FACULTY OF ENGINEERING
CHULALONGKORN UNIVERSITY

2110211 Introduction to Data Structures
YEAR II, Second Semester, Midterm Examination, May 6, 2015, Time 13:00 — 16:00
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1. (10 Azuuw) adesgisnsmaiulavesdiuredusunsuseluil asstuanuiuadannigs Inslideueglugudynsel

Wadumiuludus N

int a(int n) {

if (n > @) n = 3*a(n/2) + a(n/2); " - .

return n; ’ fidnsnsiiule 1u O( )
}
// x is a vector of N elements
void anal(vector<int> &x) { oo A o

x.insert(x.end()-1, 99); fidnsnsiiule 1u O( )
}
// x is a list of N elements
// (circular-doubly-linked with header)
void ana2(list<int> &x) { .

x.push_back( x.front() ); x.pop_front(); fidnsnsiiule 1u O( )
}
// x is a priority queue of N elements (min
binary heap)
void ana3(priority_queue<int> &x) { .

x.push( x.top() ); x.pop(); ﬁ“ﬁiﬂﬂTﬁﬁiﬁmLihg()( )
}
// x is a map of N elements (AVL tree)
int ana4(map_avl<int,int> &x) {

return x.begin()->first; )
} fionsnsiiule 1Wu O( )




PUNLLAVU LI W@V CR58

o a

(5 AzLUY) ALFUARNBUATLUTBINY WislrilaidunalUll Tonsinsiiulavasiainisviranudulusunsivunli

void b(int n) { o o o
if (n > @) fignsnsiiule Hu O(log n)
b(_____ )
}

// x 1s an empty
// (non-circular-singly-linked with header)
void ana5(list<int> &x, int n) {

for (int i =0; i < n; i++) {

fignsnsidule 1Wu O( N )

X.push_back( );

}
}

// x is an empty priority queue (min binary heap)
void ana6(priority_queue<int> &x, int n) {
for (int i = 90; i < n; i++) {

fignsnsiiule 1Wu O( N )

x.push( )

}
}

// x is an empty map_bst (binary search tree)
void ana7(map_bst<int,int> &x, int n) {
for (int 1 = 0; i < n; i++) {

a o a 2
fidnsnsiivla 1 O(N°)

X.insert( make_pair( > 99) );

}
}

// x is an empty unordered_map d5msnsieuls Wy O rﬁ
// (separate chaining hash table ( )

// with the table size of 13 and no rehashing)
void ana8(unordered_map<int,int> &x, int n) {
for (int 1 = 9; i < n; i++) {
x[ i*13 ] = 99; // assume no rehashing

}
for (int 1 = 9; i < n; i++) {

find( )5
}

dan

(10 AxuuY) ngongl uaz ngong2 Wuilsidueglu class list NTiEnlMSaulaTasauaznsiunelufuluioi &

Ul x1 wag x2 Wu lst Tlassadrinieludsgudneansi

x1

S T e T T
mSize mHeader / 20 3 41 23
C _——

X2 — D
e Sy I e e ] s e 8 ) B e B e S A
- ——

void ngongl() { naude 3.3
node *p = mHeader;
do {
node *q = p->prev;
p->prev = p->next;
p->next = q;
p =49
} while(p != mHeader);
}
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void ngong2() {
if (size()<=1) return;
node *pl = mHeader->prev;
while(pl != mHeader) {
node *q = mHeader->next;

ABUVD 3.3

while(qg->next != mHeader) {
if (g->data < g->next->data) {
node *p = g->prev;
node *n = g->next;
node *nn = n->next;
p->next = n;
nn->prev = q;
g->prev = n;
g->next = nn;
n->prev = p;
n->next = q;
} else {
q = g->next;
}
}
pl = pl->prev;
}
}
81ANTIVIN

3.1 MeINAES x1. ngongl ()vieu awiUdeulassasianielu x1 egrsls (Madudousng q Tiasulugudnsaisi)

x1
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2ol 0] ) [l ] 1128

ENE

3.2 M3RINAIAY x2. ngong2() v zdeulassairanelu x2 el (Madudeusing q Tiasulugudneani)

X2

mSize mHeader | | |20| I |
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(1) wdsIndiy 9

(2) Wiy 4

(3) wda@niiy 5

(@) wdRniiy 6

5. (10 AzULY) JFANMISUEBLUUTIBgdn (Open Addressing Hash Table) Ineldilaiduusvsissiolud

h(x) = (x % 13) lnedayade 1, 10, 3, 9, 24, 50, 14, 27, 23, 40

auaeulagldnisuinisyunuuiidsass (Quadratic Probing) Iaeimnasududunisneing ngliidounaveanisld

ToyaflaziadlUluwiazuaivemnsiadiansd

[0] [1] [2] (3] [4] (5] (6] (7] (8] 9] (101 | 111 | [12]

CPRELN) 1
W&39n Wi 1

W&397n Wi 10 1
W& iy 3 1
W& LAY 9 1
W&9n iy 24 1
W&397n Wi 50 1
w&wn Wy 14 1
W&a9n Wi 27 1
W&9n Wi 23 1
W&391n Wi 40 1

push_back(T &e) dsvinisiindeya e Tugdawinuvingues list 1 Tuilaidu push_back ¥uiFen insert

(5 Azwu) dmsulaswaietoyauuy Singly Circular Linked List @sillassainedsiiognslugy aadeuilandu void

template <typename T>
class list {
protected:
class node {
public:
T data;
node *next;
node ()

s
node *mLast;
size_t mSize;

public:

: data(T()), next(NULL) { }
node(T e, node* a_next) : data(e), next(a_next) { }

G-

—

/ /panaififleidudy o enuusniivnedns wazanunsaentdld insudluaneilaidu push_back wintiu

mSize

2

mlLast

P
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void push_back(T &e) {

}
1

(6 AzLUY) ANEIUYIlUTUATUAUAIUBIRAS rotate_left child, rotate right child uaz rebalance ¥8s map_avl Fadu

AVL Tree Wiauysal lnglvilidaduanzusiundadulimit

node *rotate_left_child(node *r) { node *rebalance(node *r) {
node *new_root = r->left; if (r == NULL) return r;
r->set_left(new_root-> ) int balance = r->balanceValue();
if (balance == -2) {
new_root->right->set_height(); if (r->left->balanceValue() == 1)

new_root->set_height();
return new_root;

} } else if (balance == 2) {
node *rotate_right_child(node * r) { if (r->right->balanceValue() == -1)
node * new_root = r->right; r->set_right(rotate_left_child(r->right));
r->set_right(new_root-> )5 r = rotate_right_child(r);
}
new_root->left->set_height(); r->set_height();
new_root->set_height(); return r;
return new_root; }
}

8.

9.

(5 Avuu) BUuuuninia (Binary Heap) tufllassasaluduliininng (binary tree) FausiazUuignliiiuaesuu Tivinis
sanvasBuuuuning lnewdewnnnistdduliviaie uduldlnsnea (3-ary tree) Faiuliifinanvzigniiuau 3 gn unud

axdlud 2 gn Inedindnnisvheuesdutudadumiiowdy sadeuileidu FixDown vesdulasniall

template <typename T,typename Comp = std::less<T> >
class priority_queue {
protected:
T *mData; size_t mCap; size_t mSize; Comp mLess;
/ /eenaiifiteddudu 4 munsnfiynegns wazansnsadenldld Tivimsudluameiteidu FixDown wiu
void fixDown(size_t idx) {

}

1

(10 AzuuL) 0TUARNATIVINILLUY priority queue wuuAund1Aty vasdeayaduviuiu tnglildansdlunisfiudeya
Amualiaundnvesnanadldun mData Wuesdues int dmsuifiudeya msize Wudnnudeyalu priority queue 7851

< ca v [ a o 1 29 v o v a a A o v e vo v
war mCap Uuruinvesensdilaandlinad audsuisntusslUilivhanusieussansnmiinuuali uenaind Tadunadingiu

Julldaefinnsladayadhunauiisinudayauinnil mCap 3udu aaraideuluiiazdessesiunsinudnaie
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@ Y

® void push(int x): 181 x 1fiu priority queue Fodldiaal On) (Fesfiasaunnsdifilddeyaiiuneunideyasgifudie)

= 1

® int top(): AsAndidn

o

igaluensisdeanun desldian O(1)

® void pop(): wefiddaiigaluensisdnisly sedddiian O(1)

class MyPriorityQueue {

protected:
int* mData;
int mSize, mCap;

public:
MyPriorityQueue() { mData = new int[1]; mCap = 1; mSize = 0;}
~MyPriorityQueue() { delete mData; }
void push(int x){

}

int top(){

}

void pop() {

}

1

10. (10 ;Azuuw) lassaiadeyauuy Hash Table Wuiilsnmsuinisvuiuegaeawuufe Open

! < = !

Addressing (OA) ua¥ Separate Chaining (SC) Fsshsfififeruazdaidounndnaiuly Tu

fofhsnarfinnsannsudnsruuulndfsenmsufmssuiaomuudl et 0 % 177
39i1 Coalesced Hashing (CH) daifiBnsvhanudell nilswadlummausvasiudoye .

wilsauduieatu oA uihluuiasdestuunuiivndusuusussann T iagliFuysd

Ju pointerlﬂé"\i class node 83 singly linked list (il pointer o next Lmﬁ%blﬂé'& 2 "2
Hoyasadialy) wnu Taefwuliidn pointer fandrafu null asuanaiidestiuing uidh 5

pointer dandmalafly null Anansiestinanidoyany dmudesiiifoyatiu fuus R

next vasUlutosanannastlugs “gosiiiudeyadafinluil hash inasdeaieniy” ‘ -
vienamsntievilsde CH tufife separate chaining 7ild@assing 9 ity 1 Yy unui 5 » 16 <
swgenliviladeafulivansuutiues sUmnanilouanssog1awes Coalesced Hashing o 1 <
dnsunslatoyatiu I h(x) fedn hash vestioya x §1dee h(x) 919 151RazadneUuiid

Foua x uazdl next 1u null wil¥ pointer vosdas hix) tusiiniiuudingn usdvos ! 8

h() lai319 1579890991 TneFumann “tesanving” veswnnnausy udldgiiavtes LI

§oUANNTOY 9 IWNTLNUYRIIN AuNFl a Fevunelavyeening isnazaisluliiniiveyandeinisayld uailvides a tuy
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witvalvald] wenarniuuds inaznduldlaguuaintes hix) Tagagdsna pointer next GBududt h(x) TUGes 9 aunszits next
fiAnfu NULL uda39l next westosdanantiudaaluton a wiu isasdiulddn nislavnadulu cH duasadiondstuns
dauadlulushumisheanves list dues sUlumihiuduinannistadeya o, 2, 4, 8, 12, 16 anuadu el hix) = x % 8
safguilaridudmsu class coalesced_hash dwiufiudayausznm int Inglideuseazideavesilaidu void insert(int e)
dmsunsifindeya e adlulu CH waziladdu bool find(int &) dwsusuminiideya e oglu CH uislsl Tnalhauny
sUsuUas CH Aldesunel ity fasualif hash function h(x) = x % wuavesmsns ludied Tiodnae hash Suunelg

=~ o & Y a aNal v
LWEIND (11]?]'1LUUW@QWQ75m7ﬂim‘mmaﬂ‘ﬂﬁnﬂ(ﬂqiqﬂ hash)

class coalesced_hash {
protected:
class node {
friend class coalesced_hash;
protected: int data; node *next;
public:
node() { }
node(int a_data,node *a_next) : data(a_data), next(a_next) { }
¥
vector<node*> mBuckets;
int mSize;

public:
coalesced_hash() { mBuckets.resize(1007); mSize = 0; }

bool find(int e) {

}

void insert(int e) {

}

1

11. (10 Azuuw) dwsudulsidumuuuninig (Binary Search Tree) Hu 1513ents x iy “Unussnygy” vesy a Areidlo
Gumnsandusnludaa a Suagessiuli x deu fvuals “Unusmnygeiindingn” 1o a way b Aoy x fluduusen
yywwesieU a uag U b st x duasdesegineanuusininniian dusuaaia CP:map_bst tu aadeuilsidu iterator
find_ca(iterator ia, iterator ib) Bsazfu iterator AlUS UL “UsTnyguirndngn” veaUx a uaw b uenand ilsidutasdes

Liwasuwlastoyala 9 aelusulilaedinuin Sudseiuiniivy a, b aglusiuld
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template <typename KeyT, typename MappedT, typename CompareT = std::less<KeyT> >
class map_bst { //ea1a map_bst, iterator uaz node fiflafidudu 9 muusnAvneds wavanunsasenldlinudsn

protected:
typedef std::pair<KeyT,MappedT> ValueT;
class node {
protected: ValueT data; node *left; node *right; node *parent;
s
class iterator {
protected: * ptr;
public:
iterator() : ptr( NULL ) { }
iterator(node *a) : ptr(a) { }
s
node *mRoot; CompareT mLess; size_t mSize;
public:
iterator find_lca(iterator ia, iterator ib) {

1

12. (15 Azuu) langdetliduniseenuuulasaiiesdoyadmsuiuledeumisdessulatl Yo CPReadr lng CPReadr tiuazifi
Foyaviisdeagidudiuaunn Uszana 1,000,000 i) nddoutasauaziitoyaduieluil Foviisdady string, Tofuradu
string, Teya pdf vewnlsdailiu vector<unsigned char> (unsigned char Wudeyavwn 1 byte), foyanzuuniivemide
iaufanan wazgevinedeya “Ussion” vemilde esnnddewaziauenaasiuldvarsyssam dmsumilsdeusasiau
tutoyaUssavazusznoude string nanes Tasfideya string uwiasdfodeussinmuamiisde (Wu uilsde “Linear
Algebra” 98¢ “Jim Hefferon” mﬁ]%gﬂfﬂ“’mﬂuﬂizmw “textbook” WAz “math” Wiau ¢ i)
msUTeandeavemdousaziduiniudel

'
A v o

® snaunsasenuurrisdauwnaziaulamederiideniaunadenwsd Inansannivisdevaneaunivenisdewilou

U

wATeKwAwaiY waziiviladevasunvedusisvdeuiuwstenidelinilouiu

o wilsdoustozidufiussnueslsifu 3 Ussanuasvilsderoun fussnuiuandetuismmalsiiu 999 Yssnv

e doya pdf tullarmeann lasiadsogil SMB

o doyairduibudiuiuaie Sedaust 0.00 v 10.00 Fuuseiudnlifivddeseudula « fazuuuitwiiy
Sules CPReadr tuaglsiuinmsdummilsdadedenilidontoudedorun uasiomansioyasa 4 vemdsdamditiy
yenaNil Lﬁ'a;ﬂ%ﬁwmﬁfﬁawa Suladiazuuzimddedudu q Wnsnde Tneduledasuusimilderiiussnnmilout

WLainT (Fheghady misdewuviaiussinmiy {“text”, “romance”, “kid”} a¥fonAUIELLANATIAU {“romance”,

“text”, “kid”} walinsaiu {“text”, “romance”, “kid”, “math”}Ima%LLusﬁmﬁ'ﬁaﬁﬁUssanmaﬁuﬁﬁ%uuﬁ%qaqm K

SUFULSN UONANT SYUVILFDIANLNTa Wi, an wtlidelade

n)  29BUILAITBBALUUAANE Book ﬁﬁwﬁwﬁLf"iu%;ﬂawﬁ'ﬁwﬁaLfiumm%aga%ﬂﬂéfu Inglillgy code Y0IAANERINGT
Fusmdousvyiemaiiuiaundnuasilsfiuerlsths uasvimihiivieliuimserls

o

class Book {

1
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penuuulasiaiiadaya CPReadr Ingliilisunana CPReadr Mldnuldass Fuiosiiuinsduialull

CPReadr() 1lu constructor MagsaasannauldanuLaye

void add_book(string title, string author, vector<unsigned char> pdf, vector<string> type, double score) Ju
nsiiiuntsderinlulussuu Inedieiiumisdeudiazliinswisunuasteyala o vewmilsde

Book* search(string title, string author) Lun1sAunmisdeainteisosuastoguas drladlifua NULL;
void remove_book(string title, string author) lun1sauniisdesenanszuu (UulUlafieglifinidedanaieg)

vector<Book*> recommend(Book &b, int K) 1unsyviladaunuziihitiuseinnassiumiade b Aazuuusii
gean K dudu (Wsedseindedlivugdmiiade book wareaavinisdeiiiussinmaseiulaits K)

class CPReadr { //TWdsusSuemuhandnusasialunanaiimiiiudeyaesls

1
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Common

All classes support these two capacity functions;

Capacity

size_t size(); // return the number of items in the structure
bool empty(); // return true only when size() ==

Container Class

All classes in this category support these two iterator functions.

Iterator

iterator begin(); // an iterator referring to the first element
iterator end(); // an iterator referring to the past-the-end element

Class vector<ValueT>, list<ValueT>

Element Access

operator[] (size_t n);

Modifier il
listusz vector

void push_back(const ValueT& val);
void pop_back();

iterator insert(iterator position,
iterator insert(iterator position,
iterator erase(iterator position);
iterator erase(iterator first, iterator last);

const ValueT& val);
InputIterator first, InputIterator last);

Modifier dfldlsane
list

void push_front(const ValueT& val);
void pop_font;

void remove(const ValueT& val);

Class set<ValueT,CompareT = less<ValueT> >,
unordered_set<ValueT, HashT = hash< ValueT >, EqualT = equal to< ValueT > >

Operation iterator find (const ValueT& val);
size_type count (const ValueT& val);
Modifier pair<iterator,bool> insert (const ValueT& val);

void insert (InputIterator first, InputIterator last);
iterator erase (iterator position);

iterator erase (iterator first, iterator last);
size_type erase (const ValueT& val);

Class map<KeyT, MappedT, CompareT = less<KeyT> >
unordered_map<KeyT, MappedT, HashT = hash<KeyT>, EqualT = equal_to<KeyT> >

Element Access

MappedT& operator[] (const KeyT& k);

Operation iterator find (const KeyT& k);
size_type count (const KeyT& k);
Modifier pair<iterator,bool> insert (const pair<KeyT,MappedT>& val);

void insert (InputIterator first, InputIterator last);
iterator erase (iterator position);

iterator erase (iterator first, iterator last);
size_type erase (const KeyT& k);

Container Adapter
These three data structures support the same data modifiers but each has different strategy. These data
structures do not support iterator.

Modifier

void push (const ValueT& val); // add the element
void pop(); // remove the element

Class queue<ValueT>

Element Access

ValueT front();
ValueT back();

Class stack<ValueT>

Element Access

ValueT top();

Class priority _queue<ValueT, ContainerT = vector<ValueT>, CompareT = less<ValueT> >

Element Access

ValueT top();

Useful function

iterator find(iterator first, iterator last, const T& val);
void sort (iterator first, iterator last, Compare comp);

// find by iteration, using O(N)
// sort, using O( N log(N) )

pair<T1,T2> make_pair (T1 x, T2 y);

10




