Homework 4
ENE4014 Programming Languages, Spring 2026
due: 6/10(Wed), 23:59

Exercise 1 Consider the following programming language, called miniC, that
features (recursive) procedures with static scoping and implicit references.

Syntax The syntax is defined as follows:

P — FE
E — skip| true|false

| n

x

E+E|E-E|ExFE|E/E
E<E|E=FE|not E
if F then F else I/

|

|

|

\

| while EE

| letz:=FEin FE

|  proc (w1, - ,x,) E

| E(E1, B, Ey) call-by-value
| E{y1,y2," ", Yn) call-by-reference
| z:=F

| {Y [{z1:=E,- 2, =E, }

| FE.x

| FEax:=F

| EJE

| begin E end

A program is an expression. Expressions include unit, assignments, sequences,
conditional expressions (branch), while loops, read, write, let expressions, let ex-
pressions for procedure binding, procedure calls (by either call-by-value or call-
by-reference), integers, boolean constants, records (i.e., structs), record lookup,
record assignment, identifier, arithmetic expressions, and boolean expressions.
Note that procedures may have multiple arguments. The language manipulates
the following values:



Semantics The semantics is defined with the following domain:

Val = 7+ Bool + {-} + Procedure + Loc 4+ Record
Procedure = (Var x Var x ---) x E X Env
r € Record = Field — Loc
p€ Env = Var — Loc
o€ Mem = Loc— Val

A record (i.e., struct) is defined as a (finite) function from identifiers to memory
addresses. A value is either an integer, boolean value, unit value (-), or a record.
An environment maps identifiers to memory addresses or procedure values. A
memory is a finite function from addresses to values.

Evaluation rules are as follows:

Constants and Variables

p,0Fskip= -0

p,0 - true = true,o p,o F false = false,o

p,otEn=n,o p, o x=o(px)),o

p,o b proc (z1, - ,2n) E= (21, ,2,),E, p),0

Unary and Binary Operations

p,00 - B = ny, 01 p,o1 = By = no, 09
P, 00 FEL® Ey = nqy @ ng, oo

@6{-'_7_7*7/}

p,(foFE1:>’I”Ll,O'1 p,O’lFEQ:>TLQ,O'2
ny < ng
p,00 F By < Ey = true,og
oo E1=nq,0 o1 F Ey = ns, o
P00 1 1,01 P, 01 2 2’2n1>n2

p,00 F By < Es = false, o9

P,00 FE, = V1,01 P, 01 F Ey = V2,09
P00 FE, = E, = true, o9

V1=V =nVv =03 =bVv] =0y =-

p,0'0|—E1=>U1,0'1 p,0'1|—E2=>U2,0'2
p,00 - F1 = FEs = false,oq

otherwise

p70'0|—E:>b,01
p,00 Fnot E = not b, 0,




Flow Controls

p,00 F By = true, oy p,01F FEy = v, 09
p,00 Fif Fy then Fs else E3 = v,09

p,00 b Ey = false, o p,01F E3 = v, 09
p,00 - if Fy then Fj else E3 = v,09

p,o0 F E1 = false, o
p,00 Fwhile Fy Ey = - 0

p,0 F E1 = true,og p,00F Ey = v1,07 p,01 Fwhile Ey Ey = vs,09
P, F while Fy Fy = V2,02

p,(fo}_E1:>’Ul,0'1 p,01|_E2:>’l)2,0'2
p,00 = Ev; By = v2, 09

Records
pot-{}=-0o
,0700|‘E1=>U170’1 p:UIFE2:>U230'2 P7Un—1}_En:>UmUn ll,"' 7l'n¢D0m(o-n)
poooF{ x:=F, - xn =E, Y=>{x1 = U, ,epn—= L[ v, L= oo,
p, o0 E =101
p,00 - E.x = o1(r(x)),o1
p,o0 - Ey =1 01 p,01F Ey = v,09
p,o0 b E1.x:= Ey = v, [r(x) — v]os
Assignments
P,00 FE=uv0
p,00 -z :=FE = v,[p(x)— v]oy
p,00 F E1 = 1,01 [ = ]p, [l = vi]o1 F By = v, 09

D
p,00F let x := FE; in Ey = v,09 L ¢ Om(01)



Function Calls

12%% I_EO = ((xla"' a'l:n)anpl)’o-O
P00 El = v1,01
P,01 - E2 = V2,09

Ps0n—1 I_En = Un,0n
Pler—=ly, - yxy = ], onfli » v,y = o] FE =00
p,U}_EO (El,"' ,En) :>U,O'/

117' o 7ln g DOTTL(O'n)

p,o F Ey = ((931,“' vzn)aEvpl)aUO
p'lzr = p(y1), - @n = p(yn)] o0 b E = 0,0
p70|_E0 <y17"' 7yn> :>’U,O'/

Implement an interpreter of miniC by writing a function
eval : program — env — mem — (value * mem)

in file c.ml. Raise an exception UndefinedSemantics whenever the semantics
is undefined. Skeleton code will be provided (before you start, see README.md).

Exercise 2 New memory is allocated in let, call, and record expressions. Allo-
cated memory is never deallocated during program execution, eventually leading
to memory exhaustion.
Write a function
gC : env * mem — mem

that returns memory gc(p, o) consisting of the set of locations in o that are
reachable from the entries in p.

See page 20 of the slides of Lecture 9 for the formal definition of the garbage-
collecting procedure.



