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Instructions

e Please write your name and BU ID.

e This exam has 6 problems.

Please read all problems before writing your solutions. You may find some problems easier than others.

The total duration of the exam is 2 hrs.

The typing/semantic rules that you need for each problem are provided on the same page. For these

rules, sides conditions appear in | boxes |.
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1 OCaml Programming

Recall the definition of rose trees:

type 'a rtree = Node of "a x "a rtree list

In this problem, you can use any of the following higher-order functions:

val List.map : ("a -> 'b) -> 'a list -> ’'b list

val List.filter : ("a -> bool) -> ’a list -> ’'a list

val List.fold_right : (fa -> 'b -> ’'b) -> "a list -> b -> 'b
val List.fold_ left : (fa -> b -> "a) -> "a -> ’'b list -> "a

You cannot use any other functions from the standard library.

Problem 1 (20 pts) Implement the function
val reverse : ’a rtree -> ’a rtree

so that it reverses the order of nodes #—thetree, i.c., reverse t is the mirror image of t about the y-azis:

(1) (1)
reverse
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For example,vfollowz'ng assertion holds:

let n x 1 = Node (x, 1)
let test =
reverse (n 1 [n 2 [n 3 [];, n 4 []]; n 5 []; n 6 [n 7 []; n8 []]])
= nl [né6 [né8[]; n7 []]; n5[]; n2 [nd4][]; n3/[]]]
let _ = assert test

Solution.
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Solution. (Contd.)



2 Formal Grammar

Consider the following grammar for an toy imperative language with references.

<p>  n= <w> = <e> <p> | <w> = <e> | <e>
<e> u= <e2> <o> <e> | <e2>

<e2> u= s <w> | <w> | (<e>) |1]2]3
<o> = o+ |- ||/

w> n= ok <w> | x|y |z

This grammar expresses that a program (<p>) is a sequence of assignment statements (<w> = <e>) ending

with an optional expression (<e>).! For example, {a follown E,

x = 1
y = &x
X + *xy

Cis a well-formed program according to this grammar.? »

Problem 2 (15 pts) Draw a parse tree for the following program according to the above grammar.

x =1
y = &x
X + *y

Solution.
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1This is similar to how Rust works.

2The meaning of this program doesn’t matter for this problem, but we might understand this program to be saying: x is
assigned to 1, and then y is assigned to a reference to x, and then the output of the program is x plus the value that y refers

to, i.e., y is dereferenced.



Repeated Grammar:

<p> n= <w> = <e> <p> | <w> = <e> | <e>
<e> u= <e2> <o> <e> | <e2>

<e2> u= s <w> | <w> | (<e>) |1]2]3
<o> = 4| ||/

<w> n= ok <w> | x|y |z

Repeated Program:

x =1
y = &x
X + *xy

Solution. (Contd.)



Repeated Grammar:

<p>
<e>
<e2>
<o>

<w>

H= 0 <w> = <e> <p> | <w> = <e> | <e>
= <e2> <o> <e> | <e2>

=& <w> [ <w> | (<e>) [ 1|23
= 4= x ]/

n= ok <w> | x|y |z

Problem 3 (10 pts) Demonstrate that the above grammar is ambiguous by giving a program that has mul-
tiple parse trees. Write down the program and draw two distinct parse trees for it.

Solution.
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3 Message Passing Semantics

Recall the following constructs for sending and receiving messages on channels:

e ‘let (tx,rx) = new_channel in €’ creates a new channel with two ends: the variable tz is the sender’s
end, which can be used to send messages on the channel, and the variable rx is the receiver’s end,
which can be used to receive messages on the channel,

e ‘send ey on tz in €’ evaluates the expression e; and sends its value on tx;
e

e ‘let z = recv rz in € receives a value on 7z and binds it toYvariable .

In this problem, you’ll be looking at the semantics of message passing. We take judgments to be of the
form (£, e) | v, where the environment £ not only contains variable-value bindings, but also channel-buffer
bindings. Formally, £ is additionally allowed to have bindings of the form (tz,rz) — [ where,\is a list of
values. Whenever a message is sent on tz, it gets added to the back of this list, and whenever a message is
received on rx, it gets removed from the front of the list (i.e., the list acts as a queue).

The semantic rules for these constructs are as follows:

(El(tz,rz) = [],e) b v

NEwWCHAN
(€, let (tx,rz) = new_channeline) | v

(&,e1) | v E((te,rx)) =4 E(tz,rr) — LQ[v]],e) J v

S
(E,send e;ontzine) | v D
‘5((25%‘,7"30)) = ::f‘ E(tz,rr) — Lz — v1],e) $ v
- RECV
(E,letx =recvrzine) | v
Additional Rules Needed:
E(x)=w ’n is an integer literal‘
V. INTL
(&, x)év A (€,n)n A

Problem 4 (20 pts) Provide a derivation demonstrating that the following expression evaluates to 5.

let (tx, rx) = new_channel in
send 5 on tx in

let x = recv rx in

X

Solution.
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Repeated Rules:

Ex)=w v ‘n is an integer literal‘ el (El(tz,rz) —[]],e) b v NewC:
(&, x)Ev A (&,n)n T (&, let (tz,rz) = new_channel ine) | v BWLHAR
(E,e1) I n E((tx,rax)) =4 E(tz,rr) — LQv]],e) v
(E,send ey ontxine) v SEND
‘5((tm,rw)) = ::K‘ E(tz,rz) — Lz — v],e) $ v
RECV

(Eletx=recvrxzine) | v

Repeated Expression:

let (tx, rx) = new_channel in
send 5 on tx in

let x = recv rx in

X

Solution. (Contd.)
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4 Polymorphism

Problem 5 (10 pts) Determine an OCaml expression with the following tpr

((("a —> ’'b) —> ’b) -> 7’¢c) —> ’a —> ’¢c

Solution.
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Problem 6 (25 pts) Determine the principle type of the following expression.
funzx > funy > xyy

To receive full credit, you must provide:

1. A derivation of the judgment - +funx — funy — x y y : 7 4 C for some type 7 and constraints C. You
may write your derivation in compact form.

2. A step-by-step demonstration of the solving of constraints C using the unification algorithm we discussed
in class.

3. The principle type of the above expression, clearly demarcated in your solution.

This problem requires the following rules:

(x:0) el ‘aisamonotype a is fresh Nz:ate:74C
VARMONO Fun
l'rFz:049 'tfunz —we:a—7-C

I'ke:m 4C I'Feg:m4Cs « 1s fresh

I |_€1€2 : a—|Cl,C2

App
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Rules Repeated:

(x:0)eT ‘aisamonotype Nz:akbe:74C
VARMONO Fun
I'tz:049 I'funz —we:a—7-C

The :m—C They:mdC

I'kees:a-C,Co

App

Expression Repeated:
funzx > funy > xyy

Solution. (Contd.)
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