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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;

};

Jlydime uxX peaJm30BBIBATH BHYTPEHHHM OOPa30M TakK KaK MHOI'O Pa3HbIX THIIOB Je-
pPEBBEB, W MYCTh CHENuUIECKHTe Y3/Ibl ONPEIEIAI0TCS BHYTPH ¢ OJUHAKOBBIMU NMEHAM,
9T00bI He ILTOAUTH Pa3Hble HMEHA THUIIOB y3JI0B IO/ KaKI0€ CIeImpuIecKoe 1epeBo.

O6xo04pI.
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Nnmoctpanug 06xo1a OMHAPHOTO U IPOU3BOJIBHOIO JIepeBa
Pexypcupnag mporeaypa o6xoa.
Bunapnoe mepeBo

template <class T>
void Walk ( typename BinTree<T>::TreeNode *root, void (*Process) (T &x) )
{ // top-bottom, left-right

if (!root) return;

Process(root->value);

Walk(root->left, Process);

Walk(root->right, Process);

Hampumep, mouCK y371a MOJTHBIM MPOXOJIOM IO JIePeBY
template <class T>

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

{
typename BinTree<T>::TreeNode * p;
if (!'root) return O;
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;

}

[TpousBoJibHOE JIepEBO

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 €CJIN nepapxud He BarKHa, TO MOZKHO IIO aHaJIOTUU C 6I/IHaprIM AepeBOM

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

if (root == 0) return;
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Process(root->value) ;
Walk(root->child, Process);
Walk(root->next, Process);

OOparuTe BHUMaHWE, CCHIJIKA parent He MCIOIb3yeTcs !
[Iponeaypbl 00X0/I0B He SBJISIOTCA UTEPATOPOM, IOCKOJIBKY OCHOBAHBI Ha CTEKE BJIO-
JKEHHBIX BBI30B M HE MOTIYT IIPpEepBaTh 00XO0, a IMOTOM IIPOJOIKUTH C TOTO Ke MecTa.

HNrepaTop 1o nepeBy

Paccmorpum 6unapuoe jiepeso. [lycTh nHaxomuMmes B HekoTopoii Bepiunne. Kakas Bepiinna
JOJIZKHA CTaTh claeaytomnei (++ aas nreparopa) ?

P - yKasaTenb Ha TEKYULyO BEpPUUHY

clenynmas :
p->left
ecnu p->left == 0, ToO
cnepyomas p->right
ecimu p->right == 0, To

HaZO IOJHATHCH BBEpPX IO BETBH,

IIoKa He OOHapyXuM yKa3aTeNb HAIPaBoO

¥ UATH Ha IEpBHE Xe y3eJl CIpasa.

(paznuyaeM mombeM CleBa M CIpaBa)
eCnu M 3TOT0 HEeT, TO KOHeI]

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 Jjin nocrpouts ureparop 6e3 ykazaress parent 7 Moxkuo, HO npujgercs 3aro-
MUHATH MPOHeHHbIH 1yTh (y371bl) B cTeke. TeKyIas MO3UIHsT HAa BEPIIHHE CTEKA.

TreeNode * NextPosition (Stack<TreeNodex*> 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) {
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st.Pop(p);
if (st.Top()->right && st.Top()->right != p) {
st.Push(st.Top()->right) ;
return st.TopQ);
}
}
st.Del();
return nullptr;

}

TeHepb OCTaJIOCh ITPOBEPUTDH 3TOT KOJ U UCIIPaBUTL BCE O]l[I/I6KI/I u onevdaTKH, KOTOPbIE B
HEM MOTJIH BO3HUKHYTh. Ho 117151 3TOT0 Ha 10 €O37aTh KaKoe-HUOY/Ih HETPUBHAJIBHOE JIEPEBO.
T.e. Ha 10 onpenenuTh Kjaace Tree, K KOTOpOMY MOYKHO OyJIeT MPUMEHSTH UTEePATOP.

Jlisg Hadasia ciesiaeM COBCEM TPUMHUTHUBHBIN KIacc OUHAPHOTO JepeBa, U 3al0JTHUM €ro
“BpyUHYI0”, yCTAHABINBAS CCHLIKU MKy HEKOTOPBIM KOJUIECTBOM 371eMeHTOB. J1s1 3T0T0
BPEMEHHO peajin3yeM B KJIacce OTIAeTbHBIN METO/I, KOTOPBIH CO3/1aeT HEKOTOPe (DUKUPOBAH-
HOE JIePEBO TI0 33aHHOIT MOC/Ie10BATEILHOCTH KOMaH 1. B naipHeifeM, KOraa Mbl BBEJIEM
pas3Hble JIUCHUILIUHB (DOPMHUPOBAHUS JIEPEBaA, Mbl H30aBUMCS OT ITOTO METOJIA U OYIeM yIKe
3aI0JIHATD JIEPEBO “I0 IIpaBulIaM’.

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

TreeNode *root;

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

class P_Iterator // wuTepaTop C HCHONb30BAHMEM parent
{
I

class S_Iterator // uTepaTop C HCIOJb30BAaHMEM CTeKa ¥ 6e3 parent
{
3

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