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Documentation Conventions

This sedbn defines the conventions used in this document. The conventions
include typographical conventions and icon conventions.

Typographical Conventions

This manual uses the following typographical conventions:

Convention Meaning

KEYWORD Programming languadesywords (i.e., SQL, C
keywords) appear in a serif font.

italics New terms, emphasized words, and variable values
appear in italics.

italics

italics

User input Computer generated text (e.g., error
messages) and user input appear in a non
proportional fo nt.

<POSTGRESQLDIR> The directory where the PostgreSQL seiser
installed.The name varies according to the operatin
system (flavor of Linux) and the version of
PostgreSQL. For example, under Ubuntu and

PostgreSQL 8.4 the directory is
/usr/lib/postgre sql/8.4

(ehportsopa) 3 An apostrophe is used in the plural form of data typ
(e.g., GRDValueb6s, GRDB

Xi
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lcon Conventions

This manual uses the following icon conventions to highlight passages in the
manual:

Icon Label Description

Warning:  ldentifies paragraphs that contain vital
instructions, cautions, or critical information

Important: Identifies paragraphs that contain significar
— information about the feature or operation tl
is being described.

Tip: Identifies paragraphs thaffer additional

details or shortcuts for the functionality that
being described.
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What s New 1 n Thi

The following table lists the features that have been addidsteersiornof the
BCS Grid Extension:

Feature Manual Sections Where Featue is Described.

Units support Units Suppor{page45)

Xiii
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Chapter 1. Gnidded Data
and the BCS Gnd
Extension 9dAnN
Introduction

This chapter def griddecsdatavhandi di meanaseby
of areas of science that are concerned with gridded data. It then introduces

some terminology that is useful when talking about gridded data, discusses the
role of daabases in storing gridded data, and introduces the BCS Grid

Extension as a tool for managing gridded data.

What Is Gridded Data?

Gridded Datais data that is organized as a mditnensional rectangular array

of grid points containing values. Gridded datzurs in many specialized
application areas such as meteorology, oceanogragingte sensing

hydrology, surveying, civil engineering, astronomy, ftl@structive testing,
medical imaging, social sciences, and exploration systems for oil, natural gas,
coal, and diamonds. These datasets range from simple, unifspabted grid
points along a single dimension to mudtmensional grids containing several
different types of grid values.

As an example, consider a dataset created by recording ocean meatiremen
(temperature, salinity, and pressure) every hour at spacings every one meter in
depth and every ten meters in two horizontal dimensions (northing and easting,
or latitude and longitude). This dataset is@@hensional (4D) grid having

three spatiatlimensions(northing, easting, and depth) and one temporal
dimension. Thregariables(temperature, salinity, and pressure) are attached to
each grid point, as illustrated in the following diagram, which shows a portion
of just three of the dimensions (dep#lasting, and northing). Three of the
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points on the grid, picked arbitrarily, have been labeled with temperature,
salinity and pressure valueg<ip).

40m,30m,-98m

\\\
i)

\
\
\

/ fomsom-am

\\\
\
:

DEPTH

40m,30m,-100m

\
!
!

NORTHING

:

(tl'sl'pl) (tz’sz’ pz) 40m,20m,-100m

|
10m,10m,-100m 20m,10m,-100m 30m,10m,-100m 40m,10m,-100m

€ EASTING

v

Figurel: A 3D depthkeastingiorthing grid with temperature/salinity/pressure data.

Application Areas for Gridded Data
Grids in Modeling Applications

Broadly speaking, gridded data arises in two main areas of application:
modeling applicatons (often involving the numerical solution of differential
eqguations as difference equations) dath analysis applicationévhich are
discussed in the next section). Examples of modeling applications in which
grids play an essential role are as follows:

Meteorology: Grids of meteorological data are central to the prediction of
weather on both local and global scales. While satellite and other forms of
imagery provide information on the current weather, these images are snapshots
of the present and pasthereas grids provide the predictive power needed for
weatherrelated decisions about the days ahead. Typically, 3D grids are
populated with estimated values of physical parameters such as temperature,
pressure, wind speed, and relative humidity, andb&igon of these values

over time is predicted by solving sets of difference equations. The result is a 4D
spacetime grid of predicted values of the physical parameters. Such grids,
generated over various scales, are ofterssubpled and interpolateddathe

results are then projected for display and interpretation. Many weaiaézd

data products may also be generated from the information in these grids. Major
producers of meteorological grids are civilian and military weather forecasting
agencies,ricluding NOAA fittp://www.noaa.goy/and FNMOC
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(https://iwww.fnoc.navy.mi)in the USA, and the MET Office in the UK
(http://www.metoffice.gov.uky).

Oceanography Grids are used in modeling ocean circulation and ecean
atmosphere interaction. These applications are similar to meteorological
applications but also take the shorelines and subsurface ocean physical
parameters into accoumt the modeling, and typically have longer time
horizons than for weather prediction.

Climatic modeling: Global climate modeling is often based on solving

di fference equations for grids encomp
the time horizons areften decades or centuries. (See
http://www.arsc.edu/challenges/pdf/fall2000.pdf

Fluid dynamics: Certain other types of mathematical modeling are carried out
on grids, and fluid dynamics iagt one example. The motion of a fluid in
response to a forcing function can be modeled using finite element analysis
applied to a 3D grid.

Other specific examples of modeling applications involving grids are hurricane
analysis, optimal extraction of mimesources and petroleum reservoirs, air
quality control strategies, and forest fire burn area predictions.

Grids in Data Analysis

Nondestructive Testing Grids of 3D data are increasingly used in the
nondestructive testing of materials using ultrasorspéation techniques.

These are particularly vital to the aviation industry for inspection of aircraft
components to detect defects and delaminations. In these applications, a
transducer is moved over the surface in a raster pattern and an ultrasonic
pressue trace is recorded at each position. Hence, the three dimensions are X, vy,
and t (which is related to depth). These datasets may be processed in various
ways to enhance their resolution, and features of interest may be analyzed using
specialpurpose visalization tools lttp://www.barrodale.com/nde/index.htm

Also, gridded data collected during one inspection may be compared with data
obtained for the same component during an earlier inspectioneict day

significant changes.

Geophysics Prospecting for natural resources such as oil and gas involves the
acquisition, analysis and interpretation of gravimetric, electromagnetic and
seismic data stored as large 2D, 3D and, sometimes, 4D grids. Hedejdh
collected is extensively processed both before and after grid formation. These
grids are collected over large areas, both on land and over the ocean floor. A
common application is to generate 2D slices along an arbitrary vertical plane
(crosssectias) through this data. It is also possible to combine several time
separated datasets and to model the changes within the volume (e.g., resulting
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from petroleum removal). In addition to oil and gas prospecting, other areas of
geophysics that involve gridisclude mineral prospecting (e.g., diamonds),
geothermal analysis, and plate tectonics modeling.

Medical Imaging: Various medical imaging techniques have recently come
into existence that can produce 3D (and occasionally 4D) gridded data. These
include utrasonic pulse echography, computed axial tomography (CAT),
magnetic resonance imaging (MRI), and positron emission tomography (PET).
Seehttp://www.barrodale.com/grid_Demo/index.httiie firstdemo provided)

for a demonstration of retrieving oblique 2D slices from 3D datasets. This
demo utilizes a 1.6GB 3D grid from a Visible Human Project file system
containing 1871 parallel raster images spaced at 1mm intervals of a
cryosectioned male subject.

Satellite Imaging (Remote Sensing)t is often desirable to store satellite

image data in its raw unprojected swath form so that it may later be extracted in
a variety of usespecified projections. The alternativestoring the image as a
raster in ararbitrarily chosen projectionhintroduces two problems:

1) The reprojected data must be stored at a higher resolution to reduce
information loss due to resaiimy artifacts like aliasing.

2) Some calculations done on observed datasets are very sensitive to the
effects of resampling (for example, edge detection), regardless of the
resolution of sampling.

Forthesereasos, the BCS Grid Extensiorhas a special feature that allows the
input and storage of unprojected satellite swath data as a grid, and provides
mechanismdor the data to then be extracted in a tsgeecified projection.

Other specific examples of data analysis applications based heavily on grids are
aerial site mapping, linear corridor identification, watershed delineation,
hydrographic surveyindyighway engineering, and demographic predictions.

Grid Concepts

In this section we will present some of the concepts used to describe grids and
the operations performed on grids.

The Dimensions of a Grid

Gridded data can come in a variety of shapessa®s. Byshapewe mean the
number of dimensions the grid has andslzg,we mean the number of points
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in each dimension. The BCS Grid Extension supports grids of 1, 2, 3, and 4
dimensions Examples include:

1D grid: a set of temperature measuremerisrtaat various depths
along a vertical line extending from the sea surface to the
ocean bottom (a grid with a depth dimension).

2D grid: the combination of several of these 1D grids taken along a
straight eastvest line (a grid with a depth dimension ard
easting dimension).

3D grid: the combination of several of these 2D grids taken along a
straight northsouth line (a grid with a depth dimension, an
easting dimension, and a northing dimension).

4D grid: the combination of several of these 3D gridshecaptured at .
specific time (a grid with a depth dimension, an easting
dimension, a northing dimension, and a time dimension).

Figurelillustrates a 3D grid (the dimensions being easting, northing, and
depth) while Figure2 illustrates a 2D eastindepth grid. In each figure, three

of the points on the grid, picked arbitrarily, have been labeled with temperature,
salinity and pressure valueggip).

! Techntally, it supports just grids with four dimensions, but lower dimension grids can be represented by
setting the number of points for one or more dimensions to one.
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Figure2: A 2D grid with two spatial domains.

Each grid dimension can have a different number of sample positidrguire
2, for instance, the Easting dimension has four sample positions while the
Depth dimension has three sample positions.

The individual dimensions of an array may or may not have the same domains.
The grids illustrated ifrigurel andFigure2 are both based on spatial domains
(measured in meterdyigure3 below illustrates a grid with one spatial domain
(depth) and one tempal domain (time, measured in seconds).
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Figure3: A 2D grid with different domains (space and time).

Partsofa Grid & Some Terminology

The termgrid point, dimension sample positionandvariable have already

been introduced: a grid is a setgoid points organized alondimensions

storing data calledariables The dimensional axes can be considered

variables, specifically referred ascoordinate variablesEach of the

coordinates of a grid point corresponds gample positiori a position along

one of the dimensional axes. The ordered list of sample positions of a grid point
are called itgrid coordinates Metadata about the dris stored irattributes
Attributes may belobal (referring to the entire grid) or they may refer to

specific variables. The following figure illustrates these concepts.
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Depth Profiles at Latitude 49°N, Longitude 128°W - Global attribute

) [ ] ] i @ o €@ 25sec,-98m
Variable t may have
attributes such as

Mesh Lines Name (fitemperatureo)
and Units (degrees
Lk Celsius)
(N
DEPTH @ @ Y ®—» “ (‘ 25sec, - 99m
(tgfgrpg)
bA
Grid Points
Variables
» 4
A 4 -
‘ ‘ . ‘ ‘ 253:, 100m
(t.s1,P,) (t5,P,)
Sample Positions
A
5sec, - 100m 10sec, - 100m 15sec, - 100m 20sec, - 100m 25sec, - 100m
€ 'TIME = >
Attribute (name
of dimension) Dimension (a Coordinate Variable)

Figure4: Parts of a grid.

Note that the AMesh Lineso shown abov
they are shown just to illustrate the alignment of grid points.

Grid Spacing

There are two ways to deduei the position of a grid. One way is to cite the
grid coordinates (sample positions). In the following figurgs,(p,) is located

at sample position 2 on the time dimension and sample position 1 on the depth
dimension (the sample positions for eachehision start at position 0).
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Sample
Positions (2,1)
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DEPTH ® ® ® ® ® 1
(t3.S3.p3)

vV e ® ® ® e 2
(tlrsl!pl) (tzvszrpz)

A 4

TIME

Figures: A 2D grid showing grid coordinates (sample positions).

The other way to describe a positionaon gr i d i swobryl dtohe fAr e a
coordinates of the point. For exampleFigure3, the triplet of data values
(t,,8,p,) is located at a grid point that in turn corresponds to thearedd

spatialt e mpor al posi trio,n thidreet h5 99e aned e

The relationship between these two modes of referfiebygegrid coordinates

and by reaworld coordinate$ will be covered in more detail in the section
Conversion Between Grid Coordinates and R&alld Coordinatesn pagel0

below. For now, it suffices to say that between any two adjacent points on a
grid there is an as snorldcoardirate systein. st anc e

The spacing of sample positions alongdiféerent dimensions of the grid may,
of course, be differerit after all, the dimensions may not even come from the
same domain. Ikigure3, the spacings are 5 seconds in the Time dimension

and 1 meter in the Ddpdimension; irFigure2, the spacings are 10 meters in

the Easting dimension and 1 meter in the Depth dimension.

Within a single dimension, the spacing need not be constafigunel,
Figure2, andFigure3, the spacings are constant, Bigure6 below shows an
example where this is not the case.
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Figure6: A 3D grid showing reaforld coordinates and nonuniforrapaced points.

In this case the grid spacing in the Northing dimension is constant (10 meters)
but in the Easting and Depth dimensions spacing varies. In Depth, the
spacing is 20m and 10m; in Easting, the spacing is 10m, 15m, and 5m.

Conversion Between Grid Coordinates and Real -World
Coordinates

The translation from grid coordinates to readrld coordinates can be viewed
as a sequenaw distinct operations:

1. Nonuniform grid spacing is applied (if appropriate). If the space
bet ween grid points in one or mo
nonuniform spacing is applied.

2. An affine transformation is applied. This process rotates anchetsetc
the grid so that the grid axes coincide with-xgatld axes and the
distance between grid points takes on the correetvadd values.

3. Finally, the origin of the grid (one of the corners) is shifted (translated)
so that it aligns with the appropeatealworld point.

10



BCS GRID EXTENSION FOR POSTGRESQL (LINUX VE RSION)
PROGRAMMERGEG S GUI DE

Figure7s hows a simple 3x4 2D grid. The
label thel2 grid points.

10—

3 k
29 h i

1-d e f

Figure7: The 3x4 grid, shown in grid coordinates.
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In Figure8, nonuniform spacing on one of the axes has been applied. This
changes the grid spacing from fAl1l, 1,10
axis remainsinchanged.

10—

25

1.5

0.5

Figure8: The grid after the application of nonuniform spacing on the vertical axis.

12
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In Figure9, 90 rotation is applied, and the other axis (the equsigced one)

is stretched so that the grid spacing is 2.

10—

90° rotation

2.0

2.0

15 15 25

Figure9: Thegrid after rotation and scaling.
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Finally, in Figure10, the translation is applied, moving the original origin (the
point | abeled 6éabé) from point (0, 0)

10

Stretched, Rotated,
and Translated Grid

34k S

Original
Grid

29 B i

1d /e f

FigurelQ Two views of the same diith grid coordinates and in reairld
coordinates.

Data Values Are Attached to Grid Points

Just as data elements in an array are attached to array posttimuces, data
in grids are attached to the positions on the grids, called grid poirfigure

6, for example, the (temperature, salinity, pressure) data tripless () and
(t2, 3, p2) are stored at thgrid points corresponding to spatial positions
(20m,10m,-90m) and (35m30m,-70m), respectively.

14
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One other feature that this example illustrates is that there can be more than one
data element at each grid poinin this case there are three: temparat

salinity, and pressure. In this example, all the values are floating point, but in
general some could be floating point, some could be integers, some could be
text strings, etc. The BCS Grid Extension refers to these elemeragades

The Extensin supports up to t@ariables at each grid point, and the types of

the variables can be 8, 16, and 32 bit integers and 32 and 64 bit floating point
numbers.

Some Grid Points Can Have Missing Values

|l tds often the case t lofahe grisl pomsinadrid t he
do not have recorded values. For example, if a grid represents the output of a
vertical ocean sensor array over time, there may be some times when one of the
sensors fails to record values. As some vatustbe stored for eachariable

in each grid position, there needs to be some means for indicating that a value
appearing at some point in the grid n
typically used include:

1. TheFillvaueapproach: a specld) cdiwalse (e
indicate a missing value. The drawback of course is that real data
having this value cannot be represented.

2. TheNaN approach: IEEE floating point systems have specianot
number values that are not used for any legitimate floating point
numbers unfortunately there is no equivalent for integer systems.

3. TheBitMap approach: a boolean flag is associated with each grid point.
|l f the flag value is Atrueo, then
considered to be valimhe i f the f|
corresponding grid point value is considered to be missing. This is the
approach used in the BCS Grid Extension.

t
ag

Extracting From Grids: Orthogonally, Radially, and Obliquely

A common operation on gridded data is to extract a portion of the data into
new grid. Note that:

1 the new grid may have the same number of dimensions as the original
grid, or it may have fewer,

2100 is the v a limesconstaneuded in the BCS Grid Bxtandioa codereTiseno
technical reason why the Extension could not be released with a larger value; this may be done in the
future.

15
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1 an axis in the new grid may be parallel to an axis in the original grid, or
it may not be,

1 the grid points in the new grid may or mayt noincide with grid points
in the original grid, and

1 the number of grid points in the new grid may be fewer than, the same
as, or more than the number of grid points in the original grid.

One form of extraction is glice Suppose air temperatures aeatl in a 4D
latitude/longitude/altitude/time grid and we are interested in how the air
temperature at an altitude of 3000 meters varies with time and location. We
might want to form a 3D latitude/longitude/time grid, keeping just the altitude
values for lhe 3000meter level. Other examples of slices are:

1 a 2D latitude/longitude grid produced from, for example, all the data at
an altitude of 1000 meters and a time of 3 hours,

91 a 2D depth/time grid produced from, for example, temperature readings
at various oean depths at a sequence of titnasd

1 a 1D time grid storing air temperature at a particular point in space as a
function of timé. These are all examples of slices.

Another form of extraction is subset Unlike a slice, a subset of a grid has the
sane number of dimensions as the original grid. Furthermore, the axes in the
extracted grid coincide with the axes in the original grid, and the grid points in
the extracted grid coincide with some of the grid points in the original grid.
However, in a subset

1 the extent of one or more of the axes may be shorter than in the original
grid, or

1 the number of grid points along a dimension in the new grid may be
fewer than in the original grid.

Extractions can be classified @shogonal radial, or oblique.

3 This type of slice is also referred to agrafile.

* This type of slice is also referred to astiak.

16
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Orthogonal Extractions

An orthogonal extraction is one where each of the axes in the extracted grid is
parallel to some axis in the original grid. The latitude/longitude/altitude/time
grid example discussed above illustrates orthogonal extrackmusell

illustrates an orthogonal 3D grid (subset) taken from a larger 3D grid.

e

DEPTH

T o

40m, 30m, -100m

1 NORTHING
/ 40m, 20m, -100m

! ! | i ! ] / i
10m, L0m, -100s 20m)10m, -100m /30m, 10m, -1¢0m /40m,10m,-100m
/ ! ! ' i ! / i

«— - e EASTING | -- - >

30m, 30m,-98m

30m,30m,-100m

30m,20m,-100m

20m,10m,-100m 30m,10m,-100m

Figurell An orthogonal extraction.
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Radial Extractions

A radial extraction is an orthogonal extraction that has been rotatendanoe

of the axes. Suppose we have a 3D latitude/longitude/depth grid. A typical
operation is to extract several distance/depth grids centered around a particular
latitude/longitude point, each grid (@&dial sliceor simplyradial) radiating out

from the point at a different angle (like spokes in a whégfurel2 illustrates

a radial extraction of three radial slices.

40m,30m,-98m

40m,30m,-99m

L Y L]

DEPTH

40m,30m,-100m

I}
NORTHING
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O Interpolated Grid Position

One of the three radial
slices

10m,10m,-100m

Figurel2 A radial extraction.
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Obligue Extraction
An oblique extraction is a neradial extraction that has at least one axis that is

not parallel with any of the axes in the original gidyurel3illustrates such a
slice. It also illustrates an extracted grid where most of the grid points do not lie
on top of grid points in the original grid. The values at most of the grid points

in the extracted grid are interpolafiedeelnterpolating Values at Grid Points

on page20for a discussion of how this is done.
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Figurel3 An oblique extraction.
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Interpolating Values at Grid Points

As discussed in the previous sections, the grid points in an extracted grid need
not coincide with those of the parent (source) grid. When there is not an exact
match between gt coordinates, as shown in the figure below, one of two
sampling methods is used, as described in the following sections.

1 2 4
1 — 3 9 — 1
10 — X — 10
12 — 47 86 —12

Figurel4 Interpolation between grid points.

Figurel4illustrates a 2D grid with values defined at grid coordinates (1,1),
(4,12), (4,12), and (1,12). AX0 marKks
which there is no stored value.

The BCS Grid Extension supports the following interpolation schemes, and
provides a mechanism to allow users to define their own schemes:

1 n-linear interpolation,
1 nearesheighbor interpolation.

Nearest -Neighbor Interpolation

The simplest interpolation methodrisarestneighborinterpolation. This

method is conceptually equivaketo snapping to the nearest grid point on the
source grid. In the example shown above, the extracted grid value at X would
be assigned the value 47, since X is closest to the grid cell containing 47.

N-linear Interpolation

The other method supported thye BCS Grid Extension i¥-linear

interpolation. This method is a simple generalization dingiar interpolation.

In the twadimensional case shown, one would first linearly interpolate along
one axis, as shown here:

20
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47 60 86

Figurel5 N-linear interpolation.

and then linearly interpolate the interpolated values (5,60) to give a valug of 50
at X.

Types of Dimensions

Measurement scales, and hence the dimensions of a grid, can be classified into
four types:

nominal scales: values in the scale are unordered, and there is no notion of
distance between values. Sex {male, female} is such a scale.

ordinal scales: values in the scale are ordered, but again there is no notion of
distance between values. Educatiorttdiament {high school (HS),

undergraduate degree (BSc), masters degree (MSc), doctorate (PhD)} is an
ordinal scale. It is correct to say that on this scale PhD is higher than BSc, but it
is not correct to say that the difference between BSc and MScsarieas the
difference between MSc and PhD. Nor is it correct to say that PhD equals 2
times BSc.

interval scales: values in the scale are ordered, and the difference between
successive elements in the scale is constant. The Fahrenheit temperature scale
is an interval scale. The difference in temperature betweeandios0 is the

same as the difference between &0d 60, and it is true to say that 5&

hotter than 4Q Note, however, that it is not correct to say thatiS@wice as

hot as 25.

ratio scales: these are interval scales having an absolute zero. Not only is the
difference between successive values significant, the ratio between values is
significant as well. Salary is a ratio scale, as is the Kelvin temperature scale.

55 =3+ (93)*(2-1)/(4-1); 60 = 47 + (8647)*(2-1)/(4-1); 50 = 5 + (66B)*(10-1)/(12-1).

6 Seehttp://www.socialresearchmethods.net/kb/measlevl.htm
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The dimension scalessed in a BCS Grid Extension grid can be of any of these
four types, although the type of scale will govern which types of interpolation
are reasonable. No type of interpolation is reasonable for a nominal scale, and
nearesneighbor is the only type dfiterpolation reasonable for an ordinal

scale. Typically, some or all of the dimensions in a BCS Grid Extension grid
are taken from the list {X, Y, altitude/depth, time}, all of which are ratio
dimensions.

Projections  and Other Mappings

Every point on thé&arth has a unique {latitude, longitude, elevation} triplet of
coordinate% called itsgeographic coordinatesComputations of distance, area,
and direction using geographic coordinates are complicated, so it is often useful
to introduce a mapping betwegeographic coordinates and a local Cartesian
coordinate {northing, easting, elevation} system. This Cartesian coordinate
system is known asraap projection There are thousands of defined map
projections, each one having certain beneficial propertidé®aparticular
applicability in different parts of the world (e.g., equatorial areas, polar areas,
etc.)

Another type of mapping isgrid rotation. As described in the NOAA
publication
http://www.gfdl.noaa.gov/~smg/MOM/web/guide_parent/s4nodel8,html

fithis transform is particularly useful for studies of high
latitude oceans where the convergence of lines of longitude
may limit time steps or where the ocean contains a psle (
in the Arctic). The idea is to define a new grid in which the
area of interest is far from the grid poles. In limited domain
models, the pole can be rotated outside of the domain. For
global models, one possibility is rotate the North Pole to
(40° w, 78° N) which puts the North pole in Greenland
and keeps the South pole in Antarctica. Other uses include
rotating the grid to match the angle of a coastline or to
provide more flexibility in specifying lateral boundary
conditionso

Related to map projection isgltoncept of apatial reference systetwhile a
projection defines how to map cartesian coordinates to geographic coordinates,
a spatial reference system defines how to map either cartesian coordinates or
geographic coordinates to points on the Earthrdjgetion component of the

" Including nominal, with the restriction that the data valuestrba numeric.

8 That is, unique for a specified spheroid and datum.
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spatial reference system defines the mapping from cartesian coordinates to
geographic coordinates, and datum and ellipsoid components define the
mapping from geographic coordinates to points on the Earth. (For further
informationon spatial reference systems and the role of datum and ellipsoids,
seeAppendix Gon page237.)

For grids having spatial dimensions, the BCS Grid Extension allows the grid
dimensions to be cast in tes of particular spatial reference systems
(geographic or projected). In addition, the Extension allows for grids stored
with one spatial reference system to be converted to another spatial reference
system on extraction.

Updating Grids

As with any othetype of data residing in a database, it is often necessary to
update grids. Types of updates can include:

1 changing one or more of the values at individual grid poFitafe

16),

t t t t t t

021 121 221 321 021 121 221 321

Ly ./’ Loy
‘ Y320 . Y320
00! 00

‘1 by ‘1 b

. t t
Elevation 310 310

Longitude

t000 [100 t200 300 [OOO thO [200 300

Latitude

Figurel6 Updating temperature to t’m. All other values remain unchanged.

1 adding onto the end of one of the dimensions, for example the time
dimension as data continues to b#emted Figurel?), and

+

Elevation Longitude

0 1 2 3 4 0 1 2 3 4

Time

Figurel7. Extending a grid by 1 time period.
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1 replacing an entire portion of a gridrfa range of values in one or more
of the dimensionsHigure18).

Elevation

Latitude

- New
Original Grid Updated

Grid Picce Grid

O Original Value

@ New Value

Figurel8 Replacing a portion of a grid.

TheBCS Grid Extension supports the third type of update, but both of the other
two types of update can be framed as the update of a portion of.a grid

Aggregating Grids

By aggregating a grid, we mean constructing a new grid out of existing grids.
Three tyms of grid aggregatiéhare:

1 JoinNew
1 JoinExisting

M Union

® For adding data onto the end of a dimension, this requires that the full grid firstaiéopated with
null data, which become updated with raull data as they become available.

10 As defined by the OPeNDAP Aggregation Server
(http://www.opendap.org/server/atgml/agg_2.htmjl
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JoinNew

TheJoinNewform of aggregation is used to join grids along a new dimension,
hence creating a grid of higher dimensionality. For exankjigeire19

illustrates the embining of a set of-2limensional (spatial) {X, Y} grids for
successive time values into a singldifiensional {X, Y, time} grid.

2

™
Y 1 Time=0
0 1 2 3
X
2
Y 1 Time=1
4
0 1 2 3
X
3
Y Time =2 > P Time
2
0 1 2 3
X
2
1 2
Y 1 Time =3
1
Y
0 1 2 3
X 0 1 2 3
2 X
Y 1 Time=4
0 1 2 3 —

X
Figurel2 Combining {X,Y} grids for 5 different times into a single {X,Y ,time} grid.

The JoinNew form of aggregation is supported by the BCS Grid Extension
GRDEXxtend / Update functionality. (S&hmapter Gon pagel49)
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JoinExisting

The JoinExisting form of aggregation is used to consolidate grids that share the
same axes and abut each other on one or more of these axes. For example,
Figure20illustrates a Joinksting aggregation between two {X,Y,time} grids.

Time + Time

Figure2Q Merging XY grids for different time periods to form a single, tpither

The JoinExisting form of aggregation is supported by the BCS Grid Extension
Grid Fusion functionality. (SeeAggregating Grids: GridFusionon pagel37.)
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Union

TheUnion form of aggregation calme used to aggregate grids that have the
same axes and cover the same sgatigporal area, but have different
variablesFigure21 shows the union aggregation of a salinity deptie grid
and a temperature deptime grid.

™
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3 —ty b 4
_/
0 1 2
time

Figure21 Unioning a salinity deptime grid and a temperature ddjstie grid to
form a grid with both salinity and tempeeat

The Union form of aggregation is supported by the BCS Grid Extension
GRDValue/GRDUpdate functionality. (S€&hapter 6on pagel49)
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Storing Grids in Files

Grids are used in many diverse appiimas; hence a number of different
standards and formats have been defined for storing grids in files. Some of
these are:

CDF (Common Data Format) is a library and toolkit for storing, manipulating,
and accessing multdimensional datasets. The basic congrdrof CDF is a
software interface that is a devitwlependent view of the CDF data model.

GRIB (GRIdded Binary) is the World Meteorological Organization (WMO)
standard for gridded meteorological data.

HDF (Hierarchical Data Format) is a seléfining file format for transfer of
various types of data between different machines. The HDF library contains:

1 interfaces for storing and retrieving compressed or uncompressed raster
images with palettes, and

1 an interface for storing and retrievingdimensional sientific datasets
together with information about the data, such as labels, units, formats,
and scales for all dimensions.

netCDF (Network Common Data Form) is an interface for scientific data
access that implements a machimgependent, sellescribingextensible file
format.

SDTS (Spatial Data Transfer Standard) is a USA Federal standard (Federal
Information Processing Standard (FIPS) 173) for transfer of geologic and other
spatial data.

DICOM (Digital Imaging and Communications in Medicine) has pihigicsa
set of standards allowing for the storage and interchange of medical images and
related information.

The BCS Grid Extension is packaged with an application that can import HDF,
netCDF, GRIB, and DICOM files and save them in a BCS GRID Extension
enalbed database. It can also import files served by OPeNDB#&PRvers. This
application is discussed Appendix Jon page265.

1 OPeNDAP is a network data access protocol.Hpe//apendap.org/
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The Role of Databases for Gridded Data

Until recently, gridded data was wsly stored in files and users ran
applications on these files to generate the required data products. However,
there is now increasing recognition that it is often advantageous to store
gridded data in a modern database and allow users to extract dhtetpioy
running queries against the database. Three advantages are as follows:

Uniform treatment of data items: By storing gridded data together with its
metadata and other data, applications can use the simple SQL interface to
perform complex queries ke on any of these data items, including
dynamicallyderived properties of the gridded data. An example of this would
be the following pseud8QL query, which returns all pressures at a depth of
100 m, collected by a particular device:

SELECT GRDEXxtract( gridColumn , extractionSpecification )

FROM tablename

WHERE inside(100, depth_range(gridColumn))

AND collection_device = fApressure_transducer 0

This basic query could be extended by modifying the text of the extraction
specification to support more refinegtjuests, such as selecting pressures
collected during the last five hours, converting to a Lambert conformal
projection, etc. In contrast, gathering this information when the gridded data is
on a file system would involve a complex application of not guigries but

also code to locate, transform, and subset the relevant data.

Client-server issuesin a traditional database or filmsed environment,

custom functionality is implemented purely on the client side, resulting in
Aheavy cl i ent sioadditdotdalowmg useddired types,

also allow usedefined routines to be defined in languages such as C or Java,
which provide much greater control over where functionality resides. Data can
be assembled, processed and/or disassembled onteéladient or the server,

or both, with attendant tradeoffs.

Synchronized concurrent access to dataMultiple users of the database can
safely query the same data simultaneously. With éfaked approach, there is
a danger that the update activity of @pgplication might result in another
application seeing inconsistent data.

However, in order to realize the true potential of gridded databases, it is also
necessary to provide for certain critical functionality to be available as an
integrated componenf the overall system. Some examples of disciplines
requiring sophisticated operations were provided inAjyalication Areas for
Gridded Dateasection (page).
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Expanding on one of these examples, dus experience that data products
required by users of large grids often involve only very small portions of the
grid. For instance, on a global weather grid, the region of interest may only be a
few tens of kilometers on a side; on an oceanographic ddtatge required

data might be a 2D slice 100 km long. Under these conditions, only a tiny
fraction of the grid needs to be used to generate the products. Certain DBMSs
can be made to perform such manipulations very efficiently through the use of
tiling combined with blobs (binary large objects). By taking this approach, only
those tiles that contain the data of interest are moved into memory during data
product generation, and the vast majority of the gridded data is not involved in
the data transfer oné computations. Understandably, this can be a very
important performance consideration in the case of-W&sed applications.

As already noted, only certain types of DBMSs are suitable candidates for
achieving all the potential advantages of using a datalo store gridded data.
In particular, objectelational DBMSs provide the support for UDTs (user
defined types) and UDRs (usaefined routines) required to realize these
advantages.

An Object -Relational Extension for Gridded
Data

Object -Relational Dat  abases

Conventional relational database management systems support only a fixed set
of data types, and these data types are usually fairly simple. For example, the
1992 SQL standard (SQL2) for relational database management systems
supports the followingata types: bit, bit varying, character, character varying,
integer, floating point, arbitrary precision numeric, date, time, time interval,

and binary large object.

In addition to the limitation in the variety of data types, SQL2 also restricts the
operatons on the data types to a limited,-pefined set. For example, the

integer data type supports operations like plus, minus, times, etc., but SQL2
provides no mechanism for defining new operations (say, for example, a
Amax2numo oper at tegers and rfetarns the largeecs themyvo 1 n

For potentially large data elements such as pictures, sound recordings, and grids
of dat a, SQL2 offers the Abinary | arg
there is very little that one can do with blobs; teay be inserted into a

database and extracted from a database, but

1 they cannot be used in the WHERE clause of queries:
e.g., 0NSELE ®bbcélumiWHBRD ; 0
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1 they cannot be used in the ORDER BY clause of queries:
e.g., ASELECTblobcolontpiDOER BY

1 they cannot be operated on in the SELECT clause of queries:
e.g. , fuadbbEdum) FROM €0

To address all of these conceroBjectrelational database management

systems allow a database designer to criesgedefined typegUDTSs) and
userdefined routines(UDRs) which operate on these types. With the
PostgreSQL objeatelational database management system, a package of UDTs
and UDRs designed to meet a class of business objectives is called an
Extension The remainder of this chapter introducesBICS Grid Extension,

a package designed to assist in storing and manipulating gridded data in a
PostgreSQL database.

The BCS Grid Extension 0 User -Defined Data Types
The BCS Grid Extension includes the following UDTs:

GRDValue: A GRDValue has two parisadatacomponent, containing
gridded data, andrmetadatacomponent, containing the information needed to
interpret that data (e.g., projection, dimensions, grid axis spacing, etch&ee
GRDValue Data Typen paget3for a detailed discussion of the GRDValue
data type.

GRDSpec A GRDSpec contains the information necessary to extract a new
grid from an existing GRDValue grid. Like a GRDValue, a GRDSpec also
includes metadata. This metadata is usealverride the metadata from the

original GRDValue. This means that a GRDSpec can direct thakthected
GRDValue have different properties (e.g., size of axes, axis spacing, projection,
position of grid points) than thariginal GRDValue. Sedhe GRDSpec Data
Typeon pagesl for a detailed discussion of the GRDSpec data type.

S-expression Various classes of-8xpressionghttp://en.wikipeda.org/wiki/S
expressiohare used throughout the BCS Grid Extension; they provide a way of
bundling complex specifications into a single expression. These clasSes of
expressiorare not actually implemented as UDTs but at a conceptual level they
should 2 considered as data types, since many BCS Grid Extension SQL
functions have string operands that take the formeX8essions. Sebe

tableon page202for a detailed desiption of the various classes of
S-expressions used in the BCS Grid Extension.

GRDBox: A GRDBox stores a gridds boundi |
GRDBox06s can be built from any GRDVal
reatworld coordinate system (X, depth/altitude, time) or (latitude, longitude,
depth/altitude, time). The secti@eolocating Gds: Finding Grids that Are in
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a Particular Spatid emporal Locatioron pagel43descibes how to use a
GRDBox in a spatial index in order to find grids satisfying some
spatietemporal criteria. (For examplnd all grids that overlap some

specified area, have altitude values between 8000 and 9000 meters, and have
time values in the pag&4 hours)

GRDPriorityGrid andGRDFuseState These types are used to resolve
ambiguity when creating a composite grid from multiple, overlapping grids
using grid fusion techniques. Grid fusion techniques are described in
Aggregating Grids: Gridrusionon pagel37.

The BCS Grid Extension 0 User -Defined Routines

The BCS Grid Extension includes over forty functions for creating,
manipulating, and extracting grids of data. A complete description of these
functions is provided id\ppendix Aon pagel99.

The set of BCS Grid Extension functions includes:

T functions for creating GRDBoxo6ds, GRELC
GRDPriorityGridos,

functions for queryig the metadata portion of a GRDValue,
functions for extracting GRDVal ueods,

functions for manipulating and updat

= == =2 =

miscellaneous utility functions.
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Chapter 2: Installing the
BCS Grid Extension

This chapter describes how to inktak BCS Grid Extension software onto a
Linux server machine and perform some simple operations to test the
installation.

Installing the Software

The BCS Grid Extensiorequires that an appropriate version of the
PostgreSQL server already be installedtentarget machin€urrently the

BCS Grid Extension is tested to run under PostgreSQL version 8.4. If you are
running a different version of PostgreSQL, pleesetact BCSor a custom
version of the BCS Grigxtension.

The first step in the installation process is to log in as root. This can be done by
either logginppnas r oot at a |l oginopcommandrt o
start a shell as the root uSer

The second step is to execute the install packBge install package's name is
of the form

bcsgrid - * - postgresqgl - * - linux.bin
(regular version)

or

bcsgrid - * - postgresql - *-linux.E  xpires_on . yyyy - mmdd.bin
(evaluation version)

12 Note that the-" argument to su is necessary. Without tharjument, the su command will not execute
the root's profile, and hence the install package would be unable to find commands it needs.
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where the first * is replaced by the version of the BCS Grid Extension, and th

second * is replaced by the version of the bundled PostgreSQL distribution. For

evaluation versionsyyyymmdd refers to the evaluation expiry year, month,
and day.

To install BCS Grid Extension versi@n3.2.0with PostgreSQL versiod.4.8
you wouldexecute the following statemeant

chmod u+x besgrid -5.3. 2.0 - postgresgl - 8. 4. 8- linux.bin
. Ibcsgrid  -5.3.2 .0 - postgresqgl - 8. 4.8 - linux.bin

The install package provides a series of explanatory messages and prompts to

assist a user in configuring a new instadiatiThe explanatory messages are
rather long, and so are not reproduced heresdopleprompts are shown
below.

Beginning installation...

PostgreSQL appears to be installed and running in
/usr/lib/postgresql/8.4/bin

Enter the port used by PostgreSQL [5 432] >

Enter a directory for the initial blobspace
[/opt/postgres/BLOBSPACE] >

Enter a database name [bcsgrid] >

Is this correct? y/[n] >

Note that the BCS Grid Extension will write error messages into the
fiserverog 0 f il e i n t he Brypspaecied m BiQibstalthtzon. a

Two PostgreSQirelated environment variables can optionally be set to make
starting psq|l, the PostgreSQL SQL client program, more convenient. The
variables ar@GDATABASEINdPGUSERPGDATABASEelects the database that
will be connected to if no database is otherwise spec#ie@dsERselects the

user id that the connection will be associated with if no user id is otherwise

specified®. Setting these variables removes the need to pass the database name

and username to psag command line arguments.

131f PGUSERSs not set and no userid igexified in the command line arguments to psql, then the
PostgreSQL userid will default to the Linux userid.
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Setting Up the License Key

A license key is needed for each computer on which the PostgreSQL server
runs. The license key is provided to the BCS Grid Extension by adding the
following lines to thebashrc file in thepostgres account

export GRID_LICENSE_KEY
GRID_LICENSE_KEYdicense_key value

If there is a line in the file that reads

# User specific aliases and functions
place the license key statements right below that line.

Next, restart the PostgreSQL server. A simple Wweago this is to log into the

root account, cd to thetc/init.d directory and execute the following
commands:
Ipostgresq| 5 stop

Jpostgresq| start

The license key is dependent on your machine's hostname and ip address. If
either of these change, youllwieed to contadBarrodale Computing Services
Ltd. for a new license key.

141f the postgres  account runs with some shell other than bash, then the means for setting the
GRID_LICENSE_KEY environment variable will be difext. For example, if csh or tcsh is used, then

fisetenv GRID_LICENSE_KEY license_key value o wi ll need tcehrcb éle pl aced
in thepostgres account.

5 The exact name of the command may differ. For example, under Ubuntu with PostgreSQL 8.4 the
coomand is cal-8edo0fipostgresql
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Testing the Installation

This section leads the reader through creating a table, populating it, and doing

an extraction. Inthe followmig e x asthpt epr ésent s t he Uni
pr omp tocsg@d¥#dbd Or epr e s e nt ¢ Notdteat tipedotiowingp r o mp t
exampleis not a realistic example of the use of the BCS Grid Extension.

However, it does illustrate some core functionality ofExéension.

In this example, a simple 2D grid is created. The axes are each 1 unit (2 grid
points) long and the four grid points have values as shown below:

1.0
Value =5 Value = 10

Value =0 Value =5

Figure22 Original 2D 2x2 grid.

The grid iscreated by first initializing an empty grid (using the
GRDValueFromSExpfunction), then editing the external representation of the
grid, and reloading the grid into the databage 1D diagonal slice is then
producedas shown in the following diagram:

16 The string preceding thef# (in this case bcsgrid) is the database name.

“"That is one of the fAunrealisticodo parts foretold e
Extension UDRs to populate the grid taftem an external file.
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1.0
10

New 1D Grid

Figure23 Final 1D grid with 11 grid points.

The following sections proceed through this example, one step at a time.

CREATE AND LOAD A TA BLE

Execute the following bix and psgl commants

$ psql besgrid

I n the foll owing HfAc+eeadsien t abl eo

'((srid-1)(dim_sizes 2 2 1 1)(dim_names x y duml
dum2]tile_sizes 2 2 1 })represents a grid with:

1 spatial reference system-,

1 dimensions of 2x2x41 (effectively a 2x2 grid with 2
grid points in each dimension), and

T axis names fAx0 and dndy.
di mensions have names

= O
P

_|

o

@D

bcsgrid=# CREATE TABLE testtab(namelist text][],

¥'n the following fibcsgri doinstalton he database name s

37



BCS GRID EXTENSION FOR POSTGRESQL (LINUX VE RSION)
PROGRAMMERGEG S GUI DE

grid GRDValue);

CREATE TABLE

bcsgrid=# INSERT | NTO testtab(grid) SELECT
GRDValueFromSExpr('((srid - 1)(dim_sizes 2 2 1 1)(dim_names x y
duml dum?2) (tile_sizes 221 1) )";

INSERT 167016 1

In the message returned by the server, the 167016 is the oid
(object id) of the inserted row. The actual valu# be different
each time an insert is performed, since oids are unique.

bcsgrid=# UPDATE testtab SET namelist =
GRDGetFieldNames(grid);
UPDATE 1

bcsgrid=# SELECT * FROM testtab;

(Note to reader: precise formatting is dependent on the width otemimal
window.)

namelist |

grid

______________ +

{dummyField} |

header=328;prolog=1;versio n=50331648;id=0;numFields=1;hasSatParm
s=0;blendType=0;st orage=0;support_missing=1;srid= - 1tile=2,2,1,1

;samples=2,2,1,1;finalDims=2,2,1,1;gridWrap=0,0,0,0;blendValue=0
;startPt=0,0,0,0;basis0=1,0,0,0;basis1=0,1,0,0;basis2=0,0,1,0;ba
sis3=0,0,0,1;fieldlds= 0;fieldTypes=8;dimNames="x","y","dum1","du
m2";fieldNames="dummyField";nonuniflags=0,0,0,0;epilog=111,222;b
lob=0;file=6 ;filelen=345;

(1 row)

The ASELECTO statement displays
GRDValue metadata. Note that the default behasito not

display the GRDValue data component. Tileandfilelen tags

do not refer to actual files, but fileased blobs.

bcsgrid=# SELECT GRDValue  SetLongForm();
grdvalue setlongform

(1 row)

The GRDValu&dlLongForm() function changes the behavior of
the function that converts GRDValue's to text. Rather than
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outputting information about
it outputs the actual GRDValue data component. There is a
complenentary function caild GRDValu&etShortForm()

which restores the default behavior.

bcsgrid=# SELECT * FROM testtab;

namelist |

grid

______________ +

{dummyField} |
header=328;prolog=1;version=50331648;id=0;numFields=1;hasSatParm
s=0;blendType=0;storage=0;support_missing=1;srid= - 1itile=2,2,1,1

;samples=2,2,1,1;finalDims=2,2,1,1;gridWrap=0,0,0,0;blendValue=0
;start Pt=0,0,0,0;basis0=1,0,0,0;basis1=0,1,0,0;basis2=0,0,1,0;ba
sis3=0,0,0,1;fieldlds=0;fieldTypes=8;dimNames="x","y","dum1","du
m2";fieldNames="dummyField";nonuniflags=0,0,0,0;epilog=111,222;;
data=1,2,3,4;valid=15; (1 row)

Note that the data is now displayedher than théle and
filelen tags.

bcsgrid=# \ COPY testtab TO '/tmp/unloadfile.txt'

bcsgrid=# \qg

$ cat /tmp/unloadfile.txt

(Note to reader: precise formatting is dependent on the width of your terminal
window.)

{dummyField}
header=328;prol  og=1;version=50331648;id=0;numFields=1;hasSatParm
s=0;blendType=0;storage=0;support_missing=1;srid= - 1tile=2,2,1,1

;samples=2,2,1,1;finalDims=2,2,1,1;gridWrap=0,0,0,0;blendValue=0
;startPt=0,0,0,0;basis0=1,0,0,0;basis1=0,1,0,0;basis2=0,0,1,0;ba
sis3=0,0,0, 1;fieldlds=0;field Types=8;dimNames="x","y","dum1","du
m2";fieldNames="dummyField";nonuniflags=0,0,0,0;epilog=111,222;;
data=1,2,3,4;valid=15;
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CHANGE THE GRID DATA AND RELOAD IT

Note that in the Acato statement outp
out put is the string Adata=1, 2, 3, 4; 0.
have values 1, 2, 3, and 4, respectiywv
command will change this string to dad

unloadfile2.txt now epresents the grid shownkigure22.

$ cat /tmp/unloadfile.txt | \

?sed -e's/data=1,2,3,4;/data=0,5,5,10;/" \
? > [tmp/unloadfile2.txt

$ cat /tmp/unloadfile2.txt

(Note to reader: precise formatting is dependent on the widthusfterminal
window.)

{dummyField}
header=328;prolog=1;version=50331648;id=0;numFields=1;hasSatParm
s=0;blendType=0;storage=0;support_missing=1;srid= - Ltile=2,2,1,1
;samples=2,2,1,1;finalDims=2,2,1,1;gridWrap=0,0,0,0;blendValue=0
;startPt=0,0,0,0;bas is0=1,0,0,0;basis1=0,1,0,0;basis2=0,0,1,0;ba
sis3=0,0,0,1;fieldlds=0;fieldTypes=8;dimNames="x","y","dum1","du
m2";fieldNames="dummyField";nonuniflags=0,0,0,0;epilog=111,222;;
data=0,5,5,10;valid=15;

$ psql besgrid

bcsgrid=# DELETE FROM testtab;
DELETE 1

bcsgrid=# \ COPY testt ab FROM ‘/tmp/unloadfile2.txt'
bcsgrid=# \g
$
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PERFORM A SLICE

At this point, the testtab table now contains a single row, holding a GRDValue
represented by the diagram showrrigure22. In the followingcopy
command, the SELECT clause contains thexfression:

'((dim_sizes 11 1 1 1) (affine_transformation.1000.100000100001)
(interpolation (dimO linear)))'.

This expression represents an effectively 1D grid with id gpints. The
Aaffine _ transf or mat i odegreeeaurgercecksiseon r e
rotation of the axes of the original
specifies that the (11) grid points in the new grid are to be determined from the

(2) gnd points in the original grid by linear interpolation on the 2 axes named

Axo and Ay. o0
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$ psql besgrid

(Note to reader: in the following, do not break the quoted string onto multiple
lines.)

bcsgrid=# SELECT GRDEXxtract(grid,'((dim_sizes 1111 1)

(af fine_transformation.1000.100000100001)
(interpolation (x linear) (y linear)))") INTO TEMP temptab FROM
testtab;

SELECT

bcsgrid=# SELECT GRDValueSetLongForm();

grdvalue setlongform

(1 row)

besgrid=# \ COPY te mptab TO '/tmp/unloadfile3.txt'
bcsgrid=# \q

$ cat /tmp/unloadfile3.txt

(Note to reader: precise formatting is dependent on the width of your terminal
window.)

header=328;prolog=1;version=50331648;id=0;numFields=1;hasSatParm
s=0;blendT ype=0;storage=0;support_missing=1;srid= - Ltile=1,1,1,1
;samples=11,1,1,1;finalDims=11,1,1,1;gridWrap=0,0,0,0;blendValue
=0;startPt=0,0,0,0;basis0=0.1,0,0,0;basis1=0.1,0,0,0;basis2=0,0,
1,0;basis3=0,0,0,1;fieldlds=0;fieldTypes=8;dimNames="x","y","dum

1""du m2";fieldNames="dummyField";nonuniflags=0,0,0,0;epilog=111
,222;,data=0;valid=1;data=1;valid=1;data=2;valid=1;data=3;valid=
1;data=4;valid=1;data=5;valid=1;data=6;valid=1;data=7;valid=1;da
ta=8;valid=1;data=9;valid=1;data=10;valid=1,

As expecta=dd etxhper efisdsaito n s -elaneotar@y, i ndi cat
starting with a value of 606 at posit

position 10.
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Chapter 3: The BCS Grid
Database Extension dthe
GRD xxx Data Types

This chapter discusses the repr@ation of grids inside the BCS Grid
Extension. In particular, it defines the GRDValue and GRDSpec data types and
discusses the role of&pressions in the BCS Grid Extension.

The GRDValue Data Type

There ardghreetextual representations of GRDValuedjieh of the
representations is used depends on whether the GRDigalamg a satellite
coordinate systeprand which of tw alternative satellite coordinatehemes is
used°.

The following textual representation ohan-satelliteimageGRDValue was
shownon paged2.

header=328;prolog=1;version=50331648;id=0;numFields=1;hasSatParm
s=0;blendType=0;storage=0;support_missing=1;srid= - Ltile=1,1,1,1
;samples=11,1,1,1;finalDims=11,1,1,1;gridWrap=0,0,0,0;blendValue
=0;startPt=0  ,0,0,0;basis0=0.1,0,0,0;basis1=0.1,0,0,0;basis2=0,0,
1,0;basis3=0,0,0,1;fieldlds=0;fieldTypes=8;dimNames="x","y","dum
1","dum2";fieldNames="dummyField";nonuniflags=0,0,0,0;epilog=111
,222;,data=0;valid=1;data=1;valid=1;data=2;valid=1;data=3;valid=

1;data=4 ;valid=1;data=5;valid=1;data=6;valid=1;data=7;valid=1;da

1% Normally a noesatellite grid is sampled in such a way that there is a simple mapping between each

grid element ad a geographic location on the earth. This mapping is so simple that a single equation and a
small number of projection/grid parameters are all that are needed to map any point in the grid to a point
on the earth. Satellite images, on the other handnare complicated because the sampling of the points

is a function of the satellites orbit and the satellites orientation at each point in its orbit, and direction its
sensor is pointing at a particular point in its orbit (aka the scanline meta datajs®aeaneed per

scanline metadata to be associated with the grid, we cannot describe it with just spatial reference text and
our regular grid parameters.
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ta=8;valid=1;data=9;valid=1;data=10;valid=1;

A GRDValue thaused a satellite coordinate systamnght have a textual
representation similar to the following:

header=589;prolog=1;version=50331648;id= 0;numFields=1;hasSatParm
s=1;blendType=0;storage=0;support_missing=1;srid= - 10;tile=1,1,1,
512;samples=1,1,3,2048;finalDims=1,1,3,2048;gridWrap=0,0,0,0;ble
ndValue=0;startPt=0,0,0,0;basis0=0,0,0,1;basis1=0,0,1,0;basis2=0
,1,0,0;basis3=1,0,0,0;fieldIds=0;fie IdTypes=8;dimNames="time","|
evel","line","sample";fieldNames="dummyField";nonuniflags=0,0,0,

0; metaDataType=1; numLines=3;samplesPerLine=2048;perSampleStepAng

le=0.0541;rEquator=6378135;rPolar=6356750.52; position= - 0.749601
6637:0.4865016679:0.6952380664, 0.7494770058:0.4864786472:0.69538
79555, 0.7458534276:0.4858056579:0.6997378995;0rientation=0.65922

03123: -0.4315293789: - 0.6158010839,0.6591067038: -0.4315080613: -0.
6159376 154,0.6558996386: - 0.4309052431: 0.6197711961;spinAxis=0. 61

27609145: 0.1663766637:0.7 72556061,0.6128743445: - 0.1664625439:0.7
724475771,0.6160925024: - 0.1688075585:0.7693724954;epilog=111,222
:blob=0:file=239 :filelen=25933;

In the example above the satellite coordinate systetefised by an orbital
model (specified in terms of orienta, axis, etc.)An alternative specification
of a satellite coordinate system usgsair of latituddongitudevalues at each
of three specified positiorsdong each scan line, as shown below:

header=529;prolog=1;version=50331648;id=0;numFields=1;hasSat Parm
s=1;blendType=0;storage=0;support_missing=1;srid= - 10;tile=1,1,1,
512;samples=1,1,3,2048;finalDims=1,1,3,2048;gridWrap=0,0,0,0;ble
ndValue=0;startPt=0,0,0,0;basis0=0,0,0,1;basis1=0,0,1,0;basis2=0
,1,0,0;basis3=1,0,0,0;fieldlds=0;fieldTypes=8;dimNames=" time","|
evel","line","sample";fieldNames="dummyField";nonuniflags=0,0,0,

O;metaDataType=2 ;numLines=3;samplesPerLine=2048;perSampleStepAng
le=0.0541;rEquator=6378135;rPolar=6356750.52;fovindices=25,1025,
2025;lonLatSamples=  -57.719: -35.9721, -73.7026999999999 9: - 39.7286,

- 90.74120000000001: -41.092, -57.724: -35.9633, -73.7059: -39.7191, -9
0.7419: -41.0825, -57.7291: -35.9545, -73.70910000000001: -39.7095, -9
0.7426: -41.073;epilog=111,222;blob=0;file=240 ;filelen=25873;
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Units Support

The BSC Grid Extension allows a stito be stored with each dimension and

for each field of the grid, the string denoting the units for values in that
dimension or field. The intent is that the strings will obey the form of the
UDUNITS-2 package fronnidata These strings are not interpreted by The
BCS Grid Extension; it is the useros
them is meaningful. Here is how tdRDValue showrabovewould appear if

unit names had been specified for the x and y dimeri&ions

header=328;prolog=1;version=50331648;id=0;numFields=1;hasSatParm
s=0;blendType=0;storage=0;support_missing=1;srid= -1; tile=1,1,1,1
;samples=11,1,1,1;finalDims=11,1,1,1;gridWrap=0,0,0,0;blendValue
=0;startPt=0,0,0,0;basis0=0.1,0,0,0;basis1=0.1,0,0,0;basis2=0,0,
1,0;basis3=0,0,0,1;fieldlds=0;fieldTypes=8;dimNames=" x:meter """y
‘meter ","dum1","dum?2";fieldNames="dummyField";non uniflags=0,0,0,
0;epilog=111,222;;data=0;valid=1;data=1;valid=1;data=2;valid=1;d
ata=3;valid=1;data=4;valid=1;data=5;valid=1;data=6;valid=1;data=
7;valid=1;data=8;valid=1;data=9;valid=1;data=10;valid=1;

Components of a GRDValue

Thetextin theprecedingexanplesdescribes the metadata of a single instance
of a GRDValue. Normally the Extension user need not be aware of this
representatioin instead, the metadata and data for a GRDValue should be
accessed through Extension functions, as illustrated by thi call
GRDGetFieldNames in the example on padgeNonetheless, understanding

the representation of a GRDValue will help one understand how a GRDValue
behaves. The following list describes the components of a GRDValue:

header= the number of bytes of metadata.
prolog= andepilog= used for errochecking.
version=: used for errochecking.

id=: userdefined 8byteintegervalue; can be used for limg GRDValues to
their metadata. Se8RDGetIDon page98.

numFields= the number of variables at each grid point.

hasSatParms:: equals O if the GRDValue containse satellite information
equals 1 if it does.

blendType=: used by the Oracle versionrésent buhot used in this veion).

2 seelnserting Grids Using ®xpressions and SQpage63) for a descption of how to specify units in
GRDValueFromSExpr.
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storage= this field is used internally to track whether data is represented in
memory, inline, or stored in a large object.

support_missing= indicates whether individual grid points can be marked as
NULL (missing).

srid=: identifier of the spatialeference system used to interpret spatial
dimensions; asrid value ofi 1 indicates that the GREalue has no spatial
dimensions.If the GRDValue has a satellite coordinate systidm srid is set
to-10.

tile=: the dimensions of the tiles used to stiwe GRDValue data component
(grids are stored as a collection of tiles, with all the grid points from a tile being
stored contiguously).

samples= an arrayof four integers defining the current data dimensions for the
grid.

finalDims=: a set of four integrs defining the allocated dimensions for the
grid. ThefinalDims andsamplesvalues are identical for any GRDValue stored
in a database row. The two fields may differ when:

1 GRDExtend(pagel49 hasbeen used to define a new larger
GRDValue based on an existing GRDValue, or

1 A GRDValue has been created by a client program but has not
yet been stored in a database row.

gridWrap=: for each dimension, indicates whether values in that dimension
wrap-arourd. Wraparound occurs, for example, on an axis representing a
longitude dimension (longitude values wsaund at1l80 and 180).

blendValue=: used by the Oracle version (not usethi@ PostgreSQlersion).
startPt=: the coordinates of a corner of thiédgused as a translation vector.
basisO= the first row of a scaling, rotation matrix.

basis1= the second row.

basis2= the third row.

basis3= the fourth row.

fieldlds=: obsolete.

fieldTypes= indicates whether each variable is integer, floating petnot,
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dimNames= the textual names of the axegh optional units(e.g.,
A d e:mitlidarsd ,  f.tinithie example, depth has a unit specification; time
does not.)

fieldNames= the names of the variablesth optional units(e.g.,
At e mp edegreestd ,e i s .dr thisrexampleptemperature has a unit
specification; salinity does not.)

nonuniflags=: indicates whether or not each of the axes is nonunifermly
spaced.

nonunisamplel= (present only if the first nonuniflag value is 1): grid point
coordirates for the first axis (if uniform sampling is used on this axis, then the
spacing is determined by the basis vectors).

nonunisample2= (present only if the second nonuniflag value is 1): grid point
coordinates for the second axis.

nonunisample3= (presenonly if the third nonuniflag value is 1): grid point
coordinates for the third axis.

nonunisample4= (present only if the fourth nonuniflag value is 1): grid point
coordinates for the fourth axis.

data=: a gridpoint data value.

valid=: is the gridpoint dta value actual, or should it be treated as NULL?
(This is relevant only if support_missing is 1.)

numLines=: used with satellite image data; is set equal to the third element of
thesamplesarray.

samplesPerLine=: usal with satellite image data; is set equal to the fourth
element of thsamplesarray

perSampleStepAngle: used with satellite image dathg angular spacing
between samples along a single scan line, in decimal degrees.

rEquator =: used with satellite image dathg major axis of the spheroid, in
meters.

rPolar=: used with satellite image dathg minor axis of the spheroid, in
meters.

position=: used with satellite image datag satellite position in normalized
ECF cordinates, represented as xyz tuples.
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orientation=: used with satellite image datag sensor pointing axis unit
vector, represented as xyz tuples.

spinAxis=: used with satellite image dathe sensor spin axis unit vector at
each line, represented aszxyples.

fovindices=: used with satellite image data; these are the index positions of the
three designated points on each scan line where longdtitiele pairs have
been specified.

lonLats=: longitudelatitude pairs corresponding to the fovindicesdéhpairs
for each scan line).
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Grid Coordinates and Real -World Coordinates

It is important to understand that there are two distinct coordinate systems
associted with a grid, the grid coordinate system and theweald coordinate
system.

The grid coordinate system is aligned with the grid. The order of its dimensions
depends on the order of the data in the grid. For example, if the grid data is
stored so thiatime is the most major dimension, then level, then row, and

finally column as the least major dimension, then we say that the order of the
grid dimensions is time, level, row, column. The enames attribute should

reflect the grid coordinate system.

Real-world coordinates refer to locations on the earttl their order is fixed:

x (or longitude), y (or latitude), z (altitude or depth), t (time). As explained in
the next section, this mapping is established by a function involving the grid's
start poinf(its translation), nonuniform dimensions, and its affine
transformation. The order of the world coordinates must be preserved for
reprojection and other projecti@ware functionality to work properly.

Typically, there is a on-one mapping between antiension in the grid

coordinate system and a dimension in a world coordinate system, but this is not
true in general. For example, a grid coordinate system may have one dimension
aligned along the lingatitude=u, longitude=uandanaher dimension aligned

along the lingatitude=v, longitude=v.

GRDValue Metadata and the Conversion Between Grid
Coordinates and Real -World Coordinates

The GRDValuestartPt, basis[G-3], nonunisample[1-4], nonuniflags, and
samplescomponents all play a role in determining how grid coordinates are
converted to realvorld coordinates (called tHerward procesyand how real
world coordinates are converted to grid coordinates (calleckttegse

process.
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START POINT (STARTPT)

As descibed abovestartPt is the location (in realorld coordinates) of the
first element in the grid. This can be represented mathematically-akemént
column vectos, i.e.,

(0]
I

BOR PR
e g C’-C' [ R S]

BASIS (THE FOUR BASIS/ VECTORS)

The fourbasig row vectors, each representing a basis vector for one of the four
grid dimensions, can be represented mathematically as a 4x4 Watrix

Y

&y Vi, Vig Ve basid
V = 2\/21 Voo Vo3 V243' basid -
@’31 V3 Va3 V34l:1- basi®
av,

e u .
Vi Vao Viz Vau-  basis

Note here that thieasissuffix range is from 0 to 3, while the V subscript
ranges are from tb 4.

While thestartPt value determines how far the grid coordinates of a grid are
shifted (translated) from the reabrld coordinates, theasisarrays determine

by how much grid coordinates must be scaled and rotated in order to produce
the realworld coordinates.

NONUNIFLAGS

Each of the four nonuniform flags indicates whether the corresponding
dimension has uniformb(equally) spaced sample positions (flag value 0) or
nonuniformlyspaced sample positions (flag value 1).

THE FOUR NONUNISAMPL E/ VECTORS

The fournonunisampla row vectors, each representing a basis vector for one
of the four grid dimensions, are represented in the following as vedtou®,
u3, andu4.

Thei™ vectorui lists the axis coordinate values for iffelimension of the grid.
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Note: It is not necessary that the various dimensions have the same lengths;
therefore, it is not expected that the fourectors should have the same
number of elements. Specifically, the number of elemenisigeither

sampldi] or O (if axisi hasuniform sampling).

NUMBER OF GRID POINT S IN EACH DIMENSION (SAMPLE)

Each of the four grid axes can have a different number of sample positions. The
i element of theamplevector gives the number of sample positions on the
axis for thei™ dimension.

A NOTE ABOUT GRID SPACING ON UNIFORM AND
NONUNIFORM AXES

As noted above, the grid spacing for a nonuniform axis is determined by the
valuesinthasivect or that corresponds to the
appearing in the associated nonunisamy®etor). For a uniformhspaced axis
(dimension) , t he gri d ssampilinlg is 0,1, 2, 3, é

The Forward Process

TheForward Procesdransforms a specified set of grid coordinates (i.e.,
locations with respect to the grid) to their correspondingweald coordinates.
A set of 4D grid coordinates, denoted by thel@ment column vector g, can be
transformed into the reaborld coordinates, denoted by thekment column
vector p, using the following steps. (In the expressions belandb are
temporay 4-element column vectors of coordinates, introduced so that the
process can be broken into discrete steps.) Hence,

€0, 9 ep, o €a, o eb, o
é. u é_u é. u Sou
g:égzl‘}, pzépzq a:éazu; b = €20
eg,u ep;u €a,u b, u
e u e u e u g)u
édsd éP. 1 &l 4 U

Step I Apply the nonuniform or uniform grid spacing.

For each dimension(from 1 to 4) for which the nonuithg value is true (1),
& =Uiy,, .

whereui represents an element in veatior

For each dimension(from 1 to 4) for which the nonuniflag value is false (0),
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a =g

Step 2 Apply thebasisvectors.
b = Va.

Step 3 Offset by thestartPt.
p=b+s.

The above three steps can be described more tersely as a function that maps
(ipi,151,) to @ new tuple (pp,,p,,p,) defined by the expression:
p=Va+s.

Figure7 thoughFigurel0, on paged1thoughl4, illustrate the conversion of a
simple 3x4 2D grid from grid coordinates to readrld coordinates. Thieasis
matrix V and the nonunisample vectarisin that example are:

0

0

o O o o

a
N
N
N
N
u

D
o
o O O

and

ui=[0 1 2]
u2=[0 5 2 45

u3=|[o]
usa=[o].

ThebasisarrayV is determined by multiplying a vector representing the
uniform scaling factors (the first dimension is the atilpension with a
uniform scaling factor) by a rotation matrix representing=a90 degree
clockwise rotation.
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€ cosq sing O OzeZ 00 Og é'O 10 Og
e _. u e u
y & Sing cosg 0 00 1 0 Oy_g2 0 0 Oy
é 0 O O OO O O OU é0 0 O OU
€0 0O 0 OfD OO Oj 60 0 0O 0O

ThestartPt vector is:

The Forward Process steps shown above can be used to convert the grid
coordinates of the ¢ or-woedcooodinatetshe gr i d

The grid coordinates to be converted are:

20
u
g= g‘)’@.
eou
e.u
&0y

Step 1 Apply the uniform (dimension 1) and nonuniform (dimension 2) grid
spacing:

Qalf\a €0, 9 €2 g e2g9
é. u é u é u é,-u
a=€eu- dhrn iz dhsy_ &9y
€éa,u € 0 u eO0O u eou
é u é u é u é_.u
i 6 0 o e0a é0yg

Step2: Apply thebasisvectors:

80 1 0 02y &45g
é 6, U & ,0
b:Va:é-2 00 Oué45l:|:é- 40
€0 0 0 0k6OU €00
€0 0 0 og0g E0y

Step 3 Offset by thestartPt:
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e4.50 &g €0.5g

e 24 u é-u
p= b+s= é U+29U eSU_
eOu e()u eOu

U éu é._u
eou &u é0yg

The coordinatep are indeed the realorld coordinates of the corner of the
gri d | albriguredQbn paged. i n

SeeAppendix Bon page203for more examples illustrating how te&artPt,
basis and nonuniform grid axis sample positions affect the forward process.

The Rev erse Process

TheReverse Procedsansforms a specified set of reabrld coordinates to
their corresponding grid coordinates.

Step 1 Relocate the first element to the origin of the grid.
b=p-s

Step 2 Remove the effect of the basis vector.
Finda, such thaivva = b.

Step 3 Remove the effect of the nonuniform grid spacing.
For each dimensionthat has a nonuniformigpaced axis:

Determine the maximum valgeuch
t h a tj Osampldi] andui; Oa;

i =] + (& - uij/(ui j+a - uiy).

Note: As peviously mentionedji represents an element of veaor There is
also an implicit constraint that vectiormust contain strictly increasing values
if the reverse process is to succeed.

For each dimensionthat has a uniformhgpaced axis:
g=a.

Let p be realworld coordinates deduced in tlast examplépage52).
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®
U1

(e e el e i ]

MD>D~ D~ D~ D~
o O U

Step 1 Relocate the first element to the origin for the grid:

D50 da .50

Step 2 Remove the effect of the basis vectors:

&2 g ge €0 1 0 0p2g &45g g
é, U é e, i é 0 9
A5Y & > 2 0 0 o¥asd €4Y 4
a=¢ U -ginceva=¢ e u==e U=pg.
eou o ¢0 0 0 oweou eou 4
e u e ue - u e, u
é0q & 60 0 0 0pa0y &0y 2

Step 3 Remove the effect of the nonuniform grid spacing:
g, =&, =2 (uniform spacing,

g, =3 (nonuniform spacing,

or
20
u
eou
e.u
&0y

The coordinateg are indeed the grid coordites of the corner of the grid
| abel d&murey bndpagelh

GRDValue Metadata and the Mapping Between Real -World
Coordinates and a Point on the Earth o the SRID Field

In situationswvhere some of the dimensions of a grid represent spatial
coordinates, then the GRDValsgad field controls the mapping between these
coordinates and a point on the Earth. $hd field contains an integepatial
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reference systend. This id is used talentify a row in the table
bcsgrid.spatial_referenceswhere the remainder of the spatial reference
system parameters are defined. A thorough description sfithéeld, the
spatial_references table, and spatial reference systems can be found in
AppendixG on page237.

Storage of Grid Data in a GRDValue 0 Metadata, Data, and
Tiling

As discussed earlier (s&&e BCS Grid Extension UserDefined Data Types
on page3l), a GRDValue has two partsnaetadata componenstored at the
beginning of the GRDValue, anddata component the array data stored at
the end.

With traditional arrays, in the context of programming languages, the mapping
between array element coordinates and the location of the array element in
memory is straightforward (e.g., the ordering is by rows in C; the ordering is by
columns in Fortran). For performance reasons, the organization of the data part
of a GRDValue is moreomplex. Two factors determine this organization: the

tile size and thedimension ordering

A GRDValue is organized as a patchwork quiltilefs. The tile size is used to

help ensure that elements that are close to one another in the grid array (i.e., i
the same tile) remain reasonably close to one another in the GRDValue. Within
each tile, the data elements are stored according to the dimension ordering. The
following diagram illustrates a grid with dimensions (in order) time, depth,
latitude, and lonigude, and dimension sizes 6, 4, 1, and 1, respectivéhe

tile size is 1x4x1x1.

Po.o» Do, Doz Dod 1|D1.0 D11, D12 D1411|D20 D22, D22 D24 |[Ds0, D3s, Dsz Dad ||

D40 Das, Daz Dad|l[Dso Ds Ds Dsd

The organizatioshown above is particularly weduited to the extraction of

vertical profiles over short time periods (since the data is stored as a time series
of profiles). The organization shown below, on the other hand, is particularly
well-suited to the extractioof time series over small depth ranges (since the

data is stored as a stacked set of time series). This tile size is 6x1x1x1.

|D0,Ol Dl,O; DZ,O! D3,01 D4,01 D5,(“||D0,l! Dl,l! D2,15 D3,15 D4,15 D5,]I || |D0,21 Dl,21 D2,2! D3,21 D4,21 DS,J ”

|D0,3! D1,31 D2,31 D3,3! D4,3! D5,4

2 The dimension sizes of 6, 4, 1, and 1 have been made unrealistically small in order to illustrate tiling in
a simple fashion.
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If a tile size is specified, care must be taken to ensurdilthétagmentationis
minimized. The following diagram illustrates a situation where the choice of
tile size has led to considerable fragmentation, leading taopbmd storage,
excess memory consumption, and longer extraction times. The tile size is
Sx1x1x1.

|D0,01 Dl,O! D2,O! D3,01 D4,d |||D5,01 JR T R J ” IDO,l! Dl,l! D2,l! D3,11 D4,]I ” |D5,11 P T R | J ||

|D0,21 Dl,Z! D2,21 D3,2! D4,A ” |D5,2 LI [ R | J || |D0,3! D1,31 D2,31 D3,3! D4,4 || |D5,3! N I | J

Note that in certain circumstances, specifying a tile size is optional. The
following rules are used to determine atleessizwh en one i sno6t sp

1. For GRDValueb6s created through GRDE
is applied to each dimension to determine the tile size in that dimension:

If the number of points in the extracted dimension is
less than the tile size in the source grid, then

Set the tile size for that dimension to the number of
points in that dimension

else

Find the largest positive integer that is less or equal
to the tile size in the source grid and evenly divides
into the number of points in the ext racted dimension.

For example, suppose a source grid has tile sizes (4, 5, 6, 10) and the
size of the extracted grid is to be (9, 5, 3, 8). The four components of the
tile size are deduced as follows:

Dimension 0: 3> 4 so a search is made for a nunibss than
or equal to 4 that divides into 9 evenly; 3 is the largest such
number, so 3 is used for the tile size.

Dimension 1: 8 5 so we search for a number less than or equal
to 5 that divides into 5 evenly; 5 is the largest such number, so 5
is used fothe tile size.

Dimension 2: X 6 so 3 is used for the tile size.
Dimension 3: 8& 10 so 8 is used for the tile size.

2. For GRDVal ue @GGRDFRrom@IBRGRDFromNCorn g
GRDValueFromSexpthe source is considered to have a tile size value
of (1,1,1,N), where N is determined dynamically. (GRDFromNC and
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GRDValueFromSexpr allow this tile size to be overwritten by
specifying an Sxpression argument.).

3. For GRDVal ue 6GRDimpostRaty taedtile size is n g
specified explicity.

4 GRDValuebds created through the C AP
non-zero tile size values or an error is thrown.

5. If tile size is not specifiéin a call to GRDValueFromSexpr, the tile size
for the resulting GRDValue is set equal to the entire grid size.

Note that the GRDExtractRaw... functions describegast and Simple
Extractions(pagel2d can only be used with GRDV:
tiles, i.e., tiles with dimensions 1,1,1,N for some N.

Storage of Satellite Swath Data in a GRDVa lue

As of version 3.0.0.0 of the BCS Grid Extension, satellite swath image data can
be stored in a GRDValue. This is done by adding a GRDSatelliteParms block
to a GRDValue when building it. This GRDSatelliteParms block contains the
following information:

numLines| The number of scan lines in the satellite swath.

samplesPerLin¢ The number of samplgger scan line

rEquator| The major axis of the spheroid, meters.

rPolar| The mina axis of the spheroidin meters.

and either

perSampleStepAngl| The anglar spacing between samples along a single
scan line, in decimal degrees.

position| The satellite position in normalizétarth Centered
Fixed ECPH), as xyz tuples. There is one tuple per sc
line.

orientation| The €£nsor pointing axis unit vectas xyztuples.
There is one tuple per scan line.

spinAxis | The sensor spin axis unit vector at each, lasexyz
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tuples. There is one tuple per scan line.

or

perSampleStepAngl| The angular spacing between samples along a singl|
scan line, in decimal degrees.

lonLats| A set of three lodat pairs per scan line. The same tht
column positions should be used for each scan line.
Naturally, the best accuracy is obtained when the
column positions are as far apart as possible.

fovindices| The indices of the three cahins at which the lonLats
were sampled

or

centerLon| The longitude of the center of the grid.

centerLat| The latitude of the center of the grid.

lonFromRowCol| Rational function for converting from reaolumn
space to longitude.

latFromRowCol| Rational function for converting from roveolumn
space to latitude.

rowFromLonLat| Rational function for converting from longitudigtitude
space to a row in the swath.

colFromLonLat| Rational function for converting from longitudatitude
space to a column in thevath.

Each rational function consists of a scale value, an offset value, a set of
numerator coefficients, and a set of denominator coefficients. The use of
rational functions is covered further Appendix Lon page287. Currently,
rational function coordinate systems are supported by the GRDImportRAW
function, but are not supported by the Grid Import Client or GIEF.
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Adding the GRDSatelliteParms block implicitly sets certain fields in the
GRDValue,which would normally be set explicitly. These should not be
overridden. The fields are:

samples The size of the grid. The size of the grid is set to [1
numLines, samplesPerLine]. The first two dimensiq
must be 1.

affine transformatiorn] The basis vdors are set to
[(0,0,0,1),(0,0,1,0),(0,1,0,0),(1,0,0,0)].

srid | The srid corresponding to satellites is alw&l@.
There is no entry in the spatial references table for
=-10.

Thefinal dimensions fieldused to define a grid that contains spacddter
updates, can be used to create grids with a very large number of scan lines.
Simply set thdinal dimensions fieldo

(1, 1,num_final_scanlinesamplesPerLine

in order to cause the grid to enlarge when it enters the database. The initially
unused portions afhe position, orientation, and spinAxis arragisovewill

have a value of 0.

The creation of GRDValuesntaining satellite swath data using SQL, C, and
Javais described in the next chapter.
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The GRDSpec Data Type

The GRDSpec data typs uised in conjunction with tt@RDEXxtractfunction
(described on pagHOIQ) to direct the BCS Grid Extension on how to generate
and extract a new GRDValue from an existing one. The external refaigsen
of a GRDSpec is a particular type oE®pression, as described in the next
section. Sedppendix Don page223for a thorough description of how to use
S-expressions to direct grid extraction

S-expressions

Many of the BCS Grid Extension functions use parameters in the form of
S-expressions in order to direct the actions of the function. There are several
classes of &xpressions used:

1. Sexpressions are usiadredirgthea epr esent
GRDEXxtractfunction (see pag&00) and theGRDRowToGIEF
function (see pag09).

2. Sexpressions are used in radial extractiontfans (sedradial
Extractionon pagel30).

3. S-expressions are used in grid fusion (&ggregating Grids: Grid
Fusionon pagel37).

4. S-expressionsan be used to build GRDBox values (&a®locating
Grids: Finding Grids that Are in a Particular Spatemporal Location
on pagel43.

5. Sexpressions can be (seesed to buil d
GRDValueFromSexpon pagel46), to direct the loading of
GRDVal ueds f r omGRDEDMNDEN pdgeéd),ansl ( s e e
todi rect t he ext eseeSROERtendoh pageRI®.Val ueds

The secondablein Appendix A(on page202 summarizes the association
between Sexpression terms and the various BCS Grid Extension functions in
which Sexpressions are used.
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Chapter 4: Getting Gnd
Data into the Database

There are several ways to insert GRDValud galues into a BCS Grid
Extensiorenabled database:

1 adataless GRDValue can be inserted using jusixressions and
SQL,

1 a copy of an existing GRDValue can be inserted into a table using SQL,

1 files that are in netCDF / GIEF format can be loaded dyréatd
database rows, using SQL, and

1 GRDValuelike structures can be assembled in memory and then loaded
into a database, using C or Java.

This chapter discusses each of these methods.

Inserting Grids Using S -expressions and
SQL
A simple way to create arglore a GRDValue is to use SQL:

INSERT INTO gridtable(gridcolumn)
VALUES (GRDValueFromSExpr(grid - as- S- expression));

The functionGRDValueFromSExpr(explicitSpec char) is used to build a
skeleton (datdess) GRDValudrom a given Sexpression. The-Bxpression

t akes t ISexpréssiohrb:. Sé&xréssiorierm is an Sxpression with
any of the terms that are valid for GRDSigeeThe GRDSpec Data Typm
page6l). However, specifying one of the two tersrgl or srtext is
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mandatory. If neither of them is specified, an error message isgiefault
values are defined for the following terms:

dim_namescolumn row level time
dim sizes: 1111
affine_transformation: 1000010000100001

translation: 0000

= =2 =4 -4 -

id: 0

The resulting grid has the following default grid metadata:
1 number of data fields: i d u mmy Fi el d o)
1 fieldid: 0O

1 field type:8 (32 bit float)

7 id:0

For example,

bcsgrid=# CREATE TABL E grids(gridval GRDVALUE);
CREATE TABLE

bcsgrid=# INSERT INTO grids(gridval) VALUES(

GRDValueFromSExpr('((srid -1) (id123) (dim_sizes221 1)

(d im_names xy duml1 dum2)  (dim_unit x 0 dneter 6 § (dim_unity

0 dneter 6 § (variables a b c)(variable_unit a 6 dlegr ees C6 9) 6);)
INSERT 0 1

bcsgrid=# \ COPY grids TO '/tmp/gridval.txt'
bcsgrid=# \g

$ cat /tmp/gridval.txt

header=367;prolog=1;version=50331648;id=123;numFields=3;hasSatPa
rms=0;blendType=0;storage=0;support_missing=1;srid=1;tile=1,1,1,
1;samples=2,2, 1,1;finalDims=2,2,1,1;gridWrap=0,0,0,0;blendValue=
0;startPt=0,0,0,0;basis0=1,0,0,0;basis1=0,1,0,0;basis2=0,0,1,0;b
asis3=0,0,0,1;fieldlds=0,1,2;fieldTypes=8,8,8;dimNames="x:meter"
S'y:meter”,"dum1”,"dum?2";fieldNames="a:degrees_C","b","c";nonuni
flags=0,0, 0,0;epilog=111,222;blob=0;file=56 ;filelen=427;

ZAnsridofilorsrtextval ue of fAnoned can BWaluehasdospatal i ndi cat e
dimensions.
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This command has created a skeleton GRDValoee with just a trivial data
component. (Note that some metadata values were specified by the
S-expression; others took on default values.)

This method of crdiang a (skeleton) GRDValue is useful when creating queries
to geolocate grids. (S&ilding a GRDValueon pagel4s)

Inserting a Copy of a Grid Using SQL

A copy of an existing GRDVakican be inserted into a table using the
following SQL:

INSERT INTO gridtable2  ( gridcolumn )
SELECT GRDClone( gridcolumn ) FROM gridtablel

function ~ GRDClone(grid GRDValue)  returns GRDValue . This function
makes a copy ajrid and returns it.

Note that thedllowing SQL would have a different result:

INSERT INTO gridtable2  ( gridcolumn )
SELECT gridcolumn FROM gridtablel;

In this case it would be justraferenceto the existing grid (from gridtablel)

that was inserted into gridtable2. Hence, any update tgrithén either

gridtablel or gridtable2 would be reflected in the other table. In contrast, in the
SQL example where GRDClone is used, the two copies of the grid are
completely independeiitany update to one of them will not be reflected in the
other.

In serting Grids Using netCDF/GIEF and SQL

Inserting GIEF netCDF Files Using GRDFrom GIEF or
GRDFromGIEFMem

NetCDF (Network Common Data Form) is an interface for aorggnted data
access and a library that provides an implementation of the interface. The
neiCDF library also defines a mach#reependent format for representing
scientific data, such as gridded data. (See
http://my.unidata.ucar.edu/content/software/netcdf/index)htmi

In order to be able to translate between netCDF data and GRDValue data,
Barrodale Computing Services Litdas developed a set of conventions to be
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used in netCDF files. This standard is called GIEF (Grid Imggport

Format) and is described in more detaibppendix Con page213. Any

netCDF file that conforms to the GIEF standard can be read, using SQL, into
table rows in databases in which the PostgreBQE Grid Extension has been
installed. This SQL may be executed by a wsetten client program (using
JDBC, ODBC, or the C API (libpq)) or simply by SQL statements entered into
any command linrdased database tool, such as the PostgressQplied psql
program.

A GIEF file is imported by executing the GRDFrGikEF routine. This routine
has the following definition:

FUNCTION GRDFronGIEF(fleName char,
tableName char
) RETURNS VOID;

The file name is a text string giving the absolute jp&tine file name to be

read. Alternatively, a relative path can be given if the working directory has
been previously set, using tlRDSetWorkingDirfunction (described on page

104). The file must be readable by the server. The table name must be the name
of an already existing table with the appropriate set of columns to handle the
variables and attributes in the GIEF file, as explained below.

As an example, consider the GIEF filel{ed complete.n); listed below in
network Common Data form Languag@&DL?) format:

netcdf complete {
dimensions:
column =3;
row=4;
level =4 ;
time =1 ;
variables:
double time(time) ;
double level(leve ) ;
float air_temp(column, row, level , time );
air_temp:_FillValue = 9.96921e+36f ;
air_temp:unit_type = "kelvin" ;
/I global attributes:
:Conventions = "GIEF";
:s_string = "2002031312" ;
;an_int=1;
:a_float = 1. 2;
:srtext = "GEOGCS] \ "GCS_North_American_1927 \",
DATUM| "D_North_American_1927 \",
SPHEROID|\ "Clarke_1866 \ ",6378206.4,294.9786982]],
PRIMEMN "Greenwich \",0],
UNIT[ \ "Degree \ ",0.0174532925199433]]" ;

2 seehttp://www.unidata.ucar.edu/content/software/netcdf/guide_4.html#SEC18
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.affine_transformation = 1.,
0.0.,1,0.,0.,0.,
‘translation = 30., 32., 5., 0. ;
data:
time = 1000300 ;
level =0, 5, 6, 10 ;
air_temp =
0,123,
4,5,6,7,
8,9, 10, 11,
20, 21, 22, 23,
24, 25, 26, 27,
28, 29, 30, 31,
50, 51, 52, 53,
54, 55, 56, 5 7,
58, 59, 60, 61,
11, 10, 9, 8,
7,6,5,4,
3,2,1,0;

0.,0.,0.,0.,1.,0,0.,
0.,1.;

}

Assume that:

9 this file is stored in
fikPOSTGRESQLDIR®examples/datafiles/complete.nc 0O on the
server (i.e., the machine on which the Extension is installed), and

9 itis desired to store th@montents of this file in a row in the Rpet-
created table fAgieftabo.

Then the following SQL code snippet will create an appropriate table, load the
netCDF file, and list the contents of the table:

becsgrid=# CREATE TABLE gieftab(field_names varchar(100) ,
dim_names varchar(100),
g_s_string varchar(30),
g_an_int integer,
g_a_float float,
fillvalues double precision [],
|_air_temp__u nit_type varchar(20),
grid GRDValue);
CREATE TABLE

bcsgrid=# SELECT
GRDFronGIEF(" <POSTGRESQLDIR®Examples/datafiles/complete.nc’,
'gieftab”);

grdfromgief

(1 row)

besgrid=#  \ x -- makes the output formatting nic er.
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Expanded display is on.

Bcsgrid=# SELECT * FROM gieftab;

-[RECORD 1] +
field_names | air_temp

dim_names | column,row,time,level
g_s_string | 2002031312

g_an_int |1

g_a_float [1.2
fillvalues | {9.96920996838687e+36}
|_air_temp__unit_type | kelvin

grid

header=374;prolog=1;version=50331648;id=0;numFields=1;hasSatParm
s=0;blendType=0;storage=0;support_missing=1;srid=1;tile=1,1,1,4;
samples=3,4 ,1,4;finalDims=3,4,1,4;gridWrap=0,0,0,0;blendValue=0;
startPt=30,32,5,0;basis0=1,0,0,0;basis1=0,1,0,0;basis2=0,0,1,0;b
asis3=0,0,0,1;fieldlds=0;fieldTypes=8;dimNames="column","row","t
ime","level";fieldNames="air_temp";nonuniflags=0,0,1,1;nonunisam
ple3=10 00300;nonunisample4=0,5,6,10;epilog=111,222;blob=0;file=4
2 ;filelen=0;

SeeMapping Names from GIEF to the Databasepage?19(in Appendix Q
for an eplanation of the mapping between netCDF variables/attributes and
table columns.

By using the GRDFromGIEFMem function, GIiEérmat data can be imported
without the data being stored in an actual file (i.e., instead it can be copied from
memory or anothezolumn). This routine has the following definition:

FUNCTION GRDFronGIEFMentbinaryGIEFContents bytea,
Tablename char)
) RETURNS VOID;

This function is most commonly called
of calling it from aJava program is given in the sectioserting Data Using
GRDFromGIEFMenon paged4.

Inserting GIEF netCDF Files Using GRDFromNC

By allowing the user to specify anexpression, GRDFromNC provides the
caller with additional control (relative to GRDFromGIEF). GRDFromNC has
the following definition:

FUNCTION GRDFromNC(fileName char,

tableName char,

args char -- S- expression.
) RETURNS VOID;

Theargs argument may attain one or more of the following types of terms:
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discard: this term allows the caller to specify that one or more attributes in a
netCDF file should be ignored (not forced into a table column). The following
statement loads a GIEF file, but discardsglobal attributeauthority — and the
units  attribute of theair_temp variable.

SELECT
GRDFromNC('<POSTGRESQLDIRexamples/datafiles/complete.nc’,
'mytable’,

'((discard :authority air_temp:units))’

);

values this term allows the caller to supplydational values that should be
loaded into the same row of the table as the contents of the netCDF file. Each
value is an Sxpression sukerm consisting of the destination column name,
the type of the data, and the text representation value. Curréetiype of the
data must be one of char (for strings), integer, double, or smallfloat. The
following statement loads a GIEF file, adding three values of different types:

SELECT
GRDFromNC('<POSTGRESQLDIRexamples/datafiles/complete.nc’,
‘mytable’,
'((va lues (my_int_column integer 33)
(my _text_column char #fAhell o00)

(my_float_column smallfloat 3.44)))");

map: this term allows a caller to control the column into which an attribute is
stored. Each suterm ofmap specifies an attribute name and a colummea

The following statement loads a GIEF file, specifying the destination columns
of two different attributes:

SELECT
GRDFromNC('<POSTGRESQLDIR®examples/datafiles/complete.nc’,
‘mytable’,
'((map  (:authority myFirstColumn)(air_temp:units mySecondC

olumn)))");
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tile_sizes this term sets thile  parameter for the GRDValue that is created.

SELECT
GRDFromNC('<POSTGRESQLDIRexamples/datafiles/complete.nc’,
'test_table’,
"((tile_sizes 2 3 2 1))");

gea this term allows a caller to supply geferencing information not found in
the source GIEF file. Thgeoterm may include suterms for the affine
transformationsrid or srtext, andtranslation. The following two statements
illustrate the geo term, the first one usingsad and the second onssing
srtext.

SELECT

GRDFromNC('<POSTGRESQLDIRexamples/datafiles/nogeoref.nc',
'test_geo_table',
'((geo  (srid  3)(affine_transformation 1000011000
0 1.2 000 1.3)(translation 30 32 5 0 ));

SELECT

GRDFromNC('<POSTGRESQLDIR®exam ples/datafiles/nogeoref.nc’,

'test_geo_table’,
'((geo  (srtext "GEOGCS[@GCS_WGS_1984@,DATUM[@D_WGS_1984@,S
PHEROID[@WGS_1984@,6378137.0,298.257223563]],PRIMEM[@ Green
wich@,0.0],UNIT[@Degree@,0.0174532925199433]]")(affine_tra
nsformation 100001212000012 000 1.3)transla
tion 30 32 5 0)));

Inserting Satellite Swath Data Using SQL

The GRDValueFromSexpr() function can be used to create a satellite swath
data GRDValue by adding adtelliteParameterg term. The
(satelliteParameterg term has théollowing subterms:

1 (numLinesinteger_value)
1 (samplesPerLineinteger_value)
1 (rEquator radius_in_meters)
1 (rPolar radius_in_meters)

and either

1 (perSampleSetAnglevalue_in_decimal_degrees)

1 (orbitalinfo
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or

or

1 (position(xyz) (xXyz)...(Xy2z)
9 (orientation (Xy z) (Xy z) ... (Xy 2))

1 (spinAxis(xyz) (Xy2z)...(Xy2z))

(perSampleSetAnglevalue_in_decimal_degrees)
(lonLatinfo
1 (fovindicesfirstindex secondindex thirdindex)

1 (lonLats

RSION)

1 ((longitude latitude)(longitude latitude)(longitude latitude))

i ... one ofthese for each scan line

1 ((longitude latitude)(longitude latitude)(longitude latitude))))

(rationalFuncinfo

(centerLon center_longitude

(centerLat center_latitudp
(lonFromRowCol rational_function_terms)

(latFromRowCol rational_function_terms)

== == =4 -4 -2

(rowFromLonLat rational_function_terms)

1 (colFromLonLat rational_function_ternj3

where rational_function_terms include:

1 (offsetoffset_value)

1 (scalescale_value)

1 (numerator pO0 [ . . . [ p9]1)
1

(denominatorg 0 [ .

1 numer .

[ g 9] doefficientsi den o mi
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The meaning of the stdrmsin a rationalFuncinfeermare explainedh detail
in Appendix Lon page287.

bcsgrid=# CREATE TABLE grids(gridval GRDVALUE);
CREATE TABLE
bcsgrid=  # INSERT INTO grids(gridval) VALUES(grdvaluefromsexpr(
'((satelliteParameters (numLines 3)
(samplesPerLine 2048)
(perSampleStepAngle 0.0541)
(rEquator 6378135)
(rPolar 6356750.52)
(orbitalinfo
(position
(-0.7496016637 0.4865016679 0.695238066 4)
(-0.7494770058 0.4864786472 0.6953879555)
(-0.7458534276 0.4858056579 0.6997378995))
(orientation
(0.6592203123 - 0.4315293789 -0.6158010839)
(0.6591067038 - 0.4315080613 - 0.6159376154)
(0.6558996386 - 0.4309052431 - 0.6197711961))
(spinAxis
(0.6127609145 - 0.1663766637 0.772556061)
(0.6128743445 - 0.1664625439 0.7724475771)
(0.6160925024 - 0.1688075585 0.7693724954)))))"));
INSERT 0 1
bcsgrid=#  INSERT INTO grids(gridval) VALUES(grdvaluefromsexpr(
'((satelliteParameters (numLines 3)
(samp lesPerLine 2048)
(perSampleStepAngle 0.0541)
(rEquator 6378135)
(rPolar 6356750.52)
(lonLatInfo
(fovindices 25 1025 2025)
(lonLats
(( -57.71900 -35.97210)( -73.70270, -39.72860)
(-90.74120, -41.09200))
(( -57.72400, -35.96330)( -73.70590, -39.71 910)
(-90.74190, -41.08250))
(( -57.72910, -35.95450)( -73.70910, -39.70950)
(-90.74260, -41.07300))))))");
INSERT O 1
bcsgrid=# SELECT * FROM grids;

gridval

header=589;prolog=1;version=50331648;id=0;numFields=1;hasSatParm
s=1;blendType=0;storage =0;support_missing=1;srid= - 10;tile=1,1,1,
512;samples=1,1,3,2048;finalDims=1,1,3,2048;gridWrap=0,0,0,0;ble
ndValue=0;startPt=0,0,0,0;basis0=0,0,0,1;basis1=0,0,1,0;basis2=0
,1,0,0;basis3=1,0,0,0;fieldlds=0;fieldTypes=8;dimNames="time","|

evel","line","sampl e";fieldNames="dummyField";nonuniflags=0,0,0,
0; metaDataType=1; numLines=3;samplesPerLine=2048;perSampleStepAng
le=0.0541;rEquator=6378135;rPolar=6356750.52; position= - 0.749601

6637:0.4865016679:0.6952380664,0.7494770058:0.4864786472:0.69538
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79555, -0.74585 34276:0.4858056579:0.6997378995;0rientation=0.6592

203123: -0.4315293789: - 0.6158010839,0.6591067038: - 0.4315080613:0.
6159376 154,0.6558996386: - 0.4309052431: -0.6197711961;spinAxis=0.6
127609145: - 0.1663766637:0.772556061,0.6128743445: - 0.1664625439:0

77244 75771,0.6160925024: - 0.1688075585:0.7693724954;epilog=111,2
22:blob=0:file=30 :filelen=25933;

header=529;prolog=1;version=50331648;id=0;numFields=1;hasSatParm
s=1;blendType=0;storage=0;support_missing=1;srid= - 10;tile=1,1,1,
512;samples=1,1,3,2048;finalDi ms=1,1,3,2048;gridWrap=0,0,0,0;ble
ndValue=0;startPt=0,0,0,0;basis0=0,0,0,1;basis1=0,0,1,0;basis2=0
,1,0,0;basis3=1,0,0,0;fieldlds=0;fieldTypes=8;dimNames="time","|
evel","line","sample";fieldNames="dummyField";nonuniflags=0,0,0,

0; metaDataType=2; numLines= 3;samplesPerLine=2048;perSampleStepAng
le=0.0541;rEquator=6378135;rPolar=6356750.52; fovindices=25,1025
,2025;lonLatSamples= -57.719: -35.9721, -73.70269999999999:39.7286,

- 90.74120000000001: -41.092, -57.724: -35.9633, -73.7059: -39.7191, -9
0.7419: -41.0825, -57.7291: -35.9545, -73.70910000000001: -39.7095, -9
0.7426: -41.073;epilog=111,222;blob=0;file=31 ;filelen=25873;
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Inserting Grids Using the C API

The previous section described how to load data from a GIEF file into a
database table. It is also possible wddthe contents of a GRDValue ina C
program and then use the libpq library to insert the resulting GRDValue into a
table.

The following diagram illustrates this process:

Data Storage Model
float af]
GRDValue as
float bf] GRDValuel [—® har ama
(client order)
dimensions
client
T T T _
GRDValue GRDValue
«—— (serverorder) a [——— C;E[g?]/;ﬂrtge”a
GRD_Lvarchat y

1. Aclient C program creates a data structadéeed a GRDValuel and
populates it with values from its local arrays. The GRDValuel is a
straightforward C data structure containing pointers to several variable
length arrays.

2. The client then converts the GRDValuel to a GRDValue stored as an
array of byes. The GRDValue is an alternate representation of the
GRDValuel, one in which all the data exists in a contiguous area of
memory and does not contain any pointers.

3. The libpg APl is used to ship the array of bytes from the client to the
server, which rep&s the array of bytes as a GRD_LVarChar structure.

4. The server produces a new version of the GRDValue that has the
serverds byte order.
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5. The entire GRDValue is written to a filased blob. Typically, a
reference to the blob is then stored in a table @ lng@nother
function.

Example Using the C API Library

Descriptions of the specific methods and constants used in the C API can be
found in the include.f ) files found in<POSTGRESQLDIRElientincludes/

Notes: 1. The C API occasionally uses GRD_INTEGER atiter GRD _types,
which are used to guarantee the same number of bits on different
architectures. These types are defined in therfi@ataTypes.h

2. This section describes functions for:
1 creating and viewing the contents of a GRDValuel,
1 creating a GRDgecl,
1 converting between a GRDValuel and a GRDValue, and
1 converting a GRDSpecl to a GRDSpec.

Functions for viewing the contents of a GRDSpecl and converting a
GRDSpec to a GRDSpecl are available in the C APl library but are not
described here, since thieave no role in writing client applications.

The following libpq program inserts a small grid into the gridtesttable in a
database called bcsgrid. This program (cabegExampleFloat.c ) can be
found in the<POSTGRESQLDIR®examples/ c/api directory. Befoe running
this program, set theGDATABASEINdPGUSERenvironment variables and run
fimakeall 0, f ol | o wi riajneThbles.csh h € both &ramiwgihin the
<POSTGRESQLDIRexamples/ ¢ directory. These commands will build the
executables and create tlled and tables needed by the examples.

#include <string.h>
#include <stdio.h>
#include <stdlib.h>

#include <libpq - fe.h>
#include <grdError.h>

#include <grdVvaluel.h>
#include <grdStorage.h>
#include <grdTransfer.h>
#include "openPGConnection.h"

PGconn *conn;
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GRDValuel *BuildGRDValue()
{
static double startPt[]={0,0,0,0}
static GRD_INTEGER numSamples[]={4, 4, 8,8};
inti, j, k, m;
static GRD_INTEGER tileSizes[grdMaxDIMENSIONS] = {
1,2,4,4%
float *dataP;
GRDValuel *theValue;

th eValue = GRDValuelNew();

GRDValuelSetDims(theValue, numSamples);
GRDValuelSetStartPt(theValue, startPt);
GRDValuelSetFinalDimensions(theValue, numSamples);
GRDValuelSetSrid(theValue, 0);
GRDValuelSetTileSize(theValue, tileSizes);
GRDValuelDisableMis  sing(theValue);

GRDValuelSetDimName(theValue, 0, "dimQ");
GRDValuelSetDimName(theValue, 1, "dim1");
GRDValuelSetDimName(theValue, 2, "dim2");
GRDValuelSetDimName(theValue, 3, "dim3");

GRDValuelAppendField(theValue, 5, grdFieldREAL4);
GRDValuelSet Di mUni t Name(t heValue, 2, 0degrees_no
GRDVal uel Set Di mUnit Name(theValue, 2, 0degr e
dataP = (float *)GRDValuelGetFieldData(theValue, 0);
for(i = 0; i < numSamples[0]; i++) {
for(j = 0; j < numSamples[1]; j++ ) {
for( k = 0; k < numSamples [2]; k++) {
for(m = 0; m < numSamples[3]; m++ ) {
*dataP = i*1000 + j*100 + k*10 +m;
dataP++;

}
}
GRDValuelSetFieldName(theValue, 0, " pressure ");

GRDValuel Set FieldUnitName(theValue, 0, 0mi |
return theValue;

}

void LoadGridToTable(GRDValuel *p)
{
PGresult *res;
ExecStatusType status;
Oid paramTypes[1];
const char *paramValues[1];
int paramLengths[1];
int paramFormats[1];
char *bin;

PQexec( conn, "DELETE FROM gridtesttable" );
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res = PQexec( conn,
"SELECT oid FROM pg_type WHERE typname =
‘grdvalue™);

paramTypes[0] = atoi( PQgetvalue(res, 0, 0) );

bin = GRDValuelToVarBinary(p);

paramValues[0] = bin;

paramLengths[0] = GRDValuelGetTransferSize(p);
paramFormats[0] = 1;

printf( "Loading grid... " );
res = PQexecParams( conn,
"INSERT INTO gridtesttable VALUES($1)",
1,
paramTypes,
paramValues,
paramLengths,
paramFormats,
1);
status = PQresultStatus( res );
if( res == NULL || status |= PGRES_COMMAND_OK )

printf( "failed \n");
exit(99);
}

printf( "successful \n");

}
int main(int argc, char *argv[])

{
GRDValuel *theValue;

conn = openConnection();

theValue = BuildGRDValue();
LoadGridToTable(theValue);

PQfinish( conn );
exit(0);

Inserting Satellite Swath Data Using C

Creating a GRDValue containing a satellite image is a two step process:
creating a GRDSatelliteParms structure and then associating that structure with
a GRDValuel.

First, declare a GRDSatelliteParms structure and assign it vaireghe
following routines(defined in grdSatelliteParms.h)

void GRDSatParmsSetEllipsoid( GRDSatelliteParms *p,
double rEquator, double rPolar);
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void GRDSatParmsSetSampleWidth( GRDSatelliteParms *p,
int numLines, int samplesPerLine );

void GRDSatParmsSetStepAngle (GRDSatelliteParms *p,
double perSampleStepAngle);

and either

void GRDSatSetOrbitalSamples( GRDSatelliteParms *p,
GRDTuple3 *position,
GRDTuple3 *orientation,
GRDTuple3 *spinAxis);

or

void GRDSatSetLonLatSamples( GRDSatellitePa rms *p,
int fovindex1, int fovindex2, int fovindex3,
GRDLonLatPair *scanPositions);

The GRDTuple3* arguments in GRDSatSetOrbitalSamples should be arrays of
GRDTuple3 (the number of elements in each array being equal to numLines).
A GRDTuple8 is a structure holding an array of 3 doubles (x, y, and z
components).

The GRDLonLatPair* argument in the GRDSatSetLonLatSamples is an array
of longitude/latitude pairs, three for each scan line.

The next step is tassociate the GRDSatelliteParms suuetwith the
GRDValuel Do thatby callingthe followingroutine

void GRDValuelSetSatellite(GRDValuel *grdvaluei,
GRDSatelliteParms *p);

The GRDValuelSetSatellite call copies the contents of the GRDSatelliteParms
argument, except for the GRDTuple3 agay

The arraysnust be valid for the lifetime of the GRDValuel and are
automatically freed by disposing of the GRDValued.(iby calling
GRDValuelDispose).

Inserting Grids Using the Java API
Overview

The Java API provides an alternative to the C APloleds n 6t pr ovi de
greater power than the C API, but it is more vendeutral, it is easier to use,
and can be used directly inside Java 2 Enterprise Edition (J2EE) beans.
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Il nserting GRDValueb6s into a table wus

1. connectng to a server through JDBC,
2. building a GRDValue, and
3. inserting a GRDValue into a table.

The following subsections describe these three steps. These subsections,
together with the Javadocs for the Java API, should enable most programmers
to make effectiveise of the BCS Grid Extension using Java. The code in these

subsections can be found in the directory
<POSTGRESQLDIRexamples/java/Simplelnsert.java

These subsections assume the following import statements:
import java.sql.*;

import java.util.*;
import co m.barrodale.grid.*;

Connecting Through JDBC

The usual way to open a JDBC connection is first to ensure that the JDBC

driver has been loaded (as a class) and then to use the JDBC driver manager to

establish a connection. The JDBC driver manager is regperisi ensuring

that the correct JDBC driver has been matched to a particular database server,

setting login timeouts, and logging connections.

The opening of the driver class can even be handled by the driver manager: a
user can specifyaclassnamewugi t he JDBC driverés s
JDBC driver 6s syst em-~/pojataprapdrtiesy 1 S | 0
files, allowing individual users to tailor an application to use a particular driver

without changing the application itself.

The PostgreSQL JBC driver does not have the ability to map Java object
types to database object types. As a workaround, GRDValue and GRDSpec
types are converted to byte arrays, the byte arrays shipped to the server, and
then special functions are explictly invoked to certhe byte arrays to
GRDVal uebds or GRDSpecds.

public Connection getConnection(String hostName, int port,
String database, String userName, String password) throws
java.sql.SQLException, java.lang.ClassNotFoundException,
java.lang.InstantiationExceptio n,
java.lang.lllegalAccessException

/l'load driver
Class.forName("org.postgresql.Driver");
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String url = "jdbc:postgresql://* + hostName + ™" +
port + "/" + database;

Connection conn = DriverManager.getConnection(url,
userName, passwor d);

return conn;

}

JDBC objects should be properly disposed of via their close methods once they
are no longer needed since they are often tied to resources on the database
server. The Java specification promises that the dispose method of all objects
will be invoked before the objects are reclaimed, but it does not guarantee that
objects will actually be reclaimed during the life of the program. Unclosed
ResultSet objects, in particular, can block subsequent queries, even those
originating inside theame program.

Building Grids on the Client

Grids are built on the client by means of the following process:
1. creating instances of subclasses of com.barrodale.grid.AbstractField,
2. populating the subclasses with data,

3. instantiating a GRDValue object and popinig it with metadata, and

Ea

adding the AbstractDataField subclasses to the GRDValue object.

In the code below, two objects of AbstractDataField subclasses are created: one
is capable of holding floats, and the other is capable of holding shorts. The float
field has its values set using a vector position, while the short field has its
values set using a linear position. The two methods are equivalent, and the use
of both is purely for the sake of example.

The AbstractDataField class assumes that all eleraeatgalid until indicated
otherwise. While assigning values to the subclasses, we may mark some of the
elements as being not valid. An element being marked as not valid is analogous
to an element in a netCDF file having the fillValue.

public GRDValue build Grid() {
int xSize = 40, ySize = 30, zSize = 20, tSize = 3;
int fieldldA = 2;
int fieldldB = 3;

int[] fieldDim = new int[] {tSize, zSize, ySize, xSize};

Real4Field pressureField = new Real4Field(fieldldA,
"Pressure”,fieldDi m);

1

/I set value by vector position

1

int [] position = new intfGRDValue.numDIMENSIONS];
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for(position[0] = O; position[0] < tSize; position[0]++ ) {
for(position[1] = O; position[1] < zSize; position[1]++ ) {
for(position[2] = 0; position[2] < ySize; position[2]++
)
for(position[3] = 0; position[3] < xSize;
position[3]++ ) {
if( ... /* some expression ) {

float someValue = ... /* some expression */
pressureField.setElement(position, someValue);

}
else {
pressureField.setValid(position, false);
}
}
}
}
}
Int2Field themeField = new Int2Field(fieldldB, "theme",
fieldDim);
1
/I set value by linear position
1l

int totalLen = tSize*zSize*ySize*xSize;
short [] themeValues = new short[totalLen];
for(inti=0; i< totalLen; i++) {
if( ... /* some expression */ ) {
themeValues]i] = ... I* some expression */
}
else {
themeField.setValid(i, false); // mark as missing
}

themeField.setFieldData(themeValues);

I

/I create GRDValue and add fields to it.

1

GRDValue gValue = new GRDValue();

gValue.setNumSamples(fieldDim);

gValue.setStartPt( new double [] {0, 0, 0, 0});

I

/I establish a reverse diagonal so that a grid coordinate

/I of the form [t,z,y,X] gets mapped to a spatial coordinate

/I of the form [x,y,z,t].

1

fo r(inti=0; i < GRDValue.numDIMENSIONS; i++) {
double [] basis = new double [ GRDValue.numDIMENSIONS];
basis| GRDValue.numDIMENSIONS -i -1]1=1,
gValue.setBasisVector(i, basis);

}

gValue.addField(pressureField);
gValue.addField (themeField);
return gValue;
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Inserting Grids into a Table

The PostgreSQL JDBC driver does not do data type mappings, so inserting
grids requires converting the grid to a byte array on the client side and then
converting the byte array on therger side (se€onnecting Through JDBGn
page79).

public void insertGrid(GRDValue gValue, String tableName, String
columnName, Connection con)
throws java.sql.SQLException

{

PreparedSta tement pstmt = null;
try {

String pstmtSQL = "INSERT INTO " + tableName + "(" +
columnName + ") VALUES(grdvaluefrombinary(?))";

pstmt = con.prepareStatement(pstmtSQL);

pstmt.setObject (1, gValue.toBytes()) ;

pstmt.executeUpdate();

pstmt.close();

} catch( java.sgl.SQLException el ) {
if( pstmt != null ) {
pstmt.close();
}

throw el; // rethrow the exception

83



BCS GRID EXTENSION FOR POSTGRESQL (LINUX VE RSION)
PROGRAMMERGEG S GUI DE

Inserting Data Using GRDFromGIEFMem

The following example illustrates how to use Java and the
GRDFromGIEFMenuserdefined routine (defined on pag) to insert data

into a table. This code can be found in the directory
<POSTGRESKDIR>/examples/java/GRDFromGiefMem.java

package javagridapiexamples;
import java.sql.*;
import com.barrodale.grid.*;

public class GRDFromGiefMem {

private final static String hostName =" XXX ",
databaseName =" xxx ",
userNa me =" xxx",
password =",
tableName ="  xxx ",
fileName =" XXX ",
driverName = "org.postgresql.Driver";
private final static int port = XXXX ;
private static Connection buildConnection(String host, int

port, String databaseName, String userld,
String password)
throws java.sql.SQLEXxception,
java.lang.ClassNotFoundException {
Class.forName(driverName);
String url = “jdbc:p ostgresql://" +
host +":" + port + "/" + databaseName;

Connection conn = DriverManager.getConnection(url,
userld, password);
return conn;

}

private static byte [] readRawFile(String filepa th) throws
java.io.lOException{
/I get the length of the file
java.io.RandomAccessFile f= new
java.io.RandomAccessFile(fileName, "r");
long sizeToRead = f.length();
f.close();

/[ re ad the file into an array of byte.

java.io.FilelnputStream in = new
java.io.FilelnputStream( filepath);

byte [] buffer = new byte[(int)sizeToRead];

in.read(buffer);

in.close();

return buffer;
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}

private static void insertintoTable(Connection conn, String
tablename, byte [] netcdfAsBytes)
throws java.sql.SQLEXxception {
java.sql.PreparedStatement st = conn.prepareStatement(
"SELECT GRDFromGiefMem(?,?)

st.setBytes(1, netcdfAsBytes);
st.setString(2, tablename);
st.execute();

st.close();

}

public static void main(String args[]) {

try {
byte [] netcdfAsBytes = readRawFile( fileName);
Connection conn = buildConnection(hostName, port,

databaseName, userName, password);

insertintoTable(conn, tableName, netcdfAsBytes);
conn.close();

} catch( java.sql.SQLExce ption el) {
System.out.printin( el.toString());

} catch( java.lang.ClassNotFoundException e2 ) {
System.out.printin( e2.toString());

} catch( java.io.lIOException e3) {
System.out.printin( e3.toString());

}

}
Inserting Satellite Swath Data Using Java

Creating a GRDValue containing a satellite image is a ratéfp process:
creating a GRDSatelliteParms object, populating it, and then assoc¢reding
object with a GRDValue objéc

First, create a GRDSatelliteParms obj@tte constructor's arguments are the
number of scan lines and the number of samples per scan line.

public GRDSatelliteParms(int numLines, int samplesPerLine);
Next, associate the perSampleStepAngle value andrshvalues using:

public void setSampleStepAngle(double angle);
public void setSpheroid(double rEquator, double rPolar);

Add the position, orientation, and spin axis values using:

public void appendPosition( double x, double y, double z);
public void a ppendOrientation(double x, double y, double z);
public void appendSpinAxis(double x, double y, double z);
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Each of these calls is made once each scan line.

Alternatively, specify longitude/latitude tuples using:

public void setFovindices(int index0, int in dex1, int index2);
public void appendLonLatSample(double lon, double lat);

The call to setFovindices is made once. The call to appendLonLatSample is
made three times per scan line.

Finally, add the GRDSatelliteParms object to a GRDValue object using the
GRDValue Objects setSatelliteParms method.

public void setSatelliteParms( GRDSatelliteParms satParms);
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Fast and Simple Ingestion

A very simple and efficient way of loading gridded data into a database is to
use the GRDImportRaw function:

function GRDImp ortRaw(metadata_filename char, rawdata_filename

char, tablename char) returns void : this function reads in raw data and
associated metadata and constructs a GRDValue that is placed in a specified
tableThe table must have a O©OvZvaueaswellasal | ed

any columns that are explicitly referenced in tinetadata file

Appendix M(page295) describes a utility that can be used to convert netCDF
files into a form that can be ldad with the GRDImportRaw function.

The Raw Data File

The raw data file contains a stream o
orderedo we mean that order of the da
the grid, ondile after another. As an example, consider a grid with two fields,
Afieldlo and Afield2d6, grid di mensi on
as shown below:

fieldl field2
all al2 al3 al4 al5 al6 bll bl2 bl3 bl4 bl5 bil6
a2l a22 a23 a24 a25 a26 b21 b22 b23 b24 b25 b26
a3l a32 a33 a34 a35 a36 b31 b32 b33 b34 b35 b36
a4l a42 ad43 a44 ad5 ad6 b4l b42 bd43 b44 ba5 b46

The correct order of the data in the rdata file would be (sg®s and carriage
returrs are only present for readability reasons):

all,al2,al3, a21,a22,a23, b11,b12,b13, b21,b22,b23,
ald,al5,al6, a24,a25,a26, bl4,b15,b16, b24,b25,b26,
a3l,a32,a33, a41,a42,a43, b31,b32,b33, b41,b42,b44,
a34,a35,a36, a44,a45,a46, b34,b3 5,b36, b44,b45,b46

In the simplest case, a single field, with tiles of dimensions 1x1x1xN, where N
is a factor of the most minor grid dimension (6 in the example above), this is
simply a dump of the contents of a multidimensional array.
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If the componentsf the tile size do not evenly divide into the grid dimensions,
as in the below picture, some tiles in the grid willoiody partially full.

field1 field2
all al2 al3 al4 al5 al6 b1l bl2 bl3 bl4 bl5 bl6
a2l a22 a23 a24 a25 a26 b21 b22 b23 Db24 b25 b26
a3l a32 a33 a34 a35 a36 b31 b32 b33 b34 b35 b36
a4l ad2 ad3 ad44 ad5 adb b4l b42 b43 Db44 b45 b46

The partially filled tiles must be padded to the same size as the fully filled tiles,
requiring that the rawlata file look likethabe |l ow (t he X&6s repr
outside the grid):

all,al2,al3,al4, a2l,a22,a23,a24, b11,b12,b13,b14, b21,b22,b23,b24
al5,al16,X,X, a24,a25,a26,X,X, b15,b16,X,X, b24,b25,b26,X,X
a31,a32,a33,a34, a41,a42,a43,a4 4, b31,b32,b33,b34, b41,b42,b44,b44
a35,a36,X,X, a45,a46,X,X, b35,b36,X,X, b45,b46,X,X

There is one exception this: if the tiles have a dimension of 1x1x1xN, the
partially filled tiles arendt padded.

The format of values depends on their type, itngpdy the native binary
representation used by the C compiler for a particular datatype.

The following C source code demonstrates writing out a pair of arrays in tile
ordering. It aims more for simplicity and generality than speed. The binary data
is written to stdout, which must be redirected to a file.

#include <stdio.h>

#define ARITY (4) /* number of dimensions in a grid */
#define FILL_VALUE (- 9999)

#define GRID_DIMO (1)
#define GRID_DIM1 (1)
#define GRID_DIM2 (4)
#define GRID_DIM3 (6)

#define TILE _DIMO (1)
#define TILE_DIM1 (1)
#define TILE_DIM2 (2)
#define TILE_DIM3 (4)

#define TILE_IS_SKINNY (TILE_DIM0==1 && TILE_DIM1==1 &&
TILE_DIM2==1)
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writeFloatTile(float

vals[GRID_DIMO]J[GRID_DIM1][GRID_DIM2][GRID_DIM3],
int cornerf[ARITY D

{

int p0, p1, p2, p3;
float outVal;
int end0 = corner[0] + TILE_DIMO;
int endl = corner[1] + TILE_DIM1;
int end2 = corner[2] + TILE_DIM2;
int end3 = corner[3] + TILE_DIM3;
for( p0O = corner[0]; p0 < endO; pO++ ){
for( pl = corn er[1]; pl <endl; pl++ )}
for( p2 = corner[2]; p2 < end2; p2++ ){
for( p3 = corner[3]; p3 <end3; p3++ ){
if( TILE_IS_SKINNY ||
(p0 < GRID_DIMO &&
pl < GRID_DIM1 &&
p2 <G RID_DIM2 &&
p3 < GRID_DIM3)) {
outVal = vals[pO][p1][p2][p3];
}

else {

}
fwrite(&outVal, sizeof(vals[0][0][0 10D, 1,
stdout);

outVal = FILL_VALUE; /* our missing value */

int main() {
float field1[GRID_DIMO][GRID_DIM1][GRID_DIM2][GRID_DIM3];
float field2[GRID_DIMO][GRID_DIM1][GRID_DIM2][GRID_DIM3];
int corner[4];
inti;

/* put some data in the arrays */

for(i = 0; i < sizeof(a)/sizeof(a[0][0][0][0]); i++ ) {
((float *)field1)[i] = i;
((float ®field2)[i] = i*i;

}

/* dump the arrays */
for(corner[0] = 0; corner[0] < GRID_DIMO; corner[0]+=

TILE_DIMO){
for(corner[1] = 0; corner[1] < GRID_DIMZ1; corner[1]+=
TILE_DIM1)Y{
for(corner[2] = 0; corner[2] < GRID_DIM2; corner[2]+=

TILE_DIM2){
for(corner[3] = 0; corner[3] <

RSION)

GRID_DIM3;corner[3]+=TILE_DIM3){

writeFloatTile(field1, corner);
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write FloatTile(field2, corner);

}
}
}
}

return O;

/* end of C code */

The Metadata File

The metadata file is a java style properties file, which is to say that it consists of
a set of key=value pairs, one per line.

1 Lines may be teninated dos style (carriageturn linefeed pair) or
unix style (linefeed).

T Any text following a 6#6 i s consi der

T 1 f the | ast chayachernext al il neaei $st @
continuation of the current line (uséfor satellite parameters).

1 The case of keys is ignored by the function, but using mixed case results
in more readable properties files.

1 Only a certain set of properties are expected inside the propertes file
unexpected properties will trigger an ernoessage since they usually
mean that a typo has been made. The properties expected depend on
whether the properties file represents a grid wiffatellite coordinate
systemor a regular coordinate system.

1 Values that represent tuples may be separatspdges or commas, or
by both.

Properties Specific to Satellite Coordinate Systems (i.e., grids containing
satellite images)

Any metadata file that contains at least one property whose key is of the form
06satellite.*0& i s as selitmeodrdinate systeenf Suche a
grids have dimensions 1 x 1 x NumScanLines x SamplesPerScanLine.

The satellite specific properties are:

i satellite.numLines: the number of scan lines in the file, the third
dimension.
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1 satellite.samplesPerLine: the number ahpkes per scan line, the
fourth dimension.

1 satellite.perSampleStepAngle: the angle sweep between each sample on
a scan line, in degrees.

1 satellite.requator: the major ellipsoid axis, in meters (not kilometers).
1 satellite.rpolar: the minor ellipsoid axis, meters (not kilometers).
and either

1 satellite.orbitalinfo.position: the normalized ECF coordinates for each
scan line. The normal usage is put each ECF coordinate on a separate
l ine,ushagadéters to continue the 1

i satellite.orbitalinfo.orien at i on: the unit vectors d
orientation at each scan line.

1 satellite.orbitallnfo.spinAxis: the spin axis of the sensor on the satellite
at each scan line.

or

1 satellite.lonLatInfo.fovindices: the indexes of the three elements of a
scan line that correspond to the lonLats values. The minimum value is
0, and maximum value is satellite.samplesPerline

1 satellite.lonLatinfo.lonLats: three longitude/latitude pairs (in degrees)
for each scan line. These values must correspond to the sanagesd
by fovindices.

Properties Specific to Regular Coordinate Systems

Grids with a regular coordinate system (geographic anjggted) have the set
of parameters listed below:

9 srid: an srid referencing one of the rows in the
bcsgridspatial_refereces table.

1 srtext: the spatial reference text that describes the grids coordinate
system. This property is mutually exclusive wiitle srid property.
Either an srtext property or an srid property must be provided.

1 translation: a 4uple representing a tralation in the specified
coordinate system.
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affine_transformation: a ple that provides rotation and scaling in
the specified coordinate system.

dim_sizes: a4uple defining the shape of the grid.

coord_wraps: an optionattdiple indicating whether particular
dimension wraps around.

nonuniformO: an optional list of nonuniform samples for the first
dimension.

nonuniforml: an optional list of nonuniform samples for the second
dimension.

nonuniform2: an optional list of nonuniform samples for the third
dimension.

nonuniform3: an optional list of nonuniform samples for the fourth
dimension.

Properties That Apply to Any Grid

)l
il

dim_names: an optional list of dimension names.
dim_unii: optional unit for the" dimension (i = 0,1,2, or 3).
endian: an optiordield indicating the endian of the raw data being

imported; it is no longer necessary that the endian of the client and
server agree. Possible values are

T big
1 little
field_name&" the names of the fields in the grid.

field_uniti: optional unit for the itlield (i between 0 and
numberof-fieldsT 1).

field_types: an optional list of the types of the fields of the grid. If this
property is not present, the field types are assumbdaé float. The

24 Before version 3.0.0.1, the RAW Import facility hardilenly a single field. Therefore this property was
called o6field_named rather than field_names.
"field_named is stildl supported. The same 1is
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following values are accepted for types (values on sarmeate aliases
for each other):

intl, byte
int2, short
int4, int
uintl, ubyte
uint2, ushort
uint4, uint

1
1
1
1
1
1
1 reald, float
1

real8, double
1 fill_values: an optional list of fill values for the grid.

1 tile_length: a single value defining the shap¢hefgrids tiles as
Ix1Ix1IXN.

1 tile_sizes: a foutuple defining the shape of the grids tiles. Either a
tile_length or a tile_sizes property must be defined, but not both.

1 id: an optional 8 byte integer value that identifies the grid.

M column.columnName:alaue t o be stored in col
the table.

There are a number of example metadata files iexaenples/rawimport
directory, the most basic of which is sholelow:

srid= -1
translation=10,20,100,200
affine_transformation=0,0,0,1, 0,0,1,0, 0,1,0 ,0,1,0,0,0
dim_sizes=2,2,5,20
dim_names=dima dimb dimc dimd
tile_length=10

id=12343567890

column.intcol=4
column.floatcol=494.94
nonuniform0=1000,1003
field_name=zoogy
field_type=float

93



BCS GRID EXTENSION FOR POSTGRESQL (LINUX VE RSION)
PROGRAMMERGEG S GUI DE

Fast and Simple Grid Insertion Using the C API

The following C functbn can be used to perform raw data ingestion from a C
client application:

int GRDLoadRawData(PGconn *connection, char *metaDataFilename,
char *gridDataFilename, char *tableName);

This function is a client version of the GrdimportRaw server functiotioliva
files client file system in the Raw format to be loaded into grids on the server. It
has the following return codes:

GRDRawData_meta ERROR : the meta data file was not found or was
not readable.

GRDRawData_grid_ERROR : the grid data file was nohébar was
not readable.

GRDRawData_blob_ERROR : there was an error transferring the files
to blobs on the server. The most likely problem is a full (or corrupted)
file system on the server. The database server's serverlog
(<POSTGRESQLDIR>data/serverlog ) should be examined.

GRDRawData_import ERROR : This error indicates that something
went wrong in the process of transferring the imported blobs into grids.
This could be caused by problems with table name (misspelt or no
permissions to insert inthe table) or bad data files.

GRDRawData_SUCCESS : the import was a success.

ThegrdLoadRawData.h file, located in directory
<POSTGRESQLDIR>/clientincludes ~ , must be included to use this function.

The progranxPOSTGRESQLDIR>¢xamples/ c/api/loadRawData.c provides
anexample of using this function.
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Ti ps on Managing Grids as GR
Choosing the Dimensionality of a GRDValue

Consider an application where data is collected on a latibmdgtude grid, at

specific atmospheric levels (elevations), every few houis continual basis.

This data could be partitioned into G
list suggests some of these:

1. The data could be stored in a series-dirdensional
latitude/longitude/elevation/time grid, with up to a fixed number of time
values in each grid

2. The data could be stored in a series-dirBensional
latitude/longitude/elevation grids, with each grid corresponding to a
particular time value.

3. The data could be stored in a collection-glifdensional
latitude/longitude/time gridsyith each grid corresponding to a
particular elevation and each holding data for a fixed number of time
values.

4. The data could be stored in a collection-dfifdensional
latitude/longitude grids, with each grid corresponding to a particular
elevation andime value.

Consider the following factors in deciding which of these alternatives to
choose:

1 Is interpolation along a particular dimension required? It is easier to
interpolate within a GRDValwue than b
interpolation in elevatiorsirequired, then choose options 1 or 2 over 3
or4.

1 What is the relationship between the collection of grid dimensions and
application, norgrid data? Since each database row (and hence column
value such as a GRDValue) represents a single logical othgtahase
design can get very complicated if logically distinct objects are forced
into the same row. Similarly, the design can get-@eenplicated if a
single logical object is split over several rows.

BGRDVal ue b sallbcatedsizeaso fhe maximum number of sample points in each dimension
(including time) is fixed when the GRDValue is created.
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1 How is the data collected or generated? Are cecambinations of
dimensions more logical than other combinations?

Choosing the Dimensional Extents for a GRDValue

Considering the example from the previous section, the following questions
remain to be answered:

1. How should the spatial extents betled & DVal ue ds ? For e
should the entire spatial extent be covered by the same GRDValue, or
should the area be partitioned into

2. How many time values should be included in each GRDValue?
3. How many elevation values should be includedach GRDValue?

The same factors of relevance to the previous section are relevant to these
guestions as well. In addition, for a continually changing dimension such as the
time dimension, the following should be considered:

1 If sample positions are to be-used, then pick a number of sample
positions that correspond to some logical unit. For example, if sample
positions occur every 1 hour along the time dimension, then pick a
number of sample positions that corresponds to a day, a week, a month,
etc.

Unl oading / Archiving GRDValue Data

It is sometimes desired to export particular rows of a database, e.g.:

1 If GRDValue sample positions are continually beingised (as in the
time example in the previous section), then there may be an audit
requirement toave a snapshot of the data in that sample position before
the data is ovewritten.

T Some GRDValueds or portions of GRDVa
external applications.

If the amount of data being exported is sufficiently small, then the standard
PostgreSQ psql copy command can be used. Note, though, that this command
requires that several copies of the textual representation of the GRDValue
being exported be able to fit in memory simultaneously.

Al ternativel vy, GRDVal ue 6 susimmthe ar bi tr ar
GRDRowToGIEFcommand as discussedRetrieving Data Using GIEF and
SQLon pagel08
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Chapter 5: Retrieving Data
from the Database

This chapter bgins by discussing the types of extractions one might wish to
perform on a database of gridded data. It then presents the various mechanisms
available for using the BCS Grid Extension to extract data. Finally, it describes
some special types of grid exttian: radial extraction grid fusion, and

extraction by geolocation

Types of Database Extraction

In traditional database systems, it is usually, but certainly not always, the case
that data elements are extractesds That is, the elements that areraexted
from a database are structurally the same as those that were earlier inserted.

This is often not the case with databases that use the BCS Grid Extension.
Usually the GRDValuedbés that are extra
modified during theextraction process. Some examples of modification are:

1 the extracted GRDValue might have fewer dimensions than the
GRDValue from which it is extracted (i.e., it iskce),

1 the extracted GRDValue might have smaller extents than the
GRDValue from which its extracted (i.e., it is subse},

1 the extracted GRDValue might have finer or coarser sample positions
on one or more of the dimensionds ex
which it is extracted (i.e., it isr@sampling,

1 the extracted GRDValue might haveifferent spatial reference system
than the GRDValue from which it is extracted (i.e., it might be a
reprojection),
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1 the extracted GRDValue might have a different axis orientation than the
GRDValue from which it is extracted (e.g., it might betatedgrid or
aradial slice), and

1 the extracted GRDValue might be aggregationof several database
GRDVal ueds.

Retrieving Data Using the SQL API

The SQL API consists of a set of SQL functions that are bound to SQL C
language functions. The SQL API can be useegkctly, or it can be used in
conjunction with the C API or the Java API, which deal with the data types
used for application programming.

Examining a GRDValue
function GRDGetAffineTransform(grid GRDValue) returns double
precision[] . this function returnghe affine transform of a grid as an array of

floating-point vectors.

function GRDGetAffineTransformFlat(grid GRDValue) returns double
precision[]: this function returns the affine transform of a grid as an array of
16 values (this version is needed fBIBL support).

function =~ GRDGetDimNames(grid GRDValue)  returns text[]: this
function returns the names of the dimensions of a grid Hugplé of text
strings.

function ~ GRDGetDimSizes(grid GRDValue) returns integer[]: this
function returns the number disples in the dimensions of a grid astagdle
of integers.

function  GRDGetFieldNames(grid GRDValue) returns text[]: this
function returns the field names of a grid as a list of text strings.

function GRDGetID(grid GRDValue)  returns bigint : this functionreturns
the ID value stored inside a GRDValue.

function GRDGetNonuniform(grid GRDValue, dimNum integer) returns
double precision[]: this function returns the nonuniform step array for one
of the grid dimensions, where the second argument is the dimensidrer (1

4).

function ~ GRDGetNumFields(grid GRDValue) returns integer: this
function returns the number of fields from a grid.
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function GRDGetResolution(grid GRDValue, dimNum integer) returns

double precision: this function returns the resolution atpane of the grid
dimensions, where the second argument is the dimension nurrberM(iis

value is equal to the distance between consecutive grid points along that

di mensionb6és axis. The computation of
transformof the grid, and does not reflect any spacing resulting from

nonuniform axis samplirigy

function ~ GRDGetSrid(grid GRDValue) returns integer: this function

returns the SRID of the projection system the GRDValue is in. Given the SRID,
the spatial referencext can be retrieved from tihesgridspatial_references

table (by selecting on column spatial_references.srid)

function GRDGetStartPoint(grid GRDValue) returns double
precision(]: this function returns the start point (i.e., translation) of a grid as
a 4tuple of floatingpoint values.

function GRDGetTileSize(grid GRDValue) returns integerf[]: this
function returns the internal tile size for a grid astaple of integers.

function ~ GRDGetWraps(grid GRDValue) returns integer[]: this
function returns thdimension wragaround status of a grid as duple of
integers (a value of zero means that waapund status is off).

function GRDValueOutputData(grid GRDValue) returns char: this
function returns the GRDValue data and metadata components as formatted
text. It returns a maximum of 2KB of text.

function GRDValueOutputData(grid GRDValue, maxsize integer)

returns char: this function returns the GRDValue data and metadata
components as formatted text. The amount of text returned is the smaller of the
valuespecified and the full amount required to completely represent the
GRDValue components.

function GRDValue_Out(grid GRDValue) returns cstring: this function

is implicitly used when the server needs to convert a GRDValue to a textual
representation. By daii#t, it returns a string providing only the tadata of the

grid. If GRDValu&etLongForm() has been called, GRDValue_Out will

produce a text string that has both the metadata and the gridded data. Note that

% Note that the values along a grid axis that has been rotated so that it crosses spatiaspatiaton
dimensions have nmeaningful units. For example, consider a grid with dimensions pressure, latitude,
and longitude. If this grid is rotated so that the base no longer lies in the latitude/longitude plane, the
previously vertical axis will have a pressure component andtsakpomponent (and no meaningful
units).
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the type returned, cstring, is incompatible WibBC; use GRDValue_OutText
explicitly if you need to get the header information using JDBC.

function  GRDValue OutText(grid GRDValue) returns char: This
function is identical to GRDValue_Out, except that it returns a datatype that is
understood by JDBC toeha string.

function  GRDValueSetLongForm()  returnsvoid  : This function causes
GRDValue_Out and GRDValue_OutText to produce strings that contain the
gridded data instead of references to thelddsed blob.

function  GRDValueSetShortForm()  returns void: Ths function causes
GRDValue_Out and GRDValue_OutText to produce strings that reference the
file-based blob instead of the gridded data. (This is the default.)

function  GRDValueToBinary(grid GRDValue) returns bytea @ This
function converts a GRDValue to array of bytes. This function is used when
sending a GRDValue to the database through JDBC.

function  GRDValueFromBinary(gridData bytea) returns GRDValue
This function constructs a GRDValue from an array of bytes. This function is
used when getting a GRDVadrom the database through JDBC.

Extracting a GRDValue

function GRDEXxtract(source GRDValue, spec GRDSpec) returns

GRDValue: this function builds and returns a new GRDValue that contains
information taken from theourceGRDValue parameter, modified imaanner
defined by thespecGRDSpec parameter. A complete description of GRDSpec
syntax and its use in directing GRDEXxtract can be fouppendix Don
page223

function GRDExtractAsBytes(source GR DValue, spec GRDSpec)

returns bytea: this function constructs and returns the byte representation of
a GRDValue that contains information taken fromsharceGRDValue

parameter, modified in a manner defined bygpecGRDSpec parameter. It
avoids the werhead of creating a new GRDValue object, should be used in
client applications when extracting data (and not storing it back in the
database)See the Java example on padé.

function  GRDSpecFromBinary(specAsBy tes bytea) returns GRDSpec
this function converts an array of bytes into a GRDSpec. It is used when
sending a GRDSpec to the server from a JDBC client.

function  GRDSpecToBinary(spec GRDSpec)  returns bytea  : this function
converts a GRDSpec to an arraybgtes. Its common use is to support java
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based test programs that build GRDSpec's on the server and then transfer them
to the client.
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Dimension Inheritance

It is sometimes desirable to extract data without specifying the full set of grid
extraction condions to be used. As an example, consider the following case:

1 The source grids have planar extents that cover an entire country, and
have nonuniformlyspaced altitude and time dimensions,

1 The altitude and time dimension values for different source grads
be different,

1 The grids to be built cover a smaller region than that covered by the
source grids, and

1 The altitude and time dimension values in the source grids are to be
retained in the grids to be built (i.e., interpolation in time and altitude is
not to be performed).

This type of query can be implemented usidimgension inheritance a feature
through whicha GRDSpec can direct that extracted grids are to inherit the size
and nonuniform sampling of a source grid dimension. Dimension inheritance is
directed by using a value of 0 as the size of the dimension to be inherited. In
this example, the time and altitude dimensions should use dimension
inheritance.

The following conditions must exist in order for dimension inheritance to be an
option:

1. The assdation between a sizgpecifiedas0 dimension in the
GRDSpec and a dimension (ihberited dimensionin the GRDValue
is based on the relationship between the affine transformation specified
in the GRDSpec and the affine transformation present in thessou
GRDValue. Specifically, motion in the direction of a sipecifiedas0
dimension in the GRDSpec must map to motion in the direction of a
single dimension of the GRDValue. Note that this is a weaker condition
than requiring that each grid dimensionstmmap to one and only one
reatworld dimension.

2. The inherited dimension in the GRDValue must be nonuniform.

3. The component of the GRDValuebs tra
inherited dimension in the GRDValue should either be zero or have the
samevalueas t he component of the GRDSpec
corresponding to the sigpecifiedas0 dimension in the GRDValue.
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The following GIEF file defines a source grid with nonuniform time and level
dimensions:

netcdf giefSingleVarExample {
dimens ions:
time=1;
level = 26 ;
lat = 181 ;
lon = 360;
variables:
double time(time) ;
double level(level) ;
float hgt(time, level,lat,lon) ;
hgt:_FillValue = 9.96921e+36f ;

/I global at tributes:
:Conventions = "GIEF";
.dtg = "2002031312" ;
:Ivl_type = "isbr_IvI";
:model_name = "NOGAPS" ;
:geom_name = "global_4x6" ;
:unit_name ="K";

: srtext =
"GEOGCS)| "GCS_North_American_1927 \",DATUM[ \ "D_North_American_192
7\ ",SPHEROID[ \ "Clarke_1866 \ ",6378206.4,294.9786982]], PRIMEM[ \"Gr

eenwich \ ",0],UNIT[  \"Degree \",0.0174532925199433]]";
.affine_transformation =
0.0,0.0,0.0, 1.0,

0.0, 0.0, 1.0, 0.0,
0.0, 1.0, 0.0, 0.0,
1.0, 0.0, 0.0, 0.0;
:translation = 0.0, -90.0, 0.0, 0.0;
data:
time = 731907;
level = - 1000, - 975, - 950, - 925, - 900, - 850, - 800, - 750, - 700, - 650, -

600, - 550, - 500, - 450, -400, - 350, -300, -250, -200, -150, -100, - 70, -50, -
30, - 20, -10;

hgt =...
}
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The following completely defined query (i.e., amat using dimension
inheritance) gets all the data at a particular latdiodgitude locationrfom the
grid:

SELECT GRDExtract(grid,

'((translation 10.5 15.5 0 0)(dim_names time level lat

lon)(variables hgt)(dim_sizes 1 26 1 1)(nonuniform time

731907)(nonuniform level -1000 -975 -950 -925 -900 -850 -800 i
750 -700 -650 -600 -550 -500 -450 -400 -350 -300 -250 -200 -150
-100 -70 -50 -30 -20 -10))::GRDSpec)

FROM gieftable;

In cases where the affine transforms of the GRDValue and GRDSpec are
identical (or the affine transform of the GRDSpec is not set), the
nonuniforminherit tag can be used totgge nonuniform spacings of the
dimensions. However, the size of the inherited dimensions must still be set:

SELECT GRDEXxtract(grid,'((translation 10.5 15.5 0 0)(dim_names
time level lat lon)(variables hgt)(dim_sizes 1 26
1)(nonuniforminherit time level ))'::GRDSpec)

FROM gieftable;

The same result, with greater generality, can be accomplished using dimension
inheritance:

SELECT GRDEXxtract(grid,'((translation 10.5 15.5 0 0) (variables
hgt)(dim_sizes 0 0 1 1))'::GRDSpec) FROM gieftable;

Additional Supp  ort Functions

function GRDGetVersion() returns cha r: this functionreturns the version
of theGrid Extensiorshared library as a string of the form
"major_version.feature_update.bugfix_update.0". For example, for version
3.0.0.0, the function retusithestring "3.0.0.0".

function GRDSetWorkingDir(workingDir char) returns integer: this

function sets the working directory on the database server for the current
connection. ThevorkingDir string is prepended onto any filenames passed to
GRDFromGIEE GRDFromNG andGRDRowToGIEF provided the filenames

do not start wiwokking®ir stringmustbesan @bsotuter . T h
path to an existing directory. Zemtieturned if the function is successful. An

error is thrown if the call is not successful.

function ~ GRDGetWorkingDir()  returns char: this function returns the
working directory for the current connection. An error is thrown if the working
directory has at already been set. The working directory is an absolute path on
the database server.
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function ~ GRDTrim(blankPaddedText char) returns char: this function

is capable of trimming white space (preceding, internal and following) from a

text string, and repkes @ characters with double quotes. The standard SQL

trim function does not operate on the char data type and is limited to strings of

up to 256 characters | ong; i1t also do
is useful when trying to compare &elial string to the srtext column of the
bcsgridspatial_references table.

function ~ GRDGenSrid(srtext char) returns void: this function

generates an entry in thesgridspatial_references table for a particular
instance of spatial reference text, if tbatry has not already been created. It is
occasionally needed before running GRDRoBTEF. (SeeGetting Grid
Metadateon pagel06.)”

This function establishes its own transactionit soust not be run from inside a
transaction. The srtext may have @ characters in place of embedded double
guotes, following the convention for srtext ire$pressions.

function ~ GRDIsWholeSphere(grid GRDValue) returns boolean: This
function determines wather or not a grid represents the entire sphere.
Currently, this function handles only geographical coordinate systems (i.e.,
lat/long); it will always return false for a projected coordinate system.

function GRDPurgeSrCache() returns void: As a performace

optimization mechanism, the BCS Grid Extension maintains a private in
memory cache of the most recently referenced entries of the
bcsgridspatial_references table. If entries in the spatial_references table are
deleted or modified, the GRDPurgeSrCaftimection should be invoked in

order to prevent other Extension functions from using obsolete information.

function GRDSecsToTime(timelnSeconds integer) returns char:

returns the textual representation of a Unix time value (seconds since midnight
on Januayr 1, 1970) in datetime format (year to seconds). This function is
useful in formulating geodetic time queries.

2" Data can only be projected to mapping projections described by the spatial_references table. These
mapping projections can only be added while inside a transaction. A transaction cannot be started while
executig a SELECT statement. Most uses of the GRDRdABIES- function are done within a SELECT
statement. This prevents the GRDRoWIBF function from being able to add elements to the
spatial_references table itself.
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function GRDSecsToTime(startTime integer, endTime integer)
returns char: this function converts a temporal interval, expressed as two
Unix time values to a text string.

function GRDSridFromText(srtext char, x1 double precision, y1
double precision, x2 double precision, y2 double precision)

returns integer . this function adds an entry to the

bcsgridspatial references table fartext. The othearguments (x1, y1, x2, y2)

are ignored. This function returns the SRID of the specified srtext. Due to table
locking issues in PostgreSQL, it is sometimes useful to use GRDGenSrid to
first ensure an entry exists in the spatial_references table, and then
GRDSridFromText to find it.

function GRDTestProject(srcSrid integer, destSrid integer, coord

char) returns char: this function is used to test reprojectin

nonsatellite gridsThecoordar gument i s a string in t
l at i t ud e dthereturmvalueyhas tha same format.

function  GRDTestProject(srcGrid GRDValue, destSrid integer,

coord char)  returns char: this function is used to test reprojection for

satellite image grids. Thaoord argument is a string in the forinx y 0
(representig pixel coordinates) and the return value hasthefotmongi t ud e
I at i t ud el@pending omiwhetherdhe destSrid represents geographics or

a projected coordinate system

function  GRDTestProject(srcSrid integer, destGrid GRDValue,

coord char) returns  char:  this function is used to test reprojection for

satellite image grids. Thmoordar gument i s a string in
Il at i t ud édéeperaling ofi whetlgeod the srcSrid represents geographics or

a projected coordinate systeand the returraluehag he f orm fAx vy o
(representing pixel coordinates)

Getting Grid Metadata

The metadata for a grid may be obtained by selecting the appropriate column as
text from the table, as in the following example:

SELECT mygridcolumn from mygridtable;

Themebani sm behind this i s GROVeluesGaitr ver 0s
function to cast the grid to text. This function has somewhat nonstandard

default functionality in that it does not output the GRDValue data component.
Instead by default|t outputs just the GRDValue metadata component, thereby
preventing accidental text conversion of grids when examining tables using

tools like psqlAs illustratedabove(page38), call GRDValueSetLongForm
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before issuing the SELECT command in order to display grid data as well as
metadata

Note that the above statement needs to be modified before it can be executed
through JDBC. In the JDBC case, it would read:

SELECT GRDValue_OutText(mygridcolumn) from mygridtable;
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Retrieving Data Using GIEF and SQL

A GIEF file is exported by executing the GRDRov@l&F or
GRDRowToGIEFMem routine. The GRDRowToGIEF function has the
following definition:

FUNCTION GRDRowWTGIEF(

fileName char, -- file name

tableName char, -- table name

whereCond char , -- an SQL where condition that
-~ uniquely identifies the row in
-- the table.

gridSpec GRDSpec  -- specification of what to extract

) RETURNS integer;

The file name must be the path of the file to be written. The table name is the
name of the table from which the grid is extracted. The GRDSpec indicates
which fields, and what portions of them, are to be extracted from thdisge
grid.

The GRDRowToGIEFMem function returns a bytea value rather than creating
a file; it has the following definition:

FUNCTION GRDRowTGIEFMen{

tableName char, -- table name

whereCond char, -- an SQL where condition that
-~ uniquely identi fies the row in
-- the table.

gridSpec GRDSpec  -- specification of what to extract

) RETURNS bytea;

An example of calling GRDRowToGIEFMem from a Java program can be
found in the sectioixtracting Data Using GRDRowToGIEFMeon page
122

When calling GRDRowToGIEF or GRDRowToGIEFMem, it is simplest to

express the GRDSpec as arXpression text string and then cast it to

GRDSpec via the doubleolon operator (this avoids having to link in any

speial libraries). SeédppendixD on page223for a complete description of

how to use GRDSpecds to extract gridd

Example: bcsgrid=#  DROP TABLE gieftab;
DROP TABLE

bcsgrid=# C REATE TABLE gieftab(field_names varchar(100),
dim_names varchar(100),
g_s_string varchar(30),
g_an_int integer,
g_a _float float,
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fillvalues double prec ision [],
|_air_temp__unit_type varchar(20),
grid GRDValue);
CREATE TABLE
bcsgrid=# SELECT
GRDFromGIEF('/opt/postgres/examples/datafiles/complete.nc’,
‘gieftab’);
grdfromgief
(1 row)
besgrid=  # /x
Expanded display is on.
bcsgrid=# SELECT * FROM gieftab;
-[RECORD 1] ---------
field_names | air_temp
dim_names | column,row, level |, time
g_s_string | 2002031312
g_an_int |1
g_a_float | 1.2
fi livalues | {9.96920996838687¢e+36}
|_air_temp__unit_type | kelvin
grid
header=374;prolog=1;version=50331648;id=0;numFields=1;hasSatParm
s=0;blendType=0;storage=0;support_missing=1;srid=1;tile=1,1,1,4;
samples=3,4,1,4;finalDims =3,4,1,4;gridWrap=0,0,0,0;blendValue=0;

startPt=30,32,5,0;basis0=1,0,0,0;basis1=0,1,0,0;basis2=0,0,1,0;b
asis3=0,0,0,1;fieldlds=0;fieldTypes=8;dimNames="column","row","

evel "," time ";fieldNames="air_temp";nonuniflags=0,0,1,1;nonunisam

ple3=1000300;nonunisa mple4=0,5,6,10;epilog=111,222;blob=0;file=5

2 :filelen=0;

bcsgrid=# SELECT GRDRowToGIEF(
'lopt/postgres/examples/datafiles/mygief2.nc’,

‘gieftab’, 'g_an_int =1/,

‘((translation 0 0 0 0)(dim_names dimO dim1 dim2 dim3)(dim_sizes
210 10 1)(affine_transf ormation100001000010000
1)(interpolation (dimO linear) (dim1 linear) (dim2 linear) (dim3
linear)))::GRDSpec);

-[RECORD 1]+ --
grdrowtogief | O
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Retrieving Data Using the C API

The C API uses the model illustrated below for extracting: data

Data Extraction

dimension:

—»

GRDSpec |—p!

GRDValue

!

GRDValuel

client
Server

GRDSpet
(client order) a
var binary

(server ordel

—

GRDSpec

GRDSpel | 4

GRDSpet
(client order
as GRD_Lvarcha

GRDValue

> (server order)

@ & | GRDValue

float a[]

float b[]

‘7

servel

\

GRDValuel

<«—— (clientorder

RSION)

GRDValue

(client order) a:
GRD_Lvarchar

GRDValue

asvar binary

1. A GRDSpecl data structure is created and populated by a client
application. Like the GRDValuel, the GRDSpecl is a straightforward C

data structure with pointers to handle variable length components.

2. The GRDSpecl is soverted to a GRDSpec (an alternate representation
that uses a contiguous block of memory and no pointers).

3. Through the C API (libpq), the GRDSpec is passed to the server, which
constructs a

4. The GRDEXxtract UDR on ¢hserver is called with the GRDSpec and a

new version with

GRDValue from which to extract.
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5. Internally, the GRDExtract UDR unpacks the GRDSpec into a
GRDSpecl, the header of the GRDValue into a GRDValuel, and builds
a new GRDValuel, converts the new GRDValuel into a GRD&alu
and returns the GRDValue.

6. The server computes a new GRDVal ue

7. The client program receives the GRDValue from the server, unpacks it
into a GRDValuel, and copies the contained data into local arrays.

Examples of using C pgrams to extract grids can be found in the Demo
programs, as described in on p2§&

Getting Grid Metadata

While the metadata for a grid may be examined by using the functions
described irExamining a GRDValuen paged8, a simpler way is just to
perform a SQL ASELECTO on the grid co

SELECT mygridcolumn FROM mygridtable;

The mechanism behind this is tQue serv
function to cast the grid to text. This function has somewhat nonstandard
functionality in that it does not output the GRDValue data component. Instead

it outputs just the GRDValue metadata component, thereby preventing

accidental text conversion of grids whexamining tables using tools like psql.

Thus, the GRDValueOut method does not produce data that GRDVatue

can rebuild into a new grid. If the results are requested as binary, then
GRDValueroBinaryis applied instead, which produces a binary versiohef t

entire grid.

Accessing the GRDValue Id Value

As of version 3.0.0.0, an 8 byte integer Id can be stored in each GRDValue
upon its creation. The following functions access the Id field in a GRDValuel
structure. On Linux systems, a GRDInt8 is defined ta lmng long int.

void GRDValuelSetld( GRDValuel *grdvaluei, GRDInt8 id );
GRDInt8 GRDValuelGetld( GRDValuel *p );

void GRDSpeclSetld( GRDSpecl *grdspeci, GRDInt8 id );
GRDInt8 GRDSpeclGetld( GRDSpecl *p );
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Retrieving Data Using the Java API

The bag tasks for using the Java API to extract gridded data are:
1. connecting to a server through JDBC,;
2. locating grids;
3. building a GRDSpec;
4, fetching and extracting grids; and
5. getting data from a grid.

The following subsections introduce the Java API for gridaexion. Together

with the Javadocs for the Java API and the SQL API, these subsections should
enable most programmers to make effective use of the BCS Grid Extension
from Java. These subsections assume the following import statements:

import java.sql.*;
i mport java.util.*;
import com.barrodale.grid.*;

Connecting Through JDBC

The usual way to open a JDBC connection is first to ensure that the JDBC
driver has been loaded (as a class) and then to use the JDBC driver manager to
establish a connection. The JOBIriver manager is responsible for ensuring

that the correct JDBC driver has been matched to a particular database server,
setting login timeouts, and logging connections.

The opening of the driver class can even be handled by the driver manager: a
usercan specify a class name using the
JDBC driver 6s syst em-~/pojacaprapertesy 1 s | oad
files, allowing individual users to tailor an application to use a particular driver
without changing the applicam itself.

The PostgreSQL JDBC driver does not have the ability to map Java object
types to database object types. As a workaround, GRDValue and GRDSpec
types are converted to byte arrays, the byte arrays shipped to the server, and
then special functiong@explictly invoked to convert the byte arrays to
GRDVal ueds or GRDSpecds.
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public Connection getConnection(String hostName, int port,
String serverName, String database,
String userName, String password)
throws java.sql.SQLException, java.lang.Clas sNotFoundException,
java.lang.InstantiationException,
java.lang.lllegalAccessException

{

/l'load driver
Class.forName("org.postgresqgl.Driver");

String url = "jdbc:postgresql://" + hostName +
"" + port + "/" + database + ";";

Connection co  nn = DriverManager.getConnection(url,
userName, password);

return conn;

}

JDBC objects should be properly disposed of via their close methods once they

are no longer needed since they are often tied to resources on the database
server. The Javaspéci cati on promi ses that the 0.«
wi || be invoked before the objectds m
guarantee that this memory will actually be reclaimed during the life of the

program. Unclosed ResultSet objects, inipalar, can block subsequent

gueries, even those originating inside the same program.

Locating Grids

The basic location question is which grids overlap a region of interest. This
guestion is resolved by methods in the SQL API, but the Java API does provide
some support for defining regions via the RangeText class.

The RangeText class is used to buitdxPressions defining rectilinear regions
that are aligned with the coordinate system axes (i.e., they are not oblique).
These Sexpressions can then be cad GRDValue objects or GRDBox
objects on the server, and then used with the georeferencing functions.

When specifying time and level, the RangeText class allows the use of the
RangeText.ANY constant for either the upper bound or lower bound. In the
codebelow, this is used to issue a query that finds grids that overlap a
particular area, above a particular elevation, and before a particular time.

Note the use of the '&&' operator to relate the GRDBox values. PostgreSQL
requires the use of special operatfar indexes to be used, rather than named
functions. The ' &&' operator provides

The following example can be found in
<POSTGRESQLDIR®examples/java/SimpleBoxIndex.java
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Example public List findGrids(double minLon, double minLat,
double maxLon, double maxLat, Connection con,
String srtext, String tableName,
String gridColumnName,
String boxColumnName, String idColumn)
throws SQLException {

RangeText roi = new RangeText();

roi.setSWNE( minLat, minLon, maxLat, maxLon )
roi.setTime(RangeText. ANY, 1e9);
roi.setLevel(RangeText.ANY, 1e9);

roi.setSrText(srtext);

String roiString = roi.toString();

String queryText = "SELECT " + idColumn + " FROM " +
tableName +
"WHERE " +
boxColumnName +
" && "™ + roiString +
":GRDBoxa nd GRDOverlap(" +
gridColumnName + "™ +
roiString + ™::GRDValue)" ;
ResultSet rs = null;
PreparedStatement pstmt = null;
try {
pstmt = con.prepareStatement(queryText);
rs = pstmt.executeQuery();
List resultList = new ArrayList();
while( rs.next()) {
res ultList.add(new Integer(
rs.getint(1)));

rs.close();
pstmt.close();
return resultList;

} catch( java.sql.SQLException el ) {
if( rs !=null) rs.close();
if( pstmt != null ) pstmt.close();
throw el;

}

For the more general case of maligned region®f interest, it is a relatively
simple matter to build a GRDValue that represents the region and pass the
GRDValue to the database, rather than building the GRDValue on the server
from the RangeText string.
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Building a GRDSpec

The GRDSpec type is useddpecify what portions of a grid should be

extracted, how the grid should be sampled, what coordinate system the data
should be reprojected to, which fields should be kept, etc. Building a GRDSpec

is very similar to building a GRDValue, with the exceptibnett it doesno
loaded with Grid Data, just metadata.

The following code demonstrates building a basic GRDSpec.

Example public GRDSpec buildGrdSpec() {
int xSize=2; int ySize=3; int zSize=2, tSize = 1;
GRDSpec gSpec = new GRDSpec();
gSpec.setNumSamp les(new int[] {tSize, zSize, ySize, xSize});
gSpec.setFieldNames(new String[] {"Pressure™});
gSpec.setldentityBasis();
gSpec.setStartPt(new double][] {0,0,0,0});
return gSpec;

}

Fetching and Extracting Grids

Fetching grids with the PostgreSQL JDHBGver is done by first converting the
GRDValue to a bytea type on the server, and then reconstructing the
GRDValue from the associated byte array on the client. This example can be
found in<POSTGRESQLDIR®examples/java/SimpleFetch.java

public GRD Value fetchGrid(Connection conn, String tableName,
String gridColumnName, String idColumn, int rowld)
throws SQLException {
String queryText = "SELECT grdvaluetobinary(" + gridColumnName +
"y FROM " + tableName + " WHERE " + idColumn + " =" +
rowid ;

Example

PreparedStatement pstmt = null;
ResultSet rs = null;

try {
pstmt = conn.prepareStatement(queryText);

rs = pstmt.executeQuery();

GRDValue resultGrid = null;

if( rs.next()) {
byte [] rawBytes = rs.getBytes(1);
resul tGrid =
(GRDValue)AbstractValue.fromBytes(rawBytes);

rs.close();
pstmt.close();
return resultGrid;

115



Example
(GRDEXxtract )

Example
(GRDEXxtractAsBytes

)

BCS GRID EXTENSION FOR POSTGRESQL (LINUX VE RSION)
PROGRAMMERGEG S GUI DE

catch( SQLException el ) {
if( rs = null) rs.close();
if( pstmt != null) pstmt.close();
throw el;

}

Extracting grids follows the same pattern, except it needs to send a GRDSpec
object to tke server, and invoke GRDExtract or GRDEXxtractAsByiés.

following equivaleniexamplea can be found in
<POSTGRESQLDIR®xamples/java/SimpleExtract.java and

<POSTGRESQLDIR#*examples/java/SimpleExtractAsBytes.java,
respectively.

public GRDValue extractGrid(Connection conn, String tableName,
String gridColumnName, GRDSpec spec)
throws SQLEXxception {

String queryText = "SELECT GRDValueToBinary(GR DExtract(" +
gridColumnName + ",GRDSpecFromBinary(?))) FROM " +
tableName;

PreparedStatement pstmt = null;
ResultSet rs = null;
try {
pstmt = conn.prepareStatement(queryText);
pstmt.setBytes(1, spec.toBytes());
rs = pstmt.executeQuery();
GRDValue resultGr  id = null;
if( rs.next()) {
byte [] valueAsBytes = rs.getBytes(1);
resultGrid =
(GRDValue)AbstractValue.fromBytes(valueAsByte);

rs.close();
pstmt.close();
return resultGrid;
} catch( SQLException el) {
if( rs = null) rs.close();
if( pstmt = null ) pstmt.close();
throw el;

}

public GRDValue extractGrid(Connection conn, String tableName,
String gridColumnName, GRDSpec spec)
throws SQLException {

String queryText = "SELECT GRDEXxtract AsBytes (" +
gridColu  mnName +", GRDSpecFromBinary(?) )FROM "+
tableName;

PreparedStatement pstmt = null;
ResultSet rs = null;
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try {
pstmt = conn.prepareStatement(queryText);

pstmt.setBytes(1, spec.toBytes());

rs = pstmt.executeQuery();

GRDValue resultGrid = null;

if( rs.next()) {
by te [] valueAsBytes = rs.getBytes(1);
resultGrid =
(GRDValue)AbstractValue.fromBytes(valueAsByte);

rs.close();
pstmt.close();
return resultGrid;
} catch( SQLException el ) {
if( rs !=null) rs.close();
if( pstmt != null ) pstmt.close();
throw el;

RSION)
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Getting Data Out of a GRDValue
Getting data out of a GRDValue is similar to the process of getting it in:

1. first, an AbstractDataField is extracted from the database and cast to the
appropriate subclass;

2. then, data can be extracted from the fieldgisector grid coordinates.

Using the gridCoordToSpatialCoord() method in the GRDValue, vector grid
coordinates may be converted to spatial coordinates.

public void printPressureGrid(GRDValue grid) {
Real4Field pressureField =
(RealdField)grid.getFi eldByName("Pressure");
int [] dims = grid.getNumSamples();
double [] spatialCoord = new double[
GRDValue.numDIMENSIONS];
int position[] = new intfGRDValue.numDIMENSIONS];
for(position[0] = 0; position[0] < dimsJ[0];
position[0]++ ) {
fo r(position[1] = 0; position[1] < dims[1];
position[1]++) {
for(position[2] = O; position[2] < dims[2];
position[2]++ ) {
for(position[3] = 0; position[3] < dims[3];
position[3]++ ) {
grid.gridCoordToSpatialCoord(position,
spatialCoord);
System.out.print( "x =" + spatialCoord[0] +
",y =" + spatialCoord[1] +
",z =" + spatialCoord[2] +
" t="+ spatialCoord[3] +
" value =");

if( pressureField.isValid(position)) {
float value = pressureField.getElement(position);
System.out.printin(Float.toString(value));

}
else {

System.out.pri  ntin("missing");
}
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While the getElementData() method gives direct access to the linear backing
array used to hold data in the field, there is no method currently available to

convert a linear position to aaml coordinate. The getElementData() method

will cause the allocation of the backing array, if it is not already allocated, so
that the method never returns null.

Accessing the GRDValue Id Value

As of version 3.0.0.0, an 8 byte integer Id can be stored¢h GRDValue
upon its creation. The parent of class of GRDValue and GRDSpec has the
following methods for getting and setting the Id.

public void setld(long id);
public long getld();

Additional S -expression Generating Classes

There are severat&presion generating classes, similar in nature to the
RangeText class, but oriented around producheg@essions for different
server functions. Each of the paragraphs below describes a particular class,
gives some sample code using it, and demonstrat&ekpression that would
be produced using the sample code.

GRDExtendText produces Sxpressions for the GRDExtend server function.

GRDExtendText t = new GRDExtendText();
t.setDiscardData(true);

t.setDimSizes( new int[] { 100, 7, 400, 700});

t.setNonUniform ("time", new double[] {1, 2, 5, 10, 20, 30,
100});

System.out.printin(t.toString());

Output:

((discard_data)(dim_sizes 100 7 400 700)(nonuniform time 1.0 2.0
5.0 10.0 20.0 30.0 100.0))

GRDFuseTextproduces Sxpressions for the GRDFuse server functio

GRDFuseText t = new GRDFuseText();
t.setBlending(GRDFuseText.priority);
t.setResolution(GRDFuseText.lowest);
GRDSpec s = new GRDSpec();
s.setStartPt(new double[] {1,2,3,4});
t.setSpec(s);
System.out.printin(t.toString());

Output:
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((grdspec ((translati on 1.0 2.0 3.0 4.0)))(rules
(priority)(resolution lowest)))

GRDRadialSpecTextproduces Sxpressions for the GRDRadialSpec server
function.

GRDRadialSpecText t = new GRDRadialSpecText();
t.addInterpDimension("lat", "linear");
t.setNonuniformR( new doubl e[l {1, 3, 4});
t.setNonuniformZ( new double[] {5,6,7});
t.setTranslation( new double[] { O, O, 0, 0});
t.setDirection(30);

System.out.printin(t.toString());

Output:

((translation 0.0 0.0 0.0 0.0)(interpolation (lat
linear))(nonuniform Z 5.0 6.0 7.0)(dim _r 3)(r_spacing
1.0)(nonuniform Radius 1.0 3.0 4.0)(direction 30.0))

GRDRadialCellSpecTextproduces Sxpressions for the GRDRadialSpecCell
server function.

GRDRadialCellSpecText t = new GRDRadialCellSpecText();
t.addinterpDimension("lat", "linear");

t.s etDistance(10);

t.setNonuniformZ( new double(] {5,6,7});

t.setTranslation( new double[] { O, O, 0, 0});
t.setDirection(30);

System.out.printin(t.toString());

Output:

((translation 0.0 0.0 0.0 0.0)(interpolation (lat
linear))(nonuniform Z 5.0 6.0 7.0)(dis tance 10.0)(direction
30.0))
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GRDRadialSetSpecTexproduces Sxpressions for the GRDRadialSetExtract
server function.

GRDRadialSetSpecText t = new GRDRadialSetSpecText();
t.addInterpDimension(“lat”, "linear");

t.setNonuniformR( new double[] {1, 3, 4});
t.setNonuniformZ( new double[] {5,6,7});

t.setTranslation( new double[] { O, O, 0, 0});
t.setAngleSet(new double[] { 10,20,25,30});
System.out.printIn(t.toString());

Output:

((translation 0.0 0.0 0.0 0.0)(interpolation (lat
linear))(nonuniform Z 5.0 6.0 7.0)(dim_r 3)(r_spacing
1.0)(nonuniform Radius 1.0 3.0 4.0)(angle_set 10.0 20.0 25.0
30.0))
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Extracting Data Using GRDRowToGIEFMem

The following example illustrates how to extract data using Java and the
GRDRowToGIEMem userdefined routine (defined on pa@88). This

example can be found in
<POSTGRESQLDIR®xamples/java/lGRDRowToGiefMem.java

package javagridapiexamples;
import java.sql.*;
import com.barrodale.grid.*;

public class GRDR owToGiefMem {

private final static String hostName =" XXX ",
databaseName =" xxx ",
userName =" xxx",
password =",
tableName =" xxx ",
fileName =" XXX ",
driverName = "org.post gresql.Driver",

specString = "((dim_sizes 2 2 2 2))"

private final static int port = XXXX

private static Connection buildConnection(String host, int
port, String databaseName, String userld,
String password)
throws java.sql.SQLEXxception,
java.lang.ClassNotFoundException {
Class.forName(driverName);
String url = "jdbc:postgresql://" +
host + ":" + port + "/" + databaseName;

Connection conn = DriverManager.getConnection(url,
userld, password);
return conn;

}

private static void writeRawFile(String filepath, byte []
buffer)
throws java.io.lOException{
/[ write the byte array into the file
java.io.FileOutputStream out = new
java.io.FileOutputStream( filepath);
out.write(buffer);
out.close();

}

private static void
fetchRowAsGiefMem(Co nnection conn, String tablename,
String baseFileName,
String specSexpr)
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throws java.sql.SQLException, java.io.lOException {
java.sgl.Statement st = conn.createStatement();
int counter =0;
String queryText =
"SELECT GRDRowToGiefMem( " + tablename +
"'1=1"+s pecSexpr + "::GRDSpec) FROM " +
tablename;
java.sgl.ResultSet resultSet =
st.executeQuery(queryText);
while( resultSet.next()) {
byte [] rawNc = resultSet.getBytes(1);
writeRawFile(baseFileName + counter + ".nc", rawNc);
counter++;

resultSet.close();
st.close();

}

public static void main(String argsl]) {
try {
Connection conn = buildConnection(hostName, port,
databaseName, userName, password);
fetchRowAsGiefMem(conn, tableName, fileName,
specString);
conn.close();
} catch( java.sgl.SQLEXxception el) {
System.out.printin( el.toString());
} catch( java.lang.ClassNotFoundException e2 ) {
System.out.  printin( e2.toString());
} catch( java.io.lOException e3) {
System.out.printin( e3.toString());
}

}
BCS Grid Extension Version Information

The version of the Grid.jar is stored in the static member
GRDAbstactValue.GRD_VERSION as a number composed of four bytes.

The most significant byte holds the most major version number, while the other
bytes are 0.
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Fast and Simple Extractions

Previous sections of this guide have described the mechanisms for general
extraction of gridded data from a database. These mechanisms provide ways of
not only extracting data, as is, from a database, but also ways of interpolating
and/or reprojecting data during the extract. However, many times such
manipulations are not needéde., all that is required is to extract a region of
data, as is, from the database, possibly subsampling one or more of the grid
axes in the process. Some examples of such queries are:

1 Given a 3D (X,Y,time) grid of data, extract just the (X,Y) data fo
time=t.

1 Given a 4D (X,Y,level,time) grid of data with time values every second,
extract just the (X,Y,l evel,time) da

1 Given a 4D (X,Y,level,time) grid with:

T X = 10,20,30,40, ¢é,100;

f v = 10,20,30,40, ¢é,100;

1 level =1000,2000;

f time= 5, 10, 15, é, 60 ;

extract a 4D grid with:

T X = 30,40,50 (i.e., just the fAmidd
f vy = 10,20,30,40,¢€é,100 (i .e., all o

1 level = 1000 (i.e., just one of the two values);
9 time = 10,20,30,40,50,60 (i.e., evefy 2alue);

The BCS Grid Etension provides a set of very fast and efficient server
functions for performing these sorts of simple queries (buRsstictions and
Caveatdelow):

GRDExtractRaw Extract a single grid variabledm a single
row of a table into a binary file. Grid
coordinates are used to control which
portion of the grid variable is extracted.

GRDExtractRawSpatial Extract a single grid variable from a singl
row of a table into a binary file. Rewalorld
(spatial)coordinates are used to control
which portion of the grid variable is
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extracted.

GRDEXxtractRawAppend Extract a single grid variable from one or
more rows of a table into a new, or onto t
end of an existing, binary file. Grid
coordinates are used to casitwhich
portion of the grid variable is extracted.

GRDExtractRawSpatialAppend Extract a single grid variable from one or
more rows of a table into a new, or onto t
end of an existing, binary file. Reaforld
(spatial) coordinates are used to control
which portion of the grid variable is
extracted.

These functions are defined as follows:

GRDExtractRaw

function GRDExtractRaw(grid GRDValue, gridStartO integer,
gridStartl integer, gridStart2 integer, gridStart3 integer,

gridEndO integer, gridEndl integer , gridEnd2 integer, gridEnd3
integer, stride0 integer, stridel integer, stride2 integer,

stride3 integer, fill_value float, filename char) returns
integer

Given parameters defined as follows:

grid Source grid
gridStartO, Grid coordinates of the starbgition (zerebased, inclusive)
gridStart1,
gridStart2,
gridStar8
gridEndo, Grid coordinates of the endgition (zerebased, inclusive)
gridEnd1,
gridEnd2,
gridEnd3
strideO, Stride values
stridel,
stride2,
stride3
fill_value Fill value for missing dta
filename Absolute pghname of output file on server

GRDExtractRw extracts a single variable from a single GRDValue into a
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single file (on the database server), overwriting the contents of that file if it
already exists. The integer value O is read.

Example : Suppose table gridtable (uniqueid integer, grid GRDValue) has contents as
follows:

uniqueid]|grid

1| header=374;prolog=1;version=50331648;id=0;numFields=1;hasSatPa
rms=0;blendType=0;storage=0;support_missing=1;srid= 2;tile=1,1,1,
10;samples= 12,2,10,10 ;finalDims=  12,2,10,10 ;gridWrap=0,0,0,0;blen
dValue=0;startPt= 10,10,0 ,0;basisO= 0,0,0, 10;basis1=0, 0, 10,0;basis
2=0, 1, 0,0;basis3= 1,0,0,0 ;fieldlds=0;fieldTypes= 7;dimNames= "time"
S'level""row","column”;fieldNames="air_temp";nonuniflags=1,1,0,
O;nonunis amplel1=5,10,15,20,25,30,35,40,45,50,55,60;nonunisample2
=1000,2000;epilog=111,222;file=53;filelen=10508;

2| header=374;prolog=1;version=50331648;id=0;numFields=1;hasSatPa
rms=0;blendType=0;storage=0;support_missing=1;srid= 2;tile=1,1,1,
10;samples= 12,2,10, 10;finalDims=  12,2,10,10 ;gridWrap=0,0,0,0;blen
dValue=0;startPt= 10,10,0 ,0;basisO= 0,0,0, 10;basis1=0, 0, 10,0;basis
2=0, 1, 0,0;basis3= 1,0,0,0 ;fieldlds=0;fieldTypes= 7;dimNames= "time"
Jlevel™,"row","column”;fieldNames="air_temp";nonuniflags=1,1,0,
O;nonunisamplel  =5,10,15,20,25,30,35,40,45,50,55,60;nonunisample2
=1000,2000;epilog=111,222;file=54;filelen=10508;

3| header=374;prolog=1;version=50331648;id=0;numFields=1;hasSatPa
rms=0;blendType=0;storage=0;support_missing=1;srid= 2;tile=1,1,1,
10;samples= 12,2,10,10 ;fin alDims= 12,2,10,10 ;gridWrap=0,0,0,0;blen
dValue=0;startPt= 10,10,0 ,0;basisO= 0,0,0, 10;basis1=0, 0, 10,0;basis
2=0, 1, 0,0;basis3= 1,0,0,0 ;fieldlds=0;fieldTypes= 7;dimNames= "time"
J'level”,"row","column”;fieldNames="air_temp";nonuniflags=1,1,0,
0;nonunisample1=5,10, 15,20,25,30,35,40,45,50,55,60;nonunisample2
=1000,2000;epilog=111,222;file=55;filelen=10508;

Suppose that for the record with unigq
2D data portion of the grid for the f
like the following:

1 2 3
4 5 Undefined
7 8 9
10 11 12
The statement
SELECT GRDExtractRaw(grid, 1,1,0,0, 2,2,0,0, 1,1,1,1, - 9999.0,

6/ tmp/ extractd) FROM gridtable WHERE wuniqueid

126



BCS GRID EXTENSION FOR POSTGRESQL (LINUX VE RSION)
PROGRAMMERGEG S GUI DE

will produce a binary file containing four singpgecision floating pait (C
float ) numbers in the following order: 5.8999.0, 8.0, 9.0

GRDEXxtractRawSpatial

function GRDExtractRawSpatial(grid GRDValue, xs double

precision, ys double precision, zs double precision, ts double

precision, xe double precision, ye double prec ision, ze double
precision, te double precision, strideX double precision,

strideY double precision, strideZ double precision, strideT

double precision, fill_value float, flename char) returns
integer

The function performs precisely likéRDExtractRawexcept that it takes real
world, not grid, coordinates as input.

Example : Given thestartPt, nonunisample*, and basis components of the
GRDValue in the previous example, the following SQL will produce the same
output as thiain the previous example:

SELECT GRDEXxtractRawSpatial(grid, 1.0,1.0,1000305.0,0.0,
2.0,2.0,1000305.0,0.0, 1.0,1.0,1.0,1.0, -9999. 0, o6/tmp/extrac
FROM gridtable WHERE uniqueid = 1;

GRDExtractRawAppend

function GRDEXxtractRawAppend(grid GRDValue, gridSt art0 integer,
gridStartl integer, gridStart2 integer, gridStart3 integer,

gridEndO integer, gridEnd1 integer, gridEnd2 integer, gridEnd3

integer, stride0 integer, stridel integer, stride2 integer,

stride3 integer, fill_value float, filename char) returns

i nteger

The function performs precisely likéRDExtractRavwexcept that it appends to
the end of the specified file instead of overwriting it. The
GRDExtractRawAppend function makes it possible to extract more than one
row into a single file. Referring to the previous example, the SQL statement

SELECT GRDExtractRawAppend(grid, 1,1,0,0, 2,2,0,0, 1,1,1,1,
-9999. 0, 6/ tmp/ extractd) FROM gridtabl e;

would result inthreer o ws 6 wor t h odnerdamdas (wiomrsthe a d
extracted into the file (since the talgedtable  has three rows, and there is no
WHERElause).

GRDExtractRawSpatialAppend

function GRDExtractRawSpatialAppend(grid GRDValue, xs double
precision, ys double precision, zs double precision, ts double

precisio n, xe double precision, ye double precision, ze double
precision, te double precision, strideX double precision,

strideY double precision, strideZ double precision, strideT
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double precision, fill_value float, flename char) returns
integer

The function pgorms precisely liksSRDExtractRawAppendxcept that it
takes realvorld, not grid, coordinates as input.

Restrictions and Caveats

The GRDEXxtractRaw... functions currently have the following limitations and
caveats:

tede from must

1. The grids being e cte
1,1,1,No, for

Xt
parameter values of

2. These functions cannot be used to extract data@BmDValues having
more than one variable.

3. No interpolation is performed; when reabrld coordinates are supplied
(i.e., in GRDExtractRawSpatial and GRDExtractRawSpatialAppend),
the specified realvorld coordinates are simply translated to the closest
grid coordinates.

4 GRDExtract Raw and GRDExtract RawSpat
worth of data to a file. If one of these functions is used as the object of a
SELECTstatement that returns multiple rows, data from only one of the
rows will be written to the seified file.

5. If it already exists, the file to be written to must be writeable by the
Linux userid that is running the PostgreSQL server (by default, user
Apostgreso). I f the file does not a
it is to be created mtibe writeable by this userid.

6. The datatype for the GRDValue variable must be sipigieision
(32bit) floating point.

7. The order of theimNamesn the GRDValue must be:
(time, level, row, column) (or at least terms that repent these
dimensions) as illustrated in tegampleabove. A corollary to this
restriction is that thbasisarray must represent a reverse diagonal
matri x. Si nce tictons@dDiEorderm@ this Rawé f
restriction is necessary in order for the data to be extracted assetime
of levelstacked planar 2D arrays.
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As an example of point 4 above, the following SELECT statement will write
just a singl e rmnpeitag Wweventhbughotliree doasoh t o
data have been selected (assumiitpble  has three rows, as in the

previous examples):

SELECT GRDEXxtractRaw(grid, 1,1,0,0, 2,2,0,0, 1,1,1,1, - 9999.0,
6/ tmp/ extractd) FROM gridtabl e;

Note, however, that it is psible to create separate files for each row, from a
SELECTstatement, using the following strategy:

SELECT GRDExtractRaw(grid, 1,1,0,0, 2,2,0,0, 1,1,1,1, - 9999.0,
6/ tmp/extractoé|]|]uniquel D) FROM gridtabl e;
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Radial Extraction

This section defines the caeqt of aradial and presents three BCS Grid
Extension server functions for extracting radials from a grid: GRDRadialSpec,
GRDRadialSetExtract and GRDRadialSpecCell. It also describes a function for
building regular rectilinear grids from a RadialSet (tHeOEFromRadial

function).

Description of a Radial

A radial is a vertically aligned planar slice of data from a 3D or 4D grid. It is
defined by a start point, a horizontal direction vector, and a set of sample
positions along the horizontal vector. The slgalong the vector and typically
extends either from the ocean bottom to the surface (containing oceanographic
data) or from the Earthods surface int
data).

A group of radials with the same start point but differesrizontal direction
vectors is called eadial set

This is a Radial Set, a collection|
radials. The angular range and
spacing are usearontrolled.

Figure24 A Radial and a Radial Set.
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Radial -Associated Server Functions
GRDRadialSpec

function  GRDRadialSp ec(sexpr char) returns GRDSpec : this function
builds a GRDSpec for a radial in a desired direction from a given start point,
for a number of samples and grid spacing. 3éwpris a text string containing
an Sexpression. The supported terms in thexgression are:

(translation x y z t)

(direction direct_val)

(dim_zval)

(dim_r val)

(z_spacingval)

(r_spacingval)

(speedspeed_val)

(dim_namesdim;_name dim_name dirg_name dim_name)
(nonuniform dim;_name positionpositionné p o sy t i on
(nonuniforminherit dim;_name)

(interpolation (dim_ name i nter pMet hod) ¢é)
(srtext text)

(srid srid)

Thetranslation, srid, srtext, interpolation, and nonuniform terms have the
same meaning and usage as those describgpiendix D: Using
S-expressions to Specify Grid Extraction page223

1. The defaullim_namesare Angle, Time, Z and Radius.

2. Thenonuniforminherit tag indicates that the extracted grid should
inherit thenonuniform axis samplings of the sourcedyfor the listed
dimensions.

3. Thedirection term specifies the bearing in degrees. For example,
(direction 30) means the radial angle is 30 degrees from the +Y axis
towards the +X axis.

4. Thedim_zterm specifies the number of samples in the Z dimension.

5. Thedim_r term specifies the number of samples in the radial direction.
6. Thez_spacingterm specifies the spacing in the Z dimension.

7. Ther_spacingterm specifies the spacing in the direction of the radial.

8. Thespeedterm specifies how quickly the radial chasgver time.
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9. The units for_spacing z_spacing nonuniform, andtranslation are
based on the spatial reference system of the extracted grid. For example,
If the srid term or thesrtext term specify a planar projection, the units
for r_spacingand the X ad Y components of translation would be
meters. If thesrid term or thesrtext term specify a geographic spatial
reference system (lat/long), then the unitg fgpacingand the X and
Y components of translation would be in decimal degrees.

Note that adva class for building-8xpressions for this function is provided as
a component of the Java API. (SeexpressiorGenerating Classem
page229)

The following SQL commad builds a GRDSpec for a radial that starts from
(40, 70, 0, 0) with a bearing of 30 degrees, has 10 samples along the Z
dimension, and 8 samples along the radial direction:

SELECT GRDRadialSpec('((direction 30)(translation 40
70 0 0)(dim_z 10)(dim_r 8)) "

GRDRadialSetExtract

function GRDRadialSetExtract(srcGrid GRDValue, sexpr char)

returns GRDValue : this function is used to build a GRDValue that holds a
radial set, given the GRDRadialSpec parameters and a source grgexpine
argument acceptsldhe terms used by GRDRadialSpec as well as either of the
following:

1 (angle_setangle angle € )
1 (angle_rangestart_angleend_angleangular_spaciny

Note that a Java class for buildinge$pressions for this function is provided as
a component of the Ja\API. (Se&s-expressiorGenerating Classes
page229)
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Figure25 shows how the functioGRDRadialSetExtract performs, and what
the resulant grid looks like.

Tz

X »
o > S, Radius
IS S
1 SZ 3
Angle
Y

Figure25 GRDRadialSetExtract example.

The source grid (the box) and the radial spec (the grewdimes) are shown
in Figure25. The start point of the spec is at the origin (labeled 0), and the three
angles are: angle|8S, (0 degrees), angleSS;, and angle $0Ss.

The resultant grid consists of three sidshown on right) that are associated

with the three angles. The default dimension names in the extracted grid are
Angle, Time, Z, and Radius. The angles are stored as a nonuniform sampling of
the Angle axis, and the pivot point for the angles is storéde (X, Y)

components of the start point.

The following query builds a GRDValue that holds a radial set, given the
GRDRadialSpec parameters, a source grid, and a set of angles. The source grid
is from table gridtesttable. A libpg program basadhis query can be found in
the<POSTGRESQLDIR®examples/ c/radial/  directory.

SELECT GRDRadialSetExtract(a,
'((translation 0 0 0 O)(angle_set 0 30 45)
(r_spacing 1.5)
(dim_z 3)(interpolation (dimO linear) (dim1 linear)
(dim2 linear) (dim3 linear))(dim_r 4))")
FROM gridtesttable;
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GRDRadialSpecCell / GRDRadialCellSpec

function GRDRadialSpecCell(srcGrid GRDValue, sexpr char) returns
GRDSpec¢ this is a variation of the GRDRadialSpec function that produces a
GRDec that samples the grid only where the radial crosses grid cell
boundaries. Theexprargument is that of GRDRadialSpec with the addition of
adistanceterm:

(distance dist_val)

Thedistanceterm specifies the length of the radial along the horizontal
direction vector.

For consistencyGRDRadialCellSpec  has been created as an alias for
GRDRadialSpecCell

Note that a Java class for buildinge$pressions for this function is provided as
a component of the Java API. (SeexpressiorGenerating Classem

page229)

Example: The following SQL command builds a GRDSpec to generate a radial that
samples the source grid only where the radial crosses the grid cell boundaries.
Thesourcegi d i s from the grdtesttable tab

(0, 0, 0, 0), the angle is 30 degrees, and the radial extends 10 meters along the
horizontal axis.

SELECT GRDRadialSpecCell(a, '((direction 30)(translation 0 0 0
0)(distance 10))")
FROM gridtesttable;

GRDFromRadial

function GRDFromRadial(radialSet GRDValue, resX double, resY

double) returns GRDValue : this function builds a rectilinear grid by
resampling a grid representing a radial set. The radialSet grid is assumed to
have the folbwing conventions:

1. The (X, Y) components of the start point of the grid define the center of
rotation.

2. Angles are represented by a nonuniforsdynpled dimension.

3. Any nonuniform sampling along the radial axis has onlymegative
values.

4. The order of dimesions is Angle, Time, Z, Radius (the actual names
are ignored).
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5. The basis vectors have zero values except along the diagonal

(i.e.,wherei =)j).

The rectilinear grid generated by the function has the following properties:

1. The SRID of the rectilinear grid the same as the SRID of the radial set

grid.

2. The Time and Z characteristics (start point, spacing, and nonuniform

sampling) are those of the radial set grid.

3. The X and Y dimensions are uniforrggmpled according to the xRes
and yRes arguments respeely; a value of N for resX means to

sample every N units along the X axis.

4. The (X, Y) components of the start point are the greatest (X, Y) values
such that all the points in the radial set are to the right or above the start

point. (Sed-igure26 below.)

5. The dimensions are chosen so that the grid covers all the samples in the

radial set.

6. The order of dimensionsis X, Y, Z, T.

Suppose a grid columin a table called radialTabb®ntains an input radial set
with Angle values of (0, 30, 75, 330), Radius values of (1,4,9,10,12), Z values
of (0,5,10), and a single Time value of (0). The text below is the result

executing the statement

\ X
SELECT grid FROM radialTable

from psql after loading such a grid.

grid |
header=432;prolog=1;version=50331648;id=0;numFields=1;hasSatParm
s=0;blendType=0;storage=0;support_missing=1;srid=0;tile=1,1,1,5;
samples=4,1,3,5;finalDims=4,1,3,5;gridWrap=0,0,0,0;blendValue=0;
startPt=10,2,0,0;basis0=1,0,0,0;basis1=0,1,0,0;basis2=0,0,
sis3=0,0,0,1;fieldlds=0;fieldTypes=9;dimNames="angle","time","z"
,'r";fieldNames="val_angle";nonuniflags=1,1,1,1;nonunisample1=0,
30,75,330;nonunisample2=0;nonunisample3=0,5,10;nonunisample4=1,4
,9,10,12;epilog=111,222;blob=0;file=62 ;filelen=0;

1,0;ba
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If the following statement is executed:
SELECT GRDFromRadial(g rid, 1.0, 1.0) FROM radialTable ;
psql will display the following grid header:

header=356;prolog=1;version=50331648;id=0;numFields=1;hasSatParm
s=0;blendType=0;storage=0;support_missing=1;srid=0; tile=1,1,1,1;
samples=19,13,3,1;finalDims=19,13,3,1;gridWrap=0,0,0,0;blendValu
e=0;startPt=3.999999999999995,2.258819045102521,0,0;basis0=1,0,0
,0;basis1=0,1,0,0;basis2=0,0,1,0;basis3=0,0,0,1;fieldlds=0;field

Types=9;dimNames="X","Y","Z","Time";fieldNames= "val_angle";nonun
iflags=0,0,1,1;nonunisample3=0,5,10;nonunisample4=0;epilog=111,2
22;blob=0;file=115 ;filelen=7025; é

Figure26 below is a plot of the locations in the output grid (grey) versus the
input grid (rel). The two black lines in the lower left denote the origin.
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Figure26 Example of a rectilinear grid (grey) generated from a radial set (red) using
the GRDFromRadial function.
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Aggregating Grids: Grid Fusion
Description of Grid Fusion

While theGRDEXxtract and GRDRowToGIEF functions can extract data from
only one grid at a time, tteRDFusemet hod bui l ds a singl e
of data from several grids that overlap an area of interest.

Example: The figure below illustrates the building of a grid of fused data from three
different grids with a compositing rule that favors higher resolution source data.
The dashed line represents the bounds of the fused grid to be generated by the
GRDFuse server fuion. In general, the source grids could each have different
projections, nonuniform axis samplings, grid spacings, and orientation. The
projections, axis samplings and grid spacings of the resultant fused grid(s) are
independent of those of the inputdgi

Figure27: Fusing three grids.
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The GRDFuse Function

The GRDFuse function builds a single
different ®urce grids. It is an aggregate function similar in nature to the
standard MAX, MIN, and AVG functions that operate on scalars.

Resolving Ambiguity

The ability to construct data from multiple source grids introduces the question
of which source grid shoulgrovide a value for a particular position in the

resultant grid when two or more source grids have valid values at a particular
point. Rather than enforcing arbitrary rules, the BCS Grid Extension allows
users to control the combination of the source gaides by the use of
GRDPriorityGriddébs. A GRDPriorityGrid
a source grid and a numeric value. The numeric value can either be interpreted
as a Aweighto for a weighted average
influence of the source grid) or a priority (the grid with the highest priority
supplies the value).

GRDPriorityGrid

function GRDPriorityGrid(grid GRDValue, priority

double_precision) returns GRDPriorityGrid . given a grid, and a priority
associated witlt, this function is used to build a GRDPriorityGrid that
embodies the grid and its priority.

Note that this data type is unusual in that it is used only transiently (inside
another expression). Columns of this type are never defined and values of this
type are never printed or stored in tables.

GRDFuseCollect

function GRDFuseCollect(pgrid GRDPriorityGrid) returns

GRDFuseState : this function aggregates all the GRDPriorityGrids that will be
used in the fusion, returning a GRDFuseState that holds the GRiD/&Sat
information.

Note that, like the GRDPriorityGrid, the GRDFuseState is used only transiently
(inside another expression). Columns of this type are never defined and values
of this type are never printed or stored in tables.
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GRDFuse

function GRDFe(fs GRDFuseState, sexpr char) returns GRDValue
given a GRDFuseState and aXpression gexpr) containing an extract
specification and composition rules, this function:

1. uses the extract specification portiorsekprto build extract portions
of all source grids, and

2. builds a single Afusedod resultant
previous step, using the composition rules porticserpr.

It is important to note that in the second step the composition rules are applied
to the extracted grids built in the first step, and not to the source grids

themselves. As a result, GRDFuse cannot interpolate between individual source

grids, only inside them

In the following diagram, the fused grid (black) is produced from two source
grids (grey). The fused grid has undefined values at the nodes colored white.

o o o o o o

Figure28 Fusing does not interpeldetween grids.

S-expression Used in GRDFuse

The Sexpression used by tli@RDFusef unct i on t a krdspect he
S-expressioj(rules compositioh ) 6 .grdsSpécterm is an Sexpression with

any of the terms that are valid for GRDSpec. filles term defines the
composition rules. The order of these two-Sabxpressions is arbitrary, and

the user can choose to specify an emnplys term, in which case default

values are used (this will be described below).
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S-expression Defining the Composition Rule S

The composition rules define how the source grids are combined. This part of
the Sexpression supports the following terms:

(priority)
(weight)
(resolution reso_val)

Notes: 1. Therulesterm specifies that the (optionabeRpression contained in
the termdefines the composition rules. Note that the user has to specify
arules term (otherwise the composition rules will not be parsed
properly) but that this term does not have to containexp&ssion; in
the latter case, default values will be used. (Stmh)

2. The priority term specifies that the source grids are combined based on
their priority. 1t is the userodos du
grid. The destination grid takes values from grids in descending order of
priority. For example, if bth grid A and grid B covered a particular
region in the destination grid, and grid A had a higher priority
associated with it, then grid Ab6s v
preference to grid Bb6és values.

3. The weight term specifies that the source gargéscombined based on
their weight. The destination grid is a linearly weighted sum of each
gridds contributions, i.e., the des

(3 grid (i) * weighti) ) / (aNl weight() )

where N = number of source grids.

For example, if both grid A and grid B covered a particular region in the
destination grid, and grid A had a weight of 4 and grid B had a weight
of 6, then the region would be populated with the value:

(grid A.element * 4 + grid B.elemeh®) / (4 + 6).

4. The resolution term can be used when no affine transform is specified in

t he GRDSpec. It specifies which sou
will be used for the resultant grid. The following values are supported
by GRDFuse:

9 highest (the fline transform with the highest resolution will be
used),
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9 lowest (the affine transform with the lowest resolution will be
used),

9 median_low# (selects the lower resolution element closest to the
median), and

1 median_high (selects the higher resolution eletclosest to the
median).

The default composition rules used when the rules term is empty are:
(rules (resolution highest)(priority)).
Note that a Java class for buildinge$pressions for this function is provided as

a component of the Java API. (SRexpressiorGenerating Classem
page229)

Impact of Units on GRDFuse

GRDFusewill only fuse grids that have consistent units (both in the
dimensions and the fields). If there isinoonsistency between the units in the
set of grids to be fuse@RDFuseCollectwill generate a warning message).

Typical Use of GRDFuse
A typical use would be as in the following example:

SELECT GRDFuse( GRDFuseCollect(GRDPriorityGrid(grid,priority)),

'((grdspec ...)(rules ¢é&))" ) FROM weather _tab
The above example builds a single grid out of all the grid&ather_table
2 Of course, if the number of source gridsis®, A medi an_| owd and fAmedian_hi

element.
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Example & Using GRDFuse

The following query builds a fused resultant GRDValue, given a number of
source grids and wegihts associated with them, in addition to the spec and
composition rules (using weight, and choosing the affine transform with
median resolution if it is not specified in the spec). The source grids and their
priority (or weights) are from the pgridtesttalable. This query can be found
as a C/ libpqg program in the examples directoryseExample.c . To load

data into the table that it relies on, first run the progeaaPGrid.c

SELECT GRDFuse( GRDFuseCollect( GRDPriorityGrid(a, g_p)),
'((grdspec (tr anslation 0.50 0 0)
(dim_names dim0 dim1 dim2 dim3)
(dim_sizes 11212 1)
(affine_transformation 100001.26 00 00100001
(linear_interpolation dim0 dim1 dim2 dim3))
(rules (resolution median)(weight)))")

FROM pgridtesttable;
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Geolocating Gr ids: Finding Grids that Are in
a Particular Spatio -Temporal Location

The BCS Grid Extension provides two levels of geolocating:

1 Coarsegrained geolocation is provided by a special data type called a
GRDBox; GRDBoxo6s support Gi ST (RTree

1 Finegrained geolocation is provided by functions that relate the spatial
temporal extents of two grids.

Used together, the two levels of geolocation provide a mechanism that is both
fast and exact; sddsing Coarsésrained and Fin&rained Test Functions
Togetheron pagel46.

Coarse -Grained Tests (Using the GRDBox Data Type)

A GRDBox type makes use of boxes defined in the Geocentric coordinates
(i.e., rectilinear coordinates inside a box tatloses the Earth) for coarse
grained tests. The coargeained tests are integrated with PostgreSQL GiST
indexing to facilitate fast searching for grids that contain, are contained by, or
overlap a particular region. The spatial aspects of the GRDBexatyp

internally represented as 32 bit floats, while the temporal aspects are internally
represented by 64 bit floats.

The GIiST index is created with a statement of the form:

CREATE INDEX index_name ON table_name USING
GIST(box_column_name);

The binary perators that make use of the GiST index are:
&& :The term X && Y is true if X overlaps Y.

@ :Theterm X @ Y is true if X contains all points that are contained by
In other words, X is a superset of Y.

~ : The term X ~ Y is true if all points i¥ are within Y. ~and @ are
commutator operatafsIn other words, X ~ Y ifand only if Y @ X.

2 Seehttp://www.postgresql.org/docs/8.4/static/xopptimization.htmff or a definition of
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Building a GRDBox

There are two methods for building a GRDBoX:
1. Casting
2. The GRDBox server function.

Casting is performed with the following SQL fragment:

. . rangeSpec::GRDBox ...

The rangeSpec value is aregpression that must specify the following:
1. planar extents in either Hing or planar coordinates (but not both),
2. arange of levels,
3. arange of times, and
4. a spatial reference system.

The terms permittéin therangeSpe&-expression are:

1 (nwnorthern_latitudewvestern_longitude

1 (sesouthern_latitudeeastern_longitude

=

(nwsenorthern_latitudewvestern_longitudsouthern_latitude
eastern_longitude

(highxy high_xhigh_y)
(lowxy low_xlow_y)
(tlow_thigh_9
(zlow_zhigh_2

(srtextspatial_reference_text

= = =2 =4 -4 -

(srid srid_valug

When using th@w, se or nwseterms, the eastern longitude may be less than
the western longitude to represent a region that spans the meridian.&d80
example, the term (nwse 10AL85-160) would span 25 degrees of latitude and
40 degrees of longitude centered around the @@&f¥idian, whereas the term
(nwse 10-160 35 160) would span 25 degrees of latitude and 320 degrees of
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longitude. The use of these terms must be done in cctiguarwith a
geographic spatial reference system.

Thehighxy andlowxy terms denote planar coordinates and should be used in
conjunction with a planar spatial reference system.

Thetandzt er ms may use the string O6anyd act
value indicates that the respective end of the range is not bounded. For

example, (t any 3000) denotes any time before 3000 seconds (and since the

Unix Epoch Time of January*11970), while (t 4000 any) denotes any time

after 4000 seconds.

function =~ GRDBoxgrid GRDValue) returns GRDBox : this function is used

to build a GRDBox from a given GRDValue. GRDBox can be called only if the
input grids have a valid SRID with a positive value. This function provides
much greater flexibility than the casting mechansgnte GRDValue supports
very general affine transformations. Note that the GRDBox function can be
called by an $xpressiorderived GRDValue value:

GRDBox(GRDValueFromSExpr(full - S- expression))

Fine -Grained Tests (Using the GRDValue Data Type)

The finegrained tests are based on the notion that one GRDValue can be used
as a key to find other GRDValueds tha
GRDValue. The spatigl e mp o r a l predicates for GRD)

function GRDOverlap(gridl GRDValue, grid2 GRDV alue) returns
boolean : this function returns true if two grids overlap with each other, and
false otherwise.

function GRDContains(gridl GRDValue, grid2 GRDValue) returns
boolean : this function returns true if gridl contains grid2 or if they have
identicd bounds, and false otherwise.

function GRDWithin(gridl GRDValue, grid2 GRDValue) returns
boolean : this function returns true if grid2 contains grid1 or if they have
identical bounds, and false otherwise.

Building a GRDValue

Two methods for building GRDVae values fouse in finegrained tests are:
1. Casting
2. The GRDValueFromSExpr server function.

Casting is performed with the following SQL fragment:
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... rangeSpec::grdvalue ...
The rangeSpec value is the same as used with GRDBox castengagad 44).

The second method for building a GRDValue is to use the
GRDValueFromSExpr server function.

function GRDValueFromSExpr(explicitSpec char) returns GRDValue

This function buil ds a -&pé&Sanlltprevidésr o m &
the greatest flexibility since it allows general affine transformations.

Using Coarse -Grained and Fine  -Grained Test Functions
Together

Some general forms of geolocating queries are:

SELECT ¢

FROM src_table src, key_table key

WHERE src.boxColumn && key.bo xColumn and
GRDOverlap(src.gridColumn, key.gridColumn);

SELECT ¢
FROM src_table src

WHERE src.boxColumn && keyBoxExpression and
GRDOverlap(src.gridColumn, keyGridExpression);

In these cases there should be a GiST index on src.boxColumn.

Exam ple - Build and Search Using GRDBox and Fine -Grained Test
Functions

The following SQL statements:

1. build a table (gridsAndBoxes) cont a
corresponding GRDBoxOs,

2. build a GiST index on the above table,
3. build a set of search keysanother table (keytable), and

4. search for the rows in the first table that match the keys in the second
table.

It should be noted that because the gridsAndBoxes table has relatively few

el ements in it, the databas®the@&@3rveros
index. The GiST index is built purely as a demonstration. The SQL statements

can be found in the files
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<POSTGRESQLDIR®xamples/ c/geolocate/boxExample.sql

<POSTGRESQLDIR®examples/ c/geolocate/ setupTablesBoxExample

and

<POSTGRESQLDIR®examples/ c/geolocate/dropTablesBoxExample.sql

DROP TABLE gridsAndBoxes;
DROP TABLE keytable;

CREATE TABLE gridsAndBoxes(
grid GRDValue,
box GRDBox,
otherAttrib integer

):

INSERT INTO gridsAndBoxes(grid, otherAttrib) values(
GRDValueFromSExpr('((srid 3)(dim_sizes 22 1 1)
(translation 0 0 0 0))), 1);

INSERT INTO gridsAndBoxes(grid, otherAttrib) values(
GRDValueFromSExpr(‘((srid 3)(dim_sizes 22 1 1)
(translation 2 0 0 0))), 2);

INSERT INTO gridsA  ndBoxes(grid, otherAttrib) values(
GRDValueFromSExpr('((srid 3)(dim_sizes 2 2 1 1)(
translation 4 0 0 0))"), 3);

INSERT INTO gridsAndBoxes(grid, otherAttrib) values(
GRDValueFromSExpr(‘((srid 3)(dim_sizes 22 1 1)
(translation 0 2 0 0))", 4);

INSERT INTO gridsAndBoxes(grid, otherAttrib) values(
GRDValueFromSExpr(‘((srid 3)(dim_sizes 221 1)
(translation 2 2 0 0))), 5);

INSERT INTO gridsAndBoxes(grid, otherAttrib) values(
GRDValueFromSExpr (‘((srid 3)(dim_sizes 22 1 1)
(translation 4 2 0 0))"), 6);

UPDATE gridsAndBoxes SET box = GRDBox(grid);

CREATE INDEX gridsAndBoxesIndex ON gridsAndBoxes USING
GIST(box);

CREATE TABLE keytable(description varchar(40), keygrid GRDVa
keybox GRDBoXx);
INSERT INTO keytable(description, keygrid) values(

"top left",

GRDValueFromSExpr('((srid 3)(dim_sizes 22 1 1)

(translation 0 0 0 0))"));

INSERT INTO keytable(description, keygrid) values(

"top column"”,

GRDValueFromSExpr('((srid 3)(dim_sizes 24 1 1)

RSION)

.sql,

lue,
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(translation 0 0 0 0))));
INSERT INTO keytable(description, keygrid) values(
"left 2 columns”,
GRDValueFromSExpr('((srid 3)(dim_sizes 44 1 1)
(translation 0 0 0 0))));
IN SERT INTO keytable(description, keygrid) values(
"right column"”,
GRDValueFromSExpr('((srid 3)(dim_sizes 44 1 1)
(translation 4 0 0 0))");

UPDATE keytable SET keybox = GRDBox(keygrid);

-- coarse - grained test

SELECT "coarset est", description, a.otherAttrib
FROM gridsAndBoxes a, keytable b

WHERE a.box && b.keybox

ORDER BY 2,3;

-- fine - grained test

SELECT "fine test", description, a.otherAttrib
FROM gridsAndBoxes a, keytable b
WHERE GRDOverlap(a.grid, b.keygrid)
ORDER BY 2,3;

RSION)
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Chapter 6: Updating Data
in the Database

This chapter begins by discussing the types of updates one might wish to
perform on a database of gridded data. It then presents the various mechanisms
available for using the BCS Grid Extensioretdract data.

Types of Grid Updates: Reshaping a Grid
and Replacing Parts of a Grid
Two types of grid updates may be performed with the BCS Grid Extension:

1. The number of points or point spacing on one or more of the
GRDValuebs di mensandns may be change

2. The data component of the GRDValue can be modified.

The updates can be performed directly

Updating Data Using the SQL API

Modi fying a GRDValueds Dimensions

function GRDEXxtend(original GRDValue, sexpr char) retur ns

GRDValue: this function is used to clone a GRDValue while enlarging some of
its dimensions. The sexpr is a text string containing-ar@ession. The

currently supported terms in theeSpression are a discard_data term, a
dim_sizes term, and a nontorm term.

Thediscard_dataterm has the format:

6(di scard_data) 6.
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Thediscard_dataterm tells the GRDExtend method that the original data and
nonuniform axis points in the source grid should be discarded. Specifying this
term will prevent conflicts wheusing the nonuniform term to define all the
nonuniform grid points for a grid axis. Théescard_dataterm must be

followed by adim_sizesterm.

Thedim_sizesterm has the format:
6(dim_sizes diml dim2 dim3 di m4) 6.

Thedim_sizesterm allows a GRDValue @ particular size to be made into a
grid of larger dimensions. The size of the dimension in the new grid is the
| arger of the 6édsuggested sized and th

Thenonuniform term has the format:

6(nonuniform dim_name value é imadamee) (nonun
value é value) ¢ébé6.

Thenonuniform term is used to define the grid points of an axis with
nonuniform sampling. If some of the sample positions of a nonuniform axis are
undefined, then the nonuniform term can be used to define these points. In this
case, it imot necessary to first discard any existing data (using the
discard_dataterm as described below). On the other hand, if all the dimension
axes are being redefined with complete sets of nonuniform grid points, it
usually makes sense to precdlis instruction with theliscard_dataterm.

The following Sexpression would extend a grid while defining two different
nonuniform axis sample sets:

6((discard_data)(dim_sizes 5 5 1 1)(nonunifor
69) (nonuniform altitude 4 5 16 43 55)) 6.
In this example, time and altitude are

If the discard_dataterm is not present in theeXpression, then the data in the
original grid must occupy a contiguous region of blobspace in the returned grid.
The rule that ex@sses this constraint is:

1 sizg cannot be expanded if (sjzel and j < i), where size is a vector
corresponding to the current dimensions of the grid, i.e., before the
expansion.

In addition, if thediscard_dataterm is not present, then nothing can baeal
that will change the size of the metadata component (e.g., changing uniform
axes to nonuniform axes).

In general, it isrot possible to use GRDEXxtend in an update statement, e.g.:
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UPDATE table SET gridcolumn = GRDExtend(GRDValue,S

is notvalid®.

l nstead,

such wu
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RSION)

- expression);

pdates to

GRDVa

through a sequence of deletes and inserts, as shown in the example below.

The following table summarizes the relationship between the various
GRDExtend Sexpression terms:

S-expression termstloer
thandiscard_data

Effect with
discard_datapresent

Effect with
discard_dataomitted

none

Grid will be emptied ang
nonuniform axis grid
points will be set to
undefined.

N/A

nonuniform

Any of the points on
nonuniformlyspaced
axes may be redefined,;
grid will be emptied, ang
those grid axis points ng
redefined will be left
undefined.

Undefined points on
nonuniformlyspaced
axes may be defined.

dim_sizes

Any dimension may be
expanded; grid will be
emptied and nonuniforn
axis grid points will be
set toundefined.

Some dimensions
cannot be expandéd
see comment above.

Two other server functions have purposes similar to GRDExtend:

1. GRDValueFromSExpfpagel46), which can be used twild a
skeleton (datdess) GRDValue, and

2. GRDExtract(pagel00), which can be used to build a new GRDValue
by subsetting, reprojecting, and/or slicing an existing GRDValue.

GRDValueFromSExpr isimilar to (but more powerful than) GRDExtewth
thediscard_dataoption; GRDEXxtract is similar to (but more powerful than)
GRDExtendwithout thediscard_dataoption.

®ForGRDVal ued s,
rather than being replaced.

he update

mechani sm has

been
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Note that a Java class for buildinge$pressions for the GRDExtend function is
provided as a component of the Java API. (SexpressiorGenerating
Classe®n page229)

Example: The following SQL code snippet reads a netCDF file into a GRDValue and
then:

1. Enlarges théirst axis, keeping the data and nonuniform axes intact.
2. Sets the grid axis values for the end of the extended first axis.

3. Uses thaliscard_dataterm and then sets some of the nonuniform axis
points, leaving the other ones undefined.

4, Sets the remainder tife nonuniform axis sample positions.

5. Overwrites a table row with the updated grid.

-- create the table
CREATE TABLE gieftab(grid GRDValue);

-- load the table from a netCDF file
GRDFromGief(' <POSTGRESQLDIRexamples/datafiles/complete.nc','gi
eftab");

\ X -- makes the output formatting nicer.

SELECT grid FROM gieftab;

-[RECORD 1] ---------------

grid |

header=374;prolog=1;version=50331648;id=0;numFields=1;hasSatParm
s=0;blendType=0;storage=0;support_missing=1;srid=1;tile=1,1,1,4;
samples=3,4,1,4:fi nalDims=3,4,1,4;gridWrap=0,0,0,0;blendValue=0;
startPt=30,32,5,0;basis0=1,0,0,0;basis1=0,1,0,0;basis2=0,0,1,0;b
asis3=0,0,0,1;fieldlds=0;field Types=8;dimNames="column","row"," I

evel","time "fieldNames="air_temp";nonuniflags=0,0,1,1;nonunisam
ple3=1000300;n0  nunisample4=0,5,6,10;epilog=111,222;blob=0;file=1
16 ;filelen=0;

SELECT GRDExtend(grid,'((dim_sizes 6 4 1 4))") as grid
INTO TEMP tempgrid FROM gieftab;

SELECT grid FROM gieftab;

-[RECORD 1] ------------

grid |

header=374;prolog=1;version=50331648;id=0 ;numFields=1;hasSatParm
s=0;blendType=0;storage=0;support_missing=1;srid=1;tile=1,1,1,4;
samples=3,4,1,4;finalDims=3,4,1,4;gridWrap=0,0,0,0;blendValue=0;
startPt=30,32,5,0;basis0=1,0,0,0;basis1=0,1,0,0;basis2=0,0,1,0;b
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asis3=0,0,0,1;fieldlds=0;fieldTypes=8 ;dimNames="column","row", "
evel","time" ;fieldNames="air_temp";nonuniflags=0,0,1,1;nonunisam
ple3=1000300;nonunisample4=0,5,6,10;epilog=111,222;blob=0;file=1

16 ;filelen=0;

SELECT grid FROM tempgrid;

-[RECORD 1] ------------

grid |

header=374;prolog=1;ve rsion=50331648;id=0;numFields=1;hasSatParm
s=0;blendType=0;storage=0;support_missing=1;srid=1;tile=1,1,1,4;
samples=6,4,1,4;finalDims=6,4,1,4;gridWrap=0,0,0,0;blendValue=0;
startPt=30,32,5,0;basis0=1,0,0,0;basis1=0,1,0,0;basis2=0,0,1,0;b
asis3=0,0,0,1;fiel dlds=0;fieldTypes=8;dimNames="column","row","|
evel","time";fieldNames="air_temp";nonuniflags=0,0,1,1;nonunisam
ple3=1000300;nonunisample4=0,5,6,10;epilog=111,222;blob=0;file=1

16 ;filelen=0;

update the grid axis values. Note that in the nonuniform
termwe only specify the replacement grid values for the
undefined ones.

SELECT GRDExtend(grid,'((dim_sizes 6 4 1 4)

(nonuniform column 3 4 5))") as grid
INTO tempgrid2 FROM tempgrid;
INSERT INTO gieftab (grid) SELECT * FROM tempgrid;

SELECT grid FROM tempgrid2;

-[RECORD 1]
grid |
header=422;prolog=1;version=50331648;id=0;numFields=1;hasSatParm
s=0;blendType=0;storage=0;support_missing=1;srid=1;tile=1,1,1,4;
samples=6,4,1,4;finalDims=6,4,1,4;gridWrap=0,0 ,0,0;blendValue=0;
startPt=30,32,5,0;basis0=1,0,0,0;basis1=0,1,0,0;basis2=0,0,1,0;b
asis3=0,0,0,1;fieldlds=0;fieldTypes=8;dimNames="column","row", "
evel","time" ;fieldNames="air_temp";nonuniflags=1,0,1,1;nonunisam
ple1=3,4,5,_, , ;nonunisample3=1000300;nonu nisample4=0,5,6,10;ep
ilog=111,222;blob=0;file=131 ;filelen=830;

discard the data and grid axis values; define some of the
new grid axis values.

SELECT GRDExtend(grid,'((discard_data)
(dim_sizes 641 4)
(nonuniform level 3 4))") as grid
INTO TEMP tempgrid3 FROM tempgrid2;

SELECT grid FROM tempgrid3;

-[RECORD 1]

grid |
header=422;prolog=1;version=50331648;id=0;numFields=1;hasSatParm
s=0;blendType=0;storage=0;supp ort_missing=1;srid=1;tile=1,1,1,4;

samples=6,4,1,4;finalDims=6,4,1,4;gridWrap=0,0,0,0;blendValue=0;
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startPt=30,32,5,0;basis0=1,0,0,0;basis1=0,1,0,0;basis2=0,0,1,0;b
asis3=0,0,0,1;fieldlds=0;field Types=8;dimNames="column","row", "
evel""time" ;fieldNames="ai r_temp";nonuniflags=1,0,1,1;nonunisam

1,222;blob=0;file=132 ;filelen=830;

define the rest of the grid axis values. Note that in the
nonuniform term we only specify the replacement grid
values for

the undefined ones (for example, {5,6} is appended onto
level).

DELETE FROM gieftab;

INSERT INTO gieftab
SELECT GRDExtend(grid,'((dim_sizes 6 4 1 4)
(nonuniform row 1 2 3 4)
(nonuniform column 1 2 3456)
(nonuniform time 1)
(nonuniform level 5 6))") AS grid
FROM tempgrid3;

SELECT grid FROM gieftab;

-[RECORD 1] -----nnmmme-

grid |

header=454;prolog=1;version=50331648;id=0;numFields=1;hasSatPa rm
s=0;blendType=0;storage=0;support_missing=1;srid=1;tile=1,1,1,4;
samples=6,4,1,4;finalDims=6,4,1,4;gridWrap=0,0,0,0;blendValue=0;
startPt=30,32,5,0;basis0=1,0,0,0;basis1=0,1,0,0;basis2=0,0,1,0;b
asis3=0,0,0,1;fieldlds=0;field Types=8;dimNames="column","r ow", "l
evel","time" ;fieldNames="air_temp";nonuniflags=1,1,1,1;nonunisam
plel=1,2,3,4,5,6;nonunisample2=1,2,3,4;nonunisample3=1;nonunisam
ple4=3,4,5,6;epilog=111,222;blob=0;file=133 ;filelen=862;

Modi fying a GRDValueds Dat a

The data component of a GRDValigaupdated by executing the
GRDValueUpdate() function. GRDValueUpdate has the following definition:

function GRDValueUpdate(target GRDValue, source GRDValue)
returns GRDValue;

The first argument is the GRDValue to be updated, while the second argument
is the GRDValue that is supplying the update values. The function returns its
first argument upon success.

The function is most commonly used from inside client programs. Typically the
update statement looks like the following:

SELECT GRDValueUpdate(gridCol ~ umn, updateGrid) FROM myTable WHERE
some_column_name = some_value;
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There are a number of constraints on
1. They must have the same SRID and the same set of basis vectors.

2. The new value cannot be null and can only contain fieldsename
and type match those fields in the original value.

3. For any dimension that does not have a nonuniform dimension, the new
data must fit entirely inside the old value, before grid veiaund is
considered. For nespatial dimensions or spatial dinsgons that are
not defined using a geographic (lat/long) coordinate system, this means
that the new grid must fit entirely inside the old grid. This is also true for
spatial dimensions defined using latitude or longitude, but in that case
there is the adatl complication that two worspanning grids may
cover the same area but have different starting points, as shown in
Figure29 below. Although the hashed grid (the new grid) is entirely
contained within the greshaded grid (the original grid), it still crosses
the wraparound point (at the top) of the grslyaded grid and hence the
update would not be allowed.

Figure29 Disallowed GRDValueUpdate example.

4. For any nonuniform dimension, the positions in the new value must
either match those in the old value, or be greater than the last entry so
that the new val uvaallestackedafterthea i on posi
original valuebés positions for that
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5. The data elements in the new value must occupy a contiguous region of
blobspace in the original value. This is to limit the number of log entries
generated. The following sets of dinsems (one set per row of the
table) are accepted:

Mods size[0] mods size[1] mods size[2] mods size[3]

O ori = original = original = original
size[O] size[1] size[2] size[3]

1 O or i =original = original
size[1] size[2] size[3]

1 1 O or i =original
size[2] size[3]

1 1 1 = original

size[3]
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Updating Data Using the C API

Modifying a GRDVale is identical to inserting a GRDValue into a table
except that there is one GRDValue being modified and another GRDValue

serving as the source of the modification data. The actual modification is done

POSTGRESQL (LINUX VE

using theGRDValudJpdatefunction. SeeMo di f yi n g

pagel54.

Data Storage Model

float a[] -
= GRDValue as
float b[] GRDValuel » var binary
(array of bytes
dimensions
client
T =] 17 5 -
Existing GRDValue GRDV.
alue
server order) a )
GRDValue grray ofb ytes) (client order) as
bytea

GRDUpdate

Note that once a GRDValue has been stored in a database, only its grid values,
and not its metadata, can tedified. For instance, you cannot change the

GRDVal

ueods

start

point,

any dimension, or the number or type of the fields.

t he

RSION)

a

GéhD V a |

number

The following libpg program updates a grid in the gridtesttable. Thiggmog

(calledupdateExampleFloat.c
<POSTGRESQLDIR®examples/

c/api

set thePGDATABASENAPGUSERe N V |
following by the scriptiefineTables.csh

<POSTGRESQLDIR®examples/

) can be found in the
directory. Before running this program,
ronment

V @akeiab ® ] e s
, both from withinthe

c directory. These commands will build the

executables and create the files and tables needed by the examples.

#include <stdlib.h>
#include <stdio.h>
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#include <libpq - fe.h>
#include <grdValuel.h>
#include "openPGConnection.h"

#define X_SIZE (10)
#define Y_SIZE (10)
#define Z_SIZE (6)

PGconn *conn;

static GRDValuel *buildEmptyGrid()

{

static GRD_INTEGER initialDims[4] = {1, 1,1, 1}

static GRD_INTEGER finalDims[4] = { 1, Z_SIZE, Y_SIZE,
X_SIZE };

static GRD_INTEGER tileSize[4] ={1, 1,5,5};

static double startPt[4]={0,0,0,0};

GRDValuel *valuel;

valuel = GRDValuelNew();
GRDValuelSetDims(valuel, initialDims);
GRDValuelSetFinalDimensions(valuel, finalDims);
GRDValuelSetStartPt(valuel, startPt);
GRDValuelSetSrid(valuel, 0);
GRDValuelSetTileSize(valuel, tileSize);
GRDValuelAppendField(valuel, 0, grdFieldREAL4);
GRDAllocFieldMemory(valuel, 0, 0);
GRDValuelDisableMissing(valuel);

return valuel,

static GRDValu el *buildUpdateGrid(int dim1, float valueOffset)

{

static GRD_INTEGER dims[4] ={ 1, 1, Y_SIZE, X _SIZE };
static double startPt[4]={0,0,0,0};

static GRD_INTEGER tileSize[4] ={1,1,5,5};
GRDValuel *valuel;

float *f;

int i;

int size;

st artPt[1] = dim1;

valuel = GRDValuelNew();
GRDValuelSetDims(valuel, dims);
GRDValuelSetStartPt(valuel, startPt);
GRDValuelSetSrid(valuel, 0);
GRDValuelSetTileSize(valuel, tileSize);
GRDValuelAppendField(valuel, 0, grdFieldREALA4);
GRDAIllocFieldMemory(  valuel, 0, 0);
GRDValuelDisableMissing(valuel);

f = (float *)GRDValuelGetFieldData(valuel, 0);
size = X_SIZE * Y_SIZE;
for(i=0;i<size; i++){

RSION)
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fli] = valueOffset;
valueOffset += 1.0;

}

return valuel;
}
int main()
{

inti;
GRDValuel *gr
PGresult *res;
ExecStatusType status;

Oid paramTypes[1];

const char *paramValues[1];
int paramLengths[1];

int paramFormats[1];

char *bin;

id;

conn = openConnection();

/*
* start off with an empty table
*/

PQexec( conn, "DELETE FROM

res = PQexec(conn,

POSTGRESQL (LINUX VE

gridtesttable" );

"SELECT oid FROM pg_type WHERE typname = 'grdvalue™ );
paramTypes[0] = atoi( PQgetvalue(res, 0, 0) );

/*
* insert empty grid
*/
grid = buildEmptyGrid();

bin = GRDValuelToVarBinary( grid );

paramV alues[0] = bin;

paramLengths[0] = GRDValuelGetTransferSize( grid );

paramFormats[0] = 1;

res = PQexecParams( conn,

"INSERT INTO gridtesttable VALUES($1)",

1,
paramTypes,
paramValues,
paramLengths,
paramFormats,
1),

status = PQresultStat

us(res);

if( res == NULL || status = PGRES_COMMAND_OK )

printf( "failed
exit(99);
}
for(i=0;i<Z SIZE; i++)
{

\n");

RSION)
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gridtesttable",

}

grid = buildUpdateGrid(i, i*1000);

bin = GRDValuelToVarBinary( grid );

paramValues[0] = bin;

paramLengths[0] = GRDValuelGetTransferSize( grid );

printf( "Performing update #%d... ", i );
res = PQexecParams( conn,
"SELECT grdvalueupdate(a, $1) FROM

1,
paramTypes,
paramValues,
paramLengths,
paramFormats,
1);
status = PQr  esultStatus( res);
if(res == NULL || status != PGRES_TUPLES_OK)

printf( "failed \n");
exit(98);

}

printf( "successful \n");

PQfinish( conn );
return O;
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Updating Data Using the Java API
Updating GRDVal ue 0 solvesshieemsepst he Java AP

1. connecting to a server through JDBC,
2. building a GRDValue, and
3. inserting a GRDValue into a table.

The following method illustrates the use of the Java API for updating

GRDVal ueds. It can be found in
<POSTGRESQLDIRexamples/java/SimpleUp date.java

private static void performUpdate(Connection conn,
GRDValue grid, String tableName,
String gridColumnName)
throws java.sql.SQLEXxception{
PreparedStatement pstmt = conn.prepareStatement(
"SELECT " + GRDValueUpd ate(" + gridColumnName +
",GRDValueFromBinary(?)) FROM " + tableName);
pstmt.setBytes(1, grid.toBytes(),
java.sql.Types.LONGVARBINARY);
pstmt.executeUpdate();
pstmt.close();
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Chapter 7: Database
Management Issue S

This chapter describes the PostgreSQL database management issues that must
be addressed when using the BCS Grid Extension.

Database Security

The default installation of PostgreSQL and the BCS Grid Extension provides a
minimal set of access rights. Withig set, only client applications that are

running on the server machine are allowed to connect to a database. Connection
access is controlled by a file of access records called
<POSTGRESQLDIR>/data/pg_hba.conf , defined by PostgreSQL. The

PostgreSQL docunmgatiori* contains information on how to modify access
records.

Certain functions in the BCS Grid Extension form their own internal
connections to the Pos&HQL server. To facilitate this, any PostgreSQL userid
that uses the BCS Grid Extension functions must provide either "trust" or

Ai dent 0 aut henti cat i onpghbacont Hile,fora opbac
particul ar dat ab as eaptiofailavs dny Linuxuse® aut h
with an account of the server machine to connect as any specified "trusting"
PostgresSQL user, without supplying a password. The following records,
already contained in the)_hba.conf by default, specify that all PostgreSQL
users trust all Linux users, allowing connection to any database:

# TYPE DATABASE PG USER IP - ADDRESS IP - MASK METHOD

local all all trust
# IPv4 - style local connections:
host all all  127.0.0.1 255.255.255.255 trust

To enhance security, replace these lines with the following:

31 Seehttp://www.postgresgl.org/docs/8.4/interigetclientauthentication. html
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# TYPE DATABASE PG USER IP - ADDRESS IP - MASK METHOD

| ocal db1, é al |

local all all someother

#1Pv4 - style local connections:

host all all 127.0.0.1 255.255.255.255 someother
whedwer1mMé i s a | i st o0 fenaBl&iSlataBases@ndE Xt en s i ¢
fisomeother © i S one of the other met hods de

http://www.postgresqgl.org/docs/8.4/interactive/antbthods.html

Extra security can be achieved, at the expense of soxamemost, by using
the Aidento method offi daeinth@ nmetclaad . on .
pg_hba.conf lines:

# TYPE DATABASE PG USER IP - ADDRESS IP - MASK METHOD

local all all trust
#IPv4 - style local connections:
host all all 127.0.0.1 255.255.255 .255 someother

with the following:

# TYPE DATABASE PG USER IP - ADDRESS IP - MASK METHOD

| ocal db1, é al |

local all all someother
#IPv4 - style local connections:

host all all 127.0.0.1 255.255.255.255 someother

and include the following lines in a file called pg_ident.conf, stored in the same
directory agpg_hba.conf (<POSTGRESQLDIR>/data):

# MAPNAME IDENT- USERNAME PG USERNAME

map postgres postgres

map postgres pguser ;

é

map postgres pguser ,

map linuxuser pguser

é

map linuxuser | pguser ,

where pguser1 Boysern are PostgreSQL userids and

(linuxuser ;,pguser ;) , liduxuser( ,pguser ,) are identify the equivalences

between Linux userids drPostgreSQL userids.
Installation of he BCS Grid Extensioareates 1 schema:
1 bcsgrid

4 internaltables:

9 bcsgrid.gridblobs
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1 bcsgrid.gridblobspace

1 bcsgrid.griduserblobspace

1 bcsgridspatial_references

and 2 sequences:

1 bcsgrid.gridblobs_blob_id_seq

1 bcsgrid.gidblobspace_blobspace_id_seq

Thebcsgridgridblobsand besgridyridblobspace tables require SELECT,
INSERT, and UPDATE permissions for all users of the BCS Grid
Extension. Thécsgridspatial_references table needs SELECT and
INSERT permissiongheseqiences requir SELECT and UPDATE
permissions; the bcsgrid schema requires USAGE permission; and the
bcsgridgriduserblobspace requires SELEQIPDATE, AND INSERT
permissionThese permissions are set, during installation, with the
following SQL commands:

CREATE SCHEMA bcsgrid;
GRANT usage ON SCHEMA bcsgrid TO public;
GRANT select, insert, update ON bcsgrid.gridblobspace TO public;
GRANT select, update ON bcsgrid.gridblobspace_blobspace_id_seq
TO public;
GRANT select, insert, update ON bcsgrid.gridblobs TO public;
GRANT select ON bcsgrid.griduserblobspace TO public;
GRANT select, update ON gridblobs_blob_id_seq TO public;

GRANT select, insert ON bcsgrid.  spatial_references TO public;

More information about user permissions can be found in Chapterf iite
PostgreSQL documentation.

Blob Implementation in the BCS Grid Extension

I n PostgreSQL, GRDValuedbés are stored
varieties of blob implementation are available through the BCS Grid Extension:
file-basedblobs, andhativeblobs.

In the (custom) filebased blob mechanism, which is specific to the BCS Grid
Extension, each grid is represented by its ownlfdsed blobEach blob stores
its data in one or more files, with each file being no larger than 1GB in size.
The files ae kept in specially designated ‘fidob’ directories.

32 Seehttp://www.postgresgl.org/docs/8.4/interactive/usemag.html

165


http://www.postgresql.org/docs/8.4/interactive/user-manag.html

BCS GRID EXTENSION FOR POSTGRESQL (LINUX VE RSION)
PROGRAMMERGEG S GUI DE

The performance of these blobs is approximately that of the underlying file
system. However, these blobs are tnahsactiorsafe. Blob changes are
committed immediately, even when performed inside a transaction that is
aborted or rolled back

Whil e Post gr e SiQblébsmeananisn iglsefiletbasadihe t
file-based nature iargely transparent to theser. Use of native blobs has the
following advantages:

1. Native blobs are transacti@afe.All insertions, deletions, and updates
of nativeblob-based values within a transaction are either entirely
completed (committed) or rolldabck.

2. The pg_dump utilitypacks up native blobs along with all Aolob data;
there is no danger of blobs becoming inconsistent with respect-to non
blob data.

Note that native blobs are slower (by a factor of approximately 2/3) than
custom filebased blobsAnother disadvantagef native blobs is that the user
has little control over where (on which disk) the blobs are storgus is not
the case with fildbased blobs, as described in the next section.

Adding New Blobspaces

When using filebased blobs, BCS Grid Extensiorenabled databasman have

oneor more blobspaces, each being mapped to a disk directory. Blobspaces are
configured from within the database, ustndp lecsgiddg r i d bl obspaceé
default blobspace is created during installation. The following shoasple
dcsgridgr i dbl obspaced tabl e:

bcsgrid=# SELECT * FROM bcsgrid.  gridblobspace;

blobspace_id | blobspace_name | blobspace_root |
max_size | size_used
----------------- R +
FE [
1 | default
<POSTGRESQLDIRBLOBSPACE!/ | 0 | 1386026

Multiple blobspaces can be created and used simultaneously. Blobspaces can be
organized into groups using the blobspace name. These gigssasingle,
large blobspace. When a blobspace is filled, usage will automatically roll over

33 To implement a transactiesafe blob mechanism would require hooksawtently supplied by
PostgreSQL.

34 All native blobs for a database are stored in a system table called pg_largeobject. It is possible, using
symbolic links and some detective work, to store pg_largeobject on a separate device. However, as of
version 8.1 6PostgreSQL there is no way to split a table across multiple directories.
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to the next blobspace within the group. More information about using
blobspace groups is given in the sectBdobspace Usagen pagel68

To add blobspaces:

1. Create a directory for the new blobspace. The user account that
PostgreSQL is started with must have full (read, write, and execute)
permissions for this directory.

e.g.,
mkdir /large/ disk/BLOBSPACE
chown postgres:postgres /large/disk/BLOBSPACE

chmod ug+rwx /large/disk/BLOBSPACE
chmod o - rwx /large/disk/BLOBSPACE

2. Login to the database as the BCS Grid Extension administrator. e.g.,
psqgl - U postgres

3.1l nsert a new r caw eidntta btl ree &drliodbtslpak:

uniqgue serial(auto ncr ement ed) i d. Obl obspace.
column that specifies the name of the blobspace group.

Obl obspace_rootdé is a string col umn
t he bl obs pa ckgintcdluma that spécifieethe | s a

maxi mum space available to it. A va
unlimited (limited just by the size

column that specifies the amount of space currently being used. The
following insert statement adds a new blobspace with a maximum size
of 10GB, using théarge/disk/BLOBSPACE  directory:

INSERT INTO bcsgrid. gridblobspace(blobspace _name,
blobspace_root,
max _size) VALUES(6newbl obgroupdé, o6/ 1 argel/

10737418240);
After i n s e rbtsgridggr,i dbhleobbs paced | ooks |
bcsgrid=# SELECT * FROM bcsgrid.  gridblobspace;
blobspace_id | blobspace_name | blobspace_root
|
max_size | size_used
1| default | <POSTGRESQLDIRBLOBSPACE!/ |
0 | 1386026

2 | newblobgroup | /large/disk/BLOBSPACE/ |
10737418240| O

4, Exit PostgreSQL. The changes take effect immdgliate
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Blobspace Usage

In the simplest situation, the default blobspace set up during installation can be
used immediately with no changes to the gridblobspace table required. More
complex situations can be handled by using blobspace groups. Suppose you

wart your permanent grids to be stored in a directory that is backed up nightly,
and your temporary work grids to be s
backed up. To accomplish this, you can create two blobspace groups.

A blobspace group is created &gding newfile-basedlobspaces and

specifying the same name for editd-basedblobspace within a group. For

example, the following SQL will create one blobspace group named

0t empbl obsd ( c dilesasedlblispace) aoda second graup | e
named O0backedupbl ofilesbasedblabspacss):st i ng of t

INSERT INTO bcsgrid. gridblobspace(blobspace_name,
blobspace_root,
max _size) VALUES(6tempblobsé, o6/ tmpéb, 107
INSERT INTO bcesgrid.  gridblobspace(blobspace_name,
blobspace_root,
max si ze) VALUES(O6backedupbl obsd, 6/ backedu
107374182400);
INSERT INTO bcesgrid.  gridblobspace(blobspace_name,
blobspace_root,
max _size) VALUES(6backedupbl obsd, o6/ backe
53687091200);

Once multiple blobspace groups are createdtdPeSQL needs to know which

group to use. Two server functions facilitate this. By default, PostgreSQL will
use the group named O6defaultédé (create
installation).

Note that these functions apply only to the current client cormmed®iarallel
connections and subsequent connections are not affected by invocations of
these functions.

function GRDSetBlobspace(groupname char) returns integer . this

function sets which blobspace group to use. The groupname argument is the
name of the ldbspacegroufspeci fy a gr onatgenaowuse val ue
native blobsZerois returned if successful.

function ~ GRDGetCurrentBlobspace() returns char ~ : alias for
GRDGetBlobspace() i deprecated maintained for backwardompatibility.

functionGRDGetBlobs pace() returns char  : this function returns the name
of the blobspace group currently being used.
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Persistent Default Blobspaces

A table calledocsgridgriduserblobspaces used to determine a user's default
blobspaceayroup(i.e., the blobspacgroupthat s used if the user doesn't call
GRDSetBlobspace(...) in a sessioiebcsgridgriduserblobspaceble has
the following definition:

CREATE TABLE bcsgrid.  griduserblobspace (
user_name varchar(50),
blobspace_name varchar(128)

);

When the BCS Grid Extesion is first installed, thiecsgridgriduserblobspace
tableis loaded with the columwvalues (‘default’, ‘defaultThe name 'default’ in
the user_name column is used to specifictvblobspaceyroupis used by any
userwhoisn't explicitlylisted inthe table. Initially, that means all users.

The 'default’ in the blobspace_name column causes the btelggpapcalled
'default’ to be used.o change the default blobspag®upfor users not
explicitly mentioned in the table, simply update the row (bdmected as the
Postgres account):

UPDATEbcsgrid.  griduserblobspace SET blobspace_name = 'native'
WHEREuser_name = 'defau It';

Individual users canhange their default blobspace graiging the
GRDSetDefaultBlobspace  function.Forexample a user casghange their
default blobspacgroupto be native blog using the statement:

select GRDSetDefaultBlobspace('native’);

This function will insert or update (as needed) a particular user's entry in the
table.

Thebcsgridgriduserblobspee table is checked the first time a client
connection performs an operation that creates a blobc@hibe anypperation
that creates a GRDValue, eviethe GRDValue ionly atransient oneised
inside an expressioAny changedo thebcsgridgriduseblobspace table made
after that pointhat point in the client connection will be ignored

Blobspace Maintenance

Blobspace maintenance needs to be performed on a regular basis to ensure that
wasted space is reclaimed and performance does not degradendure af
maintenance required depends on grid activity. The more frequently grids are
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manipulated, the more frequently blobspace maintenance should be performed.
To perform maintenance, run the following SQL command:

SELECT grdlo_garbage_collect( minage );

This function has the following definition:

function GRDIlo_garbage_collect(minage integer) returns integer

The function removes any blobs that are not referenced by a GRDValue in a
table, and returns the number of blobs removed niitege argument ian

integer that specifies the minimum age in seconds of a blob to be considered for
reclamation. Blobs younger thammage seconds are ignored. The appropriate
value forminage depends on the size of a typical grid. The value should specify
a time longerhan the time required to completely insert a grid. This ensures

that a grid currently being inserted is not eligible for collection.

Note that garbage collection will take longer when using native blobs than
when using the custom fHleased blob implemertian.

Note also that space is not truly reclaimed until PostgreSQL vacuuming is
done, so vacuuming should also be performed regularly. (See
http://www.postgresql.org/docs/8.4/amactive/sglvacuum.html)
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Database Backup and Restore

Backing up and restoring the database requires a special procedure, due to the
blobspace architecture.

Performing a Backup

A backup is performed in two steps: running the pg_dump utility, andrigack
up the blobspaces. The pg_dufnyility is provided by PostgreSQL to dump
the contents of a database. It must be run as a database stfpsucteas
postgres . A typical run of pg_dump can be performed by the following
command:

pg_dump - U postgres - C - f database_backup.sqgl mydatabase

This will backup 