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Language Integrated Qucry

Monad (functional programming)

From ‘Wikipedia, the free encyclopedia

In functional programming, a monad is a kind of abstract data type constructor used td represent computations (instead of data
in the domain model). Monads allow the programmer to Ehain achions togather io buld a pipaling, in which aach aclion is
decorated with additional processing rules provided by the monad. Programs written in functional style can make use of monads

to structure procedures that include sequenced operations."™™ or to define arbitrary control flows (like handling concurrency,
continuations, or exceptions).

Formally, @ monad is constructed by defining two operations (bind and fefurn) and a type constructor M that must fulfill several
properties to allow the correct composition of monadic functions (1.e. functions that use values from the d potleas
juments). The return operation takes a value from a plain type and puts it into a monadic container of type What?
H ow? =ration performs the reverse process, extracting the original value from the container and passing itto the a .
e athe pipeline.

A programmer will compose monadic funcbons to define a data-processing pipeling. The monad acts as a framework, as it's a
reusable behavior that decides the order in which the specific monadic functions in the pipeline are called, and manages all the
undercover work required by the computation.! The bind and return operators interleaved in the pipeline will be executed after
each monadic function returns control, and will take care of the particular aspects handled by the monad.

The name is taken from the mathematical monad construct in category theory.




The Monadic Bind Operator Revealed

Could there

be more?
IEnumerable<T>

Definition IQueryable<T>

A monad is defined by three things:

« 3 way to produce types of "actions™ fram the types of their result; formally, a type constructor i,
» 3 way to produce actions which simply produce a value; formally a function named recurn:

+ and a way to chain "acticns” together, while allowing the result of an action to be used for the second action; formally, an
operator (>»=), which is pronounced "bind™

IEnumerable<R> SelectMany<T, R>(
this IEnumerable<T> source,
Func<T, IEnumerable<R>> selector)

Also see www.codeplex.com/LINQSQO for “Project MinLINQ”



Building the Maybe Monad (For Fun and No Profit)

Null-propagating dot

string s =
name? . ToUpper();

from in name

from s in _.ToUpper()
4 select s

One single
library function
suffices

SelectMany(
=> _.ToUpper(),

Compiler => s)
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Query Providers Revisited — Do We Need |IQueryable<T>?

Does it really have to

Implements be a runtime check?

IQueryable<T>

var src

var res from p 1n src oy epenstor - not soppertc
where p.Price > 100m [Fewewe-

group p by p.Category |
Compiles )
flne / Search for more Help Online...

Actions:

foreach (var p|in|res) View Detal.
o o Copy exception detail to the clipboard
Console.WriteLine(p); — .




Leveraging The Query Pattern

var res = from p in src ,
Syntactic

where p.Price > 100m sugar

group p by p.Category;

var res = src mf
.Where(p => p.Price > 100m) .f
.GroupBy(p => p.Category); .
No GroupBy

“edge”

Select .
mmmmmma Projected<T>

Can be instance
methods




Taking It One Step Further

var res = from tweet in twitter class TweetAboutFromLoc

{

R L Nl  ublic FromString From;

where tweet.‘ public AboutString About;

public LocString Location;

select tweet gall! ¥
Query “learns” Location .
class FromString

{

FilterFrom operator ==
FromString f, string s)

: “Has a” type
class TwitterByFrom YD

{ B ————————
public TwitterByBbomtWhemelRene{FuwaetAheatBRbomtbog,FEiteeFADDMUtFitidker);

Custom syntax trees
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Event Processing Systems

Way simpler with Rx (f e g9)(x) = f(g(x))

Rx is a library for composing
asynchronous and event-based

Programs using observable sequences.

.NET 3.5 SP1, 4.0, and 4.5
Silverlight 4, and 5
Windows Phone 7 and 7.5
JavaScript (RxJS)

Download at MSDN Data Developer Center or use NuGet



Observable Sequences

interface IObservable<out T>

{

IDisposable Subscribe(IObserver<T> observer);

interface IObserver<in T>

{

void OnNext(T value);
void OnError(Exception ex);
void OnCompleted();




Push-Based Data Retrieval

i
»

IEnumerable<T> I0Observable<T>
IEnumerator<T>

Have next!
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How?
>

9|geAsanpol
LINQ to-*.*

Translatable
(Expression trees)

AsQueryable
|qEJaanu;|s‘
a|q BAI9SQOSY

AsQbservable

ToObservable S
IEnumerable<T> I0bservable<T>
LINQ to Objects LINQ to Events

a|qEJaanu;|ol

Pull m Push What?

(interactive) (reactive)

LN
..
éé Threads ilWorker pools Y& ) Message loops \./ Distributed




|IQbservable<T> — The Dual of IQueryable<T>

interface IQbservable<out T> : IObservable<T>

{

Expression Expression { get; } We
Type ElementType { get; } welcome

IQbservableProvider Provider { get; } semantic
discussions

Extended role for
some operators

interface IQbservableProvider el A
; method

IQbservable<R> CreateQuery<R>(Expression expression);
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LINQ to WMI Events (WQL)
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Where Execution Happens — Introducing Schedulers

Rx’s unified way to

interface IScheduler introduce concurrency

{
DateTimeOffset Now { get; }
IDisposable Schedule<T>(T state,
Func<IScheduler, T, IDisposable>
IDisposable Schedule<T>(T state, TimeSpan dueTime,

Func<IScheduler, T, IDisposable>
IDisposable Schedule<T>(T state, DateTimeOffset dueTime,

Func<IScheduler, T, IDisposable>

ToObservable

>
IEnumerable<T> ’

ToEnumerable

Synchronous Asynchronous

D




IScheduler Specifies Where Things Happen

Imported TextBox
TextChanged event

var res = from word in input.DistinctUntilChanged()
.Throttle(TimeSpan.FromSeconds(0.5))

from words in lookup(word)

Asynchronous
select words; .

web service call

b InvalidOperationException was unhandled X

Ind Icates Where Cross-thread operation not valid: Control * accessed from a thread other than

thln sSrun the thread it was created on.
& Use of scheduler
Troubleshooting t

to synchronize

res.Sbbscribe (wendSortro

{

lst.Items.Clear();
lst.Items.AddRange((from word in words
select word.Word).ToArray());

});




IScheduler Parameterization

Entry-point for
the schema

Custom

var ctx = new NorthwindDataContext(); seneelilEs ol
be very rich (e.g.

var res = from product in ctx.Products server farm)
where product.Price > 100m
select product.Name;

Decoupled “what”
from “where”

foreach (var p in res.RemoteOn(new SqlScheduler(“server”)))




Expression Tree Remoting

from ticker in stocks

- { ck bol e y Observable
where ticker.Symbol == “MSFT T
select ticker.Quote

Retargeting serializer
to AJAX

stocks
.Where(function (t) { return t.Symbol == “MSFT”; })
.Select(function (t) { return t.Quote; })
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Micrasofr®

LINQ to the Unexpected “J Solver Foundation

Decisions[Reals, SA, VZ],

from m in ctx.CreateModel(new
Goals| ( {

vz = default(double),

Minimize[20@ * SA + 15 * VZ] sa = default(double)

1 19
Constraints[ Cost / barrel where . .sa

SA .VZ >= 2000

VZ >= 2000, &&
SA
VZ >= 1500,

SA
where
VZ >= 5@@, &&

9000, Max orderby
6000, select m
9,
0 Min
# barrels To compute
call Solve

(%]
Cl1 -»> (%]
(%) .Sa
C2 0. .vz >= 1500
&& 0. .Sa
0. .vz >= 500
O <= m.sa & & m.sa <= 9000
O <= m.vz & & m.vz <= 6000
2

© * m.sa + 15 * m.vz

OO OO® O W
I WINNDPDW

Refiherhent %

# barrels




Micrasofr®

LINQ to the Unexpected “J Solver Foundation

from costSA in GetPriceMonitor("SA") Observable
from costVZ in GetPriceMonitor("VZ") data sources

from m in ctx.CreateModel(
new { vz = default(double),
sa = default(double) })
where 0.3 * m.sa + 0.4 * m.vz >= 2000
&& 0.4 * m.sa + 0.2 * m.vz >= 1500
& 0.2 * m.sa + 0.3 * m.vz >= 500
m
m

7\

SelectMany

where @ <= m.sa & & m.sa <= 9000
Subscribe && 0 <= m.vz && .VZ <= 6000
here!

orderby costSA * m.sa + costVZ * m.vz

select m
Parameters
to decision
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Theorem Solving using Z3
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A Futuristic Perspective

UL The LINQ Project

C# VB Others...

Standard DLing XLing

Query
Operators (ADO.NET) (System.Xml)

@

Objects SQL

Rx a::rle" i NET Language Integrated Query m
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