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No class Thursday!
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Today

• Project 3: Due next Monday

• Finish up mini-lang walkthrough

• Explain and implement CESK
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Reduction
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program ) program

0
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(+ 3 (+ 4 5)) => (+ 3 9)
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Mini-lang
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Small-step machines
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program
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CESK machines
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• Mutation

• Higher-order

• Exceptions

• Coroutines

• Continuations

• Threads

Why CESK?
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What’s in a state?
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CESK
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Control

Environment

Store

Kontinuation
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Control

Environment

Store

Continuation
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Program counter

Registers

Heap

Stack
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x86
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λ
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Control
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exp ::= var
     |  (exp exp)
     |  (λ (var) exp)
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Environment
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Env = Var * Addr
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⇢
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Store
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Store = Addr * Clo
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Clo = Lambda⇥ Env
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(lambda (x) z)
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(lambda (x) z)

[z => 3]
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Continuation
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 2 Kont ::= arg(e, ⇢,)

| fun(clo,)

| halt
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 2 Kont = Frame

⇤

� 2 Frame ::= arg(e, ⇢)

| fun(clo)
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CESK in Racket
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Yuck.
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Language

Machine
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Language

Machine
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Language

Machine
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Language

Machine
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A-Normal Form (ANF)
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A-Normal Form

All arguments to functions are atomic.

Flanagan, Sabry, Duba, Felleisen.
“The Essence of Compiling with Continuations.”
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Atomic?

• No side effects

• No control effects

• Must terminate

• Must not error
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—

The inverse CPS transformation:

I?J: CPS(CS) +

U[(k w)] =

U[(let (z W) P)] =

U[(if’O W P1 Pz)] =

Z.f[(w k WI . . . w.)] =

U[(W (AZ.P) WI . . . w.)] =

U[(o’ k- WI . . . Wn)] =

q(o’ (XZ.P) WI . . . Wn)] =

V2:w+

W[c] =

!qx] =

qMx] . ..%. q =

A(CS)

V[w]

(let (z iU[W]) U[P])

(if’(l Q[W] UIP1] U[l%])

(w[w] ‘3qw,] . . . V[wn])

(let (z (V[W] Ui[Wl] . . . If[W.])) U[P])

(o W[w,] . . . W[wn])

(let (z (O VIW1] . . . f17[Wn])) L/[P])

v

c

x

Axl . ..xn.u[itq

The language A(CS)

M ::= V

I (let (z V) M)

l(if13V MM)

I(VK . . . Vn)

I (let (x (V K Vn)) M)

I(ovl... vn)

\ (let (x (O Vi . . . V~)) M)

v ::= clxl(kc]. ..x M)M)

Figure 6: The inverse CPS transformation and its output

(return)

(bind)

(branch)

(tad call)

(call)

(prira-op)

(prim-op)

(values)

Evaluation Contexts:

& ::= [1

The A-reductions:

l(let(z$)M) l(ifO~MM) I(FV. V8M.. .M) where F= Vor F=O

~[(let (X M) AT)] + (let (x M) S[N]) where&# [ ], z @ FV(f)

t[(i~ v M, M,)] -+ (ifO V SIMI] S[MZ]) where ~ # [ ]

t[(F VI . . . Vn)] + (let (t (F VI . . . V~)) t[t])

where F = V or F = O,: # ~’[(let (Z []) M)], $ # [ ],t C FV(~)

Figure 7: Evaluation contexts and the set of A-reductions

(AI)

(Az)

(A)

subexpression to be evaluated according to the CEK se- The A-reductions transform programs in a natu-

mantics. For example, in an expression (let (% Ml) flfz), ral and intuitive manner. The first two reductions

the next reducible expression must occur within Ml, merge code segments across declarations and condi-

hence the definition of evaluation contexts includes the t ionals. The last reduction Iifis redexes out of eval-

clause (let (z ~) M). uation contexts and names intermediate results. Us-

ing evaluation contexts and the A-reductions, we can

243
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A-Normalization
(define na-rndize-terrn(lambda (M) (w-make M (lambda (z) z))))

(define normalize

(lambda (M k)

(match M

(’(lambda ,paranu ,My) (k ‘(lambda ,pararns ,(norrnalize-terrn ZIody)))]

~(let (,z ,MI) ,Mz) (rwrrmdize Ml (lambda (Nl) ‘(let (,z ,Nl) ,(normalize M, k))))]

~(ifO ,MI ,Mz ,M3) (normalize-name Ml (lambda (t)(k ‘(ifO ,t,(normalize-term M2) ,(norrmdize-term Ms)))))]

~(,Fn ,M*) (if (PrirnOp? Fn)

(normcdwe-name* M* (lambda (t*) (k ‘(,Fn . ,t”))))

(normalize-name Fn (lambda (t)(normalize-nom.’ M* (lambda (t*) (k ‘(jt . ,t”)))))))]
[v (k v)])))

(define normalize-name

(lambda (M k)

(rzormahze M (lambda (N) (if ( Value? N) (k N) (let([t (neuwar)]) ‘(let (,t ,N) ,(k t))))))))

(define normaiize-name”

(lambda (M* k)

(if (null? M*)

(k ‘())

(normalize-name (car M*) (lambda (t) (normalize-name” (cxtr M*) (lambda (t*)(k ‘(,t . at’)))))))))

Figure 9: A linear-tilme A-normalization algorithm
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Example

(define (celsius F) 
 (* (/ 5 9) (- F 32)))
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Example

(define (celsius F)
 (let ([t1 (/ 5 9)])
   (let ([t2 (- F 32)])
    (* t1 t2))))
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Benefits

• Order of evaluation is specified

• Evaluation broken into small steps
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CESK for ANF in Racket
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