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What i1s Workflow?

Workflow: the composition of individual tasks into larger
processes.

Examples: Alelniield
e Processing a University application
e Having your car serviced
e Performing open-heart surgery




Workflow is Decomposition

e To make complex functions manageable workflow is decomposed into tasks

or activities. Workflow: MRI Exam
Prep Exam J [ " Carry Out Exam

e -

Book Exam

e Workflow isasystematic treatment of the tasks (units of work) which
COMPOSe a process.

e Tasksare often specified in terms of ;
o content (what is carried out)
o constraints
o ownership (who carried/can carry out the task).




Workflow Context

e Contextual (Concernsn Contextual

Dimension 1

o Who

o What?

o When?
o Why?

o Where?

e Context gives meaning to tasks.




Workflow i1s Granular

e \Workflow existsin levels.

e Considering workflow as a decomposition of one task into several
smaller tasks immediately leads to arecursive relationship.

Workflow: MRI Exam

” Book Exam " Prep Exam ° " Carry Out Exam

( Feteh
| Patient

" Start MRI
L Machine

( Calibrate ]
\MRI Machine




What is a Workflow System?

Workflow System:
manages workflows / processes, often
allowing a user to reengineer their own
processes.




Effectiveness of Workflow Systems

Current workflow systems work
well... In some domains.

Examples:
- Highly automated processes (BPM)
- Web-based workflow (SOA & WS)
- Banking and Manufacturing




What is the Problem with
Workflow Systems for Health?

Workflows in Healthcare exhibit unique characteristics

o Physicians are ‘constrained by guidelines’ rather than ‘driven
by rules’.

o Non-compliance with guidelines is widespread.

o Role relationships are intricate.
[QUAGLINI-2001]

Health is a complex and chaotic domain where traditional workflow
practices do not consistently provide a solution.




The Bottom Line -
Two Types of Workflow

e  Workflow in chaotic environments, like those found in health, differs
from ‘traditional’ workflow - therefore different representations and
systems are required.

° In particular, we find there are two ‘flavors’ of workflow:
1. Prescribed:
e ‘Traditional Workflow
e Workflow can be ‘routed
2. Assembled:
o Found in chaotic environments
o Workflow is essentially ‘history’

o A deep representation context needs to be supported so that it,
rather than routing, can drive the selection of tasks in a process
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My Goal

Goal: to deliver a workflow system better tailored to
the specific needs of the healthcare domain.

e To do this the system must:
o Support the concept of assembled workflow

o Support a rich notion of context/semantics (beyond simple
routing) to drive workflow functionality

o Support ‘classic’ workflow concepts to maintain
Interoperability
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Outline for this Presentation

1. Overview of the Method

2. Outline the System Requirements

3. Detail the WoRK System Developed*

4. Discuss Open Problems & Future Work
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A (Brief) Overview
of the Method
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Method Overview

The method for providing an improved workflow
system for health was straightforward:

1. Develop Requirements
2. Design the System
3. Implement the System
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System for Healthcare

Requirements of a Workflow
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Requirements

e Developed through a literature review

e In the interests of time only the key points will be
elaborated on here (full details are available in

Malyk-06).

e \We will motivate the requirements by showing an
example workflow management system (WfMS)
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An Example WF System for Health

e Patient Workflow Management Systems (WfMS)

o Patient outcomes are determined by:
e The skill of the care provider
e Collaboration inside the organization
o WfMSsrequire:

e Guidelines (GLS9): "systematically developed statements to assist
practitioner and patient decisions about appropriate health care for
specific circumstances’ [FIELD, 1992]

e An Ontology of the organization

o To maximize outcomes the system tailors the GLs to the
organizational needs.
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WIMSs

e Patient Workflow Management Systems (WfMS)

o Provide decision support

o The nature of Healthcare generates unique requirements, the
systems which fit the bill are sometimes termed careflow systems
[QUAGLINI, 2001].

e Role relationships are very complex in this setting
e Non-compliance with GLsis widespread

e Often workflows seem only to exist after the fact as histories/logs
of what took place.

o Workflow Mining can be used to recover arepresentation of this
‘after-the-fact’ workflow.
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WIMSs

e Patient Workflow Management Systems (WfMYS)

o The GLs (Best Practices) arefirst put into a computerized representation

e Usually the workflows are specified using a combination of visud techniques
and Workflow Languages

e The representation model istypically a Petri Net

o The process of specifying aworkflow isno trivial task:
e |tisacomplex and lengthy process[AGRAWAL, 1998]
e |tisoftenflawved [AGRAWAL, 1998]

o Workflow Mining can be used to simplify the specification task.
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Example WIMS

e Dazz et a created a Patient WfMS based on GLsin Italy
In 97 [DAZZI, 1997].

o Produced athreetool system:
e 1 - Editing Tool: support the specification of GLs
e 2 - Trandating Tool: from GL to a Wf Modd (PN)
e 3-Low Leve Wf Builder: ‘customize’ the PN to produce the
specific Wf for the organization
o Provided separation of concern between organizational
expert and clinical process experts.
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Dazzi WIMS

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.

Example Editing Tool Interface [Figure 1 - DAZZI,1997]
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Dazzi WIMS

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.

Example Petri Net Representation [Figure 2 - DAZZI,1997]
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Dazzi WIMS

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.

Example PN for Specific Workflow[Figure 4 - DAZZI,1997]
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Modern Workflow Systems

According to Lawrence WF Systems come in three
types:

1. External (separate app)
2.  Embedded (acts as a monitor)
3. Integrated (build around processes)

o Examples include the Jackson and Lawrence methods.

Feature two pieces:
1. Workflow Model / Representation
2. Workflow Engine
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Traditional Treatment

1. Composition stage— External WF is authored.
2. Trandation stage — External WF Trandated into Internal WF.
3. Enactment stage — Internal WF isinterpreted by the WFENgine.

Workflow Data
Repository

External
Representation Internal Representation

° - | | ' ’:EU’-‘— ////I

Interprets Workflow Engine

- i b
i ! i -
F e
Fi g -
=] i |
| ]
y
._ i
. i

1- Composition | 2 - Translation . 3 - Enactment




Question Becomes...

e Two fold:

o What are the requirements of the workflow
representation?

AND

o What are the requirements of the system which
Interprets the representation?
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Workflow Representation

Routing &
Patterns

Expanded

Temporal Rep

Contextual
Knowledge

Prescribed
Workflow

Assembled

Workflow

the
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Requirements of Any WFE

e Primary function: handle the execution of tasks.

e The engine must support the execution of:
o Automatic Tasks - performed by software components.

e Must decide when to execute the task.
e Must activate the software component, pass it appropriate input data, monitor its
execution and capture its results.

o Manual Tasks- performed by people.
e Must make appropriate tasks available to workers.
e Provide them with required resources and capture result of the work.

e The most complex job performed by the WFE is deciding when/what tasks to
execute.
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System Design
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An Extensible Workflow System
for Healthcare

An Integrated Workflow System, composed of:
1. A Workflow Model
e Based on the Jackson L-S-T model

2. An Integrated Workflow Engine

e Programmed using a custom Domain Specific Language
(DSL) for behavioral composition

Implemented as part of the Web Informatics Development Environment (WIDE) of
the Computer Systems Group.
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Workflow Model / Representation

Lifecycle
e Consists of Entities, =
: age 1
Lifecycles, Stages and Tasks
_ Stage 2
e These elements have a visual
representation
Stage 3

e This representation can be o
represented directly in a

database form. <>
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wWhy this Workflow Model?

e De-emphasis on routing.
e Built to model reality.
e Can be implemented as data:

“Data Is easier to change than programs.”
-Jackson, 1997
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The Workflow
Engine

Declarative Workflow
Engine:

* Rules are specified in
terms of behaviors.

* The engine behavior
itself Is just data ==>
the engine can perform
differently in different
circumstances.

Declarative

lnn% Kernel

Output
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The Result

e A two-tiered DSL for workflow:

o Tier 1. A language for describing workflow in terms of:
Entities, Lifecycles, Stages, Tasks, Services, and Aspects*.

o Tier 2: A high-level language for specifying the behavior of
the workflow engine.

e An engine capable of transforming this language into
a working system.

A sandbox for experimenting with workflows for the
health domain.
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The Workflow System
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The WoRK System

e Named after the Workflow Research
Knowledge (WoRK) Group.

e Consists of:

o A workflow model
o A declarative workflow engine
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Lifecycle-Stage-Task
Representation of Workflow

Lifecycle
e Every Entity in the system
. Stage 1
has one or more associated
Lifecycles.
Stage 2
e Lifecycles pass through
sequenced Stages.
Stage 3
. @@
e Stages consist of Tasks 8
which are performed in

parallel where possible. <D




With

In a Stage: Task Sequencing /

Routing

Stage 3
a

4>

e Tasks become avalilable (to execute) as soon as
possible

® |asS

KS can have dependencies
KS can spawn other tasks

KS can be part of mutually exclusive groups
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Deeper Considerations

e Taskscan be:
o Local Tasks: automatic, manual
o Remote Tasks Web Services
o Complex Tasks—have lifecycles of their own - Granularity of
Workflow

e Workflows comein two flavors:
o Prescribed —follow routing rules, have some type of worth in
prescribing.
o Assembled —workflows like those found in some areas of health where
the emphasisis on capture of the process; where workflow is history.
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An EX

Lifecycle: In Patient Booking (IPB)

Stage 1: Reception

Stage 4: Distribution
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Database Structure /
Entity-Relation Model

Declarative
Internal
Representation

Entity

Attributes. ..

Basi€ BERpendeRERabsap pidingeinithskiatabmegeitables. 42




Overview of the Complete Model

Entities

Workflow System |,

Activity Routing

| Stages

N

Tasks

Production Database

Users
Database B
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What is Missing from the E-R
Model?

e The given structure Is passive
e Nothing drives the activity

e A Workflow Engine is required to:
o Ensure lifecycles proceed from stage to stage
o Enact tasks
o Enforce dependencies between tasks/lifecycles
o Spawn child tasks and regulate task selection

44



o

~~ Workflow System
for Health

4
Declarative / | &
Internal A < Understands Workﬂow Englne
Representation 9 :
b |
’ 1\\. :
ki Bt Fenosiry e
“m@jﬁfﬁ@/ < Sunm;gE
ff--r-r'_h _\-‘-\-\-K\. --FPJ-H_ _\-H\‘
4 ) 4 N
/ Manual | [ o
| f Automated

)\ Services y |/

N y- N 4 4

T il . i

e - o e o




The Workflow Engine

“WFE almost acts as a ‘higher-order’ operating system
for application functionality”

~Lawrence-05

“The Engine is a piece of software that walks over the
workflow model providing functionality at each step”

~Cowan-05
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Implementing the Engine
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Plan Database
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Implementing the Engine Using a
Declarative Approach

“Data Is more easily changed than programs”
~Jackson-97

e Workflow is declarative by nature.

e \We take this idea one step further and
program the WFE using declarative methods.
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A Raw Declarative System

I\\ I:j;." ..I . L]
D! Raw

~ ' Engine
<
QOutput
\_\ -
[ .\‘K/ ]
- System |

: (Functionality) .

e
g

A purely declarative system would be built
around an engine with little or no
knowledge on its own (a raw engine)

Rules of different types are fed into the
engine before the ‘program’ determining
the actions of the engine.

In our case the workflow system is
supplied with rules regarding routing, roles,
and the treatment of contextual concerns.
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“Declarative Kernel” - An Engine
for the Engine

e The engine provides the following SQL procedures:

e Invoke(behavior, [subject]) — Fetches the behavior declared in the database
and executes it immediately.

e Invoke If(condition, behavior, [subject]) — Fetches the behavior from the
database and executes it conditionally.

e For All Contained Entitieqparentl D, parent, child, behavior) — Fetches
the behavior declared in the database and executes it for each child contained

within the parent.
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Invoking Behavior

e Behaviorsare declared in terms of:
o Other behaviors
o Very basic SQL procedures.

e Generally behaviors declare what should occur, not how it occurs.

e Programming system behavior is reduced to an exercise in declarative
composition.
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Implementing the Workflow
Engine

e The machinery of the declarative-system, along with a handful of
basic SQL procedures and database triggers, provide all the pieces
needed to implement the WFE.

e Specifically, the WFE functions Initiate New Lifcycle and Update

Existing Lifecycle are implemented by declaring the behaviors they
exhibit.

e Herethe power of the declarative-system can be felt.
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Limitations of the Implementation

e Even with the workflow engine the model is incomplete as a full
workflow system:
o The model simply regulates and constrains the firing of tasks.
o It lacks ‘scheduler’ logic.
o Itis not yet able operable in a Web Services context.

e The workflow engine and supporting representations provide a
sandbox for experimenting with workflow.

e To add functionality integration is required...
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Integration with the WIDE Toolkit

An environment for web-based systems

Supports declarative definition of service types:
o Interactive reports
o Interactive visual interfaces
o Multimedia
o Agents

o Databases

e Semi-automatic build of workflow environment

e The Workflow Engine is embedded in WIDE as another service type.
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Going Further... Providing
Interface Capabilities

e One of the benefits of the declarative approach taken by this
system is the ability to easily export tagged data.

e Two scenarios are immediately possible:

o Prolog Analysis:
e Views of workflow templates can be exported as Prolog fact sets

e Combined with appropriate rule sets, workflows can be logically
queried or analysed.

o XSLT Transformation:
e Workflow production data can be exported as XML files.
e Workflow template data can be exported as XSD schema files.

e Combined with appropriate XSLTs all manner of transformations are
possible.
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The Payoff...

e The ability to interface in this manner is a feature of the
workflow engine.

e This allows:
o Integration with the scheduling tools.
o Integration with the dependency query-engine created by Weizhen
Dai.

o Workflow Mining:
e Of increased value for Assembled workflow (mentioned earlier)
e Workflow templates can be recovered / discovered through practise
e Enables delta-analyses

o Embedded Simulation

58




Evaluation
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Evaluation

The integrated system was evaluated against:

1. The Workflow Management Collision Workflow Reference
Model.

o Describes the common features of Workflow / BPM systems.

o Adherence to the model aids in achieving interoperability
through WSDL.

2. The requirements for a modern workflow system for
healthcare developed in the thesis.
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The WIDE-WoRK System In terms of
the Workflow Reference Model

The WIDE-WoRK System
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The WIDE-WoRK System in terms of
the Workflow Reference Model

e Three of the interfaces are already implemented.

e Providing the other two (through interoperability
standards such as a SOAP interface) will produce
full coherence with the model.

e This will allow the application of the cookbook
approach to implementing a Wf-XML interface.
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The WIDE-WoRK System in terms of the Requirements
for a Modern Workflow System for Healthcare

e Results of this evaluation show that the workflow model at the core of
the WoRK System meets many of the requirements directly.

e Evaluating the Model:

o Without modification or expansion the model supports:
e assembled and prescribed workflows
e workflow routing
e variable workflow granularity
e rule-based workflow
e arich representation of agent roles.

o Themodel is capable of capturing workflow patterns and representing an
expanded notion of time.

o Themodel can be expanded to include arich representation of other
contextual dimensions as needed by the workflow application domain.
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The WIDE-WoRK System in terms of the Requirements
for a Modern Workflow System for Healthcare

e Results of this evaluation show that the workflow engine meets, or has the
capacity to meet, all the requirements specified.
e Evaluating the Engine:
o Without modification or expansion the engine:

e Understand the workflow representation
e Can be easly extended declaratively

e Functionsin aloca context supporting both automatic and manual workflows

o The ability to export to XML-based and Prolog-based representations allows the
engine to support:

e Simulation

e Workflow mining

e Forma anayss

By interfacing with separate tools.

o Finaly, the engine corresponds with the Workflow Reference Modd, which
makes interoperability a possibility for future implementation.
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Results
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Results (so far...)

e The Workflow System:

O

Not complete, lacks: Scheduling, authoring, analysis and the model is
missing some contextual concerns.

Some of these limiations are addressed by integration with WIDE
Others are met by XML and Prolog integration
The result: robust framework on which to build workflow solutions

Of particular benefit for healthcare workflow systems:
e Explicit notion of Assembled vs. Prescribed WF
e Rich treatment of User Roles
e Handles Crosscutting Concerns*
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Contributions

Contributions of this work include:

o A framework for evaluating workflow systems for the healthcare
domain.

o The Blueprint for an Extensible Workflow System:

e The two-tiered DSL for workflow facilitates an extensible workflow
system.

e Recipes are provided for extending the workflow model, and
implementing any related behavior via the declaration of related
behaviors.

e Workflows expressed using the extended model can be enacted
directly by the system without modification of the workflow engine.
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Contributions

Contributions of this work include:

o A Variable Workflow Engine (Flexibility):
e Behavior-sets can be swapped, leading to dynamic workflow behavior.

e This design makes possible:

o Running a workflow in different ‘modes’ (assembled vs. prescribed,
standard vs. emergency)

o Using the engine for workflow transformation (like XSLT)
o Using the engine to simulate a workflow

o An experimental sandbox

e Integration with WIDE provides system ideal for prototyping workflow
tools.
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Future Work
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Future Work

e General:

o Formal Treatment:
e DSLs
e Analysis
e ‘Prove some facts about Workflow’

o Workflow Pattern Repositories

o Workflow Engine Rule Repositories
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Future Work

1.

2.

3.

Aspect-Oriented Workflow
Middleware / Web Service Composition

Real-time Prediction of Assembled
Workflow
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Future Work - Aspects

e Aspect-oriented Workflow:

o Extension of the workflow system to include concepts from aspect-
oriented programming (AOP)

“Some workflow concerns are not easily captured by decomposition
of a process into subprocesses and tasks. In fairly large and
complex workflows concerns are sometimes tangled between
tasks. One such workflow concern is logging. All tasks are logged
in some fashion, however this logging can vary drastically between
tasks even in the same workflow.”

e AWE - Aspect Workflow Engine
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Future Work - Middleware /
Web Service Composition

e Web Services Metamodels are used to tie together disparate services to construct virtual
applications.

e  Current metamodels typically mix different standards to implement a single metaprocess
— (BPEL + WS-CDL + XPDL isacommon mixture)

o  Thisleverages the best language for the job.
Leads to a complicated system at best (hard to analyze)

e  Using the WIDE-System workflow model as a Web Services metamodel has advantages:

1. Theentire metamodel can be specified in a single system definition using only one common language (the
DSL for Workflow).

2. With aformal treatment of the DSL, facts can be proven about virtual enterprises that aren't possible when
the definition of the enterprise stretches across various standards.

° Future research will focus on attempts to utilize the WIDE-WORK System as a
framework for implementing Web Service Metamodels. This is in pursuit of creating a
better middleware solution.
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Future Work - Real-time Prediction of
Assembled Medical Workflow

A real-time surgical guidance system.

O

The WIDE-WO0ORK System supports:
e Therepresentation of assembled workflow
e Theability to perform workflow mining
Covvey suggests a system wherein surgery is captured as it occurs and the resulting

assembled workflow is compared with previously mined workflow sequences
(average courses of action taken) to form a series of hypothesis about what is
occurring.

e Themost likely hypothesis is offered as advice to the surgeon

e When/if the surgeon deviates from the workflow pattern, the next hypothesis is then
presented.

e Inthisapplication guidance regarding the process, or parts of it, can still be presented to the
surgeon even though no prescribed workflow is provided. Such a real-time surgical

guidance system is an exciting possibility but one that will require a great dea of further
research.
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Open Problems
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What is Dynamic Workflow?
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Multiple Flows...

Actual

Workflow

Cognitive

Workflow

Workﬂow

@%ﬁ

|deal
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Crosscutting Concerns

e \What are they?
e Are they important?
e Are aspects answer?

/8
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