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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.  Vad karakteriserar kodningstréd i Huffmans algoritm?
a. trédet ar ett AVL-trad
b. deltrddens inbdrdes ordning ar ovasentlig
c. minst en nod har ett barn
d. inget av ovanstaende

2. Ensorteringsalgoritm som gor successiva jamforelser av tva element i taget maste vara
O(N?)

O(N log N)

Q(N?

O(N log N)

inget av ovanstaende

o0 o

3. Hur manga ganger exekveras rad 4 i foljande kodavsnitt?
1 for (int i =0; i <N i++)
2 for (intj =i; | <= N j++)
3 for (int k =i; k <=j; k++)
4 Sumt+;

O(N)

O(N?)

O(N?)

O(N%)

inget av ovanstaende

® o0 o

4.  Vilket ar det mest troliga resultatet nér en rekursiv berakning inte narmar sig basfallet?

a. kompilatorn gar in i en oandlig loop
b. man far ett kompileringsfel
C. minnet tar slut
d. den rekursiva funktionen gar in i en oandlig loop
e. den rekursiva funktionen terminerar med ett felaktigt véarde
f. inget av ovanstaende
5. lett prefixuttryck satts operatorn fore operanderna. Vilken/vilka ar prefixform for

postfixuttrycket'ab+c*de—-/"?
a. /-ed*c+ba

b. /*+abc-de
/-de*+abc
/-de*c+ab

tva ar mojliga

inget av ovanstaende

-~ a0

(10 p)
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Uppgift 2
Enkellankade listor kan byggas upp av noder av foljande typ:

tenpl ate <class T>
struct Node {

Node( const T & d, Node<T> *n ) : data(d), next(n) {}

T dat a;

Node *next;
1
Definiera rekursivt den generiska funktionen zi p som tar pekare till tva listor som argument och
returnerar en pekare till en lista av par som &r en elementvis sammanflatning av
argumentlistorna. Om listorna har olika langd kastas undantaget st d: : | engt h_error.

tenpl ate <class T, class U>
Node< Pair<T, U> > *zi p( Node<T> *| 1, Node<U> *|2 )
throw (std::length_error);

Par representeras med klassen:

tenpl ate <class T, class U>

class Pair {

publi c:
Pair( const T & f, const U& s ) : fst(f), snd(s) {}
T first() const { return fst; }
U second() const { return snd; }

private:
T fst;
U snd;
b

Exempel: Om 11 innehaller 1 2 3 och 12 'a' 'b' 'c' sa skall 13 peka pa en lista som innehaller paren
(1,/a), (2,'0") och (3,'¢).

Node<i nt> *| 1 = new Node<i nt>(1, new Node<i nt >(2,

new Node<i nt>(3, NULL)));
Node<char > *1 2 = new Node<char>('a', new Node<char>('b'",

new Node<char>('c', NULL)));
Node< Pair<int,char> > *13 = zip(l1,12);

(10 p)
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Uppgift 3
Binéra trad kan byggas upp av noder av foljande typ:

tenpl ate <class T>
struct TreeNode {
/'l NMake a | eaf
TreeNode( const T & x ) : data(x), left(NULL), right(NULL) {}
/'l Make an internal node
TreeNode( TreeNode *|, TreeNode *r ) : left(l), right(r) {}
T dat a;
TreeNode *left, *right;
bool islLeaf() const { return left == NULL & right == NULL; }

1

Ett 16v representeras alltsa som en nod med tva tomma deltrad. Om man utnyttjar I6vnoderna for
informationslagring men inte de inre noderna kan man t.ex. anvanda typen for att representera
kodningstrad.

Def. Randen av ett trad (eng. fringe) ar en upprakning av tradets I6v fran vanster till hoger.

Exempel: nedanstaende trad har alla randen a, b, c. * Randen "glommer" alltsa tradets inre

A A
AL AT TN TN

a C

a) Implementera funktionen

tenpl ate <class T>
Li st<T> fringe( const TreeNode<T> *aTree );

som returnerar randen av ett trad som en lista av innehéllet i I6ven. For traden ovan skall
alltsa f r i nge returnera en lista innehallande a, b, ¢. Funktionen skall vara rekursiv.

8p)
b) Implementera funktionen sameFr i nge som avgor om tva trad har samma rand:

tenpl ate <class T>
bool saneFringe( const TreeNode<T> *tl1, const TreeNode<T> *t2 );

(2p)

For att underlatta Isningen ar listklassen i bilagan nagot utvidgad jamfort med kursbokens
version. Dessutom finns till din hjalp den fardiga funktionen append for att satta samman tva
listor, den skapar en ny lista som ar sammanséattningen av innehallet i de tva argumentlistorna | 1
ochl 2:

tenpl ate <class T>
Li st <T> append( const List<T> & |1, const List<T> & 12 );

! Traden i exemplet &r ej avsedda att vara kodningstrad.
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Uppgift 4
En hashtabell innehaller foljande heltal
0| 39
1
2141
3
4
5
6
7
8
9
10
11
12| 77

Hashfunktionen definieras Hash(x,M) = x mod M, déar M &r antalet platser i tabellen..

b) Ange tabellens utseende vid linjar resp. kvadratisk sondering efter operationerna: >

Insert(60); Insert(64); Renove(39); Insert(12); :

(3p)
c) Antag att man vill satta in fyra element a,..., a4 i en tom tabell med atta platser och att
hashvéardet rakar bli samma for alla fyra. Kvadratisk sondering anvands och tabellstorleken &r
fixerad till atta platser. Forklara vad som hander!
(3p)

2 sondering = probing
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Uppgift 5
En graf representeras av grannmatrisen

A0 |4 || |0 |0 |0 |00

B|ow |0 |ow|ow|ow|ow]|ow]|ow
C|3|1|0|w|12({6 |3 |
D2 | |4 |0 |15/ |8 |
E|[ow|oc|oc|[ow|0|ocw|fow]|ow
Flo|c|[ow|[ow|6|0|cw]|3
G|ow|ow|ow|ow|w|[1l]|O0]2
H | o |oc [oc|o]|o]|oc|[cw]|O0

a) Rita grafen efter samma monster som i kursboken.
(2p)
b) Ange noderna i de kortaste oviktade vagarna, resp. de kortaste viktade vagarna fran nod D till
samtliga dvriga noder.
(2p)
c) Gar det att ge en topologisk ordning av noderna? Ange i sa fall en sadan, om inte forklara
varfor det inte gar.

(2p)
Uppgift 6
Om H &r den binara hégen
a) Hur ser H ut efter tre anrop av DeleteMin?

@p)
b) Hur ser H ut efter inséttning av talen 15, 20, 6, 2 med operationen Insert?

@p)
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Uppgift 7

De flesta banker har ett maxbelopp samt en grans for hur manga uttag som far goras under en 24-

timmarsperiod. Antag t.ex. att en viss bank tillampar foljande villkor:

o Maximalt 10 uttag om totalt hogst 5000 kr far goras under en sammanhangande 24-
timmarsperiod, oavsett ev. inséttningar under perioden.

o Uttag under 300 kr belastar kontot med en smauttagsavgift om 10 kr.

o Uppkommer negativt saldo pa kontot belastas kontot med 100 kr i 6vertrasseringsavgift.

o Uttag kan ej ske fran konto med negativt saldo.

Klassen Kont o modellerar ett bankkonto:

cl ass Konto {
publi c:
Konto( int startSaldo, // kontots startsal do
i nt period, /'l | 6pande period i timmar
int maxUtt ag, /1 max antal uttag per period
int maxBelopp ); // max uttag under | 6pande peri od
int saldo() const { return _saldo; }
int transaktion( int belopp );
private:
int _sal do;
1

Komplettera klassen Konto. Infor ytterligare nddvéandiga dataattribut samt implementera
operationerna. Ev. hjalpfunktioner far inforas som privata medlemsfunktioner. | funktionen

t ransakt i on tolkas positivt belopp som inséttning och negativt som uttag. Funktionen skall
returnera insattnings/uttagsbeloppet vid lyckad transaktion, och 0 om uttag ej medges. Anvand
lamplig datastruktur for att halla reda pa uttagen. Funktionen t i me returnerar antalet sekunder
som forflutit sedan 1971-01-01. Till din hjalp finns foljande typ for att tidsstampla uttag:

struct Utag {
i nt bel opp; /'l uttaget bel opp
time_t tidpunkt; /1 tidpunkten for uttaget
Utag() : belopp(0), tidpunkt(O0)
Utag( int b) : belopp(b), tidpunkt(tinme(0)) {}

(12 p)
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BILAGOR TILL TENTAMEN

/] Set class interface

I

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

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

// R R R S I S I R R R I S I I pub|IC OperatlonS IR IR R I S S R R I S I I
/1l Set operator+= (int) --> Add an integer to the set

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

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

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

/'l bool operator== (Set) --> Equality relation

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

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

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

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

/] 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); /| copy constructor
~Set () ; /] destructor
Set & operator += (int x); /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; /] 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:

[/l Data representation ..
};
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/'l List class interface
I
/1 Etype: must have zero-paranmeter and copy constructor
/1 operator! = nust be provided
/1 CONSTRUCTION: with (a) no initializer;
/1 copy construction of List objects is D SALLONED
/1 Deep copy is supported
/1l Access is via Listltr class
;; ******************PUBLI C G:)ERATI O\IS*********************
[l int IsEmpty( ) --> Return 1 if enpty; else return O
[ int IsFull() --> Return 1 if full; else return O
/1 void MakeEnpty( ) --> Renove all itens
tenpl ate <class Etype> [/ Inconplete class declaration
class Listltr; /1l so friend is visible
tenpl ate <cl ass Etype>
class List {
public:
List( );
List( const List &rhs ); /1 copy constructor
~List( );
const List & operator=( const List & Rhs );
bool operator==( const List &hs ) const; /1 equality
int IsEnmpty( ) const;
int IsFull( ) const;
voi d MakeEmpty( );
private:
List( const List &) { } // Disable copy constructor
/! Data representation ...
3
/'l Listltr class interface;
Il
/] Etype: sanme restrictions as for List
/] CONSTRUCTION: with (a) List to which Listltr is permanently
/1 bound or (b) another Listltr;
/1 Copying of Listltr objects not supported in current form
11
// ******************PUBLI C G:)ERATI G\IS*********************
/1 void Insert( Etype X ) --> lInsert X after current position
/1 int Renove( Etype X ) --> Renove X
/1 int RenmpbveNext () --> Renove next cell
/1 int Find( Etype X)) --> Set current position to view X
/1 int IsFound( Etype X ) --> Return 1 if X would be found
/1 void Zeroth( ) --> Set current position to prior to first
/1 void First( ) --> Set current position to first
/1 void operator++ --> Advance (both prefix and postfix)
/1 int operator+( ) --> True if at valid position in |ist
/1 Etype operator( ) --> Return itemin current position
// ******************ERRmS********************************
/'l Predefined exception is propogated if new fails
/1 EXCEPTION is throwmn for illegal access, advance,
/1 insertion, or First on enpty list
Version: 2001-08-22 Algoritmer och datastrukturer, LET373 0199, DAI 2, 00/01, Ip I/11 Nr: 26a
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tenpl ate <cl ass Etype>
class Listltr

{
publi c:
Listltr( const List<Etype> & L );
~Listitr( ) { }

/1 Insert X after Current position

/1 Errors: Current position is NULL or menory is exhausted
/1 Current: Set to new node on success; unchanged ot herw se
void Insert( const Etype & X );

/1l Set Current position to first node containing X
/1l Returns: 1 if Find is successful, 0 for failure
/1 Current: is unchanged if X is found

int Find( const Etype & X );

/1l Returns 1 if Xisinthe list, 0O otherw se
int IsFound( const Etype & X ) const;

/'l Renoves first occurrence of X; do nothing if X is not found
/! Returns: 1 if renove succeeded, 0 otherwi se

/1l Current: is noved to the header if X is deleted

i nt Renmove( const Etype & X );

/'l Renove next cell

/! Returns: 1 if renove succeeded, 0 otherw se
/!l Current: is not noved

i nt RermoveNext ( );

/! Returns 1 if Current is not NULL or Header, O otherw se
int operator+( ) const;

/1 Returns the Elenent in Current node
/1 Errors: If Current is pointing at a node in the |ist
const Etype & operator() ( ) const;

!/l Set Current to the header node
void Zeroth( );

// Set Current to first node in the |ist
[l Errors: If List is enpty
void First( );

/1l Set Current to Current->Next; no return val ue
/1 Errors: |If Current is NULL on entry
voi d operator++( );
voi d operator++( int );
private:
/1 Data representation

b
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recently inserted item
recently inserted item
Return 1 if enpty;
Return 1 if full;
itens

else return O
else return O

***ERRmS********************************

/] Queue class interface

11

/1 Etype: must have zero-parameter and constructor

/1 CONSTRUCTION: with (a) no initializer;

/1 copy construction of Queue objects is DI SALLONED
/1 Deep copy is supported

11

// ******************PUBLIC G:)ERATI O\IS*********************
/1 void Enqueue( Etype X )--> Insert X

/1 void Dequeue( ) --> Renove | east

/1 Etype Front( ) --> Return | east

/1 int IsEmpty( ) -->

{1 int IsFull() -->

/1 void MakeEnmpty( ) --> Renove all

// kkkkkhkkkhkkkkkkhk*k

/1 Predefined exception is propogated if new fails

/1 EXCEPTION is called for Front or

tenpl ate <cl ass Etype>
cl ass Queue
{
public:
Queue( );
~Queue( );

Dequeue on enpty queue

const Queue & operator=( const Queue & Rhs );

voi d Enqueue( const Etype
voi d Dequeue( );

const Etype & Front( ) const;

int IsEnmpty( ) const;

int IsFull( ) const;

void MakeEmpty( );
private:

Queue( const Queue &) { }
/! Data representation ...

b

/] |nsert
/! Renobve
/! Find

& X);

/1 Disable copy constructor

Version: 2001-08-22
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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 cl ass interface

Et ype: must 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

******************PUBLIC G:)ERATI 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 IskFull( ) --> Return 1 if full; else return O
voi d MakeEnmpty( ) --> Renove all itens

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

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

******************ERRmS*****************************

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 nar yHeap

b

public:
/1 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 mai ntai ning heap order
void Insert( const Etype & X);

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

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

/1l Delete minimumitemin heap
void DeleteMn( );
void DeleteMn( Etype & X );

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

int IsEnmpty( ) const;

int IsFull( ) const;

voi d MakeEmpty( );
private:

/1 Data representation
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SearchTree class interface

Et ype: must have zero-paranmeter and copy constructor,
and must have operator<

CONSTRUCTION: with (a) no initializer;

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

int Renove( Etype X ) --> Renobve 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 ndMax( ) --> Return largest item

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

******************ERRmS********************************

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

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

// Renmove minimumitemfromthe tree. Return true if successful.
bool RemoveM n( );

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

/!l Return maximumitemin tree. If tree is enpty,
/1 return ItenNot Fund.
const Etype & FindMax( ) const;

/! Return itemXintree. If Xis not found, return |tenmNot Found.
/! 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;

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

protected: // private data representation
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/1l PreOrder class interface; maintains "current position"

I in Preorder Tree Traversal

11

/! Etype: same restrictions as for BinaryTree

/1 CONSTRUCTION: with (a) Tree to which iterator is bound

{1 Al copying of PreOrder objects is DI SALLONED

11

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

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

// ******************ERROQS*********************************
/1 EXCEPTION is thrown for illegal access or advance

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

11

/! Etype: same restrictions as for BinaryTree

/1 CONSTRUCTION: with (a) Tree to which iterator is bound

/1 Al copying of PostOrder objects is D SALLONED

11

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

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

// ******************ERRmS*********************************
/1 EXCEPTION is thrown for illegal access or advance

/1l InOrder class interface; namintains "current position”
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Exenpel :

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