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History of ODB in a nutshell

» 1998 — 2008, Sami Saarinen

>

>

>

Database of observations for 4D-Var IFS, parallel Fortran API, MPI

Relational databases concepts: SQL for querying/filtering, DDL for
schema definition

Implementation: C and Fortran, SQL compiled to C

» 2008 —now, Anne Fouilloux, Baudouin Raoult, Piotr Kuchta,
Tomas Kral

>

>

>

ODB feedback archiving in MARS, ODB Server
New data format suitable for archiving
OO, C++ library for encoding/decoding & SQL filtering (ODB API)

new SQL engine: fast interpreter, no intermediate C code, can be
extended to work with different data formats

APIl. C++, C, Fortran, Python, command line tools

Used by: MARS, ODB Server, Metview, Magics++, Obstat
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Observational data flow at ECMWF
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ODB Feedback archive

» MARS (server & client) extended to handle ODB data

» Flexible indexing and physical organization on disks/tapes allows for
efficient retrieval and processing of long time series

» Any observational data can be identified with a single number: Report
Type classification http://data-portal.ecmwf.int/odbgov/ReportType/

» SQL filtering / transformations / statistics computations on the fly in
MARS client

» Archive requests validated against data (both server and client)
» ODB feedback (TYPE=OFB) and Monitoring (active

observations) (TYPE=MFB) archive operational since Nov 2011
http://www.ecmwf.int/services/archive/d/catalog

» Operational data > Deterministic forecasts >... > Observations > MONDB
feedback | ODB feedback

e
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http://www.ecmwf.int/services/archive/d/catalog

ODB Archive format

» New file format for tabular, numeric data

» Simple, well defined, machine independent, fast to encode and decode
» Self-described (meta data in header), handles data types of ODB
» Extendable: new codecs (compression alg.) can be added

» Small memory footprint needed to process large datasets (streaming)
» An ODB archive file represents a flat table

» Data layout: report oriented (one report stored in one row)

» Every column has: name, type (REAL, INTEGER, STRING, ...), value of
missing data indicator (NULL), codec (invisible to the user)

reptype | class | andate antime | lat lon statid | obsvalue blacklist | status
14 ‘od” | 20090730 | 0 0.364777 | 0.986071 | 223 235.009995 | 0 01100
14 ‘od” | 20090730 | 0 0.367758 | 0.972175 | 223 235.949997 | 0 01100
14 ‘od” | 20090730 | 0 0.370347 | 0.959772 | 223 236.880005 01100
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ODB Archive format features (2)

» New data can be appended to existing files

» Efficient usage of storage medium (tapes)

» Can retrieve long time series in one request

reptype | class | andate antime | lat lon statid | obsvalue

14 ‘od’ 20090730 | O 0.364777 | 0.986071 | 223 235.009995
14 ‘od’ 20090730 | O 0.367758 | 0.972175 | 223 235.949997
14 ‘od’ 20090730 | O 0.370347 | 0.959772 | 223 236.880005

.
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MARS language extensions

» SQL incorporated into MARS syntax
SQL engine used for

filtering on the client

“sellect *
where distance(lat, lon, 0, 0) < km(50)
and value > 375.2%,
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ODB API SQL examples

» Which station identifiers are in the ODB file?

$ odb sql "select distinct statid" -i $odbfile

» How many manual land SYNOP reports ?

$ odb sqgl 'select count(*) where reportype=16002" -i $odbfile

» Count the number of temperature records per station identifier,
where the observation values are not missing. Sort by the
count.

$ odb sqgl 'select count(*), statid where varno=2 and obsvalue is not
NULL order by 1' -i $odbfile
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C++ and Python APl examples

» C++ APl based on concept of iterators, mimics STL containers

string sgl = "'select lat, lon, obsvalue from \"'in.odb\
"" where obsvalue > 0.5 ",
odb::Select sel(sql);
for (odb::Select::iterator it = sel.begin(); it = sel.end(); ++it)
cout << it->data(0) << " "' << it->data(l) << " “ << it->data(2) << endl;

odb::Reader reader(*'file.odb");
for (odb::Reader::iterator it = reader.begin(); it != reader.end(); ++it)
cout << it->data(0) << " "' << it->data(l) << "' “ << it->data(2) << endl;

» Python

Import odb
for r in odb.open(‘conv.odb"):
print r['lat','lon’,"obsvalue’]
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Tools for working with ODB data

» Command line tools available via odb binary

» Execute SQL SELECT and print results to standard output or save in a
new ODB file

» Examine meta data of a file (odb header)

» Split data so e.g. data coming from one station, report type, satellite id,
etc, is saved in a separate file

» Compare two ODB files
» Import data from a text file (CSV)
» Merge two or more files row by row

» Describe data on file in MARS language syntax (oda2request)

» Metview, Magics++, Obstat
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Plans for ODB development

» Parallel (MP1/OpenMP) functionality will be redeveloped in C++

» Further development and improvements of SQL engine and
other functionality as required by

» users,

» COPE (Continous Observation Processing)
» OOPS (Object Oriented Prediction System)
» MARS

» Metview

» Magics++

» OPS (Met Office)
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Examine

» Right-click
“Examine”

ECkA. cony

FtANA

i RN

ODB Metadata and Data

0 Metview - ODB Examiner

examine |

e

0 Metview - ODB Examiner

File Edit View Settings Help
File: /homefgraphicsicgrimetviewiLocal/QDBlodb_tutorial_4 1Ab/AMSUA odb
Symlink target: /scratch/graphics/coriodb_datalAMSUA.odhb
Permissions: Iravxrwsrwx Owner: cgr Group: graphics Size: 17MB Modified: 2013-04-26 16:55

[ Tables | Columns | SET Variahles | Data l

|Row / Ian_depar |andate Iantime |biascorr biasctrl bufrtype class codetype |data -
1 0.0181462 20101222 0 0.38861 0.430174 3 rd 210 0
2 -0.10098 20101222 O -0.664072 -0.66526 3 rd 210 1]
3 0.0659438 20101222 0 0.809058 0.806437 3 rd 210 0
L] -0.34986 20101222 0 0.370279 0.371186 3 rd 210 0
5 -0.407889 20101222 O 0.726508 0.73018 3 rd 210 1]
6 0.0238757 20101222 0 0.776421 0.776746 3 rd 210 0
7 0.149752 20101222 0 0.827848 0.840029 3 rd 210 0
8 -1.10557 20101222 0 0.439295 0.4406 2l rd 210 0
g9 0.0508606 20101222 0 3 2 0
10 -1.40829 20101222 0 410816 412855 3 rd 210 0
11 -0.198346 20101222 0 0.842529 0.857749 2l rd 210 0
12 0.513129 20101222 0 0.544638 0.545344 3 rd 210 0
13 -0.187055 20101222 O -0.350317 -0.352243 3 rd 210 1]
14 -0.0783423 20101222 0 0.857273 0.852937 2l rd 210 0
15 0.0252242 20101222 0 0.337316 0.335542 3 rd 210 0
16 0.021558 20101222 O 0678583 0.680058 3 rd 210 1]
17 0.407947 20101222 0 0.760194 0.757768 3 rd 210 0
18 -0.459354 20101222 0 0.834449 0.83848 3 rd 210 0
19 -0.337324 20101222 O 0496368 0.505581 3 rd 210 1] @
20 0.197681 20101222 0 0 0 3 rd 210 0
Total number of rows: 254894

File Edit View Setings Help
File: ihomelgraphics/cgrimetview/Local/lODB/odb_tutorial_4.1/tb/AMSUA odb
ink target: /scratchigraphics/carfodb_data/AMSUA odb
Permissions: Inwxrarwx Owner: cgr Group: graphics Size: 17MB Modified: 201 3-04-26 16:55
Tal Columns
|Name |Constant |Min |Max
- anime@desc ¥ 0 0
hiascor@body float n -0.738071 4.33658
hufrtype@hdr int ¥ 3 3
- class@desc string ¥ MNIA A
- codetype@hdr int ¥ 210 210
- datastream@sat int n 0 1
- date@hdr int n 20101221 201012
El- datum_anflag@body hitfield n MNIA A
- hlacklist Fos: 16 Width: 4 hit
- depar Fos: 08 Width: 4 bit
= ) Fos: 04 Width: 4 hit
- final Pos: 00 Width: 4 hit
- Uh2 Fos: 24 Width: 1 hit
- uhu Pos: 22 Width: 1 bit
- UPS Pos: 20 Width: 1 hit
= T Pos: 26 Width: 1 hit
- Usn Pos: 27 Width: 1 hit
- USst Pos: 28 Width: 1 bit
=0 (N Pos: 23 Width: 1 bit
- vl Pos: 25 Width: 1 bit
- Uvt Pos: 21 Width: 1 bit
- Yarge Pos: 12 Width: 4 bit
- datum_event1 @ iR
e Metadata structure | ™
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Visualising ODB Data
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Statistics for the Visualised ODB Data
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Inspecting Data Values - Data Probe

E”E !iEW ﬂnimat\on ZOOI’“ IOO|S HE|D
e e
q | Frames | Layers Data
Q, Titles
|Rnw / |an_depar Iandate |antime biascorr biasctrl date datum_eventt uatum_mnﬂag|datulﬂ
12502 00568077 20101222 O 0393178 0399966 20101222 67108864 0 1
12503 00671458 20101222 0O 0570382 0580436 20101222 67108864 0 1
12504 0170864 20101222 0 0504718 0510276 20101222 67108864 0 1
12505 -0.140448 20101222 0 0383227 0386017 20101222 67108664 i 1
12506  -0.0185501 20101222 O 0556822 055615 20101222 67108864 0 1
) 12507 -0.361013 20101222 0 0601108 0585391 20101222 67108864 0 1
OdbDatabase ’Jf’ﬂ“‘t;”z‘gﬂm";gfg{gg’}%?fgf;‘rg"1u1|:]ﬁf)‘ ol | y3508  -0462277 20101222 O 0470432 0472134 20101222 67108864 0 1
st . - . s e 12509 -0.204025 20101222 0 0.44248 0.44677 20101222 67108864 0 1
12510 -0.060462 20101222 0 0543108 0546656 20101222 67108864 0 1
12511 0185608 20101222 0 0564352 0566774 20101222 67108864 0 1
N N 12512 -0.281801 20101222 0 0655194 0657408 20101222 67108664 i 1
BOTW 14O 120 100 SDW 8w 40w /’/—_—\22 e 40E 12513 00404636 20101222 0 0.921706 0905307 20101222 67108864 i 1
Lol ns [ 12514 -0.139783 20101222 0 0680113 0672645 20101222 67108864 0 1
age HERA, a7/ 2| 12516 -0.174348 20101222 0 0650422 065225 20101222 67108864 0 1
| A5y | 12516 -0.0687128 20101222 O 0.351371 0350894 20101222 67108664 0 1
70N /_Zz {2 | 12517 -0.0531368 20101222 O 0531723 0535850 20101222 67108864 0 1
\,f “| 12518 00484519 20101222 O 056347 0568486 20101222 67108864 0 1
60N P e 12519 -0.394381 20101222 0 0435026 0430560 20101222 67108864 0 1
- L(©) N 12520 00321034 20101222 O 0403952 040794 20101222 67108864 0 1
50°N AW T 521 -0.11232 20101222 0 0554653 0550343 20101222 67108864 0 1
P+ 2 0207443 20101222 0 0548361 0557264 20101222 67108864 0 1
N ® __x»?. 00321134 20101222 0 0312157 0313582 20101222 67108664 0 1
. ¥ -0.0276885 20101222 0 0560865 20101222 67108864 0 1
a0 }‘ 3 0183150 20101222 0 67108864 i 1
a0 ® 00753365 20101223 0 0 63505 30101221 67108664 i 1
.’ 12527  -0.02895433 20101222 O 0.731401 20101221 67108864 i 1
. <[ 12528 -0.229337 20101222 0 0454826 20101221 67108864 0 1
- ‘ — /4 12520 0153868 20101222 0 0487048 20101221 67108864 0 1
o S il % - 12530 0044261 20101222 0 0 486835 20101221 67108864 0 1
by Lon -15%6 Lat 53533 \ 1 12531 -0.0302015 20101222 O 0345129 20101221 67108864 i 1
10 p—2—+ - b || 12832 014200 20101222 0 0566793 20101221 67108864 0 1
{ @@ 12533 -0.00652306 20101222 O 0.37821 20101221 67108864 0 1
20°s Layer Value Lon  Lat Dist (km) - {12534 n3s7607 20101222 0 054989 20101221 67108864 0 1
12535  -0.0632412 20101222 O 0.56375 20101221 67108864 0 1
20°s % (Rl | 2 GG | ER | Y | e 7| 12536 -D.0485431 20101222 O 0.320867 20101221 67108864 0 1 D
. % —rT = ” - - S| 12537 0137335 20101222 0 0.41882 20101221 67108864 0 1
“0%s L A = —f' 12538 -D0414053 20101222 0O 0418424 20101221 67108864 0 1
sovs w ke S A - !&g A 00 || 12539 -010a836 20101222 0 0.425821 20101221 67108864 0 1
[ .~ 4 ';ﬁ N, L W > 12540 0.743609 20101222 0 0828999 20101221 67108864 0 1
s0vs ¥ TRy, Hi% o [ s iR 4As e £3, ! 12541 000514718 20101222 O 0533507 20101221 67108864 0 1
AT ST & Pl B, l'-!‘-".li"_: B 12542 0.0860617 20101222 0 0.506899 20101221 67108864 0 1
- il S, e 12543 -0.16565 20101222 0 0628878 20101221 67108864 0 1
N B SR S S 12544 0035287 20101222 0 0480878 20101221 67108864 0 1
80°s B = - 12645  -0203236 20101222 0 0 476558 20101221 67108864 0 1
= N 12546 -0.149303 20101222 0 0.402277 20101222 67108864 0 1
12547  -0.0340669 20101222 O 0.520641 20101222 67108864 0 1
180W  140W  120W 100W  BOW  60W  40W  20W  DE WE 40E 12548 000801776 20101222 O 0461496 20101222 67108864 0 1 @
12549 00279991 20101222 0 0517387 0521966 20101222 67108864 0 1
Total number of rows: 16419
v @ Probe position: Lon: -1.81836 Lat: 53.3826
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Overlay with Other Data Types
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Plans for the Metview ODB interface

» Time series support
» Provide contouring for ODB data
» Visualise ODB data in thermodynamic diagrams

V e
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For more information ...

» ODB API
» https://software.ecmwf.int/wiki/display/ODB/ODB-API (soon)

» Email to: peter.kuchta@ecmwf.int

» Metview

» https://software.ecmwf.int/metview

» Email to: metview@ecmwf.int
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