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Directory Structure

e. The course software installs to the root directory
C:\OIC\NetCs.

~"Example programs for each chapter are in named
subdirectories of chapter directories Chap01, Chap02, and so
on.

— The Labs directory contains one subdirectory for each lab,
named after the lab number. Starter code is frequently
supplied;.and answers are provided in the chapter directories.

— The Demos directory is provided for hand-on work during
lectures.

e Data files install to the directory C:\OIC\Data.

e The directory C:\OIC\Deploy isprovided to practice
deployment.
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NET Fundamentals

Objectives

After-completing this unit you will be able to:

e Understand the problems Microsoft .NET is designed
to solve.

e Understand the basic programming model of
Microsoft .NET.

e Understand the basic programming tools provided by
Microsoft .NET.

e Discuss .NET Native, .NET Core and cross-platform
development.
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What Is Microsoft .NET?

e Microsoft .NET was developed to solve three
fundamental problems.

e First, the Microsoft Windows programming model
must be unified to remove the widely varied
programming models and approaches that exist
among the various Microsoft development
technologies.

e Second, Microsoft based solutions must be capable of
interacting with the modern world of heterogeneous
computing environments.

e Third, Microsoft needs a development paradigm that
Is capable of being expanded.to-encompass future
development strategies; technologies, and customer
demands.
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Open Standards and Interoperability

e The modern computing environment contains a vast
variety of hardware and software systems.

— Computers range from mainframes and high-end servers, to
workstations and PCs, and to small mobile devices such as
PDAs and cell phones.

—“Operating systems include traditional mainframe systems,
many flavors of Unix including Android, Linux, Apple’s
10S,-several versions of Windows, real-time systems and
more.

— Many different languages, databases, application
development tools and middleware products are used.

e Applications need to be able to work in this
heterogeneous environment.

— Even shrink-wrapped applications deployed on.a single PC
may use the Internet for registration and updates.

e The key to interoperability among applications is the
use of standards, such as HTML, HTTP, XML,
SOAP, and TCP/IP.
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Windows Development Problems

e In.classic Windows development design and language
choice often clashed.

— Visual'Basic vs. C++ approach

— |IDispatch; Dual, or Vtable interfaces
~ VB vs.MFC

— ODBC or OLEDB or ADO

e Application deployment was hard.
— Critical entries-in Registry for-COM components
— No versioning strategy

— DLL Hell

o Security was difficult to implement:

— No way to control code or give cade rights to certain actions
and deny it the right to do other actions.

— Security model is difficult to understand.-Did you ever pass
anything but NULL to a LPSECURITY_ATTRIBUTES
argument?

e Too much time is spent in writing plumbing code that
the system should provide.

— MTS/COM+ was a step in the right direction.
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Common Language Runtime

e The first step in solving the three fundamental
problems is for Microsoft .NET to provide a set of
underlying services available to all languages.

e The runtime environment provided by .NET that
providesthese services is called the Common
Language Runtime or CLR.

— A runtime provides services to executing programs.

— Traditionally there are different runtimes for different
programming-environments. Examples of runtimes include
the standard Clibrary, MFC, the Visual Basic 6 runtime and
the Java Virtual Machine.

e These services are available to.all languages that
follow the rules of the CLR.

— C# and Visual Basic are examples of Microsoft languages
that are fully compliant with the CER requirements.

— Not all languages use all the features of the CLR.

e As a terminology note, beginning with .NET 2.0,
Microsoft has dropped the “.NET”” in the‘Visual
Basic language.

— The pre-.NET version of the language is now referred to as
Visual Basic 6 or VB6.
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CLR Serialization Example

e Let us use serialization to illustrate how the CLR
provides a set of services that unifies the Microsoft
development paradigm.

— ‘Every programmer has to do it.

—- It can.get complicated with nested objects, complicated data
structures, and a variety of data storages.

— The'programmer should also be able to override the system
service if-necessary.

o See the Serialize example in this chapter.
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Serialization Example (Cont’d)

e Ignore the language details covered in a later chapter.

[Serializable]

class Customer

{
public string name;
public long id;

+

class Test

{
static void Main(string[] args)

{
ArrayList list = new ArrayList();

Customer cust = ‘new Customer();
cust.name = *Charles Darwin';
cust.id = 10;

list.Add(cust);

cust = new Customer();
cust.name = ""lIsaac Newton';
cust.id = 20;
list.Add(cust);

foreach (Customer x In list)
Console._WriteLine(X.name + """ + x.id);

Console._WriteLine('Saving Customer List');
FileStream s = new FileStream(''cust txt",
FileMode.Create);
SoapFormatter f = new SoapFormatter();
SaveFile(s, T, list);
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Serialization Example (Cont’d)

Console._WriteLine("'Restoring to New List");
s = new FileStream(*'cust.txt",
FileMode.Open);
T = new SoapFormatter();
ArrayList list2 =
(ArrayList)RestoreFile(s, T);

foreach (Customer y in list2)
Console._WriteLine(y.-name + ": " + y.i1d);

}

public static-void SaveFile(Stream s,
IFormatter, ¥, IList list)
{
T.Serialize(s, list);
s.Close();
+

public static IList RestoreFile(Stream s,
IFormatter T)

IList list = (IList)f.Deserialize(s);
s.Close();
return list;
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Attribute-Based Programming

e We add two Customer objects to the collection, and
print them out. We save the collection to disk and
then restore it. The identical list is printed out.

Chardles Darwin: 10

Isaac Newton: 20

Saving Customer List
Restoring to New List
Charles. Darwin: 10

Isaac Newton: 20

Press enter to continue...

e \We wrote no.code to save or restore the list!

— We just annotated the class'we wanted to save with the
Serializable attribute.

— We specified the format'(SOAP) that the data was to be
saved.

— We specified the medium (disk)where the data was saved.

— This is typical class partitioning in the .NET Framework.

e Attribute-based programming is used-throughout
NET to describe how code and data should be
treated by the framework.
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Metadata

e The compiler adds the Serializable attribute to the
metadata of the Customer class.

e Metadata provides the Common Language Runtime
with information it needs to provide services to the
application.

— Version and localeinformation
— All the types
— Details about each type, including name, visibility, etc.

— Details about the members of each type, such as methods, the
signatures of methods, etc:.

— Attributes

e Metadata is stored with the application so that .NET
applications are self-describing. The registry.is not
used.

— The CLR can query the metadata at runtime. It can see if the
Serializable attribute is present. It can findout the structure
of the Customer object in order to save and restore it.
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Types

e Types are at the heart of the programming model for
the CLR.

— Most.of the metadata is organized by type.

e A type Is analogous to a class in most object-oriented
programming languages, providing an abstraction of
data and behavior; grouped together.

e A type inthe CLR contains:
— Fields (data members)
— Methods
— Properties

— Events (which are now full-fledged'members of the Microsoft
programming paradigm).
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NET Framework Class Library

e The SoapFormatter and FileStream classes are two of
the thousands of classes in the .NET Framework that
provide system services.

e The functionality provided includes:

Base Class Library (basic functionality such as strings, arrays
and formatting).

Networking
Security

Remoting
Diagnostics

1/0

Database

XML

Web Services
Web programming

Windows User Interface

e This framework is usable by all CLR compliant
languages.
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Interface-Based Programming

Interfaces allow you to work with abstract types in a
way that allows for extensible programming.

The SaveFile and RestoreFile routines are written
usingthe IList and IFormatter interfaces.

These routines'will work with all the collection classes
that support the lList interface, and the formatters
that supportthe 1Formatter interface.

Implementation inheritance permits code reuse.

You can implement the ISerializable interface to
override the framework’s implementation.

— The metadata for the type tells the‘framework that the class
has implemented the interface.

Interface-based programming allows classes.to
provide implementations of standard functionality
that can be used by the framework.
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Everything is an Object

e Every type in .NET derives from System.Object.’

e Everytype, system or user defined, has metadata.

— In'the sample the framework can walk through the ArrayL.ist
of Customer objects and save each one as well as the array
itself.

e Allraccess to objects in .NET is through object
references.

! An exception is the pointer type, which is rarely used in C#.
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Common Type System

e The Common Type System (CTS) defines the rules
for the types and operations that the CLR will
support.

— The CTS limits .NET classes to single implementation
inheritance.

—“The CTS is.designed for a wide range of languages, not all
languages will support all features of the CTS.

e The CTS makes it possible to guarantee type safety.

— Access to objects can berestricted to object references (no
pointers), eachreference refers to-a defined memory. Access
to that layout is only through public methods and fields.

— By performing a local analysis of theclass, you can verify to
make sure that the code does-not perform-any inappropriate
memory access. You do not have to analyze the users of the
class.

e NET compilers emit Common Intermediate
Language” (CIL) not native code.

— CIL is platform independent.

— Type-safe code can be restricted to a subset of verifiable CIL
expressions.

— Once code is verified, it is verified for all platforms.

2Formerly called Microsoft Intermediate Language or MSIL.
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ILDASM

e The Microsoft Intermediate Language Disassembler
(ILDASM) can display the metadata and CIL
Instructions associated with .NET code.

— Ttisavery-useful tool both for debugging and increasing
your'understanding of the .NET infrastructure.

e You may wish to add ILDASM to your Tools menu in
Visual Studio 2019.

— Use the command Tools | External Tools. Click the Add
button, enter ILDASM for the Title, and click the ... button to
navigate to the folder \Program Files (x86)\Microsoft
SDKs\Windows\v10.0A\bil\NETFX 4.7.2 Tools.

A 2
Menu contents:
Create BGUID Add
Error LooSkup
o —— |
Mawe Lip |
Move Do |
Title: | 1LDASM
Command: I C:'Program Files (x36)\Microsoft SDKs\Windo E
Arguments: I J
Initial directory: I j
[T Use Qutput window ™ Prompt for arguments
™ | Tireak output as Unicode ¥ Close on exit
Ok | Cancel | Apply |
Rev. 4.8.5 Copyright © 2019 Object Innovations Enterprises, LLC 17
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ILDASM (Cont’d)

e You can use ILDASM to examine the .NET
framework code.

— Here.is a fragment of the CIL from the Serialize example.

F Test=Main : void(string[])

Find. Find Next

=10 x|

{
-entrypoint
ff Code size
.maxstack 3

[1] class
[2] class
[3] class
[4] class
[E] class
[6] class
[7] class
[8] class
[?] class
IL_@88a: nop
IL 8881: newobj
IL_#8aB6: stloc.@
IL_8887: newobj
IL 8@Bc: stloc.1
IL_@88d: 1dloc.1
IL_#888e: 1ldstr
IL_8813: stfld
IL_@818: 1dloc.d
IL_@8819: 1dc.il.s
IL_@81b: conv.iB
IL_@8ic: stfld
IL_@621: 1dloc.@
IL_@822: 1dloc.1
IL_8823: callvirt
IL_8628: pop
IL_8829: newobj
IL_#@82e: stloc.d
IL_@882f: 1ldloc.1
IL_8838: ldstr
IL_8835: stfld
IL 883a: 1dloc.1
IL_883b: 1dc.i4.s
IL_883d: conv.i8
IL_@883e: stfld

|

|.method private hidebysig static void Hain{string[] args) cil managed

J44 (82158)

-locals init {[8] class [mscorlib]System.Collections.Arraylist list,

Customer cust,
[mscorlib]System_I0 _FileStream s,
[System.Runtime .Serialization.Formatters.Soap]System.Runt
[mscorlib]System.Collections.Arraylist 1ist2,
[mscorlib]System._Collections . IEnumerator U 5,
Customer X,
[mscorlib]System.IDisposable U 7,
[mscorlib]System.Collections _IEnumerator U 8,
Customer y)

instance void [mscorlib]System.Collections._fArraylist:-:.

instance void - Customer::.ctor(}
"Charles Darwin"

string Customer::name

18

int64 Customer::id

instance int32 [mscorlib]System.Collections . Arraylist::
instance void Customer::.ctor()}

"Isaac Hewton"

string Customer::name

28

inté4 Customer::id

| AW

Rev. 4.8.5 Copyright © 2019 Object Innovations Enterprises, LLC
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.NET Framework SDK Tools

e Installing Visual Studio 2019 will also install the
NET Framework 4.7.2 SDK, version 10.0A.

— Thesetools are located in folder \Program Files (x86)\
Microsoft SDKs\Windows\v10.0A\bin\NETFX 4.7.2 Tools.

n C:\Program Files (x86)\Microsoft SDKs\Windows\v10.0A\bin ;lglﬂ
|(;|,\ /)v| - bin - NETFX4.7... ~ - l‘illl Search NETFX 4.7.2 Toals |E:]‘
Organize Open  Burn_< Mew folder = = M iﬁl
E . Microseft SDKs - [ .Mame = | Date modified 4]
| Azure 2] drver. exe 66,2018 9:33 FM
 ClickOnce [ CorFlags.exe 6/6/2018 9:33 PM
# . ClickOnce Bootstr
H IckUnc= Boolgaeg o digco, exe 6/6/2018 10:10 PM
. F# il
FLISLOGYW, 6/5/2018 9:33 PM
| Microsoft Azure R fel
| NuGetPackages [ gacutil.exe 6/5/2018 9:33 PM
. Portable ¥ gacutil. exestonfig 6/6/2018 6:06 PM
| TypeScript @ IIDasm.chm 5/16/2018 3:36 PM
= . Windows [ i Aldasm.exe
| v7.0A Y Yildasm. exe. config 6/6/2018 6:06 PM
§ v8.0A J == 6/65/2018 10:10 PM
C,EXE B
| vB.14
ol vi0.08 ¥ Ic. exe.cofifig 5/16/2018 3:49 PM
2k bin Kz mage. exe 6/5/2018 10:10 PM
; METF¥ 4.6.1 Tools M mageui.exe 662018 10:10 PM
. NETFX 4.7 Tools %] mageui.exe.config 5/16/2018 305 PM 4
B rETrx 4.7.2 Tooks |~ 4] | >
ildasm. exe Date modified: 6/5/2018 9:33 PM Date created: 6/6/20089:33 PM
Application Size: 500 KB

— They can be run at the command line from the Visual Studio
2019 Command Prompt®, which can be started from All
Programs | Visual Studio 2019 | Visual Studio Tools |
Developer Command Prompt for VS2019.

® You may need to run the Command Prompt as Administrator in some cases.

Rev. 4.8.5 Copyright © 2019 Object Innovations Enterprises, LLC 19

All Rights Reserved



NetCs Chapter 1

Fixing the PATH Variable

In.case you are unable to run the .NET4.7.2 Tools
from the Developer Command Prompt, you can
explicitly add the proper folder to the Windows

PATH environment variable:

PATH=%PATH%;C:\Program Files (x86)\Microsoft
SDKs\Windows\v10.0A\bin\NETFX 4.7.2 Tools

— We provide the batch file FixPath.bat to do this for you.

— Itis located in C:\OIC\NetCs.

Copyright © 2019 Object Innovations Enterprises, LLC
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Language Interoperability

e Having all language compilers use a common
intermediate language and common base class makes
it possible for languages to interoperate.

— All'languages need not implement all parts of the CTS.

—- One language can have a feature that another does not.

e The Common Language Specification (CLS) defines a
subsetofthe CTS that represents the basic
functionality that all .NET languages should
implement if they are to interoperate with each other.

— For example, a class written in-Visual Basic can inherit from
a class written in C#.

— Interlanguage debugging_is possible.

— CLS rule: Method calls need not support a variable number
of arguments even though such @ construct can be expressed
in CIL.

— CLS prohibits the use of pointers.

e CLS compliance only applies to public features.

— C# code should not define public and protected class-names
that differ only by case sensitivity since languages as-Visual
Basic are not case sensitive. Private C# fields could have
such names.
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Managed Code

e In.the serialization example we never freed any
allocated memory.

— Memory that is no longer referenced can be reclaimed by the
CLR’s garbage collector.

= Automatic memory management eliminates the common
programming error. of memory leaks.

— Garbage collection is-one of the services provided to .NET
applications bythe Common Language Runtime.

e Managed code uses the'services of the CLR.

— CIL can express‘access to.unmanaged data in legacy code.

o Type-safe code cannot be subverted.

— For example, a buffer overwrite is not able to corrupt other
data structures or programs. Security policy canbe applied to
type-safe code.

e Type-safe code can be secured.
— Access to files or user interface features can be controlled.

— You can prevent the execution of code from unknown
sources.

— You can prevent access to unmanaged code to prevent
subversion of .NET security.

— Paths of execution of .NET code to be isolated from one
another.

Rev. 4.8.5 Copyright © 2019 Object Innovations Enterprises, LLC 22
All Rights Reserved



NetCs Chapter 1

Assemblies

e .NET programs are deployed as an assembly.

~ The'metadata about the entire assembly is stored in the
assembly’s manifest.

— An assembly has one or more EXESs or DLLs with associated
metadata information.

=1alx]

Find Find Mext

I// Metadata wersion: ul._B.30319 -
.assembly extern mscorlib

{

-publickeytoken = (B7 7A /5C 56 19 34 EO 89 )
-ver 4:@:-8:8

b

.assembly extern System.Runtime_Serialization.Formatters.Soap

{
-publickeytoken = (B@ 3F_SF 7F 11 D5 8a 3n )
-ver 4:@:-8:8

b

.assembly Serialize

{
-.custom instance void [mscorlib]3ystem.Reflection.fissemblyTitlenttr
.custom instance void [mscorlib]3ystem.Reflection.fissemblyDescripti—
.custom instance void [mscorlib]3ystem.Reflection.fissemblyConfigura
.custom instance void [mscorlib]System.Reflection.fissemblyCompanyAt
.custom instance void [mscorlib]System.Reflection.AssemblyProductAt
-.custom instance void [mscorlib]3ystem.Reflection.fssemblyCopyright

.custom instance void [mscorlib]System.Reflection.fissemblyTrademark
.custom instance void [mscorlib]System.Runtime.InteropServices Coml
-.custom instance void [mscorlib]3ystem.Runtime.InteropServices . Guid

.custom instance void [mscorlib]System.Reflection.fissemblyFilelersi
.custom instance void [mscorlib]System.Runtime._Uersioning-TargetFra

1] | M Lz
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Assembly Deployment

e The assemblies can be uniquely named.

~ Assemblies can be versioned and the version is part of the
assembly’s name.

— Unique (strong) names use a public/private encryption
scheme.

— The culture used can also be made part of the assembly
name.

o Assemblies-are self-describing. Information is in the
metadata associated with the assembly, not in the
System Registry.

e Private, or xcopy deployment requires only that all
the assemblies an application needs are in the same
directory.

— This makes deployment of components much simpler.

e Public assemblies require a strong hame and an entry
in the Global Assembly Cache (GAC).

e Either approach means the end of DLL Hell!

— Components with different versions can be deployed side by
side and need not interfere with each other.
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JIT Compilation

e Before executing on the target machine, CIL is
translated by a just-in-time (JIT) compiler to native
code.

e Some code typically will never be executed during a
program-run.

— Hence it may be more efficient to translate CIL as needed
during execution, storing the native code for reuse.

e \When a type is loaded, the loader attaches a stub to
each method of the type.

— On the first call'the stub passes‘control to the JIT, which
translates to native'code and modifies the stub to save the
address of the translated native code.

— On subsequent calls to the method transfer is then made
directly to the native code.

e As part of JIT compilation code goes through.a
verification process.

— Type safety is verified, using both the CIL and metadata:

— Security restrictions are checked.
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ASP.NET and Web Services

NET includes a totally redone version of the popular
Active Server Pages technology, known as ASP.NET.

Whereas ASP relied on interpreted script code
interspersed with page formatting commands,
ASP.NET relies on compiled code.

— The code can be written in any .NET language, including C#,
Visual Basic, JScript. NET and C++/CLI.

ASP.NET provides Web Forms which vastly
simplifies creating Web user.interfaces.

— Drag and drop in’Visual Studio’2019 makes it very easy to
lay out forms.

— Also supported are ASPINET MVC-and Web API.

For application integration across'the internet, Web
services use the SOAP protocol.

— The beautiful thing about a Web service,is that from the
perspective of a programmer, a Web service.is no different
from any other kind of service implemented by a class in'a
NET language.

However, Web APl and REST have become more
important than SOAP.

Web services and C# (or Visual Basic) as a scripting
language allows Web programming to follow an
object-oriented programming model.

Rev. 4.8.5 Copyright © 2019 Object Innovations Enterprises, LLC
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The Role of XML

e XML is ubiquitous in .NET and is highly important
in Microsoft’s overall vision.

e ‘Some uses of XML in .NET include:

— XML is used for encoding requests and responses in the
SOARP protocol.

— XML is the serialization format for disconnected datasets in
ADO.NET.

— XML is used extensively in configuration files.

— XML documentation can be automatically generated by
.NET languages.

— .NET classes provideavery convenient APl for XML
programming as an alternative to DOM or. SAX.

e Also, as we shall see shortly,'CLR Serialization is not
available in .NET Core, while XML Serialization may
be used to achieve serialization ina cross-platform
manner.
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Performance

e Concerns about performance of managed code are
similar to the concerns assembly language
programmers had with high level languages.

e Garbage collection usually produces faster allocation
than C++ unmanaged heap allocation. Deallocation is
done on a separate thread by the garbage collector.

e JIT compilation takes a hit the first time when
verification andtranslation take place, but
subsequent executions pay-no penalty.

e There is a penalty when security checks have to be
made that requirea stack walk.

e Compiled ASP.NET cade is going to be a lot faster
than interpreted ASP pages.

e Bottom line: for most of the code that is written, any
small loss in performance is far outweighed by the
gains in reliability and ease of development.

— High performance servers might still have to-use
technologies such as ATL Server and C++.

o Apps targeting the Windows 10 platform may use
NET Native to achieve higher performance.
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.NET Native

e .NET Native is a precompilation technology for
building and deploying apps to Windows 10.

— Ratherthan generating CIL, Windows apps are compiled
directly to native code for faster startup and execution.

¢ _NET Native changes the way in which .NET
Framework applications are built and executed.

— During.precompilation required portions of the .NET
Framework are statically linked to your code, enabling the
compilerto perform global code optimization.

— The .NET Native runtime isoptimized for static
precompilation.

— .NET Native uses the same backend as the C++ compiler for
superior performance.

o .NET Native brings the performance of C++to
managed code.

e See MSDN for more information:

https://docs.microsoft.com/en-us/dotnet/framework/net-native/index
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.NET Core

NET Core is a modular subset version of the .NET
Framework that is portable across multiple
platforms.

Rather 'than one large assembly, .NET Core is
released through NuGet in smaller feature-specific
assembly packages.

.NET Core provides-key functionality used in
applications regardless of platform.

— This common functionality provides for shared code that can
be used across-platforms.

— Your application then links in additional platform-specific
code.

Microsoft platforms you can targetinclude
traditional desktop Windows and Windows phones.

Through third-party tools such as-Xamianyou can
target Android and iOS.

Visual Studio 2019 provides support for cross-
platform development.
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.NET Frameworks

e With the advent of .NET Core the term “framework”
becomes more complex.

e Traditionally, there was just one .NET Framework
(in"various.versions).

o But now thereare multiple .NET frameworks.

o A framework defines an APl you can rely on when
you target that framework.

— A framework is versioned as new APIs are added.

e But there are differences between the .NETCoreApp
framework API and- the classic .NET API.

— Thus apps built for classic .NET may not run with a simple
recompile on .NET Core.

e For example, the Serialization’example/does not run
on .NET Core.

— The CLR Serializer does not work with :NET Core, butyou
can achieve serialization with the XML Serializer.

e For more information about .NET Core see this
Object Innovations course:

4012 .NET Core Frameworks
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XML Serialization Example

e Although you cannot use CLR Serialization as
illustrated earlier in the chapter with .NET Core, you
can‘use XML Serialization.

— See'the XmlSerialize example in this chapter®.

class Customer

{

public string name;
public long. id;

}

class Program

{

static void-Main(string[] args)

{

List<Customer> list = new List<Customer>();

Customer cust ="new Customer();
cust.name = ""Charles.Darwin'';
cust.id = 10;

list.Add(cust);

cust = new Customer();
cust.name = "Isaac Newton';
cust.id = 20;
list.Add(cust);

foreach (Customer x In list)
Console_WriteLine(X.name + ": " + X:sid);

Console._WriteLine('Saving Customer List'™);

XmlSerializer ser = new
XmlSerializer(typeof(List<Customer>));

* This example targets .NET Framework, but it can be built to target .NET Core. However, .NET Core is
beyond the scope of this course.
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XML Serialization (Cont’d)

}

FileStream s = new FileStream(*'cust.xml",
FileMode.Create);

ser.Serialize(s, list);

s.Flush(Q);

s:Dispose();

Console._WriteLine(''Restoring to New List");

FileStream s2 =
new FileStream(“'cust.xml™, FileMode.Open);
list = (List<Customer>)ser.Deserialize(s2);

foreach, (Customer y i1n list2)
Console _WriteLine(y.-name + ": " + y.id);

e The data is serialized to the file cust.xml.

<?xml

version=""1.0" encoding="utf-8"?>

<ArrayOfCustomer xmlns:xs#="http://www.w3.0rg/2001/
XMLSchema-i1nstance"

xmIns:

xsd=""http://www.w3.0rg/2001/XMLSchema'">

<Customer>
<name>Charles Darwin</name>
<id>10</1d>

</Customer>

<Customer>
<name>lsaac Newton</name>
<id>20</1i1d>

</Customer>

</ArrayOfCustomer>
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Summary

.NET solves problems of past Windows development.

It provides one development paradigm for multiple
languages.

Design and programming language no longer conflict.

NET uses managed code with services provided by
the Common Language Runtime that uses the
Common Type System.

Plumbingcode for fundamental system services is
there, yet you can extend it'or replace it if necessary.

The .NET Framework is a very large class library
available consistently‘across many languages.

NET Core is a modular subset version of the .NET
Framework that is portable across multiple
platforms.

CLR Serialization is not available in;"NET Core, but
you can use XML Serialization.
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Chapter 2

Class Libraries
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Class Libraries

Objectives

After-completing this unit you will be able to:

Describe the role of components in software
development.

Compare components in COM and .NET.
Build .NET class-libraries at the command line.
Create class libraries usingVisual Studio 2019.

Use components-in client programs by obtaining
references to class libraries.
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Objects and Components

e An object encapsulates data and behavior, and it
facilitates reuse—at the source code level.

— A class library, such as Microsoft Foundation Classes (MFC)
provides reusable code in the form of a hierarchy of classes.

~ But you cannot:use MFC classes in a Visual Basic 6
program.

e By contrast, a.component is a binary piece of software
that can be reusedin many different programming
languages:

— For example, yau can use COM-components and ActiveX
controls (a particularly rich type of COM component,
typically with a graphical userinterface) in Visual Basic 6
programs.

— The component could be implemented in some-other
language, such as C++. The Visual Basic 6 programmer does
not care.

e The basic concept of component is a'black box piece
of software that can be reused.

— By this loose definition, a DLL would be a component.

e Usually, somewhat more is meant, such as some kind
of “object orientation.”

— Examples of such object-oriented components are COM
objects, JavaBeans, and CORBA objects.

Rev. 4.8.5 Copyright © 2019 Object Innovations Enterprises, LLC 37
All Rights Reserved



NetCs Chapter 2

Limitation of COM Components

e COM lacks support for implementation inheritance.

~ Yourcannot start with a base component and inherit its
methods. (You can achieve similar reuse by other techniques,
such as containment and aggregation, but such reuse is not as
easy or convenient as inheritance.)

e Another drawback of COM components is the
requirement that the component implement
“plumbing” code that allows it be called in a black
box fashion from another piece of software.

— Visual Basic 6 hid the plumbing code, but it was there, and
VB6 programs could only use a subset of the capabilities of
COM.

— In C++ you could fully utilize COM, but there was a lot of
work to be done in implementing the plumbing code.
Specialized libraries like the Active Template Library (ATL)
could do a lot of the work for you, but that required you to

learn yet another piece of technology; and it-appliedonly to
C++.
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Components in .NET

e The .NET Framework provides an exceptionally
attractive environment for creating and using
software components.

e By simply setting an appropriate compiler switch or
choosinga specific project type in Visual Studio, you
can build a class library.

— Acclass library.is the .NET version of a component and is a
DLL that packages the code for a set of classes.

e There is nospecial plumbing code that must be
provided.

e These class library DLLs can easily.be used by other
NET programs, and you can mix".NET languages
freely.

e Also, you can inherit from a class implemented in a
class library.

— This inheritance mechanism extends across languages, since
a class library is a binary component.
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Class Libraries at the Command Line

e Tocreate a.NET class library from the command
line, compile using the switch /target:library.

— You can abbreviate the /target switch as simply /t.

csc /t:library Customer.cs

~ This command creates the DLL Customer.dll.

e To usethe classlibrary from another program, you
must obtain a reference to the class library.

— Compiling atthe command line, you can use the /reference
or /r switch.

csc /r:Customer.dll TestCustomer.cs

— This command creates the executable TestCustomer.exe.

e Run commands from the Visual Studio 2019
command-line prompt.

— Start it via All Programs | Visual Studio 2019 | Visual Studio
Tools | Developer Command Prompt for ¥S2019.
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Component Example: Customer

Management System

e Wewill illustrate how to work with components in
NET by componentizing a monolithic application.

e _The application manages a list of customers.

— The Customers class manages a collection of customers, as
defined by the CustomerL.istltem structure.

public struct CustomerListltem
{
public 1nt Customerlid;
public string FirstName;
public string lLastName;
public string EmailAddress;

}

e The Customers class implements the 1Customer
interface.

public interface ICustomer
{
int RegisterCustomer(string firstName,
string lastName, string emailAddress);
void UnregisterCustomer(int id);
ArrayList GetCustomer(int id);
void ChangeEmailAddress(int id,
string emailAddress);

+
— The GetCustomer method returns a list of customers (all
customers if input ID is -1).
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Customer Management (Cont’d)

e The folder CustomerMonolithic contains a GUI
version of a customer management system, with all

code in one project.

— Examine the code, and then build and exercise the program.

—- The list of customers is shown in the list box, and buttons are
provided to.register a new customer, unregister a customer,

and'change the email address of a customer.

=
Id I'I Email Address: Imcky@fmsb'rtefalls.mm
First Mame IHDd.:Et Last Hame ISquirreI
1 Rocket Sguimel noclky@frosbitefalls.com Reqister |
2 Bullwinkle Moose moose @wossamotta.edu
Unreqister |
Change Email |
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Monolithic versus Component

e In.this monolithic version of the program, the
business logic (as specified by the ICustomer
interface) and the user interface code are mixed
together.

e A betterstructure is to isolate the business logic in a
separate.component.

— Create a DLL Customer.dll that contains the Customers
class implementing.the ICustomer interface.

e The .NET Framework then provides various
mechanisms by which a client program can access
this functionality, and there can be different kinds of
clients:

— Windows GUI client
— Console application client
— Web client

— and so forth
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Demo: Creating a Class Library

e We will create a class library Customer.dll from the
C# source file Customer.cs.

— See CustomerLib in this chapter’s directory.

1. Examine the code file Customer.cs. Note that the code is within
the namespace OL.Acme.

using- System;
using System.Collections;

namespace OL.Acme

{
public struct CustomerListltem
{
public 1nt Customerld;
public string FEirstName;
public string LastName;
public string EmarlAddress;
+
public interface ICustomer
{
int RegisterCustomer(string. firstName,
string lastName, string emailAddress);
void UnregisterCustomer(int i1d);
ArrayList GetCustomer(int id);
void ChangeEmailAddress(int id,
string emailAddress);
}
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Creating a Class Library (Cont’d)

2. Create the class library Customer.dll via the command:

csc /t:library Customer.cs

3. Examine the assembly Customer.dll that was created by using
the ILDASM tool. Notice that this assembly looks a little
different from the ones we’ve created before (for example, there
Is'ho Main method).

¥ customer.dll - IL DASH 0] x|

File WView Help

ERS customer.dli
> MANIFEST
= W OLAcme
+ Il OL.Acme.Customer
%[ E OL.Acme.CustomerListItem
+ I OL.Acme.Customers
=-IE OL. Acme.ICustomer
----- » .class interface public abstract auto ansi
----- B ChangeEmailAddress : void(int32,string)
----- B GetCustomer : dass [mscorlib]System.Collections. ArrayList(int32)
----- B RegisterCustomer : int32(string,string,string)
----- B UnregisterCustomer : void(int32)

.assembly Customer

< B

wl

LIf you can't run the .NET 4.7.2 Tools, such as ILDASM, from the Developer Cammand Prompt, run the
file \OIC\NetCs\FixPath.bat, as discussed in Chapter 1.
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Demo: A Console Client Program

e Create a console client program TestCustomer.exe
from the C# source file TestCustomer.cs.

— See TestCustomer.

1._Examine the'code file TestCustomer.cs. Notice the using
statementto bring.in the Ol.Acme namespace.

using- System;

using System.Collections;
using OI'.Acme;

class TestCustomer

{

2. Copy Customer.dll from-CustomerL.ib to TestCustomer?.

3. Create the assembly TestCustomer.exe via the command:

csc /r:Customer.dll TestCustomer.cs

4. You can now run the test program, which exercises the
Customers class by adding a new customer, changing the email
address of a customer, and unregistering a customer.

Output:
1 Rocket Squirrel rocky@frosbitefalls.com
2 Bullwinkle Moose moose@wossamottacedu
New customer Christopher Robin i1d = 3
1 Rocket Squirrel stallone.com
3 Christopher Robin chris@pooh.com

% The batch file build.bat will both build the DLL and the EXE without having to copy the DLL. The batch
file must be run from the Developer Command Prompt.
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Class Libraries Using Visual Studio

e Visual Studio makes it very easy to work with .NET
class libraries.

— You.can create a class library by using the Class Library
project type.

= You can use Solution Explorer to add references.

— ltis all quite painless.

e There is'one nuance involved when using Visual
Studio that'you need to be.aware of.

— Visual Studio by default creates a root namespace based on
the name of the project.

using System;
using System.Collections.Generic;
using System.Text;

namespace ClassLibraryl

{

public class Classl

{
}
}

— This applies to both class library and application projects.
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Demo: Class Library in Visual Studio

e We will use Visual Studio to create a class library
containing the Customers class.

— Do your work in the Demos directory. The completed
example is.available in CustomerVs in the chapter folder.

1. Open up.the solution in Demos\CustomerVs, which is a copy
of Chap02\CustomerMonolithic. Build and run.

2. Add a new project by right clicking over the solution. Choose
Add | New Project-from the context menu. Filter by C#. Choose
the project template Class Library ((NET Framework).

Console App (.MET Framewark)
- A project for creating a comaand-line application

C# Windows Conscle
D‘:‘.I* Windows Forms App (.MET Framewaork)
A project for creating an application with a3Windows Forms (WinForms) usépinterface

C# Windows Desktop

Hi‘:* Class Library {.NET Framework)
..‘Es ! A project for creating a C# dass library (.dll)

C# Windows Library

Fj Unit Test Project (UMET Framework)
N Y project that contains unit tests.

C# Windows Test

_I-'E?I Windows Service (LMET Framework)

Motk

3. Click Next.
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Demo: Class Library in VS (Cont’d)

4. Type CustomerL.ib for the Project name.

Configure your new project

Classddbrary {.NET Framework) c#  windows  Library

Project name

CustomerLib

Location

C:ADIC\NetCs| Demos\Customerys

Framawork

.NET Framework 4.7.2

5. Click Create. In SolutionExploreryou will now see two

projects in the solution.

Rev. 4.8.5

Solution Explorer ,0 x v

mlr.:l.:' T@":DOE—“_I@

Search Solution Explorer (Ctrl+;)

m'__| Solution 'Customerys' (2 projects)
- CustomerGui
b Properties
P =B References
?'__‘I App.config
P C* Customer.cs
4 [EZ] Formi.cs
b T Form1.Designer.cs
'™ Forml.resx
P ©* Program.cs
4 CustomerLib
b J Properties
B =B References
B C* Classl.cs
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Demo: Class Library in VS (Cont’d)

6. Delete Classl.cs from the new project.

7. Copy the file Customer.cs from the CustomerGui project to
the'CustomerL.ib project. You can do this right within Solution
Explorer, and the file will be automatically added to the new
project.

8. You should nowbe able to build the class library. The new DLL
CustomerLib.dll will be created in
Demos\CustomerVs\CustomerLib\bin\Debug.

9. Delete the' Customer.cs file from the CustomerGui project. Do
this in Solution Explorer, and the file will be removed both from
the project and from the folder.

10. Try building the solution.

11. You will get errors. Youwill need to'add a reference to the
CustomerL.ib project in the CustomerGui.project.
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Project References in Visual Studio

12. In Solution Explorer, right-click over the CustomerGui
project and choose Add | Reference from the context menu,
bringing up the Reference Manager dialog.

13. Click Solution, and you will see Projects highlighted. Check
CustomerLib.

Reference Manager - CustomerGui e |
b Assemblies Search (Ctrl+E) P~
4 Projects
Name Path Hame:
Solution [ Customerlib C:\OIC\MetCs\Demos\CustomerVs\Cu...  Customerlib
P Shared Projects
P COM

P Browse

Browse. .. | oK I Cancel

14. Click OK.

15.  Now you should be able to build and run the solution. The
behavior should be identical to that of CustomerMonolithic.
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Startup Project

e In.a multiple-project solution, you should specify a
startup project.

— By default, the first project that was in the solution is the
startup project. (In our case it was CustomerGui, which is
what wewant.)

—The startup project.is shown bolded in Solution Explorer.

m SolutionCustomerys' (2 projects)
- CustomerGui
b J® Properties
=@ References
'r':l Appatonfig
4 [Z] Forml.cs
b ™ FormidDesigrer.cs
. " Forml.resx
P C*Prégram.cs
- CustomerLib
b M Properties
[ =B References
P ©* Customer.cs

15. To assign the startup project, right-click over the desired
project and choose Set As Startup Project:from the context

menu.
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Assembly References

e The class library does not need to be a project in the
same solution.

e You can add a reference to any assembly (DLL file).
— For example, CustomerLib.dll in Chap02\CustomerL.ib.

—Afthe DLL is‘not there, build it by running the build.bat
batch file from a Visual Studio Command Prompt.

e As a quick demo, delete the project reference in the
CustomerGui project.

— Then right-click-over References.in Solution Explorer and
choose Add Reference from the context menu.

— Browse for CustomerL.ib, check-it, and click OK.

Reference Manager - CustomerGui 'l x|
b Assemblies SearchCiri+E) o~
[ Projects

1 Name Path Mame:
b Shared Projects ¥ Customer.d C:\0IC\WetCs\Chap02\Customerlib\Customer.dl | Customer. dil
Created by:

p COM
File Version:
4 Browse 0.0.0.0

Recent

Browse... | K I Cancel

— Then you should be able to build and run as before.
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References at Compile Time and Run

Time

e Theassembly CustomerLib.dll is used both at compile
timeand at runtime.

= At compile time the metadata in the assembly is used, and at
runtime the code is called.

— When you build the application, Visual Studio will copy the
DLL into the bin\Debug or the bin\Release folder, so it will
reside in‘the proper place at runtime.

— Examine the folder CustomerGui\bin\Debug. You should
now see both CustomerGui.exe and Customer.dll.

¢ In this case we are using private deployment in which
all assemblies reside in'the same directory.

e With .NET it is also possible to have shared
deployment, using the Global Assembly Cache.

— We will discuss these issues in detail in the next chapter.
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Project Dependencies

e When you have multiple projects in a solution, it
becomes important to specify project dependencies.

— In our-example, you need to build the class library before the
Windows application.

¢ To set project dependencies, right-click over the
solution andchoose Project Dependencies from the
context-menu.

— When we specified a Project Reference, the dependency was
set automatically for us.

Dependencies |Euﬂd Grder |
Projects:
ICusb:umerGui j
Depends on:
[ CustomerLib
oK I Cancel
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Specifying Version Numbers

e It is easy to specify version numbers and other
assembly information using Visual Studio.

— A generated project contains a file AssemblylInfo.cs in the
Properties folder.

— Edit'the [assembly] attributes.

[assembly: AssemblyTitle(*'CustomerGui™)]
[assembly:{ AssemblyDescription('"")]

[assembly:' AssemblyConfiguration(""")]

[assembly: AssemblyCompany('")]

[assembly: AssemblyProduct(‘CustomerGui™)]
[assembly: AssemblyCopyright(*'Copyright © 2015'")]
[assembly: AssemblyTrademark(*"'")]

[assembly: AssemblyCulture('")]

// Version information for_an assembly consists of
// the following four values:

//

// Major Version

// Minor Version

// Build Number

// Revision

//

[assembly: AssemblyVersion("'1.0.0.0")]
[assembly: AssemblyFileVersion(*"1.0.0.0")]}

— You can then specify the Assembly Version and the File
Version, as well as other information about the assembly.

e You can view the Assembly Version of an assembly
using ILDASM, and you can view the File Version of
a file using Windows Explorer.
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Lab 2

Implementing a Class Library

In this lab. you will implement a class library SimpleMath.dll that
performs elementary arithmetic operations. You will also create a
GUI test program to exercise your class library.

_iofx]
Dperand 1 |5 Add I
Operand 2 I?

Subtract |
Result |1 3

Detailed instructions are‘containedin the Lab 2 write-up at the end
of the chapter.

Suggested time: 30 minutes
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Summary

e A component is a binary piece of software that can be
reused in many different programming languages.

e The NET Framework makes it easy to create and use
components, known in .NET as class libraries.

e ‘You can build.class libraries at the command line by
using the /target compiler switch.

e You can‘build class libraries in Visual Studio by
creating a-class library project.

e To use aclass library‘n a client program you must
specify a reference to it.
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Lab 2

Implementing a Class Library

Introduction

In this lab you will implement a class library SimpleMath.dll that performs elementary
arithmetic operations. You will also create a GUI test program to exercise your class
library.

Rather than create two projects in the same solution, in this exercise you will create two
separate solutions. This structure is carried over into the next chapter on assemblies.

Suggested-Time: 30 minutes

Root Directory: OIC\NetCs

Directories: Labs\l:ab2\SimpleMath (create your class library here)
Labs\Lab2\TestMath (create your test program here)
Chap02\SimpleMath\Stepl (class library answer)
Chap02\TestMath (test program answer)

Instructions

1. Use Visual Studio 2019 to create a class library project SimpleMath in the folder
Labs\Lab2.

2. Rename the file Classl.cs to SimpleMath.cs: Rename the classto Calc. Note that the
wizard generated code places your class inside-the namespace SimpleMath.

3. Implement static methods to add and subtract two integers.

4. Edit the Assemblylnfo.cs file in the Properties folder to‘set both the Assembly
Version number and the File VVersion number to 1.1.0.0. The-former will'be shown in
ILDASM, and the latter using Windows Explorer.

[assembly: AssemblyVersion(*'1.1.0.0")]
[assembly: AssemblyFileVersion(*1.1.0.0")]

5. Build your class library, and examine it in ILDASM.

6. Use Visual Studio to create a Windows Application project TestMath in the folder
Labs\Lab2.

7. Create a GUI consisting of three text boxes and two buttons that can test your
SimpleMath class library.
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Operand 1
Operand 2

Result

assembly: Instead of using the

the View. menu.

Object Browser 48

]

Copy the SimpleMath.dll to the TestMath directory. Add a reference to this

Solution | Projects tab, use the Browse tab.

Examine the SimpleMath DLL in the Object Browser, which you can bring up from

Browse: | My Solution

| <Search=

[ =B Microsoft.CSharp
[ =-B mzcorlib
4 =B SimpleMath
4 {} SimpleMath
2] Cic|
=B System
5B System.Caore
5B System.Data
5-B System.Data.DataSetExtensions
u-B System,Deployment
5-B System.Drawing
u-B System, Windows, Forms
-0 System, Xml
-0 System,Xml.Ling
TestMath

A A T A

o Add{int, int)
@ Cale()
3 < Subtract{int, int)

public class Calc
Member of SimpleMath

10. Notice that the class Calc is in

the namespace SimpleMath. Provide an.appropriate

using statement in the file Form1.cs.

11.
the SimpleMath class library.

12. Build and test.
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