining adequately large databases
— a large call center generates many gigabytes of call-by-call data each month — but clearly these
quantities of data are no longer prohibitively expensive to store. It is also likely due to the fact
that the software used to manage call centers — itself developed at a time when data storage was
expensive — often uses only simple models which require limited, summary statistics. Finally, we
believe that it is due to lack of understanding of how and why more detailed analyses should be
carried out.
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7 A Vision: Central Repository for Call-Center Data and Exper-
tise

A prerequisite for understanding the financial effects of operational decisions is the ability to analyze
an integrated data set that includes both operational (ACD) and marketing / business (customer
information systems) data. With this information, one can attempt to tease out the longer-term,
financial effects of operational policies.

Our experience has been that both types of data are very difficult to access, however. One
reason for this is technical. Only recently have the manufacturers of telephone equipment given
customers something of an “off the shelf” ability to capture, store, and retrieve detailed, call-by-
call data. Similarly, the integration of these operational data with the business data captured
in customer information systems is only now becoming widely available. Another reason stems
from confidentiality concerns; companies are rightly wary of releasing customer information. Once
managers recognize the great untapped value of these data, we believe they will employ mechanisms
for preserving confidentiality in order to reap the benefit.

Ultimately, we envision a data-repository that is continuously fed by many call centers of varying
types. The collected data would be continuously and automatically analyzed, from both operations
and marketing perspectives. Then the data would be both archived and fed back to the originating
call centers, who would use it (through visualization tools) to support ongoing operations, as well
as tactical and strategic goals.

Little imagination is required for appreciating the value of such a data-base. As a start, its
developer could become a benchmark that sets industry standards, as far as customer-service quality
and call-center efficiency are concerned. As already mentioned, such a data-base would enable the
identification of success-drivers of call-center business transaction.

A Glossary of Call-Center Acronyms

Acronym Description Definition
ACD automatic call distributor p- 7?
ANI automatic number identification p. 7?7
ASA average speed of answer p. 77
CRM customer relationship management p. 7?7
CSR customer service representative p. 7?7
CTI computer-telephony integration p- 7?7
DNIS dialed number identification service p. 77
IVR interactive voice response unit (also called VRU) p. 7?7
PABX private automatic branch exchange (also called PBX) p. 7?7
PBX private automatic branch exchange (also called PABX) p.- 7?
PSTN public switched telephone network p. 7?7
QED Quality and Efficiency Driven (operational regime) p- 7?7
TSF telephone service factor (also called the ‘service level’) p. 77
VRU interactive voice response unit (also called IVR) p. 7?
WEM workforce management p. 7?7
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Judges:

Operational Performance — Base Case
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Judges: Performance by Case-Type
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Judges: Performance Analysis
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Judges: Performance Analysis
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Charlotte — Center

6/13/00 - Tue

Time | Recvd | Answ | Abn | ASA | AHT | Occ % On On | Sch Sch
% Prod% | Prod | Open | Avail
FTE | FTE %
Total | 20,577 | 19,860 | ~3.0% | 30 | 307 | 95.1% | 85.4% | 222.7 | 234.6 | 95.0%
8:00 332 3081 7.2% | 27 | 302 | 87.1% | 79.5% | 59.3| 66.9| 88.5%
8:30 653 615| 58% | 58 | 293 | 96.1% | 81.1% | 104.1 | 111.7| 93.2%
9:00 866 796 | 8.1% | 63 | 308 | 97.1% | 84.7% | 140.4 | 145.3 | 96.6%
9:30 | 1,152 1,138| 1.2% | 2I8 | 303 | 90.8% | 81.6% | 211.1 |221.3 | 95.4%
10:00 | 1,330 | 1.286| 3.3% | 22 | 307 | 98.4% | 84.3% | 223.1 | 229.0| 97.4%
10:30 | 1,364 | 1,338 | 1.9% | 33 | 296 | 99.0% | 84.1% |222.5 (2279 | 97.6%
11:00 | 1,380 | 1,280| 7.2% | 34 | 306 | 98.2% | 84.0% |222.0 |223.9| 99.2%
11:30 | 1,272 1,247 2.0% | 44 | 298 | 94.6% | 82.8% | 218.0 | 233.2| 93.5%
12:00 | 1,179 | 1,177 02% | 1 306 | 91.6% | 88.6% | 218.3|222.5| 98.1%
12:30| 1,174 | 1,160 1.2% | 10 | 302 | 95.5% | 93.6% | 203.8 | 209.8 | 97.1%
13:00 | 1,018 999 19% | 9 | 314 | 954% | 91.2% | 182.9|187.0| 97.8%
13:30 | 1,061 961 | 9.4% | 67 | 306 | 100.0% | 88.9% | 163.4 | 182.5| 89.5%
14:00 | 1,173 | 1,082 | 7.8% | 78 | 313 | 99.5% | 85.7% | 188.9 | 213.0 | 88.7%
14:30 | 1,212 1,179 2.7% | 23 | 304 | 96.6% | 86.0% | 206.1 | 220.9 | 93.3%
15:00 | 1,137 | 1,122 | 1.3% | 15 | 320 | 96.9% | 83.5% | 205.8 [ 222.1 | 92.7%
15:30 | 1,169 | 1,137 | 2.7% | 17 | 311 | 97.1% | 84.6% |202.2|207.0 | 97.7%
16:00 | 1,107 | 1,059 | 4.3% | 46 | 315 | 99.2% | 79.4% | 187.1 | 192.9 | 97.0%
16:30 914 892 | 2.4% | 22 | 307 | 95.2% | 81.8% | 160.0 | 172.3 | 92.8%
17:00 615 615 0.0% /| 2 | 328 | 83.0% | 93.6% | 135.0 | 146.2 | 92.3%
17:30 420 420 0.0%| O | 328 | 73.8% | 95.4% | 103.5|116.1 | 89.2%
18:00 49 49| 0.0% | 14 | 180 | 84.2% | 89.1% 5.8 1.4 416.2%

36



user
Highlight

user
Highlight

user
Highlight


16000 - )
Monday Tuesday  Wednesday  Thursday Friday Saturday Sunday
14000 -
12000 -
10000 -
8000 -~

6000 -

4000

Number of incoming calls per 30-minute interval

2000 -\v}
0

Week from 11/2/1998 to 11/8/1998



4

Q-Science

Arrival
Rate

250} S /H’“\K
APARN

- | el
150 May 1959! \x 4 \x

Hourly rate of input
T
\x
'xf
>

S50 A o
O 1 I 1 i I | 1 | ! 1 L,
2 < & B 10 2 2 4 & B 10 12 Time
a.m. p.m. 24 hrs
Time

. 15.1 The variation in the hourly input rates of reservations calls during

a typical day (in May 1959)
(Lee AM., Applied Q-Th)

1993 itelp Desk and Custoruer Support Practices Report

Call volume distribution

% Arrivals

12.0

100 |-

o

E

= 80 |-

£

s

EE.D—

2

% ol Dec 1995!

= 4

a

2

20 |-

0.0 I L S S A L, (RS (N S i A (SR ALY (O S (Y (e T
E E E E E E E E £ E E E €E E € E E E € E E E -
u-n;.-..-.-daddigdﬁﬁiﬁﬁﬁﬁﬁﬁigﬁme
e S S R B R T - O A~ I T T T ™ N - R B~ N
%—Nn1’ﬂn}r‘wﬁé§§—wﬂ-¢muhﬂd‘éé24hrs
& - = )
2 - =
= =

Howr of day

(Help Desk Institute)

MNumber ol respondents = 522



Humbet o Cally Orignartacd Quring Busiest Hour Each Wk

Arrival Process, in 1976

4800 Chrigimas Oy
4,400
Mother's Osy
4200 [ /
4,000 \ ving
et o
2800 AT
3800 L
3400
%200
3,000
2,000
1,000 |
|
H 1
I O Y
L] 2 4 8 8 10 12 14 16 18 20 22 24 26 28 30 32 34 W I 40 42 44 40 48 5O 57
J F " A "M 1] J A s o N o
Number ol Wemks
Figure 1 Typical distribution of calls during the busiest hour far
each week during & yaear.
A
£
2500 /, \
\ gl
2000 / ‘_“_ \
1000 t /
BOO

[+]
121 2 3 468 78

_

Daily

I |

N

AM

FM
Time

91011121 2 3 45 6 7 8 101112

Fgure 3  Typical haif-houtly call distribution (Bundy D A).

Number of Simultaneous Calls

Callg {000s)

24
22

i1
16
14
12

( E.S. Buffa, M. J. Cosgrove, and B. J. Luce,

N

gt

|

I S
—————]

e

Monthly

{11
MTWTFSSMTWTFGS

)

Flgurs @ Daily call load for Long Beach, January 1972,

all |11
SMTWTFSSEMTWTES

Prary

“An Integrated Work Shift Scheduling System”,
Decision Sciences, 7, 620-630 (1976)

-
SoONRa®EO

Figure 4 Typical intrahour distribution of catis, 10:00-11:00 a.M.

Tima (Cme Minute lntervals)

" 0
‘l-
‘ ‘ I \
A 1
Tl HAHHHH
Hourly
PIILLLILrIrLtt
00 10.15 10.30 10.45 11.00



Average number of calls

Arrival Process, in 1999
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’Arrivals: Inhomogeneous Poisson'

Figure 1: Arrivals (to queue or service) — “Regular” Calls
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Measurements

e Data is the Language of Nature
e Prerequisite for Science, Engineering and Management, yet

e Empirical “Axiom” = Problems with Historical Records
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Figure 7: Service Time Distribution from This Call Center
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Figure 8: Histogram of Log(Service Time) (Nov + Dec)
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Government Office - Cont'd

Service Times Histogram:
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AVG: 2.6 Mins
STD: 2.6 Mins
N: 2261 (~450 per day)

30%

20%

Frequency

10%

0%
0-1 1-2 2-3 34 45 5-6 6-7 7-8 89 910 10-11 11+

Minutes

Waiting Times Histogram:

40%
AVG: 27.6 Mins
0,
30% STD: 28.1 Mins
N: 2261
>
c
o 20%
o
Q
L
10%
0%

0-10  10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100 100-110 110+

Minutes

Note: Average sojourn time is 30.2 mins. Hence Service Index = 0.086. Too Low!
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Face-to-Face Services
Measurement & Control

s |'raditional work measurements

— Stop-watch: utilization profiles, times

o {_-method 1-station
" _ Sensors of arrivals and service-starts

— Queues physically ordered, standing
o S_method  1-station

— Tickets upon arrival (#, type)
— Queues logically ordered, sitting
» [.method Network

— Ticket upon arrival (7, type)

. Sensors at servers

— Diagnostic / Research-device

s T -method : 1 station/Network

— Transactions (automatically) recorded
— Off-line (end-of-day) and Real-time
— Inference of missing details

> Online global control exists (eg. KeyCorp, F-Bay)

a2



queue

F-Method
Exact Queue Vs. Estimate

— eXact estimate ---- 90%




KeyCorp. Bank, 1995

10" largest bank holding company in US.
5™ largest branch network in US.
over 1300 branches, 210 million customer-teller

transactions per year.

SEMS-  Service Excellence management

System

Results and Impact, Approximately from
1993 to 1995.

Dissatisfied customers: 17 2 8%.
% customers that wait > 5 min: 14 = 4%.

% days with 90% of customers wait < 5 min: 55
-2 89%.

% branches with 90% of customers
wait < 5 min: 42 =2 94%.

Customer average session time reduced by 53%:
246 sec =2 115 sec.

SEMS cost: $500.000 (including training).

Estimated profit (95-99): $98.000.000
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RFID Journal - Where is RFID's ROl in Health Care?
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Where is RFID's ROI in Health Care?

The most strategic benefitsfor radio frequency identification in health care aren't necessarily
found in applications with the most appar ent return on investment.

Feb. 13, 2006—The U.S. health-care industry represents a large percentage of the overall U.S. economy
and an areawell known for being alate adopter of information technology. In fact, according to the U.S.
Department of Health and Human Services (HHYS), at the end of the 1990s, the health-care industry was

investing only about $1,000 per worker on I T, compared with about $8,000 per worker for most other
industries.

Y et, despite its late-adopter nature, the industry can benefit tremendously from IT innovation in order to
improve patient safety and streamline business processes. The HHS estimates | T can reduce health-care
costs up to 20 percent per year by saving time and reducing duplication and waste. I T innovation can
come either in the form of established technologies deployed in new ways, or as emerging technologies
applied to support new or existing processes.

The innovation that has traditionally occurred purely on the clinical side of health
care is now starting to branch out into health-care IT (see The Importance of

Industry Parallels). Within the broad context of IT innovation, RFID isjust one area
that shows promise for the future. According to BearingPoint's recent "RFID in

Healthcare" survey of more than 300 health-care professionals, carried out in
collaboration with the National Alliance for Health Information Technology

(ITAA), we have found awealth of application opportunity areas for RFID in
organizations providing health care. Application areas include access control and
security, asset tracking, laboratory order management, medical-equipment tracking,
patient flow, patient safety (identification and medication administration), pharmaceutical order
management, real-time location systems, supply chain, smart shelving, wireless commerce and worker
identification. We have found that the top three applications, in terms of business benefit for today's
provider organizations, are commonly mobile-asset tracking, patient-flow management and medication
administration. Each of these application areas has its own unique business case, and we'll explore these
here.

The business case for tracking mobile assetsis related to the ability to find assets such as infusion pumps
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RFID Journal - Where is RFID's ROl in Health Care?

quickly, and to minimize time searching for these assets within an emergency department or other
hospital unit. Real-time location systems are able to |ocate these assets within afew feet, or within a
particular room. The time savings may be realized by both clinical engineering staff and nursing staff,
and can often amount to a couple of days per week per person. Additionally, these faster search times
can help improve overall asset utilization and, in certain circumstances, enable more streamlined
inventories of equipment and lower rental costs. Tracking technologies can help to lower shrinkage
when items get accidentally misplaced for extended periods of time, while also serving as a deterrent to
deliberate theft. The return on investment can be quantified by looking at all of these factors and
comparing them with the initial and ongoing costs involved in implementation. In this example, the
business case isfairly straightforward to determine, and investment decisions typically ride upon the
infrastructure costs of the network deployment.

The business case for better patient-flow management is related to the ability to streamline patient flow,
and thus patient throughput, throughout the continuum of care. If an emergency department can process
more patients per year, it can help delay the need to expand the unit or build additional facilities.
Improved patient flow can also have a positive effect on patient satisfaction and provider business
processes and recordkeeping. The ability to capture procedure start and stop times and patient wait times
can help automate previously manual measurement techniques. It can aso be used for Six Sigma
purposes and continuous improvement. An electronic record of patient flow greatly improves the time
taken to perform chart audits and can feed into the patient electronic medical record. Patient status can
be electronically communicated to family members in waiting rooms via displays, helping reduce call
volumes and associated costs. Better flow management may also help to increase revenue by more
accurately capturing services rendered, enabling full billing for those services and supplies.

Finally, diversions where patients are redirected to other hospitals can be reduced since optimizing
patient flow provides more capacity in the system, allowing patients to be treated on the spot. In this
example, the business case is more complex and the return on investment can be harder to estimate.
Patient-flow management is a complex topic requiring strong knowledge of current health-care
processes and a holistic approach to implementation that factors in change management and continuous
improvement, along with the technical aspects of implementation.

The business case for RFID-enabled medication administration relates to the well-known "five rights" of
medication administration: right patient, right medication, right dose, right time and right route. Like bar
codes, RFID can help ensure these five rights are upheld and, hence, contribute toward reduced medical
error rates. While only 7 percent of erroneously administered doses, on average, lead to "adverse drug
events'—causes harm to the patient—these kinds of preventable events can lead to increased patient
stays averaging over two extra days and costing around $4,600 per event. Litigation from ADESs can be
much more significant in terms of cost, and negative publicity is equally damaging. In this example, the
business case is again harder to determine in terms of hard ROl numbers, but it is obviously an area of
the most importance, sinceit directly relates to patient safety.

To execute on these three business cases, it isimportant to take a holistic approach and consider which
initiatives are quick wins versus longer-term strategies. Tracking assets and improving patient flow can
be implemented in parallel in order to leverage the same infrastructure—typically indoor positioning
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systems utilizing active RFID.

To measure success before a widespread rollout, providers can also target subsets of patients and assets.
We have found that many providers are pursuing a phased approach from the emergency department to
the operating room and beyond. This strategy helps focus deployments first where they have maximum
benefit, and to expand later into other areas of value.

The business case for RFID-enabled medication administration, on the other hand, is more of alonger-
term strategy because it requires more infrastructure to be in place, such as RFID-tagging at the item
level, RFID-enabled patient wristbands for positive patient identification, and wireless devices and
networks available to nursing staff throughout afacility. It also requires integration with existing clinical
systems and software that supports RFID-enabled point of care.

These three application areas have strong business cases with the potential to improve patient safety and
health-care service delivery significantly. While the return on investment is often readily apparent for
guick wins such as mobile-asset tracking, the most strategic benefits appear to be found when RFID is
applied to clinical transformation in terms of patient-flow management and medication administration.
The return on investment is harder to quantify, yet the business benefits to patients and providers are
immense.

Nicholas D. Evans isthe global lead of emerging technology at BearingPoint. He is the author of

Business Innovation and Disruptive Technology (Financial Times, Prentice Hall) and chairsthe RFID
Sandards Task Group for the Information Technology Association of America (ITAA). He can be

reached at mailto: nicholas.evans@bearingpoint.com?subject=.
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“Seven rights”: give the right medication to the right patient with the right dosage through
the right route at the right time, and ensure that victims receive the right care at a mass
casualty incident.
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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



Telephone Service: Call-by-Call Data

vrutline|call idjcustomer id|priority|type|date |vru entry|vru_exit [vru_time|q start |q exit [q_timeloutcomgser start [ser exit [ser time|server
AA0101{44749(27644400 |2 PS [990901]|11:45:33 |11:45:39|6 11:45:39]11:46:58|79 AGENT|11:46:57|11:51:00[243 DORIT
AA0101/144750]12887816 |1 PS 1990905]14:49:00 114:49:06(6 14:49:06|14:53:00{234 | AGENT|14:52:59|14:54:29(90 ROTH
AA0101/144967]58660291 (2 PS 1990905]14:58:42 114:58:48(6 14:58:48]15:02:31{223  |AGENT|15:02:31]|15:04:10{99 ROTH
AA0101{44968(0 0 NW|[990905(15:10:17 [15:10:26]9 15:10:26]15:13:19{173  |HANG |00:00:00]00:00:00(0 NO_SERVER
AA0101/144969163193346 (2 PS 1990905]15:22:07 115:22:13(6 15:22:13]15:23:21|68 AGENT|15:23:20]15:25:25| 125 STEREN
AA0101{44970(0 0 NW|[990905(15:31:33 [15:31:47|14 00:00:00100:00:00{0 AGENT|(15:31:45]15:34:16| 151 STEREN
AA0101/44971141630443 (2 PS 1990905(15:37:29 |15:37:34|5 15:37:34]15:38:20]46 AGENT)| 15:38:18(15:40:56] 158 TOVA
AA0101{44972(64185333 |2 PS [990905|15:44:32 (15:44:37|5 15:44:37|15:47:57|200 |AGENT|15:47:56|15:49:02(66 TOVA
AA0101/44973|3.06E+08 |1 PS 1990905[15:53:05 |15:53:11{6 15:53:11]15:56:39(208  |AGENT|15:56:38|15:56:47(9 MORIAH
AA0101{44974|74780917 |2 NE [990905]15:59:34 |15:59:40(6 15:59:40116:02:33(173  |AGENT|16:02:33|16:26:04(1411 ELI
AA0101/44975]55920755 (2 PS 1990905|16:07:46 |16:07:51(5 16:07:5116:08:01|10 HANG |00:00:00{00:00:00]0 NO_SERVER
AA0101{44976(0 0 NW[990905]|16:11:38 [16:11:48[10 16:11:48|16:11:50(2 HANG |00:00:00{00:00:00{0 NO_SERVER
AA0101|44977)33689787 (2 PS 1990905]16:14:27 116:14:33(6 16:14:33]16:14:54(21 HANG |00:00:00{00:00:00]0 NO_SERVER
AA0101{44978(23817067 |2 PS [990905|16:19:11 [16:19:17|6 16:19:17|16:19:39(22 AGENT|16:19:38]16:21:57|139 TOVA
AA0101{44764 |0 0 PS [990901]15:03:26 [15:03:36{10 00:00:00100:00:00{0 AGENT|15:03:35]15:06:36 181 ZOHARI
AA0101{44765(25219700 |2 PS [990901|15:14:46 (15:14:51|5 15:14:51|15:15:10{19 AGENT|15:15:09]15:17:00] 111 SHARON
AA0101{44766(0 0 PS [99090115:25:48 (15:26:00]12 00:00:00100:00:00{0 AGENT|15:25:59]15:28:15[136 ANAT
AA0101{44767(58859752 |2 PS [990901|15:34:57 |15:35:03|6 15:35:03]15:35:1411 AGENT|15:35:13]15:35:15|2 MORIAH
AA0101{44768(0 0 PS [990901]15:46:30 [15:46:39(9 00:00:00100:00:00{0 AGENT|15:46:38]15:51:51|313 ANAT
AA0101{44769(78191137 |2 PS [990901]|15:56:03 [15:56:09|6 15:56:09]15:56:28|19 AGENT(15:56:28]15:59:02| 154 MORIAH
AA0101|4477010 0 PS 1990901)16:14:31 |16:14:46[15 00:00:00100:00:00{0 AGENT|16:14:44]16:16:02| 78 BENSION
AA0101{44771(0 0 PS [990901|16:38:59 [16:39:1213 00:00:00100:00:00{0 AGENT(16:39:11]16:43:35|264 VICKY
AA0101|4477210 0 PS 1990901|16:51:40 |16:51:50{10 00:00:00100:00:00{0 AGENT|16:51:49]16:53:52|123 ANAT
AA0101({44773 0 0 PS [990901|17:02:19 [17:02:28|9 00:00:00100:00:00{0 AGENT(17:02:28]17:07:42|314 VICKY
AA0101|144774)32387482 |1 PS 1990901{17:18:18 |17:18:24(6 17:18:24117:19:0137 AGENT|17:19:00{17:19:35|35 VICKY
AA0101({44775(0 0 PS [990901|17:38:53 (17:39:05|12 00:00:00100:00:00{0 AGENT|17:39:04|17:40:43|99 TOVA
AA0101|44776|0 0 PS 1990901(17:52:59 |17:53:09(10 00:00:00100:00:00{0 AGENT|17:53:08(17:53:09| 1 NO_SERVER
AA0101(44777)|37635950 |2 PS 1990901(18:15:47 [18:15:52|5 18:15:52|18:16:57(65 AGENT|18:16:56|18:18:48| 112 ANAT
AA0101|44778|0 0 NE [990901]18:30:43 [18:30:52(9 00:00:00100:00:00{0 AGENT|18:30:51]18:30:54|3 MORIAH
AA0101(4477910 0 PS 1990901(18:51:47 |18:52:02|15 00:00:00]00:00:00{0 AGENT|18:52:02|18:55:30| 208 TOVA
AA0101/4478010 0 PS 1990901)19:19:04 |119:19:17(13 00:00:00100:00:00{0 AGENT|19:19:15]19:20:20| 65 MEIR
AA0101{44781(0 0 PS [990901{19:39:19 [19:39:30|11 00:00:00100:00:00{0 AGENT|19:39:29]19:41:42|133 BENSION
AA0101({44782(0 0 NW[990901]20:08:13 |20:08:25[12 00:00:00]00:00:00{0 AGENT|20:08:28]20:08:41|13 NO_SERVER
AA0101)4478310 0 PS 1990901)20:23:51 |20:24:05|14 00:00:00100:00:00{0 AGENT|20:24:04|20:24:33|29 BENSION
AA0101{44784(0 0 NW[990901]20:36:54 |20:37:14{20 00:00:00]00:00:00{0 AGENT|20:37:13|20:38:07| 54 BENSION
AA0101{44785(0 0 PS [990901)20:50:07 [20:50:16{9 00:00:00100:00:00{0 AGENT|20:50:15|20:51:32|77 BENSION
AA0101{44786(0 0 PS [990901|21:04:41 |21:04:51{10 00:00:00100:00:00{0 AGENT|21:04:50|21:05:59|69 TOVA
AA0101{44787(0 0 PS [990901|21:25:00 (21:25:13]13 00:00:00100:00:00{0 AGENT(21:25:13]21:28:03[170 AVI
AA0101)44788|0 0 PS 1990901)21:50:40 |121:50:54|14 00:00:00100:00:00{0 AGENT|21:50:54{21:51:55|61 AVI
AA0101{44789(9103060 2 NE |990901(22:05:40 [22:05:46|6 22:05:46|22:09:52(246  [AGENT|22:09:51|22:13:41{230 AVI
AA0101)144790(14558621 (2 PS [990901|22:24:11 (22:24:17|6 22:24:17|22:26:16(119  |AGENT|(22:26:15|22:27:28(73 VICKY
AA0101{44791(0 0 PS [990901]|22:46:27 |22:46:37(10 00:00:00100:00:00{0 AGENT22:46:36|22:47:03|27 AVI
AA0101/44792167158097 (2 PS 1990901{23:05:07 |23:05:13(6 23:05:13)23:05:30[ 17 AGENT)23:05:29(23:06:49|80 VICKY
AA0101{44793 15317126 |2 PS [990901]|23:28:52 |23:28:58|6 23:28:58/23:30:08(70 AGENT(23:30:07]23:35:03|296 DARMON
AA0101|4479410 0 PS 1990902(00:10:47 |00:12:05[78 00:00:00100:00:00{0 HANG |00:00:00]00:00:00{0 NO_SERVER
AA0101{44795(0 0 PS [990902|07:16:52 |07:17:01{9 00:00:00100:00:00{0 AGENT|07:17:01]{07:17:44)|43 ANAT
AA0101|44796 |0 0 PS 1990902)07:50:05 |07:50:16[11 00:00:00100:00:00{0 AGENT|07:50:16]07:53:03| 167 STEREN
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Command Center Intraday Report

Date Updated Through: Ali Day
06/13 - Tue Recvd Answ Abn% | ASA | AHT | Occ% On | On Prod| Sch Open|Sch Avail
_ Prod% | FTE FTE Y
Total: 128,960 126,321 2.8% . 3 318 90.9% 88.4% 1531.7 1585.0| 96.6%
ANQ  |Charlotte 20,577 19,860 3.5% 30 307 95.1% 85.4% 2227 2348] 95.0%
ING [Columbus MCSC 7,973 77731 2.5% 36 314 94.9% B2.8% - 89.2 9451 94.4%
INQ |Phoenix 17,102 16,757} 2.0% 3t 298 | 927% | 91.8% 187.3 194.8] 96.2%
INQ  |Scranton 1,257 1,254 02% 8 515 | 78.6% | 28.9% 285 351 81.2%
INQ |Tampa 8,174 B,859] 3.4% a2 366 91.5% 93.6% 123.1 1258 97.8%
CEN {Bourbonnais 6,070 59377 22% 33 362 86.7% 90.2% 86.0 884| 97.3%
CEN |Bristol 10,667 10,505] 1.5% 25 355 | 95.1% | 93.1% 136.3 139.6f 97.6%
CEN |Columbus Claims 5,258 51531 2.0% 27 293 | 86.7% | 89.8% 60.5 622| 97.3%
STH |Attanta 7.514 7338 2.3% 40 318 82.1% 85.5% 08.6 99.8| 98.8%
STH |Sherman 19,669 18,833] 4.3% 46 252 93.8% 90.6% 1765 174.91 100.4%
STH (Wilmington 10,422 9.888| 51% 21 285 89.9% 92.1% 108.7 1148] 94.8%
WST [Visalia 14,277 14,164| 0.8% 10 382 | 87.2% | 85.0% 215.2 2208| 976%
-4
Notes: .

&
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:9-9

10 AM -11 AM™

Internal arrivals: 228

Internal arrivals: 659
Served at 1: 162
Served at 2: 200

Served at 3: 288
Served at 4: 4
Abanat1:3

Abanat2: 1
Aban at 4/1\ /

638

e Servedatl:70
External arrivals: 2323 . gefved at 2f 42
2083(Served)+240(Aban) ¢ Served at 3: 87
e Servedat 4: 23
Not Interqueued: e Abanat3:5
e Served: 1187 \ e Abanat4:1
¢ Aban: 236
Interquened 185
o Served here: 179 -«
o Served at 2: 444 i 3
» Servedat3: 273 20
s Aban: 4 A
20
We think these 3 calls are

ambiguous calls due to the switch
system. We should not worry about

them.

519

External arrivals: 1877
1699(Served)+178(Aban)

Not Interqueued:

¢ Served: 1671

e Aban: 177
Interqueued

¢ Served here: 17

o Servedatl:3

e Servedat3:8

s Aban: 1

104

Internal arrivals: 623

e Servedat 1: 42
Served at 2: 520
Served at 3: 57
Abanat 1: 2
Abanat3:2

> RI3

12

82

Internal arrivals: 82
e Servedatl: 18
e Served at 3: 42
e Served at 4: 15
e Abanat3:7

External arrivaIS‘: 1900
1766(Served)+134(Aban)

Not Interqueued:

o Served: 1506

e Aban: 125
Interquened

e Served here: 110
Served at 1:59
Served at 2: 76
Served at 4: 15
Aban: 9

External arrivals: 125
114(Served)+11(Aban)

Not Interqueued:
s Served: 85
e Aban: 9
Interqueued
o Served here: 14
e Servedati:8
e Servedat3:7
¢ Aban:2

7o) 17) h P e b




Chartl

Relative frequencies, %

Wait time(waiting) Retail
April 2002, Week days

2 8 14

20 26 32 38 44

Time (Resolution 1 sec.)

50 o6 62

Page 1
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Flow - Du‘adm-h} : 1.9, Bank

\4 \4

rh?lm (2 ';
l 11712 1804 114186
731
nodel == > hode2
W
193 254
4
9254 . 14688
y Y
1618 426 488 171
\ 8742 /
- node 3

\25
4
10126 ‘

! SEESHF
c Nov. 2014
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Web Access Log
{From a CD that accompanies
"Capacity Planning for Web Performance™, by

Menasce,

local
local
local
local
local
local
local
local
local
local
local
local
local
local
local
local
local

local -

jocal
Jocal
local
local
local
local
local
local
local
local
local
local
local
local
local
local
local
local
local
local
local
local
local
local
local
local

remote
remote

local

remote

local
local

remote
remote

D.A. and Almeida,

[24/0ct /1994:13:41:41
[24/0ct/1984:13:41:41
[24/0Cct/19%4:13:43:13
[24/0Cct/1994:13:43:14
[24/0ct/1994:13:43:15
[24/0ct/1994:13:43:17
[24/0ct/1994:13:46:45
[24/0ct/1994:13:46:45
[24/0ct/1994:13:46:47
[24/0ct/1994:13:46:50
[24/0ct/1994:13:47:19
[24/0ct/1994:13:47:19
[24/0ct/1994:13:47:41
[24/Cct/1994:13:47:50
[24/0ct/1994:13:48:11
[24/0ct/1994:13:48:23
[24/0ct/1994:13:48:51
[24/0ct/1994:13:49:01
[24/0ct/1994:13:49:01
[24/0ct/1994:13:49:14
{24/0ct/1994:13:49:20
{24/0ct/1994:13:49:21
[24/0ct/1294:13:49:25
[24/0ct/1994:13:49:27
[24/0ct/1994:713:49:39
[24/0ct/1994:13:49:49
[24/0ct/1994:13:50:33
[24/0ct/1994:13:55:03
[24/0ct/1994:13:55:04
[24/0ct/1994:13:55:08
[24/0ct/1994:13:55:21
[24/0ct/1994:13:59:48
[(24/0ct/1994:13:59:55
[24/00ct/1994:14:00:06
[24/0ct/1994:14:00:20
[24/0ct/1994:14:00:20
[24/0ct/1964:14:00:25
[(24/0ct/1994:14:00:4%
[24/0ct/1994:14:00:52
[24/0ct/1994:14:01:02
[24/0ct/1994:14:01:11
[24/09t/1994:14: 1:24
[(24/0ct/1994:14:01:42
[24/0ct/1994:14:02:01

[24/0ct /1994:14

[24/0ct/1994:14
[24/0ct/1994:14:03:39

[24/0ct/1994:14
[24/0ct/1994:14:04:22
[24/0ct/1994:14:05b:17
[24/0ct/1994:14
[24/0ct/1994:14

V.A.F.,

Service Engineering,

Prentice Hall,

_0600] nHuoom
-0600] "UUGETY
"‘0600} " HIIGET"
_0600] LR e o i
-06001} TUNGET™
_0600} ""“GET"
_0600] wnueoome
_O600] n ""GET"
"0600] ""“GET"
—0600] wwmonmn
-06003 HIIRGET"
-0600} TUTGET"
"‘0600] IITIIIGET"
—0600] LR e ol i
"0600} L] HHGETII
_0600] LA e ol
~-0600] TENGET™
-0600] THEGET™
_0600] L e o i
"0600] lllfllGET!l
_0600] L "“GET"
_060{}] Lol o
“‘0600} R CTme
“0600} L el o i
"‘0600} IIH!IGETH
‘—0600] nrwEpmy
_0600] ""“GET"
—0600] LR el nls b
“06003 Lol ol i
"06003 LT
"‘0600] LR fednd Wy
'—0600] LAt
_OGOO] II!IHGET"
“0600] LT o
—0600] LR el ol ol
'"0600] ” "“GET“
"“06001 L el
-0600) LRI Telnli
. ‘"0600] LA et o i
—OGOO] LR Fed vtk
"06001 ML el ol
_0600} HllllGET"
_0600] LALL el ol
'0600] WHB o
:03:32  -0600]  ""GET”"
:03:36 ~ -0600]  ""GET"
*06001 nawCoEqe
:03:49 ~06001 TeGET"
”0600] LR e ol i
_06001 LT ol i
:05:31 ~0600] TUGET"
:06:07 -0600] "UGET"

"index.html HTTR/1.0""

10/2000

1998.)

"index.html HTTE/1.0"" 200 150"
"l.gif HTTP/1.0"" 200 1210"
"index.html HTTE/1.0"" 200 3185"
"2.gif HTTP/1.0"" 200 2555"
"3.gif HTTP/1.0"" 200 36403"
"4.gif HTTP/1.0"" 200 4417
"index.html HTTE/1.0"™ 200 3185"
v2.gif HTTR/1.0"" 200 2555"
"3.gif HTTP/1.0"" 200 36403"
"4.gif HTTP/1.0"" 200 441"
"index.html HTTE/1.0"" 200 150"
"1.gif HTTPR/1.0"" 200 1210"
"index.html HTTP/1.0"" 200 3185"
"S _html HPTE/L1.07"" 200 2065"
"g.html BETTP/1.0"" 200 1124"

"7 _html HTTP/1.0%""™ 200 1538"

"8 . html HTTE/1.0"Y" 200 322"
"index.html HTTRP/1.0"" 302 -"
"index.htmi HTTP/1.0"" 200 299"
"9 himl HTTP/1.0"" 200 1248"

200 3185"
"2.gif HTTP/L.0"" 200 2555"
*3_gif ETTP/1.0"™ 200 36403"
"4.gif HTTP/1.0"™ 200 441"
"index.html HTTP/1.0"" 200 150"
"10.html HTTP/1.0"" 200 2286"
*index.html ATTP/1.07"" 200 150"
"11_html HPTP/L1.0""™ 200 1213"
"11.html HTTP/1.0""™ 200 1213"%
"12.gif HTTP/1.0"" 200 191"
713.gif HTTP/1.0"" 200 23974
"index.html HTTP/1.0"" 200 3185%"
"14 . html HTTE/1.0™" 304 0"
"index.html HTTR/1.0"" 200 31007
"index.html HTTPR/1.0"" 302 -"
"index.html HTTP/1.0™" 200 631"
*15 _html HTTP/1.0"" 200 861"
"index.html HTPP/L.0"™" 200 631"
"16.html HTTR/1.0"™" 200 1006"
"index.html HTTP/1.0"" 200 1507
*17.html HTTP/1.0"" 200 881"
"18.html HTTR/1.0"" 200 709"

19 html HTTP/1.0"" 200 1357"
"index.html HTTP/1.0""™ 200 391"
w20, himl HTTPR/1.0"" 200 15307
"T 21.gif HTTP/1.0"" 200 59975"
vindex.html HTTP/1.0"" 200 410"
wr 23 html HTTPR/1.0""™ 200 7151"
"index.htmi HTTP/1.0""™ 200 410"
"index.html HTTP/1.0""™ 200 419"
*7 23_html HTTR/1.0"" 200 37877
" 24 . html HTTP/1.07" 200 4326"

On Measurement Methodology + Metrics : See http://www.xiwt.org/
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On Measurement Methodology + Metrics : See http://www.xiwt.org/
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/fza s 140 O’Z,f[br’/’% 2)"14_/

i

17-mar-1993 YOLWUMES REPORT page:1l

Group#l: 1013

Group#2: 1014

Group#3: 1015

Group#4: 1017

Date Time Vol1 vol2 vol3 vold

sun-21-feb-1993
00:00:00 49 75 19 0
00:15:00 34 49 12 ]
00:30:00 24 b6 13 0
00:45:00 10 35 7 0
01:00:00 11 L7 3 0
01:15:00 12 45 2 0
01:30:00 10 46 5 0
01:45:00 & 37 3 0
02:00:00 ? 36 3 g
02:15:00 8 27 3 ]
02:30:00 157’ 21 0 0
02:45:00 2 22 5 ¢
03:00:00 13 35 2 0
03:15:00 2 18 1 0
03:30:00 9 24 1 0
03:45:00 4 21 1 0
04:00:00 4 11 3 0
04:15:00 3 8 1 0
04:30:00 6 11 3 0
04345300 4 17 1 ]
05:00:00 9 21 5 0
05:15:00 7 22 8 ]
05:30:00 13 43 15 0
05:45:00 17 40 22 0
06:00:00 26 &4 28 0
06:15:00 36 84 46 0
06:30:00 34 79 41 0
06:45:00 40 88 66 ]
07:00:00 46 " 72 ]
07:15:00 48 9% 67 0
07:30:00 51 93 .14 g
07:45:00 &0 113 58 0
08:00:00 56 134 60 0
08:15:00 58 133 az 0
08:30:00 40 154 34 0
08:45:00 &7 147 84 0
0%:00:00 a8 132 o9 30
0%:15:00 &8 126 4l 13
09:30:00 71 140 98 fee
09:45:00 a3 159 89 147
10:00:00 78 144 a5 135
10:15:00 85 160 42 137
10:30:00 78 156 as 100
10:45:00 83 160 54 117

£ 11:00:00 B4 139 72 132
hj‘ 11:15:00 g2 169 78 156

143
95
a3
53
61
59
&
46
48
38
36
39
50
21
34
2%
18
12
20
22
35

71

118
166
154
194
209
214
208
231
230
273
228
298
349
396
431
478
442
424
422
414
427
495

144
136
154
164
136
102
120

106
177
170
129
144

- 179

11:30:00 82 165 )
11:45:00 97 169 &9
12:00:00 1 129 163
12:15:00 a1 171 40
12:30:00 85 112 &5
12:45:00 85 83 88
13:00:00 93 96 90
i3:15:00 &5 98 116
13:30:00 86 101 104
13:45:00 76 171 87
14:;00;00 a0 176 83
14:15:00 66 142 &6
14:30:00 81 173 79
14:45:00 87 163 62
15:00:00 94 179 N
15:15:00 82 168 75
15:30:00 80 160 Th
15:45:00 107 191 81
16:00:00 96 167 as
16:15:00 111 182 13
16:30:00 108 140 37
16:45:00 98 154 101
17100:00 7 96 102
17+15:00 78 124 95
17:30:00 78 95 105
17:45:00 96 118 106
18:00:00 81 114 1035
18:15:00 84 144 111
18:30:00 89 136 107
18:45:00 96 156 &7
19:00:00 102 144 102
19:15:00 93 147 102
19:30:00 92 156 83
19:45:00 84 157 63
20:00:00 78 170 49
20:15:00 79 162 24
20:30:00 62 128 46
20:45:00 75 122 46
21:00:00 69 117 81
21:15:00 63 o 34
21:30:00 43 104 N
21:45:00 53 113 38
22:00:00 43 61 27
22:15:00 46 &8 26
22:30:00 49 73 30
22:45:00 28 63 26
25:00:00 N 61 29
23:15:00 43 @2 24
2%:30:00 42 &8 24
23:45:00 .0 0 0
Date Time vol1 vol2 voll vold
Mon-22- feb- 1993
00:00:00 25 32 10
00:15:00 21 43 13

196
174
200
169
150
190
151
126
150
108
105
126
113
141
140
168
142
124

a5
158
132
122
199
107

93

80
a0
69
57
70
36
4
65
49

37
32

495
471
Y i
456
418
358
i
352
397
511
509
403
477
491
560
499
514
548
499
516
436
479
426
405
383
446
411
430
472
487
490
465
416
462
L9
387
345
350
330
293
258
284
200
197
222
153
165
226
183

104
109
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Transportation: Throughput (Flow) vs. Occupancy

Free-Flow — Critical-Occupancy — Congestion (Human)

HERZEL - BALFUR
KNO10103-4 1020-1-7-8 27-28/9/93

Hourly Vol.(vph)

Occ(%)

37

ED: Throughput (Flow) vs. Occupancy (Human)

Congestion-Dependent Flow-Rates: Light, Regular, Heavy

‘ ——ML)/L
—A—p(L)

8.0

N
)
.

N
<)

Patients per Day per Bed

o
&)

\/ N
g

7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61
L (Number of Occupied Beds)

6.0

Empirical Analysis of an ED:
Y. Marmor (PhD), Y. Tseytlin (MSc), G. Yom-Tov (PhD), Mor Armony.

38




Time-Varying Queues: Predictable Variability
(with Jennings, Massey, Whitt)

Arrivals AN
1. N\
- N\
s/ N
% " / \/—\
i / N
:@ SN R ,pj @ & & S
Queues

[ ——
> N
b >

a
N I N I R N I N

Time

Waiting -
a :: r_\ A iy LS
L A\ /\ o~
i J =2 VN
f -1

T
45



Average Service Durations Over The Day

14 |
12 / Immigrants
10 1 A
" A Tellers
£ °® 7'—.’/‘/.\./-.\. »
=] [
o
s 67
4 4 .
ol .+ laminaion Timeor State
o Dependent ?
8:00 9:00 10:00 11:00 12:00 13:00 14:00 Avg.
14
12 / Hiuvim
A
10 /‘\10ashier
g 8
=)
c a
S 6
4 k/*/MCollection .
2 3 Patterns
8:00  9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 Avg.
200
175 A
150 Raanana
n 125 Jerusalem L]
e
§ 100 Tel-Aviv * .
» 75 3 Branches Provide
50
the Same Tele-
25 .
o Service
7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 Avg.
30
25
20
] .
S 15 .
s Archive
10
Visa
5
04 |
8:00 9:00 10:00 11:00 12:00 13:00 14:00 Avg.

“Fluid” —view, but ...

? Sample Size
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Arrival Process: Time Scales

_— Yearly
o -
IDDOm .—‘-—__.’

Monthly

Daily
N
N TN
N\
\~\
\\\__———\

Auerage number of calls
N s B BEHBEB

o T T T T T T T T T T T T T T T T
P N e

Time

Hourly

Mumber of calls
W B @

WAL

v

1130 11=@ 118

3@
Time

Strategic

Tactical

Operational

Regulatory



Custom Inspections at an Airport

Number of Checks Made During 1993:

| Predictable? » / Strike Holifay
’ ,

g

8

8

# Checks
8 8 8

Q

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 I 41 43 45 47 49
Week inYear

Number of Checks Madein November 1993:

120 1

# Checks

11 13 15 17
Day in Month

Average Number of Checks Duringthe Day:

20 +

 15:00 |

a
08:00 ©05.00 10:00 11:00 12:00 13:00 14:00
Hour

Sour ce: Ben-Gurion Airport Custom Inspector s Division
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Executive Summary Report

Principle Investigator

Dr. Jon Anton
Purdue University

Please send detailed questions to:
Information@e-interactions.com

Wednesday, October 20, 1999
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Bank — 2nd Floor Measurements
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Bank: A Queuing Network

Transition Frequencies Between Units in The Private and Business Sections:

Dominant Paths - Private:

Unit Station 1 Station 2 Total
Parameter Banker Teller Dominant Path
Service Time 12.1 3.9 16.0
Waiting Time 6.5 5.7 12.2
Total Time 18.6 9.6 28.2
Service Index 0.65 0.40 0.56

Service Index = % time being served

Private Banking Business
To Unit] Bankers |Authorized |[Compens-| Tellers | Tellers |Overdrafts | Authorized | Full Exit
From Unit Personal - ations Personal | Service
IBankers 1% 1% 4% 4% 0% 0% 0% 90%
. Authorized 0 0 0 0 0 9 0 9
JPrivate |Personal 12% 5% 4% 6% 0% 0% 0% 73%
|Banking ICompensations 7% 4% - 6% 0% 0% 1% 64%
Tellers 6% 0% 1% 1% 0% 0% 0% 90%
Tellers 1% 0% 0% 0% 1% 0% 2% 94%
Services JOverdrafts 2% 0% 1% 1% ! 5% 8% 64%
Authorized 0 o 0 o 7 2 a 0
|Persona 2% 1% 0% 1% 11% 5% 11% 69%
IFuII Service 1% 0% 0% 0% 8% 1% 2% 88%
IEntrance 13% 0% 3% 10% - 2% 0% 14% 0%
Legend: 0%5% | 5%-10% [10%-15% [>15% |




Mapping Offered Load (Branch of a Bank)

Department

Time

Business

Services

Private

Banking

Banking

Services

Tourism

8:30-9:00

9:00-9:30

9:30 - 10:00

10:00 - 10:30

10:30 - 11:00

11:00-11:30

11:30 - 12:00

12:00 - 12:30

Teller

Teller

Teller

Comprehensive

Break

16:00 - 16:30

16:30-17:00

17:00-17:30

17:30-18:00

Legend:

O1 Clear

Not Busy
Busy
Very Busy
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Call-Center Network: Gallery of Models

Service Engineering: Multi-Disciplinary Process View

Service Completion
(75% in Banks)

Call Center Design

Information Design

Organization Design:

IVR

Index

Function
Scientific Discipline

Marketing, Parallel (Flat) Multi-Disciplinary
7 Sequential (Hierarchical
Operations Research o] = ( ol ) Operations/
Lost Calls (—»Waiting Time Sociology/Psychology, 8
“Return Time) Operations Research Business
Process
Queue Agents Experts Archi
Redial (Invisible) Consultants rchive
(Retrial) H Database
g Design
Busy Computer-Telephony o
Integration - CTI Data Mining:
(gz:]e) MIS/CS ;e'e-:l{ess MIS, Statistics,
H . 'sychology Operations
prvals { Ord} i %(r)gxirﬁrqgcvnlg:mives ver up to Research,
(Bus\nz'sfhzronllev Bad Human kesource 20096 per Year) Marketing
21th Century) H Management of the Service
#{ VRU/ ||||HH HHm ‘ Agents 1th Century) Completion

Forecasting
Statistics

Human Factors

Customers Marketing,
Segmentation - Human Resources,
Customers CRM Operations Research,
Interface Design Marketing |

Stan@tion gy Based Routing
(SBR) Design

Back-Office

Psychological
Process

Archive

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

then Waited 8 min)

Engineering > VIP (If Required 6 min,
VIP Queue (Training) Service Process then Waited 8 min)
Abandonment Design H Psychology,
Psychology, L V . Operations
New Services l Statistics ogistics Research,
Design (R&D) Lost Calls " ) Marketing
Operations, Positive: Repeat Business
Marketing Negative: New Complaint

16
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Conceptual Model: Hospital Network

Emergency Department: Generic Flow

proportion of patients 01 process requires bed 02
Else Lab Imaging Nurse Physician
i reception > triage
ECG|_ o - vital signs
o5 (o)

handling |
patient&family]

o
©

11

;100%J

imaging /consultation /

14
15 treatment —I
<20 imagi '
Xray o g 16 17

bloodwork

consultation A
36
25,26 )/27 treatment| | [_treatment 19
24 35 decision @
21 5
£ 1 A A )y decision
—— 37
labs imaging ultrasound | _ 1205 l<_ss
22 o
| ] =39 | decision
40
A
30 treatment | ¢ 41— L
observation | _ 45 @— @ treatment
(46 )
every 15 minutes »| follow up follow up
Coo— | G
every 15 minutes ©
(;\;V:rzgp % -< 49 hospitalization/ |
g | discharge
52 51 |

awaiting B ‘ discharge_|—53

evacuation [
instructions

55
y O prior discharge

discharge /
hospitalization [ I|
[

56
estimated max time decision point for alternative processes <>

probability of events - 10%— reference point |:|

21
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Two Local Municipalities

"Theorem"” :  Durations of human homogeneous services" are" exponential
" Proof": Empirical (see below); Theoretical (phase-type dense); Scientific?
Department Station Total Avg. Service STD Utilization [Maximal Service
No. Customers Time (Mins) (Mins) Time (Mins)
1 370 7.55 + 0.68 7.96 37% 79.32
. . 2 951 5.42 + 0.33 6.27 68% 105.20
Collection - Reception
3 510 6.51 + 0.50 6.94 44% 63.33
4 377 8.41 + 0.75 8.90 42% 58.15
Collection - 5 493 11.59 + 0.80 10.88 76% 74.60
Immigrants 6 569 10.38 + 0.62 8.98 78% 50.87
7 114 10.80 + 1.98 12.82 16% 93.73
8 28 9.07 + 3.56 11.50 3% 52.07
Collection - 9 47 18.32 + 4.90 20.34 10% 113.57
Back office 10 28 23.39 + 5.52 17.75 9% 63.77
11 59 11.99 + 3.16 14.75 9% 70.30
12 128 16.73 + 2.34 16.08 28% 88.68
. 13 1460 251+ 0.21 4.92 48% 52.18
Cashier
14 1416 3.86 + 0.18 4.16 72% 46.92
15 340 13.74 + 1.07 12.02 62% 63.68
Billing - 16 363 10.88 + 0.92 10.60 52% 87.92
Reception 17 473 6.66 + 0.50 6.68 42% 49.93
18 302 11.22 + 1.30 13.81 45% 100.60
Billing - 19 34 19.29 + 5.64 19.99 8% 78.27
Back office 20 13 12.20 + 3.86 8.47 3% 29.28
Total (1 month) 8075
Water 1 57 7.80 + 1.70 7.61 6.5% 31.28
2 130 9.34 + 1.20 8.37 19.3% 54.68
3 336 9.04 + 0.80 8.93 48.2% 49.05
4 208 9.93 + 1.00 8.82 33.0% 49.12
Tellars 5 417 8.97 + 0.70 8.55 59.4% 49.37
6 144 9.53 + 1.20 8.75 21.8% 41.70
7 156 8.03 + 1.10 7.96 19.8% 35.27
8 67 3.74 + 0.70 358 4.0% 21.03
Cashier 9 757 6.64 + 0.40 6.94 79.7% 29.95
M anager 10 190 1.99 + 1.00 8.44 24.1% 38.97
Discounts 11 317 4.59 + 0.40 454 23.1% 36.72
Total (1 month) 2779

“STD=Mean”

* Service time ranges given with 90% confidence

iIswhat often (but not always) " counts' towards Exponentiality.
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