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Uppsala University

ITP1 Programkonstruktion, del 1
Periods1 & 2 of Fall 2001

Exam 2

Friday 11 January 2002, from 9:00 to 14:00

Global I nstructions

Read these instructions, as well as the actual questenys;arefullybefor e attempting to sokr the problems.
Especially pay attention ressed words (in boldace). The questions Vebeen engineered tovgaconcise
and elgant answers, so if you get into some messy reasoning, you are probably on the wrong trackdand w
benefit from re-reading the question.

This question set is double-sided.the atent possible, write your answers into tlagps: the praided space
is amply suficient each time. Write your name omigery sheet. This is arkam withclosed books and notes.
An English-Swedish dictionary isvailable at the front desk. Normallghe instructor will come and answer
questions between 11:00 and 12:00.

Provide a specification (with at least the names of tharaent components, a signature, a pre-condition, and
a post-condition iwolving all the names of the gument components) favery program you construct, such
that this specification auld be suitable for justifying your program or constructing another programid@ro
a justification skleton (the chosen induction parameter and well-founded relatiosjefgrrecursve program
you construct. ¥u often need not pvide ary other justifications, tit the gven ones must correspond to your
program: for instance, each base case shmildbe redundant with the other casesildfe to preide such a
specification or justification sketon for at least one function of a sub-question will result in zero points for that
entire sub-questionyen if the program is actually correct.

You mayonly use the functions of theandard library of SML. For instance, the instructsrsolutions to
the questions belo only involve +, -, [0 =, <>, :: , @div , hd, if...then...else... , mod, andorelse
Layout is unimportant,lt please be considerate.

Unless otherwise posted, the instructooigy interested in correct SML functions, soyasittempts at
efficient functions are purely at youwa risk, namely the risk of missing out on correctness or of losing time.
The two credit points for thisyam are warded for HTO1 if the sum of youk&m points and bonus points
is in the interal [55,100]. Furthermore, a “med berém godkand” (5) grade is earned if this sum is in ttaé interv

[85,100], while an “icke utan berém godkand” (4) grade is earned if this sum is in thedhfét84], and a
“godkand” (3) grade is earned if this sum is in the irgEf%5,69]. In all other cases, an “underkéand” (U) grade

is earned.

For official use (do not write belothis line):

Q1 Q2a | Q2b | Q2c | Q2d | Exam
/20 /9 /9 /18 /24 / 80
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Question 1 Type Inference, Reduction, Currying (20 pts)

Consider the follwing declarations:
fun strange x = ((fny =>vy-1) x) O((fny =>y+l) x) + 1
fun triple (g,z) = (1+1) Og z

fun max2 (x,y) if x>y then x else y

fun max4 (v, w) max2 (max2 v, max2 w)

fun max5 (u,t) max2 (u, max4 t)

Answer the follaving sub-questions:

a. Complete the follwing specification fost r ange, simplifying the post-condition as much as possible:
function strange n : -
pre: (none)
post :

b. Complete the follwing specification fot ri pl e:
function triple (f,x) : -
pre: f is defined on x
post :

c. Step-by-step reduce thexgression triple (strange, 4).

To getall the points, remember that r ange andt r i pl e are actually names for angnous functions.

d. Give the signatures afax2, max4, andmax5:
function max2 (a,b)
function max4 (a,b)
function max5 (a,b)
Give the curried signature obhix 2, calling itmax2C now:
function max2C
Give the curried signature obix4, calling itmax4C now, assuming it usesax2C rather thamax2:

functi on max4C
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Question 2 Methodology and Recursion (60 points)

Definitions

Thefactorial n! of a natural numbaen is 1 whem = 0, andn O(n - 1)! otherwise.

For example, thedctorial of 5 is 514 03 02 01 01, that is 120.

The pseudo-factorial of two natural numbera andb, such thaa < b, isb! / al.

For example, the pseud@€torial of 3 and 5 is 20.

A root of a functionf is an element of the domain of such thaf (r) = 0.

For example, the roots off -8 0x + 15 are 3 and 5.

A segment of a list is a prefix of a sfik of that list.

For example, the lists [], [4,5], and [2,1,4,5,3] argisents of [2,1,4,5,3].

A plateau of a list is a sgment thereof with all-equal elements bifferent preious and net elements, if an

For example, the list [3,3] is a plateau of [1,3,3,2,2,2,8},its sgments [3,3,2] and [3] are not plateaus thereof.

Questions

Usingthe definitions abae, answer the folleing sub-questions, by programming in@-defensve style and
by exploiting the pre-conditions, if an
a. Construct aecursive program computing the pseudaeforial of two natural numbers.
Do not specify and construct gradditional functions.
function pseudoFact (a,b) : -
pre:
post :

fun pseudoFact

by induction on:
wel | - founded rel ati on:

The recursie call respects the pre-condition because ...

The recursion is terminating because ...
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b. Construct aecursive program computing a root lying within a closed gaeintenal [a,b] of the domain
of a total intgerto-integer functionf, assuming that such a rootxésts in fa,b] and thata < b.
Do not specify and construct gradditional functions.
function root f (a,b) : -
pre:
post :

fun root

by sinple induction on: the size of the interval [a,b], denoted #[ a, b]

wel | -founded rel ation: <

The recursie call respects the pre-condition because ...

The recursion is terminating because ...

c. Construct arecursive program computing the number of plateaus as well as the length of the longest
plateau of a list of elements affiy type.

function plateaus L : -

pre:

post :

Exanpl es: plateaus [] = (0,0) ; plateaus [1,3,3,2,2,2,5] = (4,3)
fun pl at eaus

by sinple induction on: the nunber of plateaus of L

wel | -founded rel ation: <
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If you need an additionakcursive function, first specify and then construct it here:
function : -

pre:

post :

Exanpl es:

fun

by i nduction on:
wel | -founded rel ation:

d. Constructwo differentrecursive programs that, gen two natural numbens andn such that the decimal
representation ofn has at mosh digits, compute the inger list ofn elements that is the right-aligned
decimal representation of, with leading zeroes.

The common specification:
function decRepr (mn) : -

pre:

post :

Exanpl es: decRepr (0,3) =[0,0,0]; decRepr (522,6) =10,0,0,5, 2, 2]
Count erexanpl es: decRepr (52,3) #[5,2,0]; decRepr (52,3) #[~1,5,2]
My first program:

val rec decRepr = (Orec neans the value is recursively defined O)

by conpl ete induction on: m

wel | -founded rel ation: <
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This iscomplete induction because ...

If you need an additionakcur sive function, first specify and then construct it here:
function : -

pre:

post :

Exanpl es:

fun

by i nduction on:
wel | -founded rel ation:
My second program, for which | daot specify and construct gradditional functions:

fun decRepr

by sinple induction on: n
wel | -founded relation: <

This issimple induction because ...



