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Windows Workflow Foundation

Introducing

The Challenge:

Everybody who writes code wants to build great software. If that software is a server
application, part of being great is scaling well, handling large loads without consuming
too many resources. A great application should also be as easy as possible to
understand, both for its creators and for the people who maintain it.

Achieving bot h eaby. Appgroaches that belp bpplicationaséate tend

to break them apart, dividing their logic into separate chunks that can be hard to

understand. Yet writing unified logic that lives in a single executable can make scaling

the application al/l but i mpossible. Whatodés nee
logic unified, making it more understandable, while still letting the application scale.

Achieving this is a primary goal of Windows Workflow Foundation (WF). By supporting

logic created using workflows, WF provides a foundation for creating unified and

scalable applications. Along with this, WF can also simplify other development

challenges, suchascoor di nating parall el wor Kk, tracking
more.

WF was first released with the .NET Framework 3.0 in 2006, then updated in the .NET

Framework 3.5. These first two versions were useful, especially for independent

software vendors (ISVs), but t hey h av e n fdinstrdéam deschmatogies for

enterprise developers. Wi t h t he version of WF th4itds part of
creators aim to change this. A major goal of this latest release is to make WF a

standard part of the programming toolkit for all .NET developers.

Like any technology, applying WF r equires wunderstanding what it
and when it makes sense to use it. The goal of this overview is to make these things

clear,rYou wondét | earn how to write WRvha\Wplications
offers, why itisthe wayitis,sand how it can i mpinotheewoals, devel oper
youbl!l begin to understand the workflow way.

Wiiting  Unified, Scala ble Application  Logic

One simple way to write a program is to create a unified application that runs in a
single process on a single machine. Figure 1 illustrates this idea.
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First
request

// Get input

if (...)
// Execute X
else

Machine

// Execute Y
// Send output

// Get input

Second v{vlule (...)
request // Execute Z
} 4

// Send output

[ - -

e % Thread

Figure 1: Application logic can be created as a unified whole, then executed on a
particular thread in a process running on a single machine.

The simple pseudo-code in this example shows the kinds of things that applications
usually do:

0 Maintain state, which here is represented by a simple string variable.

0 Getinput from the outside world, such as by receiving a request from a client. A
simple application could just read from the console, while a more common
example might receive an HTTP request from a Web browser or a SOAP
message from another application.

o0 Send output to the outside world. Depending ol
might do this via HTTP, a SOAP message, by writing to the console, or in some
other way.

0 Provide alternate paths through logic by using control flow statements such as
iffelse and while.

0 Do work by executing appropriate code at each point in the application.

In the unified approach shown here, the application logic spends its entire life running
on a thread inside a particular process on a single machine. This simple approach has
several advantages. For one thing, the logic can be implemented in a straightforward,
unified way. This helps people who work with the code understand it, and it also
makes the allowed order of events explicit. | n Fi gure 1, for exampl e, i
thec | i diratteguest must precede the secondd t h e p rsaaptrobflonéequires



tt. When the second request arriveauyesthaker eds no
already been handled, sincet h e meaeother path through the application.

Anot her advantage of this approach is that worl
That state is held in the proceswmtihwusihnemory, an
until its work is done, the state is always available: The developer just accesses

ordinary variables. What could be simpler?

Still, this basic programming style has limitations. When the application needs to wait

for input, whether from a user at the console, a Web services client, or something

else,itwilt ypi cally just block. Both the thread and
until the input arrives, however long that takes. Since threads and processes are

relatively scarce resources, applications that hold on to either one wh en t justy 6r e

waiting forinputd on 6t scal e very well

A more scalable approachistos hut the application down when i
then restart it when that input arrives. Thisappr oach doesndt waste reso
the application irecaddaphodas s gwloaneedithemad d éas n 6
Doing this also lets the application run in different processes on different machines at

different times. Rather than being locked to a single system, as in Figure 1, the

application can instead be executed on one of several available machines. This helps

scalability, too, since the work can more easily be spread across different computers.

Figure 2 shows how this looks.

First S e e ™~
request L>»// Get input b
1 if (...) ’
E // Execute X |
I else i
! i
! 1
! 1
! 1
! 1
! 1

’

Machine A

// Execute Y
// Send output

Second

;‘// Get input E
request 1 while (...) !
E { E Persistence
| // Execute 2 i Store
i} :
E // Send output E
e =
% Thread

Figure 2: Application logic can be broken into chunks, all sharing common state,
that can execute on different machines.



The Solution

This example application contains the same logicas b e f o r ®wow brdkentintoi t 6 s

separate chunks. When the <clientds f i appopriateectgunkésst i s rec
loaded and executed. Once this request has been handled and a response sent back,
this chunk can be unloadedd nothing need remain in memory. When t he <clientos

second request arrives, the chunk that handles it is loaded and executed. As Figure 2

shows, this chunk can execute on a different thread in a different process running on

a different machine from the firstseconchunk. Onc e
chunk can also be unloaded, freeing whatever memory it was using.

One common example of a technology that works this way is ASP.NET. A developer

implements an ASP.NET application as a set of pages, each containing some part of

the applicationds | ogi correcéphge is loadedrerequte@ st ar ri ve
then unloaded again.

An application built in this style can use machine resources more efficiently than one

created using the simpler approach shown earlier, and so it will scale better. Yetwe 6 v e

paid for this improved scalability with complexity. For one thing, the various chunks of

code must somehow share state, as Figure 2 shows. Because each chunk is loaded

on demand, executed, then shut down, this state must be stored externally, such as in

a database or another persistence store. Rather than just accessing ordinary

variables, like the scenario shown in Figure 1, a developer now must do special things

to acquire and save the applicationds state.
developers can write state directly to a database, access the Session object, or use

some other approach.

Another cost of this improved scalability is that the code no longer provides a unified

viewoft he programds overall |l ogi c. In the versio
which the program expects input is obviousd t her e 6 s o n leyathahmoaghpossi b

the code. With Figure 2Hal vfeleddentimfaotdtte wever , th
chunk of code that handles the c | i esacbn@ sequest might need to begin by

checking that the first request has already been done. For an application that

implements any kind of significant business process, understanding and correctly

implementing the control flow across various chunks can be challenging.

The situation is this: Writing unifeda ppl i cati ons mak e ®asyahde devel ope
the code straightforward to understand, butt he r esul t doesndt scal e
chunky applications that share external state, such as ASP.NET applications, allows

scalability but makes managing state harder and loses the unified control flow. What

webd I ike is a way to do bot hsmpermtate e scal abl
management, yetstillhavea uni fi ed view of the applicationds

This is exactly what the workflow way provides. The next section shows how.

: The Workflow  Way

Understanding how a WF application solves these problems (and others) requires
wal king through the basics of how WF works. f
technology can make life better for developers in a surprisingly large number of cases.



Creating Unified Application Logic

A workflow-based application created using WF does the same kinds of things as an
ordinary application: It maintains state, gets input from and sends output to the outside
world, provides control flow, and executes codet hat performs t he
In a WF workflow, however, all of these things are done by activities. Figure 3 shows
how this looks, with the unified code approach shown alongside for comparison.

Code WF Workflow

string state;:

// Get input
if (...)

// Execute X
else

// Execute Y
// Send output

// Get input
while (...)
{

// Execute Z

}
// Send output

Figure 3: Ina WF workflow,al | of a pr ogr amo sactwities. k

As Figure 3 shows, every workflow has an outermost activity that contains all of the
others. Here, this outermost activity is called Sequence, and like an ordinary program,
it can have variables that maintain its state. Because Sequence is a composite
activity, it can also contain other activities.

In this simple example, the workflow begins with a ReceiveMessage activity that gets
input from the outside world. This is followed by an If activity, which (unsurprisingly)
implements a branch. If is also a composite activity, containing other activities

applica

i s

perfo



(labeled X and Y here) that execute the work performed on each branch. The If
activity is followed by a SendMessageactivity that sends some output to the world
beyond this workflow. Another Receiv eMessage activity appears next, which gets
more input, then is followed by a While activity. While contains another activity, Z,
that does the work of this while loop. The entire workflow ends with a final
SendMessageactivty, sending out tetuk programébés final

All of these activities correspond functionally to various parts of a typical program, as
the matching colors in Figure 2 suggest. But rather than using built-in language
elements, as a traditional program does, each activity in a WF workflow is actually a
class. Execution of the workflow is performed by the WF runtime, a component that
knows how to run activities. Figure 4 illustrates this idea.
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Figure 4: The WF runtime executes activities in the order determined by the
workflow.

When it begins running a workflow, the WF runtime first executes the outermost
activity, which in this example is a Sequence. It then executes the first activity inside
that one, which here is ReceiveMessage, followed by the next activity, and so on.
Exactly which activities are executed in any particular situation depend on what path is
taken through the workflow. For example, getting one kind of input in the first



ReceiveMessage activity might cause the If activity to execute activity X, while

another kind of input might cause it to execute activity Y. ltéds just Il i ke an
program.

I'tés important to understand that the WF runti
the internals of the act.ilivifromiaReceiveMedsage.e xecut i ng
The only thing it knows how to do is run an activity, then run the next one. The runtime

can see the boundaries between activities, hov
thing.

An important corollary of thisisthat WF doesndét define any particul
describing workflowsd everything depends on the activities a developer chooses to

use. To make life easier, WF includes a Base Activity Library (BAL) that provides a

broadly useful set of activities. (All of the example activities used here are drawn from

the BAL, in fact.) But developers are free to create any other activities they like. They

can even choose to ignore the BAL completely.

Therebs an obvious question here: Why go to a
using activities is different from what developers are used to, so why should anyone
bother? Why not just write ordinary code?

The answer, of course, is that this approach can help us create better code. Notice,

for example, that the workflow way gives the developer a unified control flow. Just as

inthesi mpl e case shown back in Fi gefineceinofhiee t he pr oc¢
coherent stream. This makes it easier to understand, and because the [ ogic i
broken into chunks, th e 1s @@ need for any extra checks. The workflow itself

expresses the allowed control flow.

This represents half of our goal: creating unified application logic. But WF applications
can also accomplish the second half, creating scalable applications with simple state
management. The next section explains how the workflow way makes this possible.

Providing  Scalability
To be scalable, a server application canbt be

machine. Yet explicitly breaking application logic into chunks, as in ASP.NET pages,
breaks up what should be a unified control flow. It also forces the programmer to work

with state explicity. What wedd r eal | havelourkogic autsmatgallyway t o
broken into chunks that can execute in different processes on different machines.
Webdd also |Iike to have our applicationds state

access variables.

This is exactly what workflows provide. Figure 5 shows the fundamentals of how WF
accomplishes these things.



1) Workflow

execution stops
while waiting for

input

--------------

2) Current state
persisted and
workflow shut down

..............

4) Workflow restarted

3) Input and state reloaded Persistence
arrives Store
Figure 5: The WF runti me unloads a workflow while i

loads it again once input arrives.

Like any application, a WF workflow blocks waiting for input. In Figure 5, for example,

the workflow is blocked at the second ReceiveMessage activity waiti ng f or t he cl i en
second request (step 1). The WF runtime notice
state and an indication of where the workflow should resume in a persistence store

(step 2). When input arrives for this workflow (step 3), the WF runtime finds its

persistent state, then reloads the workflow, picking up execution where it left off (step

4). All of this happens automaticallyd the WFd e v e | o0 p et needdtmde angtiding.

Because the WF runtime can see into the workflow, it can handle all of these details

itself.

One obvious advantage of this approachi s t hat the wor kfl ow doesnoét
memory bl ocking a thread and using up a proces
advantage is that a persisted workflow can potentially be re-loaded on a machine

other than the one it was originally running on. Because of this, different parts of the

workflow might end up running on different systems, as Figure 6 shows.

10



First

request
Machine A

Second
request

Persistence
Store

% Thread

Figure 6: A workflow might run on different threads, in different processes,
and on different machines during its lifetime.

In this example, suppose the workflow handles the first client request in a process on

machine A. When the second ReceiveMessage causes the workflow to block waiting

for input, the WF runtime will unload the workflow6 s  sintoa fpegsistence store, as

just described. Whent he cl i e nmeguesta sreicoesl, itbds possible fo
to be reloaded into a process on machine B. Rather than being locked to a specific

thread in a specific process on a specific machine, a WF workflow can be moved as

necessary. And the developer gets this agility forfreed i t 6 s provi ded aut omat.
WEF.

ltds worth pointing out that the WF runtime do
wait for input. It might arrive a few seconds after the workflow is persisted, a few
minutes later, or even a few months later. As long as the persistence store still holds
ont o t he wo thatfvdrkflow éas begestartede T his makes WF an attractive
technology for building applications that implement long-running processes. Think
about an application supporting a hiring process, for instance, that encompasses
everything from scheduling initial interviews to integrating a new employee into the
organization. This process might last weeks or months, and so managing the state of
the application using WF makes good sense. Still, while WF can be quite useful with

this kind of long-r unni ng process, itdéds important to wund
purpose. Any application that requires unified, scalable logic can be a good candidate
for WF.

11



In fact, take another |l ook at Figure 6. Doesnbét
how a chunky application (e.g., one built solely with ASP.NET) achieved scalability?

And in fact, doesndét Fi gtytogurél, ahicsshowadaave a str o
unified application built with a linear control flow? WF achieves both of these things:
The applicationds control flow i ayapddher essed in
application can scale, sinceiti sndt | o cdleerdcess on aaingle machine.

This is the beauty of the workflow way.

And th at 6 s ; usingt WFaalkd has other advantages. It can make coordinating
parallel work easier, for example, help with tracking an application6 s pr ,cagdr e s s
more. The next section looks at these aspects of the technology.

Other Benefits of the Workflow Way

A WF workflow consists of activities executed by the WF runtime. While
understanding the WF world takes some effort, writing application logic in this style
makes a number of common programming challenges easier, as described next.

Coordinating Parallel Work

The WF BAL includes activities that correspond with familiar programming language
statements. Because of this, you can write workflows that behave much like ordinary
programs. Yet the presence of the WF runtime also allows creating activities that
provide more than a conventional programming language. An important example of
this is using a workflow to make coordinating parallel work easier.

Donét be Thoenf ieeds h e wriing pasalielb tode dhat runs
simultaneously on a multi-core processor. Instead, think about an application that,
say, nheeds to call two Web services, then wait for both results before continuing.
Executing the calls in parallel is clearly faster than doing them sequentially, but writing
traditional code that does thisi s n 6 t Asd whije the .NET Framework provides
various approaches to making these calls asynchronously, none of them are
especially straightforward. This is another situation in which the workflow way can
shine: WF makes this easy. Figure 7 shows how.

12



1) Invoke 1) Invoke
service service
2) Get 2) Get
response response

Figure 7: Activities contained within a Parallel activity run in parallel.

This figure shows amushilikepht previous exéniple.dhve big hat 6 s
difference is that it now invokes two Web services, then waits for a response from

both before continuing. To execute these <call
wrapped both pairs of SendMessage and ReceiveMessage activities inside a
Parallel activity. Parallel i s a standard par tLbad, addEds Base A

does exactly what its name suggests: executes the activities it contains in parallel.
Rather than making the developer deal with the complexity of handling this, the WF
runtime and the Parallel  activity do the heavy lifting. All the developer has to do is
arrange the activities as needed to solve her problem.

Providing Automatic  Tracking
Since the WF runtime can see the bowtindaries k

knows when each of those activities starts and ends. Given this, providing automatic
tracking oftheworkf | owés executi on i 8Silusthtesthisigeat f or war d. F

13



S =

Tracking event

written
Tracking
Store
Figure8: The WF runtime can automatically track
As this example shows, the WF runtime can writ

into a tracking store. One option is to log activities, with a record written each time an
activity begins and ends execution. At the moment shown in the figure, for instance,
the workflow is about to begin executing the If activity, and so the WF runtime is
writing an event indicating this. | t 6s al so possible to track sp
workfl ow state, recording their values at wvari (

As with other aspects of WF, this automatic logging requires essentially no work on
the part of the developer. He can just indicate that tracking should happen, specifying
the | evel heds interested in, and WF takes car

Creating Reusable Custom Activities
The activities iawarieWybfseful BidctionspAs argadydsieown, for
instance, this built-in set includes activities for control flow, sending and receiving

messages, doing work in parallel, and more. But building a real application will usually
require creating activities that perform tasks specific to that application.

14



To make this possible, WF allows creating custom activities. For example, the
activities labeled X, Y, and Z in the workflows shown earlier are in fact custom
activities, as Figure 9 makes explicit.

Figure 9: Custom activities let a workflow perform application-specific tasks.

Custom activities can be simple, performing just one task, or they can be composite
activities containing arbitrarily complex | ogi
custom activities can be used in lots of different ways. For example, a business

application created using WF might implement application-specific logic as one or

more custom activities. Alternatively, a software vendor using WF might provide a set

of custom activities to makeanstancesWindowst omer s o
SharePoint Services allows developers to create WF-based applications that interact

with people through S.hTamakP this pasié,sShaeePomtn dar d | i s
includes custom activities for writing information to a list.

Custom activities can be written directly in code, using C# or Visual Basic or another
language. They can also be created by combining existing activities, which allows
some interesting options. For example, an organization might create lower-level
custom activities for its most skilled developers, then package these into higher-level

15



business functions for less technical people to use. These higher-level activities can
implement whatever business logic is required, all neatly wrapped in a reusable box.

Another way to think about this is to view a specific set of activities executed by the

WF runtime as a language. If an organization creates a group of custom activities that

can be reused to solve specific problemsacr oss mul ti ple application:
really doing is creating a kind of domain-specific language (DSL). Once this has been

done, it might be possible for less technical people to create WF applications using

these pre-packaged chunks of custom functionality. Rather than writing new code to

i mpl ement the appl i cat dftwarécsuldbeucreated sotelglsy, usef ul
assembling existing activities. This style of DSL, defined in the workflow way, can

significantly improve developer productivity in some situations.

Making Processes Visible

Creating applications with a traditional programming language means writing code.
Creating applications with WF i s misbdlly quite so low level. Instead, at least the
main control flow of a workflow can be assembled graphically. To allow this, WF
includes a workflow designer that runs inside Visual Studio. Figure 10 shows an

example.
e (X" (I 13 T
L P Yo Pt Bon (eng Ogs [ow Tap Agehm e fee
e eI 8 &[0 ST b oy [y i v Tehaenonon - SRR

LT e

aalieg S Segr() e g Splc) san) gy s uEnes 8,

Figure 10: The workflow designer, running inside Visual Studio, lets a
developer create a workflow by dragging and dropping activities.

As this example shows, the activities available to a WF developer appear on the left.
To create a workflow, she can assemble these activities on the design surface to
create whatever logic the application requires. If necessary, the WF workflow designer

16



can also be re-hosted in other environments, letting others use this tool inside their
own offerings.

For some developers, this graphical approach makes creating applications faster and

easier. It also makes the applicationés main | ogic mor
straightforward pict urWF vwoikflowdesighed san lgelpi ng on, t
developers more quicklyunder st and a struadupepThis carebe éspeaiallys

helpful for the people who must maintain deployed applications, since learning a new

application well enough to change it can be a time-consuming process.

But what about custom acti viadviriesde? Men dt there
answer is yes, and so WF also allows using Visual Studio to create custom activities

in C#, Visual Basic, and other languages. To grasp how this works, it
understand how the WF designer represents the various parts of a workflow. Figure

11 shows how this is usually done.

XAML

<Sequence .. >

<~eguence.vVarlar

Code

class X {..}

</If>

class Y {..}

<SendMessage .. >

</SendMessage>

rRameay vaMaaaare >
<ReceiveMessage >

- 10~ - - - - o = e ™S
</ReceiveMessage>

<While .. >

class 2 {..}

</While>

<SendMessage .. >

</SendMessage>

</Sequence>

Figure 11: A workflow's state and control flow are typically described in
XAML, while custom activities can be written in code.
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The composition of a WF workflowd the activities it contains and how those activities

are relatedd is typically represented using the eXtensible Application Markup

Language (XAML). As Figure 11 shows, XAML provides an XML-based way to

descri be the worabléslamioEgress tharélationshigs amaong the

wor kfl owbés activiti XAML foHleowermodt workflow activityance, t he
Sequence contains a ReceiveMessage activity followed by an If activity, j ust as youbd
expect.

This If activity contains the custom activities X and Y. Rather than being created in

XAML, however, these activities are written as C# classes. Wh i | epossiie &t

create some custom activities solely in XAML, more specialized logic is typically

written directly in code. | n f act, although itds not the usua
also free to write workflows entirelyincoded u s i ng X Asidily reqsiredo t

Using Windows Workflow Foundation : Some Scenarios

Understanding the mechanics of WF is an essential part of grasping the workflow
way. Indt énsugh, though: You also need to understand how workflows can be
used in applications. Accordingly, this section takes an architectural look at howd and
whyd WF might be used in some typical situations.

Creating a WorkflowS ervice

Building business logic as a service often makes sense. Suppose, for example, that
the same set of functionality must be accessed from a browser through ASP.NET,
from a Silverlight client, and from a standalone desktop application. Implementing this
logic as a set of operations that can be invoked from any of these clientsd that is, as a
serviced is likely to be the best approach. Exposing logic as a service also makes it
accessible to other logic, which can sometimes make application integration easier.
(This is the core idea behind the notion of SOA, service-oriented architecture.)

For .NET developers today, the flagship technology for creating services is Windows

Communication Foundation (WCF). Among other things, WCF lets developers

i mpl ement business | agng cREST, hSOKB, sand aothere s si bl e
communication styles. And forsomes er vi ces, WCF can Iftyeoudlrle t hat 6
implementing a service where each operation stands alone, for exampled any

operation can be called at any time, with no required orderingd building those

services as raw WCEF services is just fine. The creator of a service whose operations

only expose data might well be able to get away with just using WCF, for instance.

For more complex situations, however, where the operations in a service implement a
related set of functionality, WCF alone might not be sufficient. Think about
applications that let customers book flight reservations or do online shopping or carry
out some other business process. In cases like these, you might well choose to use
WF to implement t Thie corabinationi evea dias a hamng: i Lagic
implemented using WF and exposed via WCF is known as a workflow service. Figure
12 illustrates the idea.

18



First request
Second request

Figure 12: A workflow service uses WCF to expose WF-based logic.

As the figure shows, WCF allows exposing one or more endpoints that clients can
invoke via SOAP, REST, or something else. When the client calls the initial operation
in this example service, the r equest i s handl ed by t he W
ReceiveMessage activity. An If activity appears next, and which of its contained
customacti vities gets executed depends on the con

the If is complete, a response is returned via SendMessage The <clientédés sec
request, invoking another operation,i s handl ed in a similar way:
ReceiveMessage, processed by the workflosingas | ogic,
SendMessage

Why is building service-oriented business logic in this way a good idea? The answer
is obvious: It allows creating a unified and scalable application. Rather than requiring
every operation to contain checksd is it legal to invoke me right now?d this
knowledge is embedded in the workflow logic itself. This makes the application easier
to write and, just as important, easier to understand for the people who must
eventually maintain it. And rather than writing your own code to handle scalability and
state management, the WF runtime does these things for you.

19



A workflow service also gets all of the benefits described earlier, just like any other WF
application. These include the following:

0 Implementing services that do parallel work is straightforward: just drop activities
into a Parallel  activity.

0 Tracking is provided by the runtime.

0 Depending on the problem domain, it might be possible to create reusable
custom activities for use in other services.

0 The workflow can be created graphically, with the process logic directly visible in
the WF workflow designer.

Using WF and WCF together like thisd creating workflow servicesdé was ndét so easy in
earlier versions of WF. With the .NET Framework 4, this technology combination

comes together in a more natural way. The goal is to make creating business logic in

this style as simple as possible.

Running a WorkflowS enice with oDublin 6

One big issue with workfl ows hasnélheWFeen di scu:
runtime is a class, as are activities. All of these things must run in some host process,
but what process is this?

The answer is that WF workflows can run in pre
create your own host, even replacing some of W
y o0 u 6 d Plenty & erganizations have done this, especially software vendors. Yet

building a truly functional host process for WF, complete with management

capabilities, i snodt the si mpl e and fot dnganizagions that warit ® wor | d.
spend their money building business logic rather than infrastructure, avoiding this

effort makes sense.

A simpler option is to host a WF workflow in a worker process provided by Internet
Information Server (11S). While this works, it provides only a bare-bones solution. To

make life easier for WF developers, Microsoft is providing a technology code-named

fi D u b limplendented as extensions to IS and the Windows Process Activation

Service (WAS), aprimarygoalo f  fi Disitb tnakenli® and WAS more attractive as

a host for workflow services. Figure 13 shows how a workflow service lookswhen it 6s
running ina fi D u bdnvirenident.
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¥

IIS Manager

Figure 13: "Dublin" provides management and more for workflow services.

While WF itself includes mechanisms for persisthga wor kfl owés state, tra
more, it provides only the basics. ADubl i nd bui | sugportdonoffee-&s i ntrir
more fully useful and manageable environment. For example, along with a SQL

Server-based persistence store and a tracking store, i Du b | i n 6a namagemnénd e s

tool for working with these stores. This tool, implemented as extensions to IIS
Manager, lets its users examine and manage (e.g., terminate) persisted workflows,
control how much tracking is done, examine tracking logs, and more.

Along with its additons to WFé6s exi stipwg fiDobtiooaalailtso adds
services. Forexample, i Dubl i nd can monitor running workfl o
restarting any tptimatygdal | wi Mhcfi®dsbftas® is cl ea
useful set of tools and infrastructure for managing and monitoring workflow services

hosted in [IS/IWAS.

Using aWorkflow Service inan ASP.NET A pplication

I t6s pr obabl gmaortyof NET applisations usePAGR.NET. Making the
workflow way mainstream, then, means making WF an attractive option for ASP.NET
developers.
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In earlier versions of WF, wor kfl ow performance wasndt good ¢

number of ASP.NET applications. For the .NET Framework 4r el eas e, however, WF
designers re-architected important parts of the technology, boosting performance
significantly. This r el eas e, along with the abdseknt of i D

applicationsd particularly workflow servicesd a more viable option for ASP.NET
developers. Figure 14 shows a simple picture of how this looks.

Figure14: An ASP. NET applicationds business |l ogi
workflow service

In this scenario, ASP.NET pages i mplitement only
logic is implemented entirely in a workflow service. To the workflow service, the

ASP.NET application is just another client, while to the ASP.NET application, the

wor kfl ow service |l ooks |ike any other service.
implemented using WF and WCF.

Once again, though, the big question is, Why would you do this? Why not just write

the ASP. NET applicationés |l ogic in the wusual W
buy you? By this point, most of the answers to those questions are probably obvious,

but redilewprth reiterating:

0 Ratherthan spreading the applicat ASPNBETs | ogic acrc
pages, that logic can instead be implemented within a single unified workflow.
Especially for big sites, this can make the application significantly easier to build
and maintain.

0  Rather than explicitly working with state in the ASP.NET application, perhaps
using the Session object or something else, the developer can rely on the WF
runtime to do this. The ASP.NET application need only keep track of an instance
identifier for each workflow instance (most likely one per user), such as by storing
it in a cookie. When the application supplies
instance will be automatically reloaded. It then begins executing where it left off,
with all of its state restored.
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0  The other benefits of WF also apply, including easier parallelism, built-in tracking,
the potential for reusable activities, and tF
logic.

Because a workflow servicei snét tied to a spemachinedt process
can be load balanced across multiple fi D u b Instancés. Figure 15 shows an
example of how this might look.

| Persist workflow
after handling
request

Load workflow
when second
request arrives

/"\  First request
Second request

Figure 15: A replicated ASP.NET application can use multiple i D u b ihstancés
to execute a workflow service.

In this simple scenario, the pages of an ASP.NET application are replicated across

three IIS server machines. While these pages handle interaction with users, the

appl i cbhusinessnofis is implemented as a workflow service running with

fi D u b Mwonirstances of the i D u b énvirantnent are running, each on its own

machine. When the first request from a user comes in, a load balancer routes it to the

top instance of 1IS. The ASP.NET page that handles this request calls an operation in

the workflow service that implements this chunk of business logic. This causes a WF

workflow to begin executing in the ADublino in
figure. Once the relevant activities in this workflow have completed, the call returns to

the ASP.NET page, and the workflow is persisted.

The user& second request gets routed to a different instance of 1IS. The ASP.NET

page on this machine, in turn, invokes an operation in the (persisted) workflow on a

different machine from the one that handled her first request. This is no problem:

ADublind just |l oads the workflow instance from
fellow server. This reloaded workflow servicethenh and | e s trelquest, pickiegr 6 s

up where it left off.
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