FACULTY OF ENGINEERING
CHULALONGKORN UNIVERSITY
2110211 Introduction to Data Structures
YEAR I, Second Semester, Midterm Examination, March 4, 2014, Time 13:00 — 16:00
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wdumnulusiuwds n

void a(int x) {
if (x > 0) N .
a(x/2); gonsnstaule Wy O(

}

a(n);

map<int,int> m;
for (i = 0;i < n;i++)

Aons1n1siivle Wi ©
m[42] = i; (

list<int> 1;

for (i = 0;1 < n;i++) { .
fonsnisiule Ju ©
1.push_back(i); (

l.remove(i);

}

unordered_map<int,float> m;
for (i = @;1 < n;i++)

) fonsnsiule Wu O(
m[42] = i;

priority_queue<int> m;

for (i = n;i > 0;i--) .

fomsmaiivle Hu O(

m.push(i);
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a

void a(int x) {
if (x > 9)
a(___);
}
a(n);

[

fonsmaiivie Ju O(n)

list<int> 1;

for (i = @;1 < n;i++)
l.push_front(i);

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

1.remove( )

[

fonsmaiivie u O(n?)

map<int,int> m;
for (i = @;1 < n;i++)

m.insert(make_pair( , ))

[

fonsnsiivle Hu O(nlog n)

/7 @UUAI m 10U map<intint> Falldoyad n fogan
/7 easnannann mi = 1 (dunanlunisadne m Juan)

typedef map<int,int>::iterator Itr;

for (Itr it = m.begin();it!=m.end(); it++) {

m.

}

fomsnaiula Wu O(n log n)
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ms "sueenly” 1See 9 Tu Cuckhoo Hashing @1avinlinnissuduasu (@u X duy, Yy fiu z wag z dounduundu X)

Wainn1sAuluUIILE 15198818 U1AAN319 wag rehash Faaninsafigaiiladn dusauauli load factor deendn 0.5

feglutes h(y) eenluagluzos g(y) widh h(x) wiiiu g(y) i y fiegluges g(y) sonlueglutes h(y) duans

wey (@uuAdnfe y) 1519s "du" y egluges h(x) "eenly” lneduesanlveglutesilullagn

wen nsladeya (s9un1s rehash d1d) agldalaendedu O(1)
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(7 azuuw)  9agUvedlassaiadayandinis new wieasdeuandudilamiudayaineg deeludl

faoens: @319 singly linked list without header 7149) @314 binary heap 7149

(FVUALY 999914L589U1A 5 FDIRDUSUAL)

mSize mFirst

@313 non-circular doubly linked list with header 7199 | @$1s circular doubly linked list with header 714
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@514 binary search tree 114 a519 AVL tree 1199

@514 hash table with separate chaining 3199 @519 hash table with quadratic probing 1199
(Mmunliiass table aunn 5 Fosnauisudu) (AMvualiiass table au1a 5 FoInauisusiu)

(@ avwuy) M9t operator++ $1aaeiiiluves iterator ves AVL tree fladduilifiined 2 ussiia

Y

class tree_iterator {
protected:
node* ptr; (Wounauluvasinemiauan)
public:
tree_iteratoré& operator++() {
if (ptr->right '= NULL) {
ptr = ptr->right;
while (ptr = NULL) {
ptr = ptr->left;

o Ao B v
AeszyUITianie uazufluligndas

} else {
node *parent = ptr->parent;
while (parent->right == ptr) {
ptr = parent;
parent = ptr->parent;
}
ptr = parent;
}

return (*this);

bs

(5 Azuuw)  euilendu operator[] iueana list (Munausluesiuy circular doubly linked list with

= v o A

header) wielisnanunse Weu x[K] (éimilow vector) wiednsdsdstoyadan index k ves list x ifiesa1nidu linked

list #ariduilnsdoddiian O(n) waddndemereuldlassadrsdeyaningll weliinnwiian witasild

template <typename T>
class list { // aaaiivinuldanulsadnnacne da function uag class saadewniiaiaofiutayag1edeviniuy
protected:
class node { public: T data; node *prev; node *next; };
node *mHeader;
size_t mSize;
public:
T& operator[](int k) {

s
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8. (10 Avwuw) 3uTeuilendu toBalancedBST (vector<pair<KeyT,MappedT>>

v) iieains binary search tree #ildna (Resuliifiiivan) a1n vector of

pair<kKeyT,MappedT> Ingdoyalu vector dlagnizesiduainiesliunnaiuen

yosusn (First) veq pai r Soudosuda foghavu v 1y vector Afideyaidu {
(LAY, (2,87, (BX), (4,Y"), (5,°2%), (6,°A) } toBalancedBST( v ) o

Tadulddnennil @ananuisaadreflendudu q Wudulanusesnis wazltiodan map_bst dsndulisenldlamiiou

%] (&) (6]

std::map yndszng

map_bst<KeyT,MappedT> toBalancedBST(vector<pair<KeyT,MappedT>> v) {
map_bst<KeyT,MappedT> t; // create a new empty map_bst

9. udbuswazdenvednand priority_queue_using_map {l3a$na priority queue lnsende std::map lumsdaiiudoya
(wnufiaglfensdnudiliinausluduien) meluiidoys msize wuu size_t 1iAuduiudeya uas midu std: :map

a. (1 Az 2 uuad map MU map 713 key waz mapped value Wuussinnle (Feuludlusunsudisansi)

b. (9 Azuuy) 2Beuilaidu push(), pop() wa top() Tivieusnudl priority_queue asazvin (luvan O(log n))

template <typename T> // Wit T Judssiandoyaiidesd operator < udn
class priority_queue_using map {

protected:

size_t mSize;

std: :map< , > m; // wmeude 1) assidadulail
public:

// seute 2) Taedouilsidusolud
const T& top() {

}

void push(const T& val) {

¥
void pop() {

s




'
S

U MLATUIZING wauilu crss

10. (10 Azuuy) adeuileddu unzip(slist<T>& y) Wisuaana slist Ay sensuuvulsadealsiuiilifivuia (non-
circular singly linked list without header) Tne#lsidu unzip 5%‘1/‘1’wm55wasﬁ’aaﬂa€f'mﬂ, Fafiany, §a7 5, ... WUy
ety mnsad slist<int> x fiiiv 9,3,6,5,1,2,8 AgANEWIU MRS UTen X.unzip(y) wds X v 3,5,2 @y
Azifiv 9,6,1,8

mSize mFirst

5 » 19 » 2 > 8 —
A :l_

mSize Y mFirst

09 |
nasen x.unzip(y)
S * F
mSize mpFirst
3 » 5 2 —:l
) v
3 i -
. Yo
mSize mpFirst 9 V6 1 y 8 —
L v e
A :I_

danuun: Muldasenlduinislagues slist wie STL usawsalduinisves node 19, Lainsvinnuses unzip azdesldiiu

O(n) uaz 115ulseiudn y Aliunazdu slist 119 Tlifideyaiived)

template <typename T>
class slist {
protected:
class node {
public: T mData; node* mNext;
node() {.}: node(T data, node* next) {.}

néde* mFirst; int mSize;
public:
void unzip(slist<T>& y) { // Wuldaiiil
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(10 Azuuw) IneUnfud min binary heap sheluaziivinslumsauteyasaiitesiian uliaunsaaudeyaddug vie
uilotoyald dddunsldaunsssandy sianusidufsdesaunioutladeyadlag Tu heap Aldlunadusing
wvenlvldanunsngnadaddoyalarinumedsiiGondn Handle 1 Tnssasstioyaiidodn Addressable Heap (AHeap)
Foaiusmseaseluil

e AHeap(); @319 heap 119

e AHandle push(const T x); uin X wilulu heap wéviu AHandle lddwiusnedads x Tuewen

o T top(); Auteyaiifidiiengalu heap

e void pop(); ausﬁagaﬁﬁﬁwﬁaaqﬂu heap

e void deleteAt(const AHandle h); ausﬂ’aaﬂaﬁ h 9199389980970 heap

e void changeKey(const AHandle h, const T y); Lﬂﬁauﬁwaasﬁaa;&aﬁ h 9nededaldidu y

e bool empty(); AiuA1i1 heap 11eusoll

frgnanslgany AHeap MifiodnIs

AHeap<int> aheap; aheap.changeKey(h_d, 6);
AHeap<int>::AHandle = aheap.push(9); cout<<aheap.top()<<endl; // uani6 oonin
AHeap<int>::AHandle aheap.push(2); aheap.pop();

AHeap<?nt>::AHand1e _c = aheap.push(1); AHeap<int>::AHandle h_f = aheap.push (12);
AHeap<int>::AHandle h_d = aheap.push(8); AHeap<int>: :AHandle h_g = aheap.push (5);

> O S
Nn oo
)

cout<<aheap.top()<<endl; // wansl awnun aheap.deleteAt(h_e);

aheap.pop(); aheap.changeKey(h_f, 4);
aheap.changeKey(h_a, 3); cout<<aheap.top()<<endl; // uans 4 oonun
cout<<aheap.top()<<endl; // usns2 sonn aheap.pop();

aheap.pop(); cout<<aheap.top()<<endl; // uani5 oanu
cout<<aheap.top()<<endl; // udns3 sonn aheap.pop();

aheap.pop(); // aheap 14
AHeap<int>::AHandle h_e = aheap.push (7);

udsldAnvesdnds top, deleteAt, changeKey, fixDown, Swap lugesinetsarssieluillviauysal Ineldnanansaiiuda
wus,nilsndu veld STL Tnqils Tnerds deleteAt, changeKey,fixDown ag@edldinar O(log n) uaz Ads top uaz
Swap azdpsieuluian O(1) uag handle azlispauasudniaenasani return g insert laidayauuavgnivdeun

assfiny Tanlidesnsiadeuninugniesaes handle Tunis deleteAt, changeKey, liifiosiadn heap 319meu deleteAt

template <typename T>
class AHeap {
public:
typedef int AHandle;
protected:
vector<T> data;
vector<AHandle> hAti; // Handle at index i

vector<int> iOfh; // Index of handle i
vector<int> freeHandles; // Handles indices that can be reused
public:
AHeap (){}

AHandle push(const T x) {
Handle h = getFreeHandle();
data.push_back(x);
iOofh[h] = data.size()-1;
hAti.push_back(h);
fixUp(data.size()-1);
return h;

}

void pop() {
Swap(0,data.size()-1);
freeHandles.push_back(hAti.back());
data.pop_back();
hAti.pop_back();
fixDown(0);




UUNLLAYUTEINGN

LAt Crs8

1

T top() {

void deleteAt(AHandle h) {

}

void changeKey(AHandle h, T x) {

}
bool empty() {

return data.size() == 0;
}

void fixUp(int index) {
while (index > 0) {
int p = (index - 1)/2;
if (data[p] < data[index]) break;
Swap(p,index);
index = p;
}
}

void fixDown(int index) {

}
void Swap(int i, int j) {

}
int getFreeHandle() {

if (freeHandles.size() > 0) {
int t = freeHandles.back();
freeHandles.pop_back();
return t;

}
iofh.push_back(-1);
return i0Ofh.size()-1;
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12. (10 Azwu) Anlassasnedoya hash table Useian Cuckoo Hashing fildnanisludei 4 Wldgninnsideulassaisdeya

fanay dvsuiiudeyauszuan int iieanudie Mvualiilassadadeyailidnduseawinis rehash wazdeyaiaslddly

Huillamegdruauduuinminiy Gudseiuinbiifidn 0 wie Anau) way dvualiliileddu size_t h(int x) way size_t g(int

x) 39w hash function flazfureglutag 0 fv 2%-1ndunlit 1hddndeulasasadoyandilsidunoluil

cuckoo(size_t s) \{u constructor fia%e cuckoo hashing Fafawamsasugudu s

~cuckoo() 1u destructor vesnanail

bool find(int val) #1311y hash table ﬁﬁsﬁayja val agvisely 11 return true Lﬁawwﬁayjawhﬁ?u

void remove(int val) vin1saudeya val eanain hash table i

bool insert(int val) ¥inuthilladeya val aslulu hash table il Tnavauen true danunsatadeyadilula ndafe

Luiléifiveya val eglu hash table fiunneu waz nsld val ladvinliAanisleuanduiam

s

class cuckoo {
protected: // Uszmemulsiidesldnsedl

size_t h(int val) { ... } // ilhash function h(x) Mlfoguér (Fud @ fs 2%-1)
size_t g(int val) { ... } // ilhash function g(x) Mldoguér (Fud @ fs 2%-1)
public:

cuckoo(size_t s) {

~cuckoo() {

}
bool find(int val) {

}

void remove(int val) {

}

bool insert(int val) {
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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 #lflst void push_back(const ValueT& val);

listusr vector void pop_back();

iterator insert(iterator position, const ValueT& val);

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

iterator erase(iterator first, iterator last);

Modifier #lflsiowe [void push_front(const ValueT& val);
list 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);
pair<T1,T2> make_pair (T1 x, T2 y);
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