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Today we will learn about... 7

BOSTON

e Continuations
Continuation-Passing Style (CPS)
Encoding exceptions with CPS

Handling exceptions in Racket
Yield
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https://www.cs.utah.edu/~mflatt/past-courses/cs6520/public_html/s02/cps.pdf
http://pages.cs.wisc.edu/~fischer/cs538.s08/lectures/Lecture19.pdf
https://dkandalov.github.io/call-with-current-continuation
http://www.isle.illinois.edu/~akantor/teaching/cs421sp2006/lectures/Control.pdf
https://pages.github-dev.cs.illinois.edu/cs421-haskell/web/videos/cps-transcript/
https://www.cs.indiana.edu/~dfried/appcont.pdf
http://cs.brown.edu/courses/cs173/2002/Lectures/2002-10-16.pdf
http://web.mit.edu/alexmv/6.037/l7a.pdf
https://www.cs.utah.edu/~mflatt/past-courses/cs6520/public_html/s02/cps.pdf
http://pages.cs.wisc.edu/~fischer/cs538.s08/lectures/Lecture19.pdf
https://courses.cs.washington.edu/courses/cse341/04wi/lectures/15-scheme-continuations.html
https://courses.cs.washington.edu/courses/cse341/04wi/lectures/examples/lecture-15-exceptions.ss
https://www.ps.uni-saarland.de/~duchier/python/continuations.html
https://docs.racket-lang.org/reference/cont.html
https://www.it.uu.se/edu/course/homepage/avfunpro/ht13/lectures/Racket-2-Continuations.pdf

Continuations
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What s a continuation? ?/11

| A technique to abstract control flow. It reifies an execution point as a pair that consists of:

e the program state (eg, the environment)
e the remaining code to run (eg, the term)

Used to encode

o exceptions
e generators
e coroutines (lightweight threads)
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How can we represent continuations? ?/11

e continuation-passing style (inversion of control)
e first-class construct (Racket)
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Continuation-passing style (CPS) imsss

Q: How do we abstract computation?
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Continuation-passing style (CPS) ?/11

Q: How do we abstract computation?
A: Inversion of control
| Hollywood principle: Don't call us, we'll call you.

o the objective is to have control over where a function returns to (its continuation)
 make returning a value a function call

Direct style CPS
(define (f x) (define (f x ret)
(+ x 2)) (ret (+ x 2))
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Where have we seen CPS? ?/11

| Remember when we implemented the tail-recursive optimization?
Before

(define (map f 1)
(cond [(empty? 1) 1]
[else (cons (f (first 1)) (map f (rest 1)))]))

After

(define (map f 1)
(define (map-iter 1 accum)
(cond [(empty? 1) (accum 1)]
[else (map-iter (rest 1) (lambda (x) (accum (cons (f (first 1)) x))))1))
(map-iter 1 (lambda (x) x)))

Function map-1ter is the CPS-version of map!
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Encoding exceptions with CPS ?/11

(define (safe-/ x vy)
(1ambda (ok err)
(cond [(= @ y) (err 'division-by-zero)]
[else (ok (/ x y))1)))

Example 1

((safe-/ 2 1) display error)

((safe-/ 2 @) display error)
Example 2

I How can we chain two divisions together?

(/ (/10 2) 3)
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Exceptions Monadic+CPS ?/11

Bind
(d?{;;Edgr?tgineﬁZ) bind runs o1 and the ok-
(ret x))) continuation of 01 is running 02
£RA
(define (raise x)
(1ambda (ret err) - A =
(err x))) 04 —75;—¥—‘§<7“‘5%5:]
Try

(define (cps-bind o1 02)
(1ambda (ret err)

(o1 (lambda (res) ((o2 res) ret err)) err))) try runs ol and the error-

continuation is running o2

(define (try ol 02) ] ok

(1ambda (ret err)

(o1 ret (lambda (res) ((02 res) ret err))))) [ 0 —_52—¥—‘¥€7“- 22
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Revisiting safe-division with monadic AP ?/11

Thanks to functional programming and monads, we can easily design try-catch on top of
a regular computation.

(define (&/ x v)
(cond [(= @ y) (raise 'division-by-zero)]
[else (return (/ x y))]1))
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FExamples ?/11

(run? (& 1 @) (cons 'error 'division-by-zero))

(run?
(try
(&/ 1 0)
(1ambda (err) (return 10)))
(cons 'ok 10))

(run?
(do
x < (& 3 4)
(try
(&/ x 0)

(1ambda (err) (return 10))))
(cons 'ok 10))
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How do we catch exception in Racket? ?/11

We must use the with-handler construct that takes the exception type, and the code that
Is run when the exception is raised.

flang racket
(define (on-err e)

#f)

(with-handlers ([exn:fail:contract:divide-by-zero? on-err])

(/ 19))
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First-class continuations

IN Racket
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First-class support continuations in Racket ?/11

Inversion of control

(call/cc f) captures the surrounding code as a continuation, and passes that
continuation to function f.

(+ 1 2 (call/cc f) 4 5)
becomes
(f (lambda (x) (+ 1 2 x 4 5)))

Recommended reading

e Many examples using call/cc
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https://www.rose-hulman.edu/class/cs/csse304/201810/Resources/more-callcc-examples.ss

Yield

Another way to write streams

(Or, returning streams of values)
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Yield: abstracting lazy evaluation ?/11

yield allows generalizing returning a finite stream of values (rather than just one). yield
actually returns a value, so the caller can interact with the caller. In the following example,
yield allows processing multiple files ensuring the garbage collector does not load

everything to memory eagerly.

def parse_file(filename):

for root in xml:
tree = ExecTree(ExecNode(root, resolver=resolver))

yield tree
del tree

for xml in parse_file(somefile):
handle(xml)
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Implementing yield ?/11

| Let usimplement yield in Racket!

e Yield: Mainstream Delimited Continuations. TPDC. 2011

I Papers are still being published in top Programming Language conferences on this
subject:

e Theory and Practice of Coroutines with Snapshots. ECOOP. 2018
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https://www.cs.indiana.edu/~sabry/papers/yield.pdf
https://doi.org/10.4230/LIPIcs.ECOOP.2018.3

Yield summary ?/11

1. Run a CPS computation normally until (yield x)
2. The execution of (yield x) should suspend the current execution
3. There must exist an execution context that can run suspendable computations
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Implementation ?/11

Yield is a regular CPS-monadic operation but it returns a suspended object, rather than
using ok or err.

(struct susp (value ok) tt:transparent)

(define (yield v)
(1ambda (ok err) (susp v ok)))

(define (resume s)
((susp-ok s) (void)))

| (Demo...)
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