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| Aévépa (Trees)
‘Eva 6£vépo (tree) opiletal avadpopkd wg Eva cUVOAO VO 1 TIEPLOCOTEPWYV KOUPWV AVAPESA OTOUG OTIOLOUG
£€vag amno autoug opiletal wg n pifa (root) tou 8évSpou kal OAOL oL UTIOAOUTOL UIMOPOUV VO SLOXWPLOTOUV OE
Un Keva ocUvoAa KaBéva amo to omoia sival ta umo-8évSpa tou apyxlkol &évdpou. H akdAouBn eikova
amnoteAel éva mapadelypa Sevdpou.
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Ou dladopeg katnyopieg 6€vSpwv cuvoilovtatl otig €€NG:
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Avadika Aévépa (Binary Trees)

Eva Suadikd 6évépo elval pia dour) dedopévwy mou oplletal wg n culoyn KOUPwWV OTIOU 0 apXLKOG (0 Tio
PnAa kopBog) eivat n pila tou dévdpou evw o omoloodnmote kKOUPBoG €xel 0, 1 1} 2 To MOAU Taldid. Ot koupol
mou €xouv 0 matdid ovopdlovral puAAa (leafs) i} teppatikol kopPoL. O kaBe kOUPog mephapPavel medio pe Ta
Sebopéva kabwe kat dVo Seikteg: o évog Seixvel mpog To aplotepd Tadi evw o aAlog Seiyvel mpog to Sg€Lo
naldl. H akdlouBn sikova amote)el £va apddetypo evog Suadikol §évdpou.
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Figure 9.3  Binary tree
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Eva duabikd 6évdpo pmopel va avamapactabel otn pvAun eite pe tn PBonBela Alotwv N Ue T XPHon
akoAouBlakng avamnapdotacn. Ma thv avanapdotacn He tn BonBela Alotag uloBetol e TNV akoAoudn doun:

struct node {
struct node *left;
int data;
struct node *right;

b

Llel ] Dxlsfx] [lel ] [xI7] ]
Delefx] [x[ofx] [x[wofx] [x]n][x] [x]s][x]
LEFT DATA RIGHT
ROOT 1 — 8 —
! 2 - 10 —
3 5 1 8
4
5 9 2 14
6
7
8 20 3 1
9 1 12
10
1 1 7 18
12 1 9 —
13
14 — 5 —
15
16 — 11 —
AVAIL 17
18 — 12 —
19
20 2 6 16

ITn OElpLOKN avamnapaotoon uloBetolpe éva mivaka. H pila tou 6£€vSpou amobnkeletal otnv mpwth B€on evw
yla omotlovénmote dAAo kOpBo mou mpokeltal va anoBnkeuBel otnv K Béon, amoBnkelovtal Ta motdld Tou
otnv 2K kat 2K+1 B€oeLg avtiotolya.
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MNna ™ Sldoxion evog duabdikol Sévdpou Sev XPNOLUOTOOUUE £Val YPOUUIKO TPOTO oAAd évol amd Toug
okdAhouBoug:

e Pre-order Traversal. EkteAoUpe TIC akOAOUBEC eVEpYELEG:



o Emokentopoaote TN pila

o Awaoxiloupe to aplotepod uTno-6€vopo

o Awaoxiloupe to 6€€L6 uTto-6€vdpo

H pre-order Siaoxwon ovopdletal oAwg Sidoxion katd Babog (depth-first traversal). AkohouBei €vag
avadpOULIKOG aAyOpLOUOG YL TNV ATELKOVLION TG LeBbSou:

Step 1: Repeat Steps 2 to 4 while TREE != NULL
Step 2: Write TREE —= DATA
Step 3: PREORDER (TREE —> LEFT)
Step 4: PREORDER (TREE — RIGHT)
[END OF LOOP]
Step 5: END

H 1)
(b)

TRAVERSAL ORDER: A, B, D, G, H, L, E, C, F, I, ],
and K
TRAVERSAL ORDER: A, B, D, C, D, E, F, G, H, and I
In-order Traversal. EkteAoU e TIG akOAOUBEC evépyeLleG:
o Alaoyiloupe To aplotepd uno-6£vdpo
o Emokentopoaote TN pila
o Awaoyiloupe to 6€€L6 uTto-6€vdpo
H in-order Sidoxion ovopaletal oAAWG CUMUETPLKR Sitdoxion (symmetric traversal). AkolouBei évag
oVaSPOUIKOG aAyOpLOUOC yLla TNV AIELKOVLION TG ueBoSou:

Step 1: Repeat Steps 2 to 4 while TREE != NULL
Step 2: INORDER (TREE —> LEFT)
Step 3: Write TREE —=DATA
Step 4: INORDER(TREE —> RIGHT)
[END OF LOOF]
Step 5: END

H 1)
(b)

TRAVERSAL ORDER: G, D, H,
TRAVERSAL ORDER: B, D, A



e Post-order Traversal. EkteAoU e TIC aKOAOUBEC EVEPYELECG:
o Awacyiloupe to aplotepsd UTIO-8€VEpPOo
o Awaoyiloupe to 6€€L6 unto-6¢vdpo
o Emokentopoote TN pila
AkoAouBel évag avadpopLkog ahyopLlOUoC yLa TNV amelkovion tng pebodou:

Step 1: Repeat Steps 2 to 4 while TREE != NULL
Step 2: POSTORDER { TREE —= LEFT)
Step 3: POSTORDER { TREE —= RIGHT)
Step 4: Write TREE —=-DATA
[END OF LOOP]
Step 5: END

H 1)
(b)

» K, 3, F, C, and A
C, and A

TRAVERSAL ORDER: G, L, H, D,
TRAVERSAL ORDER: D, B, H, I

x

e Level-order Traversal. KaBe ¢opd mpoomehavvoups OAoug TOug KOUPBoug ot €va emimedo mpLv
TIPOXwWPNooupEe oto enopevo. H level-order Stdoyion ovopdletal alAwg diaoyion kotd ntAatog (breadth-
first traversal).
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TRAVERSAL ORDER: TRAVERSAL ORDER: TRAVERSAL ORDER:
A, B, and C A, B, C,D, E, F, G, H, I, 3, L, and K A, B,C,D, E, F, G, H, and I

Avadika Aévépa Avalntnong (Binary Search Trees)

Ye éva Suadikd 6£vSpo avalntnong OAoL oL KOUPOL OTO APLOTEPO UTIO-8EVEPO £XOUV TIUA UIKPOTEPN Ao TN
pila tou umo-6£vSpou evw GAoL oL KOpBoL oto 8€§L6 uTo-6£vEpo £xouv TIUA HeyaUTepn amo tn pila.



Mua Katl 6AoL oL KOUBoL lval KOTA KATIOLO TPOTO ‘Taflvounuévol’, XpOVoC TIOU OmalTeital yla Thv avalntnon
MELWVETAL oNUAVTIKA. O kavovag 1ou LoxVeL ota Suadikd 6€vSpa oUCLACTIKA Hag KATeEUBUVEL wE TPOC TO UTO-
6£vbpo Tou TpENEL va KateuBuvBoUpe Katd tnv avalntnon otolxeiwv. H akoAouBbn elkdva amelkovilel Eva
napadelypa dnuloupyiag evog duadikol dévSpou avalntnong.
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Avalitnon otoweiov. H avalitnon meplapBdavel tn oclyKpLon Tou avalnToUUEVOU OTOLXELOU HE TNV TLUA TNG
pilag Tou eKkAOTOTE UTO-6£VOpoU Kol TNV emAoyn Tou KatdAAnAou umo-6£v8pou yla TN CUVEXLON TNG

avalntnong.

searchElement (TREE, VAL)

Step 1: IF TREE — DATA = VAL OR TREE = NULL
Return TREE
ELSE
IF VAL < TREE—= DATA
Return searchElement (TREE —= LEFT, WAL)
ELSE
Return searchE lememnt (TREE —= RIGHT, VAL)
[END OF IF]
[END OF IF]
Step Z: END




Elcaywyr otolxeiou. H slcaywyr Ba mpémel va tonobetnioel o véo kOUPo otnv KatdAAnAn Béon péoa oto
Suadikd 6£vépo avalntnong wote va Kavormolel To Baolkd kpttriplo (6AoL ol KOUPBOL Tou OplLoTEPOU UTO-
6£vEpOoU €XOUV ULKPOTEPEC TIUEG QO TNV TLUN TNG pLlag evw to 6€€10 UTIO-6€VEPO €X0UV TIUEG peyohUTePEG). O
aAyoplBuog eival mopamAnolog pe Tov alyoplBuo t¢ avalitnonc.

Insert (TREE, WAL)

Step 1: IF TREE = NULL
Mlocate memory for TREE
SET TREE —= DATA = VAL
SET TREE —= LEFT TREE —=RIGHT = NULL
ELSE
IF VAL < TREE —/ DATA
Insert(TREE —=LEFT, VAL)
ELSE
Insert(TREE —=RIGHT, VAL)
[END OF IF]
[END OF IF)
Step 2: END

Awaypadn Ztoixeiou. H Slaypadn sival mo amattntiky evépyeta adol UTTAPXOUV TIEPUTTWOELG KATA TLG OTMOLEC
o 6£vbpo Ba mpénel va avadlopyavwBel. O Adyog elval OtL Katd tn Staypadr, To KpLTiplo Tou duadikou
S6€vbpou avalntnong pmopel va mapaflaotel, CUVETIWG, Ba TIPETEL val Yivouv eVEPYELEG WOTE VOl LKOVOTIOLN Bl
TeAKA. loxUouv oL akOAOUBEG MEPLUTTWOELC:

o Awaypadn kOUBou mou Sev £XeL maubLa. Itnv nepimtwon autr anAd dtaypddoupe Tov KopBo.

(Step 1) (Step 2) (Step 3) (Step &)
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e  Awaypadn KOpPou mou £xel €va maudi. & auth TNV MeplmTwon avtikablotole tov KOpBo pe to maldi
Tou.
(Step 1) (Step 2) (Step 3 (Step 4)

45) (a5) 45)
39 Gﬁé} (39) (56
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e  Awaypadn kOuBou pe SVo0 mMAdLA. e autr TtV TEepimtwon, avtikabiotolye Tov KOpPBo pe ToV
mponyouuevo tou otnv in-order Stdoyxion (LeyohUtepog KOUPBOC TOUu aplotepol umo-6£évépou) i Ue Tov
enopevo kOpPo otnv in-order Sidoxion (Uikpotepn TR oto 8g€l6 umo-6£vdpo). O mponyolUevoC f O
EMOUEVOG KOUPBOG umopel va Slaypadel pe pia ano TG mopoustalOUeVeS MEPUMTTWOELG. AkoAouBouv o
napadelypata dtaypadnc.
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Replace node Replace node Delete leaf
56 with T8 78 with B0 noda 80

O aAyoplBuocg dlaypadnig KOUPBwY £xeL wg akoAoUuBwg:

Delete (TREE, VAL)

Step 1: IF TREE = NULL
Write "WAL not found in the tree”
ELSE IF WAL < TREE —=DATA
Delete(TREE->LEFT, WAL}
ELSE IF VAL » TREE —=DATA
Delete(TREE —> RIGHT, WAL)
ELSE IF TREE —= LEFT AND TREE —> RIGHT
SET TEMP = findLargestNode(TREE —= LEFT)
SET TREE —=DATA = TEMP —= DATA
Delete(TREE—= LEFT, TEMP —=DATA)
ELSE
SET TEMP = TREE
IF TREE —> LEFT = NULL AND TREE —>RIGHT = NULL
SET TREE = NULL

ELSE IF TREE —=LEFT != NULL
SET TREE = TREE —= LEFT

ELSE
SET TREE = TREE —= RIGHT

[END OF IF]

FREE TEMP

[END OF IF]
Step 2: END

EUpeon UYoug evag 8£vbpou. MNa va Ppoupe To UPog evog §évdpou Bpiokoupe To UPOC TOU apLoTEpOL Kal
Tou &glol umo-6€vdpou. 2to Uog tou uPnAdtepou uno-6£vépou mpooBEtoupe 1.

Height (TREE)

Step 1: IF TREE = NULL
Return O
ELSE
SET LeftHeight = Height (TREE —=LEFT)
SET RightHeight = Height(TREE — RIGHT)
IF LeftHeight > RightHeight
Return LeftHeight + 1
ELSE
Return RightHeight + 1
[END OF IF]
[END OF IF]
Step 2: END




EUpeon MARBOUG Twv KOPPWV. MeTpdpe To MANBOC TwV KOUBWV 0TO apLloTePO Kal oTo SeELO Taldi.

totalNodes( TREE)

Step 1: IF TREE = NULL
Return O
ELSE
Return totalNodes(TREE — LEFT)
+ totalModes{TREE —RIGHT) + 1
[END OF IF]
Step 2: END

EUpeon MARBOUG TwV ECWTEPLKWV KOUPBwWV. AkoAouBoUpe tnv (Sla Aoylkn e Ta MAPATIAVW UETPWVTAG TO
TIANB0G TWV ECWTEPIKWY KOUPWV O0TO apLotePO Kal oTo Se€L6 umo-6€vdpo.

totalInmternalNodes(TREE)

Step 1: IF TREE = NULL
Return ©
[END OF IF]
IF TREE —=LEFT = NULL AND TREE —= RIGHT = NULL
Return 0
ELSE
Return totalInmternalModes(TREE —= LEFT) +
totalInternalNodes (TREE — RIGHT) + 1
[END OF IF]
Step 2: END

EUpeon mAnOoug twv GUAAwWV evag 8£vpou. MpoaBEétoupe to MANBOC Twv GUAAWY TOU APLOTEPOU Kl TOU
6e€lov umo-6évépou.

totalExternalNodes ( TREE)

Step 1: IF TREE = NULL
Return O
ELSE IF TREE —= LEFT = NULL AND TREE —>RIGHT = NULL
Return 1
ELSE
Return totalExternalNodes(TREE — LEFT) +
totalExternalNodes (TREE —= RIGHT)
[END OF IF]
Step 2: END

EUpeon ekovag evog 8£vdpou. H elkova evog 6€vOpou TTapAyEeTaL e TNV eVOAAAYr TOU opLoTepOU LE TO SekLo
umo-6€vdpo.




MirrorImage( TREE)

Step 1: IF TREE != NULL
MirrorImage (TREE —= LEFT)
MirrorImage(TREE —=> RIGHT)
SET TEMP = TREE —= LEFT
SET TREE —= LEFT = TREE —=RIGHT
SET TREE —= RIGHT = TEMP
[END OF IF]
Step 2: END

EUpeon TOU ULKPOTEPOU OTOLXEIOU o€ £va 8£vEpo. To LLKpOTEPO otolxeio Ba BplokeTal oto apLotepd uTo-
6£vbpo. JUVETIWC, BPLOKOUUE TOV TILO KATW apLOTEPA KOUPBO tou S€vdpou. Av To aplotepd umo-6€vEpo eival
NULL tote To HIKPOTEPO OTOLXELO Elval n pila.

EUpeon tou peyaAUTEPOU oToeiov oe éva 8£vépo. To peyaAltepo otolyeio Ba Bpioketal oto 6g€L6 umo-
6€vbpo. Zuvenwg, Bplokoupe Tov TiLo KAtw Se€Ld KOUPOo Tou €vEpou. Av To 6e€Ld umo-6£vépo eivat NULL tote
TO MLIKPOTEPO oTolxelo elval n pila.
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findSmallestElement ( TREE)

Step 1: IF TREE = NULL OR TREE —=LEFT = NULL
Returen TREE
ELSE
Return findSmallestElement (TREE —= LEFT)
[END OF IF]
Step 2: END

findLargestElement ( TREE)

Step 1: IF TREE = NULL OR TREE —= RIGHT = MWULL
Return TREE
ELSE
Return findLargestElement (TREE —= RIGHT )
[END OF IF]
Step 2: END

Code 1

#include <stdio.h>
#include <conio.h>
#include <malloc.h>
struct node
{
int data;
struct node *left;
struct node *right;



struct node *tree;

void create_tree(struct node *);

struct node *insertElement(struct node *, int);
void preorderTraversal(struct node *);

void inorderTraversal(struct node *);

void postorderTraversal(struct node *);

struct node *findSmallestElement(struct node *);
struct node *findLargestElement(struct node *);
struct node *deleteElement(struct node *, int);
struct node *mirrorimage(struct node *);

int totalNodes(struct node *);

int totalExternalNodes(struct node *);

int totallnternalNodes(struct node *);

int Height(struct node *);

struct node *deleteTree(struct node *);

int main()
{

int option, val;

struct node *ptr;

create_tree(tree);

do

{
printf("\n **¥*¥*F¥NJAIN MENU*****5% \n).
printf("\n 1. Insert Element");
printf("\n 2. Preorder Traversal");
printf("\n 3. Inorder Traversal");
printf("\n 4. Postorder Traversal");
printf("\n 5. Find the smallest element");
printf("\n 6. Find the largest element");
printf("\n 7. Delete an element");
printf("\n 8. Count the total number of nodes");
printf("\n 9. Count the total number of external nodes");
printf("\n 10. Count the total number of internal nodes");
printf("\n 11. Determine the height of the tree");
printf("\n 12. Find the mirror image of the tree");
printf("\n 13. Delete the tree");
printf("\n 14. Exit");
printf("\n\n Enter your option : ");
scanf("%d", &option);
switch(option)
{

case 1:

printf("\n Enter the value of the new node :

scanf("%d", &val);



tree = insertElement(tree, val);
break;
case 2:
printf("\n The elements of the tree are : \n");
preorderTraversal(tree);
break;
case 3:
printf("\n The elements of the tree are : \n");
inorderTraversal(tree);
break;
case 4:
printf("\n The elements of the tree are : \n");
postorderTraversal(tree);
break;
case 5:
ptr = findSmallestElement(tree);
printf("\n Smallest element is :%d",ptr—>data);
break;
case 6:
ptr = findLargestElement(tree);
printf("\n Largest element is : %d", ptr—>data);
break;
case 7:
printf("\n Enter the element to be deleted : ");
scanf("%d", &val);
tree = deleteElement(tree, val);
break;
case 8:
printf("\n Total no. of nodes = %d", totalNodes(tree));
break;
case 9:
printf("\n Total no. of external nodes = %d",
totalExternalNodes(tree));
break;
case 10:
printf("\n Total no. of internal nodes = %d",
totallnternalNodes(tree));
break;
case 11:
printf("\n The height of the tree = %d",Height(tree));
break;
case 12:
tree = mirrorlmage(tree);
break;
case 13:
tree = deleteTree(tree);
break;



}while(option!=14);

getch();
return O;
}
void create_tree(struct node *tree)
{
tree = NULL,;
}

struct node *insertElement(struct node *tree, int val)
{

struct node *ptr, *nodeptr, *parentptr;

ptr = (struct node*)malloc(sizeof(struct node));

ptr—>data = val;

ptr—>left = NULL;

ptr—>right = NULL;

if(tree==NULL)

{
tree=ptr;
tree—>left=NULL;
tree—>right=NULL;
}
else
{
parentptr=NULL;
nodeptr=tree;
while(nodeptr!=NULL)
{
parentptr=nodeptr;
if(val<nodeptr—>data)
nodeptr=nodeptr—>left;
else
nodeptr = nodeptr—>right;
}
if(val<parentptr—>data)
parentptr—>left = ptr;
else
parentptr—>right = ptr;
}

return tree;

void preorderTraversal(struct node *tree)

{
if(tree != NULL)

{
printf("%d\t", tree—>data);



preorderTraversal(tree—>left);
preorderTraversal(tree—>right);

}
}
void inorderTraversal(struct node *tree)
{
if(tree '= NULL)
{
inorderTraversal(tree->left);
printf("%d\t", tree->data);
inorderTraversal(tree->right);
}
}

void postorderTraversal(struct node *tree)

{
if(tree '= NULL)

{
postorderTraversal(tree->left);
postorderTraversal(tree->right);
printf("%d\t", tree->data);

}

struct node *findSmallestElement(struct node *tree)
{
if( (tree == NULL) | | (tree->left == NULL))
return tree;
else
return findSmallestElement(tree ->left);

struct node *findLargestElement(struct node *tree)
{
if( (tree == NULL) || (tree->right == NULL))
return tree;
else
return findLargestElement(tree->right);

struct node *deleteElement(struct node *tree, int val)
{
struct node *cur, *parent, *suc, *psuc, *ptr;
if(tree—>left==NULL)
{
printf("\n The tree is empty ");
return(tree);



}

parent = tree;

cur = tree—>left;

while(cur!=NULL && val!= cur—>data)

{
parent = cur;
cur = (val<cur—>data)? cur—>left:cur—>right;
}
if(cur == NULL)
{
printf("\n The value to be deleted is not present in the tree");
return(tree);
}

if(cur—>left == NULL)
ptr = cur—>right;
else if(cur—>right == NULL)
ptr = cur—>left;

else
{
// Find the in—order successor and its parent
psuc = cur;
cur = cur—>left;
while(suc—>left!=NULL)
{
psuc = suc;
suc = suc—>left;
}
if(cur==psuc)
{
// Situation 1
suc—>left = cur—>right;
}
else
{
// Situation 2
suc—>left = cur—>left;
psuc—>left = suc—>right;
suc—>right = cur—>right;
}
ptr = suc;
}

// Attach ptr to the parent node
if(parent—>left == cur)
parent—>left=ptr;
else
parent—>right=ptr;
free(cur);
return tree;



int totalNodes(struct node *tree)
{
if(tree==NULL)
return O;
else
return(totalNodes(tree—>left) + totalNodes(tree—>right) + 1);

int totalExternalNodes(struct node *tree)
{
if(tree==NULL)
return O;
else if((tree—>left==NULL) && (tree—>right==NULL))
return 1;
else
return (totalExternalNodes(tree—>left) +
totalExternalNodes(tree—>right));

int totallnternalNodes(struct node *tree)
{
if( (tree==NULL) || ((tree—>left==NULL) && (tree—>right==NULL)))
return O;
else
return (totallnternalNodes(tree—>left) + totallnternalNodes(tree—>right) + 1);

int Height(struct node *tree)
{
int leftheight, rightheight;
if(tree==NULL)
return O;
else
{
leftheight = Height(tree—>left);
rightheight = Height(tree—>right);
if(leftheight > rightheight)
return (leftheight + 1);
else
return (rightheight + 1);

struct node *mirrorlmage(struct node *tree)

{

struct node *ptr;



if(tree!=NULL)

{
mirrorimage(tree—>left);
mirrorimage(tree—>right);
ptr=tree—>left;
ptr—>left = ptr—>right;
tree—>right = ptr;

}

struct node *deleteTree(struct node *tree)

{
if(tree!=NULL)

{
deleteTree(tree—>left);
deleteTree(tree—>right);
free(tree);

}



