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Jlepeeo — CTpyKTypa JAHHBIX, IIPEICTABIAIOMIAA
COOOM JPEBOBUIHYIO CTPYKTYPY B BHAC HaOOpa
CBSI3aHHBIX Y3JIOB. SIBIISIETCS CBSA3HBIM I'paoM, HE
COAEP KAIIM UK.
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CHHTaKCHMYeCKOoe JIepeBo — 3TO JIEPEBO B
KOTOPOM BHYTPEHHHME BEPILIMHBI 3TO OIEPATOPHI
SI3bIKA IIPOrPAMMHUPOBAHMS, 4 JIMCThS ONCPAaHIbI
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Jlornueckue (panaoBBIE CUCTEMBI
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IIpedukcHOE AEPEBO — ATO AECPEBO COACPKAIIICE
BCE CYPPHUKCHI HEKOTOPOU CTPOKH U MO3BOJISIIOT
OCYILIECTBUTh MOUCK MOACTPOKH B CTPOKE
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JlepeBbs penieHuit (decition trees)
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OnpeneneHus

*KopHeBoOM y3ei1, KOPpEeHb >
JepeBa — CaMblll BEpXHUU
y3€11 Aepena.

*KopeHb mogaepeBa — oJHa
M3 BEPILMH, I10 KECIIaHUIO

HaOIIOAaTEIsI, KOTOpast O/ C)
MMEET JOYCPHME DIICMEHTHI. §




OnpeneneHus

[lopaepeBO — YacTb
apeBoobpasHOM
CTPYKTYPbl AaHHbIX,
KOTOpasi MOXET ObITb
npencrasreHa B BUae
OTAEerIbHOro agepesa. Sl SN N .
JTtobon y3en L))
nepesa T BMeCTe CO LA
BCEMM €0 Y3IaMu-
NOTOMKaMU ABMNSIETCS




OnpeneneHus

oJlucCT, INCTOBOM HUIIH
TEPMUHAIBHBIN Y3€]I —
y3€J1, HC UMEIOILIH
IOYEPHHUX IIIEMEHTOB;

*BHYTpeHHMH y3eJ —
I000H y3€1I IepeBa,
MMEIOIINUH [TOTOMKOB, U
TaKuM 00pa3oMm, HE
SIBIISITFOIIIAUCS. IUCTOM;



OnpeneneHuns
eJluct, 1MCTOBON MIIH # \

TEPMUHAIBHBIN Y3€]I —
y3€J1, HC UMEIOILIH
NOYEPHUX DIIEMEHTOB;

*BHyTpeHHHH y3e1 — .
I000H y3€1I IepeBa, O
MMEIOIINUH [TOTOMKOB, U

TaKuM 00pa3oMm, HE
SIBJISIFOIIUICSL JINCTOM;



OnpeneneHus

e[ n1yOMHAa nepeBa — JUIMHA
CaMOT0 JUIMHHOIO ITyTH OT
KOPHSI JI0 JIUCTA.

Kaxxgoe mepeBo o01agact
CJICAYIOIUMHU CBOMCTBAMMU:

*CYIIIECTBYET y3€J, B KOTOPBIU
HE BXOJMUT HUA OOHOU IyI'H
(KOpEHB);

*B Ka)KIYIO0 BEPIINHY, KPOME
KOPHS, BXOOUT OJHA Jyra.
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OnpeneneHus

O0OXxon AepeBa — 3TO ynopsao4YeHHas
nocnegoBaTefibHOCTb BEPLUWH AEPEBA, B KOTOPOW
KaXkgas eepuwlHa BCTPeYaeTCsl TONbKO OAUH pas.

[1pn 0bxoae Bce BEPLUMHBI AepeBa AOMKHbI MOCeLLaTbCA B
onpeneneHHom nopsaake. CyliecTByeT HECKOSTbKO
cnocoboB 0b6xoaa Bcex BEPLUMH AepeBa.

*Tpn Hanbonee 4acTo Ucnonb3yemMblix cnocoba obxooda
depesa:.
* MPAMOU;
* CAMMETPUYHBIN;
e 0OODATHKLIN



OnpeneneHuns

*Tpn Hanbonee 4YacTo ncnonb3dyembix crocoba obxoda
depesa:.
* MPAMOU;
* CAMMETPUYHBIN;

e NANATHRKIIA
Ilpawoii Cummempuunsiil Obpammubwiil

ABDECF DBEACF DEBFCA



buHapHoe a1epeBo — 3TO JIEPEBO, B KOTOPOM
KKJIBIA y3€JI UMEET HE 00JIee IBYX JTOYCPHHUX
3JIEMEHTOB, KOTOPBIC HA3BIBAKOTCS JICBbIM
JOYSCPHUM DJIEMEHTOM U IPABbIM JOYCPHUM
3JIEMEHTOM




buHapHoe aepeBo MOUCKA — OTO OMHAPHOE
IEPEBO, B KOTOPOM CIPABEIJIMBO CICAYIONIEE:

*O0a nojyiepeBa — JIEBOE U ITPABOE — SIBIISIFOTCS
JIBOUYHBIMH JIEPEBHSIMU MTOUCKA.

*Y BCEX Y3JIOB J1e6020 TOAAEPEBA
IIPOU3BOJILHOIO y3J1a X 3HAYEHUS KIIFOUEH
JAHHBIX MeHbule, HEKE 3HAYCHUE KITroUa
JTAHHBIX CaMOTro y3ja X.

*Y BCEX Y3JI0B npaso2o NOAAEPEBA
IIPOU3BOJILHOIO y3J1a X 3HAYEHUS KIIFOUEH
OAHHBIX Oonbuie b0 pasHbl, HEKEIU 3HAYCHUE
KJIFOYa JJAHHBIX caMoro yisia X.




Peannsauuns buHapHoro gepena nomcka

A
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Peannsauuns buHapHoro gepena nomcka

\L root

40
left [right

20 / \60

left [right left |right

/ N ¥ N\

10 null 70
left [right left [right| | left [right

Y, N/ N/ N\

null null null null null null




Peanunsauuns buHapHoro gepena nomcka

[1BO4HOE OepeBO COCTOUT U3 Y3IOB (BEPLLUMH) — 3annceun Bmaa
(data, left, right), roe data — HeKOTOpbIE AaHHbIe, MPUBS3aHHbIE K
yany, left n right — ccbinkn Ha y3nbl, aBnarWmeca 4eTbMu
OAHHOro y3ra — fneBblv U NpaBbiv CbIHOBLSI COOTBETCTBEHHO.

[na onTMuMmusaunm anropuTtMoB KOHKPETHbIE peanusauunn
npeanonaratT TakKe onpeaeneHua nons parent B Kaxxaom ysre
(KpOMe KOpPHEBOI0) — CCbISIKM Ha POAUTENLCKNN ANIEMEHT.



Peanunsauuns buHapHoro gepena nomcka

« [1aHHble (data) obnagatoT kKn4vom (key), Ha KOTOPOM
onpegerneHa onepaynsi cpaBHEHUA «MeHbLLUE». B KOHKPETHbIX
peanunsauuax 3To MoXeT ObITb napa (key, value) — (knwo4 v
3HayeHune), UK ccblfnika Ha Takylo napy, UM NpocToe
onpegeneHne onepauun cpaBHeHNs Ha HEOOXOOMMOMN CTPYKTYype
NaHHbIX UIN CCbIJSIKE Ha Hee.

 [1na ntoboro y3na X BbIMNOMHAKTCSA CBOMCTBA AepeEBa Noucka:

keyl[left[X]] < key[X] < key[right[X]],
TO €CTb KIoYM OaHHbIX pOAUTENbLCKOro yana bonbLue Krioyen
OaHHbIX NEeBOro CbiHa N HECTPOro MeHbLLE KIoYen JaHHbIX
npasoro.



Knacc y3na gepeBa — TreeNode

class TreeNode<T> where T: IComparable

{

T value;
TreeNode<T> left;
TreeNode<T> right;

public TreeNode (T value) {
this.value = value;

J

// mobaBuTb public cBoOMCTBA



Knacc gepeBa — MyTree

» [lobaBneHne y3na B Aepeso
* [lonck 3HayeHunqa
* YOoaneHue y3na ns gepesa

* Bbiymncnenue:
* rMyOuHbI AepeBa
* KONMMYECTBA JINCTLEB,
y3roB
» ObXxoabl oepeBa



class MyTree<T> where T: IComparable
{ Knacc aoepeBa —

TreeNode<T> root; MyTree

public void Add (T wvalue) {..}

public TreeNode<T> Find (T value) {..}

public void Remove (T value) {..}

public int GetDeep() {..}

public 1nt GetLeafs() {..}

public 1nt GetNodes () {..}

public string LNR() {..}
public string NLR () {.

public string ??°?() {..}

)



[1obaBneHne y3na B AepeBO
volid Add (T wvalue)

public void Add (T wvalue)
{

TreeNode<T> node = new TreeNode<T> (value) ;
1f (root == null) root = node;

} \I/ root

null

node 40

left [right




[1obaBneHne y3na B AepeBO
volid Add (T wvalue)

public void Add (T wvalue)
{

TreeNode<T> node = new TreeNode<T> (value) ;
1f (root == null) root = node;
else 277

d’ root

40

left [right




[1obaBneHne y3na B AepPEBO
void Add (T wvalue)

public void Add(T wvalue)

{

TreeNode<T> node = new TreeNode<T> (value) ;
1f (root == null) root = node;
else

{

1f (root.Value <= node.Value)

{
root.Right = node;

}

1if (root.Value > node.Value)

{

root.Left = node;

}

\l/ root

40

left

righ

t

2

node

60

left

right




[1obaBneHne y3na B AepPEBO
void Add (T Value) derOt

public void Add(T wvalue) 40
{ left [right
TreeNode<T> node = new TreeNode<T> (value);
1f (root == null) root = node; kg/ \§§
else
{ 20 60
1f (root.Value <= node.Value) Ieft rlght left rlght
{

root.Right = node; é;/ Q\ii ﬁ&l \§§
}

1if (root.Value > node.Value)

{

root.Left = node;

} node 10
} left [right




\l/ root
public void Add(T value) 40
{

left |right
TreeNode<T> node = new TreeNode<T> (value); %/ \&
60

i1f (root == null) root = node;
else Add(root, node); left[right|  [left[right

} 2 NN

private void Add (TreeNode<T> subroot, TreeNode<T> node )
{

20

1f (subroot.Value <= node.Value) node 10

{ = [eft[right
1f (subroot.Right == null) subroot.Right = node;

else Add(subroot.Right, node);

1f (subroot.Value > node.Value)

if (subroot.lLeft == null) subroot.Left = node;
else Add(subroot.Left, node);



root
public void Add (T wvalue) ‘i
{ left [right
TreeNode<T> node = new TreeNode<T> (value); %/ \&
60

i1f (root == null) root = node;
else Add(root, node); left[right|  [left[right

} 2 NN

private void Add (TreeNode<T> subroot, TreeNode<T> node )
{

20

if (subroot.Value.CompareTo ( node.Value ) <= 0) — 10

{ = [eft[right
1f (subroot.Right == null) subroot.Right = node;
else Add(subroot.Right, node);

1if (subroot.Value.CompareTo( node.Value ) > 0)

if (subroot.lLeft == null) subroot.Left = node;
else Add(subroot.Left, node);



[Tonck 3Ha4YeHus
public TreeNode<T> Find (T wvalue)

d/ root

40
left |right

20 / \60

left |right left |right

/o \ 1{0 Ny

10 null 70
left [right left [right| | left [right

2 VN

null null null null null null




[Tonck 3Ha4YeHus
public TreeNode<T> Find (T wvalue)

public TreeNode<T> Find (T value)
{

1f (root == null) return null;

if (root.Value == value) return root;

if (value < root.Value) return Find(value, root.Left );
if (value > root.Value) return Find(value, root.Right);

private TreeNode<T> Find (T value, TreeNode<T> subroot)
{ 1f (subroot == null) return null;
if (subroot.Value == value) return subroot;
if (value < subroot.Value) return Find(value, subroot.Left);
if (value > subroot.Value) return Find(value, subroot.Right);



[Tonck 3Ha4YeHus
public TreeNode<T> Find (T wvalue)

public TreeNode<T> Find (T value)

{

private TreeNode<T> Find (T value,

{

return Find(value, root):;

1f
1f
1f
1f

(

(
(
(

subroot == null) return null;

value == subroot.Value)
value < subroot.Value)
value > subroot.Value)

return subroot;
return Find(value,
return Find(value,

TreeNode<T> subroot)

subroot.Left) ;
subroot.Right) ;



[Tonck 3Ha4YeHus
public TreeNode<T> Find (T wvalue)

public TreeNode<T> Find (T wvalue)
{

return Find(value, root):;

private TreeNode<T> Find (T value, TreeNode<T> subroot)
{ 1f (subroot == null) return null;
1f (value.CompareTo (subroot.Value) == 0) return subroot;
1f (value.CompareTo (subroot.Value) < 0) return Find(value, subroot.Left);
1if (value.CompareTo (subroot.Value) > 0) return Find(value, subroot.Right);



C I/I M M eT p I/I LI H bl I\/JI O6XO.D| Cummempuunwiil
string LNR() -

40
left |right

20 k/’ \&\60

left [right left [right

/Y N ¥ N\ DBEACF

10 nall 70
left |right left|right| | left |right
null null null null null null

10 20 40 50 60 70



CuMMeETPUYHBbIN 0bxo[,
string LNR()

public string LNR()
{

return LNR (root):;

}

private string LNR (TreeNode<T> subroot)
{ 1f (subroot == null) return %“7;
return LNR (subroot.Left)
LW
+ subroot.Value.ToString()
LW
+ LNR (subroot.Right);

\l{ root

70

40
left |right
20 60
left |right left |right
10 \null 50 E
left [right left [right

left |right

¢/ N/ N/ N\

null null

null

null

null

null



[Tpssmon obxoa

string NLR() Joo

40
left |right

20 / \60

left |right left |right

/'\\ Y\ ABDECF

10 nall 70
left |right left|right| | left |right
null null null null null null

40 20 10 60 50 70



[Tpsimon obxoAa i,

left [right

string NLR() 7 N\

20
left [right left [right

]_c{)ublic string NLR () / \\ [/ \_
10 null 50

70

} return NLR(root); left|right left|right| [Teft|right
nul{ \ntll nul{ nﬁéll ﬁlll
private string NLR (TreeNode<T> subroot)
{ 1f (subroot == null) return “7;
return subroot.Value.ToString()
LW
+ NLR (subroot.Left)
LW
+ NLR (subroot.Right);



ObpaTHbIN 06Xoa
string ?°?7?()

\l’ root

40

left

right

20

left [right

/o \

10

left

right

null

A \m

left

right

Y\

70

left

right

left [right

2 VAN

null null

null

null

null

null

Obpammuwiit

DEBFCA



ObpaTHbIn 0b6xoa Ospamui
string LRN () fro

40
left |right

20 / \60

left |right left |right

/' N ¥/ N\ DEBFCA

10 nall 70
left |right left|right| | left |right
null null null null null null

10 20 50 /0 60 40



ObpaTHbIN 06Xoa
string LRN ()

public string LRN ()
{

return LRN (root):;

}

private string LRN (TreeNode<T> subroot)

{ 1f (subroot == null) return “7;
return LRN (subroot.Left)
+ W\ 44
+ LRN (subroot.Right)
+ W\ 44

+ subroot.Value.ToString()

\I/ root

40
left [right
20 60
left |right left |right
10 null [ g 70
left|right left |right| | left |right

¢/ N /4 N/ N\

null null

null

null

n

ull

null



BbluncneHue et

rmybunHbl gepeBa 1

int GetDeep () / \

1 / 0 /

\



BbluncneHue et

rmybunHbl gepeBa 2

int GetDeep () / \1

1/: S
=



BbluncneHue et

rmybunHbl gepeBa 2

int GetDeep () / \1

1/: S
=



BbluncneHue et

rmybunHbl gepeBa 2

int GetDeep () / \3

1/: S
=



Bbluncrienue rmybuHsl gepeea v

int GetDeep () :
/ 3
public int GetDeep () \
j return GetDeep (root) ; iz/' \\&P 22/ \\sz

1‘!” . ‘II" 1':!'
private 1int GetDeep (TreeNode<T> subroot)

{ kf/
i1f (subroot == null) return 0O; 1

return 1 + Math.Max (GetDeep (subroot.Left),
GetDeep (subroot.Right)) ;



BblyncrneHmne Kkonn4yecTtBa NMUCTLEB
int GetLeafs () et

public int GetLeafs ()
{ /' \
return Getleafs (root);

|

private int GetLeafs (TreeNode<T> subroot) \ /

{ / null \
i1f (subroot == null) return 0O;
1f (subroot.Left == null &&
subroot.Right == null) return 1; / \
return GetLeafs (subroot.Left) +

null
GetLeafs (subroot.Right);
}



BbluncneHue KonnyecTtsa y3roB
int GetNodes () et

public int GetNodes ()
{ /' \
return GetNodes (root) ;

|

private 1nt GetNodes (TreeNode<T> subroot) \XA é{/

{ / null \
1f (subroot == null) return O;
return 1 +
GetNodes (subroot.Left) + ﬂ// \\A
GetNodes (subroot.Right) ;

null
}



YpaneHuve y3na gepesa -

void Remove (T value)

* Ecnun 31O NncT
* Ecnun y aToro y3na ogHo

nogaepeso \ \
nu

* Ecnin y atoro y3na gBa 0 I @ Q
nogaepena



YoaneHue y3na gepeBsa Ecnu ato nVICT

public void Remove (T value) k// '\§

{
return Remove (value, root);

private void Remove (T value, TreeNode<T> subroot) ﬁ//
| OBNONO
1f (subroot == null) return; .
if (subroot.Left != null && subroot.Left.Value == value) / \
{ null
1f (subroot.Left.Left == null && subroot.Left.Right == null)
{ subroot.Left = null; return; }
}
1f (subroot.Right != null && subroot.Right.Value == value)
{
1f (subroot.Right.Left == null && subroot.Right.Right == null)

{ subroot.Right = null; return; }

1f (subroot.Value < wvalue) Remove (value, subroot.Right);
i1f (subroot.Value > value) Remove (value, subroot.Left);



YoaneHue y3na Ecnv oaHo noanepeso

private void Remove (T value, TreeNode<T> subroot) k// \x
{
1f (subroot == null) return;
TreeNode<T> subtree = null; \Q
if (subroot.Left != null && subroot.Left.Value == value) k// \\Q A%/
{ null
i1f (subroot.Left.Left == null && subroot.Left.Right =ll) {..}
1f (subroot.Left.Left == null) subtree = subroot.Left.Right; %/"\§
1f (subroot.Left.Right == null) subtree = subroot.Left.Left; B
1f (subtree != null) { subroot.lLeft = subtree; return; }
}
1f (subroot.Right != null && subroot.Right.Value == value)
{
1f (subroot.Right.Left == null && subroot.Right.Right == null) {..}
1f (subroot.Right.Left == null) subtree = subroot.Right.Right;
1f (subroot.Right.Right == null) subtree = subroot.Right.Left;
1f (subtree !'= null) { subroot.Right = subtree; return;}

}
1f (subroot.Value < wvalue) Remove (value, subroot.Right);
i1f (subroot.Value > value) Remove (value, subroot.Left);



YoaneHue y3na Ecnv aeanononepesa

private void Remove (T value, TreeNode<T> subroot)

{

if
if
{

if
if

(subroot == null) return; TreeNode<T> subtree = null;
(subroot.Left != null && subroot.Left.Value == value)

. //ecnu JaMCT UM OJBHO IOIIEPeBO

subtree = subroot.Left.Left;
subroot.Left = subroot.Left.Right;
TreeNode<T> min = subroot.Left;

while (min.Left!=null) min = min.Left;
min.Left = subtree; return;
(subroot.Right != null && subroot.Right.Value == value)

. //ecnu JMCT WM OJHO IOIIEPeBO

subtree = subroot.Right.Left;
subroot.Right = subroot.Right.Right;
TreeNode<T> min = subroot.Right;

while (min.Left!=null) min = min.Left;
min.Left = subtree; return;

(subroot.Value < value) Remove (value, subroot.Right);
(subroot.Value > wvalue) Remove (value, subroot.Left);

dl root

/N
0 =

nuII

null



{

}

YoaneHue y3na

public void Remove (T value)

return Remove (value, root)

private void Remove (T value,

{

if
if
{

}
if
{

}
if
if

(subroot == null) return; TreeNode<T> subtree = null;
(subroot.Left !'= null && subroot.Left.Value == value)

if (subroot.Left.Left == null && subroot.Left.Right == null)
{ subroot.Left = null; return; }

if (subroot.Left.Left == null) subtree = subroot.Left.Right;

if (subroot.Left.Right

if (subtree != null) {
subtree = subroot.Left.
subroot.Left = subroot.

.
14

TreeNode<T> subroot)

== null) subtree = subroot.Left.lLeft;

subroot.Left =
Left;
Left.Right;

TreeNode<T> min = subroot.Left;

while (min.Left!=null)

min = min.Left;

min.Left = subtree; return;

subtree;

(subroot.Right != null && subroot.Right.Value

(subroot.Value < wvalue)
(subroot.Value > value)

Remove (value,
Remove (value,

subroot.
subroot.

return; }

== value)

Right);
Left);




YoaneHue y3na Ecnv kopeHb

public void Remove (T value)

{

return Remove (value, root):;

}

private void Remove (T value, TreeNode<T> subroot)

{

if (subroot == null) return; TreeNode<T> subtree = null;
if (subroot.Left != null && subroot.Left.Value == value)
{
if (subroot.Left.Left == null && subroot.Left.Right == null) é&z/
{ subroot.Left = null; return; }
if (subroot.Left.Left == null) subtree = subroot.Left.Right;
if (subroot.Left.Right == null) subtree = subroot.Left.Left;
if (subtree != null) { subroot.Left = subtree; return;}

subtree = subroot.Left.Left;
subroot.Left = subroot.Left.Right;
TreeNode<T> min = subroot.Left;
while (min.Left!=null) min = min.Left;
min.Left = subtree; return;
}
if (subroot.Right != null && subroot.Right.Value == wvalue)

{

}

if (subroot.Value < value) Remove (value, subroot.Right);
if (subroot.Value > value) Remove (value, subroot.Left);



public void Remove (T value)

{

root.Right;
root.Left;

1f (root != null && root.Value == value)
{
1f (root.Left == null && root.Right ==
{ root = null; return; }
i1f (root.Left == null) { root =
1f (root.Right == null) { root =
TreeNode<T> subtree = root.Left;
root = root.Right;
TreeNode<T> min = root;
while (min.Left!=null) min = min.Left;
min.Left = subtree;

return;

}

return Remove (value, root);

}

private void Remove (T value,

{

TreeNode<T> subroot)

if (subroot == null) return; TreeNode<T> subtree
if (subroot.Left != null && subroot.Left.Value ==
{ ..}

if (subroot.Right != null && subroot.Right.Value

{ ..}

if (subroot.Value < value) Remove (value, subroot.
if (subroot.Value > value) Remove (value, subroot.

= null;
value)

value)

Right);
Left);

null)

\l/ root
\
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return; }
return; }

/



public void Remove (T value)

{

1f (root != null && root.Value == value)
{
1f (root.Left == null && root.Right == null)
{ root = null; return; }
1f (root.Left == null) { root = root.Right; return;
1f (root.Right == null) { root = root.Left; return;

TreeNode<T> subtree = root.Left;
root = root.Right;

TreeNode<T> min = root;

while (min.Left!=null) min = min.Left;
min.Left = subtree;

return;

}

return Remove (value, root);

}

private void Remove (T value, TreeNode<T> subroot)

{

if (subroot == null) return; TreeNode<T> subtree
if (subroot.Left != null && subroot.Left.Value ==
{ ..}

if (subroot.Right != null && subroot.Right.Value

{ ..}

if (subroot.Value < value) Remove (value, subroot.

if (subroot.Value > value) Remove (value, subroot.

= null;
value)

== value)

Right);
Left);

}

\l/ root
/N



public void Remove (T value)

{

if '= null &&

{

(root

1f
{

(root.Left
root null;
1f (root.Left

1f (root.Right
TreeNode<T> subtr
root root.Right
TreeNode<T> min
while (min.Left!=
min.Left subtre
return;

}

return Remove (value,

}

private void Remove (T value,

{

root.Value

value)

null && root.Right == null) ¢r°°t
return; }

null) { root = root.Right; return; }

null) { root = root.Left; return,; }

ee = root.Left; k{/ \\A
root;

null) min = min.Left;

S

Y

null

root) ;

TreeNode<T> subroot)

if (subroot == null) return; TreeNode<T> subtree = null;
if (subroot.Left != null && subroot.Left.Value == value)

{ ..}

if (subroot.Right != null && subroot.Right.Value == wvalue)
{ ..}

if (subroot.Value < value) Remove (value, subroot.Right);
if (subroot.Value > value) Remove (value, subroot.Left);



public void Remove (T value)

{

root.Right;
root.Left;

1f (root != null && root.Value == value)
{
1f (root.Left == null && root.Right ==
{ root = null; return; }
i1f (root.Left == null) { root =
1f (root.Right == null) { root =
TreeNode<T> subtree = root.Left;
root = root.Right;
TreeNode<T> min = root;
while (min.Left!=null) min = min.Left;
min.Left = subtree;

return;

}

return Remove (value, root);

}

private void Remove (T value,

{

TreeNode<T> subroot)

if (subroot == null) return; TreeNode<T> subtree
if (subroot.Left != null && subroot.Left.Value ==
{ ..}

if (subroot.Right != null && subroot.Right.Value

{ ..}

if (subroot.Value < value) Remove (value, subroot.
if (subroot.Value > value) Remove (value, subroot.

= null;
value)

value)

Right);
Left);

null)

\l/ root
\
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return; }
return; }

/



public class TreeNode<T extends Comparable<T>> {

T value; A eCJ-“/I

TreeNode<T> left;

TreeNode<T> right; D,O6aBMTb
TreeNode<T> parent; pOD'MTeanKMM
P nie valve ~ varuer y3en? (JAVA)

public T getValue() {
return value;

}

public TreeNode<T> getLeft () {
return left;

}

public void setleft (TreeNode<T> left) {
this.left = left;
}

public TreeNode<T> getRight () {
return right;

}

public void setRight (TreeNode<T> right) {
this.right = right;
}

public TreeNode<T> getParent () {
return parent;

}

public void setParent (TreeNode<T> parent) {
this.parent = parent;

}



public class MyTree<T extends Comparable<T>> {
TreeNode<T> root;

public void Delete (T value) {

private void Delete (?277) {



public void Delete (T value) {
if (root == null) return;
if (root.getValue () == value) {
if (root.getleft () ==
root = null;
return;

}
if (root.getleft() == null) {

root = root.getRight();
root.setParent (null) ;
return;

}
if (root.getRight () == null) ({

root = root.getlLeft () ;
root.setParent (null) ;
return;

}

TreeNode<T> subtree = root.getlLeft();

root = root.getRight();
root.setParent (null) ;
TreeNode<T> min = root;
while (min.getLeft () !=null)
min.setlLeft (subtree) ;
subtree.setParent (min) ;

}
else ..

private void Delete(??7?) { .. }

null && root.getRight ()

min = min.getLeft();

null)

{



public void Delete (T value) {

if (root == null) return;
if (root.getValue () == wvalue) {
if (root.getlLeft() == null && root.getRight () == null) {
root = null;
return;
}
if (root.getlLeft() == null) {

root = root.getRight ()
root.setParent (null) ;
return;

}

if (root.getRight () == null) {
root = root.getleft();
root.setParent (null) ;
return;

}
TreeNode<T> subtree = root.getLeft();

root = root.getRight();
root.setParent (null) ;

TreeNode<T> min = root;

while (min.getlLeft () !=null) min = min.getLeft();
min.setLeft (subtree);

subtree.setParent (min) ;

}
else if (value.compareTo (root.getValue())>=0) Delete(value, root.getRight(), false);

else if (value.compareTo (root.getValue())<0) Delete(value, root.getLeft(), true);

private void Delete (T value, TreeNode<I> subroot, boolean islLeft) {



private void Delete (T value, TreeNode<T> subroot, boolean islLeft) {
if (subroot == null) return;
if (subroot.getValue() == value) {
if (subroot.getlLeft() == null && subroot.getRight () == null) {
if (islLeft) subroot.getParent () .setlLeft ( null);
else subroot.getParent () .setRight ( null)
return;
}
if (subroot.getLeft () == null) {
subroot.getRight () .setParent (subroot.getParent ());
if (isLeft) subroot.getParent () .setlLeft (subroot.getRight());
else subroot.getParent () .setRight (subroot.getRight());
return;
}
if (subroot.getRight () == null) {
subroot.getLeft () .setParent (subroot.getParent()):;
if (isLeft) subroot.getParent () .setlLeft (subroot.getLeft());
else subroot.getParent () .setRight (subroot.getlLeft());
return;
}
TreeNode< T> subtree = subroot.getLeft();
TreeNode<T> min = subroot.getRight ()
subroot.getRight () .setParent (subroot.getParent ());
if (isLeft) subroot.getParent () .setLeft (subroot.getRight());
else subroot.getParent () .setRight (subroot.getRight ())
while (min.getLeft()!=null) min = min.getLeft (),
min.setLeft (subtree);
subtree.setParent (min) ;
}
else if (value.compareTo (subroot.getValue())>= 0) Delete(value, subroot.getRight(),
false);

else if (value.compareTo (subroot.getValue())< 0) Delete(value, subroot.getLeft(),

true) ;



ABJ1-pepeBo

ABJl-pepeBo — cbanaHcnpoBaHHOE Mo BbICOTE ABONYHOE
OEPEBO NMoucka: Ans Kaxaou ero BepLUnHbI BbICOTa €€ ABYX
nogaepeBbLEB pa3nnyaeTcs He boriee Yem Ha 1.

ABJ1 — abbpeBunarypa, obpasoBaHHasa nepBbiMU DyKkBamMu
doamunnuun cosgarenen (CoBeTCKNX yd4eHblX) AgenbcoH-Benbckoro
[eoprusa MakcumoBunya n JlaHauca EBsreHna Muxannosuya.

50,



MakcumanbHagda BbicoTa ABJ1-gepeBa npu
3aaHHOM 4YucCrie y3noB

h <[1.451log,(n + 2)]



[NepeBo PrboHav4n

[epeBo ®dnboHayyn — ABJI-gepeBo ¢ HAMMEHBLLMM YNCITOM
BEPLUMH NMpu 3agaHHON BbICOTE (rnyoOuHe).

* Ecnun anst kKakon-nmbo u3 BepLUWH BbICOTa noaaepesa, Ans
KOTOPOro 3Ta BepLUNHA SIBMAETCA KOPHEM, paBHa h, TO NpaBoe u
neBoe noaaepeBo 3TOMN BEPLUMHbLI UMEKOT BbICOTbI PaBHbIE
COOTBETCTBEHHO h-1 1 h-2 unn h-2 n h-1 . Kaxxgoe nogaepeso

nepesa PuboHavum Takxke aBnsieTcs gepesom PrnboHayuu.
*[lycTtoe oepeBo — aepeBo PnboHay4u BbICOThI O.
» [lepeBo ¢ ogHon BepLUMHOWN — AepeBo PnboHaY4um BbICOTHI 1.




[NepeBo PrboHav4n
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banaHcunpoBKa

OTHocuTenbHo ABJ1-gepeBa banaHcnMpoBKOW BEPLUNHBGI
Ha3bIBAE€TCA onepawmsl, Kotopasi B Criydae pasHuLibl BbICOT NEBOrO
M NPaBOro NOAAEPEBLEB = 2, UBMEHSIET CBA3U NPEeJOK-NOTOMOK B
noaaepeBe JaHHOW BEPLUMHBI TaK, YTO pa3HuLia CTaHOBUTCA <=1,
MHaA4Ye HUYEro He MeHSET. YKasaHHbIN pesyrbTtaT NnonyyaeTcs
BpalleHuaMun nogaepesa AaHHOW BEPLUUHDI.



[IpaBbI NOBOPOT
(Manoe npaBoe BpalleHue)

[1aHHOe BpalleHne UCnonb3yeTco
Torga, Koraa:

* (BblCcOTa b-nogaepeBa — BbicoTa R) =
2

a b
s
b \a
e BbicoTa C <= BbIcOTa L. 7 Wi > 7 ]{
R



[paBbIi NOBOPOT Ve

(Manoe npaBoe BpaLLeHue)

private TreeNode<T> RightRotate (TreeNode<T> subroot) ({ [4/, \§&

TreeNode<T> b = subroot.Left;

subroot.Left = b.Right;

b.Right = subroot;

return b; k{/' \\&
}

\
()



NeBbIV NOBOPOT
(Manoe neBoe BpalleHune)

[1aHHOE BpalleHne Ncnonb3yeTcs
TOrga, Korga:

* (BblcOTa b-nogaepesa — BbicOTa L) =

S

e BbicoTa C <= BblIcoTa R.



\L root

JleBblt NOBOPOT

(Manoe neBoe BpalleHU // \

/

private TreeNode<T> LeftRotate (TreeNode<T> subroot) {

TreeNode<T> b = subroot.Right;
subroot.Right = b.Left;

b.setlLeft = subroot;

return b; @
}



bonbLion neBbIt NOBOPOT
(bornbLloOe neBoe BpalleHne)

[1aHHOe BpalleHne ncnonb3yeTca
Torga, Kkorga

* (BblCOTa b-nogaepeBa — BbICOTa L) =
2

* BbICOTA c-noggepena > BbicoTaR. @
\
b
o
C
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bonbLion neBbIt NOBOPOT \Lroot
(bonbLloe neBoe BpalleHue)



bonbLion neBbIt NOBOPOT
(bornbLloOe neBoe BpalleHne)

subroot.Right = RightRotate (subroot.Right);
return LeftRotate (subroot)

\l/ root



bonbLuon npaBbi NOBOPOT
(bornbLUOe npaBoe BpaLleHune)

[1aHHOe BpalleHne ncnonb3yeTca
Torga, Kkorga

* (BblCcOTa b-nogaepeBa — BbicoTa R) =
2

d
* BbiCOTa c-nogaepesa > BbiCOTa L. n 7NN

ﬁmkﬁ vk




bonbLuon npaBbi NOBOPOT
(bornbLUOe npaBoe BpaLleHune)

subroot.Left = LeftRotate (subroot.Left);
return RightRotate (subroot);



banaHcupoBKka y3na

TreeNode<T> Balance (TreeNode<T> subroot) // GanaHcupoBka ys3sa p

{
i1f ( (GetHeight (subroot.getRight()) - GetHeight (subroot.getLeft()))==2 )

{
i1f ( GetHeight (subroot.getRight () .getLeft ())
> GetHeilght (subroot.getRight () .getRight ()) )
subroot.setRight (RightRotate (subroot.getRight()));
return LeftRotate (subroot);

}
if ( (GetHeight (subroot.getRight ()) - GetHeight (subroot.getLeft()))==-2 )

{
1f ( GetHeight (subroot.getlLeft () .getRight())
> GetHeight (subroot.getLeft () .getLeft()) )
subroot.setlLeft (LeftRotate (subroot.getLeft()))
return RightRotate (subroot);
}

return subroot; // GamamcupoBka He HYXHAa



YnaneHue y3na n3 ABJ1 npepeba

min




YnaneHue y3na n3 ABJ1 nepeba

// HOMCK y3Jla C MMHMMAJILEHEIM KJIIOUOM B IIOLIEPEBE
TreeNode<T> GetMin (TreeNode<T> subroot)

{

i1f (subroot.Left == null) return subroot;
return GetMin (subroot.Left);

// ymajneHue y3Ja C MUHMMAJIBHEIM KJIOUOM M3 IIOLIEepeBa
TreeNode<T> RemoveMin (TreeNode<T> subroot)
{

1f( subroot.Left == null )

return subroot.Right;
subroot.Left = RemoveMin (subroot.Left);

return Balance (subroot);



YnaneHue y3na us ABJ1 gepe.a

TreeNode<T> Remove (TreeNode<T> subroot, T value) // yzyaseHwe B3HAUEHMS M3 IIOIIEPEBA
{
1f( subroot == null ) return null;
if( value.CompareTo (subroot.Value) < 0)
subroot.Left = Remove (subroot.Left, wvalue);
else if( value.CompareTo (subroot.Value) > 0)
subroot.Right = Remove (subroot.Right, wvalue));
else // Hammim TOT y36€JI, KOTOPEI HANO YIOAJIUTE
{
TreeNode<T> 1 = subroot.Left;
TreeNode<T> r = subroot.Right;
if( r == null ) return 1;
TreeNode<T> min = GetMin (r) ;
min.Right = RemoveMin (r) ;
min.Left = 1;
return Balance (min) ;

}

return Balance (subroot) ;
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