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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

INFORMIX The word Al NFORMI X0 appe
of the manual indicates that that portion is IBM Informi
specific.

User input Computer generated text (e.g., error

messages) and user input appear in a
non - proportional font.

6 ( apost | Anapostrophe is used in the plural form of data types
(e.g., GRDValuedts, GRDBo
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lcon Conventions

This manual uses the followinigon conventions to highlight passages in the
manual:

Icon Label Description

Warning: Identifies paragraphs that contain vital

instructions, cautions, or criticadformation.

Important: Identifies paragraphs that contain significar
—> information about the feature or operation tl
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 60s New Version?Phi s

The following table listshe features thdtave been added this versiorof the
Draw and Load (Dal)

Feature Manual Section(s) Where Feature is
Described.

Delimited Timestamp Chaper7
builder
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Chapter 1.  Introduction

DaL (Draw and Load is a database client application for loading the contents
of Common Data Modédhttp://www.unidata.ucar.edu/software/netcdf/CDM/
files into databasedn particular it can be used to load netCDF and Grib files.

DaL provides a very easy to use interface that allows a user to direct the flow of
values from data file variables and attributes into the columns of database
tables by drawing lines between ghéc nodes representing them. DaL uses the
NetCDFJaval ibrary (http://www.unidata.ucar.edu/software/netgalvaj),

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 tables. Optitmally,
IBM Informix and PostgreSQL versionar also make use of the two BCS
DataBlade product8CS Grid DataBladéversion 5.2 or newerandBCS
DBXten. The Oracle version can import data into Oracle GeoRaster objects.

NetCDF File Ess entials

Before we discuss how to map the contents of CDM files onto database objects
we need to define some basic terminology. A very simpt€DFfile 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 NetCD F File

The following is thencdump output of a netCDF file calleeixample .nc .
This file is used extensively in the examples in this miarioa 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, str16)

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, 12 13,15,14,16,1.7,1.8,1.9,1.91,
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 4.1,0.2,0.3,0.5,04,0. 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 7.1,1.2,13,15,14,16,1.7,1.8,1.9,1.91,
40 8.1,0.2,0.3,0.5,0.4,0.6,0.7, 0.8, 0.9, 0.91,
41 9.1, 12,13,15,14,16,1.7,1.8,1.9,1.91;
42

43 val2 =

44 10.1, ,0.3,0.5,0.4,0.6,0.7,0.8,0.9, 0.91,
45 11.1,1.2,1.3,15,1.4,1.6,1.7,1.8,1.9, 1.91,
46 12.1,0.2,0.3,0.5,0.4,0.6,0.7, 0.8, 0.9, 0.91,
47 13.1,1.2,1.3,1.5, 1.4, 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 lme@&awi on, starting
2)a fAvariabl eso lie&andi on, starting
3y a Nndatao sednei2Zbn, starting on

The Dimensions Section

TheDimensions sectioprovides the values for a set of constants ey 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 16spectively; four of these are referethas
variable dimensions later on in the file.

The Variables Section

TheVariables sectionwhich starts ofine 8in this exampledeclares the types
and dimensions of the datariableswhose values are provided later in (the
data section) of the file. The variables sectian also supply values for
attributes which can be thought of as providing metadata about either
particular variables or about the file as a whole. The latter tyatrdoute is
referred to as global attribute.

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

val2 , x, andy. In addition here ardour attributes. Three of these attributes
are called Fillvalue and are attached tharvar ,vall , andx,
respectively. The fourth attribute is a global attribute namgdector .

o

(0]
n
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COORDINATE VARIABLES

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

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

2) beingreferred 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 thesame name.

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

Coordinatevariables provide a means of associating physical significance to
the indices of an array. For exampdappose that we want to store a vertical
slice of ocean salinity data relative to some pBioh the ocean surface. We
might define a two dimensiohdata variable called

salinity(depth,range) and twocoordinatevariablesdepth() and
range() .Thei ™ value in depth and tHé" value in range would contain

the values of thgertical (depth) and horizontal (range) distances from P to the
point in the @ean for whiclsalinity(i,j) pertains.

To summar i ze, xOinthisnetCDMfile has thneebddférent
interpretations, depending on its context:

l)a constant value equal to 6106, an
2) an array of 10 values, and
3) index mappings for one of the dimsons 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 illustrated later.

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 presented according to the otider of
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-thmaensional arrays this is
referred to asow-major order.



http://en.wikipedia.org/wiki/Row-major_order
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Note that not all of the values inside an array have to be defméte example
above, several values appear as wunder
missing valueMi s si ng Vv al u e scdump quipw,butiaternalfy o0 i n
in the netCDF file they have the value stored in thdiValue attribute for

the variable, I f there is one ¢thehat 6s
val ue as b eWhegDah readsasnmissing vatinga variablet

assigns ithevalue NULLwhen storing it in a database

Relational Database Essentials

A relational databasean be viewed as a collection of agdonensional arrays
of data.Each of these arrays is stored in a separate datidgeorganized as
anunorderedcollection of rows, with each row being organized asralered
fixedsize set ofyped, named;olumns

In general, each table in a database represents either afakabyorld

objects (e.g., Aemployeesodo or Adepart
ofrealtwor | d objects (e.g., fiemployees wol
both.For tables that represent a class of objects, the columns represent
characteristis 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
characteristic of tthestrearltatdatnesdch)i p (A
Each row in a table represents a sing
an employee named O6Mi kedo) or a relat

Administrationand started in June 1999

A general property of tables is tratytwo rows can always baistinguisted

from one another bipoking attheir column values. There is always a set of

one or more designated columns that can be counted on to distinguish one row
from anotherThis column or set of columns is referred to@asing the

primary keyof the table.

If an objectof some classan take part in relationships with objectsanother

class say fan empl oyeeodo wit hofithacoldnenp ar t m:
in the employeeepresenting table will identify the pauiar 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 oreignd because its value wil/ equa
(i.e.,foreign) table.



http://www.unidata.ucar.edu/software/netcdf/docs/BestPractices.html#Missing%20Data%20Values
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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 viagsa;

2) onetomany: for each A t herreachRthereisb e
just one A; and

3) manytomany: for each A tahdbreachB an be

t here can be sever al Abds.

The type of cardinality dictates the layout of tables, and the position of foreign
keys, necessary to represent the relationsheits participating objectsor
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 would suffice:

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:

S
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Employees2

PK |employee _numbg
employee name

has /
works in

Works_in

PK,FK [employee numbel
PK,FK |[department numb
V4
has /
works in

Departments2

PK |department numb
department_name

Figure2: A manyto-many relationship

File -Database Mapping Issues

NetCDF (and other types of CDM files) and relational databases are similar in

that both can store information about multiple objects. Typicallynet&€DF

file each type of object is associated with a differetCDFvariable. In a

relational database, on the other hand, each type of object is associated with a
differenttablel n general, then, i1 tods-reasonahb
coordinatevariablenetCDFvariable might map to a different database table.
Thenoncoordinatevariable 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 files often conta a number of scalar objects: dimensiongjlaites

(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 scalar objects ar@oped to a single table that represents
the class of file as a whole. This concept will be further explained below in
Example- AttributesandExample- Scalar Variables

10
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Represe nting 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,2dimensional aay A with m rows and n columns,
i ndexed byor awdi od Ejw@ich anarchg coulas
represented by an m*io,p@wAavadd] e with

e.g, if the array looks like

A column 1 column 2 column 3
row

1 a b (o

row

2 d e f

Thenthe table will look like:

NNNR R
WNEFP WN R
D Q0O oTw

In general, an N dimensional array with dimensions,, @&y, andhaving

M attributes in each array cell will translate into a table with N+M columns

(one for each of the N array indices and one for each of the array attributes) and
np*ny,*  ényrows.

Representing Coordinate Variables

As described above, separate 1sgalarvariables often map to separate

database tables. While this can be the case 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 exampleri®=d at the bottom of
http://ferret.wrc.noaa.gov/noaa _coop/coop_cdf profile.laimal listed (in
ncdump form) at
http://ferret.wrc.noaa.gov/noaa_coop/coop_cdf_example.html

11
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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 coordinate 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 velociUl yi v adéfaibhed fias:

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

The following single table represents the information separately 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, DaL creates a dimension pseaxay
variablewi t h v a | WUNelsThdy can le,usee the same was as
coordinate variables cani.e., to associate a value with the index of a multi
dimensional variable. We will show how dimension variables can be used in a

later example

12
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Putting it All Together

In this section we will show how several other parthefsame netCDF file

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

1) POINT_TEMP avertical profile of atmospheric temperatuatea
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, defed at the same time and
depth pUWi (tien adhel previous section)
latitude/longitude points.

In doing this we willillustrateseveralffile-to-database mapping considerations:

1 handling of attributes
1 handling of scalar variableand
1 multiple references to coordinate variables

Example - Attributes

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 attribute@reassociated witthe fourvariablesU,
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" ;
EQUATORIAL_TEMP:units = "degC" ;
SALT:long_name = "(SALINITY (ppt) - 35)/1000";

All of theseattributes, along with the netCDF file name, will be stored in a
single table calle#file_Metadata

13
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Example - Scalar Variables

POINT_TEMPandEQUATORIAL_TEMRre defined in the netCDF file as
follows:

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

variables:
double XAX1D(XAX1D) ;
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:units = "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 _TEM#S
2-dimensional. However, thedimensional arrayXAXID andYAX1Deach
have a fixed length of. IThere are two ways to interpret this situation. It may
be the case that the latitude and longitualees specified fokAD1Dand
YAX1Dneve 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 be different.

I n the first interprprtaadmnl d)whiwvwe
XAD1DandYAX1Dto be scalar variable€Similarly, EQUATORIAL_TEMP
andPOINT_TEMPboth can be considered to belinensional). As scalar

14
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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 should conski®b1DandYAX1Dto be non
scalar. Even thoughely 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 al l the fil es. We wi | | cal l t hi

15
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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:units = "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 variableME_SERIES andPSZ arereferenced by both the
UandSALT variables and hence will be repeated as columbsth the
U-derivedandSALT-derivedtables.

Note that this r epet-bbjectanep |daoceesd nrout| ev i cofl ack aet a bhaes efi of
discussed earlier, coordinate variables do not really represent objects. Insjeaptesent 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 context is different, as it is in this case.

16
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The Final Dat abase

In summary, lhe global and neglobal attributesgoordinate variablesnd the
noncoordinate variabledescribed in the previous sections can 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_ce Isius float)

Table Equatorial_ Temperature(
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)

17
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Table Salinity(
file_id integer,
time_in_hours double precision
depth in_meters double precisio n,
latitude_in_degrees_north double precision,
longitude_in_degrees_north double precision,
salinity float)

The remainder of this manual will describe the mechanics of using DaL to
perform mappings such as thiis.particular we will return to this spiic
example inChapter 3vhere we will show how to load the netCDF file into a
database using DalL.

18
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Chapter 2: Installation and
Getting Started

System Requirements

Dal requires the presence of J&antime Engine (JRE) version 1.6 or above.
JRE can be downloaded from Sun Microsystems
(http://www.java.com/en/download/manual)sp

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

DalL also requires a database to connect to. Currently that database must be
either IBM Informix Dynamic Server (IDSRostgreSQlLor Oracle DaL has
been tested with IDS versions 10 andk1PosgreSQL versions8.2 and 8.3

and Oracle 11g.

DaL has support for the data types useB@E DBXtenand theBCS Grid
DataBladgversion 5.2 or nger).

Unpacking and Installing DalL

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

Vista), you can extract the contents of the zip file by riditking the zip file,
selecting the AOpen witho/ ACampr essed
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.
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Testing the Installation

This sedbn will lead you through starting DaL, establishing a database
connection, reading a file, building a very simple mapping, and using the
mapping to save part of the file to a database.

The purpose of these instructions is simply to allow you to teshgtallation
of DaL and get a general idea of the steps involved in using DaL. The next
chapter provides a more detailed tutorial on using DaL.

Running DaL

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

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

flava -jar DalLjar 6 (fr om a cToenvndow dhownibelosv) .
should appear. This is nearly instantaneous on fast machinesaptake

longer on smaller or slower machines.

|£:| Draw and Load (Dal): File to DataBase Mapper/Loader | =68 iz-]
Data file(s): | Browse ... Examine About ...

Database connection: | - || Editconnections...
Mapping: Edit... New ... Verify pdate
Mapping file: [none

Data Load

Figure3: Initial DaL. Window

Selecting an Input File

Press the ABrowse ...0 button to sele
can be loaded per session. To follow the examples in this manual, you should
select theexample.nc file that can be found in tHeaL folder.
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Defining a Database Connection

Press the AEdit Connections . ..0 butt
below, whereyou canenter the specifications of your desired database
connection.

-

| £ Dal: Database Connection Editor I,ﬁ,l

Mame: - Delete

Database type: Informix (@ PastgreSQL Orade
Host:
Server Mame:
Port:
Database:
User: Password:

Preserve case of table and sequence names

Test Save As
Done

b

Figured: Database @mection Editor

Switch the Database type to Informix by pressing the Informix radio button.
Fill in the Host, Server name, Port, Database name, User and Password.

By default, the names of any tables, table columns, and sequences created by
DaLwillbeint he dat ab asitbiswilldeldwarcdsd forc a s e

|l nformi x. The check box | abeled APres
cause®Pal to create mixed case database objects.

Once the parameters have beenthantered
you cansuccessfullyconnect tahedatabase. Then supply a descriptive name

for the connection (i n ttome afnide It dc eb &itSva
button)and finally, close the dialogwindowy pr essi ng fADoneo

The connection parameters aterad on your computer's file system so that
you'll be able to connect in the future withowergering them. If you supply a
password in the connection paramstéris stored with very weak encryption.

The following image shows the dialog box with Ifox-specific values filled
in and a connection name specified
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_*_‘-
| £| Dal: Database Connection Editor - M
Mame: | = Delete

Database type: @ Informix () PostgreSQL () Orade

Host: | 192.168.1.121
Server Mame: |beslinuxprod
Port: 1531
Database: dal_demodb

User: |mdwilkie Password: esessesssss

Preserve case of table and sequence names

informix_demodb_carbon
Done

Figures: Database Connection Editdmformix values filled in

b

Note that we have checked the APreser
option. This will causeatabase object names to be case sensitive. There is no
requirement to do this; DaL works equally well with this option turnedAoff.
example of dealing with casensitive identifiers in dbaccess is providizer.
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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 (DalL): File to DataBase Mapper/Loader - | (B[
Data file(s): ianuals\Dal\Common\example.nc | || Browse .. | [ Examine ]
Database connection: :infnrmix_demodb_carbnn v:
Mapping: Edit... New ... Verify Update

Mapping file: |none

Data Load

Figure6: Preparing to Define a Mapping

Press t he oitNeavt .ap pe érug tt o .fTHisewillr i gh't
define a new mapping that initially contains just the items from the datd file

will open a window in which to edit the mapping, as shown below. Note that
you must have both a data file and a datalzasmnection selected before you

can create, load, or edit a mapping.
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| £| Dal: Mapping Editor - no mapping file yet &J
Blocks Tables

» _File_metadata [ -

globals [

charvar [

strvar [

vall [

val2 [

H B

¥R

Fu

File Components

Figure7: Empty Mappindpialog window

Items with a right facing triangle have subtrees; click with the left mouse button
to display the subtrees. The followifigure illustrates the appearance with the
first two subtrees expanded:

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

Functions Blocks Tables

» _File_metadata v -
full_path
base_name
directory
modification_date

File Components

globals 7
myWector Bl

charvar [

stryar [

vall [+

val2 [

L

yia

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

1 netCDF variables are labeled with a bold font, wha¢CDF attributes
and dimensions 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 Il tems donodot |
datatype glyphsdxrause 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 leaveesitet (with no
mouse button pressed) 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 FleComponents : The data fileds ¢

o Functions : User defined functions that can be used to transform
data before storing it in the database.

o0 Blocks : A special case of functions that collect data into BCS
DBXten DSChipds, BCS GronCQGdaclEx t en
GeoRastero6s.

0 Tables: Database tables where data can be stored.

Press the fiCreateo button in the Tabl
should appear:
B Dal: Create new table I,-s-:h,l

Enter name of new table: ||

| Cancel | | Accept |

Figure9: Table CreatBialog window
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Enter the nameest_table (or something else if there is already a
test_table in your database) and press the Enter key. The Mapping Dialog

window should now have an entry in th
| £| Dal: Mapping Editor - no mapping file yet
e G " Functions Blocks
I OHDCUCIS Create DSChip (| GRDValue (| GeoRaster
» _File_metadata 7 I test_table 7 -
full_path o _row
base_name
directory
modification_date
globals 7
myWectar W1
charvar [
strvar [
vall [
val2 [
X[A
yiu
Save Save As... Close

FigurelOAf t er creating an oOoOemptyod table

Dal has created a new table caltedt_table in your database. Since

every table must have at least one column, DaL creates &8seliainn called
_row.You can make wuse of this column 1in
can just ignore it, as we will da this example.
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Drag a line fronvall totest table . By Adragging a | in

following: Move your mouse button on top of ttkatatypeglyph to the right of
the vall item, hold the mouse button down, and drag the mouse until its
pointer isontop of thegrey glyph to the left of theest_table item. At this

pointthere should be a red line stretched betwedh andtest table | as
shown in the following figure

| £| Dal: Mapping Editor - no mapping file yet [&J
He G . Functions Blocks Tables

» _File_metadata 7 |
full_path o _row
base_name
directary
modification_date
globals 7
myWeckor Wl
charvar [
strvar [
vall [
val2 [
x [0
yia

Figurell After drag, but before mouse button release

When you release the mouse buttpmy will be asked to confirm the name of
the column to be added test_table , as shown in the following figure:

|£| Dal: Name Entry I&

nter a name for new table column of test_table

vall

Cancel Accept

Figurel2 Specifying a column name

L.

27



B CS 0 DRAW A N D
USERd3 S GUI DE
Press fAAccepto

added tdest_table

t o vak etable cotummreitens ithene
and the newly added item is connected to the NetCDF

vall item by a blue line, as shown below:

LQBALY§ FOR IBM INFORM

I X

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

2

File Components

Blocks

DSChip (| GRDValue (| GeoRa

Import

» _File_metadata v
full_path
base_name
directory

I test_table 7
| _row
wall

name.

modification_date

globals 7
myWectar W1
charvar [
strvar [
vall [
val2 [
[0
yIa

Save Save As...

Close

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

4) It has created @all column in theest_table
columnhas a typeompatiblewith thevall variable.

5) It has defined a dataflow from tlvall variable to theest_table
table.

databas¢able This
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Repeat this process feal2 , x, andy, resulting in thenapping shown below

NetCOF Functions Biocks ‘ Tabizs | E] E] ‘
# _File_metadata v I test_table v ~
Full_path W _row
base_name wall
directory valz
modification_date x
globals 7 ¥
myWector Wl
charvar |
skrvar [
vall [
val2 [
® [
¥l
Figurel4 The final mapping
Press fiiSave Aséo twththkeemamee t he mappi ng
example_informix_mapping 3, Then press the ACI oc

Some useful things to know:

1 You can only draw connections froeft to right. The general dataflow
order isFile Component#, FunctionsA BlocksA Tables. (We
havenot tfundtibthsodblockdyad; that comes later.)

1 A datatype glyph on the right side of an item represents ssdatae
while a datatype glyph on the left side of an item represents aidkta
All connections are frordata sources to data sinks.

1 Thegreydatatype glyph ofest_table is an indication that

test table , as a DalL created table, can have columns addedyo it b

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

the same mapping that created the table.

A data sink can accept data from only one data sodscgy(e fanrino).

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
the table has beenimmme atue dnpomit o u ¢ a
from the database and have it appe
may for example, want to create a &albw from one variable in a file

= =

5The extensdgodnwifil.Imagpwtioonmati cally be added, resul ti
fexample_informi x_mapping. mappingo.
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and then update columns in the row later from other variable(s) in the

file.
1 When the mapping file is used in a data loadlds are loaded in the
order they appear i eordeth eb ultatbd re sa lcloc

youto reorder the Tables list.

1 There are two vertical scroll bars. The scroll bar on the left 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 Functions,
Blocks and Tables columns.

Starting the data load.

Press the 0ASt ar tndowhfaltgbes succesefullytier yoma i n
should see messages simtlathe following:

P

| £ Draw and Load (Dal): File to DataBase Mapper/Loader | = | E ﬂhJ
Data file(s): [i@nuals\DaL\Commen\example.nc [ Browse ... I I Examine I About ...
Database connection: |informix_demedb_carben ~ | | Edit connections...
Mapping: [ Load... ‘ [ Edit... ‘ I New ... ‘ [ Verify I I Update J

Mapping file: |Users)projects\manuals\Dal \Informix\example _informix_mapping.mapping

Data Load

=== Processzing table test_table===
for dim 0 using tile size 10
for dim 1 using tile size 10
100 row(s) inserted.

Load time was 0.066seconds.
Database changes committed.
===Finished loading===

k

Figurel5 Data load messages

INFORMIX | f you get an eTrafsadtions noagiposted g € 0S atyhienng thh i
means that the databas& whichyou are loadings aurrently in nonlogging

mode. In order tase Dal, the database must be in logged (buffered er non
buffered mode As uselinformix , you can change the logging mode using
theontape command, e.g.,

ontape 1is 1B dal_ demodb

INFORMIX
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If we use a database cligjetg., dbaccessd examine the conténoftest_table
(following a successful loadyve can see the followingii | 0 s added f or
readability).

> select * from test_table;

_row vall | val2 [x] vy
1] 0.1 1011 2
2 | | 9.96920996838687e+36 | 1 | - 2147483647
3] 0.3] 0.3|1] 6
4] 05| 05|1] 8
5| 0.4] 04|1] 10
6| 0.6] 061 1 2
7] 0.7 0.7|1] 14
8| 0.8] 08|1] 16
9| 0.9] 09|1] 18
10]0.91 | 091|1] 20
97| 1.7 | 1.711] 14
98| 1.8 1.8|1] 16
99| 1.9 19]1] 18
100|1.91| 1911 20

100 row(s) retrieved.
Some explanations:

1 The secodrowofthevall col umn i s bl ank (Anul |
database sense) because the second elemegifofin the data file
was a fill value (denoted by an underscore),\addi had a _FillValue
attribute.

9 The second row of theal2 has a strange value because the second
element of theval2 variable was a fill value but thal2 variable did
not have a FillvValue attribute.

1 The x variable has a fill value for its second entry andrdlVValue
attribute, so it produces null rows, wéy variable does not have a
_Fillvalue attribute and hence hasexy large value-(2147483647)
being repeated.

9 DaL allowsnetCDF variables of different dimensionality to be sampled
i n the same table | oad as |l omg as
The basic strategy is that given a set of input variablak,looks for a
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key variable that has the maximum number of dimensions. It then
establishes a nested loop whereby it samples the set of variables at each
positon of the key variable, in rosmajororder. In the mapping above,
thereare4 variablesvarl with dimensionx andy, var2 with

dimensionx andy, x with dimensionx, y with dimensiony. This

resuls in the following sampling scheme:

forindex_x =1 to length(x)
forindex y=1tol ength(y)
insert into test_table  (varl,var2,x.y)
values( varl[index_x, index_y],

var2[index_x, index_y],
x[index_x], y[index_y]) ;

end for

end for

In the next chaptewe 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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Chepier

Chapter 3: A Tutonal on
Using Dal

In the sectiorPutting it All Togeherin Chapter we discussed how to map a
specific netCDF file to a particular set of database tables. That netCDF file is
provided as fileeoop.nc in the Dal directory. In this chapter we will
demonstrate how to load that filgo 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): NetCOF to DataBase Mapper EE

—

Data file(s): s'manuals\Dal \Commoncoop.nc [ Browse ... ] Examing ]
Database Connection: iinforrnix_demodb_mrbon vi [ Edit Connections... ]
Mapping: [ Load... ] [ Edit... ] | New ... | [ Verify ] [ Update ]

Mapping file: |[none
Data Load:

Start

Halt

b —

Figurel@ Initial DaL window
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Creating a Mapping

Pr e s s afidNom thé Maping Dialog window that pops up, open the
_File_metadata ,globals , POINT_TEMR andEQUATORIAL_TEMP
netCDF sublrees by pressing the respective triangles to the right of each.

| £/ Dal: Mapping Editor - no mapping file yet " - [i_E-J
s . Functions Blocks Tables
I Omponents
g : H DSChip (| GRDValue (| GeoRaster Create || Import || Reorder
« _File_metadata v -
full_path
base_name
directory
modification_date
globals +
history
Conventions
= POINT_TEMP 7
ZAXMBARS |-
YARID |
XAX1ID [
missing_value
long_name
units
EQUATORIAL_TEMP =+
ZAXMETER |-
YARID |
missing_value
lang_name
units
ROSE |-
S5T |+
u
SALT [+
T XAXID - X
Save As... Close

Figurel7. Mapping Dialogindow withsub-trees open.

Initially, we will be creating five tables in this tutorifile_metadata :
positions_for_vertical_profiles ,
point_temperature_approach_1 ,
point_temperature_approach_2 , and

equatorial_temperature . The twopoint_temperature tables
reflect the two approackehat were discussed earlieldrample- Scalar
Variables

The following is a list of theetables:

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),
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EQUATORIAL_TEMP_units varchar(50),
SALT long_name varchar(50))

Table Positions_for_Vertical_Profiles(
file_id integer pri mary 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. T  emperature_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 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 precision,
depth_in_meters double precision,
latitude_in_degrees_north double precision,
longitude_in_deg rees_north double precision,
salinity float)

The last two tablesjelocity  andsalinity , have been listed here,
although we will not be loading them until later.
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Press the fiCreateo button in the
tables listd above, leaving out the Velocity and Salinity tables for nBwess
ASave AsoO0 and sirdovmex codp enappiagp p i Aftey a s
youove f iMappisgDaldgwvindovihshould look like this:
P|=;,1 Dal: Mapping Editor for informix_coop_mapping.mapping I.ﬁ:h,l
Functions Blocks Tables
Fie Componemts Create DSChip || GRDValue || GeoRaster Create || Import || Reorder
» _File_metadata 7 i file_metadata 7 "
Full_path _row
E;ra'zit_:rime i positions_for_vertical_profiles ©
modification_date gy i
globals 7 BB point_temperature_approach_1 v
E histary _tow
Conventions B point_temperature_approach_2 7
POINT_TEMP _row
2AYXMBARS |- B equatorial_temperature v
YAX1D |- v
XAX1D |- -
migsing_valug

long_name
units

EQUATORIAL_TEMP v
ZAYXMETER |-
YAX1D |-
migsing_valug
long_name
units

_ ROSE |

1

Save Close

Figurel8 Mapping Dialog/indow 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 exceptions are:

1 file_metadata.file_name
_Fil e_metadata item, and

T * fi le_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
samefile_id value have come from the same particular netCDF file.

, which will be populated from a
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We will use a function to generate values forftlee id columns. Press the
ACr elautetoon beside AFunctionso. A Wi nc

[£| Dal: New Function [é]

Mame of function: |newFunction

Id Generator | Table Lookup I S0L Expression | Built—in|

Sequence name: -

Once every: |Once every value -

Cancel Accept

Figurel9 Creating an Id Generator Function

e

We will want to stay on théld Generatabtab. However we will specify a
better function namenewsequence namei(indicate thatve want to use an
existingsequenc®, and specify that the sequence is to generate a new value
just once per file loaded. This means that every thmeanapping file is used to
load a file in the future, each single loading will get its own unique identifier.
After entering théiSequence namealue, press thBEnteio key and then press
thefAccepbd button.

4 Instead of using a new sequence, we could base this id generator on any existing sequence in the
database, as | ong as segeencd vades fotthispurppse. Ausi ng upo it s
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r@ Dal: Mew Function @1
Mame of function: file_id_generator
Id Generator | Table Lookup | SQL Expression | Built-in |
Sequence name: -
Once every: :Dnr_e every value

-

Cancel

L

Figure2Q Creahg an Id Generator FunctiérValues filled in.

After pressingenter and h e

ARAccepto

but t Dimogo n

window, theMapping Dialogwill appear as follows:

full_path

base_name

directary
modification_date &

globals +
= histary
Conventions

POINT_TEMP =
ZAXMBARS [
YAXLD |-
XAX1D |-
rissing _value
long_name
units

EQUATORIAL_TEMP 7
ZAXMETER [
YAXLID |-
rissing_value
long_name
units

. ROSE I+

|£:| Dal: Mapping Editor for informix_coop_mapping mapping @
Ea 0 Functions Blocks Tables
e ompener= GeoRaster
» _File_metadata 7 file_id_generator | i file_metadata 7 -

m _row

I positions_for_vertical_profiles +
m _row

I point_temperature_approach_1 v
m _row

B point_temperature_approach_2 7
m _row

M equatorial_temperature 7
W _row

Close

Figure21 Mapping Dialogindowafter adding an Id Geiagor

Notice that this new function item has 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 ddcolumns to each of the tables, based on this function.
For each of the table items, drag a line betweefilthed generator

blue glyph and thgreyglyph to the left of the table iteridvhen prompted for
the name of the column, specfiie_id

|£:| Dal: Mapping Editor for informix_coop_mapping mapping t&,l
Functions Blocks Tables
File Components - ——
Create DSChip (| GRDValue || GeoRaster Create || Import || Reorder
» _File_metadata 7 file_id_generator i file_metadata 7 -
full_path _row
base_name file_id
directary . .
e R ] pnslt:);s_fnr_vertlcal_prnliles 7
globals 7 file_id
histary

Conventions

POINT_TEMP =

52:?3:‘15 4 I point_temperature_approach_2 7
XAXID | e

rhissing_value =t

long_name M equatorial_temperature 7

units

EQUATORIAL_TEMP 7
ZAXMETER [
YAXLID |-
rissing _value
long_name
units

_ ROSE I+ il

Save As... Close

_row
File_id

Figure22 After dragging file_id to each table

Next, we will create columns in tlige_metadata table by dragging file

metadata and attributes. Note that wegaveng new names to the columns

(i.e., not acceptingthe defaulsy part of the process. W
attributes from th& andSALTv ar i abl es, even though we¢
these twovariables themselves yet.
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| £| Dal: Mapping Editor for informix_coop_mapping.mapping &J

File Components

Functions Blocks Tables
[ Create | [ oschip |[ GROValue | GeoRaster | |[ Create ][ import || Reorder |

» _File_metadata 7
Full_path
base_name
directary
modification_date

globals v
history
Conventions

POINT_TEMP
2BXMBARS [
¥YAX1D |-
XAX1D |-
missing_value
long_name
units

EQUATORIAL_TEMP
2BXMETER [:
¥AX1D |-
missing_value
long_name
units

ROSE [+

S5T [+

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

SALT v
TIME_SERIES |-
PSZ [

PSYT [
PSXET [
_Fillvalue
long_name

T XARID &

file_id_generator &=_ m file_metadata v -
_tow
file:_id
file_name
u_long_name
u_units
point_temp_long_name
I' point_temp_units
- equatorial_temp_long_name
‘\‘"’/ equatarial_temp_units
salt_long_name
N

.?’("’ positions_for_vertical_profiles 7
2 _row
filee_id

= point_temperature_approach_1 v
_row
file_id

B point_temperature_approach_2 7
_row
File:_id

M equatorial_temperature 7

_row
filee_id

d

Save As... Close

Figure23 Mapping Dialogvindowafter completing file_metadata table

INnAApproach 10 POINT_ THVEvarhbld (seg thetearler
discussion irExample- Scalar Variablgswe treat they AXID and XAXID
variables as scal, and store them in the

positions_for_vertical_profiles

table The following figure

illustrates the Mapping Dialogindow after mapping these two variables:
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|£:| Dal: Mapping Editor for informix_coop_mapping.mapping l&J
Functions Blocks Tables
File Components ————— ——— ————
[ create | [ pschip ][ eRovalse || G= r| |[[ creste ][ import | Reorder |
4 _File_metadata 7 file_id_generator &_ i file_metadata 7 o~
Full_path R W _row
base_name 33 file_id
directory file_name
modification_date u_long_name
globals + U—L!mts |
ey ! pplpt{temp_q:q_ﬂame
§ ” point_temp_units
Conventions l"" equatarial_temp_long_name
POINT_TEMP = “" ‘ equatorial_temp_units
2ZAXMBARS - /\‘ /, salt_long_name
Ml ,,', ositions_for_vertical_profiles 7
T P _tor_} _p!
XAX1D — “ , = _row
missing_value ﬁf‘-‘ File:_id
= long_name “‘“ latitude_in_degrees_north
units ‘V 3 lonigitude_in_degrees_east
EQUATORIAL_TEMP I point_temperature_approach_1 7
ZAXMETER. |- O
YAXID [ file_id
missing_value e
long_name # B point_temperature_approach_2 ©
uniks o _row
ROSE | g
SST | equatorial_temperature v
U B _row
TIME_SERIES |: fisd
PSZ |-
PSYU [
PSXU [
_Fillvalue
long_name
units
SALT 7
TIME_SERIES |-
PSZ |-
PSYT [+
PSXT |-
_Fillvalue
long_name
T XAXID I =4
Save As... Close

Figure24 Mapping Dialogvindowafter mapping XAX1D and YAX1D

To complete the mappirgf thePOINT_TEMPvariable, drag the
POINT_TEMPandZAXMBAR®etCDF items to the

point_temperature_approach_1

table item.
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| £| Dal: Mapping Editor for informix_coop_mapping.mapping lﬁj
Functions Blocks Tables
File Components = —————
Create [ oschip || rovaue | G [ creste [ 1mport |[ Rearder |
= _File_metadata file_id_generator m file_metadata + -
Full_path W _row
base_name file_id
directory file_name
modification_date u_lang_narne
globals + U—L!mts
. point_temp_long_name
) - point_temp_units
RS -J/ equatorial_temp_long_name
POINT_TEMP © “* ‘U'/' equatorial_temp_units
salt_long_name
ZAXMBARS I \ ,
YAXLD [ ol positions_for_vertical_profiles
XAXID [ —— '}’/ - -7
B — , o
long_name S -ﬂ‘ = vt SN
S "‘ ‘A latitude_in_degrees_north I
= units -,____./ ‘v " longitude_in_degrees_east
EQUATORIAL_TEMP = /\A\ B point_temperature_approach_1
ZAXMETER | ™
YAXID | '\ s
missing_value " depth_in_millbars
Ion.tg_name temperature_in_degrees_celsius
uniits
point_temperature_approach_2
ROSE |+ o
SST file_id
u v -
TIME_SERIES | equatorial_temperature 7
PSz | )
PSYU |- file_id
PSXU |
_Fillvalue
long_name:
units
SALT +
TIME_SERIES |
PSZ |
PSYT |
PSXT |
_Fillvalue
long_niame
XAXID [+
Twavin o2

Figure25 Mapping Dialogvindowatfter point_temperature_approach_1 columns are

filled in.
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Il n AAppr oach 2RDINT GEMPlaigablel(see thegearlieh e

discussion irExample- Scalar Variableswe treat théy AXID andXAXID
variables as vectors, and store them, along witZ &MBAR&nd
POINT_TEMPvalues, in thgoint_temperature_approach_2 table.
The following figure illustrates the Mapping Dialagndow after mapping all

four of these variables:

| £ Dal: Mapping Editor for informix_coop_mapping.mapping

===

Functions
[ cr== |

File Components ‘

[ oschip |

Blocks
[ GROValue || GeoRaste

Tables ‘

[ creste || 1mport || Reorder |

» _File_metadata +
full_path
base_name
directary
modification_date

globals v
histary
Conventions

POINT_TEMP =

XAXID

EQUATORIAL_TEMP 7
ZAXMETER [+
YAX1D [
missing_value
long_name:
units

ROSE [

85T |

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

SALT v
TIME_SERIES |-
PSZ |-

PSYT [+
PSXT [+
_Fillvalue
long_name

T XAX1D I

ZAXMBARS |-~
VAXID | i /
——

file_id_generator R

Save As...

. -

i file_metadata v

_tow

file_id

file_name

u_long_name

u_units
paint_temp_long_name

poink_temp_units
equatorial_temp_long_name

equatarial_temp_units
salt_long_name

positions_for_wertical_profiles 7

_row
File:_id

latitude_in_degrees_north
longitude_in_degrees_east

M point_temperature_approach_1 7

_row
File:_id
depth_in_milibars
temperature_in_degrees_celsius

point_temperature_approach_2 7

_row
file_id
latitude_in_degrees_north
longitude_in_degrees_east
depth_in_millbars

temperature_in_degrees_celsius

equatorial_temperature v
_tow

file_id

Close

Figure26 Mapping Dialogvindowafter point_temperature_approach_2 columns are

filled in
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Finally, we will create thenappings for th&EQUATORIAL_TEMPRariable:

| £| Dal: Mapping Editor for informix_coop_mapping.mapping

===

Functions

File Components IWI

Blocks

[ DSchip ][ GROVelue || Geo

Tables
|[ 1mport ][ Recrder |

) =

POINT_TEMP 7 -,

ZAXMBARS |-~
YAXID \
S

HAXID [ = e

EQUATORIAL_TEMP v

» _File_metadata 7 file_id_generator i&_ I file_metadata v -

Full_path \ _row
base_name \ file_id
directary file_name
modification_date u_long_narne

globals i
hist paint_temp_lang_name

BILY point_temp_urnits

Conventions

o 2
Eﬁ;‘”f;é:'”a =\
units e e,

ZAXMETER [+ row
YAX1D |- File_id
missing_value depth_in_millbars
Iﬂr!g_name temperature_in_degrees_celsius
units
oint_temperature_approach_2 7

ROSE poieme —Approach -

85T | File_id

u latitude_in_degrees_north
TIME_SERIES |- longitude_in_degrees_gast
PSZ |- depth_in_millbars
PSYU | temperature_in_degrees_celsius
PSXU | -

I Fillvalue equatorial_temperature 7
long_narmeg: ﬁ;’ew:‘d
i |

unts depth_in_meters

SALT @ temperature_in_degrees_celsius
TIME_SERIES |-
PSZ I
PSYT |-
PSXT [
_Fillvalue:
long_name

T XAXID & 2l

Save As...

equatorial_temp_long_name

equatarial_temp_units

salt_long_name
positions_for_vertical_profiles =

_row

file_id

latitude_in_degrees_narth

longitude_in_degrees_east

B point_temperature_approach_1 v

Close

Figure27. Mapping Dialogvindowafter equatorial_temp columns 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&QUATORIAL_TEMBIince we already mapped the same
variable in its context asROINT _TEMPdimension variable.
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Doin g the Load

Afte saving

r the mapping, using the
the AClosedo button to dismiss the Ma

To load the data into the database using the mapping just created, press the
AStarto button (atha chbdasgagespom the load aree r
shown in the figure below:

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

Data file(s): | s'Ymanuals\Dal\Common'coop.nc [ Browse ... ][ Examine ]
Database connection: :informix_demodb_carbon v: Edit connections...

| Mapping: | Load... | [ Edt.. |[ mew.. |[ verfy || update |

Mapping file: |C:\Users\projectsimanuals\Dal \Informix\informix_coop_mapping.mapping

Data Load

=== Processing table file metadata===

1 row(s) inserted.
Load time was 0.198seconds.
=== Processing table positions_for wvertical profiles===
for dim 0 using tile size 1
1 row(s) inserted.
Load time was 0.0030seconds.
=== Processing table point temperature_ approach 1=—==
for dim 0 using tile size 7
for dim 1 using tile size 1
for dim 2 using tile size 1
T row(s) inserted.
Load time was 0.029seconds.
=== Processzing table point_ temperature approach ===
Halt for dim 0 using tile size 7
for dim 1 using tile size 1
for dim 2 using tile size 1
7 row(=s) inserted.
Load time was 0.0llseconds.
=== Processing table eguatorial_ temperature===
for dim 0 using tile =size 20
for dim 1 using tile size 1
20 row(s) inserted.
Load time was 0.02lseconds.
Database changes committed.
===Finished loading=—=

Figure28 Messages from database load
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Using the Verify and Update Buttons

One of the really powerful features of DaL is that once a mapping has been
produced,tican be used again and again with different data files, as long as
these data files have the same structure. Similarly, the same mapping can be
used withdifferent database Before you start editing or using the mapping in

a data load, however, you shdwerify 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 t he VWeariinf yDoa Lb uwtitnodno ww ofir k s, b
data file, say thexample.nc file that we use@arlier With the mapping file
stillsettotheone wedve been using in this che

informix _coop _mapping in this mamwal; you may have called it

somethinglifferen), press the AVeri fyo button.

to the following:
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| £| Draw and Load (Dal): File to DataBase Mapper/Loader | ] -

Data file(s): |@nuals\Dal\Common'example.nc [ Browse ... H Examing ]
Database connection: :informix_demodb_carbon v: Edit connections. ..

Mapping:[ Load... ][ Edit... ][ Mew ... ]l Verify |[ Update ]

Mapping file: |C:\Users\projectsimanuals\Dal \Informix\informix_coop_mapping.mapping

Data Load
Start table column equatorial_ temperature.depth in meters inconsistent with database -
table column equatorial temperature.temperature_in degrees_celsius inconsistent wit

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 data file.

55T not found in the new data file.

U not found in the new data file.

SALT not found in the new data file.

X¥AX1D not found in the new data file.

YAX1D not found in the new data file.

ZBR¥MBARS not found in the new data file.
ZBR¥METER not found in the new data file.

¥AX2D not found in the new data file.

YAX2D not found in the new data file.

Halt CCADSX not found in the new data file.
COADSY not found in the new data file.
MONTHS not found in the new data file.

PSXU 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.

m

P5YT not found in the new data file.
New file contains item charvar

New file contains item strvar

New file contains item wall

Hew file contains item wvalZz

New file contains item x

New file contains item y

I 2

Figure29 "Verify" button output
| f we then press the fiUpdatedo button,

1) Update the mapping (by possibly removing connection edges) to make
it consistent with:
a. the specified data file, and
b. the database tables that are available through the specified
database connection.
2) Update the database (by adding and modifying tabletblesat is
consistent with the mapping.
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Option 2 makes it particularly easy to move a mapping from one database to
another. For example, if we specify

1 example.nc as a data file,
1 example_informix_mapping.mapping as the mappingnd
1 a database connection that points tee&vdatabaseand

we then press AVeri fyésagse will see t
| £| Draw and Lead (DaL): File to DataBase Mapper/Loader ==l ﬁ-‘
—

Data file(s): |ranuals\Dal\Common'example.nc [ Browse ... ][ Examine ]
Database connection: :inf'ormix_demodbz_carbon vj Edit connections. ..

Mapping: | Load... || Edit.. || Mew.. || Verfy || Update |

Mapping file: |Users\projectsimanuals\Dal \Informix\example_informix_mapping. mapping

Data Load
Start table test table not found in database

Figure3Q "Verify" output new database specified.

|l f we then press the AUpdated button

| 4| Dal: Update Dialog [

() Update the mapping This option will cause Dal's
mapping to be modified =so
that it is consistent with
the database and the data
file. NHo changes are made to
the database.

(@ Update the databasel Thi=s option will cause
database tables to be created
or modified to be consistent

with the mapping.

Cancel Ckay
| Cancel |

Figure31 "Update" option choices
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Sel ect the seconddtoptaiscend ) ( Adiiphtbstaritee tr heef
columns will be created in the database, as indicated by the following
messages:

T—
4| Draw and Load (Dal): File to DataBase Mapper/Loader [ = | = g
IR————

Data file(s): |1anuals\Dal \Commoniexample.nc [ Browse ... ” Examine ]
Database connection: :informix_demodbz_mrbon v: Edit connections...

Mapping: | Load... || Edit.. || Mew.. |[ verify || Update |

Mapping file: ||Jsers\projectsimanuals\Dal \Informix\example_informix_mapping. mapping

Data Load

Start Starting update to database.
Created table test_table
Creating column wvall for table test_table
Creating column wvall for table test_table
Creating column x for table test_table
Halt Creating column ¥ for table test_table
Finished update to database.

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

Often when populating a database from the contents of a data file it is necessary
to generate and store 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
differen t abl es and where it was necessar
value in each of the tabled/e did 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 features

speci fical |l ythdtis wiltigteDake.r at i ono

In other cases we simply wantgerform atransfornation on a data file value
before we store inh the database. This too is possible using DaL fanct
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 chaptefer toa netMF file produced from the ocean
drifting buo yhttgi/Awvwgaogo.ucgdreddrhisfile coatains
several pressure(depth) / temperaturedimensionaprofiles as well as
information about the driftinguoys from which the measurements were taken.
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File Metadata

The following is an excerpt froméhDalL metadata inspectorit Ex a mi n e 0)
window, describing the contents of the netCDF filged in these examples.

Dimensions
DATE_TIME(14)
STRING256(2 56)
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'
conventions="WMO float identifier : AQIIII
_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'

5 The netCDF file actually has many more variables than those shown &eye calibration and history
variables. The only variables shown in this listing are the ones that will be dealt with specifically in the
exampls in this chapter.
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FillValue=""
CYCLE_NUMBER int[N_PROF] 23 23 23 47 47 83 84 83 84 83 84 49

49 190 18 18 18 18 18 88 88 88 54 54 137 115 115 115 115 108 124
9191 90 92 45 45 45 108 110 15 15 16 30 40 40 56 15 30 39 49 49
3225210116 116 108 108 108 108 108 97 84 7676716442393
322238238238238119119119119119119119119 119119
119119119 11986 86 52 104 119 119 119 119 119 238 145 145 115
205129515183393916436161124 122118 115 88 146 104
104 104 98 72 72 31 21 180 183 84 84 43 19

long_name='Float cycle number'

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

_Fillvalue=99999

DIRECTION

char[N_PROF]'AAAADAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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'
conventions="Argo reference table 4'
_Fillvalue=""

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

_Fi llivalue=""

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'
_Fill  Vvalue=""
DATA_MODE

char[N_PROF]'RRRRRRRRRRRRRRRRRRRAAARRRRRRRRRRRRRRRRRRRRRRRRRRRRR
RAAAAAAAAAAAAAAAAAAAAAARRRRRRRRRRRRRRRRRRRRRRRRRRRRAAARAAARRRRRF
RRAAARAAAAAAARRRRRRAA'

long_name='Delayed mode or real time data’

conventions='R : real time; D : delayed mode; A : real
time with adjustment’

_Fillvalue=""

INST_REFERENCE char[N_PROF, STRING64]

long_name='Instrument type'

conventions='Brand, type, serial number'

_Fillvalue=""
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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
21516.29930555555 6 21519.401388888888 21516.297916666666
21519.277777777777 21516.29861111111 21519.277083333334
21519.095833333333 21518.129166666666 21518.535416666666
21518.181944444445 21518.190972222223 21518.19513888889
21519.210416666665 21519.202083333334 21516.695 13888889
21516.62222222222 21516.52847222222 21517.1375
21516.864583333332 21519.480555555554 21518.335416666665
21517.133333333335 21517.411805555555 21517.50972222222
21514.934027777777 21518.5 21519.210416666665 21518.203472222223
21517.231944444444 215 18.804166666665 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
21518.7764120372 21518.870532407425 21518.834618055727
21518.64195601875 21518.926782 407332 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 21519.158 69212963 21515.35701388889 21519.625
21519.66665509259 21515.355671296296 21519.355752314816
21519.227743055555 21515.242881944443 21519.543784722224
21519.458252314816 21519.291377314814 21519.42953703704
21519.571041666666 21519.233564814815 21515.101331 01852
21519.198263888888 21519.22121527778 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_TME'

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]'11111122211111111212222211111112121211 11111111111211112111
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1111211121112112112112121121211212112121212112121211112111112112112111211111111
1111111111211111112117°

long_name='Quality on Date and Time'

conventions='Argo reference table 2'

_Fillvalue=""

JULD_LOCATION double[N_PROF] 21517. 064583333333
21517.078472222223 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 21518.190972222223
21518.19513888889 21519.210416666665 21519.202083333334
21516.69513888889 21516.62222222222 21516.52847222222 21517.1375
21516.864583333332 21519.480555555554 21518.335416666665
21517.133333333335 21517.411805555555 2 1517.50972222222
21514.934027777777 21518.5 21519.210416666665 21518.203472222223
21517.231944444444 21518.804166666665 21517.955555555556
21514.893055555556 21517.35 21517.138194444444
21519.191666666666 21519.20902777778 21518.193055555555
21517.19930555 5554 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
21518.7764120372 21518.870532407425 21518.834618055727
21518.64195601875 21518.926782407332 21518.472106481437
21518.57471064804 21518.90788194444 21518.645081018563
21518.967731481418 21518.774826388806 21518.384467592463
21518.44265046 2966 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 2 1516.966797 21516.964844 21517.09375
21515.914063 21515.914063 21517.888672 21517.818359 21516.964844
21516.966797 21517.095703 21517.095703 21517.130859 21517.130859
21519.219791666666 21519.515810185185 21515.581597222223
21517.904768518518 21515.6525810 1852 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 21519.46206018518 6
21519.29414351852 21519.432141203702 21519.5903125
21519.284594907407 21515.10445601852 21519.202430555557
21519.226064814815 21519.155219907407 21514.898449074073
21517.923136574074 21518.93636574074 21518.728217592594
21518.821527777778 21512.172222222 223

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 -
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55.574000000000005 -19.468 -19.377000000000002 -
17.903000000000002  -17.762 - 18.531000000000002 - 18.263
38.745000000000005 40.703 29.33 5 -13.044 -9.628 -
7.0600000000000005 - 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 5 9.423
61.665000000000006 47.062000000000005 40.328 31.786
19.005000000000003 19.886 62.293000000000006 33.973 30.94
75.20100000000001 74.778 -45242 -105 -37.664 -17.119 -18.284 -
56.276 -53.751 -49.611 -49.278 -36.442 -40.676 -13.401 -14.89 -
11556 -22.85 8 -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 42.736 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 -49.657 24.239
20.088 21.895 20.079 16.551 14.275 36.58599853515625
57.77399826049805

| ong_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 -
10.828000000000001 - 20.074 - 10.450000000000001  -14.858 -15.461 -
4.5520000000000005 -4.469 -38.391000000000005 -34.156 -22.724
3.984 -23.441000000000003 - 20.031000000000 002 -25.6228 -33.671
33.088 -13.58 5.496 1.4260000000000002 60.458 88.712 124.667
165.396 170.608 148.085 124.538 -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, b est estimate'

units='degree_east'

_Fillvalue=99999.0

valid_min= -180.0

valid_max=180.0

_CoordinateAxisType="'Lon'

POSITION_QC

char[N_PROF]'11111111111211211121121121112111212112121211112112112111111
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112111227112211122111221  1122112211112311132111111221111111111111
1111111211112111221217°1°

long_name="Quality on position (latitude and longitude)'

conventions='Argo reference table 2'

_Fillvalue=""

POSITIONING_SYSTEM char[N_PROF, STRINGS]

long_na me='Positioning system'

_Fillvalue=""

PROFILE_PRES_QC
char[N_PROF]'AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAABBAABA'

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

PROFILE_TEMP_QC
char[N_PROF]'AAAAAAAAAABAAFAAAAAAAAAAAABAABAAAAAABAAAAAAAAAAAAAA
AABBAAAAAAAAAAAAAAAABAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAABBAABA

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

PROFILE_PSAL_QC
char[N_PROF]'AAAAAFFAABCAAFAAAAAAAFAABABAABAAAAAABAAAAAAAAAAAAAA
AABBAAAAAAAAAAAAAAAABAAAAAAAAAAAAAAAAAAALBMMAAAAAFAAAAAAAAA
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=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
_CoordinateAxisType="Pressure’

PRES_QC char[N_PROF, N_LEVELS]
long_name='quality flag'
conventions='Argo reference table 2'
_Fillvalue=""
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PRES_ADJUSTED float{[N_PROF, N_LEVE LS]
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
_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]
| ong_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_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_QC char[N_PROF, N_LEVELS]
long_name="quality flag'
conventions='Argo reference table 2'

_Fillvalue=""

TEMP_ADJUSTEDoat[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_na me='SEA TEMPERATURE IN SITU ITS -90 SCALE'
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_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='F 9.3'

resolution=0.0010

I X
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Interpretation of the File Metadata

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

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

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

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

A distinction is made between a platform (buoy) and an inetahthe

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 risig (its direction) when thassociatedneasurements in the

file weremade For a single 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 represaatateflecting these three
categories:

Figure33 Table representation of Argo data

A
ArgoFiles measurements
PK [file_id PK,FK|file_id
file_name PK,FK|platformInstance_id
data_type PK  |level_number
format_version | latitude
handbook version [ . longitude
reference_date_time H measurement_datetime
date_creation platforminstance pres
date_update PK platforminstance pres_qc
PK,FK,UJJm_i_d pres_adjusted
Ul platform_number pres_adjusted_qc
Ul cycle_number pres_adjusted_error
U1l direction temp
data_centre temp_qc
dc_reference temp_adjusted
inst_reference temp_adjusted_qgc
wmo_inst_type temp_adjusted_error
FK project_id
FK investigator_id |1
data_mode
i.?;ajtate_mdlcat ArgoErojegts
jud ac | N0 e PK Dﬁlllﬂt_'.d
juld_location project_nam
latitude
longitude
position_qc
positioning_syster Argolnvestigators
profle_pres.gc [ ] PK |investigator_id
profile_temp_qc investigator_nan
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TheArgoFiles , platforminstance , andmeasurements tables
reflect the three categories of information described above. In addition, there
are o lookup Bbles:ArgoProjects  andArgolnvestigators . The

relationship between these five 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

platforminstance 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
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Table
measurements

ArgoProjects

Argolnvestigators

I n def i ni

A N D LQBALY§ FOR IBM INFORM I X

D E

netCDF Variables
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

ng tdeveatedsomewtiat frethe,rulewfghiimbe

described earlien File-Database Mapping Issyas, the rule abouputing
all scalar variables in one table gmattingmulti-dimensional variables their

owntables:

1) Instead of putting each muiimensional variable in its own table,
w e 6 mappedvariables with the same dimensinthe same tablé-or
exampleall of the onedimensional variables dimensionedMyPROF

are have been mapped to fiatforminstance
nothing in DaL that requires ustodothis t 6 s

design decision.

We 6bv e

simply the position number of a measurement within a profile and it

added

a

| evel number

table.There is
basitabasel y |

col

umn

allows us to distinguish between measurements from the same profile
(platform). Normally we wald use a coordinate variable for this
purpose, but no coordinate variables have been defined in this netCDF

file.
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Even thoughLATITUDE, LONGITWDE andJULD (julian date)are one
dimensional and have been mapped tgthdorminstance

tabl e, wdthemdn thewepserantems table as well.
(JULD s added tREFERENCE_DATE_TIM&nd the result is stored
in MEASUREMENT_DATETIMEatitudes/Longitudg®atesin a
given filedepend solely oplatforminstance_id , and not on
level_  number, soall the values for a giveArgoF ile and
platform | nstance will have the same latitude/longitudete
values. In later chapters we will be building the measurements into
4-dimensional (latitude, longitudéme, level) grids so we will need to
keep the dimesion columns together in the same table.

We 6 ve ex tPRARIEGTeNAMENt I NAMEfrom the
platforminstance table and put them into their own tables,
replacing them with foreign keys in tpé&atforminstance table.
This is essentially just a databasemalization step; we are doing it as
well to demonstrate the use of table lookup functions in DaL.

We 0 v @ed fardign key, primary key, and unique keglumns to the
tables, as shown in the table below.

Table Primary Key Unique Key Foragn 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

Tablel: Table Key columns.

Uni que keys are sometimes called falternate
unique key columns can be used collectively to distinguish one row of a table from the other rows.
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Defining the Mapping
Setting up the Tables

Select20081201_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 create three tablesrgoFiles , platforminstance , and
measurements 1 as shown in the following figure:

-
| £| Dal: Mapping Editor for informix_argo_example_l.mapping LE-J
. Functions Blocks Tables
Fi Components Create DSChip || GRDValue || GeoRaster Create || Import || Reorder
» _File_metadata |- | argofiles 7 -
globals _row
DATA_TYPE |- m platforminstance 7
FORMAT_YERSION |- _row
HANDBOOK_VERSION |- B measurements v
REFERENCE_DATE_TIME |- -
PLATFORM_NUMBER. |- -

PROJECT_NAME |
PI_NAME |

_ |STATION_PARAMETERS |
CYCLE_NUMBER |-
DIRECTION [+
DATA_CENTRE [
DATE_CREATION |-
DATE_UPDATE |
DC_REFERENCE |
DATA_STATE_INDICATOR |
DATA_MODE [+
INST_REFERENCE [+
WMO_INST_TYPE |+
JULD_OC
POSITION_QC |+
POSITIONING_SYSTEM |
PROFILE_PRES_QC |
PROFILE_TEMP_QC |-
PROFILE_PSAL_QC |
PROFILE_DOXY_QC |
PROFILE_TEMP_DOXY_QC |-
PRES_OC |
PRES_ADIUSTED |+
PRES_ADIUSTED_QC |+
PRES_ADIUSTED_ERROR |
TEMP [
TEMP_QC |+
TEMP_ADIUSTED |+
TEMP_ADIUSTED_QC |

_ TEMP_ADIUSTED_ERROR |+

Save

Close

Figure34 Argo exampleafter creating the tables

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 ottvee will create outside DalL using an
SQL command interpreter.
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INFORMIX dbaccess dal_demodb << XXX
CREATE TABLE argoinvestigators
(investigator_id SERIAL NOT NULL,
investigator_name VARCHAR(100) NOT NULL);
XXX

We could have just as easily created both tables 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. Wavill revisit these two tables later lgsing 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 fathe ArgoFiles  table.

The othettwo columns that appear in primary kdys

platforminstance_id andlevel_number 1 will be drawn directly
from thedimension variablebuilt from thenetCDF dimensionsl_PROFand
N_LEVHS, respectively.

Press thé Cr e lauttor an théiFunction® tabof theMapping Dialog
window and fill out the resulting screen as follows:

(£ Dal: New Function [-;-:h,l

Mame of function: ﬁIE_iu:I_u:lenerab:ur|

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

Sequence name: |file_id_generator_seq -

Once every: | Once per file loaded

| Cancel | Accept

e p—

Figure35 Defining an Id Generator function

Note that we Gsetheeyread oono tthaeb falndd f i | | ed
typed in a new sequence name but we could have selected an existing one if

there was a suitable one already in the datalddsa.typing in a sequence

name, presthe Enterkey.
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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 colmn

pl atformi nstance_id

-
| £/ Dal: Mapping Editor for informix_argo_example_L.mapping

Blocks

File Components

Functions

DSChip || GRDValue || GeoRaster

Create || Import

Rearder

+ _File_metadata |-

file_id_generator |

globals
- [DATA_TYPE |-
"~ FORMAT_YERSION [

_lemgth m
long_narne
conventions
_Fillyalue
PROJECT_MNAME [
PI_NAME |-
STATION_PARAMETERS [
CYCLE_NUMBER [- &
DIRECTION [+
DATA_CENTRE |
~ DATE_CREATION |

Save Save As...

| argofiles v
| _row
m platforminstance 7

| _row
platforminstance_id

HANDBOOK_YERSION |-
REFERENCE_DATE_TIME |- M measurements 7
PLATFORM_NUMBER. | _row

M_PROF -

Close

Figure3G6 Mapping Dialogvindowafterplatforminstance_id

Now dragfile_id_generator

three tables (calling the created colufi id

defined.

):

to (the grey box to the left oBach of the

| £/ Dal: Mapping Editor for informix_argo_example_l.mapping

]

~ [FORMAT_YERSION |-
HANDBOOK_YERSION |-
REFERENCE_DATE_TIME |-
PLATFORM_NUMBER.
N_PROF
_length ®
long_name
conventions
_Fillvalue
PROJECT_NAME |-
PI_NAME [
STATIOMN_PARAMETERS |-
CYCLE_NUMBER. [- B
DIRECTION [
DATA_CENTRE |-
~ DATE_CREATION [

Save Save As...

e G " Functions Blocks Tables
1 Omponents
B DSChip (| GRDValue (| GeoRaster Create || Import || Recrder
» _File_metadata [ file_id_generator m argofiles 7
globals | _row
- DATA_TYPE |- file_id

m platforminstance v
| _row
platforminstance_id
file_id

B measurements 7
| _row

file_id

Close

Figure37: Mapping Dialogvindowatfter file_id

columns defined.
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Next, dragN_PRORo themeasurements table (calling the column
platforminstance_id ). Finally, open either theRESor TEMPnetCDF

variables (i.e., the two variables that wdl wiant to store in the measurements

table) and drag thd_LEVELSdimension variable to thmeasurements

table, calling itevel humber .1t doesnét matter which
variables we choose to be the contributoNof EVELS since the two

variableshave the same dimension

At this point we have now defined the primary keys for the three major tables:

-
| £| Dal: Mapping Editor for informix_argo_example_l.mapping [&J
He G . Functions Blocks Tables
I omponents
B DSChip (| GRDValue || GeoRaster Create || Import || Recrder
4 _File_metadata [ file_id_generator i argofiles v -
- |globals _row
~IpATaA_TYPE file_id
FORMAT_YERSION | m platforminstance v
HANDBOOK_YERSION |- _row
REFERENCE_DATE_TIME |- pletiornstap:etid
PLATFORM_NUMBER 7 =R
MN_PROF B measurements 7
_length _row
long_name file_id
conventions platforminstance_id
_Fillvalue
PROJECT_NAME |-
- PI_NAME |- -
Save Save As... Close
z
e

Figure38 Mapping Dialog/indowwith all primary keys defined.

Note how the dimensionality of the netCDF variablesfiected in the number

of primary key components for the table into which the variable is to be stored.
For examplé®?REShasthreedimensions (when thide id is included) and the
measurements table primary key is composed thiree columns. Likewise,
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