in OBMS

by Poprika Chen

How do tables Stored

in the disk?

Mondaa
Tuesday

Friday _
_Satul'daa |
Sunday

Mondag

hapey |

Tuesday

$050

Wedne

sad

wedm%
Thursday

Thursday

SUPVIVia

Friday

happy

Saturda

happy

A ) VI TT

Sanday

sad




of : Pﬁ'mw& indexes
are created aufomaﬁ(o\“&

fc‘nal( ) (¢ st O(n)

How can we Store (ndlexes
to search effiu'en*‘\‘)?
B Tree

- balanced tree

— all leaves arg ot the same depth.
(indexes)
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Other nodes are )ust roufe nooleg.
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Children on the : 7 parent
® n value: A leaf node can have at most
key values. And as few as
values- A non-leaf nocle is the same,
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least pointers.
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(when N=4)

ol also linked.
for range search .

ke,as dont have to be

eq. num bers |
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— > | Monday ham_,

Tuesday | soso

Wednesdoy sad f

Thursday | survivisg e
- —> | Friday | happy
L—=|Saturdag | happy
5| Sunday| sad

actual datq

Create indexes for
create a BT tree where 's
the search keb
Indexes: the whole B tree
Structure that contains
pointers and eys



Indexfng Stn‘ngs.-
B -tree indices on stri ng-valuﬂl
mttribates : (O variable (ength

© too long 2 less keys in
o node

I IBrandt I ICaIiﬁeriI ICrick H-»I IEinsleinl IE] Saidl I H-»I I Gold I I Katz I I Kim H—»—H Mozart Ill Singh I I H-»III Srinivasan H Wu I | | I@

Actual _data
10101 Srinivasan Comp. Sci. 65000
12121 Wu Finance 90000
15151 Mozart Music 40000
22222 Einstein Physics 95000
32343 | El Said History 80000
33456 | Gold Physics 87000
45565 Katz Comp. Sci. 75000
58583 Califieri History 60000
76543 | Singh Finance 80000
76766 | Crick Biology 72000
83821 Brandt Comp. Sci. 92000
98345 Kim Elec. Eng. 80000

Figure 14.9 B*-tree for instructor file (n = 4).

If we want to find Wu
with BYtree: 3 blocks read



Root node

I Srinivasan I

Internal nodes

I Einstein

Leaf nodes -

[|[ Brandt [ caifieri | [Crick [}>{ [ Einstein [ [EtSaid[] [} ] Gold [[ Katz [ ] Kim [}>] [Mozart[[ singh [ [} [Stimivasan [JWu [[ " [] =
10101 Srinivasan Comp. Sci. 65000
12121 Wu Finance 90000
15151 Mozart Music 40000
22222 Einstein Physics 95000
32343 El Said History 80000
33456 Gold Physics 87000
45565 Katz Comp. Sci. 75000
58583 Califieri History 60000
76543 Singh Finance 80000
76766 Crick Biology 72000
83821 Brandt Comp. Sci. 92000
98345 Kim Elec. Eng. 80000

Figure 14.9 B*-tree for instructor file (n = 4).

Whg 's this importont ?
A little fitle system intro:

—

[ —




Disk Read
is SLOW !

— B Tree upda\fe opemﬁom

Lnsertion

INSERT 28*
* indicates information associated with 28
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INSERT 28*%
* indicates information associated with 28
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cosy!
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Insert 20* into the following tree

13 |

24

2*

5*

7%

14%/16%19% 227

Root

24*

27*28429*

33*

347 38%

399




Insert 20* into the following tree

<20<
// 13} . \30 T

Z;I 3*[ 5% |7* | |14*[16%* 194 221 24%|27%28%29%| 133*34%38% 397

\

20* goes here, between 19* and 22*
but this leaf is full

Still inserting 20*

Zq 3% S* |7 4*116* 19" le 24*|27*28* 29*| 33*|34* 38% 391
20*

14 16 19 20 22

19 is the middle value

(13 [ |24 30 [

z-l 3#[5+|7* | h4*[16 19+[204224 | 24 27-|zs* 29+ [33%(34% 38'{ 39

4

el-—




Still inserting 20*

| 13 24 30 |
&
|
24 3*| 5*|7* 19%|20% 224 24%27%28%29% 133*|34% 38% 39*
There is room in root for another key,
“make a hole,” add 19, and update pointers
I3J, 19/1 24 30|

24 3% 8|7 | [14*[16% 19%20% ZZ'{ *27*28* 29* 133*|34% 38 391

e o g
Now (et's insert 3!
Insert 8%
//13// 19// - = \\
24 3% 5%|7* | [14*|16* 19*(20* 224 24%(27% 28%29% |33*|34% 38* 391

8% goes here, but leaf node full, so
split the leaf node using middle value
of [23578],

which is 5§



Still inserting 8*

‘//BJ/ 1'9// B 8 \\

I 29 3*| 5* 7*] 14%|16% 19%120%| 2274 247|277 28529 |133%|347% 38% 397

Copy 5 up after splitting leaf, but root is full so cannot include 5

== a3 || 19 {24 ] L 30] -
=P N T
24 3* I 84 T7*| 8* 14#|16% 19%20% 22%

dynamically —
S ... what next?! Q

Still inserting 8*

—===m |13 || 19 {24 ]3¢ \
/ 5 \ \

2 3* 5% 7 8* 14*[16* 197(20% 227

<

... what next?! ... Split the root!
[§ 13 19 24 30|

| Note that we MOVE
(not COPY)up 19 ...

19
/ \ that is, 19 is not at _
this node ... why!?

HERNEE] 24 |30

24 3* 54 7% 8* 14*/16* 19




19

z*

/ )
13 \ f 24 \ 30
3* 14*/16* 19%|120% 224 33%|134% 38% 397
54 7%| 8+ 24%(27428429*

Done inserting 8*

Exetcise: (D insert 10
® insert 37

Tree after inserting 10* followed by 37* to previous tree
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Deletion
If ofter deletion, the number of
keys stored in a node z %, easy!
If not, try the folwing in order

O Borrow from left
@ Merge with left

Q Borrow from right
@ Merge with right

Example:
Delete 43 .
(n=4)



27|72

14 43|52
1
7 14 27| 43| |52
8 20 34| |47| |64
21 42| |48
27|72
4[] ot 23152
forget to
l updqte P .
7| 14| this |27 143] |52
8 20 34| |47| |64
21 42| |48

Result:

91|94
72| |91 |94
90| |93| |97
91|94
72| |91 |94
90| |93 (97
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Then lets dlelefe 417.

14

47|52
27| (47| |52
34| |48| (64
42

14

27|72

20

27

52

21

34

42

64

91|94
72| (91| |94
90| |93 |97
91|94
72| (91| |94
90| |93 |97

Borrow the largest {rom /ef't ;




14 42|52
71 [14 27|~(42| |52
8| |20 34(| |47| |64
21 —
/
Let’s oelete §.
27|72
14 42|52
7 14 27| 42| [52
&| |20 34| |47| |64
21

27|72

91|94
72| (91| |94
90| |93 |97
91|94
72| (91| |94
90| |93 |97
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20

27|72

21

Lets delete 99.

20

20

21

42|52
27| (42| |92
34| |47 (64
27|72
42|52
27| (42| |92
34| |47 (64

91|94
72| |91| |94
90| |93 (97
91|94
/
72| |91 |94
90| | (93| |97




2791

20 42|52 94

72

B" Tree Extensions
- B'-Tree File Organization
Not only as an index
but also organizer for recards nfile.
=The leaf nodes store records , (nstead
of poinfers fo records.
= Lnsertion and delefion works Similaf
fo B*-Tree Indexes.



~ecrds
instead of e
poa‘nfef a4 B3) | |-|—>|(yc,1)| (D,9) (E4)|{ ED] (G.3) |(H,3)H—| - 'QQ{
L ) ; nodes
aH] 0| [kl we | [ M [N [P6)] |

When a record with key value V is insefted.
O searching the B" tree for largest ke
@ 1f the bock has enough space:
stores the record in the block;
If not enoueh space :
split the block into Two blocks and
reassign the records.

Deletion works similar bg
borro wing or merge blocks



— (3~ Tree Index Files
- Similar fo BF Tree
' But any node can store painters to dato

Parameters

Structure

Leaf Nodes

Order

(n)

Key

Duplication

Disk Access

Applications

Performance

Memory

Usage

B+ Tree

Separate leaf nodes for data storage

and internal nodes for indexing

linked

efficient range-based queries

Leaf nodes form a list for

Higher order (more keys)

Typically allows key duplication in leaf

nodes

Better disk access due to sequential

reads in a linked list structure

Database systems, file systems, where

range queries are common

Better performance for range queries

and bulk data retrieval

Requires more memory for internal

nodes

B Tree

Nodes store both keys and data values

Leaf nodes do not form a linked list

Lower order (fewer keys)

Usually does not allow key duplication

More disk 1/0O due to non-sequential

reads in internal nodes

In-memory data structures, databases,

general-purpose use

Balanced performance for search,

insert, and delete operations

Requires less memory as keys and

values are stored in the same node

Most odatabase-systems use B tree
but call it B-tree.



- Hash Indices (in main memory)
O Hash maps are BAD on disk.

@ RAM ore expensive and small to
keep indexes .

@ No range quenies.
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