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1ol dgalgll el .)..o.u Caio S3 uiyg (generic type pisedll

T g9l Jolao 4] puity SV goill 332)  #
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public final class Integer extends Number implements
Comparable<Integer> {

public int compareTo(Integer anotherInteger) {
int thisVal = this.value;
int anotherVal = anotherInteger.value;

return (thisVal<anotherVal ? -1 : (thisVal==anotherVal ? 0 :
1))

/1 o333 glgl csis
}

instance variables a.wJI Olhuing gilgdl Woy3 4519 LIy Number Cauall (o Coiall 132 f».m
dowl L2yl 5865 4ilé wllalg .Comparable<Integer> dgalgll Lal 3813 &l oS anall cll3 (6 d8522)!
.intggﬂInggﬁé;gﬁgIntegerggﬂhbojﬁkm(}guuggcompareTo

1053 Caall elld o) (o a3l compiler Cahadll old .diseo dazle 383 &b Gize o ziual losic
Agaloll ells b ddhedll glgill guax

Bll IS5 ternary operator s Sole axsiws Llell o8 3lgll compareTo gl dxais 5 basd
Suiill Joolall oo Lo JUas delyd cliSazs )il Jolgall ope 8556 wlhal oS @ 131.7 1 Wl gl Lle
(3l d2ll)

List agalgll 1.3

Arraylist Los Ll cpisdis xoglg (L ist lgawl dgalg Ll JCF Bls d) 6 wlaanill lb] (Sgi
&5 g List £ol o deild Jted SIS dde (eSo o) L Lo dgalgll wlls 8)ed .LinkedListy
4Ll removeg gety add Lais «2olgill (o 8330 d.c.gw dgzlgll el 3453 Caio Sl )59) R E
25T 18520 Ll

s Gigdg Lagin Jiasdl Sad Il «goleddl el LinkedList g Arraylist Guaiall NS 404
go1l go LS go Lidnl Joall dGlSely olé List gl (oo SIS go Jani) ghuas 2l 3929 dl> 8 <l
List dgalgll 383 35T ¢ 6 851 (o ol sLinkedList gl o ol Arraylist
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8xSall el W1 Jlall guds)

public class ListClientExample {

private List list;

public ListClientExample() {

list = new LinkedList();

private List getList() {

return list;

public static void main(String[] args) {
ListClientExample lce = new ListClientExample();
List list = lce.getlList();
System.out.println(list);

i

2ol Gasy Gle Sgimg 0l jt caghn Jamy ListClientExample Caiall pgdy 3 (s LaS
Caisall 138 pasiwiw L5t £l (po dw yusio Hooan 3 List gl o daild Cadsi) dyyguall
«J93l Oureill 8 delssiwl Ll Zlisviw @ «disso §:S6 Fusgil

LS -cLish i- instantiating Luuiwl list &a5lall ListClientExample Canall Gib ¢sued
Joiedll g lsladl (5LSIl L)l reference Lasyo getlist sl sy loiw LinkedList §gill (o 2>
Rilodl &l )Lisd Syapdill (o Al ylaul Lo main il Seizy (> 9 «dadlal

s by ol 0o« List alasiwl Jolsy ail g JUall 130 8 Lau] 3Ll Byl il duwlw3l dladill
4l (8,8 dsunidl yuio (53 eSS Bygpo s S5 @) Lo Arraylist al LinkedList uo Jo doaSlall ¢ g
Lodlall £ g ) Gydaill (390 (L ist Eaidl o dowd ausy getlist bl o LS List geill (o oSa) Léied
Lo JS8 Arraylist gl (o LSS axsiwd of )y8e Sudiiame cloly it 131 Qb Lagio 55T 8

(55 odazi ST shad bl Hgs Gill Jass 9o 4] Zlixiw

a0 3oially g2y LIl dmopdl ol lgalgll Lle s sizall oyl duous Lglwdl s Lo gl
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.ant ListClientExample o3l 3.359 code slxo Ll o3lo Ant sl PRCN 1Y)
Il g 235 Al Lo,

List is a raw type. References to generic type List<E>

should be parameterized.
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OLSoly Ld (5353 disno daild Gausd paic &1 clllia YIS 13] Lo paxas ol 2 US 13] (Jlall Jaaww
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Selection sort _ilatiul wifill 2.1

(3] d3l) Hasdl iyl @unly 835 dagny ds03)ls> A Jltell Spaeidl 3855

public class SelectionSort {

/**

* ] osoadlls 1 eseall csgreall cpseusll Ja

*/

public static void swapElements(int[] array, int i, int j) {

int temp = array[i];
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array[i] = array[]j];

array[j] = temp;

/**

* 3l syl ge ey yeie srol s Jle el

* ohadl Ll s> 1ndex Joledl e
2/
public static int indexLowest(int[] array, int start) {
int lowIndex = start;
for (int 1 = start; i < array.length; i++) {
if (array[i] < array[lowIndex]) {

lowIndex = i;

}

return lowIndex;

/**

*o Sl oyl dwyyles plasusly ddsdadl
2/
public static void selectionSort(int[] array) {
for (int 1 = 0; 1 < array.length; i++) {
int j = indexLowest(array, 1);

swapElements(array, i, j);

i
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:constructor Cauall Lilg instance variables sliuall LS iljugiog Caiall Cayyei Lle d Ul

public class MyArrayList<E> implements List<E> {
int size; /] yolsl sasy baausl

private E[] array; /] syolsll ;35

public MyArrayList() {
array = (E[]) new Object[10];

size = 0;

}
.MyArrayListgﬁgﬂ(30fﬁLSL@h;Q(?LH)Jouzﬂaxagq§gaﬂlaa;§|AS-size yasioll aaisg
Lgil3 yuoliall el Lle (Sgind il dgananll array ysiall Jiod loiwy
peitall dogd bt LaS Ll d6)lall doyill Bave Joos polic Syise oo 8350 Sgaumn il (i
dodiuiuwd yut HSlol 3929 il las (Size yuioll doud (o pST ddgtuanll Job oSy Lo WLE .0 Ul size
Bl> da sclody dilaie dlasdlo

Jasi o) Lio AJUI doydedld 13Sag (type parameter § o5 Joloo alasiwl ddgawns clin] cliSol 3

array = new E[10];
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(dojudsudl dellb) deseall £ 1613l sguasell Lo 8 Cl3 e il bel)d wliso) .typecast

doSall L) polisll d8La] o Jogurall @l Lo 31 Sykas 51

public boolean add(E element) {

if (size >= array.length) {
/] yole)l gl #uwily 41 ddgaan adl
E[] bigger = (E[]) new Object[array.length * 2];
System.arraycopy(array, 0, bigger, 0, array.length);
array = bigger;

}

array[size] = element;

size++;

return true;

}

Led| Zuidd 1Sl ddgaunn clis] ) Busiw «ddgaanl 8 8xelidl (Sl (o wjell 3929 pac Al 8
doud 85Ly) &0 «d8g8 o)l L3 L snaadl yaiell LS| (o uia.u_w A3eg Ay Law 339>g0ll yuolisll
Size yusio

Lol s a1 a3 Louyld (Busly el oo (S0 ¥ 38 .boolean g ol ipo dowd il clld susy

G L3slall Jlg >3l 6 lgaobul Lle 2l clof Jlsd of st ol &bl W o 3 25 L3ls true
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public T get(int index) {
if (index < 0 || index >= size) {
throw new IndexOutOfBoundsException();

}

return array[index];

}
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public T set(int index, T element) {
// TODO: fill in this method.
return null;

}
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o) Grbiiawg (&l Juadll Gay e b i Cu> 2lg y2 Gnstsac Juadll 13 Oy
.amortized analysis sl Judsadl Gawy bo alasauwb Olw))lesdl Lghds (o couas

MyArrayList wainll gilgi watini 3.1

Skl Jladl Juws Gle girand I bl gilgill dulle order of growth ges iy aasd Lused
MyArraylList Caualb Bieall get gl duai

public E get(int index) {
if (index < 0 || index >= size) {
throw new IndexOutOfBoundsException();

}

return array[index];

}

Joxall 6 get gl R JCramt elds Lle ;l_:qQ .E‘gl.’i boj get Ul Oloded (1o doddes JS G piaul
G Goj

dais Gl bl cdeasaw) 3l set il caluas Qi daplall Guan LiSey (get gl Lo 289 )3

toslil Juaddl B8 Lo 5o s Galadl apeill (e et gl

public E set(int index, E element) {
E old = get(index);

array[index] = element;
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return old;

}

Ll dleaiwl Lle @3 (58 dais 968 «d>lyw dgannll Glas Lami 3 set il of a3 Lo,
BJlo Lurgall oS 3 Leaic exception Gobicl oe &3 il get

&l 3e) ddeg 5L Lo -get gyl ojlesiwl clld 6 Lay- set ldl wilagdes (o doaged JS (§yeiws

Lnl ol cols set
index0f gl Ui Gl e il dasdl gilgill Gas Ll 31 Jaiul

public int indexOf(Object target) {
for (int i = 0; i<size; i++) {
if (equals(target, array[i])) {

return i;

b

return -1;
}

2L et Bkl W G5 85)1S5 ya00 JS (99 1553 LaS 1S dal> e 1ndexOf gl Sgimy
Canyss Gl kil L indexOfalll Caswal e oSeid Jel equalsglidl caiwl of 131 Lule .equals
2oLl el

private boolean equals(Object target, Object element) {
if (target == null) {
return element == null;
} else {

return target.equals(element);

i

target ysioll pas Ll 034855 (o) iy s3I target . equals glil gl Bl esiw
Jali JaS5 6SU oyl ol 5 0385w elliaJg 14998 anll o> Lle s _oiny 3 aiSJg.elementy
.ndex0f gl
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034055 b Lowdg . (rludl Ll g0 remove il Jud=i wliw 138y

public E remove(int index) {
E element = get(index);
for (int i=index; i<size-1; i++) {
array[i] = array[i+1];
I
size--;
return element;

i

038l o 3l 89iaall yuolic yc 3ad @ ol o3l 15 get Bl Gl LI et
Bysiunpg (SR Lle LSl ddl> Ll 3853 ()6 «dailall dilgi 9 s9>aall paisall Lsds 13]g .index
Iy il yolio)l groz pue il Samud JoI puaiall Lsds 13)  Jolaall o6 GG loy Maic golill
0953 il ol Ul clitiwl «Joall (b llas il 385 of Lused el . Glas loy il (s
Lgnlgs (o 405 Boluo 32 e of ddgiunnll Glgi b aBlg 483> glinell puaiall gt

add gilill cring 3.2
:parameters ioleoS luaicg Livygd add Ll (o dJll dswwidl Judiuws

public void add(int index, E element) {
if (index < 0 || index > size) {
throw new IndexOutOfBoundsException();
}
/] Bgaadl am> buo o S o wol
add(element);

// Of):&;ﬂl ol dy>

for (int i=size-1; i>index; i--) {

array[i] = array[i-1];
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array[index] = element;

i

2 S) gl add (E) sslgll oalaall ol &l add (int, E) Gulolaal ol dowill e aiws
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public boolean add(E element) {
if (size >= array.length) {
/] gl solsll Fuily 41 dgsan adl
E[] bigger = (E[]) new Object[array.length * 2];
System.arraycopy(array, 0, bigger, 0, array.length);
array = bigger;
I
array[size] = element;
Size++;
return true;
}

doisiwd ot d>luo Jba CilS o) Y a5 lg)l Joleall Ol douuidl (o) Julss dg2uo i L) puais
Ll 8y annd (d8g98 aall g b 83l Uyshasl o) Lol 1L loy olidl (§ysienand «ddgiunnll o6
Adga.nall e 2o unliiy Go) 0)939 §ysiwy System.arraycopy glidl (3 s loj
wLe,_ihxs?muwlme@,ﬁmu@iﬁjoiwqwﬁqugwl x> Jgd 13|
033 LgilSol ddga wno lusd oL b wnill Lo yiaiwg N oyla_iie LSS (o s3c J¥> d8Ls3l
Jhdd paic
Oxiiawg «d8gaanll (8 556 L d>luno il douww add Lghls et Gl Lol bpall G5
135lg Buaic
Dslg Buaic 3w «ddgiunnll (58 8¢l doluno il s Al 6pall 55
il (320 @5 (Orilwll (yywaiell Fwiyg (ddgtuanll e s YUl auepw AW Gall O
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public boolean removeAll(Collection<?> collection) {
boolean flag = true;
for (Object obj: collection) {
flag &= remove(obj);
I

return flag;
I
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linked data structures dhulfinll alilull Jabia 3.4

linked list &aylyio d adld 3saitd] 130 pxsiwd .List dgalol Wie 1 QI opeidl (6 Addiw
ilolyiell @ilod)| Jlo (6 lgic belydll eliSagd «bmlyrall @ilgall e 8555 <yl 5S35 @) 13lg «puoliall (3ol
Lo Hlaisb Lg) Gyl
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public class ListNode {

public Object data;
public ListNode next;

public ListNode() {
null;
null;

this.data

this.next

public ListNode(Object data) {
this.data

data;
null;

this.next

public ListNode(Object data, ListNode next) {
this.data = data;

this.next = next;

public String toString() {
return "ListNode(" + data.toString() + ")";
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o 4l 53 503 ponsdl Lle Sy a>ly yuaic (po 43554 4aild Ll o LaS ListNode ggill (po a5l
Sdell o sac Sl e (Sgind

LB o dcgamo clini] o las] H§ Sy sz dasld clivd dossiumall Gkl (o wuiSIl sy

:JWl ol Lle ListNode Caall

ListNode node1

new ListNode(1);

ListNode node2

new ListNode(2);

ListNode node3 = new ListNode(3);

e lghy) @

node1l.next node2;

node3;
null;

node2.next

node3.next

b5 O 1 13] W JLtdl Jars Gle gl Guads (56 Ll yig 8ade 05 ol oo x> danb ling
ol Lo @S i (o8 sy | sz Baie

ListNode node0 = new ListNode(0. nodel);

291 90 dousuall dlacBl Lle Sgind v dayyl lyps) zusol bl clagdesl dudw 35 s .3lg
Londll Lle (Sgio 853 5adall (o8 next dowd of iz .saclal iy oo dbgireg wbilo Jio 3
null &, lall
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node0 nodel node2 node3
ListNode l ListNode l ListNode l _ ListNode I
cargo nextesr— cargo nexis— cargo nexts— cargo nexts
. ' . ’
Integer l Integer l Integer

0

2 3

Gl Lgyll pis il LS ol siall zaded HILS) Eily o) (0 dinluudl s sdoill dooll

28k Lo b siall 4] puini bo udes gawl 2o (Gaolino J51s glawl digy Olusiall xghai .olysiall

Olyu o Lglslag (Integerg ListNode Joio) ddl oiis Sl &gl lg2)yls 325 (§aobus diugy WL
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3 Juyni 3.5

OUSI £ 3gimno 8 (el 13g) dglnall il Olale sxiww

i) e daslB pasiiwig (LSt dgalell 5o s Ll (Sgimo MylLinkedList.java o
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MyLinkedList caiall JUNit whlusl e Sgisw MyLinkedListTest.java o

Ay Whlas dae e Sgisy S MyArrayList. java Jusdsd ant MyArraylList y o3l ey

S oy tas 3] Lgie yasdl Jdwaw il JUnit ol)los! Jue dsd ant MyArrayListTestAﬁjpS
LS| elde o Gl @lgdl L1 8L TODO eolédes A5y aoviw «8yanill

b & 8heall LilaJlg Wl siall Q) )bl a3 o Jid 8papidl cly ol pasy L) taud
MyLinkedList caiall

public class MyLinkedList<E> implements List<E> {

private int size; /] solsll sasy Lol

private Node head; /1 JoYl sassll JI e>ye

public MyLinkedList() {
head = null;
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size = 0;

i

MyLinkedList gg il o (LS Lalami il poliall 3a2) - galeidl zudsl Las- size yuaiall bading
gyl daslall colS 1] nu LT delall dagdll Jos of dnslall (b o3l 6xasll L] head yaiall yuuby Lois

lly 134> ol pgasll 6 &udls] Dlogleay blais3l 323 g puoliall sac (3355 S)gpall (o Ll
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Lay Goladl gaidl Caiysi Gle 1355 o)) Sy oo e olgill wlls slagl LIl el (S35 lgio 48350 of doslall
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private class Node {
public E data;

public Node next;

public Node(E data, Node next) {
this.data

data;

this.next next;

Sl s ListNode Canall Lilas dlive Node Canall ol 13o )] casl

radd gl dwass Ll kil .ol
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public boolean add(E element) {

if (head == null) {
head = new Node(element);

} else {
Node node = head;
/71 333 aaell J ad us dalsdl da
for ( ; node.next != null; node = node.next) {}
node.next = new Node(element);

}
Ssize++;

return true;

omeill o JloS3 Lagissnal glimin gabaos Jiiall 130 s
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:clear gl 35 Sl Hail

public void clear() {
head = null;
size = 0;

}
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Oleoiyledl Jalos dindlio golis @ | Juadll ped J> Juadll 130 o8 Jolitiaw

MyLinkedList wainll gilgy wauini 4.1

&Ll order of growth g o iy a5 Jolsg lalyél .index0f gyl duais 4L 8yauidl BEIES,
rdayliall Jud

public int indexOf(Object target) {
Node node = head;
for (int i=0; i<size; i++) {

if (equals(target, node.data)) {

return i;
}
node = node.next;
}
return -1;

}

0Soiall o 1 zacdll 387 8388l Guds Ll OF puin LagalS 3T 130 Gasg ol node Ll head siuws
Logdll 329 38 OLS 13] Lo pamay equals Ll )l S5 JS b Geximds «size-1 L)) 0 Go dalaly
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public void add(int index, E element) {
if (index == 0) {

head = new Node(element, head);

} else {

Node node = getNode(index-1);

node.next = new Node(element, node.next);
}
size++;

}

el 2dls o Liale 13 glg «dailall dolay L agasdl bl Cands Lild yaudll (Sglud index oS 13]

ooadll b 39250l yuaiall Wl Joss of Gl deslall b Jawl Gl Sawdics el C8dlg duols dl> Jio
@yaud Gy Laudg cge tNode cluall 21 Coagll 1ag) paduimic LS (index-1

private Node getNode(int index) {
if (index < 0 || index >= size) {
throw new IndexOutOfBoundsException();
I
Node node = head;
for (int i=0; i<index; i++) {

node = node.next;
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}

return node;

i

2l U6 .S clS 1316 1) zgewnall Blaill z,l> index desd cils 13 Lo getNode gl Gamd
Aollnall 5382l sums daslall yuolic ye oy aild «3S (S5 @l 13] Lol zexception slycl e

ooadall oo lgedi Baude sase ¢ g add Ll Ll 3925 dglhall 5adell Lle o> by 3l
Z909 lgagd o SWI Lle ddasll 032 o) Sacluy 38 .node . nextg node

fadd gl ged )i g0 bo «(H3lg
ol Guaid BB gag . index0f gl getNode gl auiy .1

Ll (ros dlesiwl sl getNode gl cleaiwl Jub flguw Bl boy olodeill guos @ysiwd .2
.add

Ly add gl )eSs «dleg
sremove gl Lle ykas G NyVEN P

public E remove(int index) {
E element = get(index);
if (index == 0) {
head = head.next;
} else {

Node node = getNode(index-1);

node.next = node.next.next;

+
size--;

return element;
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Profiling yataunill 4.3

Jsid of Leilsol 8 Gle Caicall 1 (Sgis Wl Gapeill 8 Profiler canall Gl gl
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public static void profileArrayListAddEnd() {
Timeable timeable = new Timeable() {

List<String> list;

public void setup(int n) {

list = new ArraylList<String>();

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

list.add("a string");

},

String title = "ArraylList add end";

Profiler profiler = new Profiler(title, timeable);

int startN = 4000;
int endMillis = 1000;
XYSeries series = profiler.timinglLoop(startN, endMillis);

profiler.plotResults(series);

i
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public static void profileArrayListAddBeginning() {
Timeable timeable = new Timeable() {

List<String> list;

public void setup(int n) {

list = new ArraylList<String>();

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

list.add(0, "a string");

}
int startN = 4000;
int endMillis = 10000;

runProfiler ("ArrayList add beginning", timeable, startN,

endMillis);
I
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public static void profilelLinkedListAddBeginning() {
Timeable timeable = new Timeable() {

List<String> list;
public void setup(int n) {

list = new LinkedList<String>();

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

list.add(0, "a string");
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},
int startN = 128000;
int endMillis = 2000;

runProfiler("LinkedList add beginning", timeable, startN,
endMillis);

}
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public static void profilelLinkedListAddEnd() {
Timeable timeable = new Timeable() {

List<String> list;

public void setup(int n) {

list = new LinkedList<String>();

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

list.add("a string");

}
int startN = 64000;
int endMillis = 1000;

runProfiler("LinkedList add end", timeable, startN,
endMillis);
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<!DOCTYPE html>
<html>
<head>
<title>This is a title</title>
</head>
<body>
<p>Hello world!</p>
</body>
</html>
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This is a title Hello world!
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String url =
"http://en.wikipedia.org/wiki/Java_(programming_language)";

// <tﬂ_'>9 _\M‘AJ[JA:>
Connection conn = Jsoup.connect(url);

Document doc = conn.get();

/] olhaal gxyinly sadl gomall s
Element content = doc.getElementById("mw-content-text");

Elements paragraphs = content.select("p");
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Elements paragraphs = content.select("p");

Element firstPara = paragraphs.get(0);

Iterable<Node> iter = new WikiNodeIterable(firstPara);
for (Node node: iter) {
if (node instanceof TextNode) {

System.out.print(node);
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Java 1s a general-purpose computer programming language that is

concurrent, class-based, object-oriented,[13] and specifically
designed ..
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private static void recursiveDFS(Node node) {
if (node instanceof TextNode) {
System.out.print(node);

}
for (Node child: node.childNodes()) {

recursiveDFS(child);
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private static void iterativeDFS(Node root) {
Deque<Node> stack = new ArrayDeque<Node>();

stack.push(root);

while (!stack.isEmpty()) {
Node node = stack.pop();
if (node instanceof TextNode) {

System.out.print(node);

List<Node> nodes = new ArrayList<Node>(node.childNodes());

Collections.reverse(nodes);

for (Node child: nodes) {
stack.push(child);

}
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Degeue<Node> deque = new LinkedList<Node>();

13] «Joldall Gog .List dgloll gulgi 3 Deque daloll dd3ell Rlaill alaiiwl chilSea] 6 HeSumd
(G (List gaill o pugio ) Gl

List<Node> deque = new LinkedList<Node>();

Lle 53wl 13] Lol 1Deque dgalgll palgs 3 List dgalgll dd5eall iladl alasmwl SilSol (6 (oS
Il gl

LinkedList<Node> deque = new LinkedList<Node>();

Ol sd daline Dlgzly (o golod Zes sic Bamy Sl (S @iloill groz plasiuwl GilSol (HoSims
las Yl clgind dusye STy 518 ool pumaio byaill
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log) I (S52gd (Gphall 5.7

Getting "da_wlall dlao | Gupall" dusyd dous iz crawler cioyi| casly Juaddl 130 8 Giwiuw
Lalias Lispd (il baguSas 8850 8 -Logy L (5385 Gkl JS pegeall Jiall dwis G- to Philosophy
3l Jasll 9

duladl 7.1

el e Gle Wackuiuw Gl @l Bl lale OUSIE sgims (o6 o

iterative ))Silg recursive Sagleil 3ol 8yaud Lo Sgizo (WikiNodeExample. java .1
.depth-first search 3ol gosll ol duibs)

»< ygyrnll UL Iterable ggdl ;o Moo Chino e Seixy WikiNodeIterable. java .2

DOM &2

o0 Wléall Jsosi jSOUP duiSo pasiwd 3ol 82 oo Lle (Sgis (WikiFetcher.java .3
1509 & 8g0ll (8 doaxll bogyuin ol Olniuall S deyund 13> Canall &9 LawsSg &9g0
A dndaall i O S8 ld plaiiy 8 B35 lgll Al (o dinio (0 yiST ol

130 6 LalaSs O iy ol 8ya il e E5awo )8—ad e Sgimg WikiPhilosophy. java .4
Jowdl (8 Llgidlisung « il
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https://github.com/AllenDowney/ThinkDataStructures
https://en.wikipedia.org/wiki/Wikipedia:Getting_to_Philosophy
https://en.wikipedia.org/wiki/Wikipedia:Getting_to_Philosophy

Oenorsall SULI! JSlo Logy Il (5255 skl JS

Iteratorsg Iterables (jligalgll 7.2

dogw dg> (o Sagladll 3pbidll Lle dlnds dsg UySig «ad ByhSi 13sais gkl Jundll 6 Wl
Ll pldll dayyb Juadll 13e 6 Giudluw Iterator gqill (yo quSg)Q AuoudS

Logy d9y20 e S5 @ 3] Iterableg Iterator (puig>lell (e 8chyall cliSad

tsmylsJl Car ol 3833 WikiNodeIterable. java ca Lol ol gime le 8y i g
Lle 100p 1S5 dbl> pad dossiws ol LSS 13g Iterable<Node> dgxlgll WikiNodeIterable
N3] P |

Node root = ...
Iterable<Node> iter = new WikiNodeIterable(root);
for (Node node: iter) {

visit(node);

¥

3 eaiy S QWIS Tt Jiad boin lgsd Jasdl of oyl (Soi5 il 8l )32 LI root uuin

Lo 822y B)gro dic ddpdal
adadl dslenll WikiNodeIterable dpaull g
3=l 8ase Ll le> e constructor il Judiwg .1
oxg [terator ol o S iterator gl (g .2
icauall o L Hail
public class WikiNodeIterable implements Iterable<Node> {
private Node root;
public WikiNodeIterable(Node root) {

this.root = root;

@Override
public Iterator<Node> iterator() {

return new WikiNodeIterator(root);
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Oemorsall GULI JSLs Logy I 5355 Gplall JS

:Gleall Jasll WikiNodeTterator Glslal Caall s il Gd

private class WikiNodeIterator implements Iterator<Node> {
Deque<Node> stack;

public WikiNodeIterator(Node node) {
stack = new ArrayDeque<Node>();

stack.push(root);

@0verride
public boolean hasNext() {

return !stack.isEmpty();

@Override
public Node next() {
if (stack.isEmpty()) {

throw new NoSuchElementException();

Node node = stack.pop();
List<Node> nodes = new ArrayList<Node>(node.childNodes());
Collections.reverse(nodes);
for (Node child: nodes) {
stack.push(child);
}

return node;

b

&lgd 5 Lle )3
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8 e d] Caruadg (ArrayDeque go il (o (5LS alasiwl 3aidll) stack GusSell il ¢eas .1
Res]

L&) LwaSall HS 13 Lo axay iisEmpty .2

a2y @ A Sl Ll pwSles VLV Locliol Camdng (uiSoll (o 4l 8xs2ll CEuwi inext .3
wolhicl e gl.a @ld g )l Tterator (plS oé next gl clesiwl Jb 89 lgamuw il aa2ll

.exception

AlazaBly 83> 1t 856 385 Rlg3 duro> Gl (s plasiwl Lles 3o @ &S ale] of sdxes Loy

4 L) olSo ST o WikiNodeTterable Cauall pasiud o LilSo zuol (31 el Liled a8 LSl

Sws (3l 302y Codl) $yhSall Agaidl glaio (o Juwadll o s Jaws Tterable g gl alsiiwl
Lasll Lle el 3y il dxdleoll

WikiFetcher wvainll 7.3

Loxsl gy Wlgil Ll 535 38 Low (8518 deyauny yuiS Oilmino Jhod of gl Casly gudaian
‘ol Loy agiy Al WikiFetcher Cauall Uydg welld (i Slg .oloiuall el dio Jhoxd 3l aslll

prsSas @850 o ladall Sl Gl el T sid] Lol 09 gl ol Bragidl calsg 1
coaill (sgimall Hlindg HTML Jladg

389 .dgb20 810 S Li> bty Gl 281 ST @ 131 JLaidl Ol G usdiddl oyl Gusdy -2
Gulyid] JSudny 8oy A6l oSl Bpzall ells daps

WikiFetcher cauall canes Gl ol Llosd ybal

public class WikiFetcher {
private long lastRequestTime = -1;

private long minInterval = 1000;

/**

* sy a9 Syloe sasa dsdo e

*oobEall Jmd yole Lo gond @il el
* @param url

* @return

* @throws IOException
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*/
public Elements fetchWikipedia(String url) throws IOException {
sleepIfNeeded();

Connection conn = Jsoup.connect(url);

Document doc = conn.get();

Element content = doc.getElementById("mw-content-text");
Elements paragraphs = content.select("p");

return paragraphs;

private void sleepIfNeeded() {
if (lastRequestTime != -1) {
long currentTime = System.currentTimeMillis();
long nextRequestTime = lastRequestTime + minInterval;
if (currentTime < nextRequestTime) {
try {
Thread.sleep(nextRequestTime - currentTime);
} catch (InterruptedException e) {
System.err.println(

"Warning: sleep interrupted in
fetchWikipedia.");

b

}
lastRequestTime = System.currentTimeMillis();
}

Jubiw «aiall el Geus public J3eall alasiwl Bl asgll Ll go fetchWikipedia i3
il €9l (yo dgiond aumyg JURL 13390 3lg 0 338 Jieds STring &gl (po diuas dluakw bl 130

i ogllo By il s 95 ol 5385 Lruaril (spinall (saus 8388 JSI DOM yuaris sle (Sgis Elements
ol &b

Mg «db 231 dio Guabill ol paxay s)l sleepIfNeeded gldl ows sagaadl 8aill 845
4B Gleall 83591 8)38allg minTnterval Lisll dewdll (o J81 Goil oIS 13]

ol sinianl gy dll byanidl Zudgly WikiFetcher Cauall dlad Lo JS oo l3o
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WikiFetcher wf = new WikiFetcher();

for (String url: urllist) {
Elements paragraphs = wf.fetchWikipedia(url);
processParagraphs(paragraphs);

}

String g el cpe dims Juwdes Lle Soind darami oy Bylue UrLList of Jlall I 16 Lyl
osl_cl i JlElements cai all (5LSL_od &) all_sj processParagraphs gal_il Hlg
JfetchWikipedia gl

Olg WikiFetcher gl oo aas 13 5lg LSS ¢ Ol iy Cus Lago B JLiall I3ie puds)
Lailé WikiFetcher caiall o instances dws dac cha) colS ld roldlall Ruos dadlen) dosdiws

ady Sl Clally b JS G a3l 81 il 30 e S )

liSo dio gt e sLinil dolaiil delw] Jgull (o 6S)g sl Ban WikiFetcher cavall b

singleton é3yaa)l euadl bhai gy WikiFetcher Cauall Jozo dlSiwll s oz o

5l 7.4
b oo %I)_?T Alasawl dgy)b Cu.:agj Wrws main gl WikiPhilosophy. java calell (9 siw
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Lallodg lalinds LapssSus 8850 (30 dxinal URL 13560 3)lgo 33b Juitawd .1
qbh»algﬁI?gho"&Aﬁh)g«ﬁhﬂlt)ﬁﬁu@.cghoéyleJL)L)ﬁqganbﬂ|DO“A&EubjU;q 2

ZoLipdl g O iy 353329 W Jib (o boaly 3l Ly 38 LS ol Bl &l Lle dxauall gisi @) 19] .3
alind L) Do

Do Zolipdl iy Ol oiind cdawdall (e LSy Alao L yudy a>gall 3)lgall 5353 S 13] .4
Al Gl

1 08y dghasdl Ll ses 3 Ise losdy .5

0539 Loyl il g all 1a3nd g ra> Lo Sgizd List goill (o dnsld zolipdl il of (raia
2l Al el dsadl ol Zlaw (dlgisl sic il
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53> O wWilée Java dwelS (e ol e AUl Wil Gluaiiw .delS JS Wlis 8ac 82 piuwig
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WLl JSuo e dlue oo Lillg .map dayyadl: o collection Wisawall daresd e dbadl dayylallg
key-value dadg zlioe ;o lgio JS cally Cus Zlojl Go degame (o HoSi)

Uayyl Nio &duifon Ablooll diagd e yotally (o Zlibe (e Conll daypun Ayl dinyyl y3o5
Zilaall Jiaiwg dxb o JS 08 dalSIl clli Hogbs Wlho 339y Casg dolS JS bl yi Gy TermCounter
(oal)l 1S5 o) Heghall ilye sac @sdll Jiaiw Loiy sl OlalS

lgedl (g «danys 15T b Laydlgs Lojiadll methods golgil asdad il Map dgslgl Lols b6
‘ob bo

Ablaoll diasd suig umo Zlias e Ul 3o Cw iget(key) o
Map gl (o dayys> Ll dowd/zliss Zloil (o 139> Bo) gl 13 Capay :put(key, value) o
.J=all 03929 Al> 6 Zliaall dlagyall doydll Jwiwy of
9 bagiSluw Kl TreeMapg HashMap olawaid! lgiw (o9 Map dg>lel) wliuwais dac B> )_;93
Lagio J3 clsl Jlsdg dosls Jound

Cainall Lanl Lo3iw (ayegb Wil 332 ol OlolS layyi ol TermCounter dayysll Ll d8Ls3b
tILl J1g—adl ) s Uisgsy .delSl Lgad jakss Ll wolduall degomiy Gy dalS JS dayy s3I Index
ole b3 ($o5 Lidl olilasll 6 1S5 15] dusbiall &3 L] Juogiins SOlrbuall dasans Jiof i

Lasd OlalSIl yghs il Wlasall Gle Hgiall Lllg ST ol Guicgamo gos LIl Jlall 130 (5 Zlixisw
degana) Gaitoane Sl gblas Jiai .Sets uicgane gblas dglac 4lSe clls L] il (Sals 20
LAGJ-\-[S 09 5.)9?940.“ );oU&”

SL@,leg‘Lm.'xﬁ_é.Uul_cgplé 0983 Ol degozo 3 uo3ia) Ll Wllasll Bls daly Set dgxlgll 2. 2
belasy Layucg gbladl ddac 34635 lgolasiwb ()Sed &olgs );93 ClS Ols icgans gblis dl );9;
:Set dgalol) duwlwdl gilgil Gl Losdg

oo Liled 135 290 yuaiall (LS 13lg .dcgomo | hoaic gl I3 o carway :add(element) o
L Jasy 3 48 deganoll

degaxoll 8 139290 Hiedll juaiall HIS 13] Lo ldl 13e yaxas icontains(element) o
TreeSetgHashSet olauall lgiw oy St dgaloll oligais sac ol 4595

oo leas o) N | I | I N K | g VS o2 dii_w Lisle Jawd ,_,l;i Oo ULl JSLa bes—o 389 3
.TermCounter cauall
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TermCounter wainll 8.2
w29 «wOlxiaall GO lgiga> o 33c 2o Cdl WlalS Gy ayy TermCounter Cauall Jio)
raiall Cayyes (o Jo3l el ALl 8yauill

public class TermCounter {

private Map<String, Integer> map;

private String label;

public TermCounter(String label) {
this.label = label;

this.map = new HashMap<String, Integer>();

So—i> Sl sl Label yoioll 3350 Loiw (lgigas Wlye 32y OledSI map downid] juio Joyy
.URLS 83>gall 3)lgall 3w (il do ascuniwg «ledSIl ells Lle

L_JQ‘JJJ—M’LAS‘.bJ)JIW ld.o_ “ 7 9 ‘sz |\/|ap d.3>|9J| t_)I)J.Si Hashl\/lap .. l&i‘;
Aoslall Jouadll 9 dolasiwl g gl o gaig dloc ddyb

'l gl Lle (udledll gete put oualdl TermCounter Cauall xoo3

public void put(String term, int count) {

map.put(term, count);

public Integer get(String term) {
Integer count = map.get(term);
return count == null ? 0 : count;

}

dny sl (8 8 2all put gl 6ygay e diwiw (dueriwd Losied walas U ol put gl Josd
sy &3l

o G edll get Ll ediwiw dusdiwi lodind (dsb> Jos get il pgdy «(5)>3 dg=l (o
Ll L8 .8 (o dnyyal (8 835 >0 d_alSIl (S5 @) 1318 i_uidl Gama o d_ayyll

.0 doudll suey TermCounter . get
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Jubi g dggun incrementTermCount gldl cayyei Lle dayylall clly get bl cayyed Baclw)
A lades Lgy LA 13l g dalS golill el

public void incrementTermCount(String term) {
put(term, get(term) + 1);
}

Ll padiad @3 1 )laday slaell g 0 dagdll get axeuwd oyl aus 83520 dalSIl (S5 @) 13]
dlayysdl G 839200 dalSIl LS 13 . blaall G .dlayysdl Gl s key-value doud/zlias zgj WLsd put
Aol Aoyl Jnstasd gy 10555 0511 )1y Wn203ig 238l slaall dogd gziass il das

1oyl Oliuo duwygd Lle sackuall ()51 Blgi TermCounter Caiuall C8)s)

public void processElements(Elements paragraphs) {
for (Node node: paragraphs) {

processTree(node);

public void processTree(Node root) {
for (Node node: new WikiNodeIterable(root)) {
if (node instanceof TextNode) {

processText(((TextNode) node).text());

public void processText(String text) {
String[] array = tEXt.FEplaceAll("\\pP", n u).
toLowerCase().

split("\\s+");
for (int i=0; i<array.length; i++) {

String term = array[i];

incrementTermCount(term);
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OB o dopoxi oo Sl Elements g g il (o BIS bl 132 Judiw) :processElements o
processTree ldl lgio (P JSI eainndg deraxil yue gl joy .Element

e i Byl e gl iy [DOM 8y )i a_xﬁ_c.Lkwf ﬂg_u‘i_c, Jibiw) processTree e
processText gldl Ll oyxedg ol lgio T @ «pad Gle Sgind Gl agsll

Olodeg wlelydg WlalS e Soixi String ggill o 4.._@) ETWA Judiw) processText o
Letl> Ll dsimiall Coy >3l J5odg vl Lol @udyill olode galill (o3 Lapetg oudys
2Ll Gexi s L alS) Ly @l il 3o aolalS Jf padl o ias] o spaall
Ao el splitgreplaceAll Hlell Jubiwig Lgio :}_iJ incrementTermCount

O)oles Jio regular expression

TermCounter Cauall plasiwl diyyb zudes sl LI Jliall I kil (550

String url =
"http://en.wikipedia.org/wiki/Java_(programming_language)";

WikiFetcher wf = new WikiFetcher();
Elements paragraphs = wf.fetchWikipedia(url);

TermCounter counter new TermCounter(url);

counter.processElements(paragraphs);

counter.printCounts();

vl JIod @5 bsisSos 8850 (ro dniuo Jsand WikiFetcher ggil iy IS Jlall Ias pxiiw
Aoduall 8 839290l OladSIl Ae) doasiuig TermCounter gl (o BIS ¢ uindg gy 39> g0l &)yl

JoiSoll yu8 @l (o JLaSh o) slogd sLeislg o lill sl 8 Spieil] Juis slisal

6 ()0l 8.3
oSl g sgiune 8 Gapedl anb Dlale Az
2Pl el 8yaud Lle Sgizw iTermCounter. java o
JTermCounter. java caloll )lusl 8yaud Lle Sgizu :TermCounterTest. java
Ol o Gl e3xdb ol Canall cayyel Lo Sgiso tIndex. java e

d=8 10 Juoxid (Gl Gyl 8 oliosxiwl Sl Caall e Sgixy WikiFetcher. java e
laldoy iyl
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.DOM 8)muis 28c 8 Jéiid) oloaziwl Sl Ccanall Lle Sqi (WikiNodelterable. java
build.xml bl calo LAl saadw

Bra i Jadid GS)ant  TermCounter ,o%l 385 @ (Byapidl Olals Caypai ant  build w3l Aa
aline zx> Lle Judnd ol g (Laysgh Wlyo 33 cq OlalSIb dals dpaiil el galal . goludl el
b

genericservlet, 2
configurations, 1
claimed, 1
servletresponse, 2
occur, 2

Total of all counts = -1

EJSI1 £ gamall 3531 slawll g3k Of Giiing Bpawill J2iS loaie lalise lalSIl yggh uiyi 323 28
e oSl . JaiSe it size gl o% Jlall 130 (b 1- dagdll su2y diSlg «HlolSIl 2ros oghs lro sa2)
A798 dasdll Lo Juass ol Oy Cau> WS> g)o ant TermCounter ;o3| kY @l e

Quswo JSui I papedl i St 38 el o St oSJant TermCounterTest o3l AdS

Bl i JUoS] lule gSg Index ol o IS 13485 y95kd (upeill (o (3l £3nl) dssuilly
rCaiall Canyes G bl JosSall e

public class Index {

private Map<String, Set<TermCounter>> index =

new HashMap<String, Set<TermCounter>>();

public void add(String term, TermCounter tc) {

Set<TermCounter> set = get(term);

/7 Jo¥l 8yal)l dlSIl oyi cuS 13] Bagas dcgame il
if (set == null) {
set = new HashSet<TermCounter>();
index.put(term, set);

I
/7 Bsgm>sall degamadl Jie (1B e dalS)l cgly 88 cus 13
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set.add(tc);

public Set<TermCounter> get(String term) {
return index.get(term);

}

£l | o DLIBIS d_coamay iy AalS JS bayyi Map dbayys index il ysio Jio]
Sl Al Lgsd b dniuo Lgio IS JS Jiadg TermCounter

loaicg .duns dolSy doladl deganall Ll TermCounter ggidl (o 1303 LSS add bl Cauay
JoiB (0 dalSI Ll 28 LS 13) Lol 83332 dcgame Ll sl of Ligle (98 Bp0 Jo3 dalS uresd
dcgazmoll HoS5 basic set. add gl Jie) 1 dalSUl ¢lls d cgomo Ll 1303 Tuaic hsd Capdiuwd
46Lus) s bnsd index Joasi Ll padiw Wl Cus 413 index J3e3 39 index Jsls Jeall 635250
B3> dalS

AdalSl dblaall TermCounter cauall LSS degoxo Jumyg (o dalS get gl Judiwn .Ij_,,'>39

Lle g Tndex gl (SLS ol Joll Se «0plainBg conidl Gam 13d98 130 ULl JSun 385
£0dl Il i SIS (o &35Sl (Set £o il (o dcgamos tam dalS S bayi Map g9l (yo dbanys
Ol ells Hegls Wlyo sagy ol OlalS layys qup lgio quSJSd.qu Cus> TermCounter

Index Map Set

index >—‘—> “‘Java’ 1> /- \

TermCounter / Terchrunter\‘

label - “URL1Y" label - “URL2"
map map

Map l Map I

Java® = 5 “Java” - 5
‘program” — 2 “Indonesia” —» 2

L puiio Lle Tndex Caiall (IS Seimy Caus (DI i) Bonpsrgs Law) dislull 8)guall (6)s5
dlasye Java 5asly dtas duw Lle -Jliall 1 (8- Sging Sl Map Camall (SIS Gl yuin index dewl

83



Oexopall UL JSLo Indexer L gaoll

238 dodao JS) 13519 (9Ss Cumu fTermCounter € gl (o GuidlS e (Sgind Set g gill (o degamo
Java delS Lgsd b

3 >gall 3)lgall 535 Jiay il Label dsuill jusio Lle TermCounter ggill o IS JS pawan
Olyo 3389 dninall L6 839250)l OLSI Lle Sging S Map susiall (hudi oS dxiwall Lol URL
Lgio dolS JJS rgas

;I3 bl JSus belyd dayyb printIndex gl udes

public void printIndex() {
/1 ol oS ye o
for (String term: keySet()) {
System.out.println(term);

/] yoghs @lye sacy dalSl lgd wygh LAl wlodall gbl dalS S
Set<TermCounter> tcs = get(term);
for (TermCounter tc: tcs) {

Integer count = tc.get(term);

System.out.println(" " + tc.getlLabel() + " " +
count);

OB H e d sl ) Sl dbls o Loiw ol OlalS e d )l ) Sl ddl> 5o
.TermCounter caiuall

Jaiw.ant  Index , o3l A& of byaudidl lale Cayyuad (o 355 GSJ ant  build y o3l 3&
3ol Ly L8 s e 255 ol (505 0 elisly il gibad o Lageosgdo LawssSag 8850 (o (uimieo
L6l gylgill

(dwas dladw (e 8)le) URL 13360 3)lg0 338 Judiws s3I indexPage gldl JlaS| go (31 &)ygs
idl2ai ol i Lo Wildleill gudsi .wyeall Hisdg [Elements g gill oo BilSg

public void indexPage(String url, Elements paragraphs) {

/] 838 JSy oSl ieg TermCounter goill oo UGS (adl
// index )| «si TermCounter godl IS 3 &ls I
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configurations

http://en.wikipedia

http://en.wikipedia.

claimed

http://en.wikipedia.

servletresponse

http://en.wikipedia.

occur

http://en.wikipedia.

.org/wiki/Programming_language 1

org/wiki/Java_(programming_language) 1

org/wiki/Java_(programming_language) 1

org/wiki/Java_(programming_language) 2

org/wiki/Java_(programming_language) 2

ol OlalS Hagb uiyi Calizg 38 Cond) eliha] sic &l Hluwsdl 6 g6

ollaall ol Lle il o 32l 1aa JlaiSl (o a3 GSJ ant TestIndex yo¥l 3 ([l
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https://khamsat.com/?utm_source=think_data_structures&utm_medium=referral&utm_campaign=hsoub_academy_books

Map agaigll .9

.hash table Jgasdl Lle loasi Aaiey s Map dgololl dalise ligds &l ¢ylodl (o6 Jglitiuw

Treelap caiall go 35T 3815 ol Gu> b b3g>gall HULI JSba Jadl (o 1351g 323 (sl
ol 8:16S) gray 3 &l 14 Lgasiys iy polisll e 930l (r0 LiiSiad

Map dgololl ouwn 3udin Jgf Tasiwwg «LgSlol Juloig ells cobLdl JSbo Sudid) duoyall eload oeSiw

Jolazdl 2y Ll Jdsiaw @ key-value qud/zslas zlol cro 885 List &gl (o dasld alaniwl

MyLinearMap wainll 31aii 9.1

Canyss @l Gl bl A LaiSall yué golgill JoS] Sl togog «dsssue x4 sLinallS 5593 w0
MyLinearMap caiall

public class MyLinearMap<K, V> implements Map<K, V> {

private List<Entry> entries = new ArraylList<Entry>();

Zilaall g6 LK Jo3l Jooloall yiing Cus> (type parameters g o ololes cauall 130 axsuiwg

ol e olé Map dg=lgll 3ai3 MyLineariap cauall (% Gy .exll £55 QI V Gl Joloall yuin Lo
dglgll lls (5 839290l sl 3503

5)luc 909 centries aus>ginstance variable dsuus yus2io Lle MyLinearMap g gl OIS Sgisd

€ ol o PLS JS Sz Eus (Entry gl Ll peiid OO (o &3S0 ArrayList ol (o dalld oye
icaall cayys Gl ol bewd Hlail .deud-zlias Zg) Lle Entry
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public class Entry implements Map.Entry<K, V> {
private K key;

private V value;

public Entry(K key, V value) {
this.key = key;

this.value = value;

@0override

public K getKey() {
return key;

b

@Override
public V getValue() {
return value;

b

Caiall a3 (a0 @ g «dadlzlian Zo) gl e (o il lgigS ENtry Caiall LS (saxi 3

Vg K &gl dolan juas pasiwdg MyLinearlist cauall (ouws

O3 | Jasiw 139 «opaddl Jod 48ys5 o)l i Lo JS o0 130

7 J4pni 9.2
LS| £ 5o 5 apeall By lalo At
el o Jo3l i) dbawall 8yauill Lle canall 130 (Sgimg (MyLinearMap.java e
MyLinearMap caiwall unit tests saslgll sl e Sgisy (MyLinearMapTest. java o
£ 3ol GO build. xml clidl Calo Wiyl smuiw

Ol amiw .ant  MyLinearMapTest ,o%l 385 @b byapill Olale ual GSJ ant  build o3l 3a;

Josll pasw alall elide Jli Lo 4l 30 coully s @) Ohlas3l pas)

aleS3 O 3ymey 5SJg Map dgzlgll oo 153> ol 13 323 3 3l FindEntry scluall Rl ie JoSi

WMB3 B e (rme Zlise G QU 130 oy ByaiS 21195 (pd dolainiunl (o (HSaian oo JSuin
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2Ll iler S 135250 Sy @l 131 NULT dé)lall dowdll of .z liaall clld Lle Sgimy Al J538)1 Lol sugy @
cwwlio JSin U1 déylall eudll @layg «opulito (o -l oliydg SAI- equals

JS_in FindEntry golal cdaSt a8 S o Lis .5yl 8p0 ant  MylLinearhapTest yodl Aas
2Ll 5505 15 Ol iy .put il JoST 13g) s JaiSe yué put gilidl 9% whlas3l g old s
Ll (5o day iy A AUS) codl EliSady dleds Of Gy bo Caye5 L) dol dy3ul=03l a2l Map.put
o dagwndl Al HLas ] Gle cls Waclugw 539>g0)l ¥ aall JiaS Bg 13035 M558 Lgs Canas put
Aladl o YolS il &S ilSolid (bl datll elya) cols 13] Lol (ol

o Map.get gLl 503 sl .put gl LUS oo g loagy containskey )Las3l o ol s

0385 @ Map.remove gLl 565 131 1 551g .51 dre lLas 3l Joig 038

1z 28 Ol grez 0985 0l G851 dadill 030 ] Wguog)

MyLinearMap wainll (Julai 9.3

oLl e Ol bl b8l glgill slof Jladan @3 v GLeSl (56 3ylg 1 (pyoil) S a381

‘equalsg findEntry

private Entry findEntry(Object target) {
for (Entry entry: entries) {
if (equals(target, entry.getKey())) {

return entry;

}

return null;

private boolean equals(Object target, Object obj) {
if (target == null) {
return obj == null;
}

return target.equals(obj);

dac Lle agaall 6 anaiey 3 diSly uilaally target eas Lle equals il Jukdid (o) ek 38
AU ) equals il s ddeg N >34
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oud 13ce Sg doladl B8 die Cond (SHI Zliall asdg Jasdl Ly Leyy FindEntry ol dewidb
findEntry gl @§ysiwg deg (N o lgad Casuinn il OME3A sae Cunlisy pgosdl a8 Lo
s L)

U3 b Loy FindEntry Ul Lle MyLinearMap cawall b d952d)l duolwdl gilgil alago saiss

&lgdl el Cayyei il .removeg getg put lgill

public V put(K key, V value) {

Entry entry = findEntry(key);

if (entry == null) {
entries.add(new Entry(key, value));
return null;

} else {
V oldValue = entry.getValue();
entry.setValue(value);

return oldValue;

I
public V get(Object key) {
Entry entry = findEntry(key);
if (entry == null) {
return null;
I
return entry.getValue();
I
public V remove(Object key) {
Entry entry = findEntry(key);
if (entry == null) {
return null;
} else {
V value = entry.getValue();
entries.remove(entry);

return value;
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ool dde Lislbl Caull 13glg (s Caiall ¢l owd duwlwdl gilgdl ganz O Gauw loo Galsiuws
MyLinearMap
bl B8 o O Lol Jli bo oSJg «Busus coN534)1 sac 1S 13] buwlio debidl 13o eSy 28
Jo3 dsousi Losie Yymiuo U3 g 38 50 Lo (i Cama Map dgzloll gilg geaz 3815 of Lised
x> O il pasy elddg ol g»)@uiéioﬁgéé»e!uk»&“ Wil ol Jois )b duisl 985 B0
sl dogS
1oghs (8 S 0eSy O A CayS 2 pixiao
Bysucd @l 8 b3 Ll lgawidiw (List &gl (po BuusS 8aslg dasld 6 M5 O3ad of (e Ja .1
3o lldg fzlias JSU -GIWI Juaddl 9 lalies 2 pinuwg - hash code duesi 8)aui pasiuiwg
Lgoaiiwiw Gl doslall
iy i) 3 ) 8o 4iS)g 8yuS 83>l daSl alasiwl (o € pwl 8ruuad @5led 8ac alasiwl 425 .2
deas el )SJg dﬂa> dewlw3l Oldasgdl J15 Lad a3 wwdliiw LeS- order of growth geull
A o58 JS 18 839->g0)l coNEA Al sae 338 Gy @Slg-dll sac U3y 1318 «l)3 jolas (po LuSotuw
O J=s6 S I Juandll (p0)05 58 @l Jpuolds Giadlinw wali oy I3 dlayys Lo Juamisd

.hashing dwesidl auei o g i clly Joo)

135 Ll p3itwg «olll Jundll (6 Map dgaloll &bl gilgill clof Jlsds credl] 1o J> Jolitiuw
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l)o;L_iéidS_Jh;Map&_4PJQIAEQ(§A_JIMyBetterMapgj;_gﬂlQL_zﬁmIs_ateégéiﬁ_Ju
MyBetterMap caimall 385 Lle Liscluw oidl hashing dweseil dusi Jgboiw LS MyLinearMap
belasIl el

Hashing alneill 10.1

Lle Sgizy MyBetteriap go 133> hiw heiw MylLinearMap Caiall elsl Gpwss Cda g
WS &8, b Shadl Lle auslall yaadl Cauall aiidl MyLineariap Caall I oo UL dasand

golslly FindEntry lall deyuw 8305 (o St Wling clgio §3oly JS 026 839200l 538 sae JI&S
EWERVEES I

waall cayyes Ll Hlail
public class MyBetterMap<K, V> implements Map<K, V> {

protected List<MylLinearMap<K, V>> maps;

public MyBetterMap(int k) {
makeMaps(k);

protected void makeMaps(int k) {

maps = new ArraylList<MylLinearMap<K, V>>(k);




oo yaal) UL JSLo Hashing diesidl

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

maps.add(new MyLinearMap<K, V>());

}

Ll Judiwg s MylLinearMap caizall G Guwind LSS deexi maps dswill yio Jio)
makelaps gLl ¢l @5 (J831 Lle B dodiwall byl sac 3355 sl k Joleall constructor
Arraylist ggil o daSls L8 Llgixaag bihal ells

Lgoainiad Ol iy il dayyall >)dly sme Tlibo pand Ho LuSel &b ] glixiw o3y
oudd go get Ll et Losic Lol thaihadl (gas) Hlisvuw sz zliso 8o put gl et lodicg
i)l Lud sy ol dayysdl 5335 of Lides .z Liaall

oS iz liso JS 448 lisusg Sl oSl deig Blguine ducyall bl sas) Hlasl el clyz] LiSod

gyl e ygtally ZLiaell e Caongll Map o1l (po dagys pasniwsd o o LiSied Slls Jnbin CiyS

Map dgzloll dJle 8elaS (53 305 AuliS g o ol 1300 (1o Luwlwl Cosgll Sy «dodiwdll dicyall
Liled paull Gll3 392g o yids Ol Ll 3 «dideg

s25g Object goill o USIS Judiwd hash function dpass dls pasaws of Wikl (a3 (o I
8o S Lunds Jolss Lodcie Lisl oo <3 (10 @aFl .hash code duasill yaud puoly Liie) Busuwo 133¢
i) &pasill 8yay i oasawl 13] ddyylall el L A5l duosil dpapd Guds Al sued ol 33 M6 «(sy>

eyl oyl 13] dpasill 8papd s Lo Juamius Wl «emo gliao

dunill Spiaid RN 130 Caind Eas c125NCOME dausl il 1l &l Object £0ill (yo 1S 261 36
1a>d el e dlia yiang (IS g5 sl @l 130 3485 Lol OIS duols

om0 2 lie) duoliall &ieyall dny sl W Aclunadl QLI L

protected MyLinearMap<K, V> chooseMap(Object key) {
int index = 0;
if (key != null) {
index = Math.abs(key.hashCode()) % maps.size();
}

return maps.get(index);
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lae Loudg .Dlgsine 0 Lw)y—gall 9 839>gall ducyall dayysdl jlisiuw LSS cnull Soluy key oIS 13]
23 LS Math. abs gLl ale 1 @f s 3¢ Gle Juos S hashCode gl pasiwia (Ul
50 Ou d0blg dasd Lo Juam SI\% docndll (8L Joole panians of (il doud Gle Sgizy 3 4l (o
999.L£H3maps&JQA;HI&J>MA>L»XJEdholiugéindex(3¢9¢ﬂ¢gyajeﬂsm‘maps.size()—1
Byl dlayysdl )l reference le3 o chooseMap susw a3l

Ol U3} (ume glite e Eon losie Gy gety put ey choosellap lyesiwl il ka3
Y Lai> Gudg o) &l L Jais .z liaall ¢l Lol losic lgale Llas Gl dlayysdl Gués Lle Juass
L8> Glunl Z i o g0 i 31 Jaizall (o

iget g put guaaldl canyes Ll il

public V put(K key, V value) {
MyLinearMap<K, V> map = chooseMap(key);

return map.put(key, value);

public V get(Object key) {
MyLinearMap<K, V> map = chooseMap(key);
return map.get(key);

}

d oyl Lle Hgiell chooseMap gl plalll e Cus @lel) :me.u 8ol Qi cdasd Loy

ol Gaxai (y3lg .y o3l w9 Lo JS 13 0g «ducyall ddayysdl G (8 Laal le i) @3 dousuall ducyall

Luad zuamwsd ddocyall bihadl o K oylade sac e Lauigs cod538l (o N oylade sac o) oIS 1]

Ol Wl Hladiw (uee glise (e Eow boasicg .ddayys> JS (8 N5l (o N/K sac Jwgiall (9
Aldall decyall dayyadl 6 Eoniw @3 (gl ARy Gy illy (diros 8yapd

caiall 9 Lgoxs> (1o 8)0 K Hladay J_Qi MyBetterMap caicall b wI53al @ilg8 pas S L)

ﬁaubioLkidhﬂ|¢MoLﬁﬂlA;dU38£91&y>k)bﬁAQ&)uj¢L>J|Qg&gQi&EgﬂU'QAé.MyLinearMap
W el 8 dASiall el @Wlaiw Glas MyBetterMap cauall Jli bo GJlbg N 2o
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Sduneill Jneiwiia 10.2

o 3ol 909 (80 JS (9 duosill 8pands pudi g O Lo 3538 (IS G e duoss dls L 13]
sSasll Gagy Gl zlisw 50316 . Jyaesl) ol oS 13] e (immutable Jysesl) BB 3ue I HIS 13 Lo Legs

Cainall W3 Calsd G (Si11yString Caicuall (et «Jyasil) dblall pé S Lo JUieS
String gedl oo dtuas dlualuw

public class SillyString {

private final String innerString;

public SillyString(String innerString) {

this.innerString = innerString;

public String toString() {

return innerString;

)

xds) el go diSlg (S111yString olisaw comll 13glg 8yusS 83506 13 L Cainall 3o (g8lgll 9
1y &S] dasidl Al L)) Ol Caiual (S0l CayS

@Override
public boolean equals(Object other) {
return this.toString().equals(other.toString());

@Override
public int hashCode() {
int total = 0;
for (int 1i=0; i<innerString.length(); i++) {
total += innerString.charAt(i);

¥

return total;
}

aJ Uisyl o W53 Syoms 103l 1amg shashCodeg equals usylidl Ciyyei SillyString cauall slel
OLS o &5l 3.a Gue) .hashCode gLl go WBdlgin equals il 9sSy ol 35 L6 wanlio JSuy Jasi o
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il byay i Guds HLSIS Wlloy ol Joaizall (ad Jadd a>lg olsil (po Fusus 13a Sy il byaub
Oglwio HUgSH 3 ells Rog

ol elladg cinnerString dscwddl i dasd 3 Sl toString il equals eaiwd
Logad ieall innerString dswddl juio (solwd 13] S111yString gedl (o HLSL

Lgcgoxos Juols iy -String godl (o- dusadl dowduwdl L9)lswe juc hashCode gl hon

08) plaiiawl gumo 33e Gl Byl Lle Jianiaw (int go il Go gumuo 236 LIl Bymo Lo Losiss

431b) 5o Sl C)lswe AL6)1 e 3upall Belyd ¢liSal .y (Sl Unicode code point 5gSuigy Loy
Jboll 130 088 E)906 sse aiSlg «oo)l 13] (d35:)=53

Il Byl bl deasnsll dls ghod

8rad uds Gle Gdaxy logild (dgluio diuas Judw Gle S111yString godl ge oS (gl 131
lg—uusti & ol 8rap s 34w (09 tdgllnall 6laSIb ) lgislg (o JSuin dyludl 8yapiill Jass
Logils «lguiyi olS Lago Cym31 Guis (po oylikuden 385 o) Mo rdalisuall duaidl Juodldl (o xusS 332
gs-nzall Juol> 095y 388 «dp oYl ud 0 LigSis o o) > o dgamtll 8yeds pudd e ot
.bbg ac Jio Lglwio

ool 13lg Wicyall ddayysdl Guds (o8 Hinde Lgild cdasill ydud uds Lle 5338 LSS o 13]
b Shadl oo K oylade sac alasiwb lgadsd Gl deyudl 6 Loyt oo 35T MB35 Lle dane dzeyd bilys

ole Jgasdl Ldlais! (e S5 ol 353 T cdolaiie dxostdl Jlgs (sS5 o) iein clialg .k 0o Sy J81 (39S
ol o) dunsil Jloa) sizdl puouaill (e ayiall belyd cliSal dygluio 4 Zaowmall Gladl o dosd Sl

mutation jureill aiblallg dineill 10.3

Alasiwl dic Uispo WY elldg 1S111yString camall elliSg . Jyasild ls jué String Canall 483
iy sin J3 93 o)l gubaiawd 3 el Si11yString ge il (o LB ¢ iid ol 5=y . Final
el i 3 Gl LaS (String g il (o daline dtuas duudun ) yudiny dlaxil 448 Biedll innerstring
&1 dpanill 8yad Guds GISU (oSiuw Iy <l iy Ll &naill dunbead] 35 o]
Cainall GUnaall Si11yArray Cacall caryss Ll sl Sbasil) ol G3SI 58 o) oo Dlo «5Sg

String Canall o 33 Uylo ddgauan pxsiuw &l clitiwly Si1lyString
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public class SillyArray {

private final char[] array;

public SillyArray(char[] array) {

this.array = array;

public String toString() {

return Arrays.toString(array);

@Override
public boolean equals(Object other) {
return this.toString().equals(other.toString());

@0override
public int hashCode() {
int total = 0;
for (int i=0; i<array.length; i++) {
total += array[i];
b
System.out.println(total);
return total;

b

dbgaun0ll 56 839> g0l Ldylouall Jani zuaw i)l setChar gl SillyArray Cauall b5
public void setChar(int i, char c) {
this.array[i] = c;
SIS dlayys> Ll oliasl @i SillyArray geill oo B5IS Ll Wl Lo il «y3lg

SillyArray arrayl = new SillyArray("Word1".toCharArray());
map.put(arrayl, 1);
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Wol>g «d8gs aall (il _ygimo W< 13] o3l 4671 Lo ddga oall WL & oedl 88, i
(SIS gz yiawss

arrayl.setChar(0, 'C');

Integer value = map.get(arrayl);

L Ll oA alize dos dpauid Lle Waasy 4471 Caouol 38 Jyasill a2y deomidl 8o (oS
Aayysl 69 39290 Ul (o eéxdl Lle zlisall Lle yiiei o Gl (diblal dxeyall dlay sl G Coasinw
J—to- da=il Lle & uall UL JSba) Lauilas Joaeil) 4 blall ol alasiwl 323 3
do3buind o Lo Jiost o) zudlaadl asd ol (e 138lie S 1316 LUl s> -Hashilapg MyBet teriiap

OSJs Liwwlio Lgolxiniwl oSy Laplé dpasill o Lo 155 0 laale ($323 Jaazs ST ol of eyl 8
el Lt o Wadls Juasd8l (o

8 Jupni 10.4

£ 391 amn 9 el Byand Wilale doiuw g MyBetterap cauall 346 (poill 130 5 (gidw
ol

lae dde Giwiw Sl Map dg=lgll (gludl Juasdl (pyed J> Gle Sgizo MyLinearMap. java

Ol uore) Ll Rl Ay 48Ls| go Juadll Guds (o 8y Lo Sgixy MyBetterlMap.java o

Bygpall sic goiy Joazd -S| elde- &S yauai Lle (Sgi MyHashMap. java
MyLinearMap cauall $a>9 Olhlusl e Sgisw :MyLinearMapTest. java o
MyBetterMap cauall $a>9 Ohlusl e Sgisw :MyBetterlMapTest. java o

MyHashMap cauwall $a>9 Olylusl Lo Sgisw MyHashMapTest. java e
el o) Lle dSuinall o 350 ey ol Gulid) 8yaud e (Seimy :Profiler.java o
Map.put gl clol Guudd 8papds Lle (Sgimy ProfileMapPut.java e

2ol @ par il l_ale (B _aiGSlant  build ,s¥3as o e bl

Lol aw JbS] elde iy b 458 elldg teshlus 3l o sgaell Jdsdiw .ant MyBetterMapTest
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Oio J—oSl @& okl Lo Lgll )L inall Jo——aadl l3 yo getg put gl il a5 & >y
203l Abs ogid a9 .chooseMap gl plasi—wl el_de S w .containsKey gl

.testContainsKey zls (o 33Ug 551 5,0 ant MyBetterMapTest
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public class MyHashMap<K, V> extends MyBetterMap<K, V> implements
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private static final double FACTOR = 1.0;

@0override
public V put(K key, V value) {
V oldValue = super.put(key, value);

/1 a8l asdl jolad a8 depall dhysdl 3 jolall sae o 13 las a30
if (size() > maps.size() * FACTOR) {

rehash();
2

return oldValue;
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public boolean containsKey(Object target) {
MyLinearMap<K, V> map = chooseMap(target);

return map.containsKey(target);

public V get(Object key) {
MyLinearMap<K, V> map = chooseMap(key);
return map.get(key);

public V remove(Object key) {
MyLinearMap<K, V> map = chooseMap(key);
return map.remove(key);

}
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public void clear() {

for (int i=0; i<maps.size(); i++) {

maps.get(i).clear();
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public int size() {
int total = 0;
for (MyLinearMap<K, V> map: maps) {
total += map.size();

b

return total;
}
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public V put(K key, V value) {
V oldValue = super.put(key, value);

if (size() > maps.size() * FACTOR) {
rehash();
}

return oldValue;
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public class MyFixedHashMap<K, V> extends MyHashMap<K, V> implements
Map<K, V> {

private int size = 0;
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public void clear() {
super.clear();
size = 0;

}
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public V remove(Object key) {
MyLinearMap<K, V> map = chooseMap(key);
size -= map.size();
V oldValue = map.remove(key);
size += map.size();
return oldValue;

b
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public V put(K key, V value) {
MyLinearMap<K, V> map = chooseMap(key);
size -= map.size();
V oldValue = map.put(key, value);

size += map.size();

if (size() > maps.size() * FACTOR) {

size = 0;
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rehash();
}

return oldValue;
}
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public int size() {

return size;
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public class MyTreeMap<K, V> implements Map<K, V> {

private int size = 0;
private Node root = null;
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size&4%§¢m;ﬁgnull&JHinLAcroot(§94cq,iJUE5EL4wlcJLSIﬂ.@q_ﬁdb§456db3_3H
énall &glus

MyTreeMap cauall J>1s @ieall Node cauall L] il
protected class Node {
public K key;

public V value;
public Node left = null;

111



Oexopral) DL JSLo TreeMap dg>lg)l

public Node right = null;

public Node(K key, V value) {
this.key = key;

this.value = value;

}

OS5 a8 .right ¢ left clull adell L] juid &2lro Lleg daxd/zlias zoj Ll dade JS Soixd
NULT dogdll Lle Sgind (Sl de)ls Laalils of Laalas]

:clear g size Jio Map dgxlg)l lgs oy 3uais Jauwll (o

public int size() {

return size;

public void clear() {
size = 0;

null;

root

L Lo s size gl ol zslgll oo

S root dagd s beaic (G S8 Sy (DU by §yin clear gl ol a3l dlagl) oylas 38
el 5o Grkimig Hruidl 8 839>90ll Jiell garbage collector logall GuslS suinwy (NULL doyd)
Loy Soslagall GuilS 4 pgay S Josll uiind O iy Jo o Lo

PUt g get @a3l ualil law ¥ (553 Rilgll Laed 13485 I eudll (b iSiiaw

TreeMap wainll ALaii 12.4
roLSINE sgiwe 9 dJUl il lale axiw
AoiSoll e gloill E5auo youad o LleBl (9 doudgdll el Lo (Sgis My Treelap. java o
MyTreelMap cauwall 359 Olhlusl e Sgiso My TreelMapTest. java o
va Jdnds 38 .ant  NMyTreeMapTest ,o%l 38 @ Byapidl Olals Caypuad ant build 3l 3a;

gl lllos] elle Loy il @ileill Az Wlis 53 il
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oo yual) OLLIL JSLa TreeMap dg>lgll

alasiwl el findNode Ll Leads pasiuw) .containsKey g get Guslid) oo Houas U)gg

dayyes dlay Ll ksl Map dgzlodl (e 8> o 463 private Jasall

private Node findNode(Object target) {
if (target == null) {

throw new IllegalArgumentException();

@SuppressWarnings("unchecked")

Comparable<? super K> k = (Comparable<? super K>) target;

// TODO: FILL THIS IN!
return null;
}

Ll 3_15 nNull sglus target daud colS 13| .dic Cous Sl Zliaall Ll target Jolaall yuin
il 3L dsdlee Map dgalgll Ol Gam olSel (g8lgl L8 .exception slycl e findNode
0o OSai O 33 W8 WA U5 Gy B id pasniand Al 130 9 Lis3 ()SJg eyl Zliaoll doyd Lad eSS
13 g) e &) o0l bnind SUg 13y «AUSine NUL1 d ol go Joladl JSuid «cllalg zuslaoll 5lge
ZliaaS NULT doxdll alasiwl Suaill

33 Byl oo Zlito doud go target glidell dod Hiles o LiSey LS LI ol 7.8
Uit d_lg J L oS target & o J—oloi &) il ol Wl containsKey g get syl FER
go—dlJl target go s Jo—o0 Lisld sl aell g o djlge 3y Lis¥g Object go il ]
el ddliol o &1l K g gl o GILS 20 djlg0ll LS zuua) oS) Comparable<?  super K>
(ool d2lil) Jadl o)l £lgil (e aapoll belyd liSol .superclass

JaS5 Ol od b 86 ¢lyga s Lol> d8) b Eleid allai go Joleil CBlyis! oy paill 130 (po Sguaball ()

@) 13) Lol (laasey o) duled zliseS target dagd Lle Seix dade golill cll3 azg 13] .FindNode gyl

el Ol A=y containsKey g get Guldl hlasl e ol st U1 dagdll suey ol adses sy
Wl s Js] ;o

Byiall £185)] Ro awlisy Loy (§psitannian
equals sxeluadl gLl U).Zg 3 Gle eliaclunalg ccontainsValue gLl JaS o elile .y3lg

9 &5hmall eudll ()9S5 3 a8 uilaall (po LuSell Lle e glide dagbg target doyd O)led S
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http://thinkdast.com/gentut

oo yual) OLLIL JSLa TreeMap dg>lgll

2Ll esiuws of Lide Lailg ccompareTo gl lgge axiiasd of lisod 3 Il (d5jleal) dbls 8ymuill
.target ysiolb equals

O0) iy gi Byl JolS 8 Cxd) containsValue gldl Mausww FindNode gl codso
8yl g a3yl go Gudg N Zslacl dae go dluiins

16 Angendl 3Ll e ddare Brapd @ Bysg .put gl Sie JaT .3l

public V put(K key, V value) {
if (key == null) {
throw new IllegalArgumentException();

}

if (root == null) {
root = new Node(key, value);
Ssize++;
return null;

}

return putHelper(root, key, value);

private V putHelper(Node node, K key, V value) {
// TODO: Fill this in.

I
A2)l6 Byoiiall LS 13] . palyiel e put @ldiw (zlisaS null dé)lall daudll plisiwl gl 13]
Lgsd 852l root yiall E1ade s> sxde pUT gyl ¢suuidu
oud ¥ private Jiedll alasiwl i eall putHelper golal peaiwg 4o 4;)1_9 OS5 @) 13] Lol
Map dg=lg)l oo lci>
:oh Lad B8 8ymidd] (pousd Gy dlezlg putHelper gl Gio JoSl
ol gl 83035d] dagdll Jowiand Ol dule Byl (powd J2ally 13520 key zliaall oIS 13] .1

NERVEIPY

OLSall Ll lgtudy @f Baas daie & aiiid o)l daled (ol L6 135 290 key zliaall Sy @l 3] .2
NULT dogdll auzy usly usuall
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00 O9Saw N yuolisll 33c 2o udg h 8 il £ L)l 2o bty Uoj put il §)simd O iy
1091 36 el & il Jaaol r33o Lasd ol GIS 13] 58g Jaiib 635l 830 Byamaiall (8 iz o) Juadl
085 iy Lle 138y o) diSlg Uyl Apaidl oS

00 Lagd -(Apd=idl dalll) el log- Rl cld sumy keySet gl o Josi ol e ([uslg
a8 LS .compareTo gl L_fiég Saclai VR 8yl Zilan & o> yuc yornll LailSol Set g qill
Set dg>lall 1A ai5 Caiall ¢l 3 e) Indexer uygaoll Goldl Juadll 6 HashSet Caiall lioisiwl
iy Lle bl saJl LinkedHashSet s bl x8g 5 . Joliell b6 auwslaell iy Gle sl 3 aislg
2wilaoll

'l oS baausyg LinkedHashSet g gl (yo dosd keySet goldl &

public Set<K> keySet() {
Set<K> set = new LinkedHashSet<K>();
return set;

I

ackal Ciyi set degamall L] 8zl o @iilaall Capay dlas G 2l 130 JoS5 of elde

02 88 Jal Ll Wacluy 28 LS crecursive Bagles dlasy céyi 389 «acluno QUGS L zlins 26
(35031 d2lb) Bymid] 6 Jaisdl "wiyill 8" gl e loglaall

waxiig el 13 Jo> Goyeiw .2l 13 JleS] (o (ais Ol a Whlis3l guoe asus ol iy
OUSIH3e o (553 Juad b Caiall 8 duwlwdl ilgill cloi
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Binary Search Tree _ililll &aull apaun .13

Lo 2yg By plasianl 8382801 Ialysdl ell puinig « ol Juadll (303 Jo Juadll 13a (8 Gidliaen
ASiinall Gl TreeMap cauall dosdy Sl Jodlg duaidl el JSline (s3] Lindlouw

MyTreeMap wainlil 13.1

lgi JLaSl dago e5yLill UiSyig My Treellap ol i [53a5 lad] ,Linall Juadll o6 Uydg
FindNode gl Taxdy (ae F3I lgloSiuwsg

private Node findNode(Object target) {
/1 D oia b g (Sg Blae NULL ss5 wlianl jas
if (target == null) {

throw new IllegalArgumentException();

/] $0d)l ssud b lia
@SuppressWarnings("unchecked")

Comparable<? super K> k = (Comparable<? super K>) target;

11 ags col
Node node = root;
while (node != null) {
int cmp = k.compareTo(node.key);

if (cmp < 0)
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node = node.left;
else if (cmp > 0)

node = node.right;
else

return node;

}

return null;
I
olidie Map dg>lo)l oo lej> puad ¥ . FindNode &Ll get g containsKey Glasldl pasuuwd
0o Jo3l eidl lisy i 38 LS .die Cms Sl Elianll target Joleoll Jiod .private Jiedll alasiwl
| Hlinell Juasll (9 Ul 13
Sudidl 130 6 7liaeS dodlo doydnull 3253
.compareTo 4l reaiwd ol Jd Comparable J)| target Jooleoll §95 Jos0 o)l (ouiy  *
LoS .Comparable dg>lgll 385 & o5 (Sl o Ja2i Cap> cdungac Jaull Cylows §lgil 51T Liodinianl
supertype Lle3l aclgil oo Bl ol K g ol Judiwg compareTo asyli o
O Oiles YhST IS 8 il dase Ll node dalsl yusie o (Wl ool Gle Coudl (5529
o3l bade L) Jaiiw APl sad2ll glise (o jouol target oIS 13] .node . key doydy target zliaall
APl adell sumivn «mgluio LS 13lg « el 3l 8ade LI Jéiiuw «dio 38T Ol 13] Lol 4 gpaundl

8 2icwg lgsd 39290 yué &l isd 1388 «oglhall Zlianll Ll i Ol 093 Bzl €18 L] Liluog 1]
Null de)lall dogsll Al s

values pidll Jc Gaddl 13.2

¢ Las)l g o FindNode gyl 34835 (o) cnwlbity (el 6 g Hlinall Juad)l Guds 6 lisusel LaS

daridly 5S)g Byitd] JolS (6 Cameld (3o yut Ui lldg flgsd 8392 gall 2dall 3ac go uely Sz

bl le u,:.bj 3 BST dwols o9 zuilacdl judg eudb Eoud) Shudiw Lild .containsValue gl
Sl JolS 56 ol Q] Shanaian Lils

‘recursion sgledl GJUI f).>JI PRCN Y]

public boolean containsValue(Object target) {

return containsValueHelper(root, target);
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private boolean containsValueHelper(Node node, Object target) {
if (node == null) {
return false;

}
if (equals(target, node.value)) {

return true;

}
if (containsValueHelper(node.left, target)) {

return true;

}
if (containsValueHelper(node.right, target)) {

return true;
}

return false;
}

3=l dase e (Soizy E9Ls) Joloo o 0))alg (target Joleall containsValue L Jubiws
.containsValueHelper gUdl JI

:QQlAJ699containsValueHelper&Aﬂ||5ﬁ

L1 Eélal dagdll dyglure NOde dagd ilS 13] :3glail) duoluwll Aol LlgBl i dagles samas o
False doxdll loasic g target dglhall dasdll sloul (393 il £16 L)l Juog il olé
Ehliue 18 3 8yl Olhluno (o b Asly 6 839390 ué target desdll of elld Gisy (sl
25T luro (59 Lgale yatall Saall o Jhy Lo 13)g 1 LgIS 8yl
dosdll LI susy Al G5 Loy drglhall dogdll 329 48 LI IS 131 Lo &6l i f dowdel Gamas  *

ol 69 poiuy 18 bz @ 13] Ll (true

5puﬂd|93;targetgﬁa&JHﬁ”(M&jQ&LtcyggﬁuL;Jg&jéﬂﬂl&ﬂu”&A@ﬂdl&tﬂly&&bﬂj .
&guﬁﬂhgécLlednggQiog)aqbuotrue&Jgi”Aﬁﬁg¢Jp.QHQLQA?Qb!mipug|i¢}d|
ol b yaitany 1 (lggd ooz @) 19) Lol il dscall

45516 Lgud g 13) . il ducyall 8ymidl 8 dyglhnall dagdll (e dylyl duboyuiadl Al s
False dogdll auzy 46 laaxy @ 13] ol (true dogdll auzy

il 336 2o onlisy Uoj 3yt ol3glg Byl (po 83ie JS pue daleall 2Ll e
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put gulill 24ii 13.3

L)l 9eSy boasie Lol il 20 Joolany ol dde ¥ tget Ll (o Lul8 adcl put gyll 33
0953 3 Loaie dglillg «doyall dogdll sg2p9 Ao Ol e ouig «J2all Szl (6 139290 ol

el HlSall (6 lgmusy @ 8332 Sxde £dud of auy baicg 3290
HeS3all Juadll oo gl lla) W ddagall 8rapill Uydg 26 LS

public V put(K key, V value) {
if (key == null) {
throw new IllegalArgumentException();
}
if (root == null) {
root = new Node(key, value);
size++;
return null;

b

return putHelper(root, key, value);

1ob lowd e L bl .putHelper gldl Gie JleS] g wiglhall (8

private V putHelper(Node node, K key, V value) {
Comparable<? super K> k = (Comparable<? super K>) key;

int cmp = k.compareTo(node.key);

if (cmp < 0) {
if (node.left == null) {
node.left = new Node(key, value);
size++;
return null;
} else {
return putHelper(node.left, key, value);

}
if (cmp > 0) {
if (node.right == null) {

node.right = new Node(key, value);
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size++;
return null;
} else {
return putHelper(node.right, key, value);

}
V oldValue

node.value;

node.value = value;

return oldValue;
}

yeiiny Bagles oLl lgad sl 8y0 JS 89 OOt )3zl adc Ll Hawe node J331 Joloall o
d2iicw S ) luedl 303 compareTo bl bedsiw! (get pldl Jio dalie dicyd §ymubd Ll Joloall
095y aicg node . key oo J8I didls] welholl Zliaell HeSy ccmp < 0 byddl (§é3 13) .8ymuiil 9
;o Gl (sl ducydll symidl axé lide
£ L5 Ll Llog 38 (3985 lasicg .nULL Lle (Sgiss node . Left ;Lo .aeyls dze,all dodl oS 13] o
d92>90 yut key Zlaoll ol o BaST 28 eSi Al el b key zliaoll Lle i ol &g Szl
Lot iy 83032 Bt £l «cllily ()] Zlall Chuas O ey S OlSall lidyeg il 9
.node xa2l) gy dil §a82S
Sl 45658l Byl (6 anal) Boglas Rl Gestanss ()16 Bpauil] (ST @ o] *
lasicg node. key (yo yuSl didbs] welholl Zliaell HeSy ccmp > 0 byddl géx3 13) (oléall 8
G820 13] a1 sty land] oLl o dllme lile O9Samg < iadll dyepdll Sl pansd Lile 998
Suig Ao Ol &daiws aaicg Byxidl Josls zliaall Lle Lijic a8 S5 ccmp == 0 byl

Adayadll daysll

>

sl cliSed 5)15S5 oliawly Ll dnliS oSad oSJg «Siehyd (0 Jgaws S) Bgles ol 13 i

In-order wwifilli J4iill 13.4

d5)4 8ol Zulae Ll (Sgind Set £oill (o degamo 2y LS) keySet il S wio Lulb 38 LS
lie O3 S wiys 3% Ladg uilaall Map dazloll (o sy53l wligail oo gl 1o su2y 3 Laclas
3 o agbid Of lideg uilball iy W gaws 438 (belaSly dbluly giody Syaiill

tod Losd Ul raui ] Hbil
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public Set<K> keySet() {
Set<K> set = new LinkedHashSet<K>();
addInOrder(root, set);

return set;

private void addInOrder(Node node, Set<K> set) {
if (node == null) return;
addInOrder(node.left, set);
set.add(node.key);
addInOrder(node.right, set);

I

Set dgalgll £l s 383 keySet gl b6 LinkedHashSet ggidl oo doxd Llint 288 (55 LaS
addInOrder &Ll W3 sy eaiws . (dgzlg)l i iligais abhso Cd¥y) poliadl iy Lle Jadloyg

8ymidll 6 Jaiil) -gbe5 f L3183 LeS- dosiiudy Bymiall yi> Ll Base node Jg3I Jolaall yuin
w8gy20dl "oyl 56" Lol yminll addInOrder gyl jlisy Gaglss

b 38T 88L] (9o Ul 399y aicy «e)l6 depall Byl T clls Lisd (e, node bxasll s 13]
1ol Loy pgis (a8 oS5 @) 13] Lol iset degaall LI

w

ntipilly Spmndl eyl Byl i 1
.node. key canss .2
ey illy Grodl deeydll Szl jlins .3

00 I8 (pndl Luepall 8 il (58 839 >gall s bl & 402 K95 O Gomudi BST dusls o S35
node. key Casuai Lisl Sl idio 1St Liowl ducyall ol (8 839> g0ll 282l Reo> eSS Olg Node . key
uall cudyill Gl

Dl ol LaS «dih)d Licadly ol dsepall Sz il yuolic ol s Gagled aall Guds Gabay
2L s ol G Lo wisi zeilas 431 Carudi ¥ Ll (dé)d ducyall youidl CilS 13] Hogouo dsuwluw3l
el lgwsiyil 889 zilaall geoe o

Loy (§ i) Ul6 ccontainsValue gLl Joio din 8ol (ouwd 838 JS jue Joy 2oLl 1an %9

N &o wlicy

121



Gezopol) oLl JSbe Binary Search Tree LUl Codl 8youd

airniyjlegll gilgill 13.5

9 lisesgl .h 8yl & Las)l @0 awwliny oy My TreeMap cauall b put ¢ get olaylill B )&iny
33€ (o b3l sl Lle (Sgio Lgio taime JS oS T didias symuinll olS 13] i ad] ) Linall Juadll
10g(n) go Guwlizo ()eSy syzuidl clli £ a3yl L8 ) & gauoll 2l

3 Uil g0 Jog(n) 8o cwlisy Lioj 1 Liaiy)leg) oy yl8ysiun set g get gl ol 31 yoyias

g;JIHaggJILgsgagﬂdmﬂlu4s994ndh?é&puﬂdlJ&;b.xang.1Aﬂaigduua&phﬁd|Q9$3Qi¢gL¢J
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Loils oy Slue Lol dcgamnall . Joomy oS (535 oS DUy (ricgama oligiS (s3Il Subitll it
timestamp d_tio) wlode e (Sgios doild (e 8y)lsc duililly dsilgine dxmi Jwwduw Lle (Sgin
.Gasbadéégé

4 5lguis)l L] Josbodl AW §pacidl g5

Map<String, Integer> map = new MyTreeMap<String, Integer>();

for (int i=0; i<n; i++) {
String uuid = UUID.randomUUID().toString();
map.put(uuid, 0);

}

Liogac 31ys dagn 8 2s 3g3 of diSads cjava. util oy oo UUID Caiall Cayyel g i
gloil Ca Lo (6 8, sS 83516 ol l832all i A2 .(SSleiie gluwl universally unique  identifier
ADlgaine diai Juwdw adgid dlgw dayyas Jlell 130 8 Lgoasiwiw lisly «lauail

Gl Uiliamg 5Ll Syl € Lalg S sl (305 s aimg 1=16384 o & Jall Syl Ll

Il z sl

Time in milliseconds = 151

Final size of MyTreeMap = 16384

log base 2 of size of MyTreeMap = 14.0
Final height of MyTreeMap = 33

B 16,384 Lle (Sgind 14 (Soluw £ a3l dilios Sy o Ll

122



Oeoypal) Ll JSLo Binary Search Tree LUl Codl 8youd

Sl Syaill LisSl 3ol o 58T 529 .33 90 (slaall ddlgeirall duaill Juslul 8y € L)l .g8lgll o0
1 jlge 33 el >¥ Hadiw B 16,384 (1o digSo dasand (paud zlie Lle 412 (S) pusS JSiby us)
linear search Glasl ool (o Uayis 8p0 500 & ul

A) iy (5% Lasg Calai ¥ il (x5l zuilaally dflgdiell daill Juodunl) Gz3gai <3l 1an a3
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MyTreeMap<String, Integer> map = new MyTreeMap<String, Integer>();

for (int i=0; i<n; i++) {
String timestamp = Long.toString(System.nanoTime());
map.put(timestamp, 0);

}

AU oLl 0 >gy owpdiddl oyl LI yusin 1ong § ol (o Busuo 13ac System.nanoTime sy
s Jawdles ] & ol olodall Wl J355 Losie lgsd dyenns dpo JS 6 Ml 35T yac e Juass

Bl 45,5 )9S5 Lgils

(o

el sie dide Juazs Lo ()i

Time in milliseconds = 1158

Final size of MyTreeMap = 16384

log base 2 of size of MyTreeMap = 14.0
Final height of MyTreeMap = 16384
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:main b
public static void main(String[] args) {
Jedis jedis = make();
// String
jedis.set("mykey", "myvalue");
String value = jedis.get("mykey");
System.out.println("Got value: " + value);
// Set
jedis.sadd("myset", "elementl1", "element2", "element3");
System.out.println("element2 is member: " +
jedis.sismember("myset", "element2"));
// List
jedis.rpush("mylist", "elementl1", "element2", "element3");
System.out.println("element at index 1: " +

jedis.lindex("mylist", 1));

// Hash

jedis.hset("myhash", "wordl1", Integer.toString(2));

jedis.hincrBy("myhash", "word2", 1);

System.out.println("frequency of word1: " +
jedis.hget("myhash", "wordi1"));

System.out.println("frequency of word1: " +

jedis.hget("myhash", "word2"));

jedis.close();
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String value = jedis.get("mykey");
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boolean flag = jedis.sismember("myset", "element2");
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jedis.rpush("mylist", "elementl1", "element2", "element3");

String element = jedis.lindex("mylist", 1);
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jedis.hset("myhash", "word1", Integer.toString(2));
String value = jedis.hget("myhash", "word1");
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WikiFetcher wf = new WikiFetcher();
String urll =

"http://en.wikipedia.org/wiki/Java_(programming_language)";

Elements paragraphs = wf.readWikipedia(url1);

Jedis jedis = JedisMaker.make();
JedisIndex index = new JedisIndex(jedis);
index.indexPage(url1, paragraphs);

Map<String, Integer> map = index.getCounts("the");
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public void deleteAllKeys() {
Set<String> keys = jedis.keys("*");
for (String key: keys) {
jedis.del(key);

}
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public void deleteAllKeys() {
Set<String> keys = jedis.keys("*");
Transaction t = jedis.multi();
for (String key: keys) {
t.del(key);
}

t.exec();
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9 d>lall olgdl g e LSl 3o );9_) Jransaction gedl (o B jedis. multi gldl susy

3 Jweall Lo Transaction goidl o LSy olgill el (yo Bi el badie L Jedis ggldl Ol

Jewys aaicg cexec gLl peaiwi ol Il Oldasdl Al o353 Lailg pslill 2o Juais 3g 556l PR
Sole & 3ol 53y Lo 909 (Bl Guds 8 A LI 3All Dlilasll o

pronill glhiy dhguy Alagoli 147

< z)_§9 Shod 50 @ 3] .opedl Jo> 9 cadl eliSay (dygllaall logleall fuos clyal Guoi 289 3l
A odl Oloueld! (o sujell 8elya) 83g0)l s 5 ool day)b

olgill Gany uSig «dlywl Redis s olgl agy iy olusdl 8yapud J2uid ol Jub schall golis 3
JedisIndex. java calell 8 839>gall

tlgale Joall (26 (i 38 Gl ilgill pasy Al Nas Jal dsylie (o e @) 13]

/-k-k
* 4alSy Aol degasall | lisge sylge sase ol
*/

135



Oexopral) DL JSLo Redis yc bl bhas

public void add(String term, TermCounter tc) {}

/**

* lgde goui il Bassall sylgall wliiss degame acly dalS e o
=)
public Set<String> getURLs(String term) {}

/**

* iogs 3ylgs sasay dume dalS yogb wlps sue acl
2/

public Integer getCount(String url, String term) {}

/**

* Redis olly sxcls8 JI ‘TermCounter’ goll oo 55 olgima ol
2/

public List<Object> pushTermCounterToRedis(TermCounter tc) {}
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:Redis wlily 8acld

private String urlSetKey(String term) {

return "URLSet:" + term;

}
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https://redis.io/topics/data-types
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private String termCounterKey(String url) {

return "TermCounter:" + url;

Sy e gz Elements g g il (o LSg 13590 3)lg 3axe indexPage dwygall U Judiw
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public void indexPage(String url, Elements paragraphs) {

System.out.println("Indexing " + url);
/] dwadll ol ols jeslg TermCounter gl o B il

TermCounter tc = new TermCounter(url);

tc.processElements(paragraphs);

// Redis olly sacls JI I olgime bl

pushTermCounterToRedis(tc);
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public List<Object> pushTermCounterToRedis(TermCounter tc) {

Transaction t = jedis.multi();

String url = tc.getlabel();

String hashname = termCounterKey(url);
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t.del(hashname);
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for (String term: tc.keySet()) {
Integer count = tc.get(term);
t.hset(hashname, term, count.toString());
t.sadd(urlSetKey(term), url);

I

List<Object> res = t.exec();

return res;
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public Map<String, Integer> getCounts(String term) {
Map<String, Integer> map = new HashMap<String, Integer>();
Set<String> urls = getURLs(term);
for (String url: urls) {
Integer count = getCount(url, term);
map.put(url, count);
I

return map;
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public Set<String> getURLs(String term) {

Set<String> set = jedis.smembers(urlSetKey(term));

return set;

public Integer getCount(String url, String term) {
String redisKey = termCounterKey(url);
String count = jedis.hget(redisKey, term);

return new Integer(count);
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public class WikiCrawler {

public final String source;

private JedisIndex index;

private Queue<String> queue = new LinkedList<String>();

final static WikiFetcher wf new WikiFetcher();
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public WikiCrawler(String source, JedisIndex index) {
this.source = source;
this.index = index;

queue.offer(source);

public int queueSize() {

return queue.size();
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public String crawl(boolean testing) throws IOException {}
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public class WikiCrawler {
/] wo Ul gdll GSall ] sedn

private final String source;

/] Bl 4 g3 il usgaall
private JedisIndex index;

/7 \gruygd colhadl Sasgall sylgall &ilossa iy
private Queue<String> queue = new LinkedList<String>();

/7 LaeSas @890 oo ldall 3elyd) alsuid
final static WikiFetcher wf = new WikiFetcher();

}
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WikiCrawler.crawl gl Giwas il

public String crawl(boolean testing) throws IOException {
if (queue.isEmpty()) {
return null;
}
String url = queue.poll();

System.out.println("Crawling " + url);

if (testing==false && index.isIndexed(url)) {
System.out.println("Already indexed.");

return null;

Elements paragraphs;

if (testing) {

paragraphs = wf.readWikipedia(url);
} else {

paragraphs = wf.fetchWikipedia(url);

}
index.indexPage(url, paragraphs);
queuelnternallinks(paragraphs);

return url;
}
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void queuelInternalLinks(Elements paragraphs) {

for (Element paragraph: paragraphs) {

queuelnternallinks(paragraph);

private void queuelnternallLinks(Element paragraph) {
Elements elts = paragraph.select("alhref]");
for (Element elt: elts) {
String relURL = elt.attr("href");

if (relURL.startsWith("/wiki/")) {
String absURL = elt.attr("abs:href");
queue.offer(absURL);

i
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public class WikiSearch {

private Map<String, Integer> map;

public WikiSearch(Map<String, Integer> map) {
this.map = map;

public Integer getRelevance(String url) {

Integer relevance = map.get(url);
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return relevance==null ? 0: relevance;
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el cLiSad List doild § o5 STy diSal G java.util.Collections ggully 8heill sort
List g ol 5595 e

;sort Ul Ge Hlisuws );9.»
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.Comparable ggill ;o yoliall ()9S5
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Card gl io LSS ddls oyt (uidapb Lle Sgiz S3I Card canall OS¢ sgis (A
canall Cigpas dylay Gl lail

public class Card implements Comparable<Card> {

private final int rank;

private final int suit;

public Card(int rank, int suit) {

this.rank rank;

this.suit = suit;

}

Card caiall .).;.;j Zuswall $aa2ll g gl (o suit g rank gulasdl Gle Card cauall SIS (Sgixd

:compareTo gLl VST )_;9_, 8ygpually il i) bao Comparable<Card> dg=lgll

public int compareTo(Card that) {
if (this.suit < that.suit) {
return -1;

}
if (this.suit > that.suit) {

return 1;
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if (this.rank < that.rank) {
return -1;

}
if (this.rank > that.rank) {

return 1;

}

return O0;

i
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public static List<Card> makeDeck() {
List<Card> cards = new ArraylList<Card>();
for (int suit = 0; suit <= 3; suit++) {
for (int rank = 1; rank <= 13; rank++) {
Card card = new Card(rank, suit);
cards.add(card);
I
I
return cards;
I
IS LS

Collections.sort(cards);
33 syl o3 "ol iyl e gl Lol Lidg soliall sort gl (e douidl clls )3
Llagwss yoliell dawlgs
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Comparator<Card> comparator = new Comparator<Card>() {
@Ooverride
public int compare(Card cardl1, Card card2) {
if (cardl.getSuit() < card2.getSuit()) {

return -1;

I

if (cardl.getSuit() > card2.getSuit()) {
return 1;

I

int rankl = getRankAceHigh(card1);

int rank2 = getRankAceHigh(card2);

if (rank1 < rank2) {

return -1;

I

if (rank1 > rank2) {
return 1;

2

return 0;

private int getRankAceHigh(Card card) {
int rank = card.getRank();
if (rank == 1) {
return 14;
} else {

return rank;

},
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dJudl
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Collections.sort(cards, comparator);
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.EAAka?%QgJI&_ygﬂgbnxiudugJnserﬁon sortgb3§bg,;bﬂliygﬂ9>()¢uﬂHsnt?9Lﬁ>iw
8388 &gy iyl dyoilgs (ro Ay dinans Siasg 3l asipll dno)ls> 2 pinian 351
Insertion sort aljalb wupll 17.1

Lgil 3] LasHl &0l s Lgil o @l Gl .dogog Ay 133 )3l cauipill dsoj)lgs Tasins
L1653 5 pmw LaS 8,511 ym ddleiall Oliuell Gagy cllai

JInsertion Sort z1)52L il e bawSag Ao lyd o Juha) Slg lid duoj)lgsll 038 & pin )
Lo 8¢lyall daylio cliSoy dolall Lg3)So paai lodmyg .Sy dlioly duadg braud Lle (Sgind g9

2133 (sl dgojlon Ble dsly 13405 AW ol yoysd

public class ListSorter<T> {

public void insertionSort(List<T> list, Comparator<T> comparator)

for (int i=1; i < list.size(); i++) {

T elt i

list.get(i);
int j = i;
while (j > 0) {
T elt_j = list.get(j-1);
if (comparator.compare(elt_i, elt_j) >= 0) {
break;
}
list.set(j, elt_j);
J=s=s
}
list.set(j, elt_i);

b

type & 95 Joloo Loasiwl LY 1 ai .oyl eolus))les] oS Jasd ListSorter cauall Ldie
LI o £65 ST Lle Sgind @lgd go Jasll (o lguiSiuw il glgill u&w.w .T douwl .parameter
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Integer ggidl (o LSS Lle (Sgiss List g el (po doild go galidl 130 AW 8yapid] (g 2w
List<Integer> list = new ArraylList<Integer>(

Arrays.asList(3, 5, 1, 4, 2));

Comparator<Integer> comparator = new Comparator<Integer>() {
@0override
public int compare(Integer elt1, Integer elt2) {

return elt1.compareTo(elt2);
H

ListSorter<Integer> sorter = new ListSorter<Integer>();
sorter.insertionSort(list, comparator);

System.out.println(list);
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ListSorterjava -
ListSorterTest.java -

SJlis 3l Jinapn .ant ListSorterTest y ol 385 pf Syauill lals Caypail ant build 31 3as

Syanill Gaz JS] elde i lo o3 ssllS

‘mergeSort g mergeSortInPlace (usylill cu’)w O)Q.UJJ ListSorter.java calall (yowsd doxiuw

public void mergeSortInPlace(List<T> list, Comparator<T>
comparator) A

List<T> sorted = mergeSortHelper(list, comparator);
list.clear();
list.addAll(sorted);

private List<T> mergeSort(List<T> list, Comparator<T> comparator)

// TODO: fill this in!

return null;
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