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Administrivia

• Major update to course notes

• Final project after Thanksgiving



Today

• Exceptions from continuations

• Continuation-passing style, CPS

• How to compile continuations



History

• Plotkin, 1975

• Steele, 1978



Exceptions

• (try expression catch-procedure)

• (throw exception)



Exceptions

(dynamic-wind before-thunk
              thunk
              after-thunk)



Implementation

• Save and restore the stack + context

• Convert to continuation-passing style



Stack save/restore

• Pro: Works for most languages

• Con: Stacks are large; expensive



*context in C

• setcontext()

• getcontext()

• makecontext()

• swapcontext()



Continuation-passing 
style (CPS)



The CPS constraints

All calls are tail calls.



The CPS constraints

Function calls never return.



In practice

• All arguments must be atomic

• Atomic = must halt & be pure



CPS grammar
pr ∈ PR = LAM

v ∈ VAR ::= identifier
REF ::= v !

lam ∈ LAM ::= (λ (v1 · · · vn) call)!

e, f ∈ EXP = REF + LAM
call ∈ CALL ::= (f e1 · · · en)

!

" ∈ LAB = a set of labels

Figure 4.1: Grammar for pure, multi-argument CPS

None of these properties are unique to CPS. That is, with some effort, each of them could be
welded onto direct-style or SSA semantics. The compelling difference between CPS and these
other representations is that the aforementioned properties come not by adding machinery—
but by taking it away.

4.1 Syntax

Figure 4.1 provides a simple grammar for the multi-argument variant of the continuation-
passing style λ calculus. This grammar enforces the core stricture of CPS: function call is
a one-way control transfer, and does not return. Four term rules and one annotation rule
comprise this grammar:

• Labels from the set LAB are attached to each term in the program. Between any two
terms, labels must be distinct. Most of the machinery to come does not need these
labels, so they will often be omitted when writing out CPS terms.

• Variables from the set VAR appear in two places: as formal parameters in λ terms and
as references. When used as references, they come from the set REF and carry labels.

• λ terms from the set LAM denote anonymous functions. Each has a sequence of
formal parameters v1, . . . , vn plus a call expression call for its body. In the forthcoming
semantics, these will evaluate to lexical closures: the meaning of a free variable inside
the λ term is its value at the time of closure creation.

• Expressions from the set EXP can be either a reference or a λ term. In CPS, expressions
must be trivially evaluable, i.e. their evaluation must halt. Closure creation and
variable lookup are both constant-time operations.

• Call sites from the set CALL are applications of a function expression f to a sequence
of arguments e1, . . . , en.
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Intuition

• Callers pass current continuation to callees

• Callees invoke the continution once done



Example

(lambda (x) x)



Example

(lambda (x k) (k x))



Example

(lambda (x return) (return x))



Example

(define (f n)
 (if (= n 0)
     1
     (* n (f (- n 1)))))



Example

(define (f n return)
 (if (= n 0)
     1
     (* n (f (- n 1)))))



Example

(define (f n return)
 (if (= n 0)
     (return 1)
     (* n (f (- n 1)))))



Example

(define (f n return)
 (if (= n 0)
     (return 1)
     (f (- n 1) (lambda (m)
      (return (* n m))))))



Example

(define (f n return)
 (=$ n 0 (lambda (zero?)
  (if zero?
     (return 1)
     (-$ n 1 (lambda (sub) 
      (f sub (lambda (mul)
       (*$ n mul return))))))))



Example

(define (f a n return)
 (=$ n 0 (lambda (zero?)
  (if zero?
   (return a)
   (* a n (lambda (an)
    (- n 1 (lambda (n1)
    (f an n1 return)))))))))



Example

(define (fib n return)
 (<=$ n 0 (lambda (zero?)
  (if zero?
   (return n)
   (- n 1 (lambda (n1)
    (- n 2 (lambda (n2)
     (fib n1 (lambda (f1)
      (fib n2 (lambda (f2)
       (+ f1 f2)))))))))))))



CPS: All calls, no return

So why have a stack?



Procedure call

It’s goto.



Translating

(+ 1 2 (lambda (a) …))

a = 1 + 2 ;



Translating

(f x y cc)

$a1 = x
$a2 = y
$a3 = cc
goto f



Example

(define (fib n return)
 (<=$ n 0 (lambda (zero?)
  (if zero?
   (return n)
   (- n 1 (lambda (n1)
    (- n 2 (lambda (n2)
     (fib n1 (lambda (f1)
      (fib n2 (lambda (f2)
       (+ f1 f2)))))))))))))

fib: mov n $a1
     mov return $a2
     leq $t1 n 0
     bnz $t1 done
     sub n1 n 1
     sub n2 n 2
     ???
done: mov $a1 n
      goto return
     



Translating

(lambda (v1 ... vN) body)

(closure (lambda ($e v1 ... vN) body)
         (make-env ...))



Translating

(closure (lambda ($e v1 ... vN) $body)
         (make-env ...))

{ lambda = &&label ,
  env    = { fv1 = ... } }



Compiling call/cc

(lambda (f current-continuation)
 (f (lambda (x later-continuation)
            (current-continuation x))
    current-continuation)))

call/cc

=>



Example

U



Example

map



In the wild

Web programming.



Holiday puzzle

(call/cc call/cc)


