
EVOLVING A .NET 3.5 APPLICATION 

PURPOSE 

Lƴ ǘƘƛǎ ǇŀǇŜǊΣ LΩƳ ƎƻƛƴƎ ǘƻ ƻǳǘƭƛƴŜ ǎƻƳŜ of the thought processes, decisions and issues we had to face when 

evolving a Microsoft .NET ŀǇǇƭƛŎŀǘƛƻƴ ŦǊƻƳ мΦȄκнΦȄ ǘƻ оΦȄΦ LΩƭƭ ƭƻƻƪ ŀǘ how we helped our client to adopt the new 

technology, and yet still maintained a release schedule acceptable to the business. 

You can have a look at a video of a portion of the software in action here: 

http://www. ythos.net/article_images/ab2.wmv  

I will avoid details of the proprietary aspects of the system, ŀƴŘ LΩƳ ƴƻǘ ǇǊƻǾƛŘƛƴƎ any source code for the 

ŎƻƳǇƻƴŜƴǘǎ ǿŜΩǾŜ ōǳƛƭǘΦ On the other hand, I will cover in some depth the general architecture and design of 

the system, particularly as it relates to .NET3.x. As a bonus, there are quite a few code snippets and tips we 

picked up along the way.  

INTRODUCTION 

Digital Healthcare produces a software platform for chronic disease management. It is deployed into both 

hospitals (e.g. WƻƘƴΩǎ IƻǇƪƛƴǎΣ .altimore, MD) and primary care providers, and enables all the individuals and 

enterprises that participate in the long-term care of large cohorts of patients (including the patients 

themselves) to share information and collaborate, despite being in different trust domains, and with different 

specialties. To add to the complexity, we deal with huge volumes of image data associated ǿƛǘƘ ǘƘŜ ǇŀǘƛŜƴǘΩǎ 

care journey, and integrate with a wide variety of third party instrumentation and information systems. 

DH has been in the marketplace for over 5 years, and has recently been working on an evolution of our 

technology ǘƘŜȅΩǾŜ decided is sufficiently significant ǘƻ Ŏŀƭƭ ά±нέ. One aspect of the V2-ness is that components 

are to be built using the new .NET 3.x technologies like WCF, WPF and LINQ. 

That decision was not taken lightly.  

DH have 9 elapsed years and many millions of dollars of investment in a .NET V1/V2 platform, and the 

ǘŜƳǇǘŀǘƛƻƴ ƛǎ ǘƻ ǎǉǳŜŜȊŜ ŜǾŜǊȅ ƭŀǎǘ ƻǳƴŎŜ ƻŦ ƧǳƛŎŜ ƻǳǘ ƻŦ ǘƘŀǘΦ ¢ƘŜǊŜΩǎ ǇƭŜƴǘȅ ƻf headroom in classic ASMX/WSE 

web services, ASP.NET 2 web apps and Windows Forms.  In the V1 app, the bulk of our client tier is Windows 

CƻǊƳǎ ŦƻǊ ǇƻǿŜǊ ǳǎŜǊǎΣ ǿƛǘƘ ŎŀǎǳŀƭΣ ƻŎŎŀǎƛƻƴŀƭ ŀƴŘ άŀƴȅǘƛƳŜΣ ŀƴȅǇƭŀŎŜέ users having an AJAX web interface to 

some of the overall feature set. Certainly, for the next year at least, they could rest on those foundations and 

happily extend our functionality, without hitting any serious brick walls. 

TƘŀǘΩǎ ƴƻǘ ŀ ǾŜǊȅ ƭƻƴƎ-term view, though. Countless companies with great technology have gradually been 

rendered irrelevant by under-investing in the next generation of their products: they are leap-frogged by new 

entrants with more modern offerings, or find it increasingly difficult to integrate into a changing IT landscape 

(this, in particular, has driven change in our application). Equally, others have come to grief by embarking on a 

wholesale re-development of their applications ς an undertaking which is universally acknowledged to take 

more time and cost more than any planning contingency could possibly imagine. 

http://www.ythos.net/article_images/ab2.wmv


To attempt to limit the potential for failure, our strategy took a three-phase approach, with an iterative, 

incremental approach to change within those phases. 

 

 Consolidation involves some housekeeping on the existing platform to find and eliminate unused code, 

improve test coverage in areas that might be at risk of change, and replace code that depends on obsolete 

parts of the .NET framework. Prototyping is an investigative project to learn about the new technology, and 

how we might work it into the platform. Production is the build of new features and modules, using the new 

technologies. 

²Ŝ Ǌŀƴ ǘƘŜ ŎƻƴǎƻƭƛŘŀǘƛƻƴ ŀƴŘ ǇǊƻǘƻǘȅǇƛƴƎ ǿƻǊƪ ǎǘǊŜŀƳǎ ǊƻǳƎƘƭȅ ƛƴ ǇŀǊŀƭƭŜƭΣ ōǳǘ ǘƘŜ άǇǊƻŘǳŎǘƛƻƴέ ǇƘŀǎŜ ǿŀǎ 

dependent on a successful conclusion of the first two. 

The consolidation project was potentially risky, as it is all too easy to disappear down a technology rabbit hole 

when you stop working on end-user scenarios to pay back a bit of technical debt. On the other hand, it is a 

mistake to ƛƎƴƻǊŜ ǘƘŜ ŎƻƳǇǊƻƳƛǎŜǎ ǿŜ ƪƴƻǿ ǿŜΩǾŜ ƳŀŘŜ ǘƻ ƎŜǘ ǎƻƳŜǘƘƛƴƎ ƻǳǘ ƻŦ ǘƘŜ ŘƻƻǊ ς especially when 

ǿŜΩǊŜ ŀōƻǳǘ ǘƻ ǎǘŀǊǘ ƻƴ ǎƻƳŜ ƴŜǿ ǿƻǊƪΦ  

After an initial exploratory iteration, we set specific targets for the reorganization of the codebase, elimination 

ƻŦ CȄ/ƻǇ ǿŀǊƴƛƴƎǎ ŀƴŘ ǳƴǳǎŜŘ ŎƻŘŜΣ ōŀǎŜŘ ƻƴ ŀ άōŀƴƎ-for-the-ōǳŎƪέ ŎŀƭŎǳƭŀǘƛƻƴ ŀǎ ǘƻ ǿƘŀǘ ǿŀǎ ǿƻǊǘƘ ŘƻƛƴƎΣ 

and what would just be pedantic. ²Ŝ ŀƭǎƻ ƛŘŜƴǘƛŦƛŜŘ ŀ ŦŜǿ ŜȄƛǎǘƛƴƎ ƳƻŘǳƭŜǎ ǿƛǘƘ ǘƘŜ άōƭŀŎƪ ǎǇƻǘέ ŦƻǊ ŦǳǘǳǊŜ 

replacement. 

In the end, it consumed two people for about 3 months. That was about a month longer than originally 

estimated in elapsed time, but used 2 fewer people (who we stole for other projects), which was a reasonable 

compromise.  

COMMISSIONING THE WORK 

So, at the beginning of December 2007, we commissioned a project, gave it a codename containing a very bad 

domain specific joke, and set out a roadmap something like the following: 

Consolidation

Prototyping

Production



 

This is a snapshot from a report mid-WŀƴǳŀǊȅΣ ǿƘƛŎƘ ŜȄǇƭŀƛƴǎ ǘƘŜ ƎǊŜŜƴ άǎǘŀǊǘŜŘ ŀƴŘ ŀƭƭ ƛǎ ǿŜƭƭ ǎƻ ŦŀǊέ blobs. 

Those ōƭƻōǎ ŀǊŜƴΩǘ ŎƻƳǇƭŜǘƛƻƴ ƳƛƭŜǎǘƻƴŜǎ όǘƘƻǎŜ ŀǇǇŜŀǊ ƻƴ ǇǊƻŘǳŎǘ ǇƭŀƴǎΣ ƴƻǘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ǊƻŀŘƳŀǇύΦ 

LƴǎǘŜŀŘΣ ǘƘŜȅΩǊŜ άǇƘŀǎŜ ǎǘŀǊǘǎέ ς so we start prototyping in Jan 2008, we ship alpha product to early adopters 

in September 2008, and it releases through to a broader beta which starts in December. The roadmap acts as 

ƎǳƛŘŀƴŎŜ ǘƻ ƻǘƘŜǊ ŘŜǇŀǊǘƳŜƴǘǎ όŜΦƎΦ ǇǊƻŘǳŎǘ ƳŀƴŀƎŜƳŜƴǘΣ ǎŀƭŜǎύ ŀǎ ǘƻ ǿƘŜƴ ǿŜΩǊŜ ƭƛƪŜƭȅ ǘƻ ƴŜŜŘ ǊŜǎƻǳǊŎŜ ǘƻ 

help support the development process. 

We also take decisions to ship specific ŎƻƳǇƻƴŜƴǘǎ ǘƻ ŜŀǊƭȅ ŀŘƻǇǘŜǊǎ ǿŀȅ ōŜŦƻǊŜ ǘƘŜ ŦƻǊƳŀƭ άǿƘƻƭŜ ǇǊƻŘǳŎǘέ 

alpha date. For example, we built a new ASP.NET 2.0-based compliance management tool and a new WCF-

based async message bus component in early iterations, and they got shipped independently of the full 

platform. 

Another thing to note is that ŦƻǊƳŀƭ άǇǊƻƧŜŎǘ ŀǇǇǊƻǾŀƭέ ǇƘŀǎŜ ƛƴ aŀǊŎƘ нллуΦ hƴŜ ŘŀƴƎŜǊ ǿƛǘƘ !ƎƛƭŜ 

methodologies is the flipside of its major strength: you only build what is needed right now.  

The problem there is that you can find that your product is gradually, almost imperceptibly, iterating away 

from some overall business strategy, separately articulated, no matter how carefully you consider it in 

iteration/sprint/whatever-your-unit-of-work-might-be planning meetings. 

We find it very useful to have a marker that gives you the opportunity to ask some deeper questions about the 

project. Are we building the right things ς just not the things we thought we were going to need when we 

were strategizing? So should we reconsider the strategy? Or are we making short-termist decisions, and losing 

sight of our long term goals? Or is everything just peachy and we can go to the pub? Having a formal breather 

in the plan to lift your eyes up from the daily grind is very useful. 

Having approved thŀǘ ǊƻŀŘƳŀǇΣ ǿŜ ǎǘŀǊǘŜŘ ƛƴǘǊƻŘǳŎƛƴƎ ǘƘŜ Φb9¢ оΦр άtǊƻǘƻǘȅǇŜέ ǇǊƻƧŜŎǘ ƛƴǘƻ ƻǳǊ ǿƻǊƪ ǎǘǊŜŀƳΦ 

PROTOTYPING 

Over a couple of months we built a working prototype of one portion of our overall application, that touched 

upon the key areas of the system ς image and information visualization, remote working and messaging, 

reliability, performance and scalability.  

There were a few important principles underlying this part of the project 
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1) We were never going to ship it in any way, shape or form 

2) Lǘ ŘƛŘƴΩǘ ƘŀǾŜ ǘƻ ōŜ άŎƻƳǇƭŜǘŜέ ς just complete enough to understand what issues we would face, and 

what the implications of various architectural and design decisions might be 

3) ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ƳŜŀƴǎΣ ƛƴ ƭŀǊƎŜ ǇŀǊǘΣ άƳŜŀǎǳǊƛƴƎέ ǿƛǘƘ ǊŜŀƭƛǎǘƛŎ Řŀǘŀ ǎŜǘǎ 

4) ²Ŝ ǿƻǳƭŘ ōǳƛƭŘ ƛǘ ŦǊƻƳ άǊŜŀƭέ Ŏustomer scenarios, with customer involvement, even though they 

were never going to have it delivered for production 

5) The design decisions, compromises and brick-walls had to be well documented, communicated and 

discussed with the whole team, not just those involved in the prototyping, even if that is only through 

ǘƘŜ ƳŜŘƛǳƳ ƻŦ ŀ ŦŜǿ άǿƘƻƭŜ ǘŜŀƳέ ƳŜŜǘƛƴƎǎ, PowerPoints and code sample sharing 

6) We had some specific ς but broad - objectives articulated on (e-)paper so that we, as a team, could 

ask and answer the right questions 

Some of the questions we had in mind included  

1) Can we reduce the amount of code we have to maintain? What sort of code can be eliminated? 

2) What is the performance impact of an object-data mapping tier? 

3) Iƻǿ ƭƻƴƎ ŘƻŜǎ ƛǘ ǘŀƪŜ ǘƻ άǘƘƛƴƪ ƛƴ [Lbv/WPF/WCFέΚ CƻǊ ǿƘŀǘ ǘȅǇŜǎ ƻŦ ŘŜǾŜƭƻǇŜǊΚ 

4) How do we build tests around the new technology? 

5) What are the integration points with our existing infrastructure? 

6) What scaffolding do we need to build on top of frameworks before we can start building real 

applications 

The actual questions to be answered are, of course, highly dependent on the nature of the project, but the 

basic principles: ask specific questions, communicate your results, discuss and agree the implications are a 

good set of guidelines for any prototyping exercise. 

At the end of the prototyping phase, we had a clear understanding of the challenges and some of the benefits 

of the .NET 3.5 technologies, including raw performance measurements for things like LINQ-to-SQL 

abstractions of both our current database and various potential transforms and renormalizations of our 

database; what size and complexity of Visual Tree we could get away with for particular hardware 

configurations, how WCF channels of various kinds and configurations performed and could be configured in 

different deployment scenarios, and various different forms of message produced and consumed by our 

services. 

We also had an idea of the learning curve in adopting the new technologies, and what kinds of things were 

useful to us. 

The experience of going through this process has given us a top-мл ƭƛǎǘ ŦƻǊ άƘƻǿ ǘƻ ƭŜŀǊƴ ŀǎ ŀ ǘŜŀƳέΦ 

LEARNING 

1) Build stuff 

Actually writing real code that addresses a real problem is invaluable; no amount of labs, 

samples or little spikes will show you where the road-blocks are. 

2) Pair 

9ǾŜƴ ƛŦ ȅƻǳ ŘƻƴΩǘ ƴƻǊƳŀƭƭȅ ǇŀƛǊΣ ǇŀƛǊƛƴƎ ǿƘƛƭŜ ŜȄǇƭƻǊƛƴƎ ŀ ƴŜǿ ǘŜŎƘƴƻƭƻƎȅ ƛǎ ŀƴ ŜȄŎŜƭƭŜƴǘ ǿŀȅ 

of ensuring that knowledge is disseminated and assumptions challenged 

3) 5ƻƴΩǘ ǇŀƛǊ 

Even if you normally pair, spend some quality time on your own just thinking, and 

ŀǎǎƛƳƛƭŀǘƛƴƎ ƛƴŦƻǊƳŀǘƛƻƴΦ tŀƛǊƛƴƎ ƛǎ ŀ ǇǊŜǘǘȅ ƛƴǘŜƴǎŜ ŜȄǇŜǊƛŜƴŎŜΣ ŀƴŘ ȅƻǳΩƭƭ ƴŜŜŘ ǎƻƳŜ 

breathing space 



4) Get a good bookΧƻǊ ǘǿƻΧƻǊ ǘƘǊŜŜΤ ŀƴŘ ǊŜŀŘ ǘƘŜƳΤ and use them 

We bought a wide range of titles on .NET 3.x technologies. LŦ ȅƻǳΩǊŜ buying for a team, get 

one copy of pretty much everything (for the shelf), and several copies of the ones you like 

the best (one per desk seems like a good number). There was universal acclaim amongst the 

team for Programming WPF (Griffiths & Sells) which L ǿƻǳƭŘ ŜŎƘƻ όǘƘŜ ŦŀŎǘ ǘƘŀǘ LΩǾŜ ǿǊƛǘǘŜƴ 

about Windows Forms with Ian Griffiths does not influence my judgment ς honestly!). We 

also liked Programming Microsoft LINQ (Pialorsi & Russo); it offered a good introductory 

overview. None of the WCF books were totally blow-you-away fantastic, but Programming 

WCF Services (Lowy) ƛǎ ǇǊŜǘǘȅ ƎƻƻŘΦ ¢ƘŜ ²/C ǘƛǘƭŜǎ ǘŜƴŘŜŘ ǘƻ ōŜ ŀ ƭƛǘǘƭŜ άŎƻƻƪōƻƻƪ-ƛǎƘέΣ ŀƴŘ 

not delve sufficiently deeply into the technology to really grok what was going on. 

5ƻƴΩǘ ŦƻǊƎŜǘΣ ǘƘƻǳƎƘΣ ǘƘŀǘ ǘƘŜ ōook is only going to do any good if you read it. Knowledge 

ŘƻŜǎƴΩǘ ƳŀƎƛŎŀƭƭȅ ƎŜǘ ǘǊŀƴǎŦŜǊǊŜŘ ōȅ ƘŀǾƛƴƎ ƛǘ ƻƴ ǘƘŜ ǎƘŜƭŦΦ And it will only really make a 

difference if you work with it, build on the examples and refer back to it when you think 

ȅƻǳΩǾŜ ǳƴŘŜǊǎǘƻod something. 

5) ¢ƘŜǊŜ ŀǊŜ ƭƻǘǎ ƻŦ ǿŀȅǎ ƻŦ ŘƻƛƴƎ ǘƘƛƴƎǎ άǊƛƎƘǘέ 

Only some are more right than others. Make sure you understand what compromises you 

are making, and when that might be important. Always think hard about the choices you are 

ƳŀƪƛƴƎΣ ōǳǘ ŘƻƴΩǘ ƭŜǘ indecision cripple your design. Make a choice, document the choice and 

explore its implications. 

6) What are others doing? 

Google (or, rather, Windows Live Search) is your friend. Someone has done what you are 

trying to do already, and they will have fallen into many holes along the way.  

Nodal blogs like Brad Abrams (http://blogs.msdn.com/brada/default.aspx), Mike Taulty 

(http://mtaulty.com/CommunityServer/blogs/mike_taultys_blog/default.aspx),Tim Sneath 

(http://blogs.msdn.com/tims/default.aspx) and Nicholas Allen 

(http://blogs.msdn.com/drnick/) are invaluable sources of information, both for their own 

ǿǊƛǘƛƴƎ ŀƴŘ ǿƘŀǘ ǘƘŜȅ ŀƎƎǊŜƎŀǘŜ ŦǊƻƳ ŜƭǎŜǿƘŜǊŜΦ LŦ ȅƻǳΩre in the .NET 3.x ǿƻǊƭŘΣ ȅƻǳ ŎŀƴΩǘ 

afford not to read (is that enough negatives to make a positive?) Scott GuthrieΩs blog 

(http://weblogs.asp.net/scottgu/default.aspx) 

7) People learn in different ways, and at different rates 

Never underestimate that what works for you might not work for other members of the 

team, and that everyone learns at different rates. You need to plan for that if you are going 

to introduce the new technology successfully. 

8) 5ƻƴΩǘ ōŜ ŀŦǊŀƛŘ ƻŦ ǇŀȅƛƴƎ ŦƻǊ ǘǊŀƛƴƛƴƎΣ ōǳǘ ŘƻƴΩǘ Ǉŀȅ ǘƻƻ ǎƻƻƴ 

Training is expensive, but a good way of getting access to real experts. I feel obligated to plug 

Pluralsight (http://www.pluralsight.com), and their upcoming web-based training 

(http://www.pluralsight.com/main/olt/courses.aspx), at this stage, but other training is 

ŀǾŀƛƭŀōƭŜΧ 

Χƴƻǘ ƭŜŀǎǘ ƻŦ ǿƘƛŎƘ ƛǎ ǘƘŜ ǎǘǳŦŦ ŀǾŀƛƭŀōƭŜ ǘƻ ȅƻǳ ǘƘǊƻǳƎƘ aƛŎǊƻǎƻŦǘ ς much of which is free, or 

pretty cost effective, often delivered or developed by the same experts. Regionally, you can 

find local events at http://msdn.microsoft.com/events, and there are usually links to online 

labs, screen casts etc. up there. 

9) 5ƻƴΩǘ ōŜ ŀŦǊŀƛŘ ƻŦ ƘƛǊƛƴƎ ƛƴ ƘŜƭǇ 

!ƭǘƘƻǳƎƘ ƛǘ ŘƛŘƴΩǘ ŀǇǇƭȅ ǘƻ ǳǎ ƛƴ ǘƘƛǎ ŎŀǎŜΣ ŀ ŎƻƴǘǊŀŎǘƻǊ Ŏŀƴ ōǊƛƴƎ ƛƴ ŀƴ ŜƴƻǊƳƻǳǎ ŀƳƻǳƴǘ ƻŦ 

expertise, and really bootstrap the project, especially in the early stages. Be very, very careful 

ǘƘŀǘ ȅƻǳΩǾŜ ǊƻŀŘ ǘŜǎǘŜŘ ǘƘŜ Ŏƻƴǎǳƭǘŀƴǘ ƛƴ ǎƻƳŜ ǿŀȅΣ ǘƘƻǳƎƘΣ ŀǎ ǘƘŜ ŎƻǎǘκōŜƴŜŦƛǘ Ǌŀǘƛƻǎ Ŏŀƴ ōŜ 

a bit precarious. See them talk, get some good word-of-mouth ς ŘƻƴΩǘ Ƨǳǎǘ Ǝƻ ŀƴŘ ŀǎƪ ŦƻǊ άŀƴ 

ŜȄǇŜǊǘέ ŦǊƻƳ ȅƻǳǊ friendly recruitment consultant. 

10) Learn to use the canonical tools 

http://blogs.msdn.com/brada/default.aspx
http://mtaulty.com/CommunityServer/blogs/mike_taultys_blog/default.aspx
http://blogs.msdn.com/tims/default.aspx
http://blogs.msdn.com/drnick/
http://weblogs.asp.net/scottgu/default.aspx
http://www.pluralsight.com/
http://www.pluralsight.com/main/olt/courses.aspx
http://msdn.microsoft.com/events


There are some things that you really ŎŀƴΩǘ do without. If you had to pick three for your new-

technology-development-desert-island, how about: 

Reflector (http://www.aisto.com/roeder/dotnet/) 

LinqPad (http://www.linqpad.net) 

SvcTraceViewer.exe (http://msdn.microsoft.com/en-us/library/ms732023.aspx) 

(Discuss?) 

11) And the bonus 11th item: Admit your mistakes 

During the prototyping phase, most of what you do is make mistakes. Most of the benefit of 

ŀ ǇǊƻǘƻǘȅǇŜ ƛǎ ƭŜŀǊƴƛƴƎ ǿƘŀǘ ȅƻǳ ǿƻǳƭŘƴΩǘ Řƻ ŀƎŀƛƴΦ 5ƻƴΩǘ ƎŜǘ ǘƻƻ ǿŜŘŘŜŘ ǘƻ ǘƘŜ ŎƘƻƛŎŜǎ 

ȅƻǳΩǾŜ ƳŀŘŜΣ ŀƴŘ ŘƻƴΩǘ ōŜ ŀŦǊŀƛŘ ƻŦ ŀōŀƴŘƻƴƛƴƎ ǘƘŜƳΦ 

PLANNING AND SETUP 

We completed the prototyping and review phase by the end of March 2008 (on schedule; miracles do 

happenύΣ ŀƴŘ ǘƻƻƪ ŀ ƭƻƻƪ ŀǘ ǘƘŜ ǇǊƻŘǳŎǘ Ǉƭŀƴ ǘƻ ŘŜǘŜǊƳƛƴŜ ǿƘŀǘ ǘƘŜ ōŜǎǘ άƴŜǿ ŦŜŀǘǳǊŜέ ŎŀƴŘƛŘŀǘŜ ƳƛƎƘǘ ōŜ ǘƻ 

introduce the new technology to the team. After a few rounds with the product manager we decided that a 

new clinic and appointment management module would be an excellent choice, for a number of reasons: 

1) We had a well-elaborated scope for the project, that was replacing and extending a very old, much 

unloved piece of functionality in the V1 application 

2) It offered some compelling end-user value 

3) It had well-defined points of contact with the rest of the platform 

4) It would be a slice through the entire stack ς data, services, presentation and integration 

We put a team of 3 developers onto the project, one dev/test and about 10% of a PM, and estimated about 3 

elapsed months to beta, with a May kickoff (when existing commitments were concluded). This included a 

considerable amount of contingency for the learning curve, but was also well ahead of the roadmap we 

plotted out in January. 

We do our high-level planning around a 5 page document from the PM. In this case, it outlines о άǇǊƻŘǳŎǘ 

ƻōƧŜŎǘƛǾŜǎέ όǘƘŜ ƪŜȅ ǾŀƭǳŜ ǇǊƻǇǎ ǿƘƛŎƘ ƧǳǎǘƛŦȅ ǘƘŜ ƴŜǿ development), and also looks at how those objectives 

map into the gaps in our existing offeringΣ ǊƛƎƘǘ Řƻǿƴ ǘƻ ǘƘŜ ƭŜǾŜƭ ƻŦ ŎŀƭƭƛƴƎ ƻǳǘ ŘŜǘŀƛƭǎ ǿƘŜǊŜ ǿŜΩǊŜ ƭƻƻƪƛƴƎ ŦƻǊ 

specific improvements. 

We brainstormed those into 10 key success scenarios (with PM, development and QA), along with a dozen or 

so QoS requirements. Over the course of the project these were elaborated into ~120 development tasks. 

For the last couple of years, weΩǾŜ used Team System to manage our development process. When we kick off a 

new development activity like this (particularly a high-risk one), we create a new project in Team System, and 

branch its source tree from ƻǳǊ I9!5 ǊŜƭŜŀǎŜ ǇǊƻƧŜŎǘΦ ²ƘŜƴ ǿŜ ǊŜŀŎƘ ŀ άǎƘƛǇέ Ǉƻƛƴǘ ƻƴ ŀ ǇǊƻƧŜŎǘΣ ǿŜ ƳŜǊƎŜ 

back from the branch to the head, and perform our regression and release testing. There are maybe 2 or 3 of 

these projects running at any one time, with the aim of integrating 1-3 months from inception. We try to avoid 

longer projects by breaking them up into smaller subprojects. It gives us good control over the stability of the 

release while avoiding huge fragmentation of the code base into a million, unmanageable branches. 

Individual iterations on the project tend to be of the order of 2 weeks, with about 1-1.4 work items completed 

per project per day. Although we run nominal 2 week iterations, we expect show-and-tell sessions from the 

team every week. One of the biggest risks to any project is a team going dark and when the whole project lasts 

3 months, two weeks is a very long time. We also find that formal iterations are not totally useful ς tracking 

continuous overall backlog and throughput in Dev and Dev/Test, and a qualitative measure of progress from 

http://www.aisto.com/roeder/dotnet/
http://www.linqpad.net/
http://msdn.microsoft.com/en-us/library/ms732023.aspx


the PM is more effective ǘƘŀƴ ŎƻƳƛƴƎ ǘƻ ŀǊǘƛŦƛŎƛŀƭ ŦƻǊǘƴƛƎƘǘƭȅ άŜƴŘ-Ǉƻƛƴǘǎέ. The iteration is more a handy 

ǊŜǇƻǊǘƛƴƎ Ǉƻƛƴǘ ŦƻǊ ǘƘŜ ǊŜǎǘ ƻŦ ǘƘŜ ƳŀƴŀƎŜƳŜƴǘ ǘŜŀƳΣ ŀƴŘ ŀ ǿŀȅ ƻŦ άƎǊŀƴǳƭŀǘƛƴƎέ ǘƛƳŜ ǿƘŜƴ ǿŜΩǊŜ ŜǎǘƛƳŀǘƛƴƎΦ 

As code is checked in, we use the TFS2008 continuous build system, and run automated code analysis and unit 

tests alongside our actual builds. This was fabulously easy to set up (certainly by comparison with 2005!); the 

simple integration between the tools means that anyone in the team can maintain the build without needing 

the arcane knowledge of how Nant, NUnit, Draco, our home grown report XSLT etc. etc. all hang together, as 

per the V1 build environment. 

{ƻΧǿŜΩǾŜ Ǝƻǘ ŀ plan ŀƴŘ ŀ ǇƭŀŎŜ ǘƻ ǿƻǊƪΧ ǿƘŀǘ ƴƻǿΚ 

  



THE APPLICATION ARCHITECTURE - HISTORY 

Our existing 1.0 application architecture consisted of a bunch of stateless services (note ς not necessarily άweb 

servicesέ) that talk to a data access layer consisting of a combination of stored procedures and dynamic SQL. 

After much debate both internally, and with guidance from various folks inside MS, strongly typed data sets 

generated from our XML message schema were used to deliver information between the tiers ς chiefly to 

facilitate Windows Forms data binding. Oh, how we regret this now. They are slow, heavyweight, difficult to 

ǎŜǊƛŀƭƛȊŜ ƛƴ ŀƭƭ ǎƻǊǘǎ ƻŦ ǿŀȅǎ ŀƴŘ Ǌǳƴŀǿŀȅ ǿƛƴƴŜǊǎ ƻŦ ǘƘŜ άƳƻǎǘ ƭƛƪŜƭȅ ǘƻ ōǊŜŀƪ ƛƴǘŜƭƭƛǎŜƴǎŜ ƛƴ ǘƘŜ L59έ ŀǿŀǊŘ 

from 2002-2007. 

There are a bunch of middle-tier components that consume them - such as a workflow engine, an image 

storage and distribution engine, and a messaging and integration engine. 

On the client side, a Windows Forms application shell discovers, hosts and presents plug-in components that 

are orchestrated to deliver the main application functionality. An IServiceProvider-based inversion-of-control 

mechanism allows the plug-ins to find and consume the services they need. 

 



ARCHITECTURE BY BUSINESS PROCESS 

You can see an example of the deployment architecture below. Notice how we support local enterprise-hosted 

versions of the application services that can then delegate out to services hosted in the cloud, to collaborate 

with home workers, mobile users and satellite offices. 
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To hook all this together, we use an asynchronous messaging pattern, orchestrated by our workflow engine. 

To understand what I mean ōȅ ǘƘƛǎΣ ƭŜǘΩǎ ŎƻƴǘǊŀǎǘ ǿƛǘƘ ŀƴ n-tier system. 

In the traditional n-tier system, clients request an action from the application server; the application server 

does some jiggery with its database (and any local cache) and returns some information based on the request.  

There are lots of ways to make that request: a post back from some form; a JavaScript call through to a web 

service; or an asynchronous call to a WS-* service and then a client-side wait until the information is returned, 

for example. However it is implemented, most n-tier applications are architected in this request/response kind 

of way.  
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Of course, this was a major step forward from the άƻǇŜƴ ǊŜŎƻǊŘ ǎŜǘέ ŀǊŎƘƛǘŜŎǘǳǊŜ ƻŦ Řŀȅǎ ƎƻƴŜ ōȅ ǿƘŜǊŜ 

clients were permanently ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ 5.Σ ŀƴŘ ǎǘǊŜŀƳƛƴƎ ǘƘǊƻǳƎƘ ŀ ǎŜǘ ƻŦ ǊŜǎǳƭǘǎ άƭƛǾŜέΣ ǘǿƛŘŘƭƛƴƎ Řŀǘŀ ŀǎ 

it went. And in terms of the micro-architecture of the application, this request/response mode of 

communication is just fine. But there are a few fundamental assumptions baked in to this view of the world 

that merit re-examination. 

1) The application server can get to all the information it needs to do its job, and is the ultimate 

authority on that information 

2) The client has access to the all the data it needs to do any job it might have to do, typically via the 

application server, although possibly based on some local cache of what it has already seen / 

replicated from the server 

3) The client can talk to the application server whenever it needs to 

4) Somehow, everyone understands the implicit constraints on the order in which these (typically quite 

fine-grained) method calls should be made to keep everything jogging along correctly; or that there 

are no such constraints; or we deal with possible concurrency issues on a call-by-call basis. 

To overcome these issues, we decompose the application not by the functions that are called between tiers 

όŜΦƎΦ άget me the data for thiǎέΣ άǳǇŘŀǘŜ ǘƘŜ Řŀǘŀ ŦƻǊ ǘƘŀǘέύΣ ōǳǘ ōȅ ǘƘŜ ǇǊƻŎŜǎǎŜǎ ǘƘŀǘ ŀǊŜ ŎŀǊǊƛŜŘ ƻǳǘ ŀǘ ŜŀŎƘ 

locaǘƛƻƴ όŜΦƎΦ άǇƘƻǘƻƎǊŀǇƘ ƳŜ ǘƘŜǎŜ ǇŀǘƛŜƴǘǎ ǘƻŘŀȅέ ƻǊ άǘƘƛǎ ǇŀǘƛŜƴǘ Ƙŀǎ ǊǳƴƎ ǳǇ ǘƘŜ Ŏŀƭƭ ŎŜƴǘŜǊ ŀƴŘ ŎŀƴŎŜƭƭŜŘ 

ǘƘŜƛǊ ŀǇǇƻƛƴǘƳŜƴǘέύΦ  

You then design rich messages which contain all of the information absolutely necessary to carry out the 

process or sub-process at a particular location, and exchange those messages using the protocol of your 

choice. Each location manages its own local workflow to deal with the part(s) of the overall process for which it 

is responsible. 

Because each message represents the start or end of a whole (sub-) process there is no need for the user to 

wait for a response ς they can get on with their next job while the other end deals with the results of their 

labor. If there is a problem of some kind, then the resolution of that problem is just another sub-process.  

From a technology Ǉƻƛƴǘ ƻŦ ǾƛŜǿ ǘƘŜǊŜΩǎ ǾŜǊȅ ƭƛǘǘƭŜ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ǘǿƻ ς they all end up sending data 

across the wire ŀōǎǘǊŀŎǘŜŘ ŀǿŀȅ ōŜƘƛƴŘ ǘƘŜ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ǘŜŎƘƴƻƭƻƎȅ Řǳ ƧƻǳǊ όƭŜǘΩǎ ǎŀȅΣ ŀ ²/C-attributed 

method call). The difference is more philosophical; our message design has moved up the semantic food chain 

from the equivalent of the method call ς one of many hundreds to complete a task, to a single (pair of) 

message(s) containing the request for, and final result of a whole sub process. 

Although the success path is easy to deal with in this kind of architecture, failure cases make things more 

complex. As we have already mentioned, these failure cases have to be built into the workflow, too.  

We see all the usual issues, including concurrency problems; transactionality; inexact entity identity resolution; 

occasional connection; and volumes of data that need caching at the endpoints for efficiency and/or offline 

use. We deal with them by looking at the overall process, treating the failure cases as just another interaction 

between sub-processes, and designing the workflows needed to deal with them. 

The recognition of the intrinsically asynchronous nature of most of these kinds of processes leads to common 

design patterns such as queues of work for individuals or groups to complete, identification and recognition of 

the entities/artifacts that drive the workflow (are we tracking patients or parcels, or both perhaps?) and 

ownership and locality of those entities (who is άƛƴ ŎƘŀǊƎŜέ ǊƛƎƘǘ ƴƻǿΣ ǇƘȅǎƛŎŀƭƭȅ ŀƴŘ ƭƻƎƛŎŀƭƭȅύΦ 

¢Ƙƛǎ άǇǊƻŎŜǎǎέ-based approach to information management is central to the successful adoption of an SOA ς 

far more so than a particular deployment technology or application infrastructure. 



[ŜǘΩǎ ǘŀƪŜ ƻŎŎŀǎional connection as our canonical example. As an industry, we commonly architect our 

applications as if we ǿŜǊŜ άŀƭǿŀȅǎ ŎƻƴƴŜŎǘŜŘέΣ ŀƴŘ ǘƘŜƴ ǘǊȅ ǘƻ ŘŜŀƭ ǿƛǘƘ ƻŎŎŀǎƛƻƴŀƭ ŎƻƴƴŜŎǘƛƻƴ ǘƘǊƻǳƎƘ 

synchronization and local caching. There are countless articles on the subject. ¢Ƙƛǎ ǇǊƻōƭŜƳ ƛǎ άƪƴƻǿƴ ƘŀǊŘέ, 

so there is a lot of plumbing people have built to help us. Such as the Microsoft Sync Framework 

http://www.microsoft.com/downloads/details.aspx?FamilyId=C88BA2D1-CEF3-4149-B301-

9B056E7FB1E6&displaylang=en  

That infrastructure is grŜŀǘΣ ōǳǘ ƛǘ ŘƻŜǎƴΩǘ ŀŘŘǊŜǎǎ ǘƘŜ ŦǳƴŘŀƳŜƴǘŀƭ issue. Brian Noyes has had a talk for a 

number of years, the slide deck for which can be found here 

http://www.softinsight.com/downloads/SmartClientOfflineDataCachingandSync.pdf that discusses the 

problem in some depth ς but the real meat of it (amidst a load of very valuable technical information) is in a 

bullet point in the summary section. 

Design for disconnected operations early 

Identify offline use cases 

You should look at the processes that are carried out at the occasionally connected endpoint, model the 

information flows for those processes, and analyze the points at which information can and should be 

transferred.  

This holds equally true for all parts of your application. 

Design for your business processΣ ƴƻǘ ƘƻǊƛȊƻƴǘŀƭ άǇƭŀǘŦƻǊƳ-ishέ stuff 

Choose your infrastructure/platform based on your business processes 

LŦ ȅƻǳ ŎŀƴΩǘ Řƻ ǘƘŀǘΣ ȅƻǳ ŀǊŜ ƴŜŎŜǎǎŀǊƛƭȅ ŎƻƳǇǊƻƳƛǎƛƴƎ your business process; 

document and understand those compromises; understand your configuration 

options; share with the customer. 

Understanding the ambiguities that emerge from that process-based view allows you to design process-based 

resolution for the issues, rather than data-based resolutions. It also makes it easier to identify how to insert 

human intelligence into the workflow, to disambiguate information at the right time, maximizing the benefits 

of automation elsewhere. 

.ȅ ƳƻǾƛƴƎ ŀǿŀȅ ŦǊƻƳ άŀǊŎƘƛǘŜŎture by network and Řŀǘŀέ ǘƻǿŀǊŘǎ άŀǊŎƘƛǘŜŎǘǳǊŜ ōȅ ōǳǎƛƴŜǎǎ ǇǊƻŎŜǎǎέ ǿŜ ƘŀǾŜ 

a means of communicating technical issues more clearly to our customers όάƛŦ ǘƘŜǎŜ ǳǎŜǊǎ ŎŀƴΩǘ ǎŜŜ ǘƘŀǘ ǎŜǊǾŜǊΣ 

ȅƻǳ ŎŀƴΩǘ do this bit of the process at that time, in this wayέύ, and we open the door to developing domain 

ǎǇŜŎƛŦƛŎ άǎƻƭǳǘƛƻƴ ŘŜǎƛƎƴέ ƳŜǘŀ-processes that are less tied to our technology, and more focused on customer 

needs. 

A deep understanding of these kinds of process/workflow issues is fundamental to the success of our platform 

in our chosen implementation domains; but while these ideas are at the heart of our application architecture, 

implementing them is a whole different story! 

IF I WERE YOU, I  WOU[5bΩ¢ I!±9 {¢!w¢95 CROM THERE 

For our V1 product, this entire infrastructure was hand-rolled (and, indeed, we were still working out these 

kinds of message-exchange patterns in a theoretical kind of way). In Jan 2000 when Digital Healthcare was 

founded and we started development, Φb9¢ мΦл ƘŀŘƴΩǘ ȅŜǘ ǎƘƛǇǇŜŘΣ ŜǾŜƴ in Beta; BizTalk suffered the double 

http://www.microsoft.com/downloads/details.aspx?FamilyId=C88BA2D1-CEF3-4149-B301-9B056E7FB1E6&displaylang=en
http://www.microsoft.com/downloads/details.aspx?FamilyId=C88BA2D1-CEF3-4149-B301-9B056E7FB1E6&displaylang=en
http://www.softinsight.com/downloads/SmartClientOfflineDataCachingandSync.pdf


whammy of being not-quite-ready-for-primetime and brutally expensive. Web Services standards were in their 

infancy ς W3C was just getting SOAP standardization underway, and the Bill & Steve Web Services Strategy 

announcement was still 6 months away. Windows 2000 was shipping, but not ubiquitous ς most people were 

running some form of Windows 98 on the desktop, with NT4 as the dominant Windows server platform. I 

remember a long debate about whether to go with IBM DB2 (who he?) or this new SQL Server 2000 thing, 

which looked quite good on paper (so good, in fact, that it is only now, 8 years later, that we have dropped 

support for it ς ŀƴŘ ǘƘŀǘΩǎ ƻƴƭȅ ǘƻ ǇǳǎƘ ŀ ŦŜǿ ƭŀƎƎŀǊŘǎ ǘƻǿŀǊŘǎ {v[нƪр ǎƻ ǿŜ Ŏŀƴ ǘŀƪŜ ŀŘǾŀƴǘŀƎŜ ƻŦ ƛǘǎ ƴŜǿ 

features).  

This ZD Net article by Mary Jo Foley from mid-2000 captures the zeitgeist pretty well ς characterizing what is 

ǊŜŀƭƭȅ ǘƘŜ Φb9¢ ŦǊŀƳŜǿƻǊƪκƳŀƴŀƎŜŘ ŎƻŘŜ ǎǘǊŀǘŜƎȅ ŀǎ άŀŘŘƛƴƎ ȄƳƭέ ǘƻ aƛŎǊƻǎƻŦǘΩǎ ŜȄƛǎǘƛƴƎ ǇǊƻŘǳŎǘ ǊŀƴƎŜ: 

http://news.zdnet.co.uk/software/0,1000000121,2079351,00.htm  

Even so, the period 2000-2002 was hugely productive for us. Our backgrounds were in C++/COM/ATL, and the 

productivity gains from moving to the managed environment were spectacular. 

The transition to .NET 1.1 in 2003 was essentially seamless ς it was effectively the bugs-shaken-out-and-ready 

for prime-time version of the .NET product, and it (not-coincidentally!) coincided with the public release of our 

new .NET-based product; 1.0 -> 1.1 was just a recompile for us. 

Even the transition to .NET 2.0 in 2005/6 did not invite huge changes to our existing infrastructure. We 

exposed a few of our services through MS WSE, and took advantage of features like generics for new code. We 

also, for the first time, exposed some of our functionality through an ASP.NET 2.0 web application. In fact, the 

biggest driver for change at this time was actually getting it to build! Our highly-pluggable client tier had led to 

an (unnecessary) proliferation of assemblies to support a deployment granularity that was never needed, and 

the upgrade wizard choked horribly on our solution, ultimately consuming more GDI handles than the system 

allowed (a άbugέ that is still in the product today). Where the 1.1 Visual Studio had been able to load and build 

the app (however slowly), VS2005 was deeply unhappy. But we still ŘƛŘƴΩǘ ƘŀǾŜ ǘƻ ƳŀƪŜ ŀƴȅ ǊŜŀƭ ŎƻŘŜ ŎƘŀƴƎŜǎΣ 

or choices about the direction of the technology. 

.NET 3.x was a different story. During 2004-2005 it became clear that the next generation technologies like 

Indigo (WCF) and Avalon (WPF) would be game-changing, and would require us to make some fundamental 

changes in thinking to make best use of the technology. After PDC2005, we started looking at it in some detail, 

and, during 2006, built some demonstrator components ς basically some experiments with the data binding 

and graphics models, and some deep thinking about the right abstraction for the messaging and 

communications interface.  

2007 saw us implement a couple of client components using WPF (a medical movie player with features like 

ǊƻǾƛƴƎ ȊƻƻƳ ŀƴŘ ǎƻƳŜ ƛƳŀƎŜ ǇǊƻŎŜǎǎƛƴƎΣ ŀƴŘ ŀ ŎƭƻƴŜ ƻŦ ±ƛǎǘŀΩǎ ŎŀƭŜƴŘŀǊ ŎƻƴǘǊƻƭύΣ ŀƴŘ ǊŜ-exposing our image 

storage web service using WCF.  

Comfort with that led to the decision to put both feet in the water and get a bit wetter; which brings us back to 

that ōƛƎ ǎƻǳǊŎŜ ǊŜǇƻǎƛǘƻǊȅ ŀƴŘ ŀ ōǳƴŎƘ ƻŦ ǎŎŜƴŀǊƛƻǎ ǘƻ ƛƳǇƭŜƳŜƴǘΧ  

http://news.zdnet.co.uk/software/0,1000000121,2079351,00.htm


SMART CLIENT 

5ǳǊƛƴƎ ǘƘŜ ǇǊƻǘƻǘȅǇƛƴƎΣ ǿŜ ŘƛŘƴΩǘ ǊŜŀƭƭȅ start in one particular tier and make decisions in isolation ς we looked 

at the problem in-the-round in order to see how choices made in the data tier, say, might influence decisions 

made at the client. However, we have to start the story ǎƻƳŜǿƘŜǊŜΣ ǎƻ LΩll start with the client. 

!ǎ L ƳŜƴǘƛƻƴŜŘ ŀōƻǾŜΣ ǿŜ ŎƻǳƭŘƴΩǘ Ǉƻǎǎƛōƭȅ ǘŀƪŜ ǘƘŜ Ǌƛǎƪ ƻŦ ōǳƛƭŘƛƴƎ ŀ ǿƘƻƭŜ ƴŜǿ ǊƛŎƘ ŎƭƛŜƴǘ ŀǇǇ ŦǊƻƳ ǘƘŜ 

ground up in one go ς we need to embrace, extend and replace our existing functionality piece by piece. 

The logical conclusion from this is that there is going to be some kind of interoperability with Windows Forms 

ǊŜǉǳƛǊŜŘΦ .ǊƛƴƎ ƻƴ ŎƘƻƛŎŜ ƴǳƳōŜǊ мΧ 

Do we host our new WPF components in the existing Windows Forms shell, or do 

we build a new WPF application shell and host our existing Windows Forms 

components in it? 

This is not the totally trivial question it might seem. If you are in a Windows Forms host, then there are 

implications for WPF dialog ownership relationships, application level WPF resources and Application services. 

!ƴŘ ǘƘŜǊŜΩǎ ŀƴ ŀƭǘŜǊ-ego set of problems for the Windows Forms components if they are hosted in a WPF 

world. Some of them are detailed here http://blogs.msdn.com/scoberry/archive/2006/09/01/735844.aspx.  

This is also a very useful piece of knowledge if you are going to show dialogs in an interop world. 

http://blogs.windowsclient.net/rendle/archive/2008/03/13/wpf-windows-forms-interop-showdialog-

extension-method.aspx 

(And it works backwards too; you can use WindowInteropHelper to set the Owner of a WPF dialog to a 

Windows Forms window handle.) 

During the prototype stage we decided that it was going to be easier if we stuck to a Windows Forms 

application shell, and hosted our WPF UI within that. There are a couple of reasons for this. First, the 

Appointment Booking component we planned to build would take over the entire host when the workflow was 

launched by the user ς essentially the AppShell was just providing window chrome at that stage. Second, some 

of the existing Windows Forms components really depend on their Windows Forms application object, and 

theǊŜΩǎ ǎƻƳŜ ƭƻǿ-level Win32 stuff going on. Although, at some point, it will be relatively straightforward to 

swap out those dependencies, one of our QoS requirements was to minimize impact on the existing codebase. 

We already had some things in mind that were going to have relatively far-reaching consequences, so we 

decided to play it safe in this particular area, and move on. 

http://blogs.msdn.com/scoberry/archive/2006/09/01/735844.aspx
http://blogs.windowsclient.net/rendle/archive/2008/03/13/wpf-windows-forms-interop-showdialog-extension-method.aspx
http://blogs.windowsclient.net/rendle/archive/2008/03/13/wpf-windows-forms-interop-showdialog-extension-method.aspx


MODEL VIEW CONTROLLER/PRESENTER 

The second fundamental question was about the presentation architecture itself. The particular variant of the 

MVC pattern that we hit upon looks like this: 

ViewModel

Business 

Objects

Controller

FrameworkElement

View

Services

«uses»

DataContext

{Command}

{PropertyChanged}

 

So essentially, it is an example of the supervising controller/presenter pattern 

(http://martinfowler .com/eaaDev/SupervisingPresenter.html) which you see a lot in the WPF world.  

¢ƘŜ ŎƻƴǘǊƻƭƭŜǊ ƛǎ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ άŘƛŦŦƛŎǳƭǘ ǎǘǳŦŦέ ς interactions with the services, maintaining complex model 

state. 

The view is not entirely passive ς it is data binding to the ViewModel (and occasionally doing just a little bit 

ƳƻǊŜ ǘƘŀƴ ǘƘŀǘΣ ƛŦ ƛǘ ƛǎ ŀƭƭ άǾƛŜǿ-state-ƛǎƘέ ǎǘǳŦŦύΦ  

The model is a big bag of information, capable of performing validation on itself, and providing some simple 

derived property logic. 

LŜǘΩǎ ƭƻƻƪ ŀǘ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜǎŜ ƛƴ ŀ ōƛǘ ƳƻǊŜ ŘŜǘŀƛƭΦ 

VIEW 

The first thing to note is that the view has no special constraints ς it is just a FrameworkElement; we opted for 

FrameworkElement rather than UIElement, Visual or object, because we want its DataContext property. ¢ƘŀǘΩǎ 

how we bind it to the ViewModel. We thought about abstracting this stuff away behind some 

IView.DataContext, but, frankly, that seemed like an unnecessary indirection ς if we need to present some new 

ƪƛƴŘ ƻŦ ǾƛŜǿΣ ǿŜΩǾŜ Ǝƻǘ another extensibility point for that (see below). 

The view is pretty simple-minded. It is bound to a ViewModel by way of its DataContext, and it can respond to 

changes in that model, or update things in that model.  

¸ƻǳ ƪƴƻǿ ȅƻǳΩǾŜ Ǝƻǘ ȅƻǳǊ ǾƛŜǿ ŀōƻǳǘ ǊƛƎƘǘ ƛŦ ǘƘŜǊŜΩǎ ǇǊŜǘǘȅ ƳǳŎƘ ƴƻ ŎƻŘŜ ōŜƘƛƴŘΣ ŀƴŘ ǿƘŀǘ ǘƘŜǊŜ ƛǎ ƻƴƭȅ ŘŜŀƭǎ 

with things like layout and animation. 

²ƘƛƭŜ ǿŜΩǊŜ ƻƴ ǘƘŀǘ ǎǳōƧŜŎǘΣ ŀ ŦŜǿ ƴƻǘŜǎ on views and visual complexity, and then a brief discussion of 

animation. 

http://martinfowler.com/eaaDev/SupervisingPresenter.html


VISUAL COMPLEXITY 

At the moment, there are a huge number of machines out there that are just on the edge of supporting WPF 

properly. When you are designing your visuals, try to implement something as simply as possible, using the 

simplest possible containers, and with as few visual elemŜƴǘǎ ŀǎ ȅƻǳ ŎŀƴΣ ǘƻ ŀŎƘƛŜǾŜ ǘƘŜ ǎǘȅƭŜ ȅƻǳΩǊŜ ƭƻƻƪƛƴƎ 

for. Little tricks like using a TextBlock instead of a Label can save you vast numbers of elements in your tree. 

¢ƘŜǊŜΩǎ ŀ ǿƘƻƭŜ ǊŀŦǘ ƻŦ ǳǎŜŦǳƭ ǇŜǊŦƻǊƳŀƴŎŜ ƴƻǘŜǎ in a document up on MSDN; it is well worth referring to this 

ǿƘŜƴ ȅƻǳΩǊŜ ŘƻƛƴƎ ŀ ǇŜǊŦƻǊƳŀƴŎŜ ǊŜǾƛŜǿΦ (And it is certainly worth doing performance reviews with the 

developers on a variety of different hardware, and documenting specific QoS requirements for your visuals) 

http://msdn.microsoft.com/en-us/library/aa970683.aspx  

ANIMATION 

There are a number of useful tricks and tips when it comes to animation. 

The most import thing is to use animation sparingly (but effectively). 400-600ms or so of subtle animation is 

extremely useful for covering up a round trip to the middle tier in some background operation, or indicating a 

transitiƻƴ ŦǊƻƳ ƻƴŜ ǇǊƻŎŜǎǎ ǘƻ ŀƴƻǘƘŜǊΤ ŘƻƴΩǘ ŜȄǇŜŎǘ ǘƘŜƳ ǘƻ ōŜ ǎƳƻƻǘƘ ŀǎ ǎƛƭƪΣ ǘƘƻǳƎƘΦ A 3D rendering of the 

trench sequence from Star Wars where you substitute the exhaust vent at the end with your next modal dialog 

might look great on your Quad Core Dev box, but it is going to be awful on the 4 year old laptop with an 

Integrated Graphics processor. It may also, just possibly, violate some of your corporate style guidelines and 

present usability issues. 

In addition to these high-ƭŜǾŜƭ ƳŀǘǘŜǊǎ ƻŦ ǇǊƛƴŎƛǇƭŜΣ ǘƘŜǊŜ ŀǊŜ ŀ ŦŜǿ ŘŜǘŀƛƭǎ ǿŜΩǾŜ ŘƛǎŎƻǾŜǊŜŘ ŀƭƻƴƎ ǘƘŜ ǿŀȅΦ 

aŀƪŜ ǎǳǊŜ ǘƘŀǘ ȅƻǳΩǾŜ Ǝƻǘ ǘƘŜ ƭŀǘŜǎǘ άƪƴƻǿƴ ƎƻƻŘέ ǾŜrsion of any graphics drivers on the target machines. 

Lots of weird bugs (like flickering, flashing and general misery) are down to the drivers. 

Messing with the RenderTransform is much, much cheaper than messing with the LayoutTransform. Because it 

ŘƻŜǎƴΩt participate in the layout process, doing little zooms and rotates with the RenderTransform is a cheap 

and simple way of providing some visual feedback to the user as they interact with the system. 

But even then, it can be too much like hard work for your machine. LŦ ȅƻǳΩǾŜ Ǝƻǘ ƳƻǊŜ ǘƘŀƴ ŀ ŦŜǿ ǎƛƳǇƭŜ 

visuals in the tree ǳƴŘŜǊ ǘƘŜ ŜƭŜƳŜƴǘ ȅƻǳΩǊŜ ŀƴƛƳŀǘƛƴƎΣ ŘƻƴΩǘ ǘǊȅ ǘƻ ŀƴƛƳŀǘŜ ƛǘ ŘƛǊŜŎǘƭȅΦ When you want to start 

the animation, render the element to a bitmap, and replace it in the tree with an image displaying that bitmap. 

Something like this: 

Rect  bounds = VisualTreeHelper .GetDescendantBounds(element);  
RenderTargetBitmap  renderBitmap =  
  new RenderTargetBitmap (  
    ( int )bounds.Right,  
    ( int )bounds.Bottom,  
    96.0, 96.0,  
    PixelFormats .Pbgra32);  
 
DrawingVisual  dv = new DrawingVisual ();  
 
using  ( DrawingContext  ctx = dv.RenderOpen())  
{  
    VisualBrush  vb = new VisualBrush (element);  
    ctx.DrawRectangle(vb, null , bounds);  
}  
 
renderBitmap.Render(dv);  

http://msdn.microsoft.com/en-us/library/aa970683.aspx


 
Image image = new Image { Source = renderBitmap };  
image.Stretch = Stretch .UniformToFill;  
image.Width = renderBitmap.Width;  
image.Height = renderBitmap.Height;  

You can put the element back again once the animation has finished (if required). Storyboard.Completed is 

your friend. A little caveat, though ς the Storyboard is not the sender of that event, the ClockGroup is. ¸ƻǳΩƭƭ 

need a piece of code like this to retrieve the original storyboard.  

Storyboard  storyboard = (sender as ClockGroup ).Timeline as Storyboard ;  

!ƴŘ ȅƻǳΩƭƭ ƴŜŜŘ ǘƻ ƎƛǾŜ ƛǘ ŀ ƴŀƳŜΣ ƛŦ ȅƻǳ ǿŀnt to check which storyboard has just come back to you. You have 

to be a little careful about how you name it, if you want to avoid a runtime exception ς the framework 

performs some validation to make sure it is safe to use as a field name in C#/VB. 

Also, ŘƻƴΩǘ ōŜ ŀŦǊŀƛŘ ƻŦ ǎŜǘǘƛƴƎ ǳǇ ŀƴŘ ǘǊƛƎƎŜǊing your animations in the code behind. For animations based on 

size and position it is often easier to do that, rather than struggling with value converters and XAML. This is a 

good, general principal ς ²tC ŘƻŜǎƴΩǘ mean XAML; if the code is more expressive, use the code. (For example, 

you might set up any event handlers you use in code, rather than mark-up, as the actual handlers themselves 

will be code too.) 

Finally, I want to make a couple of observations about animation and render quality.  

If you apply a ScaleTransform to an element containing text, then there is absolutely no guarantee it will ever 

ƭƻƻƪ ǊƛƎƘǘ ŀƎŀƛƴΤ ǘƘƛǎ ƛǎ ŀ άŦŜŀǘǳǊŜέ ƻŦ ǘƘŜ ǎȅǎǘŜƳ ǿƘƛŎƘ Ƙŀǎ ōŜŜƴ noted for a while, and is definitely better as 

of 3.5SP1, but still not fixed. You will be familiar with the fact that the text rendering is reduced in quality 

when animation is underway, but you may not realize that the engine sometimes fails to render text properly, 

ŜǾŜƴ ŀŦǘŜǊ ƛǘ Ƙŀǎ ǎǿƛǘŎƘŜŘ ōŀŎƪ ǘƻ άōŜǎǘ ǉǳŀƭƛǘȅέ ƳƻŘŜΦ  

If you have significant amounts of text ς especially if that text is rendered at small (<12pt) sizes ς then using 

the bitmap animation technique is highly advisable, as it will allow you to avoid this problem. 

In general, you will also want to ensure that you enable SnapsToDevicePixels for your UI. It makes the whole 

thing look crisper, at the expense of a small amount of positioning fidelity. It is inherited right down the tree, 

so you only ƴŜŜŘ ǘƻ ǎŜǘ ƛǘ ŀǘ ǘƘŜ ǘƻǇ ƭŜǾŜƭ ƻŦ ȅƻǳǊ ¦L όǿƛǘƘ ŀ ŦŜǿ ŎŀǾŜŀǘǎύΦ ¢ƘŜǊŜΩǎ ŀ Ǉƻǎǘ ŀōƻǳǘ ƛǘ ƘŜǊŜΦ 

http://www.thejoyofcode.com/Infinite_Resolution_and_SnapsToDevicePixels.aspx 

Somewhat off-ǘƻǇƛŎΣ ōǳǘ ƴƻǘŜ ǘƘŀǘ ǘƘƛǎ ƛƴƘŜǊƛǘŀƴŎŜ ŘƻŜǎƴΩǘ ǎŜŜƳ ǘƻ ǿƻǊƪ ƛƴ {ƛƭǾŜǊƭƛƎƘǘΤ ȅƻǳ ƘŀǾŜ ǘƻ Ƴŀnually 

set it on every element. 

DESIGN 

Visual design is a vexed question for developers and designers alike. You only have to look at the shocking 

state of the web to realize that good UX designers are few and far between. Sometimes it looks slick, at the 

expense of usability (good use of whitespace in a harmonious layout is great; only being able to see 3 patients 

in a list of 100 ōŜŎŀǳǎŜ ǘƘŜǊŜΩǎ ƭƻads of whitespace around them is not-so-great). Sometimes it looks like death 

on a plate, yet still conveys information really clearly. Sometimes it achieves a Tufte-esque ideal of both. 

(http://en.wi kipedia.org/wiki/Edward_Tufte) 

DŜǘǘƛƴƎ ŘŜǾŜƭƻǇŜǊǎ ŀƴŘ ŘŜǎƛƎƴŜǊǎ ǘƻƎŜǘƘŜǊ ǘƻ ǘŀƭƪ ǘƘŜ ǎŀƳŜ ƭŀƴƎǳŀƎŜ ƛǎ ƘŀǊŘΣ ŀƴŘ L ŎŀƴΩǘ ǎŀȅ ǿŜΩǊŜ ŀƴȅǿƘŜǊŜ 

close to the answer. 

http://www.thejoyofcode.com/Infinite_Resolution_and_SnapsToDevicePixels.aspx
http://en.wikipedia.org/wiki/Edward_Tufte


IƻǿŜǾŜǊΣ ǘƘŜǊŜ ŀǊŜ ǎƻƳŜ ǎǇŜŎƛŦƛŎ ŎƻƴǎǘǊŀƛƴǘǎ ǿŜΩǊŜ ǿƻǊƪƛƴƎ ǳƴŘŜǊ ōŜŎŀǳǎŜ ǿe are integrating into an existing 

app. Fundamentally, wŜ ŎƻǳƭŘƴΩǘ ƳŀƪŜ ǘƘŜ new stuff look totally and utterly different from the rest of it.  The 

contextual shock would have been too high, and users would have found it very difficult to use. 

!ǎ ƛǘ ƘŀǇǇŜƴǎΣ ǿŜΩǾŜ Ƨǳǎǘ ōŜŜƴ ǘƘǊƻugh a corporate rebranding exercise. We have a new style guide, and that 

needed to be applied to the old app too, which gave us a little more scope for change. (That was one of the 

άŎƻƴǎƻƭƛŘŀǘƛƻƴέ ǇǊƻƧŜŎǘs I mentioned at the beginning.) But basically, our buttons and layout had to chime with 

what was there already, and not stick out like a sore thumb.  

Our plan is to gradually evolve the design over time, and bring the corporate websites, applications and other 

branding elements more and more tightly together. This is a start, but by no means the end, and educating our 

(freelance) graphics designers about what we need, and what the constraints are, is going to take time. 

Initially, we worked out some scamps of the basic workflow and UI that make up a part of the user-experience 

on paper, and then a low-fidelity mockup in Windows Forms ς no functionality beyond basic form-opening 

micro-workflows. 

 

²Ŝ ǳǎŜ ǘƘŜ ²ƛƴŘƻǿǎ CƻǊƳǎ ŘŜǎƛƎƴŜǊ ǊŀǘƘŜǊ ǘƘŀƴΣ ǎŀȅΣ ±ƛǎƛƻΣ ōŜŎŀǳǎŜ ƛǘ ƎƛǾŜǎ ŀ ƳƻǊŜ άƭƛŦŜ-likeέ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ 

of the physical UI, and is marginally easier to add example data to lists. In the future, we might try using Cider 

or Blend for this bit, although one reason we picked the Windows Forms designer for the mockup is that there 

could be no temǇǘŀǘƛƻƴ ǘƻ άŀŎŎƛŘŜƴǘŀƭƭȅέ ǳǎŜ ǘƘŜ ƳƻŎƪǳǇ ŀǎ ǘƘŜ ǊŜŀƭ ǘƘƛƴƎΗ 

We tried these out with customer representatives and iterated the design to the point where it was clear what 

the basic components would be, where they would appear on screen, and how we would work through the 

application workflow, as we started each of the common success scenarios. 

We then built the entire application constrained by these basic frameworks, but without any styling or real 

thought to overall look, animation etc. 

As we completed the basic logic of a component, we would then hand it over to someone else to style and 

perform the detailed layout and presentation. This could usually be achieved by changes to XAML and with 

reference to a common ResourceDictionary, but would occasionally require a return to the developer to tweak 

some code in the Views (particularly to help trigger more complex animations based on the existing layout), or 

to break out some embedded functionality into a sub-module. 

This developer-to-designer workflow is enabled, fundamentally, by the UX designer and developer working 

together at the outset to get the workflow and basic layouts right. Everything else follows from that. If you 

have to make changes to the underlying layout or workflow, it requires considerably more cooperation 

between designer and developer. 

L ǘƘƛƴƪ ǿŜΩǾŜ all got a lot to learn in this regard. If I have one recommendation, it is to try everything with both 

new and existing users of your system, and get feedback as early and as often as possible. 



¢ƘŀǘΩǎ ƳƻǊŜ ǘƘŀƴ ŜƴƻǳƎƘ ŀōƻǳǘ ŘŜǎƛƎƴΦ [ŜǘΩǎ ƎŜǘ ōŀŎƪ ǘƻ ǿƘŀǘ ǾƛŜǿǎ ŀŎǘǳŀƭƭȅ ŘƻΦ 

VIEWS BIND TO MODELS 

We chose to bind to objects, instead of, say, XML (for which there is a considerable overhead) or Datasets (no, 

ƴƻ ƳƻǊŜΣ ǇƭŜŀǎŜΗ ²ŜΩǾŜ ŘƻƴŜ ƻǳǊ ǘƛƳŜΧύΦ Lƴ the section on the ViewModel ōŜƭƻǿΣ ȅƻǳΩƭƭ ǎŜŜ Ƙƻǿ ǿŜ Ǝƻ ŀōƻǳǘ 

that, with the aid of INotifyPropertyChanged. 

We also make quite liberal use of ValueConverters to transform from the source type to something more 

suitable for the visual. Often this is simple String.Format stuff ς and if you have the luxury of targeting .NET3.5 

SP1 you can avoid the value converter completely with the new StringFormat property on the Binding. 

One thing to be careful of, though, especially when using value converters: make sure that the binding is 

notified when any of the properties change that contributes to the final value of the binding. 

{ŀȅ LΩƳ ōƻǳƴŘ ǘƻ ŀ Name object that has two properties FirstName and LastNameΣ ŀƴŘ LΩǾŜ Ǝƻǘ ŀ ǾŀƭǳŜ 

converter that concatenates those properǘƛŜǎ ǘƻ ǇǊƻŘǳŎŜ ŀ ǇǊŜǘǘȅ ά[ŀǎǘbŀƳŜΣ CƛǊǎǘbŀƳŜέ ǎǘǊƛƴƎ ǘƻ ŘƛǎǇƭŀȅΦ  

All is well if the whole name changes (i.e. the reference is updated); but if just the LastName or FirstName 

changes, then you are in trouble. 

There are a couple of ways around this. The first is to use a MultiBinding and an IMultiValueConverter, and 

bind to all the necessary components (root element, and each of the properties). 

The other is to create a derived property on your class ς say FormattedName and raise a property changed 

event for it when any of its constituent properties change ς something like this. 

        private  string  _firstName;  
        public  string  FirstName  
        {  
            get  { return  _firstName; }  
            set   
            {  
                if  (_firstName != value )  
                {  
                    _firstName = value ;  
                    RaisePropertyChanged( "FirstName" );  
                    RaisePropertyChanged( "FormattedName" );  
                }  
            }  
        }  
 
        private  string  _lastName;  
        public  string  LastName 
        {  
            get  { return  _lastName; }  
            set   
            {  
                if  (_lastName != value )  
                {  
                    _lastN ame = value ;  
                    RaisePropertyChanged( "LastName" );  
                    RaisePropertyChanged( "FormattedName" );  
                }  
            }  
        }  
 
        public  string  FormattedName 
        {  
            get  
            {  
                return  string .Format( "{0}, {1}" , LastName, FirstName);  



            }  
        }  

¢ƘŜǊŜ ŀǊŜ ŀŘǾŀƴǘŀƎŜǎ ŀƴŘ ŘƛǎŀŘǾŀƴǘŀƎŜǎ ǘƻ ōƻǘƘΦ ¢ƘŜ ƳǳƭǘƛōƛƴŘƛƴƎ ƻǇǘƛƻƴ ƳŜŀƴǎ ȅƻǳ ŘƻƴΩǘ Ǉŀȅ ŦƻǊ 

unnecessary PropertyChanged events that no-one is interested in, and you certainly avoid a proliferation of 

dozens of derived properties in your business objects for every type of formatting your UI needs. 

hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǎƻƳŜ ƧǳŘƛŎƛƻǳǎ άŎŀƴƻƴƛŎŀƭ ŦƻǊƳŀǘέ ŘŜǊƛǾŜŘ ǇǊƻǇŜǊǘƛŜǎ ŜƴŎƻǳǊŀƎŜ ŎƻƴǎƛǎǘŜƴŎȅ ƛƴ ǘƘŜ 

application, and simplify the code you write in the client tier. They also make those canonical formats more 

easily available in other tiers ς for logging purposes, perhaps. 

VIEWS EXECUTE COMMANDS 

Rather than raising and handling events in the old Windows Forms way, we have a new, higher-level 

abstraction ς the command.  Our views execute commands to request actions in response to user activity. 

¢ƘŜǎŜ ŎƻƳƳŀƴŘǎ ŀǊŜ ǘȅǇƛŎŀƭƭȅ ƘŀƴŘƭŜŘ ōȅ ǘƘŜ ǾƛŜǿΩǎ ŎƻƴǘǊƻƭƭŜǊΣ ƻǊ ǎƻƳŜ ǇŀǊŜƴǘ ƻŦ ǘƘŀǘ ǾƛŜǿΩǎ ŎƻƴǘǊƻƭƭŜǊΦ  

It is worth noting that we have opted to use regular common-or-garden WPF RoutedCommands for this. 

This is by no means the only option.  

The Microsoft WPF Composite Application Guidance (http://msdn.microsoft.com/en-

us/library/cc707819.aspx), amongst other app frameworks, provides an alternative commanding abstraction ς 

through a command broker of some kind, allowing various different pub/sub mechanisms for these kinds of 

events. Again, this offers a more sophisticated palette of options than regular commands. 

Why do they do this? Chiefly, it is done to avoid having to couple the Controller to the View. WPF routed 

commands are handled by binding to something in the visual tree, and so you end up with some presentation 

code mixed in to the controller. The composite application guidance encourages an infrastructure that allows 

you to avoid this. A good explanation (and another approach to creating this kind of binding, using the WPF 

commanding infrastructureύ ƛǎ ŦƻǳƴŘ ƛƴ WƻǎƘ {ƳƛǘƘΩǎ /ƻŘŜtǊƻƧŜŎǘ ŀǊǘƛŎƭŜ 

http://www.codeproject.com/KB/WPF/VMCommanding.aspx. 

In our infrastructure, the Controller is given an instance of its view in addition to its model, and it adds 

CommandBindings tƻ ǘƘŀǘ ǾƛŜǿΩǎ ŎƻƭƭŜŎǘƛƻƴΦ It does mean that you cannot bind several views to the same 

controller (although they can, of course, share the same model, or be sub-components of the main view); 

should this be necessary, we would refactor to use a one-to-many abstraction. 

¢ƘŜǊŜ ŀǊŜ ƻōǾƛƻǳǎ ƭƛƳƛǘŀǘƛƻƴǎ ǘƻ ǘƘƛǎΤ ƛƳǇƭŜƳŜƴǘƛƴƎ ά{ŀǾŜ !ƭƭέ ƛƴ ŀ ŎƻƳǇƭŜȄ ŀǇǇƭƛŎŀǘƛƻƴΣ ŦƻǊ ƛƴǎǘŀƴŎŜΣ ǿƻǳƭŘ 

appear to be difficult ς how do we get all the peers to collaborate without something like the composite 

command from the composite app guidance? 

Our solution to this is through composition support ƛƴ ǘƘŜ /ƻƴǘǊƻƭƭŜǊ ƛǘǎŜƭŦΣ ǿƘƛŎƘ ǿŜΩƭƭ ŘƛǎŎǳǎǎ ōŜƭƻǿΦ First, 

though, a quick look at the ViewModel. 

VIEWMODEL 

The ViewModel aggregates all of the information needed for a particular controller to do its job. It implements 

INotifyPropertyChanged, and exposes its content as properties, in order to support the WPF data binding 

infrastructure, along with the binding validation mechanism. 

http://msdn.microsoft.com/en-us/library/cc707819.aspx
http://msdn.microsoft.com/en-us/library/cc707819.aspx
http://www.codeproject.com/KB/WPF/VMCommanding.aspx


¢Ƙŀǘ ǎǘŀǘŜƳŜƴǘΥ άŀƎƎǊŜƎŀǘŜǎ ŀƭƭ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ƴŜŜŘŜŘ ŦƻǊ ŀ ǇŀǊǘƛŎǳƭŀǊ ŎƻƴǘǊƻƭƭŜǊ ǘƻ Řƻ ƛǘǎ Ƨƻōέ ƛǎ ǾŜǊȅ 

important indeed. ViewModels hold information from the services, shredded, aggregated and transformed in 

whatever ways are necessary to make them most palatable to the presentation layer (controller & view). They 

never, ever, get serialized across a service boundary. 

VALIDATION 

±ŀƭƛŘŀǘƛƻƴ ƛǎ ŀƭǿŀȅǎ ŀ ǘǊƛŎƪȅ ǇǊƻōƭŜƳΦ ²ŜΩǾŜ ŎƘƻǎŜƴ ǘƻ Ǝƻ Řƻǿƴ ǘƘŜ ǊƻǳǘŜ ƻŦ ƛƳǇƭŜƳŜƴǘƛƴƎ IDataErrorInfo on 

our entities, and specifying ValidatesOnDataErrors=True on the bindings ƛƴ ǘƘŜ ¦LΦ hƴ ǘƘŜ ǿƘƻƭŜΣ ǿŜΩǾŜ ŀƭǎƻ 

chosen to go for UpdateSourceTrigger=PropertyChanged, to ensure that you get validation-as-you-type 

behaviour. While this can have performance iǎǎǳŜǎ ŦƻǊ ǾŜǊȅ ƭŀǊƎŜ ƴǳƳōŜǊǎ ƻŦ ōƛƴŘƛƴƎǎΣ ǿŜ ŘƻƴΩǘ ǎŜŜ ŀƴȅ 

problems with the typical number of active, editable things in our app, and it provides more immediate 

response to the user when there are errors. Your mileage may vary. 

¢ƘŜǊŜΩǎ ŀ ƎƻƻŘ ŀǊǘƛŎƭŜ ŀōƻǳt IDataErrorInfo in WPF binding here: 

http://www.thejoyofcode.com/New_in_WPF_3_5_2_Support_for_IDataErrorInfo.aspx  

To make it easier to use, ǿŜΩǾŜ ŎǊŜŀǘŜŘ ŀ ƘŜƭǇŜǊ Ŏƭŀǎǎ ǘƻ ǎǳǇǇƻǊǘ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ IDataErrorInfo, called, 

imaginatively enough, DataErrorInfoHelper. It has methods that let you get/set validators on particular 

properties in the Model, and then you call its Validate() and ValidateAll() methods from the relevant methods 

in the IDataErrorInfo interface. These validator objects implement an IValidate ƛƴǘŜǊŦŀŎŜΣ ŀƴŘ ǿŜΩǾŜ ŎǊŜŀǘŜŘ ŀ 

whole heap of useful validators (usually derived from an abstract Validator<T> base to help with some strong 

typing). Things like DataRangeValidator, RequiredObjectValidator, RequiredStringValidator, 

StringLengthValidator, DataErrorValidator όǘƘƛǎ ƭŀǎǘ ƻƴŜ ŜŦŦŜŎǘƛǾŜƭȅ ŎƘŀƛƴǎ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ǘƻ ǎƻƳŜ ƻǘƘŜǊ ƻōƧŜŎǘΩǎ 

IDataErrorInfo implementation). They are simple to implement ς you only need to override one method ς and 

you can optionally set up a default error message.  

IŜǊŜΩǎ ǘƘŜ ƻƴŜ ŦǊƻƳ StringLengthValidator for your entertainment. 

        public  override  string  Validate( string  item)  
        {  
            if  ( string .IsNullOrEmpty(item))  
            {  
                return  ErrorMessage;  
            }  
            return  string .Empty;  
        }  

!ƴŘ ƘŜǊŜΩǎ Ƙƻǿ ǿŜ ǎŜǘ ǳǇ ǘƘŜ ǾŀƭƛŘŀǘƛƻƴ ŦƻǊ ŀ ǇŜǊǎƻƴΩǎ ŦƛǊǎǘ ƴŀƳŜΦ Note that for stateless validators (like 

RequiredStringValidatorύ ǿŜΩǊŜ ǳǎƛƴƎ ǎǘŀǘƛŎ ǎƛƴƎƭŜǘƻƴ ƛƴǎǘŀƴŎŜǎ ƻŦ ǘƘŜ ǾŀƭƛŘŀǘƻǊ ƻōƧŜŎǘΦ [ƻǘǎ ŀƴŘ ƭƻǘǎ ƻŦ 

validators get created, and it is easier on the working set this way. We might refactor things like 

StringLengthValidator in future to maintain a cache based on the length of the string, for the same reason.  

SetValidator( "FirstName" ,  
                new IValidator []  

              {  
                    new StringLengthValidator   

                  { MaxLength = NameStringPropertyLengths .Forename },  
                    RequiredStringValidator .Instance,   
                    NoLeadingTrailingWhiteSpaceValidator .Instance  
               });  

¢ƘŜǊŜΩǎ ŀƴother obvious future extensibility point here, in that these validators could be applied through 

configuration, allowing you to change some of these fairly low-level business rules without 

http://www.thejoyofcode.com/New_in_WPF_3_5_2_Support_for_IDataErrorInfo.aspx


recompilation/redeployment. We have another IValidator implementation that uses a simple rule language, 

loaded from external rule files to allow you to do this, if you need to. 

Why did we roll our own IValidator-type infrastructure? We could have used something like the Validation 

Application Block from the MS Enterprise Library (http://msdn.microsoft.com/en-us/library/cc309509.aspx); or 

gone down a route more WPF-ish like this (http://www.codeplex.com/wpfvalidation). 

Dealing with the second one first ς ǿŜ ŘƻƴΩǘ ƭƛƪŜ ǘƘƛǎ ŀǇǇǊƻŀŎƘΣ ōŜŎŀǳǎŜ ƛǘ ƛƴǎŜǊǘǎ ǘƘŜ ǾŀƭƛŘŀǘƛƻƴ ǊǳƭŜǎ ƛƴǘƻ ǘƘŜ 

View, rather than the business object model. It discourages sharing of rule sets between tiers, and that leads 

to all sorts of subtle but potentially fatal bugs. 

!ǎ ǘƻ ǿƘȅ ǿŜ ŘƛŘƴΩǘ ǳǎŜ ǘƘŜ a{ 9ƴǘŜǊǇǊƛǎŜ [ƛōǊŀǊȅ ōƭƻŎƪΚ ²Ŝ ǘƘƛƴƪ ƛǘ ƛǎ ǇǊŜǘǘȅ ƎƻƻŘΤ ƛǘ ŘƻŜǎ ŜǾŜǊȅǘƘƛƴƎ ƻǳǊ 

validation framework does, and a bit more; it is moderately simple; it is going to be used (and therefore 

tested) by more people than will ever use our home-grown code. All compelling reasons to go that way. In 

fact, if you want to know how our infrastructure works, have a look at it. It is spookily (but coincidentally) 

similar. 

However, we have much of this validation infrastructure already, in the Windows Forms app; it has been 

thoroughly tested in production (for robustness, functionality and performance), so there is no compelling 

reason to change, with all the risk that involves. If I was starting from scratch or dissatisfied with my own 

implementation, I would probably pick the Validation App Block, but as it is, we maintained the status quo. 

VALIDATION DECORATORS ς A CAVEAT 

¢ƘŜ Ǿƛǎǳŀƭǎ ŦƻǊ ǘƘŜ ŘŜŦŀǳƭǘ ǾŀƭƛŘŀǘƛƻƴ ŀǊŜΧƻƪΧ bƛŎŜ ŀƴŘ ǎƛƳǇƭŜΦ You cŀƴΩǘ ƎŜǘ much simpler than a rectangle, 

except, perhaps a square; or a point. Or you could argue that a circle is simpler than a rectangle (stop! stop!) 

LŦ ȅƻǳ ŘƻƴΩǘ ƭƛƪŜ ǘƘŜ ǊŜŘ ōƻȄΣ ȅƻǳ Ŏŀƴ ǊŜǇƭŀŎŜ ƛǘ ǿƛǘƘ ǎƻƳŜǘƘƛƴƎ ŜƭǎŜΣ ǳǎƛƴƎ ǘƘŜ Validation.ErrorTemplate 

attached property. (http://msdn.microsoft.com/en-

us/library/system.windows.controls.validation.errortemplate.aspx)  

²Ŝ ƘŀǾŜƴΩǘ όŀǘ ƭŜŀǎǘΣ ƴƻǘ ƛƴ ǘƘŜ ǾƛŘŜƻ L ǎƘƻǿŜŘ ȅƻǳ ŀōƻǾŜΤ ǿŜΩǾŜ ŀŎǘǳŀƭƭȅ ŎƘŀƴƎŜŘ ǘƘŜƳ ǘƻ ƭƛǘǘƭŜ ǊŜŘ ǘǊƛŀƴƎƭŜǎ 

in the corner of the control, now). 

However, there is a problem ς if the element is showing the validation adorner, because its binding is in error, 

and it gets hidden, or collapsed, then the adorner stays exactly where it was: unless you wrap the content 

(somewhere) in an AdornerDecorator. This is a notable problem for TabControl, but, in fact, we see it with lots 

of UI that can show, hide and generally get messed about with. 

You can find some detail about this here: 

http://karlshifflett.wordpress.com/category/tips/ 

The snag with this is that, once wrapped in the adorner decorator, it seems to participate in the control-

ǘŀōōƛƴƎ ƻǊŘŜǊΣ ŀƴŘ ǿŜ ŎŀƴΩǘ ŦƛƴŘ ŀƴȅ ǊŜƭƛŀōƭŜ ǿŀȅ ƻŦ ŜȄŎƭǳŘƛƴƎ ƛǘΦ ¢Ƙƛǎ ƛǎ ŀ ǊŜŀƭ ǇŀƛƴΣ ŀƴŘ ƛŦ ŀƴȅƻƴŜ Ƙŀǎ ŀƴȅ 

ƛƴǎƛƎƘǘ ƛƴǘƻ Ƙƻǿ ǘƻ ǇǊŜǾŜƴǘ ƛǘΣ LΩŘ ōŜ ǾŜǊȅ ƎǊŀǘŜŦǳƭΦ 

http://msdn.microsoft.com/en-us/library/cc309509.aspx
http://www.codeplex.com/wpfvalidation
http://msdn.microsoft.com/en-us/library/system.windows.controls.validation.errortemplate.aspx
http://msdn.microsoft.com/en-us/library/system.windows.controls.validation.errortemplate.aspx
http://karlshifflett.wordpress.com/category/tips/


COLLECTION VALIDATION ς ANOTHER CAVEAT 

A final note on vŀƭƛŘŀǘƛƻƴ ǊŜƭŀǘŜǎ ǘƻ ŎƻƭƭŜŎǘƛƻƴǎΦ ²ŜΩǾŜ ŎƘƻǎŜƴ ǘƻ ǳǎŜ ObservableCollection<T> for our entity 

collections, as that supports WPF data binding very nicely, without too much overhead. We get notified when 

the collection changes, and the WPF binding happily calls our validation when items are added, removed and 

replaced. Our templates also bind happily to all the items in the collection, and our validation for those items 

gets called when they are changed. 

But what if our validation for the collection depends on the values of the items in that collection? 

For example, what if I have a collection of date ranges, which is invalid if any of those date ranges overlap? 

Unfortunately, ǘƘŜ ²tC ǾŀƭƛŘŀǘƛƻƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŘƻŜǎƴΩǘ ōƻǘƘŜǊ ǘƻ Ŏŀƭƭ ƻƴ ǘƘŜ ǾŀƭƛŘŀǘƛƻƴ ŦƻǊ ǘƘŜ Ŏƻllection 

when properties of items in the collection change. 

¢ƻ ƎŜǘ ŀǊƻǳƴŘ ǘƘŀǘ ƛǎǎǳŜΣ ǿŜΩǾŜ ŎǊŜŀǘŜŘ ŀ ŎƻƭƭŜŎǘƛƻƴ ŘŜǊƛǾŜŘ ŦǊƻƳ ObservableCollection<T> called 

ObservableContentCollection<T>. 

It overrides the InsertItem, RemoveItem, SetItem and ClearItems methods, to Attach and Detach from the 

PropertyChanged events. It then raises a new ContentChanged event should any element in the collection 

change.  

We can attach to this ContentChanged event of any collection in our Model, and raise a PropertyChanged 

event on the model property itself, forcing the binding to revalidate. 

We were extremely concerned about this approach ς surely that would be a colossal overhead ς effectively 

rebinding the entire collection whenever a child property changes? It turns out not to be nearly as bad as we 

ŜȄǇŜŎǘŜŘΦ L ŘƻƴΩǘ ƪƴƻǿ ŜȄŀŎǘƭȅ Ƙƻǿ ǘƘƛǎ ǇƭǳƳōƛƴƎ ƻǇŜǊŀǘŜǎ ƛƴǘŜǊƴŀƭƭȅΣ ōǳǘ ƛǘ ǿƻǳƭŘ ŀǇǇŜŀǊ ǘƘŀǘΣ ǿƘƛƭŜ ǘƘŜ 

ǾŀƭƛŘŀǘƛƻƴ ƎŜǘǎ ǘǊƛƎƎŜǊŜŘΣ ²tC ŘƻŜǎƴΩǘ ǎŜŜƳ ǘƻ Řƻ ŀƴȅǘƘƛƴƎ ŀǎ ƴŀǎǘȅ ŀǎ ǊŜōǳƛƭŘƛƴƎ ǘƘŜ ŜƴǘƛǊŜ Ǿƛǎǳŀƭ ǘǊŜŜ ŦǊƻƳ 

the templŀǘŜǎ ƛŦ ǘƘŜ ŀŎǘǳŀƭ Ŝƴǘƛǘȅ ƛǘǎŜƭŦ ƘŀǎƴΩǘ ŎƘŀƴƎŜŘΦ 

So ς that wraps it up for the model and the view. What about the controller? 

CONTROLLER 

We have tried a number of different approaches to defining the exact responsibilities of a controller, in such a 

way that it remains extensible, but easy to use and easy to implement for developers of all skill levels. 

wŀǘƘŜǊ ǘƘŀƴ ǘŀƪŜ ŀ άŦǊŜŜ ŦƻǊ ŀƭƭέ ŀǇǇǊƻŀŎƘΣ ǿŜΩǾŜ ƛƴǎǘŜŀŘ ƛƳǇƻǎŜŘ ǎƻƳŜ ƳƻǊŜ ǊƛƎƛŘ ŘŜǎƛƎƴ ŎƻƴǎǘǊŀƛƴǘǎΣ ǘƻ 

ensure that while it easy to use, it is also robust and (most importantly) inherently composable. 

A controller embodies an atomic unit of work in the application. 

 It has a well defined life-ŎȅŎƭŜΥ {ǘŀǊǘΣ άƻǇŜǊŀǘŜέΣ CƛƴƛǎƘκ/ŀƴŎŜƭ 

It can retrieve more information at any time, but can only commit changes 

dǳǊƛƴƎ άCƛƴƛǎƘέ 

It also (optionally) has the ability to Finish (committing the operation) and then 

continue operating όάƎƻ Řƻ ƛǘ ŀƎŀƛƴέύ, providing it maintains its model correctly 

under these circumstances 



LIFECYCLE 

 

Each of these major parts of the lifecȅŎƭŜ Ƙŀǎ ŀ ŎƻǊǊŜǎǇƻƴŘƛƴƎ άCanXXXέ ƳŜǘƘƻŘ ς CanStart, CanFinish and 

CanCancel. This determines whether the controller is allowed to transition from its current state to its target 

state. The default implementation of these methods takes into account whether the model is in error (via its 

IDataErrorInfo implementation), and the current state of the controller. 

A controller implements a fairly simple finite state machine something like this: 

Unknown

Starting

{Start}

CanStart?

True

Started

Failing
{Exception}

Failed

Updating

{Long operation}

{Long operation complete}

Canceling

CanCancel?

{Cancel}

Canceled

{Exception}

{Exception}

{Exception}

CanFinish?

{Finish}

Finishing

Finished

{Exception}

True

True

 



The state of the controller is exposed to the outside world (such as the view) through a State property in the 

model ς this is an instance of an enum called ViewModelState. 

    public enum ViewModelState  
    {  
        Unknown,  
        Starting,  
        Started,  
        Finishing,  
        Finished,  
        Failing,  
        Failed,  
        Canceling,  
        Canceled,  
        Updating  
    }  

The view can respond to the state of the controller changing by, say, presenting a long-operation indicator of 

some kind, showing error messages (in the case of Failing and Failed), or preventing the user from making 

changes while it is busy, or not yet started. 

To perform your actual work, you override the various Start, Finish and Cancel methods in the controller itself, 

ŀƴŘ ŀŘŘ ōƛƴŘƛƴƎǎ ŦƻǊ ǘƘŜ ŎƻƳƳŀƴŘǎ ǘƘŀǘ ƳƛƎƘǘ ōŜ ǊŀƛǎŜŘ ōȅ ǘƘŜ ǾƛŜǿΦ ²ŜΩƭƭ ǘŀƭƪ ƳƻǊŜ ŀōƻǳǘ ǘƘŜ ŘŜǘŀƛƭǎ ƻŦ 

those overrides in Long operations, below. 

CONTROLLER COMPOSITION 

There are two forms of controller composition: a chain, and children. 

CHAINED CONTROLLERS 

When a user clicks a button to request a particular action to be performed, you might startup a new controller 

(with a new piece of view) to handle the action. We call this a chained controller. 

 



If the chained controller CanStart, then the command which initiates this new sub-process CanExecute. 

Executing the command shows some new UI, bound to a new model, and then calls Start on the chained 

controller. !ǎ ǘƘƛǎ ƛǎ ǎǳŎƘ ŀ ŎƻƳƳƻƴ ƻŎŎǳǊǊŜƴŎŜΣ ǿŜΩǾŜ ōǳƛƭǘ ǎƻƳŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǘƻ ƘŀƴŘƭŜ ǘƘŜǎŜ ǎǘŀƴŘŀǊŘ 

start/finish/cancel command patterns. We call them PresentersΣ ŀƴŘ ǿŜΩƭƭ discuss them in more detail in 

Pulling it all together, below.  

Chaining a controller does not necessarily imply a modal change ς you can just as easily chain several 

controllers and show their UI modelessly. However, it is worth considering whether you really want a modeless 

view; if the controller deals with an atomic unit of work, it may actually be simpler to let the user deal with 

that work, then move back into their previous context. I guess the rule is ς ŘƻƴΩǘ ōŜ ŀ ǎƭŀǾŜ ǘƻ ŜƛǘƘŜǊ ŀ ƳƻŘŀƭ ƻǊ 

a modeless philosophy; think about what makes the job easiest for the user. 

CHILD CONTROLLERS 

A controller also has support for child controllers ς sub-controllers whose lifecycles are tied to that of the 

parent. 

 

For example, you might create a re-usable component which consists of a box into which you can type a partial 

address (e.g. a zip code). As you type, it pops up a list of matching addresses, from which you can make a 

ǎŜƭŜŎǘƛƻƴΦ ¢Ƙƛǎ ƛǎ ōŜƛƴƎ ǳǎŜŘ ŀǎ ǇŀǊǘ ƻŦ ŀƴ ά¦ǇŘŀǘŜ tŀǘƛŜƴǘ 5Ŝǘŀƛƭǎέ ŎƻƴǘǊƻƭΣ ǿƘƛŎƘ Ƙŀǎ ŎƻƳǇƻƴŜƴǘǎ ŦƻǊ ƴŀƳŜΣ 

address, date of birth etc. So, when we start the UpdatePatientDetailsController we also want to start the 

AddressSelectionController (and similarly they need to be shut down together). In fact, the whole lifecycle for 

both needs to be tied together ς what happens to the parent when a child fails to start, or fails to finish, for 

example? 

After several iterations, we decided that when you start the parent controller, it starts itself, and then it starts 

its children. When you finish or cancel, it finishes/cancels its children, and then finishes/cancels itself. 

It turns out that there are so many permutations of success and failure when you start to compose controllers 

that ƛǘ ǉǳƛŎƪƭȅ ōŜŎƻƳŜǎ ŀ ōƭŀŎƪ ŀǊǘ ƛŦ ȅƻǳ ŘƻƴΩǘ ŦƻǊƳŀƭƭȅ ƛƳǇƻǎŜ ǘƘese constraints. So, we came up with our 

ControllerBase that implements the whole state machine for us.  The controller implementations themselves 

need only concern themselves with their individual tasks. 



 

So ς if I have an application module called FooBar composed of FooView and BarView, with the FooController 

and the BarController ŘƻƛƴƎ ǘƘŜƛǊ ƳŀƎƛŎΣ LΩŘ ŎǊŜŀǘŜ ŀ ŎƻƴǘǊƻƭƭŜǊ ŎŀƭƭŜŘ FooBarControllerΦ ¢ƘŜƴ LΩŘ ŎǊŜŀǘŜ ŀ 

FooBarViewModel that aggregated the FooModel and the BarModel; and finally, a FooBarView containing the 

FooView and the BarView.  

FooBarController

FooController

BarController

FooBarModel

FooModel

BarModel

FooBarView

FooView

BarView

«bind»

«bind»

 

You can then add the Foo- and Bar- controllers to their parent. You do this by calling the 

ControllerBase.AddChildController method, which takes an instance of the controller (e.g. the FooController), 

the name of the property that represents its model (in this case the FooBarModel.FooModel), and the name of 

the child view element to which they should be bound. ¸ƻǳΩŘ ǘȅǇƛŎŀƭƭȅ Řƻ ǘƘƛǎ ƛƴ ȅƻǳǊ ƻǾŜǊǊƛŘŜ ŦƻǊ Start.  

²ƘŜƴ ǎƘƻǳƭŘ ȅƻǳ ŎǊŜŀǘŜ ŀ ŎƘƛƭŘ ŎƻƴǘǊƻƭƭŜǊΚ ¢ȅǇƛŎŀƭƭȅΣ ǘƘŜ ŀƴǎǿŜǊ ƛǎ άƴƻǘ ǳƴǘƛƭ ȅƻǳ ƴŜŜŘ ƛǘ ǘǿƛŎŜέΦ  

We find that we frequently refactor model elements out into a sub-model, extract some piece of UI into a 

UserControl (for which Blend has convenient support), and extract some controller functionality into a child 

controller for reuse. Occasionally we do it to simplify the parent controller, if it starts to get over-large. These 

are, of course, the two classic reasons for a component-composition-based pattern of reuse. 

Clearly, this pattern of composition is analogous to the composite command in the WPF composite application 

guidance referred to above, but with a built-in concept of a longer-running lifecycle, rather than a one-off 

άŀŎǘƛƻƴέΦ 

Although the example above is using a static composition model, you can easily extend this to a dynamic 

discovery and aggregation of the views, controllers and modelsΦ hǳǊ ŜȄƛǎǘƛƴƎ ²ƛƴŘƻǿǎ CƻǊƳǎ άǊŜǾƛŜǿ ǎƘŜƭƭέ 



does something very similar right now ς although it is more of aƴ άŀŎǘƛǾŜ ǾƛŜǿέ ǇŀǘǘŜǊƴΣ with a single, high-

level controller building the shared model. ²ŜΩǾŜ ǎƘƛŜŘ ŀǿŀȅ ŦǊƻƳ ǘƘŀǘ ǎŜŎƻƴŘ-time-around to try to control 

some of the emergent complexity we discussed above. 

LONG OPERATIONS 

The bane of user experience is unresponsiveness. The web has taught us that people are prepared to wait for a 

ǊŜƳŀǊƪŀōƭȅ ƭƻƴƎ ǘƛƳŜ όǎŜǾŜǊŀƭ ǎŜŎƻƴŘǎύ ŦƻǊ άŦǳƭƭέ ŎƻƴǘŜƴǘΣ ŀǎ ƭƻƴƎ ŀǎ ǘƘŜǊŜ ƛǎ ǎƻƳŜ ƛƴŘƛŎŀǘƛƻƴ ǘƘŀǘ ǎƻƳŜǘƘƛƴƎ ƛǎ 

happening, and, preferably, there is some content of value with which they can interact while they are waiting. 

http://www.websiteoptimization.com/speed/tweak/psychology-web-performance/ 

There are plenty of long ops a controller has to deal with: bootstrapping the model with information during 

Start, performing some form of search and display of additional information as the user interacts with the 

view, and committing changes during Finish. 

To deal with background work during start, stop and cancel, ControllerBase makes use of the 

BackgroundWorker of .NET2.0 fame (http://www.danielmoth.com/Blog/2008/05/backgroundworker.html), 

ŀƴŘ ǿŜΩǾŜ ŀdded a few constraints to help you avoid some of the pitfalls of working on a background thread. 

To support this, ControllerBase ōǊŜŀƪǎ ƛǘǎ ƻǇŜǊŀǘƛƻƴǎ ǳǇ ƛƴǘƻ ǎŜǾŜǊŀƭ ǎǘŜǇǎΦ [ŜǘΩǎ ǘŀƪŜ Start as an example. 

ControllerBase

StartCore

ViewModelClient

Start

Starting

BackgroundWorkForStart

StartComplete

Started

StartChildControllers

 

When you build your own controller, you override Start to perform pre-prep on your model (and to add your 

own child controllers), BackgroundWorkForStart if you want to perform a long operation, and StartComplete 

to deal with the results of your long operation. 

http://www.websiteoptimization.com/speed/tweak/psychology-web-performance/
http://www.danielmoth.com/Blog/2008/05/backgroundworker.html


We considered passing delegates in for those methods, rather than overriding virtual methods, but decided 

against it. As we are expecting to derive from ControllerBase anyway, it seemed more natural. (We use the 

delegate passing mechanism elsewhere, though.) 

In order to avoid disaster in your background worker, there are a couple of rules to be obeyed. 

¢ƘŜ ±ƛŜǿ ƛǎƴΩǘ ŀƭƭƻǿŜŘ ǘƻ ǳǇŘŀǘŜ ǘƘŜ ƳƻŘŜƭΣ ƻǊ ŜȄŜŎǳǘŜ ŎƻƳƳŀƴŘǎ, ƛŦ ǘƘŜ ƳƻŘŜƭΩǎ 

ǎǘŀǘŜ ƛǎƴΩǘ ά{ǘŀǊǘŜŘέ 

The Controller is allowed to read from the model in the background worker, but it 

is not allowed to make any modifications 

9ǎǎŜƴǘƛŀƭƭȅΣ ǘƘŜ ǎǘŀǘŜ ƻŦ ǘƘŜ ƳƻŘŜƭ ŀǊōƛǘǊŀǘŜǎ ŀŎŎŜǎǎ ǘƻ ƛǘǎ ŎƻƴǘŜƴǘΦ aŀƛƴ ŀƴŘ ōŀŎƪƎǊƻǳƴŘ ǘƘǊŜŀŘǎ ŘƻƴΩǘ ŎƻƭƭƛŘŜ 

because the model state (which is always updated on the main thread) enables them to avoid each other. 

/ƻƴǘǊƻƭƭŜǊǎ ŘƻƴΩǘ ŎƻƭƭƛŘŜ ǿƛǘƘ ŜŀŎƘ ƻǘƘŜǊ ŘǳǊƛƴƎ ǎǘŀǊǘǳǇΣ ōŜŎŀǳǎŜ ǘƘŜȅ ŀǊŜ ŀƭƭ ƭƻƻƪƛƴƎ ŀǘ ǎŜǇŀǊŀǘŜ ƳƻŘŜƭǎΦ 

Parent controllers can copy data between models where they are shared to synchronize access during startup. 

All updates to the model occur on the UI thread. 

As mentioned above, in our V1 app we have a command-based composition mechanism where all our views 

share the same model all the time, and act on it based on user requests.  This leads to combinatorially-complex 

behavior at runtime which is difficult to arbitrate and difficult to debug.   

Using our model-and-controller-based composition model imposes an additional, hierarchical layer of 

management to arbitrate access to information ς controllers are always owned by something (another 

controller) that knows how to arbitrate their access to the underlying model, especially in the face of multiple 

threads of execution. 

HANDLING FAILURES IN THE PRESENCE OF ASYNC CHILD CONTROLLERS 

As implied by the point about synchronization above, things are made considerably more complex by the 

presence of child controllers. Because child controllers can perform async work in their startup, ControllerBase 

hooks up to their state changes, then kicks them all off. It waits until they have all either succeeded and then 

ŎƘŀƴƎŜǎ ƻǳǊ ƻǿƴ ǎǘŀǘŜ ǘƻ άǎǘŀǊǘŜŘέΦ  

If any failed, it cancels all those who succeeded, then cancels itself, and transitions itself into the Failed state. 

And just because the world is the way it is, some of the children that started quite happily could still fail during 

cancel (think about the case where a disk goes away ς permanently ς part way through startup, for example). 

We take care of all of that in the base class, so that developers only have to worry about implementing Start, 

BackgroundWorkForStart and StartComplete. 

A point for future consideration ς perhaps Cancel should not be allowed to fail? It would simplify matters 

considerably, at little cost in terms of flexibility. 

Whatever your state model is for the controller, you should define it, model it, and implement it in a base 

class. It is a very difficult problem to get right, and delegating it to every developer to deal with on their own 

terms is a recipe for bugs. Conversely, getting developers to think in terms of the state machine their 

controllers implement makes it easy to spot bugs early, and helps to get them thinking in terms of entry 

conditions ς process - exit conditions for long-running processes, rather than individual actions. 



A SIDEBAR ON THE EVOLUTION OF THIS MODEL 

All of this is really about building a conceptual, and then practical application framework on top of the 

ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǿŜΩǾŜ Ǝƻǘ άƛƴ ǘƘŜ ōƻȄέΦ  

WƘƛƭŜ ȅƻǳ ǎƘƻǳƭŘƴΩǘ ƳŀƪŜ ŎƘŀƴƎŜǎ ǘƻ ȅƻǳǊ application ŦǊŀƳŜǿƻǊƪ ƭƛƎƘǘƭȅΣ ƛǘ ŀƭǎƻ ǎƘƻǳƭŘƴΩǘ ōŜ ǎŜŜƴ ŀǎ 

something that needs to be άŘƻƴŜ firstέ ƻǊ ŜǾŜƴ ǎƻƳŜǘƘƛƴƎ ǘƘŀǘ ƛǎ άŘƻƴŜέ.  

Developers will come up with new infrastructural requirements all the time, and you should look at how the 

framework can be adapted and evolved to support them; or whether the developer should be discouraged 

from that approach, and look for another way. 

For example, wŜ ŘƛŘƴΩǘ ƛƳǇƭŜƳŜƴǘ ǘƘŜ ŎƘƛƭŘ ŎƻƴǘǊƻƭƭŜǊ ŎƻƳǇƻǎƛǘƛƻƴ ǇŀǘǘŜǊƴ ƛƴ ƻǳǊ ŦƛǊǎǘ Ǉŀǎǎ ŀǘ ǘƘŜ ŎƻƴǘǊƻƭƭŜǊ ς 

it was added when we first needed it (which was fairly early on). We then extended to support the background 

work in Start and Finish ς which was a considerable refactoring and extension job. 

¢Ƙŀǘ ƛǎ ƻƴŜ ƎƻƻŘ ǊŜŀǎƻƴ ŦƻǊ ƳŀƪƛƴƎ ǎǳǊŜ ǘƘŀǘ ȅƻǳΩve got source code and a good understanding of the internals 

of any higher-level infrastructure components you do bring in from a third party. On the other hand, you also 

ƴŜŜŘ ǘƻ άƎƻ ǿƛǘƘ ǘƘŜ Ŧƭƻǿέ ƻŦ ǿƘŀǘŜǾŜǊ ŎƻƳǇƻƴŜƴǘǎ ȅƻǳ Řƻ ōǳƛƭŘκǳǎŜΦ Lǘ ƛǎ ŀƭƭ ǘƻƻ Ŝŀǎȅ ǘƻ ǘǊȅ ǘƻ ōŜƴŘ ŀ 

framework to your will, rather than going where it takes you. 

OTHER LONG OPERATIONS - SEARCHING 

Starting and Finishing is all very well, but what about long operations while the controller is running ς what 

ƘŀǇǇŜƴǎ ƛŦ L ǘȅǇŜ άŘέ ƛƴǘƻ Ƴȅ ǇŀǘƛŜƴǘ ǎŜŀǊŎƘ ŦƛŜƭŘ ŀƴŘ Ƙƛǘ ǘƘŜ ά{ŜŀǊŎƘέ ōǳǘǘƻƴΚ 

The view kindly executes the Search command, and the Controller handles it (not forgetting to set e.Handled = 

trueΣ ǘƻ ǇǊŜǾŜƴǘ ƛǘ ǊƻǳǘƛƴƎ ƻƴ ǳǇ ǘƻ ŀ ǇŀǊŜƴǘΧύΦ 

¦ƴŦƻǊǘǳƴŀǘŜƭȅΣ ƎƻƛƴƎ ŀƴŘ ŦƛƴŘƛƴƎ ŀƭƭ ǘƘŜ ǇŀǘƛŜƴǘǎ ǿƛǘƘ ŀ άŘέ ƛƴ ǘƘŜƛǊ ƴŀƳŜ ƳƛƎƘǘ Ƨǳǎǘ ǘŀƪŜ ŀ ƭƛǘǘƭŜ ǘƛƳŜΣ ǎƻ ǿŜΩǾŜ 

built something to help us deal with this. 

CƛǊǎǘΣ ŀƭƭ ƻŦ ƻǳǊ άƎŜǘ ƭƻǘǎ ƻŦ ǊŜǎǳƭǘǎέ ǎŜǊǾƛŎŜǎ ƛƳǇƭŜƳŜƴǘ ǇŀƎƛƴƎ όǿŜΩƭƭ ǘŀƪŜ ŀ ƭƻƻƪ ŀǘ Ƙƻǿ ǿƘŜƴ ǿŜ ŎƻƳŜ ǘƻ ǘŀƭƪ 

about the services, below). So, we have service APIs that looks something like this: 

IEnumerable<ResultingThing> FindMeSomething(Some criteria, int pageIndex, 
int pageSize);  

¢ƻ ƳŀƪŜ ǘƘƛǎ Ŝŀǎȅ ǘƻ ǳǎŜΣ ǿŜΩǾŜ ŎǊŜŀǘŜŘ ŀ ƘŜƭǇŜǊ Ŏƭŀǎǎ ŎŀƭƭŜŘ όŀƴŘ ŀƎŀƛƴΣ ǿŜΩǊŜ ƻƴ ŀƴ ƛƳŀƎƛƴŀǘƛǾŜ ƘƛƎƘ-wire 

here) PagedBackgroundSearchHelper; it wraps up the use of background worker, specifically to deal with 

paging. 

 



First, I apologize for the terrible Attach and Detach methods. These are basically Startup and Shutdown or 

Open and Close, or Setup and DisposeΣ ƻǊ ǎƻƳŜǘƘƛƴƎ ǎƛƳƛƭŀǊΦ ¢ƘŜȅΩƭƭ ŎƘŀƴƎŜ name. You call Attach some time 

before you start a search, and Detach ǿƘŜƴ ȅƻǳΩǊŜ ŘƻƴŜ ǎŜŀǊŎƘƛƴƎΥ nothing too complex. ¢ȅǇƛŎŀƭƭȅΣ ȅƻǳΩƭƭ Ŏŀƭƭ 

Attach in Controller.StartComplete and Detach in Controller.FinishComplete, Controller.CancelComplete and 

Controller.FailedComplete. 

The PageSize property determines how many results to return in a batch. The others are all delegates that you 

set to control the searching process.  

The lifecycle of the paged searcher goes something like this: 

ControllerBase PagedBackgroundSearchHelper

Attach

SearchCommand

Executed

Search

ViewModel

UpdateStatus

UpdateSearchStatusInModel

GetSearchCriteria

BeginSearch

BackgroundSearch

(Page of results)

PageComplete

BackgroundSearch

(Partial page of results)

PageComplete

UpdateStatus (Idle)

UpdateSearchStatusInModel

 

Models for components which support these paged results typically provide a property called SearchStatus 

which is modified by the controller in the UpdateStatus callback. We provide an enum to capture the state: 

    public enum SearchStatus  
    {  
        Idle,  
        Updating,  
        Searching,  
        Canceling  
    }  

.ŜŎŀǳǎŜ ƛǘ ƛǎ ŎƻƳƳƻƴ ǘƻ ǇǊƻǾƛŘŜ άǿŜ ŎƻǳƭŘƴΩǘ ŦƛƴŘ ŀƴȅ ǊŜǎǳƭǘǎ ¦Lέ ς but not before youΩǾŜ ŀŎǘǳŀƭƭȅ ǇŜǊŦƻǊƳŜŘ 

a search - we add a HasSearched (HasSought? HasPerformedSearch? We hate naming properties) property to 

the model, which we update from the setter on the SearchStatus property like this: 

            set  
            {  
                if  (_searchStatus != value )  



                {  
                    _searchStatus = value ;  
                    if  (_searchStatus != SearchStatus .Idle)  
                    {  
                        HasSearched = true ;  
                    }  
                    RaisePropertyChanged( "SearchStatus" );  
                }  
            }  

Typically, we multibind the Visibility ƻŦ ǘƘŜ ά{ƻǊǊȅ ƳŀǘŜΣ ƴƻ ǊŜǎǳƭǘǎέ ¦L ǘƻ ǘƘƛǎ ǇǊƻǇŜǊǘȅ ŀƴŘ ǘƘŜ Count of items 

in some results collection, via a value converter. 

¢Ƙƛǎ ƛǎ ǎǳŎƘ ŀ ǳǎŜŦǳƭ ǇŀǘǘŜǊƴ ǘƘŀǘ ǿŜΩǾŜ ŎǊŜŀǘŜŘ ŀ ŘŜǊƛǾŜŘ ViewModelBase called SearchViewModelBase with 

these two properties in it.  

In the video you can see a control that appears during searching that we call the LongOperationEgg. Its 

Visibility and a dependency property called its BaseColor are bound to the SearchStatus in the model via a 

couple of value converters. 

Sometimes a long operation takes less time than you might expect. Because it might only be a few hundred 

ƳƛƭƭƛǎŜŎƻƴŘǎ ōŜŦƻǊŜ ǘƘŜ ŦƛǊǎǘ ōŀǘŎƘ ƻŦ ǊŜǎǳƭǘǎ ŎƻƳŜǎ ōŀŎƪΣ ȅƻǳ ŘƻƴΩǘ ƴŜŎŜǎǎŀǊƛƭȅ ǿŀƴǘ ǘƻ ǇƻǇ ǳǇ ȅƻǳǊ ǇǊƻƎǊŜǎǎ 

UI (in our case, the egg) the instant a seŀǊŎƘ ǎǘŀǊǘǎΦ ¢Ƙƛǎ ƛǎ ŀ ƎǊŜŀǘ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ǳǎŜ ǘƘŜ ǎȅǎǘŜƳΩǎ ŀƴƛƳŀǘƛƻƴ 

features to ease the UI in and out, in a less intrusive manner. 

We use a trigger on the Visibility property ǘƻ ŦŀŘŜ ǘƘŜ ŜƎƎ ƛƴΣ ŀƴŘ ǿŜ ŘƻƴΩǘ ǎǘŀǊǘ ŦŀŘƛƴƎ ƛǘ ƛƴ ŦƻǊ нрлƳǎ ǘƻ ƎƛǾŜ ƛǘ 

a chance to complete without needing the UI. We could have specified a start time here, instead of the 3 key 

frames, but, you know ς it was more complicated, once. 

<ControlTemplate.Triggers > 
    <Trigger  Property ="Visibility"  Value ="Visible"  SourceName="OuterG rid">  
        <Trigger.EnterActions > 
            <BeginStoryboard > 
                <Storyboard > 
                <! --  Fade in over 1 second, after 0.25s -- > 
                   <DoubleAnimationUsingKeyFrames                 
                         Storyboard .TargetProperty ="Opacity"   
                         Duration ="0:0:1.25">  
                     <LinearDoubleKeyFrame  KeyTime="0:0:0"  Value ="0" />  
                     <LinearDoubleKeyFrame  KeyTime="0:0:0.25"  Value ="0" />  
                     <LinearDoubleKe yFrame KeyTime="0:0:1.25"  Value ="1" />  
                   </ DoubleAnimationUsingKeyFrames > 
               </ Storyboard > 
           </ BeginStoryboard > 
       </ Trigger.EnterActions > 
    </ Trigger > 
</ ControlTemplate.Triggers > 

OTHER LONG OPERATIONS ς GETTING MORE INFORMATION 

!ƴƻǘƘŜǊ ŎƻƳƳƻƴ ǇŀǘǘŜǊƴ ƛƴ ƻǳǊ ǎŜǊǾƛŎŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴǎ ƛǎ ǘƘŜ άƎŜǘ ƳŜ ǎƻƳŜ ƳƻǊŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǘƘƛǎ 

ǇƭŜŀǎŜέ !tLΦ 

For example, in the video above, we get some basic information about a patient (primary name and identifier) 

when we search, and then we get some more information about the patient (e.g. their current state in the 

ŀŎǘƛǾŜ άŎŀǊŜ ǇŀǘƘǿŀȅέΣ ŘŜǘŀƛƭǎ ŀōƻǳǘ ǘƘŜƛǊ ǇǊŜǾƛƻǳǎ ŀƴŘ ƴŜȄǘ ŀǇǇƻƛƴǘƳŜƴǘǎύΦ 



We need to maintain a balance between making the roundtrip to the service too often, and returning too 

much information in one hit (to keep the message sizes sensible). Not forgetting that we need to keep the UI 

responsive while we do this. 

Again, we leverage BackgroundWorkerΣ ōǳǘ ǘƘƛǎ ǘƛƳŜ ǿǊŀǇǇƛƴƎ ƛǘ ǿƛǘƘ ŀ ǉǳŜǳŜ ƻŦ ǘŀǎƪǎ ǘƘŀǘ ǿŜΩǊŜ ƎƻƛƴƎ ǘƻ 

execute in the background.  

 

It uses the same callback mechanism as our PagedBackgroundSearchHelper, and the same Attach and Detach 

methods to startup and shutdown (which, again, we call in the controller that is using it). 

To add a unit of work to the queue, you call AddUnitOfWork and pass it an instance of a class derived from 

UnitOfWorkBase. You are warmly encouraged to (deep) copy the information you need to perform the work 

into an instance of this class, to avoid issues with access to your data cross-thread. 

LŦ ǘƘŜ ōŀŎƪƎǊƻǳƴŘ ǿƻǊƪŜǊ ǿŀǎƴΩǘ ŀƭǊŜŀŘȅ ǊǳƴƴƛƴƎΣ ǘƘŜ ƘŜƭǇŜǊ ǎǘŀǊǘǎ ǎƻƳŜ ōŀŎƪƎǊƻǳƴŘ ǇǊƻŎŜǎǎƛƴƎ όǳǎƛƴƎ ǘƘŜ 

BackgroundWorker under the covers), which pulls items off the queue, and calls your BackgroundWork 

callback.  

FƻǊ ŜȄŀƳǇƭŜ ǿŜ ƳƛƎƘǘ ƴŜŜŘ ǘƻ ƎŜǘ ǎƻƳŜ ŀŘŘƛǘƛƻƴŀƭ ŘŜǘŀƛƭǎ ŀōƻǳǘ ǘƘŜ ƘƛǎǘƻǊȅ ƻŦ ǘƘŜ ōƭƻŎƪ ƻŦ ǇŀǘƛŜƴǘǎ ǿŜΩǾŜ Ƨǳǎǘ 

found in our PageComplete callback from the search worker above. We define a couple of classes for our unit 

of work and the results 

    internal s ealed class PatientAppointmentUpdateWork  : UnitOfWorkBase  
    {  
        public IEnumerable <PatientIdentity > Patients { get; set; }  
    }  
 
    internal sealed class PatientAppointmentUpdateResults  
    {  
        public ReadOnlyCollection <PatientAppointmentBookingInformation >  
  Information { get; set; }  
    }  

Then we add the work to the queue for processing in our PageComplete callback from the paged search 

background worker. 

            // Make it update the availabilities  
            _backgroundPatientAppointmentBookingUpdate.AddUnitOfWork(  
                new PatientAppointmentUpdateWork  
                {  
                    Patients = patientLookup.Keys  
                });  




