Non-key attribute organizations

* How to select the records of a large table R that
satisfy a selective condition on non-key attributes?

* Indexes on the non-key attributes

* Parameters:
_ Nrec(R)l Npag(R)

_ I-| ’ I-R|D



e Table

* |Indexes

RID

Example

Code |City |BY
100 |MI |1972
101 PI 1970
102 |PI 1971
104 |FI 1970
106 |MI |1970
107 |PI 1972
Code |RID BY RID
100 |1 1970 |2
101 2 1970 |4
102 |3 1970 |5
104 |4 1971 |3
106 |5 1972 |1
107 |6 1972 |6

Index on Code

Index on BY



Inverted indexes

* Aninverted index: collection of pairs <k, Inf>,
where k. is a non key value and Inf. = (n,, (r';, 1',,...,

r')), is the sorted list of RIDs of the records for k.
° Tab|e RID |Code |cCity |BY
1 100 MI 1972
2 101 PI 1970
3 102 PI 1971
4 104 FI 1970
5 106 MI 1970
6 107 PI 1972
City [n [RID-List BY |n |RID-List
* Indexes T |1 |4 ls70 |5 |2 |4 |5 |
w2 |t |5 | [o7 |1 |3 |
PI 3 2 [3 |6 1972 |2 1 |6

Index on City Index on BY



Assumptions

The index-key values are uniformly distributed
Records are uniformly distributed

The index organization is a B+-tree with the sorted
rid-lists stored in the leaves.

Cost: C, + C,
— C, = cost of accessing the index leaves
— C, = cost of accessing the data pages

Erec™ |_ Sf(l'l") ' Nrec(R) —|
CI = r Sf(l'l") ) Nleaf(ldx)—‘



Equality search ( =(A=v))

*  s{d) =s{A=v)=1/Ny,(ldx)
 Average length of a rid-list (AvgLRidList)
=1 s{) N (R) |
= Nyee(R)/ Ny, 1) |

* Space:
Nreg(R) X LRID _I_ Nkey(A) X LA

Meaf(A) — D > f
pag T




Equality search(cont)

NoPagesToVisitForRidList:

— If the index is unclustered, with unsorted rid-lists...
— If the index is clustered, with sorted rid-lists

| s() x Nog(R) |

— If the index is unclustered, with sorted rid-lists
— O(AvgLRidList, N _,(R))
— @ is called the Cardenas’ formula
—®d(k,n) =n(1-(1-1/n)%) < min(k, n)




Range key search(p =(vl1<A<v2))

* s{P) =s{vl<A<v2)=(v2—-vl)/(max(A) — min(A))

* C = [Sf(LI))X Nleaf(ldx)w



Range key search(p =(vl1<A<v2))

CD = NolndexKeyValues x NoPagesToAccessForRidList
NolndexKeyValues = [ sf() x Nkey(ldx)w

If the index is clustered, with sorted rid-lists
 NoPagesToAccessForRidList = [ Noag(R)/ Ny, (1dx) 1

If the index is unclustered, with sorted rid-lists,

* NoPagesToAccessForRidList
= [ o(N,(R)/ N (1), N_,,(R)) |

Unclustered, unsorted rid-lists
 NoPagesToAccessForRidList = [ N...(R)/ Nkey(ldx)w



Other operations

Selection condition with AND or with OR
Insertion

Deletion

Update



Multi attribute indexes

Age | Sal [RID RID |Age
35 |10 N L~ |35
35 (20 |\ /|35
N Name [Age Sal
40 |80 ~ J - 40
Bob (35 |10
45 |75 N |45
Cal 40 |80
Sal |Age RIi/ Toe 35 20 RID | Sadl
10 35 Sue 45 75 10
20 |35 20
Data records
75 |45 \ 75
' sorted by name X
80 |40 80




Multi attribute indexes

* Exact queries
* Range queries



Table

Inverted
indexes

Bitmap indexes

RID

StudCode | City BirthYear
100 MI 1972
101 PI 1970
102 PI 1971
104 FI 1970
106 MI 1970
107 PI 1972
City |n [RID Lists

FI |1 |4

MI (2 |1

PT |3 |2 6
Index on City

City |[Bitmaps

FI |0 |0 (O 0 |0
MI (1 [0 |O 1 |0
PL |0 |1 |1 0 |1

Bitmap index

BirthYear |n RID Lists

1970 3 |2 |4 |5

1971 1 |3

1972 2 |1 |6

Index on BirthYear

BirthYear [ Bitmaps

1970 o 1 (O (1 |1

1971 (0 (O |1 |O |O

1972 |1 |0 |0 |O |O




Bitmap index

ne RID list becomes a bitmap

ne length of the bitmap is N,

The i-th bitis set if the i-th record of the base table
has the value for the indexed attribute.

A BM index is used in all DBMS for constant tables
when the number of distinct values of an indexed
attribute is small (i.e. the attribute is not selective).
An inverted lists index would be useless.




Advantages of bitmap index

* Multi-attribute complex queries can be solved using
bit operations
— City in (“Pisa’, ‘Lucca’) and (Year =1972)

* Good if domain cardinality is small, but bit vectors
can always be compressed

City |Bitmap BirthYear Bitmap
FI |0 |0 (O (1 [O |O 1970 o |1 (O |1 |1 |O
MI |1 |0 |O |O (1 |O 1971 0 |0 |1 |0 [0 |O

PL |0 |1 (1 |O |O |1 1972 |1 (O (O |O |O |1




Memory comparisgn
leaf

p

BM
* Hyp: full index nodes

* |nverted indexes
— Nieaf = (Nkey * L, + Nrec * Lyip ) / Dpag $

= Nrec * Lys / Dpag

* Bitmap indexes Niey
— Nieaf = (Nkey * L, + Nkey * Nrec / 8 )/ Dpag

= Nrec * Nkey / (Dpag * 8) Nkey = 8 * Lggp

Oracle: Bitmap indexes are compressed and are suggested if
Nkey < Nrec/2



Multidimensional data organization

Multi-attribute index B*-Tree (c=2) multidimensional index
A.ET A2 A
A1 | A2 |Rid 100
10 | 20 | .. 100
10 | 90 | .. * ®
20 | 60 | .. 75 ¢
20 | 65 | .. :
20 | 90 | .. 50
45 | 40 | ... .
a5 |77 | .. .
80 | 25 | .. ¢
— . —
25 50 100 A1
Point and region search: 15<A1<50 and 20<A2<40

Alternative: Store near points in the same page

Store (PartitionCode,PID) in a B*-tree



Multidimensional data organization

* Several proposals...

Quad Tree [Finkel 1974] B-D-B-Tree [Robinson 1581]
R-tree [Guitman 19384] arid File [Nievergelt 19E4]
R™-tree [Sellis 1987] L5D-tree [Henrich 1989
R*-tree [Geckmann 195]] nB-tree [Lomet 1990]
Vop-tree [Chiueh 1994] TW-tree [Lin 1994]

LIB-tree [Bayer 19490] hB-""-tree [Evangelidis 1995]
S5-tree [White 1996] X-tree [Berchtold 19946]
M-tree [Ciaccia 1996] S58-tree [Katayama 1997)
Pyramid [Berchtold 1998] Hybrid-tree [Chakrabarti 19949]
CABS-tree [BGhm 1999 IQ-tree [BGhm 2000]
Slim-tree [Faloutsos 2000] Landmark file [Bohm 2000]

P-Sphere-tree [Goldstein 2000]  A-tree [Sakurai 2000]



Multidimensional data organization:
the G-tree

Hyp: page capacity = 2

AZ A

Al =50
100 s
0101 011 1 y 0 1 N
* . A2 =50 i
3 5100 AN
0 i
. -
. 00 Al =25
B0 ",ﬁ.\
. 0 1
o s
. A2 =175 011
. P
00 P 0 1 N
| 25 50 100 A1 0100 0101

Partition tree: a partition has a

Space partitioning binary code, with max length M



A tree structure for region codes: G-tree

A2 A
100 Al&“
0101 o011 1 P i
S,
¢ . A2 =50 j000
75 5700 ) aN 1 8
& » r .
50) 0000 A]:\ 25
™ J 0 1
o e
. ‘3’{’ 0110
00 0 1 6
A 25 50 « y
100 A1 0100 o101
4 5
G-tree ﬂlm 6011 A partition

binary code, can
be seen as a
decimal code, to

00,* | 0100, " 0101,* | O11," 1" | | better grasp the
—————

0 a 5 5 8 order




Point search: P(A1, A2) = (30,60)

A2 . -
4 Which partition
100 . .
0101|011 1 contains P, if
75 |5ro5]  ® present?
. &
50
L
L
»
00
— S
25 50 100 A1
0100 o1
0o, * 0100, * 0101,* | O11,*
0 4 5 6

S, € P=(30,60)



" 30<A1<40
Spatial range search 0

0<A2<60
A2 A
A1 =50
190 5101 ot ] RN
b ~
75 . A2 < 50 1
0100 PN 8
o |- 0 )
50—+ 0b A1:25
P = (30, 20) > 132
& 0 0 1
. L . A2<75 o1 < P=(40, 60)
00 AN 6 IR
L .. 0 1
A ~ N
25 50 100 A1 o160 o
4 5 ich regi
(40, 60) Which regions are
|- checked?
i i Query region 0100 1T o11 {0,6} or {0,4,5,6} ?
o_.
(30, 20)
go,* | 0100, 0101,* | 011, 1,*




Insertion: p1 = (70, 70) and p2 = (30, 30)

A2 A
A1 250 Al = 50
100
o101 o011 i LI I 0 gl
. . A2 = 50 1 P1 = (70, 70) A2 =50
. (70, 70) _ - . - T
* P2 = (30, 30) pp Al =25 Al =25 Al =25
50 D P AN 1 A
0 1 0
[ ]
. e ~, ' ~ e
(3D, 30) . A2=75 011 000 001 A2=175
. AN 6 0 5 N
000 001 0 1 0 1
- S— e . ~ ™,
25 50 100 A1 0100 0101 0100 0101
4 5 4 5
0100 | | o011
00,* | 0100,* 0101,* | 011,* 1,*
"
0 4 5 8 8




Point insertion: P2 = (30, 30)

Al =50
A2 )
100 fﬂﬁ -
o101] o1l 1 A2 =50
» M
. 0 1
75 ~p100 - ~
™ 1=25 Al1=25
. AN A
50 1 0
d e ~ ~,
. ® 000 001 A2=75 011
(3D, 30) ® 0100 011 0 9 o AN . 6
[ ]
~ ~
000 001 R 0100 o101
25 50 100 A1 4 5
00,* | 0100,* o101, * | o11,* 1,* | |
"
0 4 5 6 B
0100
! | 001 | | | | 011
000,* | o001,* 0100, * | o101, * | 011,* 1,* | |
0 2 4 5 6 8




Point insertion with longer encodin

0Q

24
Al =50
0 T~y
A2 = 50 ﬁ
ﬂA1 16
n}j\-zs ;1‘"‘-:5
0 s
1‘\ ,/D 1
004 A2=TS }H
4 u/\1 12
A1 =’f|/=.5 El}m
u/"\1 10
muﬁ n}um P = (20, 55)
a8 9

The partition binary
code is longer

Al =50
A2 A 0~ T~
,-ﬂ""f
100 00T o1 A2 = 50
™ . P 0 M1 -
7S |"oj00 . w:s Al=25
. : 0 s 0 x‘““x1
50 - S \ Ve
. 000 001 Aif\tﬁ
. 0
[ 2 0 1
. -~ ~
000 | oo P =(20,55) 0100 0101
25 50 100 Al
oo1
4
000, * | 001,* 01000, * | 01001,* o101, *
0 2 a 9 19

on, -

&




e R*-trees

Geographical data




