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Documentation Conventions

This section 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 language keywords (i.e., SQL, C
keywords) appear in a serif font.

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

italics

italics

ORACLE The WIRAGLEOR appearing to
of the manual indicates that that portioisacle
specific.

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

0 (apost r Anapostrophe is used in the plural form of data types
(e.g.,GeoRastdy s )
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lcon Conventions

This manual uses the following icon convensido 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 théeature or operation the
is being described.

Tip: Identifies paragraphs that offer additional

details or shortcuts for the functionality that
being described.

1 This manual follows the icon conventions used in IBM Informix manuals.
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What 0s New Version?Phi s

The following table lists the features tligtve been addeothis versiorof the
Draw and Load (DaL)

Feature Manual Sections Where Feature is Described.
Support for Oracle Chapter6

GedRasterobjects
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Chapter 1.  Introduction

DaL (Draw and Loadlis a database client application for loading the contents
of Common Data Modéhttp://www.unidata.ucar.edu/software/netcdf/CDM/
into databasesin particular it can be used to load netCDF and Grib files.
However, for ease and clarity of presentation this manual uses netCDF files in
its examples.

DaL provides a very easy to use interface that allows a user to direct the flow of
valuesfrom data file variables and attributes into the columns of database

tables by drawing lines between graphic nodes representing them. DaL uses the
NetCDFJaval ibrary (http://www.unidata.ugaedu/software/netcelival),

which is what makes it able to read from any file supported by the Common
Data Model.

The current version of DaL suppotBM Informix, PostgreSQlLandOracle.

DaL can be used to load data into regular columns and tablésnélly, the
IBM Informix and PostgreSQL versiorman also make use of the two BCS
DataBlade product8CS Grid Extension(version 5.2 or newegndBCS
DBXten. The Oracle version can load data into GeoRaster objects.

NetCDF File Essentials

Before we discuss how to map the contents of CDM files onto database objects
we need to define some basic terniogy. A very simple netCDF file will be

used in the next section to introduce some concepts about CDM file
organization.



http://www.unidata.ucar.edu/software/netcdf/CDM/
http://www.unidata.ucar.edu/software/netcdf-java/
http://www.barrodale.com/bcs/bcs-grid-datablade
http://www.barrodale.com/bcs/dbxten
http://www.barrodale.com/bcs/dbxten
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Example NetCDF File

The following is thencdump output of a netCDF file calledxample .nc .
This file is used extensively in the examples in this manual. For reference, line
numbers have been added to the left ofttdump output.

1 netcdf example {

2 dimensions:

3 x=10;

4 y=10;

5 n4 =10;

6 n2=2;

7 Strl6 = 16 ;

8 variables:

9 char charvar(n2, x) ;

10 charvar:_Fillvalue ="";

11 char strvar(n2, strl6) ;

12 double vall(x, y) ;

13 vall: Fillvalue = -9999. ;
14 double val2(x, y) ;

15 int X(x) ;

16 x._FillValue = - 9999 ;

17 inty(y) ;

18

19 /I global attributes:

20 :myVector=1,2,4,9;

21 data:

22

23 charvar =

24 "a cdeabcde",

25 "abcdeabcdz" ;

26

27 strvar =

28 "abbd",

29 "asdf";

30

31 vall =

32 0.1, ,0.3,05,0.4,0.6,0.7,0.8,0.9, 0.91,
33 1.1,1.2,1.3,15,14,16,1.7,1.8,1.9,1.91,
34 2.1,0.2,0.3,0.5, 0.4, 0.6, 0.7,0.8,0.9, 0.91,
35 3.1,12,13,15,14,1.6,1.7,1.8,1.9, 1.91,
36 4.1,0.2,0.3,0.5,0.4,0.6,0.7, 0.8, 0.9, 0.91,
37 51,1.2,13,15,14,16,1.7,1.8,1.9,1.91,
38 6.1,0.2,0.3,0.5,0.4,0.6,0.7,0.8, 0.9, 0.91,
39 7.1,1.2, 1.3,15,14,16,1.7,1.8,1.9, 1.91,
40 8.1,0.2,0.3,0.5,0.4,0.6,0.7, 0.8, 0.9, 0.91,
41 9.1,1.2,13,15,14,16,1.7,1.8,1.9,1.91;
42

43 val2 =

44 10.1, ,0.3,0.5,0.4,0.6,0.7,0.8,0.9, 0.91,
45 11.1,1.2,1.3,1.5,1.4,1.6, 1.7,1.8,1.9,1.91,
46 12.1,0.2,0.3,0.5,0.4,0.6,0.7, 0.8, 0.9, 0.91,
47 13.1,1.2,1.3,15,14,1.6,1.7,1.8,1.9,1.91,
48 14.1,0.2,0.3,0.5,0.4, 0.6, 0.7, 0.8, 0.9, 0.91,



http://www.unidata.ucar.edu/software/netcdf/docs/ncdump-man-1.html
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49 15.1,1.2,1.3,15,1.4,1.6,1.7,1.8, 1.9, 1.91,
50 16.1,0 .2,0.3,0.5,0.4,0.6,0.7,0.8, 0.9, 0.91,
51 17.1,1.2,1.3,15,1.4,1.6,1.7, 1.8, 1.9, 1.91,
52 18.1,0.2, 0.3, 0.5, 0.4, 0.6, 0.7, 0.8, 0.9, 0.91,
53 19.1,1.2,1.3,15,1.4,1.6,1.7,1.8,1.9,1.91;
54

55 x=1, ,3,4,55,4,32,1;

56

57 y=2, ,6,8,10,12, 14, 16, 18, 20 ;

58 }

The file shown above has three sections:

1) a Adi mensi onso lime@&awi on, starting o
2)a fAvariabl eso lie&andi on, starting on
3y afdat ado sectlinefhh, starting on

The Dimensions Section

The Dimensions section provides the values for a set of constants that may be
referenced as variable dimensions from further down in (the variables section
of) the file

In this example there are five dimensioxsy, n4, n2, andstrl6 , having
values 10, 10, 10, 2, and 16, respectively; four of these are referenced as
variable dimensions later on in the file.

The Variables Section

The Variables section, which startslme 8in this example, declares the types
and dimensions of the datariableswhose values are provided later in (the
data section) of the file. The variables section can also supply values for
attributes which can be thouglaf as providing metadata about either
particular variables or about the file as a whole. The latter type of attribute is
referred to as global attribute.

In the example provided there are six variabtesrvar , strvar ,vall ,

val2 , x, andy. In additionthere are four attributes. Three of these attributes
are called Fillvalue and are attached tharvar ,vall , andx,
respectively. The fourth attribute is a global attribute namgdector .
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COORDINATE VARIABLES

Two of the variabless andy, have special significance. These are examples of
coordinatevariables. Coordinate variables are characterized by:

1) having the same name as a dimension defined in the Dimensions section
and,

2) being refered to by one or more data variables, and

3) being of dimension 1 and having a length equal to the value of the
dimension of the same name.

For example, the coordinatariablex has 1 dimension and is of lengtli.e.,
the value oflimensionx). Variablescharvar , vall , andval2 all refer to
X as a dimension.

Coordinate variables provide a means of associating physical significance to

the indices of an array. For example, suppose that we want to store a vertical
slice of ocean salinity data relative to sopoint P on the ocean surface. We

might define a two dimensional data variable called

fisalinity(depth,range) 0 and two coodepth)nande var
range() .Thei ™ value in depth and tHé" value in range would contain

the values of the vertical ¢@th) and horizontal (range) distances from P to the

point in the ocean for whicsalinity(i,j) pertains.

To summari ze, xoheéem, tthhes SemlCDIF Ail e h
interpretations, depending on its context:

1) a constant vahdue equal to 0106

2) an array of 10 values, and

3) index mappings for one of the dimensions in each of the arrays
charval ,vall , andval2 .

This observation is important as each of these interpretations can be
independently mapped to database columns, as will be illustedged

The Data Section

Finally, the Data section, which startslore 21in this example, assigns values
to each of the variables defined in the Variables section. Note that for
multidimensional arrays the values are preseatedrding to the order of the
dimensiong i.e., the data for the first value of the first index comes before the
data for the second value of the first index. For-tmaensional arrays this is
referred to asow-major order.

Note that not all of the values inside an array have to be defined. In the example
above, several val ues appear as wunder
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missingvalues Mi ssi ng Vv al unedsmpaopputehbutrintemaly A _ 0 |
in the netCDF file they have the value stored in thdiValue attribute for

the variabl e, i f t her etheiuslities nreoegnigettheat 6 s

value as being Amissing.o0) When DalL r

assigns it the value NULL when storing it in a database.

Relational Database Essentials

A relational database can be viewed as a collection cfitmensional arrays
of data. Each of these arrays is stored in a separate datiablaserganized as
anunorderedcollection of rows, with each row being organized asralered
fixed-size set of typed, named, columns.

In general, each table in a databe@esents either a class of realrld

objects (e.g., Aemployeesodo or Adepart
ofrealtwor | d objects (e.g., fiemployees wol
both. For tables that represent a class of objects, the colapresent

characteristics of that class of object (e.g., employee name, employee number).

For tables that represent relationships the columns either identify the
participants in the relationship (fiem
characteristicofthe el at i onshi p (fAempl oyment st a

Each row in a table represents a sing
an employee named O6Mi kedo) or a relat
Admini stration and started in June 19

A general propety of tables is that any two rows can always be distinguished
from one another by looking at their column values. There is always a set of
one or more designated columns that can be counted on to distinguish one row
from another. This column or set oflemns is referred to as forming the

primary keyof the table.

If an object of some class can take part in relationships with objects of another
class, say fdan employeeo with fAa depa
in the employeeepresenting tableill identify the particular row of the
departmentepresenting table that it is associated with. That column, or set of
columns, in the employee table is referred to as formiogesgn key

Af orei gnd because its valkeyén some bther e qu a
(i.e.,foreign) table.

Finally, a relationship between object class A and object class B has a
cardinality. There are three possible cardinalities:

1) oneto-one: for each A there is one B, and viegsa,;
2) oneto-many: foreach Atherean be sever al Bo6 s, b u
just one A; and



http://www.unidata.ucar.edu/software/netcdf/docs/BestPractices.html#Missing%20Data%20Values
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3) manytomany: for each A there can be s
there can be several AOb6s.
The type of cardinality dictates the layout of tables, and the position of foreign
keys, necessary tepresent the relationship and its participating objects. For
example, if an employegepartment relationship is ot@many (departments
employ multiple employees but every employee works for just one
department), then the following table structure woulfdice:

Employees
PK |employee numbel
employee _name
FK |department_numb

has /
works in

Departments

PK |department_numb
department_name

Figurel: 1-to-many relationship

However if an employee can work for more than one department, then we
would need a more complex organization of tables:
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Employees2

PK |employee_numb:s
employee name

has /
wollks in

Works_in
PK,FK|employee numberf

PK,FK [department _numb
V4

has /
wolks in

Departments2

PK |department numb
department_name

Figure2: A manyto-many relationship

Fil e-Database Mapping Issues

NetCDF (and other types of CDM files) and relational databases are similar in
that both can store information about multiple objects. Typically in a netCDF

file each type of object is associated with a different netCDF varidtle.

relational database, on the other hand, each type of object is associated with a
di fferent tabl e. I n general, -t hen, it
coordinatevariable netCDF variable might map to a different database table.
Thenoncoordinae-variable qualifier is made because coordinate variables

usually do not describe objects on their own; instead they usually just provide
information on how to interpre@nothervariable that describes the object.

Representing Scalar Objects

NetCDF filesoften contain a number of scalar objects: dimensiong)atts

(global and nofglobal),and sometimes scalar variables. While it would be
possible to map each scalar object to a different table, it is more often the case
that most or all of the scalarjebts are mapped to a single table that represents
the class of file as a whole. This concept will be further explained below in
Example- AttributesandExample- Scalar Varial#s

10
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Representing Non  -scalar Objects

Most variables in a netCDF file are usually rswalar, i.e., ondimensional or
multi-dimensional arrays. As described earlier, often these variables will map
to separate database tables.

Consider, for example, a 2 damsional array A with m rows and n columns,
indexed by row index Ai o0 and col umn i
represented by an m*n row table with

e.g., if the array looks like

A column 1 column 2 column 3
row 1

a b C
row 2

d e f

Then the table will look like:

NNNR R
WNEFPWN R
D QOO0 Tw

In general, an N dimensional array with dimensionsy)}  éy,andrhaving M
attributes in each array cell will translate into a table with Neellimns (one

for each of the N array indices and one for each of the array attributes)*and n
n* €& ytowsn

Representing Coordinate Variables

As described above, separate 1sgalar variables often map to separate

database tables. While this can be tase with coordinate variables it is more
common for coordinate variables to map to the same tables as the variables that
they describe.

As an example, consider the netCDF example described at the bottom of
http://ferret.wrc.noaa.gov/noaa_coop/coop_cdf profile.lamd listed (in
ncdump form) at
http://ferret.wrc.noaa.gov/noaa_coop/coop_cdf_example.html
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Il n t hi s Uobe xi asinm@isiefhalivelocity variable, indexed by time,
depth, latitude, and longitude. The associated dimension values in this file are:

PSXU = 160 ;
PSYU =100 ;

PSZ =27;

TIME_SERIES = UNLIMITED ; // (7 currently)

The coordinat variables are defined as:

double PSXU(PSXU) ;
PSXU:units = "degrees_east" ;
double PSYU(PSYU) ;
PSYU:units = "degrees_north" ;
double PSZ(PSZ) ;
PSZ:units = "METERS" ;
PSZ:positive = "down" ;
double TIME_SERIES(TIME_SERIES) ;
TIME_SERIES:units = "hours since 1976 - 01- 14 14:00:00";

The velociud yi v ad e faibd eed fias :

float U(TIME_SERIES, PSZ, PSYU, PSXU) ;
U:long_name = "ZONAL VELOCITY" ;
U:units = "cm/sec" ;

The following single table represents the information isply provided in the
four coordinate variables and the velocity variable:

Table Velocity(
time_in_hours double precision,
depth_in_meters double precision,
latitude_in_degrees_north double precision,
longitude_in_degrees_north double precision,
zonal_velocity_in_cm_per_second float)

Dimension  Variables

For each dimensioN in a netCDF file, DalL creates a dimension pseaxay
vari abl e wi t N1 Vheycanes usé€d,n the same&was as
coordinate variables cdni.e., to associata value with the index of a multi
dimensional variable. We will show how dimension variables can be used in a

later example
Putting it All Together

In this section we will show how several other parts of the sat@DF file

used in the previous section can be mapped to database tables. In particular we
will focus on the following variables, in addition to theariable from the

previous section.
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1) POINT_TEMP a vertical profile of atmospheric temperature at a
single latitude/longitude,

2) EQUATORIAL_TEMP a vertical profile of ocean temperature a the
same latitude aBOINT_TEMR but averaged in longitude,

3) SALTI a 4dimensional salinity field, defined at the same time and
dept h puWi (tisn a dsexiiom) bueat differans
latitude/longitude points.

In doing this we will illustrate several fit®-database mapping considerations:

1 handling of attributes,
1 handling of scalar variables, and
1 multiple references to coordinate variables.

Example - Attrib utes
The netCDF file has the following global attributes:

/I global attributes:
‘history = "created by FERRET V3.20 13 - Dec- 94" ;
:Conventions = "COARDS";

In addition, the following attributes are associated with the four variables
POINT_TEMR EQUATORIAL _TEMRaNdSALT:

U:long_name = "ZONAL VELOCITY" ;

U:units = "cm/sec” ;

POINT_TEMP:long_name = "Climatological Temperature" ;
POINT_TEMP:units = "degC" ;

EQUATORIAL_TEMP:long_name = "Zonally Averaged Temperature" ;
EQUATORL_TEMP:units = "degC" ;

SALT:long_name = "(SALINITY (ppt) - 35)/1000";

All of these attributes, along with the netCDF file name, will be stored in a
single table calle#ile_Metadata

Example - Scalar Variables

POINT_TEMPandEQUATORIAL_TEMRre déned in the netCDF file as
follows:

dimensions:
XAX1D=1;
YAX1D=1;
ZAXMBARS =7 ;
ZAXMETER =20 ;

variables:
double XAX1D(XAX1D) ;
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XAX1D:units = "degrees_east" ;
double YAX1D(YAX1D) ;
YAX1D:units = "degrees_north" ;

double ZAXMBARS(ZAXMBARS) ;
ZAXMBARS:units = "millibars" ;

float POINT_TEMP(ZAXMBARS, YAX1D, XAX1D) ;
POINT_TEMP:long_name = "Climatological Temperature" ;
POINT_TEMP:units = "degC" ;

double ZAXMETER(ZAXMETER) ;
ZAXMETER:uwnits = "meters" ;
ZAXMETER:positive = "down" ;

float EQUATORIAL_TEMP(ZAXMETER, YAX1D) ;
EQUATORIAL_TEMP:long_name = "Zonally Averaged Temperature";
EQUATORIAL_TEMP:units = "degC" ;

It appears from these definitions th&XID andYAX1Dare tdimensional,
thatPOINT_TEMPis 3-dimensional, and th&#QUATORIAL_TEMIK®
2-dimensional. However, thedimensional arrayXAXID andYAX1Deach

have a fixed length of 1. There are two ways to interpret this situation. It may
be the case that theitatde and longitude values specified ¥AD1Dand
YAX1Dnever change from file to file. Alternatively it may be the case that
while a particular file has just a single value for each of these variables, the
single values appearing in other files will bfeatent.

I n the first interpretation (which we
XAD1DandYAX1Dto be scalar variables. (SimilarlgQUATORIALTEMP
andPOINT_TEMPboth can be considered to beiinensional). As scalar

variables XAXID andYAX1Dcould either be stored together with the attributes

in File _Metadata , or they could be stored in their own table along with a

file name column to distinguish them from similar values read from other

netCDF files.

In the second interpretation we shoulchsiderXAD1DandYAX1Dto be non

scalar. Even though they are scalar in a single file, different files will give rise

to different values and we may want to use a single table to store the values
from all the files. We wild.l cal l this

14
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Example Example & Multiple References to Coordinate Variables
UandSALT are defined in the netCDF file as follows:

dimensions:
PSXU =160 ;
PSYU =100 ;
PSXT =160 ;
PSYT =100;
PSz =27,
TIME_SERIES = UNLIMITED ; // (7 currently)

variables
double PSXU(PSXU) ;
PSXU:units = "degrees_east" ;
double PSYU(PSYU) ;
PSYU:units = "degrees_north" ;

double PSZ(PSZ) ;
PSZ:units = "METERS" ;
PSZ:positive = "down" ;
double TIME_SERIES(TIME_SERIES) ;
TIME_SERIES:unit s ="hours since 1976 - 01- 14 14:00:00";

float U(TIME_SERIES, PSZ, PSYU, PSXU) ;
U:long_name = "ZONAL VELOCITY" ;
U:units = "cm/sec" ;

double PSXT(PSXT) ;

PSXT:units = "degrees_east" ;
double PSYT(PSYT) ;

PSYT:units =" degrees_north" ;

float SALT(TIME_SERIES, PSZ, PSYT, PSXT) ;
SALT:long_name = "(SALINITY (ppt) - 35)/1000";

The coordinate variableBME_SERIES andPSZ arereferenced by both the
UandSALT variables and hence will be repeated as columns in both the
U-derivedandSALT-derivedtables.

Note that this r epet-bbjectanep |daoceesd nrout| ev i cofl ack aet a bhaes efi of
discussed earlier, cadinate variables do not really represent objects. Instead they represent domains

from which attributes that describe other objects are drawn. It is not uncommon in database design for the
same domain to appear in multiple columns as long as the canthifferent, as it is in this case.
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The Final Database

In summary, the global and ngtobal attributes, coordinate variables, and the
noncoordinate variables described in the previous sexttan be mapped to
the following database.

Table File_Metadata (
file_id integer primary key,
file_name varchar(50),
U_long_name varchar(50),
U_units varchar(50),
POINT_TEMP_long_name varchar(50),
POINT_TEMP_units varchar(50),
EQUATORIAL_TEMP_long_name varchar(50),
EQUATORIAL_TEMP_units varchar(50),
SALT_long_name varchar(50))

Table Positions_for_Vertical_Profiles(
file_id integer primary key,
latitude_in_degrees_north double precision,
longitude_in_degrees_east double precision)

Table Point_Temperature_Approach_1(
file_id integer,
depth_in_millibars double precision,
temperature_in_degrees_celsius float)

Table Point_Temperature_Approach_2(
file_id integer,
latitude_in_degrees_north double precision,
longitude_in_degrees_ east double precision,
depth_in_millibars double precision,
temperature_in_degrees_celsius float)

Table Equatorial_Temperature(
file_id integer,
depth_in_meters double precision,
temperature_in_degrees_celsius float)

Table Vel ocity(
file_id integer,
time_in_hours double precision,
depth_in_meters double precision,
latitude_in_degrees_north double precision,
longitude_in_degrees_north double precision,
zonal_velocity_in_cm_per_second float)

Table Salinity(
file_id integer,
time_in_hours double precision,
depth_in_meters double precision,
latitude_in_degrees_north double precision,
longitude_in_degrees_north double precision,
salinity float)

16
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The remainder of this manual will describe the mechanicsiod I3aL to
perform mappings such as this. In particular we will return to this specific
example inChapter 3vhere we will show how to load the netCDF file into a
database using DalL.
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Chapter 2: Installa tion and
Getting Started

System Requirements

Dal requires the presence of Java Runtime Engine (JRE) version 1.6 or above.
JRE can be downloaded from Sun Microsystems
(http://www.java.com/en/downla#manual.jSjp

As a pure Java application, DaL should run on any platform that supports Java
(e.g., Solaris, Linux, Windows, and Mac OS).

DalL also requires a database to connect to. Currently that database must be
IBM Informix Dynamic Server (IDSRostgeSQL, or Oracle DaL has been
tested wih IDS versions 10 and 11.BpstgreSQL versior&2 and 8.3and
Oracle 11.2

The PostgreSQL and Informix versionsdL have support for the data types
used inBCS DBXten and theBCS Grid Extensiorfversion 5.2 or newerY.he
Oracle version of DaL supports the GeoRaster data type.

Unpacking and Installing DaL

DaL is packaged as a zipefi On a Windowsnachine (Windows 7, XP or

Vista), you can extract the contents of the zip file by ridiaking the zip file,
selecting the AOpen witho/ACompressed
dragging the DaLl folder that appears in DaL.zip window to your desktop. If

you use another application to extract the contents of the zip file, you must

select options that preserve the internal directory structure.

Testing the Installation

This section will lead you through starting DalL, establishing a database
connection, readg a file, building a very simple mapping, and using the
mapping to save part of the file to a database.
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The purpose of these instructions is simply to allow you to test the installation
of DaL and get a general idea of the steps involved in using Dhé&.next
chapter provides a more detailed tutorial on using DaL.

Running DaL

Inside the DaL folder, there is a file ke Dal.jar. Execute it by double

clicking on the file (on a Windows operating system) or typing

flava -jar DaLjar 0 ( fr om a )cYoushoaldske theiwmaow
shown below appear. This is nearly instantaneous on fast machines, but can
take longer on smaller or slower machines.

r ~
| £| Draw and Load (Dal): File to DataBase Mapper/Loader | = | & i:h]
Data file(s): Browse ... Examine About ...
Database connection: - Edit connections...

Mapping: Load... Edit... New ... Verify Update

Mapping file: |none

Data Load

Figure3: Initial DaL Window

Selecting an Input File

Press t he 0 Btoseled an input fileoCurpently, ondyra single file
can be loaded per session. To follow the examples in this manual, you should
select theexample.nc file that can be found in the DaL folder.

Defining a Database Connection

Press the AEdi.to Qountnteocnt.i ofnhsi s  wi | |
below for you to enter the specifications of your desired database connection.

19
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| £ Dal: Database Connection Editor I,il?-,l

Mame: || P Delete

Database type: Informix (@) PostgreSCL Oracle
Host:
Server Mame:
Port: |5432
Database:
Lser: Paszword:

Preserve case of table and sequence names

Test Save As

M

Figured: Database Connection Editor

The default nADat ab soswichthg agbase ypetoPo st gr
Oracleby pressing th®racleradio button. Fill in the Host, Port, Database
name, User and Password.

By default, the names of any tables, table columns, and sequences created by
DaL wil be i n t hethigvaltbeuppa sasedogOradlee f a u | t
The check box | abeled fAPreserDalgdo case
create mixeecase database objects.

Note that the Oracle GeoRaster PL/SQL packages require that the column
names of GeoRastand RDT columns, and the table names of tables
containing those types, be UPPERCASE.

Once the parameters have been entered
can actually be used to connect to a database. Then supply a descriptive name
fortheconect i on (in the field between the
button), and finally close the dialog window.

The connection parameters are stored on your computer's file system so that
you'll be able to connect in the future withouwergering them. Ifyou supply a
password in the connection parameter, it is stored with very weak encryption.

The following image shows the dialog box widnaclespecific values filled in
and a connection name specified
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r© N
| £| Dal: Database Connection Editor I&

Mame: .urade = Delete

Database type: () Informix () PostgreSQL @) Oradle
Host: [ 192,168.1.122
Server Mame:
Port: (1521
Databasze: |ord

User: |orauser Password: ssssssss

[] Preserve case of table and sequence names

Daone

Figureb: Database Connext Editor- Oraclevalues filled in

M

Press théiTesb button to check the connection, then, in the box next to the
fAiTesb button, type in a connection name to which you wish to save this
information and press th&ave As button.
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Defining Your First Mapping

The following figure shows the DaL main window with a netCDF file tied
database connectianeated in the previous section specified

|%| Draw and Load (DaL): File to DataBase Mapper/Loader (=] E s

Data file(s): anuals\Dal\Common'example.nc | | Browse ... Examine About ...

Database connection: 513

Mapping: | Load... Edit... MNew ...

Mapping file: [none

Data Load

Figure6: Preparing to Define a Mapping

Press t he nthbheappearsto e bruit ¢ lotn . dHiswiii Ma p pi n ¢
define a new mapping that initially contains just the items from the data file and
open a window in which to edit the mapping, as shown below. Note that you

must have both a data file and a database connection seleittiedyioe can

create, load, or edit a mapping.
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|£:| Dal: Mapping Editor - no mapping file yet

(S

File Components

Blocks

Tables

p || GRDValue {GeoRaster]

(e Cimport ) i

» _File_metadata |-
globals |-
charvar |
strvar |-
vall [
val2 |-

[0
yIR

Close

Figure7: Empty Mappinglialog window

Items with a right facing triangle have subtrees; click with the left mouse button
to display the subtrees. The following figure illustratesajygearance with the

first two subtrees expanded:

| £/ Dal: Mapping Editor - no mapping file yet

]

File Components

Blocks

Tables

GRDValue { GeoRaster ]

[ mrir

» _File_metadata v -
Full_path
base_name
directary
modification_date

globals +
yWector Bl

charvar |-

strvar |-

vall |-

val2 [

[0

yia

Figure8: Mapping Dialog window with subtrees exposed
Somemorenotes about the Mapping Dialog:

1 netCDF variables are labeled with a bold font, wh¢CDF attributes
and dimengins are labeled with a normal font.

1 A datatype glyph, the colored rounded box to the right of each variable
and each attribute label, denotes datatype (color) and data element size
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(width). Theglobals and the File_metadata i t ems dondt h
datatype glyph kecause they are actually psewdwoiables used to
group attributes.
1 The stacked datatype glyph of tlgVVector attribute denotes that
myVector is a vector attribute.
1 Move the mouse pointer on top of an item and leave it there (with no
mouse button presd) for a few seconds to see a textual description of
the item. Note that the Mapping Dialog must be the active window for
this to happen.
1 The top column of the body of the dialog window delimits four different
columns:
o FileComponents The danteats.f i | eds co
o Functions : User defined functions that can be used to transform
data before storing it in the database.
0 Blocks: A special case of functions that collect data B&S
DBXtenD S C h i B&® GridExtensionGRDValued s, or Or a
GeoRastero6s.
0 Tables: Database tables where data can be stored.

PresCreatdhebimtt on in the Tables col umn.
should appear:
£ Dial: Create new table I,ﬁ,l

Enter name of new table: ||

| Cancel | | Accept |

Figure9: Table Creatbialog window
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Enter the nameest_table (or something else if thers already a
test_table in your databasegnd press thEnter key. The Mapping Dialog

windows houl d now have an entry in the AT
|£:| Dal: Mapping Editor - no mapping file yet [&J
. Functions Blocks Tables
hicleonpopent= Creste DSChip || GRDValus |[GeoRaster | | fCreste] [ import |[ Rearder |
+ _File_metadata 7 M "TEST_TABLE" + -
full_path DAL_DUMMY
base_name
directary
madification_date
globals +
myWeckor i
charvar [+
strvar |-
vall [
valz |-
[0
yiu
Save Save As... Close

FigurelOAf t er creating an oOoOemptyod table

DaL has created a new taldl@lledTEST_TABLE in your database. Since

every table must have at least one column, DaL createsrél) column
calledDAL_DUMMYYou can make use of this column in your mapping if
youdéd | i ke, or you can just ignore it
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Drag a line fromvall to TEST_TABLE By dragging a line, we mean the
following: Move your mouse button on top of ttkatatypeglyph to the right of
thevall item, hold the mouse button down, and drag the mouse until its
pointer ison top of thegrey glyph to the left of th€EST_TABLEitem. At this
pointthere should be a red line stretched betweth andTEST TABLE as
shown in the following figure

-
|£| Dal: Mapping Editor - no mapping file yet P
- . Functions Blocks Tables
1& -omponents DsChip || GROValue |[GeoRaster | | [ Creste ][ mport [ Reorder |
» _File_metadata v “TEST_TABLE" + -
full_path DAL_DUMMY
base_name
directary
modification_date
globals =
myWeckor Bl
charvar |-
strvar [
vall [
val2 [
-0
¥ -0

Figurell After drag, but before mouse button release

When you riease the mouse buttoygu will be asked to confirm the name of
the column to be added T&ST_TABLE as shown in the following figure:

| £ Dal: Name Entry li_E-J

nter @ name for new table column of ORAUSER., "TEST_TABLE

vall|

Cancel Accept

Figurel2 Specifying a column name

b
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Press fAAccept o t oVALEtable cotutmé@emssthene n a me .
added toTEST_TABLEand the newly added item is connected to the NetCDF
vall item by a blue line, as shown below:

r ~
| £:| Dal: Mapping Editor - no mapping file yet [&J
— . Functions Blocks Tables
Ie Components Creste DSChip || GROValue |[GeoRaster | | [Creste ]| Import |[ Reorder |
» _File_metadata v | “TEST_TABLE" + -
full_path DAL_DUMMY

base_name YaLl

directary
modification_date

globals +
myWeckor B
charvar |
strvar |-
vall [
val2 [
[0
¥y

Save As... Close

Figurel3 Dragging a netCDF variable to a table
This simple action has done two things:

1) It has created ¥AL1 column in theTEST_TABLEdatabas¢able This
columnhas a typeompatiblewith thevall variable.

2) It has defined a dataflow from thall variable to thefEST_TABLE
table.
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Repeat this process feal2 , x, andy, resulting in thenagping shown below

|£| Dal: Mapping Editor - no mapping file yet - [ﬁ,l
- " Functions Blocks Tables
Ie Lomponents Create DSChip || GROV=lue |[GeoRaster | | [Cresie] [ Import |[ Rearder |
» _File_metadata v B "TEST_TABLE" + -

Full_path DAL_DUMMY
base_narne WALl
directary YAaLZ
modification_date %

¥

globals =
myWeckar
charvar |-
skrvar |-
vall [
val2 [
X[
¥

Figurel4 The final mapping
PressA88aveo save the mapping file wus
example_oracle_mapping .Then press the ACI oseo

Some useful things to know:

1 You can only draw connections from leftright. The general dataflow
order is NetCDF filey functionsA blocksA tables.

1 A datatype glyph on the right side of an item represents esdatae
while a datatype glyph on the left side of an item represents a data
sink.You can only connect data sources to data sinks.

1 Thegreydatatype glyph oTEST_TABLEis an indication that

TEST_TABLE as a Dal created table, can have columns added to it by

connecting data sources to it. Columns can be added to atdyple

the same nmaping that created the table.

A data sink can accept data from only one data sofisagg(e fanino).

A data source can provide data to multiple data sinks

(Amultiple fan-outo).

1 The same table can appear multiple times in the Tables column. Once

= =

thetablehas been cr eat engartd ylouwaitcmammt us e

from the database and have it appe

may for example, want to create a table row from one variable in a file
and then update columns in the row later from otagiable(s) in the
file.

1 When the mapping file is used in a data loallds are loaded in the

k

t

ordertheyappar i n the Tabl ed kot uom. allThe

you to reorder the Tables list.
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9 There are two vertical scroll bars. The scroll bar @nléfft scrolls the
File Componentsolumn, while the scroll bar on the right scrolls the
FunctionsBlocks and Tables columns.

1 If the mouse is in thEile Componentsolumn, the mouse wheel scrolls
theFile Componentsolumn. Otherwise it scrolls the Furuns,

Blocks, and Tables columns.

Starting the data load.

Press the AStarto button in the mai
window should appear as shown below:

|£| Draw and Load (Dal): File to DataBase Mapper/Loader | = | [l e -
Data file(s): |ianuals\Dal\Commoniexample.nc [ Browse ... ][ Examine ]
Database connection: :orade v:
Mapping: [ Load... ] [ Edit... ] [ New ... ] [ Verify ] [ Update ]

Mapping file: |C:\Users\projects\manuals\Dal \Crade\example_orade_mapping

Data Load
=== Processing table ORAUSER."TEST TABLE"===
for dim 0 using tile =size 10

for dim 1 using tile size 10
100 row(s) inserted.

Load time was 0.669seconds.
Database changes committed.
=—=Finished loading=—=

A

Figurel5 Data load messages

If we use a database cligjetg.,SQL*Plug to examine the contents of
TEST_TABLE we can see the following:

SQL> select * from test_table;

D VAL1 VAL2 X Y
A 10.1 1 2
9.9692E+36 1 - 2.147E+09
3 3 1 6
5 5 1 8
4 A4 1 10
.6 .6 1 12
7 v 1 14
.8 .8 1 16
9 .9 1 18
91 91 1 20
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1.2 1.2 - 2.147E+09
1.3 1.3 6
15 15 8
1.4 1.4 10

(output chopped)

1.6 1.6 1 12
1.7 1.7 1 14
1.8 1.8 1 16
1.9 1.9 1 18
D VAL1 VAL2 X Y
191 191 1 20

100 rows selected.

SQL>

Some explanations:

T

1

The second row of theall column is blankrull in a relational
database sense) because the second mi@heall in the data file

was a fill value (denoted by an underscore),addl had a

_Fillvalue attribute.

The second row of theal2 has a strange value because the second
element of theval2 variable was a fill value but theal2 variable did
not havea _FillvValue attribute.

Thex variable has a fill value for its second entry and-dlVValue
attribute, so it produces null rows, whylevariable does not have a
_Fillvalue attribute and hence hawvery large valug -

2147483647) being repeated.

DaL alows netCDF variables of different dimensionality to be sampled
in the same table load as long as their dimensionaliiyoissistent 0

The basic strategy is that given a set of input variablak,looks for a
key variable that has the maximum numberiofahsions. It then
establishes a nested loop whereby it samples the set of variables at each
posiion of the key variable, in rosmajor order. In the mapping above,
there were 4 variablegarl with dimensions< andy, var2 with
dimensionx andy, x with dimensionx, y with dimensiory. This
resulted in the following sampling scheme:

forindex_x =1 to length(x)
for index_y = 1 to length(y)
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insert into test_table  (varl,var2,x.y)
values( varl[index_x, index_y],
var2[index_x, index_y]
x[index_x], y[index_v])
end for
end for

In the next chapter we will use Dal to load a single netCDF file into multiple
tables and show how to establish foreign key relationships between the tables.
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Chapter 3: A Tutorial on
Using Dal

In the sectiorPutting it All Togethein Chapter Iwe discussed how to map a
specific netCDF file to a particular set of database tables. That netCDF file is
provided as filecoop.nc in the DaL directory. In this chapter we will
demonstrate how to load that file into the database tables using DaL.

Start up DaL. Browse to select tbeop.nc file and select the database
connection we used in the previous chapter:

-

| £| Draw and Load (Dal): File to DataBase Mapper/Loader =an=N X |
Data file(s): |='manuals\Dal\Common\coop.nc [ Browse ... ] [ Examine ]

i v | Editconnections...

Mapping file: [none

Database connection: |0

Data Load

Figure16 Initial DaL window

Creating a Mapping

Pr e s s afdNom thé Mapping Dialog window that pops up, open the
_File_metadata , globals ,POINT_TEMR andEQUATORIAL_TEMP
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file componensubtrees by pressing the respective trigsgio the right of
each.

.
| £:| Dal: Mapping Editor - no mapping file yet [&J

Functions Blocks Tables
DSChip || GROValue |[GeoRaster | | [ Creste | import |[ Reorder |

File Components

» _File_metadata v -
full_path
base_name
directary
modification_date

globals +
history
Conventions

~ POINT_TEMP ©
ZAXMBARS [+
YARLD [

XAX1ID |
missing_value
long_name
units

EQUATORIAL_TEMP =
ZAXMETER [+
YARLD [
missing_value
long_name
units

ROSE |-

55T |+

u

-~ SALT [- -

Save Save As... Close

Figurel7. Mapping Dialogindow withsub-trees open.
Initially, we will be creating five tables in this tutorial:
1) file_metadata ,
2) positions_for_vertical_profiles ,
3) point_temperature_approach_1 ,
4) point_temperature_approach_2 , and
5) equatorial_temperature

The twopoint_temperature tables reflect the two approaches that were
discussed earlier iBxample- Scalar Variables

The following is a list of theetables:

ORACLE Table File__M_etadata _ (
file_id integer primary key,
file_name varchar(50),
U_long_name varchar(50),
U_units varchar(50),
POINT_TEMP_long_name varchar(50),
POINT_TEMP_units varchar(50),
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EQUATORIAL_TEMP_long_name varchar(50),
EQUATORIAL_TEMP_units varchar(50),
SALT_long_name varchar(50))

Table Po s_for_ Vertical_Profiles(
file_id integer primary key,
latitude_in_degrees_north double precision,
longitude_in_degrees_east double precision)

Table Po int_Temp _Approach_1(
file _id integer,
depth_in_millibars double precision,
temperature_in_degrees_celsius float);

Table Po int_Temp _Approach_2(
file_id integer,
latitude_in_degrees_north double precision,
longitude_in_degrees_east double precision,
depth_in_mil libars double precision,
temperature_in_degrees_celsius float);

Table Equatorial_Temp (
file_id integer,
depth_in_meters double precision,
temperature_in_degrees_celsius float);

Table Velocity(
file_id integer,
time_in_hours double precision,
depth_in_meters double precision,
latitude_in_degrees_north double precision,
longitude_in_degrees_north double precision,
zonal_velocity_in_cm_per_second float)

Table Salinity(
file_id integer,
time_in_hours double precisio n,
depth_in_meters double precision,
latitude_in_degrees_north double precision,
longitude_in_degrees_north double precision,
salinity float)

The last two tablesjelocity  andsalinity  , have been listed here,
although we will not be loading them uriater.
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Pr e s Lreatd e b dir thediTable® taband create each of tffiest five

tableslisted aboveleaving outhe Velocityand Salinity tablefor now. Press

ASave AsO0 and somdlee dodpemappagp Af hg@ragyoudv
finished, theMapping Dialogwindow should look like this:

r
|£:| Dal: Mapping Editor for oracle_coop_mapping.mapping [&J
™ . Functions Blocks Tables
| omponents — e
el Creste DSChip || GROValue |[GeoRaster | Greate | Import || Reorder |
» _File_metadata v M “FILE_METADATA™ 7 -
Full_path DAL _DUMMY
bR R M "POS_FOR_YERTICAL_PROFILES"
directory
modification_date DAL _DUMY
globals © = “POINT_TEMP_APPROACH_1" 7
g DAL _DUMIY
Conventions B "POINT_TEMP_APPROACH_2" 7
POINT_TEMP DAL_DUMMY
ZAXMBARS |- = "EQUATORIAL_TEMP" 7
= YAXID | DAL_DUMY
XAXID |-
missing_value
long_name

units

EQUATORIAL_TEMP 7
ZAXMETER [+
TAXLID |-
missing_value
long_name
units

ROSE [+

S5T [

u

SALT [

XAXID |-

YAXID |-

ZAXMBARS [

- 2AXMETER [

Save Close

Figurel8 Mapping Dialog window with empty tables specified

Most of the columns in the five tables will be populated directly from variables
and attributes in the netCDF file. The excepdiame:

1 FILE_METADATA.FILE_N AME which will be populated from a
_File_metadata item, and

1 *.FILE_ID , which will be an arbitrary value used to link table entries
together, indicating that table rows in each of the tables that share the
same file_idvalue have come from the same particular netCDF file.
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We will use a function to generate values forfieE_ID columns. Press the
ACreabetiawdrulme t

onso.

A wi

ndow

-

[£| Dal: New Function

==

Mame of function: |newFunction|

Id Generator | Table Lookup | SCL Expression I Built—inl

Sequence name:

Once every: |Once every value

Cancel

e

Figurel9 Creating an Id Generator Function

We will want to stay on théld Generatabtab. However we will specify a
better function namenewsequence namei(indicate thatve want to use a
existingsequenc®, and specify that the sequence is to generate aalen

just once per file loaded. This means that every time the mapping file is used to

load a file in the future, each single loading will get its own unique identifier.

3 Instead of using a new sequence, we could base this id generator on any existing sequence in the

dat abase,

as

l ong

as

we

didnot

mi nd

Ausing

36

up o

k e

t

<



A N D L OFOR ORACLE
D E

[£| DaLl: New Function ﬁ

Mame of function: file_id_generator

Id Generator | Table Lookup I 50L Expression I Built—in|

Sequence name: |file_id_seq -

Once every: |Once every value | w

Cancel Accept

Figure2Q Creating an Id Generator Functiovaluesified in.

L

After pressingenterand he @A Accept o butt DimMogon t he

window, theMapping Dialogwill appear as follows:

~
|£| Dal: Mapping Editor for oracle_coop_mapping.mapping @
G . Functions Blocks Tables
1 omponents £ 7
e [ Creste | DSChip || GROValue |[GeoRaster | [ Import | Reorder |

+ _File_metadata v file_id_generator | B “FILE_METADATA"™ v "
Full_path DAL_DUMMY
(b0 e m "POS_FOR_YERTICAL_PROFILES"
directory
modification_date = DAL_DumMmy

= |globals © = “POINT_TEMP_APPROACH_1" 7
By DAL_DUMIMY
Conventions B “POINT_TEMP_APPROACH_2" +

POINT_TEMP 7 DAL_DUMMY
ZAXMBARS |- | “"EQUATORIAL_TEMP" 7
YAXID |- DAL_DUMMY
XAXID |
missing_value
long_name
units
EQUATORIAL_TEMP

ZAXMETER [+
TAXID |-
missing_value

= long_name =

Figure21 Mapping Dialogindowafter adding an Id Generator

Notice that this new function itelmas no glyph to the left side. This is because
it takes no input. It has an output, indicated by the glyph on the right side, and
this output can be connected to any of the tables to the right.
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The next step is to add columns to each of the tables, bagad function.
For each of the table items, drag a line between the file_id_generator blue
glyph and thereyglyph to the left of the table iterdvhen prompted for the

name of the column, specify Afile_
'@ Dal: Mapping Editor for oracle_coop_mapping.mapping l&r

e Functions Blocks Tables

Liconpouenis : Dschip || ROVl |[GeoRaster | Create |[_import || Reorder |

B "FILE_METADATA™ 7 .
DAL_DUMMY
FILE_ID

= "POS_FOR_YERTICAL_PROFILES"

+ _File_metadata [ file_id_generator
globals |
POINT_TEMP |-
EQUATORIAL_TEMP [

ROSE |+ DAL_DLMY

— FILE_ID
e 8 “POINT_TEMP_APPROACH_1" 7
“leALT DAL_DUMMY

RAXID b FILE_ID

YAXID |- 8 “POINT_TEMP_APPROACH_2" 7

2AXMBARS 1 DAL_DLIMY

ZAXMETER | IR

XAX2D - = “EQUATORIAL_TEMP" 7

YAX2D |- DAL_DUMMY

COADSX [+ (A= o

COADSY |

MONTHS |

PeYIl

Save Save As... Close

Figure22 After dagging file_id to each table

Next, we will create columns in thidLE_METADATAtable by dragging file

met adata and attributes. Note that

include some attributes from theandSALTv ar i abl e s, e e n
going to load the variables themselves yet.
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Dal: Mapping Editor for oracle_coop_mapping.mapping

Functions Blocks Tables
File Components —
[ creste | ue |[GeoRaster | || creste || mport || Reorder |
»+ _File_metadata 7 file_id_generator B "FILE_METADATA" + "
full_path DaL_DUMMY
base_name - FILE_IDv
directory FILE_MAME
modification_date U_LONG_NAME
globals = UL
POINT_TEMP_LOMNG_NAME

POINT_TEMP_UNITS

history - >
Conventions d’i EQUATORIAL_TEMP_LOMG_MAME
«w EQUATGRIAL_TEMP_UNITS

POINT_TEMP
ZAXMBARS |- % SALT_LONG_NAME
S "POS_FOR_VERTICAL_PROFILES”

YAX1D |-
o
XAX1D [ . -‘, DAL _DLMEY
missing_value FILE_ID
long_name -
= "POINT_TEMP_APPROACH_1" ¥

units
DAL _DURMY

EQUATORIAL_TEMP = FILE ID

ZAXMETER [ -

YAX1D |- B “POINT_TEMP_APPROACH_2" v

missing_value . DAL_DUMMY

long_narne i FILE_ID

units

“EQUATORIAL_TEMP" =

ROSE |- DAL_DUMMY
FILE_ID

55T |-
LU
TIME_SERIES |-

m

PSXU [
_Fillvalue
long_name-
units

SALT 7
TIME_SERIES |-

PSXT [+
_Fillvalue
long_name
XAX1D [
TAXID [
ZAXMBARS |-
ZAXMETER [
XAXZD |
TAXZD [
COADSX |-
COADSY |-
i MONTHS |-

Save As... Close

Figure23 Mapping Dialogvindowafter completingILE_ METADATAtable
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Il n AAppr oach 1RDINT GEMPlaigablel(see thegearlieh e

discussion irExample- Scalar Variableswe treat théy AXID andXAXID
variables as scalar, and store them inR®S FOR_VERTICAL PRBLES
table.The following figure illustrates the Mapping Dialegndow after

mapping these two valites:

|£| Dal: Mapping Editor for oracle_coop_mapping.mapping

Functions
[ creste | DSChip
file_id_generator

File Components

» _File_metadata 7
full_path
base_name
directory
modification_date

globals 7
history
Conventions

POINT_TEMP =

EQUATORIAL_TEMP 7

Blocks
GRDValue ‘GEDREStEFl |

Tables

Creaste || Import || Reorder |

ZAXMBARS |-

YAX1D |- B
XAX1D |- —

missing_value ‘ﬁ"-’d“‘
long_name -I/'A
units

B "FILE_METADATA" + A
DAL _DUMMY
FILE_ID:
FILE_MAME
LI_LOMG_PAME
1_NITS
POTHT_TEMP_LOMNG_HAME
FOIMT_TEMP_UNITS
EQUATORIAL_TEMP_L OMG_MAME
EGUATORIAL_TEMP_UNITS
SALT_LOMNG NAME
“POS_FOR_VERTICAL_PROFILES™
DAL DUMMY
FILE_ID
LATITUDE_IM_DEGREES_MORTH
LATITUDE_IM_DEGREES_EAST

B "POINT_TEMP_APPROACH_1" 7

ZAXMETER [+
YAX1D |-
missing_value

DAL_DUMMY
FILE_ID
“POINT_TEMP_APPROACH_2" 7
DAL_DUMMY
FILE_ID!
"EQUATORIAL_TEMP" 7
DAL_DUMMY
FILE_ID

long_name
units

ROSE [

SST [

u 7
TIME_SERIES |-
P52 |-
PSYU [
PSEU [
_Fillvalue
long_narne-
units

m

SALT 7
TIME_SERIES |-
psz |-

PSYT |-

PSXT >
_Fillvalue
long_name
XAX1D [
TAXID [
ZAXMBARS |-

ZAXMETER [

XAXZD [

TAXZD [

| COADSX |-

COADSY |-
_ MONTHS [

Save As...

Close

Figure24 Mapping Dialogvindowafter mappingfAX1DandYAX1D

To complete the mappiraf thePOINT_TEMPvariable, drag the
APOI NT_TEMRPAXKMBARSO net CDF i
POINT_TEMP_APPROACH table item.

t ems t o
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|£| Dal: Mapping Editor for oracle_coop_mapping.mapping

globals =
history
Conventions

POINT_TEMP 7
ZAXMBARS |-
YAX1D |-
XAX1D [
missing_value
long_name
units

EQUATORIAL_TEMP =
ZAXMETER [
YAX1D |-
missing_value
long_narne
units

ROSE |-

SST [

u 7
TIME_SERIES |-
P52 |-
PSYU |-
PSXU [
_Fillvalue
long_name-
units

m

SALT 7
TIME_SERIES |-
PS2 |-

PSYT |-
PSXT [+
_Fillvalue
long_name

XAX1D [

TAXID [

ZAXMBARS |-

ZAXMETER [

XAXZD |

TAXZD [

COADSX |-

COADSY |-

i MONTHS |-

Save As...

Functions Blocks Tables
File Components
[ creste | Dschip || GRDValue |[GeoRaster | |[ Greste ][ import || Reorder |
»+ _File_metadata 7 file_id_generator &_ B "FILE_METADATA" + "
Full_path \ DAL_DUMMY
base_name \ - FILE_IDv
directory FILE_MAME
modification_date U_LONG_NAME
L_UNITS

FOTMT_TEMP_LOMG_HAME
FOIMT_TEMP_UNITS
EQUATORIAL_TEMP_LOKG_MAME
EGUATORIAL_TEMP_UNITS
SALT_LOMNG NAME
“POS_FOR_VERTICAL_PROFILES"
DAL DUMMY
FILE_ID
LATITUDE_IM_DEGREES_MORTH
LATITUDE_IM_DEGREES_EAST
= "POINT_TEMP_APPROACH_1" 7
DAL _DUMMY
FILE_ID:
DERTH_IN_MILLIBARS
TEMPERATURE_IN_DEGREES_CELSI
“POINT_TEMP_APPROACH_2" 7
DAL _DUMMY
FILE [T
"EQUATORIAL_TEMP™ 7
DAL DUMMY
FILE_ID

Close

Figure25 Mapping DialogvindowafterPOINT _TEMP_APPROACH columns

are filled in.

Il n AApproach

2RDINT_dEMPYaidablal(see thegearkieh e

discussion irExample- Scalar Variableswe treat theY AXID andXAXID
variables as vectors, and store them, along witZ &x«MBAR&nNd
POINT_TEMPvalues, in thé®OINT_TEMP APPROACH_2able. The
following figure illustrates the Mapping Dialagindow after mapping all four

of these variables:
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| £ Dal: Mapping Editor for oracle_coop_mapping.mapping

Functions

File Components =

Tables
[ 1mpart || Reorder |

Blocks
P ue |GeoRastEr| | Create

~ _File_metadata + file_id_generator
Full_path
base_name
directory
madification_date

globals v
histary
Conventions

POINT_TEMP =

ZAXMBARS |~

YAXID [ = x
XAXID | o i
missmg_value

long_name
units

EQUATORIAL_TEMP 7
ZAXMETER |-
YAXID |-
missing_value
long_name
units

ROSE [
o5T |+
u v
TIME_SERIES [+
PSZ [
PSYU |-
PSXU |-
| _Fillvalue
long_name
units

SALT
TIME_SERIES [+
PSZ [
PSYT [
PSXT |-
_Fillvalue
long_name

XAX1D |-

YAXID |

ZAXMBARS [+

ZAXMETER [

ZAX2D |-

YAX2D |-

COADSX |-

COADSY |-

il MONTHS [

bl
»

M "FILE_METADATA"
DAL_DUMMY
FILE_ID
FILE_NAME
U_LONG_NAME
U_UNITS
FOINT_TEMP_LONG_NAME
POIMT_TEMP_LMITS
EQUATORIAL_TEMP_LONG_NAME
EQUATORIAL_TEMP_UNITS
SALT_LOMG_NAME

"POS_FOR_YERTICAL_PROFILES" ¥
DAL_DUMMY
FILE_ID
LATITUDE_IM_DEGREES_MORTH
LATITUDE_IN_DEGREES_EAST

M "POINT_TEMP_APPROACH_1" +
DAL_DUMMY
FILE_ID
DEPTH_IN_MILLIBARS
TEMPERATURE_IN_DEGREES_CELSILS

5 "POINT_TEMP_APPROACH_:
DAL_DUMMY
FILE_ID
LATITUDE_IM_DEGREES_MORTH
LONGITLIDE_TMN_DEGREES_MORTH
DERFTH_IM_MILLIBARS
TEMPERATURE _IM_DEGREES_CELSIUS

"EQUATORIAL_TEMP" 7

DAL_DUMMY
FILE_ID

kd

Close

Save As...

Figure26 Mapping DialogvindowafterPOINT _TEMP APPROACH_2olumns

are filled in
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Finally, we will create the mappings for tBQUATORIAL_TEMRariable:

.
|£| Dal: Mapping Editor for oracle_coop_mapping.mapping o
Functions Blocks Tables
File Components — —
[ create | 5C ADVzuz |[GeoRaster | |[ Greste || import || Rearder |
+ _File_metadata 7 file_id_generator = B “FILE_METADATA" 7 o
Full_path E DAL _DUMMY
base_name \\ FILE_ID
directary FILE_MAME
modification_date U_LOMNG_MAME
lobals 7 u_gnirs
g N POINT_TEMP_LOMG_NAME
history

o / POINT_TEMP_UNITS
Bnventions ‘ - EQUATORIAL_TEMP_LONG_NAME
POINT_TEMP 7, * "' EGUATORIAL_TEMP_UNITS
ZAXMBARS |- \ / //. SALT_LOMG_NAME
YAXID b e , "POS_FOR_VERTICAL_PROFILES"
RARID | o e o ’ DU - ’
--—-— e R DAL_DUMMY
R — P ———— el
long_name .,‘ = N LATITUDE_IN_DEGREES_MORTH
units e / —_— /‘ v" LATITUDE_IN_DEGREES_EAST
EQUATORIAL_TEMP 7 T \  "POINT_TEMP_APPROACH_1" @
ZARMETER b / e DAL_DUMMY
YAXID - \ FIE_ID
missing_value DEPTH_IN_MILLIBARS
'UﬂtD_“amE P = TEMPERATURE_IN_DEGREES_CELSIUS
units =
. - : 8 "POINT_TEMP_APPROACH_2" 7
r = DL_DUMMY
1 . FILE_ID
u T \ LATITUDE_IN_DEGREES_NORTH
TIME_SERIES | LONGITUDE_IN_DEGREES NORTH
Pz - DEPTH_IN_MILLIBARS
PSYU | = TEMPERATURE_IN_DEGREES_CELSILS
| P;T\:;ﬁa "EQUATORIAL_TEMP" 7
oo, e DAL_DUMMY
- FILE_ID
Wil DEPTH_IN_METERS
SALT 7 TEMPERATURE_IN_DEGREES_CELSILS
TIME_SERIES |
[Er
PSYT |-
PSXT |-
_Fillvalue
long_name
RAXID I
YAXID |
ZAXMBARS -
ZAXMETER |+
XAX2D |
YAX2D |
COADSX |+
COADSY |-
_ MONTHS >

Save As... Close

Figure27. Mapping DialogvindowafterEQUATORAL_TEMPcolumns are filled
in

While we could have followed two different approaches for this variable, as we
did with thePOINT_TEMPvariable, we have instead just implemented the
equivalent of Approach 1. YAX&Dvaiabteh a't
that appears und&fQUATORIAL_TEMBInce we already mapped the same
variable in its context asROINT_TEMPdimension variable.
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Doing the Load

Afte saving the mapping, using the i

r
the ACI oseo0 b uMappmgDiatogwindlows mi ss t he

To load the data into the database using the mapping just created, press the
AStartOwlhiue¢h oamppear so)Masshges from tDealdad arel 0 a d
shown in the figure below:

|£| Draw and Load (Dal): File to DataBase Mapper/Loader =an=N X |

Data file(s): |='manuals\Dal\Common\coop.nc [ Browse ... ] [ Examing ]
Database connection: |oracle + | [ Edit connections...

Mapping:[ Load... H Edit... ][ New ... H Verify ][ Update ]

Mapping file: |C:\Users\projects\manuals\Dal\Orade\orade_coop_mapping. mapping

Data Load
=== Processing table ORAUSER."FILE METADATA"===
1 row(s) inserted.

Load time was 0.231lseconds.
=== Processging table ORAUSER."POS_FOR_VERTICAL PROFILES"===
for dim 0 using tile size 1
1 row(s) inserted.
Load time was 0.078seconds.
=== Processing table CRAUSER."POINT TEMP RPPROACH 1"===
for dim 0 using tile size 7

for dim 1 using tile size 1

for dim 2 using tile =ize 1

7 row(s) inserted.

Load time was 0.038=zeconds.

=== Processing table CRAUSER."POINT TEMP RPPROACH 2"===
for dim 0 using tile =ize 7

for dim 1 using tile size 1

for dim 2 using tile size 1

Load time was 0.037seconds.
=== Processing table ORAUSER."EQUATORIAL TEMP"===
for dim 0 using tile size 20
for dim 1 u=sing tile =ize 1
20 row(s) inserted.
Load time was 0.432seconds.
Database changes committed.
===Finished loading===

| mat 7 row(s) inserted.

Figure28 Messages frodatabase load

44



B CS 0 DRAW A N D L OFOR ORACLE
USER©®G S GUI DE

Using the Verify and Update Buttons

One of the really powerful features of DaL is that once a mapping has been
produced, it can be used again and again with different data files, as long as
these data files have the same structure. Sipjldré same mapping can be
used withdifferent database Before you start editing or using the mapping in
a data load, however, you should verify that the mappings in the file are
consistent with the new datafile and/or new database. For example, you will
want to ensure that if the mapping refers to ta& then there is indeed a
tableXYZin the database.

To see how the main DalL window AVeri f
data file, say thexample.nc file that we use@arlier With the mapping file

still set to one webve been using in
oracle _coop _mapping in this manual; you may have called it something
differenf, press the AVerifyo button. You
following:
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| £/ Draw and Load (Dal): File to DataBase Mapper/Loader - =HNCH X

Data file(s): |anuals\Dal \Commeniexample.nc [ Browse ... ][ Examine ]
Database connection: |arade | [ Edit connections...

Mapping: [ Load. .. ][ Edit... ][ New ... ][ Verify ][ Update ]

Mapping file: |C:\Users\projects\manuals\Dal \Orade\orade_coop_mapping. mapping

Data Load

Start table column ORAUSER."FILE METADATA".FILE ID inconsistent with database
table column ORAUSER."FILE METADATA".FILE MNAME inconsistent with database
table column ORAUSER."PO5_FOR_VERTICAL PROFILES".FILE ID inconsistent with databa
table column ORAUSER."PCINT TEMP APPROACH 1".FILE ID inconsistent with database 1'
table column ORAUSER."POINT_TEMP APPROACH 2".FILE ID inconsistent with database
table column DR?-LUSER."EC:UFLTDRIA_L_TEHP".FI]'_E_ID inconsistent with database
globals.history not found in the new data file.

globals.Conventions not found in the new data file.
New file contains item globals.myVector
POINT_TEMP not found in the new data file.
EQUATCRIAL TEMP not found in the new data file.
ROSE not found in the new dhta file.

55T not found in the new data file.

U not found in the new data file.

S5ALT not found in the new data file.

XBX1D not found in the new data file.

YAX1D not found in the new data file.
ZRXMBARS not found in the new data file.
ZA¥METER not found in the new data file.
Halt XBX2D not found in the new data file.

YAXZ2D not found in the new data file.
COADSX mot found in the new data file.
CORDSY mot found in the new data file.
MCNTHS not found in the new data file.
P5XU not found in the new data file.

P5YU not found in the new data file.

P5Z not found in the new data file.

TIME SERIES not found in the new data file.
PSXT not found in the new data file.

P5YT not found in the new data file.

New file contains item charvar

New file contains item strvar

New file contains item wvall

New file contains item valZ

New file contains item x

New file contains item vy

4 n 2

Figure29 "Verify" button output
If we then press h e fi Up d awe &ib belgivenh tive amqices:

1) Update the mappin@y possibly removing connection edgasmake
it consistent with
a. the specifiedlata file and
b. thedatabase tabldbat are available through the specified
database connection.
2) Update the database (by adding and modifying tables) so that it is
consistent with the mapping.
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Option 2 makes it particularly easy to move a mapping fromusagschema
to anotherFor example, if we specifgll of the following:

1 example.nc as a data file,
1 example_ oracle _mapping.mapping as the mappingnd
1 a database connection that points teew instance.

andwe t hen press fAVerifyo we will see
| £| Draw and Load (Dal): File to DataBase Mapper/Loader - l = |05 -s:h1
Data file(s): |ianuals\Dal\Commoniexample.nc [ Browse ... ][ Examine ]
Database connection: :oradez v:
Mapping: [ Load... ] [ Edit... ] [ New ... ] | verify | [ Update ]

Mapping file: |C:\Users\projects\manuals\Dal \Orade\example_orade_mapping. mapping

Data Load
Start table CRAUSER."TEST TABLE" not found in database

Figure3Q "Verify" output new database specified.

fwethenpr ess the AUpdated button we wil
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| 4| Dal: Update Dialog — e |

(@ Update the mapping This option will cause Dal's
mapping to be modified s=so

that it i= comnsistent with
the database and the data
file. Ho change=s are made To
the database.

(7) Update the database This option will cause
database tables to be created
or modified to be consistent
with the mapping.

Cancel COkay
| cancel |

Figure31 "Update" option choices

Select the second option ( Atdtabtksmandke t he
columns will be created in the database, as indicateldebfptiowing
messages:

-

-
| £| Draw and Load (Dal): File to DataBase Mapper/Loader - =HNC X

Data file(s): |anuals\Dal\Commeniexample.nc [ Browse ... ][ Examine ]
Database connection: :orade v: Edit connections...

Mappmg;[ Load... ][ Edit... ][ New ... ][ Verify ]|§ Update |

Mapping file: |C:\Users\projectsimanuals\Dal \Crade\example_orade_mapping.mapping

Data Load

Start Starting update to database.
Created table ORAUSER."TEST TABLE"
Creating column VALl for table ORAUSER."TEST TABLE"
Creating column VALZ for table ORAUSER."TEST_ TABLE"
Creating column X for table ORAUSER."TEST TRELE"
Creating column ¥ for table ORAUSER."TEST TAELE"
Finished update to database.

Halt

Figure32 "Update" option messages
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Chapter 4: Defining and
Using Functions in DalL

Often when populating a database from the contents of a data file it is necessary
to generate anstore in the database values that are not actually stored in the

data file. Earlier we saw an example where parts of a single file were stored in

di fferent tables and where it was nec
value in each of the tabled/edid thisso as not to lose the information
indicationgthat rows from these different tables all came from the $éendo

generate thiile id value we used one of the function generation feaiures

speci fical |l ythdarduiltgnegmbDal. at i on o

In other cases we simply wantgerform atransfornation on a data file value
before we store in the database. This too is possible using DaL function
generation features.

In this chapter, after presenting a sample netCDF file that will be used in
examples, we will describe the four types of function generation that are
available in DaL.

Sample NetCDF File

The examples in this chaptesfer toa netCDF file produced from the ocean

dri fting buo yhttgi/Awvwgaogo.ucgdreahlhisfila cofitains
several pressure(depth) / temperaturedimensionaprofiles as well as
information about the drifting buoys from which the measurements were taken.

File Metadata

Thefollowing is an excerpt from thDalL metadata inspectoriit Ex a mi n e 0 )
window, describing the contents of the netCDF filged in these examples.

* The netCDF file actually has mamore variables than those shown Hegeg., calibration and history
variables. The only variables shown in this listing are the ones that will be dealt with specifically in the
examples in this chapter.
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Dimensions
DATE_TIME(14)
STRING256(256)
STRING64(64)
STRING32(32)
STRING16(16)
STRINGS8(8)
STRING4(4)
STRING2(2)
N_PROF(136)
N_PARAM(5)
N_LEVELS(995)
N_CALIB(1)
N_HISTORY(0)

Synthesized spatial reference text:

none
Global Attributes
Variables

DATA_TYPE char[STRING16]'Argo profile
comment='Data type'

_Fillvalue=""

FORMAT_VERSION char[STRING4]2.2"'
comment="File format version'
_Fillvalue=""

HANDBOOK_VERSION char[STRING4]'1.2"
comment="Data handbook version'
_Fillvalue=""

REFERENCE_DATE_TIME char[DATE_TIME]'19500101000000'
comment='Date of reference for Julian days'
conventions="YYYYMMDDHHMISS'

_Fillvalue=""

PLATFORM_NUMBER char[N_PROF, STRINGS]
long_name='Float unique identifier'
con ventions="WMO float identifier : AQIIIII'

_Fillvalue=""

PROJECT_NAME char[N_PROF, STRING64]
comment='"Name of the project’
_Fillvalue=""

PI_NAME char[N_PROF, STRING64]
comment="Name of the principal investigator'
_Fillvalue=""

STATION_PARAMETERS char[N_PROF, N_PARAM, STRING16]
long_name="'List of available parameters for the station’
conventions='Argo reference table 3'

_Fillvalue=""

CYCLE_NUMBER int[N_PROF] 23 23 23 47 47 83 84 83 84 83 84 49
4919018 18 18 18 18 88 88 88 54 54 137 115 115 115115 108 124
9191909245 4545108 110 15 15 16 30 40 40 56 15 30 39 49 49
3225210116 116 108 108 108 108 108 97 84 76 76 71 64 42 39 3
32223823823823811911911911911911 9119119119119
119119119 11986 8652 104 119119 119 119 119 238 145 145 115
205129515183393916436161124 122118 11588 146 104
104 104 98 72 723121 180 183 84 84 43 19

long_name="'Float cycle number'
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conventions='0..N, 0 : launch cycle (if exists), 1 :
first complete cycle'

_Fillvalue=99999

DIRECTION

char[N_PROF]'AAAADAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAA

long _name='Direction of the station profiles'

conventions="A: ascending profiles, D: descending
profiles'

_Fillvalue=""

DATA_CENTRE char[N_PROF, STRING2]

long_name='Data centre in charge of float data
processing'

convention s='Argo reference table 4'

_Fillvalue=""

DATE_CREATION char[DATE_TIME]'20081202001130"
comment='Date of file creation'
conventions="YYYYMMDDHHMISS'

_Fillvalue=""

DATE_UPDATE char[DATE_TIME]'20081202001130'
long_name='Date of update of this file'
conventions='YYYYMMDDHHMISS'

_Fillvalue=""

DC_REFERENCE char[N_PROF, STRING32]
long_name='Station unique identifier in data centre'
conventions='Data centre convention'

_Fillvalue=""

DATA_STATE_INDICATOR char[N_PROF, STRING4]

long_name='Degree of processing the data have passed

through'
conventions="Argo reference table 6'
_Fillvalue=""
DATA_MODE

char[ N_PROF]'RRRRRRRRRRRRRRRRRRRAAARRRRRRRRRRRRRRRRRRRRRRRRRRRRR
RAAAAAAAAAAAAAAAAAAAAAARRRRRRRRRRRRRRRRRRRRRRRRRRRRAAARAAARRRRRF
RRAAARAAAAAAARRRRRRAA
long_name='Delayed mode or real time data’
conventions='R : real time; D : delayed mode; A : r eal
time with adjustment'
_Fillvalue=""
INST_REFERENCE char[N_PROF, STRING64]
long_name='Instrument type'
conventions='Brand, type, serial number'
_Fillvalue=""
WMO_INST_TYPE char[N_PROF, STRING4]
long_name ='Coded instrument type'
conventions='Argo reference table 8'
_Fillvalue=""

JULD double[N_PROF] 21517.064583333333 21517.078472222223
21517.070833333335 21518.96111111111 21514.38611111111
21516.299305555556 21519.401388888888 21516.29 7916666666
21519.277777777777 21516.29861111111 21519.277083333334
21519.095833333333 21518.129166666666 21518.535416666666
21518.181944444445 21518.190972222223 21518.19513888889
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21519.210416666665 21519.202083333334 21516.69513888889
21516.62222222222 21  516.52847222222 21517.1375
21516.864583333332 21519.480555555554 21518.335416666665
21517.133333333335 21517.411805555555 21517.50972222222
21514.934027777777 21518.5 21519.210416666665 21518.203472222223
21517.231944444444 21518.804166666665 21517.9555555 55556
21514.893055555556 21517.35 21517.138194444444
21519.191666666666 21519.20902777778 21518.193055555555
21517.199305555554 21514.019444444446 21518.46597222222
21514.185416666667 21517.838888888888 21517.191666666666
21518.190972222223 21519.2 21516.8 38194444445 21519.17013888889
21518.581273148302 21518.384525462985 21519.079328703694
21518.63870370388 21518.86650462961 21518.859351851977
21518.7764120372 21518.870532407425 21518.834618055727
21518.64195601875 21518.926782407332 21518.472106481437
21518.57471064804 21518.90788194444 21518.645081018563
21518.967731481418 21518.774826388806 21518.384467592463
21518.442650462966 21518.538749999832 21510.079895833507
21510.562650463078 21516.964844 21516.966797 21516.964844
21517.037109 21516.964844 21517. 037109 21516.964844 21516.96875
21517.037109 21517.035156 21516.964844 21516.96875 21516.966797
21516.966797 21516.964844 21516.966797 21516.964844 21517.09375
21515.914063 21515.914063 21517.888672 21517.818359 21516.964844
21516.966797 21517.095703 21517 .095703 21517.130859 21517.130859
21519.181782407406 21519.513564814813 21515.508680555555
21517.842511574076 21515.524768518517 21515.452349537038
21519.61517361111 21518.959606481483 21515.2734375
21515.420902777776 21519.15869212963 21515.35701388889 21 519.625
21519.66665509259 21515.355671296296 21519.355752314816
21519.227743055555 21515.242881944443 21519.543784722224
21519.458252314816 21519.291377314814 21519.42953703704
21519.571041666666 21519.233564814815 21515.10133101852
21519.198263888888 2151  9.22121527778 21519.151747685184
21514.878136574072 21517.913946759258 21518.542708333334
21518.396180555555 21518.821527777778 21512.172222222223

long_name="Julian day (UTC) of the station relative to
REFERENCE_DATE_TIME'

units='days since 1950- 01- 01 00:00:00 UTC'

conventions='Relative julian days with decimal part (as
parts of day)'

_Fillvalue=999999.0

_CoordinateAxisType="Time'

JULD_QC
char[N_PROF]'111112122111111112122221111111212222111111121222121111111
112111227112 12221122211222112271212271121221121221122211222112211112
11111112111222112212171°

long_name="Quality on Date and Time'
conventions='Argo reference table 2'
_Fillvalue=""

JULD_LOCATION double[N_PROF] 21517.064583333333
21517.0784722222 23 21517.070833333335 21518.96111111111
21514.38611111111 21516.299305555556 21519.401388888888
21516.297916666666 21519.277777777777 21516.29861111111
21519.277083333334 21519.095833333333 21518.129166666666
21518.535416666666 21518.181944444445 21518.190 972222223
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21518.19513888889 21519.210416666665 21519.202083333334
21516.69513888889 21516.62222222222 21516.52847222222 21517.1375
21516.864583333332 21519.480555555554 21518.335416666665
21517.133333333335 21517.411805555555 21517.50972222222
21514.934027 777777 21518.5 21519.210416666665 21518.203472222223
21517.231944444444 21518.804166666665 21517.955555555556
21514.893055555556 21517.35 21517.138194444444
21519.191666666666 21519.20902777778 21518.193055555555
21517.199305555554 21514.019444444446 21518 46597222222
21514.185416666667 21517.838888888888 21517.191666666666
21518.190972222223 21519.2 21516.838194444445 21519.17013888889
21518.581273148302 21518.384525462985 21519.079328703694
21518.63870370388 21518.86650462961 21518.859351851977
21518.7764 120372 21518.870532407425 21518.834618055727
21518.64195601875 21518.926782407332 21518.472106481437
21518.57471064804 21518.90788194444 21518.645081018563
21518.967731481418 21518.774826388806 21518.384467592463
21518.442650462966 21518.538749999832 21510 .079895833507
21510.562650463078 21516.964844 21516.966797 21516.964844
21517.037109 21516.964844 21517.037109 21516.964844 21516.96875
21517.037109 21517.035156 21516.964844 21516.96875 21516.966797
21516.966797 21516.964844 21516.966797 21516.964844 2151 7.09375
21515.914063 21515.914063 21517.888672 21517.818359 21516.964844
21516.966797 21517.095703 21517.095703 21517.130859 21517.130859
21519.219791666666 21519.515810185185 21515.581597222223
21517.904768518518 21515.65258101852 21515.455636574075

21519 .61880787037 21518.962141203705 21515.27724537037
21515.42471064815 21519.16146990741 21515.384131944444 21519.625
21519.625 21515.36 21519.360613425924 21519.258298611112
21515.247037037036 21519.548298611113 21519.462060185186
21519.29414351852 21519.432 141203702 21519.5903125
21519.284594907407 21515.10445601852 21519.202430555557
21519.226064814815 21519.155219907407 21514.898449074073
21517.923136574074 21518.93636574074 21518.728217592594
21518.821527777778 21512.172222222223

long_name="Julian day (UTC) of the location relative to
REFERENCE_DATE_TIME'
units='days since 1950 - 01- 01 00:00:00 UTC'

conventions='Relative julian days with decimal part (as
parts of day)'

_Fillvalue=999999.0

_CoordinateAxisType="Time'

LATITUDE double[N_PROF]  -42.196000000000005 -
55.763000000000005 -50.46 -55.595000000000006 -
55.574000000000005 -19.468 -19.377000000000002 -
17.903000000000002  -17.762 -18.531000000000002 - 18.263
38.745000000000005 40.703 29.335 -13.044 -9.628 -

7.060000 0000000005 -5.023000000000001 - 4.785 39.946000000000005
39.107 43.384 46.446000000000005 44.859 71.024 68.525 68.074

60.926 68.291 42.798 43.779 52.473 38.821000000000005 56.45

28.106 43.25 40.126000000000005 42.35 44.936 44.921 59.423
61.665000000000006 4  7.062000000000005 40.328 31.786
19.005000000000003 19.886 62.293000000000006 33.973 30.94
75.20100000000001 74.778 -45242 -10.5 -37.664 -17.119 -18.284
56.276 -53.751 -49.611 -49.278 -36.442 -40.676 -13.401 -14.89
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11556 -22.858 -10.934 -38.631 -30.476 -31.147 -30.784 -18.943 -

15.469 10.847 18.786 12.343 14.233 16.034 14.344 -0.452 0.22 -
0.173 3.136 6.147 1.419 -1.919 0.157 -6.881 -8.269 -2.0710.232
16.342 17.273 12.373 9.436 0.858 2.465 2.331 2.7 10.542 12.403 -
26.374 -23.559 29.719 37.988 29.811 42.73 6 44.79 24.695 39.164

32.512 42.077 32.632 83.067 82.379 51.706 42.289 38.555 44.568

44.367 8.577 16.628 -60.22 -48.004 -35.966 -8.418 -49.65724.239

20.088 21.895 20.079 16.551 14.275 36.58599853515625
57.77399826049805

long_name='Latitude of the station, best estimate'

units='degree_north’

_Fillvalue=99999.0

valid_min=-90.0

valid_max=90.0

_CoordinateAxisType='"Lat'

LONGITUDE double[N_PROF] -50.198 -42.408 -46.328 -36.586 -
36.851 -78.47200000000001 -78.757 -72.95400000000001 -
72.96300000000001  -73.047 -73.012 -32.064 -27.47 -33.3966.55
6.963 7.107 5.603000000000001 7.237 -11.983 -24.523 -
15.558000000000002  -4.955 -6.49 10.887 -2.255 -9.971 -19.936
4.5520000000000005 -12.904 -13.134 -17.719 -21.364 -

10.8280 00000000001 -20.074 - 10.450000000000001  -14.858 -15.461 -
4.5520000000000005 -4.469 - 38.391000000000005 -34.156 -22.724
3.984 -23.441000000000003 - 20.031000000000002 -25.6228 -33.671
33.088 -13.58 5.496 1.4260000000000002 60.458 88.712 124.667

165.396 170.6 08 148.085 124.538 -172.367 -150.796 106.123

127.144 152.176 111.947 103.833 105.386 145.469 119.108 105.492

111.305 110.838 109.024 107.581 70.419 67.875 70.928 47.667

65.124 60.36 66.787 85.848 68.87 60.116 57.09 89.414 69.583

75.456 85.689 93.685 82.75 96.006 90.085 92.37 85.161 85.217

81.939 92.526 90.631 90.058 87.717 88.083 46.357 51.804 177.264

158.762 149.17 173.78 -176.724 136.16 155.244 151.466 164.778

173.283 150.893 165.936 162.234 -163.728 -163.304 -159.256 -
159.383 139.507 161.523 175.028 142. 431 164.394 86.372 -117.324

168.791 178.538 122.191 121.895 131.489 127.147 -
60.27398681640625 - 51.928985595703125
long_name='Longitude of the station, best estimate’
units='degree_east'
_Fillvalue=99999.0
valid_min= -180.0
valid_max=180.0
_CoordinateAxisType='Lon’

POSITION_QC
char[N_PROF]'111112122111111112122221111111212222111111121222121111111
11211122121122171212211212211222112211112311132111111221111111111111
11111112111222112212171°

long_name="Quality on po sition (latitude and longitude)’
conventions='Argo reference table 2'
_Fillvalue=""

POSITIONING_SYSTEM char[N_PROF, STRINGS]
long_name="'Positioning system'
_Fillvalue=""
PROFILE_PRES_QC
char[N_PROF]'AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAABBAABA'

long_name='Global quality flag of PRES profile'

conventions='Argo reference table 2a’

_Fillvalue=""

PROHRLE_TEMP_QC
char[N_PROF]'AAAAAAAAAABAAFAAAAAAAAAAAABAABAAAAAABAAAAAAAAAAAAAA
AABBAAAAAAAAAAAAAAAABAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAABBAABA'

long_name='Global quality flag of TEMP profile’
conventions="Argo reference t able 2a’
_Fillvalue=""

PROFILE_PSAL_QC
char[N_PROF]'AAAAAFFAABCAAFAAAAAAAFAABABAABAAAAAABAAAAAAAAAAAAAA
AABBAAAAAAAAAAAAAAAABAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAFAAAAAAAAA
AAAAAAAAAAAAAAABBAABA'

long_name="Global quality flag of PSAL profile’
conventions='Argo reference table 2a’
_Fillvalue=""
PROFILE_DOXY_QC char[N_PROF]' FFFFFF
FFF
long_name='Global quality flag of DOXY profile'
conventions='Argo reference table 2a’
_Fillvalue=""
PROFILE_TEMP_DOXY_QC char[N_PROF]'" FFFFFF

long_name='Global quality flag of TEMP_DOXY profile'
conventions='Argo reference table 2a’
_Fillvalue=""

PRES float[N_PROF, N_LEVELS]

long_name='SEA PRESSURE'

_Fillvalue=999  99.0

units='decibar"

valid_min=0.0

valid_max=12000.0

comment="In situ measurement, sea surface = 0'
C_format="%7.1f'

FORTRAN_format="F7.1'

resolution=0.1

_CoordinateAxisType='Pressure'

PRES_QC char[N_PROF, N_LEVELS]
long_name='quality flag'
conventions='Argo reference table 2'
_Fillvalue=""

PRES_ADJUSTED float{[N_PROF, N_LEVELS]
long_name='SEA PRESSURE'
_Fillvalue=99999.0
units='decibar"
valid_min=0.0
valid_max=12000.0
comment='In situ measurement, sea surface = 0'
C_format="%7.1f'

FORTRAN_format="F7.1'
resolution=0.1
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_CoordinateAxisType='Pressure'

PRES_ADJUSTED_QC char[N_PROF, N_LEVELS]
long_name='quality flag'
conventions='Argo reference table 2'

_Fillvalue=""

PRES_ADJUSTED_ERROR float[N_PROF, N_LEVELS]

long_name='SEA PRESSURE'

_Fillvalue=99999.0

units='decibar

comment="Contains the error on the adjusted values as
determined by the delayed mode QC process.'

C_format="%7.1f'

FORTRAN_format="F7.1'

resolution=0.1

_CoordinateAxisType='Pressure'

TEMP float[N_PROF, N_LEVELS]
long_na me='SEA TEMPERATURE IN SITU ITS -90 SCALE'
_Fillvalue=99999.0
units='degree_Celsius'
valid_min= -2.0
valid_max=40.0
comment="In situ measurement'

C_format="%9.3f'
FORTRAN_format="F9.3'
resolution=0.0010

TEMP_QC char[N_PROF, N_LEVELS]
long_name="quality flag'
conventions='Argo reference table 2'

_Fillvalue=""

TEMP_ADJUSTED float[N_PROF, N_LEVELS]
long_name='SEA TEMPERATURE IN SITU ITS - 90 SCALE'
_Fillvalue=99999.0
units='degree_Celsius'
valid_min=-2.0
valid_max=40.0
comment="In situ measurement'

C_format='%9.3f'
FORTRAN_format='F9.3'
resolution=0.0010

TEMP_ADJUSTED_QC char[N_PROF, N_LEVELS]
long_name="quality flag'
conventions="Argo reference table 2'

_Fillvalue=""

TEMP_ADJUSTED_ERROR float[N_PROF, N_LEVELS]
long_name='SEA TEMPERATURE IN SITU ITS - 90 SCALE'
_Fillvalue=99999.0
units=" degree_Celsius'
comment="Contains the error on the adjusted values as

determined by the delayed mode QC process.'
C_format='%9.3f'
FORTRAN_format="F9.3'
resolution=0.0010
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Interpretation of the File Metadata

The netCDFvariables presented in the previous section fall into three basic
categories:

1) File-specificinformation: e.g., file name, format version, reference date
time, etc.

2) Platform instancepecific information: e.g., platform number, latitude,
longitude, etc.

3) Measurementspecific information: measurement values from a specific
platform at a particular instance of depth.

A distinction is made between a platform (buoy) and an instance of the
platform in the file. The buoys are constantly in a state of alternately
submerging from the ocean surface and then rising again to the surface. At any
one time a platform has associated with it a cycle number and whether it was
submerging or rising (its direction) when thesociatedneasurements in the

file were takenFor a sngle platform there can be more than one platform
instance, each with a different combination of cycle number and direction.

The following picture shows a table representation reflecting these three
categories:

positioning_systen
profile_pres_gc
profile_temp_qc

Figure33 Tablerepresentation of Argo data

AN
ArgoFiles measurements
PK |[file_id PK,FK|file_id
file_name PK K plaforminstance_id
data_type PK  |level_number
format version | latitude
handbook _version || longitude
reference_date_time measurement_datetime
date_creation platforminstance pres
date_update PK latforminstan pres_qc
PK,FK,UJ]fiIe id pres_adjusted
U1l platform_number pres_adjusted_gc
Ul cycle_number pres_adjusted_error
U1 direction temp
data_centre temp_gc
dc_reference temp_adjusted
inst_reference temp_adjusted_qc
'wmo_inst_type temp_adjusted_error
FK project_id
FK investigator_id |1
data_mode
data_state_indicat _
juld Arg oI?rOJe(?ts
jud_gc | N\ e PK Dm@l_ld
juld_location project_nam
latitude
longitude
position_qc

Argolnvestigators

PK [investigator_id
investigator_nan|
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TheArgoFiles , platforminstance , andmeasurements tables

reflect the three categories of information described above. In addition, there
are o lookup ables:ArgoProjects  andArgolnvestigators . The
relationship between thefige tables and the netCDF variables is as follows:

Table netCDF Variables

ArgoFiles DATA TYPE
FORMAT_VERSION
HANDBOOK_VERSION
REFERENCE_DATE_TIME
DATE_CREATION
DATE_UPDATE
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platforminstance

measurements

ArgoProjects

Argolnvestigators
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netCDF Variables
PLATFORM_NUMBER
CYCLE_NUMBER
DIRECTION
DC_REFERENCE
INST_REFERENCE
WMO_INST_TYPE
PROJECT_NAME
PI_NAME

DATA_MODE
DATA_STATE_INDICATOR
JULD

JULD_QC
JULD_LOCATION
LATITUDE

LONGITUDE
POSITION_QC
POSITIONING_SYSTEM
PROFILE_PRES_QC
PROFILE_TEMP_QC

LATITUDE
LONGITUDE
MEASUREMENT_DATETIME
PRES

PRES_QC
PRES_ADJUSTED
PRES_ADJUSTED_QC
PRES_ADJUSTED_ERROR
TEMP

TEMP_QC
TEMP_ADJUSTED
TEMP_ADJUSTED_QC
TEMP_ADJUSTED_ERROR

PROJECT_NAME

PI_NAME

t deveatedesonmewhat frotise, rulevofeahiumbe
described earlien File-Database Mapping Issyese, the rule abouputing

all scalar variables one table an@utting multi-dimensional variables their

owntables:

1) Instead of putting each mulimensional variable in its own table,
w e 0 naappedvariables with the same dimensimnthe same tablé-or
exampleall of the onedimensional variables dimensioned yPROF

are have been mapped to fiatforminstance

table.There is

nothing in DaL that requiresustodothist 6 s basi cal
design decision.
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2) We 60 v e dedetl muthberolumn to theneasurementsble; this is

simply the position number of a measurement within a profile and it
allows us to distinguish between measurements from the same profile
(platform). Normally we would use a coordinate variable for this
purpose, but no coordinatanables have been defined in this netCDF
file.

3) Even thoughiLATITUDE, LONGITWDE andJULD (julian date)are one
dimensional and have been mapped tgthdorminstance
tabl e, weobve rneaserarcds tablchaswell.i n t
(JULD s added t(REFERENE_DATE TIME and the result is stored
in MEASUREMENT _DATETIMEatitudes/Longitudg®atesin a
given filedepend solely oplatforminstance_id , and not on
level numbersoall the values for a giveArgoF ile  and
platftorm | nstance will have the same latitudengitudedate
values. In later chapters we will be building the measurementd-into
dimensional (latitude, longitudéme, level) grids so we will need to
keep the dimension columns together in the same table.

he

4) We 6 ve e x tPRRQIEGTeNAMENt ”R_NAMEfrom the
platforminstancéable and put them into their own tables, replacing
them with foreign keys in theglatforminstance table. This is
essentially just a database normalization step; we are doing it as well to
demonstrate the use of table lapkfunctions in DaL.

5) We 06 v @ed fardign key, primary key, and unique keglumns to the
tables, as shown in the table below.

Table Primary Key Unique Key Foreign Key
Columns Columns Columns
ArgoFiles file_id
platforminstance platforminstance_id file_id file_id
file_id platform_number project_id

cycle_number

investigator_id

direction

measurements

file_id

file_id

platforminstance_id

platforminstance_id

level_number

ArgoProjects

project_id

Argolnvestigators

investigator_id

SUnique

keys

ar e

someti mes

call ed

fifal ternat

unique key columns can be used collectively to distinguish a row of a table from the other rows.
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Tablel: Table Key columns.

Defining the Mapping
Setting up the Tables

Specify20081201 prof.nc  as the data file and open a database connection
as described earlier. Press iiNee w @button to start a new mapping. In this
mapping ceate three tablésargoFiles , platforminstance , and

measurements 1 as shown in the following figure:

| £| Dal: Mapping Editor for oracle_argo_example_l.mapping

)

Functions

Create

Fie Components

Blocks

Tables

DSChip || GRDValue |GeoRasher|

[Greste | 1mport |[ Reorder |

» _File_metadata [
globals
DATA_TYPE |-
FORMAT_¥ERSION [
HANDBOOK _YERSION |-
REFERENCE_DATE_TIME |-
PLATFORM_NUMBER |-
PROJECT_MNAME [
PI_NAME |
STATION_PARAMETERS |-
CYCLE_NUMBER |-
DIRECTION [+
DATA_CENTRE [+
1 DATE_CREATION |-
DATE_UPDATE |-
DC_REFERENCE [+
DATA_STATE_INDICATOR |
DATA_MODE |-
INST_REFERENCE |-
WMO_INST_TYPE |
JULD_QC I
POSITION_QC |
POSITIONING_SYSTEM [
PROFILE_PRES_QC |+
PROFILE_TEMP_QC |
PROFILE_PSAL_QC [-
| PROFILE_DOXY_0QC |
PROFILE_TEMP_DOXY_QC |
|  PRES_QC
PRES_ADJUSTED |-
PRES_ADJUSTED_QC |-
PRES_ADJUSTED_ERROR |-
TEMP |-
TEMP_OC [
TEMP_ADJUSTED |-
TEMP_ADIUSTED_QC |
TEMP_ADJUSTED_ERROR. |-
PSAL [+
PSAL_QC |
PSAL_ADIUSTED |-
_ PSAL_ADIUSTED_QC |

m

Save | f

M “ARGOFILES™ 7 -
DL _DUMMY

M “PLATFORMINSTANCE" 7
DL _DUMMY

| "MEASUREMENTS" +
DL _DUMMY

Close

Table2: Argo exampleafter creating the tables.
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In addition to theethree tables created using DaL, we will need two other
tables We will create one of the$eargoprojects T using DaLwhen we
define a table lookup function; the otivee will create outside DalL using an
SQL command interpreter.

[orauser@tungsten ~]% sqlplus userid / password << XXX

? CREATE TABLE argoinvestigators

? (investigator_id integer NOT NULL,

? investigator name VARCHAR(100) NOT NULL);

? CREATE SEQUENCE argoinvestigators_seq;

? CREATE TRIGGER argoinvestigators_ins_trig befor e insert on
? argoinvestigators

? for each row

?  when (new.investigator_id is null)

?  begin

? select argoinvestigators_seq.nextval into

? ‘new.investigator_id from dual;

? end;
? XXX

We could have just as easily created latiles outside DaL or created both of
them when we defined the table lookup function later. We just chose to do one
of each in order to illustrate the two modes of operation when defining table
lookup functions. We will revisit these two tables lateUsing Table Lookup
Functions

Defining Primary Keys 0 Using ID Generators

We will use a DaL ID generator to produce unique identifiers to be used as the
primary key values for thArgoFiles table.

The othetwo columns that appear in primary kdys

platforminstance_id andlevel_number 1 will be drawn directly
from thedimension variablebuilt from thenetCDF dimensionsl PROFand
N_LEVELS respectively.

Press théCreato button on thdiFunction® tab of theMapping Dialog
window and fill out the resulting screen as follows:
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(£ Dal: New Function I&

Mame of function: |file_id_generator

Id Generator | Table Lookup | S0 Expression I Built—in|

Sequence name: |file_id_generator_seq -

Once every: :Dnr_e per file loaded

Cancel Accept

L

Figure34 Defining an Id Generator function

Note that we stayed on the fiéldt.Weener a
typed in a new sequence name but we could have selected an existing one if

there was a suitable one already in the datadldsec k t he A Once per
|l oadedo as the AOnce every: 0 value si
when the a new # is loaded (since it will identify a specific, single file).

After typing in a sequence name, press the carriage return.
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Next press th@Accepd button; this will return us to thilapping Dialog
window. Expand th® LATFORM_NUMBEiRtCDF variable by pressing the
triangle to the right of the item and drag a line fromNh®ROFdimension
variable to thelatforminstance table. We will call this column
platforminstance_id

r ~
| £| Dal: Mapping Editor for DracIe_argo_example_l.mapping‘ _ @
. Functions Blocks Tables
Fie Components D5Chip || GROV=lue || GeoRaster | | [ Creste | Import |[ Rearder |
» _File_metadata | file_id_generator m i "ARGOFILES" + -
globals DAL _DUMPY
o WENURIRE | M "PLATFORMINSTANCE" 7
FORMAT_¥ERSION [ DaL_DUMMY
HANDBOOK _YERSION |- PLATFORMINSTANCE _ID
REFERENCE_DATE_TIME |- | "MEASUREMENTS" +
PLATFORM_NUMBER * DaL_DUMMY
M_PROF
_length &
long_name
conventions
_Fillvalue
PROJECT_NAME |
PI_NAME |
STATION_PARAMETERS |-
CYCLE_NUMBER. [ B
DIRECTION [
DATA_CENTRE |-
~ DATE_CREATION [- 2
Save Save As... Close
=
Figure35 Mapping Dialogvindowafterplatforminstance_id defined.

Now dragfile_id_generator to each of the three tables (cakiach ofthe
created columsfile_id )

Figure36 Mapping Dialogvindowatfter file_id columns defined.
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