
�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

(ÓþÂã�) �û´¡¤¢

(free tree "¢�¥� ´¡¤¢') ¤ø¢ öøÀ� ø À��Ýû é�Âð ×þ

.´¨� ñ�þ n− 1 ý�¤�¢ �fÖ�ì¢ §�¤ n �� üµ¡¤¢ ß��� ×þ

ü¨Àì ÀÞ½õ c© 1 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

E = V − 1 Ýþ¤�¢ ,Àª�� (V ) �û§�b¤ ¢�Àã� (E) �ûñ�þ ¢�Àã� Âð� :Ýó

,E = 0 �î ´¨� üúþÀ� n = 1 ý�Â� :�ÂÖµ¨� �� :��±��

E = k − 1 Ýþ¤�¢ V = k ý�Â� :Ǳ�ÂÖµ¨� ­Âê

V = k + 1 Âð� :Ǳ�ÂÖµ¨� ÝØ�

ü¨Àì ÀÞ½õ c© 2 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

Â·î�À� ý¢ø¤ø ��¤¢ �îý¤�Ï�� Ý�û¢ ¤�Âì ´ú� ¢�¥� ´¡¤¢ ×þ ý�ûñ�þ ýø¤ Â� Âð�

.Ý�þ�ð §��¤ ß�� "ýÀ÷¥Âê ¤À�' ý�Î��¤ �� ´¡¤¢ ×þ ö� �� ,Àª�� ×þ

¢¤�¢ ¤À� ×þ �fÖ�ì¢ �Èþ¤ ¥� Â�è ÂÊ�ä Âû •

É¿Èõ�÷ ö�À÷¥Âê ¢�Àã� •

ü¨Àì ÀÞ½õ c© 3 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

üµÈð¥�� �¤��¬ �� ´¡¤¢ ÓþÂã�

r

r2 rk

T1 T2 Tk

r1

ü¨Àì ÀÞ½õ c© 4 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢



�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

.´¨� ´¡¤¢ ×þ üþ�ú���� ùÂð ×þ •

ý�Èþ¤ �� �¤ T Â�ï¤Ã� ´¡¤¢ ×þ rk�� r1 ý�û�Èþ¤ �� Tk �� T1 ÛÖµÆõ ´¡¤¢ k ¥� •

.Àª�� rk �� r1 ¤À� r �îý¤�Ï�� Ýþ¥�Æ� r

.¢�� À�û��¡ T "ý�û´¡¤¢Âþ¥' T1, ..., Tk �¤��¬ßþ� ¤¢ •

ü¨Àì ÀÞ½õ c© 5 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

c

a

b d e

ihgf

j k l m

ü¨Àì ÀÞ½õ c© 6 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

ýÀ÷¥Âê ¤À� ý�û´¡¤¢ ¤¢ ��óø� Óþ¤�ã�

¤�¢´ú� ´¡¤¢ ¤¢ (root) �Èþ¤

.´¨� �µØþ ¤�¢´ú� ´¡¤¢ Âû ¤¢ ùÂð ßþ� ,´Æ�÷ ¤À� ý�¤�¢ �î ´¨� ý�ùÂð

(leaf) ïÂ�

.À÷¥Âê öøÀ� ùÂð

(sibling) ¤¢�Â�

.À�µÆû Ýû ¤¢�Â� ,À÷¤�¢ ¤À� ×þ �î üþ�ûùÂð

ü¨Àì ÀÞ½õ c© 7 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

(interior node) üÜ¡�¢ ùÂð

.ïÂ� Â�è ùÂð

(height) v ùÂð á�Ô�¤�

v ý�Èþ¤ �� üµ¡¤¢Âþ¥ ¥� ý�ùÂð w �îý¤�Ï�� w ïÂ� �� v ¥� Â�Æõ ßþÂ�ï¤Ã� ñ�Ï
.Àª��

´¡¤¢ á�Ô�¤�

.�Èþ¤ á�Ô�¤�

(depth - level) ùÂð ×þ (Õ�Þä) ¼�Î¨

.ùÂð ö� �� ´¡¤¢ �Èþ¤ ¥� ýÂ�Æõ ñ�Ï �� ´�¨� Â��Â�

ü¨Àì ÀÞ½õ c© 8 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢



�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

(k-ary tree) üþ�� k ´¡¤¢

.À�ª�� k ´¡¤¢ ×þ ùÂð Âû ö�À÷¥Âê ¢�Àã� Â·î�À�

(complete k-ary tree) Ûõ�î üþ�� k ´¡¤¢

ý�Þû ø (ïÂ� ý�Â�) ÂÔ¬ �þ k Â��Â� ùÂð Âû ö�À÷¥Âê ¢�Àã� ö�¤¢ �î ´¨� üµ¡¤¢

.À�µÆû ¼Î¨ ×þ ¤¢ �ûïÂ�

(balanced tree) ö¥��µõ ´¡¤¢

.Àª�� �µª�¢ é�µ¡� Ýû�� À��ø ×þ Â·î�À� ö� ý�ûïÂ� ¼Î¨�î üµ¡¤¢

(completely balanced tree) ö¥��µõ �f õ�î ´¡¤¢

. À�ª�� ö�ÆØþ ö� ý�ûïÂ� ¼�Î¨ �î üµ¡¤¢

ü¨Àì ÀÞ½õ c© 9 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

(ordered tree) °�Âõ ´¡¤¢

.Àª�� Ýúõ ùÂð Âû ö�À÷¥Âê °��Â� ö�¤¢ �î ´¨� üµ¡¤¢

(labeled tree) ¤�¢°Æ�Â� ´¡¤¢

.¢¤�¢ °Æ�Â� ×þ ö� ùÂð Âû �î ´¨� üµ¡¤¢

(binary tree) üþø¢ø¢ ´¡¤¢

²�� À÷¥Âê ý�ûô�÷ �� À÷¥Âê ø¢ ý�¤�¢ Â·î�À� ö�Â�Ê�ä Âû �î ´¨� ü±�Âõ ´¡¤¢

�î ¢�ªÉ¿�Èõ Àþ�� Àª�� �µª�¢ À÷¥Âê ×þ ÍÖê ùÂð ×þ Âð� .Àª�� üõ ´¨�¤ ø

.´¨�¤ �þ ´¨� ²� À÷¥Âê

ü¨Àì ÀÞ½õ c© 10 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

(descendents) v ùÂð ×þ ¢�ø�

Ó�þÂã� ßþ� �� .Ý�þ�ðüõ v ¢�ø� �¤ v �Èþ¤ �� üµ¡¤¢Âþ¥ ¤¢ ¢���õ ü�ûùÂð ý��Üî

.´¨� ©¢�¡ ¢�ø� ¥� üØþ ùÂð Âû

(ancestors) ùÂð ×þ ¢�À��

.Ý�þ�ð ùÂð ö� ¢�À�� �¤ ùÂð ×þ �� ��Èþ¤ ¥� ýÂ��Æõ ¤¢ ¢���õ ý�ûùÂð ý��Üî

.´¨� ©¢�¡ ¢�À�� øÃ� ýÂ�Ê�ä Âû ßþ�Â����

(proper descendents) üãì�ø ¢�ø�

.À�þ� üõ ��Æ� �� üãì�ø ¢�ø� ùÂð ö� ¢�¡ ¥� Â�è�� ùÂð ×þ ¢�ø� ô�Þ�

(proper ancestors) üãì�ø ¢�À��

.À�µ�Æû üãì�ø ¢�À�� §�¤ ö� ¢�¡ ¥� Â�è �� §�¤ ×þ ¢�À�� ô�Þ�

ü¨Àì ÀÞ½õ c© 11 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

(subtree) ´¡¤¢Âþ¥

©�üãì�ø ¢�ø� ý�Þû �� ùÂð ×þ

(full tree) Â� ´¡¤¢

ö¥��µõ �f õ�î ø Ûõ�î ´¡¤¢

(forest) ÛÚ��

!´¡¤¢ ý¢�Àã�

ü¨Àì ÀÞ½õ c© 12 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢



�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

�ÜÿÆõ

ö� ý� ûïÂ � ¢�À ã � ,Àª� � k � þ Â Ô¬ ùÂ ð Â û ö�À ÷¥Â ê ¢�À ã � � î ùÂ ð n � � ü µ¡¤¢ ¤¢

?´¨��À��

ü¨Àì ÀÞ½õ c© 13 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

:Û�

�ûïÂ� ¢�Àã� B •

�ûùÂð Ûî ¢�Àã� n •

.n− 1 = (n−B) ∗ k �ûñ�þ ¢�Àã÷ •
�þ B = n− (n− 1)/k ø n−B = (n− 1)/k Å� •

B = [(k − 1)n + 1]/k

.Àª�� ÂþÁ�Ç¿� k Â� Àþ�� (k − 1)n + 1 ü�ãþ •

ü¨Àì ÀÞ½õ c© 14 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

�û´¡¤¢ Çþ�Þ��

T1...Tk ´¡¤¢ Âþ¥ k ø r �Èþ¤ �� T ´¡¤¢ :­Â�ê

:(preorder) °��Â�Ç�� ©ø¤

Pre(T ) = r, Pre(T1), P re(T2), . . . , P re(Tk)

:(inorder) °��Â�ß�� ©ø¤

Inorder(T ) = Inorder(T1), r, Inorder(T2), . . . , Inorder(Tk)

:(postorder) °��Â�Å� ©ø¤

Post(T ) = Post(T1), Post(T2), . . . , Post(Tk), r

ü¨Àì ÀÞ½õ c© 15 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&
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%

c

a

b d e

ihgf

j k l m

preorder(A): a, b, c, f, g, h, j, k, d, e, i, l, m

ü¨Àì ÀÞ½õ c© 16 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢



�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

c

a

b d e

ihgf

j k l m

preorder(A): a, b, c, f, g, h, j, k, d, e, i, l, m

inorder(A): b, a, f, c, g, j, h, k, d, l, i, m, e

ü¨Àì ÀÞ½õ c© 17 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'
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%

c

a

b d e

ihgf

j k l m

preorder(A): a, b, c, f, g, h, j, k, d, e, i, l, m

inorder(A): b, a, f, c, g, j, h, k, d, l, i, m, e

postorder(A): b, f, g, j, k, h, c, d, l, m, i, e, a

ü¨Àì ÀÞ½õ c© 18 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

ñ¢�ãõ üþø¢ø¢ ´¡¤¢

i

a

b d e

hgf

j k l m

c

ü¨Àì ÀÞ½õ c© 19 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

´¡¤¢ ýø¤ Â� ñ�Þä�

(.´¨� üú� root[T ]) À�îüõ ¢�¹þ� T üú� ´¡¤¢ ×þ :MakeEmpty(T ) •

´¡¤¢ :ü�øÂ¡ ,º�û :ý¢ø¤ø

À÷�¢ÂðüõÂ� �¤ T ´¡¤¢ ý�Èþ¤ :Root(T ) •

ùÂð :ü�øÂ¡ ,´¡¤¢ :ý¢ø¤ø

À÷�¢ÂðüõÂ� T ´¡¤¢ ¤¢ �¤ v ýùÂð ¤À� :Parent(T, v) •
null �þ ùÂð :ü�øÂ¡ ,ùÂð ø ´¡¤¢ :ý¢ø¤ø

À÷�¢ÂðüõÂ� T ´¡¤¢ ¤¢ �¤ v ýùÂð À÷¥Âê ß�óø� :Left-Most-Child(T, v) •
null �þ ùÂð :ü�øÂ¡ ,ùÂð ø ´¡¤¢ :ý¢ø¤ø

ü¨Àì ÀÞ½õ c© 20 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢



�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

À÷�¢ÂðüõÂ� T ´¡¤¢ ¤¢ �¤ v ´¨�¤ ´Þ¨ ¤¢�Â� :Right-Sibling(T, v) •
null �þ ùÂð :ü�øÂ¡ ,ùÂð ø ´¡¤¢ :ý¢ø¤ø

´¡¤¢ ¤¢ ¢���õ Â¬��ä ¢�Àã� :Size(T ) •

¼�½¬ ¢Àä ×þ :ü�øÂ¡ ,´¡¤¢ :ý¢ø¤ø

´¨� üó�¡ ´¡¤¢ �þ� �î À�îüõ É¿Èõ :isEmpty(T ) •

´¨¤¢�÷ �þ ´¨¤¢ :ü�øÂ¡ ,´¡¤¢ :ý¢ø¤ø

À÷�¢ÂðüõÂ� �¤ n ùÂð ¤¢ ÂÊ�ä °Æ�Â� :Element(T, n) •

°Æ�Â� :ü�øÂ¡ ,ùÂð ø ´¡¤¢ :ý¢ø¤ø

ü¨Àì ÀÞ½õ c© 21 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

p ùÂð ¥� T ´¡¤¢ Çþ�Þ��

Preorder(T, p)
1 if p = null

2 then return

3 Print Element(T, p)
4 p← Left-Most-Child (T, p)

5 while p 6= null

6 do Preorder (T,p)

7 p← Right-Sibling (T, p)

ü¨Àì ÀÞ½õ c© 22 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

Postorder(T, p)
1 if p = null

2 then return

3 n← Left-Most-Child (T, p)

4 while n 6= null

5 do Postorder (T, n)

6 n← Right-Sibling (T, n)

7 Print Element(T, p)

ü¨Àì ÀÞ½õ c© 23 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

Inorder(T, p)
1 if p = null

2 then return

3 n← Left-Most-Child (T, p)

4 Inorder (T, n)

5 Print Element(T, p)

6 n← Right-Sibling (T, n)

7 while n 6= null

8 do Inorder (T, n)

9 n← Right-Sibling (T, n)

ü¨Àì ÀÞ½õ c© 24 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢



�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

CountNodes(T, p)
. counts the number of nodes in T with root p

1 if isEmpty(T )

2 then return 0

3 count← 1
4 p← Left-Most-Child (T, p)

5 while p 6= null

6 do count← count+ CountNodes (T, p)
7 p← Right-Sibling (T, p)

8 return count

ü¨Àì ÀÞ½õ c© 25 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

NodeHeight(T, p)
. returns the height of p in tree T

1 if isEmpty(T )

2 then error

3 height← 0
4 p← Left-Most-Child (T, p)

5 while p 6= null

6 do height← max{height, NodeHeight (T, p)}
7 p← Right-Sibling (T, p)

8 return height + 1

ü¨Àì ÀÞ½õ c© 26 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%
:ÂÚþ¢ ý�ûÛÞä �� parent ý¥�¨ù¢��� :ßþÂÞ�

r ý�Èþ¤ �� üµ¡¤¢Âþ¥ ¤¢ T ´¡¤¢ ¤¢ p ¤À�

Find-Parent(T, r, p)
if p = r

1 then return null
2 q ← Left-Most-Child (T, r)

3 while q 6= null
4 do if p = q

5 then return r

6 s← Find-Parent(T, q, p)
7 if s 6= null
8 then return s

9 q ← Right-Sibling (T, q)

10 return null

ü¨Àì ÀÞ½õ c© 27 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

�þ�¤� �� �û´¡¤¢ ý¥�¨ù¢���

.´¨� ÂÔ¬ ö� Father ý�Ôó�õ :�Èþ¤ ý�þ�¤¢

.¢¢Âð ÐÔ� Àþ�� �û¤¢�Â� °��Â� ? °�Âõ ý�û´¡¤¢ ý¥�¨ù¢���

ü¨Àì ÀÞ½õ c© 28 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢



�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'
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%

c

a

b d e

ihgf

j k l m

1 2 3 4 5 6 7 8 9 10 11 12 13
a b c d e f g h i j k l m
0 1 1 1 1 3 3 3 5 8 8 9 9

ü¨Àì ÀÞ½õ c© 29 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

.¢Âî ý¥�¨ù¢��� �þ�¤� ×þ ¤¢ �¤ ´¡¤¢ À�� ö���üõ ©ø¤ ßþ� ��

r

p

x z

u q m

w s t

a

b d ec

f g ih

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
a b c d e f g h i p u q m r s t w x z
0 1 1 1 1 2 2 5 5 0 10 10 10 13 13 13 11 11 11

ü¨Àì ÀÞ½õ c© 30 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

�ûÂðù¤�ª� ¥� ù¢�Ôµ¨� ��

:À� ©ø¤

ùÂð Âû

,label ý�û�Ôó�õ •

ù¤� ª� ùÂ ð ö� ô�i À ÷¥Â ê � � child[i] � î Child[1..max-child] ý� þ�¤� × þ •

.À�îüõ

.´¨� ´¡¤¢ ¤¢ ùÂð ×þ ö�À÷¥Âê ¢�Àã� Â·î�À� max_child ¤�ÀÖõ •

ü¨Àì ÀÞ½õ c© 31 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'
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%

ü¨Àì ÀÞ½õ c© 32 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢



�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

ñ¢�ãõ üþø¢ø¢ ´¡¤¢ :��¡ ý¥�¨ù¢���

ùÂð Âû ý�Â�

label ý�Ôó�õ •

parent ø right-sibling ,left-most-child Âðù¤�ª� �¨ •

(üÜ¬� ´¡¤¢ ¤¢) ùÂð ö� ¤À� �� ø ´¨�¤ ´Þ¨ ¤¢�Â� ,²�´Þ¨ À÷¥Âê ß�óø� �� •

ü¨Àì ÀÞ½õ c© 33 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

a

b c d

f g h

j k

i

l m

root[T ]

e

ü¨Àì ÀÞ½õ c© 34 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

üÆþÀ÷� ý�ûÂðù¤�ª� ¥� ù¢�Ôµ¨� �� ý¥�¨ù¢���
©ø¤ ø¢ ý�Æþ�Öõ

ü¨Àì ÀÞ½õ c© 35 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

ÓÜµ¿õ ñ�Þä�

Create2(x, T1, T2)
. creates a tree with x as the label of its root
. and two subtrees T1 and T2 (T1 6= null )

1 MakeEmpty (T )

2 root[T ]← Allocate-Node (x, root[T1],null ,null )
3 right-sibling[root[T1]] ← root[T2]
4 parent[root[T1]]← root[T ]
5 parent[root[T2]]← root[T ]
6 size[T ]← 1 + size[T1] + size[T2]
7 return T
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Create3(x, T1, T2, T3)
MakeEmpty (T )

1 root[T ]← Allocate-Node (x, root[T1],null ,null )
2 right-sibling[root[T1]] ← root[T2]
3 right-sibling[root[T2]] ← root[T3]
4 parent[root[T1]]← root[T ]
5 parent[root[T2]]← root[T ]
6 size[T ]← 1 + size[T1] + size[T2] + size[T3]
7 return T
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üþø¢ø¢ ´¡¤¢

.À�îüõ ù¤�ª� ùÂð ö� ´¨�¤ ø ²� À÷¥Âê �� �î ¢¤�¢ right ø left ý�Ôó�õ ø¢ ùÂð Âû

.Àª�� �µª�¢ Ýû parent ´¨� ßØÞõ
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ùÂð n �� üþø¢ø¢ ý�û´¡¤¢ ¢�Àã�

n− i

i

i− 1

T (n) =




T (0) = 1
T (n) = ∑n

i=1 T (i− 1)T (n− i), n ≥ 1

(ö����î ô�n ¢Àä) T (n) = 1

n+1

(

2n
n

) üµÈð¥�� ý�Î��¤ ßþ� ����

ü¨Àì ÀÞ½õ c© 39 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

Preorder(T, r)
. It is assumed that r is the root of T

1 if r = null

2 then return

3 meet element(T, r)
4 Preorder(T, left[r])
5 Preorder(T, right[r])
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(Expression Tree) �¤�±ä ´¡¤¢

:�¤�±ä ý�û�÷�ð

(infix with complete paranthesis) Ûõ�î ýÃµ÷�Â� �� ýÀ÷�÷��õ

E → (E1 < β > E2)
→ ( < α > E)
→ < operand >

< α > → unary operators
< β > → binary operators
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(postfix) ýÀ÷�Æ�

E → E1E2 < β >
→ E < α >
→ < operand >
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(prefix) ýÀ÷�È��

E → < β > E1E2

→ < α > E
→ < operand >
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a+(b-c*d)^e-f^g^(h /-i* k)

∗

a ∧ f

−

+ ∧

∧

− e g ∗

k/b

c d h ¬

i
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�¤�±ä �¤�±ä ôÂê

a + (b− c ∗ d) ∧ −f ∧ g ∧ (h/¬i ∗ k) ýÀ÷�÷��õ

((a + ((b− (c ∗ d)) ∧ e)− (f ∧ (g ∧ ((h/(¬i)) ∗ k)))) Ûõ�î Ãµ÷�Â� �� ýÀ÷�÷��õ

abcd ∗ −e ∧+fghi¬/k ∗ ∧ ∧ − ýÀ÷�Æ�

−+ a ∧ −b ∗ cde ∧ f ∧ g ∗ /h¬ik ýÀ÷�È��
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ýÀ÷�Æ� �¤�±ä �� (Ûõ�î ýÃµ÷�Â� �� �fõøÃó �÷) ýÀ÷�÷��õ �¤�±ä ÛþÀ±�

ü�øÂ¡ �µÈ�→ ← ý¢ø¤ø ý�û�Æþ�÷

a +(b− c ∗ d) ∧ e− f ∧ g ∧ (h/¬ i ∗ k)
a + (b− c ∗ d) ∧ e− f ∧ g ∧ (h/¬ i ∗ k)
a + ( b− c ∗ d) ∧ e− f ∧ g ∧ (h/¬ i ∗ k)
a +( b −c ∗ d) ∧ e− f ∧ g ∧ (h/¬ i ∗ k)

ab +( − c ∗ d) ∧ e− f ∧ g ∧ (h/¬ i ∗ k)
ab +(− c ∗d) ∧ e− f ∧ g ∧ (h/¬ i ∗ k)

abc +(− ∗ d) ∧ e− f ∧ g ∧ (h/¬ i ∗ k)
abc +(−∗ d ) ∧ e− f ∧ g ∧ (h/¬ i ∗ k)

abcd +(−∗ ) ∧e− f ∧ g ∧ (h/¬ i ∗ k)
abcd ∗ − + ∧ e− f ∧ g ∧ (h/¬ i ∗ k)
abcd ∗ − +∧ e −f ∧ g ∧ (h/¬ i ∗ k)

abcd ∗ −e +∧ − f ∧ g ∧ (h/¬ i ∗ k)
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ü�øÂ¡ �µÈ�→ ← ý¢ø¤ø ý�û�Æþ�÷

abcd ∗ −e ∧+ − f ∧g ∧ (h/¬ i ∗ k)
abcd ∗ −e ∧+f − ∧ g ∧ (h/¬ i ∗ k)
abcd ∗ −e ∧+f −∧ g ∧(h/¬ i ∗ k)

abcd ∗ −e ∧+fg −∧ ∧ (h/¬ i ∗ k)
abcd ∗ −e ∧+fg − ∧ ∧ ( h/¬ i ∗ k)
abcd ∗ −e ∧+fg − ∧ ∧( h /¬ i ∗ k)

abcd ∗ −e ∧+fgh − ∧ ∧( / ¬ i ∗ k)
abcd ∗ −e ∧+fgh − ∧ ∧(/ ¬ i ∗ k)
abcd ∗ −e ∧+fgh − ∧ ∧(/¬ i ∗k)

abcd ∗ −e ∧+fghi − ∧ ∧(/¬ ∗ k)
abcd ∗ −e ∧+fghi¬ / − ∧ ∧(∗ k )

abcd ∗ −e ∧+fghi¬ /k − ∧ ∧(∗ )
abcd ∗ −e ∧+fghi¬ /k∗ − ∧ ∧

abcd ∗ −e ∧+fghi¬ /k ∗ ∧ ∧ −
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on the top of stack
( − + × / ∧ ¬

( Push Push Push Push Push Push Push
i − Push Pop Pop Pop Pop Pop Pop
n + Push Pop Pop Pop Pop Pop Pop
p ∗ Push Push Push Pop Pop Pop Pop
u / Push Push Push Pop Pop Pop Pop
t ∧ Push Push Push Push Push Push Pop

¬ Push Push Push Push Push Push Pop
) Pop-more Pop Pop Pop Pop Pop Pop

Action[i,j] ñøÀ�
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Infix-to-Postfix(infix)
. Uses stack S, and matrix action

1 intialize-actions()
2 while there is token in infix
3 do read token c from infix
4 if c is an operand
5 then write c to postfix
6 else done← false
7 while not done
8 do if isEMPTY(S)
9 then Push (c, S)

10 done← true
11 else s← TOP (S)
12 if c =′)′ and s =′ (′

13 then POP(S)
14 done← true
15 if action[c, s] =′ push′

16 then Push (S, c)
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17 done← true
18 else write s to postfix
19 POP(S)
20 while not isEMPTY(S)
21 do write TOP(S) to postfix
22 POP(S)
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Postfix-to-Prefix(i, j)
. converts correct postfix[?..i] to prefix[?..j]
. at the end, i and j are either 0 or
. the last index of the preceeding expressions.
. postfix and prefix are global arrays

1 . i , j are refrenced variables switch
2 case postfix[i] is operand
3 do prefix[j]← postfix[i]
4 i← i− 1; j ← j − 1
5 case postfix[i] is binary operator
6 do operator ← postfix[i]; i← i− 1
7 Postfix-to-Prefix (i, j)
8 Postfix-to-Prefix (i, j)
9 prefix[j]← operator

10 j ← j − 1
11 case postfix[i] is unary operator
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12 do operator ← postfix[i]; i← i− 1
13 Postfix-to-Prefix (i, j)
14 prefix[j]← operator

15 j ← j − 1
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Postfix-to-Prefix(i, j, k)
. converts postfix[i..j] to prefix[k..?]

1 if j < i

2 then return

3 if i = j

4 then prefix[k]← postfix[i]
5 else prefix[k]← postfix[j]
6 r ← FindR (postfix, j − 1)
7 Postfix-to-Prefix (i, r − 1, k + 1)
8 Postfix-to-Prefix (r, j − 1, r − i + k + 1)

ü¨Àì ÀÞ½õ c© 53 Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

�ûÝµþ¤�Úó� ü÷�±õ ø �û¤�µ¡�¨ù¢�¢'

&

$

%

FindR(A, j)
1 switch
2 case A[j] is a binary operator
3 do count← 2
4 case A[j] is a unary operator
5 do count← 1
6 default
7 do count← 1
8 r ← j
9 while Count > 0

10 do r ← r − 1
11 switch
12 case A[r] is a binary operator
13 do count← count + 1
14 case A[r] is a unary operator
15 do nothing
16 case
17 do count← count− 1
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18 return r
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Postfix-to-Tree(i, j)
. Creates a tree for postfix[i..j]

1 if j < i

2 then return null

3 n← Allocate-Node(A[j],null ,null )
4 if i < j

5 then r ← FindR(postfix, j − 1)
6 left[n]← Postfix-to-Tree (i, r − 1)
7 right[n]← Postfix-to-Tree (r, j − 1)
8 return n
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Postfix-to-Tree(j)
. Makes a tree for postfix[?..j]
. j is assumed to be a reference variable

1 n← Allocate-Node(A[j],null ,null )
2 switch

3 case postfix[j] is a binary operator
4 do j ← j − 1
5 right[n]← Postfix-to-Tree(j)
6 j ← j − 1
7 left[n]← Postfix-to-Tree(j)
8 case postfix[j] is a unary operator
9 do j ← j − 1

10 right[n]← Postfix-to-Tree(j)
11 return n
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