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Lecture outline

2 Basic index structures

= B-tree
= bitmap
*= join

= bitmap join (Oracle)

= clustered (DB2)

= multidimensional cluster (DB2)
» indexing dimensions
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B-tree

2 Foundation for other indexes (join, bitmap, bitmap
join, clustering, MDC)
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Star schema and queries

select sum(SalesPrice), ProdName, Country, Year
from Sales s, Products p, Customers c, Time t
where s.ProductID=p.ProductID

and s.CustomerID=c.CustomerID

and s.TimeKey=t.TimeKey

and p.Category in (’electronics’)

and t.Year in (2009, 2010)

group by ProdName, Country, Year;

dimension Customer

Customers

#CustomerID
Town
Country

. . dimension Time
dimension Product

Sales Time
M ProductID #TimeKey
#ProductID _< CustomerID >_ Day
ProdName TimeKey Month
Category SalesPrice Quarter
Discount [ Year
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Join index

< Materialized join of 2 tables (typically fact and

dimension(s))
Products Sales
ROWID |productlD|prodName category ROWID |salesPrice |discount |productlD
BFF1 100|HP Pavillon electronics 0AAQ 5 100
BFF2 230|Dell Inspiron  |electronics 0AAL 15 230
BFF3 300|Acer Ferrari  |electronics 0AA2 5 100
0AA3 10 300
0AA4 10 300
0AAS 15 230
Products.ROWID [Sales.ROWID

BFF1 0AAD

BFF1 0AA2

BFF2 0AA1

BFF2 0AAS

BFF3 0AA3

BFF3 0AA4
© Robert Wrembel (Poznan University of Technology, Poland) 5

Join index

2 In order to make searching the join index faster, the
join index is physically ordered (clustered) by one of the

attributes

< Alternatively, the access to the join index can be
organized by means of a B-tree or a hash index

Products.ROWID |Sales.ROWID
BFF1 0AAD
prodiD=100 ————> o
BFF2 0AAL
prodiD=230 |:> BFF2 0AAS
BFF3 0AA3
prodiD=300 |:> BFF3 0AA4
Products({ProductiD)
ﬁ Products
/ Sales
[keys [ TRevp [\ 0] ARV
‘l \ Sales ]‘ "
' N 'R} rd IR}
© Robert Wrembel (Poznan University of Technology, Poland) 6




DW queries

> DW queries typically are not selective
= select dozens % of rows in a fact table
< B-tree indexes are efficient up to 10% selectivity
of a query
< Other types of indexes are needed
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Bitmap index - definitions

< Attribute cardinality ® domain size CarSales

make color
= card(make)=4, card(color)=4 Subara ed
=] Bitmap = vector of bits Mercedes green
= a bit corresponds to a row in a table Mercedes blue
Subaru blue
e | BMW blue
1 BMW green
0 BMW red
0 Audi red
0 Audi black
2 BMW black
;_J Subaru red
1 Mercedes green
1]
0
1
0
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Bitmap index - definitions

< Bitmap index

= collection of bitmaps

= one bitmap for one value from attribute domain
2 Organizing bitmaps

= 2-dimensional table

* B-tree index

. ... make color B:red |B:green| B: blue | B: black
Subaru red 1 0 0 0

Mercedes green Q 1 0 0

Mercedes blue s 0 1 0

Py Subaru blue 0 0 1 0

I |BMW blue 0 0 1 0

& BMwW green 0 1 0 0

BMW red 1 0 0 0

Audi red 1 0 0 0

Audi black 0 0 0 1

BMW black 0 0 0 1

Subaru red 1 0 0 0
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Bitmap index in queries

select count(*) from CarSales

where make in ('Audi', 'Mercedes', 'BMW')
and type = 'sport'

and color ='red';

B:Audi OR [B:Mercedes| OR |B: BMW AND B:sport AND B:red =

===l === == ==]
==l = = =
===l = = = = =R =0

=1 = = = = = = = T =)
olo|lr|o|lo|lr|r|k|lojla|lo|o
olo|lo|lo|r|~|lo|lo|lo|a|lo|a
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rpb

block1 |1 .
2 N bitNo
3 0=
: Py b
5
block2 |6
7 if bitNo MOD rpb =0
8
5 then slotNo = bitNo MOD rpb
10 else slotNo=bitNo/pgNo
block3 |11
12
13
14
15
© Robert Wrembel (Poznan University of Technology, Poland) 11

Mapping bits to ROWIDs

2 Real approach
» estimate the average length L of a row in a table
= compute the number of slots in a DB block:| BSize/L|
= allocate more slots than | BSize/L |

» real row length differs from L = some slots are
wasted = a bitmap index is larger than it could be
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Mapping bits to ROWIDs

B: red color B: red

red

green
blue
blue
blue

green

red

red
black
black

red

Q= |00k [O D00 O]

green

nb of bits allocated
per data block

== === = =1 =A== == =1 =1 =1
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Mapping bits to ROWIDs: Oracle

create table TEST BIl create table TEST BI2
(id number (7), (id number (7) not null,
no number (7), no number (7) not null,
txtl varchar2 (20), txtl varchar2 (20) not null,
txt2 varchar2 (20), txt2 varchar2 (20) not null,
txt3 varchar2 (20), txt3 varchar2 (20) not null,
txt4 varchar2 (20), txt4 varchar2 (20) not null,
txt5 varchar2 (20)) ; txt5 varchar2 (20) not null);

select o.name, o.obj#, t.sparel
from sys.obj$ o, sys.tab$ t
where o.obj#=t.obj# and o.name in ('TEST_BIl', 'TEST BI2')

NAME OBJ# SPARE1
TEST BIl 73450 736
TEST BI2 73452 506

max number of rows per data block
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Mapping bits to ROWIDs: Oracle

2 Populating table TEST_BI1 with 106 of rows of
lenght 113B

2 Computing column statistics

create bitmap index NO BI_ INDX on TEST BI1(NO) pctfree 0;

select index_name, leaf blocks
from dba_indexes
where index name = 'NO_BI_INDX';

INDEX NAME LEAF BLOCKS

NO_BI_INDX 350
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e
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% 7 Mapping bits to ROWIDs: Oracle

find the actual maximum number of rows
drop index NO _BI INDX; in a data block in TEST_BI1

Y

alter table TEST_BIl minimize records_per_block;

create bitmap index NO BI_ INDX on TEST BI1(NO) pctfree 0;

select index name, leaf blocks
from dba_indexes

where index name = 'NO BI_INDX';
INDEX NAME LEAF BLOCKS
NO_BI_INDX 150
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BI characteristics (1)

2 Reasonably small size for attributes of low
cardinality

2 Example

#rows = 1 000 000
card(A) = 4
ROWID = 10B (Oracle)
bitmap index on attribute A
e 4 bitmaps: 4 x (1 000 000 / 8) = 4 x 125kB = 500kB
B*-tree on attribute A
« 1000000 x 10B = 10MB
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BI characteristics (2)

2 Efficient processing of bitmaps
* |ogical operations AND, OR, NOT, COUNT
= 64 bits processed in one CPU clock cycle
2 Size
* small index = small #1/0
* processing in RAM
2 Not applicable to LIKE
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BI characteristics (3)

2 Large size for attributes of large cardinality
2 Example

= #rows = 1 000 000

= card(A) = 1024

= ROWID = 10B (Oracle)

» bitmap index on attribute A

¢ 1024 bitmaps: 1024 x (1 000 000 / 8) = 1024 x 125kB =
128MB

= B*-treeon A
« 1000 000 x 10B = 10MB
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BI characteristics (3)

< Index maintenance
* inserting rows = increasing length of bitmaps
* updating rows = updating 2 bitmaps
* deleting rows =
¢ decreasing length of bitmaps
¢ OR bitmap of deleted rows
* locking contiguous segments of bitmaps =
concurrency decreasing
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Experiment (1)

< Oraclellg
= data cache: 1.7GB, SGA: 3.4GB
= #rows: 250 000 000 (DB size: 10.8GB)

index sizes
4500

G : : :
4000 | Blree T
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o ot : 5
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Experiment (2

index creation times

—_

.2e+006 — T . . . ! i :
bitmap ——— - —
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Experiment (3)

2 cardinality of indexed attribute: 1024

select count from ... where K1024<=n

| bitmap ——— S
500000 |- FHER &
400000 S
300000 F S
o
ES :
200000 | S
100000 | B
0 1 L L b Ml L &
1 2 4 8 16 32 64 128 256 512 n
01% ---------------------- > 12.5% 25% 50%
© Robert Wrembel (Poznan University of Technology, Poland) 23

Experiment (4)

WHERE K1024 <= 128

bitmap index

Id | Operation | Name | Rows | Bytes Cost (%CPU) | Time

| 0 | SELECT STATEMENT | | 1 4 | 11315 (1) 00:02:16 |
| 1 | SORT AGGREGATE | | 1] 4 | | |
| 2| BITMAP CONVERSION COUNT | | 31M| 119M| 11315 (1) 00:02:16 |
[* 3] BITMAP INDEX RANGE SCAN| BMP_5K1024 | | | | |
B*-tree index

| Id | Operation | Name | Rows | Bytes | Cost (%CPU)| Time |

| 0 | SELECT STATEMENT | | 11 4 | 65441 (1) | 00:13:06 |

| 1 SORT AGGREGATE | | 1 4 | | |

[* 2 INDEX RANGE SCAN| BMP_5K1024 | 31M| 119M| 65441 (1) 00:13:06 |
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Experiment (s)

select sum(...) from ... where K1024<=n
7e+006 [ bitmap - T ] T !
B-tree
6e+006 b
5e+006 E
o 4e+006 B E
*
3e+006 E
2e+006 R
| 5] 2 TR TS 1]
1e+006 | LR LB LR IR
0 i | i | < -] -4 4~
1 2 4 8 16 32 64 128 256 512 n
01% -—===--————="=“-“-- - m——— === > 50%
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Experiment (7) I

7e+006

WHERE K1024 <=4

bitmap index

SELECT STATEMENT

664006

564006

464006

#/0

364006

204006

164006

1

bitmay
Blres oo

01:17:26 |

01:17:26 |

| 01 | |

| 11 SORT AGGREGATE | | 1] 10 |

| 2| TABLE ACCESS BY INDEX ROWID | BMTEST | 977K| 9543K|

| 3 BITMAP CONVERSION TO ROWIDS| | | |

|* 4| BITMAP INDEX RANGE SCAN | BMP_5K1024 | | |
* .

B*-tree index

| Id | Operation | Name | Rows | Bytes | Cost (%CPU) |
| 0 | SELECT STATEMENT | | 1 10 | 387K (2) |
| 1 | SORT AGGREGATE | | 1 10 | I
[* 2| TABLE ACCESS FULL| BMTEST | 977K| 9543K]| 387K (2) |
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Experiment (s)

7e+006

select sum(...) from ... where K1024<=n

bitmay T
Rt

664006
564006

WHERE K1024 <= 32

464006

#/0

364006

204006

164006

0

bitmap index

| Id | Operation

| 0 | SELECT STATEMENT | |

| 1 | SORT AGGREGATE | | 1| 10

| 2 | TABLE ACCESS BY INDEX ROWID | BMTEST | 7819K| 74M|
| 3 BITMAP CONVERSION TO ROWIDS|

|* 4 BITMAP INDEX RANGE SCAN | BMP_5K1024 | | |

B*-tree index

| Id | Operation | Name | Rows | Bytes | Cost (%CPU)| Time |
| | SELECT STATEMENT | 1 10 | 387K (2)| 01:17:26
| | SORT AGGREGATE | 11 10 | |
| * | TABLE ACCESS FULL| BMTEST 7819K| 74M | 387K (2)| 01:17:26
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Experiment (s
p ( ) select sum(...) from ... where K1024<=n
7e+006 [ bitmap T
B-tree tm

664006

564006

WHERE K1024 <= 64

o 4e+008
2
3e+006
2e+006
1e+006
. . = Oh
bitmap index o
| Id | Operation | Name | Rows | Bytes | Cost (%CPU)| Time |
| 0 | SELECT STATEMENT | 1 10 | 387K (2)] 01:17:26
| 1 SORT AGGREGATE | 1| 10 | |
[* 2| TABLE ACCESS FULL| BMTEST 15M| 149M| 387K (2)] 01:17:26
* .
B*-tree index
| Id | Operation | Name Rows | Bytes | Cost (%CPU)| Time |
| 0 | SELECT STATEMENT | 1| 10 | 387K (2)] 01:17:26 |
| 1 | SORT AGGREGATE | 1 10 | | |
[* 2] TABLE ACCESS FULL| BMTEST 15M| 149M| 387K (2)] 01:17:26 |

© Robert Wrembel (Poznan University of Technology, Poland)

28



Decreasing size of BI

< Range-based bitmap index

< Encoding

< Compression

© Robert Wrembel (Poznan University of Technology, Poland)

Range-based BI (1)

29

< Domain of indexed attribute is divided into ranges

= e.g., temperature: <0, 20), <20, 40), <40, 60), <60, 80),
<80, 100)

indexed attribute

tempC
21
39.6
51.3
12
98.8
71
68.8
50.4
10

B4

B3

B2

B1

BO

(100, 80>

(80, 60>

(60, 40>

(40, 20>

(20, 0>

o|lolo|O|r|O|C(C|O

[t Rt Fry N P P N TN T

i li=Rislis=EisRi_Ni=Ele]

[=Ri=Ri=1i=Ri=Ri=Ri=A 0l

[=Ri=Ri=1l= =2 i=1=2l=]

bitmap No
bitmap range

2 query: count records for which 10<=temp<45
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Range-based BI (2)

< Bitmaps can represent also sets of values
* e.g., B1: {yellow, orange, red}, B2: {light blue, blue,
navy blue}
2 Characteristics

* the number of bitmaps depends less on the attribute
cardinality = depends on the range/set width

* border bitmaps may point to rows that do not fulfill
selection criteria @ additional row filtering after
fetching

© Robert Wrembel (Poznan University of Technology, Poland) 31

Encoding (1)

2 Replacing the value of an indexed attribute by
another value whose bitmap representation is
more compact

2 Example

» card(productName): 50000 = typical number of
products in a supermarket

= standard bitmap index = 50000 bitmaps

= 50000 distinct values can be encoded on 16 bits

o [log,50000] = 16

* a mapping data structure is required for mapping the

encoded values into their real values
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Encoding (2

2 query: select * from T where product = 'pecorino
d'Abruzzo’

< apply mask: 00...1000 (-B15 -B14 ... B3 =B2 -B1 -B0)

indexed attribute |product
queso Manchengo

queso de Burgos

queso Cerrato

queso Serrat

tupi

queso de Urbasa
ecoring baccellone

mapping table

1 pecorino d'Abruzzo
pecorino dei Berici
pecorino di Farindola
pecorino lucano
pecorino rosso
pecorino sardo
pecorino sense

olo|lo|o|o|o|ojofo|o|o|o|o|o|o

olo|lo|o|o|o|ojoflo|jo|o|o|o|o]|o

olo|lo|o|o|o|oloojo|o|o|o|o|o

e Ll Ll Ll Ll Ll el Ll k=R k=R (=R =R (=R =1 =]

= E = S S N ===

L =R=1 AR [=h=1 R =R =R IR =]

=1 =1 I =1 I =1 T =0 e =R I =R
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Compression (1)

2 Byte-aligned Bitmap Compression (BBC)
2 Word-Aligned Hybrid (WAH)

2 Run Length Huffman

< Based on the run-length encoding

= homogeneous vectors of bits are replaced with a bit
value (0 or 1) and the vector length

= 0000000 1111111111 000 = 07 110 03
2 A bitmap is divided into words

= BBC uses 8-bit words

= WAH uses 31-bit words

* RLH uses n-bit words (n - parameter)
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Compression (2)

> WAH-compressed bitmaps are larger than BBC-
compressed ones

< Operations on WAH-compressed bitmaps are faster
than on BBC-compressed ones

= Wuy, K. and Otoo, E. J. and Shoshani, A.: Compressing Bitmap Indexes for
Faster Search Operations, SSBDM, 2002

= Wuy, K. and Otoo, E. J. and Shoshani, A.: On the performance of bitmap
indices for high cardinality attributes, 2004, VLDB

< Types of words in BBC and WAH

» fill word = represents a compressed segment of a
bitmap (composed either of all 0s or all 1s)

* tail word = represents non-compressable segment of
a bitmap (composed of interchanged 0 and 1 bits)
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WAH 1)

> Example: 32-bit processor, bitmap composed of
5456 bits

» taken from Stockinger K., Wu K.: Bitmap Indices for Data
Warehouses. In Wrembel R. and Koncilia C. (eds.): Data Warehouses
and OLAP: Concepts, Architectures and Solutions. IGI Global, 2007

‘1 00000....000000111000011 1”00000000000000000000,...,A..,AOOOODOOOOOOﬁ)D T11111111111.....111101111 ‘ll

31 bits 5394 bits having value "0" 31 bits

< Step 1: divide the bitmap into groups including 31

bits each
\ 31 bits | 31 bits [— \ 31 bits \
group 1 group 2 group 176
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WAH (2

2 Step 2: merge adjacent homogeneous groups
(having the same values of all bits, i.e., groups 2-
175)

‘1 00000....000000111000011 1|P0000000000000000000..........00000000000&)0 M111111111.....111101111 'll

31 bits 5394 bits having value "0" 31 bits
heterogeneous group heterogeneous group
l 4 N
31 bits | 174 * 31 bits 31 bits
group 1 group 2-175 group 176
\_ J
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WAH 3)

2 Step 3: group encoding
* run: fill + tail
* run 1: tail

. . the number of 31-bit groups
= run 2: fill + tail

0 100000......0001110000111] [ 10|o0o..001010111q | 0 0011111111......1111011111]
L | 1 |
31 bits of the first group fill length 174 * 31 bits 31 bits of the last group

bit=0: tail word bit=0: fill value bit=0: tail word
bit=1: fill word
run 1 run 2
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WAH (9

2 Unsorted data

< For low cardinality attributes bitmaps are dense
* many homogeneous 31-bit words filled with 1

2 For high cardinality attributes bitmaps are sparse
* many homogeneous 31-bit words filled with 0

2 For medium cardinality attributes
* the number of homogeneous 31-bit words is lower
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RLH

2 RLH - the Run-Length Huffman Compression (M. Stabno
and R. Wrembel. Information Systems, 34(4-5), 2009)

< Based on
» the Huffman encoding
* a modified run-length encoding
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Huffman Encoding (1)

< Concept

= original symbols from a compressed file are replaced
with bit strings

* the more frequently a given symbol appears in the
compressed file the shorter bit string for
representing the symbol

= encoded symbols and their corresponding bit strings
are represented as a Huffman tree

* the Huffman tree is used for both compressing and
decompressing
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Huffman Encoding (2)

2 Example: encoding text "this_is_a_test"

2 Step 1: frequencies of the symbols in the encoded
string

symbol -L S| __ 4_ L-l ‘Q \a_

—

frequency 21313121 ‘4 "l

() 0D (D@D @D (D DD

© Robert Wrembel (Poznan University of Technology, Poland) 42



Huffman Encoding (3)

< Step 2: building Huffman tree
» start with nodes of the lowest frequency

2 Step 3: getting the
Huffman codes of the
symbols from the
tree

[ s[-] 2__|¢

oo 01| 10 110] 1110[ 11110 44914
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Huffman Encoding (1)

2 Step 4: replacing original symbols with their
Huffman codes
= orignal text: 14B
= compressed text: 37b = 5B

00 |1110( 110 01 10 110 01 10 11111 10 00 11110 | 01 00

© Robert Wrembel (Poznan University of Technology, Poland) 44



RLH 1)

2 Madified run-length encoding
= encodes distances between bits of value 1

1 0O 3 0 3 00 1 0O0O
/—A—x—*—x—*—y A A A A A A S W
101110001100011101111

Clients bitmap index
1D T sex female | male
1 male 0 T
2 female 1 1]
3 female 1 1]
E Temalc T ] .
e mem— female: 100303001000
3 male 0 1
T male 0 1
B female 1 0
L TG I — male: 030020033
11 | male 0 1
12 male [ 1
13 | female 1 u
14 | female 1 0
15 [ Temale 1 0
16 | male 0 1
17 | female 1 0
t: {-f::t}f i E: niversity of Technology, Poland) 45

RLH (2)

2 Huffman encoding

= stepl: computing frequencies of symbols (distances)
in encoded bitmaps

distance | frequency

female: 100303001000 0 12

male: 030020033 f 3
2 1
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RLH (3)

< Huffman encoding
= step2: building a Huffman tree

/A 1190
QY—0 0
distance | frequency T — TStanG od
0 12 (3[5]>o \/\ di t'“l%e co 8
3 5 — "“‘518}) 3 0
! H (12)_o f_ N
2 ! N “qg 1 2 11
NS
= an encoded symbol is represented by a path from the
root to a leaf
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RLH (9

2 Huffman encoding
= step3: replacing distances with their Huffman codes

original bitmap gender='female’

0111000110001 110111

distance| code

0 0

3 10

1 110

run-length encoded bitmap gender='female’ 7] T11
100 30 300 100

Hﬂli 5 Hﬂﬁi%i

110 0 O 10 O 10 0 0 110 0 O

RLH-compressed bitmap gender='female'
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RLH-N

< Dividing a bitmap into N-bit sections

= constructing one Huffman tree based on frequencies
of distances from all N-bit sections

00111010..... R P p— [ 01110000.....

1024 hits 1024 hits 1024 hits

2 Including in the HT all possible distances that may
appear in a N-bit section

= non-existing distances have assigned the frequency
of 1
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Experimental Evaluation

2 Comparing RLH, WAH, and uncompressed bitmaps
(UBI) with respect to
= bitmap sizes
* query response times
2 Implementation in Java
» data and bitmap indexes stored on disk in OS files
2 Experiments run on
= PC, AMD Athlon XP 2500+; 768 MB RAM; Windows XP
2 Data
= 100 000 000 indexed rows
* indexed attribute of type integer

« cardinality from 2 to 20 000
* randomly distributed values
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WAH and RLH: indeXx sizes

2 RLH, RLH-N, WAH, and UBI with respect to the size of a bitmap index (N =
{256, 512, 1024, 2048} for RLH-N)

1e+006 T T T T T T T T

100000 -

10000 -

index size [MB]

1000 -

100

1 0 L 1 1 L L 1 1 L L 1 1 Al
2 5 10 20 50 100 200 500 1000 5000 1000020000
cardinality of indexed attribute
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WAH and RLH: response times

select ... from
S Query: yhere ind attribute in (vl, v2, ..., v100)
2 Randomly ordered rows wrt. the value of the indexed
attribute 10000 : : . . T T
L
'g 1000 : ]
E
[}
£ — o
2 100 | TR .
s S .
§ P ; eoa D -
= ) : * % P - S »®
2 1oL i S
m
-
1 L 1 L L 1 1 L L 1 L L L
2 5 10 20 50 100 200 500 1000 5000 1000020000
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Updating RLH Bitmaps

< Costly process
» decompressing the whole bitmap
* modifying the bitmap
= compressing the bitmap

» changes frequencies of distances between 1 bits

» creates new distances between 1 bits
2 In a DW environment index structures

= are dropped before loading a DW

» are recreated after loading is finished

© Robert Wrembel (Poznan University of Technology, Poland)

BIs in Oracle

53

< Defined explicitly by DBA

2 Compressed automaticaly

2 Bitmap join index available

2 Used for optimizing star queries

Products
#ProductID __*444<E
ProdName
Category

Shops

#ShopID
Town
Country

o

Sales

ProductID
ShopID
TimeKey
SalesPrice
Discount

© Robert Wrembel (Poznan University of Technology, Poland)
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Bitmap Join Index (1)

Products Sales
ProductlD |ProdName ProductlD |SalesPrice |...
100|queso Manchengo 200 45
200|gueso de Burgos 400 50
300 |queso Cerrato 100 40
400|queso de Urbasa 200 55
500 | pecorino baccellone 500 75
100 65
400 70 Shops I
#ShopID
Town
Country

create bitmap index Sales JBI
on Sales (Products.ProdName)

from Sales s, Products p [Products Sales
—_— ProductID
where s.ProductID=p.ProductID; #Productid | .~ ShopID
ProdName TimeKey
Category SalesPrice
-_— Discount
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BII (2)

queso Manchengo
bitmap join index on queso de Burgos

Products.ProdName gueso Cerrato
queso de Urbasa
pecorino baccellone

Wduc‘tswmduc‘tm}
j Products

I!II!II!II!II!II!II!I

M\
[Key: | | Key, | | ol
1 0
0 1
0 1 *
0 0
1 0
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BJI (3)

< Star query optimization with the suport of BJI

select sum(sa.SalesPrice), p.ProdName, sh.ShopID
from Sales sa, Shops sh, Products p

where sh.country in ('Poland', 'Slovakia')

and p.Category='cheese'

and sa.ShopID=sh.ShopID

and sa.ProductID=p.ProductID

group by p.ProdName, sh.ShopID;

Shops

#ShopID
Town
Country

< BIJIs defined on attributes
= Shops.Country

®* Products.Category
Sales
Products ProductID
#ProductID | ——< ShopID

ProdName TimeKey

Category SalesPrice
Discount
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BJI (1)

TABLE ACCESS BY
ROWID (Sales)

BIT_TO_ROWID

N

(BM="'Poland' OR BM='Slovakia) AND BM='cheese' ]
A

FETCH FETCH FETCH

BM-='Poland’ BM-="Slovakia' BM='cheese’

BJI(Shops.Country) BJI(Shops.Country) BJI(Products.Category)
ACCESS ACCESS ACCESS
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Produsts

#ProductID CustomerID

BJI (5)

The Oracle case

select sum(SalesPrice)
Customers from Sales, Products, Customers,

#Coztomerin
Town

Country

Time

where Sales.ProductID=Products.ProductID

and Sales.CustomerID=Customers.CustomerID

Time and Sales.TimeKey=Time.TimeKey

ATimeKey

e and ProdName in

Sales
ProductID

Discount Year

and Town='London’
and Year=2009;

create bitmap index BI_Pr Sales
on Sales (Products.ProdName)
from Sales s, Products p

where s.ProductID=p.ProductID;

Quartar (" ThinkPad Edge’, ’Sony Vaio’,

on Sales (Time.Year)

create bitmap index BI_Cu Sales
on Sales (Customers.Town)

from Sales s, Customers c

where s.CustomerID=c.CustomerID;

from Sales s, Time t
where s.TimeKey=t.TimeKey;
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"Dell Vostro’)

create bitmap index BI_Ti Sales

|Id | Operation | Name |Rows |Bytes |Cost (%CPU)|Time

| 0 | SELECT STATEMENT | I 1] 58 | 13 (8)100:00:01]
| 1 | SORT AGGREGATE | | 1] 58 | | |
I 21 NESTED LDOPS | I 21| 1218 | 13 (8)100:00:01]
I 31 HASH JOIN | I 22| 1012 | 12 (9)100:00:01]
| 41 TABLE ACCESS FULL | PRODUCTS I 31 51 | 3 (0)100:00:01]
| 51 TABLE ACCESS BY INDEX ROWID |SALES | 1155]33495 | 8 (0)100:00:01]
| 61 BITMAP CONVERSION TO ROWIDS | I | | | |
| 7 | —> BITMAP AND I | | | | |
| 81 BITMAP INDEX SINGLE VALUE |BI_CU_SALES]| | | |

| 9 | —> BITMAP OR | | [ [ | |
|10 | BITMAP INDEX SINGLE VALUE|BI_PR_SALES| | | |

|11 | BITMAP INDEX SINGLE VALUE|BI_PR_SALES| | | |

112 | BITMAP INDEX SINGLE VALUE|BI_PR_SALES| | | |

113 | TABLE ACCESS BY INDEX ROWID | TIME I 1] 12 | 1 (0)[00:00:01]
|14 | INDEX UNIQUE SCAN |PK_TIME I 1] | 0 (0)100:00:01]
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BII 7)

create bitmap index BI_Pr Cu_Ti_Sales

on Sales (Products.ProdName, Customers.Town, Time.Year)
from Sales, Products, Customers, Time

where Sales.ProductID=Products.ProductID

and Sales.CustomerID=Customers.CustomerID

and Sales.TimeKey=Time.TimeKey;

|Id | Operation | Name |Rows |Bytes|Cost (%CPU) | Time |
| 0 | SELECT STATEMENT | | 1l 29| 7 (0)100:00:01 |
| 1 | SORT AGGREGATE | | 1] 29| | I
21 INLIST ITERATOR | | | | | |
| 31 TABLE ACCESS BY INDEX ROWID |SALES | 22| 638] 7 (0)100:00:01 |
| 41 BITMAP CONVERSION TO ROWIDS| | | | |

| 51 BITMAP INDEX SINGLE VALUE |BI_PR_CU_TI_SALES| | | | I
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Bls in DB2 (1)

2 Created and managed implicitly by the system
2 Applied to join optimization
* Every dim table is independently semi-joined with a
fact table
*= The semi-joins use B-trees on foreign keys

= ROWIDs of every semi-join result are transformed
into a separate bitmap

= Bitmaps B; are constructed by means of a hash

. Shops |
function on ROWID #ShopID
Town
o the hash value points to a bit in B, Country
» Final bitmap is computed by AND-ing B;s
Sales
M ProductID
B < Serroy
Category SalesPrice
-_— Discount
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Bls in DB2 ()

Shops

#ShopID
Town
Country

Sales
m ProductID
#ProductID _< ShopID
ProdName TimeKey
Category SalesPrice
— Discount

Shops.Counry IN

('Poland', 'Slovakia')

ROWID [::>
ROWID

Products.Category="'cheese'

ROWID
ROWID
ROWID

ROWID v A d

@)

DVQ T~

—

\
~

’- op—ﬂp—ﬂn—loop—ﬂ‘

=——>> AND =)

© Robert Wrembel (Poznan University of Technology, Poland)

63

BIs in SQL Server (1)

2 Created and managed implicitly by the system
2 Applied to join optimization
» join of a dim table with a fact table by means of hash

join

» table with a PK (dim table) = external table
= table with a FK (fact table) = internal table
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BIs in SQL Server (2

<2 Hashing PK values into a bitmap
= HashFunction(PK) - bit no of value 1
< Hashing FK values into a bitmap
= HashFunction(PK) - bit no of value 1
2 The rows from both tables that hash to the same bit =

join result
internal table
o | FK
external table 0 1
PK 0 1
1 A —> 1 — vAd 3
|~ =g -
L5 ~ Y D= 60
\ 1 |e— UV 60
. 60
11
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BIs in SybaselQ

< Defined explicitly by DBA
2 Low Fast = for attributes of low cardinalities
* max cardinality: 10 000
* the highest performance for cardinality up to 1000
< High Non Group = for attributes of high
cardinalities
» for aggregate queries with range predicates
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BIs in SAS

< SAS Scalable Performance Data (SPD) Server
= hybrid index
= table is divided into segments (e.g., 8192 rows)
= every segment is indexed independently by
¢ bitmap index or
e B-tree

* index type selected automatically by the system taking
into account the distribution of values in a segment

A = A
/IR /I |
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DB2: Clustering index (1)

2 Clustering index determines how rows are
physically ordered (clustered) on disk

2 After defining the index, rows are inserted in the
order determined by the index

2 Only one index can be a clustering index (one
physical order of rows on disk)

2 By default the first index created is the clustering
one (unless you explicitly define another index to be the
clustering index)
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DB2: Clustering index (2

CREATE INDEX cityID Indx ON Auctions(cityID) CLUSTER

[eityio]  datein[ quantity] .. [ cityio] datein| quantity] .|

POZ| 03-07-2013 10| GDA| 08-07-2013 17|

WRO|[ 03-07-2013 13 GDA| 08-07-2013 7
WAW| 03-07-2013 7 GDA| 10-07-2013 17,

WRO|[ 05-07-2013 8 GDA| 10-07-2013 11| l///\/\/ \L &\\I\A\x
POZ| 05-07-2013 9 POZ| 03-07-2013 10

WRO|[ 05-07-2013 21 POZ| 05-07-2013 9 .

WRO[ 07-07-2013 14 POZ( 08-07-2013 2 AUCtlons ‘
GDA| 08-07-2013 17| POZ| 08-07-2013 19

POZ| 08-07-2013 2 WAW| 03-07-2013 7|

GDA| 08-07-2013 7 WRO|[ 03-07-2013 13

POZ| 08-07-2013 19 WRO| 05-07-2013 8 A

index on datelD,

GDA| 10-07-2013 17 WRQ| 05-07-2013 21

WRO|[ 10-07-2013 22| WRO|[ 07-07-2013 14]

GDA| 10-07-2013 11| WRO|[ 10-07-2013 22|

WRO|[ 10-07-2013 4 WRO|[ 10-07-2013 4
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DB2: Clustering index (3)

2 Eliminates sorting
2 Operations that benefit from clustering indexes
include:
* grouping
» ordering
= comparisons other than equal
= distinct
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DB2: MDC )

< MultiDimensional Cluster - MDC

= groups data based on values of multiple dimension
attributes

» a physical region (block) is associated with each
unique combination of dimension attribute values

= a block stores records with the same values of
dimension attributes

< Block Map: a structure that stores information
about block states (in use, free, loaded, ...)
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DB2: MDC (2)

CREATE TABLE Auctions

(... cityID VARCHAR (4), dateID DATE, Mbc
quantity INT, ...) [Ccityin] dateld] quantity] ...
ORGANIZE BY (cityID, datelID); [ opa| os-07-2013] ]
| epa| os-07-2013] 7
[cityiD] dateld] quantity] .|
[ epa] 10-07-2013] 17]
POZ| 03-07-2013 10] | cpa| 10-07-2013] 1]
wro| 03-07-2013 13
waw| 03-07-2013 7 [ poz] o03-07-2013] 10]
wro| 05-07-2013 8
9 [ poz] o0s-07-2013] 9
2 [ poz| 0507203 s
+# [wro| 05-07-2013 2 poz| 03-07-2013 )
T:v wro| 07-07-2013 14 data block I pozI na-o?-zmaI 1a|
‘& L_coa| os-07-2015 17
> [ waw] o03-07-2013] 7]
O [ ro7[ oso072013 7
GDA| 08-07-2013 7 [ wro| 03-07-2013] 13]
poz| 08-07-2013 19
Gba| 10-07-2013 17] [ wro| o0s-07-2013] g
[ wro| o0s5-07-2013] 2]
wro| 10-07-2013 2
GDA| 10-07-2013 11] [ wro| 07-07-2013] 14]
wro| 10-07-2013 4
wro[  10-07-2013] 22|
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DB2: MDC 3)

2 Block index: B-tree based, points to blocks

= created automatically for each of the dimensions in
MDC

block index on citylD

[ cpa] 0s-07-2013 17] [ cpa] 10-07-2013 17] [_Ppoz[ 03-07-2013 10) [ wro| 10-07-2013] 22
| cpa| os-07-2013 7] | cpa| 10-07-2013 11 | wro| 10-07-2013] 4]
S R
index on datelD
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DB2: MDC ()

2 Composite block index: includes all dimension key
columns

» used for insert, update, delete

block index on citylD

- ~

e T 7 I -

[ e ~

- - P ~

© e i Y

L] [Ccoal_os-o7-2013] 17] [Goa] 10-07-2003] 1] [_poz] o3-07-2013] 10] wRO|_10-07-2013) )
- [coa| seor-2013] 3| Coonl ool ] 7 [wio| 1woraon] 4

i —
o P g

block index on datelD
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MDC in queries

SELECT SUM(quantity), cityID, dateID
FROM Auctions

WHERE cityID ='GDA' AND dateID='10-07-2013"'
group by cityID, datelID;

intersection of block IDs | IXAND(16) 16 6794300079

block IDs from block

block IDs from block D(SCAN(1B)7,5723156929] (nxscmao)s,oagegsmsv ’
index on datelD

index on citylD

SQLO60925143903000 WMEBUMSO

[

| Auctions | | Auctions |
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MDC in queries

SELECT SUM(quantity), cityID, datelID

FROM Auctions

WHERE cityID ='GDA' OR dateID='10-07-2013"'
group by cityID, dateID

2 {block IDs with cityID='GDA'} UNION {block IDs
with dateID="10-07-2013"}
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MDC

2 Candidates as dimensions in MDC
= attributes used in predicates: range, =, IN
» dimension foreign keys in fact table
= attributes used in GROUP BY
= attributes used in ORDER BY

2 Summary
= Data ordered on disk = less I/0

* Block index points to a data block = inserting,
updating, deleting may not affect the index structure
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MDC case study

< Source: IBM presentation
2 Mobile network operator in USA

< Characteristic
= 10 billion transactions daily
= 32 TB raw data
= thousands concurrent users
= up to 37000 queries daily
= DW loading: over 1 billion rows daily (max 1.6 billion)
= DB2 DWE, 16 x 8 CPU P5 pSeries
2 MDC
= deletion faster by 80% of time
= I/0 lower by 43%
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Clustered Based Table (Netezza)

2 Clustered Base Table (CBT) = data are organized
by 1 to 4 attributes (organizing keys)

< Data
= an

stored in extents (zones)
extent is the smallest unit of disk allocation =

3MB

2 Organizing keys are used to group records within
the table (store them in one or more nearby
extents)

< Netezza creates zone maps for the organizing keys

< Mate

rialized views cannot be build on CBTs

CREATE TABLE tab-name
(...)
[ORGANIZE ON (org-keyl, ...)]
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ORDER BY

cl, cz

Extent 1

Extent 2

Estent 3

< Ba

HFC assures that similar values are located pp——
in nearby extents o e, @3
a
‘ Maps multidimensional data to a single dimension
5 : 6: 9 1 10
: : : Estent 1
4| il s |u ’
: : : 6
3 2 13 12 5 [<Exent 2
_____________________ g
0 114 15 10
<Exient 3
[ Extents are filled in order of the Hilbert Filling Curve algonthm J 14

© 2011 1BM Corporation

sed on IBM teaching materials
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