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technology, andset still maintained a release sctale acceptable to the business.

You can have a look at a videcagbortion ofthe software in action here:
http://www. ythos.nef article _imagefab2.wmv

I will avoid details ofhe proprietary aspects dhe system] Y R L QY Y &nii solrdeBodéhr fha y 3
O2Y LR ySyia OntSeod& handjzkilf caver in someepththe general arhitecture and design of
the systemparticularly as it elates to .NET3.x. As a bontigre 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.gW2 Ky Qa hltEniodg, MP)ana primary cargroviders andenablesall the individuals and
enterprises that participate in the loAgrm care of large cohorts of patienfscluding the patients
themselves}o share information and collaborate, despite beinglifierent trust domains, and withitferent

specialtiesTo add to the complexity, evdeal with huge volumes of image data associagted 1 K G KS LI G A Sy i

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

DH haseen in the marketplace for over 5 years, drasrecently been working oan evolution of our
technologyli K S &eeideSis sufficiently significarii 2 O I. Difie aspectofthe \VAess ighat components
are to be built using the new .NBTxtechnologies like WCF, WPF and LINQ

That decision was not taken lightly.

DHhave 9 elapsed years and many millions of dollars of investment in avMEXplatform, and the
GSYLXirGA2y Aa (2 &1dzSST S SOSNE ffheadroom irglaSstc ASKKSER dzA O S
web services, ASP.NET 2 web appsvaimtiows Formsin the V1 appthe bulk of ourclienttier is Windows
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some of he overall feature setCertainly, for the nexyearat least,they could rest on thoséoundations and

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

TKE GQa vy 2 iterrh vied $hdligh budthss companies with great tesblogy have graduallyeen
renderedirrelevant by undeiinvesting in the next generatioof their products they areleapfrogged by new
entrants with more modern offrings, or findt increasingly difficult to integrate into a changing IT landscape
(this, in particular, has driven change in our applicati®@gually, others have come to grief by embarking on a
wholesale redevelopment of their applicationsan undertaking which is universally acknowledged to take
more time and cost more than anygpining contingency could possibly imagine.
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To attempt to limit the potential for failure,ur strategy took a thregohase approachwith an iterative,
incremental approach to change within those phases.

Production

Prototyping

Consolidatiorinvolvessome housekeeping on theisting platform to find and eliminate unused code,
improve test coverage in areas that might be at risk of chaagd replace code that depends on obsolete
parts of the .NET frameworRrototypingis an investigative project to learn about the new tectogyl, and
how we might work it into the platformProductionis the build of new features and modules, using the new
technologies.
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dependent on a sucasful conclusion of the first two.

The consolidation project was potentially riskyjtas all too easy to disappear down a technology rabbit hole

when you stop working on endser scenarios to pay back a bit of technical délt the other hand, itis a

mistaketohA Iy 2 NB G KS O2YLINRBYAASa 6S (y26 oSep&iaywies G2 IS
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After an initial exploratory iteration, & set specific targets for the reorganization of the codebabmjinaion
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and what would just be pedantie. S | f 82 ARSYGAFTASR | FS¢ SEA&GAYTI Y2RdzA
replacement.

In the end, it consumeitwo people for about 3 monthsThatwas about a month longer than originally
estimated in elapsed time, but used 2 fewer peofidno we stole for other projectswhich was a reasonable
compromise.

COMMISSIONINGHE WORK

So,at the beginningf December 207, we commissioned a project, gave it a codenamoetaining avery bad
domain specific jokegnd set out a roadmap something like the following



= O Beta
OAIpha December

Project September 2008
approval 2008
March 2008

e Prototyping
Jan 2008

4 Consolidation
December 2007

This is a snapshot from areport il y dzl NB X 6 KAOK SELX | Aya (KBob@NBSYy aail
Thoseo f 204a I NBy Qi O2YLX SiAzy YAfSadz2ySa odGKz2asS | LIISI NI 2
LyaidStRs (KSecdk startdiotbtygpiBig idJan: 2808, avé ship alpha product to early adopters

in September 2008, and it releassough to a broader beta which starts in DecembEne roadmagacts as
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help support the development process.

We also take decisions to shipspeddi@ YLI2y Sy ia (G2 SINIeé |R2LIGSNRE 61 & 06S7T?
alpha date. For example, we built a nd8P.NET 2iased compliance management tool and a new WCF

based async message bus component in early iterations, and they got shipped indepeatitgraifull

platform.

Another thing to note isthafF 2 NY I £ G LINE2SOG | LILINR @I ¢ LIKIFaS Ay al NOK
methodologies ishe flipside of its major strengttyou onlybuild what is needed right now.

Theproblem thereis that you can findthat your product isgradually almost imperceptiblyiterating away
from someoverallbusinessstrategy, separately articulatecho matter how carefully you consider it in
iteration/sprint/whatever-your-unit-of-work-might-be planningmeetings.

We find itvery useful to hava markerthat gives you the opportunity to agtlome deeper questions about the
project. Ae we building the righthingsg just not the things we thought we were going to negtlen we

were strategizing® shouldwe reconsider the stitegy? @ are wemaking shortermist decisions, and losing
sight of our long term goaksQ is everything just peachgnd we can go to the pitHaving a formal breather
in the planto lift your eyes up from the daily grind is very useful.

Having approvedthi NRBF RYF L 6S &a0GFNISR AYyiNRBRdzOAYy3a (KS ®b9oc¢
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 systetimage andnformation visualization, remote working and messaging,
reliability, performanceand scalability.

There were dew important principlesunderlying this part of th@roject



1) We were never going to ship it in any way, shape or form

2) Li RARY QU KX @fStcanpletSendughariderstand what issues we would face, and
what the implications of various architectural and design decisions might be

3) ' YRSNEGlFIYRAY3I YSIyaz Ay fFNHS LINIHZI aYSIFadaNAy3IE ¢

4 28 g2dA R 0 dzA f udtonderisceaN@, YiithicdsBrher iBvol@ment, even though they
were never going to have it deliveréor production

5) The design decisions, compromises and biweks had to be wellocumented, communicated and
discussed with the whole team, not just thoseolved in the prototypingeven if that is only through
G§KS YSRAdzY 2F | TS ¢PowarRoiats éhd code saxnple sia8ry i A y 3 a

6) We hadsome specifig but broad- objectivesarticulated on (e)paperso thatwe, as a teamgould
askand answer theight questions

Some otthe questions we had in mind included

1) Can we reduce the amount of code we have to maint&ififat sort of codecan be eliminate@

2) What is the performance impact of an objetdta mapping tier?

3y 12¢g tf2y3 R2Sa AG/WBAWCE Ki T20Nd wKY U K¢ LISlab e T

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 buitsh top offrameworksbefore we can start building real
applicatbns
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The actual questions to be answered are, of course, highly dependent on the nature of thet,doaj the
basic principlesask specific questionsommunicate your resultgiscuss ana@greethe implicationsare a
good set of guidelines for any prdyping 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 parfancemeasurements for things like LINQ-SQ.

abstractions oboth our currentdatabaseandvarious potential tran®rms and renormalizationsf our
databasewhat size and complexity of Visual Tree we could get away with for particular hardware
configurationshow WCF channels of various kiralsd configurationgerformed and coulde configured in
different deployment scenarig@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 wisbkithings were
useful to us.

The expeience of going through this process hasgivenusaop f A&l F2NJ aK2g (2 €SI Ny |
LEARNING

1) Build stuff
Actually writing real cde thataddresgsa real problem is invaluabl@o amount of labs,
samples or little spikes will show you where tioad-blocks are.

2) Pair
9@SYy AT @2dz R2y Qi y2N¥IFffe LIANE LI ANRY3I GKAC
of ensuring that knowledge is disseminated and assumptions challenged

3) 52y Qi LI ANJ
Even if you normally pair, spend some quality time on ymun just thinking, and
FAAAYAEFGAYI AYF2NNIGA2Yy® tFANRY3I Aa | LINBdGGe
breathing space



4) Getagoodbook2 NJ (62 X2NJ (G KNB®TsekthghR NBI R GKSYT
We bought a wide range of titles on .NET 3.x technologiek. &b2iyiz@ g team, get
one copy of pretty much everything (for the shel@nd severatopiesof the ones you like
the best(one per desk seems like a good numb@&here was universal acclammongst the
teamfor Programming WPFGriffiths & SelljwhichL g2 dzf R SOK2 o0 GKS T Ol
about Windows Forms with lan Griffiths does not influence my judgmémnestly!). We
also liked”rogramming Microsoft LINQ (Pialorsi & Russibpffered a good introductory
overview. None of the WCF books werésalty blowyou-away fantastic, buProgramming
WCF Services (Lowk)d LINBGGe 3F22Rd ¢KS 2/ C G(ABK&EZL LHERRSI
not delve sufficiently deeply into the technology to really grok what was going on.
52y Qi ¥F2NASI( IookikKahidzbiKgrto dd &nly goodiif o rea@kinowledge
R2Say Qi YI3IAOLFttea 3ISEG ( NAngitwh SnyBRnaked K Ay 3 A
difference if you work with itbuild on the examples and refer back to it when you think
2 2dzQ0S odzgoR&HIGE. i 2
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Only some are more right than otheldake sure you understand what compromises you
are making, and when that might be important. Always think hard about the choices you are
YI1Ay3I oiddécisiBnxyp@eiyour dsign. Make a choice, document the choice and
explore its implications.

6) What are others doing?
Google ¢r, 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 Abrantgtp://blogs.msdn.com/bada/default.asp) Mike Taulty
(http://mtaulty.com/CommunityServer/blogs/mike taultys blog/default.agm Sneath
(http://blogs.msdn.com/tims/default.aspxand Nicholas Allen
(http://blogs.msdn.com/drnickj are invaluable sources of information, both for their own
GNARAGAY3I YR gKIG (GKSe& | r@BNNSNETE82 BNRY &2 &S0 KP Q.
afford not to read(is that enough negative® make a positive) ScottGuhrie®@ blog
(http://weblogs.asp.net/scottqu/default.aspx

7) People learn in different ways, armd 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) 52YQHUTMISAR 2F LI &@Ay3a F2NJ NI AYAYy3IS o6dzi R2y Qi LI @&
Training is expensive, but a good way of getting access to real experts. | feel obligated to plug
Pluralsight littp://www.pluralsight.com), and their upcoming webased training
(http://www.pluralsight.com/main/olt/courses.aspxat this stage, but other training is
F @ AflFof SX
Xy2G tSrad 2F 6KAOK Aa GKS dniuda®Whidh @fregfol 60f S ({2
pretty cost effectivepften delivered or developed by the same experts. Regionally, you can
find local events alttp://msdn.microsoft.com/eventsand there are usually links to online
labs, screen casts etc. up there.

9) 52y Qi 6S FFNIFAR 2F KANARYy3I Ay KSf LI
l'f K2dAK AG RARYQO FLWLJXe (2 dza Ay GKAa Ol asS:z
expertise, and really bootstrap the project, especially in the early stages. Be very, very careful
GKFG @2dz2Q@S NRIFIR (4SadSR GKS O2yadzZ GFyd Ay azy
a bit precarious. See them talk, get some good wafrchouth¢R2 Y QG 2dzad 32 | yR |
SE LIS NI ¢ frlehtB ¥ecrdtr@emtNdnsultant.

10) Learn to use theanonical 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/
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There are some things that you reafyt yd@without If you had to pick three for yourew-
technologydevelopmentdesertisland, how about:
Reflector http://www.aisto.com/roeder/dotnet/)
LingPad tttp://www.lingpad.net)
SvcTraceViewer.exattp://msdn.microsoft.com/enus/library/ms732023.aspx
(Discus®)

11) And the bonus 1%.item: Admit your mistakes
During the prototyping phase, most of what you do is make mistakes. Most of the benefit of
' LINRPG2G@1IS Aa fSFENYAY3I 6KIG &2dz ¢2dAf RyQi R?2
82dz2Q@%S YIFIRSI FyR R2y Qi 6S ITNFYAR 2F Fo0kFyR2YyAY

PLANNING MAD SETUP

We completed the prototyping and review phase by the end of March 2008 (on schedtdeles do

happerv = FyR G221 F €221 Fd GKS LINBRdzOG LI Fy (G2 RSGSN)YA
introduce the new technologto the team After a few rounds with the produechanagemwe decided thata

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

1) We had a welklaborated scope for the project, that was replacing and extending a very alch m
unloved piece of functionality in the V1 application

2) It offered some compelling erdser value

3) It had welldefined points of contact with the rest of the platform

4) It would be a slice through the entire stagklata, services, presentation aimtegration

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 tteta, with a May kickoff (when existing commitments were conclud&tjs included a
considerable amount of cdimgencyfor the learning curve, but was also well ahead of the roadmap

plotted out in January

We do our higHevel planning around a 5 page document from the BMhis case, ibutlineso & LINR R dzO
202S00A0Sa¢ O6GKS | Seé& O HevalzBmentMidlalio looks at Oow thasdasbjective® (1 KS vy
map into the gaps in owxisting offering NA IKd R2gy (2 (GKS €t S@St 2F OlFtfAy:
specific improvements.

We brainstormedthoseinto 10 key successcenariogwith PM, deelopment and QA)long witha dozenor
s0 QoS requirementsOver the course of the projechesewere elaboratd into ~120 development tasks.

For the last couple of years e @& Team System to managerr developmenprocess When we kick off a

new deselopment activity like this (particularly a higisk one), we create a new project in Team System, and
branchits source tredrom2 dzNJ | 9! 5 NXf S aS LINRB2SOli® 2KSy 6S NBIFOK |
back from the branch to the head, and perfoour regression and release testing. There are maybe 2 or 3 of

these projects running at any one time, with the aim of integratir@yrhonths from inception. We try to avoid

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

releasewhile avoiding huge fragmentation of the collase into a million, unmanageable branches.

Individual iterations on the project tend to be of the order of 2 weeks, with abelidiwork items completed

per project perday. Although we run nominal 2 week iterations, we expect stowttell 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 fivat formal iterations are not totally usefgltracking
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 effectivéd Ky O2 YAy 3 (2 | NIZAAFyRt@kération Indrildihadd@ Kif @ a Sy R
NELRNIAY3I LRAY(G F2N GKS NBad 2F GKS YIyl3aSySyid GSrvysz

As code is checked in, we use the TFS2008 continuous build system, and run automated code analysis and unit
tests alongside our actublilds. 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, NUd;acq our home grown rport XSLT etc. etc. all hang together, as

per the V1 build environment.

{(2X6SQ@&nay2Rl [+ LI I OS (G2 @62NI X 6KIF(i y26K



THE APPLICATION ARTECTUREHISTORY

Our existing 1.0 application architecture cated of a bunch of stateless services (ngteot necessarilyweb

services) 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 fromour XML message schema were used to deliver information between the; tobiiefly to

facilitate Windows Forms datasinding.Oh, how we regret this novlhey are slow, heavyweight, difficult to
ASNRIFEATS Ay Fff a2Nla 2% isltera] SHHyeR (NUzyOlNGSH 8] @AAyYliySS NBA 425
from 20022007.

There are a bunch of middiger components that consume thersuch as a workflow enginan image
storage and distribution engine, and a messagind integration engine.

On the client sid, a Windows Forms application shdiBcovershosts and presents pluigp components that
are orchestrated to deliver the main application functionality.|8arviceProviddvased inversiorof-control
mechanism allows thplug-insto find and consume theerviceghey need.

Smart Client

Visualization Instrumentation
Plug-ins

Messaging
Workflow

Integration

Data Access




ARCHITECTURE BY BWESIS PROCESS

You can see an example of ttleploymentarchitecturebelow. Notice how we support local enterprigmsted
versions of the applicatiogservices thatan thendelegateout to services hosted in the clduto collaborate
with home workers, mobile users and satellite offices.

D

Web clients

Instrumentation
Home workers

Message

Smart clients Enterprise Server

OCCQ .
- Sio,
Hosted Solution %,
On,

>
Async
Mobile users
o

Departmental .‘l
server

/730 1‘/b,7

Satellite office

To hook all this together, @use an asynchronous messaguagtern, orchestrated by our workflow engine.
Tounderstandwhatlmeamé GKAA&AX f Si@t@ers@@rnii NI ad gAGK |y

In the traditional ntier 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 b#sedenuest.
There are lots of ways to make that requespast back from some forng JavaScriptall through toaweb
service; oran asynchronous call @ WS* service and then a clierside wait until the information is returned
for example Howevelit isimplemented mostn-tier applications are architected in this request/response kind
of way.

Post/API call

Workflow

Workflow



Of course, ttis was a major step forward from tiie2 LISy NB O2NR &aSi¢ | NOKAGSOG dzNB 2
clients were permanentlp2 yy SOG SR (2 (G(KS 5. IyR aiGNBFIYAy3d (§KNRdJzAK
it went. And in terms of themicro-architectureof the application, this request/response mode of

communication is just fine. But there are a few fundamental assumptaked into this view of the world

that merit re-examination

1) The application server can get to all the information it needs tagiob, and is the ultimate
authority on that information

2) The client has access to the all hatait needs to do any job it might have to gigpically 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 t& to the application server whenever it needs to

4) Somelow, everyone understands the implicit constraints on the order in which these (typically quite
fine-grained) method calls should be made to keeprgtleng jogging along correctlgy that there
are no sucleconstraints; o we deal with possible concurrenigsues on a caby-call basis.

To overcome these issues, we decompose the application not by the functiorer¢hedlled between tiers

0S @atmethedatafortii ¢ > adzLJRIFGS GKS REFEGF F2NJ GKFGEosS odzi o0&
locai A2y 6S®3d GLIK2G2INI LK YS GKSasS LI dASyda G2RI&¢ 2N
GKSANI FLILRAYGYSYy(Géoo

You then design rich messages which contain all of the information absolutely necessary to carry out the
process or suprocessat a particuladocation, and exchange those messages using the protocol of your
choice Each location manages its ovacal workflowto deal with the parfs)of the overall process for which it
is responsible.

Because each message represents the staetnar of awhole (sub) procesghere is no need for the user to
wait for a response they can get on with their next job while the other eddals withthe results of their
labor. If there is a problem of some kind, then the resolution of that probkgost another subprocess

From atechnologft )2 Ay i 2F @AS6 GKSNBQa @S Nieyhlletddiup sendiRgiddid SNEy OS
acrossthewiré¢ 0 AaG NI OGSR | g1 &8 O0SKAYR (KS O2YYdzymbibuted 2ya GSOK
method call) The dfference is more philosophical; our message design has moved up the semantic food chain

from the equivalent of the method callone of many hundreds to complete a tas&a single(pair of)

messagés) containingthe request for, andinal resultof a wholesub process

Although the success path is easy to deal with in this kind of architecture, fadaemmake thingsnore
complex As we have already mentioned, these failure cdma® to be built into the workflow, too.

We see all the usu@sues, includingconcurrencyproblems transactionalityjinexactentity identity resolution
occasionatonnection andvolumes ofdatathat needcachingat the endpointdor efficiency and/or offline

use We deal with them by looking at the overall prasetreating the failure cases as just another interaction
between subprocesses, 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 patérns 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 patieotgparcek, or both perhap#) and

ownership and locality of those entities (whaiish y OKIF NHS¢ NAIKG y263 LIKeaAOrtte

¢ KA & &-bad@ @ipraagieto information managemententral tothe successful adoption of &B0AC
far more so than a particular deployment technology or application infrastructure.



[ SG Q& (iohd ®nnéctidx@s gur canonicalixample As an industry, & commonlyarchitectour
applicatiorsasifweg SNB ol f gl 2a O2yySOGSRéX IyR GKSy GNB (2 RS
synchronization and local cachifthere are countless articles onetsubject¢ KA & LINRPof SY, A& aly2¢
sothere is a lot of plumbingeople have built to help uSich as the Microsoft Sync Framework
http://www.microsoft.com/downloads/details.aspx?Familyld=C88BAXIFIF31149B30%

9BO56E7FB1E6&displaylang=en

Thatinfrastructureisgb 12 o6dzi A G R2 S3ay QifsueBRAR Ndyes fias hall Staldfoizd R YSy i | €
number of years, the slide deck for which can be found here
http://www.softinsight.com/downloads/SmartClientOfflineDataCachingandSyndlpatf discusses the

problemin some deptlt, but the real meat oft (amidst a load of very valuable technical informatiin a

bullet point in the summary section.

Design for disconnected opeiatis early
Identify offline use cases

You shouldlook at theprocesses that are carried out at the occasionally connected endpuaatel 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 foyour business process y 2 (i K 2 NR T-ighgsiiuft € & LI F G F2 Ny
Choose younfrastructure/platformbased on your business processe
LF @2dz OFlyQil R2 GKIGX @ypuzbubimedd prgc€s§Saal NAf & 02

document and understand those coroprises; understand your configuration
options; dare with the customer.

Understanding the ambiguities that engg from that proces®ased viewallowsyou to design procedsased
resolution for the $sues, rather than dathased resolutiondt also makes it easier to identify how to insert
human intelligencénto the workflow, to disambiguate informatiomat the right timg maximking the benefits
of automation elsewhere.

.8 Y2O0AYy 3 | gl térebyiéBRvOfk addRNIDOKE G 8@ 61 NRa ol NOKAGSOGdzZNE o @
a means of communicating technical issues more clearly toour custamérd ¥ (G KS&S dzaSNAR O y Qi
& 2 dz dplthys Qitiof the process at that timén this way ,iand we open the door to developing domain
ALISOATAO daa?2 f-pacdseytha’Slésd tied/ié ourfeshindlogy, and more focused on customer

needs.

A deep understanding of these kinds of process/workflow issuesmi@amental to the success of oplatform
in our chosen implementation domainisut while theseideasare at the hearbf our application architecture,
implementing them is a whole different story!

IF 1 WERE YOU, IWPB b Q¢ | ! +9 ROM THERBE 5 C
For our V1 product, thisntire infrastructurewas handrolled (and, indeed, we were still working out these

kinds of messagexchange patterns in a theoretical kind of waly) Jan 2000 whebigital Healthcare was
foundedand we started developmen®b 9 ¢ M dn K| Ry Qii BetaBidTalsfférddittiSdouble S @S v


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 neguite-readyfor-primetime and brutally expensive. Web Services standards wetheir

infancyq W3C was just getting SOAP standardization underway, and the Bill & Steve Web Services Strategy
announcemat was stille monthsaway.Windows 2000 was shipping, but not ubiquitausiost people were

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

remembera long debate about whether to go with IBM D@&o he?) or this new SQL Server 2000 thing,

which looked quite goodn paper(so good, in fact, that it is only now, 8 years later, that we have dropped
supportforitch YR G KI GQa 2yfeée G2 LdMaAK  F¥S8¢ fF33FNR& G261 NRA
features)

This ZD Net article by Mary Jo Foley from-2000 captures the zeitgeigretty well ¢ characterizing what is
NEFffée GKS ®b9¢ FTNIYSE2NI kYRl aSPONBART (DENISES RS AlyE d.
http://news.zdnet.co.uk/software/0,1000000121,2079351,00.htm

Even so, the period 20e8002 was hugely productive for .Bur backgrounds were in C++/COM/ATL, and the
productivity gains from moving to the managedvironment were spectacular.

The transition to .NET 1.1 in 2003 was essentially seamiesgs effectively thdougsshakenout-and-ready
for primetime version of the .NEproduct, and it (notcoincidentally!) coincided with the public release of our
new .NETbased productl.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 likesgene®w code. We

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

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

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

the upgrade wizard choked horribly on our solutiaftimately consuming more GDI handles than the system

allowed (adbucg that is still in the product todayWhere the 1.1 Visual Studio had been able to load and build

the app (however shaly), VS2005 was deeply unhappy. ButsikR A Ry Qi KI @S G2 YIF 1S Fyeé N
or choices about the direction of the technology.

.NET 3.x waa different story. During 2062005it became clear that the next generation technologies like
Indigo (WCF) and Avalon (WPF) would be gahamnging, and would require us to make some fundamental
changes in thinking to make best use of thehtealogy.After PDC2005, we started looking at it in some detalil,
and, during 2006huilt some demonstrator componentsbasically some experimentgth the data binding

and graphics models, and some deep thinking about the right abstraction for the nregssangi
communications interface.

2007 saw us implement a couple of client components using WPF (a medical movie player with features like
NEZAY3I 122Y FYR a2YS AYIF3AS LINE OSaaA y-axposihgyourimage Of 2y S 2
storage wé service using WCF.

Comfort with that led to the decision to put both feet in the waterd get a bit wetterwhich brings us back to
thato A3 &2 dz2NOS NBLIRaAAG2NE yR | 0dzyOK 2F aOSylNAR2a G2


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

SMART CLIENT

5dzNAyYy 3 (KS LINE (2 (starLidhoyiebarticdla® tieRahdRnAKe decididdd i isoRatome looked
at the problem inthe-round in order to see howhoicesmade in the data tier, say, might influence decisions
made at the client. However, we have to sttre storyd 2 Y S ¢ K S INSBuT withi the clief.

la L YSYyGA2ySR | 02@Ss ¢S O2dA RyQi Ll2aarofte GF1S GKS
ground up in one gq we need to embrace, extend and replace our existing functionality piece by piece.

The logical conclusin from this is that there is going to be some kind of interoperability with Windows Forms
NBIljdZANBR® . NAy3a 2y OK2AOS ydzyo SNJ mX

Do we host our new WPF components in the existing Windows Forms shell, or do
we build a new WPF application shell and host oustieg 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.
' YR (0 KS NXe@b3et of groblerhisifab tNd Windows Forms components if they are hosted in a WPF

world. Some of them are detailed hetdtp://blogs.msdn.com/scoberry/archive006/09/01/735844.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/wpivindowsforms-interop-showdialog
extensionrmethod.aspx

(And it works backward®o; you can uséVindowInteropHelpeto set theOwnerof a WPF dialog to a
Windows Forms window handle.)

During theprototype stage we decided that it was going to be easier if we stuck to a Windows Forms
application shell, and hosted our WPF Ul within that. There are a couple of reasons for this. First, the
Appointment Booking component we planned to build would takerahe entire host when the workflow was
launched by the useg 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 abject

theNS Qa a-vélSvinB2staff going orAlthough, at some point, it will be relatively straightforward to

swap out those dependenciesne of our QoS requirements was to minimiagact on the existing codebase.

We already had some things in mind thatre@going to have relatively faeaching consequenceso we

decided to play it safe in thiparticulararea, 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 CONTRORIHRESENTER

The second fundamental question was about the presentation architecture it$edfparticular varianof the
MV Cpattern that we hit upon looks like this:

ViewModel

\ DataContext

T
|
|
) FrameworkElement
Business {PropertyChanged},
Objects |
|
| /
| |
| % - <
P N
: Controller e AN
- N
| _-~" {Command} N
2 N
| «uses» - ™
| _-"
: -7 View
Services

So essentially, it is an example of the supervising controller/presenter pattern
(http://martinfowler .com/eaaDev/SupervisingPresenter.hjmihich you see a lot in the WPF world.

¢KS O2y iNRff SN Aa NR mteddcioasiwiHtHe sefvizdsdaittaning coriplexzhodel & G dzF F ¢
state.

The view is not entirely passivgit is databinding to the ViewModel (and occasionally doing just a little bit
Y2NB (KIFy (KlsialeARKEAGUNAFODE aOASSH

The model is a big bag of information, capable of performing validation on itselfyrampiiingsome sinple
derived property logic

S48 t221 Fi GKS AYLESYSydGldrzy 2F (KSaS Ay |+ oAl Y2

VIEW

The first thing to note is that the view has no special constrajiitss just aFrameworkElementve opted for
FrameworkElemerrather thanUIElementVisualor object because we warits DataContexproperty.¢ K I { Q&
how we hind it to theViewModel We thought about abstracting this stuff away behind some
IView.DataContextut, frankly, that seemed like an unnecessary indirectidnve need to present some new
1AYR 27F @ AaBahEr exdeSsibifitSpoiat foiithat (see below).

The view is pretty simplminded. It is bound to &iewModelby way of itDataContextand it carrespond to
changes in that model, or update things in that model.

2dz 1y26 22d200S Il AT diNK SNESBE  FLONEBUAGG BNAYAIZOK y2 O2 RS
with things like layout and animation.

2 KAES $SQONB 2y i Kdniiewa aim \@&s$alroniplexity, ah&then § [idf Gistussion 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 implensentethingas simply as possible, using the

simplest possible containers, and wik few visualele®y Ga | & @2dz OFys G2 | OKAS@S
for. Little tricks like using @extBloclinstead of a Label can save you vast numberdarhentsin your tree.

¢KSNBQa | K2t S NI Fiinadocudmsntup datMSDBSNIEIPWGH tefgrfng to thig (i S &
GKSY @&2dz2QNB R2 A Y 3 (And itlisSeNahgvwoeNh-dging erfoiBadice &dewvs with the
developers on a variety of different hardwar@nd documating specific QoS requirements for your vishals

http://msdn.microsoft.com/enrus/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)-600ns 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

transiiz Y FTNBY 2yS LINRPOS&aa (2 Fy2iKSNT RAS$DIendelng O (G KSY
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 ajsst possibly, violate some of your corporate style guidelines and

present usability issues.

In addition to these hight S@St YI GGSNE 2F LINAYOALX Sz GKSNB INB | TS

al 1S adNB GKIG &2dzQ@S 8ianlf adyg@phicsidivérsian thétyrgeenimghinegg.2 2 R¢ @S
Lots of weird bugs (like flickering, flashing and general misery) are down to the drivers.

Messing with theRenderTransforris much, much cheaper than messing with tteyoutTransformBecause it
R 2 Stypaft@ipate in the layout process, doing little zooms and rotates withRbaderTransforris 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 ymachineL ¥ & 2 dzQ@S 323G Y2NB GKIFy |
visualsinthe treelzy RSNJ 0 KS St SYS¥ (iR 22 @70 NBNE Yk Wheil yolyWaintioStarh & R A NB
the animation, render the element to a bitmap, and replace it in the tree with an image disgldat 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 requsted)board. Completeid
your friend. A little caveat, thoughthe Storyboards not the sender of that event, thélockGroups., 2 dzQf f
need a piece of code like this to retrieve the original storyboard.

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

YR @2dzQf f ySSR (i nttdchediQnhishistoryboaydhas fusdt cond bagk ogmu.dYbu have
to be a little careful about how you name it, if you want to avoid a runtime excejattbe framework
performs some vatiation to make sure it is safe use as a field name in C#/VB

AlsoR2Yy Qi 6S | FNI AR ‘Bgyouaadithatidnyiathedzbde beklirdl. Fir lddinthibSsNased on
size and position it is often easier to do that, rather than struggling with value convertedsAdid. This is a

good, general principa2 t C R 2r®an YXAML; if the code is more expressive, use the code. (For example,
you might set up any event handlers you use in code, rather than-m@rks the actual handie themselves

will be code too.)

Finally | want to makea couple ofobservationsaaboutanimation and render quality.

If you apply é&caleTransforrto an element containing text, then there is absolutely no guarantee it will ever

221 NRAIKG FIFAYT GKAA& Aa InotedfraiwhilezAids s definfely beteS asa @ a G S Y
of 3.5SP1, but still not fixetfou 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 tp&tlpro

SOSY FUSNIAG KIFIa agAiOKSR o001 G2 aoSad ljdzrtadaeésg vz

If you have significant amounts text ¢ especially if that text is rendered at small (<12pt) sizteen using
the bitmap animation technique is highly advisgtads it will allow you tavoid this problem.

In general, you will also want to ensure that you enabtepsToDevicePixéds your Ul. It makes the whole

thing look crisper, at the expense of a small amount of positioning fidelity. It is inherited right down the tree,
soyouonyy SSR (2 aSd AG G GKS G2L) t S@St 2F @2dzNJ 'L 66 AGH
http://www.thejoyofcode.com/Infinite Resolution and SnapsToDeviceBigspx

Somewhatoffi 2 LJA O o6dzi y2i4S (KIG GKAA AYKSNRGI yOd&lyR2Say Qi
set it on every element.

'DESIGN

Visual desigris a vexed question for developers and designers .afika 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 alistof 1000 SO dz&d S adsiiSvNiBsRace aroRnd them is re-great). Sometimes it looks like death

on a plateyet stillconveys information really clearly. Sometimes it achieves a ‘Bsigeie ideal of both.

(http://en.wi kipedia.org/wiki/Edward Tufte

DSGGAY3a RSOSt2LISNE FyR RS&AAIYSNRBR (23SGKSNJ G2 dGlrt]1 GK
close to the answer.


http://www.thejoyofcode.com/Infinite_Resolution_and_SnapsToDevicePixels.aspx
http://en.wikipedia.org/wiki/Edward_Tufte
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app. Fundamentally, 8 O 2 dzf Ry ®@éw stdfflopkSotallyka® utterly different from the rest of itThe
contextual shock would have been too high, and users would have found it very difficult to use.

l'a Al KI LISy &> ugha@r@dsate Bbranding @@r8ise. WiakeNamhew 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
G O02yazt AR Islimestigned at b i@rihgBut 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, applicatiatteand
branding elements more anahore tightly togetherThis is atart, but by no means the end, and educating our
(freelance) graphics designers about what we nesttl what the constraints arés going to take time.

Initially, we worked out somscampof the basic workflow andlll tha make up a part of theiserexperience
on paper, and then a losidelity mockup in Windows Fornggno functionality beyond basic formpening
micro-workflows

Vs Borst b Bt | s w141 rovgtate s Degn] Sy [Deugal | Cnstellsssfixdurmec [y
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of the physical Ul, and is marginally easier to edampledata 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
couldbenoterhdi I GA2y (2 alF OOARSy(GlIffeé¢ dzaS GKS Y201 dzLd I a (K

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 wolddhraugh 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 stylieglor
thought to overall look,animationetc.

As we completedhe basic logic of aomponent, 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 commoResourceDictionanput would occasionally ggiire a return to the developeio 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 saodule.

This developeto-designer workflow is enabtl, fundamentally, by the UX designer and developer working
together at the outset to get the workflow arghsiclayouts right. Everything eldellowsfrom that. If you
have to make changes to the underlying layout or workflow, it requinessiderablynmore cooperation
between designer and developer.

L KA yallgot@ Bt@@eS&rn in this regard. If | have one recommendation, it is to try everything with both
new and existing users of your system, and get feedback asaatlgs ofteras possible.
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.VIEWS BIND TO MODELS

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

y2 Y2NBI LI St aSH 2 hestSonketyelewdaiNg Si A2YeSX véd2 deQf t 4SS K24
that, with the aid ofiNotifyPropertyChanged

We also make quite liberal use\éalueConverterto transform from the source type to something more

suitable for the visual. Often this is sim@&ing.Formastuff ¢ and if you have the luxury of targeting .NET3.5
SP1 you can avoid the value converter completely with the &imgFormaproperty on the Binding.

One thing to be careful of, though, espebtjalrhen using value convertensiake surethat the binding is
notified whenany of the properties change thatontributesto the final value of the binding.

{I& LQY Natheapjdt thathaslwo propertiesirstNameandLastNam& ' yR L Q@S 320 | @I
converter that concatenates those propeih S& (2 LINRPRdzOS | LINBGdGe a[lFadbl YS:

All is well if thevhole namechangesi(e. the reference is updated)ubif just theLastNameor FirstName
changes, then you are in trouble.

There are a couple of ways around this. The first is to WdalaBindingand anlMultiValueConvertgrand
bind to all the necessary components (root element, and each of the properties).

The other is to create a derived property on your clasayFormatedNameand raise a property changed
event for it when any of its constituent properties changsomething 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( "{O}, {1}" , LastName, FirstName);



}
¢tKSNB INB FTR@lIyGlr3Sa yR RAA&AFRGIyGr3Sa (G2 6020Ked ¢KS
unnecessaryropertyChangedvents that neone is interested inand you certainly avoid a proliferation of
dozens of derived properties in your business objects for every type of formatting your Ul needs.

hy GKS 2GKSNJ KIyRX a42YS 2dzRAOA2dza aOFy2yAO0Ff F2NXNI (¢
application, ad simplify the code you write in the client tier. They also make those canonical formats more
easily available in other tiexsfor logging purposes, perhaps.

| VIEWS EXECUTBMMANDS

Rather than raisingnd handlingeventsin the old Windows Forms way, viiave a new, highelevel
abstraction¢ the command. Or viewsexecute commands to request actioimsresponse to user activity
¢tKSasS O2YYlIyRa INB dGeLAOlIfte KIFIyRfSR o0& GUKS @AsSgQa O

It is worth noting tlat we have opted to use regular commongarden WPRoutedCommand®r this.
This is by no means the only option.

The Microsoft WPF Composite Application Guidahtp:(/msdn.microsoft.com/en
us/library/cc707819.aspxamongstother app frameworksprovidesan alternative commanding abstractign
through a command broker of some kind, allowing various different pub/sub mechanisms for these kinds of
events. Again, tis offers a more sophisticated palette @btions 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 sangbupgewith some presentation

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

you to avoid thisA good explanation (and another approach to creating this kind of bindsigg the WPF
commandingnfrastructure) A& FT2dzy R AY W2aK {YAGKQA /2RSSt Ne2SOG | N
http://www.codeproject.com/KB/WPF/VMCommanding.aspx

In our infrastructure, theControlleris given an instance of its view iddition to its model, and it adds
CommandBinding®2 G KI G @A Slpdaes méaa that yaarin@ kind several views to the same
controller (although they can, of course, share the same model, subeomponents of the main view
should this benecessary, we wdd refactor to use a on¢o-many abstraction

CKSNBE INB 20@0A2dza ftAYAGFGA2yA G2 GKAAT AYLX SYSyGAy3
appear to be difficult how do we get all the peers to collaborate without somethlike the composite
commandfrom the composite app guidanee

Our solution to this ithrough composition suppok y G KS / 2y G NRff SN A G & FX ¢KAOK
though, a quickook at the Viewhbdel.

VIEWMODEL

TheViewModelaggregates all ohie information needed for a particular controller to do its job. It implements
INotifyPropertyChange@nd exposes its conteasproperties in order to support the WPF data binding
infrastructurg along with thebindingvalidationmechanism


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

whatever ways are necessary to neakem mostpalatable to the presentation layer (controller & viewhey

never, everget serializedicross a service boundary.

VALIDATION

+fARFGA2Y A& lfglea I GNARO1@ LINROf SYWatgEBddn OK2aSy
our entities, and specifyingalidatesOnDataErrors=Troa the bindingA y (G KS ! L® hy (KS gK2ft S
chosen to go folpdateSourceTrigger=PropertyChangdensure that you get validatieasyou-type

behaviour While this can have performancg 8 dzS5& F2NJ OSNE I NHS ydzYoSNBE 2F 0A
problemswith the typical number of adte, editable things in our app, and it provides more immediate

response to the user when there are erroféour mileage may vary.

¢ KSNBEQa | 3 elRaRErtomMiai WHF Sindingherdz
http://www.thejoyofcode.com/New in WPE 3 5 2 Support for IDataErrorinfo.aspx

To make iteasiertous$,S Q@S ONBI G§SR I KSf LISNI Of lEawErnidrhfo a2 NI ( K
imaginatively enough)ataErrorinfoHelpert has methods that let you get/set validators on particular

properties in the Modeland then you call it¥alidate()andValidateAll()methods from the relevant methods

in the IDataErrorinfdnterface. These validator objects implementlafalidateA y 4 SNF I OS> Ty R 6SQ@S

whole heap of useful validators (usually derived from an absWatitiator<T>hase to help with som strong

typing). Things likBataRangeValidatgiRequiredObjedstalidator, RequiredStringalidator,

StringLengtialidator, DataErrorValidatod 6 KA & f I 4G 2yS STFFSOGA@Ste OKFAya N
IDataErrorinfdmplementation). They arermple to implementc you only need to override one methagand

you can optionally set up a default error message.

I SNBQa (i rS8ingReyighVakidd®ior your entertainment.

public override string Validate( string item)

{
if (string .IsNullOrEmpty(item))

{
}

return string .Empty;

return  ErrorMessage;

}

YR KSNERS(IKam aRS @I f AR (A Hofe thatZoNstatelessI@idiBsy(i®a FTANERG Y
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validators get created, and it is easier on the working set this way. We might refactor things like

StringLengthValidatoin future to maintain a caahbased on the length of the string, for the same reason.

SetValidator( "FirstName" ,
new [Validator []
{
new StringLengthValidator
{ MaxLength = NameStringPropertyLengths .Forename },
RequiredStringValidator .Instance,
NoLeadingTrailingWhiteSpaceValidator .Instance

b

¢ K S NJsthei obvoys future extensibility point here, in that these validators could be applied through
configuration, allowing you to change somkthesefairly low-levelbusiness rulesiithout


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

recompilation/redeploymentWe have anther IValidatorimplementation 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 ownValidatortype infrastructure’®e could have used something like the Validation
Application Block from the B Enterprise Libraryitp://msdn.microsoft.com/enus/library/cc309509.aspxor
gone down a route more WHS§h like this littp://www.co deplex.com/wpfvalidatioh

Dealing with the second onefirgg S R2y Qi f A1 S G(KAA& | LIINRIOKXI 06S0IdzasS &
View, rather than the business object model. It discourages sharing of rule sets between tiers, and that leads
to all sorts of subtle bupotentiallyfatal bugs.

la (2 K& 6S RARYQUO dzaS GKS a{ 9YGSNILINAAS [AONINEB of
validation framework does, ara bitmore; it ismoderatelysimple; it is going to be used (and théyee

tested) by more people than will ever use our hagrewn code. All compelling reasonsgo 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 havenuch ofthis 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 | was starting ficratchor dissatisfied with my own
implementation, | would probably pigke Validation App Block, but as it is, we maintained the status quo.

VALIDATION DECORATQR CAVEAT

CKS @Aadzrfa FT2N G§KS RSTI dz You &y © dmidh Sapenthah aN&tardle, X b A OS
except, perhaps aquare; ora point. Or yowcouldargue that a circle is simpler than a rectan(gtop! stop!)

LT &2dz R2y Qi tA1S8S (GKS NBR 062EzZ &RldnidEyorThdplaie | OS Al 64
attached property. fittp://msdn.microsoft.com/en

us/library/system.windows.controls.validation.errortemplate.a¥px
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in the corner of the control, noy

However, there is a problemif the element is showing the validation adorner, because its binding isdn, err
and it gets hidden, or collapsed, then the adorner stays exactly where it was: unless you wrap the content
(somewhere) in adornerDecoratarThis is a notable problem foabContrglbut, in fact, we see it with lots
of Ul that can show, hide and gerally get messed about with.

You can find some detail about this here:

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

The snag with this is that, once wrapped in the adorner decorategedins to participate in the control
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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 VALIDANtCANOTHER CAVEAT
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collections, as that supports WPF data binding very nicely, without too much overhead. We get notified when

the collection changes, and the WPF binding happilg calr 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 validatiorfior the collectiordepends orthe values of the items in that collection?
For example, what if | have a collection of date ranges, which is invalid if any of those date ranges overlap?

Unfortunately,i KS 2t C @FfARIFIGA2Y AYTFNI &0§NHzO0G dzNB IIBcBoBay Qi 62 (i K
when properties of items in the collection change.
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ObservableContentCollectionsT>

It overrides thensertltem RemoveltemSetitemand Clearltemsnethods, toAttachand Detachfrom the
PropertyChangedvents. It then raises a ne@ontentChangedvent should any element in the collection
change.

We can attach to thi€ontentChangedvent of any collection in ouvlodel, and raise @ropertyChanged
eventon the model propertyitself, forcing the binding to revalidate.

We were extremely concerned about this approa&csurely that would be a colossal overheadffectively

rebinding the entire collection whenever a child property changes? It turnsatio be nearly as bad as we
SELISOGSR® L R2y Qi 1y2¢ SEIFIOGfteé K2¢ (GKA& LI dZyvoAy3d 2LIS
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So¢ that wraps it up fothe 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
waythat it remains extensible, but easy to use and easy to implement for developers of all skill levels.
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ensure that while ieasy to useit is also robat and (most importantly) inherently composable.

A controller embodies an atomic unit of work in the application.
It has a well defined lif®©& Ot SY {GF NI X a2LISN} 1S3> CAYyAaKk/ | yC

It can retrieve more information at any time, but can only commit changes
ddzZNAYy 3 aCAYyAaKe

It also (optionally) has the ability t@nish (committing the operatiorgand then
continue operatingd ¢ 32 R 2 , praviding B mainyaiisiits model correctly
under these circumstances




LIFECYCLE

' Start Setup Model

T )
'm:h':ﬁ‘:r‘m Change Model Content
'~—1 -

Each of these major parts of thieece@ Of S KI & | QBONNDYESPEFTYCANFinistand
CanCanceflhis 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
IDataErrorinfdmplementation), and the current state of the controller.

A controller implements a fairlgimple finite state machinsomethinglike this

{Exception}

{Long operation}

Unknown

{Start}

CansStart?

\ {Exception}
Starting - Failing H Failed )

{Exception}

{Exception}

CanCancel?

( Updating )

{Cancel}

Started

ue
Canceling

{Long operation complete}

{Finish}
CanFinish?
True
( \ {Exception}
Finishing

Finished



The state of the controller is exposed to the outside world (such as the view) throBgtieproperty in the

model¢ this is aninstance of arenum calledviewModelState

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-ederagion indicator of
some kind, showing error messages (in the cageadingand Failed, or preventing the user from making

changes while it is busy, or not yeaigied.

To perform your actual work, you override the vari&itart, Finishand Cancemethods in the controller itself,

YR FRR 0AYyRAy3a
those overrides if.ong operationsbelow.

'CONTROLLER COMPGENT]
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There are two forms of controller compositioachain andchildren

CHAINED CONTROLLERS

K
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When a user clicks a button to request a particular action tp&dormed, you might startup a new controller
(with a new piece of view) to handle the actidie call thisa chained controller.

’
# | Create Clinics

Nome

Test Chinic
ICode TC1
Description
2 Daily & Every 1 day(s)
Weeky . _
Maonthiy Every weekday
Yearly

Start 13/04/2008 2~

End after 3

occurrences

Command

Interact with
the user

Heruct i
e ww ‘




If the chained controlleCanStartthen the command which initiates this new syibocessCanExecute

Executing the commandhows some new Ul, bound to a new model, and then &g on the chained

controller.! & (GKA& A& &adzOK I 02YY2y 200dz2NNBYyOS:I 46SQ@S odzAf i
start/finish/cancel command patterns. We call thétmesenters |y RliscaisS dnin more detail in

Pulling it all togethey below.

Chaining a controller does not necessarily imply a modal chagge can just as easily chain several

controllers and show their Ul modelesdjowever, it is worth considering whether you really want a modeless

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

that work, then move back into their previous context. | guessthe rdeR2 y Qi 6 S | &t | @S G2 SA
a modeless philosophy; think about what makes the job easiest for the us

CHILD CONTROLLERS

A @ntroller also has support fahild controllersg sub-controllers whose lifecycles atied to that of the
parent.

m l Start >l Start

Interact with
the user

Interact with
the user

: ! ) 4 ! ,
[ ] N [ - ]
| Finish l Cancel > | Finish | Cancel

For example, you might create atsable 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
aStSOGA2yd ¢KAA A& 0SAYy3 dzaSR Fa LINL 2F |y al! LIRIGS
address, date of birth etc. So, when wersthe UpdatePatientDetailsControll@re also want to start the
AddressSelectionControli@nd similarly they need to be shut down together). In fact, the whole lifecycle for

both needs to be tied together what happendo the parentwhen a child failsa 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 finishesd&agelf.

It turns out that there aresomany permutations of success and failure when you start to composgollers

thatA G ljdzA O1te& 06S02YSa I of I Oebe constihinth Gwe&amdzupRvEnyo@ G F2 N | f
ControllerBas¢hat implements the wholetate machingor us. The controller implementations themselves

need only concern themselves with their individual gask
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So¢ if | have an application module callédoBaicomposed of-ooViewandBarView with the FooContro#r

and theBarControlleR2 Ay 3 GKSANJ YIF 3A 03X EQBRuCONBHRIEKEY ORIRNDNE S &5 ¢
FooBarViewModdhat aggregated thé-ooModeland theBarMode] and finally, a=ooBarVieveontaining the

FooViewand theBarView

FooBarView «bind> FooBarModel FooBarController

\ FooView

BarView

FooModel FooController

BarModel BarController

You can then add the Feand Bar controllers to their parentYou do this by callintpe
ControllerBasé&ddChildControllemethod, whichtakes an instance of the controllée.g. theFooControlle)y;

the nameof the propertythat represents itsnodel n this case¢he FooBarModeFooMode), and thename of

the childview element to which they should be bound2 dzQR G @ LA OlI f f & RBtai KAa Ay @&2d

2 KSy akK2dzZ R @22dz ONBIGS | OKAfR O2yGNRftSNK ¢@LAOKffe&

We find that we frequently refactor model elements out into a subdel, extract some piece of Ul into a
UserContro(for which Blend has convenient supporand extract some controller functionality into a child
controller for reuseOccasionally we do it to simplify the parent controller, if it starts to get daeye These
are, of coursethe two classic reasons for a componeampositionbased patterrof reuse.

Clearly, thigpattern of compositioris analogous to the compositemmand in the WPF composite appliat
guidance referred to abovéut with a builtin concept of a longerunning lifecycle, rather than a ordff
GFrOliA2yéd

Although the examie above is using a static composition modely ganeasily extend this to dynamic
discovery and aggregation tife views, controllers and modals h dzNJ SEA&GA Y3 2 Ay R264a C2 N



does something very similar right nayalthough it is more of @ & | OG A @S ith &simgle, High (G G SNy =
level contrdler building the shared moded. S Q@S a4 KA SR | ¢ |-ime-@&rdUBRdYo trii ti§ eoiitrold S O 2 y R
some of the emergent complexity we discussed above.

LONG OPERATIONS

The bane ofiser experiencés unresponsivenes3he web has taught us that people are prepared to wait for a
NBYIFNJlFofe f2y3 GAYS 0aSOSNIf &aS02yRao F2N) a¥dzAZté& O2
happening, and, preferably, there is some content of valith which they can interact while they are waiting.

http://www.websiteoptimization.com/speed/tweak/psychologweb-performance/

There areplenty of long ops a controltehas to deal withbootstrapping 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 changekiringFinish

To deal with background work durintpet, stop and cancelControllerBasenakes use of the
BackgroundWorkeof .NET2.0 faméhftp://www.danielmoth.com/Blog/2008/05/backgroundworker.htil
YR ¢ &ena$ew tonstiats to help you avoid some of the pitfalls of working on a background thread

To support thisControllerBasé® NB I 1 4& AG& 2LISNY A2y a Sladhshnfedaplet SOSNI £ &

Client ControllerBase ViewModel
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When you build your own controller, you overri§artto perform preprep on your model (and to add your
own child controllers)BackgroundWorkForStaiftyou want to perform a long operation, arf@tartComplete
to deal with the results of your long operanh.
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