CS 242. Autumn 2004.
October 27, 2004

CS 242 Midterm Exam

This is aclosed-book exam. The maximum possible score is 100 points. Make wou print your
name legibly and sign the honor code below. All of the intehdaswers may be written within the space
provided. You may use the back of the preceding page forcdtrabrk. If you need to use the back side of
a page to write part of your answer, be sure to mark your anslearly.

The following is a statement of the Stanford University HoGode:
A. The Honor Code is an undertaking of the students, indadighand collectively:

(1) that they will not give or receive aid in examinationsatthey will not give or receive unper-
mitted aid in class work, in the preparation of reports, camy other work that is to be used by

the instructor as the basis of grading;

(2) that they will do their share and take an active part imggt® it that others as well as themselves
uphold the spirit and letter of the Honor Code.

B. The faculty on its part manifests its confidence in the hafats students by refraining from proc-
toring examinations and from taking unusual and unreasenaecautions to prevent the forms of
dishonesty mentioned above. The faculty will also avoidaass practicable, academic procedures

that create temptations to violate the Honor Code.

C. While the faculty alone has the right and obligation toaetdemic requirements, the students and
faculty will work together to establish optimal conditiofts honorable academic work.

| acknowledge and accept the Honor Code.

(Sgnature)

(Print your name)

Prob | #1 | #2 | #3 | #4 | #5 | #6 | #7 | #8 | #9| #10| Total

Score
Max | 10| 9 | 12| 7 6 | 10| 12 | 10| 16 8 100




L. (QOPOINIS)  « e ettt e e e e e e e e e e e e True or False
Mark each statememtue or false, as appropriate.

(a) Allocation and deallocation of activation records is afgdone using a stack
(LIFO) structure.

(b) Two function parameters passed by value are never aliasetkeithe func-
tion body.

(c) Two function parameters passed by reference are nevesedlimside the
function body.

(d) Two function parameters, one passed by value and the othexférence,
are never aliased inside the function body.

(e) A dangling pointer refers to a region of memory that has luesilocated.

— () Determining whether a C function has a side effect is urtigiie.

(g) The tree reduce function (from homework) is a higher-orfdection.

(n) A value on the left-hand-side of an operator is called aralus.

—— (i) Inprinciple, it is possible to parallelize C code by firsrislating a C pro-
gram to a pure functional language and then evaluating ewntignt parts of
the functional program in parallel.

—— () Java, C, and Lisp programming languages are Turing comi|plet ML is
not.

2. (9 POINTS) v e ettt e e e e Terminology
Define the following terms.

(a) (3 points) alpha-conversion

(b) (3 points)  polymorphic function

(c) (3points) garbage



B (A2 POINES) v ettt e e e e Short Answer

(a)

(b)

(c)

(3 points)  Write the “dotted pair” Lisp expression for the lish B C D). Your answer might
look something likg (X . Y) . (Z. W).

(3 points)  Some variables in the following lambda expression are freksome are bound.
Circle each bound variable and draw a line from the boundabséito the correspondingthat
binds it. For example, if you were asked to do this Xarx+y, you would circlex and draw a
line from this circle to the lettek at the beginning of the expression.

(Aa. Ab. Ac.c (ab)) (Aa. Ac.cac) a

(6 points)

In a language that does not provide automatic storage marageamemory leak occurs when
a program no longer has a pointer to a heap location that lessdiecated to it. The reason this
is called a memory leak is that a program is supposed to fieitms allocated to it from the
heap. But if the program no longer has a pointer to a locationay be impossible to deallocate
the location.

Suppose you are asked to design a “leak detector” tool forx¥plaih how you might use a
garbage collection algorithm to detect potential memoakde Describe briefly:

e any additional data structures you require

e whether you can identify all leaks

¢ two features of the C language make this task difficult



A, (TPOINS) v et e e e Symbolic evaluation of Lisp expression

Lisp expressions can be evaluated symbolically, uBingduction and simple calculational properties
of conditional,cond, and arithmetic. Evaluate the following expression to a hemshowing your
work. The first two steps are done for you.

((lanbda (fact) Il function with one argunent
(fact fact 2))
(lanbda (ft k) Il this lanbda function is the argunent
(cond ((=k 0) 1)
(t (* k(ft ft (- k 1)))) )

= /| after substituting |anbda function for both fact references
((lanbda (ft k) /1 lanbda function with 2 argunents
(cond ((=k 0) 1)
(t (* k(ft ft (- k 1)))) )

)
(lanbda (ft k) [/ this lanbda will be the first argunent
(cond ((= k ) 1)
(t (* k(ft ft (- k 1)))) )

)
2 /] this is the second argument
)
=// after applying the first & second argunents and resol ving cond
(* 2
((lambda (ft k) /1 lanbda function with 2 argunents

(cond ((=k O ) 1)
) (t ( k(ft ft (- k 1)))) )

(lambda (ft k) [l first argument
(cond ((=k 0) 1)
) (t (* k (ft ft (- k 1)))) )
1 // second argunent
)
)



B, (B POINS) v ettt e et et e e Nested Lists in ML program

Lisp supports arbitrarily nested lists, likg1 (2)) 3), which are represented internally by cons
cells:

[ | —[3]ni]

(T[] — [
N\

To support such nested lists in ML, we can define the follovdatatype:

datatype "a lisplist = nil | atomof "a | cons of "a lisplist * "a lisplist;

This allows us to simulate Lisp representations of nesstd:li

(1) is cons(atom(1),nil)

(1 2) is cons(aton(1),cons(aton2,nil))

Flattening a list means removing all internal nesting, wigtesenting the atoms in the same order.
For example, flattening the lis{1 (2)) 3) yields:(1 2 3).

Below is a skeleton for &l atten function in ML. Fill in the missing code. As an example of
how the flatten function should behavid,atten(cons(cons(aton{1),nil),nil)) should pro-
duce:cons(aton(1), nil) Thatis,((1)) is flattened tq 1) .

To simplify your task, you can assume that@mcat function is provided, which takes a pair of
lisplist as arguments and concatenates them, producing a $inggéi st. That is,concat ap-
pliedto(1 2) and(3 4) gives(1 2 3 4).

fun flatten (nil)

| flatten (atom X))

| flatten (cons(Y,2))



B. (L0 POINES) v e ettt et e e e e e e e Lazy and Eager Evaluation

Haskell and ML are based on different evaluation orders. &skKéll, function arguments are not
evaluated until they are needed. In contrast, a functiooraemt is evaluated before the call is per-
formed in ML, Lisp, C, Java, and many other languages. Théélbsvaluation order is callekhzy
evaluation; the more common order is calledger evaluation.

Lazy evaluation can be implemented usthgnks, which are no-argument functions that are called
when an expression needs to be evaluated. For example, alHagkressiori (e) can be compiled
to code that passes a thunk foto the function body of . If f (x) contains an expressiot+1, for
example, then the thunk f@ can be called to get the value wfto add it to 1. This question asks
about the following function:

tinmes3(x) =X+ X +X

(a) (2 points) Haskell is a pure functional language. What does this implyua the three values
of x in any call tot i nes3?

(b) (4 points) Sincetimes3(x) contains three occurrencesafthe thunk for the function argu-
ment will be called three times. What trick could you use inaskell compiler to improve the
efficiency of the compiled code foi mes3? Hint: think about how futures worked in Lisp.)

(c) (2points) Algol 60 call-by-name can also be implemented by thunks. M/gaur optimization
in part (b) work in Algol 60? Explain why or why not.

(d) (2 points) A major reason why programs written in lazy languages carebe ¢fficient than
eager languages is the overhead associated with thunke dB& reason why thunks reduce
time efficiency and one reason why thunks reduce space efficie



T2 (A2 POINES) o vttt e e e e e e e e Denotational Semantics

This problem asks about a nonstandard semantics that tégzas a form of type analysis for ex-
pressions given by the following grammar:

e = 0|1|true|false|x|e+e|le=e| if ethen eelse e| fun f(x:0):1=eine| f(e)

In the fun...in... expression, which declares a function and provides a scdmrenthe function
can be called, the typesandt may be eitheint or bool. The meaningl/[€](s) of an expressior
depends on the staseFor the purpose of this problem, a state a mapping from variables to values,
with function names considered as variables. In type aigliy® will use three basic type values and
function types involvingnt andbool:

Values = {int, bool, type_error,int—int, int—bool , bool —int, bool —bool }

Intuitively, 7[[€](s) = int means that the value of expressmis an integer (in statg) and V[[e](s) =
type_error means that evaluation efmay involve a type error.

Here are the semantic clauses for the first few expressiomstor

V[0](s) = int
V[1](s) = int
V[true](s) = bool
V|false]](s) = bool

The value of a variable in some state is simply the value tie gjives to that variable.

For addition, the value will b&ype_error unless both operands are integers.

V[er+el(s)

{ int if V[e])(s)=intand?¥[e](s) =int
type_error otherwise

For boolean equality, the value will thgpe_error unless both operands are integers or booleans.

bool if V[e1]](s) =intand?[e](s) =int
Ve =el(s) = { bool if V[[e1]](s) = bool andV[[e]/(s) = bool
type_error  otherwise

Since function declarations involve declaring the typeparfameters and return values, and these
types are recorded in a state, the semantics of declaratiises changing the state. Before giving
the clause for function declaration, we define the notatan— o] for a state that is similar ts,
except that it must maypto typea. More precisely,

gx+— 0] = Ay € Variables.if y = xtheno elses(y)
Using this notation, we can define the semantics of functexiatations by

Ve (s[f — (0—1)]) if V[e](sx—o]) =T

V[fun f(x.0):1=€1 in &])(s) = { type.error otherwise

7



Similarly, the semantics of function application are

T ifs(f)=0—1 and V[e(s)=0
type_error otherwise

VIHe)](s) = {

The clause for conditional is

V[[if e1 then &, else e3]|(s) =

{ bool it 9/[ler](s) = V[e2)(s) = V[[es]|(s) = bool
int it 7[es])(s) = bool andV[[ez])(s) = V[les])(s) = int
type_error  otherwise

For example, usingy = Ay € Variables.type error,
V[[if truethen O+ 1lelse x+1](s9) = typeerror

since the expressiox+- 1 produces a type error if evaluatimgoroduces a type error.
Question:
(12 points)  Show how to calculate the meaning of the expression

fun f(x:int):bool=(x=0) in (if f(0) then true else false)

in states) = Ay € Variables.type error.



8. (10POINtS)  +v'eveveieiiaiiaiieaeea..........1ype inference on parse graph
Use the parse graph to perform type inference for the foligvivIL function:

N
yaN
yaN
ANIVAN



0. (LB POINIS)  + v v ev e et et et e e e Activation Records and Scope

This question asks about memory management in the evaituatithe following statically-scoped
ML expression.

fun sum conpose(f, @)
let val x : int ref
in

fn (y) => (x :=(1x) +f(a(y)); !'x)

end;

val x = 2;

fun add two(y) = y + x;

fun square(x) = x * x;

val conp = sum conpose(add_two, square);

conp(2);

ref 0

(a) (13 points)  Fill in the missing information in the following depictionf the run-time stack
at the time when the call on line 10 of this code fragment is en@dnp(2)). Remember
that function values are represented by closures, and thlaisare is a pair consisting of an
environment (pointer to an activation record) and compdede. Remember also that in ML,
function arguments are evaluated before the function ledal

In this drawing, a bulletd) indicates that a pointer should be drawn from this slot ®dp-
propriate closure, compiled code or heap cell. Since thet@ to activation records cross and
could become difficult to read, each activation record is Inerad at the far left. In each activa-
tion record, place the number of the activation record oftagically enclosing scope in the slot
labelled “access link.” Closures and heap cells are labglédcapital letters and compiled code
with lowercase letters. Use activation record numbersHeranvironment pointer part of each
closure pair, and write the lowercase letter correspontbripe compiled code for the second
part of the pair. Write the values of local variables and fiomc parameters in the activation
records. The first two activation records are done for you.

Activation Records Closures and Cells Compiled Code

@ access link | (0)

sumcompose| A e (A)((1), i e | (i)sumcompose |
@) accesslink | (1)

X 2 \ (j)addtwo \
) accesslink | ()

addtwo . BY(( ), o | (k)square \
@) access link | ()

square . ©C){( ), o | (HAy... \
®) comp=(...)| accesslink | ( )

comp R
©) access link | ()

f °

g °

X . (E
) comp(2) | accesslink | ( )

y

(b) (3 points) What is the value of the expressioomp(2) ? Why?

10



10, (BPOINIS) v v ettt et e e e e e e Implementing Exceptions

One way of implementing exceptions is to make a table mappingption names to code for handlers,
for each scope, and store this table on the run-time stacis. hEs little performance impact at run-
time, unless an exception is raised, since the tables camrteendned at compile time. However,
when an exception is raised, there is some cost. Specifidaihe current activation record contains
a handler, control is transferred to this handler. If nogntithe exception will have to be “re-raised”
in another scope.

(a) (2 points) If an exception is raised and there is no handler in the ctiseope, which pointer
in the activation record should be used to find the next scope?

(b) (2 points) Can the compiler determine the number of pointers to folfowa given exception
and scope, at compile time? Explain why or why not.

(c) (2 points)  Optimizing compilers often change the order of instrudidar various reasons.
Why do languages with exceptions make this kind of optinzramore difficult?

(d) (2 points) What information would a compiler like to know, at compileng, about a given
expression such as a function call, in order to reorderunstns?
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