
LINQ to Objects

Valer BOCAN
Alcatel-Lucent Romania

TIS/TCC/ITT

Presentation and source code is 
based on the book
LINQ in Action by Fabrice
Marguerie.
ISBN: 1-933988-16-9

http://www.manning.com/affiliate/idevaffiliate.php?id=252_74


Agenda

ÅWhat is LINQ?

ÅLINQ Building Blocks

ÅDemo: Parsing a CSV file with LINQ

ÅDemo: Windows Forms data-binding with 
LINQ

ÅStandard Query Operators

ÅQuestions and Answers



What is LINQ?

LINQ stands for Language INtegrated QǳŜǊȅΦ ¢ƘŀǘΩǎ ōŀǎƛŎŀƭƭȅ ǉǳŜǊȅƛƴƎ ǾŀǊƛƻǳǎ Řŀǘŀ 
sources from within the language while benefitting from the Intellisensefeature.

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

varprocesses =
Process.GetProcesses()
.Where(process => process.WorkingSet64 >= 20 * 1024 * 1024)
.OrderByDescending(process => process.WorkingSet64)
.Select(process =>

new
{

process.Id,
Name = process.ProcessName

});

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

Get a list of running processes
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The interface is important because Where, OrderByDescending, Select and other query 
operators except an object of this type as a parameter.

Filter the list

Sort the list

Keep only the ID and the name



Sequences (contd.)

public static IEnumerable<TSource> Where<TSource>(
this IEnumerable<TSource> source,
Func<TSource, Boolean> predicate)

{
foreach(TSourceelement in source)
{

if (predicate(element))
yield return element;

}
}

The anatomy of the Whereextension method:

This keyword signals an extension method.

[ŜǘΩǎ ǎŜŜ ǿƘŀǘ ǘƘƛǎ yield return is all about.

Note the use of yield return.



Iterators

static void Main(string[] args)
{

foreach(varnumber in OneTwoThree())
{

Console.WriteLine("Number: {0}", 
number);

}
}

static IEnumerable<int> OneTwoThree()
{

Console.WriteLine("Returning 1");
yield return 1;
Console.WriteLine("Returning 2");
yield return 2;
Console.WriteLine("Returning 3");
yield return 3;

}

An iteratorƛǎ ŀƴ ƻōƧŜŎǘ ǘƘŀǘ ŀƭƭƻǿǎ ȅƻǳ ǘƻ ǘǊŀǾŜǊǎŜ ǘƘǊƻǳƎƘ ŀ ŎƻƭƭŜŎǘƛƻƴΩǎ ŜƭŜƳŜƴǘǎΦ ¢ƘŜȅ 
are also known as generators(in Python) or cursors (in the context of a database).

Output of this code is:

Returning 1

Number: 1

Returning 2

Number: 2

Returning 3

Number: 3
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Deferred Query Execution

static double Square(double n)
{

Console.WriteLine("Computing Square(" + 
n + ")...");

return Math.Pow(n, 2);
}

static void Main(string[] args)

{
int[] numbers = { 1, 2, 3 };
varquery = from n in numbers

select Square(n);

foreach(varn in query)
Console.WriteLine(n);

}

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

ÅThe queryvariable does not represent the result of a query, but merely the potential to 
execute a query.
ÅThe query is not executed when assigned to a variable, but it is executed afterwards, 
step by step.
ÅAdvantages of lazy evaluation: resource conservation (we may decide to drop the query 
after examining just the first element) and query reuse (applying the same query over 
different data)
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Reusing Queries

static double Square(double n)
{

Console.WriteLine("Computing Square(" + 
n + ")...");

return Math.Pow(n, 2);
}

static void Main(string[] args)
{

int[] numbers = { 1, 2, 3 };
varquery = from n in numbers

select Square(n);

foreach(varn in query)
Console.WriteLine(n);

for (int i = 0; i < numbers.Length; i++)
{

numbers[i] = numbers[i] + 10;
}

Console.WriteLine("Collection 
updated...");

foreach(var n in query)
Console.WriteLine(n);

}

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

ÅAfter the query was run for the first time, the underlying data source (numbersarray) 
was updated.
ÅThe same query was run a second time, with different results. DEMO Prog4



Forcing Immediate Execution

foreach(varn in query.ToList())
Console.WriteLine(n);

Immediate execution of queries must be requested explicitly.

ÅToList() iterates on the query and creates an instance of List<double> initialized with all 
the results of the query.
ÅThe foreachloop now iterates on a prefilled collection and the Squaremethod is not 
invoked during the iteration.
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Output of this code is:

Computing Square(1)...

Computing Square(2)...

Computing Square(3)...

1

4

9



Query Expressions

varprocesses =
Process.GetProcesses()
.Where(process => process.WorkingSet64 >= 20 * 
1024 * 1024)
.OrderByDescending(process => 
process.WorkingSet64)
.Select(process =>

new
{

process.Id,
Name = process.ProcessName

});

varprocesses =
from process in Process.GetProcesses()
where process.WorkingSet64 > 20 * 

1024 * 1024
orderbyprocess.WorkingSet64 

descending
select new { process.Id, Name = 

process.ProcessName};

Query expressions are syntactic sugarfor writing simpler query code in most cases.

Not all query operators have a query expression equivalent.

Query written using syntactic sugar.



Query Expressions (contd.)

var authors=
from distinctAuthorin

(
from bookin SampleData.Books
wherebook.Title.Contains("LINQ")
from author in book.Authors.Take(1)
select author)
.Distinct()

select new { distinctAuthor.FirstName, distinctAuthor.LastName};

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

var authors=
SampleData.Books
.Where(book=> book.Title.Contains("LINQ"))
.SelectMany(book=> book.Autors.Take(1))
.Distinct()
.Select(autor => new{ author.FirstName, author.LastName});

{ŀƳŜ ǉǳŜǊȅ ǳǎƛƴƎ Ƨǳǎǘ ƻǇŜǊŀǘƻǊǎΦ LǘΩǎ ǳǇ ǘƻ ȅƻǳ ǘƻ ŘŜŎƛŘŜ ǿƘƛŎƘ ƛǎ ƳƻǊŜ ǊŜŀŘŀōƭŜΦ



Case: Parsing a CSV file

#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

[ŜǘΩǎ ǎŜŜ ŀ ǎŀƳǇƭŜ /{± ŦƛƭŜ ǘƘŀǘ ǿŜ ǿƻǳƭŘ ƭƛƪŜ ǘƻ ǇŀǊǎŜΦ

varquery = from line in File.ReadAllLines(FileName)
where!line.StartsWith("#")
select line;

The first version of our code looks like this:

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.
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Case: Parsing a CSV file (contd.)

varquery = from line in File.ReadAllLines(FileName)
where !line.StartsWith("#")
let parts = line.Split(',')
select new { ISBN = parts[0], Title = parts[1], Publisher = parts[3] };

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

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

With four lines of code we have basically achieved a simple CSV parsing and extraction 
of parameters. The result of the query would be this:
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Case: Parsing a CSV file (contd.)

varquery = from line in File.ReadAllLines(FileName)
where!line.StartsWith("#")
let parts= line.Split(',')
select new
{

ISBN = parts[0],
Title= parts[1],
Publisher = parts[3],
Authors=

from authorFullNamein parts[2].Split(';')
let authorNameParts= authorFullName.Split(' ')

select new
{

FirstName= authorNameParts[0],
LastName= authorNameParts[1]

}
};

²ŜΩǾŜ ŎƻƴǾŜƴƛŜƴǘƭȅ ƭŜŦǘ ƻǳǘ ǘƘŜ ŀǳǘƘƻǊǎ ǎƛƴŎŜ ǘƘŜȅ ǊŜǉǳƛǊŜ ǎƻƳŜ ƳƻǊŜ ǇǊƻŎŜǎǎƛƴƎΦ ²Ŝ 
need to split the authors too.
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Note how Authorsis initialized using a nested query.

Queries are fully compositional, i.e. they can 
be arbitrarily nested. 



Wait! We have a problem!

public static classStreamReaderEnumerable
{

public static IEnumerable<string> Lines(this StreamReader source)
{

stringline;
if (source == null) throw new ArgumentNullException("source");

while ((line = source.ReadLine()) != null)
yieldreturn line;

}
}

The problem is using File.ReadAllLines. Reading 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.

Note the use of this keyword to create an 
extension method.

Read file line by line and create an iterator.



Wait! We have a problem! (contd.)

using (StreamReader reader = new StreamReader(FileName))
{

varquery = from line in reader.Lines()
where!line.StartsWith("#")
let parts= line.Split(',')
select new
{

ISBN = parts[0],
Title= parts[1],
Publisher = parts[3],
Authors=
from authorFullNamein parts[2].Split(';')
let authorNameParts= authorFullName.Split(' ')
select new
{

FirstName= authorNameParts[0],
LastName= authorNameParts[1]

}
};

}

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

The Linesproperty is now part of the 
StreamReaderclass, or at least it seems so.
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Data binding

varquery = from line in reader.Lines()
where!line.StartsWith("#")
let parts= line.Split(',')
ώ Χ ϐ
};

dataGridView1.DataSource =query.ToList();

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

Force query execution.
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And this is what we get.


