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Measurements and MOP (Measures Of Performance)

Why Now? Why Measure?
Measurements - Some Empirical Axioms

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

e Internet: Log files.

Transportation: The Hertzel-Balfur intersection.

Administration: Project Management, Emergency Services, Government.

Healthcare: Emergency Departments,...

Averages do NOT tell the whole story

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

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

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

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

Sample Size Matters

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

The Fluid View: Introduction

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



Why Only Now?

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

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

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

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

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

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

1 Data Generation and Reporting

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

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

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

6/13/00 - Tue

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

4000 R 20m i
AN TN A TS A~
- ARV TR
- AERVERVERTERY
e N N J N
. Daily Hourly

NN r
e N TN .

ol e N\ g

ol /] N E

Z,// B WA

PR PR PP PP PP nm e va e e e

Time




S~

’Arrivals: Inhomogeneous Poisson'

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

Service Time

Overall | Regular New |Internet| Stock
service |customers
Mean 188 181 111 381 269
SD 240 207 154 485 320
Med 114 117 64 196 169
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Hazard Rate: Empirical (Im)Patience

Regular Customers
Priority Customers

——

400

300

|
200

l
100

_
9000

I
G000

¥00°0

€000

¢000

10070

14



via 4 Call (ew

%Abandon vs. Calls per Interval for various Number of Agents

% Abandon

5

100

120 140
Calls per Interval

160

——4
—-—5
—4—6
—e7
—%—38
——9
—+—10
—11
—12
——13
——14]
—a—15 |
—%—16

4



Ewpicieal “Proof"of- K- P Forwu/a

Bwewe ;

Cclonee
Service Level vs. Availability
450
||
400 -+
|
350 - n
n
%
300 —+ |
=
8 250 +
-]
(=]
o
S
x 200 —+
150 -+ i
100 — .
50 + "
n =‘-ﬂ
0 }
0.00 20.00 40.00 60.00 80.00 100.00
L]
" Utitization® (Hourly Avg)
n
Scmué

+ other activities



Measurements

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

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

Service Times Histogram:

40%

AVG: 2.6 Mins
STD: 2.6 Mins
N: 2261 (~450 per day)
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Waiting Times Histogram:
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Note: Average sojourn time is 30.2 mins. Hence Service Index = 0.086. Too Low!
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0406252
040293
040293
040293

: 040293

040293
040293

1006 8:12:45
1010 8:14:04
1008 8:15:51
10066 8:19:44
1012 8:26:55
1013 8:27:37
1014 8:29:05
1014 8:31:23

1016 8:33:52
1014 8:35:39
1018 8:39:01
1019 8:39:57
1021 8:43:20
1022 8:47:21
1023 8:47:24
1024 8:50:07
1025 8:50:58
1021 8:53:07
1027 8:53:11
1023 8:54:32
1023° 8:54:35
1021 8:55:05
1028 9:00:57
1029 9:01:56
1930 98:08:51
1031 9:08:54
1032 9:09:06
1030 9:12:41
1020 9:13:3%
1020 9:13:38
1034 9:17:07
1036 9:19:43
1037 9:20:07
1030 9:21:50
1030 9:22:39
1036 9:32:04
10326 9:32:12

8:
8:09:34 8:15:51 6£:18 2124
8:09:47 8:11:33 1:45 2:28
8:19:32 8:19:44 0:12 6:48
8:14:17 8:15:51 1:34 0:13
8:15:51 8:15:55 0:04 0:00
8:19:44 8:44:25 24:41 0:00
8:28:37 8:30:53 2:16 1:42
8:33:31 8:34:16 0:45 5:55
8:30:14 8:31:33 1:19 1:10
8:35:36 8:35:39 0:03 4:03
8:34:16 8:44:49 10:33 0:24
8:35:39 8:41:12 5:332 0:00
8:43:29 8:50:31 7102 4:28
8:41:12 8:43:29 2:18 1:15
8:50:31 8:53:07 2:36 7:11
8:53:07 8:58:18 5:11 5:46
8:49:06 8:54:32 5:26 1:42
8§:51:54 8:54:32 2:38 1:48
£:58:18 8:59:29 1:11 7:20
8:54:52 8:55:05 0:13 1:45
8:59:29 9:12:33 13:04 6:18
8:54:32 8:54:35 0:03 0:00
8:54:35 9:02:02 8:27 0:00
8:55:05 9:02:49 7:44 0:00
9:03:02 9:09:38 6:36 2:05
9:06:27 9:39:48 33:21 4:30
9:10:02 9:12:41 2:39 1:11
9:09:38 9:13:35 3:56 0:44
9:12:33 9:16:29 3:56 3:27
9:15:18 9:21:50 6:32 2:37
9:13:35 9:13:37 0:03 0:00
9:13:38 9:20:39 7:01 0:00
$:21:50 9:27:3% 5:48 4:43
9:27:39 9:32:04 4:25 7:55
9:20:39 9:22:37 1:57 0:32
9:22:37 9:22:39 0:03 0:47
9:22:39 9:234:05 11:25 0:00
9:32:11 9:32:12 0:02 0:07
$9:32:12 9:46:30 14:17 0:00
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Face-to-Face Services
Measurement & Control

s |'raditional work measurements

— Stop-watch: utilization profiles, times

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

— Queues physically ordered, standing
o S_method  1-station

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

— Ticket upon arrival (7, type)

. Sensors at servers

— Diagnostic / Research-device

s T -method : 1 station/Network

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

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

a2



Face - to- Face

C - Method "

District Total
Wait Trend Indicators

20.00%
15.00%
o _-.__-,___ ............
},@D
§ 10.00% - -
o
Ry . ]
5.00%

Jan93 Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan94
Average Service Time 257 256 252 246 243 244 244 244 242 247 252 253 249
% Wait> 10 MinlR 071% 066% 0.68% 0.68% 0.77% 091% 2.28% 2.10% 243% 2.82% 2.63% 3.14% 242%
AverageWaitTime &  2.08 202 206 209 213 221 244 25 25 278 266 287 247
% Wait > 5 MinE3 10.92% 10.38% 10.34% 10.66% 11.40% 12.32% 17.02% 15.39% 16.11% 18.28% 17.06% 18.64% 15.39%
Branches Reported 61 62 61 63 63 61 64 64 66 67 70 71 72
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KeyCorp. Bank, 1995

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

transactions per year.

SEMS-  Service Excellence management

System

Results and Impact, Approximately from
1993 to 1995.

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

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

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

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

SEMS cost: $500.000 (including training).

Estimated profit (95-99): $98.000.000



KEYCORF

SEMS: Customer Wait-Time System

Teller Performance
Capture System

|

v r v

Tellers Available Arrival Rate Customer Service
Algorithm Algorithm Rate Algorithm
¢ y v
| k Servers A Arrival u Service Time
‘ (per 1/2 hour) (per 1/2 hour)
\ Primary Wait Time Estimate l/
M/M/k ‘

v

Logarithmic Interpolation
Algorithm (k+, k-)

Y

Dynamic Arrival Rate
Compensation Algorthim

Y

Gamma Distribution Parameter
Estimation

Y Y

Wait Time hy
Half Hour
Interval at

Wail Time by
Branch

Wait Time
by Day at

Branch Level

Branch Level

Heport W1 Report W2 Report W3
Figure 7: The wait-time reports provide management an objective tool with which to measure

customer wait-time experiences and service received from regular lobby tellers through analysis of
Customer arrival and wait-time patterns on a specific day or during a particular time period.

Januar y-February 1996 65
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KOTHA, BARNUM, BOWEN

REPORT. W1 WAIT TIME BY BRANCH
BANK - DISTRICT
MONTH YEAR
LOBRY OPEN WAIT TIME IN MINUTES % OF CUST & DAYS
CUSTOMERS  LOBBY <t 1705 57010 10+ SERVED  SERVICE
BRANCH SERVED  TELLERS # % # 0 0% # %o # % < b MIN MET
TOTAL DISTRICT 121,429 22 66,660 53% 48353 38% 8713 7% 3221 3%  91% 65%
9062 MAUT 7417 2.2 4069 &7% 2104 30% 340 5% 572 8%  87% 64%
9108 HONOLULY 7,384 25 4821 65% 2328 32% 166 % B4 1% 87% 95%
9147 EMORY SRR 1.7 3208 63% 1610 32% 162 3% 104 2%  95% 84%

Figure 8: The wait-time-by-branch report provides the number of customers served, the num-
ber of regular lobby tellers available to serve the customers throughout the day, the length of
time customers waited in line to be served, and the percentage of customers who waited less
than five minutes. KeyCorp uses this information to evaluate the level of customer service

provided in the district.

stances in which the branch daily wait
time fails to meet the target (Figure 10).
Management uses this report to identify

failures to meet service standards, to un-

derstand why, and to rectify the problem.

Productivity and Customer Wait-Time
Executive Reports

We designed several reports using PC-
based ACCES

ment. These executive reports, imple-

software for top manage-

mented in July 1993, are used primarily by
regional, district, and area managers to
plan continuous improvements in produc-
tivitv and customer wait times. One of the
most frequently used reports, “Branch-pro-
ductivity and customer-wait-time district
summary’’ (Figure 11), provides them with
a graphical view of customer wait times
and teller productivity numbers for all
branches within a district. Comparing

REPORT: W2 WAIT TIME BY DAY AT BRANCH LEVEL

BANK - DISTRICT

BRANCH # ~ NAME

MONTH YEAR
LOBBY OPEN WAIT TIME IN MINUTES % OF CUST
CUSTOMERS  LOBBY <1 17056 51010 10+ SERVED

WEEKDAY DATE SERVED  TELLERS # % # % # Yo # Yo <5 MINUTES
TOTAL-BRANCH  ALL 7,394 25 4821 65% 2328 3% 166 2% B4 1% 7%
MONDAY ALL 848 24 529 63% 260 31% 41 5% 14 2% 93%
MONDAY 09/12/94 256 21 140 8% 84 33% 26 0% 4 2% 88%
FRIDAY 09/30/94 524 3.2 353 68% 163 31% 5 1% 0 0% 95%

Figure 9: The wait-time-by-branch report provides the number of customers served, the num-
ber of regular lobby tellers available to serve the customers throughout the day, the length of
time customers waited in line to be served, and the percentage of customers who waited less
than five minutes. KeyCorp uses this information to evaluate the level of customer service
provided and assist in scheduling at the branch level.

INTERFACES 26:1
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Event-based Middleware & Solutions group

RFID for Patient Flow Management in Emerge
Unit

Boris Shulman

© Copyright IBM Corporation 2006

! Event-based Middleware & Solutions group

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 ﬁ

w tion and Perform
Orientatio analysis
I Validate results I
\ 4
Print | ReadResuits |
Results i
) Interpretation &
Wait for a Decision
doctor

Transmit
Results

Examination

1 Nurse
Biological Continue Doctor
analysis Treatment Biological

prescription Laboratory
\ 4 No immediate
added value for
Takes Samples patient

Sends Samples —‘

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




| Event-based Middleware & Solutions group

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 | 25-Mar-07 © 2006 IBM Corporation

| Event-based Middleware & Solutions group

Main Event Sources

= RFID tags readings
- Patient location events
- Doctors location events

= Other user provided information
- Patient registration information

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




| Event-based Middleware & Solutions group

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 | 25-Mar-07 © 2006 IBM Corporation

| Event-based Middleware & Solutions group

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

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




RFID Journal - Where is RFID's ROl in Health Care?

RFID JOURNAL : THE
WORLD'S RFID
AUTHORITY

THE WORLD'S RFID
AUTHORITY

Where is RFID's ROI in Health Care?

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

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

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

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

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

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

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

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

The business case for tracking mobile assetsis related to the ability to find assets such as infusion pumps

file:///C|/Documents%20and%20Setti ngs/Shimrit/Deskto...20Where%20i s%20RFI D's%20R0I %20i n%20Heal th%20Care.htm (1 of 3)25/03/2007 23:59:41
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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 |ocate these assets within afew feet, or within a
particular room. The time savings may be realized by both clinical engineering staff and nursing staff,
and can often amount to a couple of days per week per person. Additionally, these faster search times
can help improve overall asset utilization and, in certain circumstances, enable more streamlined
inventories of equipment and lower rental costs. Tracking technologies can help to lower shrinkage
when items get accidentally misplaced for extended periods of time, while also serving as a deterrent to
deliberate theft. The return on investment can be quantified by looking at all of these factors and
comparing them with the initial and ongoing costs involved in implementation. In this example, the
business case isfairly straightforward to determine, and investment decisions typically ride upon the
infrastructure costs of the network deployment.

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

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

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

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

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

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

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

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

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

reached at mailto: nicholas.evans@bearingpoint.com?subject=.

| Back to normal page view | Send this article to afriend |
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Date Updated Through: Ali Day
06/13 - Tue Recvd Answ Abn% | ASA | AHT | Occ% On | On Prod| Sch Open|Sch Avail
_ Prod% | FTE FTE Y
Total: 128,960 126,321 2.8% . 3 318 90.9% 88.4% 1531.7 1585.0| 96.6%
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Web Access Log
{From a CD that accompanies
"Capacity Planning for Web Performance™, by
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"index.html HTTR/1.0""

10/2000

1998.)

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

"7 _html HTTP/1.0%""™ 200 1538"

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

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

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

On Measurement Methodology + Metrics : See http://www.xiwt.org/


415-1
On Measurement Methodology + Metrics : See http://www.xiwt.org/


|

el

!

t

H
AST peTRIT




/fza s 140 O’Z,f[br’/’% 2)"14_/

i

17-mar-1993 YOLWUMES REPORT page:1l

Group#l: 1013

Group#2: 1014

Group#3: 1015

Group#4: 1017

Date Time Vol1 vol2 vol3 vold

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

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

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

71

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

144
136
154
164
136
102
120

106
177
170
129
144

- 179

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

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

a5
158
132
122
199
107

93

80
a0
69
57
70
36
4
65
49

37
32

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

104
109



Telephone Service: Call-by-Call Data

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




Time-Varying Queues: Predictable Variability
(with Jennings, Massey, Whitt)
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Average Service Durations Over The Day
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Arrival Process: Time Scales
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Humbet o Cally Orignartacd Quring Busiest Hour Each Wk

Arrival Process, in 1976
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Custom Inspections at an Airport

Number of Checks Made During 1993:

| Predictable? » / Strike Holifay
’ ,
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# Checks
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120 1
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Executive Summary Report

Principle Investigator

Dr. Jon Anton
Purdue University

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

Wednesday, October 20, 1999
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More Business intsifigence for Strategic Dacision Makers at www.e-Interactions.com

Annual Budgets
Your Peer Group Best-in-Peer Group All Participants
Center
Sutvey , Standard | Highest . Standard | Highest . Standard Highest
, . . A A
Metric Description | Response Median | Average Deviation ] Value Median | Average Deviation | Value Median | Average Deviation
What is the total | ' 4 : - : S
annual budget for
your call center
{includes
everything
mentioned in
Table 3.2.2) HEg
Budget 1997 500 4,599 13,886°¢ 38,655 268,000
(x1000)
Budget 1998 575 4,268 7.897 17,625 308,000
(x1000)
Budget 1599 675 4,738 9,148 20,447 317,00
(x1000) N T E
Budget as a percent of Sales
Your Peer Group Best-in-Peer Group All Participants
Center -
Survey . Standard | Highest . Standard | Highest . Standard Highest
. . . L Med A o
Metric Description] Response Median | AVetage| b viation | Value Median) Average Deviation] Value odian | AVEIAEE | Devyiation Value
1997 Budgetas a
percent of 0.06% 030% | 5390% | 47580% | 8235.02%
1997sales (Figure
derived)

Copyright () Purdue Ressarch foundation
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For Contact Center Benchmark Research visit www.e-Interactions.com

Regarding inbound calls, which of the following functions does your call center do?

(% of all participants that perform these functions to any degree)
70%
60%
50%
40%

30%

20%

Percentage of Respondents

10%

Call Center Functions N\

Copyright (¢) Purdue Research foundation Executive Summary Report Page 12 of 42



Benchmark Research at www.e-interactions.com

Cost Allpcation

Your . .

Peer Group Best-in-Peer Group All Participants
Centet
Survey . Standard | Highest . Standard | Highest . Standard Highest
, . Median | Average L Median | Average o Median | Average .
Metric Description | Response 21 Deviation | Value E° | Deviation| Value E° I Deviation Value
What percentage ' ' 1 B
of your ongoing
costs ave for: = = S B

80.00% 60.00% | «126.87% 2424.31% 75000.00%
Salary, benefits
Recruiting, 10.00% 2.00% 3.42% 5.00% 52.00%
screeming, training
Tele- 10.00% 400% | 691% 9.05% 92.00%
communications
network provider

. 5.00% 2.00% 3.62% 4.97% 40.00%

Computet hardwate

5.00% 1,00% 2.45% 3.80% 30.00%
Computer software
Tele- 5.00% 1.00% 3.26% 5.89% 90.00%
communicabions
equipment
Real estate {tfloor 5.00% . 1.00% 3.33% 4 B6% 35.00%
space)

0.00% 0.00% 1.64% 8.58% 100.00%
Qutsourced calls

Copyright {c) Purdue Research foundation Executive Summary Report Page 13 of 42



Actionable Benchmark Research at www.e-Interactions.com

Inbound Performance Metrics

()})f{ndﬁbmm f

Your Peer Group Best-in-Peer Group All Participants
Center
Survey , Standard | Highest , , Standard | Highest . Standard Highest
Metric Description | Response Median | Average Deviation | Value Median| Average Deviation] Value Median | Average Deviation Value
What are your ] ':
inbound call
center service level
statistics? Vi i

Average speed of 75.0 900.0
answet (seconds)

Average talk time 3.0 3.0 8.8 0.6 2420
(minutes)

Average after call 3.0 1 8.6 91.1 2,861.0
work time (minutes)

Average calls 7.00% 3.00% 4.62% 6.43% 93.00%
abandoned

Average time in 10.0 30.6 35.8 47.0 €00.0
dueue {seconds)

Average number o 75.00% 73.00% 69.62% 36.42% 100.00%
calls closed on first .
Average TSR 85.00% 7400% | 59.79% 33.56% 100.00%
OCCUPANCY

Average time 300.0 45,0 53.8 80.6 7200
before abandoning

Average adherence| 70.00% 88.00% | &7.76% 38.53% 100.00%
to schedule

$1.00 $4.00 59.88 §22.80 $500.00

Cost per call
Inbound calls per 50.0 52.0 78.6 2872 7.000.0
&-hour shift per
TSR

Percentage 86.00% - 81.00% 66.75% 37.21% 112.00%
attendance

Copyright (¢} Purdue Research foundation Executive Summary Report Page 14 of 42



LA

Rea! time Benchmark Research af www.e-interactions.com

What percentage of your company's fotal customer contacts

40% -

35% A

30% -

25% -

20% -

15% -

Parcentage of Respondents

10% -

5% -

is handled by your call center?

0% -

Copyright (c) Purdue Research foundation

(All Participants)

o
@9

Percentage Categories

| ﬁ,;‘nstd
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Real time Benchmark Research at www.e-Interactions.corm

TSR Seats and Cubicals
Your Peer Group Best-in-Peer Group All Participants
Center
) Standard | Highest ) Standard | Highest , Standard Highest
, R A . M A . M .
Metric Description Median verage Deviation | Value echan. verage Deviation] Value edian | Average Deviation Value
Total number of 27 38 125 265 3,528
TSR positions
Number of seats 10 2 24 67 1,200
added last 12
Size of TSR cubical 42 36 38 118 3,500
(square feet )
Size of total call 2,000 8,000 16,108 27,257 273,573
center occupy
(square feet)
Total TSR Seats
Your Center Peer Group Best-in-Peer Group All Participants

What is the number of TSR seais at your cail center?

0-25 seats 0.0% 0.0% 45.0% - weasF Sueall
26-50 seats X 0.0% 0.0% 11.6% ”
51-100 seats 0.0% 0.0% 12.2%
101-500 seats 0.0% 0.0% 25.5% /R e
0.0% 0.0% 5.2% - | 4

501 + seats

ke 1§ M Seafs b V.S, alone

Copyright {¢) Purdue Research foundation
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Bank — 2nd Floor Measurements
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Bank: A Queuing Networ k

Transition Frequencies Between UnitsIn The Business Section:

ToUnit [investments Tourism | Tellers Credit | Business | Business | Business | Manager | Business [Collaterals| Collection Exit
From Unit A B C D
I nvestments 1% 8% 4% 1% 0% 0% 0% 0% 0% 0% 85%
Tourism 1% - 2% 0% 0% 0% 0% 0% 0% 0% 5%
Tellers 2% 1% 1% 3% 1% 0% 1% 8% 0% 0% 82%
Credit 4% 2% ™% 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% 7%
BusinessC 2% 1% 12% 0% 1% 1% 3% 2% 0% 0% 78%
M anager 0% 0% 5% 0% 8% 8% 5% 0% 2% 0% 74%
BusinessD 0% 0% - 0% 2% 2% 0% 0% 3% 0% 78%
Collaterals 0% % % 0% 3% 3% % 0% 0% 0% 2%
Collection 0% 0% 12% 3% 3% 3% 0% 0% 0% 0% %
Entrance % - 6% 12% 5% 1% 0% 2% 1% 1% 100%
Legend: [ oe-5% | sw-10% [10%-15% | >15% |




Bank: A Queuing Network

Transition Frequencies Between Units in The Private and Business Sections:

Dominant Paths - Private:

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

Service Index = % time being served

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




Mapping Offered Load (Branch of a Bank)

Department

Time

Business

Services

Private

Banking

Banking

Services

Tourism

8:30-9:00

9:00-9:30

9:30 - 10:00

10:00 - 10:30

10:30 - 11:00

11:00-11:30

11:30 - 12:00

12:00 - 12:30

Teller

Teller

Teller

Comprehensive

Break

16:00 - 16:30

16:30-17:00

17:00-17:30

17:30-18:00

Legend:

O1 Clear

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

Service Engineering: Multi-Disciplinary Process View

Service Completion
(75% in Banks)

Call Center Design

Information Design

Organization Design:

IVR

Index

Function
Scientific Discipline

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

Forecasting
Statistics

Human Factors

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

Stan@tion gy Based Routing
(SBR) Design

Back-Office

Psychological
Process

Archive

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

then Waited 8 min)

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

16




-

‘Event history of an incoming call.

(units of rates are calls per month)

l
l
I
100-120K '
» VRUIVR : -
l
End of Service E
Arrivals

=  {(Jueue

i]:4

(B
Abandon =°
w174 of those Teqae st
Service

Juene

~

End of Service &
v 83% of those Te questing
Servrice
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Chartl

Relative frequencies, %

Wait time(waiting) Retail
April 2002, Week days

2 8 14

20 26 32 38 44

Time (Resolution 1 sec.)

50 o6 62

Page 1
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| Thus, distributed call centers are becoming technically feasible via the use
of the ISDN and CMC, and two approaches have been described. Basic rate

Incoming calis
\

X.25 links _ .
to agents
via D channel '

00l | Multiple basic '

= rate interfaces ISDN

§§ network

Call processing Phone server

computer

Remote agent

Figure 8.3 Using the telephone network as a call distributor, , L8.
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Conceptual Model: Hospital Network

Emergency Department: Generic Flow

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

handling |
patient&family]

o
©

11

;100%J

imaging /consultation /

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

bloodwork

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

awaiting B ‘ discharge_|—53

evacuation [
instructions

55
y O prior discharge

discharge /
hospitalization [ I|
[

56
estimated max time decision point for alternative processes <>

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

21
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Two Local Municipalities

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

“STD=Mean”

* Service time ranges given with 90% confidence

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




Service Times per Service Position

Server | Service Time Std. Utilization | Service Time Total
Dept. ID | Avg. (Min) Deviation % Max. (Min) | Services
1 7.55+0.68 7.96 37 79.32 370
Collection - 2 5.42 +0.33 6.27 68 105.20 951
Front Office 3 6.51 £ 0.50 6.94 44 63.33 510
4 8.41+0.75 «+—» 8.90 42 58.15 377
Collection - 5 11.59 + 0.80* > 10.88 76 74.60 493
Immigrants 6 10.32 £ 0.52 8.98 78 50.87 569
7 10.80 +1.98 12.82 16 93.73 114
Collection - 8 9.07 £ 3.56 11.50 3 52.07 28
Back Office 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
12 16.73 +2.34 16.08 28 88.68 128
Cashier 13 251+0.21 4.92 48 52.18 1460
14 3.86 +0.18 4.16 72 46.92 1416
15 13.74 +1.07 12.02 62 69.68 340
Assessment - 16 10.88 £0.92 10.60 52 87.92 363
Front Office 17 6.66 + 0.50 6.68 42 49.93 473
18 11.22 +1.30 13.81 45 100.60 302
Assessment - 19 19.29 + 5.64 19.99 8 78.27 34
Back Office 20 12.2 + 3.86 8.47 3 29.28 13
Total 7.24+0.10 9.10 8075

e 90% confidence intervals
e 7364 distinct customers

Recall: Exponential = E=0 (i.e. CV=1)
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Rank Service-Types by “Effort”

Activity Pareto

v

Service Type Avg. | Transactions Time Cumulative
Time | (% of Total) Allocated (% of
(Min) (% of Total) Effort)
Tax Query 7.25 29.6 34 34
Cashier Payment 4.4 42.8 26.3 60.3
Title Transfer 12.1 55 10.6 70.9
Water Query 5.6 8.3 7.35 78.25
Owner Change 17.3 15 4.2 82.45
Title Deed Verification 7.2 3.4 3.9 86.35
Waivers & Discounts 12.4 1.4 2.8 89.15
Water Disconnection 15.6 11 2.6 91.75
Discount Application 13.7 0.8 1.8 93.55
Update 104 1.1 1.8 95.35
Information 8.1 1.3 1.7 97.05
Measuring Device 59 1 0.9 97.95
Measurement Req. 12.5 0.4 0.8 98.75
Payment Schedule 6.3 0.7 0.7 99.45
Account Change 3.8 0.7 0.4 99.85
Cash Transfer — Rebate 2.3 0.26 0.1 99.95
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
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Ambulatory Operations Time
Production of Health

Cystoscopy:
30% 7 Practice .
25% Theory —
§ 20% - AVG: 11.33 Mins.
S 15% STD: 2.83 Mins.
f’“: 10% - N: 48
5% -
0% : ; ; ‘ ‘ ‘ ‘ ‘ Mins
41057 < 5.991 .
> > => Do not Reject
X X 0.95
TURT / TURP:
6% -
Practice .
5% Theory __
2 4% 1 AVG: 37.1 Mins.
8 59 STD: 14.41 Mins.
T N: 20
[T 2% i
1% -
Mins
0% : : : : : : : : : ‘
0 5 10 15 20 25 30 35 40 45 50
05113 < 5.991 .
5 5 => Do not Re ect
X X 095
Curettage:
14% 1 Practice .
12% - Theory __
10% -
S 5o AVG: 12.08 Mins.
g STD: 3.08 Mins.
T 6% N: 40
(TR
4% -
2%
0% , , ; , , , , , , , Mins
24887 < 7.815 .
5 5 => Do not Reject
X X 0.95(6-3)
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Beyond Traditional Queueing Theory
Some Characteristics of Services

« Time-varying conditions
— Predictable variability dominant - Fluid View
— Arrivals - typically given, Services - Staffing
» State-dependent responses
— Skills-based routing
— Finite Buffers
« Physical = finite waiting room, busy-signal
» Mental: customers balk, abandon
+ Stability ? (9:00-17:00, Abandonments)
* Human factors
— Equilibrium (decentralized) analysis
— Fairness - FCFS often a (costly) constraint
— Phantom queues - what infomation to provide
* Approximations Fluid and Diffusion (Long- ,Short-run)

* Theory + Real Data + Experiments =
Multi-Disciplinary Queueing Science
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CANADA

DESPERATE SEARCH: 26,000 job
applicants line up at a GM plant

Exports surged as the currency sagged.
“The weak dollar has helped us in the
short term,” says Peter W. Currie, chief
financial officer of Northern Telecom
Ltd., which last year garnered 87% of
its sales outside Canada. “But now,” he
worries, “it’s becoming a definite nega-
tive.” If rates—like the prime, now at
9.25%—keep climbing to shore up the
dollar, then a recession could return
next year. That would quash hopes of
further drops in unemployment, now at
9.6%. In a stark reminder of the persis-
tent job problem, 26,000 Canadians re-
cently lined up to apply for work at
General Motors’ plant in Oshawa, Ont.,
even though the company had no imme-
diate openings.

TAX HIKES? In order to take pressure
off the dollar, Finance Minister Paul
Martin is pledging a budget that would
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