Advanced Topics in Functional Programming: Assigned Readil

Thursday, April 02,2009
11:39 AM

ContinuationPassing Style
and call/cc

———

Read: Section 6.2.2 and 8.5.4, PLP

Read (thanks Chris!):

Continuations
http://scheme.com/tspl3/further.html#.
[further:h3

CPS
http://scheme.com/tspl3/further.html#.
[further:h4

call/cc
http://www.scheme.com/tspl3/control
html#./control:h5

Pasted from<https:/forum.cs.umd. edu/showthread.php?2t=6167 >

Coroutines
Read: Section 8.6 (PLP)

_

Historical Origins of Functional

Programming

Read: Section 10.1 (PLP)
(Note: You must know Section 10.1 1
the final!)
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http://scheme.com/tspl3/further.html#./further:h3
http://scheme.com/tspl3/further.html#./further:h3
http://scheme.com/tspl3/further.html#./further:h4
http://scheme.com/tspl3/further.html#./further:h4
http://www.scheme.com/tspl3/control
https://forum.cs.umd.edu/showthread.php?t=6167

—

Currying
Read: Section 10.5 (PLP)
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Continuation

Tuesday, March 31, 2009
3:00 PM

Continuation:
Code address with referencing environmel
to be restored when jumping to that addre:

Implemented as a closure (function plus it
referencing environment)

Continuationpassing style:

- Instead of returning a value, take a functic
as a parameter that will do the rest of the

work. Pass to the function the work done |
the callee.
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Why CPS?

Thursday, April 02,2009
12:12PM

CPS allows for a type of optimization
called TAIL CALL OPTIMIZATION (TC

Talil call: when the last thing a function
does is call a function

Talil recursion: when the last thing a
function does Is call itself

Talil recursion can be heavily optimizel
(recursion turned into iteration)

Tall calls can ALSO be optimized.
What happens when you call
(first-two-sameCPS? '(2 2 3))

1. call firsttwo-sameCPS?

a. store ref to '(2 2 3) somewhere)
(2) call doaftercar&cdr

a. store ref to '(2 2 3) and ref to
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same?
somewhere where doaftercar&cdr
can access them.
b. do some work
c. send return value to firgtvo-
sameCPS?

(3) send return value toaller of first-
two-sameCPS?

TCO versionReplace (2) and (3)

with (2) jumpto doaftercar&cdr.

You still store locals for doaftercar&cdi
somewhere, and you still do some wol
but you return the result of
doaftercar&cdr straight to the CALLER
first-two-sameCPS?
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Tail Call Optimization

Thursday, April 02,2009
2:17 PM

If the last thing a function does is call ¢
function, then the compiler recognizes
that it doesn't have to return a value tc
the caller but can return it to the caller’
caller.

(define f
(lambda (g)
o3 XV
)

)

Normally, | would send g's return valut
to f. With TCO, I will send g's return
value to the CALLER of f.
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callwith-current-continuation

Tuesday, March 31, 2009
3:04 PM

Abbreviated as call/cc

Takes one function f as a parameter
It calls f passing ccto f

cc: continuation with current program
counter and reference environment
(implemented as a closure)

Alternative to returning a value to the calle
Instead the caller passes "itself" to the call
and the callee calls it to do the remaining
work

At any point, f can call cc to get out and
return to the calling context. If f passes cc
value when it calls cc, then that value is
returned by the call/cc statement.

call/cc is a general concept that subsume
both returning values from a function ANL
throwing an exception.
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callcc

Thursday, April 02,2009
11:43 AM

syntax Is:

(call/cc proc)

When this expression is evaluated, pr
IS called passing the cc (current
continuation) as a parameter.

proc must be a function that takes one

parameter. Also, cc is passed as a
function that takes one parameter.
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Coroutines

Thursday, April 02,2009
1:46 PM

Coroutines are two functions that yield
control to each other. When control
returns to a functionjt picks up where
it left off.

This Is Implemented in Scheme by
passing a continuation. However, unlik
the continuations as we've seen them
far, the continuation a coroutine passe:
to its fellow coroutine changes every
time it runs (to the new stopping point |
the execution).

temporary aside:

(let ((a (+ 4 9)))

what is the value of a? Isit '(+ 4 5) or I
9?1t Is 9.Because let (and set!) evaluat
their arguments first before doing
anything else.
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Another definition of coroutines

Thursday, April 02,2009
1:56 PM

Two execution contexts that exist
concurrently, and transfer control to

each other explicitly. They execute on
at a time.

Why coroutines?

They are a general language mechani
that can be used to define threads anc
iterator functions.

Coroutines can be implemented with
call/cc.

call/cc is auniversalcontrol flow
mechanism in dynamically typed
languages. call/cc can be used to
Implement coroutines, threads, iterato
functions, loops, etc.

Advanced Topics in Functional Programming Page 10



Purely Functional Languages

Thursday, April 02,2009
11:55 AM

In a purely functional language, a
program is a function that produces ar
output given an input.

The function can be treated like a blac
box. In fact, you could precompute all
the possible answers and implement ti
function as a table lookup.

As a result, no side effects are allowec
whatsoever-- no changes in state of
anything. So, no 10 calls are allowed
(which changes the state of the file
system, display, etc.) And, no
assignment statements are allowed.

Scheme is not purely functional. It offe

functions like display and set!
Ocaml is not purely functional either.
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The language Haskell IS purely
functional. Assignments are simply no
allowed, and IO is handled by a specie
concept callednonads Monads
separate the sideffect-causing 1O fromr
the rest of the sideeffect-free program.
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Currying
Thursday, April 02,2009
12:02 PM

Currying: replacing
a function that takes >1 arguments
with

a function that takes 1 argument and
returns a function that expects the

remaining argumenti\
%{ wach ol (o Hus ’quk

18 cadled a CURRIED
Fun CToN

If the function returned would expect
more than 1 argument, then implicit in
this definition is that you would "curry"
that function too.

examples: currying converts

f(a, b, c) into g(a>> h(b)-> i(c)

and

f(a, b, c, d) into g(ap h(b)-> i(c}> j(d)
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g(a) is function that takes one paramet
and returns a function h(b) that takes
one parameter. h(b), when called,
returns a function i(c). And so on.
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\(lmm (&) (f & b))
)

{ musk take 4wo aAjuwus{—y.

)

this is an example of a function that
turns a twoeparameter function into its
curried equivalent.
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12:10 PM
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a curried version of add

(define addCUR

(define add
(lambda (a)
('gmabgf‘ (@b) (lambda (b) (+ a b))
) )
) )
(add 3 4) ((addCUR 3) 4)

another way to define addCURuse the
curry function defined previously.

(define addCUR
(curry add)

)
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Why curry functions?

Thursday, April 02,2009
6:37 PM

1. In the lambda calculus, functions ce
only take one argument. So currying
allows us to convert code to equivalen
lambda expressions.

2. Currying allows for the easy creatio
of partially applied functions.

(define addfive
(addCUR 5)

)

(addfive 10)}> 15

Advanced Topics in Functional Programming Page 17



