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1. (10 pzuuw) 2sszyidemnuseluiiluaswdews Inadousmdnes T dmsudeiduaia uas F dmsudenduia wiazde

TAzuuY 1 ATLUL MINPDURA 32AnaU 0.5 ATWUUADUD (AzluusIuTetad a¢liinit 0 Avwuw)

11 CPulist Hu i data member 3 mLess Wislddmiunausuiisudeoya

1.2 CPulist vJu linked list wuu circular singly linked list with header

13 CPupriority_queue il method #8 begin() @wgfiu iterator ﬁsﬁlﬂgﬁayﬂaﬁammﬁu top() 5ﬂmﬂﬁﬂﬁau‘jaﬁ?uagi
1.4 CPupriority_queue mmsﬂLﬁuﬁagaﬁﬁm%{ﬁ'ﬂﬁmﬂﬂh 1

1.5 stdupriority queue<intvector<int>,std::greater<int>> pq ﬁ?uLﬂuﬂ’liUismﬂéﬁLLﬂi rq ﬁﬁﬂﬁ‘ﬁauﬂﬂu [ofe] fj’u

Seanunluties (nd19Re pg.top() AfuAteyalidnungaluy po)

Y

16 operator++() o CPzmap_avl suldiaandu o( n ) dle n Aoduutoyaly map AINAT

1.7 operator-) wa¢ CP=list Hildiaandu o n ) e n Aoswuudeyalu lst fandm

18 msiudeyadiuau 1 #slu CPimap_avi<int,int> S unusudsussan node* wnnd CP:list<ints 71l
Joya 1 61

1.9  41u7ut9383 mData W CPxpriority queue Ty msize L

1.10 flaridhu rotate_Left_child vos CPzmap_avl i Wiaandu O 1) wawe

2. (10 Azuu) (a) 99719 AVL Tree AR NMsLiindaya 90 91 92 93 94 (Fuanduliieluil) auddu

/39 \
22 a5
a4 62
(1) i 90 (2) v 91 (3) w92 (4) v 93 (5) i 94
(b) Fundulsludesinean udau 3 4 589 audy
fulsl AVL 7o (1) au 3 (2) au 4
/ ’
4 17
5 13
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(3) au b5 (4) au 8 (5) au 9

3. (5 Azuuw) TAR915I91919 Hash WUU open addressing Ml4735n15WAN15URULUU Quadratic Probing Iagl4 Hash
Function 18U h(x) = x % 13 aadeudeyalun1sne Hash dinan Fuduwavesnsaniunmsaellimuddu (Yesiined

Toyalideuaiewsng X dmivdesnlifiveyalivdesdngld)

ANSYINU | [0] [1] (2] (3] (4] (5] [6] [7] (8] [9] [10] [11] [12]

(Fir0819) 10

Wi 10

(Fir0819) 10 24

i 24

LN 1

i 11

au 24

Wi 37

Wiy 23

4. (5 azuuw) ANALUIieLansnYMEuAzAITa data member lulassaistoya naNAlUsLsUlAvILAUIUATES

goynelunsiasdonasaluil (@msulassaistoyaniinisld mLess luidndudondeou mLess)

50 | priority_queue<int> pq; 0q
pq.push(1); mCap  mSize mData}
pqg.push(2); 5 > NEIE
// s

51 | priority_queue<int> pq;
pqg.push(1l);

pqg.push(2);

pq.push(4);

pqg.push(3);

pq.pop();

52 | priority queue<int> pq;
pq.push(1l); pq.push(2);
pq.push(4); pq.push(3);
pq.pop(); pq.pop();
pq.pop(); pq.pop();
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53 | CP::list<int> 1;
1.push_back(5);
1.push_front(4);
1.pop_back();

54 | CP::list<int> 1;
1.push_back(5);
1l.push_front(4);
auto it = l.insert(l.end(),3);

it--;
l.insert(it,2);
55 | CP::map_bst<int,int> m;
m[1] = 2;
m[2] = 3;
m[3] = 4;

5. (10 azwwuw) lu CP:priority_queue W maSeuiisudeyainlasiidlesniniuazvilagldfuds mLess Faduussinm
= < v a v .. & o v ' v a

Comp (@3 Comp tTu typename 84 template) 131daan1sUasulit priority queue maumuumm‘uagﬂmm Tnelviia

U315 CP:priority _queue:set priority(Comp new_mless) werlaeuly priority_queue wuld new_mless Tunsi5e9

Joyauazyhnisuilumssesdoyaniglulml sadeuilaiduding (asasiibiitaiduildiandu o(n))

template <typename T,typename Comp = std::less<T> >
class priority_queue {
protected:
T *mData; size_t mCap; size_t mSize; Comp mLess;
void fixUp(size_t idx) {..}
void fixDown(size_t idx) {..}
public:

void set_priority(Comp newMLess) {
// your code here

};

6. (10 Azuuw) lunsaudeyavesmssuaruuudiegidn (Open Addressing) Taaldmsnsaauuuiiadu (Linear Probing) Mi3eu
Tumuiufimafvanugvestoadiossyiitoysegvielineitoyaey vianeideyaogulauauluuda uiadaquiaun
aunsofierlsifesfvaniusvesdesild (winsautoyaasiimnndudoutu) ludeiliian \Teufds erase iloaudoyasen
NIIEY (nFeursAud 1 ffinisauindu uas Aun 0 dlifinisa) vesmsaussuuuTiogUaldnisnsauuuids
i Tnedeaiilsifideyationdiandu TO (azfuuseiuilifidoyaledd key i T0 ) Insazdesiansunvoddilosvosiign

winvile, dasanusaiauinisliiu unordered map lAusiIALALN member variable
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template <typename KeyT, typename MappedT,typename HasherT = std::hash<KeyT>,
typename EqualT = std::equal_to<KeyT> >
class unordered_map {
protected:
typedef pair<KeyT,MappedT> BucketT;

f ] == m e
std::vector<BucketT> mBuckets;
size_t mSize;
HasherT mHasher;
EqualT mEqual;
float mMaxLoadFactor;

// default constructor
unordered_map() : mBuckets( std::vector<BucketT>(11) ), mSize(9),
mHasher( HasherT() ), mEqual( EqualT() ), mMaxLoadFactor(0.7) { }
size_t bucket_count() { return mBuckets.size(); }
size_t hash_to_bucket(const KeyT& key) { return mHasher(key) % mBuckets.size(); }
size_t find_position(const KeyT& key) {
size_t homePos = hash_to_bucket(key);
size_t pos = homePos;
while ( (!mBuckets[pos].first == T()) &&
('mEqual(mBuckets[pos].first, key)) ) {
pos = (pos + 1) % mBuckets.size();
}
return pos;
}

// dulaansaile Weusyniausnsiiy

size_t erase(const KeyT & key) {
// @ulfanssil

}

};

7. (10 Azuuw) luauniesnu Data Science %se Data Mining 1 1573lanudidufiavdesmsiageuninuadignaaiuaes set
U 2 set (FI9199U N1598ATINEBUT HLF Netflix aosnuiinnureumleuduniolil savnsaasuanuadieiuves
e & v v < v aa = v oA ° <
set vaanmeuAnaasnulagauluue i) Bn1sulislunmsnsinaeuaruadiefonsiuin Jaccard Index vaddn A
way B (Weume JAB) ) Fadunisimunumainuadvesnuidudiuiuasdas 0 (wileutuwas) uds 1 (A way B
witlouiu 100%) laeildemde J(4,B) = | AN B|/|A U B| nmsaAuin Jaccard Index dusasldiiaain Lilesain

Jnluasdommaren intersect wag Union oy dwnnis @flddnuau n au Aegdeiunngadu
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nseenuikwesymine nslénaiiaves Hash Function Wrantnelunisuszanaen Jaccard Index fae3annsd
38191 MinHash SseSunaléeie] fmualsil hash function ﬁLLmﬂﬁiNﬁ’anjﬁﬁuau k et Taun hs[0] 83 hs[k-1] nanfe
hs[il( x ) Shuageuanen hash ves x ¢

WINLTIRBINNTAIUIN Jaccard Index 9099n A la 9 15198/ MinHash signature vaaidnsnan Inefvunli
MinHash signature 784 A U vector<size_t> 7ua k T3 Inevasmaneia i foafua hslil x ) Tne x Wuaudnlu A 7
inlaA hslil( x ) fiintiaean w&sani Wiold MinHash signature vaan A wag B ud? 151anansausyana J(AB) ens
Furnid uauanBnlu MinHash signature 983 A fiusingeglu MinHash signature ¥4 B wérirdiuaudsnanmssme k

UTHUTIATY vector<size t> min_hash_signature(set<int> A, vector<HasherT> hs) f1uans MinHash signature
gaudn A 1014 hash function 1u hs Tnawsranansaisentd hash function e 9 Tu hs lélaenisiden hslil) e x 18w int
uaz hslilx) azAuAndulsziam size t uazaudeuilsidu float min_hash estimate(vector<size t> as, vector<size t>

bs) FeAuanunsUsEANUAT Jaccard Index #2835 MinHash Wle as wag bs Aim MinHash signature ¥a4.dn A uay B

vector<size_ t> min_hash_signature(set<int> A, vector<HasherT> hs) {

}

float min_hash_estimate(vector<size_t> as, vector<size_ t> bs) {

}

8. (10 azuuw) ludeilldiamiuusnisvenana CP:list Ao void append k_listvector<list<T>> &Ls) #A%U list<T> 31 k §u
(it k = Ls.size() ) LLéj’JﬁWLm‘ijalﬂaﬁzﬁﬁMﬂﬁLﬁmﬂﬂﬂ’ﬁﬁ’ﬁ’mmi Ls[0], Ls[1], Ls[2], ... ,Ls[k-1] 160 UmIUa1au Lsenig
foyanes list iden Tnevdaainniadenuinisiiuda Lsio], Ls(1], Ls[2), ... Lsik-1] asdusienising *** Tnsudmatiasdas
T¥nan O(K) waz Waanvianisuily member variable ¥a4 list %38 node Tagasawintiu (FuddnSenudnisiagvas

list<T> 98 node KALSENUSN15VBY vector<list<T>> a) ***

finagau ndasen L.append_k_list(Ls) azldnadiu
L=<2,1, 7, 3> L=<2,1,7, 3, 4, 3, 6, 9, 0>
Ls[@] = <4, 3, 6> Ls[@] = <>

Ls[1] = <9, ©> Ls[1] = <>
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9

template <typename T>
class list {
protected:
class node {
friend class list;
protected:
T data; node *prev; node *next;
}
node *mHeader; // pointer to a header node
size_t mSize;
public:
void append_k_list(vector<list<T>> &Ls) {
// dslAansai

}

(10 Azuuw) fAuveniveansdingasime awsesugnAvdiduidunenseldegunniiandeseu Jaguiiunudeidunen

AaguiuINl

IuauWﬂmaﬂammaumamaﬂwaﬂaiu Wﬁﬁ&W@IM glaAu

anunsamiadeitlasegiuluu meUuﬂumLLa
SEUUABNNIIBSVBIEIN QQ‘U@I%@EUL‘UEJUI@@VIW@JW

| Uit 1
edevesuiitmuneenulild Inanulilaseai | Juil 2

£

Yoyanaundaduansi
sadeuldn e void prlntlthLevel(lnt k)

fuifAunonguil k genuTuA AU ALY stl Tm m

Faefld wazdananunsadouilei®udy 9 Wit

1A (wugdin msldiaesin vi3e wereulgulusunIULUU recursive) MMNUNURITIIUL N15i3enHleiduprintKThLevel(3)

Handusasiun 57wy 1eudls oonun (lWsdudaSasdrsunudl widelaiuauwintu)

class north_star_tree {
class node {
public:
string name;
node *left, *right, *parent;
node(string s, node *left, node *right, node *parent) :
name(s), left(left), right(right), parent(parent){}
¥
node *root;
tree(string s) {
root* = new node(s,NULL,NULL,NULL);
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}

// fEsansadeuilaidudu o il
void printKThLevel(int k) {
// your code here

}

};

10. (8 AzWUL) NUUINTIANY CPzmap_bst Inelillsuilendu iterator find middle value(iterator a, interator b) @33zsaq

fiue iterator Aisvusumiiwasdoyafifiinddegnsinatsszninen@diiszysiie a fu b (Fuusziudi a fu b 1Ju iterator 7

= v

syyteloyafiogluduldvausui uazAdves a avednoufidves b) MuualiAnansseninedd k1 uag Ad k2 ves
map_bst la 9 Ais Afiegludduil (p+g)/2 Uawauila e p wag g Ae dwiuvesdd k1 way k2 Walsestayalufdvianunves
map_bst AudRy faegniy 61 map_bst $ilaw 10,20,30,40,50,60,70 1uA1wes data first Tunsazlnun (§nunzves

sulaTlaliien MAerreaandegluuin)

SR o 1

®  ANNAT9TENING FwnUandl 30 WuRdAudwlang 70 WuAdRedwmuand 50 Wudd

®  ANNAT9ENING FwnUandl 30 WuRSAuRwlang 60 WuAdRad i 40 Wude

template <typename KeyT, typename MappedT, typename CompareT = std::less<KeyT> >
class map_bst {
protected:
typedef std::pair<KeyT,MappedT> ValueT;
class node {
friend class map_bst;
protected:
ValueT data; node *left; node *right; node *parent;
s
class tree_iterator {
protected:
node* ptr;
public:
tree_iterator() : ptr( NULL ) { }
tree_iterator(node *a) : ptr(a) { }
tree_iterator& operator++() {..}
tree_iterator& operator--() {..}
tree_iterator operator++(int) {..}
tree_iterator operator--(int) {..}
ValueT& operator*() { return ptr->data; }
ValueT* operator->() { return &(ptr->data); }
bool operator==(const tree_iterator& other) { return other.ptr == ptr; }
bool operator!=(const tree_iterator& other) { return other.ptr != ptr; }
s
node *mRoot ; CompareT mLess; size_t mSize;
public:
typedef tree_iterator iterator;
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iterator find_middle_value(iterator a, iterator b) {

};

11. (15 azkuw) Tudedl 151agRansaunlassasiatayauulng F9ildein trie -
Y class trie_node {

1ng trie UuamsoLia, au Lag w1 Jeuauseian string lalagldiian public:
U .
) i . & o bool valid;
Ju o( 1) e | #eAnuenives string Aana1ilaglaiuegiudiuiu trie_node* child[25];
v a WL . aa o a I v v % & oA s //Chlld[e] is child "a",
Jayanileglu trie Tanaspaloulasiaiiadoyaninanil dwiszeiue //child[1] is child "b".....,

//child[25] is child "z"

. trie_node() : valid(false) {
MonwINIBInguiRNLANYINtY for (int i = 0;i<26;i++)
child[i] NULL;

paly WaAudne fvuale string AavAulu trie tuusznousie

lassasadeyauseiam }

root
1

trie Hududuliissamil
Tnefituusarusiiufiutoya valid lutssanm boolean wasusiazda Sgnldinn
919 26 U Uuqmm’awmfwazgm%‘smdw ana, gn b,.., an z dmsutula 9 Aew
fuenvaglaifignasuits 26 gnAduld wu Uusnenvasiiugnifissud gn a, gn |

way an t 10udu Idaduuuuansdisnanaveauusiing s n1snsI9aeudndl string s

' '
a v a

ogflu duldfvasidelal aduduiive 910 wdmniuandumsdusugniite
s[0] LLazLﬁumwavLUéTaUuQﬂﬁﬁ%aiw s[1] Widee 9 audis sfs.length()-1] d1mnisn
(*) ansnsaiunslumaasainaldmaiissyliauasuioun uaztuaavnedin
valid 14 true Avzianyii trie Hufl string s oy it nidulild viemnuuaninedien valid i false fagdeiilaifvudy
gﬂéﬁu%ﬂaﬁuamﬁﬂ trie MAUARIADIUTLY “the”, “then”, “this”, “are”, “am”, “i” Inefia3oevane * Tulusng 9
yanefsuduian valid [ true Wanadilddlaiidnin <a” wiedi “th” 1Hudu

Trie tuSudusaedusniiiien vald W false wazdusndsnanldfivugnle « e mil,ﬁ'u%a;ga string s 1 lulu trie
znszvilaevaaesAulumulus o wileudun1smind s eglu trie violi dnndulild a ealafiniu Aagyinsasne
Usgnlvsinumaiaasazly msaudiesnain trie vilagidulumudasing 9 wiloudumsmindl s og dmamsdudise A

Juiliue valid Tudugavinelidu false aadsulassadiedoya Trie dinan Jeediuinisedipadioluil
e trie() \Uu constructor #w@31s trie eiiluidFnlaogiae

o ~trie() Ju destructor TaFag delete nihreAIUINDILINIVIUA

U
o o A

® void insert(string s) Wi s WUl trie dwnndldn s Aanadeguad Adsilagliiinaeyls
® bool find(string s) Aty trie e s egudeian InglAuen true Anewdlofidn s oglu trie Tty

® void erase(string s) auAn s 88n91n trie (Wszdvin s o19azlifiegly trie Aduls)
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Wonuazmn Titedndfeidu to_i(char o) Fsanansaudasdnuselu string Iiiludavaudiiuisnusle 1w to i(‘a’)

92AUA1 0, to_i(‘e’) AfuA1 4 w3819 s = “somchai’ N19L38n to_i(s[2]) azlaAn 11 (1WHee9In s[2] Ao ‘m’)
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STL Reference

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> way list<ValueT>

Element Access
dwiu vector

ValueT& operator[] (size_t n);
ValueT& at(inti dx);

Modifier il
listusz vector

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

iterator insert(iterator position,
iterator insert(iterator position,

const ValueT& val);

InputIterator first, InputIterator last);

iterator erase(iterator position);

iterator erase(iterator first, iterator last);
void clear();

void resize(size_t n);

Modifier #lélfans
list

void
void
void

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

Class set<ValueT>

Operation iterator find (const ValueT& val);
size_t 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_t erase (const ValueT& val);

Class map<KeyT, MappedT>

Element Access

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

Operation iterator find (const KeyT& k);
size_t 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_t 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 functions

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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