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Lecture outline

2 Row storage vs. Column storage
<> Data compression

2 Materialization
= Small summary data
» Materialized views and query rewriting
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Row storage (standard)

data blocks
Com) D[Year |[Month | Day Max Close  |Change

2&‘—‘—— BZWBEK | 2006 | Mar 3 148,00] 147.00] 14800 148.00! 0.00]
BZWBK 2006 Mar 3 148,00] 147.00] 148,00] 148,00 0,00] EoweK | 2008 Nar £ 146,00 147 50] 16050 148.00]  0.34)
BZWBK 2006 Mar 30 149.00) 14750 150,60 148,00 0.34| [Bzwek | 2006 ‘Mar 29 748,50 _146.50] 148,50 147,50 -101|
BZWBK 2006 Mar 29 148,50| 14650| 148,50 147,50 -1.01| [zwek | 2008 Mar 28 150,00 148.00] 15000 149,00] -0.67|

BZWBK | 2006 | Mar | 28 | 150,00 14800] 150,00 149.00] 067
BZWBK | 2006 | Mar | 7 | 14750 14750 150.00] 150.00] 27| |pome|dee | yer [ 2 | 7Aoo ool ool 2
BZWBK | 2006 | Mar | 24 | 148,00] 14200] 150,00 146,00] -1.02| |[szwes | 2005 | wer | 23 MBQI 1a750] 15000 14750 000
BZWBK 2006 | Mar 23 148.00] 147,50] 150,00] 147,50 Ojon| R = L = ey
BZWBK | 2006 | Mar | 22 | 147.00] 14550] 150,00 147.50] 0.4 .
BZWBK | 2006 | Mar | 21 143500 147.00] 160,00 147.00 200 .
BZWBK | 2006 | Mar | 20 | 148.50] 147.00] 151,50 15000  1.01 .
BZWBK | 2006 | Mar | 17 | 151.50] 14800] 152,00 14850 -1,00 .
BZWBK | 2006 | Mar | 16 | 15000 14850] 15250 150.00] 067 .
BZWBK | 2006 | Mar | 15 | 151.50] 149.00] 152,00 149.00] 067 .
BZWBK | 2006 | Mar | 14 | 14900] 14350 15150 15000  0.00 .
BZWBK | 2006 | Mar | 13 | 152.50] 14600] 15250 150.00] 0.3 .
BZWBK | 2006 | Mar | 10 | 152,00] 14800] 15450 15050] 227
BZWBK | 2006 | Mar | 9 15450] 154.00] 15650 154.00] 023

BZWBK 2006 Mar 8 164,50| 153,50| 165,00] 153,50 -6.97
BZWBK 2006 Mar 7 172,50] 16500] 17250 165,00 -4.62 -
BZWBK 2006 Mar 6 170,00| 168,00] 173,00 173,00 1,76 T - & -
iar

BZWBK 2006 Mar 5 169.50| 16350 171,60 170,00 029 RZWBK | 2006 Mar B
BZWBK 2006 Mar 2 170,50| 168,00] 171,50 169,50 -0.88( [pzweK | 2008 Har 2
BZWBK 2006 Mar 1 166,00] 165,00] 173.50] 171,00 427 ESNERT[EI006 — L

< Rows identified by ROWIDs
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Row storage

< Database block

header G blockID

available for inserts flag
available for updates flag
free space transactions modifying data
locks

tables catalog

rows catalog
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Row storage

PCTFREE=20% reached PCTFREE>20% and PCTFREE>20% and
PCTUSED=60% PCTFREE<=20% PCTUSED>60% PCTUSED<60%
inserts allowed inserts not allowed inserts not allowed inserts allowed
only updates allowed only updates allowed
header head header
w N L NATT] W
& & o &
E free space w free space fri free space e
free space 5 ] 5 5
a A4 ‘l, Vo -4
[a] [a] [a] [a]
w w w w
7 7 7 7
o] ] ] o]
=1 = =4 =1
O (8] (8 O
a a a a
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[Year Month Da [Open__|__[Min [Max [Close | [Change |
lBzuEK 2005 m T % | ——tazo0] |__sanl [ 00~ slot 1
BZWBK 2006 ar .00] [ 147. 50 5.00 .34
BZWBK 2006 .50 . .50 7.50 -1.01
BZWBK 2006 :: [ 15000] [ 145.00] [150.00] [ 149.00 0,67
BZWBK ar A R A
BZWBK ar 8.
BZWBK ar
BZWBK ar
BZWBK ar
BZWBK ar
Baim—] =
BZWBK ar
BZWBK ar
BZWBK ar
BZWBK ar
BZWBK ar 9
BZWBK 2 ar 8
BZWBK 2006 7
BZWBK 2006 ::
BZWBK 2006 ar
BZWBK 2006 ar
BZWBK 2006 ar

data blocks

14800 14900] 14850[ 15000] 14750[ 148,00[ 148,00[ 147,00] 14850]
14850] 15150] 15000] 15150[ 149,00] 15250( 15200[ 15450 164.50]
17250 170,00] 1e950] 17050[ 166,00

2 Rows identified by
slot numbers (in a
block)

14700 14750] 14650[ 14800[ 14750[ 14200[ 14750[ 14550] 147,00
14700 14800 14950] 14800[ 14850( 14600( 14600[ 15400 15350
16500 188,00 1e3s0] 1e800[ 185,00
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Column storage

< Database block
= no free space

= better space utilization header [P blockiD
tables catalog
rows catalog
data
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Query processing example

Iy —— 2 One table query in column

from StockQuotes storage
where CompanyID='Citi'
and Year=2006
and Month='Mar'
and Day=8;
Fetch
T > list of positions (slot numbers) of values
#7" fulfilling the predicate represented as:

* array or

* bitvector or

« set of position ranges

H
H
=
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Query processing

2 Join query

select sum(SalesPrice), ProdName, Country
from Sales sa, Products pr, Shops sh
where Category='cheese'

and Country in ('Poland', 'Slovakia')
and extract (year from TimeKey) = 2013 Shops
and sa.ProductID=pr.ProductID #ShopID
and sa.ShopID=sh.ShopID; Town
Country
Sales
M SalesID
#ProductID —< ProductID
ProdName ShopID
Category TimeKey
SalesPrice
Discount
© Robert Wrembel (Poznan University of Technology, Poland) 9

Join query

2 Get Products.ProductIDs that satisfy:
* Products.Category='cheese’,
2 Get Shops.ShopIDs that satisfy:
= Shops.country in ('Poland’, 'Slovakia')
< Get Sales.SalesIDs that satisfy:
» extract(year from Sales.TimeKey)=2013
2 How to do this?

select sum(SalesPrice), ProdName, Country
from Sales sa, Products pr, Shops sh
where Category='cheese'

and Country in ('Poland', 'Slovakia')

and extract (year from TimeKey) = 2013
and sa.ProductID=pr.ProductID

and sa.ShopID=sh.ShopID;

© Robert Wrembel (Poznan University of Technology, Poland) 10



Join query

2 Get Shops.ShoplDs that satisfy:
= country in (‘Poland’, 'Slovakia')

Shops
10| [Poznan Poland ShopID: {10, 30}

20| |Moscou Russia
30| |Bratislava| |Slovakia
40| [Lublana Slovenia

2 Get Product.ProductIDs that satisfy:
= (Category='cheese’

Products
100| |queso Manchengo cheese
500| |pecorino baccellone| |cheese ProductiD: {100: 200: 500}
200| |gueso de Burgos cheese
700] |Ricja reserva wine
© Robert Wrembel (Poznan University of Technology, Poland) 11

Join query

2 Get Sales.SalesIDs that satisfy:
= extract(year from TimeKey)=2013

Sales bitmap
[SalesiD | [ProductiD] [ShoplD | [TimeKey ] [SalesPrice] — ,q13 0
$1 500 10| |30-Apr-2012 55 1
s2 100 20| [20-Mar-2013 50
S3 700 10| [22-Mar-2013 30 {s2, 53, 54, S5} L
54 200 30| [01-Apr-2013 75 1
S5 200 40| [04-May-2013 45 1
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Join query

= 2013: TimeKey in {S2, S3, S4, S5}

' bitmap
= 'Poland’ or 'Slovakia': ShopID in {10, 30}, v 0
= ‘cheese': ProductID in {100, 200, 500}, 2013 :
2 Find an intersection (slot numbers) of : {52, 53, 54, S5} 1
the bitmaps 1
Shes . bitma?
$1 500 10] |30-Apr-2012 i 'Poland' or 'Slovakia' 0
52 100 20| [20-Mar2013 50|
53 700 10| [22-Mar2013 30 i {10, 30} !
sS4 200 30| [01-Apr-2013 75 1
S5 200 40| [04-May-2013 45 0
bitmap
"""" 'cheese’ 1
{100, 200, 500} 0
1
© Robert Wrembel (Poznan University of Technology, Poland) 1
Join query
2 Matching Sales rows are represented by bitmaps
| shoplD in (10,30) | ProductD in salesID in
(100, 200, 500) (S2, S3, 54, S5)
bitmap hitmap bitmap bitmap
1 AND 1 AND 0 =
0 1 1
1 0 1
1 1 1
0 1 1

2 Get Sales.ProductIDs using the final bitmap

2 Join with Products to get 'prodName’ using the
ProductIDs

2 Join with Shops to get 'Country' using the ShopIDs
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ETL/ELT

DATA
> WAREHOUSE

t

Model 204 (projection index)
Sybase 1Q (Sybase, Inc.)
SADAS (Advanced Systems)
C-Store/Vertica

MonetDB

Infobrigh

Exasol

SQL Server since ver. 2012
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CS - compression

run-length encoding delta encoding

15.05.2020 15.05.2020 | 4 2000
15.05.2020 16.05.2020 | 7 2002 2
15.05.2020 2002 0
15.05.2020 2004 2
16.05.2020 2005 1
16.05.2020 2030 25
16.05.2020 2040 10
16.05.2020 2045 5
16.05.2020 2050 5
16.05.2020

16.05.2020
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Data compression

< Discrete domain encoding

Shop Date Price Shop Date Price

Alma Old Brewery 01.2006 56 000 1] 01.2008 56 000
Alma Citi Park 01.2006 13 000 2| 01.2006 13 000
Alma Focus Park 01.2006 24 000 3| 01.2006 24 000
Alma Old Brewery 02.2006 52 000 1] 02.2006 52 000
Alma Citi Park 02.2006 18 600 2| 02.2006 18 600
Alma Focus Park 02.2006 21100 3| 02.2006 21100
Alma Old Brewery 03.2006 43 200 1] 03.2006 43 200
Alma Citi Park 03.2006 25700 2| 03.2006 25700
Alma Focus Park 03.2006 14700 3| 03.2006 14 700
Alma Old Brewery 04 2006 32 400 1| 04.2006 32 400
Alma Citi Park 04.2006 19500 2| 04.2006 19 500
Alma Focus Park 04.2006 15 000 3| 04.2006 15000

mapping table

Shop Code
Alma Old Brewery 1
Alma Citi Park 2
Alma Focus Park 3

© Robert Wrembel (Poznan University of Technology, Poland) 17

Data compression

< Dictionary compression (DB2)
= like discrete domain encoding
= mapping table (dictionary) stored in
¢ a dedicated table
¢ data block header

2 Block compression (Oracle)

>—> >—> Eterminty Calvin Klein
>—> > Polo Ralph Laurent
Eternity Calvin Klein 100 I——-. 100
Polo Ralph Laurent 230 -O 230
Polo Ralph Laurent 20 @ 20
Polo Ralph Laurent 110 ) 110
Eternity Calvin Klein 210 @ 210
Eternity Calvin Klein 210 ) 210
Eternity Calvin Klein 210 ) 210
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RS-CS comparison

< DB size
= source data file: 1TB
= RS DB size > 1TB
= CS DB size < 1TB
2 Performance of group by queries
*= RS: lower 2> more data needs to be read (whole
rows)
= CS: higher - less data needs to be read (only
columns in group by and aggreg. functions)
= RS: more indexes and materialized views need to be
created

© Robert Wrembel (Poznan University of Technology, Poland) 19

Performance comparison: CS-RS

2 Source
= D.J. Abadi, S.R. Madden, N. Hachem: Column-stores vs. row-stores:
how different are they really?. SIGMOD, 2008

< Experimental setup:
= Star Schema Benchmark = DW benchmark derived
from TPC-H (pure star schema)

» 13 queries divided into 4 categories

© Robert Wrembel (Poznan University of Technology, Poland) 20



Performance comparison: CS-RS

60
= 40 A
2 20
- i ol
queries - 13201 (2223 (3.1 (3233|3441 |42]43]|AVG
~S{ERS 27 [ 20| 1.5 |43.8[44.1[46.0[43.0(42.8|31.2| 6.5 [444|14.1]12.2|25.7
{ ERS (MV) < IO T 02 [ 1557135718161 6.9 | 6.4 | 3.0 [29.2]|224| 6.4 |10.2
MCS <mtefped) 01| 01 | 5.7 | 42| 3.9 i"-l_.() 441761068237 26|40
OCS (Row-MVY) | 16.0 'C')Hl 8.4 [33.5(23.5]223 48;5 21.5117.6|17.448.6|38.4|32.1|259
" row store column store RS with optimal set
of materialized views
CS implemehted by
standard RS materialized views
© Robert Wrembel (Poznan University of Technology, Poland) 21

Performance comparison: CS-RS

Average
2 RS with various data we
structures
= T: traditional RS 200.0 -
= T(B): traditional + bitmap
indexes
= MV: optimal set of mat. views % "’
= VP: vertical partitioning 3
(simulated - each column in E ool
its own table)
= AI: B+-tree on each column
50.0 4
00! T(B) % VP | Al
W Average| 25.7 64.0 10.2 799 | 221.2
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Our experiments

2 Oraclellg and SybaselIQ 15.4
<> DB size 3GB
2 Cache

= Sybase: 1024MB (main cache size)
= Oracle: 1024MB (data cache)

2 Intel Core 2 Duo P8400 2,27 GHz, 4GB RAM, disc Hitachi
Travelstar 5K250 HTS542525K9SA00

© Robert Wrembel (Poznan University of Technology, Poland) 23

Our experiments (2

2 Indexes
= SybaselQ

¢ Fast Projection (default) = on all columns for
projection optimization
¢ High Group (default) = on UNIQUE, PRIMARY
KEY, FOREIGN KEY
* Oracle
* PRIMARY KEY (default)
 FOREIGN KEY

© Robert Wrembel (Poznan University of Technology, Poland) 24



Our experiments (3)

7] categories v
Categoryld INT
» Categoryl ame W ARCHAR( 30)
v
FRIMARY
ES
|
L
M
] Products v
Productd INT ] Auctions ¥
»ProduciName YARCHAR(3D) » Price NUMERIC(10,2)
@ Categoryid INT H————— —}e& & Quanuty INT
v @ Dateld INT
@ Cirvid INT

PRIMARY
FK_Products_Calegories

|

|

] usars v |
UserTd IHT !

s Userliams VARCHAR(ID) |
& Groupd INT H———

v
PRIMARY
FK_Users_Groups
b4
L
+
"] Groups v
Groupld INT
> GroupName VARCHAR(30)
v

r— ——1< % Proguctid INT

@ Userld INT

] Days v

Months ¥
Dateld INT m
» Dayame VARCHAR (3) Manthlc INT
% Vearld INT
@ Mantld INT
— — — 4 O MenhNr TNT
S Dayhir TNT
v
ad PRIMARY
m—— FX_Months_Years
F<_Cars_Monihs b
H |
! i
! |
! i
______ ! "l vears v
Yearld INT
> Yearlir INT
______ N =
| |FRIMARY |
|
1
ki
_| cities v
Cind INT
5 Cityilam e VARCHAR(30)
» Regonld INT
»
+
4
T
| Regions v

Regionid THT 1 Countries
>Regionkame VARCHAR(30) Courtryid INT
&Counrydd INT ——H

< Courtrytiame VARCH AR(30)

v v
PR ‘ PRIMARY |PRIM ARY
© Robert Wren FK_Regions_Countries 25
-
Our experiments (1)
= Q1: GROUP BY (productName, regionName)
= Q2: GROUP BY (productName, regionName, monthNr)
= Q3: GROUP BY, 4 dimensions
SELECT sum(a.price), p.productName,_r.regionName, m.monthNr, u.userId
FROM auctions a, products p, citiés c, regions r,
days d, months m, users u i
WHERE a.productId = p.productId 400
AND a.cityId = c.cityId 350 | WSybase
AND c.regionld = r.regionId M Oracle
AND a.dateId = d.dateld 300
AND d.monthId = m.monthId =
AND a.userlId = u.userld E 250
GROUP BY p.productName, T 300
r.regionName, E
m.monthNr, 2 150
u.userld; E
100
50 +
0
Qa3
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Our experiments (s)

* Q4: GROUP BY (productName, regionName, monthNr)
= variable selectivity: 5, 10, 20, 30, 40, 50, 80%, on attribute

City and Date

160

R
S &

g

elapsed time [s]

M Sybase

M Oracle

5% 10%  20%  30%  40%  50% 80%
selectivity

© Robert Wrembel (Poznan University of Tt
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Our experiments ()

= Q5: GROUP BY ROLLUP (productName, regionName)
= Q6: GROUP BY ROLLUP (productName, countryName,

monthNr)

elapsed time [s]

M Sybase

M Oracle

8
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Our experiments (7)

= Q7: one table query

SELECT sum(a.price), a.productld, a.cityId, a.dateIld
FROM Auctions a
GROUP BY productId, cityId, dateId;

180

M Sybase
160 —
M Oracle
140
= 120
]
E 100
5
-
2 80
o
)
T 60
a0 |
20
0 4
Q7
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Materialization - SMA

> SMA - Small Materialized Aggregates

=  G. Moerkotte: Small Materialized Aggregates: A Light Weight Index Structure for
Data Warehousing. VLDB, 1998

= disk data are divided into buckets
= every bucket has associated SMA
BZWEBK | 2006 Mar 31 148,00 147,00 143,00

BZWEK | 2006 ar 30 149.00) 147.50[ 150,50
BZWEK | 2006 ar 29 148,50 14650 148,50

SMA bucket1
TimeKey max: 31.03.2006

EZWeK| 2006 | Mer | 28 | 15000] 148.00] 150,00 TimeKey min: 27.03.2006
BZWBK]| 2006 | Mar 27 147 50] 14750] 15000 count: 5
BZwBK| 2006 | Mar | 24 | 148.00| 142,00 15000 SMA bucket2

BZWEK| 2006 | Mar | 23 | 14800 147,50] 150,00 . .
EZWEK| 2006 | Mar | 22 | 147.00] 145.50] 150,00 If"‘eze"m,a";::g:'zzggg
BZWBK] 2006 | Mar | 21 148,50]  147,00] 150,00 fmefey min: 20.9.
BZWBK| 2006 | Mar | 20 | 14850] 147,00] 15150 count: 5

BZwEK| 2005 | Mar | 17 | 15150] 14800] 15200 [ smA bucket3
BZWBK| 2006 | Mar | 16 | 150.00] 14950] 15250 ,

’ y : :17.03.2
EZWEK| 2006 | Mar | 15 | 15150 149,00] 152.00 Ifm:i:y::‘.gg:zgg:
BZWEK| 2006 | Mar | 14 | 149,00] 14850 15150 imeKey min: 13.03.
BZWEK| 2006 | Mar | 12 | 15250] 14500 15250 | count:S
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SMA

2> SMA
= defined on an ordering attribute
= used for filtering buckets

SELECT... FROM... WHERE TimeKey > '22-Mar-2006'

SMA bucket1
TimeKey max: 31.03.2006 | -
TimeKey min: 27.03.2006

count: 5

SMA bucket2

TimeKey max: 24.03.2006
TimeKey min: 20.03.2006  [€-------------==""
count: 5

SMA bucket3

TimeKey max: 17.03.2006
TimeKey min: 13.03.2006
count: 5

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

Zone Map - IBM Netezza

S ZM - Zone Maps
» similar to SMA
= data stored in extents (zones)
= for a given attribute, ZM stores MIN and MAX value
of an attribute in an extent
» created and maintained automatically for every
extent

© Robert Wrembel (Poznan University of Technology, Poland) 32



Materialized query

2 The result of a query persistently stored in a
database

= table (naive approach)

» additional functionality
* refreshing
e query rewriting

= other names
+ materialized view (Oracle, IBM Netezza)
+ materialized query table/ summary table (DB2)
+ indexed view (SQL Server)

© Robert Wrembel (Poznan University of Technology, Poland)

MV refreshing

33

2 Refreshing moment
* immediate
» deferred
« automatic (with a defined frequency)
e manual
2 Refreshing mode
= full
* incremental
« detecting changes in source tables
« propagating the changes into a MV

© Robert Wrembel (Poznan University of Technology, Poland)
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MV - example Oracle (1)

Customers

#CustomerID
Town
Country

create materialized view SalesMV1
q q " Sales Time
build immediate Products ProductID #TimeKey
refresh force #ProductID | o CustomerID |5 pay
; . ProdName TimeKey Month
with rowid Category SalesPrice Quarter
as — Discount Year

select ProdName, Category, Country, Month, Quarter,
sum(SalesPrice) as SumSales

from Sales s, Products p, Customers c, Time t

where s.ProductID=p.ProductID

and s.CustomerID=c.CustomerID

and s.TimeKey=t.TimeKey

group by ProdName, Category, Country, Month, Quarter;

alter materialized view SalesMVl enable query rewrite;

© Robert Wrembel (Poznan University of Technology, Poland) 35

MV - example Oracle (2

create materialized view SalesMV1

select ProdName, Category, Country, Month, Quarter, Year,
sum(SalesPrice) as SumSales

from Sales s, Products p, Customers c, Time t

where s.ProductID=p.ProductID

and s.CustomerID=c.CustomerID

and s.TimeKey=t.TimeKey

group by ProdName, Category, Country, Month, Quarter, Year;

select Category, Country, Quarter, sum(SalesPrice) as SumSales
from Sales s, Products p, Customers c, Time t

where s.ProductID=p.ProductID

and s.CustomerID=c.CustomerID

and s.TimeKey=t.TimeKey

group by Category, Country, Quarter;

select Category, Country, Quarter, sum(SumSales)
from salesMV1
group by Category, Country, Quarter;

© Robert Wrembel (Poznan University of Technology, Poland) 36



0
1
2

MV - example Oracle (3)

select Category, Country, Quarter, sum(SalesPrice) as SumSales
from Sales s, Products p, Customers c, Time t

where s.ProductID=p.ProductID

and s.CustomerID=c.CustomerID

and s.TimeKey=t.TimeKey

group by Category, Country, Quarter;

query rewriting

SELECT STATEMENT Optimizer=ALL ROWS (Cost=4 Card=170 Bytes=7 140)

0 HASH (GROUP BY) (Cost=4 Card=170 Bytes=7140)
1 MAT VIEW REWRITE ACCESS (FULL) OF 'SALESMV1' (MAT VIEW REWRITE)
(Cost=3 Card=170 Bytes=7140)
© Robert Wrembel (Poznan University of Technology, Poland) 37

MV - example Oracle (4)

create materialized view SalesMV2  —

select ProductID, Category, Country, Month, Quarter, Year,
sum(SalesPrice) as SumSales

from Sales s, Products p, Customers c, Time t

where s.ProductID=p.ProductID and s.CustomerID=c.CustomerID

and s.TimeKey=t.TimeKey

group by ProductID, Category, Country, Month, Quarter, Year;

select ProdName, Category, Country, Year, sum(SalesPrice) as SumSales
from Sales s, Products p, Customers c, Time t

where s.ProductID=p.ProductID and s.CustomerID=c.CustomerID

and s.TimeKey=t.TimeKey

group by Category, Country, Year;

query rewriting

ProductID > ProdName join-back

0 SELECT STATEMENT Optimizer=ALL ROWS (Cost=8 Card=175 Bytes=1 2425)

1 0 HASH (GROUP BY) (Cost=8 Card=175 Bytes=12425)

21 HASH JOIN (Cost=7 Card=175 Bytes =12425

32 TABLE ACCESS (FULL) OF 'PRODUCTS' (TABLE) (Cost=3 Card=162 Bytes=4374)
4 2 MAT VIEW REWRITE ACCESS (FULL) OF 'SALESMV2' (MAT VIEW REWRITE)

(Cost=3 Card=175 Bytes=7700) 38



MV - example Oracle (5)

2 For incremental refreshing MV
= MV log on all tables used in the definition of the MV

create materialized view SalesMV1

build immediate

refresh force

with rowid

as

select ProdName, Category, Country, Month, Quarter, sum(SalesPrice) as SumSales
from Sales s, Products p, Customers c, Time t

where s.ProductID=p.ProductID

and s.CustomerID=c.CustomerID

and s.TimeKey=t.TimeKey

group by ProdName, Category, Country, Month, Quarter;

create materialized view log on Sales
with rowid, primary key
including new values;

create materialized view log on Products
with rowid, primary key
including new values;

© Robert Wrembel (Poznan University of Technology, Poland) 39

MV example DB2 (1)

< Maintained by
» user: maintained by user clause
= system (default): maintained by system clause

¢ either automatic or non-automatic refreshing mode is
available

+ automatic mode (refresh immediate clause) > a MQT is
refreshed automatically as the result of changes in the
content of its base tables

— automatic mode requires that a unique key from each
base table is included the MQT

* non-automatic (refresh deferred clause) = a MQT has

to be refreshed by explicit execution of:

refresh table TableName {incremental |not incremental}

© Robert Wrembel (Poznan University of Technology, Poland) 40



MV - example DB2 (2

create table YearlySalesMV2

as

(select ProdID, ProdName, Year,
sum(salesPrice) as SumSales

from Sales s, Products p, Time t

where s.ProductID=p.ProductID

and s.TimeKey=t.TimeKey

and t.Year=2009

group by ProdID, ProdName, Year)

data initially immediate

refresh immediate

maintained by system

enable query optimization;

© Robert Wrembel (Poznan University of Technology, Poland) 41

MV - example DB2 (3)

< For incremental refreshing
= MV log = staging table

create table YearlySalesMV3 ST for YearlySalesMV3
propagate immediate

set integrity for YearlySalesMV3

i staging

immediqte unchecked

\2
allows to contol how integrity constraints are checked for a MV

v
integrity constraints are not checked after refreshing the MV

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



MV - example Netezza (1)

2 Used for query rewriting
< Stored as a table

CREATE MATERIALIZED VIEW v-name AS
SELECT ... FROM tab-name [ORDER BY ...]

2 Some restrictions
= only one table in the FROM clause
= no WHERE clause

= the columns in the projection list must be columns = not
allowed expressions (aggregates, mathematical operators,
SQL functions, DISTINCT, ...)

= if ORDER BY is used, then it must use columns in the
projection list
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MV - example Netezza (2)

< Inserting rows into a base table
* new rows are appended to the MV = two areas in the MV:
¢ the sorted records generated when the view was created

o the unsorted records that have been inserted into the base
table after the MV was created

= resorting while refreshing

base table rows existing
during the MV creation I:> Mv

base table rows inserted
after the MV creation
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MV - example Netezza (3)

2 Suspending MV = making it inactive

2 Refreshing MV
* manually = the REFRESH option
» automatically = setting a refresh threshold

« the threshold specifies the percentage of unsorted data
in the materialized view, value from 1 to 99 (default
20)

¢ the thresholds allows to refresh all the materialized
views associated with a base table

ALTER VIEW MV-name MATERIALIZE {REFRESH | SUSPEND}

2 The system creates zone maps for all columns in a MV
that have data types integer, date, or timestamp
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MV example - SQL Server

2 MV is created by creating a unique clustered index
on a view (clustering data by the value of the
indexed column)

2 The index causes that the view is materialized

create view YearlySalesMV prevents from modifying base tables' schemas
with schemabinding < as long as the view exists

as

select ProdID, ProdName, Year, sum(salesPrice) as SumSales

from Sales s, Products p, Time t

where s.ProductID=p.ProductID

and s.TimeKey=t.TimeKey

and t.Year=2009

group by ProdID, ProdName, Year

create unique clustered index Indx ProdID
on YearlySalesMV (ProdID, ProdName, Year)
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MV - SQL Server

2 Query rewriting: MV must be explicitly referenced
in a query with noexpand

select Columnl, Column2,
from Table, IndexedView with (noexpand)
where

< Refreshing: immediate and incremental
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