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For almost a decade, the artifact-centered operational-modeling approach for

modeling business operations, also referred to as the ‘‘business artifact method,’’ has

been practiced and refined. This approach has been used in a variety of engagements,

and each engagement has brought forth innovations that have enriched and

strengthened the approach. In this paper, we describe three of these engagements in

order to illustrate the method and highlight some of the lessons learned. The main

objective of this paper is to establish the value of operational modeling in business

transformation and to incorporate the lessons we have learned into a more

comprehensive account of the method. We also describe the model-driven business

transformation toolkit, which adds a unique value proposition to the method—the

rapid and effective transformation of operational models into implementations that

are manageable and can be monitored.

INTRODUCTION

Our approach to modeling business operations

based on business artifacts
1

was developed in the

mid-1990s. The design objective was the linear

scaling of business transformation effort—that is,

small business changes should require a small

information technology (IT) effort and large busi-

ness changes should require a large IT effort. The

key to achieving this objective was the design of a

formal model, based on factorization of business

operational knowledge into information, function,

and flow components.

The modeling language used in our approach had

some similarities with data-flow diagramming
2

and

flow-based programming,
3

but was distinguished by

identifying one information structure, the artifact,

that traveled from end to end in a process, hence the

name artifact-centered operational modeling

(ACOM). Another interesting but distinct approach

focuses on objects, processes, and states, and is

targeted at system development and specification

rather than on business analysis.
4

At the outset, the ACOM approach was seen as

simply an alternative to more familiar approaches,
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such as the process-modeling and activity-flow

approaches.
5

However, as the method evolved, we

discovered that the approach provided novel kinds

of articulation and analytical possibilities. Using it to

model business operations in a few dozen engage-

ments has led to refinements of the approach and

utilization of the method. The experience gained

suggests that models created with the ACOM

approach serve as boundary objects
6

linking busi-

ness design, organizational structure, performance

measurement, resource management, and the orig-

inal process focus.

A related development in the last few years was the

model-driven business transformation (MDBT) ef-

fort at IBM
7

that provided a principled and

semiautomatic transformation of operational models

into running applications. An MDBT toolkit has

been developed to support modeling and model

transformations in a model-driven development

environment. Thus, a new value proposition for the

approach emerged, namely the rapid realization of

IT solutions, which led to its being used in more

engagements.
8

The experience from the engage-

ments resulted in further refinements to the ap-

proach.

This paper focuses on the definition of the ACOM

approach, our experience, the value it has delivered,

and the lessons that have been learned from its use.

We describe three broad classes of value: (1)

reduced complexity and business level articulation,

(2) the ability to analyze and reconcile business

changes from multiple perspectives (e.g., process

and organization), and (3) the ability to create IT

realizations rapidly (as a result of the MDBT

toolkit.)

Based on our experience from the engagements

described here and other engagements, we suggest

that the utility of artifact-centered operational

modeling is most evident when it is used as a

technique for business transformation engagements

from their inception. We believe that creating

models with ACOM can serve different purposes for

different situations, depending on the business

context and the nature of the transformation being

pursued.

In the next section, we present a brief introduction

to the ACOM approach. Next, we develop a

framework for IT-enabled business transformation,

based on MDBT, with artifact-centered operational

modeling providing a crucial underpinning. We also

present a summary of the way MDBT creates IT

realizations from an operational model. The bulk of

the paper describes three engagements where the

approach was employed, the results that were

delivered, how these impacted the business, and

some specific lessons learned. We also discuss some

situations where the approach was not successful.

We demonstrate how operational models provide a

base representation with interpretations in each of

the different concerns of business transformation

engagements, while providing direct utility as the

primary view of operational management.

THE ACOM APPROACH

In this section, we provide an overview of the basic

concepts of the ACOM approach; details, including

references to other tools and techniques for business

process modeling, can be found in our earlier paper

on business artifacts.
1

Operational modeling

The goal of an operational model is to represent

business operations at a granularity that is sufficient

for validating and managing progress toward goals

and to clarify the dependencies between goals.

Details of the execution are encapsulated in order to

achieve localization of operations.

The modeling language we used is an extension of

dynamic entity flow representations, such as Petri

nets.
9

Dynamic entities flow through a static

network of nodes and arcs. Some of the character-

istics of the model are occupation patterns, flow

rates, and node populations. These properties allow

us to model overall system behavior through a

composition of smaller underlying units. The

distinguishing extension of artifact-centered opera-

tional models is that of recording identity and

properties modified at network nodes directly on the

flow entity. The fundamental elements that are used

in creating an operational model are business

artifacts, tasks, repositories, and flow connectors.

A business artifact is an instance of a flow entity in

the network. It has an identity and thus can be

tracked as it progresses through the network. It also

has an arbitrary set of attributes that are created,

updated, or deleted at the network nodes. Business

artifacts are self-contained and may be represented
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as nested structures of name-value pairs. In business

terms, this means that the artifact represents the

explicit knowledge concerning progress toward a

business operational goal at any instant. Operational

goals, such as processing a customer order, are

measurable results that individually and in the

aggregate satisfy the purpose of the business. The

information contained in the set of business artifacts

records all the information about the operation.

Hence, at any stage, the state of the modeled

business can be determined by examining the

collection of its artifacts.

A business task is an active node, encapsulating

function that makes a change to one or more

business artifacts. We use the terms business task

and task interchangeably. In order to do its work, a

business task must have exclusive control over one

or more artifacts. Artifacts may move into and out of

connected tasks or repositories (as described in the

following subsection). The arrival of an artifact

triggers the actions of the task; the task is completed

when all artifacts have been sent out. A task may

also be triggered by external events. It then creates a

new artifact or retrieves one from a repository, to

continue processing.

Additionally, resources which are required to

perform the task may be associated with the task.

The granularity of a business task can be viewed in

two ways. From an operational perspective, the task

granularity is the smallest change in one or more

artifacts that makes a material difference in the

scope of the model. For example, obtaining credit-

check results may be an observable step forward in

the context of completing an order. Dialing the

phone may be necessary for performing the credit-

check function, but the significance of the credit

check is independent of the details of how that

function is performed. This distinction leads to a

view of task granularity from a process perspective.

Within practical constraints, the amount of re-

sources consumed or the complexity of activity

within the task is not limited. This granularity may

vary considerably depending on the business

situation.

An artifact repository is a passive node containing a

collection of artifacts that are not being worked on

by any task. For example, these may be artifacts that

have been fully processed or those that are awaiting

further processing.

Artifact flow connectors are the conduits in the

network through which artifacts may flow from task

to task, from task to repository, and from repository

to task. These pipes provide for reliable neutral

transport of artifacts without any change to the

contents of the artifacts that traverse them.

The artifact flow connectors attach to nodes at

specific connection points, called ports, which

govern the flow of artifacts into and out of tasks.

Ports can have various properties, as described in

Reference 1. Non-artifact interactions are also

provided, which represent information transfer

between tasks and agents external to the scope of

the model. A phone call from a customer and a letter

that is mailed to a vendor are examples of such

interactions. These and other details are omitted

here since they do not have a direct bearing on the

objective of this paper.

Method for capturing operational models

The method presented here for capturing business

operational models relies on the business interpre-

tation of the formal model described previously. The

key definition is that of a business artifact as a

concrete representation of the knowledge available

to the business concerning progress toward a

specific operational goal. A business task is the

smallest unit of progress toward one or more goals

(if multiple artifacts are involved) and it records the

progress in the artifact. The objective of the method

is to create a network of tasks and repositories, and

the artifacts that flow though it. This network is a

faithful representation, for purposes of analysis, of

the dynamic behavior of the business under

consideration.

Business transformation engagements typically

identify and prioritize problems and opportunities

for improvement based on the functions or organi-

zational areas in which they occur. The first

objective of creating an operational model is to

refine the identified problem area into a precise

scope. For simplicity, we will assume that an entire

business is being modeled, although the same

procedure is applicable to a smaller scope as well.

Most engagements start out with a strategy already

in place or help establish the strategy for a specific

business context. The strategy is then concretized in

terms of business goals and the metrics that will be
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used to track them. An examination of the business

goals and the related metrics provides essential

clues as to what the business needs to do in order to

achieve these goals. This then leads to the opera-

tional emphasis that has been the focus of all the

engagements discussed in the paper.

Artifact-centered operational modeling begins by

creating a set of operational goals that will be

sufficient to realize the business goals. Often this

requires examining and analyzing a wealth of

information that may be available in terms of

organizational structures and business processes as

well as IT systems in place to support the business.

Another way to formulate operational goals (a

‘‘bottom up’’ approach) is to consider the opera-

tional metrics that are needed to compute the

business metrics. The exercise of determining the

operational goals is essentially one of factoring the

operational knowledge into meaningful and rea-

sonably separable units.

Most often the precise scope chosen involves a

result; progress toward the goal of achieving this

result is embodied as the ‘‘principal’’ artifact. The

engagements described later in this paper provide

insights into how these artifacts may be discovered.

Once an artifact has been identified, its life cycle is

constructed, from creation to eventual archival. This

requires establishing, in order, the tasks that will

modify the artifact. It also requires determining

points or stages where the artifact needs to be stored

in a repository before further processing.

Because operational goals may stem from different

kinds of business goals, the kinds of questions that

must be asked will be based on the appropriate

organization, process, or IT system models. From an

organizational perspective, it is appropriate to ask,

‘‘What business artifact does the organization

produce?’’ The same question can be asked of an

operating process or a supporting IT system. The

basic assumption is that the business artifact is

targeted at a business-sensible level; this is dis-

cussed in greater detail in Reference 1. In the case of

health-care management, the business goal of being

more responsive to the needs of primary-care

physicians leads to the operational goal of quickly

processing medical orders. This in turn leads to the

identification of a ‘‘medical event authorization’’

artifact.
1

Even though the business artifacts are concrete and

distinct, they need not be independent. This means

that changes to related business artifacts may need

to be coordinated; that is, when an artifact is

modified, the related artifact also needs to be

updated in a consistent manner. This coordination

appears in our operational models as one or more

business tasks that need to modify more than one

artifact atomically and reliably. The coordination

can also be understood as a linkage (or dependency)

between operational goals.

Once the business artifacts have been identified, the

operation of determining how each artifact is

processed involves identification of the tasks that

produce measurable progress toward the opera-

tional goal. Note that for coordinated goals the task

is defined by producing measurable progress for

each of the goals.

In order to design a business task, one needs to

perform ‘‘information accounting.’’ This means

asking questions as to what information is available

in the artifact that starts the task, what information

must be added in order to accomplish the goals of

the task, and where the information comes from.

The information that is added is either created by

the task (e.g., a computation or external source) or

comes from another artifact present in the network

that the task must acquire in order to complete the

processing. This is how tasks implement the

dependencies between artifacts. In artifact-centered

operational modeling we consider tasks that modify

multiple artifacts as correlation tasks. These tasks

correlate business artifacts by effecting coordinated

changes on them. A caveat that is significant when

designing tasks is that a task has no knowledge of

the tasks that may precede it or follow it; a task has

to work with the information that is contained in the

artifacts in its possession. Once a task completes all

the artifacts on which it is working, it ends. A task

has no business state as such; all such states are

carried in the artifacts.

The following example illustrates a situation in

which an artifact is placed in a repository between

tasks. A series of business tasks may need to modify

an artifact in no specific order. In such situations,

the artifact is placed in a repository, and each task

can access the artifact from the repository, add the

pertinent information to the artifact, and return the

artifact to the repository. Of course, the tasks need to
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be designed so that they can cope with the

unavailability of an artifact in the repository when

another task is accessing it.

In conclusion, this method for artifact-centered

operational modeling is an effective approach that

starts with an artifact and constructs its entire life

cycle, representing it with a graph of tasks and

repositories. In constructing the life cycle, further

artifacts are discovered and their life-cycle graphs

are constructed in turn. Tasks whose artifact life

cycles intersect provide coordination within the

business operation. Further discussion of opera-

tional modeling and how it contributes to business

agility is available in Reference 8.

A FRAMEWORK FOR IT-ENABLED BUSINESS
TRANSFORMATION
In this section, we examine the role that operational

models play in business transformation and explain

how the content that ACOM provides is extended to

build IT assets.

The objectives of business transformation efforts

range from strategic assessments to the design and

implementation of an IT solution for a set of

business problems. A framework of the operational

models used in MDBT is shown in Figure 1. It

consists of four abstraction layers, each providing a

model of the enterprise behavior from a different

viewpoint. The layers are described by the strategy

model, the operations model, the solution compo-

sition model, and the IT implementation model. The

use of the ACOM model in this approach provides an

innovative direct linkage between the strategic and

development layers. From the ACOM layer through

to deployment, the models are formally connected

using model transformation techniques.

Applying ideas from model-driven architecture

(MDA)**,
10

a team at IBM Research has developed

the MDBT toolkit. The toolkit contains models,

method elements, and tools that support different

stakeholders in various phases of the solution-

development life cycle. ACOM is at the heart of the

toolkit, both conceptually and in its embodiment of

built-in techniques to map from the ACOM model to

a solution composition model. This toolkit has been

used in the engagement examples discussed in this

paper and has evolved into a robust methodology.
11

Information about the MDBT toolkit can be re-

quested from the authors. In the following, we

describe the four layers of the framework.

Strategy model

The strategy layer, in which the business objectives

are specified, is informal at present, utilizing

existing tools. For example, the objectives may be

specified in terms of the well-known ‘‘balanced-

scorecard’’ perspective.
12

Operation model

The ACOM approach is at the heart of the operation

layer. This layer models the structural and behav-

ioral aspects of business. Additionally, business

rules based on the vocabulary derived from the

business artifact information can be modeled at this

level. In the MDBT toolkit, the IBM WebSphere*

Business Modeler
13

is used to implement opera-

tional modeling.

Solution composition model

The solution composition model is targeted to IT

stakeholders who are responsible for the design of

IT solutions that support business operations. The

solution design is a platform-independent blueprint

of the solution to be implemented. We model

solution design using UML** (Unified Modeling

Language) and UML Profiles,
14,15

as these modeling

Technology Architecture

Application Architecture

Figure 1
Four-layer framework for MDBT

Strategy Model

Operations Model

Executive

Business
architect

Solution
architect 

Solution
developer 

Business Architecture

Solution Composition Model

Client systems SOA platform

IT Implementation Model
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languages are deemed most appropriate for IT

stakeholders. The MDBT toolkit uses Rational*

Software Architect (RSA)
16

as the tooling platform

for the solution design model. The purpose of the

solution composition model is to integrate the

behavior of the business (captured in the artifact life

cycle and the execution details of tasks), the

structure of the business (captured in the informa-

tion model), and the access of clients to operations

and information (captured in the access model).

Business artifacts and artifact-centered operation

models are central to establishing this linkage.

The behavior of the business artifacts as expressed

in an operation model is captured as a UML2 finite

state machine, which is a representation of Harel

state charts.
17

Each information entity that is

stereotyped as a business artifact has an associated

state machine model. Details of the mapping from

artifact operations to the state machines can be

found in Reference 8.

The behavior model allows for solution extension.

Specifically, the finite state machine model supports

the notion of transition actions, that is, actions

invoked on a specific transition. Business tasks do

not model their internal behavior; rather, they are

modeling primitives that allow one to reason about

the composition and results of activities that are

executed to complete the business task, without

describing what these activities are. The execution

of a business task is modeled in the solution design

model and the finite state machine model, allowing

the activities executed within a given business task

to be modeled. Each transition action has a defined

interface to specify information that will be ex-

changed at the transition. The interface definitions

can also be defined as standard Web Services

interfaces using Web Services Definition Language

(WSDL).
18

The information model contains business entities

that represent both artifact information and refer-

ential (non-artifact-related) information. The entity

relationships are represented in object model fash-

ion, where containment relationships are modeled

through UML aggregations and references through

association. We apply business entity stereotypes to

regular business items and the business artifact

stereotype to business items that have an associated

life cycle.

The access model defines the client interaction with

the solution. It specifies the information to which a

role has access for a given task. The information

may be specific to a business artifact but can also

contain any number of elements or bulk queries

from any part of the information model. Further-

more, the access model describes which business

actor can trigger operations to claim ownership of

and complete a business task. The client access

model has its own stereotype, called the views

stereotype.
8

Business tasks are modeled through

UML business use cases. Roles are defined as

business actors and can be associated with business

use cases. The access model entities can be

associated with one or many business tasks.

The MDBT toolkit contains transformation technol-

ogy that maps business operation models into the

solution design model. Solution extensions can be

defined by customizing the client access model and

the transition actions. The behavior of the business

artifacts and their information content cannot be

modified at the solution design level because any

changes in the behavior of the operations must be

driven by the business stakeholders and hence,

must be performed in the operational model.

Implementation model

The implementation model is a platform-specific

realization of the solution design model. This model

uses the service component architecture (SCA)

model
19

to specify the assembly of the solution. SCA

is a set of specifications that describe a model for

building applications and systems by using a

service-oriented architecture (SOA). SCA extends

and complements prior approaches to implementing

services and builds on open standards such as Web

Services. The main component assembled in the

implementation model is the business state machine

(BSM), which is used to manage the life cycle of the

artifact. The BSM uses a state-machine model to

manage states, transitions, and invocation of tran-

sition actions. The assembly diagram connects the

BSM with the solution extension components that

implement the work performed within a task. The

solution extension components are typically services

that need to be implemented based on system

requirements. The access model facilitates the

generation of client components that allow integra-

tion with the information. The current version of the

MDBT toolkit supports client access component
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generation based on service data objects (SDOs).
20

The SDO metadata reflects the information specified

in the client access model in the solution design

phase. A user interface or any other client can use

the generated SDO to interact with the solution.

ENGAGEMENT CASE DESCRIPTIONS

We have worked on a variety of business transfor-

mation engagements, applying the artifact-centered

operational-modeling approach. In this section, we

present some selected engagements that provide

guidance for those using the method and bring out

some of the finer points of the method.

The engagements chosen cover a range of business

areas. First, we describe aspects of the primary

value chain of businesses, exemplified by supplier

and customer transaction processing in the health-

care insurance industry. Internal processes directly

connected to the optimizing value chain are

exemplified by the forecasting process of a major

retailer. Finally, the area of service management is

represented by an engagement in which the out-

come depended on increased clarity in understand-

ing the strategic value provided by the business. In

all of the engagements described here, the final

client deliverable included the realization of the

business transformation as a deployed application.

The engagements are described in a manner that

focuses on the practical details and decisions

involved in solving the client need, rather than

illustrating the formal approach. In each case, we

describe the business context, business problem,

ACOM involvement (i.e., the factorization of the

engagement scope into operational goals and the

artifacts that represent them), analysis and insights,

and a summary of the value ACOM delivered to the

business and the challenges encountered in doing

so.

Provider management at a health insurance
company

A major health insurance company had been

growing by acquisitions and had decided to embrace

the Six Sigma** methodology
21

to improve and

consolidate its processes. They had trained several

key personnel as Six Sigma ‘‘black belts’’ (i.e.,

trained experts) and initiated a few Six Sigma

projects. We approached them to propose a collab-

orative effort grounded in operational modeling. We

met with the business operations executives in the

provider management side of the business, who

immediately saw a good opportunity to try our

methodology on a recently begun Six Sigma project

to redesign their provider data management pro-

cesses.

This health insurance company was struggling to

keep the database of physicians in its provider

networks up-to-date. The main problem was that

some requests were taking many months to com-

plete, delaying the processing of claims filed by

those physicians. The company had to process large

volumes of data coming from physicians, such as

requests to be added to an insurance network, to

update physician information (e.g., a new office

address or phone number), and to be terminated

from networks (e.g., upon the physician’s retire-

ment or relocation). Processing these requests was

performed at numerous offices throughout the

geographic service areas of the company, each of

which eventually updated a centralized provider

database. The processing was not complex, but it

frequently required contacting the physician multi-

ple times to ensure the completeness and accuracy

of the data. Some cases required verification of the

physician’s credentials. Because the company had

grown by acquisitions, each office had a somewhat

different process for handling the data requests.

These local processes were supported by local ad

hoc tools including spreadsheets, local databases,

and document templates for keeping track of the

data requests. Although operations management

had attempted to institute monitoring systems to

identify problems, the reported metrics were unin-

telligible due to the lack of process consistency and

the inaccessibility of data in the disparate local tools

used in the various regional offices.

The initial focus of the project was to arrive at a set

of provider data management processes that all

regional offices could adopt. As part of the Six Sigma

effort, operations management had asked represen-

tatives of the regional offices to draw models of their

provider management processes. The result was a

set of drawings that appeared to be describing very

different processes, although all the representatives

agreed that they were doing essentially the same

thing. It was at this point that management wanted

to see whether operational modeling could help

define the processes in a standard manner and help

them gain control over the business.
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Resistance to organizational change was perceived

as a significant obstacle. It was understood that the

way of doing things would have to change at some

of the locations. On the other hand, it was also made

very clear that the process definitions had to allow

for regional variations that were dictated by state

regulations or the local business environment.

Another aspect of the project was to implement a

centralized Web-based tracking system, as well as a

data extraction utility and monitoring display that

could generate status reports for management on

demand. Management understood that some of the

changes involved in standardizing the processes

might have implications for the organizational

structures in the regional offices. To avoid unnec-

essarily influencing the redesigned processes with

political considerations, the operations executives

declared that no organizational changes would be

made as a result of the process redesign. A direct

result of this decision was that a person playing a

role in one region might belong to a different

organization than a person having the same role in

another region. However, it was felt that this

situation would not have any significant negative

impact.

The first step in redesigning the processes was to

review the drawings created by the representatives

of each of the regional offices. This process revealed

the commonality among and the differentiation

between the regions. The next step was to ask these

experts to look at their operations from a different

point of view, namely the artifact-centric view.

When asked to define what business artifacts were

critical to the provider management process, the

process experts quickly agreed that there were four

types of requests (and their corresponding artifacts):

add provider, add provider with credentialing,

update provider, and terminate provider. An

operational model for the processing of the update-

provider artifact is shown in Figure 2. Each of these

request types was grounded in clear operational

goals. Interestingly, when the team defined the data

that comprised these requests, these were identical.

Yet the tasks that needed to be performed for each

type of data request differed significantly.

For example, to add a new physician with creden-

tialing, there were tasks to perform the credential-

ing, which was a known source of process delays.

The life cycle of the terminate provider artifact

included tasks to analyze the impact on the patients

in the network of terminating the provider and to

reassign patients to one or more physicians in the

same network. These differences made it important

to distinguish between the four types of artifacts and

to report the performance metrics for these pro-

cesses separately. Some of the business performance

metrics were specific to one of the four data request

types, for example, average time to perform

credentialing.

In this engagement, the provider data management

processes were transformed into uniform, standard

processes that were approved by all the represen-

tatives of the regional offices. An example of this

was the practice, in some regional offices, of

creating a data record for the physician before

credential verification had been completed. As a

result of the modeling exercise, this practice was

enforced as a uniform policy.

A key factor in achieving consensus was the

specification of the tasks and business results that

permitted uniform performance metrics throughout

all regions, yet allowed necessary variations of

procedures within a task to conform to local

government regulations and business practices.

Even so, in certain cases, simply reaching the goal of

consistent metrics required real changes in opera-

tions in certain regional offices. This process

transformation was successful because the granu-

larity of the tasks was defined based on the criterion

that a task must add significant business value to the

artifact. This level of granularity was fine enough to

allow definition of consistent, meaningful business

metrics, but coarse enough to permit necessary

procedural variations.

As a result of the redesign effort, the standardized

processes were approved by the regional represen-

tatives, and work on designing the tracking system

was begun. At the same time, operations executives

specified the business metrics that they wanted to

see in the management display and reports. The

project concluded when the users had been trained

and the systems were deployed. Feedback indicates

that operational managers now have the type of

metric reporting they need to manage processes

effectively.

The value delivered included clear identification of

the only operational goal, namely ‘‘update provider
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database from provided information.’’ This identifi-

cation led to measurable states of progress toward

the goal that were easily agreed upon and that

removed organizational barriers by showing how

individual tasks could be mapped onto existing job

descriptions. Artifact-centered operational modeling

expedited consolidation and standardization of

processes by removing focus from detailed activi-

ties. As discussed previously, focusing on the

operational model allowed us to expand our

perspective from one that focused on the existing

disparate processes within the business.

Flow forecasting for retail

In this engagement, the client was a fashion retailer

with approximately 3000 stores in the United States

and several hundred throughout the world. The

company managed several distribution centers in

the United States. The client’s problem pertained to

the processes used to capture the forecast for

shipments in and out of distribution centers and into

stores. The intent of this forecast was to provide an

estimate, three months in advance, to the distribu-

tion center and store managers of the number of

units of products to be shipped for a given week.

This estimate was used for planning requests for

resources to unload and load shipments from the

trucks at distribution centers and stores.

High variability of forecasted values forced resource

planners to overestimate the number of resources

required to ensure smooth off-loading and shelving.

The business intent of the transformation was to

increase the quality of the forecast to enable more

Figure 2
Operational model for update provider artifact
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accurate resource planning. The cost estimate

indicated that a reduction of forecast variability by 5

percent could save approximately one million

dollars in distribution costs.

The client realized that improvements in the

analytics alone would not lead to the desired

accuracies. The problem they were facing concerned

the actual process of creating the forecast and the

way in which the information created was managed.

At the point of engagement, the entire process was

entirely based on spreadsheets, which captured

forecast, historical data, and guard rails (i.e., safety

stock levels) to validate forecasts. The spreadsheets

used for different parts of the forecasting process

grew over time and were augmented with sophisti-

cated macros. For example, the distribution forecast

to predict flow in and out of distribution centers

contained approximately 15 worksheets that were

connected through macros. The spreadsheets were

shared across the departments by use of a shared

disk drive that contained almost 60 gigabytes of

spreadsheet data. Obviously, searching for previous

forecasts, analysis of patterns, and other functions

were almost impossible.

Creating forecasts is a collaborative process involv-

ing a large number of stakeholders. The forecasts

were typically created at the product level and

aggregated at a division level. At the division level, a

commitment was made to the consumers based on

the forecast. This process of manually aggregating

multiple spreadsheets into one was a tedious task

that prevented the organization from providing

forecasts on a weekly basis; instead, monthly

forecasts were used.

In a two-day workshop with the client, we identified

the end-to-end scenario and the different organiza-

tions that participated in the production of forecasts

for distribution centers and stores. We focus here on

the ‘‘distribution forecast,’’ that is, the prediction,

three months in advance, of the quantity of each

product that will flow out of each distribution center

in a specific week.

We identified different types of forecasts as the key

business artifacts. For the distribution forecast, we

used the existing spreadsheet as the basis of

discussion. When the client stakeholders were

introduced to the ACOM approach, they started

redesigning the spreadsheet to reduce its complexity

and to identify the information entities that were

most important to them. They identified the

following four key informational aspects:

1. Distribution forecast for a given product—This is

the product of the forecasting process used by the

distribution centers.

2. Sales forecasts—This is the key driver of the

distribution forecast. The sales forecasts were

provided by a forecasting application that was

also used to set the targets for the sales teams,

thus typically representing the upper bounds for

what should be shipped out.

3. Guard rails—For example, the current inventory

on hand, which is used to calculate the distribu-

tion forecast.

4. Historical data for the previous year—This assists

in evaluating the pattern of flow and provides key

input to the distribution forecast. Particularly

interesting historical data are the ‘‘actuals,’’ that

is, the actual shipments that occur during a given

week. The variance of the forecast is the

difference between the forecasted and the actual

value for the past week. The actuals allow

forecasters to account for adjustments that might

have been made in the supply chain or for trend-

related deviations.

The distribution forecast business artifact con-

tains four parts for these four informational aspects.

The next step was to identify the operations by

which this artifact is updated by different stake-

holders in the course of a week. In our analysis, we

found the collaborative pattern shown in Figure 3.

At the end of each week, a distribution forecast had

to be committed to the distribution centers.

Each node in the hierarchy shown in the figure

creates its own forecast, and each node that has

children typically creates forecasts as an aggregation

(or ‘‘roll-up’’) from the forecasts of its child nodes.

This represents only an example of a very small

subsection of the overall merchandizing hierarchy.

The actual hierarchy is much more complicated and

not entirely consistent with respect to the number of

layers in the graph. Some parts of the organization

had only two layers from ‘‘leaf’’ departments to the

point of the forecast commitment, whereas others

had four.

In the following, we describe the operations from

the perspective of a product department owner. The
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first step is to create a new forecast that is based on

the previous week’s forecast. The stakeholder can

use different guard rails, the sales drivers (i.e.,

factors which affect sales), and historical data to

calculate a forecast estimate for the relevant metrics.

The next step is to publish the forecast and make it

available for review. A published forecast can be

evaluated by the manager of the department. The

manager might ask to rework the forecast but

eventually will integrate it in his or her own forecast

and publish it again. From the perspective of the

product owner, the forecast is changing its state

from created to published and eventually to com-

mitted. The stakeholder can publish the forecast and

make it available for his or her manager to review.

From the perspective of the department owner, the

work is completed only when the owner of the root-

level product has committed the root-level (or

brand) forecast to the distribution centers.

An instance of a distribution forecast artifact is

thus created at each node of the merchandizing

hierarchy. The instances of the forecasts are

connected by means of arcs in the merchandizing

hierarchy graph. When the root-level product owner

commits the forecast, all instances that were

involved in contributing to the root-level forecasts

are considered as committed.

We modeled the operation of this collaborative

forecasting process in the following way. The

information model of the forecast artifact contains a

SOA Solution

Process Integration
 +
Information Integration
 +
Collaborative Decision Network

Figure 3
Collaborative flow forecasting process
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unique identifier for a distribution forecast,

metrics (e.g. sales drivers, guard rails, historical

data, distribution forecast), a merchandizing iden-

tifier to associate an instance of the artifact with a

node in the merchandizing hierarchy, and associa-

tions between instances of forecasts to manage

forecast aggregations. The operational model for the

distribution forecast business artifact is shown

in Figure 4.

Each instance of a forecast at each node of the

merchandizing hierarchy goes through the created,

published, and committed states. Additionally, we

identified business rules that manage the propaga-

tion of events across all associated instances. For

example, if the root-level product division commits

the distribution forecast that was created from

lower-level forecasts, then all the lower-level fore-

casts are moved into the committed-forecast repos-

itory as well. The business rules were captured

outside of the operational model and implemented

in this engagement through a rules engine. The

distribution forecast artifact model contains all

the information needed to evaluate the business

rules.

Our approach led to a redesign and significant

simplification of the information architecture of the

distribution forecast and consequently of all other

artifacts. The operational perspective allowed us to

design a system that would manage the information

that was produced. By analyzing the requirements

for business tasks, we identified several opportuni-

ties for automating activities that were previously

tedious, manual, and error prone. Using the MDBT

approach as described previously, we were able to

implement a system that would allow for automated

creation of aggregations, automated and context-

sensitive integration of historical data, and dissem-

ination of the distribution forecast to consumers

through appropriate interfaces rather than through

e-mailed spreadsheets. In our system design, we

decided to retain the spreadsheet simply as an

extension of the user interface. The data contained

in the spreadsheet was retrieved from and used to

update the information management system

through Web Services interfaces.

Automation of distributed enterprise services

In this engagement, the client had developed a

business strategy and a supporting functional

architecture for an emerging independent business

unit. Their business strategy was to provide site-

customized support and IT services to an enterprise

comprising a large number of geographically dis-

tributed small sites. Small sites were defined as

those for which providing local, dedicated support

resources would not be cost-effective. The strategic

value proposition was to replace their part-time, ad

hoc, underskilled, and informal support with a fully

skilled, professionally managed service. Provided

services included IT provisioning, installation, and

maintainence, as well as general support. The

operation was geared for end-to-end acountability

and full life-cycle management.

Figure 4
Operational model for distribution forecast artifact
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The overhead costs of planning, resource allocation,

and management dictated that a profitable scale for

such a service provider started at thousands of sites.

The target markets were franchise or chain opera-

tions such as food service, specialty retail, and

hospitality providers. The strategy also encom-

passed enterprises such as drug trials or consulting

projects where the operations (or their location)

were transient or embedded in a larger organization.

The client provided a range of services to the

umbrella organization to contact, sell, and support

the individual sites, including integrated marketing

programs, deployments, and site scheduling.

The client was seeking to make progress on the IT

implementation of its functional architecture. This

progress was problematic for several reasons. Inde-

pendently staffed legacy contracts inhibited integra-

tion of the program office. Unclear financial and

execution responsibilities between the program

office and project management caused redundant

activity and over-management. The general lack of

clarity contributed to significant organizational

resistance.

We recommended that procedures for existing tools

and organizational practices be documented and

used as a basis for new process development.

Additionally, the development of multiple transac-

tion-recording tools that exposed local and legacy

application data models was under way when we

started.

The scope of the engagement was restricted to site

installation services, as that was the primary focus

of legacy contracts. The main business artifact that

measured progress toward the key operational goal

of site installation completion was called the

schedule artifact. It contained planned and actual

content of the installation project plan including any

mid-stream modifications to the plan and the

working documents transferred between tasks as

part of the execution. Note that the term ‘‘schedule’’

derives from the fact that an outline project plan is

generally attached as a schedule to the contract

statement of work (SOW). The other significant

artifacts identified were site, customer, and delivery

model.

The site artifact tracked historical and present

status, inventory, and service activity content. It

also provided the basis for tracking the goal of

supporting the varying needs of property owners, as

captured in the customer artifact. The site artifact

was also a source of information needed for the

creation of new schedule artifacts, thus contributing

to full life-cycle management at each site.

The delivery model artifact contained the allowable

range of equipment configurations, template project

patterns for deployment, and maintenance and

service catalogs. Instead of creating configurations

and plans on a site-by-site basis from a large catalog

of parts, the business strategy required that creating

this content become part of the initial customer

setup. Creation of a new schedule artifact involved

the selection and instantiation of parameters from

the preestablished patterns. An operational model

for the schedule and related artifacts is shown in

Figure 5.

Analysis of the artifacts identified led to significant

new insights into the nature of the operation and

value proposition of the business. Two ideas

dominated the functional architecture—the need for

a factory operation and the idea of ‘‘managing by

exception.’’ The schedule artifact factory, in the

form of the program office, was intended to deliver

economies of scale by replacing dedicated project

teams with a shared, fully utilized resource pool.

Managing by exception meant that management

resources were not spent tracking progress, but

rather were invoked only to resolve exceptions to a

predetermined plan.

Managing by exception led to the delivery portion of

the schedule operation being divided into at least

two phases: the binding of resources and completion

dates to tasks in the delivery plan contained in the

schedule artifact, followed by recording of actual

checkpoints and intervention when necessary.

Analysis of the operational model revealed that the

goal structure had not been factored properly. There

were in fact two independent operational goals—

obtaining agreement from the customer and ob-

taining agreement from the vendor (i.e., the people

who actually installed equipment at sites)—that

were being tracked by a single schedule artifact.

This led to the discovery of the task artifact that

recorded and tracked interactions with a vendor. For

a particular schedule, delivery would begin when

tasks are created and continue to administrative
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completion when all of the tasks have been either

completed or canceled.

The schedule-task artifact structure added concrete

operational meaning to managing by exception. A

vendor would agree to a start date and time, a

completion date and time, and any intermediate

measurement points that may be defined. At each of

these times, it would be the responsiblity of the

vendor to notify the service provider that the

milestone had occurred and the status of the task

had been updated. The project plan would define

which of these milestones are used to update

schedule progress. Any other situation would be an

exception, requiring management activity. The

structure also provides a natural hierarchy for

indicating the severity of the exception. These

exceptions may require the management of changes

to a single task, rescheduling of multiple tasks to

maintain sequence dependencies, or restructuring of

the overall plan.

Operational separation of the customer and vendor

interactions provided significant new insights into

the relation of role structure within the program

office and business goals as well as insights into the

core ‘‘value add’’ of the service provider. One of the

client objectives was the creation of a ‘‘single point

of contact’’ for the customer. In practice, the

complexity and volume of the work required roles

within a multicustomer ‘‘factory’’ program office to

be assigned along sequential segments of the

operation: setup, planning, execution, and comple-

tion. An alternative that became available was that

of separating roles by customer and vendor,

providing better continuity and service to both.

The operational model revealed that the value being

created was the coordination of customer expecta-

Figure 5
Operational model for schedule and task artifacts
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tions with vendor performance. Focusing on the

value add of managing coordination can lead to

increased economies of scale for both the vendor

and service provider and thus result in lower costs

and higher value to the customer.

The ACOM analysis provided clear articulation of

the business value proposition. It led to better

communication between business, operational, and

IT support teams and highlighted the need for

substantial attention to vendor management in the

fully implemented business. A similar clarification

of issues concerning roles and staffing was recog-

nized as a potential future opportunity.

Operationally, simple replacement of process-based

thinking with artifact-based thinking led to signifi-

cant improvements. In some legacy accounts, the

schedule artifact was already present as a physical

folder. With the activity-based process view, folders

tended to accumulate and significant efforts were

necessary to find them. Simply adding repositories

in the form of accessible ‘‘round tables’’ removed

that frustration and extra effort. In some cases the

administrative time required per schedule was

reduced from over 20 hours to less than four hours.

This is particularly significant because the 16 hours

of administrative time saved was often matched

with a similar amount of savings in expensive

project management time. At the same time, artifact-

based thinking radically improved the staff’s un-

derstanding of the operation.

The clarity in communication resulting from the

ACOM approach extended into the executive do-

main as well. The use of operational diagrams to

explain how the program office factory worked was

very persuasive for customers who were skeptical

that the services could be provided at the price and

schedule proposed, enabling deals to be closed.

An implementation of the operational model using

the MDBT toolkit was built and deployed. Indepen-

dent estimates assessed the improvement in devel-

opment effort to be 200 percent. Of course, this does

not account for the process and application inte-

gration costs, which would have been required to

implement the functional architecture.

Situations where ACOM is not appropriate

We have encountered situations where prospective

clients have not been receptive to ACOM or where

ACOM has not been suitable for addressing the

client’s problems. Sometimes clients demand im-

provements to existing processes in terms of the

detailed steps that need to be performed. In these

situations, clients are reluctant or even opposed to

rethinking the operation to assess how well it is

aligned to the overall goals. For such incremental

process improvements, the ACOM approach offers

little help. To put it simply, the improvements often

lie in the design of what would be a single ACOM

task, and for this the ACOM approach would

constitute overkill.

Another common situation is one where the entire

engagement has the scope of a business function

that has been realized in a packaged application.

Here the business operation and the IT realization

are inextricably interwoven. Clients can be unwill-

ing, and at times unable, to separate the business

from the IT application, rendering the ACOM

approach infeasible.

SOME OBSERVATIONS ON THE METHOD

The previous section presented a number of

engagements that were selected to illustrate our

experience with the artifact-centered operational-

modeling approach. In this section, we revisit and

expand on some of the key observations we made

concerning the use of the ACOM approach.

Themes and lessons learned

In the following, we present some of the most useful

lessons we learned from the engagements presented

previously.

1. Analysis of the operational model may bring to

the fore problems inherent in the business

transformation solution being considered—A sit-

uation that we have encountered, in the case of

distributed enterprise services as well as other

engagements, is that the operational goal is too

coarse; this leads to a very complex operational

model. Often the solution is to split the opera-

tional goal into two or more parts. Naturally, this

leads to the discovery of artifacts that were

missed in the first attempt, and eventually to a

simpler operation.

2. Identification of the artifacts is valuable in itself—

Most of the significant business insights arise

from artifact identification rather than from the

details of the operational model. This has been
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valuable even in very simple examples. A brief

conversation with the owner of a small business

providing Web design services, for example,

resolved a persistent problem. Artifact analysis of

the single process of designing a customer site

suggested two artifacts: the customer design

artifact, which tracked the customer interaction

activities of the proprietor (including collabora-

tive design), and the implementation order

artifact, which was the assignment submitted to a

subcontractor for the actual coding. Simply

naming the artifacts led the proprietor to recog-

nize that the problem consisted of the inclusion

of the implementor in the collaborative design

task. The distributed enterprise case described

previously is an enterprise-scale example of the

same insight.

It has been our experience that once identified,

the artifacts usually seem obvious to the business

domain experts. This suggests that the artifacts

are, in some ways, reflective of the ‘‘real world’’

business situation. Thus ACOM makes artifacts

and related insights available through analysis

which, in turn, leads to more accurate IT

requirements.

3. Issues thought to require process- or IT-focused

transformations often require rethinking of stra-

tegic considerations instead—The distributed-en-

terprise and retail-forecasting cases are examples

where clarity in the operational model led to a

deeper understanding or facilitated positive

change in the business strategy. In the first case,

the contribution was the clarification of the source

of value in the business, and in the latter case, the

transformation resulted in dramatically shorter

cycle times. The interpretation of artifacts as

concrete representations of progress toward op-

erational goals is what allows this contribution.

Strategic considerations, while not the immediate

purpose of a transformation engagement, should

be kept in mind and managed actively. The focus

on operational goals and how they satisfy

business goals provides a manageable linkage to

strategy.

4. Business performance measurement, monitoring,

or management is integral to the ACOM ap-

proach—Because artifacts record progress to-

wards operational goals, monitoring is performed

by accessing and perhaps aggregating the content

of the artifacts. A requirement of performing the

access and aggregation activity is that it be

encapsulated in a business task that works on

some artifact. The operational goals of gover-

nance, monitoring, and management are repre-

sented by these artifacts.

Any ACOM effort almost automatically includes

consideration of the governance of the processes

being transformed. Another important lesson is

that operational models apply to all of the

activities of the business. Governance and man-

agement are valuable to the business only to the

extent that they perform actions, that is, to the

extent that they are representable by an opera-

tional model.

5. Integration of legacy IT is dramatically simplified

when viewed as an operational problem rather

than an IT challenge—Maintaining a focus on the

business operational goals leads to low-resistance

paths for the reuse and integration of legacy

applications. MDBT tools provide a low-resis-

tance path for new development. Moreover, this

suggests that an important role of the MDBT

toolkit is that of generating the coordination and

integration layer on top of existing IT systems.

Reexamination of the transformation framework

In this section, we present a reexamination of the

four-layer framework presented previously. Al-

though the MDBT framework that was established

and has evolved over the last few years to

implement business goals is clearly effective, the

lessons learned from its use suggest that more than a

linear flow of models is involved. An alternative

view is that ACOM provides a central model that is

linked to the other models. The core idea is that

ACOM represents a common model with elements

that are interpretable in the process, IT-solution, and

organization domains.

A popular, albeit limited, characterization of re-

sources that are subject to business transformation

is in terms of people, processes, and technology.

Similarly, the software tooling community also

focuses on people, processes, and technology when

building business-level tools. Business transforma-

tion consultants similarly focus on organization,

processes, and IT. The goal of an engagement is to

understand the problems that a business is facing, to
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analyze the business, and to develop recommenda-

tions for change. Usually, the consulting practices

are specialized with respect to the change insights

they can produce, for example, organizational

change, process change, and IT change. Each

practice relies on broad knowledge, techniques, and

tools to create results for the customer. All of these

depend on a variety of models. The interpretation of

the operational model provides ‘‘anchor points’’ for

further development in each domain and a mecha-

nism for communication between domains.

For example, the organizational domain includes

management of skill-based resources. An ACOM

task represents one job done in a finite period of

time by one or a few people. The task may specify

the skills and quantities of resources needed,

provide feedback that the task is not accomplishable

with existing skills, or indicate that the granularity

of the task is too small or too large. This then

impacts the definitions of measurable progress and

may result in negotiation.

The alignment of skill or capability with task

granularity also occurs in the process domain. In

present practice, processes are often depicted in

role-based ‘‘swim lanes’’ (i.e., each swim lane

contains activities performed by a specific role). The

origin of the practice was the problem of work

falling between roles as articulated by Rummler and

Brache.
5

The drawback of this practice is that it still

relies on the assumption that the roles are respon-

sible for understanding and moving the business

goals forward, while being constrained by specific

workflows defined in the overall process. The

operational model provides a mechanism for mod-

ularizing the workflow activities, but explicitly

introduces the recognition of progress toward a goal.

Assigning a particular role to a collection of tasks

makes explicit their value to the larger business,

while still providing the skill-specific workflows

necessary to accomplish them.

The relationship to IT is as described in the earlier

discussion of IT tooling as exemplified by the MDBT

toolkit. The connection of ACOM to services and

service-oriented businesses is discussed in a com-

panion paper.
22

CONCLUSIONS AND FUTURE WORK

The preceding examples strongly suggest that

ACOM provides benefits beyond a simple improve-

ment to process-focused approaches. These benefits

may include changing the discussion such that

unarticulated relations between existing roles and

local tools can be overcome, exposing structural

similarities previously unrecognized in a focus on

process-specific activities, or clarification of the

strategic goal with traceable positive impact on

required support structures, organizational options,

operational measurement, and efficient IT imple-

mentation. This business model insight can directly

impact the effectiveness of an IT implementation by

using the service delivery model.
23

The ACOM focus

on the operational goals of the business, embodied

in the artifacts and tasks, provides the basis for

alignment with and between strategic business

intent, operational management, organizational and

role structure, and appropriate functional-activity

modules. The net result is a dramatic improvement

in the ability to efficiently map organizational goals

onto well-structured and effective IT implementa-

tions.

Counterexamples where ACOM may not provide

significant value are engagements where the pri-

mary concern for improvement of processes is at the

level of functional-implementation details. The

functional focus of these engagements prevents

connection to the operational goals of the business.

As has been observed in many process reengineer-

ing efforts, these engagements are generally suc-

cessful at improving the function which is focused

on, but overall business improvements in these

cases are difficult to quantify. Further, once devel-

oped and deployed, the resulting local technical

improvements become simply another part of the

complex interactions that characterize legacy appli-

cation environments. Although the close affinity of

ACOM for modular SOA solutions provides an

implementation advantage even in these cases, for

significant overall impact the SOA solutions need to

be directly tied to the overall business and opera-

tional goal structures.

With respect to the larger question of business

transformation, it is our position that even though

an engagement usually starts with a specific focus

(i.e., organization, process, or IT), producing

significant business results requires taking into

consideration one or more of the other aspects. For

instance, if the solution to the customer’s business

problem is the creation of a new job role, then the

processes and IT systems may need to support this
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new role. Consequently, we believe that creating a

holistic description of what needs to be done to

solve the business problem constitutes an essential

starting point. We advocate the creation of an

operational model as described in the previous

section, starting with business goals. This holistic

description can be related directly to the organiza-

tion, process, and IT models. Thus the analysis

performed for business transformation can affect

and can also be affected by considerations that stem

from organizational, process, and IT concerns.

The demonstrations of value described here and the

lessons learned from them open several promising

avenues for future work. Extensions that are under

investigation include structuring and enhancing the

interaction of ACOM with methods for capturing

and prioritizing strategic aspects of the business,

formalizing analytic methods both at design time
9

and runtime for better visibility and control of

operational processes, and extension of the MDBT

transformations.
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