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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

• Face-to-Face: The T, C, S, I, F, O methods.

• Telephone: ACD, CTI/CRM, Surveys.

• 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

• Niagra Falls, A Bank, A Call Center.

• 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?

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

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

– Measurements
• Why bother? 
• 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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                             Charlotte – Center 
6/13/00 - Tue 

Time Recvd Answ Abn 
% 

ASA AHT Occ % On 
Prod% 

On 
Prod 
FTE 

Sch 
Open 
FTE 

Sch 
Avail 

% 
Total 20,577 19,860 ~3.0% 30 307 95.1% 85.4% 222.7 234.6 95.0% 

8:00 332 308 7.2% 27 302 87.1% 79.5% 59.3 66.9 88.5% 

8:30 653 615 5.8% 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% 2l8 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% 222.5 227.9 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 0.2% 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 1.9% 9 314 95.4% 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% 0 328 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% 
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Figure 12: Mean Service Time (Regular) vs. Time-of-day (95% CI) (n =

42613)

Time of Day

M
ea

n 
S

er
vi

ce
 T

im
e

10 15 20

10
0

12
0

14
0

16
0

18
0

20
0

22
0

24
0

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

30



29

Service Time

 Overall Regular 
service 

New 
customers

Internet Stock

Mean 188 
 

     181 111 381 269 

SD 240 207 154 485 320 

Med 114 117 64 196 169 
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Measurements 

 

• Data is the Language of Nature 

• Prerequisite for Science, Engineering and Management, yet 

• Empirical “Axiom” = Problems with Historical Records 

- The data you need is not there for you to use: 

 Not collected or erased, contaminated, … 

- If there is data, it has ‘frequencies” but no “times”: 

 Fires, Courts, Hospitals, Projects, … 

- If “times”, typically aggregated means but no std’s: 

 Let alone histograms / distributions, 

 Typically small samples, too short time-periods 

 Often paper-archives, not computerized 

 

• Challenges – not Technological 

- Too little: “Complete” Data (QIE, Abandons) 

- Too much: Transaction-mgt., Big-Brother, Data Mining 

• Scope 

- Face-to-face services 

- Tele-services (Telephony, Hopefully Internet) 

- Administrative processes 

- Healthcare 
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Figure 7: Service Time Distribution from This Call Center
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Service Times are Lognormal

Figure 8: Histogram of Log(Service Time) (Nov + Dec)
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Government Office - Cont'd 
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  Note: Average sojourn time is 30.2 mins.  Hence Service Index = 0.086.  Too Low! 
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KeyCorp. Bank, 1995 
 

• 10th largest bank holding company in US. 
• 5th 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  8%. 
• % customers that wait > 5 min: 14  4%. 
• % days with 90% of customers wait < 5 min: 55 

 89%. 
• % branches with 90% of customers  
• wait < 5 min: 42  94%. 
• Customer average session time reduced by 53%: 

246 sec  115 sec. 
 
SEMS cost: $500.000 (including training). 
 
Estimated profit (95-99): $98.000.000 
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Event-based Middleware & Solutions group

© Copyright IBM Corporation 2006

RFID for Patient Flow Management in Emergency 
Unit

Boris Shulman

Event-based Middleware & Solutions group

2 Event-based Middleware & Solutions group |  25-Mar-07 © 2006 IBM Corporation

The Goal - Increase the quality of service in the emergency rooms

Patient path optimization

Traceability

Patients safety (decrease the “loose of chance” factor)

Patient
Registration

Registration and 
Orientation

Wait a free 
treatment area

In treatment
area

Wait for a 
doctor

Examination

Biological
analysis

prescription

Takes Samples

Sends Samples

Perform
analysis

Validate results

Read Results

Interpretation &
Decision

Print
Results

Firm Results

Transmit
Results

Continue
Treatment

Nurse

Doctor

Biological
Laboratory

No immediate
added value for
patient
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Solution Overview

On arrival at Accident and Emergency unit’s reception area, patients 

are fitted with a personalized RFID bracelet

Constant wireless contact with a CEP (Complex Event Processing) 

engine is maintained

The CEP Rules are based on the RFID readings and on other 

provided information

The aim is to achieve optimal and friction-free patient care without 

delay or unnecessary waiting times

Event-based Middleware & Solutions group
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Main Event Sources

RFID tags readings 

Patient location events

Doctors location events 

Other user provided information

Patient  registration information
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CEP Rules

Detect that a new patient has been registered and located in a waiting area

Pattern that include patient location event and patient registration event 

The notification is displayed on the dashboard 

Detect If the waiting time is too long

Event that indicates a patient location in a treatment area is not received in a certain time interval

Alarm is displayed on the dashboard

Detect that the patient has been moved in a treatment area and update the patient 
location.

Event that indicates a patient location into a treatment area is received

Dashboard is updated

Once the patient has been located in a treatment area, and if the waiting time is too long 
an alarm is raised

Event that indicates doctor’s location is not received in a certain time interval, since the patient
was moved to the treatment area.

Detect that a doctor is close to the patient, meaning he is under evaluation (dashboard
updated like release Alarm).

Patient location event and doctor location event from the same location

Event-based Middleware & Solutions group
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Results

Pilot project with the University Hospital in Nice

Combines RFID and CEP technologies

http://www-8.ibm.com/au/healthyoutcomes/clinicalprocess/downloads/NGHANG_final.wmv
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Where is RFID's ROI in Health Care?

The most strategic benefits for radio frequency identification in health care aren't necessarily 
found in applications with the most apparent return on investment.

Feb. 13, 2006—The U.S. health-care industry represents a large percentage of the overall U.S. economy 
and an area well known for being a late adopter of information technology. In fact, according to the U.S. 
Department of Health and Human Services (HHS), at the end of the 1990s, the health-care industry was 
investing only about $1,000 per worker on IT, compared with about $8,000 per worker for most other 
industries. 

Yet, 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 IT can reduce health-care 
costs up to 20 percent per year by saving time and reducing duplication and waste. IT 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 is just 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 a wealth 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 assets is related to the ability to find assets such as infusion pumps 
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quickly, and to minimize time searching for these assets within an emergency department or other 
hospital unit. Real-time location systems are able to locate these assets within a few 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 is fairly 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 also 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 ADEs 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 ROI numbers, but it is obviously an area of 
the most importance, since it directly relates to patient safety. 

To execute on these three business cases, it is important 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 a longer-
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 a facility. 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 
quick 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 is the global lead of emerging technology at BearingPoint. He is the author of 
Business Innovation and Disruptive Technology (Financial Times, Prentice Hall) and chairs the RFID 
Standards 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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Telephone Service: Call-by-Call Data 

 
 

vru+line call_id customer_id priority type date vru_entry vru_exit  vru_time q_start  q_exit  q_time outcome ser_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 44750 12887816 1 PS 990905 14:49:00 14:49:06 6 14:49:06 14:53:00 234 AGENT 14:52:59 14:54:29 90 ROTH 
AA0101 44967 58660291 2 PS 990905 14:58:42 14:58:48 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 44969 63193346 2 PS 990905 15:22:07 15:22:13 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 00:00:00 00:00:00 0 AGENT 15:31:45 15:34:16 151 STEREN 

AA0101 44971 41630443 2 PS 990905 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 990905 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 15:59:40 16:02:33 173 AGENT 16:02:33 16:26:04 1411 ELI 

AA0101 44975 55920755 2 PS 990905 16:07:46 16:07:51 5 16:07:51 16:08:01 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 990905 16:14:27 16:14:33 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 00:00:00 00:00:00 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 990901 15:25:48 15:26:00 12 00:00:00 00:00:00 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 15:35:14 11 AGENT 15:35:13 15:35:15 2 MORIAH 

AA0101 44768 0 0 PS 990901 15:46:30 15:46:39 9 00:00:00 00:00:00 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 44770 0 0 PS 990901 16:14:31 16:14:46 15 00:00:00 00:00:00 0 AGENT 16:14:44 16:16:02 78 BENSION 

AA0101 44771 0 0 PS 990901 16:38:59 16:39:12 13 00:00:00 00:00:00 0 AGENT 16:39:11 16:43:35 264 VICKY 

AA0101 44772 0 0 PS 990901 16:51:40 16:51:50 10 00:00:00 00:00:00 0 AGENT 16:51:49 16:53:52 123 ANAT  

AA0101 44773 0 0 PS 990901 17:02:19 17:02:28 9 00:00:00 00:00:00 0 AGENT 17:02:28 17:07:42 314 VICKY 

AA0101 44774 32387482 1 PS 990901 17:18:18 17:18:24 6 17:18:24 17:19:01 37 AGENT 17:19:00 17:19:35 35 VICKY 

AA0101 44775 0 0 PS 990901 17:38:53 17:39:05 12 00:00:00 00:00:00 0 AGENT 17:39:04 17:40:43 99 TOVA 

AA0101 44776 0 0 PS 990901 17:52:59 17:53:09 10 00:00:00 00:00:00 0 AGENT 17:53:08 17:53:09 1 NO_SERVER

AA0101 44777 37635950 2 PS 990901 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 00:00:00 00:00:00 0 AGENT 18:30:51 18:30:54 3 MORIAH 

AA0101 44779 0 0 PS 990901 18:51:47 18:52:02 15 00:00:00 00:00:00 0 AGENT 18:52:02 18:55:30 208 TOVA 

AA0101 44780 0 0 PS 990901 19:19:04 19:19:17 13 00:00:00 00:00:00 0 AGENT 19:19:15 19:20:20 65 MEIR 

AA0101 44781 0 0 PS 990901 19:39:19 19:39:30 11 00:00:00 00:00:00 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 44783 0 0 PS 990901 20:23:51 20:24:05 14 00:00:00 00:00:00 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 00:00:00 00:00:00 0 AGENT 20:50:15 20:51:32 77 BENSION 

AA0101 44786 0 0 PS 990901 21:04:41 21:04:51 10 00:00:00 00:00:00 0 AGENT 21:04:50 21:05:59 69 TOVA 

AA0101 44787 0 0 PS 990901 21:25:00 21:25:13 13 00:00:00 00:00:00 0 AGENT 21:25:13 21:28:03 170 AVI 

AA0101 44788 0 0 PS 990901 21:50:40 21:50:54 14 00:00:00 00:00:00 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 44790 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 00:00:00 00:00:00 0 AGENT 22:46:36 22:47:03 27 AVI 

AA0101 44792 67158097 2 PS 990901 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 44794 0 0 PS 990902 00:10:47 00:12:05 78 00:00:00 00:00:00 0 HANG 00:00:00 00:00:00 0 NO_SERVER

AA0101 44795 0 0 PS 990902 07:16:52 07:17:01 9 00:00:00 00:00:00 0 AGENT 07:17:01 07:17:44 43 ANAT  

AA0101 44796 0 0 PS 990902 07:50:05 07:50:16 11 00:00:00 00:00:00 0 AGENT 07:50:16 07:53:03 167 STEREN 



 
 

(with Jennings, Massey, Whitt) 

Time-Varying Queues: Predictable Variability 

Arrivals 
 

 

 

 

 

 

Queues 

Waiting 
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Average Service Durations Over The Day
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Arrival Process: Time Scales 
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Arrival Process, in 1976 
 
 ( E. S. Buffa, M. J. Cosgrove, and B. J. Luce,  

  “An Integrated Work Shift Scheduling System”,  
  Decision Sciences, 7, 620-630 (1976) ) 
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Custom Inspections at an Airport 

 
Number of Checks Made During 1993:        

 
 

Number of Checks Made in November 1993:  

 

Average Number of Checks During the Day: 

 
Source: Ben-Gurion Airport Custom Inspectors Division 
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Bank – 2nd Floor Measurements 



 
 

Bank: A Queuing Network 
 

 Transition Frequencies Between Units In The Business Section: 
 

To Unit Investments Tourism Tellers Credit Business Business Business Manager Business Collaterals Collection Exit 
From Unit     A B C  D    

Investments  1% 8% 4% 1% 0% 0% 0% 0% 0% 0% 85% 

Tourism 1%  22% 2% 0% 0% 0% 0% 0% 0% 0% 75% 

Tellers 2% 1%  1% 3% 1% 0% 1% 8% 0% 0% 82% 

Credit 4% 2% 7%  6% 1% 0% 0% 1% 0% 0% 80% 

Business A 1% 1% 8% 1%  0% 0% 4% 1% 0% 0% 84% 

Business B 4% 0% 6% 6% 1%  1% 4% 0% 1% 0% 77% 

Business C 2% 1% 12% 0% 1% 1%  3% 2% 0% 0% 78% 

Manager 0% 0% 5% 0% 8% 8% 5%  0% 2% 0% 74% 

Business D 0% 0% 16% 0% 2% 2% 0% 0%  3% 0% 78% 

Collaterals 0% 7% 7% 0% 3% 3% 7% 0% 0%  0% 72% 

Collection 0% 0% 12% 3% 3% 3% 0% 0% 0% 0%  79% 

Entrance 7% 20% 42% 6% 12% 5% 4% 0% 2% 1% 1% 100% 

             

Legend:  0%-5% 5%-10% 10%-15% >15%        

 
 
 



 

Bank: A Queuing Network 
 
 

 Transition Frequencies Between Units in The Private and Business Sections: 
 
   Private Banking Business   

                       To Unit Bankers Authorized Compens - Tellers Tellers Overdrafts Authorized Full Exit 

   From Unit  Personal - ations    Personal Service  

  Bankers   1% 1% 4% 4% 0% 0% 0% 90% 

Private Authorized 
Personal 12%   5% 4% 6% 0% 0% 0% 73% 

Banking Compensations 7% 4%   18% 6% 0% 0% 1% 64% 

  Tellers 6% 0% 1%   1% 0% 0% 0% 90% 

  Tellers 1% 0% 0% 0%   1% 0% 2% 94% 

Services Overdrafts 2% 0% 1% 1% 19%   5% 8% 64% 

  Authorized 
Personal 2% 1% 0% 1% 11% 5%   11% 69% 

  Full Service 1% 0% 0% 0% 8% 1% 2%   88% 

  Entrance 13% 0% 3% 10% 58% 2% 0% 14% 0% 

                     

Legend:  0%-5% 5%-10% 10%-15% >15%      
 

 
 
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



Mapping Offered Load (Branch of a Bank) 
 
 
 
 

Business 
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      Department 

 

Time Tourism Teller Teller Teller Comprehensive 

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      

Break      

16:00 – 16:30      

16:30 – 17:00      

17:00 – 17:30      

17:30 – 18:00      

 
        Legend: 

 Not Busy 

 Busy 

 Very Busy 

 
 
 
 
 
 
 
 
Note: What can / should be done at 11:00 ? 
 
Conclusion: Models are not always necessary but measurements are ! 
 







Call-Center Network: Gallery of Models
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Event history of an incoming call

(units of rates are calls per month)
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Conceptual Model: Hospital Network

Emergency Department: Generic Flow
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Figure 2.  The Unified Patient Process Chart 
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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 
3 510 6.51 ± 0.50 6.94 44% 63.33 

Collection -  Reception 

4 377 8.41 ± 0.75 8.90 42% 58.15 
5 493 11.59 ± 0.80 10.88 76% 74.60 Collection - 

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 
9 47 18.32 ± 4.90 20.34 10% 113.57 

10 28 23.39 ± 5.52 17.75 9% 63.77 
11 59 11.99 ± 3.16 14.75 9% 70.30 

Collection - 
Back office 

12 128 16.73 ± 2.34 16.08 28% 88.68 
13 1460 2.51 ± 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 
16 363 10.88 ± 0.92 10.60 52% 87.92 
17 473 6.66 ± 0.50 6.68 42% 49.93 

Billing - 
Reception 

18 302 11.22 ± 1.30 13.81 45% 100.60 
19 34 19.29 ± 5.64 19.99 8% 78.27 Billing - 

Back office 20 13 12.20 ± 3.86 8.47 3% 29.28 

Total (1 month)  8075      

 
1 57 7.80 ± 1.70 7.61 6.5% 31.28 Water 
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 
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 

Tellers 

8 67 3.74 ± 0.70 3.58 4.0% 21.03 
Cashier 9 757 6.64 ± 0.40 6.94 79.7% 29.95 

Manager 10 190 1.99 ± 1.00 8.44 24.1% 38.97 
Discounts 11 317 4.59 ± 0.40 4.54 23.1% 36.72 

Total (1 month)  2779      

 
  * Service time ranges given with 90% confidence 

 
“STD = Mean” is what often (but not always) "counts" towards Exponentiality.  



Service Times per Service Position 

 
 

Dept. 

Server 

ID 

Service Time 

Avg. (Min) 

Std. 

Deviation 

Utilization

% 

Service Time 

Max. (Min) 

Total 

Services 

1 7.55 ± 0.68 7.96 37 79.32 370 

2 5.42 ± 0.33 6.27 68 105.20 951 

3 6.51 ± 0.50 6.94 44 63.33 510 

 

Collection - 

Front Office 

4 8.41 ± 0.75 8.90 42 58.15 377 

5 11.59 ± 0.80  10.88 76 74.60 493 Collection - 

Immigrants 6 10.32 ± 0.52 8.98 78 50.87 569 

7 10.80 ± 1.98 12.82 16 93.73 114 

8 9.07 ± 3.56 11.50 3 52.07 28 

9 18.32 ± 4.90 20.34 10 113.57 47 

10 23.39 ± 5.52 17.75 9 63.77 28 

11 11.99 ± 3.16 14.75 9 70.30 59 

 

Collection - 

Back Office 

12 16.73 ± 2.34 16.08 28 88.68 128 

13 2.51 ± 0.21 4.92 48 52.18 1460 Cashier 

14 3.86 ± 0.18 4.16 72 46.92 1416 

15 13.74 ± 1.07 12.02 62 69.68 340 

16 10.88 ± 0.92 10.60 52 87.92 363 

17 6.66 ± 0.50 6.68 42 49.93 473 

 

Assessment -  

Front Office 

18 11.22 ± 1.30 13.81 45 100.60 302 

19 19.29 ± 5.64 19.99 8 78.27 34 Assessment -  

Back Office 20 12.2 ± 3.86 8.47 3 29.28 13 

Total  7.24 ± 0.10 9.10   8075 

 
• 90% confidence intervals 
• 7364 distinct customers 

 

 

Recall:  Exponential ⇒    σ=E    (i.e.  CV=1) 





Rank Service-Types by “Effort” 

 

Activity Pareto 
 

 Service Type Avg. 

Time 

(Min) 

Transactions

(% of Total) 

Time 

Allocated 

(% of Total) 

Cumulative 

(% of 

Effort) 

1 Tax Query 7.25 29.6 34 34 

2 Cashier Payment 4.4 42.8 26.3 60.3 

3 Title Transfer 12.1 5.5 10.6 70.9 

4 Water Query 5.6 8.3 7.35 78.25 

5 Owner Change 17.3 1.5 4.2 82.45 

6 Title Deed Verification 7.2 3.4 3.9 86.35 

7 Waivers & Discounts 12.4 1.4 2.8 89.15 

8 Water Disconnection 15.6 1.1 2.6 91.75 

9 Discount Application 13.7 0.8 1.8 93.55 

10 Update 10.4 1.1 1.8 95.35 

11 Information 8.1 1.3 1.7 97.05 

12 Measuring Device 5.9 1 0.9 97.95 

13 Measurement Req. 12.5 0.4 0.8 98.75 

14 Payment Schedule 6.3 0.7 0.7 99.45 

15 Account Change 3.8 0.7 0.4 99.85 

16 Cash Transfer – Rebate 2.3 0.26 0.1 99.95 

17 Water Account Change 1.8 0.14 0.05 100 

 

4 service-types require 80% of effort 

+ space constraints + poor service level 

⇒ Redesign network as a single-station 

Specialized vs. Flexible; Pooling 
 

 













 
 

Ambulatory Operations Time 
Production of Health 
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TURT / TURP: 
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Curettage: 
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2.4887 < 7.815 
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0.95(6-3) => Do not Reject 

CV << 1
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