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Preface 

Two exciting years have flown by... I still remember the sunny summer day in 2005 when I decided to 

continue my studies at Ghent University ǿƛǘƘ ŀ ǎǇŜŎƛŀƭ ǎǘǳŘȅ άōǊƛŘƎŜ ǇǊƻƎǊŀƳέ ǘƻ ƻōǘŀƛƴ ŀ aŀǎǘŜr of 

Computer Science Engineering ς Software Engineering degree in two years. Thanks to Prof. Dr. Ir. K. 

De Bosschere and Prof. Dr. Ir. L. Eeckhout for their support in composing a special personal study 

program. LΩŘ ƭƛƪŜ ǘƻ ǘƘŀƴƪ Ƴȅ ǇŀǊŜƴǘǎ ǘƻƻ ŦƻǊ ƎƛǾƛƴƎ me this opportunity; housing and supporting a 

student for two additional years is a real challenge as well. 

²ƛǘƘƻǳǘ ŘƻǳōǘΣ ƛǘΩǎ ōŜŜƴ ŀ ŎƘŀƭƭŜƴƎƛƴƎ ǘǿƻ ȅŜŀǊǎ ǘƻ ŎƻƳōƛƴŜ ŎƻǳǊǎŜs from the Bachelor and Master 

curricula, sometimes having to attend three lessons at the same time, fighting conflicting project 

deadlines while reserving time for extra-curricular activities. Luckily, this Ŧƛƴŀƭ ȅŜŀǊΩǎ aŀǎǘŜǊ ¢ƘŜǎƛǎ 

allows for a personal touch to put the crown on the work. 

The subject of this Master Thesis is Windows ²ƻǊƪŦƭƻǿ CƻǳƴŘŀǘƛƻƴΣ ŀ ŎƻǊŜ ǇƛƭƭŀǊ ƻŦ aƛŎǊƻǎƻŦǘΩǎ ƭŀǘŜǎǘ 

release of the .NET Framework. When choosing a topic for the thesis, back in the spring of 2006, the 

technology was still in beta, imposing quite some other challenges. Lots of betas, breaking changes 

and sometimes a bit of frustration later, the technology has reached its final version, and to be 

ƘƻƴŜǎǘ LΩǾŜ ōŜŜƴ ǇƻǎƛǘƛǾŜƭȅ ǎǳǊǇǊƛǎŜŘ ǿƛǘƘ ǘƘŜ ƻǳǘŎƻƳŜ ŀƴŘ ŎŜǊǘŀƛƴ ŀǎǇŜŎǘǎ ƻŦ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅΦ 

Although my interest in .NET goes back to the early 2000s, woǊƪŦƭƻǿ ŘƛŘƴΩǘ ŎǊƻǎǎ Ƴȅ ǇŀǘƘ ǳƴǘƛƭ ƻƴŜ 

year ago, wetting my appetite for this topic even more. 

LΩŘ ƭƛƪŜ ǘƻ ǘƘŀƴƪ tǊƻŦΦ 5ǊΦ LǊΦ .Φ 5ƘƻŜŘǘ ŀƴŘ tǊƻŦΦ 5ǊΦ LǊΦ CΦ 5Ŝ ¢ǳǊŎƪ ŦƻǊ ǘƘŜƛǊ ǎǳǇǇƻǊǘ to research this 

cutting edge technology and to support this thesis. FurǘƘŜǊƳƻǊŜΣ L ŎŀƴΩǘ ǘƘŀƴƪ ŜƴƻǳƎƘ YǊƛǎǘƻŦ 

Steurbaut for his everlasting interest in the topic and for providing his insights in practical use cases 

for the technology at INTEC. 

Researching the topic of workflow also opened up for another opportunity during this academic year, 

writing a scientific paper entitled άDynamic workflow instrumentation for Windows Workflow 

Foundationέ for the ICSEAΩ07 conference. Without the support from Bart, Filip, Kristof and Sofie this 

ǿƻǳƭŘƴΩǘ ƘŀǾŜ ōŜŜƴ ǇƻǎǎƛōƭŜΦ Their incredible eye for detail was invaluable to deliver a high quality 

work and made it a unique and wonderful experience. 

¢Ƙƛǎ ȅŜŀǊ ƘŀǎƴΩǘ ƻƴƭȅ ōŜŜƴ ŀ ƳŀǎǎƛǾŜ ȅŜŀǊ ŀǘ ǳƴƛǾŜǊǎƛǘȅΤ ƛǘΩǎ ōŜŜƴ ŀ ōǳǎȅ ȅŜŀǊ ƻǳǘǎƛŘŜ ŀǎ ǿŜƭƭΦ Lƴ 

November 2006, I went to Barcelona to attend the Microsoft TechEd 2006 conference where I was 

responsible for some Ask-the-Experts booths, attended numerous sessions on various technologies 

including Workflow Foundation and where I participated in Speaker Idol and won. Special thanks to 

Microsoft Belux to support this trip and to provide lots of other opportunities to speak at various 

conferences. 

[ƻƻƪƛƴƎ ŀǘ ǘƘŜ ŦǳǘǳǊŜΣ LΩƳ ƘŀǇǇȅ ǘƻ ŦŀŎŜ ŀƴƻǘƘŜǊ ōƛƎ ƻǾŜǊǎŜŀ ŎƘŀƭƭŜƴƎŜΦ Lƴ CŜōǊǳŀǊȅ нллт L ǾƛǎƛǘŜŘ ǘƘŜ 

US headquarters of Microsoft Corporation in Redmond, WA. After two stressful days with flight 

delays, tough interview questions and meeting a bunch of great people, I returned home on my 

ōƛǊǘƘŘŀȅ ǿƛǘƘ ǿƘŀǘΩǎ ƎƻƛƴƎ ǘƻ ōŜ Ƴȅ Ƴƻǎǘ ǿƻƴŘŜǊŦǳƭ ōƛǊǘƘŘŀȅ ƎƛŦǘ ǎƻ ŦŀǊΥ ŀ Ŧǳƭƭ ǘƛƳŜ Ƨƻō ƻŦŦŜǊ ŀǎ 

Software Design Engineer at aƛŎǊƻǎƻŦǘ /ƻǊǇƻǊŀǘƛƻƴΦ LΩƳ ǇǊƻǳŘ ǘƻ ǎŀȅ LΩƭƭ ǘŀƪŜ ƻƴ ǘƘƛǎ ƻǇǇƻǊǘǳƴƛǘȅ 

starting from October this year. 
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The cutting edge nature of the technology discussed in this thesis, contacts with Microsoft and my 

future plans to work at Microsoft Corporation have driven the decision to write this work in English, 

supported by Prof. Dr. Ir. B. Dhoedt. Special thanks to Prof. Dr. Ir. Taerwe and Prof. Dr. Ir. De 

Bosschere to grant permission for this. 

CƛƴŀƭƭȅΣ LΩŘ ŀƭǎƻ ƭƛƪŜ ǘƻ ǘƘŀƴƪ Ƴȅ ŎƻƭƭŜŀƎǳŜ ǎǘǳŘŜƴǘǎ ƛƴ ǘƘŜ aŀǎǘŜǊ ƻf Computer Science Engineering 

άōǊƛŘƎŜ ǇǊƻƎǊŀƳέ ŦƻǊ ǘƘŜƛǊ ŜƴŘƭŜǎǎ ǎǳǇǇƻǊǘ ƻƴ ŀ Řŀȅ-to-Řŀȅ ōŀǎƛǎΦ !ǊƴŜ ŀƴŘ WŀƴΣ ȅƻǳΩǾŜ ōŜŜƴ ŀ ƎǊŜŀǘ 

support the last two years and I hope to stay in touch. 

 

Bart De Smet, May 2007 
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Samenvatting  
 

In november 2006 bracht Microsoft de Windows Workflow Foundation (WF) uit als deel van de .NET 

Framework 3.0 release. Workflow stelt ontwikkelaars in staat om businessprocessen samen te stellen 

op een grafische manier via een designer. In dit werk evalueren we de geschiktheid van workflow-

gebaseerde ontwikkeling in de prŀƪǘƛƧƪΣ ǘƻŜƎŜǇŀǎǘ ƻǇ ƳŜŘƛǎŎƘŜ ΨŀƎŜƴǘǎΩ Ȋƻŀƭǎ ŘŜȊŜ ƛƴ ƎŜōǊǳƛƪ ȊƛƧƴ ƻǇ 

de dienst Intensieve Zorgen (IZ) van het Universitaire Ziekenhuis Gent (UZ Gent). Meer specifiek 

onderzoek we hoe workflows dynamisch aangepast kunnen worden om tegemoet de komen aan 

dringende structurele wijzigingen of om aspecten zoals loggen en authorizatie in een workflow te 

injecteren. Dit deel van het onderzoek resulteerde in het bouwen van een zogenaamd 

instrumentatieraamwerk. Verder werd ook onderzoek verricht  naar het bouwen van een generieke 

set bouwblokken die kunnen helpen bij het samenstellen van data-gedreven workflows zoals dit 

typƛǎŎƘ ƎŜōŜǳǊǘ ōƛƧ ƘŜǘ ōƻǳǿŜƴ Ǿŀƴ ƳŜŘƛǎŎƘŜ ΨŀƎŜƴǘǎΩΦ Ontwerpbeslissingen worden in detail 

besproken en prestatieanalyses worden uitgevoerd om de toepasbaarheid van workflow, via de in dit 

werk gebouwde technieken, te toetsen. 

Trefwoorden: .NET, workflow, dynamic adaptation, instrumentation, generic frameworks 
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Summary  
 

Recently, Microsoft released Windows Workflow Foundation (WF) as part of its .NET Framework 3.0 

release. Using workflow, business processes can be developed much like user interfaces, in a 

graphical fashion. In this work, we evaluate the feasibility of workflow-driven development in 

practice, applied on medical agents from the department of Intensive Care (IZ) of Ghent University 

Hospital (UZ Gent). More specifically, we investigate how workflows can be modified dynamically to 

respond to urgent changes or to crosscut aspects in an existing workflow definition. This resulted in 

the creation of an instrumentation framework. Furthermore, a generic framework is created to assist 

in the development of data-driven workflows by means of composition of generic building blocks. 

Design decisions are outlined and performance analysis is conducted to evaluate the applicability of 

workflow in this domain using the techniques created and described in this work. 

Keywords: .NET, workflow, dynamic adaptation, instrumentation, generic framework
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Dynamic and generic workflows in .NET 

Bart De Smet 

Promoters: Bart Dhoedt, Filip De Turck 

Abstract ï Workflow -based programming is a recent 

evolution in software development. Using this technology, 

complex long-running business processes can be mapped 

to software realizations in a graphical fashion, resulting in 

many benefits. However, due to their long-running 

nature, the need for dynamic adaptation of workflows 

grows. In this research, we investigate mechanisms that 

allow adapting business processes at execution time. Also, 

in order to make composition of business processes easier 

to do ï ultimately by the end-users themselves ï a set of 

domain-specific building blocks is much desirable. The 

creation of such a set of generic and flexible blocks was 

subject of our research as well. 

Keywords ï .NET, workflow  

I. INTRODUCTION 

Recently, workflow-based development has become 

a mainstream programming technique. With workflow, 

software processes can be represented graphically as a 

composition of building blocks that encapsulate various 

kinds of logic, much like flowchart diagrams. Not only 

does this close the gap between software engineers and 

business people, it has several technical advantages too. 

This research focuses on Microsoft Windows 

Workflow Foundation (WF) [1]. 

One typical type of application that greatly benefits 

from a workflow-based approach is the category of 

long-running business processes. For example, in order 

processing systems an order typically goes through a 

series of human approval steps and complex service 

interactions for payment completion and order delivery. 

Workflow helps to build such processes thanks to the 

presence of runtime services that keep long-running 

state information, track the stage a workflow is in, etc. 

However, the use of long-running processing results 

in new challenges that have to be tackled, one of which 

is dynamic adaptation of workflows. Imagine the case 

in which company policies change during the lifetime 

of an order process workflow, e.g. concerning payment 

validation checks. In order to reflect such structural 

changes we need a mechanism to modify running 

workflow instances in a reliable manner. 

Another research topic embodies the creation of a set 

of domain-specific building blocks that allow for easy 

workflow composition, ultimately putting business 

people in control of their software processes. The 

results of this research were put in practice based on 

practical eHealth applications from the UZ Gent where 

patient info is processed in an automated manner. 

II. DYNAMIC ADAPTATION  

WF comes with a feature that allows a workflow 

instance to be adapted at runtime. Based on this 

dynamic update feature weôve built a more complex 

tool to assist in dynamic workflow adaptation and 

instrumentation. 

Dynamic workflow adaptation can be summarized as 

the set of actions that have to be taken in order to 

change a workflow instance at runtime. For example, 

the processing of an order or a set of orders might 

require additional steps based on business decisions. 

Using our tool, such an adaptation can be applied in a 

safe manner, without causing any downtime of the 

order processing application and with guarantees 

concerning the workflow instanceôs correctness. 

Instrumentation on the other hand has a more 

technically-driven background. Itôs very common for 

software to contain lots of boilerplate code in order to 

authorize users or to log diagnostic information at 

execution time. In workflow-based environments we 

donôt want to spoil the visual representation of a 

workflow with such aspects. Instrumentation helps to 

inject these aspects dynamically (see Figure 1). At the 

left-hand side of the figure the original workflow 

definition is shown. This workflow has been 

instrumented with timers, an authorization mechanism 

and a logging activity at runtime, the result of which 

can be seen on the right-hand side of the figure. 

 

 

 

Figure 1 - Example of workflow instrumentation 
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As part of our research we investigated the impact of 

dynamic adaptation and instrumentation on the 

applicationôs overall performance. It was found that 

various shapes of dynamic adaptation have non-trivial 

costs associated with them, especially in case ad-hoc 

updates are applied to a running workflow. 

Instrumentation has a significant cost too but its 

advantages of increased flexibility and the preservation 

of a workflowôs pure and smooth graphical nature 

outweigh the costs. 

This part of the research was the subject of a paper 

entitled ñDynamic workflow instrumentation for 

Windows Workflow Foundationò that was submitted to 

and accepted for the ICSEAô07 conference [2]. 

III.  GENERIC COMPOSITION 

Another important aspect when creating workflows is 

the use of specialized building blocks that reflect the 

business the workflow is operating in. In our research 

we created a set of generic building blocks to retrieve 

and manipulate data from databases as part of a 

medical agent used in the Intensive Care (IZ) 

department of Ghent University Hospital (UZ Gent). 

The sample ñAB Switchò agent performs processing of 

medical patient data on a daily basis to propose a 

switch of antibiotics for patients that match certain 

criteria [3]. 

Using a few well-chosen building blocks we were 

able to express the AB Switch agent in workflow using 

graphical composition. A part of the agentôs workflow-

based implementation is shown in Figure 2. The 

yellow, green and red blocks in the displayed workflow 

fragment are highly specialized components written 

during the research. For example, the yellow data 

gathering block can execute a query against a database 

in a generic manner, boosting its flexibility and 

usability in various kinds of workflows, hence the label 

ógenericô. 

 

 

Figure 2 - A part of the AB Switch agent workflow 

Of course one should take various quality attributes 

into account when replacing code-based applications by 

a workflow-based variant. Various design decisions 

have been outlined in our research, including the 

applicability in service-based architectures [4]. 

Another important consideration is performance. It 

was shown that workflow can boost the applicationôs 

performance when exploiting the intrinsic parallelism 

of workflow instances. For example, when processing 

patient data itôs beneficial to represent each patient as 

an individual workflow instance, allowing the decision 

logic for multiple patients to be executed in parallel. 

Since developers donôt have to bother much about the 

complexities of multi-threaded programming when 

working with WF, this should be considered a big plus. 

The performance results for parallel data processing 

using workflow compared to a procedural alternative 

are shown in Figure 3. 

 

 

Figure 3 - Parallel workflow execution vs. procedural code 

IV.  CONCLUSION 

Workflow seems to be a valuable candidate for the 

implementation of various types of applications. Using 

dynamic adaptation and instrumentation workflows can 

be made highly dynamic at runtime. Generic building 

blocks allow for easy composition of pretty complex 

(data-driven) workflows, while having the potential to 

raise the performance bar. 

ACKNOWLEDGEMENTS 

The author wants to thank promoters Bart Dhoedt 

and Filip De Turck for the opportunity to conduct this 

research and to create a paper on dynamic 

instrumentation for the ICSEAô07 conference. The 

realization of this work wouldnôt have been possible 

without the incredible support by Kristof Steurbaut 

throughout the research. 

REFERENCES 

 
[1] D. Shukla and B. Schmidt, Essential Windows Workflow 

Foundation, Addison-Wesley Pearson Education, 2007. 

[2] B. De Smet, K. Steurbaut, S. Van Hoecke, F. De Turck and B. 
Dhoedt, Dynamic workflow instrumentation for Windows 

Workflow Foundation, ICSEAô07. 

[3] K. Steurbaut, Intelligent software agents for healthcare 
decision support ï Case 1: Antibiotics switch agent (switch IV-

PO), UGent-INTEC, 2006. 

[4] F. De Turck, et al, Design of a flexible platform for execution 
of medical decision support agents in the Intensive Care Unit, 

Comput Biol Med. 37, 2007. 

0

5

10

15

20

25

1 2 3 4 5 6 7 8 9 10
E

xe
cu

tio
n

 t
im

e
 (

s)
Number of workflow instances

Procedural
Workflow



 

x 
 

Table of contents 

Chapter 1 - Introduction  ........................................................................................ 1 

 
1 ²ƘŀǘΩǎ ǿƻǊƪŦƭƻw? ............................................................................................................................ 1 

2 Why workflow? ................................................................................................................................ 2 

3 Windows Workflow Foundation ...................................................................................................... 2 

4 Problem statement .......................................................................................................................... 4 

Chapter 2 - Basics of WF ......................................................................................... 5 
 
1 Architectural overview ..................................................................................................................... 5 

2 Workflows and activities .................................................................................................................. 6 

2.1 Types of workflows .................................................................................................................. 6 

2.2 Definition of workflows............................................................................................................ 7 

2.2.1 Code-only ......................................................................................................................... 7 

2.2.2 Markup-based definition with XOML ............................................................................... 8 

2.2.3 Conditions and rules ........................................................................................................ 9 

2.3 Compilation .............................................................................................................................. 9 

2.4 Activities ................................................................................................................................. 10 

3 Hosting the workflow engine ......................................................................................................... 11 

3.1 Initializing the workflow runtime and creating workflow instances ..................................... 11 

3.2 Runtime services .................................................................................................................... 12 

4 Dynamic updates ........................................................................................................................... 12 

Chapter 3 - Dynamic updates  ............................................................................ 13 
 
1 Introduction ................................................................................................................................... 13 

2 The basics ....................................................................................................................................... 13 

2.1 Internal modification ............................................................................................................. 13 

2.2 External modification ............................................................................................................. 14 

3 Changing the transient workflow................................................................................................... 14 

3.1 Inserting activities .................................................................................................................. 14 

3.2 More flexible adaptations ...................................................................................................... 15 

3.3 Philosophical intermezzo ς ǿƘŜǊŜ ŜƴŎŀǇǎǳƭŀǘƛƻƴ ǾŀƴƛǎƘŜǎΧ ................................................ 16 



 

xi 
 

3.4 Establishing data bindings ...................................................................................................... 16 

4 Changing sets of workflow instances ............................................................................................. 19 

5 An instrumentation framework for workflow ............................................................................... 19 

5.1 A simple logging service ......................................................................................................... 20 

5.2 Instrumentation for dynamic updates ................................................................................... 21 

5.2.1 Instrumentation with suspension points ....................................................................... 21 

5.2.2 Responding to suspensions ............................................................................................ 23 

5.3 Advanced instrumentation logic ............................................................................................ 26 

5.4 Conclusion .............................................................................................................................. 27 

6 A few practical uses of instrumentation ........................................................................................ 27 

6.1 Logging ................................................................................................................................... 28 

6.2 Time measurement ................................................................................................................ 30 

6.3 Authorization ......................................................................................................................... 32 

6.4 Production debugging and workflow inspection ................................................................... 35 

7 Tracking in a world of dynamism ς the WorkflowMonitor revisited ............................................. 39 

8 Performance analysis ..................................................................................................................... 41 

8.1 Research goal ......................................................................................................................... 41 

8.2 Test environment ................................................................................................................... 41 

8.3 Test methodology .................................................................................................................. 41 

8.4 Internal workflow modification ............................................................................................. 42 

8.4.1 Impact of workload on adaptation time ........................................................................ 43 

8.4.2 Impact of dynamic update batch size on adaptation time ............................................ 44 

8.5 External workflow modification ............................................................................................. 45 

8.6 Instrumentation and modifications ς a few caveats ............................................................. 47 

9 Conclusion ...................................................................................................................................... 48 

Chapter 4 - Generic workflows  ......................................................................... 50 
 
1 Introduction ................................................................................................................................... 50 

2 A few design decisions ................................................................................................................... 52 

2.1 Granularity of the agent workflow ........................................................................................ 52 

2.2 Encapsulation as web services ............................................................................................... 53 

2.3 Database logic ........................................................................................................................ 54 

3 From flowchart to workflow: an easy step? .................................................................................. 56 

3.1 Flow control ........................................................................................................................... 56 



 

xii 
 

3.2 Boolean decision logic ............................................................................................................ 56 

3.3 Serial or parallel? ................................................................................................................... 57 

3.4 Error handling ........................................................................................................................ 58 

4 Approaches for data gathering ...................................................................................................... 60 

4.1 Design requirements and decisions ....................................................................................... 60 

4.2 Using Local Communication Services ..................................................................................... 60 

4.3 The data gathering custom activity ....................................................................................... 62 

4.4 Implementing a query manager ............................................................................................ 63 

4.4.1 An XML schema for query representation ..................................................................... 63 

4.4.2 Core query manager implementation ........................................................................... 65 

4.4.3 The query object ............................................................................................................ 66 

4.5 Hooking up the query manager ............................................................................................. 68 

4.6 Chatty or chunky? .................................................................................................................. 68 

4.6.1 Chatty ............................................................................................................................. 68 

4.6.2 Chunky ........................................................................................................................... 68 

4.6.3 Finding the right balance ............................................................................................... 69 

5 Other useful activities for generic workflow composition ............................................................ 69 

5.1 ForeachActivity ...................................................................................................................... 69 

5.2 YesActivity and NoActivity ..................................................................................................... 71 

5.3 FilterActivity ........................................................................................................................... 74 

5.4 PrintXmlActivity ..................................................................................................................... 75 

5.5 An e-mail activity ................................................................................................................... 77 

6 Other ideas ..................................................................................................................................... 77 

6.1 Calculation blocks .................................................................................................................. 77 

6.2 On to workflow-based data processing? ............................................................................... 80 

6.3 Building the bridge to LINQ .................................................................................................... 80 

6.4 Asynchronous data retrieval .................................................................................................. 81 

6.5 Web services .......................................................................................................................... 82 

6.6 Queue-based communication ................................................................................................ 82 

7 Putting the pieces together: AB Switch depicted .......................................................................... 83 

8 Designer re-hosting: the end-user in control ................................................................................. 85 

9 Performance analysis ..................................................................................................................... 88 

9.1 Research goal ......................................................................................................................... 88 

9.2 Test environment ................................................................................................................... 88 



 

xiii 
 

9.3 A raw performance comparison using CodeActivity.............................................................. 88 

9.4 Calculation workflows with inputs and outputs .................................................................... 91 

9.5 Iterative workflows ................................................................................................................ 91 

9.6 Data processing ...................................................................................................................... 94 

9.6.1 Iterative data processing ................................................................................................ 94 

9.6.2 Nested data gatherings .................................................................................................. 96 

9.6.3 Intra-workflow parallelism ............................................................................................. 99 

9.6.4 Inter-workflow parallelism ............................................................................................. 99 

9.6.5 Simulating processing overhead .................................................................................. 101 

10 Conclusion ................................................................................................................................ 103 

 Chapter 5 ɀ Conclusion ..................................................................................... 106 

Appendix A ɀ )#3%!ȭ07 paper  .......................................................................... 108 

Bibliography  .......................................................................................................... 116 
 

 

  



Chapter 1 ς Introduction | 1 

 

 

Chapter 1 ɀ Introduction  

1 7ÈÁÔȭÓ ×orkflow ? 
The concept of workflow exists for ages. On daily basis humans execute workflows to get their jobs 

done. Examples include shopping, decision making process during meetings, etc. All of these have 

one thing in common: the execution of a flow of individual steps that lead to some desired result. In 

case of the shopping example, one crosses a market place with a set of products in mind to find the 

best buy available, performing decision making based on price, quality and marketing influences. 

In the computing space, programmers have been dealing with workflow for ages as well. Application 

development often originates from a flowchart diagram being translated into code. IƻǿŜǾŜǊΣ ǘƘŀǘΩǎ 

where it often ends these days. The explicitness of a visual representation of a workflow is turned 

into some dark piece of code, which makes it less approachable by management people, not to speak 

about the problem of code maintenance especially when code is shared amongst ŘŜǾŜƭƻǇŜǊǎΦ ¢ƻŘŀȅΩǎ 

workflow concept is all about keeping the graphical representation of some kind of business process 

that can be turned to execution by a set of runtime services. 

Workflow is based on four tenets. Although not so well-known (yet) as the web service SOA tenets or 

the database ACID properties, these four tenets are a good starting point for further discussion: 

¶ Workflows coordinate work performed by people and software 

This first tenet categorizes workflows in two major groups: human workflows and automated 

system processes. The former one involves direct interaction with humans, such as approvals 

of invoices as part of a larger workflow, while the latter one is situated in the business 

processing space and involves communication between services and machines. 

¶ Workflows are long-running and stateful 

Using workflow, business processes are turned to execution. Since human interaction or 

reliance on external parties is often part of such a business process, workflows tend to be 

long-running and keep state. LǘΩǎ ƴƻǘ ŀǘȅǇƛŎŀƭ ǘƻ ƘŀǾŜ ŀ ǿƻǊƪŦƭƻǿ ƛƴǎǘŀƴŎŜ ǊǳƴƴƛƴƎ ŦƻǊ Ƴŀƴȅ 

hours, days or even months. Runtime services are required to support this. 

¶ Workflows are based on extensible models 

To deal with ever changing business processes and changes of business rules, workflows 

need a big deal of flexibility that allows for rapid modification without recompilation and a 

deep knowledge of the software internals of the business application. In the end, this should 

allow managers to adapt the business process themselves without developer assistance. 

¶ Workflows are transparent and dynamic through their lifecycle 

The long-running characteristic of ǿƻǊƪŦƭƻǿǎ ǎƘƻǳƭŘ ƴƻǘ ǘǳǊƴ ǘƘŜƳ ƛƴǘƻ ŀ ōƭŀŎƪ ōƻȄΦ ¢ƘŜǊŜΩǎ ŀ 

ōƛƎ ƴŜŜŘ ŦƻǊ ǘǊŀƴǎǇŀǊŜƴŎȅ ǘƘŀǘ ŀƭƭƻǿǎ ŀƴŀƭȅǎǘǎ ǘƻ ǎŜŜ ǿƘŀǘΩǎ ƎƻƛƴƎ ƻƴ ƛƴǎƛŘŜ ǘƘŜ ǿƻǊƪŦƭƻǿ ƛƴ 

a near real-time fashion. Also, workflows should allow for dynamic changes at runtime to 

deal with changing requirements. When providing services to 3rd ǇŀǊǘƛŜǎΣ ƛǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘƻ 

meet Service Level Agreements (SLA) which further strengthens the need for transparency. 

LǘΩǎ ŀƭǎƻ ƛƳǇƻǊǘŀƴǘ ǘƻ ǊŜƳŀǊƪ ǘƘŀǘ ǘƘŜ ǎŜŎƻƴŘ ǘŜƴŜǘ ƻƴ ǘƘŜ long-running and stateful character of 

workflows is in strong contrast to the stateless character of web services. The combination of both 
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principles can unlock a lot of potential however, for instance by exposing a workflow through a web 

service to allow cross-organization business processing (e.g. a supply chain). 

2 Why workflow?  
In order to be successful, workflow needs a set of compelling reasons to use it. In the previous 

paragraph a few advantages were already pointed out. One good reason to use workflows is the 

visual representation of workflows that makes them easier to understand and to maintain. This 

graphical aid provided by tools makes workflows approachable to a much broader set of people, 

including company management. 

Furthermore, the need for long-running workflows implies the availability of a set of runtime services 

to allow hydration (i.e. the persistence of a running workflow when it becomes idle) and dehydration 

(i.e. the process of loading a workflow in memory when it becomes active again) of a workflow. In a 

similar way, the need for transparency leads to the requirement of having runtime services for 

tracking and runtime inspection. Considering these runtime services (amongst others like scheduling 

and transactions), workflow usage becomes even more attractive. Having to code these runtime 

services yourself would be a very time-consuming activity and lead to a productivity decrease. 

In the end, workflow is much more than some graphical toy and has a broad set of applications: 

¶ Business Process Management (BPM) ς Workflows allow for rapid modification in response 

to changing business requirements. This makes software a real tool to model business 

processes and to use software for what it should be intended for: supporting the business. 

¶ Document lifecycle management ς Versioning, online document management systems and 

interactions between people have become a must for companies to be productive when 

dealing with information. Approval of changes is just one example workflow can be used for. 

¶ Page or dialog flow ς A typical session when working with an application consists of a flow 

between input and output dialogs or pages. Using workflow, this flow can be modeled and 

ŎƘŀƴƎŜŘ ŘȅƴŀƳƛŎŀƭƭȅ ōŀǎŜŘ ƻƴ ǘƘŜ ǳǎŜǊΩǎ ƛƴǇǳǘ ŀƴŘ ǾŀƭƛŘŀǘƛƻƴ ƻŦ ōǳǎƛƴŜǎǎ ǊǳƭŜǎΦ 

¶ Cross-organization integration ς Combining workflow with the power of web services, one 

can establish a more dynamic way to integrate businesses over the internet ƛƴ ŀ ά.ǳǎƛƴŜǎǎ-

to-.ǳǎƛƴŜǎǎέ (B2B) fashion, e.g. in order-supply chain processing. 

¶ Internal application workflow ς The use of workflow inside an application can allow of 

extension and modification by end-users. Pieces of the application that rely on business rules 

can be customized more easily and with out-of-the-box tool support. 

3 Windows Workflow Foundation  
The last couple of years, workflow has evolved from a niche to an applicable paradigm in software 

development. Products like Microsoft BizTalk Server have been successful and introduced workflow 

to enterprises as an approach to deal with inter-organization process integration όάōƛȊ ǘŀƭƪέύΦ In 

BizTalk we often talk about orchestration rather than workflow. Orchestration helps developers to 

automate business processes that involve multiple computer systems, for example in a B2B scenario. 

Workflow can be seen as a way to compose such an orchestration in an easier way. 
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With Windows Workflow Foundation (WF), a technology introduced in the .NET Framework 3.0, 

workflow is brought to the masses and becomes a ŦƛǊǎǘ Ŏƭŀǎǎ ŎƛǘƛȊŜƴ ƻŦ ǘƘŜ Φb9¢ ŘŜǾŜƭƻǇŜǊΩǎ ǘƻƻƭōƻȄΦ 

The .NET Framework 3.0, formerly known as WinFX, is a ǎŜǘ ƻŦ ƳŀƴŀƎŜŘ ŎƻŘŜ ƭƛōǊŀǊƛŜǎ ǘƘŀǘΩǎ ŎǊŜŀǘŜŘ 

in the Windows Vista timeframe and ships with Windows Vista out-of-the-box but is also ported back 

to run on Windows XP and Windows Server 2003. Other pillars of .NET Framework 3.0 include (see 

Figure 1):  

¶ Windows Presentation Foundation (WPF) code-ƴŀƳŜŘ ά!ǾŀƭƻƴέΣ ŀ ƎǊŀǇƘƛŎŀƭ ŦƻǳƴŘŀǘƛƻƴ ǘƘŀǘ 

unifies the worlds of GDI, Windows Forms, DirectX, media and documents based on a new 

graphical composition engine. WPF can be programmed using XAML (eXtensible Application 

aŀǊƪǳǇ [ŀƴƎǳŀƎŜύ ǿƘƛŎƘ ǿŜΩƭƭ ǳǎŜ ƛƴ ǘƘŜ ²C ǎǇŀŎŜ ǘƻƻΦ ! ǊŜƭŀǘŜŘ ǘŜŎƘƴƻƭƻƎȅ ƛǎ ·t{ ƻǊ ·a[ 

Paper Specification, used for document printing. 

¶ Windows Communication Foundation (WCF) code-ƴŀƳŜŘ άLƴŘƛƎƻέΣ ŀ ǳƴƛfied approach to 

service-oriented programming based on the principles of SOA (service-oriented architecture), 

ōǊƛƴƎƛƴƎ ǘƻƎŜǘƘŜǊ ǘƘŜ ǿƻǊƭŘǎ ƻŦ 5/haΣ Φb9¢ wŜƳƻǘƛƴƎΣ a{avΣ ²Ŝō {ŜǊǾƛŎŜǎ ŀƴŘ ²{9Φ LǘΩǎ 

built around key concepts of service and data contracts and has a high amount of code-less 

XML-based configuration support. 

¶ Windows CardSpace (WCS) code-ƴŀƳŜŘ άLƴŦƻ/ŀǊŘǎέΣ ŀ ǘŜŎƘƴƻƭƻƎȅ ǘƻ ŘŜŀƭ ǿƛǘƘ ŘƛƎƛǘŀƭ 

identities and to establish an Identity Metasystem, based on a set of WS-* standards. WCS 

can be seen as a new approach to federated identity which was formerly considered in the 

.NET PassPort initiative that lacked openness and wide customer adoption due to trust 

issues. The use of open standards should help digital identity management to become a 

more widely accepted paradigm. 

 

Figure 1 - .NET Framework 3.0 

Wǳǎǘ ƭƛƪŜ ǿŜΩǾŜ ǎŜŜƴ ǘƘŜ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ǘƘŜ 5.a{ ŜȄǘŜƴŘ ǘƻ ǘƘŜ ŘŜǎƪǘƻǇ ǿƛǘƘ ǇǊƻŘǳŎǘǎ ƭƛƪŜ {v[ {ŜǊǾŜǊ 

2005 Express and more recently SQL Server Everywhere Edition, WF brings the concept of workflow 
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processing to the desktop. Essentially WF is an in-process workflow processing engine that can be 

hosted in any .NET application, ranging from console applications over Windows Forms-based GUI 

applications to Windows Services and web services. 

Compared to BizTalk Server, WF is a pluggable lightweight component that can be used virtually 

anywhere but lacks out-of-the-box support for complex business integration (e.g. using data 

transformations), business activity monitoring (BAM), adapters to bridge with external systems (like 

MQ Series, SAP, Siebel and PeopleSoft) and reliability and scalability features. Although there is a 

ōƭǳǊǊȅ ȊƻƴŜ ōŜǘǿŜŜƴ ōƻǘƘ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ƛǘΩǎ ǎŀŦŜ ǘƻ ǎŀȅ .ƛȊ¢ŀƭƪ ƛǎ ǊŀǘƘŜǊ ǘƻ ōŜ ǳǎŜŘ ƛƴ ŎƻƳǇƭŜȄ ŎǊƻǎǎ-

organization business integration scenarios while WF benefits from its more developer-oriented 

fashion and is to be used more often inside an application. For the record, Microsoft has already 

announced to replace the orchestration portion of BizTalk by WF in a future release of the BizTalk 

product, leading to convergence of both technologies. 

That Microsoft puts a bet on workflow-based technologies should be apparent from the adoption of 

the WF technology in the next version of the Microsoft Office System, i.e. Office System 2007 

όŦƻǊƳŜǊƭȅ ƪƴƻǿƴ ŀǎ hŦŦƛŎŜ άмнέύ ŀƴŘ ǘƘŜ ²ƛƴŘƻǿǎ {ƘŀǊŜtƻƛƴǘ {ŜǊǾƛŎŜǎ оΦл ǘŜŎƘƴology for document 

management scenarios. Other domains where WF will be implemented are ASP.NET to create a 

foundation for page flow, future releases of BizTalk as mentioned previously and Visual Studio Team 

System for work item processing. 

More information on Windows Workflow Foundation can be found on the official technology website 

http://wf.netfx3.com. 

4 Problem statement  
This first part of this work focuses on dynamic adaptation of workflows at runtime. Without doubt, 

scenarios exist where ƛǘΩǎ ŘŜǎƛǊŀōƭŜ ǘƻ ƳƻŘƛŦȅ ŀ ǿƻǊƪŦƭƻǿ ƛƴǎǘŀƴŎŜ ǘƘŀǘΩǎ ƛƴ ŦƭƛƎƘǘΦ ! ǇƻǎǎƛōƭŜ ǎŎŜƴŀǊƛƻ 

consists of various business reasons that mandate a dynamic change (e.g. introducing an additional 

human approval step after visual inspection of ǘƘŜ ǿƻǊƪŦƭƻǿ ƛƴǎǘŀƴŎŜΩǎ ǎǘŀǘŜύΦ IƻǿŜǾŜǊΣ ŀƭǎƻ ƛƴ ƻǘƘŜǊ 

situations dynamic adaptation can be beneficial, for example to weave aspects in a workflow 

definition without making the core workflow heavier or clumsier. 

In the second part, focus is moved towards the creation of generic workflow building blocks that 

makes composition of data-driven workflows easier. The results of this research and analysis are 

applied on workflow-based agent systems that are used by the department of Intensive Care (IZ) of 

Ghent University Hospital (UZ Gent).  

For both parts, performance tests are conducted to evaluate the feasibility of the discussed 

techniques and to get a better image of possible performance bottlenecks. 

  

http://wf.netfx3.com/
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Chapter 2 ɀ Basics of WF 

1 Architectural overview  
On a macroscopic level, the WF Runtime Engine gets hosted inside some host process such as a 

console application, a Windows Forms application, a Windows Service, a web application or a web 

service. The tasks of the runtime engine are to instantiate workflows and to manage their lifecycle. 

This includes performing the necessary scheduling and threading. 

The concept workflow is used to refer to the definition of a workflow, which is defined as a class, as 

discussed further on. Each workflow is composed from a series of activities which are the smallest 

units of execution in the workflow era. One can reuse existing activities that ship with WF but the 

creation of custom activities either from scratch or by composition of existing activities is supported 

tooΦ ²ŜΩƭƭ ŘƛǎŎǳǎǎ ǘƘƛǎ ŎƻƴŎŜǇǘ ŦǳǊǘƘŜǊ ƻƴΦ 

A single workflow can have multiple workflow instances, just like classes are instantiated. The big 

ŘƛŦŦŜǊŜƴŎŜ ŎƻƳǇŀǊŜŘ ǘƻ άǎƛƳǇƭŜ ƻōƧŜŎǘǎέ ƛǎ ǘƘŜ Ǌǳƴtime support that workflow instances receive, for 

example to dehydrate a running workflow instance when it is suspended. The services in charge of 

these things are called the Runtime Services. 

Figure 2 outlines the basic architecture of WF. 

 

Figure 2 - General architecture [1] 

Next to the runtime, there is tools support as well. In the future these tools will become part of 

±ƛǎǳŀƭ {ǘǳŘƛƻ άhǊŎŀǎέ ōǳǘ ŦƻǊ ƴƻǿ ǘƘŜǎŜ ƎŜǘ ŜƳōŜŘŘŜŘ ƛƴ Visual Studio 2005 upon installation of the 

Windows SDK. An interesting feature of the graphical workflow designer is that it allows for re-
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hosting in other applications, effectively allowing developers to expose a designer to the end-users 

(e.g. managers) to modify workflows using graphical support. 

2 Workflows and activities  

2.1 Types of workflows  
WF distinguishes between two types of workflows. The first type are the sequential workflows that 

have a starting point and an ending point with activities in between that are executed sequentially. 

An example of such a workflow is depicted in Figure 3. 

 

Figure 3 - A sequential workflow 
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The second type of workflow supported by WF is the state machine workflow. This type of workflow 

is in fact a state machine that has a starting state and ending state. Transitions between states are 

triggered by events. An example of a state machine workflow is shown in Figure 4. 

 

Figure 4 - A state machine workflow 

2.2 Definition of workflows  
As mentioned in the previous paragraph, workflows are defined as classes, essentially by composing 

existing activities. There are different ways to define a workflow. 

2.2.1 Code-only  

When choosing the code-only approach, the Integrated Development Environment (IDE) creates at 

ƭŜŀǎǘ ǘǿƻ ŦƛƭŜǎΦ hƴŜ Ŏƻƴǘŀƛƴǎ ǘƘŜ άŘŜǎƛƎƴŜǊ ƎŜƴŜǊŀǘŜŘ ŎƻŘŜέ όCode 2), the other contains additional 

code added by the developer, for example the code executed by a CodeActivity activity (Code 1). 

public  sealed  partial  class  SimpleSequential : SequentialWorkflowActivity  

{  

   public  SimpleSequential()  

   {  

      InitializeComponent();  

   }  

 

   private  void  helloWorld_ExecuteCode( object  se nder, EventArgs  e)  

   {  

      Console .WriteLine( "Hello World" );  

   }  

}  

Code 1 - Developer code for a sequential workflow 
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partial  class  SimpleSequential  

{  

    #region  Designer generated code  

  

    ///  <summary>   

    ///  Required metho d for Designer support -  do not modify  

    ///  the contents of this method with the code editor.  

    ///  </summary>  

    [System.Diagnostics. DebuggerNonUserCode ]  

    pr ivate  void  InitializeComponent()  

    {  

        this .CanModifyActivities = true ;  

        this .helloWorld = new System.Workflow.Activities. CodeActivity ();  

        //  

        // helloWorld  

        //  

        this .helloWorld.Name = "helloWorld" ;  

        this .helloWorld.ExecuteCode +=  

                   new System. EventHandler ( this .helloWorld_E xecuteCode);  

        //  

        // SimpleSequential  

        //  

        this .Activities.Add( this .helloWorld);  

        this .Name = "SimpleSequential" ;  

        this .CanModifyActivities = false ;  

    }  

 

    #endregion  

 

    private  CodeActivity  helloWorld;  

}  

Code 2 - Designer generated code of a sequential workflow 

2.2.2 Markup -based definition with XOML 

Automatically generated code like the one in Code 2 consists of the same elements all the time: 

classes (the activity object types) are instantiated, properties are set, event handlers are registered 

and parent-child hierarchies are established (e.g. this.Activities.Add). This structure is an ideal 

candidate for specification using XML. This is what XOML, the eXtensible Object Markup Language, 

does. The equivalent of Code 2 in XOML is displayed in Code 3. 

<SequentialWorkflowActivity  

    x:Class =" WorkflowConsoleApplication1.SimpleSequentialMarkup "   

    x :Name=" SimpleSequ entialMarkup "  

    xmlns:x =" http://schemas.microsoft.com/winfx/2006/xaml "   

    xmlns =" http://schemas.microsoft.com/winfx/2006/xaml/workflow " > 

 <CodeActivity  x:Name =" helloWorld "   

                    ExecuteCode =" helloWorld_ExecuteCode "  />  

</ SequentialWorkflo wActivity > 

Code 3 - XOML representation of a sequential workflow 

XOa[ ƎŜǘǎ ǘǊŀƴǎƭŀǘŜŘ ƛƴǘƻ ǘƘŜ ŜǉǳƛǾŀƭŜƴǘ ŎƻŘŜ ŀƴŘ ƛǎ ŎƻƳǇƛƭŜŘ ƛƴǘƻ ŀƴ ŀǎǎŜƳōƭȅ ǘƘŀǘΩǎ ŜǉǳƛǾŀƭŜƴǘ ǘƻ 

a code-based definition. LǘΩǎ ŀ common misunderstanding that XOML is only used by WPF (where it is 

called XAML) to create GUIs; XOML Ŏŀƴ ōŜ ǳǎŜŘ ŦƻǊ ǾƛǊǘǳŀƭƭȅ ŀƴȅ ƻōƧŜŎǘ ŘŜŦƛƴƛǘƛƻƴ ǘƘŀǘΩǎ ōŀǎŜŘ ƻƴ 

composition, including user interfaces and workflows. 
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2.2.3 Conditions and rules  

Beside of the workflow definition itself, a workflow often relies on conditional logic. Such conditions 

can be defined in code or declaratively using XML. The latter option allows for dynamic changes of 

rules at runtime without the need for recompilation, which would cause service interruption. The 

creation of such a declarative rule condition is illustrated in Figure 5. 

 

Figure 5 - Definition of a declarative rule 

2.3 Compilation  
Workflow compilation is taken care of by the Visual Studio 2005 IDE using the MSBuild build system. 

Under the hood, the Workflow Compiler wfc.exe is invoked to build a workflow definition. This 

workflow-specific compiler validates a workflow definition and generates an assembly out of it. The 

command-line output of the compiler is shown in Listing 1. 

C:\Users\Bart\Documents\WF>wfc sample.xoml sample.cs 

Microsoft (R) Windows Workflow Compiler version 3.0.0.0 

Copyright (C) Microsoft Corporation 2005. All rights reserved. 

 

Compilation finished with 0 warning(s), 0 error(s). 

Listing 1 - Using the Windows Workflow Compiler 

Additionally, WF supports dynamic compilation of XOML files using the WorkflowCompiler class, as 

shown in Code 4. This allows a new workflow definition to be compiled and executed dynamically. An 

applicable scenario is when the workflow designer is hosted in an application and an end-user 

defines a workflow using that tool. 

WorkflowCompiler  compiler = new WorkflowCompiler ();  

WorkflowCompilerParamet ers  param = new WorkflowCompilerParameters ();  

compiler.Compile(param, new string [] { "Sample.xoml"  });  

Code 4 - Invoking the workflow compiler at runtime 
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2.4 Activities  
The creation of workflows is based on the principle of composition. A set of activities is combined 

into a workflow definition in either a sequential or event-driven state manner, in a similar way as GUI 

applications are composed out of controls. 

WF ships with a series of built-in activities that are visualized in the Visual Studio 2005 Toolbox while 

working in a workflow-enabled project. An extensive discussion of those activities would lead us too 

ŦŀǊΣ ǎƻ ǿŜΩƭƭ Ƨǳǎǘ ƛƭƭǳǎǘǊŀǘŜ ǘƘƛǎ ǘƻƻƭōƻȄ ƛƴ Figure 6. When required through the course of this work, 

additional explanation of individual activities will be given in a suitable place. 

 

Figure 6 - Built-in activities 

Remark that a large portion of these activities has an equivalent in classic procedural programming, 

such as if-else branches, while-loops, throwing exceptions and raising events. Others enable more 

complex scenarios such as replication of activities, parallel execution and parallel event listening. 
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A powerful feature of WF and the corresponding tools is the ability to combine multiple activities 

into another activity. Using this feature, one is able to create domain-specific activities that allow for 

reuse within the same project or cross-project by creating a library of custom activities. This also 

creates space for 3rd party independent software vendors (ISVs) to create a business out of 

specialized workflow activity creation. 

3 Hosting the workflow engine  
As mentioned a couple of times already, WF consists of a workflow engine that has to be hosted in 

some kind of managed code process. Visual Studio 2005 provides support to create console 

applications as well as other types of application projects with workflow support. A simple example 

of a workflow host is displayed in Code 5 . 

3.1 Initializin g the workflow runtime and creating workflow instances  
The most important classes in this code fragment are WorkflowRuntime and WorkflowInstance. The 

former one effectively loads the workflow runtime engine in the process; the latter one instantiates 

an instance of the workflow in question. Generally spoken, there will be just one WorkflowRuntime 

object per application domain, while there will be one workflow instance per invocation of the 

workflow. For example, when using a web service host, the invocation of a certain web method could 

trigger the creation of a workflow instance that then starts its own life. This effectively allows to 

expose long-running stateful workflows through web services. 

class  Program  

{  

    static  void  Main( string [] args)  

    {  

        using  ( WorkflowRuntime  workflowRuntime = new WorkflowRuntime ())  

        {  

            AutoResetEvent  waitHandle = new AutoResetEvent ( false );  

            workflowRuntime.WorkflowCompleted +=  

                delegate ( object  sender, WorkflowCompletedEven tArgs  e)  

                {  

                    waitHandle.Set();  

                };  

            workflowRuntime.WorkflowTerminated +=  

                delegate ( object  sender, WorkflowTerminatedEventArgs  e)  

                {  

                    Console .Write Line(e.Exception.Message);  

                    waitHandle.Set();  

                };  

 

            WorkflowInstance  instance = workflowRuntime.CreateWorkflow  

                       ( typeof (WorkflowConsoleApplication1. Workflow1 ));  

            instance.Start() ;  

 

            waitHandle.WaitOne();  

        }  

    }  

}  

Code 5 - A console application workflow host 

²Ŝ ǿƻƴΩǘ ŎƻǾŜǊ ŀƭƭ ǇƻǎǎƛōƭŜ Ƙƻǎǘǎ ƛƴ ƘŜǊŜΣ ŀǎ ǘƘŜ ǇǊƛƴŎƛǇƭŜ ƛǎ ŀƭǿŀȅǎ ǘƘŜ ǎŀƳŜΦ bŜǾŜǊǘƘŜƭŜǎǎ ƛǘΩǎ ǿƻǊǘƘ 

to note that the web services hosting model relies on the WebServiceInput, WebServiceOutput and 
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WebServiceFault activities to take data in and send data or faults out. Another interesting thing to 

know is the lack of direct WCF support in WF, something that can only be established by manual 

coding. According to Microsoft this is due to timing issues since WF was introduced relatively late in 

the .NET Framework 3.0 development cycle. This shortcoming will be fixed in a future release. 

3.2 Runtime services  
We already discussed the need for a series of runtime services in order to enable a set of workflow-

specific scenarios such as dehydration, which is the act of persisting runtime data when a workflow 

goes idle. A brief overview of runtime services and their role is given below: 

¶ Scheduling Services are used to manage the execution of workflow instances by the 

workflow engine. The DefaultWorkflowSchedulerService is used in non-ASP.NET applications 

and relies on the .NET thread pool. On the other side, the ManualWorkflowSchedulerService 

is used by ASP.NET hosts and interacts with the ASP.NET host process (e.g. the worker pool). 

¶ CommitWorkBatch Services enable custom code to be invoked when committing a work 

batch. This kind of service is typically used in combination with transactions and is used to 

ensure the reliability of the workflow-based application by implementing additional error-

handling code. 

¶ Persistence Services [2] play a central role in workflow instance hydration and dehydration. 

Putting a workflow insǘŀƴŎŜΩǎ ǊǳƴǘƛƳŜ Řŀǘŀ ƻƴ Řƛǎƪ ƛǎ ŀ ǊŜǉǳƛǊŜƳŜƴǘ ǘƻ ōŜ ŀōƭŜ ǘƻ ŘŜŀƭ ǿƛǘƘ 

long-running workflows and to ensure scalability. By default SQL Server is used for 

persistence. 

¶ Tracking Services [3] allow inspection of a workflow in flight by relying on events that are 

raised by workflow instances. Based on a Tracking Profile, only the desired data is tracked by 

the tracking service. WF ships with a SQL Server database tracking service out of the box. 

¶ Local Communication Services enable communication of data to and from a workflow 

instance. For example, external events can be sent to a workflow instance and data can be 

sent from a workflow instance to the outside world, based on an interface type. The type of 

service is often referred to ŀǎ άŘŀǘŀ ŜȄŎƘŀƴƎŜέΦ 

Services can be configured through the XML-based application configuration file or through code. All 

of these services are implementations of a documented interface in the Windows SDK which allows 

for custom implementation, e.g. to persist state to a different type of database. 

4 Dynamic  updates  
/ƘŀƴƎƛƴƎ ŀ ǿƻǊƪŦƭƻǿ ƛƴǎǘŀƴŎŜ ǘƘŀǘΩǎ ƛƴ ǇǊƻƎǊŜǎǎ ƛǎ ƻƴŜ ǾŜǊȅ ŘŜǎƛǊŀōƭŜ ŦŜŀǘǳǊŜΦ Lƴ ƻǊŘŜǊ ǘƻ ǊŜǎǇƻƴŘ ǘƻ 

rapid changing business requirements, workflow changes at runtime are a common requirement. 

WiǘƘ ²CΣ ƛǘΩǎ ǇƻǎǎƛōƭŜ ǘƻ ƳƻŘƛŦȅ ŀ ǿƻǊƪŦƭƻǿ ƛƴǎǘŀƴŎŜ ōƻǘƘ ŦǊƻƳ ǘƘŜ ƛƴǎƛŘŜ όƛΦŜΦ ǘƘŜ ǿƻǊƪŦƭƻǿΩǎ ŎƻŘŜύ 

and the outside (i.e. the host application). This is accomplished by means of the WorkflowChanges 

Ŏƭŀǎǎ ǿƘƛŎƘ ǿŜΩƭƭ ŘŜŀƭ ǿƛǘƘ ǉǳƛǘŜ ŀ ƭƻǘ ƛƴ ǘƘƛǎ ǿƻǊƪΦ 
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Chapter 3 ɀ Dynamic updates 

1 Introduction  
Due to the typical long-ǊǳƴƴƛƴƎ ŎƘŀǊŀŎǘŜǊ ƻŦ ǿƻǊƪŦƭƻǿǎΣ ƛǘΩǎ ƻŦǘŜƴ ŘŜǎƛǊŀōƭŜ ǘƻ ōŜ ŀōƭŜ ǘƻ ŎƘŀƴƎŜ ŀ 

ǿƻǊƪŦƭƻǿ ǿƘƛƭŜ ƛǘΩǎ ƛƴ ŦƭƛƎƘǘΦ /ƻƳƳƻƴ ǎŎŜƴŀǊƛƻǎ ƛƴŎƭǳŘŜ ǘƘŜ ŎƘŀƴƎŜ ƻŦ business requirements and 

adaptation of company policies that need to be reflected in running workflow instances. Windows 

Workflow Foundation recognizes this need and has support for dynamic updates built in. This way a 

business process can be adapted dynamically, reducing downtime that would occur in typical 

procedural code due to recompilations. Furthermore, workflow adaptation occurs on the level of 

workflow instances, which reaches far beyond the flexibility one would have with procedural coding. 

2 The basics 
In order to make changes to a workflow instance, one has to create an instance of the type 

WorkflowChanges. This class takes the so-called transient workflow, which is the activity tree of the 

running workflow, and allows application of changes to it. Once changes have been proposed, these 

have to be applied to the running instance. At this point in time, activities in the tree can vote 

whether or not they allow the change to occur. If the voting result is positive, changes are applied 

and the workflow instance has been modified successfully. This basic process is reflected in code 

fragment Code 6. 

    WorkflowChanges  changes = new WorkflowChanges ( this );  

 

    //Change the transient workflow by adding/removing/... activities  

    changes.TransientWorkflow.Activities.Add(...);  

 

    foreach  ( ValidationError  error in  changes.Validate())  

    {  

        if  (!error.IsWarning)  

        {  

            string  txt = error.ErrorText;  

            //Do some reporting and/or fixing  

        }  

    }  

 

    this .ApplyWorkflowChanges(changes);  

Code 6 - Basic use of WorkflowChanges 

2.1 Internal  modification  
Code fragment Code 6 employs so-called internal modification of a workflow. Basically, this means 

that the workflow change is applied from inside the workflow itself. So, the piece of code could be 

ƭƛǾƛƴƎ ƛƴǎƛŘŜ ŀ /ƻŘŜ!ŎǘƛǾƛǘȅΩǎ 9ȄŜŎǳǘŜ/ƻŘŜ ŜǾŜƴǘ ƘŀƴŘƭŜǊ ŦƻǊ ƛƴǎǘŀƴŎŜΦ bƻǘƛŎŜ ǘƘŜ ŎƻƴǎǘǊǳŎǘƻǊ Ŏŀƭƭ ǘƻ 

²ƻǊƪŦƭƻǿ/ƘŀƴƎŜǎ ǳǎŜǎ ΨǘƘƛǎΩ ǘƻ ŎƘŀƴƎŜ ǘƘŜ ŎǳǊǊŜƴǘ ǿƻǊƪŦƭƻǿ instance from the inside. 

This type of modification can be useful in circumstances where the change can be anticipated 

upfront. As an example, the workflow could add a custom activity somewhere in the activity tree 

when certain conditions are fulfilled. Needless to say, a similar effect could be achieved by means of 

an IfElseBranchActivity. However, one could combine this with reflection and instantiate the desired 
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activity by loading it from an assembly. For instance, some custom order delivery processing activity 

could be inserted in the workflow definition. If another shipping company requires a different flow of 

activities, this could be loaded dynamically. Instead of bloating the workflow definition with all 

possible side paths, dynamic adaptation could take care of special branches in a running workflow 

ǘǊŜŜΦ CǳǊǘƘŜǊƳƻǊŜΣ ƛƴ ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ ά[ƻŎŀƭ /ƻƳƳǳƴƛŎŀǘƛƻƴ {ŜǊǾƛŎŜǎέ ǘƘŜ ǿƻǊƪŦƭƻǿ ƛƴǎǘŀƴŎŜ ŎƻǳƭŘ 

ǊŜǘǊƛŜǾŜ ƛƴŦƻǊƳŀǘƛƻƴ ŦǊƻƳ ǘƘŜ Ƙƻǎǘ ǘƘŀǘΩǎ ǳǎŜŘ ƛƴ ǘƘŜ ŘŜŎƛǎƛƻƴ ǇǊƻŎŜǎǎ ŦƻǊ ŘȅƴŀƳƛŎ ŀŘŀǇǘŀǘƛƻƴΦ 

2.2 External modification  
The opposite of internal modification is external modification, where a workflow instance is adapted 

by the host application. Although this limits the flexibility for investigation of the internal workflow 

instance state, one has full access to the context in which the workflow is operating. External stimuli 

ŎƻǳƭŘ ōŜ ŀǘ ǘƘŜ ōŀǎƛǎ ƻŦ ǘƘŜ ŎƘŀƴƎŜΣ ŜƛǘƘŜǊ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ƻǊ Ƴŀƴǳŀƭƭȅ όōȅ ōǳǎƛƴŜǎǎ ǇŜƻǇƭŜύΦ LǘΩǎ ǎŀŦŜ ǘƻ 

state that external modification is the better candidate of the two to apply unanticipated changes. 

External modification is applied using the same WorkflowChanges class that exposes the transient 

workflow. In order to apply changes, the workflow instance has to be in a suitable state that allows 

for dynamic adaptation. Typically, this is the suspended state, as illustrated in code fragment Code 7. 

   WorkflowRuntime  workflowRuntime  = new WorkflowRuntime () ;  

   workflowRuntime.WorkflowSuspended +=  

      delegate  (object sender, WorkflowSuspendedE vent Args  e)  {  

         WorkflowChanges  changes = new WorkflowChanges ( e.WorkflowInstance );  

 

         //Change the transient workflow  

         changes.TransientWorkflow.Activities.Add(...);  

 

         foreach  ( ValidationError  error in  changes.Validate())  

         {  

            if  (!error.IsWarning)  

            {  

               string  txt = error.ErrorText;  

               //Do some reporting and/or fixing  

            }  

         }  

 

         e.WorkflowInstance. ApplyWorkflowChanges(changes);  

      };  

Code 7 - External modification during workflow suspension 

3 Changing the transient workflow  
As mentioned before, changes are applied on a transient workflow that represents a workflow 

instance that is in flight. One obtains access to this transient workflow by using the WorkflowChanges 

class. In this paragraph, we take a closer look at dynamic adaptation using this transient workflow. 

3.1 Inserting activities  
! ǘȅǇƛŎŀƭ ǎƛǘǳŀǘƛƻƴ ǘƘŀǘ ƳƛƎƘǘ ŀǊƛǎŜ ƛǎ ǘƘŜ ƴŜŜŘ ŦƻǊ ŀŘŘƛǘƛƻƴŀƭ ƭƻƎƛŎ ƛƴ ŀ ǿƻǊƪŦƭƻǿΩǎ ŘŜŦƛƴƛǘƛƻƴΦ CƻǊ 

example, in an order processing scenario it might be desired to change running workflow instances 

to incorporate a new step in the (typically long-running) order processing workflow. 



Chapter 3 ς Dynamic updates | 15 

 

 

Adding a new activity to a transient workflow is accomplished by the Activities ŎƻƭƭŜŎǘƛƻƴΩǎ Add and 

Insert methods. The former one adds an activity to the end of the activities collection which might 

not be the best choice since a change typically employs locality. Using the Insert method, one has 

more control over the position where the activity will be inserted. 

However, this is often not enough to accomplish the required level of flexibility since the positions of 

activities in the tree are often not known upfront. If changes are applied only once, position indices 

could be easily inferred from the compiled workflow definition by human inspection. Things get 

worse when the original definition changes and when dynamic updates are made accumulative. In 

order to break the barrier imposed by this limitation, the GetActivityByName method was 

introduced. For example, one could insert an additional step in a workflow right after the submission 

of an order, as illustrated in code fragment Code 8. 

   WorkflowChanges  changes = new WorkflowChanges ( instance );  

 

   // Find the location to insert  

   Activity  a = changes.Transien tWorkflow.GetActivityByName( " SubmitOrder " );  

   int  i = changes.TransientWorkflow.Activities.IndexOf(a) + 1;  

 

   SendMailA ctivity  mailer = new SendMailA ctivity ( );  

   changes.TransientWorkflow.Activities. Insert ( mailer, i );  

 

   instance. ApplyWorkflowChanges(c hanges);  

 
Code 8 - Applying positional workflow changes 

Composite activities, like a WhileActivity or an IfElseActivity, are a bit more difficult to change since 

one needs to touch the άōƻŘȅέ of these activities. Basically, the same principles apply, albeit a bit 

lower in the tree hierarchy, typically using tree traversal code. 

3.2 More flexible adaptations  
More powerful mechanisms can be employed to find the place where a change needs to be applied. 

Because the Activities collection derives from the collection base classes in the .NET Framework, all 

the power of System.Collections.Generic comes with it for free in the context of workflow. As an 

example, one could use the FindAll method to locate activies that match a given predicate: 

   WorkflowChanges  changes = new WorkflowChanges ( instance );  

 

   // Find activities to adapt  

   List <Activity > lst = changes.TransientWorkflow.Activities.FindAll(  

      delegate ( Activity  a) {  

         Int erestCalculatorActivity  ica = a as  Int erestCalculatorActiv ity ;  

         return  (a != null  && ica.Intrest > 0.05);  

      });  

 

   foreach  ( Int erestCalculatorActivity  ica in lst)  

   {  

      // Change parameterization, delete activites, add activities, etc .  

   }  

 
Code 9 - Advanced activity selection 

Of course ƛǘΩǎ ŀƭǎƻ ǇƻǎǎƛōƭŜ ǘƻ ŘŜƭŜǘŜ ŀŎǘƛǾƛǘƛŜǎ ōȅ ƳŜŀƴǎ ƻŦ ǘƘŜ Remove method of the Activities 

collection. 
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3.3 Philosophical intermezzo ɀ wÈÅÒÅ ÅÎÃÁÐÓÕÌÁÔÉÏÎ ÖÁÎÉÓÈÅÓȣ 
All of this dynamic update magic comes at a cost. Encapsulation of activities and their composition in 

ŀ ǿƻǊƪŦƭƻǿ ƛǎ ƭŜŦǘ ōŜƘƛƴŘ ƻƴŎŜ ŘȅƴŀƳƛŎ ǳǇŘŀǘŜǎ ŦǊƻƳ ǘƘŜ ƻǳǘǎƛŘŜ όάŜȄǘŜǊƴŀƭ ƳƻŘƛŦƛŎŀǘƛƻƴέύ ŀǊŜ 

considered. Therefore, one has to consider carefully whether or not dynamic updates from the 

outside are really required. At the stage of applying external modification, the black box of the 

workflow definition has to be opened in order to apply changes. 

²ƘŜƴŜǾŜǊ ǘƘŜ ƻǊƛƎƛƴŀƭ ǿƻǊƪŦƭƻǿ ǘȅǇŜ ŘŜŦƛƴƛǘƛƻƴ ŎƘŀƴƎŜǎΣ ǿƻǊƪŦƭƻǿ ŀŘŀǇǘŀǘƛƻƴ ƭƻƎƛŎ ƳƛƎƘǘ ōǊŜŀƪΦ LǘΩǎ 

important to realize that there is no strong-typed binding between the transient workflow and the 

underlying workflow definition by default. In the code fragment Code 8Σ ǿŜΩǾŜ ƛƭƭǳǎǘǊŀǘŜŘ ǘƘŜ ǳǎŜ ƻŦ 

finding activities by name, which clearly is very dependent on internal details of the workflow 

definition. 

This being said, adaptation logic is often short-lived and created to serve just one specific type of 

adaptation associated with a given version of a workflow definition (e.g. because the underlying 

business process has changed ς a change that could be incorporated statically in the next version of 

the workflow definition). Furthermore, when creating adaptation logic on the fly ς with the aid of a 

graphical workflow designer ς the verification of adaptation logic against the underlying workflow 

definition becomes easier because of designer support, e.g. to find the names of activities in the 

workflow. 

3.4 Establishing data bindings  
Adding an activity somewhere in a workflow instance dynamically is one thing; connecting it to other 

colleague activities is another thing. Essentially, we want to be able to bind input properties on the 

newly inserted activity to some kind of data sources in the workflow definition; the other way 

around, we want to be able to feed the output properties of our inserted activity back to the 

surrounding workflow class for further consumption down the line. 

To support data bindings by means of properties, WF introduces the concept of dependency 

properties which act as a centralized store for workflow state. The code to create a sample activity 

with dependency properties that allow for data binding is shown in code fragment Code 10. 

   public  class  DemoActivity  : Activity  

   {  

      private  double  factor;  

 

      public  DemoActivity()  {}  

      public  DemoActivity( double  factor) { this .factor = factor;  }  

 

      public  static  DependencyProperty  InputProperty =  

         DependencyProperty .Register(  

            "Input" ,  

            typeof ( double ),  

            typeof ( DemoActivity )  

         );  

 

      public  double  Input  

      {  

         get  { return  ( double ) base .GetValue(InputProperty); }  

         set  { base .SetValue(InputProperty, value ); }  

      }  
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      public  static  DependencyProperty  OutputProperty =  

         DependencyProperty .Registe r(  

            "Output" ,  

            typeof ( double ),  

            typeof ( DemoActivity )  

         );  

 

      public  double  Output  

      {  

         get  { return  ( double ) base .GetValue(OutputProperty); }  

         set  { base .SetValue(OutputProperty, value ); }  

      }  

 

      protected  override  ActivityExecutionStatus  Execute(  

 ActivityExecutionContext  executionContext)  

      {  

         double  input = ( double )GetValue(InputProperty);  

         double  res = input * factor;  

         SetValue(OutputProperty, res);  

         return  ActivityExecutionStatus .Closed;  

      }  

   }  

Code 10 - Using dependency properties for data binding flexibility 

This sample activity opens the doors to data binding. The use of the custom activity in the WF 

designer in Visual Studio 2005 is shown in Figure 7. 

 

Figure 7 - Design-time support for bindable properties 

Binding support at design-time is visualized by the presence of a small blue-white information icon in 

the right margin of the property names column. Clicking it allows to bind the property of the activity 

to a property of the enclosing workflow definition, as shown in Figure 8. 

However, when applying dynamic updates we want to be able to establish such a binding at runtime. 

This is made possible through the use of the ActivityBind Ŏƭŀǎǎ ƛƴ ²CΦ !ƴ ŜȄŀƳǇƭŜ ƻŦ ǘƘƛǎ ŎƭŀǎǎΩǎ 

usage is illustrated in code fragment Code 11. 
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Figure 8 - Binding a property at design-time 

CƻǊ ǎƛƳǇƭƛŎƛǘȅΩǎ ǎŀƪŜΣ ǘƘƛǎ ǎŀƳǇƭŜ ƛƴǎŜǊǘǎ ŀ 5ŜƳƻ!ŎǘƛǾƛǘȅ activity at the end of a sequential workflow 
that would otherwise return the same value as the input value. By feeding the ǿƻǊƪŦƭƻǿΩǎ input to 
the dynamically added DemoActivity and the 5ŜƳƻ!ŎǘƛǾƛǘȅΩǎ output in the reverse direction, we can 
adapt the original input value dynamically. This mechanism could be used to apply a correction factor 
to numerical data that flows though a workflow, e.g. to account for increased shipping costs. 
 
   private  void  UpdateWorkflow( WorkflowInstance  instance)  

   {  

      WorkflowChanges  changes =  

         new WorkflowChanges (instance.GetWorkflowDefinition());  

 

      DemoActivity  da = new DemoActivity (2.0);  

 

      ActivityBind  bindInput = new Activ ityBind ( "Workflow1" , "Input" );  

      da.SetBinding(  

         MultiDynamicChange. DemoActivity .InputProperty, bindInput);  

 

      ActivityBind  bindOutput = new ActivityBind ( "Workflow1" , "Output" );  

      da.SetBinding(  

         MultiDynamicChange. DemoActivity . OutputProperty, bindOutput);  

 

      changes.TransientWorkflow.Activities.Add(da);  

      instance.ApplyWorkflowChanges(changes);  

   }  

Code 11 - Establishing dynamic data binding 
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4 Changing sets of workflow instances  
Rarely one needs to change just one instance of a workflow. If this is the case, additional logic can be 

added to code fragment Code 7 in order to select the desired workflow instance, e.g. by means of its 

unique workflow identifier (using the WorkflƻǿLƴǎǘŀƴŎŜΩǎ InstanceId property). 

In the majority of scenarios however, changes have to be applied to all workflow instances in 

ǇǊƻƎǊŜǎǎ ƻǊ ŀ ŎŜǊǘŀƛƴ ǎǳōǎŜǘ ƻŦ ǿƻǊƪŦƭƻǿ ƛƴǎǘŀƴŎŜǎ ōŀǎŜŘ ƻƴ ǎƻƳŜ ŦƛƭǘŜǊ ŎǊƛǘŜǊƛƻƴΦ CǳǊǘƘŜǊƳƻǊŜΣ ƛǘΩǎ 

often desirable to be able ǘƻ ŀǇǇƭȅ ŎƘŀƴƎŜǎ ƻǳǘ ƻŦ ōŀƴŘΣ ƳŜŀƴƛƴƎ ǘƘŀǘ ǿŜ ŘƻƴΩǘ ǿŀƴǘ ǘƻ ǿŀƛǘ ŦƻǊ ŀ 

suspension to happen due to some workflow instance state transition, for example because of 

workflow instance state persistence. Based on human inspection of one workflow instance, business 

people might decide to change a whole set of workflow instances and they want the change to 

become effective right away. 

To support this out-of-band multi-instance adaptation, the host application can query the runtime 

for all running workflow instances, as illustrated in code fragment Code 12. 

   foreach  ( WorkflowInstance  instance in  wr.GetLoadedWorkflows())  

      UpdateWorkflow(instance);  

 
Code 12 - Querying loaded workflows 

Each WorkflowInstance can be queried for the underlying workflow definition using a method called 

GetWorkflowDefinition that obtains a reference to the root activity. Based on the workflow instance 

information, additional filtering logic can be applied to select a subset of workflow instances and/or 

workflow instances of a given type. Once such a set of workflow instances is retrieved, changes can 

be applied using WorkflowChanges. The WF runtime takes care of suspending the workflow prior to 

making the dynamic update and resuming it right after the change was applied. Since changes are 

applied on an instance-per-instance basis, exceptions thrown upon failure to change an instance only 

affect one particular workflow adaption at a time, so rich failure reporting and retry logic can be 

added if desired. 

5 An instrumentation  framework for workflow  
bƻǿ ǘƘŀǘ ǿŜΩǊŜ ŎŀǇŀōƭŜ ƻŦ ŀǇǇƭȅƛƴƎ ŎƘŀƴƎŜǎ ǘƻ ŀ ǿƻǊƪŦƭƻǿ ƛƴǎǘŀƴŎŜ, we can take it to another level. 

Lƴ ǘƘƛǎ ǇŀǊŀƎǊŀǇƘΣ ǿŜΩƭƭ ŘƛǎŎǳǎǎ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ǘƻ ŎǊŜŀǘŜ ŀƴ ƛƴǎǘǊǳƳŜƴǘŀǘƛƻƴ ŦǊŀƳŜǿƻǊƪ ǘƘŀǘ ŀƭƭows for 

dynamic aspect insertion into a workflow instance at runtime. A few usage scenarios include the 

instrumentation of workflows for debugging purposes, adding logging logic, insertion of timing 

constructs to measure average delays and waiting times for customers, dynamic addition of security 

checks to protect certain workflow branches from being executed by non-authorized users, etc. 

²ƘŜƴ ŎƻƴǎƛŘŜǊƛƴƎ ƛƴǎǘǊǳƳŜƴǘŀǘƛƻƴΣ ǿŜΩǊŜ ǘŀƭƪƛƴƎ ŀōƻǳǘ ŀ ŘȅƴŀƳƛŎ ŎƘŀƴƎŜ ǘƻ ŀ ŦƛȄŜŘ ŘŜŦƛƴƛǘƛƻƴ ŀǘ 

ǊǳƴǘƛƳŜΦ ¢Ƙƛǎ ƳŀƪŜǎ ²CΩǎ dynamic update feature the ideal candidate to build an instrumentation 

ŦǊŀƳŜǿƻǊƪ ƻƴΦ 9ǎǎŜƴǘƛŀƭƭȅΣ ǿŜΩƭƭ ƛƴǎǘǊǳƳŜƴǘ ŀ ǿƻǊƪŦƭƻǿ ƛƴǎǘŀƴŎŜ ŦǊƻƳ ǘƘŜ ƻǳǘǎƛŘŜ ǇǊƛƻǊ ǘƻ ǎǘŀǊǘƛƴƎ ƛǘΦ 

The instrumentation process can be driven by a wide variety of decision logic (e.g. based on input 

values), additional data (such as threshold values), dynamic assembly loading using reflection (e.g. to 

add more flexibility to the instrumentor itself), or ultimately another workflow itself. 
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5.1 A simple logging service  
An example of a simple workflow instrumentor that tracks progress via a logging service is illustrated 

in code fragments Code 13 and Code 14. 

The former one shows the interface ς and a simple implementation ς for a logging sŜǊǾƛŎŜ ǘƘŀǘΩǎ ǳǎŜŘ 

in the logging activity itself to submit logging information to. Notice that this way of tracking is 

slightly different from the built-in tracking service in WF. Tracking is either enabled or disabled, while 

instrumentation can be done selectively, meaning that a specific subset of the created workflow 

ƛƴǎǘŀƴŎŜǎ ŎƻǳƭŘ ōŜ ƛƴǎǘǊǳƳŜƴǘŜŘ ōŀǎŜŘ ƻƴ ŘŜŎƛǎƛƻƴ ƭƻƎƛŎΦ !ƭǎƻΣ ǘƘŜ άƭƻƎƎƛƴƎ Ǉƻƛƴǘǎέ ƛƴ ǘƘŜ ǿƻǊƪŦƭƻǿ 

can be limited to a few interesting places in order to reduce overall overhead. 

Code fragment Code 14 illustrates a logging activity that pushes data to the registered logger service 

through its interface contract. We limit ourselves to simple (positional) tracking messages. 

   [ ExternalDataExchange ]  

   interface  ILog ger  

   {  

      void  LogMessage( string  message);  

   }  

 

   class  Logger  : ILogger  

   {  

      private  TextWriter  tw;  

 

      public  Logger( TextWriter  tw)  {  this .tw = tw;  }  

 

      public  void  LogMessage( string  message)  

      {  

         tw.WriteLine(message);  

      }  

   }  

Code 13 - Local Communication Service definition and sample implementation for logging 

   class  LogActivity  : Activity  

   {  

      private  string  message;  

 

      public  LogActivity() { }  

      public  LogActivity( string  message) { this .message = message; }  

 

      public  string  Message  

      {  

         get  { return  message; }  

         set  { message = value ; }  

      }  

 

      protected  override  ActivityExecutionStatus  Execute  

 ( ActivityExecutionContext  executionContext)  

      {  

         executionContext.GetService< ILogger >().LogMessage(message);  

         return  ActivityExecutionStatus .Closed;  

      }  

   }  

Code 14 - A static message logging activity 
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[ƻƎƎƛƴƎ ōŜŎƻƳŜǎ ƳƻǊŜ ƛƴǘŜǊŜǎǘƛƴƎ ǿƘŜƴ ǿŜΩǊŜ ŀōƭŜ ǘƻ ŎŀǇǘǳǊŜ ŀƴŘ ŦƻǊƳŀǘ ƛƴǘŜǊŜǎǘƛƴƎ Řŀǘŀ ǘƘŀǘΩǎ 

fueling the workflow instance, i.e. some kind of white box inspection on demand. Our generic 

approach to data processing workflows in Chapter 4 makes such inspection even more manageable. 

5.2 Instrumentation for dynamic upda tes 
Although instrumentation itself is driven by dynamic updates, it can be used as a starting point for 

dynamic updates on its turn. So far, the discussed methodologies of adapting a workflow in progress 

ŀǊŜ ŦŀƛǊƭȅ Ǌƛǎƪȅ ƛƴ ŀ ǎŜƴǎŜ ǘƘŀǘ ǘƘŜǊŜΩǎ ƴƻ ƎǳŀǊŀƴǘee that the service is in a state where a dynamic 

ǳǇŘŀǘŜ ƛǎ ǇƻǎǎƛōƭŜΦ !ƭǎƻΣ ƛǘΩǎ ǇƻǎǎƛōƭŜ ǘƘŀǘ ŀƴ ǳǇŘŀǘŜ ƛǎ ŀǇǇƭƛŜŘ ŀǘ ŀƴ ǳƴǊŜŀŎƘŀōƭŜ Ǉƻƛƴǘ ƛƴ ŀ ǿƻǊƪŦƭƻǿ 

instance, for example to an execution path already belonging the past. 

LŘŜŀƭƭȅΣ ǿŜΩŘ ƭƛƪŜ ǘƻ ƘŀǾŜ Ŏƻƴǘrol over dynamic updates much like we had in the internal modification 

scenario but without sacrificing the cleanliness of the underlying workflow definition. To state it 

ŀƴƻǘƘŜǊ ǿŀȅΣ ǿŜ ŘƻƴΩǘ ǿŀƴǘ ǘƻ Ǉƻƛǎƻƴ ǘƘŜ ǿƻǊƪŦƭƻǿ ŘŜŦƛƴƛǘƛƻƴ ǿƛǘƘ ƭƻǘǎ ƻŦ άpossibly we might need 

to adapt at this point sometimesέ ŎƻƴǎǘǊǳŎǘǎΦ !ŦǘŜǊ ŀƭƭΣ ƛŦ ǿŜ ǿŜǊŜ ōǳƛƭŘƛƴƎ ǘƘƛǎ ƪƛƴŘ ƻŦ ƭƻƎƛŎ ƛƴǘƻ ǘƘŜ 

workflow definition itself, we really do need to ask ourselves whether dynamic updates are required 

in the first place. 

Dynamic update instrumentation combines the best of both worlds. First of allΣ ǿŜΩƭƭ ƘŀǾŜ ŜȄŀŎǘ 

control over when an update takes place, by so-called suspension points. Secondly, we preserve the 

flexibility of external modification to consume data and context available in the workflow hosting 

ŀǇǇƭƛŎŀǘƛƻƴ ƭŀȅŜǊΦ CƛƴŀƭƭȅΣ ƛǘΩǎ ǇƻǎǎƛōƭŜ ǘƻ ƘŀǾŜ ǘƛƎƘǘ ŎƻƴǘǊƻƭ ƻǾŜǊ ǘƘŜ ƛƴǘŜǊƴŀƭ ǿƻǊƪŦƭƻǿ ƛƴǎǘŀƴŎŜ ǎǘŀǘŜΣ 

much like we have in pure internal modification. 

[ŜǘΩǎ ǎǘŀǊǘ ǿƛǘƘ ŀƴ ƻǳǘƭƛƴŜ ƻŦ ǘƘŜ ǎǘŜǇǎ ǘŀƪŜƴ ǘƻ ŜǎǘŀōƭƛǎƘ ŘȅƴŀƳƛŎ ǳǇŘŀǘŜ ƛƴǎǘǊumentation: 

1. When a workflow instance is created, suspension points are added to the workflow 

definition based on configuration. All these points are uniquely identified. 

2. The workflow host application responds to workflow instance suspension events and ς based 

on configuration ς decides whether or not action has to be taken at that point in time. 

a. If an update is demanded, different options are available: 

i. {ƭƛƎƘǘ ŎƘŀƴƎŜǎ ǘƘŀǘ ŘƻƴΩǘ ǊŜǉǳƛǊŜ ŀŎŎŜǎǎ ǘƻ ƛƴǘŜǊƴŀƭ ǎǘŀǘŜ Ŏŀƴ ǊŜƭȅ ƻƴ ŜȄǘŜǊƴŀƭ 

modification. 

ii. More advanced changes that require internal state can be realized by 

injecting a custom activity that carries update logic into the workflow 

instance from the outside. 

b. Regardless of the application of an update, the workflow instance is resumed. 

5.2.1 Instrumentation  with suspension points  

Step one involves the instrumentation itself. During this step, SuspendActivity activities are added to 

the workflow at configurable places. This realizes our requirement to have control over the timing of 

workflow modifications. For example, we could inject a suspension point right before an order is 

submitted to a courier service to account for possible last-minute market changes or courier service 

ŎƻƴǘǊŀŎǘ ŎƘŀƴƎŜǎΦ 9ǎǎŜƴǘƛŀƭƭȅΣ ǿŜΩǊŜ ŎǊŜŀǘƛƴƎ ŀ ŎŀƭƭōŀŎƪ ƳŜŎƘŀƴƛǎƳ ŀǘ ŀ ŘŜŦƛƴŜŘ Ǉƻƛƴǘ ƛƴ ǘime, without 

having to change the original workflow definition and allowing for flexible configuration. 

Code fragment Code 15 shows simple instrumentation logic. 
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   WorkflowInstance  instance =  

      workflowRuntime.CreateWorkflow( typeof ( SampleWorkflow ));  

 

   WorkflowChanges  c = new WorkflowChanges (instance.GetWorkflowDefinition());  

   SuspendActivity  s = new SuspendActivity ( " suspend1 " );  

   s.Error = " between_1_and_2 " ;  

   int  pos = c.TransientWorkflow.Activities.IndexOf(  

       c.Tr ansientWorkflow.GetActivityByName( " demoCode1" ));  

   c.TransientWorkflow.Activities.Insert(pos  + 1 , s);  

   instance.ApplyWorkflowChanges(c);  

 

   instance.Start();  

Code 15 - Injecting a suspension point 

Needless to say, this code can be extended to inject multiple suspension points in a configuration-

ŘǊƛǾŜƴ ƳŀƴƴŜǊΦ  bƻǘƛŎŜ ǘƘŀǘ ŜǾŜǊȅ ǎǳǎǇŜƴǎƛƻƴ Ǉƻƛƴǘ ƴŜŜŘǎ ǘƻ ƘŀǾŜ ŀ ǳƴƛǉǳŜ ƴŀƳŜ όŜΦƎΦ άǎǳǎǇŜƴŘмέύ 

which can be generated at random. Next, an Error property value has to be set. This will be used in 

the decision logic of step two (see next section) to identify the suspension location. Error really is a 

ōƛǘ ƻŦ ŀ ƳƛǎƴƻƳŜǊΣ ǎƛƴŎŜ ǿƻǊƪŦƭƻǿ ǎǳǎǇŜƴǎƛƻƴ ŘƻŜǎƴΩǘ ƴŜŎŜǎǎŀǊƛƭȅ ƛƳǇƭȅ ǘƘŀǘ ŀƴ ŜǊǊƻǊ Ƙŀǎ ƻŎŎǳǊǊŜŘΦ Lƴ 

our situation it really means that we want to give the host application a chance to take control at 

that point in time. Finally, the suspension point has to be inserted at the right place in the workflow, 

e.g. before or after an existing activity in the workflow. In our sample, the suspension point is 

ƛƴƧŜŎǘŜŘ ŀŦǘŜǊ ŀƴ ŀŎǘƛǾƛǘȅ ŎŀƭƭŜŘ άdemoCode1έΦ The original sample workflow and the corresponding 

instrumented one are depicted in Figure 9. 

 

Figure 9 - Dynamic workflow instrumentation before (left) and after (right) 

When making this more flexible, we end up with a configurable table of suspension point injections 

that consists of tuples {Before/After, ActivityName}. Based on this, instrumentation can be applied in 

a rather straightforward iterative fashion. Changing this table, for instance stored in a database, at 

runtime will automatically cause subsequent workflow instances to be instrumented accordingly. 
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If desired, existing workflows could be (re)instrumented too at database modification time, keeping 

ƛƴ ƳƛƴŘ ǘƘŀǘ ǎƻƳŜ ǎǳǎǇŜƴǎƛƻƴ Ǉƻƛƴǘǎ ǿƻƴΩǘ ōŜ Ƙƛǘ ƻƴ ǎƻƳŜ ǿƻǊƪŦƭƻǿ ƛƴǎǘŀƴŎŜǎ ōŜŎŀǳǎŜ ƻŦ ǘƘŜƛǊ 

temporal nature. This effect could be undesired since intermediate states could be introduced, e.g. 

when implicit assumptions are made on different suspension points and actions. An example of this 

pathological situation is instrumentation and adaptation for performance measurement. Consider 

ǘƘŜ ǎƛǘǳŀǘƛƻƴ ƛƴ ǿƘƛŎƘ ǿŜ ǿŀƴǘ ǘƻ ƛƴƧŜŎǘ ŀ άǎǘŀǊǘ ŎƻǳƴǘŜǊέ ŀŎǘƛǾƛǘȅ ƻƴ Ǉƻǎƛǘƛƻƴ ! ŀƴŘ ŀ άǎǘƻǇ ŎƻǳƴǘŜǊέ 

activity on position B. If position A already belongs to the past in some workflow instance, an injected 

άǎǘƻǇ ŎƻǳƴǘŜǊέ ŀŎǘƛǾƛǘȅ ǿƛƭƭ ǇǊƻŘǳŎŜ ƛƴǾŀƭƛŘ ǊŜǎǳƭǘǎ όƻǊ ǿƻǊǎŜΣ it might crash the workflow instance) 

ǎƛƴŎŜ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ άǎǘŀǊǘ ŎƻǳƴǘŜǊέ ŀŎǘƛǾƛǘȅ ǿƻƴΩǘ ŜǾŜǊ ōŜ Ƙit. 

5.2.2 Responding to suspensions  

Lƴ ǘƘŜ ǇǊŜǾƛƻǳǎ ǎǘŜǇΣ ǿŜ ǘƻƻƪ ǘƘŜ ǎǘŜǇǎ ǊŜǉǳƛǊŜŘ ǘƻ ǎŜǘ ǳǇ άǊŜƴŘŜȊ-Ǿƻǳǎ Ǉƻƛƴǘǎέ ǿƘŜǊŜ ǘƘŜ ǿƻǊƪŦƭƻǿ 

instance will be suspended, allowing the surrounding host application to take control. This is the 

place where further actions can be taken, such as modifying the workflow. A business-oriented 

sample usage is the injection of additional order processing validation steps due to company policy 

changes before the workflow continues to submit the order. 

Code fragment Code 16 outlines the steps taken in the workflow host to respond to the suspension 

point introduced earlier by Code 15. Observe the consumption of the e.Error property in the decision 

making process to trace back the suspension point itself. 

   workflowRuntime.WorkflowSuspended +=  

      delegate ( object  sender, WorkflowSuspendedEventArgs  e)  

      {  

         switch  (e.Error)  

         {  

            case  " between_1_and_2 " :  

               //adaptation logic goes here  

               Console .WriteLine( "Instrumentation in action!" );  

               e.WorkflowInstance.Resume();  

               break ;  

         }  

      };  

Code 16 - Adaptation in response to a suspension point 

Again, additional flexibility will be ŘŜǎƛǊŀōƭŜ ǎƛƴŎŜ ǿŜ ŎŀƴΩǘ ǊŜŎƻƳǇƛƭŜ ǘƘŜ Ƙƻǎǘ ŀǇǇƭƛŎŀǘƛƻƴ to embed 

this switching logic. Different approaches exist ranging from simple adaptations to far more complex 

ones. An overview: 

¶ The tuple {Before/After, ActivityName} could be linked to a set of tuples containing actions to 

be taken when the suspension point is hit, optionally with additional conditions. Such an 

άŀŎǘƛƻƴ ǘǳǇƭŜέ ŎƻǳƭŘ ƭƻƻƪ ƭƛƪŜ ϑ.ŜŦƻǊŜκ!ŦǘŜǊΣ !ŎǘƛǾƛǘȅbŀƳŜΣ !ŎǘƛǾƛǘȅ¢ȅǇŜϒ ƳŜŀƴƛƴƎ ǘƘŀǘ ŀƴ 

activity of type ActivityType has to be inserted before or after ActivityName in the workflow. 

Evaluation of conditions could be expressed using the rule engine in WF and by serializing the 

rules in an XML file. 

¶ A more generic approach would use reflection and application domains to load the switching 

logƛŎ ŘȅƴŀƳƛŎŀƭƭȅΦ CƻǊ ŜŀŎƘ ǎǳǎǇŜƴǎƛƻƴ ǇƻƛƴǘΣ ǘƘŜ άǊŜǎǇƻƴǎŜ ƭƻƎƛŎ ǘȅǇŜέ ƛǎ ƪŜǇǘ ŀǎ ǿŜƭƭ (see 

tuple representation in Code 17). At runtime, these response logic types (which implement 

the interface of Code 18) ς are loaded dynamically (Code 19). When the WorkflowSuspended 
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ŜǾŜƴǘ ƛǎ ǘǊƛƎƎŜǊŜŘΣ ǘƘŜ ά9ǊǊƻǊέ ŜǾŜƴǘ ŀǊƎǳƳŜƴǘ ƛǎ ƳŀǇǇŜŘ ǘƻ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ άǊŜǎǇƻƴǎŜ 

ƭƻƎƛŎ ǘȅǇŜέ ǘƘŀǘ ƎŜǘǎ ŀ ŎƘŀƴŎŜ ǘƻ ŜȄŜŎǳǘŜΦ ¢Ƙƛǎ ƛǎ ƛƭƭǳǎǘǊŀǘŜŘ ƛƴ Code 20. 

   enum InstrumentationType  { Before,  After  }  

 

   class  InstrumentationPoint  {  

      private  Guid  id;  

      private  InstrumentationType  t ;  

      private  string  p;  

      private  string  a;  

 

      public  Guid  Id {  get  { return  id; }  set  { id = value ; }  }  

      public  InstrumentationType  Type {  get  { return  t ;}  set  { t = value ;}  }  

      public  string  Point {  get  { return  p; }  set  {p  = value ; }  }  

      public  string  ActionType {  get  { return  a; }  set  {a  = value ; }  }  

   }  

Code 17 - Type definition for instrumentation tuples 

   interface  IAdaptationAction  : IDisposable  {  

      void  Initialize( WorkflowInstance  instance);  

      void  Execute();  

   }  

 
Code 18 - A generic adaption action interface 

   private  Dict ionary <string , IAdaptationAction > actions =  

      new Dictionary <string , IAdaptationAction >();  

 

...  

 

   WorkflowInstance  instance =  

      workflowRuntime.CreateWorkflow( typeof ( SampleWorkflow ));  

 

   WorkflowChanges  c = new WorkflowChanges (instance.GetWorkfl owDefinition());  

   int  i = 0;  

   foreach  ( InstrumentationPoint  ip in  GetInstrumentationPoints() )  

   {  

      SuspendActivity  s = new SuspendActivity ( "suspend"  + ++i);  

      s.Error = ip.Id.ToString();  

      int  pos = c.TransientWorkflow.Activities.IndexOf(  

         c.TransientWorkflow.GetActivityByName(ip.Point));  

      c.TransientWorkflow.Activities.Insert(  

         ip.Type == InstrumentationType .After ? pos + 1 : pos, s);  

      actions.Add(ip.Id.ToString(),  

         ( IAdaptationAction ) Assembly .Load(ip.As sembly).GetType(ip.Type));  

   }  

   instance.ApplyWorkflowChanges(c);  

 

   instance.Start();  

 
Code 19 - Fully dynamic instrumentation 

Notice that the code fragments above need robust error handling to keep the workflow runtime from 

crashing unexpectedly when creating workflow instances. The dynamic nature of the code makes 

compile-time validation impossible, so runtime exceptions will be thrown when invalid parameters 

are passed to the instrumentor. For example, activities with a given name could be non-existent or 

the instrumentation action type could be unloadable. One might consider running a different 

WorkflowRuntime instance to check the validity of instrumentation logic using dummy workflow 
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instances prior to pushing it to the production runtime environment. Furthermore, caching and 

invalidation logic for the configuration will improve performance significantly since reflection is 

rather slow. A final note embodies the use of dynamic assembly loading in a rather naïve way. In the 

current version of the CLR, loading an assembly in an application domain is irreversible [4]. This could 

lead to huge resource consumption by short-lived άŀŘŀǇǘƛƻƴ ŀŎǘƛƻƴǎέΦ ! ōŜǘǘŜǊ ŀǇǇǊƻŀŎƘ ǿƻǳƭŘ ōŜ ǘƻ 

load the assemblies in separate application domains (for example on a per-batch basis for workflow 

adaptations) which can be unloaded as elementary units of isolation in the CLR. However, to cross 

the boundaries of application domains, techniques like .NET Remoting will be required. Because of 

ǘƘƛǎ ƛƴŎǊŜŀǎŜŘ ŎƻƳǇƭŜȄƛǘȅ ǿŜ ǿƻƴΩǘ ŜƭŀōƻǊŀǘŜ ƻƴ ǘƘƛǎΣ ōǳǘ ƻƴŜ ǎƘƻǳƭŘ ōŜ aware of the risks imposed 

by naïve assembly loading. 

   workflowRuntime.WorkflowSuspended +=  

      delegate ( object  sender, WorkflowSuspendedEventArgs  e)  

      {  

         using  ( IAdaptationAction  action = actions[e.Error])  

         {  

            action.Initialize(e.WorkflowInstance);  

            action.Execute();  

            e.WorkflowInstance.Resume();  

         }  

      };  

Code 20 - Dynamic adaptation action invocation at suspension points 

!ǎ ŀƴ ŜȄŀƳǇƭŜΣ ǿŜΩƭƭ ōuild a simple adaptation action (Code 21) that corresponds to the one shown in 

Code 11, including the data binding functionality. However, encapsulation in an IAdaptationAction 

type allows for more flexible injection when used together with the instrumentation paradigm. 

public class  TimesTwoAdaptor : IAdaptationAction  

{  

   private WorkflowInstance  instance ;  

 

   public void  Initialize ( WorkflowIn stance  instance)  

   {  this .instance = instance;  }  

 

   public void  Execute ()  

   {  

      WorkflowChanges  changes =  

         new WorkflowChanges (instance.GetWorkflowDefinition());  

 

      DemoActivity  da = new DemoActivity (2.0);  

 

      ActivityBind  bindInput =  new ActivityBind ( "Workflow1" , "Input" );  

      da.SetBinding( DemoActivity .InputProperty, bindInput);  

 

      ActivityBind  bindOutput = new ActivityBind ( "Workflow1" , "Output" );  

      da.SetBinding( DemoActivity .OutputProperty, bindOutput);  

 

      changes.Tran sientWorkflow.Activities.Add(da);  

      instance.ApplyWorkflowChanges(changes);  

   }  

 

   public void  Dispose ( ) {}  

}  

 

Code 21 - Encapsulation of a workflow adaptation 
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5.3 Advanced instrumentation logic  
In code fragment Code 19 ǿŜΩǾŜ ǎƘƻǿƴ ŀ ǎƛƳǇƭŜ ǿŀȅ ǘƻ ƛƴǎǘǊǳƳŜƴǘ ŀ ǿƻǊƪŦƭƻǿ ƛƴǎǘŀƴŎŜ ōŀǎŜŘ ƻƴ 

Ǉƻǎƛǘƛƻƴŀƭ ƭƻƎƛŎ όƛΦŜΦ άŀŦǘŜǊέ ƻǊ άōŜŦƻǊŜέ ŀ ƎƛǾŜƴ ŀŎǘƛǾƛǘȅύΦ IƻǿŜǾŜǊΣ ǘƘƛǎ ƭƻƎƛŎ ǿƻƴΩǘ ǿƻǊƪ ǿƛǘƘ ƳƻǊŜ 

complex workflow definitions which do not have a linear structure. For example, when a workflow 

Ŏƻƴǘŀƛƴǎ ŀƴ LŦ9ƭǎŜ!ŎǘƛǾƛǘȅΣ ǘƘŜ ǿƻǊƪŦƭƻǿ ŘŜŦƛƴƛǘƛƻƴΩǎ !ŎǘƛǾƛǘƛŜǎ ŎƻƭƭŜŎǘƛƻƴ ǿƻƴΩǘ ǇǊƻǾƛŘŜ ŀŎŎŜǎǎ ǘƻ ǘƘŜ 

activities nested in the branches of the IfElseActivity. In order to instrument the workflow at these 

places too, one will need to extend the code to perform a recursive lookup, or alternatively the 

activity name reference could take an XPath-alike form to traverse the tree up to the point where 

instrumentation is desired. 

An example of a recursive instrumentation implementation with user interaction is shown in code 

fragment Code 22. 

   delegate  void  Instrumentor ( Activity  activity,  

                              WorkflowChanges  changes,  

                              bool  before,  bool  after);  

 

   public vo id  Instrument( Activity  activity,  

                          WorkflowChanges  changes,  

                          Instrumentor  DoInstrument)  {  

      char  r;  

      do {  

         Console .Write(  

            "Instrument {0}? (B)efore, (A)fter, (F)ull, (N)one " ,  

            activity.Name);  

         r = Console .ReadLine().ToLower()[0];  

      } while  (r != 'b'  && r != 'a'  && r != 'f'  && r != 'n' );  

 

      if  (r != 'n' )  

         DoInstrument(activity, changes,  

                      r == 'b'  || r == 'f' , r == 'a'  || r == 'f' );  

 

      if  (activity is  CompositeActivity )  

         foreach  ( Activity  a in  (( CompositeActivity )activity).Activities)  

            Instrument(a, changes, DoInstrument);  

   }  

Code 22 - Recursive workflow definition traversal for instrumentation 

Using the Instrumentator delegate, it becomes possible to adapt the instrumentation logic at will. 

This further increases the overall flexibility of the instrumentation framework. This way, one could 

instrument with suspension points but also with, for instance, logging activities. Furthermore, one 

could get rid of the Console-based interaction by querying some data source through a querying 

interface to get to know whether or not an activity has to be instrumented. 

This form of recursion-based instrumentation is most useful when lots of instrumentations will be 

ǊŜǉǳƛǊŜŘ ŀƴŘ ƛŦ ǘƘŜ ǳƴŘŜǊƭȅƛƴƎ ǉǳŜǊȅƛƴƎ ƛƴǘŜǊŦŀŎŜ ŘƻŜǎƴΩǘ ŎŀǳǎŜ ŀ ōƻǘǘƭŜƴŜŎƪΦ hƴ ǘƘŜ ƻǘƘŜǊ ǎƛŘŜΣ 

when only a few of sporadic instrumentations are likely to be requested and when workflow 

definitions are quite huge, it might be a better idea to use an approach based on instrumentation 

points without having to traverse the whole workflow definition tree. 

Last but not least, notice that instrumentations can be performed on already-instrumented workflow 

instances too, allowing for accumulative instrumentations. 
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5.4 Conclusion  
!ǎ ǿŜΩǾŜ ǎƘƻǿƴ ƛƴ ǘƘƛǎ ǇŀǊŀƎǊŀǇƘΣ ŘȅƴŀƳƛŎ ƛƴǎǘǊǳƳŜƴǘŀǘƛƻƴ ƻŦ ǿƻǊƪŦƭƻǿǎ ǘƘǊƻǳƎƘ ǘƘŜ ǳǎŜ ƻŦ 

suspension points is a very attractive way to boost the flexibility of WF. This technique combines the 

goodness of external modifications on the hosting layer ς having access to contextual information ς 

with the horsepower of internal modifications that have a positional characteristic in a workflow 

ŘŜŦƛƴƛǘƛƻƴ ŀƭƭƻǿƛƴƎ ŦƻǊ άƧǳǎǘ-in-tiƳŜέ ŀŘŀǇǘƛƻƴΦ ¢ƻ ǊŜŀƭƛȊŜ ǘƘŜ ŦƭŜȄƛōƛƭƛǘȅ ƻŦ ǘƘƛǎ ƳŜŎƘŀƴƛǎƳΣ ƻƴŜ ǎƘƻǳƭŘ 

ǘƘƛƴƪ ƻŦ ǘƘŜ ǊŜǎǳƭǘ ƻōǘŀƛƴŜŘ ōȅ ŜƴŎŀǇǎǳƭŀǘƛƴƎ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘŀǘƛƻƴ ƭƻƎƛŎ ƛǘǎŜƭŦ ƛƴ ŀƴ άŀŘŀǇǘŀǘƛƻƴ 

ŀŎǘƛƻƴέ όǘƘŜ ǎƴŀƪŜ ǎǿŀƭƭƻǿƛƴƎ ƛǘǎ ƻǿƴ ǘŀƛƭύΦ 

During the previous discussion, one might have observed a correspondence to the typical approaches 

employed in the aspect-oriented development, such as crosscutting. LƴŘŜŜŘΣ ŀǎ ǿŜΩƭƭ ǎƘƻǿ ŦǳǊǘƘŜǊ ƛƴ 

ǘƘƛǎ ǿƻǊƪΣ ŎƻƳōƛƴƛƴƎ ŘȅƴŀƳƛŎ ŀŘŀǇǘŀǘƛƻƴ ǿƛǘƘ ƎŜƴŜǊƛŎ ŎƻƳǇƻƴŜƴǘǎ ŦƻǊ άŀǎǇŜŎǘǎέ ƭƛƪŜ ƭƻƎƎƛƴƎΣ 

authorization, runtime analysis, etc. will open up the door for highly-dynamic systems that allow for 

runtime modification and production debugging to a certain extent. 

The primary drawback to this methodology is the invasive nature of dynamic activity injections that 

can touch the inside of the workflow instance, effectively breaking encapsulation. Notice that the WF 

architecture using dependency properties still hides the real private members of workflow types, so 

ǳƴƭŜǎǎ ȅƻǳΩǊŜ ǊŜŦƭŜŎǘƛƴƎ ŀƎŀƛƴǎǘ ǘƘŜ ƻǊƛƎƛƴŀƭ ǿƻǊƪŦƭƻǿ ǘȅǇŜ ȅƻǳ ǿƻƴΩǘ ōŜ ŀōƭŜ ǘƻ get access to private 

members from an object-oriented (OO) perspective. 

However, philosophically one could argue that the level of abstraction that WF enables is one floor 

higher than the abstraction and encapsulation level in the world of OO. Based on this argument, 

injection of activities in a workflow instance really is a breakage of encapsulation goals. Nevertheless, 

when used with care and with rigorous testing in place ƛǘ ǎƘƻǳƭŘƴΩǘ ƘǳǊǘΦ !ǎ ŀ ƎƻƻŘ ǇǊŀŎǘƛŎŜΣ 

developers sƘƻǳƭŘ ŀŘƻǇǘ ǎǘǊƛŎǘ ǊǳƭŜǎ ǿƘŜƴ ǿǊƛǘƛƴƎ ƛƴƧŜŎǘƛƻƴǎ ǎƛƴŎŜ ǘƘŜǊŜΩǎ ƴƻǘ ƳǳŎƘ ǘƘŜ ǊǳƴǘƛƳŜ Ŏŀƴ 

Řƻ ǘƻ ǇǊƻǘŜŎǘ ǘƘŜƳ ŀƎŀƛƴǎǘ ƳŀƭƛŎƛƻǳǎ ŀŎǘƛƻƴǎΦ CƭŜȄƛōƛƭƛǘȅ ŀǘ ǘƘŜ Ŏƻǎǘ ƻŦ ƛƴŎǊŜŀǎŜŘ ǊƛǎƪΧ 

6 A few practical  uses of instrumentation  
In this paragraph, we present a few practical usage scenarios for workflow instrumentation. First, 

ƭŜǘΩǎ ŘŜŦƛƴŜ ƛƴǎǘǊǳƳŜƴǘŀǘƛƻƴ ƳƻǊŜ ǊƛƎƻǊƻǳǎƭȅΥ 

Workflow instrumentation is the action of adding activities dynamically on pre-defined places in the 

activity tree of a newly created workflow instancŜ ōŜŦƻǊŜ ƛǘΩǎ ǎǘŀǊǘŜŘΦ 

With this definition, we can suggest a few uses for instrumentation in practice: 

¶ Adding logging to a workflow. This can be used to gather diagnostic information, for example 

to perform production debugging. 

¶ Measurement of service times Ŏŀƴ ōŜ ŀŎŎƻƳǇƭƛǎƘŜŘ ōȅ ŀŘŘƛƴƎ ŀ άƳŜŀǎǳǊŜƳŜƴǘ ǎŎƻǇŜέ ǘƻ 

the workflow instance, i.e. ǎǳǊǊƻǳƴŘƛƴƎ ǘƘŜ ǊŜƎƛƻƴ ǘƘŀǘ ƴŜŜŘǎ ǘƻ ōŜ ǘƛƳŜǎ ǿƛǘƘ ŀ άǎǘŀǊǘ ǘƻ 

ƳŜŀǎǳǊŜέ ŀŎǘƛǾƛǘȅ ŀƴŘ ŀ άǎǘƻǇ ǘƻ ƳŜŀǎǳǊŜέ ŀŎǘƛǾƛǘȅΦ 

¶ Protecting portions of a workflow from unauthorized access. To do this, the workflow host 

application layer could add some kind of access denied activities in places that are disallowed 

for the user that launches the workflow instance. This decouples the authorization aspect 

from the internals of a workflow definition. 




