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Abstraction Abstraction Abstraction Abstraction 

Abstraction is the process Abstraction is the process Abstraction is the process Abstraction is the process 
of generalization by of generalization by of generalization by of generalization by 
reducing the information reducing the information reducing the information reducing the information 
content of a concept or an content of a concept or an content of a concept or an content of a concept or an 
observable phenomenon, observable phenomenon, observable phenomenon, observable phenomenon, 
typically in order to typically in order to typically in order to typically in order to 
retain only information retain only information retain only information retain only information 
which is relevant for a which is relevant for a which is relevant for a which is relevant for a 
particular purpose. particular purpose. particular purpose. particular purpose. 



Abstraction Abstraction Abstraction Abstraction 

UnfortunatelyUnfortunatelyUnfortunatelyUnfortunately
…………
We have been abstracting theWe have been abstracting theWe have been abstracting theWe have been abstracting the
wrongwrongwrongwrong details for the last details for the last details for the last details for the last 
50 years 50 years 50 years 50 years …………

This talk is notThis talk is notThis talk is notThis talk is not
Sponsored by Eli LillySponsored by Eli LillySponsored by Eli LillySponsored by Eli Lilly



The world evolves faster than usThe world evolves faster than usThe world evolves faster than usThe world evolves faster than us

Eastern EuropeanEastern EuropeanEastern EuropeanEastern European
man huntersman huntersman huntersman hunters

Eastern EuropeanEastern EuropeanEastern EuropeanEastern European
hackershackershackershackers

Roaming the AfricanRoaming the AfricanRoaming the AfricanRoaming the African
SavannaSavannaSavannaSavanna’’’’ssss Surfing the WorldSurfing the WorldSurfing the WorldSurfing the World

Wide WebWide WebWide WebWide Web

What is useful hereWhat is useful hereWhat is useful hereWhat is useful here
Can be harmful thereCan be harmful thereCan be harmful thereCan be harmful there

Lizard brainLizard brainLizard brainLizard brain

Human brainHuman brainHuman brainHuman brain



Dilemma 1: Useful versus UselessDilemma 1: Useful versus UselessDilemma 1: Useful versus UselessDilemma 1: Useful versus Useless

Makes computing Makes computing Makes computing Makes computing 
possible & usefulpossible & usefulpossible & usefulpossible & useful

Makes computing Makes computing Makes computing Makes computing 
dangerous & scarydangerous & scarydangerous & scarydangerous & scary

Component Component Component Component 
interactioninteractioninteractioninteraction

Data as codeData as codeData as codeData as code Compiler, editor
Byte-code verifier
debugger XSS, buffer overrun,

virus, blue screen

Libraries, plugins
Gadgets & widgets

We designedWe designedWe designedWe designed
for thisfor thisfor thisfor this

they usethey usethey usethey use
like thislike thislike thislike this



Dilemma 2: Rich versus ReachDilemma 2: Rich versus ReachDilemma 2: Rich versus ReachDilemma 2: Rich versus Reach

ReachReachReachReach

RichRichRichRich

HTTPHTTPHTTPHTTP
HTMLHTMLHTMLHTML

JavaScriptJavaScriptJavaScriptJavaScript

FlashFlashFlashFlash
SilverlightSilverlightSilverlightSilverlight

JavaJavaJavaJava

NirvanaNirvanaNirvanaNirvana

DCOMDCOMDCOMDCOM
CorbaCorbaCorbaCorba

OpenOpenOpenOpen
standardsstandardsstandardsstandards

proprietaryproprietaryproprietaryproprietary



Dilemma 3: Local Dilemma 3: Local Dilemma 3: Local Dilemma 3: Local vsvsvsvs RemoteRemoteRemoteRemote

compositionalcompositionalcompositionalcompositional

concurrentconcurrentconcurrentconcurrent

deterministicdeterministicdeterministicdeterministic nondeterministicnondeterministicnondeterministicnondeterministic

synchronoussynchronoussynchronoussynchronous asynchronousasynchronousasynchronousasynchronous

homogeneoushomogeneoushomogeneoushomogeneous heterogeneousheterogeneousheterogeneousheterogeneous

explicitexplicitexplicitexplicitimplicitimplicitimplicitimplicit

HardHardHardHard

EasyEasyEasyEasy

sequentialsequentialsequentialsequential

noncompositionalnoncompositionalnoncompositionalnoncompositional



Dilemma 4: Change versus InertiaDilemma 4: Change versus InertiaDilemma 4: Change versus InertiaDilemma 4: Change versus Inertia

P(success) = F(10X improvement * Moore’s Law)

P(success) = F(perceived crisis/perceived pain of adoption)

GeeksGeeksGeeksGeeks

Users

Marketing

Cool!

Next release 
is even 
better!

Just want to 
get job done

No patience to 
learn new 
stuff

Coerce users to 
believe gadgets 
will make them 

happy 

The Change FunctionThe Change FunctionThe Change FunctionThe Change Function
Order nowOrder nowOrder nowOrder now
on Amazon!on Amazon!on Amazon!on Amazon!



C

Haskell

Haskell98

Haskell’

10x better

Moore’s
Law



P(success) = F(perceived crisis
perceived pain of adoption)

P(success) = F(100% 
0)

P(success) = ∞



ConcensusConcensusConcensusConcensus
����

AnomaliesAnomaliesAnomaliesAnomalies
����

CrisisCrisisCrisisCrisis
����

Paradigm shiftParadigm shiftParadigm shiftParadigm shift



Dilemma 5: Pure Dilemma 5: Pure Dilemma 5: Pure Dilemma 5: Pure vsvsvsvs ImpureImpureImpureImpure

staticstaticstaticstatic boolboolboolbool LessThanThirty(LessThanThirty(LessThanThirty(LessThanThirty(inininintttt x)x)x)x)
{{{{

Console.Write("{0}? Less than 30;",x); Console.Write("{0}? Less than 30;",x); Console.Write("{0}? Less than 30;",x); Console.Write("{0}? Less than 30;",x); returnreturnreturnreturn x < 30;x < 30;x < 30;x < 30;
}}}}
static static static static boolboolboolbool MoretHanTwenty(MoretHanTwenty(MoretHanTwenty(MoretHanTwenty(intintintint x)x)x)x)
{{{{

Console.Write("{0}? More than 20;",x); Console.Write("{0}? More than 20;",x); Console.Write("{0}? More than 20;",x); Console.Write("{0}? More than 20;",x); returnreturnreturnreturn x > 20;x > 20;x > 20;x > 20;
}}}}

varvarvarvar q0 = q0 = q0 = q0 = fromfromfromfrom x x x x inininin new[]{ 1, 25, 40, 5, 23 } new[]{ 1, 25, 40, 5, 23 } new[]{ 1, 25, 40, 5, 23 } new[]{ 1, 25, 40, 5, 23 } 
wherewherewherewhere LessThanThirty(xLessThanThirty(xLessThanThirty(xLessThanThirty(x) ) ) ) 
selectselectselectselect x;x;x;x;

varvarvarvar q1 = q1 = q1 = q1 = fromfromfromfrom x in q0 x in q0 x in q0 x in q0 
wherewherewherewhere MoreThanTwenty(xMoreThanTwenty(xMoreThanTwenty(xMoreThanTwenty(x) ) ) ) 
selectselectselectselect x;x;x;x;

foreachforeachforeachforeach ((((varvarvarvar r r r r inininin q1) Console.WriteLine("[{0}];",r); q1) Console.WriteLine("[{0}];",r); q1) Console.WriteLine("[{0}];",r); q1) Console.WriteLine("[{0}];",r); 

Order of Order of Order of Order of 
side effects?side effects?side effects?side effects?



varvarvarvar xsxsxsxs = = = = newnewnewnew[]{ 9, 8, 7, 6, 5, 4, 3, 2, 1, 0 };[]{ 9, 8, 7, 6, 5, 4, 3, 2, 1, 0 };[]{ 9, 8, 7, 6, 5, 4, 3, 2, 1, 0 };[]{ 9, 8, 7, 6, 5, 4, 3, 2, 1, 0 };

IEnumerableIEnumerableIEnumerableIEnumerable<<<<intintintint> q = > q = > q = > q = nullnullnullnull;;;;

trytrytrytry
{{{{

q = q = q = q = fromfromfromfrom x x x x inininin xsxsxsxs selectselectselectselect 1/x;1/x;1/x;1/x;
}}}}
catchcatchcatchcatch
{{{{

q = q = q = q = newnewnewnew intintintint[];[];[];[];
}}}}

foreachforeachforeachforeach((((varvarvarvar z z z z inininin q) q) q) q) 
Console.WriteLine(zConsole.WriteLine(zConsole.WriteLine(zConsole.WriteLine(z): // throws here): // throws here): // throws here): // throws here

ExceptionsExceptionsExceptionsExceptions



FuncFuncFuncFunc<<<<stringstringstringstring> > > > GetContentsGetContentsGetContentsGetContents = = = = nullnullnullnull;;;;

usingusingusingusing( ( ( ( varvarvarvar file =    file =    file =    file =    
FileSystem.OpenTextFileReaderFileSystem.OpenTextFileReaderFileSystem.OpenTextFileReaderFileSystem.OpenTextFileReader(@"(@"(@"(@"…………"))"))"))"))

{{{{
GetContentsGetContentsGetContentsGetContents = = = = 

() => () => () => () => file.ReadToEndfile.ReadToEndfile.ReadToEndfile.ReadToEnd();();();();
}}}}

// surprise! an exception// surprise! an exception// surprise! an exception// surprise! an exception
Console.WriteLine(GetContentsConsole.WriteLine(GetContentsConsole.WriteLine(GetContentsConsole.WriteLine(GetContents()); ()); ()); ()); 

Disposing resourcesDisposing resourcesDisposing resourcesDisposing resources



varvarvarvar o1 = o1 = o1 = o1 = newnewnewnew object();object();object();object();
//58225482, for instance//58225482, for instance//58225482, for instance//58225482, for instance
Console.WriteLine(o1.GetHashCode());Console.WriteLine(o1.GetHashCode());Console.WriteLine(o1.GetHashCode());Console.WriteLine(o1.GetHashCode());

varvarvarvar o2 = o2 = o2 = o2 = newnewnewnew object();object();object();object();
// 54267293, for instance// 54267293, for instance// 54267293, for instance// 54267293, for instance
Console.WriteLine(o2.GetHashCode());Console.WriteLine(o2.GetHashCode());Console.WriteLine(o2.GetHashCode());Console.WriteLine(o2.GetHashCode());

Debug.Assert(o1 != 02);Debug.Assert(o1 != 02);Debug.Assert(o1 != 02);Debug.Assert(o1 != 02);

Object creationObject creationObject creationObject creation





new_cell(Xnew_cell(Xnew_cell(Xnew_cell(X) ) ) ) ----> > > > spawn(funspawn(funspawn(funspawn(fun() () () () ----> > > > cell(Xcell(Xcell(Xcell(X) end).) end).) end).) end).
cell(Valuecell(Valuecell(Valuecell(Value) ) ) ) ---->>>>

receivereceivereceivereceive
{set, {set, {set, {set, NewValueNewValueNewValueNewValue} } } } ----> > > > cell(NewValuecell(NewValuecell(NewValuecell(NewValue););););
{get, {get, {get, {get, PidPidPidPid}      }      }      }      ----> > > > Pid!{returnPid!{returnPid!{returnPid!{return, Value}, , Value}, , Value}, , Value}, 

cell(Valuecell(Valuecell(Valuecell(Value););););
{dispose}       {dispose}       {dispose}       {dispose}       ----> {}> {}> {}> {}

end.end.end.end.

set_cell(Cellset_cell(Cellset_cell(Cellset_cell(Cell, , , , NewValueNewValueNewValueNewValue) ) ) ) 
----> > > > Cell!{setCell!{setCell!{setCell!{set, , , , NewValueNewValueNewValueNewValue}.}.}.}.

get_cell(Cellget_cell(Cellget_cell(Cellget_cell(Cell) ) ) ) ---->>>>
Cell!{getCell!{getCell!{getCell!{get, self()},, self()},, self()},, self()},
receivereceivereceivereceive

{return, Value} {return, Value} {return, Value} {return, Value} ----> Value> Value> Value> Value
end.end.end.end.

dispose_cell(Celldispose_cell(Celldispose_cell(Celldispose_cell(Cell) ) ) ) ----> > > > Cell!{disposeCell!{disposeCell!{disposeCell!{dispose}.}.}.}.

ConcurrencyConcurrencyConcurrencyConcurrency



Page 165:Page 165:Page 165:Page 165:

There is a subtle error in There is a subtle error in There is a subtle error in There is a subtle error in on_exiton_exiton_exiton_exit and and and and 
keep_alivekeep_alivekeep_alivekeep_alive
…………
Write your code such that race conditions Write your code such that race conditions Write your code such that race conditions Write your code such that race conditions 
cannot happen.cannot happen.cannot happen.cannot happen.
…………
Fortunately, the OTP libraries have code for Fortunately, the OTP libraries have code for Fortunately, the OTP libraries have code for Fortunately, the OTP libraries have code for 
building servers, supervisor trees, and so building servers, supervisor trees, and so building servers, supervisor trees, and so building servers, supervisor trees, and so 
on.on.on.on.
These libraries have been well tested and These libraries have been well tested and These libraries have been well tested and These libraries have been well tested and 
should not suffer from any race conditionsshould not suffer from any race conditionsshould not suffer from any race conditionsshould not suffer from any race conditions....



unsafePerformIOunsafePerformIOunsafePerformIOunsafePerformIO :: IO a :: IO a :: IO a :: IO a ----> a> a> a> a

unsafeCastunsafeCastunsafeCastunsafeCast :: a :: a :: a :: a ----> b> b> b> b
unsafeCastunsafeCastunsafeCastunsafeCast x = x = x = x = unsafePerformIOunsafePerformIOunsafePerformIOunsafePerformIO $$$$

do{ do{ do{ do{ writeIORefwriteIORefwriteIORefwriteIORef castrefcastrefcastrefcastref xxxx
; ; ; ; readIORefreadIORefreadIORefreadIORef castrefcastrefcastrefcastref
}}}}

castrefcastrefcastrefcastref = = = = unsafePerformIOunsafePerformIOunsafePerformIOunsafePerformIO $$$$
do{ do{ do{ do{ newIORefnewIORefnewIORefnewIORef undefined }undefined }undefined }undefined }

Forget about effects? Forget it!Forget about effects? Forget it!Forget about effects? Forget it!Forget about effects? Forget it!



staticstaticstaticstatic T Identity<T>(T Identity<T>(T Identity<T>(T Identity<T>(thisthisthisthis T me)T me)T me)T me)
{{{{

ifififif(me.GetType(me.GetType(me.GetType(me.GetType() == () == () == () == typeoftypeoftypeoftypeof((((ButtonButtonButtonButton))))))))
throw newthrow newthrow newthrow new Exception();Exception();Exception();Exception();

varvarvarvar m = me m = me m = me m = me as stringas stringas stringas string;;;;
ifififif(m(m(m(m != null) != null) != null) != null) 

returnreturnreturnreturn ““““hello worldhello worldhello worldhello world””””;;;;

Console.WriteLine(me.ToStringConsole.WriteLine(me.ToStringConsole.WriteLine(me.ToStringConsole.WriteLine(me.ToString());());());());
returnreturnreturnreturn Activator.CreateInstanceActivator.CreateInstanceActivator.CreateInstanceActivator.CreateInstance<T>();<T>();<T>();<T>();

}}}}

““““DishonestDishonestDishonestDishonest”””” typestypestypestypes

Not Not Not Not 
parametric!parametric!parametric!parametric!



Cover upCover upCover upCover up
effectseffectseffectseffects



Remove Remove Remove Remove 
all effectsall effectsall effectsall effects

(cannot (cannot (cannot (cannot 
make languagemake languagemake languagemake language
more powerfulmore powerfulmore powerfulmore powerful
by removing by removing by removing by removing 
features)features)features)features)



DonDonDonDon’’’’t fight effects t fight effects t fight effects t fight effects 
Embrace and extendEmbrace and extendEmbrace and extendEmbrace and extend



FundamentalistFundamentalistFundamentalistFundamentalist
FunctionalFunctionalFunctionalFunctional
Programming:Programming:Programming:Programming:

Pure functions 
with
Explicit effects

strict adherence 
to any set 
of basic ideas 
or principles



What What What What isisisis a Functional Languagea Functional Languagea Functional Languagea Functional Language

A language 
where 
functionsfunctionsfunctionsfunctions are 
first-class 
citizens













The Next 700 The Next 700 The Next 700 The Next 700 
Programming LanguagesProgramming LanguagesProgramming LanguagesProgramming Languages

E ::= N | E⊕E

13+13*(5/100)
�

\salary.\raise.
salary+salary*raise/100

(5*3) + (5*3)
�

let x = 5*3 in x+x

Name 
common
subexpression

Abstract
Over
variation

DSL



LandinLandinLandinLandin 1966196619661966

Programming Language
=
Domain Specific 
Operations
+
Abstraction &
Parametrization



λλλλ----calculuscalculuscalculuscalculus
E ::= N | E⊕E | V

|  \V.E | E E
|  let V = E in E

letletletlet x = E1
inininin E0[x] ≈ E0[x:=E1]

(λx.E0[x])E1  ≈ E0[x:=E1]



Value versus ComputationValue versus ComputationValue versus ComputationValue versus Computation

letletletlet t = DateTime.Now.Ticks
inininin (t,t)
≈

( DateTime.Now.Ticks
, DateTime.Now.Ticks
)

RaceRaceRaceRace
conditionconditionconditioncondition



Mens sana in corpore sano



MistakeMistakeMistakeMistake

DateTime.Now.Ticks ∉ long

Type errorType errorType errorType error
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!



Value Value Value Value vsvsvsvs ComputationComputationComputationComputation

letletletlet t = λ().DateTime.Now.Ticks
inininin (x,x)
≈

( λ().DateTime.Now.Ticks
, λ().DateTime.Now.Ticks
)

ValueValueValueValue
restrictionrestrictionrestrictionrestriction



Values Values Values Values vsvsvsvs ComputationComputationComputationComputation

How to turn something 
mutable into something 
immutable?

Time 
changes, 
the clock 
does not



WhatWhatWhatWhat effects?effects?effects?effects?

PureStateStateStateState

ExceptionsExceptionsExceptionsExceptions

ThreadsThreadsThreadsThreads

ResourcesResourcesResourcesResources

ReflectionReflectionReflectionReflection

IOIOIOIO

Only one way to be pure,
But many ways to be impure

StricnessStricnessStricnessStricness



GeneralizationGeneralizationGeneralizationGeneralization

MonadsMonadsMonadsMonads

M<A>

A computation that 
produces a value of type 
A with side-effects 
described by M

M � IO
Exception
Animation
Collection



Algebra/APIAlgebra/APIAlgebra/APIAlgebra/API

Return ∈ A � M<A>

Bind ∈ M<A>�(A�M<B>)�M<B>

Join ∈ M<M<A>>�M<A>

UnsafePerformIOUnsafePerformIOUnsafePerformIOUnsafePerformIO ∈ M<A>�A



IOIOIOIO

data IO a

putChar :: Char -> IO ()
getChar :: IO Char

newIORef :: a -> IO (IORef a)
readIORef :: IORef a -> IO a
writeIORef :: IORef a -> a -> IO ()

forkIO :: IO a -> IO ThreadID

Side-
effecting 
computation 
that yields 
a value of 
type a



IOIOIOIO

main :: IO()
main = 

do{ x <- newIORef “hello”
; c <- getChar
; s <- readIORef x
; writeIORef x (c:s)
; ...
}

Does 
nothing 



HigherHigherHigherHigher----kindedkindedkindedkinded typestypestypestypes

sequence :: Monad mmmm => [mmmm a] -> mmmm [a]
sequence [] =

do{ return [] }
sequence (ma:mas) = 

do{ a <-ma
; as <- sequence mas
; return (a:as) 
}

Works for all 
monads



CanCanCanCan
NormalNormalNormalNormal

ProgrammersProgrammersProgrammersProgrammers
UnderstandUnderstandUnderstandUnderstand

FundamentalistFundamentalistFundamentalistFundamentalist
FunctionalFunctionalFunctionalFunctional

Programming?Programming?Programming?Programming?





LINQLINQLINQLINQ

Monads are the 
secret sauce behind 
LINQ
IEnumerable<S> SelectManySelectManySelectManySelectMany<T,S>(

IEnumerable<T> src,
Func<T, IEnumerable<S>> selector

)

BindBindBindBind



JavaJavaJavaJava

Throws clause

void Foo(string s) 
throws Exception

ExplicitExplicitExplicitExplicit
EffectsEffectsEffectsEffects



CanCanCanCan
FundamentalistFundamentalistFundamentalistFundamentalist

FunctionalFunctionalFunctionalFunctional
ProgramsProgramsProgramsPrograms
InteractInteractInteractInteract

WithWithWithWith
Legacy Code?Legacy Code?Legacy Code?Legacy Code?







STMSTMSTMSTM

data STM a

atomic :: STM a -> IO a
retry :: STM a
orElse :: STM a -> STM a -> STM a

newTVar :: a -> STM (TVar a)
readTVar :: TVar a -> STM a
writeTVar :: TVar a -> a -> STM ()



STMSTMSTMSTM

putR :: TVar Int -> Int -> STM ()
putR r i = 

do { v <- readTVar r
; writeTVar r (v+i) 
}

main :: IO()
main =

do{ …
; atomic $ putR 4711
; …
}



STMSTMSTMSTM

getR :: TVar Int -> Int 
-> STM ()

getR r i = 
do { v <- readTVar r

; if (v < i) then retryretryretryretry
else writeTVar r (v-i) 

}



STMSTMSTMSTM

nonBlockGetR :: TVar Int -> Int 
-> STM Bool

nonBlockGetR r i = 
do { getR r i 

; return True 
}

‘orElse‘
do { return False

}

retry



STMSTMSTMSTM

nonBlockGetR :: TVar Int -> Int 
-> STM Bool

nonBlockGetR r i = 
do { getR r i 

; return True 
}

‘orElse‘
do { return False

}

retry



STMSTMSTMSTM

An MVar is a mutable location An MVar is a mutable location An MVar is a mutable location An MVar is a mutable location 
either either either either emptyemptyemptyempty, or , or , or , or full full full full with a value. with a value. with a value. with a value. 

takeMVar function leaves a full MVar empty, blocks takeMVar function leaves a full MVar empty, blocks takeMVar function leaves a full MVar empty, blocks takeMVar function leaves a full MVar empty, blocks 
on an empty MVar. on an empty MVar. on an empty MVar. on an empty MVar. 

putMVar on an empty MVar leaves it full, and putMVar on an empty MVar leaves it full, and putMVar on an empty MVar leaves it full, and putMVar on an empty MVar leaves it full, and 
blocks on a full MVar.blocks on a full MVar.blocks on a full MVar.blocks on a full MVar.

type MVar a = TVar (Maybe a)

newEmptyMVar :: STM (MVar a)
newEmptyMVar = newTVar Nothing



STMSTMSTMSTM
Read the contents of the TVar Read the contents of the TVar Read the contents of the TVar Read the contents of the TVar 
retry until not Nothing:retry until not Nothing:retry until not Nothing:retry until not Nothing:

takeMVar :: MVar a -> STM a
takeMVar mv = 
do { v <- readTVar mv

; case v of
Nothing -> retry
Just val -> 

do { writeTVar mv Nothing
; return val 
} 

}



STMSTMSTMSTM

Retry until Nothing,Retry until Nothing,Retry until Nothing,Retry until Nothing,
Update the underlying Update the underlying Update the underlying Update the underlying TVarTVarTVarTVar

putMVar :: MVar a -> a -> STM ()
putMVar mv val = 

do { v <- readTVar mv
; case v of

Nothing -> 
do{ writeTVar mv (Just val) }

Just val -> retry 
}



LazynessLazynessLazynessLazyness

ffff

aaaa bbbb cccc

ffff

aaaa bbbb cccc

Strict evaluationStrict evaluationStrict evaluationStrict evaluation

PullPullPullPull

Lazy evaluationLazy evaluationLazy evaluationLazy evaluation

PushPushPushPush

CompositionalCompositionalCompositionalCompositional
AsynchronyAsynchronyAsynchronyAsynchrony

SynchronousSynchronousSynchronousSynchronous



LazynessLazynessLazynessLazyness

F = F = F = F = \\\\x.4711x.4711x.4711x.4711

F (1/0)          F(1/0)F (1/0)          F(1/0)F (1/0)          F(1/0)F (1/0)          F(1/0)
=                ==                ==                ==                =
4711             Throw 4711             Throw 4711             Throw 4711             Throw …………

BlockingBlockingBlockingBlockingNonblockingNonblockingNonblockingNonblocking



Litmus TestLitmus TestLitmus TestLitmus Test

(0) (\x.4711)(1/0)

(2) letletletlet and letrecletrecletrecletrec

(3) Console.WriteLine
DateTime.Now.Ticks



Call To ActionCall To ActionCall To ActionCall To Action
Buy Graham 
Hutton’s book

Nudge and nag 
MS to produce a 
fundamentalist 
functional 
language



C

Haskell

Haskell98

Haskell’

10x better

Moore’s
Law

Is the
Perceived Real 

Crisis 
>>>>

Perceived pain 
of adoption?

A New HopeA New HopeA New HopeA New Hope



Thank Thank Thank Thank 
YouYouYouYou


