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Intreductions

SRIErANCAS TAGI Database
"'Challenging Environment
The 1TB Tests
-0 Learnlng
= s Performance results
¢ \What's next
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o ATLAS,. TAG Database

> Dej ed In ATLAS Computing Model
and relational database system
05 pport seamless discovery, identification,

FJ
e1ect|on and retrieval of events of mterest

-fo analysis and no others

s JTJAGs written at AOD production

¢ Implemented using LCG POOL Collection

infrastructure




What.s ar TAGZ+

NSy feImaten PR event
SMALtnbUtes  selected to support selection of
SVERSfand navigation within the: system

= FVent ID and Global event properties

= Irigger information

— —

—  — Quality information
— Temporal information
— Physics objects (high level)




MG Allenging Environment:....
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=2Z00rnew event TAGS per second for data taking,
gassiime SOK active seconds/day = 58% efficiency for
L- ichractive day, 1027 events/day

S data volume

9% Year data |Data Volume

taking Terabytes!
40 1.42TB

60 3.65TB
additional {60 6.09TB
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"Challenging Userlw

SNhE ATIEAS physicist -
=85t effficient, accurate queries
= REliablernavigation to event data

& _ Seamless integration with analysis
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ERBrmance and Scalability Jiests,

=E)I‘ Relational TAG Database

JEENSCalElrealistic tests to uncover

—l\.’

crl rl enges prought with scale
lmlse and measure performance

- Management

- Partitioning

- Indexing

- Optimizer

- Hints

- Multiple clients
- Query patterns
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Why 118 tests? o
et thatImportant performance
giENfiaiagement phase transitions will be

o We_ SXPEC
(“r( 95560 as we scale to billions of events

= uerles may be unselective and select

::*-.-HCI’OSS d range of attributes — want to
address this challenge at large scale
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P Memory to disk
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e 1B AG Database”

SNerealedione millionrdummy’ events based
onNeal MAG attributes
R aalistic and varied data types and value
= lstrlbutlons

f f Multlpllcatlon and replication, one million to
~ one billion, realistic and with unigue ids




0 S
Name Datatype Size Scale Nulls? [Index ?
D INUMBER 36 0 'Yes B*Tree
RUNNR INUMBER 12 0 Yes Bitmap
EVENTNR INUMBER 12 0 Yes
GOLDEN1 INUMBER 12 0 Yes Bitmap
GOLDEN2 INUMBER 12 0 Yes
AODFILEFK INUMBER 12 0 Yes Bitmap\
ESDFILEFK INUMBER 12 0 Yes
BOOL500CHARO1 CHAR 1 Yes Bitmap
BOOL100CHARO1 CHAR 1 Yes Bitmap
BOOL10CHARO1 CHAR 1 Yes Bitmap
BOOL1CHARO1 CHAR 1 Yes Bitmap
BOOL500NUMO1 NUMBER 1 0 Yes Bitmap
BOOL100NUMO1 NUMBER 1 0 Yes Bitmap
BOOL10NUMO1 NUMBER 1 0 Yes Bitmap
BOOLINUMO1 NUMBER 1 0 Yes Bitmap
- ENUMUNI100VCO1 VARCHAR?2 10 Yes Bitmap
NUMUNII0VCO1 VARCHAR?2 10 Yes Bitmap
NUMEXP1000NUMOI  NUMBER 5 0 Yes Bitmap
NUMEXP100NUMO1 NUMBER 5 0 Yes Bitmap
NUMEXP10NUMO1 NUMBER 5 0 Yes Bitmap
NUMUNII000NUMO1l  NUMBER 5 0 Yes Bitmap
NUMUNI100NUMO1 NUMBER 5 0 Yes Bitmap
NUMUNI1IONUMO1 NUMBER 5 0 Yes Bitmap
NUMUNISNUMO1 NUMBER 5 0 Yes Bitmap
ORI100BFO1 BINARY_FLOAT Y4 Yes B*Tree
ORI10BF01 BINARY_FLOAT Y Yes B*Tree
ORI1BF01 BINARY_FLOAT Y Yes B*Tree
ORI100NUMO1 INUMBER 12 5 Yes B*Tree
ORIONUMO1 NUMBER 12 5 Yes B*Tree
ORINUMO1 NUMBER 12 5 Yes B*Tree
NINUMO1 NUMBER 12 0 Yes B*Tree
NI10KNUMO1 NUMBER 12 0 Yes Bitmap
NI1KNUMO1 INUMBER 12 0 Yes Bitmap
NI100NUMO1 INUMBER 12 0 Yes Bitmap”
NI1ONUMO1 NUMBER 12 0 Yes Bitma;
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WITB Test systems

ITRACO4.cern.ch ITRACO5.cern.ch
2 CPUS, 4GB total memory 2 CPUS, 4GB total memory

INT8R1 instance INT8R2 instance
2GB Oracle Cache 2GB Oracle Cache

ASM - Shared
Storage

INT8R.CERN.CH

~2TB user space
available
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Partitioning thesdaia

SR ETItions are an Oraclet SR—
— 'F{; JOrMance queries
qﬁta manageability

g J\z Itldlmen5|onal

e —"

= Horizontal

.h.
_"=|
_—-'-_

—- - — Vertical

- # Choice of partition key
— RUN
— STREAM
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Table Architecture

Divide all data
HORIZONTALLY
into TEN
STREAM TABLES

/

—
—
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Partition all
STREAM
TABLES
HORIZONTALLY
by RUN — each
table has 100
partitions, 40
runs per
partition, 1
million rows per
partition

® This is our nth partitioning schema




_ Indexing

SRINGIIRESHiaBIEENIaVENIiECINEEX dithaP
IEEXSand Non' INdexed: attrputes

jiested extensively to understand performance
giiaMianagement implications of all' three

SH/eiearned
= e Biree and bitmap index attributes perform differently
= s Oracle has distinct query plans which are optimal for each

e Non indexed attributes are a huge restriction on query
performance

¢ Index everything (challenge)

® Pre-process to separate btrees and bitmaps, implement a
different query plan for each
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2Optimizing.the Optimizer

PNEIacle ias anl Optimizer'designed to select
epunial guery execution plans

0 fformance IS sensitive to query plans

= . Optimizer chooses the plan based on cost estimation

s Complex selection
® Jses statistical information about data

Optimizer is not perfect

® Tnvestigate optimal query plans
e Help the Optimizer make the right choice
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Oracle Hintsye

0 =

SN e IS WeETErtested:::

LLEL - needed for parallelization of full table scan or
. range scan
=F RALLEL INDEX - needed for parallelization of index access
_,- NEDEX JOIN - for hash joins with b-tree indexes
— INDEX COMBINE - for bitmap indexes
- opt param( INDEX JOIN ENABLED ,false) - Can enable and
disable session parameters for a single SQL




= Queries, fior testing”

OIMHEIVERISpVIthiatlEasiitveel ectivnsiandimissing
AE0GEV that are “good for physics” - SUMMARY

SIVEIIE IBINEhE events with at least two electrons and missing
rr 10GeV that are “good for physics” - CONTENT

=— .‘5 Selection based on both index types

E ---:—"J‘-JE'

_

-f E e Use INDEX_JOIN for btrees and INDEX_COMBINE for

bitmaps, then INTERSECT

e Flush buffer cache between queries, so no cache
advantage

e Increase number of partitions involved as increase
rows returned, consistent % rows from each partition
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SUmmaky gueress

Time to count events, 1% data per partition, both index types Time to count events, 10% data per partition, both index types

10000 20000 30000 40000 50000 60000 70000 80000 100000 200000 300000 400000 500000 600000 700000 800000
rows counted rows returned

eTime increases with number of partitions

eLinear increase — predict time

»10 x data not 10 x time — can predict time with some bounds
eTime in order of seconds
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SIS qUekies — anrextreme™

Time to count events, all partitions, increase data returned, both index types

time(mins)

N W A OO N 0O ©

500000

3500000

1000000

1500000

2000000

rows returned

2500000

3000000 4000000

See value of partition elimination
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Time to select, both index types, 1-10 partitions, 1% data per partition Time to select, both index types, 1-10 partitions, 10% data per partition
140 140
120 - 120
100 100
« 80 0 80
:E: 60 £ w0
40 40
20 2
0 - . " - : 0 . . ; - .
0 20000 40000 60000 80000 100000 120000 0 200000 400000 600000 800000 1000000 1200000
rows returned rows selected

Li_near increase in time with number of partitions

Time overhead is in number of partitions accessed, not data returned from within

Time order of seconds

Does this linear relation extrapolate indefinitely




sontent query. — ansextreme ™

Time to select, both index types, all partitions, increase data per partition

I~a}
A%

= 45
= |
=4 40 -
35
2 —
20
£ e
£ 25
@
£ 20 -
15 A
= 10
_'_1-:"-"' _.'_-_._ 5
0

-='..|-"'

T rows returned

= '-l:--"-_:__- = -10000000 0 10000000 20000000 30000000 40000000 50000000 60000000 70000000

- _If linear relation is constant ~proportional to number of partitions in
query, then query from all (100) partitions ~20 mins
Not in practice....why?

Threshold case where sorts move from all memory to disk — higher performance
overhead, same query plan, but with use of disk

Faster than full table scan
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Results ..o

40

20 -

Count vs Select - 10% data, 1-10 partitions

The “extreme case

(optimised) -
upwards of 30 mins
for selects

P

0 200000 400000 600000 800000 1000000 1200000

rows returned

" Encourage counts before select

Encourage use of partition key

Can extrapolate to predict time query likely to take
Pre-processing crucial



MEIEpIe clients — StressHiests™

® ../

JASSESSIPENOMance of system under multr client
SHVINONIMENT
ESimtiatera realistic query environment by creating
écted typical gueries
Counts and retrieves
; ""_‘ Vary attributes and filters

— __.-._

— % Create a sample job of 9 optimised queries, with 60
seconds, then 90 seconds of pause between each

@ Sessions on one node of INT8R cluster.
e Node has 2Gb memory and 2 CPUs




Job Frequency- 60 seconds

Job Frequency - 90 seconds

120

100 R PR IO RROCCD

80

—— N. of Jobs Active
60 —=— Job Time (minutes)
Avg Host CPU

—e— N. of Concurrent Jobs
60 —=— Job Time (minutes)
Avg Host CPU

40

20

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
Q T v v 9 - N O O ¥ n Q NI IR e - N TN NAN®

® O M0 ¥ T F F T T OOGB  E 000000 rrr-r=—rraAaAdNAWN«N

- - - - - - - - - - - - —_ - - - - - - - - -—_-—_—-——- -

2 Sa'ic= at 60 seconds, queries supported at
RYPrseconds
_-=-4 ob every 90 seconds generates ~9000
—'-querles per day

_9 110 production database has 6 nodes, each T1
nas 2 nodes (3 oracle licences)

® New hardware in April 2008, will test when new
hardware becomes available

e Need to limit concurrent processes



AS Relational TAG Database ..
EXPERIENcE

SRIERSHEams Tiest TAGI database
SSISmaller scale

P siintreduce users to TAGS

= _'0 Gather guery pattern information

— -
e
g Tl L

http atlas.web.cern.ch/Atlas/GROUPS/OPERATIONS/dataBases/TAGS/tag_browser.php

—
—
.//a
=
_-l-__
i =

- > 5 O O O q u e ri e S Counts vs Retrievals for Streams test TAG database
captured

el
—
m—

“Pinch of salt” for query
capture..... but positive and
useful feedback nonetheless




What's next2

- As SESSIPENTONMANCE ONnrNEW ardware
v J\Je\\ reaI TAG Database for CSC data

_ Cor jitinue gathering data about likely query
== atterns

_.:-.-'ﬂ“:-A' \SSESS file vs. relational database to guide users
— as terwhen each is appropriate

® Jrigger implementation in TAGS
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SuUmmarys

SRINIERESHS optimised and measured
DES formance of realistic scale TAG

f abase
nderstand challenges and develop a

= system that can offer good performance

i
= =
il Ly
—

- ® Ongoing challenge

__——
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cerlelrle ——
=eoeplete set of data (or MOSt Used part thereof) fits in
EmeErRy/cache
JJ"Q' o)) ~C'-E‘ —
SRGUER/ tmens imited by cpu and mem speed

— mplete set of Indices (or most used part thereof) fits in

emory/cache

S eEfastiidentification of data
& ® slow retrieval from disk
’ — contiguous parts @ O(100MB/s)
— random parts @ O(1000 IO/s) = O(1 MB/s)
- : — contiguous IO degrades with: parallelism
== — Neither Indices nor data fit in memory
® ndex reading from disk
— usually contiguous
— Final and/or intermediate results do not fit in memory
® e.g. for sorting, intersection, joins, ...
® need to use disk even for these ops




, BITMAP CONVERSION TO ROWIDS BITMAP INDEX
5k SCAN INDEX RANGE SCAN, PARALLEL

:_75 YINDEX (FULL SCAN) OF 'ICMG1_1_ID’, BITMAP INDEX (RANGE
:'.7 ::":"SCAN), BITMAP MERGE, BITMAP AND, BITMAP CONVERSION (TO

——

~ ROWIDS), HASH JOIN, SORT (UNIQUE), QUERY PARALLEL

content
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EachigUeRyAscansiiGl
of' data, whichiin
logical units, would be
around 1 hour and 30
minutes of data at
200Hz speed

Average time of job
running alone is 10
minutes

Node has 2Gb memory
and 2 CPUs




