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Introduction

HPbanqpro/ is a very welknown and standardized bankisgftware in Austria which is used by
several enterprise customers across the counfitye product exists for more than a decade now and
therefore is implemented based on a number of different technologiesidtiat) C++ and UNIX on

the backend and a proprietary Ul framework called TFM on the frontend.

Currently HP Austria is in progress of developing a completely newdrahexperience for the next
generation obangpro/ YR G KS& RSOARSR owa Prdganfatioa RoOn@ign2 TG Qa 2 A
(WPF)n the clientfor providing next generation user experience in their banking product.

This whitepaper is a summary of core architectural concepts we have worked out togethehavith
HPbangpro/ team in Austriaduring seveal Architecture Design Sessiolghile the foundational
O2yOSLJia 2F (GUKS I NOKAGSOUdINBE 6SQ@3S 0SSy ¢2N] Ay3
focus captures details about the concepts for integrating workflows based on Windows Workflow
Foundatia into this smart client as well as their motivation for going this path.

Setting the Expectations for this Whitepaper

¢CKAA AayQil S adandsidél Bundn khé othenhand tKiSpagenishot about coding

and lowlevel implementation detailsyet it requires you to have a deep understanding of the

following technologies because specifics of these technologies have influenced architectural
decisions of the application design. Especially when it comes to the last section of Workflow
integrationdesign based on Windows Workflow Foundation, deep knowledge in this area is partially
necessary to really understand the selected patterns. Therefore | recommend that you make yourself
familiar with the following technologies before you start reading egdbcthis last section (all the

other sections do not have deep prequisites in terms of knowledge):

V Must: .NET Framework 2.0 kndvow

V Must: basic Windows Presentation Foundation and XAML knowledge

V Optional: Microsoft Patterns & Practices Composite pfilidation Block and Smart Client
Software Factory knowledge

V  Must for the last section: deep Windows Workflow Foundation k#aow

Also please read the conclusion! &lie some very important statements about the approaches
described in this paper!!!!
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Understanding the Requirements

Before we start digging into architectural details we really should think about the core requirements

the banqgpro/ team needs to address with subsequent releases of their enterprise banking software.

And definitely the core quegtiy’ A a4Y 6K& GKS KSO1 R2Sa az2vyS82yS ySS
that some kind of overkill? Well, for some scenarios cllzaged workflow definitely makes sende

understand the core requirements that are driving this decision we need to take aldbk&

concept of products and product variations.

Products and Product Variations

Basically every bank is offering different kinds of products. These products include things such as

saving accounts, credit accounts, loans gmad the meantimeg much moe. All of these products

NBIljdZANBE a2YS 1AYR 2F AYyF2N¥IGA2Y lFo2dzi G4KS Odzaiz
product, contracts etc. While by default the software supports thelfldivn version of products

which require the bankingmployee to ater all the necessary information (interest rates, duration

of for example a loan, payment conditions etc.) the future version should also be able to handle

LINE RdzOG @ NAIFGA2yad C2NJ SEFYLX S || aft2lFy F2N adidzH
Gf 2l yé S6KAOK Kla &42YS FAESR O2yRAGAZYya &d2OK | & K
which cannot be changed etc. These could be defined by a bank employee of the back office. Bank
employees in the front office should then be able to use thesmlucts when being in progress of

talking with a customer to close a new case. In that process the front office employee should not

need to or even is allowed to enter and override information previously defined by the back office

employee for a producfThis scenario can involve single fields or even whole forms the employee

needs to or does not need to fill out for the new case.

Dynamic Definition of Product Variations

As mentioned earlier, back office employees should be able to define prodtiations directly

within the application. When defining product definitions, they would define the fields which need to

0S FAEESR 2dzi I'yR 6KAOK R2y Qi ySSR (2 0SS FAffSR
or not and they define whichidlds should be filled out on which forms contain which fields and are
displayed when in the workflow of filling out information for submitting a new case with a customer

to the backend applicatiorhe last part of this requirement sounds very much lilsingple variation

of a workflow for coordinating the order in which forms with different fields are displayed.

Technology Decisions and Reasons

Based on the aforementioned requirements, we recommended and discussed the usage of several
technologies and deded to build the application based on Windows Presentation Foundation

without usage any additional Ul frameworks such as Composite Ul Application Block and we decided

that for future, more complex client workflows in context of product variations, Windatwskflow
C2dzyRIGA2Yy gAfft 0SS dzaSRd® hT O2dzNBS GKIG oONAy3IA d
the Composite Ul Application Block in conjunction with Smart Client Software Factory?

Well, for me that question has several answers! First dhaltime when we had to make the

decision was very unlucky: CAB/SCSF was not available for Visual Studio 2008, yet, and the Patterns
& Practices team started working on Prism as a composite smart client reference implementation

Architectural Concepts faNorkflow in WPFbased Smart Clients Page4/ 18



with a set of building blockto have a WRBased successor for CAB/SCSF in pG&B/SCSF was not
VS200NB I ReX &SiGx tNRAY é6la y20 FFEN Sy2dAK &Sio . dz
using a readyo-use framework. And therefore we are getting to the second anstherrequired

level of skills to start working with CAB/SCSF is pretty high and requires a serious time for learning

the infrastructure. That is especially hard to do when you are new to .NET development (what was

the case for this team) and have to gearted with.NET development on its own. And the humber of

features we would have used from CAB/SCSF (essentially the concepts of Workltems and MVP/MVC)
simply where not enough to justify the steep learning curve that would have been necessary to start
productive development.

Therefore we decided to implement a much simpler framework based on WPF for thieameypro/

smart client as the core focus was a new, cool look & feel as well as the workflow integration.
bSOSNIKSt Saa 6SQOS ! (p&tgrnsdr@nYCAB/QCEF db Kt&tin@@igtf& LIG & |y
our work, therefore many parts of the framework developed are very familiar for CAB/SCSF

developers. And as | cannot show source code from the real prototype in this paper | decided to use
CAB/SCSFasafoutidh 2y FT2NJ RSY2y &GN GdAy3 LI NIa 2F (KS Oz2y
FLILX AOFGA2y® ! OQlGdz2r e L odaAfd GKFEG RSY2 | LILX AOI &
5SSt 21LISNE YR LINBaSyiSR (KS 02y OSokivhtheld | aSaaai
bangpro/ project in mind To download the running demos from my presentat@dechEdust

navigateto my blog by clicking
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The Architectural Foundation for the new Client
As mentioned earlier some of the core concepts of CAB/SCSF where a starting pa@sigamg the
architecture of thebanqpro/ client framework We established the terms Application Manager,
Shell,Client Services, Workltem, Presenter and of course View. We used these terms in a very similar
fashion how | suggested it in my whitepaper about CAB/SCSF for the RACON Linz project one and a
half years ago. You can download my whitepaper about designiag siients with CAB and SCSF

. But¢ as mentioned earlieg we simplified the architecture a little bit, and therefore my
conceps described in this paper as well. In the following table you can see a summary of how we
defined the concepts mentioned above for this project:

Concept Description

Application Manager | The application manager is implemented as a part of the WPF
application class and is responsible for initializing the shell as well as
a simple dictionary container for centralized access to client services.
Shell The shell is the main window of the application. Again very much
simplified compared to CAB/SCSF it just contains a navigation tool
bar, a central search box, an information and a treeavigation panel
on the lefthand side as well as a main tab control wdre Workltems
can add content to.

Client Services Client services are components which are providing central services
the client framework to all Workltems and their parts. Examples of
such client services are factories for instantiating and initialimg
Workltems (Workltem Factory) and Data Agents Data Adapter
Factory) or a service for extending the shell itself in a strongly typed
and secure manner (ShellExtensionService). The Client Services
Dictionary gives central access to such services for aliher
components in the client so that all these components can just use
these services without the need of instantiating and initializing them
again and again everywhere in the client application.

Workltem In our case a Workltem encapsulates a user tadkis essential to
understand that the user task really needs to be seen as a task in
context of the enduser sitting in front of the machine. This is
especially important for our next thoughts on workflows. Examples
I O 71 OE) OATI O OEADAAAI DAxx#O0AT B
#0001 i AOoh OWAEO Al ' AAOAOOGOh (
/ Workltems can be single tasks or compositions of multiple tasks (e.(
creating a new customer involves editing of base customer
information as well as creaton of addresses and creation of a new
account).As the encapsulation of a user task a Workltem therefore
needs to orchestrate Views (see below) and child Workltems to get
the user task done. It also communicates with the backend through
agents (called DataAdapters in this architecture) and performs client
side validations etc.

View A simple user controlused fordisplaying or modifying information
about a business object.
Presenter A presenter encapsulates the logic behind a view. In context of the

dynamic product generations the separation othe actual control and
its processing logic is essential because with different product
configurations Views might be generated as XAML in the future as pa
of dynamic product configuration. This XAML then would ned to

work with a presenter instead of including the entire eveniprocessing
etc. on its own.
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The following figure shows, how the different bits and pieces explained in the previous table are
working together:

t
Application Manager Workltem creates

Factory
Contains an’ Contains and 5 Ad
. . manages ata apter
e Client Services¢ P
Factory
Shell Extension
Service
Shell
Uses to
display
information
Displays View; in Shell
AY X
Workltem oo
*:ontains and manages
Workltem Presentep, Presentey,
| Works with
Viewy, Viewy Viewy,

Interestingis the special requirement for the flavor of the Modéew-Presenter Pattern in this
scenario. The requirement of product variations mentioned in the previous chapter does not only
include workflows; it also will include dynamic generation of forms used in workflinased on the
field-selections the back office employee has made. A pragmatic approach for fulfilling this
requirement can look as follows: To be able teusee as much from the programmed logi a

possible, all the logic for a view should be implemented in the presenter. Workltems could launch
presenters instead of Views directly and the presenter could decide which variation of a View to load
from where based on the product configuration passethy the WorkltemWhile the presenter
includes all the logic necessary for the most complete version of a View the View could also be a
dynamically generated and compiled WRAML with an extremely simple coBleside that just calls
into the presenter though its interface definition because generating simple method calls based on
code templates is much easier than generating complete code trees. And generating; iAidh
essentially is XM¢. of course is much easier than generating anything else.

All the other concepts are essentially very similar to the approaches of CAB/SCSFrand to

€ we just simplified the concepts a little
bit for this scenariowith that knowledge in mind we can go one step further and talk about
workflow.
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Integrating Dynamic Workflows

Workflows get relevant for the execution of the different ss=for filling out information when

creating new records of products or product variations as defined by the back office for further

backend processing. For this whitepaper we focus onthe efiehtRS 62 NJ ¥t 26a& o0 SOl dza S
part where Microsoft was wplved into designing the architecture of the application.

For product variations, essentially the back office employee defines which steps need to be

completed by the front office employeghen creating a new instance of a product for a new case

with a cistomer. These steps can include different types of views or other Workltems. As mentioned

earlier, the views can be statically defined (which is the case for thbléwiin product variations) or

dynamically generated (which is the case for the dynamidalfined subsets of product variations).

In any case the clientorkflow is responsible for orchestrating these views and child Workltems and

the order in which they are launched when a fraoffice user creates a new instance of a product is

defined dynanically by the back office employee.dzi G KI G Q& |  Nbfii¢wSBedorda SOKyY A Ol
S A&l NI RAIIAYy3I Ayid2 (GKS RSaA3Iy 6S ZokvedAoR NB G KA
be able to ensure the best possible user experience.

Design for Workflow -Support

Technically speaking we defined, that a workflow orchestrates views and child Workltems. But the

SYR dzaSNJ g6K2 Aa RSAAIYAYy3I GKS LINBRdAzOG @F NARLFGA2Yya
the end of the day for the bank employgell Q& Ittt | 62dzi GKS O2YRHdSGAZ2Yy 2
and therefore we should stick with this metaphor for our architectural design of the application.

¢CH1AYy3a + t221 oF0O1 Ayia2 GKS aSO0A2y d¢KS& ! NOKA( S
we clearly defined the Workltem as an encapsulation of a user task. As thetiaekemployee will

work with the notion of user tasks this is the lowest level of granularity we should work with as

atomic activity. Of course a user task can involvetaathl, other user tasks leading to a

composition of user tasks where the root task is responsible for orchestrating child tasks. Having that

said we can think of two types of usertagds 1 2 YA O (lF a1a FyR O2YLIRaAaGsS Gt
these terms irfront of the user, of course. For the user, simply everything is a Tdskfollowing

figure illustrates these thoughts:

Composite Task
Workltem

|
| |

Composite Task
Workltem

l
| | |

Single Workltem | Single Workltem | Single Workltem

Single Workltem Single Workltem
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Of course both types of Workltems should inherit from the same base class so that they can be used
in a generic fashion without having their parent needs to know abbetfact that they are

composite Workltems. Again, for the user these are fasks that he puts together for designing a

new product variation in the product, dynamically.

In terms of the Views each and every Workltem displays their own Views as;dsualur scenario

we decided to not include orchestration of Views into the Workflow implementation as we think that

this is not the level of granularity the user would design the workflows at. Therefore we were

NEBIljdzZA NER (2 YI 1S &dNBITKS KdzdiS N & 2R OE G (2 B 1AL FANBI N
Workltem which on its own displays several views either hardcoded or based on a simpler approach

than a fultblown workflow (my simplified, pragmatic thoughts are going towards simple XML
configurationghat are loading dynamically generated WPF controls as vidweh are being created

by a custom designer for Workltem activities in a workflow).

Now we have clearly defined that our workflow in a composite Workltem orchestrates Workltems
only. We do not orchestrate Views as the end users which are going to design these workflows as
part of product variations will work at the level user tasks, only! But what does orchestration of
Workltems technically mean? Which parts do we need to deinto Workltem interfaces to be able
to support workflows in a generic fashion? Just take a look at the following figure that illustrates a
simple Workltem orchestration done by a parent Workltem.

ParentWorkltem
orchestrating multiple children

(1) (5) ©
Initialize with Initialize Initialize
Business Object \with Business with Business
?) Object (6) Object
Start Execution Start
Execution (10
Start
Execution (12
—> Workltem @ —> Workltem — Event when
(8) done
Event when
Event when (11)
done :
©) @ done [ ) Composite |
Do Work Do Work Workltem
5 Work- |, Work-
Item Item

©

As you can see in the previous figure, every Workltem needs to support at least three parts in its
interfaces. When a parent Workltem (which is a Composite Workltem) starts its execution, it
definitely will get some datg business objectg from the backend the Workltem itself and its
children will work with. When a child/orkitem is launched it needs to be able to pass in the
business object in a generic way. The possible way to implement that is through a generlza8tate
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completed¢ what essentially means after the parent Workltem has told the child Workltem

everything it needs to know the parent can launch the exetion of the child Workltem. The child

Workltem can do its work and when it is finished it can raise an event to tell the parent that it has

done its work. The parent can query state information from the Workltem, dispose it and move on to

the next Worklten with the same steps: initialization through state, start execution and wait for a

completed eventOf course the communication paths are the same for a Composite Workltem which
launches a workflow for orchestrating further Workltems by itself.

With that we have clearly defined the requirements for a Workltem interface and CAB/SCSF actually
fulfills all these requirements owdf-the-box. On the other hand that does not mean we can forget

about the thoughts; keep them in your mind forthenext@i A 2 y X &d¢5SaA3ayAiy3a GKS =2
LYdSaNI GdAaAzyé AGaStTo

Designing the Workflow -Integration itself
Now we have laid the foundation for designing architecture of the Workflow integrationtire
smart client application based on Windows Workflow Foundation (WF)

Again | would like to start my explanations fromthe efmhi SNE Q& LISNB LISOGA PSP 2 KSy
workflow for data entry, the end user finally wants to drag a couple of artifacts onto a design surface

that are associated with user tasks. These tasks dmeikclistom Windows Workflow Foundation

activities whicl at the end of the day, are responsible for executing a single user task. In our case a
AAYy3AES dzZaSNJ Gl &al Aa y20KAy3 StasS dKFy | 22NJLGSY
TechEd Europ@st November to evaluate the concepts for thengpro/ LIN2 2SO0 L RARY Qi L
game to the end in terms of building ender ready workflow activities and building a workflow

designer. But | evaluated the concepts with custom workflow activities thawaldper can use to

design a workflow based on CMBrkltems. So the first step is designing a custom activity library for
Windows Workflow Foundation workflows that support the execution of Workltems as you can see

in the following figure.

RunWorkItemTa. .. ty.cs [Design] /RuanrkltemAc_tv.cs [D'Eigﬂ”

RunWaorkItemActivity

+
]

| Solution Explorer - Solution 'TechEdCab' (17 project: =

|- tj CallRunWorkIten | fe= .;-15 EI E| j l‘-‘?l,
¥yType B+ % mszCool Infrastructure -

e ,E mszCoal. Samples. Practices. Compasitel UL Workflow. Tasks
,E mszCool.Samples. Practices. Compositel UL Workflow. Interfaces
- ,E mszCool. Samples. Practices. Compositel L Workflow, Activities
- =d| Properties
-« [+3] References
-~ [ Service
- [ State
- L View
- | WorkItem
i8] HandleRunWorkItemCompletedActivity. cs
@ RunWorkItemActivity.cs

v

0EEEEE
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When taking &lose look at the previous figure you will notice that there is more than one activity for
executing a Workltem in my solution. You will find two activities in my solatame for running the
Workltem and a second one that is a Handle Event activigt iStbecause the Workflow runs the
Workltem asynchronously, of course, and our code needs to call back into the workflow when it has
completed its job.

Taking a closer look at the implementation of the RunWorkltemActivity will give us more details
about the implementation. As you can see in the subsequent figure it shows that the activity itself
does not execute the Workltem itself as well:

It calls its host through an interface called IWorkltemRunable which is part of our solution as well.
Why is that he case? Well that has several reasons:

V First of all, architecturally the Workflow is not responsible for executing the Workltem itself.
He just responsible for orchestrating the steps within a composite Workltem. The composite
Workltem then is responsibler instantiating, initializing and launching the Workltem. But
that has a second reason as wetine that is more technically oriented.

V The other reason why the Workflow is not able to execute the Workltem directly has to do
something with Threading. Yidhave to know that every Workflow Instance is executed in a
background thread. Workltems on the other hand as part of the Ul are executed in the Ul
thread of the application. They also access the Ul thread by displaying views. As the
Workflow runsinadelr NI 6 S GKNBIFIR AG KFa y2 | 00Saa (G2 UK
the Ul thread at all. Therefore it calls out the host application which in turn knows the Ul
thread and can switch over to it.
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