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TENTAMEN: Algoritmer och datastrukturer

Las detta!

« Uppgifterna &r inte avsiktligt ordnade efter svarighetsgrad.

« Borja varje uppgift pa ett nytt blad.

« Skriv ditt namn och personnummer pa varje blad (sa att vi inte slarvar bort dem).
» Skrivrentdinasvar. Olésligasvar rattas ej!

» Programmen skall skrivas i C++, vara indenterade och kommenterade,
och i dvrigt vara utformade enligt de principer som larts ut i kursen.

» Onddigt komplicerade l6sningar ger poangavdrag.
» Programkod som finns i tentamenstesen behover ej upprepas.
« Givna deklarationer, parameterlistor, etc. far ej andras, savida inte annat sags i uppgiften.

« Las igenom tentamenstesen och forbered ev. fragor.

| en uppgift som bestar av flera delar far du anvanda dig av funktioner
klasser etc. fran tidigare deluppgifter, aven om du inte 10st dessa.

Lycka till!
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Uppgift 1
Vilj ett svarsalternativ pa varje fraga. Motivering kravs ej. Varje korrekt svar ger tva poang.
Garderingar ger noll poéng.

1.

Antag att T;(N) = O(F(N)) och T»(N) = O(F(N)).Vilket av foljande ar sant?
T1(N)+T2(N) = O(F(N))

T1(N)xT2(N) = O(F(N))

T1(N)/T2(N) = O(2)

T2(N)/T1(N) = Q(F(N))

fler &n ett av ovanstaende

inget av ovanstaende ar korrekt

SO o0T

For vilken av foljande algoritmer utgor en redan sorterad féljd varsta fallet?
a. mergesort

b. quicksort

shellsort

insertion sort

en sorterad foljd kan aldrig vara vérsta fallet for en sorteringsalgoritm

® oo

Vilken/vilka av bitféljderna ar méjliga Huffman-kompressioner av strangen “mallaga”?
0010100110110101

11010010011

1010111101000

01011001000

0001010110011

0101011111011010

m® o0 oW

Om stackar implementeras med falt, vad &r kostnaden i vérsta fall for N push-operationer i
foljd om faltdubblering anvénds?

a. O(1)

b. O(N)

O(N log N)

O(N?)

inget av ovanstaende

® oo

Vilken av foljande datastrukturer lampar sig bast for att implementera en mangd med
operationerna += (addera ett element) och < (tillhor)?

bin&rt soktrad

lista

hashtabell

prioritetsko

alla passar lika bra

ingen &r lamplig

m® o0 oW

(10 p)
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Uppgift 2
En enkellankad lista kan representeras med foljande nodtyp:

struct Node {
i nt Dat a;
Node * Next ;
Node( int D, Node *N ) : Data(D), Next(N) {}

Definiera rekursivt funktionen Mer ge som returnerar en ordnad sammanflatning av tva ordnade
listor

Node *Merge( const Node *L1, const Node *L2 );
Exempel: Om A pekar ut listan

A—p2| 14| 15

och B listan
B—3p{1| |—»3

sa skall Mer ge( A, B) returnera den nya unika listan

— 1| 2| 3] 4| L5

Lamplig hjalpfunktion far inforas.
(10 p)
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Uppgift 3

a) Noderna i det binéra tradet till héger ar numrerade 1-7.
Vid inorder genomldpning av tradet besoktes noderna i ordningen
?1?677?5och vid preorder genomlépning av samma trad i
ordningen ? ? 2?4 3 ?. Fyll i rétt tal i ratt nod!

2p)
Antag att bindra trad med heltalsnoder representeras med typen

struct Tree {
i nt Dat a;
Tree *Left, *Right;
1
Ett tomt trad representeras med en NULL-pekare. Féljande tva fardiga funktioner far anvandas i
uppgifterna:
int mx( int a, int b) { returna>b ? a: b; }
int mn( int a, int b) { returna<>b?a: b; }

b) For binara trad kan man definiera funktionen Max sa att Max(T) ar -co om T &r tomt och det
storsta elementet i T annars. Implementera Max som en rekursiv funktion:

int Max( const Tree *T );

Antag att -0 kan approximeras med konstanten | NT_M N.
(4p)
c) Implementera en rekursiv funktion | sOr der ed som avgor om ett binart trad &r ordnat,

d.v.s. om det ar ett soktréad:

bool |sOrdered( const Tree *T );
Funktionen skall returnera t r ue om T pekar pa ett ordnat trad och f al se annars. Du far
anta att funktionen Min pa trad &r definierad pa analogt satt som i b: Min(T) dr o om T &r

tomt och det minsta elementet i T annars. oo approximeras med | NT_MAX.
(6p)
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Uppgift 4
| bada uppgifterna definieras hashfunktionen Hash(x,M) = x mod M, dar M é&r tabellstorleken.

a) Antag att en sluten hashtabell med 9 positioner ar tom. Ange tabellens utseende vid linjér
sondering efter operationerna; *

Insert(67); Insert(20); [nsert(12); Insert(101); Renove(67); Insert(3);

€X))

b) Antag att en sluten hashtabell ser ut sa har

0| 13

1

2|24

3| 47

4

5

6|72

71 2

8

9

10

efter att talen satts in i foljd med kvadratisk sondering i en tom tabell. Inga andra operationer
an insattning har anvants. Ange en mojlig insattningsordning som ger denna placering av
talen!

(4 p)

! sondering = probing
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Uppgift 5
a) Ange alla mojliga topologiska ordningar av noderna i grafen

3p)
b) Ange de kortaste oviktade resp. viktade vagarna fran nod A till samtliga 6vriga noder
B C D E F G
oviktad
viktad
@p)
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Uppgift 6
En tom binar hdg fylls pa med 10 heltal:

Bi nar yHeap<i nt > H(0);

H Toss(3); H Toss(5); H Toss(6); H Toss(10); H Toss(7);
H Toss(8); H Toss(4); H Toss(2); H Toss(9); H Toss(1l);
H. Fi xHeap() ;

Rita Hsom ett trad
a) efter sista Toss men fore Fi xHeap
(1p)

(4p)

b) efter Fi xheap

Uppgift 7

Skriv ett program som laser ett antal textrader fran tangentbordet och skriver ut vilka tecken som
forekommer pa samtliga rader. | utskriften far varje tecken bara forekomma en gang. Till
exempel skall indata

Nagra tecken
rakar finnas
pa varje rad

ge utskriften ar &, och indata

nmedan
andr a
t exter
saknar
denna
egenskap

inte ge nagon utskrift alls. Indata avslutas med CTRL-Z (end of file). For poang kravs att du

anvander lamplig datastruktur (se bilagorna). Kranglig 16sning som baseras pa olamplig
datastruktur ger Op. Dela in i [ampliga underprogram.

(10 p)
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BILAGOR TILL TENTAMEN

/] Set class interface

11

/1 CONSTRUCTION:. with (a) size of maximal integer to be stored

I in the set, (b) initialization with existing set

// kkkhkkkhkhkhkkhkkhkhhkkikhkkhkikkikkkikk*k pub|IC 0perat|0ns kkkhkkhkhkhkkhkkhkhhkkikkhkikikhikkhkkikikihkkhkh*k
/1 Set operator+= (int) --> Add an integer to the set

/'l Set operator= (Set) --> Copyi ng assi gnment

/'l bool operator< (int,Set) --> Menbership relation

/1 bool operator<= (Set) --> Subset relation

/1 bool operator== (Set) --> Equality relation

/1 Set operator|]| (Set) --> Set wunion

/1 Set operator&& (Set) --> Set intersection

/1 Set operator- (Set) --> Set difference

/1 int size() --> Nunber of distinct elenents in the set

[l istreamoperator>> (istream Set) --> Reads a set fromthe keyboard
/] ostream operator<< (ostream Set) --> Prints a set on the screen

class Set {

public:
Set (i nt maxNum ; /1 constructor
Set (const Set & s); /'l copy constructor
~Set (); /1 destructor
Set & operator += (int Xx); /1 add an integer
const Set & operator = (const Set & Rhs); /'l copying assi gnment
friend bool operator < (int x, const Set & Rhs); // menbership
bool operator <= (const Set & Rhs) const; /'l subset
bool operator == (const Set & Rhs) const; /1 equality
Set operator || (const Set & Rhs) const; /1 union
Set operator && (const Set & Rhs) const; /1 intersection
Set operator - (const Set & Rhs) const; /1 difference
int Size() const { return theSize; } /'l nunber of elements

friend istream & operator >> (istream & in, Set & val ue);
friend ostream & operator << (ostream & out, const Set & value);
private:
// Data representation ...
3
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/!l Queue class interface
I
/! Etype: nmust have zero-paranmeter and constructor
[/ CONSTRUCTION:. with (a) no initializer;
/1 copy construction of Queue objects is DI SALLONED
/! Deep copy is supported
I
// ******************PUBLI C (]:)ERATI O\IS*********************
/! void Enqueue( Etype X )--> Insert X
/1 void Dequeue( ) --> Renpve least recently inserted item
/1 Etype Front( ) --> Return least recently inserted item
/] int IsEmpty( ) --> Return 1 if enpty; else return O
[/ int IsFull() --> Return 1 if full; else return O
/1 void MakeEnpty( ) --> Renpve all itens
// ******************ERR(PS********************************
/1 Predefined exception is propogated if new fails
[/ EXCEPTION is called for Front or Dequeue on enpty queue
tenpl ate <cl ass Etype>
cl ass Queue
{
publi c:
Queue( );
~Queue( );
const Queue & operator=( const Queue & Rhs );
voi d Enqueue( const Etype & X ); /1 lnsert
voi d Dequeue( ); /! Renove
const Etype & Front( ) const; /1 Find
int IsEnpty( ) const;
int IsFull( ) const;
void MakeEmpty( );
private:
Queue( const Queue &) { } /! Disable copy constructor
/! Data representation ...
1
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11
/11
/11
/11
/11
/11
/11
/11
11
11
11
11
/11
/11
11
/11
/11
/11
11
11
/11

Bi naryHeap class interface

Et ype: nust have zero-paraneter constructor and operator=;
must have operator<

CONSTRUCTION: with (a) Etype representing negative infinity

Copy construction of BinaryHeap objects is DI SALLONED

Deep copy is supported

******************PUBLI C (PERATI O\IS******************

void Insert( Etype X) --> Insert X

Et ype FindM n( ) --> Return snallest item

void DeleteMn( ) --> Renove snallest item

void DeleteMn( Etype & X ) --> Sane, but put it in X

int IsEmpty( ) --> Return 1 if enpty; else return O
int IsFull( ) --> Return 1 if full; else return O
voi d MakeEnmpty( ) --> Renpve all itens

void Toss( Etype X)) --> Insert X (lazily)

voi d Fi xHeap( ) --> Reestablish heap order property

******************ERR(PS*****************************

Predefined exception is propogated if new fails
EXCEPTION is thrown for FindMn or Del eteMn when enpty

tenpl ate <cl ass Etype>
cl ass Bi naryHeap

b

public:
/! Constructor, destructor, and copy assi gnnent
Bi nar yHeap( const Etype & M nVal );
~Bi naryHeap( ) { delete [ ] Array; }

const Bi naryHeap & operator=( const BinaryHeap & Rhs );

[/ Add an item maintaining heap order
void Insert( const Etype & X);

/] Add an item but do not nmaintain order
void Toss( const Etype & X );

[/ Return minimumitemin heap
const Etype & FindM n( );

/] Delete minimumitemin heap
void DeleteMn( );
void DeleteMn( Etype & X );

/! Reestablish heap order
voi d Fi xHeap( );

int IsEnmpty( ) const;

int IsFull( ) const;

void MakeEmpty( );
private:

/1 Data representation
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11
/11
/11
/11
/11
/11
/11
/11
11
11
11
11
/11
/11
11
/11
/11
/11

SearchTree class interface

Et ype: nust have zero-paraneter and copy constructor,
and nmust have operator<

CONSTRUCTION: with (a) no initializer;

Al'l copying of SearchTree objects is DI SALLONED
******************PUBLIC (]:)ERATI O\IS*********************
int Insert( Etype X) -->Insert X

int Renove( Etype X ) --> Renove X

Etype Find( Etype X) --> Return itemthat matches X

i nt WasFound( ) --> Return 1 if last Find succeeded
int IsFound( Etype X ) --> Return 1 if X would be found

Et ype FindM n( ) --> Return snallest item

Et ype Fi ndMvax( ) --> Return largest item

int IsEmpty( ) --> Return 1 if enpty; else return O
voi d MakeEnmpty( ) --> Renpve all itens

******************ERR(PS********************************

Predefined exception is propogated if new fails
It emNot Found returned on vari ous degenerate conditions

tenpl ate <cl ass Etype>

cl

b

ass SearchTree {
publi c:
SearchTree();
~Sear chTree();
[/ Add X into the tree. If X already present, do nothing.
/1l Return true if successful
bool Insert( const Etype & X );

/! Renmove X fromthe tree. Return true if successful.
bool Renove( const Etype & X );

/! Rermove minimumitemfromthe tree. Return true if successful.
bool RenmoveM n( );

[/ Return minimumitemin tree. If tree is enpty,
/1 return ItenNot Found.
const Etype & FindM n( ) const;

[/ Return maximumitemin tree. If tree is enpty,
/'l return ItenNot Fund.
const Etype & FindMax( ) const;

/! Return itemXintree. If Xis not found, return |tenNot Found.
/!l Result can be checked by calling WasFound.
const Etype & Find( const Etype & X );

/!l Return true if Xis in tree.
bool |sFound( const Etype & X );

/! Return true if last call to Find was successful.
bool WasFound( ) const;

/1l MakeEnpty tree, and test if tree is enpty.
voi d MakeEmpty( )
bool |sEnpty( ) const;

protected: // private data representation
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/!l PreOrder class interface; maintains "current position”

I in Preorder Tree Traversa

11

/] Etype: sanme restrictions as for BinaryTree

[/ CONSTRUCTION. with (a) Tree to which iterator is bound

/1 Al copying of PreOrder objects is DI SALLONED

/1

// ******************PUBLIC (PERATI O\IS**********************
/] int operator+( ) --> True if at valid position in tree
/1 Etype operator( ) --> Return itemin current position
/1 void First( ) --> Set current position to first

/1 void operator++ --> Advance (prefix)

// ******************ERR(RS*********************************
[/l EXCEPTION is thrown for illegal access or advance

/1 PostOrder class interface; naintains "current position”
I in Postorder Tree Traversa

11

/! Etype: sane restrictions as for BinaryTree

[/ CONSTRUCTION: with (a) Tree to which iterator is bound

/1 Al copying of PostOrder objects is D SALLONED

11

// ******************PUBLIC (PERATI O\IS**********************
/] int operator+( ) --> True if at valid position in tree
/! Etype operator( ) --> Return itemin current position
/1 void First( ) --> Set current position to first

/1 void operator++ --> Advance (prefix)

// ******************ERR(RS*-k*-k*-k*-k*************************
/1l EXCEPTION is thrown for illegal access or advance

/1l InOrder class interface; naintains "current position"

I in Inorder Tree Traversa

/1

/] Etype: sane restrictions as for BinaryTree

/] CONSTRUCTION. with (a) Tree to which iterator is bound

/1 Al copying of InOrder objects is D SALLONED

11

// ******************PUBLIC (PERATI O\IS**********************
/] int operator+( ) --> True if at valid position in tree
/1 Etype operator( ) --> Return itemin current position
/1 void First( ) --> Set current position to first

/1 void operator++ --> Advance (prefix)

// ******************ERR(RS*-k*-k*-k*-k*************************
/1l EXCEPTION is thrown for illegal access or advance

Exenpel

SearchTree<int> T;
PreOder<int> It(T);

Version: 2001-04-21 Algoritmer och datastrukturer, LET373 0199, DAI 2, 00/01, Ip I/11

Nr: 25a



