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Preface

Information systems in healthcare and public utility services depend on comput-
ing infrastructures. Many research efforts are being made in related areas, such
as wireless computing (e.g., Auto-ID Laboratories, and projects at MIT), Web-
based computing, and information accesses by Web users. Government agencies
in many countries plan to launch facilities in education, healthcare and informa-
tion support as a part of e-government initiatives. In this context, information
interchange management has become an active research field. A number of new
opportunities have evolved in design and modeling based on new computing
needs of users. Database systems play a central role in supporting networked
information systems for access and storage management aspects.

The 4th International Workshop on Databases in Networked Information Sys-
tems (DNIS 2005) was held on March 28-30, 2005 at the University of Aizu in
Japan. The workshop program included research contributions, and invited con-
tributions. A view of research activity in Information Interchange Management
and related research issues was provided by the session on this topic. The invited
contribution was contributed by Dr. Umeshwar Dayal. The workshop session
on Web Data Management Systems had invited papers by Prof. Elisa Bertino,
Prof. Masahito Hirakawa, and Prof. William I. Grosky. The two sessions on
Networked Information Systems included invited contributions by Prof. Sushil
Jajodia, Dr. Cyrus Shahabi, Prof. Divyakant Agrawal and Dr. Harumi Kuno. I
would like to thank the members of the Program Committee for their support
and all authors who considered DNIS 2005 in making research contributions.

The sponsoring organizations and the Organizing Committee deserve praise
for the support they provided. A number of individuals contributed to the success
of the workshop. I thank Dr. Umeshwar Dayal, Prof. J. Biskup, Prof. D. Agrawal,
Prof. Elisa Bertino, Dr. Cyrus Shahabi, Prof. Sushil Jajodia and Dr. Mark Sifer
for providing continuous support and encouragement.

The workshop received invaluable support from the University of Aizu. In
this context, I thank Prof. Tkegami, President of the University of Aizu. I thank
Prof. Daming Wei, Head of the Department of Computer Software, for making
the support available. I express my gratitude to the members and chairman
of the International Affairs Committee, for supporting the workshop proposal.
Many thanks are also due to the faculty members at the university for their
cooperation and support.

March 2005 Subhash Bhalla
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Predictive Business Operations Management

Malu Castellanos, Norman Salazar, Fabio Casati,
Umesh Dayal, and Ming-Chien Shan

Hewlett-Packard,
1501 Page Mill Road, MS 1142,
Palo Alto, CA, 94304, USA

firstanme.lastname@hp.com

Abstract. Having visibility into the current state of business operations doesn’t
seem to suffice anymore. The current competitive market forces companies to
capitalize on any opportunity to become as efficient as possible. The ability to
forecast metrics and performance indicators is crucial to do effective business
planning, the benefits of which are obvious — more efficient operations and cost
savings, among others. But achieving these benefits using traditional
forecasting and reporting tools and techniques is very difficult. It typically
requires forecasting experts who manually derive time series from collected
data, analyze the characteristics of such series and apply appropriate techniques
to create forecasting models. However, in an environment like the one for
business operations management where there are thousands of time series,
manual analysis is impractical, if not impossible. Fortunately, in such an
environment, extreme accuracy is not required; it is usually enough to know
whether a given metric is predicted to exceed a certain threshold or not, is
within some specified range or not, or belongs to which one of a small number
of specified classes. This gives the opportunity to automate the forecasting
process at the expense of some accuracy. In this paper, we present our approach
to incorporating time series forecasting functionality into our business
operations management platform and show the benefits of doing this.

1 Introduction

The current competitive market situation where only the best can survive has
triggered the radar for opportunities to become more efficient than the competitors.
One such opportunity is given by good business planning with the goal of better
meeting business objectives. Having visibility into the past and current state of
business operations, as traditionally done by monitoring applications, is not enough
anymore. More and more, there is a pressing need to project future performance. In
particular, the ability to forecast metrics and performance indicators is crucial to do
effective business planning, the benefits of which are obvious — more efficient
operations and cost savings, among others. In consequence, forecasting (or predictive
analytics, as it is now being called in the industry) is increasingly being considered by
companies as a key technology to remain or become competitive. We are witnessing
this trend (along with a mindset change in high-level managers to embrace prediction

S. Bhalla (Ed.): DNIS 2005, LNCS 3433, pp. 114, 2005.
© Springer-Verlag Berlin Heidelberg 2005



2 M. Castellanos et al.

technology) in virtually every domain, from telecom to supply chain, from
transportation to finance. For example, transportation companies need to forecast the
number of packages they will need to dispatch from a certain hub (or at least whether
that number will exceed a given threshold) to plan for trucks. Correct planning allows
more efficient shipments, avoids delays and saves costs. In a nutshell, forecasting
provides the foundation for good planning inside and across organizations. The need
for forecasting tools is so high that companies are willing to spend millions of dollars
in consulting efforts to obtain these forecasts.

Traditionally, forecasting has been a human-driven task where domain forecasting
experts interactively massage historical data, analyze it, try different algorithms,
iterate over this cycle and finally come up with a forecasting model. This however, is
absolutely impractical when there is the need of forecasting many different metrics
and when the business conditions change dynamically so that prediction models need
to be updated. In this situation automating the forecasting process seems to be the
only practical solution. The problem is that automation can only come at the expense
of accuracy and therefore in applications where extreme accuracy is required, there is
no other way than to continue with the human-driven process whose output is
expected to be a perfectly fit model. For example, accuracy is extremely important
when providing forecasts of a company’s revenue to financial analysts, because even
a slight deviation of the actual revenue delivered from the forecast can have severe
business consequences such as a drop in the company’s stock price.

Fortunately, there are other applications, like the one discussed in this paper, where
such great accuracy is not required and an approximate prediction model obtained
quickly and automatically is preferred to a more accurate model obtained after long,
expensive consulting efforts. In this case, automation of the forecasting process seems
to be appropriate. For example, when metrics defined over business processes have
thresholds that indicate undesired business operations behavior, forecasts that indicate
whether future values are likely to be in the red, yellow or green zones are enough to
decide the next action to take, for instance, proactively trying to prevent a metric from
reaching a given value. As can be observed in situations like this, the predictions have
to be made with reasonable confidence, but 100% accuracy is not required.

The goal of our work is that of developing a completely automated forecasting
solution that could endow operation monitoring tools with the capability of providing
reasonable accurate, and up-to-date predictions. Our work is characterized by three
basic ingredients:

1)  We have bundled and integrated into a single software application multiple
algorithms that cover the entire forecasting lifecycle. Whenever a prediction
is needed, our software identifies and applies all the appropriate algorithms,
evaluates the confidence with which each prediction is made, and selects the
most accurate one.

i1) We have developed new algorithms and use state of the art optimization
technologies to enable complete automation with efficiency and performance
improvement.

iii) We have architected the algorithms into a forecasting engine (G-TSFE) that
can be embedded into monitoring and management software so that,
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whenever users monitor metrics, as long as the monitoring system keeps a log
of metrics values, they can also access forecasts for such metrics. For
example, if the transportation company has a monitoring system that tracks
daily shipments, then the forecasting engine can be embedded into this
software to make predictions for shipments and any other metric monitored
by the same system. We are planning to integrate this engine into various HP
management products, starting with OpenView Business Process Insight
(OV-BPI) [1] to provide forecasting on business process-related metrics.

In this paper we focus on business process monitoring applications to illustrate the
concepts. In this environment, there are two kinds of prediction that are of interest:

a) Predictions of metric values that active process instances will have at the end
of their execution. For example, the total duration of processing an order
currently in the middle of execution. Even though this kind of prediction is not
the main topic of the paper, we briefly address it for completing the picture.

b) Predictions of aggregated metric values of future instances. For example, the
number of orders that will be placed next Monday or even their average
processing time. This is the main focus of the paper.

The remainder of the paper is organized as follows. Section 2 gives an example of the
usage of an automated prediction solution in a business process monitoring environment.
Section 3 gives a technical overview of our prediction engine concentrating more on its
forecasting functionality. Section 4 summarizes the competitive landscape, and in
Section 5 we conclude with the current state and next steps.

2 Example

Let’s assume that one of the business objectives of a hypothetical manufacturing
company ACME is to gain a good reputation for being punctual in making payments
to its suppliers. This objective will allow ACME to be in a favorable position to
negotiate with vendors the terms of the payment period in their contracts. The
business operation on which this objective depends is “Pay to Vendor” and the
process underlying this operation is called “Payables”. Let’s assume also that ACME
has a 10 days payment policy from the moment it receives a vendor invoice. For
ACME to keep its good standing it is important to keep monitoring the duration of the
Payables process and react if the process is not meeting the payment policy. However,
monitoring the current state of the process is not enough, since it only gives
opportunity to “react” after the problem has occurred, which is too late. What ACME
needs is the ability to be “proactive” so that problems can be prevented. Specifically,
it needs to leverage its monitoring platform with predictive functionality. Two kinds
of prediction are useful in this context:

a) For invoices that are currently being executed, ACME will be able to have
predictions about their total duration. This will enable ACME to take action
before the problem arises in order to prevent its occurrence or at least
minimize the damage caused. In this case, try to speed up the processing of
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those invoices likely to last more than 10 days, for example, by increasing
their priority. This kind of prediction is per instance, as illustrated in Figure 1
where those instances (each instance corresponding to the processing of an
invoice) predicted to exceed the maximum duration say “unacceptable” (in
red but not noticeable in this black and white paper). Notice that each
prediction is accompanied by a confidence value.
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Fig. 1. Predictions of metric Wait Time to Audit for active process instances

b) ACME needs to know whether the average total duration of processing
invoices the next day (or week, or month) is likely to be above a certain
threshold in order to make plans for the resources that it will assign to this
process. The idea is to provide ACME with the ability to monitor the daily
(or weekly, or monthly) average total duration not only for the present and
past, but also for the future. This is illustrated in Figure 2, shows a possible
GUI where a user can move the slider along the time scale to set the time for
the metric prediction, which is displayed on the dial chart. This kind of
prediction is more in the style of Time Series Forecasting.

Instance prediction is specific to a business process monitoring environment, while
time series forecasting applies to any monitoring environment.
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Fig. 2. Forecasting total duration metric average for the time set on the slider

It can be appreciated that these two kinds of prediction functionality empower
business managers to do effective planning and decision making to better meet the
goals of their business operations. They constitute a powerful tool that leverages the
business process monitoring platform and gives its users the ability to see the metrics’
most probable future behavior.

One of the main features of such a tool is that its design responds to the need that
users have for a prediction tool that is easy and intuitive to use. The user doesn’t need
to write code, or be an expert in predictive technologies; rather she simply clicks a
button and obtains the requested predictions.

3 Technical Overview

In this section, we explain the architecture, main concepts and principles underlying
the prediction functionality of Metric Predictor (MP), our prediction engine to
automate the prediction of metric values in a monitoring environment.

Metric Predictor has been designed with three goals in mind: ease-of-use,
generality and scalability. Itis

e easy to use so that business managers do not need to be experts in data
mining or statistics, but can simply obtain forecasts at the click of a button;

e  generic so that it works for any kind of metric in different domains; and

e scalable so that it can handle large numbers of frequent predictions.

3.1 System Architecture

Metric Predictor is an engine that can easily be integrated into a monitoring platform,
enhancing it with predictive functionality. In general terms, a monitoring platform
that supports metrics receives its input from external instrumentation infrastructure,
allows its users to define metrics on top of data fed by the instrumentation, computes
metric values from this data according to the metric definitions, and provides reports
to its users. Seamlessly integrating Metric Predictor into such a platform essentially
means tailoring it for the platform repository schema, creating the interfaces to let it
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read and write to and from the repository, and extending this repository with the
necessary data structures for the prediction models as well as for the predictions
themselves. Figure 3 shows the overall architecture of a monitoring platform enriched
with predictive intelligence.

Instrumentation
Infrastructure

Operational Monitoring

{ Metric

Definitions
Metric Definer

Measurements

Computation
Domain Engine
schema

(L

Fig. 3. General architecture of a predictive monitoring platform

In the case of a business process monitoring platform such as OV-BPI, whose task
is to track the progress of process executions, the instrumentation infrastructure
captures events that signal the start and end of the activities corresponding to the
different process steps, as shown in Figure 4. For this purpose the platform allows its
users to define abstract views of business processes as well as events and their
mappings to the start and end of the steps of such abstract process views. In addition,
it lets users define metrics on top of these process views. Metrics are computed on the
process execution data that the monitoring engine logs after interpreting the
occurrence of events according to its mappings.

In the rest of the paper, we concentrate on a Metric Predictor whose development
was motivated by the need to incorporate prediction capabilities into our business
operations management platform, Business Cockpit (built on top of OV-BPI). Details
about other functionalities of this platform can be found in [2].



