
Look at 
similarities

rather than
differences



The ROX Triangle
Of Doom

ObjectsRelations

XML



SQL = data model + query syntax

Select Name, Age 
From Customers
Where City = "Seattle"

Table of rows



XQuery/XPath = 
data model + query syntax

From $C In Customers
Where $C/City = "Seattle"
Return <Cust Name={$C/Name}>

{ $C/Age }
</Cust>

Set of nodes



Foreach C In Customers
If C.City = "Seattle"
R.Add(New With 

{C.Name, C.Age})
End If

Next Collection of 
objects

Objects = 
data model + query syntax



LINQ = Queries 
Over Arbitrary 
Collections of 

Arbitrary Values



0000

1111

3333

4444

55556666

0000

1111

3333

4444

55556666

2222 2222

Filtering

X Mod 2 = 0X Mod 2 = 0X Mod 2 = 0X Mod 2 = 0

T � (T � Bool) � T
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X * 2X * 2X * 2X * 2

Mapping

T � (T � S) � S
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SumSumSumSum

Aggregating

T � (S, (S,T) � S) � S

T � ((T,T) � T) � T



Many ways to skin a cat 
�

several different choices for "basis" functions.

Need other operations
�

Sorting, grouping, …

Observation

Independent of collection type 
Independent of element type S, T
Independent of function type �

(mostly)



Standard Sequence 
Operators

ℳ<T> Where<T>
(ℳ<T>src, T�bool pred)

ℳ<T> SelectMany<S,T>
(ℳ<S> src, S�ℳ<T> selector)

ℳ<T>

S�T

IEnumerable<T> 
IQueryable<T>

Func<S,T>
Expr<Func<S,T>>

Standard Query Pattern
(generics not expressive enough)



LINQ == Monads



LINQ Project
== monad comprehensions in C# & VB

VB 9 C# 3.0 …Other languages…

LINQ-to-Objects
(objects)

LINQ-to-SQL
LINQ-to-Entities
(relational)

LINQ-to-XML
(xml)

LINQ Framework



C# 3.0 and Visual Basic 9

Facilitate LINQ

Using general purpose 
language constructs

Without changing the CLR



• Local Type Inference
• Object & Collection Initializers
• Anonymous Types
• Lambda Expressions
• Query Comprehensions
• Extension Methods
• Expression Trees
• Simplified Properties
• Partial Methods
• Deep XML Support (VB)
• Nullable Types (VB)

Features

Enables
Language
Extensions
via libraries
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Facets of LINQ

LINQ-to-XXX 
where
XXX = { SQL, EDM, Sharepoint, …}

Take expression trees
����

Translate them to 
some other query language



LINQ to DataCenter

Map Group By Repartition Aggregate

From X In F(I)
Group By H(X)
Aggregate R = A()
Select X,R



Sawzall Example 3

submitsthroughweek: 
table sum[minute: int] of count: int;

log: P4ChangelistStats = input;

t:  time = log.time; # microseconds

minute: int = 
minuteof(t)
+60*(hourof(t)
+24*(dayofweek(t)-1));

emit submitsthroughweek[minute] <- 1;



Using Comprehensions

var SubmitsThroughWeek =
from s in db.Submits
group s by

s.SubmitTime.Minute
+ 60*(s.SubmitTime.Hour

+ 24*s.SubmitTime.DayOfWeek) 
into g
select new { minute = g.Key

, count = g.Count()
};



Facets of LINQ

LINQ-over-XXX 
where
XXX = { Objects, Simpsons, …}

Implement standard sequence operators
Over some particular types





Facets of LINQ

LINQ-for-XXX 
where
XXX = { XML, Charts, …}

LINQ-friendly API, exposes accessors
and constructors as collections








