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Tema 4. JlepeBbs

epeBbsa. Ob6xoapi. ITepaTopsl o JepeBy

Caeyomast CTpyKTypa, eCTeCTBEHHO BOZHUKAONAs B PAMKAX CCHLIOYHON peajiu3anuu, —
9TO JIepeBO.

Onpejesienne nepeBa BceM m3BecTHO™ (10 KpaifHeil Mepe, Ha WHTYUTHBHOM YDPOBHE).
[TosToMy ycI0BHMCS O CJAEIYIONIUX TEPMUHAX U 0D03HAUCHUSIX

* OpueHTHPOBaHHBIH CBA3HBIN rpad, IpruYeM TOJBKO OJHA BEpIINHA HE HMEET BXO/Is-
mux pebep (KOpeHb), a 0CTaTbHBIE BEPIIMHBI HMEIOT POBHO OJIHO BXOJsIIee pebpo.

** HeopuenrtupoBauublil cBsa3ublii rpad 6€3 MUKIOB ¢ OJHON BbIJICJCHHONH BEPIIHHOIM,
Ha3bIBACMOI KOPHEM.

*#% Pexypceusnoe onpenenenne. Ilycroe gepeso. Jlepeo n3 onnoit Beprmubl. HoBbrit
KOPEHb € MMOTOMKAMU Ha KOPHAX CYIECTBYIOIIUX JIEPEBLEB.

— KOpeHb

— MOTOMOK U POJIUTEh

— KOHIEBasl BePIMHHA (JHCT) — y3es, He HMEIOITHii TOTOMKOB

— BETBb — IIEMOYKa “pojanuTe/ieill — MOTOMKOB  OT KOPHS JIO JUCTa,

MOYKHO TaKzKe PAcCMATPUBATH BOCXOJSIIY IO U HUCXO/SIILY IO BETBH (KOPEHb BBEDPXY, JIUCT
BHHU3Y ).

— pacTosiHue OT KODPHS JI0 BEPIIMHBI — KOJUYECTBO BEPIIUH B BETBH OT KOPHS [0
JTAHHOTO y3J1a

— JIIAHA BETBH — KOJUYIECTBO BEPIIUH OT KOPHS JI0 JIMCTA

— YPOBEHb — MHOYKECTBO BEPIINH, JIEZKAIUX HA OJIHOM PACCTOSHUU OT KOPHS

[Ipou3Bo/IbHOE (CHIIBHO BETBSIIEECS J€PEBO) — KOJHMIECTBO IIOTOMKOB KOHKPETHOTO y3-
J1a, MOKET OBITH JIOOBIM.

Bunapnoe gepeBo — Kazkiast BepIiiuHa uMeeT He 6oJiee IBYX MOTOMKOB.

Nnnrocrpanun: jgepesbs, TEPMHUHBI, CCHIJIKH.
CxeMa CCBLIOYHON peasm3aiun OmHApHOTO jaepeBa. CTPyKTypa y3/a

template <class T>
struct TreeNode {

T value;

TreeNode *left, *right, *parent;
};

Cxema CCBIJIOUHO peain3aliii MPOU3BOJIBHOTO JepeBa. CTPyKTypa y3/1a

template <class T>
struct TreeNode {
T value;
TreeNode *child, *brother, *parent;

};

Jlydire uX peajin30BBIBATH BHYTPEHHUM OOPa30M TaK KaK MHOI'O Pa3HbIX THUIIOB Jie-
peBbeB, U IIYCTh CHeL[I/ICbI/ILIeCKI/Ie ¥Y3JIbl ONIpeaeadi0TCdad BHYTPpHU C OJNHAKOBBIMU NMEHaMU,
9TOOBI HE ILIOJUTH pa3Hble UMeHa THUIIOB y3JI0B II0J] KazK/I0e CIIelupuiecKoe j1epeBo.

O6xo04pI.

Nnmoctpanug 06xoma OMHAPHOTO U TPOU3BOJIBHOTIO JIepeBa

Pexkypcupnas mpore/iypa o0xos1a.

Bunapuoe jepeso

template <class T>
void Walk ( typename BinTree<T>::TreeNode *root, void (*Process) (T &x) )
{ // top-bottom, left-right
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if ('root) return;
Process(root->value) ;
Walk(root->left, Process);
Walk(root->right, Process);

Hampuwmep, monck y37a HOJHBIM MPOXOJOM MO JepeBy
template <class T>

typename BinTree<T>::TreeNode * TotalSearch
( typename BinTree<T>::TreeNode *root, const T &x )

{
typename BinTree<T>::TreeNode * p;
if (!'root) return 0;
if (root->value == x) return root;
p = TotalSearch (root->left, x);
if (p) return p;
p = TotalSearch (root->left, x);
if (p) return p;
return O;

}

IIpousBoabHOE IepeBO

template <class T>
void Walk ( typename GenTree<T>::TreeNode *root, void (*Process) (T &x) )
{

typename GenTree<T>::TreeNode * p;

if (!root) return;

Process(root->value) ;

for (p = root->child; p; p = p->next) {

Walk(p, Process);
}

HO €CJIM HepapXud He BayKHa, TO MOXKHO I10 aHAJOTHH ¢ OMHAPHBIM JIEPEBOM

template <class T>
void Walk ( typename Gen<T>::TreeNode *root, void (*Process) (T &x) )
{

if (root == 0) return;

Process(root->value);

Walk(root->child, Process);

Walk(root->next, Process);

ObpaTuTe BHUMAaHHe, CCHLIKA parent He UCTOTB3YeTCs !
[Tponeypbl 00X0/10B He SBJMIOTCH UTEPATOPOM, MOCKOJBLKY OCHOBAHBI HA CTEKE BJIO-
JKEHHBIX BBI30B U HE MOT'YT IPEPBATh 00XO0J, a MOTOM IPOJOIKUTEL C TOTO KE MeCTa.

HNrepaTop o nepeBy

Paccemorpum 6unaproe jiepeBo. IlycTh HaxoguMess B HeKOTOPOii BepiinHe. Kakas BepinHa
JIOJIZKHA CTATh CIefytonei (+-+ ais ureparopa) ?
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P - yKasaTejb Ha TEKYULyO BEpPUUHY

crenymwmas:
p->left
eciu p->left == 0, ToO
cremywnmas p->right
ecimu p->right == 0, ToO

H3JZ0 NIOJHATHCA BBEPX IIO BETBHU,

IIoKa He OOHApYXUM yKa3aTelb HAIpPaBoO

¥ UIOTU Ha IIEpBH Xe y3eJyl cIpasa.

(pasnuyaeM mombeM CjieBa M CIpaBa)
€CNIi W 3TOr0 HEeT, TO KOHEeIl

TreeNode * NextPosition (TreeNode *p)

{
TreeNode *q;
if (!p) return nullptr;
if (p->left) return p->left;
if (p->right) return p->right;
for (q = p->parent; q; p = q, q = g->parent) {
if (q->right && g->right != p) return g->right;
}
return nullptr;
}

Moxkuo jin octpouts ureparop 6e3 ykazaresus parent 7 MoxkHO, HO npugercs 3aro-
MUHATH MPOHeHHbIH myTh (y371bl) B ¢Teke. TeKyIas MO3UIHsI Ha BEPIITHHE CTEKA.

TreeNode * NextPosition (Stack<TreeNode*> st)

{
TreeNode *p;
if (st.Size() == 0) return nullptr;
if (st.Top()->left) { st.Push(st.Top()->left); return st.Top(); }
if (st.Top()->right) { st.Push(st.Top()->right); return st.Top(); }
while (st.Size() > 1) {
st.Pop(p);
if (st.Top()->right && st.Top()->right != p) {
st.Push(st.Top()->right) ;
return st.Top();
}
}
st.Del();
return nullptr;
}

Tenepnb ocTaaoch TPOBEPUTH ITOT KOJI ¥ UCIIPABUTH BCE OMMUOKH U ONEYATKH, KOTOPBIE B
HEeM MOTJIN BO3HUKHYTh. Ho /151 9TOTO HAT0 cO3/1aTh KaKoe-HUOYIb HeTPUBHATIBHOE JTEPEBO.
T.e. Hamo onpenenuTh Kiace Tree, K KOTOPOMY MOXKHO OyJeT TPUMEHITh UTEPATOP.

Jng Havana caenaeM cOBCeM MPUMUTHBHBIN Kace OMHAPHOTO JiepeBa, W 3aMOJTHUM €ro
“BpYUYHYIO”, YCTAHAB/IMBAs CChLIKU MEK/ly HEKOTOPbIM KOJIUYECTBOM 3j1eMeHTOB. JLj1st 31010
BPEMEHHO peajin3yeM B KJIacce OTACIbHBII METO, KOTOPbIH CO37aeT HeKOTope (hUKHUPOBaH-
HOE JIEPEBO TI0 3aJIAHHON 1MOC/Ie/I0BaTE/IbHOCTH KOMaH/. B jaabHeineM, KOrjia Mbl BBEIeM
pas3Hble JUCIHILIHHBL (POPMUPOBAHUS JepeBa, Mbl N30ABAMCS OT ITOTO METO/Ia U OyAeM yiKe
3al0JIHATD JIEPEBO “I0 IIpaBUIaM’.

template <class T>
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class Tree
{
private:
struct TreelNode
{
T value;
TreeNode *left, *right, *parent;
}s

TreeNode *root;

public:
Tree () : root(nullptr) {}
void CreateSampleTree ();

class P_Iterator // wuTepaTop C HCHONb30BAHMEM parent
{
3

class S_Iterator // mTepaTop C HCHONb30BaHWEM CTeKa 1 6e3 parent

{
};

P_Iterator begin();
P_Iterator end();
S_Iterator begin();
S_Iterator end();

};



