Class 3

Measurements — The First Prerequisite

e Transaction-based (Event-based) measurement: Bank Tellers, Telephone, Internet, Trans-
portation, Administrative.

e Towards Queueing Science.

e Summary statistics and simple tools: Pareto charts, Histograms, Fishbone diagrams, Scat-
terplots, ...

e The System’s (Network) View.
e Some subtleties in Measurements: Patience; What is Service-Time (Duration) - Part 17
e Sample Size; Scales, Resolution, Aggregation.

e Hall - Measurements and MOP’s (Chapter 2).
Modelling

e Flanders: important to recognize the existence of skeptics, useful to recruit influential
opponents, and unethical to deny limitations.

e Larson: first example of a Dynamic Stochastic Processing Network: the AToA process;
Further Examples: Research and Develapment, Software Development, Product Develop-
ment (which has lead to DS-PERT/CPM and Multi-Project Management), QC (Quality
Control) Labs in the Pharmaceutical and Biotechnology Industries.

Reading Assignments, on Measurements and Models, for next class:

The following two readings provide the basis for parts of next class’s discussion. The subject
is “The Two Prerequisites for our Course: Measurements and Models.” Read the two articles.
Then discuss, within your study group, the questions that follow.

e Read “Modelling court delay”, by S. Flanders, Law and Policy Quarterly, 2, 305-320,
1980.

e Discuss within your study group answers to the following questions:
F1. In the “Production process of Justice”, who are the customers? Who are the servers?
F2. What are the costs of delay? (It is often said that “Justice delayed is justice denied” )
Who is paying?
F3. Why is the justice process challenging (perhaps impossible) to model?
FJ. What are Flanders’ alternatives to model-based analysis? Should they be alternatives
or perhaps supplements?
F5. On the last line of page 316, Flanders describes the “Profit and loss statement”
of a judge. How can it be used to infer “processing times” of files? (See also Note 5.)
Contemplate on the use of models to fill in data that is either missing or expensive to
collect.
F6. In any service system, performance record-holders are important to identify. Why?
What is peak performance for judges? What constitutes an expert judge?
F7. Understand the problems in dividing files into types. How can they be overcome, or
at least simplified?
F8. Why “Design and Scope of models must achieve a delicate balance”? (pg. 306).
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Read (carefully enough to be able to answer the questions that follow)
“Improving the N.Y. City Arrest-to-Arraignment System”, by R. Larson, Interfaces, 23,
76-96, 1993.

Discuss within your study group answers to the following questions:

L1. Understand the AtoA process, especially Figure 1. How does it differ from traditional
PERT/CPM ? (Hint: stochastic, dynamic)

L2. What are here the costs of delay? Supplement F2. above, if relevant.

L3. Prove that, for any random variables X7, Xo,...,X;, ..., we have:

E[Maz;X;] >= Maz,E[X;].

When is an equality possible?

Verify that the inequality applies to Figure 1 of Larson’s article. (See also page 84 of
“Improving the N.Y. City Arrest-to-Arraignment System”, by R. Larson, Interfaces, 23,
76-96, 1993, which can be downloaded from the Related Material to Lecture 2 on the
course site.)

L4. What were the reasons for choosing Simulation? Spreadsheet?

L5. Identify decisions at the strategic, tactical and operational level, in managing the
AtoA process.

Recitation 3: Empirical Models.

HW 3:, “Empirical Models”.

Reading Packets: Measurements and Performance Measures

Larson, R., “Improving the N.Y. City Arrest-to-Arraignment System”, Interfaces, 23, 76—
96, 1993.

Flanders, S., “Modeling court delay”, Law and Policy Quarterly, 2, 305-320, 1930.

Hall, Chapter 2, “Observations and Measurements”, mainly Section 2.7 on Measurement
Techniques.

Kotha, S.K, Barnum, M.P. and Bowen, D.A., “KeyCorp Service Excellence Management
System”, Interfaces, 26, 54-74, 1966.

“Empirical analysis of a call center”, Mandelbaum, A., Sakov, A., Zeltyn, S., October
2000, in
http://iew3.technion.ac.il/serveng/References/ccdata.pdf

“Customer view of Internet service performance: measurement methodology and metrics”,
Cross-Industry Working Team, Sep. 1998, in www.xiwt.org:
http://www.xiwt.org/documents/IPERF-paper.pdf

F&F, Chapter 9, “The service encounter”, mainly pages 258-265.
A useful supplement on Work Measurements, mainly for non-1.E. students.
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Service Engineering
http://ie.technion.ac.il/serveng200-

Measurements and MOP (Measures Of Performance)

Why Now? Why Measure?
Measurements - Some Empirical Axioms

Transaction-based (Eveént-based) Data; Time statistics
e Face-to-Face: The T, C, 8, I, F, O methods.
o Telephone: ACD, CTI/CRM, Surveys.
o Internet: Log files.
o Transportation: The Hertzel-Balfur intersection.
o Administration: Project Management, Emergency Services, Government.

o Healthcare;: Emergency Departments,...

‘Averages do NOT tell'the whole story

‘The Systems/Network View
o Niagra Falls, A Bank, A Call Center.
o Networks: Decentralized Call Centers, Haifa City Hall, Shouldice Hospital.

Simiple 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 Eéonard
Colien sings in “The Future”: Won’t be nothing = Nothing you can measure
anymore.

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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“Production” Of Justice
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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.) FEach 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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Instead, call centers most often summarize call-by-call data from the ACD (and related systems)
as averages that are calculated over short time intervals, most often 30 minutes in length. These
ACD data are used both for planning purposes and to measure system performance. They are
carefully and continuously watched by call-center managers. Hence we shall describe them in class,
and you will using then in assignments.

While the specifics of ACD reports may vary from one site to the next, the reports almost
always (as far as we have seen) contain statistics on four categories:

e numbers of arrivals and abandonment
e average service times
e CSR utilization, and

e the distribution of delay in queue.

This is hardly surprising — it simply reflects the fact that call centers can be viewed, naturally and
usefully, as queueing systems.

2 Data Analysis and Forecasting

The modelling and control of call centers must necessarily start with careful data analysis. For
example, when used to model performance at time-period ¢, the simple Erlang C queueing model
requires the estimation of a calling rate ();) and a mean service time (p; Y). Moreover, the per-
formance of call centers in peak hours can be extremely sensitive to changes in these underlying
parameters.

It follows that accurate estimation and forecasting of parameters are prerequisites for a con-
sistent service level and an efficient operation. Furthermore, given the computer-mediated, data-
intensive environment of modern call centers, one might imagine that highly developed estimation
and forecasting methods would exist.

But in fact, though there is a vast literature on statistical inference and forecasting, surprisingly
little has been devoted to stochastic processes, and much less to queueing models in general and
call centers in particular. Indeed, the practice of statistics and time series analysis is still in its
infancy in the world of call centers, and serious research efforts are required to bring it up to par
with prevalent needs.

3 Types of Call Center Data

Call centers generate a great deal of data, which we divide into four categories: operational, mar-
keting, human resources, and psychological.

Operational data reflect the physical process by which calls are handled. These data are typically
collected by pieces of the telephone infrastructure such as IVRs and ACDs. They can be usefully
organized in two, complementary fashions.
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Operational customer data provide listings of every call handled by a site or network of call
centers. Each record includes time-stamps for when the call arrived, when it entered service or
abandoned, when it ended service, as well as other identifiers, such as who was the CSR and at
which location the call was served.

Operational agent data provide a moment-by-moment history of the time each logged-in agent
spent in various system states: available to take calls, handling a call, performing wrap-up work,
and assorted unavailable states. These data allow one to deduce the numbers of agents working at
any time. Often these records include identifiers of the calls being served and (with difficulty) can
be matched to the operational customer data described above, for joint analysis.

Marketing or business data are gathered by a company’s corporate information system. They
may include records of the transactions that took place over the customer’s entire history with the
company, through call centers as well as through other channels. They may also capture information
concerning the customer’s current status at the business.

In theory, operational and marketing data can be seamlessly integrated via CTI software, which
connects the telephone infrastructure with a company’s customer databases. That is, given the ex-
istence of CTI, one might expect companies to record and analyze a full view of what happens to
each call as it enters the system: marketing data concerning what happened during the service, to-
gether with operational data concerning how and when the service happened. In practice, however,
the use of CTI appears, thus far, to be limited to facilitating the service process through “screen
pops” which save CSRs time, not to the joint reporting of call data. Incompatibility between data
storage schemes of (older) ACD and (newer) CTI systems may be the problem that prevents this
integration from taking place. '

Human resources data record the history and profile of agents. Typical data include information
concerning employees’ tenure at the company, what training they have received and when, and what
types of call they are capable of handling. With one frequent exception, these data generally reside
within the records of a company’s human resources department. The exception is that of “skills”
data, which define the types of calls that agents can handle. This information is needed, by the
ACD (or those that manage it), to support skills-based routing.

Finally, psychological data are collected from surveys of customers, agents or managers. They
record subjective perceptions of the service level and working environment.

Two additional sources of data are important to acknowledge. First, some companies record
individual calls for legal needs (e.g., brokerage and insurance businesses) or training reasons. While
potentially useful, we are not aware of any simple machinery that can extract these data for analysis
(say, into a spreadsheet). A second source is subjective surveys in which call center managers
report statistics that summarize their operations. These surveys can include both operational and
marketing data, such as arrival and utilization rates, average handle times, and the average dollar
value of a transaction. While they may facilitate rough benchmarking, these data should be handled
with care. By their nature, they are biased and should not serve as a substitute, or even a proxy,
for the operational and marketing data discussed above.
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4 Types of Data Models

As in any statistical work, the analysis of call-center data can take a number of forms. We briefly
make three sets of distinctions.

Descriptive, Explanatory and Theoretical Anolysis: We first distinguish among descriptive, ex-
planatory, and theoretical analysis. Each mode is important, and we briefly describe the three in
turn.

Descriptive models organize and summarize the data being analyzed. The simplest of these are
tables or histograms of parameters and performance. An example is a histogram of service duration
by service type, or of customers’ patience by customer type, or of waiting times for those ultimately
served.

These can be contrasted with theoretical models that seek to test whether or not the phenomenon
being observed conforms to various mathematical or statistical theories. Examples include the
identification of an arrival process as a Poisson process or of service durations as being exponentially
distributed.

In between descriptive and theoretical models fall explanatory models. These are often created
in the context of regression and time series analysis. Explanatory models go beyond, say, histograms
by identifying and capturing relationships in terms of explanatory variables. For example, average
service times of calls may be systematically higher from 1lam to 3pm and lower at other periods.
At the same time, these models fall short of theoretical models in that there is no attempt to
develop or test a formal, mathematical theory to explain the relationships.

Queueing models constitute theoretical models which mathematically define relationships among
building blocks, for example arrivals and services, which we refer to here as primitives. Queueing
analysis of a given model starts with assumptions concerning its primitives and culminates in prop-
erties of performance measures, such as the distribution of delay in queue or the abandonment rate.
Validation of the model then amounts to a comparison of its primitives and performance measures
— typically theoretical — against their analogs in a given call center — mostly empirical.

For example, as will be discussed in class, theoretical analysis of the G/G/N queue gives rise to
Kingman’s law of congestion: in conventional heavy traffic, the waiting time of delayed customers
is close to being exponentially distributed, with a calculable parameter. Empirical analysis of
call centers operating in heavy traffic can then validate or refute Kingman’s law. Refuting it
would trigger theoretical research in order to identify alternative theoretical models, possibly in
non-conventional heavy-traffic regime of Halfin-Whitt (the QED regime).

Estimation versus Prediction: We also distinguish between two closely related, but different,
statistical tasks: estimation and prediction. Estimation concerns the use of existing (historical)
data to make inferences about the parameter values of a statistical model. Prediction concerns the
use of the estimated parameters to forecast the behavior of a sample outside of the original data
set (used to make the estimate). Predictions are “noisier” than estimates, because, in addition
to uncertainty concerning the estimated parameters, they contain additional sources of potential
errors.

As an example, consider a simple model in which the arrival rate to a call center (each day from
9:00am—9:30am) is a linear function of the number of customers receiving a promotional mailing.
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That is

where A; is the arrival rate, z; is the number of mailings, o and § are unknown constants, and
the e; are 4.7.d. normally-distributed noise terms with mean zero. Given n sample points (z;, )\q;),
one may use regression techniques (such as least squares) to produce parameter estimates & and .
There is uncertainty, however, regarding how closely these estimates match the true oo and 3. That
is & and (8 are random variables that are functions of the n i.i.d. samples, and given our estimated
function

i =&+ B, (2)
the associated estimation error is distributed as

Ai—A = (@a—&)+ (B —B)z;.

Now suppose we are told the number of mailings that customers will receive on day n + 1, and we
are asked to predict what A,.1 will be. Then we use Any1 to predict the (n+ 1)st arrival rate, and
from (1)—-(2) we see that the prediction error is distributed as

~

Ani1 = dng1 = (@ — &) + (8~ B)Bns1 + Ens1 -

In particular, the £,41 term makes the prediction error larger than the estimation error that arises
from the use of & and £.

5 Models for Operational Parameters

In the original article, here we review work devoted to primitives: arrivals, service times, aban-
donment (patience) and retrials. These, in turn, will be discussed and analyzed in class and
assignments.

6 Future Work in Data Analysis and Forecasting

There has been recent progress in the analysis of call-center data. Call-by-call data from a small
number of sites have been obtained and analyzed, and these limited results have proven to be
fascinating. In some cases, such as the characterization of the arrival process and of the delay
of arriving calls to the system, conventional assumptions and models of system performance have
been upheld. In others, such as the characterization of the service-time distribution and of customer
patience, the data have revealed fundamental, new views of the nature of the service process. Of
course, these limited studies are only the beginning, and the effort to collect and analyze call-center
data can and should be expanded in every dimension.

Perhaps the most pressing practical need is for improvements in the forecasting of arrival rates.
For highly utilized call centers, more accurate, distributional forecasts are essential. While there
exists some research that develops methods for estimating and predicting arrival rates, there is
surely room for additional improvement to be made. However, further development of models for
estimation and prediction will depend, in part, on access to richer data sets. We believe that much
of the randomness of Poisson arrival rates may be explained by covariates that are not captured in
currently available data.



Procedures for predicting waiting-times are also worth pursuing. Field-based studies that char-
acterize the performance of different statistics and methods would also be of value. More broadly,
there is need for the development of a wider range of descriptive models. While a characterization
of arrival rates, abandonment from queue, and service times are essential for the management of
call centers, they constitute only a part of the complete picture of what goes on. For example, there
exist (self) service times and abandonment (commonly called “opt-out”) behavior that arise from
customer use of IVRs. Neither of these phenomena is likely to be the same as its CSR analogue.
Similarly, sojourn times and abandonment from web-based services have not been examined in
multi-media centers.

Parallel, descriptive studies are also needed to validate or refute the robustness of initial findings.
For example, lognormal service times have been reported in two call centers, both of which are part
of retail financial services companies. Perhaps the service-time distribution of catalogue retailers
or help-desk operations have different characteristics. Similarly, one would like to test some finding
that the waiting-time messages customers hear while tele-queueing promote, rather than discourage,
abandonment.

It would also be interesting to put work on abandonment (Palm, Roberts, Kort, Mandelbaum
with Sakov and Zeltyn) in perspective. These studies provide empirical and exploratory models for
(im)patience on the phone in Sweden in the 40’s, France in the late 70’s, the U.S. in the early 80’s,
and Israel in the late 90’s. A systematic comparison of patience across countries, for current phone
services, should be a worthy, interesting undertaking.

There is the opportunity to further develop and extend the scope of explanatory models. Indeed,
given the high levels of system utilization in the QED regime, a small percentage error in the
forecast of the offered load can lead to significant, unanticipated changes in system performance.
In particular, the state of the art in forecasting call volumes is still rudimentary. Similarly, the fact
that service times are lognormally distributed enables the use of standard parametric techniques
to understand the effect of covariates on the (normally distributed) natural log of service times.

In well-run QED call centers, only a small fraction of the customers abandon (around 1-3%),
hence about 97% of the (millions of) observations are censored. Based on such figures, one can
hardly expect any reasonable estimate of the whole patience distribution, non-parametrically at
least. Fortunately, however, theoretical analysis suggests that only the behavior of impatience near
the origin is of relevance, and this is observable and analyzable.

Indeed, call-center data are challenging the state-of-the-art of statistics, and new statistical
techniques seem to be needed to support their analysis. Two examples are the accurate non-
parametric estimation of hazard rates, with corresponding confidence intervals, and the survival
analysis of tens of thousands, or even millions, of observations, possibly correlated and highly
censored.

Last but certainly not least, a broader goal should be, in fact, the analysis of integrated opera-
tional, marketing, human resources, and psychological data. That is, the analysis of these integrated
data is essential if one is to understand and quantify the role of operational service quality as a
driver for business success.



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. Oune
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. 77
ANI automatic number identification p- 77
ASA average speed of answer p- 77
CRM customer relationship management p. 1?
CSR customer service representative p. 77
CTI computer-telephony integration p. 77
DNIS dialed number identification service p. ??
IVR interactive voice response unit (also called VRU) p. 77
PABX private automatic branch exchange (also called PBX) p. 77
PBX private automatic branch exchange (also called PABX) p.- 7?7
PSTN public switched telephone network p. 77
QED Quality and Efficiency Driven (operational regime) p- 17
TSF telephone service factor (also called the ‘service level”) p. 77
VRU interactive voice response unit (also called IVR) p- 7?
WFM workforce management p. 7?7
7
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rately meastres costs—at the system, not based on
the level of the iduat top-d vl

op
patient with a given medical The sheer size of the op-
condition over afull cycleof  portunity to reduce health

care~and compares thosg

costs to

care costs—with no sactifice

in -ls

value problem: how i deliver improved outcomes at
alower total cost.

Fortunately, we can change this state of affairs.
And the remedy does not require medical science
breakithroughs or top-down governmental regula-
tion. It simply requires a new way to accurately mea-
sure costs and compare them with outcomes. Our
approach makes patients and their conditions —not
departmental units, procedures, or services—the
fundamental unit of analysis for measuting costs and
outcomes. The experiences of several majot institu-
tions currently implementing the new approach—the
Head and Neck Center at MD Anderson Cancer Cen-
ter in Houston, the Cleft Lip and Palate Program at
Children’s Hospital in Boston, and units performing
knee replacements at Schon Klinik in Germany and
Brigham & Women’s Hospital in Boston ~confirmour
belief that bringing accurate cost and value measure-
ment practices into health care delivery can have a
wransformative impact,

Understanding the

Value of Health Care

‘The proper goal for any health care delivery system
is to improve the value delivered to patients. Value
in health care is measured in terms of the patient
cutcomes achieved per dollar expended. It is not
the number of different services provided or the val-
urne of services delivered that matters but the value.
More care and more expensive care s not necessarily
better cate.

To properly manage value, both outcomes and
cost must be measured at the patient level. Measured
outcomes and cost must encompass the entire cycle
of care for the patient’s particular medical condition,
‘which often involves a team with multiple specialties
performing muitiple interventions from diagnosis to
treatment to ongoing management. A medical con~
dition s an interrelated set of patient dreumstances
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that are best addressed in a coordinated way and
should be broadly defined to include common car-
plications and comorbidities, The cost of treating a
patient with diabetes, for example, must include not
only the costs associated with endocrinological care
but also the costs of managing and treating associ-
ated conditions such as vascular disease, retinal dis-
ease, and renal disease. For primary and preventive
care, the unit of value measurement isa particular
patient population-that is, a group with similar pri-
ruary care nieeds, such as healthy childien or the frail
and elderly with multiple chronic conditions.

Leb’s explore the first component of the health
care value equation: health sutcomes. Outcomes for
any inedical condition or patient population should
be measured along multiple dimensions, including
survival, ability to function, duration of care, dis-
comfort and complications, and the sustainability
of recovery. Better measurement of outcomes will,
by itself, lead to significant improvements in the
value of health care delivered, as providers’ incen-
tives shift away From performing highly reimbursed
services and toward improving the health status of
patients. Approaches for measuring health care out-
comes have been described previously, notably in
Michael Porter’s 2010 New England Jouwrnal of Medi-
cine article, “What Is Value in Heaith Care?”

While measiuring medical outcomes has received
growing attention, measuring the costs required to
deliver those outcomes, the second component of the
value equation, has received fat less attention. In the
value framework, the relevant cost is the total cost of
all resources—clinical and administrative personnel,
drugs and cther supplies, devices, space, and equip-
ment—used during a patient’s full cycle of care fora
specific medical condition, including the treatiment
of associated complications and comunon comorbidi-
tes. We increase the value of health care delivered
o patients by improving outcoies at similar costs or
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(The exhibit “The Care Delivery Value Chain” shows
the CDVC developed with the Brigham & Women'’s
pilot site for patients with severe knee osteo-
arthritis.) This overall view of the patient care cycle
helps to identify the relevant dimensions along
which to measure outcomes and is also the start-
ing point for mapping the processes that make up
eachactivity.

3. Develop process maps of each activity in
patient care delivery. Next we prepare detailed
process maps for each activity in the care delivery
value chain. Process maps encompass the paths
patients may follow as they move through their
care cycle. They include all the capacity-supplying
resources (personnel, facilities, and equipment) in-
volved at each process along the path, both those
directly used by the patient and those required to
make the primary resources available. (The exhibit
“New-Patient Process Map” shows a process map for
one segment of the patient care cycle at the MD An-
derson Head and Neck Center.) In addition to identi-
Fying the capacity-supplying resources used in each
process, we identify the consumable supplies (such
as medications, syringes, catheters, and bandages)
used directly in the process. These do not have to be
shown on the process maps.

Our pilot sites used several approaches for creat-
ing process maps. Some project teams interviewed
clinicians individually to learn about patient flow,
while others organized “power meetings™ in which
people from multiple disciplines and levels of man-
agement discussed the process together. Evenat this
early stage in the project, the sessions occasionally
identified immediate oppostunities for process and
cost improvement,

4. Obtain time estimates for each process.
We also estimate how much time each provider or
other resourte spends with a patient at each step in
the process, When a process Teguires multiple re-
sources, we estimate the time required by each one.

For short-duration, inexpensive processes that
vary litle across patients, we recommend using stan-
dard times (rather than investing resources to record
actual ones). Actual duration should be calculated
for time-consuming, less predictable processes, es-
pecially those that involve multiple physicians and
nurses performing complex care activities such as
major surgery or examination of patients with com-
plicated medical circumstances.

TDARC is also well suited to capture the effect
of process variation on cost. ¥or example, a patient
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who needs a laryngoscopy as part of her clinical visit
requites an additional process step. The time esti-
mate and associated incremental resources required
can be easily added to the overall ime equation for
that patient. (See again the process map exhibit.}

To estimate standard times and time equations,
our pilot sites have found it useful to bring together
all the people involved in a set of processes for fo-
cused discussion, In the futire, we expect providers
will use electronic handheld, bar-code, and RFID
devices tocapture actual times, especially if TDABC
b 's the fly a ed standard for mea:
suring the cost of patient care,

5. Estimate the cost of supplying patient
“care resources. In this step, we estimate the direct
costs of each resource involved in caring for patients.
‘Fhe direct costs include compensation for employ-
ees, depreciation or leasing of equipment, supplies,
or other operating expenses. These data, gathered
from the general ledger, the budgeting system, and
other IT systems, become the numerator for calcu-
lating each resource’s capacity cost rate.

We must also account for the time that many
physicians, particularly inacadernic medical centers,
spend teaching and doing research inaddition totheir
clinical responsibilities. We recommend estimating
the peicentage of time that a physician spends on
clinical activities and then multiplying the physi-
cian’s compensation by this percentage to obtain the
amout of pay accounted for by the physician’s clini-
cal work. 'The remaining compensation should be
assigned to teaching and research activities.

Next, we identify the support resources neces-
sary to supply the primary resources providing pa-
tient care. For pessonnel resources, as illustrated in
the Patient Jones example, these include supervising
employees, space and furnishings (office and patient
treatinent areas), and corporate functions that sup-
poit patient-facing employees. When calculating the
cost of supplies, we include the cost of the resources
used to acquire them and make them available for
patient use during the treatment process (for in-
stance, purchasing, recelving, storage, sterilization,
and delivery).

Finally, we need to allocate the costs of depart-
ments and activities that support the patient-facing
work. We map those processes as we did in step 3
and then calculate and assign costs to patient-facing
resources on the basis of their demands for the ser-
vices of these depastments, using the process that
will be described in step 6.
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The care delivery value chain is both a descriptive and p & tool, By § natica ¥ map the full get
of activities delivered over the cycle of care for a medical condition, spanning multiple providers and nonclinical

care settings, the COVC enables analysis of how the set of activities together generates patient vatue and offers

providers a systematic approach to analyze, improve, and integrate the configuration of care delivery.
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Health Core: Creating Vaiue-gased Competit

on Hesulis, by M.E. Porter and E.0, Teisbeqg {Harvard Business Review Fress, 2008).

"this approach to allocating support costs repre-
sents a major shift from current practice. Toillustrate,
let's compare the allocation of the resources required
in a centralized department to sterilize two kinds of
surgical tool kits, those used for total knee replace-
ment and those used for cardiac bypass. Existing
cost systems tend to allocate highet sterilization
costs Lo cardiac bypass cases than to knee replace-
ment cases because the charges (or direct costs) are
higher for a cardiac bypass than for a knee replace-
ment. Under TDABC, however, we have learned that
more time and expense are required to sterilize the
typically more complex kuee surgery tools, so rela-
tively higher sterilization costs should be assigned to
knee replacements.

56 Harvasd Business Review  Septamber 2011
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When costing support departiments, 2 good
guideline is the “rule of 1 Support functions that
have only one employee can be treated as a fixed
cost; they can be either not allocated at all ot ailo-
cated using a simplistic method, as is currently done.
But departinents that have more than one persol of
more than one unit of any resource represent vari-
able costs. The workload of these departments has
expanded because of increased dermand for the ser-
vices and outputs they provide, Their costs should
and can be assigned on the basis of the patient pro-
cesses that create demand for their services.

Project tearns tasked with estimating the costto
supply rescurces—the numerator of the capacity
cost rate—should have expertise in finance, human
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the United States, the higher cost in U.S. facilities is
mainly due to lowes resource productivity.

Improve resource capacity utilization. The
‘TDABC approach identifies how much of each re-
source’s capacity is actually used to perform pro-
cesses and treat patients versus how muchis unused
and idle. Managers can clealy see the quantity and
cost of unused resource capacity at the level of in-
dividual physicians, nurses, technicians, pieces of
equipment, administrators, of organizational units.
Resource utilization data also reveal where increas-
ing the supply of certain resources to ease bottle-
necked processes would enable more timely care
and serve more patients with only modestly higher
expenditures,

When managers have greater visibility into areas
where substantial and expensive unused capacity
exists, they can identify the root causes. For ex-
ample, some underutilization of expensive space,
equipment, and personnel is caused by peor coordi-
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nation and delays when a patient is handed off from
one specialty or service to the next. Another cause of
Jow resource utilization is having specialized equip-
ment available just in case the need arises. Some
facilities that serve patients with unpredictable and
rare medical needs make a deliberate decision to
carry extra capacity. In such cases, an understanding
of the actual cost of excess capacity should trigger a
discussion on how best to consolidate the treatment
of such patients. Much excess resource capacity,
however, is due not to rare conditions or peor hand-
offs but to the prevailing tendency of many hospi-
tals and clinics to provide care for almost every type
of medical problem. Such fragmentation of service
lines introduces costly redundancy throughout the
health care system. It can also lead to inferior out-
comes when providers handle alow volume of cases
of each type. Accurate costing gives managers a
valuable tool for consolidating patient care for low-
volume procedures in fewer institutions, which
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would both reduce the high costs of unused capacity
and rmprove outcomes.

Deliver the right processes at the right lo-
cations. Many services today are delivered in over-
resourced facilities or facilities designed for the most
complex patient rather than the typical patient. BY
accurately measuring the cost of delivering the
same services at different facilities, rather than us-
ing figures based on averaged direct costs and inac-
curate overhead allocations, providers are able to
see opportunities to perform particular services at
properly resourced and lower-cost Jocations, Such
realigniment of care delivery, already under way at
Children’s Hospital Boston, improves the value and
convenience of more routine services for both pa-
tients and caregivers while allowing tertiary facilities
to concentrate their specialized resources on truly
complex care.

Match clinical skills to the process. Re-
source utilization can also be improved by examin-
ing whether all the processes currently performed by
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‘demand for health care would increase
only that small wﬁﬁ_ua af costs that
..G.
costs in the system, not the dramati-
cally higher share of GDP now being

gm Ssm.zg.g ;
of their personngl sach year, of even
mare frequently. g:i costsare
when executives aftow them

to vm. dE claim that personnel costs

physicians and other skilied staff members require
their level of expertise and training. The process
maps developed for TDABC often reveal opportuni-
ties for appropriately skilled but lower-cost health
care professionals to perform some of the processes
currently performed by physicians withoutadversely
affecting outcomes. Such substitutions would free
up physicians and nurses to focus on their highest-
value-added roles. (For an example from one of our
pilot sites, see the sidebar “A Cancer Center Putsthe
New Approach to Work.”)

Speed up cycle time. Health care providers
‘have multiple opportunities to reduce cycle times for
treating patients, which in turn will reduce demand
for resource capacity. For example, reducing the
time that patients have to wait will reduce demand
for patient supervision and space. Speeding up cycle
time also improves outcomes, both by inimizing
the duration of patient unceriainty and discomfort
and by reducing the risk of complications and mini-
mizing disease progression. As providers improve

ment wﬁgao:. not of z.a nature
of those costs.
. space costsare also not fixed.
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be avoided if changes in processes,
 treatment protocols, o patient mix
“eliminate the demand for the re~
sourges, Equipment o longer needed
can be retired or sold to other health
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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
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Focus on the red casualties - severely wounded (504 in the drill)

Note: 20 observers taking real-time measurements (validation)
22

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 1:03:31 PM 1:03:00 PM
18 1 1:07:54 PM 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

first customer is
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
exit time instead

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 11:27:11 AM 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
a7 2 12:59-21 PM 12:59-00 PM

Think “Cleaning” 60,000+ customers/day (call centers)?
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Operational Question: Predict completion time (rolling horizon)
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Paths of doctors, nurses, patients (1004, 1 sec. resolution) ?
What if 150+ casualties severely wounded (feasible) ?
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Where is RFID's ROl in Health Care?

The most strategic benefits for radio frequency identification in health care aren't necessarily
found in applications with the most apparent refurn 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 .5,
Diepartment 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 1T 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, ot 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 managément, 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
jdentification. 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 withina
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, REID-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 Bearin Point. 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 @hearingpoint.com Psubjects=.
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Telephone Service: Call-by-Call Data m

viurline \ c_id{priority|typefdate  jvru_enly|vru_exit [vru_time{q start jg exit |q timeouicomgser_start [ser exit jser time|server - noasmal Awm_:ﬂmw. \uﬂﬂuxmﬂ%mfx mm%;

AADI01]44740 [27644400 |2 FS [990501|11:4533 [11:45:39]6 T1-45:30[11:46:58]79 | AGENT|11:46:57] 11:51:00{243 | DORIT

AAUIO1|44750[12887816 {1 BS [990905]14:49:00 |14:45:06]6 14:49:06{14:53:00{ 234 |AGENT| 14:52:59] 14:34:75]90 ROTH Date Updated Through: Ali Day -

AADIO1[43967 (58660201 |2 PS [990905[14:58:42 |14:58:48[6 14:58:48]15:02:31[223  |AGENT|15:02:3115:04:16{39 ROTH 06/13 - Tue Recvd Answ | Abn% | ASA | AHT | Occ% o:.a On Prod mnﬂﬂmﬁs mnsnw vail

AADI01[4456810 0 NW[090905[15:10:17 ]15:10:26{9 15:10:26[15:13:19[173 |HANG [00:00:00{00:00:000 NO_SERVER Prod% | FIE - .

AAD101144969(63193346 |2 PS [050903{1522:07 [15:22:13[6 15:22:1311523:21[68  |AGENT|15:23:20{15:25:25{125  |STEREN Total: 129,969 12321 28% | 3 38 ma.mw.. 88.4% 157 MH,M MM.MM

AA0I0144570[0 [ NW[99090315:31:33 {15:31:47]14 06:00-00]00:00:00{ 0 AGENT|153145] 1534 16| 151 |STEREN ””M MHMW,W Y NNMN ‘w”www WMM. M www MWMM MMHMM mmww ﬁ.,m E.i\w.

AAD101|44971 41630443 |2 PS [550905]15:37:29 {15:37:345 15:37:34|153820{46  |AGENT|15:38:18]15:40:36|158 | TOVA P Pr— 7107 o157l 20% I 508 | 527% | 918% 1873 jo48] 96.2%

AAGTO1 4972 [64185333 |2 PS [590905| 154432 [15:44:37|5 15:4437[1547:57]200  |AGENT|1547:56] 15:49.02|66 TOVA NG 1Seanton 1257 1254] 02% P 515 | 786% | 289% 285 35.4] 81.2%

AADIO44973 3.06E+08 |1 BS [550905]15:33:05 [15:53:116 1553:11[15:56:39] 208 |AGENT|15:56:38] 15:56:47|9 MORIAH INQ_|Tampa 5,174 8.858| 3.4% 42 386 | 91.5% | 93.6% 123.1 1269] 97.8%

AAOIO 4497474780517 |2 NE [990905]15:39:34 115:59: .c._m 15:50:40[16:0233] 173 |AGENT|16:02:33| 16:26:04| 1411 |ELT CEN |Bourbonnais 6,070 | 5937} 2.2% 33 362 | 86.7% | 90.2% 86.0 88.4 wﬂwwp

AAOI01[44975(55920755 |2 PS [990905]1607:46 [16:07:51|5 16:07:51[16:08.01]10  |HANG [00.00.00{00:00.00[0 NO_SERVER CEN [Bristol 10,667 10,5050 1.5% 25 355 | 95.1% | 93.1% 136.3 139.6 oﬂme\,.

AAGT01|44576[0 i NW{550905| 16-T138 |16:11:48|10 16:11:48|16:11:50]2 TANG {00:00:00]00:00-00[0 NO_SERVER CEN [Columbus Claims 5258 o15% 20% < 203 | 60T% | B98% £0.8 s22 S.un\o
- STH |Atlanta 7,514 7338 2.3% 40 318 | 82.1% | 88.5% 98.6| 99.8] 98.8%

AADT01[44977 (33689787 |2 FS {990905]16:14:27 [16:14:33[6 16:1433]16:14:54]21  |HANG |00:00:00| 00:00:00{0 NO_SERVER v F— To569 el 4% prs om0 | e3sv | 906% 1755 17a.9] 1004%

AADI01|43978 23817067 |2 PS [590905[16:19:11 |16:19:17|6 16:19:17[16:19:39] 22 |AGENT|16:1938|16:21:57|139 | TOVA = - 0,422 2888 51% 21 285 | 89.9% | 92.1% 108.7 1146) 94.8%

AAGI01[44764[0 0 PS [990901]15:03:26 |15:03:36[10 6.00.00{00-00-00{ 0 AGENT|15:03:35]15:06:36|181 | ZOHART WST [Visalia 1a.277 14.164] 0.8% 10 382 | 872% | 85.0% 2152 3206 976%

AADI01[44765 (25219700 {2 PS {990901]15:14:46 |15:14:515 T51451[15:15:10[ 19 |AGENT|15:15:09]15:17:00[ 111 |SHARON

AACTO1[44766]0 [} P {950901(15:25:48 |15:26:00]12 0:00-00]00:00:00{0 AGENT|1525:59| 15:28:15| 136 |ANAT Notes: w

AADI01]44767 [58859752 |2 PS [500901|1534:57 [15:35:03]6 15:35:03[1535:14{ 11 |AGENT|15:35:13]15:35:152 MORIAH - -

AA0I01]44768]0 0 BS1950901] 15:46:30 |15:46:39|9 00.00:00{00:00-00] 0 AGENT|15:46:38]15:51:51[313  |ANAT

AADCTO134769 (78191137 |2 BS 1556901 [ 15756:03 |15:56:09]6 15:56:00|1556:28]19 | AGENT|15:56:28] 15:50:02| 154 |MORIAH ’ B

AAD101]44770[0 0 PSI950901]16:14:31 |16:14:46]15 00:00:00[00:00:00{0 AGENT|16:14:44]16:16:02[ 78 BENSION m wm\ \%S%& - #\.\&&0‘:,\5 G,%\M\ ﬁ?i«axm

AAOTO1[44771[0 0 B3 {990901]16:38:50 [16:39:12]13 00:00-00]00:00-00{0 AGENT|16:39:11]16:43:35[264 | VICKY

AADIONA4772[0 ] PS5 {990901]16:51:40 [16:51:50[10 00:00:00[00:00-00] 0 AGENT ;uiw_ 165352[123 JANAT ~ \\0 1o &v uﬁ \

AXDIO1{34773]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

AADT01|44774 (37387482 |1 PS [550901]17:18:18 |17:18:24]6 7-18724[17:19:01{37  |AGENT|17:19:00{17.19:35|35 VICKY

AA0101]44775]0 1 PS5 [990501[17:38:53 [17:39:05]12 00:60.00]00:00:00{0 AGENT|17:39:04{17:40:43[99 TOVA

AAOI01[44776 [0 ] FS[550901[ 175259 [17:53:09|10 06-00-00/00:00.00 0 AGENT|17:53:08]17:53:00|1 NG _SERVER

AADI01|44777[37635950 |2 PS[950901| 18:15:47 [18:15:52)3 18:15:52|18:16:37]65  |AGENT|(8:16:56]18:18:48|112  |ANAT

AADI01| 447780 [ NE |990901] 18:30:43 [18:30:52[9 [} AGENT|18:30:51] 18:30:543 MORIAH

AADI01[34779]0 ] BS [500001{ 185147 [18.52:00{15 ] AGENT|1852.02{18:55.30]208 | TOVA

AA0101[4478010 7 FS [590901]19:19:04 [19:19:17[13 T0-00-60]00:00-00{0 AGENT]19:19:15{19:20:20[65 MEIR

AAOT01[44781 10 0 PS [990901]19:39:19 [19:39:30[11 0.00.00]00:00:00{0 AGENT 15:41:42[133 | BENSION

AADIGI 3478210 0 NW[350901]20:08°13 [26:08:25|12 $0-00.60{00:00:00{0 AGENT 20:08:41]13 NO_SERVER

AADT0144783 10 o PS [990901]20:23:51 |20:24:03]14 0-00:00[00:00:00]0 AGENT|20:24:04|20:24:33|29 BENSION

AADT01 447830 0 NW{390901] 20:36:54 |26:37-14|20 00-00.00{00:06:00{0 AGENT|2037:13}20:38:07|54 BENSION

AADI01]44785 0 0 PS [990901{26:50.07 [20.:50.16[9 0-00.00]00:00:00] 0 AGENT|20:50:1520:51:32[77 BENSION . !

AADI01[44786[0 ] PS [9%0501] 210441 21045110 00-00-00{00:00:00{ 0 AGENT|2104:50| 21:05:59| 69 TOVA

AADI01[44787]0 0 PS [990901{21:25:00 [21:25:1313 00-00.00]00:00:00{ 0 AGENT|2125:13{21:28:03| 170 [AVI . )

AADIO1 4478810 [ PS5 [950501]21:50:40 [21:50:54]14 00-00-00{00-00.00{0 AGENT|21:50:5421:51:35|61 AV

AADTOT 44785 oro3060 |2 NE [990901]22:05:40 [22:05.46]8 77.05:4672:09-53| 246 |AGENT|22:09:51)22:13:41[ 230 |AVI

AAGI0144796]14558621 |2 PS {550001|22:24°11 [222417]6 772417]22:26:16| 119 |AGENT |22:26:13) mwmﬁmd VICRY

AAOLO1[4475110 0 PS [990901|22:4627 [22:46:37]10 [ AGENT|22-46:36| 22-47:03{27 AVT

AKGT01{44792 67158097 |2 BS [990901]23:05.07 [23:05:13|6 73:05:13]23:05:30[17 | AGENT|23:05:29 E@Lwo VICRY

AAGI0I[33793[15317126 |2 P8 [550901{23:28532 |23:28:58]6 3328:58[2330:08| 70 | AGENT|23:30:07| 2335031296 | DARMON

AADIOI 447940 ] P |590902{00:10:47 [00:12:05]78 06:00-00]00:00:00{0 HANG [00:00:00{00:00:00{0 NO SERVER

AADI01|44795 [0 ] FS[950902{07.16:52 [07:17:01[5 {6-00-00400-00-00]0 AGENT|07:17:01107:17:44|33 ANAT \m

AAD101[44796 [0 0 PS5 [590962]07:5005 [07:50:16]11 00:00.00]00-00:00] 0 AGENT]07:50:16/07:53:03]167  |STEREN ) 3,

Printed: 06/14/2000 8:22 AM Page 1 of 1 File: IntradayReport 081300



qut+anm$

Service Engineering, 10/2000

Web Access Log
(From a CD that accompanies
“Capacity Planning for Web Performance”, by

Menasce, D.A. and Almeida, V.A.F., Prentice Hall, 1998.)

local [24/0ct/1994:13:41:41 -0600] WHBGETY
local {24/0ct/1994:13:41:41 -0600] PEIGETY
local [24/0ct/1994:13:43:13 -0600] WENGET™
local [24/0ct/1994:13:43:14 -0600] PERGET™
local [24/0ct/1994:13:43:15 -0600} BENGET™
local [24/0ct/1994:13:43:17 -0600] rEAGET™
local {24/0ct/19%4:13:46:45 -0600] #RNGETY
local [24/0ct/1994:13:46:45 -0600] PURGET™
local [24/0ct/1994:13:46:47 -0600] TENGET™
local [24/0¢t/1994:13:46:50 -0600]) PHUGET™
local [24/0ct/1994:13:47:19 -0600] WreGETY
local [24/0ct/1994:13:47:19 -0600] nENGETY
local HNB\OOW\HWOAnHuuAQHAw ~0600] HHRGETY
local [24/0ct/1994:13:47:50 -0600] TRRGET™
local [24/0ct/1994:13:48:11 -0600] weRGET™
local [24/0ct/1994:13:48:23 -0600] WHRUGET™
local [24/0ct/1994:13:48:51 -0600] WHNGET™
local  (24/0ct/1994:13:49:01 -0600] AUNGET™
local [24/0ct/1994:13:49:01 -0600] wENGETY
local [24/0ct/1994:13:49:14 ~-0600} anNGET"
local {24/0ct/1994:13:49:20 -0600] HONGET™
local [24/0ct/1994:13:49:21 -0600] "ENGETY

local [24/0c¢t/1994:13:49:25 ~0600] “UHGET"
local [24/0ct/1994:13:49:27 -0600) HHHGET™
local [24/0ct/1994:13:49:39 -0600} HRAGET™
local (24/0ct/1994:13:49:49 -0600] HEMGET™

local [24/0ct/1994:13:50:33 -0600] HNGETY
local [24/0ct/1994:13:55:03 -0600} nHRGET™
local [24/0ct/1994:13:55:04 -0600} nHrGET"
local [24/0ct/1994:13:55:08 -0600} "AAGET™
local {24/0ct/1994:13:55:21 ~-0600} “UNGET™
local [24/0ct/1994:13:59:48 -0600} HUTGET™
local [24/0c¢t/1994:13:59:55 -0600] BURGET™
local {24/0ct/1994:14:00:06 ~0600} "HNGET™
local [24/0ct/1994:14:00:20 -0600] HHrGET™
local [24/0ct/1994:14:00:20 -06001] nrRCETH

local [24/0ct/1994:14:00:25 -06001 neeGET"

"index.html HTTP/1.0"" 200 150"
*1.gif HTTP/1.0"™" 200 1210"
"index.html HTTP/1.0™" 200 3185"
"2_.gif HTTP/1.0"" 200 2555
"3_gif HTTP/1.0"" 200 36403"
“4.gif HTTP/1.0"" 200 441"
"index.html HTTP/1.0""™ 200 3185"
“2.gif HTTP/1.0"" 200 2555"
“3.gif HTTP/1.0"" 200 36403™
“4.gif HTTP/1.0"" 200 441"
"index.html HTTP/1.0"" 200 150"
"1.gif HTTP/1.0"" 200 1210%
»index.html RTTP/1.0"" 200 3185"
"S html HTTP/1.0"" 200 2065"
"g.htmi HTTP/1.0"" 200 1124"

"7 _html HTTP/1.0"" 200 1538"

"8 _.html HITP/1.0"* 200 322"
"index.html HTTP/1.0™% 302 -"
"index.html HTTP/1.0"" 200 999"
"9 _html HTTP/1.0"* 200 1248"
»index.html HTTP/1.0"" 200 3185"
"2.gif HTTP/1.0"" 200 2555"

w3 _gif WTTP/1.0"" 200 364037
"4.gif HTTP/1.0"" 200 4417
"index.html HTTP/1.0%"" 200 150"
*10.html HTTP/1.0%"™ 200 2286"
#index.html HTTP/1.0"" 200 150"
*11.html HTTP/1.0™" 200 1213"
*11.html HTTP/1.0%" 200 1213"
“12.gif HTTP/1.0"” 200 191"
®13.gif HTTP/1.0"" 200 33974"
“index.html HTTP/1.0"" 200 3185"
“14.html HTTP/1.0"" 304 07
“index.html HTTP/1.0"" 200 3100"
»jindex.html HTTP/1.0"" 302 -"
#jndex.html HTTP/1.0"" 200 631"
w3i5.html HTTP/1.0"" 200 861"

local [24/0ct/1994:14:00:49  -0600] wwnGET™ "index.html HTTP/L.0"" 200 631"
local [24/0ct/1994:14:00:52 . 06001 munGET" "16.html HTTP/1.0%" 200 1006"

local [24/0ct/1994:14:01:02  -0600) wwRGET" “index.html HTTP/1.0%" 200 150"
local [24/0ct/1994:14:01:11  —-0600] wnGET™ “17.html HTTP/1.0"" 200 881"

local [24/0¢t/1994:14:b1:24  -0600] awaGET™ “18.html HTTP/1.0"" 200 709"

local [24/0ct/1994:14:01:42  -0600] rnGET" "19.html HTTP/1.0"" 200 1357"

local [24/0ct/1994:14:02:01  -0600] wnGET" »index.html HTTP/1.0"" 200 391"
remote {24/0ct/1994:14:03:38 -0600]  ""GET" T 20.html HTTP/1.0"™" 200 1530"
remote [24/0ct/1994:14:03:36~ -0600]  ""GET" T 21.gif HTTP/1.0"" 200 58975"
Jocal [24/0ct/1994:14:03:39  -0600] nenGET* “index.html HTTP/1.0"* 200 410"
remote {74/0ct/1994:14:03:49  ~0600}  ""GET" " 22.html HTTP/1.G"" 200 7151"
local {24/0ct/1994:14:04:22  ~0600] wnnGET™ “index.html HTTP/1.0"" 200 410°
local [24/0ct/1994:14:05:17  =0600] »uaGET vindex.html HTTP/1.0"" 200 419"
remote [24/0Ct/1094:14:05:31  -0600]  "“GET" T 23.html HTTP/1.0"" 200 3787"
remote 124/00t/1994:14:06:07  -0600]  ""GET™  "T 24.html HTTP/1.0"" 200 4326"
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. 11:30:00 82 165 A 14t
17-mar-1993 VOLUMES REPORT page:t 11:45100 97 169 & 136
12:00:00 91 125 103 154
Group#t: 1013 12:15:00 8l 171 40 164
Group#2: 10 12:30:00 85 112 85 136
Group#3s 1015 12:45:00 8 83 88 02
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Charlotte — Center

6/13/00 - Tue

Time | Recvd | Answ | Abn |ASA|AHT| Occ% | On On | Sch Sch
Yo 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%
8:00 332 308 | 7.2% | 27 | 302 87.1% 1 79.5% | 59.3| 66.9| 88.5%
8:30 653 615 58%1| 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 | 1453 | 96.6%
9:30 1,152 1,138} 1.2% 218 | 303 90.8% | 81.6% | 211.11221.3 | 954%
10:00 1,330| 1.286| 3.3%: 22 | 307 98.4% | 84.3% | 223.11229.0} 97.4%
10:30 | 1,364 1,338 1.9% | 33 | 296 | 99.0% | 84.1% [ 2225|2279 97.6%
11:00| 1,380| 1,280} 7.2%/| 34 | 306 98.2% | 84.0% | 222.01223.9| 99.2%
11:30) 1,272 1,247 2.0%| 44 | 298 94.6% | 82.8% | 218.0233.2| 93.5%
12:00] 1,179 1,177} 02% | 1 306 91.6% | 88.6% | 218.3222.5| 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 9991 1.9% 9 314 95.4% 1 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| 11,1731 1,082} 7.8%| 78 | 313 99.5% | 85.7% | 188.9 [ 213.0 | 88.7%
1430 1,212} 1,179 2.7%)| 23 | 304 96.6% | 86.0% | 206.1 {22091 93.3%
15:00 1,137 Li22| 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| 43%)| 46 | 315 99.2% | 79.4% | 187.11192.9| 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 4201 0.0%| O 328 73.8% | 95.4% 1 103.5| 116.1 | 89.2%
18:00 49 491 0.0%| 14 | 180 84.2% | 89.1% 5.8 1.4 416.2%
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Average Service Durations Over The Day

Time-Varying Queues: Predictable Variability
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Number of Checks Made During 1993:

Custom Inspections at an Airport

Predictable?

Strike

Holiday
A

3 5 7 9 11 13185 17 18 21 23 25 27 29 31 33 3B I7 B 41
Week in Year

43 45 47 B

Number of Checks Made in Nevember 1993:

5N npdne

12000

FYROY NS

# Checks

Weekend Weekend

Weekend

v 7

Day in Month
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Average Number of Checks During the Day:

# Checks
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Source: Ben-Gurion Airport Custom Inspectors Division
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Numnbar of Catlr Qriginetaed Ouring Buslest Hour Each Week
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Arrival Process, in 1976
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(  E.S. Buffa, M. J. Cosgrove, and B. J. Luce,

“An Integrated Work Shift Scheduling System”,
Decision Sciences, 7, 628-63¢ (1976) )
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Figure 1: Arrivals (to queue or service) - “Regular” Calls

|
|

N

120

100+

80

et

60+

CalisfHr (Reg)

S LA LA I S AL S R S LR S R S U
9 10 11 12 13 14 15 16 17 18 18 20 21 22 23 24
VRU Exit Time

10

L -
&



o

/

Figure 12: Mean Service Time (Regular) vs. Time-of-day (95% CI) (n

42613)
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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
- 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:
= et 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
e Scope

- Face-to-face services

- Tele-services (Telephony, Hopefully Internet)

- Administrative processes

- Healthcare
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Bank — 2Znd Floor Measurements

Zmohgsm??& cmn Cutwes ! mﬁfwr mﬂ Fce to- Face

DATE CUST ARRIVAL SERVICE SERVICE SERVICE < WAIT SERVICE SERVER SERVICE

D i BEG END TIME TIME ~ POS hén) TYPE
040293 1005 8:03:11 8:03:46 8:14:17 10:31  0:35 10 10 27
040293 1006 8:05:23 8:11:33 8:12:45 1:12  6:09 12 12 29
040293 1007 8:07:01 8:07:16 8:09:47 2:32 0:14 12 12 11
040293 1008 8:07:10 8:09:34 8:15:51 6:18 2:24 6 3 20
040293 1009 8:07:19 8:09:47 8:11:33 1:45 2:28 12 12 11
040293 1006 8:12:45 8:19:32 8:19:44  0:12  6:48 5 5 29
. 040293 1010 8:14:04 8:14:17 8:15:51  1:34 0:13 10 10 27
040293 1008 8:15:51 8:15:51 8:15:55 0:04 0:00 10 10 20
040293 1006 8:19:44 8:19:44 8:44:25 24:41  0:00 5 5 12
040293 1012 B8:26:55 8:28:37 8:30:53 2:16 1:42 12 12 11
040293 1013 8:27:37 8:33:31 8:34:16 0:45 5:55 10 10 27
040293 1014 8:29:05 8:30:14 8:31:33  1:19  1:10 6 & 20
040293 1014 8:31:33 8:35:36 8:35:39  0:03  4:03 12 12 20
040293 1016 8:33:52 8:34:16 8:44:49 10:33  ©0:24 10 10 27
040293 1014 8:3%:39 8:35:39 8:41:12  5:33  0:00  12. 12 11
040293 1018 8:39:01 8:43:29 8:50:31  7:02  4:28 12 12 11
040293 1018 8:39:57 8:41:12 8:43:29  2:18  1:15 12 12 11
040293 1021 8:43:20 8:50:31 8:53:07  2:36 7:11 12 12 i1
© 7™y 040293 1022 8:47:21 8:53:07 8:58:18  5:11  5:46 12 12 11
< 040293 1023 8:47:24 8:49:06 8:54:32  5:26  1:42 6 5 20
040293 1024 8:50:07 8:51:54 8:54:32  2:38  1:48 10 10 27
040293 1025 8:50:58 8:58:18 8:59:29  1:11  7:20 12 12 11
040293 1021 8:53:07 8:54:52 8:55:05  0:13  1:45 5 5 11
040293 1027 8:53:11 8:59:29 9:12:33 13:04 6:18 12 12 11
040293 1023 8:54:32 8:54:32 8:54:35  0:03  0:00 10 10 20
040293 1023° 8:54:35 8:54:35 9:03:02  8:27 0:00 10 10 27
040293 1021 8:55:05 8:55:05 9:02:49 7:44 ¢:00 5 5 12
040293 1028 9:00:57 9:03:02 9:09:38  6:36  2:05 10 10 27
040293 1029 9:01:56 9:06:27 9:39:48 33:21  4:30 6 6 21
040293 1030 9:08:51 9:10:02 9:12:41  2:39  1:i1 2 2 26
040293 1031 9:08:54 9:09:38 9:13:35 '3:56 0:44 10 10 27
040293 1032 9:09:06 9:12:33 9:16:29  3:56  3:27 12 12 i1
040293 1030 9:12:41 9:15:18 9:21:50  6:32 23137 5 s 26
040293 1020 9:13:35 9:13:35 9:13:37  0:03  0:00 10 10 12
040293 1020 9:13:38 9:13:38 9:20:39  7:01  0:00 10 10 27
040293 1034 $:17:07 9:21:50 9:27:39  5:48  4:43 5 5 12
040293 1036 9:19:43 9:27:39 9:32:04  4:25  7:55 5 5 12
040293 1037 9:20:07 9:20:39 9:22:37  1:57  0:32 10 10 27
040293 1030 9:21:50 9:22:37 9:22:39  0:03  0:47 10 10 26
040293 1030 9:22:39 9:22:39 9:34:05 11:25 0:00 10 10 27
= 040293 1036 9:32:04 9:32:11 9:32:12  0:02  0:07 12 12 12
040293 1036 9:32:12 9:32:12 9:46:30 14:17  0:00 12 12 11
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Face-to-Face Services
Measurement & Control

s '['raditional work measurements

— Stop-watch: utilization profiles, times

s (C-method  1-station
— Sensors of arrivals and service-starts
— Queues physically ordered, standing

o m-Baauoa I-station

— Tickets upon arrival (#, type)

— Queues logically ordered, sitting
s {-method Network

— Ticket upon arrival (#, type)

— Sensors at servers

— Diagnostic / Research-device

° -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)

d-2

queue

Exact Queue Vs. Estimate

F-Method

ﬁrxstx exact

-~ estimate ---- 90%




Bank: A Queuing Network Mapping Offered Load (Branch of a Bank)

Transition Frequencies Between Units in The Private and Business Sections:

Private Banking Business
To Unit] Bankers {Authorized (Compens-| Tellers § Tellers {Overdralts | Authorized | Full Exit Department Business Private Banking
From Unit Personal - ations Personal | Service Services Banking Services
Bankers 1% 1% 4% 4% 0% 0% 0% 90% Time Tourism Teller Teller Teller Comprehensive
private (U horized 0% 0% | 0% | 7%
9:00-9:30
Banking Compensations 4% 0% 0% 1% 64% 9:30 - 10-00
Tellers 0% 1% 1% 0% 0% 0% § 90% 10:00 - 10:30
10:30 - 11:00
Tellers 1% 0% 0% 0% 1% 0% 2% 94% —
11:00 - 11:30
IServices fOverdrafts 2% 0% 1% 64% t_ 130 = Mmoo
A nihorized 2% 1% 0% , 9% 12:00 - 12:30
Personal -
[f'ull Service 1% 0% 0% g 88%
16:00 - 16:30
—mbnﬁwunm 0% 3% 0% 16:30 - 17-00 -
17:00 - 17:30
Legend: E”, 17:30 - 18:00

Dominant Paths - Private: &@ Not Busy
Unit Station 1 Station 2 Total Busy
Parameter Banker Teller | Dominant Path Very Busy
Service Time 12.1 39 16.0
Waiting Time 6.5 5.7 122
Total Time 18.6 9.6 282
Service Index 0.65 0.40 0.56

Service Index = % time being served
Note: What can / should be done at 11:00 ?

Conclusion: Medels are not always necessary but measurements are !
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Mor Armony

Joint work with: Avi Mandelbaum, Yariv Marmor,
Yulia Tseytlin and Galit Yom-Tov

NYU, Technion, Mayo, 1BM, Columbia

Data description:

@ Anonymous Israeli hospital with 1000 beds and 45 medical
units

@ 75,000 patients are admitted annually
@ Years data collected: 2004 - 2008

e Individual patient level data, time stamps (admission,
transfers and discharge)

@ Acknowledgement: Anonymous Hospital and

Subnetwork including: ED, IW and ED — IW
e Substantial size:
@ 53% patients entering the hospital stay within this
subnetwork.
e 21% of those, are hospitalized in an IW
@ Nearly isolated:
e ED Arrival are all external

@ 93% of IW arrivals are either external or from within the
subnetwork.

@ Relatively simple:
e One ED
e Five IWs (A-E)
e IW A-D identical in scope capabilities

Network features:
@ Customers: Patients
e Servers: Beds, equipments, medical staff
@ Stations: Medical units
Research Questions:
@ Special features of this network
@ Implications on queueing modeling and theory

Methodology:
@ Exploratory Data Analysis (EDA)

90 X 90 Matrix, Sub-Ward Resolution
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are delays problematic?

@ Patients do not receive proper care.

@ They are exposed to other diseases.

@ ED overcrowding.

@ Impose extra load on ED medical staff.

Patients in Transfer from ED to IW
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Relative Frequency

Time [Hours]

ransfer Delays per Patient Type

Patient Type Average | Standard | % delayed up | % Delayed more
Delay (hrs) | Deviation o 4 hours than 10 hours

Regular 3.00 2.53 77% 2%

Special Care 3.33 3.16 74% 5%

Ventilated 8.29 6.59 41% 41%

All Types 3.22 2.98 75% 4%

Ventilated patients should have lowest delay, but experience the

highest!
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Patients need to wait for a bed, equipment, and medical staff.

rED-iW synchronization |

[Work methods |
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Single line system is more efficient
Reality requires multiple lines

Patients require care even when in queue
Push versus Pull
Fairness towards patients?

W\ Type Regular | Special care | Ventilated | Totaﬂ
Ward A 7.57% 7.33% 0.00% | 7.37%
Ward B 3.86% 5.72% 0.00% | 4.84%
Ward C 7.09% 6.62% 0.00% | 6.80%
Ward D 8.18% 7.48% 2.70% | 7.81%
Total within wards || 6.91% 6.80% 0.67% | 6.80%
Total in ED-to-IW 31% 31% 5%

Percentage of FCFS violations per type within each W

s fowards wards: Patientmix

ards op
ALOS (days) 6.5 4.5 5.4 57
Mean occupancy 97.8% | 94.4% | 86.8% | 91.1%
Mean # patients
per month 205.5 187.6 210.0 209.6
Standard
capacity (# beds) 45 30 44 42
Mean # patients
per bed per month | 4.58 6.38 4.89 4.86
Return rate
(within 3 months) 16.4% | 17.4% | 19.2% | 17.6%

® © & @

Tseytlin & Zviran (2008)

® ® & © 8 @

Patient flow in hospitals as a queueing network
Input versus Output queues
Push versus Pull in routing
Fairness towards customers (definition?)
Customers served while in gueue
Fairness: Occupancy + Flux

How does one explain these differences in performance?
Is this work allocation fair?
How is fairness defined?

See Mandelbaum, Momgcilovic, & Tseyilin (2010) and

[ W\ Type Regular Special-care | Ventilated | Total
Ward A 2,316 (50.3%) | 2,206 (47.9%) | 83 (1.8%) | 4,605 (25.2%)
Ward B || 1,676 (43.0%) | 2,135 (54.7%) | 90 (2.3%) | 3,001 (21.4%)
Ward C 2,310 (49.9%) | 2,232 (48.2%) | 88 (1.9%) | 4,630 (25.4%)
Ward D 2,737 (53.5%) | 2,291 (44.8%) | 89 (1.7%) | 5,117 (28.0%)
Total 5,039 (49.5%) | 8,864 (48.6%) | 350 (1.9%) 18,253

Justice Table allocation to IWs by patient type.



