figure 19.83
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A B-ary tree of 31
nodes has only three
() ( ) () ([ ) ( )

levels
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Definition

 The data items are stored at leaves.

* The nonleaf nodes store as many as M - I keys
to guide the searching.

« Key i represents the smallest key 1n subtree i + 1

 The root 1s either a leat or has between 2 and M
children.
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Definition

 All nonleaf nodes (except the root) have between
ceiling(M/2) and M children.

* All leaves are at the same depth and have

between ceiling(L/2) and L data items, for some
L
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411,166, 87

v v ¥ v
8 | 181,126,135 481, 51 | 54 72,178 | 83 92|97 |
v l v v v v r l A v r l h h 4 r l
2 8111826135141 |(48(|51 (|54 6617217883 871192197
4 1110|120 |128|136||42)149||52||56 6817317984 8911931198
6 ||12|122]|130|137||44)|50||53||58 691741181 (|85 90195199

1411241131138 | |46 59 T01176

16 321139

figure 19.84
A B-tree of order 5
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41

figure 19.85
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The B-tree after insertion of 57 in the tree shown in Figure 19.84.

v I v
| |18 |26 |35 | 48 |51 54 |B3 | 92 |9T|
NN I I
2 8|/18||261|35 1148|151 ||54 781183 92|97
4 [(10](20]|28]]|36 211491|52||56 79|84 931198
6 |[12](22]130(|137||44||50||53||57 85 951199

1411241131138 |46 58
16 321139 59




411|,166|,|87
v ‘ ¥ v
8[,1181],1261,135 481,151,154, 57 721,178 | 83 921,197
k J L J w L 4 v k. r k4 w F v r l L 4 r w L 4
2 8 1118(|26|135||41|148|((51||154||57]||66||72||78]|83 87119297
4 101|120 |28||361|42|149||52|155]|58]||68||73||79||84 89|93 198
6 1211223037144 (150]153|156]159]|(69||74||181||85 9011951199
1411241131 (|38]||46 70(|76
16 321139

figure 19.86

Insertion of 55 in the B-tree shown in Figure 19.85 causes a split into two leaves.
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figure 19.87

Insertion of 40 in the B-tree shown in Figure 19.86 causes a split into two leaves and then a split of the parent node.
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26|,41]|66],|87
v + v + v

8|18 35|38 48| 151||54| |57 72|,|78] |83 92| |97
A h 4 r v k4 v r h 4 v b 4 k4 r r h 4 k 4
218 |[18 26|[35][38 a1|[a8][51][54]|[57]|[66][72][78][83 87|[92][97
4 ||10(|20 28 (|36 39 42||49]|52||55||58|68]|73|| 79|84 89||93]|98
6 ||12]|22 30 ||37||40 44(|50](53||56||59||69]|74||81||85 90(|95]|99

14|24 31 46 70|76

16 32




26|,[41|,/ 66|83
v I: v 3 ]
8 18 351,138 481,151, 54 |,| 57 721,178 871,192
v kA v r k4 v r k v v v r k A 4
2 81|18 26)|35||38 41114851 ||54||57||66||72||78 83187192
4 1110|120 2811361139 421149152155 |(58(|68||73|(]79 8411891193
6 121|122 30|37 ]140 44 [|50]153||56]|59||69||74||81 8511901195
141|124 3 46 70|76 97
16 32 98

figure 19.88

The B-tree after deletion of 99 from the tree shown in Figure 19.87.
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