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1s zero 0
1S_Zero X

1sPtr<U*>
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count [] =
count (head:tail) = 1 + count tail

count<>

count<head, tail...>

= 1 + count<tail...>::
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Higher Order Function

all pred [] = True
all pred (head:tail) = (pred head) && (all pred tail)

all<predicate>
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all pred [] = True
all pred (head:tail) = (pred head) && (all pred tail)

all<predicate, head, tail...>
= predicate<head>
&& all<predicate, tail...>
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Composability

mapTwiceCont k f g xs = mapCont (\ys -> mapCont k g ys) { xs

outerCont

wiceCont

lambda

mapCont outerCont g ys

mapCont lambda f xs
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Continuation Vionad

Asynchronous Programming
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Continuator

runCont

runCont

Continuation is not available at compile time, it is available at runtime.
At compile time we compose continuators, creating bodies for runtime
functions.
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Return

Return
runCont

Return creates a continuator, which given a runtime value calls a runtime
continuation with that value. (Lifting value to monad.)
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= CTR (\k -> -- k has type b->r
runCont

template<class T, class Cl, class C2>
struct Bind

{

(C1l & , function<C2(T)> )
: _ktor(ktor), rest(rest)

{}

void runCont (function<void(T)> k)

{

function<C2 (T)> rest = _rest;
function<void (T) > = [k, rest] (T a)
{
return ;
};
- .runCont (lambda) ;
}
Cl ktor;

function<C2 (T)> rest;
};



Running Async with
Continuation

void asyncApi (function<void(string)> handler)

{
thread th([handler] () {

cout << "Started async\n";
this thread::sleep for(chrono::seconds(3));

handler ("Done async");

})
th.detach () ;

}

// Continuator

struct AsyncApi ({
void (function<void(string)> k) {

asyncApi (k) ;
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The code before the async call and after it, in one place.
Similar to C# ContinueWith. Sugar coated using “await”
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Loop:
0
Started async

Done async
Started async

Done async




Higher Order Functions

Proto Optimize and Others



Understanding Proto
Simple Vector Expressions

data Expression a =
IntE (a -> Int)
| (Expression a) (Expression a)
| (Expression a) (Expression a)
| (a => [Int]) -- “"Runtime” function

// A vector expression consists of vector
// terminals, subscript, and addition
struct VecExpr:
or <
<VecExpr, terminal< > >,
<VecExpr, VecExpr>,
< >

{};



Proto:
The Optimizing
Transform

vector{1, 2, 3, 4}




optimize ( 1ftE rgtE) =
PluskE (optimize 1ftE) (optimize rgtE)

optimize ( 1ftE rgtE) =
distributeIndex 1ftE (optimize rgtkE)

optimize = other

struct Optimize:

or <
// Leave terminals alone
< >,
<Optimize, Optimize>,
when<

// Distribute the subscript operation over the
// left child. Use the right child as the state.
<DistributeIndex, terminal< > >,
DistributeIndex( left( ), right( ))
>
>

{};
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VectorE
SubscriptE

terminal
_make subscript

plus
_make plus
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Understanding Transforms

Dual nature: CT/RT

CT transform driven by type of
expression tree
Produces a transformation of the runtime
expression tree
Examples of transforms

- Evaluation (reduce tree to one terminal node)

- Optimization

- Type Check (returns the type of value produced
by expression)



