FACULTY OF ENGINEERING
CHULALONGKORN UNIVERSITY
2110211 Introduction to Data Structures
YEAR II, Second Semester, Final Examination, May 18, 2017, Time 13:00 - 16:00
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2. (@ Azuuw) vedeussuisdugivihludernudwieluliifeddu hash table fuludafinasufifnu

a.  WUIAYBY hash table Astdusavdiuiuanig

b. Load factor sianfiu 0.5 wield quadratic probing iU open addressing hash table
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3. (5 AzLuY) AIATERaIN Y nuvesilindutiiasd (ugures © vesitaddu n)

al(int n) { al(n) l4an Wu ©(?)
vector<int> v;
for (int i = 0;1i < n;i++)
v.push_back(i);
for (int i = @;i < n;i++)
v.erase(v.end()-1);
}
a2(inten) { a2 (n) l4an Wu ©(?)
S =
for (i=1; i<=n; i++) {
for (j=1i; j>=0; j--) {
S = 1+]
}
}
return s
}
a3(int n) { a3 (n) ldan Wu ©(?)
list<int> 1;
for (int i = @;1 < n;i++)
l.insert(l.begin(),1i);
while (l.size() > 0)
l.erase(l.begin());
}
a4(int n) { a4 (n) Mhan 1Wu 6(?)
map<int,int> m;
for (int i = 0;1 < n;i++)
m[@] = i;
s = 0;
for (auto & : m) {
S += Xx.second;
¥
}
as(int n) { a5 (n) Man Wu 6(?)
if (n > 0) {
a5(n - 2);
a5(n - 2);
}
}

4. (5 azuuw) T t A Binary Tree aunils § 8 Uu Wiois1wizruunlu t wuuluasiu (inorder traversal) laansunsil <D,
B,E, H, A C, G, F> uagiflowguuuniuunasadu (postorder traversal) Tu t loianeu <D, H, E, B, G, F, C, A> 29

Weudwiurestouuiignwizsing Wewszsitulalu t wuuneuandu (preorder traversal)

KRXRXEKRK XXX ’si']ﬁi‘l]”' R KK KK KKK KRR
Ui

aawade 4 WudulddunisiBeuldsunsy malisulusunsuazdediin syntax Tudufidrdey Tnaawizegnedianisizen

function uaz argument Yaslaiduazdasgndias uanaNtazuuUATLUIHUAIN “UseBnSnIn” vaslusunsuleuun

wxxexx (S qinafetaniviuasig o Tulandliseunau nashiimudetvunasiinadeasuuuuaenaunn ******

5. (5 Azluw) AaNE CP:queue 3 implementation Aslanslutelnsa19l 29fsuilsidu void remove kth(size t k)

a a Y 9 i = v o o a o v ) A 1do a & o w a a
LW@JW]@JIMﬂUﬂaanQﬂaTJ "UQLUUﬂWiLaWﬂJ@N\JaaWWUW k (u‘Uf\nﬂmaﬁﬂaf‘nLLiﬂWaEﬂJJV]V’Jﬂ'JLUU@']WU‘V] 0) #9NA1NAN

Y '

fog19gu N13i58n remove_kth(0) tuaglvinamiieudunisisen pop() uagn1si3en remove_kth(3) 3nfidaiiteoya

[

\Ju {A,B,CD,E} (flo A Aot uay E Aedayasaavnenisldadinly) Aweasazdeavdeuluidu (A B,CE} lunsdil k

fiAnunnndrdnnudeyaluds lidewhesls
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template <typename T>
class queue {
protected:
T* mData;
size_t mCap;
size_t mSize;
size_t mFront; // shuwwilwenieyausnagredlvu Aaziunuersisdfmeus

public:
void remove_kth(size_t k) {
// \#uC++ code mssil

@

6. (5 Azuuw) lassad1edoyauuy Binary Heap aufiseuluiessoutiuldorsisdlunsiiuduld Binary Heap lnefidayasn
Afieunnfianegiivusnuesdu @nfedemuieiay 0 T os6) aadouilaridu bool isAHeap(vector<int> v) &z
nmsnsaaeuidayaty v tufiudeyanifidnuaensinuieulures Binary Heap wiold (WioihmswSsuiisudeyatiu

@115 alngliATEINLNY <, >, == lALAURTI)

bool isAHeap(vector<int> v) {

7. (@ aguuw) Tudetlyiandouilaidu size t find_position(const KeyT& k) dv¥uaaaussinmideniu
CP::unordered_map ildususishu hash table wuu double hashing

Tananunsandiee1aves ve4 find_position d1sun1seiumiaLuy linear probing anuiifidnseuluaudasialuil

size_t find_position(const KeyT& key) {

size_t homePos = hash_to_bucket(key);

size t pos = homePos, m = mBuckets.size(), col count = 0;

while ( !mBuckets[pos].empty() &&

ImEqual(mBuckets[pos].value.first, key) ) {

col_count++;
pos = (homePos + col count) % m;

}

return pos;

}
Tnelvilandu gkey) udnuavilenduiildlunisnselon
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int g(const KeyT& key) {
// gWu has function
}
size_t find_position(const KeyT& key) {
size_t homePos = hash_to_bucket(key);
size_t pos = homePos, m = mBuckets.size(), col_count = 0;
while ( !mBuckets[pos].empty() &&
ImEqual(mBuckets[pos].value.first, key) ) {
col_count++;
// @ C++ code mssil

}

return pos;

8. (10 Azuuw) Tudelllvilldnlewiiuds eraseEveryOther() 1ievinn1saudeyabu circular doubly linked list with
header wuusiaviumi na1afe Henduilavaudeyadusn ldaudeyadiass audeyadiia lavdeyadinid aduiuly
quasunni Tneludaiivhudidazen usnislaguas st uaziuld iterator lngnaviaudaunsaiionusnisves

node ¢

template <typename T>
class list {
protected:
class node {
protected:
T data; node *prev; node *next;
node() : data( T() ), prev(this), next(this) { }
node(const T& data, node* prev, node* next) : data( T(data) ), prev(prev), next(next) { }

1

node *mHeader; // pointer to a header node
size_ t mSize;
[] ceeiiiiiiiiine,

void eraseEveryOther() {
// WuC++ code wmssil

1

AN ] v

9. (10 Azuuw) Mnueliill Binary Search Tree (BST) Minudayausuiam int Nlieiuaeagiunia Yuudayuveiuldil

S

Wusuususenn node* Tnefinana node siundusaioulisnuanadl Tidunainnana node il member @9 size 3

1A

srydnnulsiue i dugnvanuvesdunang s (Hududenanme) auufinuvimualuiuldifiafigndeswiudeuves

U

BST (@emaneanuinm size vosusazUuiinsiualndurngniaaieusosuds) asdeuilaidu node* get_kth(node

& @ 1o v a
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class node {
public:
int data; node *left; node *right;

size_t size; // dwluviuaiegangldvuil suisiiesing

1

node* get_kth(node *r, size_t k) {

}

10. (10 Azluw) 3uTeuilendu int count leaves() Wistiinuinisaiuaaia CP:map_avl wistiuantuduld AVL fsnanatu Suu

duluegiuu Taeludeiviwddnld iterator lnsanuiausaunsaiianuinisdu q vas CPzmap_avl lduaziidn
drunsadsurandudunuautluluranaildunu

template <typename KeyT,
typename MappedT,

typename CompareT = std::less<KeyT> >
class map_avl {

protected:
class node {
friend class map_avl;
protected:
ValueT data; int height;
node *left, *right, *parent;

}

node *mRoot; CompareT mLess; size t

mSize;
// @wnsaiu function du o Waduldnsell

public:
int count_leaves() {
// \#uC++ code mssil

1
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11. (10 Azuuw) ludoiisnsinsantassadstoyauuilmifiiidot Bloom Filter Ing Bloom Filter tuifulassasredoyadi
fiusmsndnagassuinsiie void insert(const &T x) Fwhwihfierteya x ldasllulassasrsdoya uaz bool
exist(const &T ) Fdldmsrvaeuinideya y eglulassasrsdoyaiiviolsl Bloom Filter lisassumsaudenn uarlid
iterator
Bloom Filter fimuuvanusznainogesnemisiouinis exist tuanaarfiudn true dmiudeyaiilsinogrldluly

Tassaiedeyaunroutas (naife e exists Audn true Supnvazlildudainiideyadsnaneglulassaiistoyafiduls) us

il exist Aurn false tu ssiulaldutueud lifideyadenanoglulassadedoyasis q
#&Nn13¥91193 Bloom Filter fip Suazai1amsnsuun K 103 usdazdoafiuAuszinn bool Wity uazdl hash

function 142U M hash function fumnsinaifu fvusellsk A; () Ao hash function i i et lddoya x aslulu Bloom

Filter \3198¥1n13 mark gewinewas by (), Ry (%), ..., Ry () Tusislidandu true wasdloisdiosnis

n329@0UT Bloom Filter diifioya y ool infiaglunsaaaeuinies Ay (), Ry (V), «.., Ry () vindosdudien

u true savmanielal aufanaiavesilai®u exists Tudnannisiiesmneay Ay (1), w.., Ry (1) thudiu true

2913 insert Foga x1 39U x2 ilies Ay (x1), ..., by, (1) duges by (x2), ..., by (x2) dushiues

hi(y), oo, by (V) Dudiu
fetereluduansaa Bloom Filter fidn K = 9 uaz M = 2 fifinislden 1 uaz 3 141U Tnefl hash flaidudanuds

MEAIN AT exists(s) tuandy true Sasisarliiaelden 5 adufioy (iesn hy (5) = 7 wee hy(5) =

2 wazaod 2 way 7 tulanduase i exists(2) dudu false

499 0 99 1 P09 2 499 3 P09 4 499 5 499 6 P09 7 %09 8
True False True False False False False True False
A7 X 1 2 3 i 5

hy (x) 2 1 0 1 7

h,(x) 0 6 7 3 2

=

aaTsunana BloomFilter Fufiulassaiistoya Bloom Filter ivharumamannisdnsiu Ingaana Bloom Filter azsiosd]
ilaidusisluil
® BloomFilter(size _t K, vector<std::hash<T> > hash) 1 constructor #35uen K wag hash function S1uau M
function Iugﬁl,lfuu vector 989 std::hash<T>
annAl x uiuususznn T wazli h 1u hash function Tuguuuududsuszian std:hash<T> msduam
A1 hash 193 x vhldlaeiEen h(x) SasRusnidusuarsuduious 0§ 221
® void insert(const T& data) Lﬂuﬁﬂﬁ%’umd%}amﬂa data aslulu BloomFilter
®  bool exists(const T& value) tuilsituiingaaeuingan value atflu BloomFilter 3ol (neflenaziuen true 7
AnsnAduls usliiineAuen false fifin)

(dovthilliiRentfutorey fufiauroiuied Bloom Fitter Huilussloviioghils) wdnnisves Bloom Filter vl
annsnlddeadios K dedunafutoyadiuauiifly lnefiussavsamlunishauyes insert uas exist dudu O (M)
oehdlafinm d1en K uay M tutfes 4 dufllennafl exist asfun true Alsigndfosunndetu Usslovdvas Bloom Filter Aois
annsauiudeyadwauinn 9 lleeildan K dosnirsiuiudeya Tnemsldnunilswes Bloom Filter Aslddmiunsiaasy
Tendananieglu cache vasvidelsl Tngld Bloom Filter sduinsondosiuatnemnids Inefid exist Audn false 2
oA iioyafenailiogly cache warssuuasdodlumantuuainiiau usd Bloom Filter Aufn true szUUDE

naaedlUndoyanang133n cache naw Weoliwetayadse q Flumearanidu
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11.1 9395u1e data member ¢19 9 Alglupaiafioonkuutu 118 member ozlstng waz wiazdviminfiozls vluds

BenltusEnNeLUsAINa?

11.2 3afgunana Bloom Filter audammuaiilaseulitnedu dnnillefilinedou dsulivuvawes wtn 7 wihtu

STL Reference

(be noted that the underlined method is not available in CP version)
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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>

Element Access

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

Modifier #ilas
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 #dléame
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);




