Tdlvunarfreedi 2/2a Sjukra- og upptokupréf 2008

08.71.23/24 — To6lvunarfreedi 2/2a
Sjukra- og upptokuprof 13. juni 2008.
Engin hjalpargdgn eru leyfileg.
Oll deemi gilda jafnt.

Munid ad skrifa notkunarlysingu mead forskilyrdi og eftitgkdi
fyrir sérhvert stef og fastayrdingu gagna fyrir sérhverjfeérsiu
gagnamots.

This is a closed-book exam.
All questions count equally.
Remember to write a usage description with precondition and
postcondition for all functions and a data invariant for all
implementations of data structures.

Athugiod vel: Svara parf tilskildum fjdlda deema Ur hverjum hluta profsiAé
bvi skilyrdi uppfylltu gildal0 bestu deemitil einkunnar. Pid hafid pvi 18 minutur
fyrir hvert deemi ad medaltali. Byrjid pvi & ad svara deemum Kegfjast stuttra
svara og pid getio audveldlega svarad.

Note carefully: You need to answer the required number of questions from
each part of the exam. Fulfilling that condition, th@ best answersount for
your grade. You therefore have 18 minutes for each questidheaverage. You
should therefore start by answering questions that reghiogt answers and you
can easily answer.

Hluti I: ROksemdafaersla
Svarid a.m.k. 1 deemi Ur pessum hluta
Part I: Programming and verification
Answer at least one question from this part.

1. Thugid eftirfarandi lykkjumynstur:
Consider the following loop pattern:

Il F
for(;;) {
Il 11
if( C1 ) break;
S1
Il 12
if( C2 ) continue;
S2
break;
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}
IlE

Hvada samband parf ad gilda milli F, C1, 11, 12, S1, C2, S2 odl B&
lykkja pessi sé rokrétt?

What relationship do we need between F, C1, I1, 12, S1, C2,n82Eain
order for this loop to be logically valid?

2. Ihugis eftirfarandi klasaskilgreiningar i Java:
Consider the following class definitions in Java:

class A {
/Il Usage/Notkun: y = a.sqrt(x)
Il Pre/Fyrir: 0.1 < x < 10.0
/I Post/Eftir: x-0.01 <y *y < x+0.01
double sqgrt( double x )
{
}
}

class B extends A {
/I Usage/Notkun: y = b.sqgrt(x)

Il PrelFyrir: 05 < x <15

/I Post/Eftir: x-01 <y *y < x+0.1
double sqrt( double x )

{

}

}

Hvernig parf ad breyta lysingum (Notkun/Fyrir/Eftir) i ldanum B pannig
aod petta verdi rokrétt? Hvada samband parf ad gilda miliniyanna i klasa
A og klasa B?

How do we need to change the descriptions (Usage/Pre/lPds® class B
in such a way that this is logically valid? What relationshgeds to hold
between the descriptions in class A and class B?

3. Ihugid eftirfarandi fall, sem hefur pann tilgang ad reiknf (x*y ) par sem
x er fleytitala ogy er heiltala:
Consider the following function, whose purpose is to coreptit (x\y )
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wherez is a floating point number angis an integer:

/I Usage/Notkun: z = pow(X,y);
/I Post/Eftir: z = Xy
double pow( double x, int y )
{
if( y<O ) return 1.0/pow(X,-y);
double p=1.0, g=x;
int r=y;
while( r '= 0 ) {
Il x*y == p =*=q°r, r>=0
?1? (breytum hvorki x né vy)
}
return(?2?);

}

e Hvernig getum vid forritad stofninn (?17?) i lykkjuna & hra&ean hatt
pannig ad fj6ldi umferda verdp(log y)?
How can we program the body of the loop (?17?) so that the lotgsis
and the number of passes through the loo [(®g y)?

e Hverju aettum vid ad skila sem gildi fallsins (?2?)?
What value (?27?) should we return from the function?

Hluti Il: Algrim
Svarid a.m.k. 3 deemum ar pessum hluta
Part Il: Algorithms
Answer at least 3 questions from this part

4. Fyllid inn par sem spurningarmerkin eru, p.e. skrifid hgad® koma i stad
?17?, o.s.frv. betta eru samtals fimm svor. | s28? og ?3? aetti ad vera
eitt af <x, >x, >=x eda<=x.

Fill in for the question marks, i.e. write what should re@&4.?, etc. This
is a total of five answers. The fill-in f622? and?3? should be one ofx,
>X, >=X O <=X.

/I Notkun: k = leita(f,i,j,x);

/I Fyrir:  fli..j-1] er i minnkandi r6d og inniheldur
I a.m.k. eitt gildi sem er minna en Xx og
I a.m.k. eitt gildi sem er steerra en Xx.
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/I Eftir. Kk visar & aftasta gildi i f[i..j-1] sem
1 er steerra en X.

/Il Usage: k = leita(f,i,],x);

/Il Pre: fli..j-1] is in descending order and

Il contains at least one value less

/l than x and at least one value greater

/l than x.

/I Post: k is an index to the last (highest indexed)
Il value in f[i..j-1] which is greater than x.

int leita( double[] f, int i, int j, double x ) {
int p=i, g=j;
while( ?1? ) {
Il | ?2? | 6pekkt/unknown | ?3? |
i p q j
int m = (p+q)/2;
if( ffm] > x )
p = 7?47,
else
q = ?57;
}

return p-1;

}

5. Gefid er eftirfarandi stef eda adferd:
The following function or method is given:

/I Notkun: k = split(f,i,));
/I Fyrir.  f[i..]-1] er sveedi i f.

/I Eftir: I <= k < | og buid er ad umrada gildum i
/l sveedinu f[i..j-1] pannig ad
I fli.k-1] <= f[k] <= f[k+1.j-1].

/I Usage: k = split(f,i,j);
/I Fyrir.  f[i..]-1] is an area in f.

/I Eftir: I <= k < | and the values in the area
Il fli..]-1] have been permuted in such a
Il way that

I fli..k-1] <= fl[k] <= f[k+1..j-1].
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int split( double[] f, int i, int j );

Skrifid quicksort stef (med lysingu - notkun, fyrir og eftirjed hjalp pessa
stefs. Ekki parf ad forrita split stefid.

Write a quicksort function (with description - usage, pres using this
function. You do not need to program the split function.

6. Tilgreinid timafleekju eftirfarandi rodunaradferda nddd0 ad radad seé
slembitdlum. Tilgreinidaediversta tima og medaltima.
Specify the time complexity of the following sorting mettsossuming that
we are sorting: random numbers. Specityoth worst-time and average-
time complexity.

(a) Heapsort

(b) Merge-sort

(c) Quicksort

(d) Insertion-sort

(e) Radix-sort

() R6Gum med pvi ad moka gildunum i AVL tré (sem upphaflegamt}
og moka peim sidan at i vaxandi r6d

Sort by shovelling the numbers into an AVL tree (which is oraly
empty) and then shovelling them out in ascending order

(g) R6dum med pvi ad moka gildunum i Splay tré (sem upphaflega e
tomt) og moka peim sidan ut i vaxandi r6d
Sort by shovelling the numbers into a Splay tree (which igioally
empty) and then shovelling them out in ascending order

7. Lysio heapsort. Tilgreinid timafleekju heapsort og ro&gé/hana.
Describe heapsort. Specify the time complexity of heapaod justify
deducing that this is the complexity.

8. ihugid eftirfarandi stef.
Consider the following method.

/I Notkun: partition(f,i,j,k);

/I Fyrir: i <= k < |, f[i..j-1] er sveedi i f

/| Eftir.  BUid er ad umrada sveedinu f[i..j-1] p.a.
I fli..k-1] <= fl[K] <= flk+1..]]

I/l Usage: partition(f,i,j,k);
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Il Pre: I <= k < |, f[i..j-1] is an area in f

/[ Eftir.  The values in the area f[i..j-1] have been
Il permuted in such a way that

I fli..k-1] <= f[K] <= flk+1..j]

void partition( double f[], int i, int j, int k ) {

}

e Synid hvernig nota ma petta stef til ad finna midgildi 99 gikkm
geymd eru i fylki g i seetum g[0..98].
Show how to use this method to find the median value of 99 values
stored in an array g in positions g[0..98].

e Synid hvernig forrita ma petta stef. Full stig fast adeinsitderslan
hefur medaltimafleekjw (n) fyrir n mismunandi slembigildi.
Show how to program this method. Full points will only be givié
the implementation has average time complegity:) for n different
random values.

Hluti Ill: Gagnamot
Svarid a.m.k. 3 deemum ar pessum hluta
Part Ill: Data Structures
Answer at least 3 questions from this part.

9. fhugid eftirfarandi myndir af trjam. Segid til fyrir hvigr mynd hvort hin
getur stadid fyrir eitt eda fleiri af eftirfarandi:
e Tvileitartré — Binary search tree
e AVL-tré — AVL tree
e Splay-tré — Splay Tree

e Rautt-svart tré (ef svo er, tilgreinid pa einnig hvada hnata mala
rauda til ad pad gangi upp)
Red-black tree (if so, specify which nodes you could paidtineorder
for this to be true).

e 2-3tré —2-3tree
e Hrlga med haesta gildi efst — Heap with greatest value on top
e Hruga med minnsta gildi efst — Heap with least value on top
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10.

11.

12.

Athugio ad hér er aetlast til ad oll tvileitartré séu med gildvaxandiin-
order roo.
Note that we want all binary search trees to be in ascendiogdar order.

Athugid einnig ad sama mynd af tré getur vel stadio fyrir flein eina af
pessum upp téldu gerdum af trjam.

Note also that the same picture of a tree can easily standdog than one
of these listed types of trees.

Tré A Tré B Tre C Tré D Tre E Tre F Tré G

Hver er fastayrding gagna fyrir AVL tré?
What is the data invariant (representation invariant) fgt. Arees?

[ teetitoflum og i fleiri vandaméalum eru notud staekkanldli fyem hafa
sOomu adgerdir og venjuleg fylki en auk pess adgerd til ad k@atasaeti aft-
ast a fylkio. Hver er timaflaekja pessarar adgerdar og hverarkimafleekja
er pad (versta tilfelli, medaltal eda innisteedubungin)8iéyvi hvernig ad-
gerdin er utfeerd til ad na pessari timaflaekju.

In hash tables and in other tasks we use extendible arrayh#va the
same operations as ordinary arrays but also have an opefatiappend-
ing one position to the end of the array. What is the time cexip} of this

operation and what kind of time complexity are we talking atb@vorst

case, average or amortized)? Describe how to implemenbg@sation in
order to achieve this time complexity.

Lysid timafleekju splay trjaa. Gerid skilmerkilega griirir merkingu pess
ad timafleekjan er innisteedubundin frekar en t.d. medaltéeigél eda versta
timafleekja. Ad hvada leyti eru splay tré hradvirkari en AVE2rAd hvada
leyti eru pau haegvirkari?

Describe the time complexity of splay trees. Describe gedgiwhat it
means that the complexity is amortized rather than, for @tanaverage
complexity or worst case complexity. In what sense are spkss faster
than AVL trees? In what sense are they slower?
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13.

14.

15.

16.

Skrifid klasa i Java eda C++ fyrir bioréd heiltalna. bPidgnesleppa pvi ad
forrita bodin, nema fyrir adferdina til ad beeta gildi i bidida, en munid ad
hafa notkun, forskilyrdi og eftirskilyrdi fyrir 61l bod og omid ad hafa skyra
fastayrdingu gagna.

Write a class in Java or C++ for queues of integers. You do eetrto

program the methods, except for the method for adding a valine queue,
but remember to have usage, pre and port for all messagesddsgt and
remember to have a clear data invariant.

Hluti IV: Blandad efni
Ekki parf endilega ad svara neinu deemi ar pessum hluta, drgékna
ad svara 10 deemum i heild.
Part IV: Miscellaneous
You do not need to answer any question from this part, but ddéonget to
answer a total of 10 questions.

Skrifio stef sem skilasteerstaprimt6lupaetti télu sem skal vera vidfang
stefsins.

Write a function that returns tHargestprime factor of a number that should
be an argument to the function.

Skrifid forrit sem les strengi fra adalinntaki og skriftrengina i 6fugri
lesr6d & adaluttak. Til deemis, ef forritid les linurnar "ddob", "aa", "cc"

ba skal pad skrifa linurnar "cc", "aa", "bb", "aa".

Write a program that reads strings from standard input antéswihe strings
in reverse order to standard output. For example, if thenarageads the

lines "aa", "bb", "aa", "cc" then it should write the linesc"¢c"aa", "bb",

aa .

Skrifid forrit sem les 6takmarkadan fjolda fleytitalnatle) og skrifar
medaltal peirra.

Write a program that reads an unlimited number of floatingipoumbers
(double) and writes their average.
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