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2110211 Introduction to Data Structures
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11 (5 Azuuw) adnszidnsnsiulavesdiuvedivsunsuselull Tiassdiuaanuduasanniige Inelideuedluzudynsal

Wadumauluakus N

// x is a vector of N elements
int al(vector<int> &d, int e) {
int k = -1;
for (int i=d.size()-1; i»>=@; --1i)
if (d[i] == e) k = i;
return k;

}

fionsnmsiule 1u O( )

// x is a vector of N elements
void a2(vector<int> &x) {
for(int i=0; i<10; i++)

X.insert(x.begin(),x[0]);

fidnsnsiivla 1u O( )

}

// x is a list of N elements

// (circular-doubly-linked with header) e - o

void a3(list<int> &x) { fghsnsiivla Wu ®(—)
x.insert(x.begin(), x.back());

}

// x 1s a vector of N elements
priority_queue<int> a4(vector<int> d) {
priority_queue<int> q;
for (int i=0; i<d.size(); i++) q.push(d[i]);
return q;

fionsnmaiule Wu O( )

}

// x is a map of N elements (binary search tree)
vector<pair<int,int>> a5(map_bst<int,int> &x) {
vector<pair<int,int>> d(x.size());
map_bst<int,int>::iterator i=x.begin(); fignsinsiule 1u O( )
while (i!=x.end())
d.push_back(*(i++));
return d;




'
a

%9 PUNLLAVU LI W@V CR58

o a

1.2 (5 AzkuL) AuAuAInavadlutadin Weliisddusalull fdnsinisiulsveanainisyinnuduliaunsiruals

int bl(int n) { flonsmsivls 1Bu O(N)
int s = 0;
for (int i =0; 1 < 5 it+)
for (int j =0; § < 5 G4+)

for(int k = 0; k < n; k++)
s +=1+ j+ k;
return s;

}

// X is an empty vector o auln 1 2
Fons1nsidivle 1Du O( N
void b2(vector<int> &x, int n) { ( )

for (int i=0; i<n; i++) x.push_back(i);
int s = 9;
for (int i=0; i<n; i++) {

s += *find(x.begin(), x.end(), )

}
}

// x is an empty priority queue (max binary heap) ﬁ“ﬁiﬂﬂTﬂﬁUImthJ()( n )
void b3(priority queue<int> &x, int n) {

for (int 1 = 0; i < n; i++) {

x.push( )5
}
for (int 1 = 90; i < n; i++) {
x.pop();

}
}
// x is an empty map_bst (binary search tree) ﬁ“ﬁiﬂﬂTﬂﬁUImthJ()( n2)
void b4(map_bst<int,int> &x, int n) {

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

X[ ] =1i;

}
}
// x is an empty unordered_map ﬁ“ﬁiﬂﬂTﬂﬁUImthJ()( n2)

// uses separate chaining hash table
// with the table size of 11,
// h(k) = k % 11 as the hash function and
// no rehashing)
void b5(unordered_map<int,int> &x, int n) {

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

x[ 4 + i*¥11 ] = i;

}

int s = 0;

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

s += X[ 1

}

}

2. (10 Azuuw)  whatl Wuwiiensglu class

x1
list (circular doubly linked list with - ~ o )
y mieader »—>{, | [ L oo F T3] F2L [ FF [237]

3] C —

header) uwar what2 \Juvienaglu class

~——

slist (singly linked list without header) i 5
X

faeldsulasamazmehenided & Py SN ) = B = IR Ty S

7 x1 way x2 WJu list way slist @ail
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Tassasnanmeludaguiudned Qugdlilivans
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2.1 whatl 79U x1 wag what2 Aldiu x2 919a19tinesls asmsdeludlinuilendunsaesndomnunang waslau

a5uwdY 9 1ozl (WeunouluiurIUInITN)

void whatl() { AaUTD 2.1
node *p = mHeader->prev;
if (mSize % 2 == 1)
p = mHeader->prev->prev;
while(p != mHeader) {
p->prev->next = p->next;
p->next->prev = p->prev;
p = p->prev;
if (p != mHeader) p = p->prev;
// édewhozlsunsesne udliReafuioud

}

)

void what2() { fouTe 2.1
mFirst = what2(mFirst);

}

node *what2(node *p) {
if (p == NULL) return p;
p->next = what2(p->next);
]/ édowhezlsunsesns uiliReafuiond
return new node(p->data, p);

}

2.2 3N3Uved x1 Muandluntifiug nasieindds x1.what1() wvdsulasainniely x1 agals (Maduteusiieg

Tinsulugutneanatl lddesaula msize Mlailadeulusu)

mHeader

x1 ]| | [T2o] ] []3 [ a1 [ Tes

23 n3Uved x2 Muandlunthiug ndsidids x2.what2() analassasaneluluives x2 (lidesaula msize 7

Lilageulugy)

X2 mFirst

]

(10 AzluW)  991alATas1an1eluves priority heap 7@319978 binary heap (WUU max heap)

NAWNANFWTONGUANFIN AT VD IUAATUDD

priority_queue<int> h;

int a[] = {90,50,60,30,40,10,20}; E—
for (int i=0; i<7; i++) h |:I D
h.push(a[i]);

\ 4

h.push(52); (mSize mData)
h
-
h.pop(); (MsTzeinbata)
pop() h mSize mData

ﬁ
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(10 AzLUW) 99219 binary tree Tugassnuwan Aflevi inorder, preorder 138 postorder traversal wdaaglAanduves nodes

AuNgublutoan U

19819 e

inorder :A, B, C

postorder : A, C, B e e
inorder X, 2,Y, U, V, W

postorder : V, U, W, ¥, Z, X

preorder

: E
postorder : A,

inorder
preorder
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(10 Azuuw) Tuteflilanliuusn1g node* operator[] (int k) WU circular doubly linked list with header ifioig199

Toya 677 k aglu list U Taeviwddald STL Tag was deadeulda iW15041 nodes (Judiuaudaegauiiidulyld

template <typename T>
class list { // ama list usz node vihauldmudsnavnesns Widndeuuinisifisniy audedmunduuu
protected:
class node {
friend class list;
protected:
T data; node *prev; node *next;
¥
node  *mHeader; // pointer to a header node
size_t mSize;
T operator [](int k) { // i code vesliAnmseii

1
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(10 Azl Mnsthafien rotate_left_child, rotate_right_child ¥®¢ map_avl uazﬁus]ﬁlﬁaa%aquwTﬂu

map_bst 1nUWILUUIATT Find_min uay find_max WU map_bst aslandlutesiieiiad1eansd

class map_bst {
class node {

void set left(node *n) {
this->left = n;
if (n != NULL)
this->left->parent = this;
¥
void set_right(node *n) {
this->right = n;
if (n != NULL)
this->right->parent = this;
¥
s
protected:
node* rotate_left_child(node *r) {
node * new_root = r->left;
r->set_left(new_root->right);
new_root->set_right(r);
return new_root;
}
node* rotate_right_child(node *r) {
node * new_root = r->right;
r->set_right(new_root->left);
new_root->set_left(r);
return new_root;

node* find_min(node *r) {
if (r->left == NULL) return r;
r->set_left(find_min(r->left));
return rotate_left_child(r);

}

node* find_max(node *r) {
if (r->left == NULL) return r;
r->set_right(find_max(r->right));
return rotate_right_child(r);

public:

iterator find_min() {
mRoot = find_min(mRoot);
mRoot->parent = NULL;
return iterator(mRoot);

}

iterator find_max() {
mRoot = find_max(mRoot);
mRoot->parent = NULL;
return iterator(mRoot);

}
L

29217 binary search tree ¥89 m  néssIIUNGUAElY

' v . X °o w \ <
YDINNVANVI9AU  (LEAILRNY key n1AuULAaE node WD)

map_bst<int,int> m;

int a[] = {5,4,3,2,1};

for (int i=0; i<5; i++) m[ a[i] ] = 1;
map_bst<int,int>::iterator it = m.find _min();

// Maduldlugesinatieaisil

map_bst<int,int> m;

int a[] = {1,3,2,4,5};

for (int i=0; i<5; i++) m[ a[i] ] = 1;
map_bst<int,int>::iterator it = m.find_max();
// Maduldlugosingtneansil
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(10 Azwww) Tutetllvilidnlouileidu node* succ(KeyT v) U0 map_bst Liiefy node* 1A KeyT Uosiigaiiuinndl v

Tneidiu code aslUluningdeanstl  Tudelivhaidald STL Taquanain pair waz nain1sinuvesiusinsuazdesly

w1nnd1 O(h) Tae? h Aeaugevassiuld

template <typename KeyT, typename MappedT, typename CompareT = std::less<KeyT> >
class map_bst { // eanamap_bst uaz node shawldmuusnimnesns landeuuinsiiudu auderimunduuy
protected:
typedef pair<KeyT, MappedT> ValueT;
class node {
ValueT data; node *left; node *right; node *parent;
¥
node *mRoot; CompareT mLess; size_t mSize;
int compare(const KeyT& k1, const KeyT& k2) {
if (mLess(k1, k2)) return -1;
if (mLess(k2, k1)) return +1;
return 0;
} ‘ ]
node* succ(KeyT v) { // viw code wasdidnaseil
}
}s

(10 AzWUL) 1u5&’a§1ﬁﬁ§mlf’?JEJufﬁTami’maaUﬂmeﬂéfamams@@%mm HTML tag Ineludguilsitu bool isWellFormed(
const vector<HtmlElement>& v )Imaﬁﬁmmmm,%‘aﬂ%’u%ms string getElementType(const HtmlElement& e) o
Tng ﬂlﬁ‘ﬁl getElementType Ausnazdu string Gialﬂ‘ff “<body>", “</body>", “<p>”, “</p>", “<br>", “</br>",
“<div>”, “</div>”, “<hi1>”, “</h1>7, “<a>”, “</a>”, “<ul>”,"</ul>”,)7<li>” )" </i>7 " <img>” whﬂi’u (Lﬁammdw,
313G HTML tag uAvteiainba) 1ay 1swellFormed axAur1a39dmng tag fmalauazdagndoatu <ul> ffesdn

fa8 </ul> WuRuuenan tag <img> kil tag Un Fegnatiuy

<body> <div> <div> </div> <p> </p> </div> <ul> </ul> </body> thy isWellFormed i true

<div> <p> <div> </div> </p> </div> <ul> <img> </ul> U isWellFormed \Uu true

<div> <p> <div> </div> </div> </p> <ul> </ul> th isWellFormed i false

Tngludeliidnanunsald STL laqureqedld (Ha31 include WimuwisnnzauiSeuosuadn) waz Lanisintauvaslusunsy

azdasldunnndn O(n) Taef n AvIuIu tag NA
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bool isWellFormed(const vector<HtmlElement>& v ) {

}
9 (10 Azwuw) Tlassadefeyariinnils 35iTo31 Quad Tree Taw Quad Tree Wulnstasdoyauuuiuliivildinugsluae i

2 & a v

Insusazunenv9zlu NULL wielifiiu fide (x, y) 10990 warasiian 4 Uu lnegnusiasiasdosdinaaudfcsil

ANa o

® an bottomLeft azdiondu NULL wiedifidn (x1, y1) Tnefi x1 < x waz y1 <y

aa o

® an bottomRight axfpaliu NULL w3edliiin (x2, y2) 1067l x2 > x uaz y2 <y

® an topLeft avdoaiu NULL w3edififa (x3, y3) 10871 X3 < x waz y3 > v
®  4an topRicht avAoalu NULL vi3eiliifa (x4, y4) 1087 x4 > x uaz ya >y

fhegratu dewsilge (3,1), 8,0), (2,5), (6,3), (4,2), (5,4), (7, 6) 18813 Quad Tree niladulUly

(7.6) (3.1)
(2,9) o .-
2 2
54
‘.’ (8.0) (2.5)
63) - LLLL] —
4,2) T ST )
®
(3‘1) (4,2) (5,4) (7,6)
(8,0) LLLT] LLLTI] CLLLI

|
1
1
1

ludeilissusesinaghifiaoqals  nlAdawy x WseAfidawny y Wiiues fegradu Susesindndyn (1,3) uds azhiliyn

'
=]

(1,4) \udu aufndruvedlusunsuvesileddu findPointAt(int x, int y) Fmmnqeiiegfiiin (xy) Neglulaseadiesdoya

[

Uszinn QuadTree TanysallagasAnml NULL tlinugniifiinad

template <typename T>
class QuadTree {
protected:
class QNode{
public:
int x, y;
T data;
QNode *bottomLeft, *bottomRight, *topLeft, *topRight;
}s

QNode* root;
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int mSize; // Swoudeyaiiulusilsl

// Ussmeilaiduriesuusiiudil (mndaenis)

QNode* findPointAt(int x, int y) { // 1d code maaﬂmﬁﬁ

}
}s
(10 AzwuY) AMvualvisllaswaistoyauuu Binary Tree fausng .
v X 4o - oo w e L38A mirror e
MUY IWNUUINIT void mirror( ) Feagylu Binary Tree

13 <

v ¥ , o R waananeslu
muu‘uﬂmm‘ﬁu Bmary Tree WQﬂGU’]EJGU'J’]‘UGQYJﬂUQJUUﬂaUﬂU 2N e e e e

megtluguanudneil n1sWeuuinis mirror WWlvildeulagly o O e e e o

350156UY recursive 11194 ananIsaL s uHaNTUURLRLLS

AIUANMINZEN (MU8Lg: U3 mirror Wulddndudesdinis @ 9
@319 node nal wiazas1afle a13in15a31e node vl Fosau

node LNA8)

template <typename T>
class BinaryTree {
public:
class node {
friend class BinaryTree;
protected:
T data; node *left; node *right; node *parent;
node() : data(T()), left(NULL), right(NULL), parent( NULL ) { }
node(const T& data, node* left, node* right, node* parent) :
data (data), left(left), right(right), parent(parent) { }
¥
node *mRoot;
// \itu code s 9 fuensdl lneazdodll void mirror() #e

1
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(10 Azwuw) Iassasadeyadszny Binary Heap MisulutuSeutu awnsa “av” way “o1um” doyaniAmuingalidne

157%89715USU Binary Heap l9ianunsa “au” uwag “a1uvn” deyaiiilan annan uwas tewan 1Sy lnefinsladeva dadu
Y A - 9T U
O( log N) eguiu F8nsuilsnvilade 14 Heap wuuiizandn Min Max Heap @ flassasnadu Binary Tree Tfiunndu

Inatuansgainnandrelurriniiou Binary Heap Usnd ustsnazuus Yueaniludesngu fie Yuludu min way Yuludu
max @mfuds x 1o 9 Tu 91 min Sdeivunfe Ui x edediatesnimn q Yuieglauu x tu uagdwdudu y o 9 Tugu
max iTainuafevl y agaelA1uInnImn 9

Uuitegldivu y 1naziiohuusniudududu max @

-7

UniBugnuasualudu max agfudaludu min L3 Lo
waz Yuiidugnuesalutu min duasduily @ @ @
F1u max namdnifouilaife Uslu Min Max

Binary Heap tuazadulinszmineualudi min I\%O,\ \ ,\ \
fu Ualudu max gUsunilanssihogmes

Min Max Binary Heap Yuiameiduuszasuuluaiu min

338U method Awtaluildmiulassaisdoyauuy Min Max Heap fivhauluianiiivun

® bool isMinLevel(size_t idx) BsazAun true AsiaillaUudiog o s idx tuduuulugu min @edldaandu 1))

a '

® T top() FsagAumiifidrmngalu Min Max Heap (Fodldinadu o))

P 3

® T bottom(FazAueiidaniosasiu Min Max Heap (Fodldinandu o(1))
® void push(T data) Fsaziiiuen data 11lUlu Min Max Binary Heap i (Fodldinandu olog N)) muﬁm%@yjaﬁy’uﬁ
wdnmsvesed WasreUalval o sumdadeaiuns push ves Binary Heap Usni
a. andlruidisdhuduuiludi min 1) &1 data Tusnnnivane @slaweruazdudaludu max) wenei

Feulvvesuntiuiudumiefia fazyinisaduen data fudune naawnadu asiiulddn Yulwitduiidiignees

'
=

u wazussmusludu min sf?aLwﬁUu’meLUwﬁqswﬂﬁ%ﬁﬁmgmﬁauﬁuﬁu fiszThmsimsanameUdludy
max eusvimereaslUauisusn wagyinsaguealignaesiieIsnsvinuedediu Binary Heap Usné 2)
usden data Sutfosnditime uansiussnUiludy max fususmioluaufenniesdafigndonds i
yhmsRnsaiemelaludy min dudvinsiluauisunn washmsadualigniesieimsviueadentu
Binary Heap U3n#

b, aundliUuiiutududaludu max Aldudnmsiioatu frewioudieud data fudune @wuweasfuuuly
$u min) dAnsziing data fuveres data Thuinieulvvesuie fagvinisadu Seagviliusludu max fous
Ul dusulufidngndes ifasfimsaanUiludy min dausnetuluunu uidhen data hifindeulaiu

UYuie AaziansanenizUulutu max sawdvalvaduliunu

template <typename T,typename Comp = std::less<T> >
class MinMaxBHeap {
protected:
T *mData;
size_t mCap;
size_t mSize;
Comp mLess;

public:
// Witenamatififleridusing o wiloudu priority_queue sgudy Wddndouilidunuilandinualiiusa

' P :
= o [

// unsainfleidundeudumlnitull parameter uay Janssiviliduiifiogud wwfiehilaidundeumntunununidigy
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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 w4l
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 dldlsane
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);

11




