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Overview IT

Department

- Main motivation: end of support for Objectivity at CERN
— The end of the object database days at CERN (July 2003)

— The use of relational databases (e.g. Oracle) to store physics data has
become pervasive in the experiments since the Objectivity migration

* Double (or triple!) migration
— Data format (and software!) conversion from Objectivity to Oracle
— Physical media migration from StorageTek 9940A to 9940B tapes

- Data sets involved
— COMPASS raw event data (300 TB)
 Data taking continued after the migration, using the new Oracle software
— HARP raw event data (30 TB), event collections and conditions data
« Data taking stopped in 2002, no need to port event writing infrastructure
— QObjectivity used by LHC experiments too, but with no production data
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Migration history Départiment

Summer 2002: start preparing the migration (team of 5 in CERN IT)
Dec 2002 to Feb 2003: COMPASS raw event data migration

— 300 TB in 3 months at 100 MB/s and 2000 rows/s peak rate

— New storage system validated before the 2003 data taking

Apr 2003: HARP raw event data migration
— Fewer nodes but much higher efficiency, thanks to COMPASS experience

per real time (as of Tue May 27 15:03:06 CEST 2003}

per real time (as of Wed Feb 26 19:28:11 CET 2003) Harp migration data rate
e by file [Input CB per day]

Compass migration data rate

-  Summer 2003: HARP event collection metadata migration
— Longest phase (most complex data model) in spite of low data volumes

 End 2003: HARP conditions data migration

— Jan 2004: final validation of new storage system for HARP data analysis )/
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COMPASS & HARP raw event data
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- Both experiments used the same model in Objectivity

— Raw data for one event streamed as one binary large object (BLOB)
« Using the “DATE” format - independent of Objectivity
« Each such BLOB is encapsulated in one “event object” in Objectivity
— One ‘database’ file contains all events in a partial run (subset of a run)
« COMPASS: 200k files (300 TB) archived on 3400 CASTOR tapes
« Objectivity ‘federation’ (metadata of database files) permanently on disk

- Migrate both experiments to the same ‘hybrid’ model

— Migrate all raw event BLOB records to flat files in CASTOR
« Treat BLOBs as black boxes — no need to decode and re-encode them
» This was possible because DATE format is independent of Objectivity
— Migrate BLOB metadata (file offset and size) to Oracle database
 Large partitioned tables (COMPASS: 6x10° event records)
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Raw events in Oracle plus CASTOR
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. . . RAW_EVENT
 Main table in Oracle: _
» ” e e T
the “event table PK.FK1 SPILL ID N-Decimal(10,0)
PK EVENTINPARTIALSPILL_ID | N-Decimal(10,0)
— Metadata:100 GB (HARP) _
U1 EVENT_TIME N-Decimal(10,0)
: FK2,12 EVENT_TYPEID N-Decimal(1,0
— Offset and size of the 11 EVENT_ID N-ngmgém,%)
corresponding event YNNI | semation
record in the CASTOR file s e
for that partial run i
' MN-Decimal(10,0)
EVENTRECORD FILEOFFSETIN-Decimal(10,0)
N-Decimal(10,0)
= = C-Variable Length(30)
ORACLE_| NSERTIONTIME | T-Auto Timest
* BLOBS In ﬂat flleS ORACLE_INSERTIONHOST N_Di;m;mg,so?mp
— Raw data: 30 TB (HARP) ORACLE_LASTUPDATEHOST | N-Decmalis0)
— Could have stored them
inside OraCIG bUt saw no /castorhood/PartialRun12345-1.raw
. ’ . . D )
obvious advantage inthis T
s XAXXXXXXXXXXXXXXXXX
* No need to query BLOBs XXXXEXK oeeeennniiinnienns
. XXX XXX XXX XX XXXXXX
1.9, 9.0.9.9.9.0. 0. N

07.12.2009 — HEP Data Preservation Workshop G




: . : CERNIT
Raw event migration infrastructure
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/I :3 S - Staging
— — L - Loaded
| / >‘--\ M - Migrating
] Read/Update catalog of partial runs /MS () |- Idle
 e==]] Y~ that remain fo be migrafed . Ny
. R '~ . —\'-— —H'/IVII_\\ —-"’j
= - ( &,j_ \
~ | |
e
[ — =] [ - S—
: PO A
Migration manager (LAM/MPI master) CASTOR tapes ™ GM\
%

Finite State Machine for full system StorageTek 9940B '\LI j
1 T\’--— —|/_LM\<——']
o 4 Castor output pools \ -/

. ) Control flow via LAM/MPI . . . .
Oractssenver (Linge) § ratonayes Two jobs per migration node
#1116 =1 partiat (one staging, one migrating)
Objectivily database files .
(metadata and raw DATE records)
1 file = 1 partial run r—
. |
e = .
4 - - - .
P L Setup to migrate the 30 TB
(mtadiats) of HARP (4 migration nodes)

CASTOR tapes
StorageTek 9240A

z
@ [A similar setup with a larger
— number of nodes (11) had
DI R o el s gz, | beenusedto migrate the
Finite State Machine for 2 local pools 300 TB Of COM PASS]
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SETTING COLLECTION
PH.U1 | SETTING ID N-Decimal(3,0) PR | COLLECTION NAME C-Variable Langin[30}
n TARGET IO M-Decimali4. 0} COLLECTION_DESCRIPTION | C-Variable Lengih{255)

TARGET_NAME C-Varlable Langthv30) FR1.UY | FEDERATION |0 N-Decimaki 1,07
BEAM_MOMENTUM H-Variabla Langthi30) .. > EXPECTED_SETTINGS N-Decimak3,0)
DIPOLE_CURRENT N-Variadle Langin3) COLLECTICN_DEIYOID C-Variabie Length(30)
SOLENCID_CURRENT N-variable Langewao) ORACLE_INSERTIONTIME | T-Auto Timestamp
TRIGGER_NAME &-Variable Langtniad) ORACLE_INSERTIONHOST | N-Decimali3,0)
TRIGGER_VERSION N-Decimalid 1) ORACLE_LASTUPDATETIME | T-Auto Timestamp

FRI,UT | FEDERATFUN_ID N-Liegimali 1. u) ORACLE_LASTUPOATEHOST| N-Decimala,0)

Fi1,U1 TION_MAME C-Variable Leng®iad)
EXPECTED _RAWRUNS -Decimal(5,0)
SETTING_OBJYTHD C-Variable Langniad)

ORACLE_INSERTIONTIME T-Aute Timestamp
ORACLE INSERTIONHOST | M-Decimal(3.0)

CRACLE_LASTUPDATETINE | T-Aute Timestamp . It !
ORACLE_LASTUPDATEHOST| H-Decimal(3,0) Each run contains two 'partial runs’

* Longest phase: lowest volume, e CoemIma,

A partial run is the simplest self

RAW_RUN
= - <= conlained sel of spills and evenls
St sl e (one partial run per input/output file)
ut most complex data mode T e
RUN_ENDTIME N Discimai 10
DHAATTTYPED i
DHA_ATTTYPE1
DHA_DETMASKD
. . . . DHA_DETMASK]
DHA_DETMASKZ belodos o
- DHA_TIMEMICROSEC
Fr2 RUNRECORD_EVBID N-Decimal(1,0)
Fia RAWSFILL_EVEID N-Decimal 1.0}
. Pt Ut FEDERATIGN_ID N Deaimait 0}
Fr1,U1 COLLECTION_MAME C-Varianie Lengtn3a)
references in the new Oracle schema &
) RAWE N-Decinai(10,0)
RACLE_INSE T-Aute Tmestamp
-Decimal(3,0)
T-Aulo Tmestamp Phase 2: Migration of event
collection metadata

— Reimplementation of event selection 4

in the Oracle-based C++ software SE e

RAW_PARTIAL_RUN FEDERATICN

» Exploit server-side Oracle queries e [ fiuen R oo pesio

| FEDERATION_NAME |C-\'anab|e Length(13)

Y

EVE_NCOENAME C-Variable Length{ 255}
RUN_STARTTIME N-Decimal(10,0)
o . RUN_ENDTIME N-Diecimal[10,0)
R DHA_ATTTYFED N-DEcimal[10,0)
omplete Ifferent technologies i NE
DHA_DETMASKD M-Diecimal(10,0) RAW_PRUN_RECORD
DHA_DETMASK1 N-Decimal[10.0) =
L . DHA_DETMASKZ N-Decimal(10,0) ;::m} % :E:mﬁg:
DHA_TIMEMICROSEC N-Dicimal[10,0) B RECORDINPRUN ID NeDecimal(10,0]
- FILE_CIR C-Variable Length(255)
FILE_NAME C-Variable Length(255) 2 £c TVoE| ¥ 4
SORRECORD_FILEDFFSET M-Decimal[10,0) P —. £ ::3:: sz%_FILEEJrDI-S:‘I :Exx: "E"]]
SORRECORD_SIZE N-Decimal 10,0} . N-Decimal{10.0)
SORRECORD_OBJYOID C-Varisble Length(30) C-Vanabia Langin(30)
FK1 FEDERATION_IC N-Degimal( 1.0} T-Auta Timestamp
COLLECTION_NAME C-Variable Length(30) CAE 4 N-Decimak3.0)
et S idmeian ORACLE_LASTUFDIATETIME | T-Auta Timestamp

EXPECTED_RAWPRUNRECORDS| M-Decumal 10,0)

& ORACHF_| ASTHFNATFROST| N-Nesmaiia n
ILLS | N-Diecs =

EXPECTED RAWPARTIALS sl 10,0)
EXPECTED_ RAWEVENTS N-Degimal[ 10,0)
EXFECTED_RAWRECTOTALSIZE | N-Decimal{10,0) i affiype
ORACLE_INSERTIONTIME Teuto Tenestamp v
ORACLE_INSERTIONTIME2 Tewta Timestamp
ORACLE_INSERTIONHOST N-Decimal(3.0} RAW_RUN_RECORD_TYPE!
LASTUPDATETIME T-futa Tenestamp
LASTUPDATEHCST | N-Decimal(2,0) m EM |N‘D'°"""|“°’
Y [Tvp:_um: |Can'ubl= Lenglh(17}
bl 1o
RAW_PARTIAL SPILL TR
PKFK1 | BUN 1D N-Decimal(,0]
FK,FK1 |EVE ID N-Decimali1,8] PHFKIUTI | BUN 1D N-Decimalis,o)
PK SPILL 1D N-Decimal{10,3) PHFKIU1  (EVE 1D H-Decimal{1,0)
PHFRA EPILL 1D H-Decimal{10,0)
EPILL_TIME M-Dacimali 10,0} P EVENTINPARTIALSPILL ID | N-Decimal{10,0)
SOBRECORD_FILEOFFSET | M-Decimal(10.0) )
RECORD_SIZE M-Decimad 10.0) Earas pot EVENT_TIME N-Cecimal{10,0]
ORD_OBIYOID & Vanatio Lengthi30) [ e Sl TN RYEERD e crna 1),
FILEOFFSET | M-Docimal(10,0) n NT_ID H-Decimal(19.0|
N-Decimad 10.0) EVENTINSPILL_ID N-Decimsl{10,0}
¥ - Variaibie Lengihi30) DHA_ATTTYPED N-Decimel{10.0|
ORACLE_INSERTIONTIME | T-Auto Timestamp DHA_ATTTYPEL h-Cecimal{10,0|
URALLE_INSER | FJNHUS LRGN 5, ) 011A_DCTMAGHKD H-Dacimal{10.0|
ORACLE LASTUPDATETIME | T-Auto Timestamp OHA_DETMASK? N-Decimal(10.0]
CRACLE_LASTUPDATEHCET| M- Dacimali3, o) TETRASKD NeDecimel{10.0]
1 _TIMEMICROSEG N-Decimal(10.0f
/ENTRECORD_FILEOFFSET | N-Decimal(10.0)
EVENTRECORD_Sk H-Decimal{10.0]
AR EVENL TS EVENTRECORD_OBJYOID | &-Variable Length{30)
PK [m |N-D¢aimg[||,nr < o ORACLE_INSERTIONTIME | T-Auo Timestamp
ORACLE_INSERTIONHOST | N-Decimal(3 0y
- [wpg_.-uus |c Nariabie Length| 15} ORACLE_LASTUFDATETIME | T-Aulo Timestamp
— ORACLE_LASTUPOATEHOST | N-Decimal(3 0}
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HARP conditions data

Department

- Stored using technology-neutral abstract APl by CERN IT
— Software libraries for time-varying conditions data (e.g. calibrations)
— Two implementations already existed for Objectivity and Oracle

« This was the fastest phase of the migration

— Abstract API decouples experiment software from storage back-end
» Almost nothing to change in the HARP software to read Oracle conditions
 Actual migration partly done through generic tools based on abstract API

« Compare to LHC experiments using CORAL and/or COOL

— Abstract API supporting Oracle, MySQL, SQLite, Frontier back-ends
« Strictly nothing to change in the experiment software to switch back-end
» Used now for data distribution, DB failover... later for data preservation?
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Outlook - lessons learnt? T
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- Data migrations are unavoidable
— To preserve the bits (e.g. end of support for tape hardware)

— To preserve the ability to use the bits (e.g. end of support for software)
« But you must also preserve people’s expertise to make sense of the bits!

- Data migrations have a cost
— In this case: several months of computing resources and manpower

- Layered approach to data storage software helps
— Software decoupling makes it easier to replace backend technology
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