Crpykrypu o1 1aHHHu. CTeK, Onamka, CuCbK, 1bpB0. OCHOBHHU onepanuu
BbpXY TaX. Peasmsanus.

CrpykTypaTa OT HaHHU e ,MsACTO”, KbleTO ce cbxpaHsBaT obexkTn. Cama 1o cebe cu
CTPYKTypaTa e CbCTaBeH 00eKT, KOVTO ChAbprKa Apyru o0eKTu — mpocTu mim cbetasHM. C MoraT
na Ovpmat cmamuyunu v OuHamuynu. Cratvaam ca Te3n CL, KOMTo He IPOMEHST ITapaMeTpuTe Ha
BBTPEIIHOTO CU IIpeficTaBgHe. T.e. MMaT puUKCHUpaHa rojleMyHa U 3aeMaT PUKCUPAHO KOJIMYECTBO
IamMeT BbB BCEKM eAMH MOMeHT OT BpeMeTo. [Junamuunm ca CL, KOMTO IIPOMeHSIT BbTpeIIHaTa CU
apxurekrypa. Cbijo taka C/I Morar ma ObaaT 4uHeriHu, KOraTo KOraTo ejleMeHTUTe 11 oOpas3yBaT
IocjIeZloBaTeIIHOCT vuIn JimHeeH comcbK. Obodujenu CII ca TakmBa, KOMTO MoraT [a CBIbpXKaT
BCSIKAaKbB TUII JaHHW, T.e. BCMYKM eJIeMeHTM ca OT eIMH TWII, HO TOV MOXe Ja € IIPOM3BOJIEeH.
Hoxato xemepoeennu ca tTakmusa CII, unmTo ejleMeHTM MoraT Ja Obaat pasHooOpasHu. CTpyKTypuTe
OT JIaHHM CBIIO TaKa MoraT Ja ObJaT peKypCUBHM — aKO Ca YaCTMYHO CbCTaBeHU OT IO-MaJIKU MJIV
MO-IIPOCTY MHCTaHIIMM Ha ChIllaTa CTPyKTypa OT JaHHU. Hampumep enHo IbpBO ce cbCTOM OT IO-
MaJIKV IbpBeTa (IO IbpBeTa) 1 KOPeH.

Enna CJI TpsiOBa a chabprka oIperesieHN KJIacoBe OIeparimi:
¢ Koncrpykropu - cb3gaBaT KoHKperHa CJ/I. OOGMKHOBEHO MMeTO Ha KOHCTPYKTOpa
3arovBa C create :

List createEmptyList();

e JlecTtpykTOopm
Clear();
removeAll();

e VlHcrekTopu - ciIyXaT 3a MHCIIeKTMpaHe Ha OIlpezlelIeHV CBOVICTBAa Ha CTPYKTypaTa
Boolean isEmpty(); //Tosu u ciedBaujus npumep ca 3a uHcnekmopu
Int size(); //xkom ysasama BJ]

Boolean contains(Object value); //Toba ca npumepu 3a uxcnexmopu
Int indexOf(Object value); //kom omoeaer easemerm 6 BJ1
¢  MopaudukaTopn - MoOMUIIMpPaT apXUTEKTypaTa Ha caMaTa CTPYKTypa
Add, remove, insert
e Urtepatopu - usBbpuBaT onepaumnu Bbpxy Lsuta CI. T.e. Te obxoxpaT BceKu eayH
€JIeMeHT OT CTPYKTyparTa, KaTo IOPrpaMMCTHT MOXe Aa MOogMduIMpa M [a IoIydaBa
BCEKVI eIVIH eJIeMeHT OT Hesd. VlTepaTopuTe ce M3IOI3BaT 3a MOCTUTaHe Ha abcTpakmus,
TBII KAaTO Te Ca yYHMBEPCAIHW - He ce MHTepecyBaT KaKbB TWUII Ca eJIeMeHTUTe B

TIOCJIENTOBATEITHOCTTA, BEPXY KOSITO MTEpaTopuTe paboTHIT.
printAll(); toString();

CrexsT e simHerHa cratuHa C/I. Tom e xparHa peaniia OoT ejleMeHTV OT eOVH W CbII TUIL.
Ornepanmnnre BKIIOYBaHe M M3K/IIOYBHE Ha eJIeMeHTN OT CTeKa ca paspelleHN caMo 3a edVHUS My
Kpail, KOUTO ce Hapuda 6psx Ha cmexd. Bp3MoXeH e JOCTBII caMO 110 ejleMeHTa, HaMupall] ce Ha
BbpXa Ha CTeKa, KaTO JOCTBITHT e mpsik. [Ipm Tasm opraHmsaims Ha JIOTMUYeCKUTe OIleparinm
IIOCJIeTHYS BKITIOUEH eJIeMeHT ce M3K/IIoUBa IIPBB. T.e. Ka3BaMme, 4e JiorMyeckaTa OopraHm3alys Ha
nocTwIl Ha creka e FILO - First In Last Out.

Pea/lusauuﬂ Ha cmek ¢ Macub:

Interface Store{ // unmepgpetic 3a ocrnobrnume pyrxyuu Ha Bcaxa CLI
Void clear();

Boolean isEmpty();

Int size();



/

Interface Stack extends Store { // cneyecpunen unmepdpeiic 3a xaaca cmex
Void push(Object item);

Void pop();

Object top();

/

Class StackArray implements Stack { // peasuszayus na cmex c macué
Private int[] stack;
Private int sp;

StackArray() {
Stack = new int[10];
Sp=-1;

}

StackArray(int size) {
Stack = new int[size];
Sp=-1,

Boolean isEmpty() {
Return sp==-1;

Void clear() {
Sp=-1,

Int size() {
Return sp+1;

Void push(int item) {
If(sp = (stack.length-1)) {
Throw new StackOuverFlow ();

}
Else {

Sp++;
Stack[sp] = item;

/

Int top() {

If (stack.isEmpty()) {
Throw new StackUnderFlow();
}

Else return stack[spl;

/

Void pop() {
If (stack.isEmpty()) {
Throw new StackUnderFlow();



/
Elsesp=sp-1;

Omnamikara e simHentHa crataHa C. Ts e kpariHa peayiia oT eJleMeHTV OT €VH W CBIIL TUIL.
Onepanumsita BKJIIOYBaHe e [OIYyCTMMa 3a eJIeMeHTUTe OT eIVHMs Kpayl Ha peduiiaTa, KOUTO ce
Hapwu4a Kpail Ha onauikama, a orepaumsita M3KIIoUBaHe Ha eJIeMeHT — OT ApYyTIus Kpay Ha peauiiaTa,
KOWTO Ce Hapuya HA4ai0 Ha onawkamad. Bb3MOXeH e JOCTBII caMO /10 ejleMeHTa, HaMmupalll ce B
HayaJIOTO Ha OIlalllkaTa, KaToO JOCTBHIIBT e TIpsK. [Ipm Tasm opraHmsaims Ha JIOTMYECKUTE
omeparMy ITbPBUS BKIIIOYEH eJIeMeHT ce W3K/IouBa HpbB. T.e. Ka3Bame, dUe JIorMyeckara
opraHmsalysa Ha JOCTBII Ha onatikara e FIFO - First In First Out.

Pea/lusauuﬂ Ha onawKa ¢ macub:

Public interface Linear extends Store {
Public void add(Object value);

Public Object get();

Public Object remove();

/

Public interface Queue extends Linear {
Public void enqueue(Object item);
Public Object dequeue();

Public Object peek();

/

Public abstract class AbstractQueue implements Queue {
Public void enqueue(Object item) { add(item) }

Public Object dequeue() { return remove() }

Public Object peek() {return get() }

/

Public class QueueArray extends AbstractQueue implements Queue {
Protected Object[] data;

Protected int head;

Protected int count;

QueueArray(int size) {
Data = new Object[size];
Head = 0;
Count = 0;

}

Public void add(Object value) {
Int tail = (head + count) %data.length();
Data[tail] = value;
Count ++;

/

Public Object remove() {
Object value = data[head];
Count --;
Return value;



/

Public Object get() {
Return datal[head];
}

Public int size() {
Return count;

/

Boolean isFull() {
Return count == data.length();

/

Boolean isEmpty() {
Return count == 0;

/

IIpu cTexkoBeTe 1 ONaIIKUTe eMHCTBEHMAT HauMH 3a M3BI4aHe Ha JJaHHW OT CTpyKTyparTa ce
OCBIIIACTBsABA Upe3 OCTpaHsABaHe Ha ejleMeHTH. YecTo ce Hajlara Jia ce M3I10J13BaT BCUYKM JaHHU OT
penuiia, Oe3 Ja ce OTCTpaHsBaT. 3a I1eJITa ce MU3II0JI3Ba CTPYKTypaTa cBbp3aH ciucbK. CBbp3aHMAT
COMCBK e KpayHa pedauila OT eJeMeHTM OT eamH u cbil Tuil. Onepanumnre BKIIIOYBaHe WU
M3KIIOUBaHe ca JONYCTMMM Ha IIPOM3BOJIO MACTO Ha permilata. Bb3MoXkeH e HpsK JIOCTBII 110
ejJleMeHa B eJIHMS Kpall Ha pe[iuiiaTa, HapedeH HadaJlo Ha CIMCBKa, M IocjIejoBaTesIeH JOCTHII J10
BCEKM OT OCTaHaJIUTe ejleMeHTH. VIMa J1Ba OCHOBHM HadlHa 3a ITpeJIcTaBsiHe Ha CBbp3aHNs CIIVICEK B
IaMeTTa Ha KOMIIIOTbpa: C eflHa Wi [Be Bpb3Ku. T.e. ejleMeHTUTe MMaT JIOCTBII WJIM CaMO 10
cbcella CM OT eJHaTa CTpaHa, WIM 0 JBaMaTa CU cbceir. B Java peaymsanmsta Ha MacuB e
auHaMmyHa. T.e. cTpykpypaTa aBTOMaTMUHO yBeJIM4daBa pasMepa Cu HOpu Jlo0aBsiHe Ha HOB
eJIeMeHT.

Pearusayus na cBopsan cnucok:
package list;
import java.util. Enumeration;

interface List extends Linear {
public void addFirst(Object value);
public addLast(Object value);
public Object getFirst();
public Object getLast()
public Object removeFirst();
public Object removeLast();
public boolean contains(Object value);
public int indexOf(Object value);
public int lastIndexOf(Object value);
public Object get(int index);
public Object set(int index, Object value);
public Object add(int index, Object value);
public Object remove(int index);



public abstract class AbstractList implements List {
public boolean isEmpty() {
return size()==0;

/

public void addFirst(Object value) {
add(0, value);
/

public void addLast(Object value) {
add(size(), value);
/

public Object getFirst() {
return get(0);
/

public Object getLast() {
return get(size() - 1);
}

public Object removeFirst() {
return remove(0);

/

public Object removeLast() {
return remove(size() - 1);

/

public void add(Object value) {
return addFirst(value);

/

public Object remove() {
return removeLast();

/

public Object get() {
return getLast();
/

public boolean contains(Object value) {
return (-1 != indexOf(value));
/
/

public class SinglyLinkedListElement {
protected Object data;
protected SinglyLinkedListElement nextElement;



public SinglyLinkedListElement(Object v, SinglyLinkedListElement next) {
data = v;
nextElement = next;

/

public SinglyLinkedListElement(Object v) {
this(v, null);
/

public void setNext(SinglyLinkedListElement next) {
nextElement = next;

/

public SinglyLinkedListElement next() {
return nextElement;

/

public void setValue(Object value) {
data = value;

/

public Object value() {
return data;

/

String toString() {
return ("[SinglyLinkedListElement: " + value() + "]");
/
/

// Pearusayus na ednocbepsan cnucok

public class SinglyLinkedList extends AbstractList {
protected int count;
protected SinglyLinkedListElement head;

public SinglyLinkedList() {
count = 0;
head = null;

}

public void add(Object value) {
addLast(value);

/

public void addFirst(Object value) {
head = new SinglyLinkedListElement(value, head);
count++;

/

public Object removeFirst() {
SinglyLinkedListElement tmp = head,
head = head.next();



count--;
return tmp.value();

/

public void addLast(Object value) {
SinglyLinkedListElement tmp = new SinglyLinkedListElement(value);
if(head!=null) {
SinglyLinkedListElement finger = head,
while(finger.next()!=null) {
finger = finger.next();
/
finger.setNext(tmp),
/
else head = tmp;
count++;

/

public Object removeLast() {
SinglyLinkedListElement finger = head,
SinglyLinkedListElement previous = null;
while(finger.next()!=null) {
previous = finger;
finger = finger.next();

if(previous==null) head = null;
else previous.setNext(null);
count--;

return finger.value();

/

public Object getLast() {
SinglyLinkedListElement finger = head,
while(finger.next()!=null) {
finger = finger.next();

return finger.value();

/

public boolean contains(Object value) {
SinglyLinkedListElement finger = head,
while((finger!=null) && (!finger.value().equals(value))) {
finger = finger.next();
/
return finger!=null;

/

public int indexOf(Object value) {
inti=0;
SinglyLinkedListElement finger = head,
while((finger!=null) && (!finger.value().equals(value))) {
finger = finger.next();
i++;

/



if(finger==null) return -1;
else return i;
/
/

public interface Iterator {
boolean hasNext();
Object next();
void remove();

/

public abstract class Abstractlterator implements Enumeration, Iterator {
public Abstractlterator() {}
public abstract void reset();
public abstract boolean hasNext();
public abstract Object get();

public final Object value() {
return get();

/
public abstract Object next();

public void remove() throws Exception {
throw new Exception("He e peasusupan!");

/

public final boolean hasMoreElements() {
return hasNext();

!

public final Object nextElement() {
return next();
/
/

public class SinglyLinkedListIteraror extends Abstractlterator {
protected SinglyLinkedList current;
protected SinglyLinkedList head;

public SinglyLinkedListIterator(SinglyLinkedList h) {
head = h;
reset();

/

public void reset() {
current = head;



/

public boolean hasNext() {
return current!=null;

/

public Object next() {
Object tmp = current.value();
current = current.next();
return tmp;

/

public Object get() {
return current.value();
}
}

public class DoublyLinkedListElement {
protected Object data;
protected DoublyLinkedListElement nextElement;
protected DoublyLinkedListElement prevElement;

public DoublyLinkedListElement(bject val, DoublyLinkedListElement next,
DoublyLinkedListElement prev) {
data = val;

nextElement = next;
if(nextElement!=null) nextElement.prevElement = this;
prevElement = prev;
if(prevElement!=null) prevElement.nextElement = this;

/

public DoublyLinkedListElement(Object val) {
DoublyLinkedListElement(val, null, null);

/

public DoublyLinkedListElement next() {
return nextElement;

/

public DoublyLinkedListElement previous() {
return prevElement;

/

public Object value() {
return data;

/

public void setNext(DoublyLinkedListElement next) {
nextElement = next;

/



public void setPrevious(DoublyLinkedListElement prev) {
prevElement = prev;

/

public void setValue(Object value) {
data = value;

/

public String toString() {
return "[DoublyLinkedListElement: " + value() + "]";
/
/

// Pearusayus na 08ycbep3an cnucek

public class DoublyLinkedList implements List {
protected DoublyLinkedListElement head,
protected DoublyLinkedListElement tail;
protected int count;

public DoublyLinkedList() {
head = tail = null;
count = 0;

/

public void addToHead(Object value) {
head = new DoublyLinkedListElement(value, head, null);
if(tail == null) tail = head;
count++;

/

public void addToTail(Object value) {
tail = new DoublyLinkedListElement(value, null, tail);
if(thead == null) head = tail;
count++;

/

public Object removeFromHead() {
if(thead==null) return null;
DoublyLinkedListElement tmp = head;
head = head.next();
if(head!=null) head.setPrevious(null);
else tail = null;
tmp.setNext(null);
count--;
return tmp.value();



public class DoublyLinkedListIterator extends Abstractlterator {
protected DoublyLinkedListElement head,
protected DoublyLinkedListElement tail;
protected DoublyLinkedListElement current;

public DoublyLinkedListIterator(DoublyLinkedListElement head, DoublyLinkedListElement tail) {
this.head = head;
this.tail = tail;
reset();

public boolean hasNext() {
return current!=tail;

dBpBOTO e peKypcuBHa CTPYKTypa OT JIaHHV, CBbCTOSINA ce OT Bb3JIM, CBbP3aHM IIOMeXy cu. B
oOmms cily4ayt Bb3JIUTe MMaT IIpellecTBeHIIM ¥ HacjledHMIM. VIMa oOade Bb3I11, KOUTO IIPaBAT
U3KITIOYeHe:
KopeH - BB3€1, KOMTO HsIMa IIpeIIecTBeHK
JTucro - BB3es1 Oe3 HacJIeTHULIML.
Bcyrukyt BTpenTHy Bb3/IM B €HO TBPBO MMAaT HaCIIeTHMITN Y IIPeaIIeCTBeHUIIN.
JIBOMYHOTO KOPEeHOBO IBPBO Ce CBCTOM OT:
e Kopen
¢ JIaBO MOIIBPBO
¢ JlscHO IOAABPBO
BB3MOXKHO e JISIBOTO MJiIM ASICHOTO HOIBPBO A e IIpa3Ho. [1pu IBOMYHOTO IBPBO €AMH Bb3eJl MMa
HaVI-MHOT'O JIBaMa HacJlegHMKa (JIsIB M JleceH) M TOYHO eIMH IIPeIlecTBeHUK (C M3KIoUeHre Ha
KOpeHa).
Ha Bcekn BpbX B IBPBOTO MOXe J1a ce CbIIocTaBM HMBO. KopeHBT Ha abpBoTO MMa HMBO 1 (v 0).
AKO elVH BpBX VIMa HWBO I, TO HETOBUTe HacjaeqHUIM nMat Huso i+1. C gpyru gymn, HUBOTO Ha
eIVH BPBX € OposIT Ha BbpXOBeTe, KOUTO TpsiOBa /1a ObaaT 00X0IeHM 3a [Ia ce CTUTHE JI0 TO3U BPBbX
OT KopeHa. MakcMMaJIHOTO HMBO Ha €[JHO IbPBO ce Hapuua Herosa BucoumHa. Han crpykrypata
OT JAaHHM JBOVMYHO THPBO Ca Bb3MOKHM CJIEHNTE OIeparu:
® JIOCTBII JI0 BPBX — BB3MOXEH € MPSK IOCTHII 710 KOpeHa ¥ HeIPsK JOCTBII 10 OCTaHaJINTe
BBPXOBE;
® BKJIIOYBaHE U M3KIIIOYBAaHE Ha BPBbX — BB3MOXXHM Ca Ha IIPOM3BOJIHO MSICTO B JIJBOMYHOTO
IBPBO, pe3yJITaThT TPsIOBa OTHOBO Ja € ABOVYHO IbPBO;
e OoOxoXmaHe - TOBa € MeTOjl, ITO3BOJISIBAII] Jla Ce OCBIIECTBU JOCTBII 10 BCEKM BPBX Ha
ITbPBOTO €IMH eIVHCTBEH IT'bT.
OOxox1aHeTo e peKypcUBHa IIpolieflypa, KOSTO Ce OChIIecTBsiBa Upe3 M3IThbJIHEeHNe Ha CIIeJHUTe
TPpW AeVICTBUS, B HSKaKbB (PUKCUpPaH pex;
® oOxoXxmaHe Ha KOpeHa;
® 00xoIaHe Ha JISIBOTO IHOIbPBO;
® 0o0OxoXmgaHe Ha JISICHOTO HOTHPBO.
Vima pasimrunam BujoBe oOxoxpgaHms. Havi-pasmpocTtpaHenn ca HIK0iIKo. CMeceHOTO 00x0XKIaHe
(inOrder) - ripu Hero ce 00X0X/a IIbPBO JIIBOTO MHOIIBPBO, II0CIIe KOpPeHa 1 Ham-HaKpas [sSCHOTO
noryrepBo. Ilpu HM3xomAIoTo 06xoxxmaHe (preOrder) ce 0OxoXxaa ITbPBO KOpeHa, I10CIIe JIIBOTO
IIOUTHPBO ¥ HaVl-HaKpas ASCHOTO IIOIBPBO (WIM KOPEH, IISICHO MHOIIbPBO, JIIBO MHOIIBPBO -



3aBUCK OT peayM3alysTa). Be3xoasmio obxoxxmaHe (postOrder) - mbpBoO JIIBOTO HOIIBPBO, IIOCIIE
IISICHOTO TIO[IBPBO WM Ham-Hakpas KopeHa. O6xoxxmaHe mo HuBa (levelOrder) - gwppBoTO Ce
0OXxO0>XzIa T10 HYBa, KaTo Ce TI0YBa OT KOpeHa.

Peam/BaumI Ha eJIEMEHT OT IBOMYHOTO ObPBO / Bb3eJI:

public class BinaryTreeNode {
protected Object val;
protected BinaryTreeNode parent;
protected BinaryTreeNode left;
protected BinaryTreeNode right;
public static final BinaryTreeNode EMPTY = new BinaryTreeNode();

private BinaryTreeNode() {

val = null;
parent = left = right = EMPTY;
/
public BinaryTreeNode(Object value) {
val = value;
parent = left = right = null;

/

public BinaryTreeNode(Object val, BinaryTreeNode left, BinaryTreeNode right) {
this(val);
setLeft(left);
setRight(right);

/

public BinaryTreeNode parent() { return parent; }
public BinaryTreeNode left() { return left; }
public BinaryTreeNode right() { return right; }
public Object value() { return val; }

public void setLeft(BinaryTreeNode newLeft) {
if(isEmpty()) { return; }
if(left.parent() == this) {

left.setParent(null);

/
left = newLeft;
left.setParent(this);

/

// Anaroeuuna e pynxyusma setRight!

public void setParent(BinaryTreeNode newParent) {
parent = newParent;

/
public boolean isEmpty() { return this.equals(EMPTY); }

public int size() {



if(isEmpty()) { return 0; }
return 1 + left.size() + right.size();

/

public int height() {

if(isEmpty()) return -1;

return 1 + Math.max(left.height(), right.height());
}

public int depth() {
if(parent = null) return 0;
return 1 + parent.depth();

/

public boolean isLeftChild() {
if (parent = null) { return false; }
return (this == parent().left());

/

public Iterator iterator() {
return inOrderlterator();

/

public Abstractlterator inOrderlterator() {
return new BinaryTreelnOrderlterator(this);
}
}

Ciiena peaymM3aliysi Ha WUTepaTOp, KOMTO CIIYXM 3a CMeceHO obxoxpaHe Ha Obpso (inOrder).
Jlormkmure Ha wWTepaTOpuUTe 3a IOpPyrUTe O0OXOXmaHMs ca nogoOHm. lrepaTtopure Omxa ce
pasimuaBayiM B HAKOJIKO yHKIum - reset(), get(), next(), xkakto todo crpykrypata 6m Owia
pasMYHa — OIlalKa VIV Ap.

public class BinaryTreelnOrderlterator implements Iterator {
protected BinaryTreeNode root;
protected Stack todo;

public BinaryTreeInOrderlterator(BinaryTreeNode root) {
todo = new StackList();
this.root = root;
reset();

/

public void reset() {
todo.clear();
BinaryTreeNode current = root;
while(current!= BinaryTreeNode. EMPTY) {
todo.push(current);
current = current.left();

/
/

public boolean hasNext() {



return !todo.isEmpty();
/

public Object get() {
return ((BinaryTreeNode)todo.getFirst()).value();
}

public Object next() {
BinaryTreeNode old = (BinaryTreeNode)todo.pop();
Object result = old.value();
if(lold.right().isEmpty()) {
BinaryTreeNode current = old.right();
do {
todo.push(current);
current = current.left();
}
while (!current.isEmpty());

/

return result;

VIma vacten cnyqaﬂ Ha OBOMYHO OBbPBO, Hape€dYeH ABOMYHO ABbPBO 3a ThbpCeHE / ABOVMYHO HapeIeHO
ObPBO. To ce pasmmdaBa OT IBOMYHOTO OBPBO II0 TOBA, Y€ BB3JINITE MYy Ca IIOAPENeHV B OIIpeaesIeH
pen. 3a BCceKM BbB3eJI MMa CHeLIT/ICpT/I‘IeH HauMH, 10 KOWUTO ce omnpenersd JIXIBOTO M OsICHOTO MY
noaabpBO — BCUMUYKNM BB3JIM, HaMUpalliy ce€ B JIIBOTO MYy IIOAOBPBO MMaT IIO-MaJIKa CTOMHOCT OT
HerosaTa, a BUYKM BB3JIM B ISICHOTO IIOAOBPBO — ITIO-T'OJIXIMa WJIM paBHa crommHOCT. ToBa orpenert
IIO-TrOJIZIMaTa CJIIOKHOCT Ha peaiMsanysiTa Ha OBOVMYHO OBbPBO 3a ThbpCEHE, CpaBHEHa C Ta3M Ha
OOVIKHOBEHOTO ABOVMTYHO IBPBO, TbW KaTO BCEKU ITbT npn ,Z[O6&B§IH€ T IIpeMaxBaHe Ha €JIEMEHT
OT IBbPBOTO IIIe TpH6Ba Aa ce I'prVoKMM YCJIOBUETO 3a Bb3JIVTe Ja He c€ HapyLIN. CJ'IED;Ba peam3anys
Ha IBOMYHO HapeOaeHO IbPBO. CHeU;VIClDVI‘IHVITe CIDYHKU;VIVI KaTo IIpeMaxBaHe 1 D;O6aBHHe Ha Bb3eJl
Ha OBOVMYHO OBbPBO Ca ITIO-OIIPOCTE€HV, KAaTO 3aBUCAT OT peajim3alyidaTa - HIPVMEPHO BUHarm ce
D;O6ElB$IT €JIEMEHTN B JIZIBOTO ITOOIBPBO Ha NadeH Bb3€JI U IIPU IIpeMaXBaHe Ha Bb3eJI IToAdbpBeTaTa
MYy ce 3aKa4aT 3a Ha-JIIBOTO JIVICTO. HpT/I ABOMYHOTO HapeleHO OIbPBO ThPCEHETO Ha 1a/leH Bb3eJI €
OIIPOCTEHO, T KaTO MOXe Ja ce CpaBHAT CTOMHOCTUTE Ha TbpCEHNMS BB3€JI M TEKYIONA U
ChOTBETHO Hda C€ IIPOABIDKNM THPCEHETO CaMO B JIKIBOTO WIIV OSICHOTO IIOAOBPBO, HOKATO IIpU
HOPpMaJIHOTO IBOMYHO OBbPBO 111 Tp51613a Ja ce O6XOH,HT BCUYKWM BB3JIV, ThI1 KaTO HIMa Hapen6a.

public class BinarySearchTree implements Store {
protected BinaryTreeNode root;
protected int count;
protected Comparator ordering;
public BinarySearchTree() {
this(new NaturalComparator());

/

public BinarySearchTree(Comparator ordering) {
root = BinaryTreeNode. EMPTY;
count = 0;
this.ordering = ordering;

/

public boolean isEmpty() {



return root.isEmpty();

/

public int size() {
return count;

/

public void clear() {
root = BinaryTreeNode. EMPTY;
count = 0;

/

protected BinaryTreeNode locate(BinaryTreeNode root, Object value) {
Object rootValue = root.value();
BinaryTreeNode child;
if(rootValue.equals(value)) { return root; }
if(ordering.compare(root Value, value) < 0) {
child = root.right();
}
else { child = root.left(); }
if(child.isEmpty()) { return root; }
else { return locate(child, value); }

/

public boolean contains(Object value) {
if(root.isEmpty()) { return false; }
BinaryTreeNode possibleLocation = locate(root, value);
return value.equals(possibleLocation.value());

/

public void add(Object value) {
BinaryTreeNode newNode = new BinaryTreeNode(value);
if(root.isEmpty()) { root = newNode; }
else {
BinaryTreeNode location = locate(root, value);
Object nodeValue = location.value();
if(ordering.compare(nodeValue, value) > 0) {
location.setLeft(newNode);
}
else {
if(!location.right().isEmpty()) {
predecessor(location).setLeft(newNode);
}
else {
location.setRight(newNode);

/

/
/

count ++;

/

protected BinaryTreeNode predecessor (BinaryTreeNode root) {
BinaryTreeNode result = root.left();



while(!result.right().isEmpty()) {
result = result.right();
/

return result;

/

protected BinaryTreeNode removeTop(BinaryTreeNode topNode) {
BinaryTreeNode left = topNode.left();
BinaryTreeNode right = topNode.right();
topNode.setLeft(BinaryTreeNode. EMPTY);
topNode.setRight(BinaryTreeNode. EMPTY);
if(left.isEmpty()) { return right; }
if(right.isEmpty()) { return left; }
BinaryTreeNode predecessor = left.right();
if(predecessor.isEmpty()) {
left.setRight(right);
return left;
/
BinaryTreeNode parent = left;
while(!predecessor.right().isEmpty()) {
parent = predecessor;
predecessor = predecessor.right();
/
parent.setRight(predecessor.left());
predecessor.setLeft(left);
predecessor.setRight(right);
return predecessor;

/

public Object remove(Object value) {
if(isEmpty()) return null;
if(value.equals(root.value())) {
BinaryTreeNode newRoot = removeTop(root);
count--;
Object result = root.value();
root = newRoot;
return result;
}
else {
BinaryTreeNode location = locate(root, value);
if(value.equals(location.value())) {
count--;
BinaryTreeNode parent = location.parent();
if(parent.right()==location) parent.setRight(removeTop(location));
else parent.setLeft(removeTop(location));
return location.value();
}
}
return null;
}
}



