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Exercise 1 (40pts) “SM5”
K--(A 4.3) 2 1HES 7H4}7] Al (abstract machine)o]2 ¥HEsl= HY

718 Az
7V&71A101 €] o]u(semantics)= 7M1 A SM57F 21 7] A0 & oA A5t
L X2 B 2 4 9k “SM5” 9] “SM7-2 “Stack Machine”& £5}11, “57= 1

71A)9] 5-Zo] 57j0]7] ujEo]ck:

(S7 M) E7 C7 K)
S £E, Mg HRe, Ee 87, Cx 990l K& 92 & ¢(“continuation”
olgti BE5)& Kokl th HAEY daolrk:



S € Stack = Svalue list
M € Memory = Loc — Value
E € Environment = (Var x (Loc+ Proc)) list
c € Command = Cmd list
K € Continuation = (Command x Environment) list
Value = Integer + Bool + {-} + Record + Loc
T € Var
(a,0),l € Loc Base x Offset
Offset = Integer
z Integer
b Bool

S
S
r € Record (Var x Loc) list
€ Svalue = Value + Proc + (Var x Loc) + (Var x Proc) (* stackable values *)
€ Proc = Var x Command x Environment
Cmd = {push v, push z, push(z,(C),
pop, store, load, jtr(C,C),
malloc, box 2z, unbox z, bind z, unbind, get, put, call,

add, sub, mul, div, eq, less, not}
71419 2-E-& thaat Zol 71A19] AH7t Mgtohe e Fod 4= itk

(87 M7 E7 C? K) j (Sl’ M/’ E/’ C’? K/)



M, E, pushv:: C, K)
M, E, C, K)
M, E, pushz :: C, K)
M, E, C, K) if (z,w) is the first such entry in F
M, E, push (z,C"):C, K)
M, E, C, K)
M, E, pop:: C, K)
M, E, C, K)
M, E, store :: C, K)
M{lw— v}, E, C, K)
M, E, load :: C, K)
M, E, C, K)
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M{l — v},

jtr(Cy,Cs) =
Cq o

jtr(C’l, CQ) b

Cy

malloc :

box z ::

unbox I ::

bind z ::

unbind ::

call :

get ::

put ::

K) newa

K) wp=(z,v),1<k<z

K) read z from outside

K) print z and newline



(vg it v 2 S, M, E, add:C, K)
= (plus(vy,va) :: S, M, E, C, K)
(vg :twg 2 S, M, E, sub:C, K)
= (minus(vy,v2) = S, M, E, C, K)
(29 5121 2 S, M, E, mul:C, K)
= ((z1%22) 2 S, M, E, C, K) similar for div
(vg vy 2 S, M, E, eq: C, K)
= (equal(vy,vz) 2 S, M, E, C, K)
(vg it v 2 S, M, E, less:C, K)
= (less(v,v2) 2 S, M, E, C, K)
(b S, M, E, not:C, K)
= (=b: 8, M, E, O, K)
less(z1,22) = 21 < 29
plus(z1,22) = 21+ 29
plus({a,z1),22) = (a,z1+22) ifz1+220>0
plus(z1,{a,z2)) = (a,21+22) ifz1+20>0
minus(z1,22) = 21 — 22
minus({(a, z1),22) = {a,z1 —z2) ifz1—20>0
equal(z1,22) = 21 =2
equal(bl,bg) = b1 = b2
equal(-,-) = true
equal(ry,re) = (M, 1) €ry: {(x,l) € ra) N (V(x,l) €ry: {(x, 1) €1q)
equal({a1,z1), {aa, 22)) a1 =as N\ 21 = 29
equal(,.) = false
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(empty, empty, empty, C, empty) = -+ = - - -



push 1: push 2: add: put :: empty
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trans: K.program -> Smb5.command

2 #pgehe Aol
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Exercise 2 (30pts) “SM5 Limited = SM5 + H| 2 2] A|&-8”
SM5 W& 2o A= F3ts] W A2 FA47F MES o gtk
o|A|, SM59] W 2]= 1287]9] F4gk Tkl ofat. 919 EAo|A Folxl &

& Sm6E E°] 1A A, malloc Zo] Holi gl& ol W2 & A&&st= T

= §
acs FAster 2,
(S,M,E malloc:: C,\K) = (l::S,M,E,C,K) newl
o] o}gfje} Zro] WA F Aotk

(S, M, E,malloc :: C, K)
(S, M, E,malloc :: C, K)

(l:SM,E CK) new [, if [domM| < 128

=
= (l b S7 gC( o )7 Ea Ca K) reCyCIed l’ if |dOIIlM| =128

Exercise 3 (40pts) “Lambda Ground”
o} A4 oA “normal-order reduction” 52 2% A5 7]

reduce: lexp —> lexp



£ Fdstet B lexpe tha Atk
type lexp = Var of string

| Lam of string * lexp

| App of lexp * lexp
THL AY7IE 7L Hp o s Ade, & AR, G, 54, 23, Al
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TAL HH17)7] A4 subste} FrHA] A S A EE Aot

type substitution = (string * lexp) list

subst: substitution * lexp -> lexp

o] ~E 7 ¥ (concrete syntax)+= tF2-3} 2tk

let var=FEin F

E = war single-char lower-or-upper alphabet followed by zero or more apostrophes
| \war.FE
| FEF left-associative and highest-precedence in parsing
|  (E)
|

o] FEHAS thewt ol A9 Hrk:

let a’’ = \s.\z.s(sz) in
let Y = \f.(\x.f(xx))(\x.f(xx)) in
Y(\f.\n.n(fa’’))



