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Introduction

In this project, you are required to implement an interpreter for the programming language SimPL (pronounced
simple). SimPL is a simplified dialect of ML, which can be used for both functional and imperative programming.
This specification presents a definition of SimPL and provides guidelines to help you implement the interpreter.

2

Lexical Definition

The lexical definition of SimPL consists of four aspects: comments, atoms, keywords, and operators.

2.1

2.2

Comments

¢ Comments in SimPL are enclosed by pairs of (* and *).
¢ Comments are nestable, e.g. (* (x *) *) is avalid comment, while (* (* *) is invalid.
¢ A comment can spread over multiple lines.

¢ Comments and whitespaces (spaces, tabs, newlines) should be ignored and not evaluated.

Atoms

¢ Atoms are either integer literals or identifiers.
e Integer literals are matched by regular expression [0-9]+.
« Integer literals only represent non-negative integers less than 231

e Integer literals are in decimal format, and leading zeros are insignificant, e.g. both 0123 and 000123 repre-
sent the integer 123.

¢ Identifiers are matched by regular expression [_a-z] [_a-zA-Z0-9’]*.

2.3 Keywords

All the following identifiers are keywords. Related keywords are grouped in the same line for better readability.
Keywords cannot be bound to anything.

e nil



* ref

e fn rec

® Jet in end
e if then
e wvhile do
false

* true

e not andalso

2.4 Operators

e+ - % /
e = <> < <=
. 0 =
o=
L, 5 ()
3 Syntax

else

orelse

» All SimPL programs are expressions. Exp is the set of all expressions.

* Names are non-keyword identifiers. Var is the set of all names.

» Expressions, names, and integer literals are denoted by meta variables e, x, and n.

¢ Unary operator uop € {~,not, !}

¢ Binary operator bop € {+,-,*,/,%,=,<>,<,<=,>,>=,andalso,orelse, : :, :=,;}

Expression e

n

X

true

false

nil

ref e

fnx=>e
recx=>e

(e, e)

uop e

ebope

ee

let x=eineend
if etheneelsee
whileedoe

O

(e)

integer literal
name

true value

false value

empty list
reference creation
function
recursion

pair construction
unary operation
binary operation
application
binding
conditional

loop

unit

grouping



3.1 Operator Precedence

Priority Operator(s) Associativity
1 ; left
2 = none
3 orelse right
4 andalso right
5 = <> < <= > >= none
6 g right
7 + - left
8 * [/ h left
9 (application) left
10 ~ not ! right
4 Typing
4.1 Definition
Arbitrary type t = int
|  bool Equalitytypea == int
| unit |  bool
| tlist | alist
| tref | tref
| txt | axa
| t—t

The set of all types Typ is the smallest set satisfying the following rules.
¢ int € Typ, bool € Typ, unit € Typ

e VieTyp,tlist € Typ
e VieTyp,tref e Typ

Vi, €Typ, 1 x t € Typ
e Vi1, €Typ, 1 — € Typ

Type environment I' : Var — Typ is a mapping from names to arbitrary types. The replacement of x with ¢ in T,
i.e. I'[x: t], is defined as follows.
t ifx=y

I'lx:t =
i) {F(y) otherwise

Typing rules:



(T-INT)

I'Fnil:a list

(T-N1L)

I'+while e; does:unit

P - T-TRUE
'Fn:int I'-true:bool ( ) (T-UNIT)
T'x)=t : (T-FALSE) ' Q) :unit
(T-NAME) ;
Tx:t I'-false:bool Tke:t
. . I'ke:int e
TlNx:fnlke: (T-FN) — (T-NEG) (e :t
THFfnx=>e:t;— b I'-~e:int (T-GROUP)
. . I'e:bool
llx:tle:t (TREQ) = (T-NoT) TFei:unit Tkep:n
IFrecx=>e:.t I'+not e:bool TFeiier by (T-SEQ)
The:t Ike:int They:int bope{+,-,*,/,%} (T-ARITH)
['+refe:tref (I-REF) I'ke; bope;:int
l'tey:tref T'hes:t I'key:int They:int bope{L,<=>>=
L -2 (T-ASSIGN) ! 2 Pel } (T-REL)
T'ke :=ey:unit I'te; bop e :bool
I'ke:tref I'Fey:a The:a bope{=<>
— " (T-DEREF) L 2 pe) (T-EQ)
'-le:t 't e bop ez :bool
I'teitth Thexity I'tep:bool T ep:bool
TH( )it x ¢ (I-PAIR) L= 299 2299 (T-ANDALSO)
€1, e2) 1 X1 ' e; andalso ez :bool
I'He:t Thep:tlist I'ep:bool T+ er:bool
Thep::e:tlist (T-Cons) : 2 (T-ORELSE)
1::€2:111 I'e; orelse e :bool
I'Fei:tpb—1 Thley:t . . .
1 le_ 1 . R (T-APP) I'ej:bool They:t T'hesg:t (T-CoND)
ejex:l I'if ej theneyelsees:t
I'kFei:t7 Tlx:hllher: 6 T'ke :bool Thre: P
T-LET €] :boo e unit
I'letx=e;ineyend: ( ) (T-Loop)

4.2 Polymorphism

There is no explicit type annotations in SimPL. So principal type inference is necessary.

1. Some constraint typing rules:




(CT-INT)

I'kn:int,{}
I'x)=t¢t
L (CT-NAME)
I'kx:t,{}
(CT-TRUE)
I'Ftrue:bool,{}
(CT-FALSE)

I'Hfalse:bool,{}

I'kei:ti,q1 Thex:ta,q2 bopei+,—,*,/,%

I'e; bOp ex:int,q1Uqu Ui =int, tp =int}

I'Fei:ti,q1 Thex:t,q b0p€{<,<=,>,>=}

I'ke; bOp ex:bool,q1Uqga Uity =int, tr =int}

INx:ake:tq

I'+fnx:a=>e:b:a— b,quit=>b}

(CT-ARITH)

(CT-REL)

(CT-FN)

You need to think of how to deal with other cases.

2. Unification algorithm:

(S {int=inttuq)—> (S, q)

(S,{bool =booltu q)—> (S, q)

(S{fa=atugq)->(S,q)

(S, {s11— > $12 = $21— > S22} U @) — > (S, {811 = $21, S12 = $22} U q)

(anotin FV(s))

(S, {a=stuq)—>(la=s]oS,qls/al)

(S{is=atuqg)—>(a=sloS,qls/a

3. Let-Polymorphism is also needed.

I'kexlei/x]l:ty The:fh

I'Fletx=e;ineyend:
I'kexlei/x]:t,q1 The:ty

D (anotin FV(s))

(T —LetPoly)

(CT —LetPoly)

'Fletx=ejineyend: i, q;




5 Semantics

5.1 State

A state s € State is a triple (E, M, p) where E € Env is the environment, M € Mem is the memory, and p € N is the
memory pointer.

State = Env x Mem x N
Env = Var — Val U Rec
Mem =N — Val

Both the environment and the memory are updateable mappings. Given an updateable mapping f: X — Y,
the updated mapping f[x — y], where x € X,y € Y, is defined as

y ifx=x'

f[xHy](x’)z{

f(x) otherwise.
Val consists of integers, booleans, lists, references, pairs, and functions. Rec is the set of recursions.

val= {J %
teTyp
Vonit = funit}
Vine=2=4{---,-3,-2,-1,0,1,2,3,---}
Tooo1 =B = {tt, ff}

(o) o
Vivser = U7 Qe

i=0
¥ Tisy = i)
(i+1) _ 0
Vilist = tconsy x Ve x ¥y ¢

Vi res = {ref} xN
Viyxt, ={pair} x ¥y x ¥4,
V=1, =V, V2 < {fun} x Env x Var x Exp

Rec = {rec} x Env x Var x Exp

5.2 Rules
Judgement form: E, M, p;e | M, p'; v where E € Env, M, M’ € Mem, p € N, e € Exp, v € Val



n=A[n]
E,M,p;n| M, p;n
E(x) = (rec,E1,x1,e1) Ei,M,p;recx;=>e; I M, p';v
E,M,p;x | M',p';v

Ex)=v
E,M,p;x | M,p;,v

E,M,p;true | M, p;tt

E,M,p;false | M, p;ff

E,M, p;nil | M, p;nil

ErM)p; () U M,p;unit
E,M,p;e| M,p;v
E’M)p; (e) U M,p;l/

EM,p+LeyM' p;v M =M"[p— v
E,M,p;ref el M',p’;(ref, p)
E,M,p;e1 ) M',p';(xef,p1) E,M,p;ex Y M",p";v M"=M"[p,— v
E,M,p;e; :=ex | M", p";unit
E,M,p;e) M',p';(xef,p1) v=M(p1)
E,M,p;'te| M, p;v

E,M,p;fnx=>e | M, p;(fun,E, x,e)
Elx— (rec,E,x,e),M,p;e | M',p;v

E,M,p;recx=>e || M, p;v
E)Myp;el UM’)pl;(fun,Elrxye) E;M,;p’;QZUM”,PH; U2 El[x"_) U2];MH»I7”;€UM”lypl";v

E,M,p;e; ex Y M, p"", v

E,M,p;e1 Y M',p’;v1 E,M',p'sex U M", p"; 02
E,M,p; (e, e2) | M",p"; (pair, vy, v2)
E,M,p;e1 | M',p';v1 E,M',p'sea |y M", p"; 02
E,M,p;e; :: ex | M",p";(cons, vy, V2)

(E-INT)

(E-NAME1])

(E-NAME2)
(E-TRUE)
(E-FALSE)
(E-NIL)

(E-UNIT)

(E-GROUP)

(E-REF)

(E-ASSIGN)

(E-DEREF)

(E-FN)

(E-REC)

(E-ArP)

(E-PAIR)

(E-CONS)



E,M,p;e |y M',p';iv vV =-v

E,M,p;~e| M',p"; v
E,M,p;er Y M, p'svn EMphea UM, p"v0 v=1v1+12

E,M,p;e1+e U M",p";v
E,M,p;eit Y M',p';v1i EEM,\plie; UM",p"sv0 v=v1-1

E,M,p;e1 - ez U M",p";v
EM,p;er Y M, psvn EEMpliea UM, p" 00 v=1112

E,M,p;e1 x e § M", p";v
E,M,p;e1  M',p'sv1 E,M,pliea UM, p";00 v2#0 v=v1divu,

E,M,p;e1 /e Y M",p";v
E,M,p;e1  M',p'sv1 E,M,pliea UM, p";v00 v2#0 v=vimod vy

E,M,p;e1he§ M",p";v

E,M,p;er Y M',p';v1 E,M,plies Y M, p"500 v1 <
E,M,p;e1 <ex | M", p";tt

EM,p;er Y M, psvn EEM\pliea UM, p"sv0 vi 2w
E,M,p;e1 <ex | M",p"; ff

E,M,p;er Y M',p";vi EEM,pliex Y M, p"500 vi <1
E,M,p;e1 <=ex | M",p";tt

E,M,p;er  M',p";vi EEM',plies Y M, p"500 v > 1
E,M,p;e; <=ep, | M", p";f

E,M,p;er  M',p";vi EEM,plies Y M, p"500 v1> 1
E,M,p;e;1 >ex | M", p"; tt

E,M,p;er Y M',p";vi EEM,plies UM, p"500 vi <1
E,M,p;e1>ex | M",p"; ff

E,M,p;er Y M',p";vi EEM,plies UM, p"500 v1 20
E,M,p;e1 >=e | M",p";tt

EM,p;er Y M, pivn EEMpliea UM, p"sv0 v1 <
E,M,p;e; >=e, | M",p"; f

EM,p;er Y M, psvn EEM,piea UM, p"s00 vi=ws
E,M,p;e1=e | M",p";tt

EM,p;er Y M, pivn EEMpiea UM, p"sv0 v1# 12
E,M,p;e1=ex | M",p";ff

EM,p;er Y M, psvn EEM piea UM, p"sv0 v1# 1
E,M,p;e1 <>ex | M",p";tt

EM,p;er Y M, psvn EEMpiea UM, p"s00 vi=1s
E,M,p;e1 <>ey | M", p"; ff

(E-NEG)

(E-ADD)

(E-SuB)

(E-MuUL)

(E-D1v)

(E-MoD)

(E-LEsSsS1)

(E-LESS2)

(E-LESSEQ1)

(E-LESSEQ2)

(E-GREATER1)

(E-GREATER2)

(E-GREATEREQ1)

(E-GREATEREQ2)

(E-EQ1)

(E-EQ2)

(E-NEQ1)

(E-NEQ2)



E,M,p;el) M',p';tt
E,M,p;not e M, p';ff
E,M,p;e ) M',p';ff
E,M,p;note| M, p';tt
E,M,p;e; y M',p';tt E,M',p';ea U M, p";v
E,M, p;e; andalso e, | M",p";v
E,M,p;e1 | M, p'; 1t
E,M, p;e; andalso e; | M/, p’;ff
E,M,p;e; | M, p';tt
E,M, p;e; orelse ey | M, p';tt
E,M,p;e; y M',p';tf E,M',p';es Y M",p";v
E,M, p;e; orelse e, | M",p";v

E,M,p;er Y M, psvn E,Mplsex U MY, p"5 00

E,M,p;er;ex § M",p";v0
E,M,p;e1 § M',p';v1 Elx— un1,M,p';e2§ M",p"; v,

E,M,p;let x=e ines end | M", p"; v,
E,M,p;e; | M',p;tt_E,M',plses § M",p";v

E, M, p;if e; then ey elsees | M", p";v
E,M,p;e1 § M',p';ff E,M',p'ses Y M",p"sv

E, M, p;if e; then ey elsees | M",p";v
E,M,p;e1 | M',p';tt E,M',p’;e, ; whileejdoe, | M",p";v

E,M,p;whilee  doey | M, pu; v
E,M,p;ei § M, p'sff

E,M,p;while e;do ey § M',p’;unit

5.3 Supplementary Details

e A[n] is the value of n, e.g. A[123] =123.

(E-Nortl)

(E-Not2)

(E-ANDALSO1)

(E-ANDALSO2)

(E-ORELSEL)

(E-ORELSE2)

(E-SEQ)

(E-LET)

(E-ConD1)

(E-ConND2)

(E-Looprl)

(E-Loopr2)

e If a and d are integers, with d non-zero, then a remainder a mod d is an integer r such that a = gd + r for
some integer g, and with |7| < |d|. adiv d = q is the quotient.

¢ Equality comparisons (= and #) work for any equality type.

YneZn=n

tt=tt, ff = ff

nil=nil

(cons, hy,t1) =(cons,hy, ) <= hi=hoAfH=1
(ref,p1) = (ref,p2) = pr1=p2

(pair,ay, by) = (pair,az, bp) <= aj=axAby=b;

V1 # UV <= (V1 = 1))



6 Examples

let add = fn x => fn y => x + y
in add 1 2
end

(x ==> 3 x)

examples/plus.spl

let fact = rec f => fn x => if x=1 then 1 else x * (f (x-1))
in fact 4

end

(x ==> 24 x)

examples/factorial.spl

let gcd = rec g => fn a => fn b =>
if b=0 then a else g b (a % b)
in gcd 34986 3087
end
(x ==> 1029 =*)

examples/gcd1.spl

let gcd = fn x => fn y =>
let a = ref x in
let b = ref y in
let ¢ = ref 0 in
(while !'b <> 0 do ¢ := ta; a := 'b; b := lc % 'b);
la
end
end
end
in gcd 34986 3087
end
(x ==> 1029 x*)

examples/gcd2.spl

let
sum = rec sum =>
fn a => if a=nil
then O
else hd a + sum (tl a)
in
sum (1::2::3::nil)
end
(x ==> 6 x)

examples/sum.spl

10




7 Implementation

7.1

Command-line Interface

You are required to implement the SimPL interpreter in Java, and submit a runnable JAR file, say SimPL. jar. Your
interpreter should accept exactly one command-line argument, which is the path of the SimPL program, and then
read the program file for execution. Your interpreter should output the result of the execution to the standard
output (System.out).

7.2

Your interpreter is started by using java -jar SimPL.jar program.spl.
If there is a syntax error, output syntax error.

If there is a type error, output type error.

If there is a runtime error, output runtime error.

If the result is an integer, output its value.

If the result is tt, output true.

If the result is ff, output false.

If the resultisnil, outputnil.

If the resultis unit, output unit.

If the result is a list, output 1ist@ followed by its length.

If the result is a reference, output ref@ followed by its content.

If the result is a pair, output pair@v;@Quv, where v; is i-th element of the pair.
If the result is a function, output fun.

Spaces in the output are insignificant.

For any test program, your interpreter has up to 5 seconds to execute it.

Your interpreter is started in a sandbox environment and can only read the current test program.

Predefined Functions

fst:tyxt— 1

snd:tyxth—t

hd:tlist—t

tl:tlist — tlist
fstlpair, vy, v2) =11
snd(pair, vy, v2) = 2
hd(cons, vy, 1v2) = v;
tl(cons, vy, v2) = Vo
hd(mil) =error

tl(nil) = error

fst, snd, hd, and t1 are not keywords. They are predefined names in the topmost environment, work in the
same way as user-defined functions, and can be bound to other values.

11



8 Bonus

¢ Mutually recursive combinator
¢ Infinite streams

* Garbage collection (of ref cells)
e Tail recursion

¢ Lazy evaluation

¢ Other features or optimizations
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