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o B-Tree-Insert(T,k)
= r<root[T]
= If n[r]=2t-1
Create new root s and split r under it
B-Tree-Insert-Nonfull(s,k)
= Else
B-Tree-Insert-Nonfull(r,k)
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o B-Tree-Insert-Nonfull(x,k)

® i<n[x]

= If leaf[x]
Find correct place and insert value k

= Else
Find ¢,[x] - child of x into which recursion continues
If n[c;[x]]=2t-1

= Split ¢;[x]

B-Tree-Insert-Nonfull(c;[x],k)




NNdInN

slack — yva "woin"n nn7 X1 O
slack '@ 7y 7xx1019 nr¥pao A1 O
N 7xxv1on — slack 'r ox =
D17 4w —nniva slack ' ox =
®(D)=#vertices of degree 4 IN'¥I0I9N N'Xj721D O

oa Yoo Yoo “Tooo Josoofoo Yoo
P=1

(b-trees) 2-4 xy

NI7IY9 M y¥1i 71 2-4 yyn 7'nn1 OX 720N O
'TX ,NOINN DIP'M NX 72171 N71YD 721 WWND insert
nt O(mM) x'n NYTON 7w N'775n Nivn
N'NINII'R O
yy2a "woin" n2in wwd — NIt NI7IYe =
Yy "woIin" 'kWd — NN NI7IYO =
2-3 N2 o'mnx ?yva "woin" mon nn =

S ;..m@:

nNNJInN

3 N1 nnii 2 naT nnix? 4 nnix 7xon split'?o o

1-2 7x'}10190 NX NN (vwnd) split n7ive 75 ,p7 O
0 N o'mny w7 0 nnix 7¥on ,n% v, lwxan split-n =
(3-12) o'nny 27 4 DT v Nnix 7¥on NNk split-n =
IR'1019 ''Y 'R — 4 DT NDNWRYT 717V 1R R
P o
AP=-(k-2) =
cost(op)+AP=0(1) =

nNNJInN

DNAT YW NDIN7 VXY O
2% 791 nw-R n7nnina 0 7xxavion o 1
cost(op)+AP<O(1) :n"pnn op n7wo ‘DY 2

Ml o=

‘on kwno O(L)+kny n7wvo DD N2y =
nivxannv split-n ni7ve

?2-3 'xyY7 |1D1 0T DXN

@™ (o) foo)
D ) 6 66 6D 6 6 6 60
e

» (=)

s @ e @
B OB €D 63 6D 6D 6B 6D 6D 6B

@ & [0
0 D 6 ED 6 @ 6 6 @

?2-3 'xyY7 |1D1 0T DXN

insert ni7iyo N1T0 75 112y 2-4 'xya D NIkIN? N1 O
n71w97 O(1) nxwi amortized niy ,delete-

?2-3 Y7 PD172Tn DN O

insert ni71ys N1T0 y¥11 DX ,X7M 2-3 yya 101 X7 12T =
O(logn) P71 NNy 'n NI7wen 95 ,7ax INIR v delete-
In'71y94




227N

N1 ,(ITINn) N1 YY N1an 07 0Y'wa D IRIN O
O(logk) mm 1712 k-n 12N nX KixnY?

(171122 4-0 1axn) 19 NR Xxn

227N

N1 ,(ITINn) N1 YY N1an 07 0Y'wa D IRIN O
O(logk) mm ,I7ma k-n 12N nX KixnY?

(171122 4-0 1axn) 19 NR Xxn

227N

N1 ,(ITINn) N1 YY N1anY 0 DYI'WA D RN O
O(logk) mrm 1712 k-n 12N nX Kixn?

(17122 4-n 1axn) 19 NR Xxn

227N

N1 ,(ITINn) N1 YY N1anY 07 DYI'WA D RN O
O(logk) mm 1712 k-n 12N NX Ri¥n?

(177122 4-n 1axn) 19 NR Xxn

(2 nay'w) 4 720N

Suppose that we start from an empty Red-Black tree, and that
we perform n insert operations, where n > 1. Prove that we
necessarily end up with a Red-Black tree which has at least
one red vertex.

Assume that we are dealing with a Red-Black tree that stores
its elements at the leaves.

(Hint: One way to prove this is: (1) prove that the
second insert operation creates a red node; (2) then
prove that for any insert operation, if there is a red node
before applying it, then there is also a red node after
applying it. Note that there may be other ways to prove
the claim.)
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While (p!=root) do
= p<&p.parent
Max. O(logk)
= If (p.key>x) then iterations

x is found in left sub-tree so search there

End while
We got to the root so perform regular find

0O(k) elements in sub-tree - O(logk) search
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