Object interrelationships
2. Software contractions

-foBopum 3a T.Hap. ‘Design by Contract DbC’ meTogonorusa, eBbBegeHa B OOl ot Bertrand Meyer
npe3 2008.Ta noagmMeHA Ha NO-BUCOKO HUBO if-then-throw cTpykTypHMa obpaseul 3a TecTBaHe Ha
npeaycrioBuUs.

-.NET framework 3a nbpBMu N'bT OT Bepcua 4 nmnnemMeHTupa metogonormsaTta (Ypes ombnuorekara
Code Contract — yact ot framework ). OcBeH Tyk , TA ce nogabpxa u B JavaScript, Perl, Java, Ruby,
Silverlight 4.



Mupeu npumep- ¢ usnosseaHe Ha MpPaduyUOHHA
mexHOos102Us:

/l The Calculator Class Implementing the
/[ 1f-Then-Throw Pattern
public class Calculator
{
public Int32 Sum(Int32 x, Int32 y)
{ /I Check input values
if (x<0]|y <0)
throw new ArgumentException();
/I Perform the operation
return x +y;

}

public Int32 Divide(Int32 x, Int32 y)
{ /I Check input values
if(x<0]ly<0)
throw new ArgumentException();
if (y ==0)
throw new ArgumentException();
/l Perform the operation
return x / y;

}
}

MNonobpeHus: TeCcT U Hag U3XoAHUTE OaHHU

public class Calculator
{ public Int32 Sum(Int32 x, Int32 y)
{
/l Check input values
if (x <0 ]y <0)
throw new ArgumentException();

I/l Perform the operation
Int32 result = x +y;

/l Check output
if (result <0)

throw new ArgumentException();
return result; }

public Int32 Divide(Int32 x, Int32 y)
{ /I Check input values
if x<0[ly<0)
throw new ArgumentException();
if (y == 0)
throw new ArgumentException();

I/l Perform the operation
Int32 result =x /y;

/l Check output
if (result <0)

throw new ArgumentException();
return result;

} }



-Ho kakBo cTaBa c TecTa, ako UMamMe MHOXecTBO exit points?
-A aKo HAIKOM OT Te3um exit points ce BNMAAT OoT Apyrn pe3ynTtaTtu, KbAeTO ChLLO MOXe Aa
Bb3HUKHAT rpeLKn?

HewaTa ce ycnoXHABaT OTKbM JIOrMYCKA, HO FMaBHO OTKbM CTPYKTYPHa rneAHa TouKa.

BvBexaaHe Ha ‘ Code Contracts’

BB .NET Framework 4, Code Contracts e framework cb3gaBaly no-noaxasi, CUHTaKCUC 3a Aa ce u3passi
noao6Hu ycnoBus.

Code Contracts nogabpxka 3 Tuna contracts:

1. preconditions,

2. Postconditions,

3. invariants.

Preconditions ce 3aHMMaBaT C nNpeaycrioBUs, KOUTO crneaBa Aa 6baaT NpoBepeHU 3a Aa MoXe meTtoa Aa
Ce U3NbJIHMU.

Postconditions ce 3aHMMaBaT C YCIOBUSA, KOUTO cneaBa Aa 6bAaT npoBepeHu B MOMEHTa, KoraTto
MeToA, € 3aBbPLUMIT U3NMBITHEHUETO CU — KOPEKTHO UMK C XBbPNEeHO U3KITIoYeHue.

Invariants onuceaT ycrioBusi, KOUTO crieABa Aa ca BUHarum true 3a BpemMeTo Ha KOAATO U Aa € UHCTaHUus
Ha Knaca. KazaHo no gpyr HauuH, invariant ykasBaT ycrnoBue, KOeTo crieiBa Aa ce noaabpxa

npe3 BpeMeTo Ha BCAKO B3aUMOAEUCTBUE MeXAY Knaca U HeroB KIMeHT — KOeTO 3Ha4u

npu BCAKO usnbriHeHUe Ha public members, geknroyumenHo u Ha_constructors.

Code Contracts APl ce cbctom ot static methods Ha knac Contract.
MeToabT Requires() ce non3Ba 3a preconditions , a Ensures() 3a postconditions.

ETto npegHvuss npumMmep € n3non3BaHe Ha Te3n KOHCTPYKLUUN.



using System.Diagnostics.Contracts;

public class Calculator

{
public Int32 Sum(Int32 x, Int32 y)

{
Contract.Requires<ArgumentOutOfRangeException>(x >= 0 && y >= 0);

Contract.Ensures(Contract.Result<Int32>() >= 0);

if x==y)
return 2 * x;

return x +vy;

}

public Int32 Divide(Int32 x, Int32 y)

{ Contract.Requires<ArgumentOutOfRangeException>(x >=0 && y >= 0);
Contract.Requires<ArgumentOutOfRangeException>(y > 0);
Contract.Ensures(Contract.Result<Int32>() >= 0);

return x /y;

}
}

BbBepneH e T. Hap . Code Contracts rewriter, KOUTO NpobOpa3syBa Koaga Ha eTan KoMnunaums
cnen aHanus Ha uenTta Ha preconditions unu postconditions. Ton paswmnpsiBa aBTOMaTU4YHO
KoAa U NnocTtaBsA HOBO-reHepupaHuTe b6floKkoBe TaM, KbAETO UM € MACTOTO.

ToBa o3Ha4yaBa, Ye paspabomyukbm He ce 2puXu Kb0e da nocmaeseu_postcondition u

dasiu 2u e dybnupan HakbOe e koda (ocobeHo npu dobaesiHe Ha Hoga_exit point).




CuHTakcuc Ha KOHCTpyKuunte B .NET

Contract.Requires<TException> (Boolean condition)
MetoabT MmMa HAKonko overloads , KOMTO moraTt Aa ce u3nosn3Bar.

Contract.Ensures(Boolean coridition)

lNMpwu preconditions nspa3bT cbAbpKa input parameters  Bb3MOXHO e 1 apyr method nnu property
oT cbLwuA Knac. KbMm MeToaa cneaBa aa ce no6asu u atpubyT ‘Pure’ 3a ga ce otbenexu,

Yye HAMa Aa ce NPOMeHAT AaHHU. Properties (getters) ce nogpa3dupa 4e ca pure.

Npu postconditions o6ukHoBeHO ce pedepupa n apyra nHopmauus, KaTto Harnpumep BpbLiaHa CTONHOCT,
Uy HayanHa ctonHocT Ha local variable. ToBa cTaBa ¢ KOHCTPYKUUM :

Contract.Result<T> .......

- 3a aa npoBepu cTonHocT (ot TMn T) BpbLiaHa OoT meToAa U

Contract.OldValue<T> .....

- 3a Ala B3eMe CTOMHOCT (CbXpaHsiBaHa B cneuuanHa npoMeHsiuBa) OoT Ha4yanoTo Ha U3NbJSIHEHUETO Ha
MeToAa.

MMa Bb3MOXHOCT Aia ce NpoBepu 1 YCIIOBUETO B MOMEHT Ha reHepupaHe Ha exception (ako ToBa cTaHe)
no BpemMe Ha nanbfnHeHue Ha metoa. ToBa cTaBa €

Contract.EnsuresOnThrow<TException> ....



ETo Beye no-no6pe CTpyKTypupaH Koa;:

public class Calculator

{
public Int32 Sum(Int32 x, Int32y)
{
/I Check input values
ValidateOperands(x, Y);
ValidateResult();
Il Perf th ti [ContractAbbreviator]
" (Xer__oryr;] € operation private void ValidateOperands(Int32 x, Int32 y)
. : {
retrlfrtrllj;n:(;fl’ Contract.Requires<ArgumentOutOfRangeException>(x >= 0 && y >= 0);
’ }
}

[ContractAbbreviator]

public Int32 Divide(Int32 x, Int32 y) private void ValidateOperandsForDivision(Int32 x, Int32 y)

; {
I/l Check input values
ValidateOperandsForDivision(x, y); }
ValidateResult();

Contract.Requires<ArgumentOutOfRangeException>(x >= 0 && y >= 0);
Contract.Requires<ArgumentOutOfRangeException>(y > 0);

[ContractAbbreviator]

i PRIEI U @pErEien private void ValidateResult()

return x /y; {
}
}
}

Contract.Ensures(Contract.Result<Int32>() >= 0);

3abenexka:

AtpubyT ContractAbbreviator ykazBa Ha Komnunartopa 4Ye criegBa Aa MHTeprneTMpa Koga no ykasaHus
B NpegHUTe crnangoBe HauyuH.

3a da ce nonszea mo3u ampubym, mou csedea Oa ce Oe¢huHupa (e cezawHama eepcusi moea He

e). To cmaea c nodeksiro4eaHe Ha 20Moe8 KOHghu2ypayuoHeH ghalis.



Code Contracts API

ocHoBHO Contract knaca— e BknroyeH B .NET Framework 4 - B mscorlib assembly.

Visual Studio 2010 npegocTaBa rotoBu configuration pages.
3a BCeKM HOB MPOEKT, crneaBa aa ce ykaxe onuua: ‘enable runtime checking of contracts’.

LLle ca HyxHM cbo u tools ot DevLabs Web site:

Runtime tools eknroygam
Code Contracts rewriter

interface generator
Kakmo u

static checker



UHBapuaHTHn

UHeapuaHmBmM e ycrioeue, Koemo euHa2u e UCMUHa 8 O6KpPBLXXeHUemo Ha oripedesieH KOHMeKcm.
OTtHeceHo kbM OOIN — ycnoBueTo cneaBa Aa € UCTUHA 3a BCSIKa MHCTaHLMA Ha Knaca

Mpumep:

Mmame knac npeacraBnsaBally HOBMHU B canUT. BeposiTHO BCsika HOBMHA U3UCKBa ‘3arnasue’,
‘ pestome’ U ‘gaTta Ha NnyoGnuKyBaHe’, KOATO Aa e BanuaHa. lNoHATueTo ‘BanuagHa’

cneaBa aa e aedpMHUpaHoO B KOHTEKCTA.

MoxeTe Ooa npeacrtaBuTe Te3u norietTa Kato MHBapuaHTU (HAMa 3Ha4YeHue ganum ca public,
protected u T.H.).

Def:
B .NET 4 uHeapuaHmHussm KoHmpakm 3a 0a0eH KJ/iac e KoJsiIieKuusi om ycsiogusi, Koumo
ce 3adbpXXam UHCMUHa 3a nepuoda Ha chbulecmeyeaHe Ha UHcmaHuussma Ha Ksaca.

Preconditions KoHTpakTUTe ce non3BaT oT BukawaTta ctpaHa !
Poscondition koHTpakTuUTe M invariants ce non3sBaT OT caMusl Knac U HacrnegHUUUTe My.

- AHBapmMaHTHUAT KOHTPAaKT ce aedmHuUpa ype3 1 nnm noBeye metoau.
- Te ca private, void u ¢ aTpubyT (KakTo LWe BUAMM B npumepa).

- He cbAbPXaT APYr KoA , OCBEH YCNOBMETO 3a NpoBepKa.



Mpumep:

public class News  {
public String Title {get; set;}
public String Body {get; set;}

[ContractinvariantMethod]
private void Objectinvariant()

{

Contract.Invariant(!String.IsNullOrEmpty(Title));
Contract.Invariant(!String.IsNullOrEmpty(Body));

}
}

3a aa paboTtu npoBepkaTta, cneasa Aaa paspewute ‘full runtime checking’ onuuuTte 3a npoekra cu:

Invariants X

Application
Build

Build Events
Debug
Resources
Services
Settings
Reference Paths
Signing
Security
Publish

Code Analysis

Code Contracts

Configuration: [Active(Debug)  \  ~| Platform: [Active (:86) ~|
Assembly Mode: | Standard Contract Requ-m\<i -}
Chodidng 1.4.31130.0
V] Pedorm Runtime Contract Checking [} Only Public Suface Contracts
Custom Rewrter Methods [} Asset on Contract Faiure
Pre and Post g
eormbly Pmeonmm [] Cali=tte Requires Checking
jc Checidng
4} ufom&abcCorlndChedwwg in Background 1 Show squiggies
] krplic Non-Null Obligations ] mplct Adthmetic Obigebons [] Cache Results
] laplick Array Bounds Obligations "] Redundart Assumptions
=

Contract Reference Assembly
(none) >
Advanced



OnutBame:
var n = new News();

NMonyuBame contract failed exception ? Taka e 3aLO0TO B KOHCTPYKTOpPa NMNcBa UHULMaN3aLums.
-UuBapnaHTUTE ca acoummpar c KoHuenuusita 3a ‘factory’. Factory e npocto public meToa, oTroBopeH
3a Cb34aBaHe Ha MHCTAaHLUMSA Ha Knaca (KOAITO 3a Aia e ycneLlHa -3Ha4M 06eKTbT € BbB

BannaHo CbCTosAHUE !)

-3a KOHKPEeTHUAT NpuUMep: invariants ce npoBepsiBaT Ha u3xoaa ot Bceku public metoa (BK.
KOHCTPYKTOpP U set properties). ETo 3awo cnepBa Aa NnonpoMeHUM Halwnsi KOHCTPYKTOP:

public class News
{ public News(String title, String body)
{
Contract.Requires<ArgumentException>(
IString.IsNullOrEmpty(title));
Contract.Requires<ArgumentException>(
IString.IsNullOrEmpty(body));

Title = title;
Body = body;
}
Memoodbm- Factory e cbwusi Kamo
public String Title { get; set; } KOHCMpyKmopa.
public String Body { get; set; } Tou, obaye, e static uc

ornucamersiHo ume.
[ContractinvariantMethod]

private void Objectinvariant()

{
Contract.Invariant(!String.IsNullOrEmpty(Title));
Contract.Invariant(!String.IsNullOrEmpty(Body));

} }



AK0 nMame:
var n = new News("'Title", ""This is the news"");
Bcenuko me e OK! UHcTannusTa mie ce cb3aajae 4 BbpHe 00eKT -“ in a state that meets invariants.”

AKO Hamuiere:

var n = new News("'Title", ""This is the news"");
n.Title =""";

Ille moyunTe exception 3amoTo title He oTroBapsi Ha ycjioBueTo Mo Bpeme Ha eXit ot ‘setter’ merona.

Hma u apyr npo6JieM: HHBAPHAHTHUTE ce MpoBepsiBaT B Kpasi Ha public meTronuTe. Ho B Ts/10TO, BpeMeHHO
CTATYChT UM MOKe 12 cTaHe HeBaJinAeH. C MHBAPHMAHTH MOXKeTe 1A CJIeuTe CaMO Mpeau U cJied U3NbJIHEeHUE Ha
public meTon.

Hma otrnenen MS Static Code Checker koiiTo cJjiean 3a npucBoOsiBaHNs B TSUIOTO NMPOTHBOPeEYAIIH
HA HHBAPUAHTHUTE OrPaHUYEHUSI.

Contract Inheritance

public abstract class DomainObject MpyMep Ha Knac ¢ MHBApUaHTEH METOL.
{ public abstract Boolean IsValid(); WNHBapUaHTHUSAT KOHTPAKT & peanuaupaH
C private MeToa< pure (T.e. HENPOMEHSILL

[Pure] CbCTOsIHYETO). Tol OT CBOS CTPaHa

private Boolean Is\VatidState() BukapUblic, abstract meToa, KOWTO

{ cnepHuk Moxe Ja AeduHupa 3a ga
return IsValid(); onuLLe cBOUTE COBCTBEHN MHBAPUAHTM.

} Hanpumep:

[ContractinvariantMethod]
private void Objectinvariant()

{

Contract.Invariant(lsValidState());

}



public class Customer : DomainObject

{
private Int32 Id,;

private String CompanyName, Contact;

public Customer(Int32 id, String company)

{
Contract.Requires(id > 0);

Contract.Requires(company.Length > 5);
Contract.Requires(!String.IsNullOrWhiteSpace(company));

Id = id;
CompanyName = company;,

}

public override bool IsValid()

{
return (Id > 0 && !String.IsNullOrWhiteSpace(CompanyName));

}
}

Cera Beuye Bcuuko nirnexaa OK:
var ¢ = new Customer(1, “HakoB"); //OK

Ho nma bug: BUKa ce KOHCTPYKTOPBT Ha ‘DomainObject’, T.e MHBapnaHTbLT ce npoBepsBa. IsValid()
e BUpTyareH, T.e. U3anbiiHABa ce peanu3auusaTta B ‘Customer’. [poBepkaTa, o6aye, ctaBa npeau
MHCTaHUMATa Aa e HanbJIHO MHULUManu3npaHa. Baura ce exception (8 nocrnedHama eepcus Ha

.NET moea e npomeHeHo — invariant checking 8 koHcmpykmopu ce omiiaza dokamo u Hau-KpauHusim
0m gepuesama Ha 8/10KeHUMme ce r108ukKa).

ﬂo6ee e Ja cnasarte oboLlo npasuno: He BUKauTe BUPTYalHW MeToAM B TANOTO Ha KOHCTPYKTOP.
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Modern trip, based on the OOP theory:
tips around design, philosophy, classes, Interfaces, virtuality, abs‘rrac’ruonﬂ

msdn magazine , june 2008, july2011
The question is: how many times do you start writing a brand new application from nothing
versus the number of times you start by adding new functionality to an existing codebase?
Chances are good that you spend far more time adding new features to an existing codebase.

Then ask yourself another question: is it easier to write all new code or to make changes to
existing code? Modifying old code adds the risk of breaking existing functionality.

SOLID is a popular acronym that results from the initials of five key principles of software
design including Single responsibility (2), Open/Closed (1), Interface segregation (3) and
Dependency inversion (4). The L in SOLID stands for the Liskov substitution principle

So you generally work on an existing £odebase, but yet it's easier to write all new code than
it is to change old code. This is where the Open Closed Principle comes into play. To
paraphrase, the Open Closed Principle is stated as:

1 open/closed principle

software entities should be open for extension but closed for modification.




2 Single Responsibility Principle g
.
In following the Open Closed Principle, | want to be able to write a class or a method

and then turn my back on it, comfortable that it does its job and | won't have to go

back and change it.
Follow the related Single Responsibility Principle:

a class should have one and only one, reason to change

One of the easiest ways to write classes that never have to change is to write classes that only do
one thing. The code shows a sample that does not follow the Single Responsibility Principle.

public class OrderProcessingModule

[ (.

public void Process(OrderStatusMessage orderStatusMessage)
{ Il Get the connection string from configuration
string connectionString =
using (SglConnection connection = new SqlConnection(connectionString)) {
/I go get some data from the database
i {....}

This cl_ass /I Apply the changes to the Order from the OrderStatusMessage

/function updateTheOrder(order);

are doing _// International ord_ers have a unique set of business rules
if (order.IsInternational) {....}

to much Il We need to treat larger orders in a special manner
else if (order.Lineltems.Count > 10) {....}
/l Smaller domestic orders else {....}
/I Ship the order if it's ready
if (order.IsReadyToShip()) {.

\ /I Transform the Order object into a Shipment
-}

}



iy
In terms of the Open Closed Principle, by dividing the business logic and data access ﬂ‘
responsibilities into separate classes, you should be able to change either concern
independently without affecting the other.

The point of the Single Responsibility Principle isn't just to write smaller classes and methods.
The point is that each class should implement a cohesive set of related functions. An easy way to
follow the Single Responsibility Principle is to constantly ask yourself whether every method and
operation of a class is directly related to the name of that class.

If you find some methods that do not fit with the name of the class, you should consider moving
those methods to another class.

3. The Chain of Responsibility Pattern
Business rules will probably face more changes throughout the lifecycle of a codebase than
any other part of the system.
In the OrderProcessingModule class, there was quite a bit of branching logic for order processing
based on what type of order was received:
if (order.IsInternational) {
processinternationalOrder(order);

}

else if (order.Lineltems.Count > 10) {
processLargeDomesticOrder(order);

}

else {
processRegularDomesticOrder(order);

}



|
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To that end, you can move closer to the Open Closed Principle for the order processing example by
using a form of the Chain of Responsibility pattern, as demonstrated.

The first thing | did was to make every conditional branch in the original OrderProcessingModule
Into a separate class that implements the IOrderHandler interface:

public interface IOrderHandler
{

void ProcessOrder(Order order);
bool CanProcess(Order order),

}

| would then write a separate implementation of IOrderHandler for each type of Order,
including the logic that basically says, "I know what to do with this Order, let me handle it."

\



|

Introducing a chain of

public class OrderProcessingModule responsibility. @‘
{ _ We have multiple realizations
private I0rderHandler[] _handlers; of the interface IOrderHandler
public OrderProcessingModule()
{
_handlers = new IOrderHandler[] 3 diff e o
{ ifferent implementations
new InternationalOrderHandler(), — of the interface
new SmallDomesticOrderHandler(),

new LargeDomesticOrderHandler(),

public void Process (OrderStatusMessage orderStatusMessage, Order order)

{
Il Apply first change to the ‘Order’, using the OrderStatusMessage

updateTheOrder(order);
// Find the first IOrderHandler ‘_handlers[x]’that "knows" how to process this Order

_handlers[x].ProcessOrder(order);

}

private void updateTheOrder(Order order) {.. } /limplementation

}




|
Bl had

Let's say that, at a later time, | have to add support for government orders in the system.

With the Chain of Responsibility pattern, (1) | can write a completely new method called
GovernmentOrderHandler().

Once I'm satisfied that GovernmentOrderHandler() works the way it's supposed to, (2) | can add the

new government order processing rules by a one-line change to the constructor function of
OrderProcessingModule:

public OrderProcessingModule()

{
_handlers = new IOrderHandler[] {
new InternationalOrderHandler(),
new SmallDomesticOrderHandler(),
new LargeDomesticOrderHandler(),
new GovernmentOrderHandler(), //the new-added handler
}:
}

I was able to add the government order rules with much less risk of destabilizing the other types

of orders than I would have faced if a single class had implemented all of the various types
of order handling.



4. Double Dispatch pattern

What if the steps become more complicated in the future? What if pure polymorphism justisn't
enough to allow for all the possible variations coming up in the future?

We can use a pattern called Double Dispatch to pull out the variation into
the subclasses in such a way that we don't break existing interface contracts.

For example, let's say that | am building a composite desktop application that displays one screen
at atime in some sort of main panel. Every time | open a new screen in the application | need to a
number of things. | might need to change the available menus, check the state of the screens
already open, do any number of things to customize the display of the whole screen and,

at the end, display the new screen in some way.

If all I need to do is simply to show the View in the ApplicationShell on activation, the code might look
like in the next slide

This is perfectly workable for a le application, but what if the application becomes more
complicated? What if, in the second relé | have new requirements to add menu items to the
main shell when some screens are active? And if | want to start showing additional controls
in a new pane along the left edge of the main screen for s iews, but not all?




A simple o o
view-based public interface IApplicationShell {
application void DisplayMainView(object view);
with some (not }
abstractiQi

public interface IPresenter

{

/Il Just exposes a getter for the inner WinForms UserControl or Form
object View { get; }

}

public class ApplicationController

{
private IApplicationShell _shell;

public ApplicationController(lApplicationShell shell)
{ shell =shell; } /lwhich shell is to be chosen for the purpose

public void ActivateScreen(IPresenter presenter)
{ .... } // which set of controls to be shown
/[ (or forms)

I still want the architecture to be pluggable so that I can add new screens to the application by

simply plugging in new Presenters, so the knowledge of these new menu and left pane constructs
should go into the existing Presenter abstraction :



public interface IApplicationShell

{ void DisplayMainView(object view);,
/[ New-added behavior
void AddMenuCommands(MenuCommand[] commands);
void DisplaylnExplorerPane(object paneView);,

} Trying to extend
public interface IPresenter IPresenter, IAplicationShell
{ object View { get; }

/I New-added properties I've added new properties to the IPresenter

MenuCommand[] Commands{ get; } interface to model the new menu items and

object[] ExplorerViews { get; } } any additional controls that might be added to
public class ApplicationController the new left pane. | also added some new

{ members to |IApplicationShell for these new

concepts. Then | added new code to the
ApplicationController.ActivateScreen(IPresenter)
method.

private IApplicationShell _shell;
public ApplicationController(IApplicationShell shell)
{ _shell = shell; }

public void ActivateScreen(IPresenter presenter)
{ /I Setup the new screen
_shell.DisplayMainView(presenter.View);

/[ New code
_shell. AddMenuCommands(presenter.Commands);
foreach (var explorerView in presenter.ExplorerViews)

{

_shell.DisplaylnExplorerPane(explorerView);

}
} }



So, did this solution conform to the Open Closed Principle? No!

First, I had to modify the IPresenter interface. Since it is an interface, I would have had to find
every implementer of the IPresenter interface in my codebase and add empty implementations
of these new methods just so that my code could compile again.

More on this later. I also had to modify the ApplicationController class so it knows about all of
the new types of customizations each screen might need on the main ApplicationShell.

Finally, I needed to modify ApplicationShell to support the new shell customizations.

The change to each IPresenter implementation could be alleviated by using an abstract class
called Presenter instead of an interface.

| could just add default implementations to the abstract class as shown into the next slide

And | wouldn't have to change any of the existing Presenter implementations to\add the new behavior.




public abstract class BasePresenter

{

}

public abstract object View { get;}

/[ Default implementation of Commands
public virtual MenuCommand[] Commands

{

get

{ return new MenuCommand[0]; }
}

I/l Default ExplorerViews
public virtual object[] ExplorerViews
{

get

{ return new object[0]; }

}



BUT

there is another way to move closer to the Open/ Closed Principle that might be cleaner.
Instead of putting getters on the IPresenter or BasePresenter abstraction, I could use

the double dispatch pattern.

Let see a demonstration of the double dispatch pattern in real life:

We are moved into a new office space. Our networking guy

called us and started telling us what my co-worker should do to connect to.

Finally we just handed the phone off to my co-worker to let them talk directly. (

Now, let's do the same thing for the ApplicationController. Instead of the ApplicationController
asking each Presenter what needs to be displayed in the ApplicationShell, the Presenter will just

skip the middle man and tell the ApplicationShell what it needs to do fo screen :

l L

public interface IPresenter { void SetupView(lApplicationShell shell);}
public class ApplicationController {

private IApplicationShell _shell;

public ApplicationController(lApplicationShell shell) { _shell =shell; }

public void ActivateScreen(IPresenter presenter) {

I/l Set up the new screen using Double Dispatch

presenter.SetupView(_shell); /l redirect to direct connection
dual dispatching - because object&parameter are

} determined at run-time




ApplicationShell «— ApplicationController «—— Presenter
<€ >

| could have made the new changes with fewer modifications to both ApplicationController and
each Presenter. | no longer need to touch either the ApplicationController or the Presenter classes to

create additional screen concepts.

The architecture is open to be extended for new shell concepts, but the ApplicationController and the
individual Presenter classes are closed for modification.

Further formalization:

there is a regular way to determine concrete object type at run-time using

so called Visitor pattern.
This (implemented through a method) is dual dispatching formalization:

Each visitable object should implement method Visit() that accepts reference
to special object - dispatcher. Dispatcher should have a set of

Dispatch methods that accepts references to concrete types

of visitable objects:



To clarify the theory : let consider second example.

Suppose we have a simple hierarchy of geometrical shapes and want to write a function
answering the question: "do two (or more) shapes intersect". Shapes hierarchy may look

as follows.

1Shape

+Drawi)

B g

Rect

ttop left
#bottom_right

= Draw()

|

Square

#Draw()

Tnangle

tpoints

tDrawi)

RightTriangle

+Dirawi)

JL

EquilateralTriangle

+Draw()

Function, that checks for shapes intersections, must work with IShape references, i.e. in polymorphic
mannef (the classical sollution (1)) . For example:

void foo( IShape_& shapeO, IShape & shapel)
{ bool f = Checkintersection(_shapeO, shapel);}

Rect_rect( Point (1, 1), Point (2, 2));
Triangle_tri( Point_( 0, 0), Point_( 2, 0), Point (0, 2));

foo( rect, tri);

The following more universal solution is better:

—



struct Triangle_: dual dispatching solution

struct Rect_;

struct IDispatcher__ /l[possesses a method for all possible types
{ virtual void Dispatch( Triangle_& shape) =0;
virtual void Dispatch( Rect_& shape) =0; }
struct IShape
{ virtual void Visit( IDispatcher_& dsp) =0;}; The mentioned method

Visit() — determines who

ad been visited
ispatch( *this); }};

struct Triangle_ : public IShape

{ virtual void Visit( IDi
struct Rect_ : public IShape
{ virtual void Visi rspatcher_& dsp){ _dsp.Dispatch(*this); }};

struct Dispatcher_: public IDispatcher__ /limplementation of the dispatcher class
{ virtual void Dispatch( Triangle_& shape){ cout<<"Thisis atriangle." <<endl; }
virtual void Dispatch(Rect_ & shape) { cout<<"Thisisarect." <<endl; } };
void PrintType( IShape_& shape) /[function that works with all types — run-time detected
{ Dispatcher_dsp;
_shape.Visit(dsp );} //dual dispatch (2) solution — because object&parameter

/[ are determined at run-time

int main()
{ Rect_rect;
Triangle_ triangle;

PrintType( rect); /lthe type selection is in run-time
PrintType( triangle); /Il the type selection is in run-time. Everything is OK
return 0;}

This programs prints:
This is arect.
This is a triangle.




5. Liskov Substitution Principle

The most common manifestation of the Open Closed Principle is using polymorphism to
substitute an existing part of the application with a brand new class.

Let's say that at the beginning of the day you have a class called BusinessProcess whose job is to,
well, execute a business process. Along the way, it needs to access data from a data source:

public class BusinessProcess

{

private IDataSource _source;

public BusinessProcess(IDataSource source) {
_source =source;

}
}
public interface IDataSource
{

Entity FindEntity(long key);
}



The design follows the Open Closed Principle if you can extend the system by swapping out
implementations of IDataSource without making any change to the BusinessProcess class.

- You might start out with a simple XML file-based mechanism, and then move to using
a database for storage, followed eventually by some sort of caching—»but you still don't want to
change BusinessProcess class.

All of that is possible, but only if you follow a related principle: the Liskov Substitution Principle:
In a nutshell, the Liskov principle states that it should

always be safe
to use a subclass in any place where the parent class is expected

It’'s a developer’s responsibility to ensure that it’s safe to use any derived class in places where the
parent class is expected. Notice - “safe.” Plain object orientation makes it possible to use any derived
classes in places where the parent class is expected.

“Possible” isn’t the same as “safe.” To fulfill the Liskov principle, you need to adhere to a simple rule:

The domain of a method can’t be shrunk in a subclass.



Code Contracts and the Liskov Principle

the Liskov principle has a lot to do with software contracts and can be easily rephrased in terms of a specific
technology such as .NET Code Contracts. The key point is that a derived class can'’t just add preconditions.
In doing so, it will restrict the range of possible values being accepted for a method, possibly creating runtime
failures.

Imagine you have the code :

public class Rectangle

{
public Int32 Width { get; private set; }

public Int32 Height { get; private set; }

public virtual void SetSize(Int32 width, Int32 height)

{
Width = width;
Height = height;
}
}
public class Square : Rectangle
{
public override void SetSize(Int32 width, Int32 height)
{

Contract.Requires<ArgumentException>(width == height);
base.SetSize(width, width);

}
}



The class Square inherits from Rectangle and just adds one precondition. At this point, the following code
written basically for Rectangle (which represents a possible counterexample) will fail:

1.private static void Transform(Rectangle rect)

2. {

3. /I Height becomes twice the width

4. rect.SetSize(rect.Width, 2*rect.Width);

5.}

The method Transform was originally written to deal with instances of the Rectangle class, and it does its job
quite well. Suppose that one day you extend the system and start passing instances of Square to the same
(untouched) code, as shown here:

1.var square = new Square();

2.square.SetSize(20, 20);

3.Transform(square);

Depending on the relationship between Square and Rectangle, the Transform method may start failing without an
apparent explanation.

Output v B3:X

Show output from: .f_BuiId :| IR i N -
------ Build started: Project: Inheritance, Configuration: Debug x86 ------ .
) ) D:\My Demos\Design\0O\SoftDesGallery\Src\Correctness\Inheritance\Model
The nice thing about .NET and \Square.cs(1@,13): warning CC1@32: Method 'Inheritance.Model.Square.SetSize
. . . (System.Int32,System.Int32) "' overrides 'Inheritance.Model.Rectangle.SetSize
the C# Compller is that if you (System.Int32,System.Int32)', thus cannot add Requires.
use Code Contracts to elapsed time: 2@4.2116ms
o Inheritance -> D:\My Demos\Design\0OO\SoftDesGallery\Src\Correctness —
eXpreSS_ precondltlons, you get \Inheritance\bin\Debug\Inheritance.exe
a warning from the Compller s====s===== Build: 1 succeeded or up-to-date, @ failed, @ skipped ==s========

if you’re violating
the Liskov principle:

m

- 0 =] Output




)
Roughly stated, you are following the Liskov Substitution Principle if you can use any i’z —
iImplementation of an abstraction in any place that accepts that abstraction. 6\7\\)/\)\(L

The BusinessProcess should be able to use any implementation of IDataSource without -

modification. BusinessProcess should not know anything about the internals of IDataSource other <
than what is communicated through the public interface:
Bad version:
public class BusinessProcess { BuisnessProcess class
private IDataSource _source; : :
implementation that
public BusinessProcess(IDataSource source) { fgg{]aost;?ri:ad
_source =source;
}
public void Process()
{
long theKey = 112; This version of the BusinessProcess class has specific
logic to bootstrap a FileSource and also relies on
/I Special code if we're using a FileSource knowledge of some specific error handling logic for the

if (_source is FileSource) { DatabaseSource class

((FileSource)_source).LoadFile(); }

try {
Entity entity = _source.FindEntity(theKey); }

catch (System.Data.DataException) {
/I Special exception handling for the DatabaseSource,
// This is an example of "Downcasting"
((DatabaseSource) source).CleanUpTheConnection();

} } }
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Better BusinessProcess version

_ _ You create the implementers of IDataSource such that
public class BusinessProcess { they can handle all of their specific infrastructure needs

private readonly IDataSource _source;

public BusinessProcess(IDataSource source) {
_source =source;

}

public void Process(Message message) {
/[ the first part of the Process() method

/I There is NO code specific to any implementation of IDataSource here
Entity entity = source.FindEntity(message.Key);

Il the last part of the Process() method

}
}



