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* Replication Performance

« Streams Optimizations
— Downstream Capture
— Split & Merge Procedure
— TCP and Network
— Rules
— Flow Control
— Lessons Learned
— Transportable Tablespaces for Scalable
Resynchronization
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St Technology for sharing information between

databases

« Database changes captured from the redo-log and
propagated asynchronously as Logical Change
Records (LCRS)

Source E E
DatabaseA

P
T3

Target
Database

CERN IT Department

CH-1211 Geneve 23

Switzerland 3 @
www.cern.ch/it



M LCG Distributed Architecture CERNLIpartmem

g1

P

mem (Jracle Streams
== http transfer

=== Cross DB copy and m
MySQL/SQLite files :

TO

- autonomous
reliable service

T1 - DB backbone

- all data replicated
- reliable r::‘:vl:u

T2 - local DB cache
- supset data
- only local service

Online DB

= gUutonomous
reliable service

] Oracle DB cluster

1l MySQL/sQLight file
]_| Squid cache

Read-only access at Tier-1/2
[_| FroNTier server (at least initially)
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CAPTURING 238,09 LCRs/s
PROPAGATING 212.82 LCRs/s
APPLYING 138,7 LCRs/s

i
_Fhin
it
i

CAPTURING 238,89 LCRs/s
PROPAGATING 237,45 LCRs/s
APPLYING 131.74 LCRs/s

CAPTURING 238,89 LCRs/s
PROPAGATING 236.36 LCRs/s
APPLYING 199,58 LCRs/s

CAPTURING 238,09 LCRs/s
PROPAGATING 238.8 LCRs/s
APPLYING 235,97 LCRs/s

CAPTURING 238.89 LCRs/s
PROPAGATING 238 LCRs/s
APPLYING 199.8 LCRs/s o8 (GM

CAPTURTHG .85 LCRs/s
ATONI RN, PROPAGATING ,B5 LCRS@» ATL RN, ATLDS RN, CAPTURING 238,89 LCRs/s
PROPRGATING 237,45 LCRs/s
APPLYING 236,92 LCRs/s
\ e
\ CAPTURING 238,89 LCRs/s AL (
PROPAGATING 268.48 LCRs/s

APPLYING 265.83 LCRs/s

CAPTURING 246.29 LCRs/s NL ¢
PROPAGATING 259,24 LCRs/s

APPLYING 250,97 LCRs/s

RAC: 6 nodes RAC: 4 nodes RAC: 3 hddes\
dual CPUs guad-core CPUs guad-core C\?

CAPTURING 238.89 LCRs/s o] 4
PROPAGATING 248,54 LCRs/s
APPLYING 199.55 LCRs/s

CAPTURTING 238,89 LCRs/s SQR‘THE
PROPAGATING 205.34 LCRs/s
APPLYING 67,59 LCRs/s

e

CERN IT Department RAC: 2 nodes —
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Conditions and LFC

RAC: 4 nodes
guad-core CPUs
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CAFTURING .35 LCRs/s
PROPAGATING .35 LCRs/s
APPLYING .3 LCRs/s

<z e
e Fain
CAPTURING .35 LCRs/s ‘nﬂ'

CAPTURIMG .35 LCRs /s
FROPAGATING .35 LCRs/s
APPLYING .3 LCRs/s

APFLYING .3 LCRs/s

CAPTURING .35 LCRs/s
LHCBD: ERMN PROPAGATING .35 LCRs/s
%
» *T»
|

k
RAC: 3 nodes
guad-core &PUs

CAPTURING .35 LCRs/s
PROPAGATING .35 LCRs/s
APFLYING .6 LCRs/s

e
&g »
CAPTURING .35 LCRs/s .
PROPAGATING .35 LCRs/s
APPLYING .3 LCRs/s Bw

RAC: 2 nodes
dual CPUs
°

Department
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* The atomic unit is the change record: LCR

 LCRs can vary widely in size
=» Throughput is not a fixed measure

e Capture performance:

— Read LCRs information from the redo
* From redo log buffer (memory - much faster)
* From archive log files (disk)

— Convert changes into LCRs
* depends on the LCR size and number of columns

— Enqueue the LCRs
* Independent of the LCR size
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e Propagation performance:
— Browse LCRs
— Transmit LCRs over the network

— Remove LCRs from the queue
* Done in separate process to avoid any impact

* Apply performance:
— Browse LCRs

— Execute LCRs
* Manipulate the database is slower than the redo
generation

» Execute LCRs serially => apply cannot keep up with
the redo generation rate

CERN 1T Deparment — Remove LCRs from the queue
s

CH-1211 Geneve 23
Switzerland

www.cern.ch/it
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 Downstream capture to de-couple Tier O production
databases from destination or network problems

— source database availability is highest priority
— more resources allocated to the Streams processes

* Optimizing redo log retention on downstream database
to allow for sufficient re-synchronisation window

— we use 5 days retention to avoid tape access
« Optimizing capture parameters
— retention time and checkpoint frequency
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If one site iIs down
— LCRs are not removed from the queue
— capture process might be paused by flow control

=>» impact on replication performance

* Objective: isolate replicas against each other

— split the capture process
 (original) Real-Time capture for sites “in good shape”
* (new) normal capture for site/s unstable/s
— new capture queue and propagation job
— original propagation job is dropped
—>spilled LCRs are dropped from the original capture
queue
— merge the capture processes

e resynchronization

CERN IT Department
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M TCP and Network Optimizations T

 TCP and Network tuning
— adjust system max TCP buffer (/etc/sysctl.conf)
— parameters to reinforce the TCP tuning

« DEFAULT_SDU_SIZE=32767

« RECV_BUF_SIZE and SEND_BUF_SIZE
— Optimal: 3 * Bandwidth Delay Product

 Reduce the Oracle Streams acknowledgements
— alter system set events '26749 trace name context forever, level 2,

4500 -
4000 -
3500 +
3000 +
2500 -
2000 -
1500 A
1000 A

500 -

CERN IT Department 04
CH-1211 Genéve 23
Switzerland local area remot_e area 1 @
www.cern.ch/it (CERN) (Taiwan)

@ Network tuning
B TCP tuning
[ Basic conf.
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 Used to control which information to share

* Rules on the capture side caused more overhead
than on the propagation side

e Avoid Oracle Streams complex rules

Complex Rule

condition => '( SUBSTR(:ddl.get_object_name(),1,7) IN ("COMP200", "OFLP200", "CMCP200",
"TMCP200", "TBDP200", "STRM200")
OR SUBSTR (:ddl.get_base_table_name(),1,7) IN ("COMP200", "OFLP200", "CMCP200",

"TMCP200", "TBDP200", "STRM200") ) ' Ao | |
VOIa compiex ruies.

s IKE

* Functions
Simple Rule * NOT

condition => '(((:ddl.get_object_name() >= "STRM200_A" and :ddl.get_object name() <= "STRM200_Z") OR
(:ddl.get_base_table_name() >= "STRM200_A" and :ddl.get_base_table name() <= "STRM200_Z"))
OR ((:ddl.get_object_name() >= "OFLP200_A" and :ddl.get_object_name() <= "OFLP200_Z") OR
(:ddl.get_base_table_name() >= "OFLP200_A" and :ddl.get_base_table _name() <= "OFLP200_Z"))

CERN IT Department
CH-1211 Genéve 23 12 @
Switzerland \ )
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« Example: ATLAS Streams Replication
— filter tables by prefix

LCRs Flow
STREAMS_PROPAGATION_BNL@ATLDSC.CERN.CH

Generated on Tuesday 04th of December 2007 10:32:49 AM
Time range 11:40:23 06-09-2007 <-> 11:59:03 06-09-2007

LCRS CAPTURED/s
LCRS ENOUELED/s
LCRS PROPAGATED/s
LCRS DEQUEVED/s
Lo

oo TER

LCRs Flow
STREAMS_PROPAGATION_NDGF@ATLDSC.CERN.CH

Generated on Tuesday 04th of December 2007 10:10:04 AM
Time range 14:33:26 26-10-2007 <-> 14:54:06 26-10-2007

2800
— LCRS CAPTURED/s
2600 — LCRS ENGUEVED/s
— LCR§ PROPAGATED/s
2400 =] DEQUELED/ s
= LCRS APPLIED/s
2200
2000
150
8 @ A
A a 1600
8
(¥} 1400
50 a
1200
]

NDzEonenonenoReRoNon oo oo NeDCn2Do0 S 000
CREEI RIS RSB RIE N REE0REENRYESRIELIRIEDR
S C At HNNANNN NI ST OOD OO DOL EE L GOE D005
FEIIIFFYIEE T IIIIEE 995 EEEERe
Sl ) ) ] o] S ) ] ] ] s s ) | ] ] ] ) )
i e oo o oo o o Jou o o e o o e o e e e e oo o o
i A
1 N V \/U V
400
200
2}
o =+ D o e o o o o o o = 0 w r ) o o = o o <+ 0
@ ® a a & @ & 3 3 g 2 3 % 2 5 2 3 o ) B B ) iB
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« Example: ATLAS Conditions
— 2 GB per day
— Offline (CERN) to Tierl (Gridka)

LCRs Flow
STREAMS_PROPAGATION_GRIDKA@ATLDSC.CERN.CH

Generated on Monday 14th of April 2008 04:53:40 PM
Time range 13:51:07 26-10-2007 <-> 15:20:46 26-10-2007
2000

= LCRS ENQUELUED/=
LCRS IN SRC QUEUEDS=
1800 = LCRS PROPAGATED/s
LCRS IN DEST QUEUED =
— LCRS DEQUEUED =

1600 — LCRS APPLIEDA=
1400
1200
w
9
O 1000
-
800
GO0
400
200
Q J |
= = 2 & g e & 0 = o & = = o 2 e g e g i
) & k] e £ k] £ k] E k] e k] e k] ) 5 ) o ) =
CERN IT Department Timeline
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« By default, flow control kicks when the number of
messages is larger than the threshold
— Buffered publisher: 5000
— Capture publisher: 15000

e Manipulate default behavior

e 10.2.0.3 + Patch 5093060 = 2 new events

— 10867: controls threshold for any buffered message
publisher

— 10868: controls threshold for capture publisher

 10.2.0.4 = 2 new hidden parameters
— “_capture_publisher_flow_control_threshold”
— “_buffered_publisher_flow_control_threshold”

CERN IT Department
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 Example: ATLAS PVSS tests
— Online to Offline (CERN), 6 GB per day
— default: 2500 - 3000 LCRs per second
— new thresholds: 3500 - 4000 LCRs per second

LCRs Flow
PROPAGATE_TO_INTR@ATONR.CERN.CH

Generated on Monday 14th of April 2008 04:55:22 PM
Time range 14:55:09 14-04-2008 <-> 16:55:00 14-04-2008
S0

— LCRS ENOUEUED/=
LCRS IN SRC QUEUED =
4500 — LCRS PROPAGATED/)
LCRS IW DEST QUELED s
— LCRS DEQUEUED/s
— LCRS APPLIED/=s

000

3500

000

LCRs/s

2500

2000

1500

L0y

1]

—
15:25

e g 2 5 5 g g & g e g w8 g & g 8 g & g @ g v o @&
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e SQL bulk operations (at the source db)

— May map to many elementary operations at the
destination side

— Need to control source rates to avoid overloading

* Long transactions (non-frequent commits)
— Total number of outstanding LCRs is too large
— LCRs are in memory too long
=>LCRs are spilled over to disk
=>Apply performance is impacted

— All LCRs in a single transaction must be applied by one
apply server
=>» Parallel servers cannot be used efficiently
— Too many unbrowsed messages enables flow control
=>» Streams processes are paused

CERN IT Department

CH-1211 Geneve 23
Switzerland 17 \ )

www.cern.ch/it



Department

| CERN
M Lessons Learned T

< I

|} -
¢I !'

 Example: CMS replication
— Online to Offline (CERN)
— Single transaction mapping 428400 LCRs

p
79043@0RCON.CERN.CH

Ganaratad on Moaday 216t of April 2008 10:35:02 AM
Time range 00:43:44 11-04-2008 <-> 12:43:20 11-04-2008 LC Rs F I ow

IPAGATE_CMSR@ORCON.CERN.CH

Monday 21st of April 2008 10:19:17 AM
43 11-04-2008 <-> 17:12:24 11-04-2008

— LCRS ENQUELED/=
LCRS IN SRC QUEUED A=
— LCRS PROPAGATED =
LCRS IN DEST QUELED/s

EEEEEEEEE

— LCRS DEQUELED/=
— LCRS APPLIED/=

;,oggasii

2500 i - | ',I i
| e | fil LT
2000 . '|Wu '.|'|4¥|M| lmm il |“"|| ﬂ'_| I
! | 1 an
| | 'I" |"i -.rlj
1500
1000 |
I r
falile] 1
0
g & 2 & & & g & g & & & g & & & &g & g & g 8 g 8 g =8
CERN IT Department g £ £ € 5 5 &8 £ & g & & 4 4 0§ 8§ 9§ 8 93z o o§oso0F5 0§ 505
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 Example: CMS replication
— Use BLOB objects: single transaction mapping 3600 LCRs

LCRs Flow
STRMADMIN_PROPAGATE_CMSR@ORCON.CERN.CH

Generated on Monday 21st of April 2008 10:17:48 AM
Time range 09:12:41 18-04-2008 <-> 10:12:21 18-04-2008
300

= LCRS ENQUELED/=
LCRS IN SRC OUELED/=
450 — LCRS PROPAGATED/s
LCRS IM DEST QUEUED/s
= LCRS DEQUELED/=
400 = LCRS APPLIED/s

350

300

LCRs/s

250

200

150

100

TN

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
ooooooooooooooooooooooooooooooooooooooooooooooooooo

=

Fl

o)

=

®
@0
e
00
%
TS
183
e
»
12400
1203

* Performance depends on the number of LCRs per transaction

CERN IT Department

CH-1211 Geneve 23 rather than LCR size 19
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Target site out of the Streams recovery window

« Complete transfer of data (schemas and tables)
using Oracle Data Pump utility to destination
database may take days

— Example ATLAS Conditions data

« Transportable Tablespaces: move a set of
tablespaces from one Oracle database to another

— Export metadata of tablespace instead of data in tablespace
Example: ATLAS COOL test |

OExport/Imp

ITransporta Moving data using transportable
tablespaces is much faster than

Data Pump export/import
:

CERN IT Department
CH-1211 Geneve 23

Switzerland
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Restrictions:

— Database block size and character set must be the same
at source and target

— The Oracle release and the compatibility must be the
same or higher at target

— Tablespaces must be self contained

— Tablespaces need to be set to read-only while the files are
copied

It is NOT possible to use tablespaces from TierO
BUT we can use tablespaces from Tierl

« Cross-Platform since Oracle 10g

— Oracle provides a byte-order-conversion solution that uses
Oracle Recovery Manager (RMAN)

CERN IT Department
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Target Databases

1. Create database links
between databases

2. Create directories
pointing to datafiles

3. Stop replication to site 5

. Ensure tablespaces are
read-only

. Transfer the data files of
each tablespace to the
remote system

. Import tablespaces
metadata in the target

. Make tablespaces read-
CERN IT Department erte

CH-1211 Geneve 23
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The LCG Database Deployment Project (LCG 3D) has set
up a world-wide distributed database infrastructure for LHC

— some 124 RAC nodes = 450 CPU cores at CERN + several
tens of nodes at 10 partner sites are in production now

* Monitoring of database & streams performance has been
Implemented building on grid control and strmmon tools
— key to maintain and optimise any larger system

« Important optimizations have been implemented in order to
increase the Streams performance

— collaboration with Oracle as part of the CERN openlab has
been essential and beneficial for both partners
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