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What is LINQ?

LINQ stands fdranguagdNtegratedQdzSNE & ¢ Kl 1 Qa ol aA OF f £ &
sources from within the language while benefitting from théellisenseeature.

LINQ to Objects is about querying objects in memory: array,
lists, dictionaries, etc. Legacy objects (such as those
introduced in .NET 1.0) can be queried upon conversion.



Some LINQ Building Blocks

We need to understand a few concepts in order to successfully work with LINQ.




Sequences

The key to understanding sequences is llaBeumerableT>interface, which appeared in
C# 2.0. Every array implements this interface.

varprocesses = Get a list of running processe
Process.GetProcesges — Filter the list

Where(process => process.WorkingSet64 >= 20 * 1024 * 1Oz=,

.OrderByDescendirjgrocess => process.WorkingSetC.g :
Sort the list
.Select(process => 4

new
process.ld m— Keep only the ID and the nam
Name —process.ProcessName

The interface is important becau¥®here OrderByDescendin&electand other query
operators except an object of this type as a parameter.
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Seqguences (contd.)

The anatomy of th&Vhereextension method:

public statidEnumerableTSource Whered Source(
this IEnumerableTSource source,
Fun&TSource Boolean> predicate)

Thiskeyword signals an extension method.

{
foreach(TSourceelement in source)
{
if (predicate(element))
yield return element; ___EENEIEREERESTERET
} -
}

[ $G Q& & S\eld fefirnisiall dbeuk 3




lterators
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are also known agenerators(in Python) orcursorg(in the context of a database).

static void Main(string[frg9 staticlEnumerablegint>OneTwoThre@
{ {
foreach(varnumber inOneTwoThreg) Console.WriteLingReturning 1");
{ yield return 1;
Console WriteLinéNumber: {0}", Console.WriteLingReturning 2");
number); yield return 2;
} Console. WriteLingReturning 3");
} yield return 3;
}

Output of this code is:

Returning 1
Number: 1
Returning 2
Number: 2
Returning 3
Number: 3

P.
l'

G N



Deferred Query Execution

LINQ queries rely heavily on lazy evaluation. Without this, LINQ would perform poorly.

static double Square(double n) {

{ int[] numbers ={1, 2, 3};

onsole WriteLinéComputing Square(" - var query = from n in numbers
n+".."); select Square(n);
return Math.Pow(n, 2);
} foreach(varn in query)
Console.WriteLin@);
static void Main(string[&args }

Arhequeryvariable doesot represent the result of a query, but merely tpetential to
execute a query.

Arhe query is not executed when assigned to a variable, but it is executed afterwards,
step by step.

Advantages of lazy evaluatiomsource conservatiofwe may decide to drop the query
after examining just the first element) ampliery reuse(applying the same query over
different data)



Reusing Queries

LINQ queries can be applied on different sets of data to get different results.

static double Square(double n)

{ for (int i = 0;i <numbers.Lengthi++)
Console . WriteLingComputing Square(" - {
n+".."); numbers|] = numbers]] + 10;
return Math.Pow(n, 2); }
}
Console.WriteLiné'Collection
static void Main(string[&rg9 updated...");
{
int[] numbers ={1, 2,3}, foreach(var n in query)
varquery = from n in numbers Console.WriteLiné);
select Square(n); }

foreach(varn in query)
Console.WriteLing);

Aufter the query was run for the first time, the underlying data souraer{bersarray)
was updated.
Arhe same query was run a second time, with different results.




Forcing Immediate Execution

Immediate execution of queries must be requested explicitly.

foreach(varn inquery.ToLis{))
Console.WriteLin@);

AroLisf) iterates on the query and creates an instance.ist<double3nitialized with all
the results of the query.

Arheforeachloop now iterates on a prefilled collection and tBguaremethod is not
invoked during the iteration.

Output of this code is:

Computing Square(1)...
Computing Square(2)...
Computing Square(3)...
1
4
9

P.
l'



Query Expressions

Query expressions agyntactic sugafor writing simpler query code in most cases.

var processes = varprocesses =
Process.GetProcesggs from process ifProcess.GetProcesges
Where(process => process.WorkingSet64 >= where process.WorkingSet64 > 20 *
1024 * 1024) 1024 * 1024
.OrderByDescendirjgrocess => orderbyprocess.WorkingSet64
process.WorkingSet64) descending
.Select(process => select new {rocess.lgName =
new process.ProcessNamg
{
process.ld
Name =process.ProcessName Query written usingyntactic sugar.
D;

Not all query operators have a query expression equivalent.




Query Expressions (contd.)

A more complex query expression that also uses a query operator (Distinct).
varauthors=

from distinctAuthorin

(

from bookin SampleData.Books
where book.Title.ContainSLINQ")

from authorin book.Authors.Takg)
selectauthor)

.Distinct()

selectnew{ distinctAuthor.FirstNamgdistinctAuthor.LastNamg
{FYS [jdzZSNE dzaAy3d 2dzad 2LISNI G§2NBR® LGQa
varauthors=

SampleData.Books

Whergbook =>book.Title.ContainSLINQ"))

.SelectMangbook =>book.Autors.Tak@l))
.Distinct()

.Select(autor =mew { author.FirstNameauthor.LastName);




Case: Parsing a CSV file

[ SGdQa &SS + abyYLEtS /{+ FTAES GKIG 6S ¢2
#Books (format: ISBN, Title, Authors, Publisher, Date, Price)

0735621632,CLR via C#, Jeffrey Richter,Microsoft Press,02 - 22- 2006,59.99

0321127420,Patterns Of Enterprise Application Architecture,Martin Fowler,Addison - Wesley,

11- 05- 2002,54.99

0321200683,Enterprise Integration Patterns ,Gregor Hohpe, Addison - Wesley ,10 - 10- 2003,54.99
0321125215, Domain- Driven  Design,Eric Evans, Addison - Wesley Professional,08 - 22- 2003,54.99
1932394613,Ajax In Action,Dave Crane;Eric Pascarello;Darren James,Manning

Publications,10 - 01- 2005,44.95

The first version of our code looks like this:

varquery = from line irFile.ReadAllLingSileName
where lline.StartsWitl§"#")
select line;

This would be fine as long as we wanted to get entire lines. However, we need specific
fields to be extracted from the CSV file.



Case: Parsing a CSV file (contd.)

We need to split each line in order to get the fields (ISBN, Title, etc.). This islethere
comes in handy.

varquery = from line irrile.ReadAllLin€gsileNamé
where line.StartsWith"#")
let parts =line.Spli(',")
select new { ISBN = parts[0], Title = parts[1], Publisher = parts[3] };

With four lines of code we have basically achieved a simple CSV parsing and extractio
of parameters. The result of the query would be this:

ISBN=0735621632 Title=CLR via C# Publisher=Microsoft Press

ISBN=0321127420 Title=Patterns Of Enterprise Application Architecture

Publisher=Addison - Wesley

ISBN=0321200683 Title=Enterprise Integration Patterns

Publisher=Addison - Wesley

ISBN=0321125215 Title=Domain - Driven Design  Publisher=Addison -
Wesley Professional

ISBN=1932394613 Title=Ajax In Action Publisher=Manning

Publications




Case: Parsing a CSV file (contd.)

2 SQWS O2y@SyASyuate tSTFa 2dzi GKS | dzi K2 NJ
need to split the authors too.

varquery = from line irFile.ReadAllLinéSileNamé

where !line.StartsWith"#")

let parts=line.Spli(',")

selectnew

{
ISBN partq0],
Title=partq1],
Publisher spartd3],
Authors = e

Note howAuthorsis initialized using a nested query,

from authéArIEuIINamein parts[2].Split(";")
let authorNameParts= authorFullName.Spli ')
selectnew

{

FirstName=authorNamePartf0],
LastName=authorNamePart§l]

Queries are fully compositional, i.e. they cag }M i

be arbitrarily nested.




Wait! We have a problem!

The problem is usingile.ReadAllLinefRkeading all lines from the file at once hurts
performance by potentially allocating a huge array in memory.
We will adopt a streaming approach by creating a custom query operator.

public staticclassStreamReaderEnumerable NI e UEs OIS (EptiBit 19 BIEELS
{ extension method.
/ -

public statidEnumerablestring> Lines(this StreamReader source)

{
stringline;
if (source == null) throw newrgumentNullExceptigfisource");

while ((line =source.ReadLir{® '=null)
yieldreturn line;

} BN Read file line by line and create an iterator.




Wait! We have a problem! (contd.)

We now have a file iterator at our disposal. Here is how we can use it.

using StreamReader reader = new StreamReadr@igName)
{
varquery = from line imeader.Lineg)
where !line.StartsWith{"#")
let parts=line.Spli(’,")
selectnew
{
ISBN partd0],
Title = partq1],
Publisher spartg3],
Authors=
from authorFullNamen parts[2].Split(*;")
let authorNameParts- authorFullName.Spljt’)
selectnew
{
FirstName= authorNamePart9],
LastName=authorNamePartd]

}
j

TheLinesproperty is now part of the
StreamReadetlass, or at least it seems so.




Data binding

The result of a query can be directly fed to thataSourceroperty of a Windows Forms
or ASP .NET control.

varquery = from line imeader.Line@
where !line.StartsWith"#")

let parts=line.Splif’,")

w X 6 Force query execution.

|# e
dataGridViewl.DataSourceguery.ToLig);

And this is what we get.



