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ALT.NET
1

| F THERE IS DISSATISRCTION WITH THE STAUS QUQ GOOD |F THERE IS FERMENT
SO MUCHTHE BETTERIF THERE IS RESTLESESS | AM PLEASEDTHEN LET THERE
BE IDEAS AND HARD THOUGHTAND HARD WORKIF MAN FEELS SMALILET MAN
MAKE HIMSELF BIGGER HUBERTH HUMPHREY

few years ago | was fortunate enough to tum a corner in my programmimgcarhe

opportunity for solid mentoring presented itself, and | took full advantage of it. Within the space

2F | ¥S6 Y2y(dK&IZ Y& LINBINIYYAYy3I aiAraftta aINBg S
continued to refine my art. Doubtless | still havelz®O K G2 € SI NYy>X FyR FAOS &SI N&
the code | write today and feel embarrassed. | used to be confidentin my programming skill, but only
once | accepted that | knew very litile, and likely always would, did | start to actually unatbrsta

My Foundations of Programming series is a collection of posts which focus on helping enthusiastic
LINEAINI YYSNAR KSf LI 6KSYaSt gSad ¢KNRdAzZAK2dzi GKS &SN
discussed in far too much depth to be of much use to anyoreept those who already know about

GKSYD LQ@S Ffgleéa aSSy (g2 R2YAYyIGS F2NDSa Ay (K
natural progression of VB6 and classic ASP (commonly referredteedd SDN Wayand the other

heavily driven by core gbct oriented practices and influenced by some of the best Java

projects/concepts (known as ALT.NET).

N

Ny

Ly NBlIfAGe GKS (g2 FINBYyQld NBFffe O2YLI NIo6fSd ¢KS
system down to each individual method call (afteEall A 8y Q& G KS 't L NBEFSNByOS R:
reason any of us visit MSDN?) Whereas ALT.NET focuses on more abstract topics while providing specific
implementation. As Jeremy Miller puts ftte .Net community has put too much focus on learning API
andframework details and not enough emphasis on design and coding fundamefdala relevant and

concrete example, The MSDN Way heavily favors the use of DataSets and DataTables for all database
communication. ALT.NET however, focuses on discussions arsigtpnce design patterns, object

relational impendence mismatch as well as specificimplementations such as NHibernate (O/R Mapping),
MonoRail (ActiveRecord) as well as DataSets and DataTables. In otherdesqite what many people

0KAY1l > !thboutdl Braativesdo/Te MSDN Way, but rather a belief that developers should

know and understand alternative solutions and approaches of which The MSDN Way is part of.

h¥ O2dzNESS AdGQa LXFAY FNRBY (GKS | 0208 R&G@ONA LIGA 2y
commitment as well as a wider base of knowledge. The learning curve is steep and helpful resources are
just now starting to emerge (which is the reason | decided to start this series). However, the rewards are
worthwhile; for me, my profesional success has resulted in greater personal happiness.
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Goals

Although simplistic, every programming decision | make is largely based on maintainability.

Maintainability is the cornerstone of enterprise development. Frequent CodeBetter readersedye lik

sick of hearing about it, but there's a good reason we talk about maintainability sopfteih Q& G KS 1S @
0SAY3a I ANBlIG a2Fdol NBE RS@OSE2LISNY L Oy KAyl 27
factor. First, both studies anfitsthandexperience tell us that systems spend a considerable amount of

time (over 50%) in a maintenance statee it changes, bug fixes or support. Second, the growing

adoption of iterative development means that changes and features are continuously made togexist

O2RS 6lFYyR S@OSy AF e2dz KF@SyQil R2LIISR AGSNI GA GBS F
asking you to make all types of changes.) In short, a maintainable solution not only reduces your cost,

but also increases the number and qualiffo F S+ GdzNFa @&2dzQftf o6S 6fS (42 RS

Evenif you're relatively new to programming, there's a good chance you've already started forming

opinions about what is and isn't maintainable from your experience working with others, taking over

someone's applicatin, or even trying to fix something you wrote a couple months ago. One of the most
AYLRNIIFIYyG GKAy3a &2dz Oly R2 A& O2yaoOArazdzate aGrF1S vy
google around for better solutions. For example, those of us who spent peagsamming in classic

ASP knew that the tight integration between code and HTML wasn't ideal.

I NBFGAY3 YIAYOGFAYylIofS O2RS AayQid GKS Y2aid GNRAODAI T
diligent until things start to become more natural. Asyo& I K KIF @S &adzALISOGSR:E S |
put some thought into creating maintainable code. To this end, there are some sound ideologies you

ought to familiarize yourself with. As we go through them, take time to consider each one in depth,

google then for extra background and insight, and, mostimportantly, try to see how they might apply

to a recent project you worked on.

Simplicity

The ultimate tool in making your code maintainable is to keep it as simple as possible. A common belief

is that in orde to be maintainable, a system needs to be engineered upfront to accommodate any
Ll2aarof S OKFy3dS NBIj dzS & i wpokitridStatie Svitya Kewcalun® ahd a 6 dzA f
Value column), or complex XML configurations, that are meant to hanglelanges a client might

throw at the team. Not only do these systems tend to have serious technical limitation (performance

Oy 06S 2NRSNA 2F YI3IyAlddRS af 26SNbLX odzi GKSe& I f Yz
this more when we talk atut YAGNI). In my experience, the true path to flexibility is to keep a system

as simple as possible, so that you, or another developer, can easily read your code, understand it, and

make the necessary change. Why build a configurable rules engine wiyen atant to do is check that

a username is the correct length? In alatkapte= ¢ SQf f aSS K2¢g ¢Sad 5NRAR @GSy
achieve a high level of simplicity by making sure we focus on what our clientis paying us to do.

YAGNI

,2dz | NBURQUibBSRYyBG Aa |y 9EGNBYS t NPANI YYAYy3I 0S¢t A
0SOlFdzaS @&2dz GKAY]l @2dzQNB 3I2Ay3 (2 ySSR Al Ay (KS
I QlGdzt t f& ySSR AGX 2NJ @2dzQf f péRiaRonth ButthgiaA y 3 &f A K
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amazingly flexible system just to have a simple 2 line email from a client make it totally useless. Just the
other day | started working on an op@&mded reporting engine to learn that | had misunderstood an

email and what the cliet really wanted was a single daily report that ended up taking 15 minutes to

build.

Last Responsible Moment

The idea behindlastResponsible Moment is that you defer building something until you absolutely have

to. Admittedly, in some cases, the latessponsible moment is very early on in the development phase.

This concept is tightly coupled with YAGNI, in that even if you really DO need it, you should still wait to
GNRGS AG dzydAt @2dz OFyQié éFAG |ye s$uyod@algtDOt KA & 3 A
YSSR AG FFGSNIIEEE yR K2LISTFdzZ & NBERAzOS&a (GKS ydzye
development.

DRY

Code duplication can cause developers major headaches. They not only make it harder to change code
(because you have tiind all the places that do the same thing), but also have the potential to introduce
serious bugs and make it unnecessarily hard for new developers to jump onboard. By following the

52y Q0 wSLISFG |, 2dz2NaSEF 65w, 0 LINWNsyrStaried; desigi, KoNe? dz3a K 2 dzi
dzy A GSada FyR R20dzySyidalrdAz2y 0 e2dzff SyR dzLJ 6A GK
that the concept goes beyond cojyd paste and aims at eliminating duplicate functionality/behavior

in all forms. Object encapkation and highly cohesive code can help us reduce duplication.

Explicitness and Cohesion

LG &d2dzyRa aGNIAIKGF2NBINRS odzi AGQaE AYLRNIFYyG G2
going to do. This means that functions and variables should be named appropriately and using

standardized casing and, when necessary, adequate docatiemtioe provided. A Producer class ought

to do exactly what you, other developers in the team and your client think it should. Additionally, your

classes and methods should be highly cohesittet is, they should have a singularity of purpose. If you

fiyR @2dzNBESE T gNARGAYI | [/ dzad2YSNI Of Faa oKAOK Aa ad
need to create an Order class. Classes responsible for a multitude of distinct components quickly

become unmanageable. In the nesttaptez ¢ S Q20 dR@H ANRSY ISR LINRINI YYA)
when it comes to creating explicit and cohesive code.

Coupling

Coupling occurs when two classes depend on each other. When possible, you want to reduce coupling in
order to minimize the impact caused by chandesy R A Y ONB I 4SS @2 dzNJ O2RSQa (Safd
removing coupling is actually easier than most people think; there are strategies and tools to help you.

¢CKS GNARO|Y Aa G2 oS lotS (2 A RSyindetfildn abdagrBnGpiek NI 0f S (

Unit Tests and Continuous Integration
Unit Testing and Continuous Integration (commonly referred to as CI) are yet another topic we have to
defer for a later time. There are two things that are important for you to know beforehand. Fartt, b
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are paramount in order to achieve our goal of highly maintainable code. Unit tests empower developers
GAGK 'y dzyoStAS@FotS Y2dzyd 2F O2yFARSYOS® ¢KS |Y
able/willing to make when you have safety net of huadis or thousands of automated tests that

Gt ARFGS &2dz KI @Sy Qi oNRB{1SY lyelKAYy3a A& dzyoSt ASOI
GNBS dzyAlG GSaldAy3dr @2dQONB gL aildAy3a @2dz2NJ GAYS NBI R
improving the testability of our code.

In This Chapter

Even though this chapter didn't have any code, did managed to coveyuite a few items. Since | want

thistobe morehand2 y G KIy GKS2NBGAOIT X 6SQff RAWS KSIFR FAI
| 21LISFdAd & 6SQ@S £ NBIFIRe& YIFyl3aSR G2 Of SIFNJdaJ a2vys$s
about lately. The next couptehapterswill lay the foundation for the rest of our work by covering OOP

and persistence at a high level. Until then, | hope you spend some time researching some of the key
g2NRa&a LQOS GKNRGY | NRPdzy R® { Ay OS @& 2yiuMie@mtghd S E LIS NX Sy
OdZNNBy i LINR2SOGa FyR GNB (2 fAad GdKAy3da GKIFG RARy
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Domain Driven Design 2

WHAT IS DESIGN? I T'S WHERE YOU STAND WH A FOOT IN TWO WORDS - THE
WORLD OF TECHNOLOGAND THE WORLD OF PHE E ANDHUMAN PURPOSESAND
YOU TRY TO BRING THEWO TOGETHERI MITCHELLKAPOR

t's predictable to start off by talking about domain driven design and object oriented programming.
At first | thought | could avoid the topic for at least a couple posts, butwmatd do both you and
me a great disservice. There are a limited number of practical ways to design the core of your
system. A very common approach for .NET developersisto use-®datg it NA O Y2 RSt ® ¢ KS NS
OKIFyOS (KI G @& 2dzQNBis approaBiyhBving rhagtered BekiSdNdheatsrs, thkever
usefullt emDataBound event and skillfully navigatingataRelations . Another solution, which is the
norm for Java developers and quickly gaining speed in the .NET community, favors a-cemtatn
approach.

Domain/Data Drive n Design

What do | mean by data and domatentric approaches? Datzentric generally means that you build

@2dzNJ a2aiGSY I NRdzyR @2dzNJ dzy RSNRAGEFYRAY3I 2F GKS RIEGLF
first model yourdatabase by creating all the tables, columns and foreign key relationships, and then

mimicking this in C#/VB.NET. The reason thisis so popular amongst .NET developers is that Microsoft

spent a lot of time automating the mimicking process wititaAdapter s, DataSets and

DataTables . We all know that given a table with data in it, we can have a website or windows

application up and running in less than 5 minutes with just a few lines of code. The focus is all about the
datagwhich in a lot of cases is acllyaa good idea. This approach is sometimes called data driven

development.

DomairOSY i NA O RSaAxay 2NE a AdGQa Y2NB O2yvyz2yte OFff
problem domain as a wholewhich not only includes the data, but also the behavior. So we not only

focus on the fact that an employee hasiestName , but dso on the fact that he or she can get a

Raise . TheProblem Domaih & 2dzad | FlryoOe gl & 2F aleéAay3d (KS o dz
tool we use is object oriented programming (OQP)Y R 2 dza i 06 S Ol dza S-orier@edzrQ NB  dza A
language li® /1 2NJ +. ®db9¢ R2Say Qi YSIy @&2dz2QNBE ySOSaal N

The above descriptions are somewhat misleadjigsomehow implies that if you were usimgtaSets

@2dz 62dzf RyQiG OFNB | 02dziz 2NJo6S F6fS (2 EMBOIARST
Aay Qi F GgAlyt fF (OGS AQIQERS 0 S 108Y il IN& OG0 MR @GN ISty &4 ZAyRZO IR A
does it treat them as an afterthoughDDD is simply better suited at handling complex systems in a

more maintainable way for anumbermfasoncl £ f 2 F KA OK SQft O23SNIAY
R2Say Qi YIF1S R2YIFAY RNkShply makes donSindriverkbetigr thiar-dath R NX O €
driveninsomecases Y R (G KS NBOSNES Aa Ff a2 (NHSinthear)d3S LINE
you simply have to make a leap of faith and tentatively accept what we preatteast enough so that

you can judge for yourself.
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(It may be crude and a little contradictory to what | said in my introduction, but the debate between The

MSIN Way and ALT.NET could be summed up as a battle between data driven and domain driven

design. True ALT.NETers though, ought to appreciatedttatdrivenis indeed the right choice in some

aAlbdzZ GA2yad L GKAY]l YdzOK 2that Mickosbft disgréparfofatklyifavord S G 6 S Sy
datadrivenrRS aA 3y RSaLAGS GKS FI 004G GKIFG AdG R2SayQia FTAG
(enterprise development), and, when impropery used, results in less maintainable code. Many

programmers, both inside and outside the .NET community, are probaialicking their heads trying

to understand why Microsoft insists on going against conventional wisdom and clumsily having to

always catckup.)

Users, Clients and Stakeholders

Something which | take very seriously from Agile r('

develgment is the close interaction the development tearp In the past, I'd frequently get
has with clients and users. In fact, whenever possible, | pissed off with clients. They were
R2y Qi 4SS Al & GKS RS@St PEVISHG dii'Shod what iRey G
ary3atsS Syairdey GKS (SFryo K&t K & NI) 822 dz€uNSheT 2
not to be in such a situath (sometimes lawyers getinthe § wrong choice.

gl ey az2yYSaGAaySa OtASyida INByQl | @GFrAflIoftS T2
O2YYAGYSyi(z SO0 AGQa AYLDNE | acthalliitRoudidaRSING
everyone brings to the table. The client is the person who} though, | realized that | wasn't
pays the bills and as such, should make the final desior'l nearly as smart as | thought | was
about features and priorities. Users actually use the systefn.The client knew far more about hi
Clients are oftentimes users, but rarely are they the only § or her business than | did. Not on
user. A website for example might have anonymous usery, that, but it was thei money and
registered users, moderators and administrators. Finally, § my job was to ma& them get the
stakeholders consi®f anyone with a stake in the system. | ,0st out of it.

The same website might have a sister or parent site,
advertisers, PR or domain experts. As the relationship turned more
collaborative and positive, not onl
did the end result greatly improve

Clients have a very hard job. They have to objectively
prioritize the features everyone wants, including their ow but proaramming hecam
and deal withi KSANJ FAYAGS odR3IS0d hEBHEERY FEURES aele viqs

GNBY3 OK2A0S343 YIeoS 050 A€ "ikSe R2yQli TdfJt e dzyF

I dzaSNDa ySSRX YIlIeoS 6SOFHd®aS @2dz YFRS | YXaidl1S A
information you provided, or maybe because they improperly give higher priority to their own needs
overeveryonelse'sh ! & I RS@St2LISNE AdQa @&2dz2NJ 2206 (G2 KSt LI |
their needs.

2 KSUKSNJ 82d2ONB o6dzAf RAy3a | O2YYSNDALFE aedadasSy 2N yz

how users feel aboutit. SowhiledzQNE G2 NJ Ay3d Of 2aSfté& gAGK &2dzNJ Of A
working towards your users needs. If you and your client are serious about building systems for users, |
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A N

strongly encourage you to read up on User Stogiaggood place to start is Mike Cdiara EOSt tSyd |
Stories Applietd

Finally, and the main reason this litle section exists, are domain experts. Domain experts are the people
who know all the ins and outs about the word your system will live in. | was recently part of a very large
develbpment project for a financial institute and there were literally hundreds of domain experts most

of which being economists or accountants. These are people who are as enthusiastic about what they do
as you are about programming. Anyone can be a domaiamx clients, a user, a stakeholder and,
eventually, even you. Your reliance on domain experts grows with the complexity of a system.

The Domain Object

'a L &4FAR SFENIASNE 2062800 2NASY({iSR dnNtBcHdSpYYA Yy I A2
O02YS (2 tAFTSD {LISOATFAOIff s 4SQf t NEyftedds SO 0 KIS2 Qd2is
on the basics of classes and some tricks to get stayt@dny developers will already know everything
O2@PSNBR KSNBd® 2S5 pHAaYyO] AGASINR IKSHE R i$ywdR S0 2dA G
design, you might find yourself constantly wondering about the database and data access code. Try not

G2 62NNE 62dai Ad (22 YdzOK® Ly (KS mndbllowid@K I LIG S NI ¢
OKIFLIWGSNBRX 6SQff 221 G LSNAAAGSYOS Ay S@Sy 3INBI(

¢tKS ARSI 0SKAYR R2YlIAY RNA@GSY RSaAaAdy A& G2 odaAfR
problem domain you are trying to solve. This is where domain experts cdmplaycii K Se Qf f KSf LI «
doy RENEGIF YR K26 (KS A8aiSY OdNNBydte 62Nl a 68508y A
G2N)l ® !0 FANRO e2dQff 0@ K29BSONBEK Sl ' YIS|R 10082 daiK SIAKNY Y| 3/37
aboutand be surprised 2 dzNJ RdzYo F2dzy RSR f 221 ® ¢KS&Qfft dzasS a2z
OKFGQff e2dzQf t 60S3IAYy (G2 jdSadAz2y 6KSUGKSNI 2N y2( ¢
of an enterprise developerto understand the problem domain. You already wnlmow to program, but

R2 &2dz 1y26 K2g (2 LINPINIY GKS aLISOATAO Ay@Syi(2NE
f SIFNY a2yvYS2yS StasSQa 62NIRI YR Adfjos2YIl Ay SELISNID 3

lye2yS ¢gK2Qa 3A2YyS (i KNemEgk nawhBinessd2thd Shost cyhlecated pait |

of any programming job. For that reason, there are real benefits to making our code resemble, as much

a4 Ll2aairof ST GKS R2YIFAYy® 9aaSydaAalfte ¢gKkrng LQY GF
about Strategic Outcomes, which a month ago meant nothing to you, and your code talks about
StrategicOutcome s then some of the ambiguity and much of the potential misinterpretation is

cleaned up. Many people, myself included, believe that a good ptestrt is with key nouwords

that your business experts and users use. If you were building a system for a car dealership and you

Grt 1SR (G2 F alrtSayYly 06Kz Aa tA1Ste 020K | dzASNJ |
Clients , Cars, Models , Packages andUpgrades , Payments and so on. As these are the core of his
odzaAySaaszx AdQa f23A0Ft GKIF G (~woBI8istbeSonieky@nce@atheS 2 F ¢
language of the businegsvhich has come to be known as the ubiquitous langu@dpiquitous means

! Amazon Linkattp ://www.amazon.com/Us efStoriesAppliedDevel opmentAddisonWesley/dp/0321205685
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present everywhere). The idea being that a single shared language between users and system is easier
to maintain and less likely to be misinterpreted.

Exactly how you start is really up to you. DdilognaindrivendS a A 3y R 2 Srlyym@ain yoy Ba@S a a |

G2 &GFNI 6AGK Y2RStAy3d GKS R2YIAYy ol ft (iK2dzaK AGQ&
on the domain and let it drive your decisions. At first you may very well start with your data model,

when we explore testdrivenI@St 2 LIYSy G ¢SQft GF{1S I RAFFSNBydG | LI
GSNE 6Sff gAGK 555 C2NIy2¢g (K2dAKI fSGiQa | aadzyS
$SQ@3S NBI f AT SJRointikkeepingltrack df Be2intkdte pdhdenty bateen upgrade
2LI0A2yad ¢KS TFA NHourclasges:y 3 ¢S Qff R2 Aa ONBIFGS

public class Car{}
public class Model{}
public class Package{}

public class Upgrade{}

e A

bSEG 6SQff FTRR I oAl 27
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2y a42YS LINBGG:e

public class Car

{
private Model _model;
private List <Upgrade > _upgrades;

public void Add( Upgrade upgrade){ //todo }

public class Model

{
private int _id;
private int _year;
private string _name;

public  ReadOnlyCollection <Upgrade > GetAvailableUpgrades()

{
return null ;  [ltodo
}
public class Upgrade
{
private int _id;
private string _name;
public  ReadOnlyCollection <Upgrade > RequiredUpgrades
{
get { return null ; /ltodo }
}
}
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CKAY3Aa NP |jdAGS AAYLES® 2SQ@S I RRSR a2YS LINBdaGe
Cars andModels haveUpgrades ), and amdd function to theCar class. Now we can make slight
modifications and start writing a bit of actual behavior.

public class Car

{

private Model _model;
/ltodo where to initialize this?
private List <Upgrade > _upgrades;

public void Add( Upgrade upgrade)

{
_upgrades.Add(upgrade);
}
public  ReadOnlyCollection <Upgrade > MissingUpgradeDependencies()
{
List <Upgrade > missingUpgrades = new List <Upgrade >();

foreach (Upgrade upgrade in _upgrades)

foreach (Upgrade dependentUpgrade in upgrade.RequiredUpgrades)

{
if (!_upgrades.Contains(dependentUpgrade)
&& 'missingUpgrades.Contains(dependentUpgrade))
{
missingUpgrades.Add( dependentUpgrade);
}
}
}
return  missingUpgrades.AsReadOnly();
}
}
CANERGZ 6SQOSAdYRABYBY iBREGI KESQBS AYLESYSYGSR I YS

missing upgrades. Again, this is jadirst step; the next step could be to track which upgrades are

responsible for causing missing upgrades,Y@ must select 4 Wheel Drive to go with your Traction
ControlhoweverwS Qf t a0 2L F2NJ y246d ¢KS LJdzNLJ2aS ¢t a 2dzad
what that start might look like.

Ul

C2dz YAIKG KF@PS y2dA08R GKFG 68 KFI@SyQlh GFf18R |63z
of the presentation layeg it can be used to power a website, a windows application or a windows

service. The last thing youwantto dois intermix yodNB a Sy G F A2y FyR R2YlIAYy f 23
only result in hardo-change and hardo-0 S& G O2 RS> o6dzi A (0 Qf isedufldgiz YI 1S A
across multiple Uls (which might not be a concem, but readability and maintainability always ). Sadl
GK2dza3Kz GKFGQ& SEIFOiGf e gKYuSN¥Fye GKEDPNOLEL RSPRBT R 2
alre AGQa 02YY2y G2 4SS O0SKIF@GA2NI KNRdzZaAK2dzi ! {t ®b ¢
ASP.NET page framework is meant to control the ASPUNEot to implement behavior. The click

§P8yG 2F GKS {I @S odaiti2ay aKz2dd RyQi &FtARFGS O2YLX
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rather its purpose is to modify the ASP.NET page based on the results on the domagmiayée it
oughtto redirect to another page, display some error messages or request additional information.

Remember, you want to write cohesive code. Your ASP.NET logic should focus on doing one thing and

doing it well¢ | doubt anyone will disagree thatithastomaBag i KS LJ 383X 6 KA OK YSI| ya
R2YIFAY FdzyOQiAz2yltaided 1fazx £23A0 LI I OSR Ay O2RS¢
principal, simply because of how difficult itis to reuse the code inside an aspx.cs file.

2 AGK GKI G twditioRlang ® statr waking @ your Ul. First of all, we want to get client and

dza SNJ FSSRolF Ol Fa SFENIie FyR 2FGSy +a Ll2aairofSaod L F
of .cs/.vb files with our classes. Secondly, making actual ussiotipmain layer is going to reveal some

flaws and awkwardness. For example, the disconnected nature of the web might mean we have to make

litle changes to our pure OO world in order to achieve a better user experience. In my experience, unit

tests are t@ narrow to catch these quirks.

L 2dzQff Ffaz2 6S KFELIWLR G2 1y2¢ I Kdeniricdodefjusthstéllas Yy R 2 Ay
with data-centric classes. You can databind to any .NET collection, use sessions and caches like you
normallydo, andanythy 3 St &S @2d2QONB dz&a SR (2 R2Ay3Id Ly FIl O
LINPOIFofe& GKS tSIFad arayAFAOLyldd hT O2dzNBESS Al &aK:
you should keep your mind open when it comes to your presentatiairen The ASP.NET Page

CNI YSG2N] Alithe Bast togl oG8 jol & |0tDf us consider it unnecessarily complicated

FYR ONRGGE S® 2SQf t GhadtelE 10 aZAidzh Ti RR @zQWENB yXi P NB 4 5 RS
suggest you look at MmRails (which is a Rails framework for .N&The recently released MVC

framework by MicrosoftThe last thing | want is for anyone to get discouraged with the vastness of
OKIy3aSaszs a2 FT2Ny2¢x fSiQa 3ISG o616 01 2y (2LAO®

Tricks and Tips
2S5Qff FAFAQKIRFSNI&KE f221Ay3 G a2YS dzaASTFdd (GKAY:
tip of the iceberg, but hopefully the information will help you get off on the right foot.

Factory Pattern

What do we do when a Client buys a new Car? Obviously we tosereate a new instance of Car and
specify the model. The traditional way to do this is to use a constructor and simply instantiate a new
object with thenew keyword. A different approach is to use a factory to create the instance:

public class Car

{

private Model _model,;
private List <Upgrade > _upgrades;

private Car()
{

}

public  static Car CreateCar( Model model)

{

_upgrades = new List <Upgrade >();
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Car car= new Car();
car._mo del = model;
return  car;

There are two advantages to this approach. Rirste can return a null object, which is impossible to do

with a constructorg this may or may not be useful in your particular case. Secondly, if there atefa |

different ways to create an object, it gives you the chance to provide more meaningful function names.

The first example that comes to mind is when you want to create an instanceefiaOf | 4 4> @& 2 dzQf f
likely haveUuser.CreateByCredentials(string use rname, string password) ,

User.CreateByld(int id) andUser.GetUsersByRole(string role) . You can accomplish the

same functionality with constructor overloading, but rarely with the same clarity. Truth be told, | always

have a hard time decidingwhichtouse2 A GQ&a NBIFffe& F YFGdSNI 2F dGFadas

Access Modifiers

As you focus on writing classes that encapsulate the behavior of the businéds APl is going to

SYSNHS F2NJeé2dzNJ 'L (2 O2yadzySeo LiIQa  3I22R ARSI
method is to keep your API small by hiding all but the most necessary methods. Some methods clearly

need to bepublic and othersprivate = o6dzi AT S@OSNJ &2dz I NBYy Qi adaNB>X LI
modifier and only change it when necessary. | make good use aftéieal  modifier on many of my

methods and properties. Intemal members are only visible to other members withirattine assembly

a2 AT @2dAQONB LKeaAOlrfte ASLINIGAY3I &2dzNJfF@8SNE |
ARSIUOS @2dzQff ANBFGEE@ YAYAYAT S @2dzNJ 't Lo

Interfaces

LYGSNFIFOSa oAt LIXI@& F oA LINIG Ay KSEtLAY3I dzad ONX
code as well as create mock classes for unit testing. An interface is a contract which any implementing

Of FaaSa Ydzad | RKSNB énsapsulfiteSall ddmdatabase comriuhicatiodiGsidgsa: y (i (0 z
class calledqglServerDataAccess  such as:

internal class SqlServerDataAccess
{
internal List <Upgrade > RetrieveAllUpgrades()
{
return  null ; //todo implement
}
public  void ASampleMethod( )
{
SqlServerDataAccess da = new SqglServerDataAccess  ();
List <Upgrade > upgrades = da.RetrieveAllUpgrades();
}

Foundations of Programming Copyright © Karl Seguin www.codebetter.com




You can see that the sample code at the bottom has a direct referenggi$erverDataAccess ¢ as

would the many other methods that neeto communicate with the database. This highly coupled code

Ad LINBOEfSYIFIGAO (2 OKLI y 3 Sasiampldvetidd withidutDazhgiafufiyz G Sa il o ¢
functionalRetrieveAllUpgrades method). We can relieve this tight coupling by programming agains

an interface instead:

internal interface IDataAccess
{
List <Upgrade > RetrieveAllUpgrades();
}
internal class DataAccess
{
internal static IDataAccess  Createlnstance()
{
return  new SqlServerDataAccess  ();
}
}
internal class SqlServerDataAccess : |IDataAccess
{
public  List <Upgrade > RetrieveAllUpgrades()
{
return  null ; //todo implement
}
public  void ASampleMethod()
{
IDataAccess da = DataAccess .Createlnstance();
List <Upgrade > upgrades = da.RetrieveAllUpgrades();
}
2500S AYGNRRAzZOSR (KS AYyUGSNFIFOS If2y3 gAGK | KSf LX

want to change our implementation, say to @macleDataAccess , we simply create the new Oracle
class, make sure itimplementhe interface, and change the helper class to return itinstead. Rather
than having to change multiple (possibly hundreds), we simply have to change one.

This is only a simple example of how we can use interfaces to help our cause. We can beef dp the co

by dynamically instantiating our class via configuration data or introdwdiregnework specially

GFrAt2NBR F2NJ (KS 220 06KAOK Aa SEIFOGfte& oKIFG 6SQNE
AYGSNFI OSa 20SNI FOldzhf ADNY aRASKSIKEGYEATLORIA IzZRBFRIG

Information Hiding and Encapsulation

Information hiding is the principle that design decisions should be hidden from other components of

@2dzNJ adaidSyYyod LGQA 3ISySNI tobsible Whenbdilding classe§dnd G2 o6S | &
O2YLRySyita a2 (KIFIG OKIFy3aSa (2 AYLIXSYSydalraAaAzy R2y(C
Encapsulation is an OOP implementation of information hiding. Essentially it means that you'sobject

data (the fields) and as much te implementation should not be accessible to other classes. The most
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common example is making fields private with public properties. Even betteris to ask yourself if the _id
field even needs a public property to begin with.

In This Chapter

The reason enterprise developmentexists is that no singkthefshelf product can successfully solve

the needs of a complex system. There are simply too many odd or intertwined requirements and

business rules. To date, no paradigm has been better stotétak task than object oriented

programming. In fact, OOP was designed with the specific purpose of letting developers model real life
things. It may still be difficult to see the lotgm value of domain driven design. Sharing a common

language with yar client and users in addition to having greater testability may not seem necessary.

Hopefully as you go through the remainidgaptersr Yy R SELISNA YSy (i 2y &2dzNJ 246y X
some of the concepts and tweaking them to fit ysand your clientsieeds.
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Persistence 3

CoDDs AIM WAS TO FREE PBGRAMMERS FROM HAVBNTO KNOW THE PHYSIEL
STRUCTURE OF DATAJUR AIM IS TO FREE TEM IN ADDITION FROMHAVING TO
KNOW ITS LOGICAL STBCTURE T LAZY SOFTWARE

n the previous chapter we managed to have a gdmtussion about DDD without talking much
o2dzii RFGFolIaSad LT @& 20dzeshid, ydepbablyihave a B I NI YY A y 3
guestions about how thisis actually going to wadkitaSets are great in that a lot is taken care of
foryou. Inthichaperg SQft £ aGF NI GKS RAaAOdzzaaA2y | NRdzyyR K2g
manually write code to bridge the gap between our C# objects and our SQL tables. In later seetions
will look at more advanced alternatives (two different O/R mapping apgines) which, likeataSets |,
do much of the heavy lifting for us. Tleisapteris meant to bring some closure to the previous
discussion while opening the discussion on more advanced persistence patterns.

The Gap

As you know, your program runs in memonydaequires a place to store (or persist) information. These

days, the solution of choice is a relational database. Persistence is actually a pretty big topic in the
a2F0o6I NB RS@OSt2LIYSyid FTASER 0SOF dzaSs asiastitMrgtzi G KS K
successfully pull off. With respect to object oriented programming, the challenge has been given a fancy
name:the ObjeewS € I GA 2y I f LYLISRIYOS aiaYlFIiOK® ¢KIFG LINBGG
map perfectly to objects and objgct R2y Qi Y I LJ LISNFSOGt e G2 NBtIFGA2Yy I
ignore this problem and simply made a relational representation within obj@ented codeg a clever

approach, but not without its flaws such as poor performance, leaky abstracpoas testability,

awkwardness, and poor maintainability. (On the other side are object oriented databases which, to the

0Sald 2F Yeé (y2¢ftSR3AST KIFI@SyQil GF1Sy 2FF SAGKSNDO

Rather than try to ignore the problem, we can, and should face it head on. We ghoald so that we

can leverage the best of both worldsomplex business rules implemented in OOP and data storage

and retrieval via relational databases. Of course, that is providing that we can bridge the gap. But what

gap exactly? Whatis this Impedas® aA AYIl G OKK |, 2dzZQNBF LINRolote GKAYT]A
LJdzYLJ NBf FdA2y+tf RIGE Ayid2 2062S00Ga yR ol O]l Ayidz
NAIKGOG FyegleaxXxTF2Nl y2g tSGQa FaadzyS GKIaG AdQa fgl

DataMapper

For small projects with only a handful of small domain classes and database tables, my preference has
ISySNYrftfte 0SSy G2 Ylydatte gNAXGS O2RS (KIG YIFLa ¢
SEFYLX S ¢KS FANBRO 0 epyraddc & Gt fo 6F5X0 NIBa 25/H 18I yiRR Odya AC
LR NIA2ya 2F 2dzNJ Of Faa oGKS FTASEt Rav aiayoOS GKIFGQa ¢
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public class Upgrade

{
private int_id;
private string  _name;
private string  _description;
private decimal _price;
private List <Upgrade > _requiredUpgrades;
public int Id
{
get { return _id;}
internal set {_id= value ;}
public  string Name
{
get { return _name;}
set {_name= value ;}
}
public  string Description
{
get { return _description; }
set { _description = value ;}
}
public  decimal Price
{
get { return _price;}
set {_price = value ;}
}
public  List <Upgrade > RequiredUpgrades
{
get { return _requiredUpgrades; }
}
}

2 SQIBRSR G(KS o6lF&aA0 FAStR& @2dzQR fA1Ste SELSOG G2
would hold, or persist, the upgrade information.

CREATE TABLE Upgrades
(
Id INT IDENTITY (1,1) NOT NULL PRIMARY KEY,
[Name] VARCHAR(64) NOT NULL,
Description VARCHAR(512) NOT NULL,
Price MONEY NOT NULL,

b2 &AdzNLINAAS& GKSNB® b2g 02YSa GKS AyuSNBadAaAy3a LI N
data access layer, which sits between the domain and relational models (interfacestl&dt brevity)
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internal class SqlServerDataAccess
{
private readonly  static string ~ _connectionString =" FROM_CONFIG
internal List <Upgrade > RetrieveAllUpgrades()
{
/luse a sproc if you prefer
string sql=" SELECT Id, N ame, Descri ption, Price FROM Up grades ";
using (SglCommand command = new SqglCommand(sqgl ))
using (SglDataReader dataReader = ExecuteReader(command))
List <Upgrade > upgrades = new List <Upgrade >();
while (dataRead er.Read())
{
upgrades.Add(DataMapper.CreateUpgrade(dataReader));
}
return  upgrades;
}
}
private SglDataReader  ExecuteReader( SglCommand command)
{
SqlConnection connection = new SglConnection (_connectionString);
command.Connection = connection;
connection.Open();
return  command.ExecuteReader( CommandBehavior .CloseConnection)
}

ExecuteReader is a helper method to slightly reduce the redundant cegehave to write.
RetrieveAllUpgrades is more interesting as it selects all the upgrades and loads them into a list via the
DataMapper.CreateUpgrade  function.CreateUpgrade , shown below, is the reusable code we use

to map upgrade information stored intie G F 6 F aS Ay (2 2dz2NJ R2YlI Ay ® LiGQ&
domain model and data model are so similar.

internal static class DataMapper
{
internal static Upgrade CreateUpgrade( IDataReader dataReader)
{
Upgrade upgrade = new Upgrade ();
upgrade.ld = Convert .Tolnt32(dataReader[" Id");
upgrade.Name =  Convert .ToString(dataReader[" Namé?);
upgrade.Description = Convert .ToString(dataReader[" Description  "]);
upgrade.Price = Convert .ToDecimal(dataReader[" Price "]);

return  upgrade;
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If we need to, we can reiseCreateUpgrade | & Y dzOK | & ySOSaal NeEd C2NJ SEIY
ability to retrieve upgrades by id or pricgboth of which would be new methods in the
SqglServerDataAccess  class.

Obviously, we can apply tharse logic when we want to storgpgrade objects back into the store.
| SNBEQa 2yS LlaarotsS azfdziazyy

internal static SqglParameter [] ConvertUpgradeToParameters( Upgrade upgrade)
{

SglParameter [] parameters = new SqlParameter [4];

parameters[0] = new SqlParameter (" Id", SqlDbType .Int);

parameters[0].Value = upgrade.ld;

parameters[1] = new SqlParameter (" Namé€, SqlDbType .VarChar, 64);
parameters[1].Value = upgrade.Name;

parameters[2] = new SqglParameter (" Description ", SqlDbType .VarChar, 512);
parameters[2].Value = upgrade.Description;

parameters[3] = new SglParameter (" Price ", SqlDbType .Money);
parameters[3].Value = upgrade.Price;
return  parameters;

We have a problem

5SALAGS GKS FIFOG GKIFG 6SQ@JSpleiweistl san ito thd Sréled 2 A YLI S |
impedance mismatch. Notice how our data access layer (eithesdl&erverDataAccess  Or

DataMapper 0 R2 S&ay Qi K Yy RReGuirddUpgade¥ dOKf Yy SORERY ® ¢ KI Q& o
the trickiest things to handle are relanships. In the domain world these are referencesgoollection

of references) to other objects; whereas the relational world uses foreign keys. This difference is a
O2yaidlyid GK2NYy Ay GKS &ARS 2F RS cefyt2ma$/ ol tblet KS FAE
which associates an upgrade with the other upgrades that are required for it (could be 0, 1 or more).

CREATE TABLE UpgradeDepencies

Upgradeld INT NOT NULL,
RequiredUpgradeld INT NOT NULL,

)

Next we modifyRetrieveAllUpgrade to loadin required upgrades:
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internal List <Upgrade > RetrieveAllUpgrades()

{
string sql = @" SELECT Id, Name, Description, Price FROM Upgrades ;
SELECT Upgradeld, RequiredUpgradeld FROM Up gradeDepencies ";
using (SqglCommand command = new SglCommand(sql))
using (SqlDataReader dataReader = ExecuteReader(command))
{
List <Upgrade > upgrades = new List<Upgrade>();
Dictionary <int , Upgrade > localCache = new Dictionary  <int, Upgrade>();
while (dataRe ader.Read())
{
Upgrade upgrade = DataMapper .CreateUpgrade(dataReader);
upgrades.Add(upgrade);
localCache.Add(upgrade.ld, upgrade);
}
dataReader.NextResult();
while (dataReader.Read())
{
in t upgradeld = dataReader.GetInt32(0);
int  requiredUpgradeld = dataReader.GetInt32(1);
Upgrade upgrade;
Upgrade required;
if  (YlocalCache.TryGetValue(upgradeld, out upgrade)
|| localCache.TryGetValue(requiredUpgradeld , out required))
{
/Iprobably should throw an exception
/Isince our db is in a weird state
continue
}
upgrade.RequiredUpgrades.Add(requiredUpgrade);
}
return  upgrades;
}
}

We pull the extra join table information along with our initial query and create a local lookup dictionary

to quickly access our upgrades by their id. Next we loop through the join table, get the appropriate

upgrades from the looku dictionary and add them to the collections.

LG AayQi GKS Yzad St
G2 YI1S Al tAGGHES Y2

Limitations

SAFyd &az2tdziAz2ys odzi Ad 62N} a
NE NBIFRIofSS odzi F2NIy2¢ | yR
At 1K2dzZAK ¢gSQNB 2yt e R2Ay3 Iy AyAGAlrt €221 Fd Y LL

on ourselves. Once you go down the path of manually writing this kind of code it can quickly get out of
hand. If we want to add filtering/sorting meods we either have to write dynamic SQL or have to write
I 20 2F YSGK2RA® 2 & mebridveUfgyidaByxizLyY & (& 21 R & 30 K | & @4/OKo6 &

similar from oneto another.
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h¥dSyGAYSa & doadréldionshipsyTihat i§, hstefadiohding all the required upgrades

dZLJFNBY (S YIeoS 68 6yl (2 t2FR GKSY 2yfe 6KSYy yS&«¢
'y SEGN} oHoAl NBFSNByOSo ! o6SGGSNI SEFYLXS 62dA R
relatively easytof LJt SYSy i f I T & f2FRax AidQa 2daAads &Sd F3lFAy:

The most significant issue though has to do with identity. If weReatleveAllUpgrades Go6A0Ss sSQf
get to distinct instances of every upgrade. This can resultin inconsistencies, give

SqlServerDataAccess da= new SglServerDataAccess ();
Upgrade upgradela = da.RetrieveAllUpgrades()[0];
Upgrade upgradelb = da.RetrieveAllUpgrades()[0];

upgradelb.Price = 2000;
upgradelb.Save();

¢CKS LINAOS OKIy3aS (G2 GKS FANRG daJANIupybdem2WQil 0SS NE
az2zySsS OFraSa GKIFG 62y Qild 06S | LINRPOEtSYD I 26SOSNE Ay )
track the identity of instances it creates and erd®isome control (you can read more by googling the

Identify Mappattem).

There are probably more limit&iy & > o6dzi GKS flFad 2yS ¢6SQfft GlFt&1 | 063
(again, you can read more lgpoglingthe Unit of Workpattern). Essentially when you manually code

your data access layer, you need to make sure that when you persist an object, you also persist, if

necessary, updated referenced objgtt LT @2 dzZQNBE ¢2NJ Ay 3 2y sigske®, | RYAY
you might very well create a neModel and add a newpgrade . If you callSave on yourModel , you

need to make sure yownpgrade is also saved. The simplest solution is to call save often for each

individual actiong but this is both difficult (réationships can be several levels deep) and inefficient.

Similarly you may change only a few properties and then have to decide between resaving all fields, or
42YSK2¢ (GNIO1lAy3d OKFIYy3ISR LINRPLSNIASA I yRtnught & dzLIRI
2F I LINRPofSYdP C2NIfFNBSNI aeadgSyas AdQa | ySEN AYL
your time building your own unit of work implementation, maybe you should be writing functionality

the client asked for).

In This Chapter

Ly GKS SyR3I ¢S 62y Qih NRdA& (2 K aYIQyidzFe SERGIEISY By 2 dzaK
YdzOK GAYS gNAGAY3I O2RS (KIFGQa d&aStSaa (2 2dzNJ Of A€
¢ and even though we picked a simple example, we still raninto some issues. Since mapping like this is
straightforward, the mostimportant thing is that you understand the limitations this approach has. Try

thinking what can happen if two distinct instancdgiie same data are floating around in your code, or

2dzal K2g ljdAaOlte &2dzNJ RFGF 1 OOSaa t1&SNJgAtft olff
persistence for at least a coupbbapterscbutwhenwe dorer RRNSaa A G gbbant £ SEI YA Y.
solutions that pack quite a punch.
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Dependency Injection 4

| WOULD SAY THAT MODERSOFTWARE ENGINEERG IS THE ONGOING REINEMENT
OF THE EVERNCREASING DEGREESFKDECOUPLINGYET, WHILE THE HISTORY OF
SOFTWARE SHOWS THACOUPLING IS BADIT ALSO SUGGEST THAT COUPLING IS
UNAVOIDABLE AN ABSOLUTELY DECOUPD APPLICATION IS UELESS BECAUSE IT
ADDS NO VALUEDEVELOPERS CAN ONLYDE VALUE BY COUPLINGHINGS
TOGETHER THE VERY ACT OF WRING CODE IS COUPLINGNE THING TO ANOTHER
THE REAL QUESTION I$IOW TO WISELY CHOOSE WHAT TBE COUPLED TO- JUVAL
LOwWY

GQa 02YY2y (G2 KSIFNJRS@OStE2LISNE LINRY2GS fF&@SNAy3

common example, and one | used in Chapter 2 when we looked at interfaces, is the ability to switch

out your dataaccess layer in order to connect to a different database. If your projects are anything
fA1S YAYySs @2dz (y2¢ dzLFNRYyG oKFG RFEGFOlIasS @&2dz2QNB
to change it. Sure, you could build that flexibility upfrenistin case- but what about keeping things
AAYLXS FYyR ,2dz ! NByQi D2Ay3 ¢2 bSSR L¢ o6,! DbLUOK

| used to write about the importance of domain layers in order to havese across multiple

presentation layers: website, windows applications and web serviced I@h f £ @ T L Q@S NI NBf &
multiple frontends for a given domain layer. | still think layeiisignportant, but my reasoning has

changed. | now see layering as a naturaplyduct of highly cohesive code with at least some thought

put into couplirg. That is, if you build things right, it should automatically come out layered.

TheNB It NBIF a2y ¢S Chabterénldi&olptingyvihichayedirig 2 & Bigivel

AYLE SYSyGFrdA2y 2F0 A& 0SOFdAS A0RQRAY QI 1 8FIAY INBRACE
testing that | realized how tangled and fragile my code was. | quickly became frustrated beegbsd

X relied on a function inlass Y which needed a database up and running. In order to avoid the
KSIFRIFOKSa L 4l8rst doveil doupihgizAd<iBen |goR & unit testing in the nelxapter.

(A point about YAGNI. While many developers consider it a hard rule, | rather think of it as a general
guideline. There are good reasons why you want to ignore YAGNI, the mast® s/iyour own

expenence. If you know that something will be hard to implement later, it might be a good idea to build
it now, or at least put hooks in place. This is something | frequently do with caching, building an
ICacheProvider — and aNullCacheProvi der implementation that does nothing, except provide the
necessary hooks for a real implementation later on. That said, of the numerous guidelines out there,
YAGNIDRYand Sustainable Pa@re easily the three | consider the mostimportant.)
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Sneak Peak at Unit Testing

Talking about coupling with respect to unit testing is something of a chicken and egg piveich to

GFrf1 lo2dzi FANRGO® L (KA Y {prokidedva cosesarie basigs aboat@rt | K S| F
testing. Mostimportantly is that unittesis N | € £ ' 62 dzi (G KS dzyfoéntt , 2dz | NB)
testing but rather on individual behavior. The idea is that if you test each behavior of each method

thoroughly and test their interaction with onenothez & 2 dZONB ¢K2f S Akagivéhy A& &2
OKFG GKS YSUK2R @&2dz ¢l yd G2 dzyAd GSad YAIKAE KI @S
executed within the context of a test (such as a database, or alwelsser element). For this reason,

unit testing makes use of mock clasges pretend class.

[ SiGQa t221 G Ly SEFYLXSS algAay3 + OFNRa aidlasy

public class Car

{
private int _id;
public  void Save()
{
if  (NsValid())
{
/ltodo: come up with a better exception
throw new InvalidOperationException (" The car must be in a valid
state ");
}
if (Lid==0)
{
_id = DataAccess .Createlnstance().Save(this);
}
else
{
DataAc cess .Createlnstance().Update(this);
}
}
private bool IsValid()
{
/ltodo: make sure the object is in a valid state
return  true ;
}
}

To effectively test thesave method, there are three things we must do:

1. Make sure the correatxception is thrown when we try to save a car which is in an invalid state,
2. al 1S adz2NB (i KSe YRIIK2Z R OGS a4 d t SR gKSy AidQa || ySs
3. Makesurethapdate YSGUK2R Aa Ol tt SR 6KSy AiGQa |y SEAAGA

2KFG ¢S R2y Qi 4| yasimpbreant Bsavhab vie Kd wauit to dod, is @ sialigifunctionality
ofisvalid 2 NJ (G KS Rdaié hndUp@ae Suadidds (other tests will take care of those). The last
point is importantc all we want to do is make sure these functions are called vii¢hproper
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Chapter 4 Dependency Injection

[ N BN ]
28

LI NI YSGSNAR YR GKSANI NBOGdzNYy @I fdzS 6AF Fy&o Aa LINE
mocking without a concrete example, but mocking frameworks will let us intercegdhe and
Update calls, ensure that the proper arguments werasged, and force whatever return value we want.

a201Ay3 FTNIYSE2N]
tightly coupled.

& INB ljdAGS TFdzy yR STTSOGA GBS D

$1 1760 AOT EA #1 OPlETC 1T EEA OEA 01 AcOA
In case you forgot from Chapter 1, coupling is simply what we call it when one class requires another

Ot Faa Ay 2NRSNJ (2

dependent on other classes. Heck, ifyouwsite r i ng site = ACDdeRadAIQNG 602 dzLX

Tdzy OlA2yd LiiQa Sohca®ydAl ft& | RS
SR

System.String  classgif it changes, your code could very well break. Of course the first thing you
need to know is that in the vast majorityofF 4 Sa> adzOK & (G4KS airAffe adNAy3
S

Like Juvails quoted at the start of
this chapter, I'm tempted to throw
my vote in for decoupling as the
single greatest necessity for
modern applications.

In fact, in addition to the oftited
benefits of unit testing, I've found
that the most immediate
advantage s to help developers
learn the patterns of good and ba
coupling.

Who hasn't looked back at code
they wrote two or three years ago
and been a little embarrassed? |
can categorically say that the
single greatest reason my code
stunk was because of horrible
coupling. I'm ready to bet your olc
code has the exact same stench!

\.

GKAYy3Id 2S5 R2y QU otyld G2 ONBI G
SIFOK I'yYyR SOSNE 2yS 2Chr clasiael Of |
hold a direct reference to thepgrade classg at this point

A 0 Q Rerkill ® inBoduce anuUpgrade interface. What
AayQil 21 Aa lFyeée O2dzLX Ay3a G2 |y
state server, cache server, web service), any code that

requires extensive setup (database schemas) and, as | learnt

on my last project, any codbat generates random output

(password generation, key generators). That might be a

somewhat vague description, but after this and the next

chapteZz | YR 2y 0SS @&2dz LX & 6A0GK dzyh

aa

3SaG I FSSt F2NJ gKF(d akz2dd R | yR
{AyO0S AdGQa lFtglea I I22R ARSH
@2dzNJ R2YFAYyZ 6SQff dzaS GKIFG | a
chapter.

Dependency Injection

In Chapter 2 we saw how interfaces can help our cguse
K2gSOSNE GKS O2RS LINP@dERRSR RARY
provide a mock implementation abataAccess for the

DataAccess factory class to return. In order to achieve this,

gSQft NBfte& 2y | LI GGSNYy Ol ffSR
spedcifically tailored for the situation because, as the name

impliesA 0 Q& | LJ G0 S Mdtledidépendendy aud§oimething tKak cbiFbe injected at
NHzy GAYSd 2SQff 221 G (62 F2Nya 2F 5L 2yS GKAOR

party library.

Constructor Injection

The simplest form of D$iconstructor injectiogd K & A &> Ay 2SOlAy3d RSLISYRSyOA
CANRBGIZ f Soht@sgcess A3/ SINF  DENIF A Ay FyR ONBFGS | FF1S
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keeps things obvious):

internal interface IDataAccess

{

int Save( Car car);
void Update( Car car);

}
internal class MockDataAccess : IDataAccess
{

private readonly List <Car> _cars = new List <Car>();

public int Save( Car car)

{

_cars.Add(car);
return  _cars.Count;

}

public  void Update( Car car)

{

_cars[_cars.IndexOf(car)] = car;

}

}

'f 0K2dzZa3K 2dzNJ Y201 Qa dzLJANI RS Fdzy O A2y O2dzZ R LINBO I ¢
fake class, only a minor change to ther classis required:

public class Car
{
private int _id;
private IDataAccess  _dataProvider;

public  Car() : this (new SqlServerDataAccess())
{
}
internal Car( |DataAccess  dataProvider)
{
_dataProvider = dataProvider;
}
public  void Save()
{
if  (NsValid())
{
/ltodo: come up with a better exception
throw new InvalidOperationException (" The car must be in a valid
state ");
}
if (id==0)
{
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_id = _dataProvider.Save(this);

}

else

{
}

_dataProvider.Update(this);

Take a good look at the code above and follow it through. Notice the clever use of constructor

2POSNI 2FRAY3 YSIya GKFEG GKS Ay diNRRdzOUcKgoych@IFe 5L R2 S
not to inject an instance abataAccess , the defadt implementation is used for you. On the flip side,

if we do want to inject a specific implementation, such asakDataAccess instance, we can:

public  void AlmostATest()

{
Car car= new Car( new MockDataAccess ());
car.Save();
if (car.Id !'=1)
/lsomething went wrong
}
}

There are minor variations availaljeve could have injected aataAccess directly in theSave
method or could set the private _dataAccess field via an internal projextyich you use is mostly a
matter of taste.

Frameworks

Doing DI manually works great in simple cases, but can become unruly in more complex situations. A
recent project | worked on had a number of core components that needed to be injecad for

caching, one for logging, one for a database as@nd another for a web service. Classes got polluted
with multiple constructor overdoads and too much thought had to go into setting up classes for unit
testing. Since DI is so critical to unit testing, and most unit testers love theirspene toolsjt should
come as no surprise that a number of frameworks exist to help automate DI. The restabfaptsr will
focus on StructureMap, an open soufdependency Injection framework created by fellow CodeBetter
blogger Jeremy Millerhftp://structuremap.sourceforge.net/)

Before using StructureMap you must configure it using an XML file (called StructureMap.config) or by

adding attributes to your classes. The configuration essentially says this idgettiage | want to

LINEIANF Y F3IFAyald YR KSNBQa GKS RSTFlrdA G AYLI SYSyil
StructureMap up and running would look something like:
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<StructureMap >

<Defaultinstance

PluginType =" CodeBetter.Foundations.IDataAccess, CodeBetter.Foundations
PluggedType =" CodeBetter.Foundations.SqglDataAccess, CodeBetter.Foundations ">
</ StructureMap >

2KAES L R2yQO 6ryd G2 ALBYR (22 YdOK GAYS GFf1Ay:
XML file must be deployed in thibin folder of your application. You can automate this in VS.NET by

selecting the files, going to the properties and setting @upy To Ouput  Directory attributeto Copy

Always . (There are a variety of more advanced configuration options available. Ofjdd A Yy G SNF & SR
learning more, | suggest th&tructureMap website

Once configured, we can undo all the changes we made tc#heclass to allow constructor injection
(remove the dataProvider  field, and the constructors). To get the corraClataAccess
implementation, we simply need to ask StructureMap for it, #fz@e method now looks like:

public class Car

{
private int _id;
public  void Save()
{
if  (YsValid())
{
/ltodo : come up with a better exception
throw new InvalidOperationException (" The car must be in a valid
state ");
}
IDataAccess  dataAccess = ObjectFactory  .Getinstance< IDataAccess >();
if (Lid==0)
{
_id = dataAccess.Save(this);
}
else
dataAccess.Update(this);
}
}
}
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To use a mock rather than the default implementation, we simply need to inject the mock into
StructureMap:

public  void AlmostATest()

{
ObjectFactory  .InjectStub( typeof (IDataAccess ), new MockDataAccess ());
Car car = new Car();
car.Save();
if (car.ld!=1)
{
/[something went wrong
}
ObjectFactory  .ResetDefaults();
}

We uselnjectStub  so that subsegent calls toGetinstance  return our mock, and make sure to
reset everything to normal viResetDefaults

DI frameworks such as StructureMap are as easy to use as they are useful. With a couple lines of

O2y FAAdzNI A2y YR az2YS e&dreily bbcrénket guBcSuplingivéhichg dzNJ O2 RS
AYONBIFaSR 2dzNJ §SadlroAfAlGed Ly GKS LIaidz LQ@S Ayl
matter of minutesg the impact is minor.

A Final Improvement

With the introduction of thelDataAccess class a well as the use of our DI framework, we've managed
to remove much of the bad coupling present in our simple example. We could probably take it a couple
steps further, even to a point where it might do more harm than good. There is however one last
depencency that I'd like to hide awayour business objects are probably better off not knowing about
our specific DI implementation. Rather than calling StructureMapjsctFactory  directly, we'll add

one more level of indirection:

public  static class DataFac tory

{
public  static IDataAccess  Createlnstance
{
get
{
return  ObjectFactory  .Getlnstance< |DataAccess >();
}
}
}

Again, thanks to a simple change, we're able to make massive changes (choosing a different DI
framework) wellinto the development of our application with ease.
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In This Chapter

Reducing coupling is one of those thingslt 1 Qa LINBGGeé Slkae G2 R2 &SG @&ASt

j dzZSad F2NJ ANBFGSNI YFAYGFAY oAt A(G&d Icantof dorsed Q& NB |
G22fa R2y Qi KdzNI SAGKSNY LU aKz2dzZ R blweehdh@A 2 dzd & K¢
components of your codeg especially between those components that are responsible for different

aspects of the system (Ul, Domain and Data being the obvious three). In thehagterg SQf f f 221 I (
unit testing which wli really leverage thé Sy STAGA& 2F RSLISYyRSyOeé AyaSOiAzy
wrapping your head around DI, take a look at my moraitked article on the subject located on

DotNetSlackers
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Unit Testing 5

WE CHOOSE NOT TO DQJNIT TESTING SINCE IT GIVE US HIGHER PROFIT @T TO!
- (RANDOMCONSULTANCYCOMPANY

KNRdzZIK2dzi GKAa 06221 6SQ@S (I f ] weReldokeRatizi G KS A YL

techniques tamake it easier to test our system. It goes without saying that a major benefit of

writing tests for our system is the ability to deliver a better product to our client. Although this is
true for unit tests as well, the main reason | write unit tests ig ti@thing comes close to improving the
YEAYOGFEAYFroAtAGe 2F | adadsSy Fa YdzOK Fa | LINRLISNI ¢
testingadvocates speak of how much confidence unittests give theny R G Kl 4 Qa ¢KI G A G Qa
about. Ond NP 2SOlG LQY OdzNNByidGte ¢g2NylAy3 2y3 gSQNF 02y
AYLINRPGS (KS adaeaidSY o6FdzyOilAzylf AYLNROSYSyGas LISNGH
FFEANI @ I NHS aeadasSysz oSQONF a2 YoSldtduvsBaties isdslitSR G2 Y ]
R2F0fSK 2Aff Al KI@BS a2YS 6SANR a4ARS STFSOGK 2KI(
fA1Ste NBFdaS G2 YI]1S (GKS KAIKSNINAR&] OKIy3aSao . c
changes that have gnmost potential for success. It turns out that having 700+ unit tests which run
within a couple minutes lets us rip components apart, reorganize code, and build features we never
thought about a year ago, without worrying too much about it. Because weamkdent in the
02 YL §GSySaa 2F (KS dyyrad G(8adtas 68 1y2s6 GKFHG 65 |
environment¢2 dzNJ OKIl y3Sa YAIKG adAatt OF dzaS odz2a odzi ¢S Qf

PyAGD GSada FNByQl -idgkhat ey I DSERdziL ywAYGS JUINIPAIMNE YKAATYKI f A F
for major bugs caused from seemingly losk changes as well. The point is that | can make a

Fdzy RFYSYGFf 2NJ YAY2N) OKFy3S (2 2dz2NJ a2aidSyYz NXIAKIDG
minutesknow where we stand.

| simply can't stress how important unit tests agure they're helpful in finding bugs and validating that
my code does what it should, but far more importantis their seemingly magical ability to uncover fatal
flaws, or pricelessams in the design of a system. | get excited whenever | run across a method or
behavior which is mindlowingly difficult to test. It means I've likely found a flaw in a fundamental part
of the system which likely would have gone unnoticed until some esi®n change was asked for.
Similarly, whenever | put together a testin a couple seconds for something which | was pretty sure was
going to be difficult, | know someone on the team wrote code that'll be reusable in other projects.
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Why Wasn't | Unit Tes ting 3 Years Ago?

C2NJ 0K2aS 27F dza 6K2Q0S RAAO0O2OSNBR GKS 22& 27F dz/ Al
R2AYy3I AlGOD® C2NJ (K2aS sK2 KIGSyQild FR2LIGSR Al e&2dz L
@SIFNA LQR NBI PO2dtf 535 diSYAR KIS 141SNB2 NSl ff & Aydz2 dzya
[221Ay3 o001 KSNBQa gKé AlG G221 YS | sKAES G2 3

1. L KIFIR YAaO02yOSLIiA2Yy | o2dzi GKS 32Ffa 2F dzyAd G
improvethequalit2 ¥ | aeaidsSY>x odai AGQa NBFtfte Fff | 02dz
system later on. Furthermore, if you go to the next logical step and adopt Test Driven
Development, unit testing really becomes about design. To paraphrase Scott BeTarsn't
about testing because you're not thinking as a tester when doingceD® dzZQNB G KAY 1 Ay 3 |
designer.

2 [A1S Ylyeés L dASR (2 (GKAY1l RSOStf2LISNR aKzdzZ Ry!
belief, but | now hink this is just an excusesed by bagrogrammers. Testing is the process of
both finding bugs in a system as well as validating that it works as expected. Maybe developers
FNBYy Qi 322R G FAYRAY3I o6dzAa Ay GKSANI 26y O2RS;
the way theyintended it to (and clients are best suited to test that it works like it should (if
@2dzOQNF AYUISNBaAaGSR (2 FAYR 2 daficcepianteNestingandzi G K (.
FitNest) @ 9 @Sy (1 K2dzAIKE fdzyh K @i SEdz@ K I dAPEDIGSEAGAYyIT |
0St ASQPS G(KSe aK2dd R G4Said GKSANI 2y O2RS &A YLIX ¢

3. ¢SaidAy3a AayQil Fdzyo {AGUGAY3I AYy FNRBYG 2F | Y2yA
sucks. But unit testing is coding, whitieans there are a lot of challenges and metrics to gauge
82dzNJ adz00S&aad {2YSGAYSazx tA1S O2RAy3Ix AdGQa |
other programming you do every day.

4. lttakes time. Advocates will tell you that unittestingdla y QG G F 1S GAYSZT AdG {! =
true in that the time you spend writing unit tests is likely to be small compared to the time you
al oS 2y OKIy3S NB|jdS&ada FyR o0daA FTAES&a® ¢KI GQa
testing DOES takeelot of time (especially when you just start out). You may very well not have
enough time to unit test or yauclient might not feel the upfront cost is justified. In these
situations | suggest yadentify the most critical code and test it as thoroughly possible
even a couple hours spentwriting unit tests can have a big impact.

Ultimately, unit testing seemed like a complicated and mysterious thing that was only used in edge
OraSad ¢KS o0SySTaida aASSYSR dzy | Gfdritanyays.fit &irndoytR G A Y S
took a lot of practice (I had a hard time leaming what to unit test and how to go about it), but the

benefits were almost immediately noticeable.
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The Tools
With StructureMap already in place from the lasapter, we neal only add 2 frameworks and 1 tool to
our unit testing framework: nUnit, RhinoMocks and TestDriven.NET.

TestDrivenNEiB anaddonT 2 NJ + Addzl f {GdzRA2 GKIF G ol aAorfteée | RRa
(right-click) mentbutweg 2 y Qi aLISYR Fye& GAYS GFEl1Ay3 lo2dzi Ado
is only valid for open source and trial usdfewever @ y Qi ¢ 2 NNE (22 YdzOK AF¥ GKS
you, nUnithas its own test runner tool, just not integrated in VS.NET. (Resharsers can also use its

built-in functionality).

nUnitA & GKS GSadAay3 FNIYSg2N] 6SQfft | ObdzZR2fy&Q(idzaS o ¢
know nearly as much about them as | ought to.
RhinoMocksh & G KS Y2O01Ay3 FTNIYSE2N)] 6SQff dzaSKwhichy (GKS f

was both rather limited and time consungnRhinoMocks will automatically generate a mock class from
an interface and allow us to verify and control the interaction with it.

nuUnit

The first thing to do is to add a reference to thnit.framework.dll and theRhino.Mocks.dll

My own preference i$0 put my unit tests into their own assembly. For example, if my domain layer was

located inCodeBetter.Foundations > LQR ftA1Ste ONBIFIGS I ySg | aasSvyof
CodeBetter.Foundations. Tests ® ¢KAa R2Sa YSty GKIFG ¢S ¢62yQié 0S8
(more onthis shortly). In .NET 2.0+ we can uselthernalsVisibleToAttribute to allow the Test

assembly access to ourinternal method (opgoperties/Assemblyinfo.cs and add[assembly:

Internal sVisibleTo(fACodeBett er . Feounichliasomethingtypicallyda o) ]

Thereare two things you need to know about nUnit. First, you configure your tests via the use of
attributes. TheTestFixtureAttribute is applied to the class that contains your tests, setup and
teardown methods. Th&etupAttribute is appliad to the method you want to have executed before
eachtesc@ 2dz 62y Qi | f g & a Te&ShihAtibkd & 4 agplledta thelmdthodl = (G K S
you want executed after each test. Finally, thestAttribute is applied to your actual unit tests.

(There ae other attributes, but these 4 are the mostimportant). This is what it might look like:

using NUnit.Framework;

[ TestFixture ]
public class CarTests

{
[ SetUp]

public  void SetUp() { //todo }

[ TearDown ]
public  void TearDown(){ //todo }

[ Test ]
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public  void SaveThrowsExceptionWhenlnvalid(){ /ltodo }
[ Test ]
public  void SaveCallsDataAccessAndSetsld(){ /ltodo  }

/Imore tests

}

Nofice that each unit test has averyexplicitnagle 1 Q& A YLER NI I yid G2 adGtdS SEI C
G2 R23X YR a4AyO0S @2dz2NJ G6Sald aKz2dzZ R ySOHSNI R2 (22 Yc

The second thing to know about nUnit is that you foon that your test executed as expected via the
use of theAssert class and its many methods. | know this is lame, but if we had a method that took a

param int[] numbers and returned the sum, our unit test would look like:
[ Test ]

public  void MathUtilityRe turnsZeroWhenNoParameters()

{

Assert .AreEqual(O0, MathUTtility Add());

}

[ Test ]

public  void MathUtilityReturnsValueWhenPassedOneValue()

{

Assert .AreEqual(10, MathUtility .Add(10));

}

[ Test ]

public  void MathUtilityReturnsValueWhenPassedMultipleValues()
{

Assert .AreEqual(29, MathUTtility .Add(10,2,17));

}

[ Test ]

public  void MathUtilityWrapsOnOverflow()

{

Assert .AreEqual( -2, MathUtility Add( int .MaxValue, int .MaxValue));
}

,2dz 62df RYyQi 1y26 Al TMdnt dasshasmoretehd onSfhinysudh S = 6 dzi
asAssert.IsFalse , Assert.IsTrue , Assert.IsNull , Assert.IsNotNull , Assert.AreSame ,
Assert.AreNotEqual , Assert.Greater , Assert.IsInstanceOfType and so on.
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What is a Unit Test

Unit tests are methods that test behavior at a very granular levereldpers new to unit testing often

let the scope of their tests grow. Most unit tests follow the same pattem: execute some code from your

system and assert that it worked as expected. The goal of a unit testis to validate a specific behavior. If

we wereto write tests for ourCar's Save method, we wouldn't wite an all encompassing tesiut

rather want to write a test for each of the behavior it contaiqi®iling when the object is in an invalid

501 GST OF€ A sae RIMNE R (Hy R GOSEBQET (KS UpRE | YR OF ¢
YSGK2R® LGQA AYLRNIFYyG GKFEG 2dzNJ dzyAdG GSad LRAYLRZAYy

LQY &dz2NF a2YS 2F @&2dz A f NMathFilkyyAdd ( K&hodaliieS a 1a dza SR
excessive. You méyink that all 4 tests could be grouped into the same giey R Ay GKA A& YAYy2N
say whatever you prefer. However, when | started unit testing, | fell into the bad habit of letting the

a021LJS 2F Yeé dzyAld GSaida 3INP ged exeQRd Srhedbits ifeinbeisS & G 6 K A
YR FaaSNISR GKS TFdzyOuAzylftAalteod .dzi LQR Ffglea al
couple extra asserts to make sure these fields are set the way they ought to be. This is very dangerous
because a cinge in your code could break numerous unrelated tg®sS FA YA 1St & | aAaA3dy (K
given your tests too little focus.

CKA& ONXY3IA dza ol Ol G2 GKS (G2LIAO o62dzi GdSadAay3a LI
discussions on the topic, buth ISYSNI f O2yaSyadza asSSvya (2 oS GKI G
methods. | think the most compelling reason not to test private methods is that our goal is not to test

methods or lines of code, but rather to test behavior. This is something you must akvagmber. If

82dz K2NRdzZaKf & G(GS&aid e2dzNJ O2RSQa LJzof A0 AYyUiSNFI OS:
Another argument against testing private methods is that it breaks encapsulation. We talked about the
importance of information hiding adady. Private methods contain implementation detail that we want

to be able to change without breaking calling code. If we test private methods directly, implementation
OKlIy3aSa gAatf tA(1Ste oNBF] 2dzNJ 6Saidtas sKAOK R2Say(

Mocking

¢2 3ASG adFNISRZ AdQa | 3I22R ARSI (G2 GSald aayvyLxsS |
test a method that has a dependency on an outside compongesnich as the database. For example,

you might want to complete your test cexage of theCar class by testing theave method. Since we

want to keep our tests as granular as possible (and as light as passeists should be quick to run so

68 Oly SESOdziS GKSY 2Fd8y FyR 380 AyasilesQt TS SRSl ¢
I G6Sad RrdlolasS ¢AGK FI1S REFEOGF YR YIF1S &dz2NB A lQ:
with this spirit, all we want to do is make sure ttsatve interacts property with the DAL. Later on we

can unit test the DAL on itsvn. IfSave works as expected and the DAL works as expected and they

interact properly with each other, we have a good base to move to more traditional testing.

In the previous chapter we saw the beginnings of testing with mocks. We were using a meraséyl

mock class which had some pretty major limitations. The most significant of which was our inability to
confirm that calls to our mock objects were occurring as expected. That, along with ease of use, is

exactly the problem RhinoMock is meant towalUsing RhinoMoslO 2 dzf Ry Qi 6S &A YLX SNE
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you want to mock (an interface or a claggreferably an interface), tell it what method(s) you expect to
be called, along with the parameters, execute the call, and have it verify that your expestatere
met.

Before we can get sted, we need to give RhinoMochkscess to our internal types. This is quickly
achieved by addingassembly: InternalsVisibleTo("DynamicProxyGenAssembly2")] to our
Properties/Assemblyinfo.cs file.

Now we can start codinigy writing a test to cover the update path of our Save method:

[TestFixture]
public class CarTest

{
[Test]
public  void SaveCarCallsUpdateWhenAlreadyExistingCar()
{
MockRepository mocks = new MockRepository ();
IDataAccess  dataAccess = mocks.CreateMock< IDataAccess >();
ObjectFactory  .InjectStub( typeof (IDataAccess ), dataAccess);
Car car= new Car();
dataAccess.Update(car);
mocks.ReplayAll();
car.ld = 32;
car.Save();
mocks.VerifyAll( );
ObjectFactory  .ResetDefaults();
}
}

Once a mock objectis created, which took 1 line of code to do, we inject it into our dependency
injection framework (StructureMap in this case). When a mock is created, it enters secalel, which
means anygubsequent operations against it, such as the calbtaAccess.UpdateCar(car) ,is
recorded by RhinoMocks (nothing really happens strateAcces is simply a mock object with no real
implementation). We exit recortinode by callingReplayAll , which means & are now ready to
execute our real code and have it verified against the recorded sequence. When we then call
VerifyAll  after having callecave on ourCar object, RhinoMocks will make sure that our actual call
behaved the same as what we expected. Inestivords, you can think of everything befareplayAll

as stating our expectations, everything after it as our actual test codeweitfyAll  doing the final
check.
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We can test all of this by forcing our test to fail (notice the edtr@Access.Update  call):

[Test]
public  void SaveCarCallsUpdateWhenAlreadyExistingCar()
{
MockRepository mocks = new MockRepository ();
IDataAccess  dataAccess = mocks.CreateMock< IDataAccess >();

ObjectFactory  .InjectStub( typeof (IDataAccess ), dataAccess);

Car car= new Car();
dataAccess.Update(car);
dataAccess.Update(car);
mocks.ReplayAll();

car.ld = 32;
car.Save();

mocks.VerifyAll();
ObjectFactory  .ResetDefaults();

Our test will fail with a message from RhinoMocks saying twe t@lipdate were expected, but only
one actually occurred.

For thesave behavior, the interaction is slightly more complewe have to make sure the return value
is properly handled by theave YSG K2 R® | SNBQa GKS G4Sady

[Test]

public  void SaveCarCallsSa veWhenNew()

{

MockRepository mocks = new MockRepository ();

IDataAccess  dataAccess = mocks.CreateMock< IDataAccess >();

ObjectFactory  .InjectStub( typeof (IDataAccess), dataAccess);

Car car= new Car();
Expect .Call(dataAccess.Save(car)).Return(38 9);
mocks.ReplayAll();

car.Save();
mocks.VerifyAll();

Assert .AreEqual(389, car.ld);
ObjectFactory  .ResetDefaults();

Using theExpect.Call method allows us to specify the return value we want. Also notice the
AssertEqual 6 S Q@S clwhRcRiS tRelast step in validating the interaction. Hopefully the
possibilities of having control over return values (as well as output/ref values) lets you see how easy it is
to test for edge cases.
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If we changed ousave function to throw an exception if the retusd id was invalid, our test would
look like:

[TestFixture]
public class CarTest

{
private MockRepository  _mocks;
private IDataAccess  _dataAccess;
[SetUp]
public  void SetUp()
{
_mocks = new MockRepository  ();
_dataAccess = _mocks. CreateMock< |DataAccess >();
ObjectFactory  .InjectStub( typeof (|DataAccess ), _dataAccess);
}
[TearDown]
public  void TearDown()
{
_mocks.VerifyAll();
}
[Test, ExpectedException(" CodeBetter.Foundations.PersistenceException B
public  void SaveCarCallsSaveWhenNew()
{
Car car= new Car();
Expect .Call(_dataAccess.Save(car)).Return(0);
_mocks.ReplayAll();
car.Save();
}
}

In addition to showing how you can test for an exception (vieeth@ectedException  attribute),
$SQ@S +taz2 SEGNI OGSR G(KS NBLSGAGAGBS O2RS GKI G ONE
SetUp and TearDown methods.

More on nUnit and RhinoMocks

SoF I NJ 6SQ@S 2yfe t221SR 4 GKS o6FaA0 FSIGdz2NBa 27F7F:
that can actually be done with them. For example, RhinoMocks can be setup to ignore the order of

method calls, instantiate multiple mocks but only replaidy specific ones, or mock some but not

other methods of a class (a partial mock).

Combined with a utility likel\Coveryou can also get reports on your tests coverage. Coverage basically
tells you what percentage of an assembly/namespace/class/method was executed by your tests. NCover

KFa | @Aradzf O2RS 0 Néevdtdd Niesiokcbdé R fed. Gaaldy Spakinga K i | y & ¢
RAatA1S O020S8SNr3IS & I YStya 2F YSIadaNAy3a GKS O2vYlL
SESOdziSR | tAyS 2F 0O2RS R2S8Sa yz2i YSIy @&2dzQ@S I Oic

any code that has no coveragin other words, just because a line of code or method has been executed
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you need to look at adding some tests.

25008 YSYGA2ySR ¢ §briéfly throllyhds tifis bbdk @S Hag drddady Yeen

mentioned, Test Driven Development, or TDD, is about design, not testing. TDD means that you write
82dzNJ 1SadG FANRG YR GKSY 6NAGS O2NNBaLRSRAYI 0O2RS
test before having any functionalityintteave YS G K2 R® h¥ O2dzNESS 2dzNJ 6Said ¢
GKS ALISOATAO 0SKIFEGAZ2NI FYR (Sad | HNSSY di NBEFSI yOSiNINE
Meaning the first step is to get a failing unit testitfggn to make it pass, then to refactor the code as

required.

In my experience, TDD goes very well with Domain Driven Design, because it really lets us focus on the
business rules of the system. If our client says tracking dependencies between upgradesrhas
majorpainLJ2 Ay i F2NJ 6KSYZ (KSy ¢S aSaG 2FF NARIKG Fgle o
API of that specific feature. | recommend that you familiarize yourself with unit testing in general before
adopting TDD.

Ul and Database Testing

PyAGD GSadAy3a @2dzNJ ! {t ®b9¢ LI ISa LINRolFofte AayQil oz
FYR &dzZFFSNE FTNRY OSNE GAIKG O2 dzLX ATyPBddtexa,2vhNdd 2 F 4GSy
NE Ij dZA NBa [jdA S 0 Aniaking Reavy @séldf custdintphiasiigrslzL Jgou shdulde 2 dzQ NB
be able to test those like any other class (depending on exactly what it is your doing of course).

On the other hand, testing your Data Access Layer is possible and | would recommend it. There may be
better methods, but my approach has been to maintain all my CREATE Tables / CREATE Sprocs in text
files along with my project, create a test database on the fly, and to use the Setup and Teardown
methods to keep the database in a known state. The topic mightdrth of a future blog post, but for
y2g3s LQft tSIF@S AG dzZJ G2 @2dz2NJ ONBlFGAQGAGE D

In This Chapter

Py AG GSayiSyNI &1IAYF QRATTFAOMA G Fa L FANRG GK2dzaKaG Ad
bestg sometimes | would write neameaningless test(like testing that a plaild property was

working as it should) and sometimes they were far too complexvegidoutside of a weltlefined

a021LISd . dzi FFAOASNI Y@ FANBOG LINRP2SOG>E L fSENyd F £ 2
immediately became clear was how much cleaner my code became. | quickly came to realize that if
something was hard to test ariddewrote it to make it more testable, the entire code became more

readable, better decoupled and overall easier to work with. The best advice | can give is to start small,
SELISNAYSY(H s6AGK | GFENASGe 2F (S OKynislpksS A ofR2y Qi 6
O2dzNE S R2y Qi 6l AG dzyGAf ¢érntedobihdsIp® @8 OG0 A& O2 YLI S8

Ny
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Object Relational Mappers 6

THE OTHER OPTION INVOVED WRITING WAY TOMUCHSQL.- CHRIS KOCH

data access layer and mapper. The approach turned out to be rather limited and required quite a bit

of repetitive code (although it was useful in demonstratthg basics). Adding more objeand
Y2NB FdzyQiA2yltAle g2dd R o6f 210G 2dzNJ 5! [ Ayid2 Fy Sy
repeat yourself). Inthishapterg SQt t ¢ 221 4G Fy FOGdzrf hkw al LAY 3
forus.Sped@ A Ol f f @3 ¢SQf f scueNHiberateldr&®wodd2 LidZ | NJ 2 LISy

I n chapter 3 we took our first stab at bridging the data and object world by taitohg our own

The single greatest barrier preventing people from adopting domain driven design is the issue of
persistence. My own adoption of O/R mapger OF YS A GK 3INBF G GNBLARIGAZ2Y
be asked to trade in your knowledge of a tried and true method for something that seems a little too
magical. A leap of faith may be required.

The first thing to come to terms with is that O/R npeyps generate your SQL for you. | know, it sounds

fA1S AdQa 3F2Ay3 (2 0S8 at26x AyaSOdaNBE yR AyTtSEAGC
use inline SQL. Butif you can push those fears out of your mind for a second, you have thadmit

could save you a lot of time and result in a lot less bugs. Remember, we want to focus on building

behavior, not worry about plumbing (and if it makes you feel any better, a good O/R mapper will provide

simple ways for you to circumvent the autoted code generation and execute your own SQL or stored
procedures).

Infamous Inline SQL vs. Stored Procedure Debate
h@SNJ §KS &SIFNBRTZ GKSNFQa 0SSy a2yYS RSoli0S 0SdGeSSy
been very poorly worded, because when péohear inline SQL, they think of badly written code like:

string sql = @" SELECT Userld FROM Users
WHERE UserName = ' " + userName + "
AND Password ="' "+ password + "
using (SglCommand command = new SglCommand(sql ))

return  0; //todo

Of course, phrased this way, inline SQL really does suck. However, if you stop and think about it and
actually compare apples to apples, the truth is that neither is particularly better than the other. Let's
examine some aomon points of contention.
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Stored Procedures are More Secure

Inline SQL should be written using parameterized queries just like you do with stored procedures. For
example, the correct way to write the above code in order to eliminate the possibilday &QL injection
attack is:

string sql = @" SELECT Userld FROM Users
WHERE UserName = @UserName AND Password = @Password" ;
using (SglCommand command = new SglCommand(sql))

command.Parameters.Add(" @UserNamé, SqlDbType .VarChar).Value = userName;
command.Parameters.Add(" @Password ", SqlDbType .VarChar).Value = password;
return  0; //todo

From there on, there's not much differenegiews can be used or database roles / users can be set up
with appropriate permissions.

Stored procedures provide abstraction to the underlying schema

2 KSGKSNI 82dQONB dzaAy3d AytAyS {v][] 2N aGd2NBR LIN2OSRo
statementis the same. If any substantial changes are made, your stored procedures are going to break

YR KSRBQAKEY AS &2dzQf f ySSR (2 OKLI ESéntidlyits OF f £ Ay
the same code, simply residing in a different location, therefore it cannot provide greater abstraction.

O/R Mappers on the other side, generglippvide much bette abstraction by being configurable, and

implementing their own query language.

LF L YIF1TS I OKIFIy3aS: L R?2 ﬁﬁl've%hi@&foﬁ,Ql thiNB1@ 2 QJ)\ fS (K¢
Somewhere, somehow, people got it in their head that | generally better to err on the side
code compilations should be avoided at all cost(maybel of simplicity whenever possible.

this comes fom the days where projects could take days
to compile). If you change a stored procedure, you still

have to rerun your unit and integration tests and deploy
a change to production. It genuinely scares and puzzles _ o ‘
me that developers consider a change tstared may need is definitely not what I'c

procedure or XML trivial compared to a similar change i €@/l SImple ... I'm céinly not
code. ruling out the use of stored

procedures, but to start with
procs? That seems like a fairly
extreme case of premajure

Writing a bunch of mindless store
procedures to perform every
database operation you think you

Stored Procedures reduce network traffic

Who cares? In most cases your database is sitting on
DA3I9 O2 SOuGA 2 gAGK &2dzZl) aSNISNBE | & 2 dz
F2NJ GKFE {y 5y RW){aﬁtiﬁgf{raEtionsz)ﬂm ﬁ&'P'%a?? &%-me"jé#m"’oof
nanoseconds. On top of that, a well configured O/R codinghorror.com

mapper can save rountips via identify map _)
implementations, caching and lazy loading.

FNByQi
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Stored procedures are faster

This is the excuse | held onto the longest. Write a reasonatermon SQL statement inline and then

GNRAGS GKS alryYS GKAy3a Ay I aGd2NBR LINPOSRdAzNB I yR (A
difference. In some cases, stored procedures will be slower because a cached execution plan will not be
efficient gven a certain parameter. Jeff Atwood called using stored procedures for the sake of better
performancea fairly extreme case of premature optimizatien 1 SQ& NA IKG® ¢ KS LINR LIS N
the simplest possible approach (let a tool generate yourf8Qtou), and optimize specific queries

when/if bottlenecks are identified.

It took a while, but after a couple years, | realized that the debate between inline and stored procedures
was as trivial as the one about C# and VB.NHETwas just a matter obne or the other, then pick

whichever you prefer and move on to your next challenge. If there was nothing more to say on the
topic, I'd pick stored procedures. However, when you ad®/R mapper into the mixyou suddenly

gain significant advantages. Ystop participating in stupid flame wars, and simply say "I want that!".

Spedifically, there are three major benefits to be had with O/R mappers:

1. You end up writing a lot less codevhich obviously results in a more maintainable system,

2. You gain a trukevel of abstraction from the underlying datasougceé 2 G K 6 SOl dzaS @ 2 dQ
querying the O/R mapper for your data directly (and it converts that into the appropriate SQL),
YR 0S0OFdzAS @82dzQNE LINPQGARAY3I YILLIAYI AYTF2NNYI G
objects,

3. Your code becomes simpléfryour impedance mismatch is loyou'll write far less repetitive
code. Ifyourimpedance mismatch is higlou won't haveto compromise your database design
and your domain desigiyou can build them both in an aptized way, and let the O/R mapper
manage the mismatch.

In the end, this really comes down to building the simplest solution upfront. Optimizations ought to be

left until after you've profiled your code and identified actual bottlenecks. Like most thingsght not

d2dzy R 0KIFIGd aayLi S o0SOlFdaAaS 2F GKS FELHANI & O2YLX SE f
profession.
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Chapter 6- Object Relational Mappers

NHibernate
h¥

GKS TFTNIYS@g2N] A

- N -

'y R G2 2¢f i&thentos) eSplex. Tias|cEhRlexityiis & 2

certainly something you should take into account when deciding on a persistence solution, but once you
do find a project that allows for some R&D time, the payoff will be well worth itin future projé€hes.

nicesti KAy 3 | 6 2 dzi

bl A6SNYyI GS=>
transparentc® 2 dzNJ R2 Yl Ay 20625 00Ga
use a bunch of decorator attributes. This makes unit testmg ylomain layer possibleA T

FYR I

FNBYy Qi F2NDSR {2

a different persistent mechanism, say typed datasets, the tight coupling between domain and data
makes it hard/impossible to properly unit test

At a very high level, you configure NHibernate by telling it how gatebase (tables and columns) map
to your domain objects, use the NHibernate API and NHibernate Query Language to talk to your
database, and letit do the low level ADO.NET and SQL Wuasknot only provides separation between
your table structure andlomain objects, but also decouples your code from a specific database

implementation.

Remember, ougoal is to widen
our knowledgéase by looking at
different ways to build systems in
order to provide our clients with
greater value. While we may be
specifically talking about
NHibernate, the goal is really to
introduce to concept of O/R
mappers, and try to correct the
blind faith .NET developers have
put into stored procedures and

ADO.NET.

. S

In previouschapterswe focused on a system for a car

dealershipg specifically focusing on cars and upgrades. In
thischapters SQf £ OKI y3S LISNELISOGA DS
sales (sales, models and sales people).The domain model is
simple¢ aSalesPerson has zero or moreales which

reference a spedif Model .

Also includedsa VS.NET solution that contains sample code
and annotations; you can find a link at the end of this

chapter. All you need to do to get it running is create a new
database, execute the provide SQL script (a handful of create
tables), and cofigure the connection string. The sample,
along with the rest of thishapter, are meant to help you get
started with NHibernate a topic too often overlooked.

Finally, you'll find the\Hibernate reference manuto be of

exceptional quality, both as a helpful tool to get started, and as a reference to lookup specific topics.
There's also a book being published by Mannixigibernate in Actionthat'll be available in June. In the
meantime, you can purchase a prelease version of the book in electronic format.

Configuration

¢tKS aSONBU (2

bl AOSNYI G6SQa

LYFTAYy3 ¥Ft&danidgt A (@&

to set it up, but after a coupe project it becomes rather natural. The first step is to configure NHibernate
itself. The simplest configuration, which must be added to your app.config or web.config, looks like:
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B

<configuration >

<configSectio ns>

<section

name="hibernate

- configuration”

type ="NHibernate.Cfg.ConfigurationSectionHandler, NHibernate" />

</ configSections
<hibernate

- configuration

>
xmlns ="urn:nhibernate

<session -factory >

<prop erty

name="hibernate.dialect">

NHibernate.Dialect.MsSql2005Dialect

</ property
<property

>
name="hibernate.connection.provider">

NHibernate.Connection.DriverConnectionProvider

</ property

<property
Server=S

</ property

>
name="hibernate.connection.connection_string">
ERVER;Initial Catalog=
>

<mapping assembly ="CodeBetter.Foundations" />
</ session - factory >

</ hibernate
</ configuration >

- configuration >

- configuration

DBUser Id=USER;Password=

-2.2">

PASSWORD

Of the four valuesgialect

is the most interesting. This tells NHibernate what specific language our

database speaks. If, in our code, we ask NHibernate to retum a paged resalsoénd our dialect is
set to SQL Server 2005, NHibemate will issuB@ISELECTutilizing theROW_NUMBERfanking
function. However, if the dialect is set to MySQL, NHibernate will iss&BCTwith aLIMIT . In most

OFasSasz &2

dzQf £ &S GdKAa 2yO0S

provide by a layer that generates all of your data access code.

YR F2NBSI

l 6 2 dzi

In our configuration, we also told NHibernate that our mapping files were located in the

CodeBet t er.Foundations

assembly. Mapping files are embedded XML files which tell NHibernate

how each clas is persisted. With this information, NHibernate is capable of return@w abject when
you ask for one, as well as saving it. The general convention is to have a mapping file per domain object,
and for them to be placed inside a Mappings folder. fif@oping file for oumModel object, named
Model.hbm.xm! , looks like:

<hibernate - mapping xmins ="urn:nhibernate - mapping - 2.2"
assembly ="CodeBetter.Foundations"
namespace ="CodeBetter.Foundations">

<class name="Model" table ="Models" lazy ="true"
<id name="Id" column ="Id" type ="int" access ="field.lowercase
<generator  class ="native" />
</id >
<property name="Name" column ="Name"
type ="string" not - null ="true" length ="64"/>
<property name="Description" column ="Description”
type ="string" not - null ="true" />
<property  name="Price" column ="Price"
type ="double" not - null ="true" />

</ class >

proxy ="Model">

- underscore">
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</ hibernate - mapping >

0 A fhd@dant ko make sure th@uild Action for all mappingfiles is set tmbedded Resources )

This file tells NHibernate that thetodel class maps to rows in th@odels table, and that the 4
propertiesid , Name Description ~ andPrice  map to theld , Name Description ~ andPrice

columns. The extra information around the property specifies that the value is generated by the
database (as opposed to NHibernate itself (for clustered solutions for example), or our own algorithm)
FYR GKIFG §KSNSBoddbe diceessedoy ineSidlEwitidtie spedfiedn&ming convention

(we suppliedd as the name, antbwercase -underscore ' a GKS yIFYAy3 AGN}YGS3ex

named_id ).

With the mapping file set up, we can start interacting with the database:

private static ISessionFactory _sessionFactory;
public  void Sample()
{
/[Let's add a new car model
Model model = new Model ();
model.Name =" Hummbeg,;
model.Description =" Great handling, built - in GPS to always find your
way back home, Hummbee2Hummbe(tm) communication "
model.Price = 50000.00;
ISession  session = _sessionFactory.OpenSession();
session.Save(model);

/ILet's discount the x149 model

IQuery query = session.CreateQuery(" from Model model where mode .LName =? ");
Model model = query .SetString(0, " X149").UniqueResult< Model >();

model.Price - =5000;

| Session session = _sessionFactory.OpenSession();
session.Update(model);

The above example shows how easy itis to persist new objettetdatabase, retrieve them and
update themc all without any ADO.NET or SQL.

You may be wondering where theessionFactory  object comes from, and exactly what an

ISession is. The sessionFactory  (which implementsSessionFactory ) is a global threadafe
202S00 GUKIFIG @2dQR tA{1Ste& ONBIGS 2y | thitJow OF GA 2y
FLILJX AOF A2y Aad dAAYy3d 09KAOK YSIya e2dQftf G&LRAOl
create a preconfiged object: anSession . ThelSession has no ADO.NET equivalent, butit does

map loosely to a database connection. However, creatingession R2Say Qi ySOSaal NXf
connection. InsteadSessions  smartly manage connections and command objectytar. Unlike
O2yySOiArAzya ¢6KAOK aK2z2dz R 6S 2LISYSR f I (8&siohsy R Of 2
A0A01 FNRBdzyR F2NJ I g KAIST SO L2 d2KzZONSS & diANIRA Q(H
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could safely open arsession onBegi nRequest and close it orEndRequest (or better yet, lazy
f2FR A0 Ay OFasS (KS aL®EnTIA O NBljdSad R2SayQid NBJjc

ITransaction is another piece of the puzzle which is created by caflsginTransaction ~ on an

ISession @ L G Qa 02 YY2persiyhle dhb feéd foRtGaactiogis within their

applications. This is unfortunate because it can lead to unstable and even unrecoverable states in the

data. AniTransaction s used to keep track of the unitof wocki NI O1 Ay 3 ¢ KI 1 Qa OKI y 3!
added or deleted, figuring out what and how to commit to the database, and providing the capability to

rollback should an individual step fail.

Relationships

Ly 2dzNJ a2aidSyYsx AGQa capydfialdithyespedtéalespeodeSo tiiag cari a £ S
LINE BARS a2YS o0FaAO NBLR2NIAP 2 S QNP sdegpersdopandihiusi | & |
set up a oneto-many relationshigg that is, asalespersorcan have multiple sales, and a sales can only

belong to a singlsalespersonin ou database, this relationship is represented aa&sPersonld

column in theSales table (a foreign key). In our domain, tBalesPerson class has aales

collection and thesales class has 8alesPerson property (reference).

Both ends of the relationspineeds to be setup in the appropriate mapping file. Onshes end,
which maps a single property, we use a glorifiesberty element called manyo-one:

<many- to - one name="SalesPerson"
class ="SalesPerson"
column ="SalesPersonid"
not - null ="true"/>

2 SONF aLISOATeAy3d GKS yIYS 2F (KS LINPLISNI &z GKS ¢
specifying an extra constraint, that is, when we add a sals object, theSalesPerson property
dyQit 0SS yddft o

The other side of the relationship, the collection of salsslespersomas, is slightly more complicated

¢y YSte o0SOFdaAS bl AOGSNYFGISQa GSN¥YAy2f 238 AayQd ad
set ,list , map, bag orarray element. Your first inclination might be to use list, but NHibemate

requires that you have a column that specifies the index. In other words, the NHibernate team sees a list

as a collection where the index is important, and thus must be specified. Wbstt.MET developers

think of as a list, NHibernate calls a bag. Confusingly, whether youlisse @r abag element, your

domain type must be anist  (or its generidList<T> equivalent)¢ KA 4 A& 0SOl dzaS ®b9 ¢
aniBag object. In short, for yor every day collection, you use the bag element and make your property

type an IList.
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The other interestingallection option is theset . A set is a collection that cannot contain duplicates

O2YY2y a40SYyIFNAR2 FT2NJ SYGSNLINARAS FLILXAOIGA2Y ol f Kz
have a set collection, so NHibernate usesi## Collection.IS et interface. There are four

specific implementations, theistSet which is really fast for very small collections (10 or less items),

the SortedSet which can be sorted, theashSet which is fast for larger collections and the

HybridSet which initially uss aListSet and automatically switches itself toHmshSet as your

collection grows.

C2NJ 2 dzNJ & @ abagHYs SN it K 2ddaBK 6 S O y Qi KI @S RdzLIX A OF (S
straightforward right now), so we declare o8iles

collection as anLi st : '\
With the release of .NET 3.5, a
private  IList <Sale > _sales; HashSet collection has finally bee
public  IList <Sale > Sales added to the framework. Hopefull
{ get { return _sales;} future versions will add other type
} of sets, such as an Ordel®et. Sets

are very useful and efficient
and add ourxbag> element to theSalesPerson mapping collections, so consider adding

file: them to your arsenal of tools! YoL
can learn more byeading Jason
<bag name="Sales" access ="field.lowercase - Smith's articledescribe sets.
underscore"
table ="Sales" inverse ="true" \ -)

cascade ="all">
<key column ="SalesPersonld" />
<one-to - many class ="Sale" />
</ bag>

P'3FAYS AF @2dz £221 FG SIFEOK StSYSyidklFGGNXOGdzIST A
GKS yIYS 2F 2dzNJ LINPLIS NI @&z aLISOATe littofsethexiddaa aid NI
with our naming convention), the table and column holding the foreign key, and the type/class of the

items in the collection.

2 SQ@S I fcasadeddftributaitda which means that when we calpdate on a

SalesPerson o0bject, ary changes made to his or hgsles collection (additions, removals, changes to
existing sales) will automatically be persisted. Cascading can be a regaumeas your system grows
in complexity.

Querying

NHibernatesupports two different querying approaches: Hibernate Query Language (HQL) and Criteria
Queries (you can also query in actual SQL, but lose portability when doing so). HQL is the easier of two
as it looks a lotlike SQlyou usefrom , where , aggregates , order by, group by, etc. However,

rather than querying against your tables, you write queries against your dogweihinch means HQL
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supports OO principles like inheritance and polymorphism. Either query methods are abstractions on
top of SQL, which meansy get total portability¢ all you need to do to target a different database is
change your dialect configuration.

HQL works off of theQuery interface, whichis created by callidgeateQuery on your session. With
IQuery Yyou can return individual entities, collections, substitute parameters and more. Here are some
examples

string lastName =" allen
ISession  session = _sessionFactory.OpenSession();

/lretrieve a salesperson by last name

IQuery query = s.CreateQuery(" from SalesPerson p where p.LastName =
‘allent ");

SalesPerson  p = query.UniqueResult<SalesPerson>();

/lsame as above but in 1 line, and with the last name as a variable
SalesPerson  p = session.CreateQuery(" from SalesPerson p whe re p.LastName =
?").SetString(0, lastName).UniqueResult<SalesPerson>();

/Ipeople with few sales
IList <SalesPerson> slackers = session.CreateQuery ("from SalesPerson person
where size(person.Sales) < 5" ).List<  SalesPerson >();

This is just a subsef ahat can be accomplished with HQL (the downloadable sample has slightly more
complicated examples).

Lazy Loading

When we load salespersonsay by doingsalesPerson person =

session.Get<SalesPerson>(1); thesales O2f f SOUAZ2Y @2y Qluse) ¥ ddfadll, RSRd ¢
Ozt t SOGA2ya INB flTAfe f2FRSRd ¢KIG Aaz 68 s2yQi
requested (i.e., we access tBales property). We can override the behavior by setting

| azy=0f aonthe bagelement.

The other, moe interesting, lazy load strategy implemented by NHibernate is on entities themselves.

. 2dzQft 2F0GSy sl yid (2 IRR I NBFSNBYyOS (2 Iy 202S0(
database. For example, when we adfaes to aSales Person , we needo specify theModel , but

R2y Qi gyl G2 ¢atweReafy @éhiNddo ikheRHe)SNded&an store itin the

Modelld column of theSales table. When you useession.Load<T>(id) NHibematewill load a

proxy of the actual object (unlessyouspetifg zy =of allyf e KS Of I da St SYSydoo !
concerned, the proxy behaves exactly like the actual object, but none of the data will be retrieved from

the database until the first time yoask forit. This makes it possible to write the following code:

Sale sale= new Sale (session.Load< Model >(1), DateTime .Now, 46000.00);
salesPerson.AddSales(sale);
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session.SaveOrUpdate(salesPerson);

without ever having to actually hit the database to load thodel .

Download

You can download a sample project with more examples of NHibernate usage at:
http://codebetter.com/files/folders/codebetter downloads/entry172562.aspkhe codes heavily
documented to explain various aspects of using NHibernate. (If the above link does not work for you,
you can try this alternative download locatidnttp://openmymind.net/CodeBetter.Foundations.2ip

In This Chapter

25Q@S 2yteé (2dzOKSR GKS GALP 2FS oK @GS BRildz {02 31 KRR 18K (
Queries (whichis a query API tied even closer to your domain), its caching capabilities, filtering of

collections, performance optimizations, logging, or native SQL abilities. Beyond NHibernate the tool,

K 2 LIS T dze fedrnt idoReddsdd object relational mapping, and alternative solutions to the limited

toolset baked into .NETt is hard to let go of hand written SQL but, stepping beyond what's

comfortable, it's impossible toignore the benefits of O/R mappers.
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Back to Basics: Memory 7

NOT 'GETTING ALGEBRA IS NOT ACCHRBLE FOR A MATHEMATIAN, AS NOT
'GETTING POINTERS IS NOT ACOH ABLE FOR PROGRAMRE TOO FUNDAMENTAL
- WARDCUNNINGHAM

ry as they might, moderprogramming language can't fully abstract fundamental aspefcts

computer systems. Thisis made evident by the various exceptions throwgtvyelel

languages. For example, it's safe to assume that you've likely faced the following .NET exceptions:
NullR eferneceException , OutOfMemoryException , StackOverflowEx ception and
ThreadAbortException . As important as itis for developers to embrace various high level patterns
and techniques, it's equally important to understand the ecosystem in which your progmasn r
Looking past the layers provided by the C# (or VB.NET) compiler, the CLR and the operating system, we
find memory. All programs make extensive use of system memory and interact with it in marvelous
ways, it's difficult to be a good programmer withawtderstanding thisundamental interaction.

Much of the confusion about memory stems from the fact that C# and VB.NET are managed languages
and that the CLR provides automatic garbage collection. This has caused many developers to
erroneously assume thahéy need not worry about memory.

Memory Allocation

In .NET, as with most languages, every variable you define is either stored on the stack or in the heap.
These are two separate spaces allocated in system memory which serve a distinct, yet complimentary
purpose. What goes where is predeterminediue types go on the stack, while all reference types go

on the heap. In other words, all the system types, suathas, int ,long , byte ,enumand any

structures (either defined in .NET or defined by you) gthenstack.The only exception to this rule are
value types belonging to reference type®r example thad property of auser class goes on the heap
along with the instance of thgser classitself.

The Stack

Although we're used to magical garbage collecti@iygs on the stacre automatically managed even
in a garbage catictionless world (such as C). That's because whenever you enter a new scope (such as a
method or an if statement) values are pushed onto the sta N
and when you exit the stack the values are popped off. Thi i§ you've ever wondered why a
why a stack is synonymous with a LIF&stin first-out. You | variable deined in a for loop or if
can think of it this way: whenever you create a new scope,| statement wasn't available outside
say a method, a marker is placed on the stack and values qrenat scope, it's because the stack
added to it as needed. When you leave that scope, all valus\as unwound itself and the value i
are popped off up to and including the method marker. Thig |

works with any level of nesting. J
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Until we look at the interaction between the heap and the stack, the only real way to get in trouble with
the stack is with theStackOverflowException . This means that you've used up all the space
available on the stack9.9%of the time, this indicates an endless recursive call (a function which calls
itself ad infinitum). In theory it could be caused by a vesrypoorly designed system, though I've

never seen a nomecursive call use up all the space on the stack.

The Heap

Memory allocation on the heap isn't as straightforward as on the stddst heapbased memory
allocation occurs whenever we creat@ew object. The compiler figures out how much memory we'll
need (which isn't that difficult, even for objects witksted references), carves up an appropriate chunk
of memory and returns a pointer to the allocated memory (more on this in moments). The simplest
example is a string, if each character in a string takes up 2 bytes, and we create a new string with the
valueof "Hello World", then the CLR will need to allocate 22 bytes (11x2) plus whatever overhead is
needed.

Speaking of strings, you've no doubt heard that string are immutdiilat is, once you've declared a
string and assigned it a value, if you modifyttsiging (by changing its value, or concatenating another
string onto it), then a new string is created. This can actually have negative performance implications,
and so the general recommendation is to uset@ngBuilder for any significant string manipation.

The truth though is that any object stored on the heap is immutabté respect to size allocatiomand

any changes to the underlying size will require new allocation Stit@Builder , along with some
collections, partially get around this by using internal buffers. Once the buffer fills up though, the same
reallocation occurs and some type of growth algorithm is used to determined the new size (the simplest
being oldSie * 2). Whenewvepossible it's a good idea to specify the initial capacity of such objects in
order to avoid this type of reallocation (the constructor for both BweingBuilder and the

ArrayList  (amongst many other collections) allow you to specify an initial capacity)

Garbage collecting the heap is a ntivial task.Unlike the stack where the last scope can simply be
popped off, objects in the heap aren't local to a given scope. Instead, most are deeply nested references
of other referenced objects. In languagexBluas C, whenever a programmer causes memory to be
allocated on the heap, he or she must also make sure to remove it from the heap when he’s finished
with it. In managed languages, the runtime takes care of cleaning up resources (.NET uses a
Generational @rbage Collector which is briefly describedWwikipedid.

There are a lot ohasty issuethat can sting develaggrs while workingvith the heap. Memory leaks

aren't only possible but very common, memory fragmentation can cause all types of havoc, and various
performance issues can arise due to strange allocation behavior or interaction with unmanaged code
(which.NET does lotunderthe covers).
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Pointers

For many developers, learning pointers in school was a painful experience. They represent the very real
indirection which exists between code and hardware. Many more developers have never had the
experience of learning themhavingjumped into programming directly from a language which didn't
expose them directlyThe truth though is that anyone claiming that @#ava are pointeress languages

is simply wrong. Since pointers are the mechanism by which all languages manage waheskemap, it
seems rather silly not to understand how they are used.

Pointers represent the nexus of a system's memory metleht is, pointers are the mechanism by

which the stack and the heap work together to provide the memory subsystem requirealiby y
program.As we discussed earier, whenever you instantiatevaobject, .NET allocates a chunk of
memory on the heap and returns a pointer to the start of this memory block. This is all a poititer is:
starting address for the block of memory containg an object This address is really nothing more than
an unigue number, generally represented in hexadecimal format. Therefore, a pointer is nothing more
than a unique number that tells .NET where the actual object is in memory. When you assign a
reference type to a variable, your variable is actually a pointer to the object. This indirection is
transparent in Java or .NET, but not in C or C++ where you can manipulate the memory address directly
via pointer arithmetic. In C or C++ you could take a poiatel add 1 to it, hence arbitrarily changing
where it points to (and likely crashing your program because of it).

Where it gets interesting is where the pointer is actually storguky actually follow the same rules
outlined above: as integers they arged on the stack unless of course they are part of a reference
object and then they are on the heapth the rest of their objectlt might not be clear yet, but this
means that ultimately, all heap objects are rooted on the stack (possibly througanmouslevels of
references). Let's first look at a simple example

static void Main( string [] args)

{

int x=5;
y =" codebetter.com

string

}

From the above code, we'll end up with 2 values on the stiekinteger 5 and the pointer to our string,
as well aghe actual string on the heaplere's a graphical representation:

stack
x=5
y = 0xaF88A1 ) heap

1,

‘codebetter.com
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When we exit our main function (forget the fact that the program will stop), our stack pogdl ddtal
values, meaning botthe x and y values are lost. This is signifitmtause the memory allocated on the
heap still contains our string, but we've lost all references to it (there's no pointer pointing back to if). In
C or C++ this results in a memory leakthout a reference to our heap address we can't free up the
memoty. In C# or Java, our trusty garbage collector will detect the unreferenced object and free it up.

We'll look at a more complex examples, lagtdefrom having more arrow, it's basically the same.

public class Employee

{

private int _employeeld;
priva te Employee _manager;

public int Employeeld
{

get { return _employeeld;}
set {_employeeld = value; }
}

public  Employee Manager

{
get { return _manager;}
set {_manager = value; }

}

public  Employee( int employeeld)
{
_employeeld = employeeld;

}

public class Test

{

private Employee _subordinate;

void DoSomething()
{
Employee boss = new Employee ( 1);
_subordinate = new Employee (2);
_subordinate .Manager = _boss;
}
}

stack m heap

sub = 0xDF222
boss = 0x39FF1 31 |null |2|0x3%FF1

N
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Some prefer to call thiype of
pointers found in C#, VB.NET anc
Java References or Safe Pointers
because they either point to a vali
object or null. There is no such

Interestindy, when we leave our method, the boss variable
will pop off the stack, but the subordinate, which is defined in
a parent scope, won't. This means the garbage collector won't
have anything to cleanp because both heap values will still

be referenced (onelirectly from the stack, and the other
indirectly from the stack through a referenced object).

guarantee in languages such as C} As you can see, pointers magfinitely play a significant part
or C++ since developers are free | in bothC#and VB.NET. Since pointer arithmetic isn't available
manipulate pointers directly. in either language, pointers agreatly simplified and

.

-/ hopefully easily understood.

Memory Model in Practice

We'll now look at the actual impact this has on our applications. Keep in mind though that
understanding the memory model in play won't only help you avoid pitfalls, but ialsdl help you
write better applications.

Boxing

Boxing occurs when a value type (stored on the staagerced onto the heap. Unboxing happens
whenthese value types are placed back onto the stack. The simplest way to coerce a value type, such as
an integer, onto the heap is by casting it:

int x=5;
object y=x;

A more common scenario where boxing occurs is when you supply a value type to a method that
accepts an object. This was common with collections in .NET 1.x before the introduction of geherics. T
non-generic collection classes mostly work with the object type, so the following code results in boxing
and unboxing:

ArrayList userlds = new ArrayList (2);
userlds.Add(1);

userlds.Add(2);;

int  firstld = ( int )userlds[O];

The real benefit ofenerics ighe increase in typeafety, but they also address the performance penalty
associated with boxing. In most cases you wouldn't notice this penalty, but in some situations, such as
large coallections, you very well could. Regardless of whether or not it'stbimg you ought to actually
concern yourself with, boxing is a prime example of how the underlying memory system can have an
impact on your application.
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ByRef

Without a good understandingf pointers, it's virtually impossible to understand passinglae by

reference and by valu®evelopers generally understand the implication of passing a value type, such as
an integer, by reference, but few understand why you'd want to pass a refereneddrgnce ByRef

and ByVal affect reference and value typles same- provided you understand that they always work
against the underlying value (which in the case of a reference type means they work against the pointer
and not the value). Using ByRef is the only common situation where .NET won't automeeizaihe

the pointer indirection (passing by reference or as an output parameter isn't allowed in Java).

First we'll look at how ByVal/ByRef affects value types. Given the following code:

public  static void Main()

{
int counterl = 0;
SeedCounter(counterl );
Console .WriteLine(counterl);
int counter2 = 0;
SeedCounter(ref counter2);
Console .WriteLine(counter2);
}
private static void SeedCounter( int counter)
{
counter = 1;
}
private static void SeedCounter( ref int counter)
{
counter = 1;
}

We can expect an output of O proceeded by 1. The firstdoak notpasscounterl by reference,

meaning a copy of counterl is passed iBt@dCounter and changes made Wiin are local to the
function. In other words, we're taking the value on the stacklatuplicating it onto another stack
location.

In the second case we're actually passing the value by reference which means no copy is created and
changes aren't localized to ttgeedCounter function.

The behavior with reference types is the exact samdoalgh it might not appear so at first. We'll look
at two examples. The first one useBayManagement class to change the properties of Employee .

In the code below we see that we have two employees and in both casesgwaiigthem a $2000

raise. Theonly difference is that one passes the employee by reference while the other is passed by
value. Can you guess the output?
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public class Employee

{

private int _salary;
public int Salary
{
get {return _salary;}
set {_salary = value;}
}
public  Employee( int startingSalary)
{
_salary = startingSalary;
}
}

public class PayManagement

{

public  static void GiveRaise( Employee employee, int raise)
{
employee.Salary += raise;
}
public  static void GiveRaise( ref Employee employee, int raise)
{
employee.Salary += raise;
}
}

public  static void Main()

{
Employee employeel = new Employee (10000);
PayManagement .GiveRaise(employeel, 2000);
Console .WriteLine(employeel.Salary);

Employee employee2 = new Employee (10000);
PayManagement .GiveRaise( ref employee2, 2000);
Console .WriteLine(employee2.Salary);

In both cases, the output is 12000. At first glance, this seems different thanwehjaist saw with value
types.What's happening is that passiageference type by value does indeed pass a copy of the value,
but not the heap value. Instead, we're passing a copy of our pointer. And since a pointer and a copy of
the pointer point to the same memory on the heap, a change made by one is refledtes ather.

When you pass a reference type by reference, you're passing the actual pointer as opposed to a copy of
the pointer.This begs the question, when would we ever pass a reference type by referEneanly

reason to pass by reference is when yaant to modify the pointer itself as in where it points to. This

can actually result in nasty side effeetshichis why it's a good thing functions wanting to do so must
spedifically specify that they want the parameter passed by reference. Let'stank second example.
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public class Employee

{

private int _salary;
public int Salary
{
get{ return _salary;}
set {_salary = value;}
}
public  Employee( int startingSalary)
{
_salary = startingSalary;
}
}

public class PayManagement

{

public  static void Terminate( Employee employee)
{
employee = null ;
}
public  static void Terminate( ref Employee employee)
{
employee = null ;
}
}

public  static void Main()

{
Employee employeel = new Employee (10000);
PayManagement .Terminate(employeel);
Console .WriteLine(employeel.Salary);

Employee employee2 = new Employee (10000);
PayManagement .Terminate( ref employee2);
Console .WriteLine(employee2.Salary);

Try to figure out what will happen and whili give you a hint. an exception will be thrown. If you
guessed that the call temployeel.Salary  outputted 10000 while the 2nd one threw a
NullReferenceException then you're right.In the first case we're simply setting a copy of the
original pointer tonull - it has no impact whatsoever on whamployeel is pointing to. In the second
case, we aren't passing a copy but the same stack value useddiyyee2 . Thus setting the employee
to null is the same as writirgmployee2 = null;

It's quite uncommona want to change the address pointed to by a variable from within a separate
method- which is why the only time you're likely to see a reference type passeeféienceis when

you want to return multiple values from a function call (in which case ydéteer off using arout
parameter, or using a purer OO approacH)e above example truly highlights the dangers of playing in
an environment whose rules aren't fully understood.
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Managed Memory Leaks
We already saw an example of what a memory leak lbk&sn C. Basically, if C# didn't have a garbage
collector, the following code would leak:

private  void DoSomething()

{
}

string name =" dune";

Our stack value (a pointer) will be popped off, and with it will go the only way we have to reference the
memory created to hold our string. Leavingwish no method of freeing it up. This isn't a problemin

.NET because it does have a garbage colledhich tracks unreferenced memory and freedHowever,
atype of memory leak is still possible if you haidto references indefinitely. Thisis common inlarge
applications with deely nested references. They can be hard to identify because the leak might be very
small and your application might not run for long enough

Ultimately when your program terminagethe operating system will reclaim all memory, leaked or
otherwise. However, if you start seei@gitOfMemoryException  and aren't dealing with abnormally

large data, there's a good chance you have a memory leak. .NET ships with tools to help you out, but
you'll likely want to take advantage of a commercial memory profiler sucloesaceor ANTS Profiler

When hunting for memory leaks ytilbe looking for your leaked object (which is pretty easy to find by
taking 2 snapshots of your memory and comparing them), tracing through all the objects which still hold
areference to it and correcting the issue.

There's one specific situation wonthentioning as a common cause of memory leaks: events. If, in a
class, you register for an event, a reference is created to your class. Unlessramistier from the

event your objects lifecycle will ultimately be determined by the event source. In otbeds, ifClassA
(the listener) registers for an event@iassB (the event source) a reference is created framassB to
ClassA . Two solutions exists: de2gistering from events when you're done (the IDisposable pattern is
the ideal solution), or use thé/eakEvent Patteror asimplified version

Fragmentation

Another common cause fautOfMemoryException  has to do with memory fragmentation. When
memory is allocated on the heap it's always a continuous block. This means that the available memory
must be scanned for a large enougtunk As your program runs its course, the heap becomes
increasingly fragmetad (like your hard drive) and you might end up with plenty of space, but spread out
in a manner which makes it unusablénder normal circumstances, the garbage collector will compact
the heap as it's freeing memory. As it compacts memory, addressegeatobhange and .NET makes
sure to update all your references accordinglymrgtimesthough, NET can't move an objectamely
whenthe object is pinned to a specific memory address.
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Pinning

Pinning occurs when an objectis locked to a specific addrefwedmeap. Pinned memory cannot be
compaced by the garbage collector resulting in fragmentati®dhy do values get pinned? The most
common cause is because your code isracting with unmanaged cod&Vhen the .NET garbage
collector compacts the heap,updates all references in managed code, but it has no way to jump into
unmanaged code and do the same. Therefore, before interoping it must first pin objects in memory.
Since many methods within the .NET framework rely on unmanaged code, pinning cam hafoeit

you knowing about it (the scenario I'm most famileith are the .NET Socket classes which rely on
unmanaged implementations and pin buffers).

A common way around this type of pinning is to declare large objects which don't cause as much
fragmertation as many small ones (this is even more true considering large objects are placedin a
special hep (called the Large Object Heap H)Avhich isn't compacted at alFor example, rather than
creating hundreds of 4KB buffers, you can create 1 lardfeiband assign chunks of it yourself. For an
example as well as more information on pinning, | suggest you read Greg Yaiwg'sed poson
pinning and asynchronous sockets.

There's a second reason why an object might be pirmelcen you explicitly make it happen. In C# (not

in VB.NET) if you compile your assembly withutieafe option, you can pin an object via thfexe d
statement While exénsive pinning can cause memory pressures on the system, judicial use of the

fixed statement can greatly improve performance. Why? Because a pinned object can be manipulated
directly with pointer arithmetic this isn't possible if the objectisn't pinndogcause the garbage

collector might reallocate your object somewhere else in memory.

Take for example this efficient ASCII string to integer conversion which runs over 6 times faster than
usingint.Parse

public  unsafe static int Parse( string stringToConvert)
{

int value =0;

int length = stringToConvert.Length;

fixed (char* characters = stringToConvert)

{

for (int i=0;i<length; ++i)

value = 10 * value + (charactersi] - 48);

}
}

return  value;

Unless you're doing something abnormal, there should never be a need to mark your assembly as
unsafe and take advantage of tliged statement.The above code will easily crash (pass null as the
string and see what happens), isn't neayfaature rich agt.Parse , andin the scale of things
extremely riskywhile providing no benefits.

Foundations of Programming Copyright © Karl Seguin www.codebetter.com



http://codebetter.com/blogs/gregyoung/archive/2007/06/18/async-sockets-and-buffer-management.aspx

Setting things to null

So, should you set your reference types to null when you're done with them? Of course not. Once a
variable falls out of scope,stpopped of the stack and the reference is removed. If you can't wait for the
scope to exit, you likely need to refactor your code

Deterministic Finalization

Despite the preence of the garbage collector, developers must still take care of managingo$diner
references. That's because some objects hold on to vital or limited resources, such as fils bandle
database connections which should be released as soon as podsildas problematisince we don't
know when the garbage collector will actlyarun- by nature the garbage collector only runs when
memory is in short supply. To compensate, classes which hold on to such resources should make use of
the Disposable patterrAll .NET developers are likely familiar with this pattern, along witadtsal
implementation (thelDisposable  interface), so we won't rehash what you already know. With
respect to this chapter, it's simply important that you understand the da&erministic finalization
takes. It doesn't free the memory used by the objetcteleases resources. In the case of database
connections for example, it releases the connection back to the pool in order to be reused.

If you forget to calbispose on an object which implement®isposable , the garbage collector will

do it for you (evatually). You shouldn't rely on this behayibowever as the problem of limited

resources is very real (it's relatively trivial to try it out with a loop that opens connections to a database).
You may be wondering why some objects expose batlose andDispose method, and which you

should call. In all the cases I've seen the two are generally equivaerits really a matter of taste. |

would suggest that you take advantage of theng statement and forget aboutlose . Personally |

find it frustrating (and inconsistent) that both are exposed.

Finally, if you're building a class that would benefit from deterministic finalization you'll find that
implementing theiDisposable  patternis simple. Atraightforward guidds available on MSDN.

In This Chapter

Stacks, heaps and poimtecan seem overwhelming at firstfithin the context of managed languages
though, there isn't really much to it. The benefits of understanding these concepts are tangible in day to
day programming, and invaluable when unexpected behaours You can igher be the programmer

who causes weirdiullReferenceExceptions andOutOfMemoryExceptions , or the one that fixes
them.
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Back to Basics: Exceptions 8

FAIL FAST- JM SHORE

xceptions are such powerful constructs that developers can get adittevhelmed and far too

defensive when dealing with therihis is unfortunate because exceptions actually represent a

key opportunity for developerto make their system considerably more robustthis chapter
we'l look at three distinct aspects of exgt@®ns : handling, creating and throwing them. Since
exceptions are unavoidable you can neither run nor hide, so you might as well leverage.

Handling Exceptions
Your strategy for handlingxceptions should consist of twgmlden rules:

1. Onlyhandle exceptins that you can actually do something about, and
2. You can't do anything about the vast majority of exceptions

Most new developers do the exact opposite of the first rule, and fight hopelessly against the second.
When your application does something deemeaeptionally outside of its normal operation the best
thing to do is failt right then and therelf you don't you won't only lose vital information about your
mystery bug, but you risk placing your application in an unknown state, which can resuliviorar
consequences.

Whenever you find yourself writing a try/catch statement, ask yourself if you can actually do something
about a raised exception. If your database goes down, can you actually write code to recover or are you
better off displaying a feéndly error message to the user and getting a notification about the problem?

It's hard to accept at first, but sometimes it's just better to crash, log the error and move on. Even for
mission critical systems, if you're making typical use of a databdmss,can you do if it goes down? This
train of thoughtisn't limited to database issues or even just environmental failures, but also your typical
everyday runtime bug If converting a cofiguration value to an integehrows aFormatException

does it mak sense continuing as if everything's é&@bably not.

Of course, if you can handle an exception you absolutely oughtio do make sure to catch only the
type of exception you can handl€atching exceptions and not actually handling them is called
exception swallowing (I prefer to call it wishful thinking) and it's a bad cAdmmmon example | see
has to do with input validation. For examplet's ook at how not to handle @ategoryld  being
passed fromthe Query String of an ASP.NET page.

int categoryld;
try

{
categoryld = int .Parse(Request.QueryString[" categoryld "]);

catch (Exception)
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{
}

categoryld = 1;

The problem with the above code is that regardless of the type of exception thrown, itll be handled the
same way. But does setting thategoryld  to a default value of 1 actually handle an
OutOfMemoryException  ? Instead, the above could should catch a specific exception:

int categoryld,;

try
{
categoryld = int .Parse(Request.QueryString[" categoryld ")
catch (FormatException)
{
catego ryld= -1,
}

(an even better approach would be the use theTryParse  function introduced in .NET 2:0
especially considering thatt.Parse  can throw two other types of exceptions that we'd want to
handle the same way, but that's beskiihe point).

Logging
Even though mosgéxceptionsare going to go unhandlegou shouldstill log each and every one of
them. Ideally yolll centralize your loggingan HttpModule'sOnError event is your best choice for an
ASP.NET application or web service. I've often seen developers catch exceptions where they occur only
to log and rethrow (more on rethrowing in a bit). This cause
a lot of unnecessary and repetitive codbetter to let
exceptions bubble up through your code and log alll
exceptions at the outer edge of your system. Exactly whic
logging implementation you use is up to you and will depegd
on the criticalness of your system. Maybe you'll want to be
notified by email as soorsaxceptions occur, or maybe you
can simply log it to a file or database and either review it
daily or have another process send you a daily summary. :

. . probablyimplement some type of
Many developers leverage rich logging frameworks such _ _
log4netor Microsoft'sLogging Application Block bufering or aggregation. J

A word of warning based on a bac
personal experience: some types
exceptions tend to cluster. If you
choose to send out emails
whenever an exception occurs yo
can easily flood your mail server .
smart logging solution should

Cleaning Up

In the previous chapter we talked about deterministic finalization with respect to the lazy nature of the
garbage ollector. Exceptions prove to be an added complexity as their abrupt nature can cause
Dispose not to be called. A failed database call is a classic example:
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SqglConnection connection = new SglConnection (FROM_CONFIGURATION)
SglCommand command = new SqglCommand(" SomeSQL, connection);
connection.Open();

command.ExecuteNonQuery();

command.Dispose();

connection.Dispose();

If ExecuteNonQuery throws an exception, neither owwtommandnor ourconnection  will get disposed
of. The solution is to usgry/Fin ally

SglCon nection  connection;

SglCommand command;

try

{
connection = new SglConnection (FROM_CONFIGURATION)
command = new SqglCommand(® SomeSQL, connection);
connection.Open();
command.ExecuteNonQuery();

}
finally
{
if (command!= null ){ command.Dispose();}
if  (connection != null ) { connection.Dispose(); }
}

or the syntactically nicarsing statement (which gets compiled to the same try/ffinally above):

using ( SglConnection connection = new SqglConnection (FROM_CONFIGURATION))
using (SglCommand command = new SqglCommand(* SomeSQL, connection))
{

connection.Open();
command.ExecuteNonQuery();

The point is that even if you can't handle an exception, and you should centralize all yourlogging, you do
need to be mindful of where exgdions can crop upespecially when it comes to classes that
implementiDiposable
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Throwing Exceptions

There isn't one magic rule to throwing exceptions like there is for catching them (again, that rule is don't
catch exceptions unless you can actubliydle them). Mnetheless throwing exceptionshether or

not they beyour own (vhich we'll cover nextis still pretty simpleFirstwe'll look atthe actual

mechanics othrowing exceptions, which reliem thethrow statement.Then well examine whemal

why you actually want to throw exceptions.

Throwing Mechanics
You can either throw a new exception, or rethrow a caught exception. To throw a new exception, simply

create a new exception androw it.

throw new Exception (" something bad happened! ");
/Il or

Exception ex= new Exception (" somethi ng bad happened ");
throw ex;

| added the second example becausame developers think exceptions are some special/unique case
but the truth is that they are just like any other object (except they inherit f&ystem.Exception

which in turn inherits fronBystem.Object ). In fact, just because you create a nex¢eption

doesn't mean you ave to throw it- although you probably always would

On occasion you'l need to rethrow an exception because, while you camdiénthe exception, you still
need to execute some code when an exception occurs. The most common example is having to rollback
a transaction on failure:

ITransaction transaction = null;

try
{

transaction = session.BeginTransaction();
/I do some work
transaction.Commit();
}
catch
{
if (transaction != null ){ transaction .Rollback();}
throw ;
}
finally

{
}

/Icleanup

In the above example our vanill@ow statement makes our catch transparent. That is, a handler up
the chain of execution won't have any indication that we caught the exception. In most cases, this is
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what we want- rolling back our transaction really doesn't help anyone else handle the Banep
However, there's a way to rethrow an exception which will make it look like the exception occurred
within our code:

catch ( HibernateException ex )

{

if  (transaction != null ) { transaction .Rollback();}
throw ex;

}

By explicitly rethrowing the exgdion, the stack trace is modified so that the rethrowing line appears to
be the source. This is almost always certainly a bad idea, as vital information is lost. So be careful how
you rethrow exceptionsthe difference is subtle but important.

If you fird yourself in a situation where you think you want to rethrow an exception with your handler
as the source, a better approach is to use a nested exception:

catch ( HibernateException ex )
{
if (transaction != null ){ transaction .Rollback();}
throw new Exception (" Email already in use ", ex);
}

This way the original stack trace is still accessible viatie@Exception  property exposed by all
exceptions.

When To Throw Exceptions

It's important to know low to throw exceptionsA far more interestingppic though is when and why
you shouldhrow them. Having someone else's unruly code bring down your application is one thing.
Writing your own code that'll do the same thing just seems plain slbyvever, a good developerisn't
afraidto judicialy use exceptions.

There are actually two levels of thought on how exceptions should be used. The first level, whichis
universally accepted, is that you shouldn't hesitate to raise an exception whenever axaggtional

situation occursMy favorite examp isthe parsing otonfiguration files. Many developers generously

use default values for any invalid entries. This is ok in some cases, but inibtarput the systemin

an unreliable or unexpected statAnother example might be a Facebook applmathat gets an

unexpected result from an API call. You could ignore the error, or you could raise an exception, log it (so
that you can fix it, since the API might have changed) and present a helpful message to your users.

The other belief is that exceiphs shouldn't just be reserved for exceptional situations, but for any
situation in whichthe expected behavior cannot bexecuted This approach is related to thesign by
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contractapproad - a methodology that I'm adopting more and more every degsentially, if the
SaveUser method isn't able to save the user, it should throw an exception.

In languages such as C#, VB.NET and Java, which don't sup@sign by contract mechanism, this
approach can have mixed resslAHashtable returns null when a key isn't found, butéctionary

throws an exceptionthe unpredictable behavior sucks (if you're curious why they work differently
check out Brad Abrantgog pos}. There's also a line between what constitutes control flow and what's
considered exceptional. Exceptions shouldn't be used to control an ligsdogic, but the bigger a

part they play in a library, the more likely programmers will use them as suchiftiarse  method

is a good example of this).

Generally speaking, | find it easy to decide what should and shouldn't throw an exce jgEmerally ask
myself questions li

Is this exceptional,

Is this expected,

Can | continue doing something meaningful at this pa@int

9 Is this something | should be made aware of so | can fix it, or at least give it a second look

= =4 =4

Perhaps the most important thing to do when throwing exibeps, or dealing with exceptionsin
general, is to think about the useFhe vast majority of users are naive compared to programmers and
can easily panic when presented with error messages. Jeff Atvemahtly blogge@bout the

importance of crashing responsibly.

1 ITIS NOT THE USEFRS JOB TO TELL YOU ABUT ERRORS IN YOURGFTWARE
9 DONT EXPOSE USERS TO B-DEFAULT SCREEN APEATH

1 HAVE A DETAILED PUBO RECORD OF YOUR APEATIONS ERRORS

It's probably safe to say that WindoWBlue Screen of Death is exactly the type of error message users
shouldn't be exposed to (and don't think just because the bar has been set sbdoit’s ok to be as

lazy).

Creating Custom Exceptions

One of the st overlooked aspect of domain driven design are custom exceptions. Exceptions play a
serious part of any business domain, so a@gious attempt at modeling a business domaiicode

must include custom exceptionthis is especially true if you belietrat exceptions should be used
whenever a method f& to do what it says it willf a workflow state is invalid it makes sense to throw
your own custonWorkflowException ~ exception and even attach some specific information to it
which might not only help you identify a potential bug, but can also be used to present meaningful
information to the user.
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Many of the exceptions | create are nothing more than marker exceptith&t is, they extend the base
System.Exception  class and don't provide further implementation. | liken this to marker interfaces
(or marker attributes), such as th®amingContainer  interface. These are particulardy useful in
allowing you to avoid swallawg exceptions. Take the following code as an example. Bdhe()

method doesn'throw a custom exception when validation fails, we really have little choice but to
swallow all exceptions:

try
{

}

catch

{

user.Save();

Error.Text = user.GetErrors()
Error.Visible = true ;

}

/Iversus

try
user.Save();

catch (ValidationException ex)

{

Error.Text = ex.Get ValidationMessage  ();
Error.Visible = true ;

The above example also shows how we can extend exceptions to provide further custom behavior
specifically related to our exceptions. This can be as simple Bs@gode , to more complex
information suchas aPermissionException which exposes the user'pmission and the missing
required permmission.

Of course, not all exceptions are tied to the domain. It's common to see more operatineated
exceptionslf you rely on a web service which returns an error code, you may very wrap that into your
own cugom exception to halt execution (remember, fail fast) and leverage your logging infrastructure.

Actually creating a custom exception is a two step process. First (and technically thisis all you really
need) create a class, with a meaningful namkichinherits from System.Exception

public class UpgradeException . Exception

{

}

You shouldjo the extra step anthark your class with th8erializeAttribute and always provide

at least 4 constructors:
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public YourException()

public YourException(stringessage)

public YourException(string message, Exception innerException)
protected YourException(Serializationinfo info, StreamingContext context)

= =4 =4 A

The first three allow your exception to be used in an expected manner. The fourth is used to support
serialization incase .NET needs to serialize your exceptibich means you should also implement the
GetObjectData method. The purpose of support seradtion is in the case where you have custom
properties, which you'd like to have survive being serialized/deserihlidere's the complete example:

[ Serializable ]
public class UpgradeException : EXxception

{

private int _upgradeld;

public int Upgradel d { get { return _upgradeld;}}
public  UpgradeException (int upgradeld)

{ _upgradeld = upgradeld ;

public ~ UpgradeException (int upgradeld , string message, Exception inner )
base (message, inner )

{ _upgradeld = upgradeld;
i)ublic UpgradeException (int upgradeld, string message) :  base (message)
{ _upgradeld = upgradeld;
Lrotected UpgradeException ( SerializationInfo info , StreamingContext c)
base (info, c)
{ if (infoI= null )
_upgradeld = i nfo .GetInt32("  upgradeld ");
}
public override void GetObjectData( SerializationInfo i, StreamingContext c)
{ if (i !'= null)
i .AddValue(" upgradeld ", upgradeld);
%ase.GetObjectData(i, c)
}

}
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In This Chapter
It can take quite a fundamental shift in perspective to appreciate everything exceptions have to offer.

Exceptions aren't something to be feared or protected against, but rather vital information about the
health d your system. Don't swallow exceptions. Don't catch exceptions unless you can actually handle
them. Equally important is to make use of bimf or your own exceptions when unexpected things
happen within your code. You may even expand this patternrigrmaethod that fails to do what it says

it will. Finally, exceptions are a parttbie business you are modelings such, exceptions aren't only

useful for operational purposes but should also be part of your overall domain model.
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Back to Basics: Proxy This and Proxy That 9

ONE OF THE BEAUTIES POO PROGRAMMING IS CODREUSE THROUGH
INHERITANCE BUT TO ACHIEVE IT PRGRAMMERS HAVE TO ACALLY LET OTHER
PROGRAMMERS RBSE THE CODE- GARYSHORT

hen you mark a method as virtual you allow an inheriting class to override the behavior.
Without this functionality inheritance and polymorphism wouldn't be of much use. A simple
examplegslightly modified fromProgramning Ruby (ISBN78-0-97451405-5), which has a
KaraokeSong overrides asong'sto_s (ToString function looks like:

I ew keywords are as simple yet amazingly powerfuliagual in C# ¢verridable  in VB.NET).

class Song
def to_s
return  sprintf (" Song: %s, %s (%d) ", @name, @artist, @duration)
end
end

class KaraokeSong < Song
def to_ s
return  super +" - " @lyrics
end
end

The above code shows how tkaraokeSong is able to
build on top ofthe behavior of its base clasSpecialization

isn't just about data, it's also about behavior! The virtual by default vs final by

default debate is interesting, but

Evenif youruby is a litle rusty, you might have picked up | outside the scope of this chapter.
that the baseto_s method isnt marked as virtual. That's you're interested in learning more
because many languages, including Java, make methodsy suggest you reathis interview
virtual by defaultThis represents a fundamental diffening of \\ith AndersHejlsberg(C#'s Lead
opinion between the Java language designers and the Architect), as well athesetwo
C#/VB.NET language designers. In C# methods are final ¥Yblog posts byEric Gunnerson. As
default and developers musixplicitly allow overriding (via well, check out Michael Feathers
thevirtual  keyword). In Java, m.e_thod.s are virtual by oint of view

default and developers must explicitly disallow overriding )
(viathefinal  keyword).

Typically virtual methods are discussed with respect toiitésece of domain models. Thatis, a
KaraokeSong which inherits from @&ong, or aDog which inherits from @et . That's a verymportant
conceptbutit's already well documented and well understood. Therefore, we'll examine virtual
methods for a more techical purpose: proxies.
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Proxy Domain Pattern

A proxy is something acting as something else. Inlegal terms, a proxy is someone given authority to vote
or act on behalf of someone else. Such a proxy has the same rights and behaves pretty much like the
person being proxied. In the hardware world, ayyserver sits between you and a server you're
accessing. The proxy server transparently behaves just like the actual server, but with additional
functionality - be it caching, logging or filtering. In software, the proxy design patternis a class that
behaveslike another classFor example, if we were building a task tracking system, we might decide to
use a proxy to transparently apply authorization on top of a task object:

public class Task

{
public  static Task FindByld( int id)
{
return  Task Repository .Create().FindByld(id);
}
public  virtual void Delete ()
{
TaskRepository .Create(). Delete (this );
}
public class TaskProxy : Task
{
public  override  void Delete()
{
if (User .Current.CanDeleteTask())
{
base .Delete();
}
else
{
throw new PermissionException (-r);
}
}
}

Thanks to polymorphisnfindByld can return either &ask or aTaskProxy . The calling client
doesn't have to know which was returnedt doesn't even have to know that®askProxy exists. It just
progransagainst theTask 's public API.

Since a proxy is just a subclass that implements additional behavior, you might be wondebngii§ a
a proxy to &Pet . Proxies tend to implement more technical system functions (logging, caching,
authorization, remoting, etdn a transparent way. Intber words,youwouldn't declare a variable as
TaskProxy - butyou'd likelydeclare eDog variable. Because of this, a proxy wouldn't add members
(since you aren't programming against its API), wheresganight add aBark method.

Foundations of Programming Copyright © Karl Seguin www.codebetter.com




Chapter s Back o Besics: Prow T PN -

Interception

The reasomwe're exploring a more technical side of inheritance is because two of the tools we've looked
at so far, RhinoMocks and NHibernate, make extensive use of prases though you might not have
noticed. RhinoMocks uses proxies to supportits core reqayback functioality. NHibernate relies on
proxies for its optional lazpading capabiliiesVe'll only look at NHibemate, since it's easier to
understand what's going on behind the covers, but the same high level pattern applies to RhinoMocks.

(A siek note about NHibernate. It's considered a frictionless or transparent O/R mapper because it
doesn't require you to modify your domain classes in order to work. However, if you want to enable lazy
loading, all members must be virtual. Thisis still corrsidédrictionless/transparent since you aren't

adding NHibernate specific elements to your classsgch as inheriting from an NHibernate base class

or sprinkling NHibernate attributes everywhere.)

Using NHibernate there are two distinct opportunitieséwdrage lazy loading. The first, and most
obvious, is when loading child collections. For example, you may not want to load siboéls
Upgrades until they are actually needed. Here's what your mapping file might look like:

<class name="Model* table ="Models">
<id name="Id" column ="Id" type ="int">
<generator  class ="native" />
</id >

<bag name="Upgrades" table ="Upgrades " lazy ="true" >
<key column ="Modelld" />
<one-to - many class ="Upgrade" />
</ bag>
</ class >

By setting theazy attribute totrue on ourbag element, we are telling NHibernate to lazily load the
Upgrades collection.NHibernatecan easily do this since it returns its own collection types (which all
implement standard interfaces, such as IListisgou, it's transparent).

The secongdand far more interestingusage of lazy loading is forindividual domain objects. The general
idea is that sometimes you'll want whole objects to be lazily initialized. Why? Well, say that a sale has
just been made. &es are associated with both a sales person and a car model:

Sale sale= new Sale ();
sale.SalesPerson = session.Get< SalesPerson >(1);
sale.Model = session.Get< Model >( 2);

sale.Price = 25000;
session.Save(sale);
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Unfortunately, we've had to go to the databasece to load the appropriatealesPerson  andModel
- even though we aren't really using them. The truth is all we need is their ID (since that's what gets
inserted into our database), which we already have.

By creating a proxy, NHibernate lets us fuligydload an object for just this type of circumstance. The
first thing to do is change our mapping and enable lazy loading of\botlkls andSalesPeoples

<class name="Model" table ="Models" lazy ="true" proxy ="Model"> ...</ class >
<class name="SalesPerson" table =" SalesPeople
lazy ="true" proxy ="SalesPerson "> ..</ class >

Theproxy attribute tells NHibernate what type should be proxied. This will either be the actual class
you are mapping to, or an interface implemented by the class. Since we arethesiaciual class as our
proxy interface, we need to make sure all members are virtifake miss any, NHibernate will throw a
helpful exception with a list of nerirtual methods. Now we're good to go:

Sale sale= new Sale ();
sale.SalesPerson = session.L oad < SalesPerson >(1);
sale.Model = session.Load< Model >(2);

sale.Price = 25000;
session.Save(sale);

Notice that we're usingoad instead ofGet. The difference between the two is that if you're retrieving
a class that supports lazy loadingad will get the proxy, whileGet will get the actual objectWith this
code in place we're no longer hitting the database just to load IDs. Instead, calling
Session.Load<Model>(2) returns a proxy dynamically generated by NHibernate. The proxy will
have anid of 2, soe we supplied it the value, and all other properties will be uninitialiZey. call to
anothermember of our proxysuch asale.Model.Name  will be transparentlyintercepted and the
object will be justin-time loaded from the database.

Just a note NHibenate's lazyoad behavior can be hard to spot when debugging code in Visual Studio.
That's because VS.NET's watch/local/tooltip actually inspects the object, causing the load to happen
right away. The bestway to examine what's going on is to add a cbrgaé&points around your code

and check out the database activity either through NHibernate's log, or SQL profiler.

Hopefully you can imagine how proxies are used by RhinoMockscording, replaying and verifying
interactions. When you create a partial you're really creating a proxy to your actual object. This proxy
intercepts all calls, and depending on which state you are, does its own @irmgurse, for this to work,
you must either mock an interface, or a virtual members of a class.
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In This Chapter

In chater 6 we briefly covered NHibernate's lazy loading capabilities. In this chapter we expanded on
that discussion by looking more deeply at the actual implementation. The use of proxies is common
enough that you'll not only frequently run inthem, butwill alsolikely have good reason to implement
someyourself. | still find myself impressed at the rich functionality provided by RhinoMock and
NHibernate thanks to the proxy design pattern. Of course, everythimgeson you allowing them to
override or insrt their behavior over your classdd$opefully this chapter will also make you think about
which of your methods should and which shouldn't be virtual. | strongly recommend that you follow the
links provided on the first page of this chapter to understémel pros and cons of virtual and final
methods.
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Wrapping It Up

WE ALL TEND TO TIE OB SELFESTEEM STRONGLY TCHE QUALITY OF THE
PRODUCT WE PRODUGENOT THE QUANT/T YOF PRODUCTBUT THE QUALITY - TOM
DEMARCO& TIMOTHY LISTER (PEOPLEVARD

or many, programming is a challenging amgjoyable job that pays the bill$lowever, given that
you've managed to read through all of this, there's a good chance that, like me, programming is
something much more important to you. It's a craft, and what goeate means more to you than

probably any norprogrammer can understand. | take great pleasure and pride is bgibmething
that stands up to my level of quality, and learning from the parts that | know need to be improved.

Itisn't easy to build qudlf software. A new features here or a misunderstanding there, and our hard
work starts, ever so slightly, to show weakness. That's why it's important to have a truly solid
understanding of the foundations of good software design. We managed to coveofaréa
implementation details, but at a high level, here are my core principles of good software engineering:

1

The most flexible solution is the simplest. I've worked on projects with flexibility built into the
system upfront. It's always been a disast&trthe core of this belief lie INAGNIDRYKIS &nd
explicitness

Coupling is unavoidable, but must be minimiz€de more dependent a classis on another
class, or a layer on another layer, the harder your code is to change. | strongly believe that the
path to mastering lowcoupling is via unit tests. Badly coupled code will be impossible to test
and plainly obvious.

The notion that developers shouldn't test has been the -giitier bullet of our time. You are
responsible (and hopefully accountable) for the code that yodewendthinkingthat a method

or class does what it's supposed to isn't good enougjie. pursuit of perfection should be good
enough reason to write tests, but, there are even better reasons to do so. Testing helps you
identify bad coupling. Testing helgsu find awkwardness in your API. Testing helps you
document behavior and expectations. Testing lets you make small and radical changes with far
greater confidence and far less risk.

It's possible to builduccessful software without beirfgile- but it's far less likely and a lot less
fun. My joys would be sho#ived without ongoing customer collaboration. | would quit this field
without iterative development. | would be living in a drearhiiéquired signed of§pecifications
before starting to develop.

Question the status quo and always be on the lookout for alternati®pend a good amount of
time learning. Leam different languages and different frameworks. Learning Ruby and Rails has
made me a far better mgrammer. | can pinpoint the beginning of my journey in becoming a
better programmeito a few years ago when | wdseply entrenched in the source code for an
open source project, trying to make heads of tails of it.
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http://c2.com/xp/YouArentGonnaNeedIt.html
http://c2.com/cgi/wiki?DontRepeatYourself
http://en.wikipedia.org/wiki/KISS_principle
http://martinfowler.com/ieeeSoftware/explicit.pdf
http://agilemanifesto.org/

My last piece of advice is not to geisdouraged. I'm a slow learner, and the more | learn, the more |
realizehow little | know | still don't understand hatif what my peers oiCodeBetter.conlog
about(seriously) If you're willing to take the timand try it out, you will see the progres3ick a

simple project for yourself and spend a weekend building it using new tools and principles (just pick
one or two at a time). Most importantly, if you aren't having fun, don't do it. And if you have the
opportunity to learn from a mentor or a project, take-ieven if you learn more from the mistakes

than the successes.

| sincerely hope you found something valuable in hérgou wish, you can thank me by doing
something nice for someone special you cabput, something kind for a stranger, or something
meaningful for our environment.
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