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About BCS 
Provides software and R&D 
services to technical customers 
 

Successfully completed 450+ 
software development projects 
during the period 1978 - 2010 
 

Long-term professional staff 
 

IBM Advanced Business Partner 
 

Clients include: 

Canada ï DND, Province of BC 
(Elections BC, Ministry of 
Forests), Univ. of Victoria,... 

USA - US Navy, NOAA, IBM, 
Microsoft, Univ. of Mississippi,... 

Europe ï Vaisala, BMT,é 

 

Based in Victoria, BC, Canada 
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PART ONE ï Why do we need scientific DataBlades? 

 

ÅWhat are some typical data-intensive 

scientific applications? 

 

ÅDo scientists use databases? 

 

ÅWhy not??? 
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Some Scientific Data-intensive Application Areas 

 

ÅLife Sciences 

 

ÅMeteorology/Climatology 

 

ÅEnvironmental Monitoring  

 

ÅOceanography 
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Oceanography 

ÅExample 1: Tao/Triton Array  

 

http://www.pmel.noaa.gov/tao/ 
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Oceanography 

ÅExample 2: Argo float program 

 

http://www.argo.net/ 
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Oceanography 

ÅExample 3: Seafloor Observatories 

 

http://www.neptunecanada.ca/ 
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How are databases used now? 

ÅNot at all 

ïAll data is stored in files 

ïCustom programs written to access it 

ïLots of ñreinvention of the wheelò 

ÅOr, just for the metadata 

ïMetadata is stored in a database 

ïReferred-to data is stored in files 

ÅOr, as ñfilesò stored in ñdumbò blobs 

ïNot much different from just storing the data in 

files 
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What can go wrong with these approaches? 

 

ÅCanôt join scientific data with other 

enterprise information 

 

ÅData inconsistency problems 

 

ÅArtificial barriers/seams created 
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The Problems with Seams é 

   

File data is often fragmented by value 

 
The programmer has to be aware of this 

 
The programmer has to deal with this 
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Alternative: a database approach 

ÅStoring data in a database instead of files: 

ïProvides physical data independence 

ïSQL is declarative, allows us to concentrate 

on what we want, not how to get it 

ïParallelism comes for free 

ïSophisticated indexing comes for free 
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But how do we go about doing it? 

 

ÅStoring each fact in its own database record 

provides for maximum flexibility  

ïe.g., each temperature sensor measurement 

 

ÅBut still need to operate on collections of 

facts 

ïe.g., multidimensional array of wind speeds  
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But why donôt scientists do this more often? 

 

ÅStoring billions of measurements, each as its 

own database row, is too costly 

 

ÅLack of complex data types (e.g., 

multidimensional arrays) in conventional 

DBMSôs 

 

ÅDatabase technology is unfamiliar to a 

community used to dealing just with files 
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The solution ï database extensibility/DataBlades 

 What is a DataBlade? 

Replication Backup Security 

Server Subsystems 

IDS Spatial 

Text Search 

Grid 

DBXten 
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The solution ï database extensibility/DataBlades 

 DataBlade elements 

Types 

Functions 

Casts 

Aggregates 

Indexes 

Tables 

Client Code 

New  

DataBlade 
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Some specific examples 

 

ÅGridded Data 

ïData Types: nD Grid, bounding cube 

ïOperations: slice, fuse, re-project, reduce 

 

ÅSpatial-temporal Data Series 

ïData Types: data series, bounding cube 

ïOperations: merge, subsample, find 
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PART TWO ï WORKING WITH GRIDDED DATA  

 

ÅWhat is gridded data and how does it arise? 

 

ÅSome operations on gridded data 

 

ÅDevelopment of a Gridded Data DataBlade 

ïDesign goals 

ïChallenges faced 
 

18 



2010 IIUG Informix Conference 

What is gridded data? 
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ï Grids can have 1, 2, 3, or 4 dimensions 

ï Each grid point can store several variables 

ï Some grid point values can be NULL 

ï Grid spacing along axes can be non-uniform  
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SQL 

User query 
Get grid 

sample 

of interest 

How gridded data arises ï one scenario 

Worldwide 

weather grid 

Grid types 
  Grid functions 

   DBMS 

Sample of  

interest 
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Desired operations  

 

ÅExtraction (slicing) 

 

ÅRe-projection 

 

ÅFusion 

 

ÅUpdating 
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Types of Grid Extraction 
  

 

ï Orthogonal é. 

 

 

ï Obliqueéééééééééé..... 

 

 

ï Radial é. 
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Grid Fusion 
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Grid Fusion 
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Grid Fusion 
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Grid Fusion 
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Grid DataBlade ï Design Issues and Observations 

ÅInformix has a well-designed DataBlade API 

 

ÅConvenient facilities for index extensibility 

 

Å4TB Informix smart blob size limit, plus 

direct access within blobs, makes dealing 

with large grids practical 

 

ÅDivide DataBlade logic into layers: 

Front End ė Application Logic ė Back End 
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PART THREE ï WORKING WITH DATA SERIES  

 

ÅWhat are data series and how do they arise? 

 

ÅStoring data series in a ñvanillaò DBMS 

 

ÅStoring data series using a DataBlade 

 

ÅSome performance results 
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How do these datasets arise? ï Sea Surface Temperature 

datetime latitude longitude sst  solar_zenith_angle analyzed_field_sst internal_error 

07/04/2006 1:03:38 -31.80 131.59 19.60 46.90 20.00 1.10 

07/04/2006 1:03:38 -31.74 131.27 19.50 47.00 20.30 1.10 

07/04/2006 1:03:39 -31.64 131.21 19.40 47.40 20.30 1.10 

07/04/2006 1:03:44 -32.49 133.59 18.40 46.30 -300.00 1.10 

07/04/2006 1:03:44 -32.34 133.38 18.60 46.50 -300.00 1.10 

07/04/2006 1:03:45 -31.99 131.81 19.60 47.20 20.00 1.10 

07/04/2006 1:03:45 -31.94 131.54 19.70 47.40 20.00 1.10 

07/04/2006 1:03:45 -31.92 131.41 19.70 47.60 20.30 1.10 

07/04/2006 1:03:45 -31.88 130.32 20.10 48.00 20.50 1.10 

07/04/2006 1:03:45 -31.84 130.95 19.80 47.70 20.30 1.10 

07/04/2006 1:03:45 -31.82 130.02 20.10 48.20 20.50 1.10 

07/04/2006 1:03:45 -31.77 129.13 20.30 48.40 20.70 1.10 

07/04/2006 1:03:45 -31.75 129.66 20.20 48.40 20.50 1.10 

07/04/2006 1:03:50 -32.85 133.92 17.80 46.20 19.10 1.10 

07/04/2006 1:03:50 -32.76 133.73 18.80 46.40 19.10 1.10 

07/04/2006 1:03:50 -32.59 133.40 18.50 46.60 19.60 1.10 

07/04/2006 1:03:51 -32.50 131.74 19.70 47.50 20.00 1.10 

07/04/2006 1:03:51 -32.29 130.55 20.30 48.10 20.30 1.10 

07/04/2006 1:03:51 -32.28 131.20 20.00 47.90 20.30 1.10 

07/04/2006 1:03:52 -32.33 129.96 20.50 48.40 20.50 1.10 

07/04/2006 1:03:52 -32.25 130.20 20.40 48.30 20.50 1.10 

07/04/2006 1:03:52 -31.99 128.81 20.50 49.00 20.70 1.10 

07/04/2006 1:03:52 -31.92 129.08 20.30 48.90 20.70 1.10 

07/04/2006 1:03:56 -33.38 134.63 17.90 46.00 -300.00 1.10 

07/04/2006 1:03:56 -33.34 134.34 17.80 46.20 19.10 1.10 

07/04/2006 1:03:58 -32.56 130.20 20.60 48.70 20.50 1.10 
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How do these datasets arise? ï Environmental Monitoring  

State Code County Code Site ID Date Start Time CO2 Ozone 

1 73 28 20090101 0:00 0.7 0.021 

1 73 1003 20090101 0:00 0.6 0.025 

1 73 6004 20090101 0:00 0 37.000 

2 20 18 20090101 0:00 0.9 27.000 

2 20 48 20090101 0:00 2.1 41.000 

2 20 52 20090101 0:00 0.9 0.013 

2 20 1004 20090101 0:00 0.9 0.004 

2 90 2 20090101 0:00 1.1 0.024 

2 90 20 20090101 0:00 1 0.010 

1 73 28 20090101 1:00 0.8 0.022 

1 73 1003 20090101 1:00 0.7 0.023 

1 73 6004 20090101 1:00 0 37.002 

2 20 18 20090101 1:00 0.9 27.001 

2 20 48 20090101 1:00 2.2 41.000 

2 20 52 20090101 1:00 1.2 0.013 

2 20 1004 20090101 1:00 1 0.004 

2 90 2 20090101 1:00 1.2 0.024 

2 90 20 20090101 1:00 1 0.010 

1 73 28 20090101 2:00 0.8 0.021 

1 73 1003 20090101 2:00 0.8 0.025 

1 73 6004 20090101 2:00 0.1 37.000 

2 20 18 20090101 2:00 1 27.000 

2 20 48 20090101 2:00 2.6 41.000 

2 20 52 20090101 2:00 1.3 0.013 

2 20 1004 20090101 2:00 1 0.004 

See http://www.epa.gov/ttn/airs/airsaqs/detaildata/downloadaqsdata.htm 
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How do these datasets arise? ï Other sources 

 

ÅROV telemetry:  

e.g., an underwater remotely operated vehicle, 

gathering data as it travels through time 

and 3D space 

 

ÅSatellite imagery 
 

31 



2010 IIUG Informix Conference 

Problems in dealing with these datasets conventionally 

ÅStore each measurement in its own row? 
CREATE TABLE ROVDATA (rovID  INTEGER, 

          timeval  DATETIME YEAR TO SECOND, 

                      latitude FLOAT,  

                      longitude FLOAT,  

                      depth FLOAT,  

                      measuredQuantity1 FLOAT,  

                      measuredQuantity2 FLOAT,  

                      é 

                      measuredQuantityN  FLOAT);  

ÅBut this has a huge overhead: 

ïLarge indexes 

ïLots of logging activity 

ïRow overhead 
32 
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An alternative - BCS DBXten 

 

ÅBCS DBXten ï DataBlade for storing data 

series 

 

ÅMore general than the Time Series 

DataBlade and the Spatial DataBlade 
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The DBXten approach: 

ÅReplace each N rows (N typically 1000) with 

one row containing the same data 
 

ÅUse column compression to take advantage 

of similarities and patterns 
 

ÅExploit any known limited precision 
 

ÅInstead of B-tree indexes on values use  

R-tree indexes on ranges  

34 



2010 IIUG Informix Conference 

The DBXten approach ï Replace rows with blocks é 

  ROV id   Timeval   Latitude   Longitude   Depth   Measurement   

              

Block 1:   1   2008 - 02 - 01   00:12:23   46.343   - 127.386   14.34   10.2   

    1   2008 - 02 - 01   00:12:25   46.344   - 127.385   16.82   11.9   

    1   2008 - 02 - 01   00:12:27   46.345   - 127.383   18.85   10.7   

    1   2008 - 02 - 01   00:12:29   46.346   - 127.382   21.22   11.7   

    1   2008 - 02 - 01   00:12:31   46.347   - 127.381   23.66   10.9   

    1   2008 - 02 - 01   00:12:33   46.349   - 127.379   26.05   11.4   

  1   é   é   é   é   é   

    1   2008 - 02 - 01   00:13:43   46.392   - 127.335   104.82   10.7   

                

                

Block 2:   1   2008 - 02 - 01   00:13:45   46.394   - 127.334   106.83   10.7   

    1   2008 - 02 - 01   00:13:47   46.395   - 127.332   108.90   13.1   

    1   2008 - 02 - 01   00:13:49   46.396   - 127.331   110 .99   10.7   

    1   2008 - 02 - 01   00:13:51   46.398   - 127.330   113.32   11.4   

    1   2008 - 02 - 01   00:13:53   46.399   - 127.328   115.38   10.2   

    1   2008 - 02 - 01   00:13:5 5   46.400   - 127.327   117.65   10.9   

  1   é   é   é   é   é   

    1   2008 - 02 - 01   00:14:59   46.439   - 127.289   188.40   10.3   

                

                

Block 3:   1   2008 - 02 - 01   00:15:01   46.441   - 127.287   190.88   9.7   

    1   2008 - 02 - 01   00:15:03   46.442   - 127.286   193.22   11.9   

    1   2008 - 02 - 01   00:15:05   46.4 43   - 127.285   195.65   11.5   

    1   2008 - 02 - 01   00:15:07   46.444   - 127.283   197.86   10.5   

    1   2008 - 02 - 01   00:15:09   46.446   - 127.282   200.02   11.2   

    1   2008 - 02 - 01   00:15:11   46.447   - 127.281   202.38   10.7   

  1   é   é   é   é   é   

    1   2008 - 02 - 01   00:16:15   46.486   - 127.241   274.68   11.3   
  

ROV Id Chip 

1 chip 1 

1 chip 2 

1 chip 3 
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The DBXten approach ï Use column compression 

SALINITY 
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The DBXten approach ï Recognize Sequences & Patterns 

1, 3, 5, 7, 9, 11, 13 ... Arithmetic Sequence 

Vi = V0 + ȹ Ĭ i 

1, 3, 5, 7, 9, 1, 3, 5, 7, 9, 1, 3, 5, ... 

4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, ... 

9, 16, 7, 8, 9, 16, 7, 8, 9, 16, 7, 8, ... 

Arithmetic Cycle 

Vi = V0 + ȹ Ĭ (i + offset) mod len 

Run Length 

V = n rep V0 

Repeated Sequence 

Vi = Si mod len 
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The DBXten approach ï Exploit known limited precision 

ÅStandard floating point accommodates a 

very wide range of values 

ÅStoring excessive precision is wasteful 

ÅRounding to a user-declared precision 

gives new opportunities for compression 

Sign 
Exponent Mantissa 
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The DBXten approach ï Combine the strategies 

64 bit 

doubles 
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The DBXten approach ï Loading the data (basic interface) 

 

ÅUse loading utility program 

 csvChipLoader \ 

     -d database -t table -c chipcolumn -i inputfile \ 

     -rowsPerChip 1000 -indelimit '|'  -monitor 1000 \ 

     timeval:integer    depth:float:.01   latitude:float:.001 \ 

  longitude:float:.001   temperature:float:.00001 \ 

     salinity:float:.0000000001 

ÅProgram can read from stdin, file, pipe, etc. 

ÅSource code: http://www.barrodale.com/bcs/dbxten-clients 
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The DBXten approach ï Fetching the data (basic interface) 

 

ÅCreate row type 
 CREATE ROW TYPE myrow(latitude float,  

  longitude float, measurement float);  

ÅCreate function for functional index 
   CREATE FUNCTION boxfunc ( chipIn  DSChip)  

      RETURNING DSBox WITH (not variant)  

   RETURN 

      DSAsBoxString ( chipIn ,  

                    ' latitude,longitude '):: DSBox;  

   END FUNCTION; 

ÅCreate functional index 
  CREATE INDEX indexname  ON table ( boxfunc ( chipcol ) dsbox_ops )  

  USING rtree ;  
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The DBXten approach ï Fetching the data (basic interface) 

 

ÅDo SELECT 
 SELECT vtab.x.latitude , vtab.x.longitude ,  vtab.x.measurement , 

FROM TABLE 

 ( DSQueryToStrings (  

    "SELECT DSChipExtract ( chipcol ,  

    ólatitude 38.9 39.1, longitude - 94.8 - 94.6',         

      ' latitude,longitude,measurement ')  

      FROM table   

      WHERE overlap( cubefunc ( chipcol ),  

         DSRangeToBox(ólatitude 38.9 39.1, 

                       longitude - 94.8 - 94.6ô)::DSBox);"  

                     ):: myrow) AS vtab (x);  
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The DBXten approach ï Fetching the data (basic interface) 

 

ÅPrevious SELECT reflects a 3-stage 

process: 

ïFetch just the blocks that overlap area of 

interest 

ïFilter out the tuples (rows) that are outside the 

region of interest 

ïJust keep certain columns in those tuples (rows)  
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The DBXten approach ï Example ï The Data 

 

 

 

44 



2010 IIUG Informix Conference 

The DBXten approach ï Example ï The Region of Interest 
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The DBXten approach ï Example ï In the Database 
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The DBXten approach ï Pick the blocks we need é 

 

ÅDo SELECT 
 SELECT vtab.x.latitude , vtab.x.longitude ,  vtab.x.measurement , 

FROM TABLE 

 ( DSQueryToStrings (  

    "SELECT DSChipExtract ( chipcol ,  

    ólatitude 38.9 39.1, longitude - 94.8 - 94.6',         

      ' latitude,longitude,measurement ')  

      FROM table   

      WHERE overlap( cubefunc ( chipcol ),  

         DSRangeToBox(ólatitude 38.9 39.1, 

                       longitude - 94.8 - 94.6ô)::DSBox);"  

                     ):: myrow) AS vtab (x);  
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The DBXten approach ï Example ï In the Database 
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The DBXten approach ï Example ï The blocks we need 
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