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Background

(define (interp exp env k)
(cond ((constant? exp) (k exp))
((variable? exp) (k (lookup exp env)))
((quote? exp) (k (unquote exp)))

.2))



Goals:
Implement debug commands step and next such
that...

e they are efficient

e they are correct



position: D>(fact 5)
debug command> step
position: Dfact

debug command> step
position: factd

debug command> step
position: Db

debug command> step
position: 5<

debug command> step
position: D(if (=n 0) 1 (*x n (fact (- n 1))))
debug command> step
position: ©D>(= n 0)
debug command> next
position: (= n 0)<
debug command> continue
value: 120



A-calculus

cop € Operators
c € Constants D Operators
x € Variables
VeValues:i=c |z | (Ax.M)
M,NeN:=V | (M M)

Ex=[11&V DI el M)

Example:

((Az.z) (succ (succ 0)))
E = ((Azx.x) (succ []))
E[(succ 0)] — &[1]



Specification

EL(M N)] T2 E[(-M N)]
V] == g[v]
EIV- M) T2 [V - M)]
(cop ) N V
El(cop )] =B E[V]
(O M) V) 2% N
El(Oz.M) V)] 22 g[-N]

o

M—— vV
E[-M] =8 gV ]
(V1 Vo) — V

E[(V1 Vo )] 28 €V ]
E[(V - M) =B e[V - M)]

step 1]
step 2]
step 3]

step 4]

[step 5]

[next 1]

[next 2]

[next 3]



Theoretical Implementation (part 1)

CEK-machine
EecEnv:=][]|(z,(V,E)) :: E
KeK:=ky| fun(V,E,K) | arg(M, E, K)

V,E if © =
lookup(z, (y, (V, E)) :: E') = { |(00kup)(g; E" otherw?{se

CeC::=(M,E,K)

((M N),E, K) —

(M, E, arg(N, E, K))

(V,E,arg(N,E', K)) —

(N, E',fun(V, E, K)) if V ¢ Variables
<CaE7fun(COP7E/7 K)> = <5(COP7C)7 []7K>
(V,E,fun((Az.M),E',K)) +—

(M, (z,(V,E)) :: E', K) if V ¢ Variables
(x, E, K) —

(lookup(z, E) 1, lookup(x, E)5, K)



Theoretical Implementation (part 2)

<
<
(-
(-M
(-
<
(-
(¢,
<
(-

(-
<
(-
(e,
<
<

V,E
Vo FE ) if V ¢ Variables
(M

N)EK>

,E,arg(N,E, K))

E, K)

v
V., E,arg(N,E', K))
N E’ fun(V, E, K))
c, B fun(Cap,E/ K)>

V-, E, fun((Az. M) E’ , K))

M, (z, (V, ) :

M, E, K)

E'K)

V., E,arg(N,E', K))
N E’ fun(V, E, K))

c, E, fun(cop, E', K))

V., E,fun((Ax.M), E', K))

M, (2, (V, E))

E’, Kd)

—

step

step

step

step

step

next

next

next

next

(V,E, Kg)

<5(COP7 C)'7 []7 K>

(M, E, Kg)

<5(COP7 C)'7 []7 K>



Correctness (of step)

(M, E,arg(N,E, K))

E[-V] step
(-V,E, K) step
eV M)] step
(V- B,arg(M, B, K))

(-M,E',fun(V, E, K))
(COp C) L V

E[(-M N)]

E[V-]
(V, B, Kqg)
ElV - M)]

El(cop ¢)] =B £[V]

(e, B, fun(cop, B, K)) LB

<5(00p, C)-, [], K>

(O M) V) 25 N

El(Oz.M) V)] Z2R g[-N]

V-, E,fun((A\z.M), E',K)) &%
(M, (xz,(V,E)) :: E', K)



Correctness (of next)

M ——V
gl-M] =8 g[v ]
(-M, E, K)

(V1 Vo) —V
E[(V1 Vo )] 28 €V ]
(¢, B, fun(cop, F', K))
<5(00pac)'7 []7K>
(V-,E,fun(()\x.M),E’, K))
(M, (z,(V,E)) :: E', K,;)
E[(V - M) =B e[(V - M)]
(V- E, arg(M, E’,K)>
(M,E' fun(V, E, K))

next

next

next

next

(M, E, Ky)

10



Practical Implementation (part 1)

) RK-machine
([l,eval(c, E, K))

(¢ ], K)

([l,eval(z, E, K))

<__okup(w,E) 1L KD
([I,eval((AZ.M), E, K))
((_:_Iosure(f, M, FE) . [], K)
<:,eva|((if MO Ml MQ),E,K)>
<:,eva|(Mo,E,if(Ml,MQ,E,K))>
2__,eva|((MO Ml Mn),E, K)>
<
<
(
<
(
(
(
<

(@) H

|, evalapp({], [Mo, M1, ..., Mqn], E, K))
true : [],if(Ml,MQ,E, K)>

], eval(M1, E, K))

false :: [],if (M1, My, E, K))

], eval(M>, E, K))

], evalapp(cop 1 R, [, E, K))

§(cop, R) 1 [], K) )
[],evalapp(closu_r)e(f, M,E) ::R,[],E, K))
[l,eval(M, (£, R) :: E, K))




Practical Implementation (part 2)

(V, E, Kg) —

(V- E,K) if V & Variables

(R[], Ky) —

(R- . [], K)

(V,E,K) s
(V,E, K

([l,eval( -V, E, K)) sten
([l,eval(V, E, K;))

V-, E,fun((Oz. M), E', K)) =8
(M, (z,(V,E)) :: E', K) )
(Rp- i [], mevalapp(closure(Z, M, E) :: R, [], E, K))

SR ([],eval( - M, (&, RO[Ry)]) @ E, K))
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Practical Implementation (part 3)

(define (interp exp env k)
(cond ((constant? exp)
(apply-k k exp))
((quote? exp)
(apply-k k (unquote exp)))
((variable? exp)
(apply-k k (lookup exp env)))
((abstraction? exp)
(apply-k k (make-closure env exp)))
((if? exp)
(interp (if-test exp)
env
(make-if-cont exp env k)))
((application? exp)
(interp (rator exp)
env
(make-app-cont exp env k)))

(else (error "unknown expression"))))
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Practical Implementation (part 4)

Iellpr = kKcC
Lzl pr = rp(x)
Il Az.M)pr = &e. (A& . (Avi[[M]p[z — v]&")))
II(M N)lpr =
Z[M] p(Am. I[[N]]P(An (((m I) k) n)))
Z[-M]pr = B[M]p~x
Bllc] px =P Ack
Bl[z] px " Ap(x)k
B[(Ax.M)] px °=P

A()\L.()\K/.()\’U.L[[{W]]p[a? — v]&')))k

BI(M N)lpx =
BIMp(Am.Z[N]p(An.(((m I) k) n)))

next

B[M] pr = ZI[M]p(Av.Avk)

14



AvOwn.(((m T) &) n)) °=P
((An.(((m B) k) n)) v)

AvOm Z[M]pOn.(((m T) &) n))) =
((m.B[M]lp(An.(((m I) &) n))) v)
AvOwn.(((m T) ) n)) next
((An.(((m ) (W' .Av'k)) n)) v)

AvOm Z[M]pOn.(((m T) &) n))) =
((m.B[M]lp(An.(((m I) &) n))) v)
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