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Abstract

A Sense-and-Respond enterprise is one that is constantly

evolving to keep up with the rapidly a changing business

environment. While these enterprises are "data rich," they

are often at the same time "information poor." There is a

critical need to:

? Display large amounts of data — to see the both the
"needle” and the "hay."

? Make complex patterns stand out — to focus on rela-
tionshipsthat are relevant.

? Interact with the data — to isolate any interesting sub-
set asthe analysis proceeds.

?  Correlate across many variables— to identify complex
interrel ationships.

? Be easy to understand — to make learning quick, to
make the information usable by a wide audience and
to facilitate communication among decision-makers.

Monitoring the vast amounts of data is more than just pro-
viding real time alerts. It about saying “There is something
going on here and here is al the information that will help
you find the needle in the haystack and make a well n-
formed timely decision”. In this paper we introduce data
visualization techniques that are well-suited to finding the
needle in the haystack because it can easily present large
volumes of data, provide interactivity to explore the data,
make visual patterns easy to see and make multivariate
analysis simple and easy to comprehend.

Keywords: Information Visualization, Data Analysis,
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1 Introduction

The widespread use of the Internet and related technologies
in various business domains has accel erated the intensity of
competition, increased the volume of data/information
available, and shortened decision-making cycles consid-
erably. Consequently, strategic managers are being ex
posed daily to huge inflows of data and information from
the businesses they manage and they are under pressure to
make sound decisions promptly. Typically, in a large or-
ganization, many distributed, heterogeneous data sources,
applications, and processes have to be integrated to ensure
delivery of the best information to the decision makers. In
order to support effective analysis and mining of such di-

verse, distributed information, a data warehouse (DWH)
collects data from multiple, heterogeneous (operational)
source systems and stores integrated information in a cen-
tral repository.

Since market conditions can change rapidly, up-to-date in-
formation should be made available to decision makers
with as little delay as possible. A well-developed strategy
isvital, but its ultimate value to an organization is only as
good as its execution. As a result, deployment of business
intelligence solutions for operational and tactical decision-
making is becoming an increasingly important use of in-
formation assets. For along time it was assumed that data
in the DWH can lag at least a day if not a week or a month
behind the actual operational data. That was based on the
assumption that business decisions did not require up-to-
date information but very rich historical data. In today's
competitive business climate, companies can't afford to
wait days or weeks for information that can reduce costs
and improve business processes.

Companies need to track business processes -- such as or-
der processing, quality assurance, inventory, logistics,
compliance, etc. in real time, to improve operational effi-
ciency as business events are happening. They are aso
looking for answers to the tough questions. How can we
improve revenues? What characteristics do our most prof-
itable customers share, and how can we serve them better?
Where are we spending money and seeing the best returns?
Executives today are more challenged than ever to make
quick, well informed decisions that address growing busi-
ness issues and regulatory standards. To answer these
questions, companies need a window into the health of the
organization and the tools to act. Every organization is
made up of a complex combination of data, assets, proc-
esses and systems.

The challenge lies in integrating, monitoring and maintain-
ing them all and allowing users to manipulate the data and
relationships in a graphical form gives unparallel opportu-
nities to make full use of resources. As aresult, more pow-
erful and timely business analytics and visualization solu-
tions are needed to help produce reliable results, drive
confident decision-making, and gain insight into valuable
business data that uncovers unforeseen trends and previ-
ously unarticulated relationships. However, these discover-
ies are not useful unless gplied quickly to the decision-
making process. This is where the use of advanced visuali-
zation techniques for data analysis comes into play and



helps build a Sense-and-Respond Enterprise. It allows
analysis results to be shared across the enterprise quickly,
saving deployment cycles and lowering costs, while e-
hancing ROI.

2 Sense-and-Respond Enterprise

A Sense-and-Respond Enterprise is, in the long run, in a
much better position to provide on-demand services than a
traditional Make-and-Sell  organization.  Sense-and-
Respond is a general approach for adaptive business man-
agement first popularized in IBM by Stephen Haeckel of
the Palisades Advanced Business Institute [1]. Haeckel
describes the transformation from a Make-and-Sell organi-
zation to a Sense-and-Respond organization. He advocates
a new form of strategic planning based on roles and e-
sponsibilities. In his view, organizational hierarchy is re-
placed by a dynamically configured network of modular
capabilities. Governance is performed on the basis of con-
text and coordination by people in roles accountable for
outcomes rather than by command and control (Figure 1).
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Figure1: Stephen Haeckel’s Sense-and-Respond loop.

Decision makers typically use exception-based analysison
published metrics to identify opportunities, then dig deeper
into the data to understand the causes of those opportuni-
ties. From there, they model the business situation so that
they have a framework against which to evaluate different
decision alternatives. After selecting an alternative the user
acts accordingly to the decision made. Figure 1 shows such
a decision cycle. The Sense-and-Respond |loop involves 4
sub processes for the decision making: sense, interpret, de-
cide, and act. The sense process monitors and collects de-
sired data (based upon the intents) from the business envi-
ronment. The output from the sense process is in the form
of metrics or key performance indicators, which provide
the information foundation for the interpret and decide
processes. After the gathering and preparation of data from
various sources, the interpret process inspects and analyzes
this data based on the business intents and constraints. The
detection phase usually generates new business situations
that are further explored. The data analysis helps to predict
the performance and assess the risks of the available op-
tions for responding to the business environment. It facili-

tates determining the root causes of the identified business
situations. Key for the determination of causal factors is
the ability to identify inherent relationships and dependen-
cies between variables that drive the situational or excep-
tional performance. The outputs of the interpret process
are alternatives to improve the current business situation
and the guidance for the decision makers to select the best
alternative. The decide process selects the best option and
also determines the most appropriate action for a response
to the business environment. The act process executes gp-
propriate business actions based on the decision that has
been made. This response will either change the state of
the business environment or notify other agents (humans or
programs) who may be interested in the outcome and result
of the decision making. The sense and act processes need
to interact with the target business environment in order to
obtain data/metrics and to trigger actions, respectively.
This papers focuses on visualization techniques for the in-
terpret and decide processes. We present visualization
techniques that support business analysts and decision
makers for these two processes in order to 1) discover hid-
den business patterns/irregularities and find their root
causes and 2) making well-informed decisions for effective
responses to the business environmrent.

3 Visual Techniques

Visualization provides much more than making patterns
easy to see. Visualization should be highly interactive,
permitting the user to perform multidimensional analysis
across many variables at once. Multivariate data is particu-
larly challenging because it is difficult to see relationships
across many variables simultaneously. Combining visuals
to see multiple attributes at once plus using interaction to
dlice and dice across al the dimensions simultaneously
provides a very powerful neans to achieve multivariate
correlation. Data visualization makes the slice-and-dice
process much more intuitive so than other techniques, in-
cluding pull-down menus (which require pre-existing
structure), pivot tables and mining dgorithms. Combining
real-time and near real-time data analysis with advanced
visualization provides a progressive, in-depth view of an
organization's infrastructure and processes over long inter-
vals.

This section describes some of the visua techniques used
within the Sense-and-Respond architecture developed by
IBM Research [2]

3.1 Background / History

Visualization has become an important component of sd-
entific data analysis over the last 20 or so years. The be-
ginning of “scientific visualization” is often dated to an
NSF workshop on Visuaization in Scientific Computing
[3]. Over the years, avariety of systems and tools have be-
come widely available to see, for example, the patterns of
wind flow over a simulated aircraft wing, or to plot varia-
tions in ocean water temperature However, despite a rich



literature in methods of “informetion visualization” [4],
visualization of unstructured data such as tables of market-
ing information, has been slower to be adopted in business
environments, beyond the use of basic graphs and charts.

The primary goal of any visualization is to see patterns
more easily than would be possible by simply looking at
tables of numbers. In the case of “scientific visualization,”
thisis typically achieved by arranging the data in a physi-
cally meaningful way (i.e. in simulated two or three d-
mensions), and coloring and shading the data to represent
magnitude, velocity, or other variables of interest. The
challenge of visualizing unstructured dataisthat thereisno
underlying spatial organization of the data as there typi-
caly is for scientific data, thus the choice of spatial meta-
phor isless obvious.

In the information visualization literature, a commonly
used technique is multiple views of the data with “brushing
and linking.”. Individual visual presentations of the data
are typically created for subsets of the variables, where the
presentation style depends on the characteristics of the
data. For example, numerical data are appropriately repre-
sented by scatter plots or histograms, while categorical
data (that is, data represented by, for example, a small
number of string values) may be represented by a propor-
tionally sized rectangle or a textual list. In the “brushing
and linking” paradigm, individual data points in one view
can be interactively colored, and that color is maintained
and propagated to other views of the data. In thisway, rela-
tionships between variables can be more easily seen

3.2 Benefits

In the business application discussed here, the data consist
of various “events’ which are of interest to the user. While
the primary display mechanism for these events is a textual
“aert” to notify the user of a business event needing a re-
sponse, there remains a need for the user to be able to
delve more deeply into the patterns, causes, and relation-
ships of the historical record of events. As humans are
primarily visual beings, the pattern recognition process can
be much more dficient when presented graphically than
when simply presented in tabular form. In this way, the
user can potentially make decisions altering the business
operations based on the additional understanding provided
by the visual analysis.

3.3 OPAL

One component of the Sense-and-Respond dashboard is
the capability of visualy analyzing the overall character of
historical data to spot trends, outliers, and other patterns.
For the application discussed here, we used the Opal i-
brary of information visualization to create customized
panels for the various measures under consideration. Opal
provides a variety of possible views of multidimensional

data, and each view is automatically linked by the Opal in-
frastructure so that when color is gplied to a point in one
view, it is automatically propagated to all other views.
Thus, for example, in a scatter plot of two variables, a user
may decide to color all large values in one of the variables
red. The result would be that in any other view of the data,
those same points would also gppear red. Thus it might be
easily discerned that large values in one variable are gener-
ally also large in some other variable.

Opal is a Java library, developed in-house at IBM Re-
search. For the application discussed here it was used to
create a set of appletsto provide the required visual presen-
tations and interactions. The applets are populated with the
desired data, with the user having the ability to filter the
data by the time horizon in which he or sheisinterested.

3.4 Root Cause Analysiswith OLAP

Root cause analysis is a step by step method that leads to
the discovery of a problem's first or root cause. An wn-
wanted business situation which wastes time and resources
can happen for a number of reasons. There is a definite
progression of actions and consequences that lead to the
failure or unwanted situation. A root cause analysis inves-
tigation traces the cause and effect trail from the end fail-
ure or problem back to the root cause.

OLAP (online analytical processing) is analytical process-
ing that enables a user to easily and selectively extract and
view data from different points-of-view [5]. Whereas a re-
lational database can be thought of as two-dimensional, a
multidimensional database considers each data attribute
(such as product, geographic sales region, and time period)
as a separate dimension that define the context for a fact.
OLAP software can locate the intersection of dimensions
(al products sold in the Eastern region above a certain
price during a certain time period) and display them.
OLAP has the ability to answer “why?’ and “what if”

questions about business situations which is a mandatory
requirement for root cause analysis and also essential for
the discovery of previously unseen relationships between
dataitems.

For exploration of data, OLAP provides navigational op-
erations like select, drill-down, roll-up and pivot conform:
ing to the multidimensional view of data. OLAP systems
have fast response times so that the users can interactively
invoke sequences of such operations. Thisis avery crucial
capability for performing root cause analysis because the
data analysis can be driven by the flow of thoughts of the
analyst. A typical OLAP analysis sequence proceeds as
follows: the user starts from an aggregated level, inspects
the entries visually (perhaps aided by some graphical

tools), selects a subset to inspect further based on some in-
tuitive hypothesis or needs, drills down to more detail, in-
spects the entries again and either rolls up to some less de-
tailed view or drills down further and so on. The analysis



operations deliver “just-in-time” information to the users
that is needed for effective decision-making for future a-
tions. Just-in-time information is computed data that usu-
ally eflects complex relationships and is calculated with
acceptable latency for the users.

In order to use OLAP for Sense-and-Respond, a flexible
data management solution for preparing data for the ana-
Iytical processing is required. A semi-generic data model
for a data warehouse ensures that OLAP systems can re-
spond to changing business requirements as needed for &f-
fective decision making.

The purpose of the Sense-and-Respond data warehouse is
to provide a data foundation for a process-driven decision
support system to monitor and improve business processes
continuously and in near real-time. It is a global informa-
tion repository, which is seamlessly integrated with an or-
ganization’s business processes and enables users to access
comprehensive information on business processes very
quickly, at different aggregation levels, from different and
multidimensional points of view, over a long period of
time, using a huge historical data basis prepared for al-
vancing the business operations with more intelligence and
also to effectively support the management of business
processes.

Sense-and-Respond systems assess business situations by
monitoring KPI's (Key Process Indicators). A data model
for the data warehouse has been designed which captures
the KPIs with context information. Figure 2 illustrates an
example for a data model for capturing the performance
data of a transportaion management system. The data
model has been divided into two parts:

1) An industry specific part which is modeled as a star
schema [6] and therefore includes fact tables and d-
mension tables. The star schema facilitates building
OLAP cubes for root cause analysis. In order to make
fact tables more extendible and manageable, we use ge-
neric metrics in the fact tables that are described by a-
tributes in the metric type dimension (MetricTypeDim).

2) Generic datafor Sense and Respond that stores the met-
ric type definitions, commitment profiles, situation, and
user definitions. The table structures that captures this
type of datais the same for all Sense-and-Respond so-
lutions.

Shipmenthim - -
ShipmentiD FH) Ea”fe’IDD'm e
arriar
;2:::) Mum CarrierMame
PlannedDeliveryD ate H- CarierType
FlannedShippedDate J|| L
ActualShippedDate —
Actualleliverylate JII R TimeDim
Made | [Ehipmentracts Timels I
Metricvalue CrayOfhdonth
LgTimele R Manth
Fr MeticTypeiD (FI) b Hvaar
Reasanbim Carriarll FK e ekDay
Reasonll (FK) || Reasonll  (Fk) e ekDf e ar
ReasonName H— Shipmentll (Fl Date
ReasonDescription &
ReazonCategony +
MetricTypelim

hetricTypel I [FE)
tdetricTwpeMame

User FactTableName
Dzerd FI) Froactive
UserMame ScenarioName
isfuctive Generic Data for
Sense and Respond
| MetricPersonal Commitment
UserToSituation Uzerld (FFK)

Uszerld  (FFEK)

MetricTypell (PFK)
CommitmentlD (F)
TimeStamp

isfuctive

CommitmentP rofile
CommitmentlD (FK)
DailyCammitmeant

e eklyCommitment
MonthlyCommitment
“earlyCommitment

SituationDef
1} [P

SituationName

hetricPerzonallimCommit
CommitmentlD (FE])

Userld (FE)
MetricTypell (FE)
izActive

DimType\alue

e Tk

Figure 2: Data Warehouse Model.

As you can see in Figure 2, we use metric types to link
situations and commitments of a Sense-and-Respond loop
with the industry specific parts. The data warehouse design
enables the addition of new metric types to existing fact
tables (for example, when the solution is already in produc-
tion) and easy extension with new fact tables with a differ-
ent metric context.

In our Sense-and-Respond solution for transportation man-
agement, we captured metrics for shipments in the Metric-
TypeDim table such as average in transit time, expedite ra-
tio, on time delivery, transportation cost variance, and
average cost per mile. The context for these metrics n-
cludestime, shipment, carrier and reason which are defined
in the dimension tables. We implemented Java programs
for loading the data into the OLAP cubes and for updating
the aggregates. For the access to OLAP cubes and execu-
tion of analysis operations, we also use Java interfaces. For
our solution, we also built Analytical Agents that use this
Javainterface to perform automated root cause analysis.

4 Usage Scenario

In this section we describe the visual analysis capabilities
built for an on-demand outsourced supply chain manage-
ment system, which we call SaRTM (Sense-and-Respond
for Transportation Management). The SaRTM system
provides visibility as well as proactive monitoring and no-
tification across the entire transportation life cycle — load
planning, tendering, carrier load and dispatch, in-transit



execution, post-delivery accounting and financial process-
ing. Events received from planning and execution systems
are intelligently broken down by the SaRTM system to re-
trieve key details, correlate and aggregate data into KPI's
and determine if any out-of-threshold situations have oc-
curred or might occur in the near future. Users are aerted
to situations in Dashboard portlets. Role players identified
in the requirements phase of a SaR engagement leceive
personalized dashboards for viewing KPl's, situations,
alerts and actions that are directly relevant to their line of
business. These users receive alerts in ‘near real time' if
exceptions occur in their business (see Figure 3). For ex-
ample, if atender is rejected by a carrier, the transportation
planner is notified. If more than 10% of overall tendersare
rejected across al carriers in the previous month, the trans-
portation analyst/manager is notified to take corrective ac-
tion to resolve the problem. As part of this corrective a-
tion, the analyst might need to drill down and determine
which carrier(s) have the most tenders rejected.

ventPartlet
Situation : Time | Situation | Situation
Mame i Bucket Time i Type E

PercentTenderRejected Daily 05-10-2003 9 b
onTimeDelivery ‘Monthly | 07-24-2003 Q
shipmentRecieved : | 07-24-2003 &k
ShipmentCompleted : | 07-24-2003 & i
AvalnTransitTime ~ Daily = 07-24-2003 Q
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Figure 3: Dashboard alertsin SaRTM.

The dashboard also provides a snapshot of the business for
visibility purposes. As part of this snapshot, it indicates
the value of the KPI’s across all time buckets. KPI’s that
have crossed their thresholds are indicates in a separate
color. Figure 4 shows an example of dashboard visibility.

p

Quoted at: 5:20 PM EST on July 24th, 2003
Current Period: 3rd Quarter

145 rtlet

Measure Daily Weekly Monthly Yearly
On Time Delivery Q5% 98% D6 % Q7%
Freight Cost 410500 $25000 4100,500 400,000
Transportation Cost
e $100 41000 4150 $170
Percent Tender & o 2 o
Rejected 10% 20% 5% 4%
Avg In Transit Time 1 day 1 day 1 day 1 day
Avg Cost per Mowe $4358.25 $500 467 $412.25
Avg Cost per Mile $0.5 $0.53 $0.6 $0.7
Manual Freight Bill 7 5 = %
audited 5% 6% 6% 7%

Refresh

SshipmentPortlet

Quoted at: 5120 PM EST on July 24th, 2003
Current Period: 3rd Quarter

Measure Daily Weekly Monthly Yearly
Expedite Ratio 2% 2% 2.5% 2.1%
Excess Expedited
Freight $z000 $2500 $1&00 $3000

Refresh

Figure4: Dashboard visibility in SaRTM.

Drill-down information is provided by creating OLAP
cubes over the data warehouse. Coupled with advanced

visualization techniques, OLAP helps users perform root
cause analysis and identify trends.

4.1 OLAP Analysis

OLAP cubes and fact tables along with an OLAP thin cli-
ent help the user drill down into each KPI to determine the
root cause of a problem. Figure 5 illustrates a drill-down
provided for the tenders rejected KPI.
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TimeDim Carrier Tender 1ssued Tender Rejected | % TenderRejected ||f Timepim
momaon (SSEE 5 e
MAREGTL 26 21 7 25
YeatByMn-2003-Jul BoT] o o 7 =
EASTEXPLTL 24 10 12 54 545, 2
YearByhin-2003 MWREGTL % 2 7 25| | 24
Carier 50 El 19 || BEASTE
EASTEXPLTL 2 10 12 54545/ §
AllYearsByhin MAREGTL 26 21 7 25 %6
Carrer 50 3 19 38|32
EASTEXPLTL 24 10 12 54 545 E
AllVearsByAk MWREGTL 26 21 7 25 8 TE‘"‘:;ERZ:;;
Canier 50 El 19 s 4 2
EASTEXPLTL 2 10 12 sasis|[ | g
TimeDim MIWREGTL 28 21 7 25| | Tender t=ued
ThiShessuras
Carrier 50 31 19 38

Figure5: OLAP drill-down for tendersrejected.

4.2 Advanced Visualization

As a complement to the OLAP drill-down capabilities, the
dashboard also provides advanced visualization capabili-
ties. This functionality is built on a visualization library,
Opal, that was developed by IBM Research. Opal provides
avariety of ways to view multidimensional data, as well as
capabilities for transforming and manipulating data. In
SaRTM, Opal is being used in a client/server configura-
tion. This allows the data to remain on the server, while
users view and interact only with the resulting i mages.

Users interact with data by coloring subsets of points using
the mouse. All views of the data currently shown are then
automatically linked using the selected color. The
dashboard visualizations give the user the ability to deter-
mine correlations and relationships.

As an example, consider a violation of the transportation
cost variance KPI. This would imply that one or more car-
riers have exceeded their defined thresholds. While it is of
interest to know which carriers were nvolved, the user
may also be interested in seeing, for example, the distribu-
tion of cost variances of the violating carriers with respect
to other carriers, or may be interested in determining
whether certain locations are associated with cost variance
more than other locations.

Figure 6 illustrates this (simulated) scenario. A scatter plot
of the cost difference vs. the planned cost is shown for the
selected time bucket of “month to date”. The user has in-



teractively colored all of the points with a large cost differ-
ence red, and al the points with a smaller cost difference
green. The companion images show the proportion of
shipments per carrier, per fromlocation, and per to-
location which have been colored. The user can see, for
example, that one carrier (SEEXPLTL) accounts for all of
the red (high cost variance) points, and two other carriers
(MWREGTL aad NATIONWIDETL) have much higher
than typical numbers of shipments with cost variance. At
the same time, the user can see which locations are gener-
ally associated with the cost variances. Alternatively, the
user could have colored a particular location, and seen the
distribution of cost for that location. This analysis might
also reveal trends in the business which would not be as
obvious by looking at a textual representation of the data.
Figure 6 also reveals that shipments whose planned cost
was low have a higher probability of cost variance that the
higher planned cost shipments. Analyzing the data over
multiple time horizons might reveal different trends which
could result in making significant changes in the way the
business operations are executed. h this way the overall
character of the data can be easily investigated.

Time Bucket: ) Daity C)WID @ MTD ) YTD

CostDiff . Count Ratio Carrier
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23 I |SPEEDYLTL
39 I \VES TEXPLTL
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T T 1
40.452 126.679 212.906
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25 I A lbany 41 [ ] Albany
22 I Boston 33 N [Boston
37 B [ cChicago 19 I [Chicago
32 I [Denver 27 I [ Denver
40 I [Detriot 26 I |Detriot
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36 I HewYork 29 I Hew'fork
29 I Rayieigh 28 I |Rayeigh
26 I scattle 30 I Seattle
19 I /ashington 40 I \vashington

Figure6: Transportation cost variance analysis.

5 Conclusion

In large organizations, huge amounts of data are generated
and consumed by business processes. Business managers
need up-to-date information to make timely and sound
business decisions. In this paper, we introduced visualiza-
tion techniques in context of a Sense-and-Respond system
that help business users in interpreting business informe-
tion and making faster and more well-informed decisions.
By leveraging data collection, aggregation and correlation
capabilities, our data visualization techniques provides the
ability to target precise investigations and pinpoint specific
trends and linkages over time through many visual display
options including: pie charts, line charts, bar graphs, time

tables, scatter plots and histograms. These types of anonme-
lies aert organizations to irregular behavior so they may
proactively identify potential threats and take ation im
mediately.

The SaRTM system described in this paper is the second
pilot of the Research Sense-and-Respond architecture. The
first pilot is currently in progress at the IBM Microelec-
tronics plant in Burlington, Ve rmont.
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