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Preface

This document describes the OPeNDAP FreeForm ND Data Hamdieh can
be used with the OPeNDAP data server. It is not a completeigden of the
FreeForm ND software. For that, please refer to the FreeNibrmanual.

This document contains much material originally writtemhat National Oceanic
and Atmospheric Administration’s National Environmertsatellite, Data, and
Information Service, which is part of the National GeophgtData Center in
Boulder, Colorado.

This document has been updated to include information oeHenen ND, the last
release of FreeForm. FreeForm is now supported only for utkethne Distributed
Oceanographic Data System; see the OPeNDAP Home page fer mor
information.

We are interested in your comments about the OPeNDAP safwaad the
FreeForm ND software and this document. Send them to:
support@unidata.ucar.edu.

Using FreeForm ND with OPeNDAP, a researcher can easily rniaker her data
available to the wider community of OPeNDAP users withowtitigito convert
that data into another data file format. This document ptedée FreeForm
NDsoftware, and shows how to use it with the OPeNDAP server.
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0.1 Tasks lllustrated in this Guide

For a quick start to getting, installing, and using the FoeetND software, see
the list below of tasks described in this document.

Quick start. (page 7)

Getting and installing the FreeForm ND software. (page 4)

Serving tabular data. (page 15)

Array tabular data. (page 21)

Dealing with data file headers (page 29)

o o o o o o

Setup of File servers (page 43)

0.2 Who is this Guide for?

This guide is for people who wish to use FreeForm ND to serigntific datasets
using the OPeNDAP software. Scientists who wish to shaiie da¢a with
colleagues may also find this a useful system, since it isaéively simple matter
to set up a server that can allow remote access to your data.

This documentation assumes that the readers are familiarcainputers and the
internet, but are not necessarily programmers. More thassifpg familiarity
with different data file formats will be useful, as will an werdtanding of
elementary internet concepts, such as URLs and http.

This manual also assumes some familiarity with the OPeND##vare. If you
are starting from scratch, knowing nothing at all about OPAR, we strongly
encourage you to browse tidne OPeNDAP User Guidgefore reading too far
here.



0.3 Organization of this Document

0.3 Organization of this Document

This book contains both introductory and reference madteFizere is also a
description of the installation procedure.

Chapter 1 contains an overview of the OPeNDAP FreeForm ND Data Handler
software, including how to get it and install it.

Chapter 2 provides a brief introduction to writing format descript®and using
the OPeNDAP FreeForm ND Data Handler.

Chapter 3 provides detailed information about writing format deptidns to
facilitate access to data in tabular formats.

Chapter 4 provides detailed information about writing format deptidns to
facilitate access to data in non-tabular (array) formats.

Chapter 5 tells you how to work with header formats.

Chapter 6 describes the operation of the OPeNDAP FreeForm ND Dataldignd
with tips for writing format files.

Chapter 8 presents FreeForm ND file name conventions, the searchfauiles
locating format files, and standard command line argumemtBreeForm
ND programs.

Chapter 9 shows you how to use the FreeForm ND progteewform to convert
data from one format to another and also how to read the dai®imary
file.

Chapter 10 discusses the FreeForm ND prograheckvar, which you can use
to check data distribution and quality.

Appendix A on page 79 provides explanations for a small selection of tools that
will be useful for programmers working with the HDF file fortna

Appendix B on page 91 presents a list of common FreeForm ND error messages.
These are the error messages that may be issued by the FrelNEor
utilities, such asiewform, not the OPeNDAP FreeForm ND Data Handler.
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Table 1: Typographic Conventions
Literal text | Typed by the computer, or in a code listing.
User input | Type this precisely as written.
Variables Used as a place holder for a user-specified or vari-
able value. Choose an appropriate value and|use
that in place.

Button Text Used to indicate text on a GUI button.
Menu Name | This is the name of a GUI menu.

0.4 Conventions

The typographic conventions shown in Table 1 are followetthis guide and all
the other DODS documentation.

When referring to a button in a menu, we will often use the timta

. For example, Options,Colors,Foreground ‘would indicate the
button in theColors menu, selected under ti@ptions menu.

A position box is often used in this book to indicate columsifion of field
values in data files. It is shown at the beginning of a datarligie documentation,
but does not appear in the data file itself. It looks somethiegthis:

1 2 3 4 5 6
012345678901234567890123456789012345678901234567890
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Introduction

The OPeNDAP FreeForm ND Data Handler is a DAR2mpliant server that
uses FreeForm ND software to serve data from files in almgstaamat. The
FreeForm ND Data Access System is a flexible system for gpegitiata formats
to facilitate data access, management, and use. Since D®R2 data to be
translated over the internet and read by a client regardiets® storage format of
the data, the combination allows several format restristim be overcome.

The large variety of data formats is a primary obstacle inthg of creating
flexible data management and analysis software. FreeForw&ionceived,
developed, and implemented at the National Geophysica Danhter (NGDC) to
alleviate the problems that occur when you need to use detavt@ varying
native formats or to write format-independent applicagion

DAP2 was originally conceived as a way to move large amouingsientific data
over the internet. As a consequence of establishing a feegida transmission
format, DAP2 also allows substantial independence fronsthege format of the
original data. Up to now, however, DAP2 servers have beeitdio data in a
few widely used formats. Using the OPeNDAP FreeForm ND Datadier,

many more datasets can be made available through DAP2.

The Data Access Protocol, version 2, was originally devadofor the DODS project, then used
by NVODS. In 2000 the principals from the DODS project forn@EeNDAP, Inc., a not-for-profit
corporation, tocontinue the development of the protocdlthe associated software.
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1.1 The FreeForm ND Solution

FreeForm ND usesfarmat descriptorfile to describe the format of one or more
data files. This descriptor file is a simple text file that cacteated with a text
editor, describing the structure of your data files.

A traditional DAP2 server, illustrated in figure 1.1, re@s\a request for data
from a DAP2 client who may be at some remote comput€he data served by
this server must be stored in one of the data formats sugbbyt¢he OPeNDAP
server (such as netCDF, HDF, or JGOFS), and the server useglsped software
to read this data from disk.

When it receives a request, the server reads the requedteftata its archive,
reformats the data into the DAP2 transmission format andssére data back to
the client.

‘ Client

DAP2 Server

Web Server

OPeNDAP Server
Components

Figure 1.1: A Traditional DAP2 Server

The OPeNDAP FreeForm ND Data Handler works in a similar fasho a
traditional DAP2 server, but before the server reads tha filain the archive, it
first reads the data format descriptor to determine how itisheead the data.

2The request comes via http. The DAP2 server is, in realityrdinary http server, equipped
with a set of CGI programs to process requests from DAP2tslieéBee SectioR? on page?? and
The OPeNDAP User Guider more information.



1.2 The FreeForm ND System

Only after it has absorbed the details of the data storagedbdoes it attempt to
read the data, pack it into the transmission format and geordits way back to
the client.

DAP2 Server

Web Server

‘ Client

OPeNDAP Server
Components
Incl. FreeForm

N
|
FreeForm l !
|
Data 1 Data |
|
Description ! |
|

N ————-—-

Figure 1.2: The OPeNDAP FreeForm ND Data Handler

1.2 The FreeForm ND System

The OPeNDAP FreeForm ND Data Handler comprises a formatigésa
mechanism, a set of programs for manipulating data, andettvesitself. The
software was built using the FreeForm ND library and dataatlsj These are
documented in The FreeForm ND User’s Guide.

The OPeNDAP FreeForm ND Data Handler includes the followaragrams:

dap_ff_handler The OPeNDAP FreeForm ND Data Handt&ta handler.
This program is run by the OPeNDAP server to handle the p&gnry
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requests that require knowledge specifically about FreeFdhis program
is run by the main server 'dispatch’ software. That softwargescribed in
the Server Installation Guide (http://opendap.org/sdéinsall-html),
available on the OPeNDAP Home page.

The OPeNDAP FreeForm ND Data Handler distribution alsoudes the
following FreeForm ND utilities. These are quite useful tatevand debug format
description files.

newform This program reformats data according to the irgoud output
specifications in a format description file.

chkform After writing a format description file, you can use this pram to
cross-check the description against a data file.

readfile This program is useful to decode the format used by a binaylfil
allows you to try different formats on pieces of a binary fdad see what
works.

1.3 Installing the OPeNDAP FreeForm ND Data
Handler

If you don’t have the OPeNDAP FreeForm ND Data Handler, andtwtafollow
these directions. If you have a copy of the OPeNDAP FreeFobhDidta
Handler, and want to know how to use it, see Chapter 2 for gastkuctions and
examples of its use, and Chapter 6 for further information.

You can get the OPeNDAP FreeForm ND Data Handler from the @2dN
Home page. Follow the links to “Download Software” and thefiGurrent
Release.” If your computer is one of the platforms for whiahpyovide a binary
release, get that, otherwise get the source code.

To get a binary release, go to that page, click on the compuoteuse, and click
on the “FreeForm” button in the “Servers” box. Click button, and
follow the directions. The server will make a custom binaly fior you, which
you then download.

To install the OPeNDAP FreeForm ND Data Handler, first make gou have an
http server running on the machine where you plan to servdatee If you are
unsure whether one is running, you can use a web client, l&sddpe, to send an
http request to your own machin€he OPeNDAP User Guidmntains some

hints about installing a web server.



1.3 Installing the OPeNDAP FreeForm ND Data Handler

When you are sure a web server is properly installed and mgnoinpack the
archive file you downloaded from the OPeNDAP Home page. Bisare
available for Solaris, IRIX, Linux, et cetera. Folow thetmgtions that come with
each, as they all have their own idiosyncrasies. After ukipgahe server will, by
default install some exectuable programs in /usr/localdrid some other files in
both /usr/local/share/dap-server and /usr/local/stapeserver-cgi.

Follow the instructions on configuring the OPeNDAP servérisgenerally
involves configuring a web server (e.g., Apache) to rumiiftedods CGI script
and editing the dap-server.rc configuration file. Both resid
lusr/local/share/dap-server-cgi (assuming that you bhesen the default
location for installation).

Now that the OPeNDAP FreeForm ND Data Handleris installdthpZer 6 will
explain how to use it to serve your data. It may be a good idéantdiarize
yourself with the information in the intervening chaptesich will explain how
to specify your data’s format.

Compiling the OPeNDAP FreeForm ND Data Handler

If the computer and operating system combination you usetisme of the ones
we own, you will have to compile the OPeNDAP FreeForm ND Dadadier
from its source. Go to the OPeNDAP home page (www.opendzpamd follow
the menu item to the downloads page. From there you will needilidap,
dap-server and FreeForm handler software source distnitsutGet each of these
and perform the following steps:

0 Expand the distribution (e.gcar -xzf libdap-3.5.3.tar.gz)
0 Change to the newly created directoed (1libdap-3.5.3)
O Run the configure script { configure)
0 Run maketfake)
O Install the softwaren(ake install or sudo make install)
Each source distribution contains more detailed buildirc$ions; see the

README, INSTALL andNEWS files for the most up-to-date information. See
Section 1.3 on page 4 for instructions on the final instaltati
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Quick Tour of the OPeNDAP FreeForm
ND Data Handler

This chapter provides you a quick introduction to the OPelRD#eeForm ND
Data Handler, including writing format descriptions andvegg test datasets.

2.1 Getting Started Serving Data
To get going with the OPeNDAP FreeForm ND Data Handler, foltbese steps:

[0 Obtain and install the OPeNDAP data server distributiontaed
OPeNDAP FreeForm ND Data Handler format handler distrisut{ You
can get these files from the OPeNDAP Home page.)

O Install the OPeNDAP FreeForm ND Data Handler. (See thelogtms in
the INSTALL file accompanying the server.)

0 Examine the structure of the data file(s) you intend to semmd,construct a
FreeForm ND format definition file that describes the laydudaia in the
files. (Refer to the Chapter 3 for instructions about segeeiata and
Chapter 4 for array data. Consiilhe OPeNDAP User Guidéyou do not
know the difference between the two data types.)

O If you wish, you may include an output definition format wittthis file, to
allow you to test that your input description is accurateu ¥an use the
FreeForm ND utilities, such aswform, to validate the conversion. The
Chapter 9 contains a detailed descriptiomefif orm. This step is optional,
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since the OPeNDAP FreeForm ND Data Handler ignores the butpu
definition section of the format definition file.

O Although the OPeNDAP FreeForm ND Data Handler can genefsutl
DDS and DAS files, you may want to write these files yourselfuerride
the default data descriptions, or to add attribute data.dEfeult
descriptions are based on the format of the data the the OREND
FreeForm ND Data Handler receives from the FreeForm ND engin

O Place the data files, and a corresponding format file for eatahfie, in a
place where the OPeNDAP FreeForm ND Data Handler can find.tfhéra
is generally in the server’s document root, or in a subdimgcthere. See
The OPeNDAP User Guider detailed instructions on installing a server if
the document root is not a familiar concept.

Your data is now available to anyone who knows about youresemhe next
section contains examples of writing format descriptions.

2.2 Examples

You can easily create FreeForm ND format description filas describe the
formats of input and output data and headers. The OPeNDA¢FBren ND Data
Handler and other FreeForm ND-based programs then useftless® correctly
access and manipulate data in various formats. An exampteafalescription file
is shown and described below.

For complete information about writing format descripipsee Chapter 3 and
Chapter 4.

2.2.1 Sequence Data

Here is a data file, containing a sequence of four data typéss (lata file and
several of the other examples in this chapter are availailend'Documentation”
on the OPeNDAP web page (http://opendap.org).)

Here is the data file, callefffsimple.dat:
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Latitude and Longitude:
-47.303545 -176.
-25.928001  -0.
-28.286662  35.
12.588231 149.
-63.223548  55.
54.118314 -136.
-38.818812  91.
-34.577065  30.
27.331551 -155.
11.624981 -113.

The file consists of a single header line, followed by a segai@firecords, each
of which contains a latitude, longitude, temperature, alithisy.

Here is a format file you can use to refkimple.dat. It is called

ffsimple.fmt:

ASCII_file_header "Latitude/Longitude Limits"

161101
777265
591879
408117
319598
940570
411330
172129
233735
660611

11.
20.
23.
28.

0.
10.
13.
20.
23.
27.

-63.223548 54.118314
34.
35.
35.
34.
33.
32.
35.
35.
35.
33.

7125
7288
6377
6583
4503
4085
9978
9096
0917
5036

minmax_title 1 24 char O
latitude_min 25 36 double 6
latitude_max 37 46 double 6

longitude_min 47 59 double 6
longitude_max 60 70 double 6

ASCII_data "lat/lon"

latitude 1 10 double 6
longitude 12 22 double 6
temp 24 30 double 4
salt 32 38 double 4

ASCII_output_data "output"
latitude 1 10 double 3
longitude_deg 11 15 short O
longitude_min 16 19 short O
longitude_sec 20 23 short O
salt 31 40 double 2
temp 41 50 double 2

The format file consists of three sections. The first showsfFoem ND how to
parse the file header. The second section describes thantooteéhe data file.
The third part describes how to write the data to anotherTihés part is not
important for the OPeNDAP FreeForm ND Data Handler, but efwldor

debugging the input descriptions.

Download thef fsimple files described above, and type:

> newform ffsimple.dat

You should see results like this:

4634
8953
3314
5260
8830
0661
0173
4705
2694
7004

-176.161101 149.408117
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Welcome to Newform release 4.2.3 -- an NGDC FreeForm ND application

(ffsimple.fmt) ASCII_input_file_header "Latitude/Longitude Limits"
File ffsimple.dat contains 1 header record (71 bytes)
Each record contains 6 fields and is 71 characters long.

(ffsimple.fmt) ASCII_input_data "lat/lon"
File ffsimple.dat contains 10 data records (390 bytes)
Each record contains 5 fields and is 39 characters long.

(ffsimple.fmt) ASCII_output_data "output"
Program memory contains 10 data records (510 bytes)
Each record contains 7 fields and is 51 characters long.

-47.304 -176 9 40 34.46 11.71
-25.928 0 -46 38 35.90 20.73
-28.287 35 35 31 35.33 23.64
12.588 149 24 29 34.53 28.66
-63.224 55 19 11 33.88 0.45
54.118 -136 56 26 32.07 10.41
-38.819 91 24 41 35.02 14.00
-34.577 30 10 20 35.47 20.91
27.332 -1656 14 1 35.27 23.09
11.625 -113 39 38 33.70 27.50

100\’, processed

Now take both thefsimple files and put them into a directory in your web
server’s document root directory. (Refer to ffiee OPeNDAP User Guider
some tips on figuring out where that is.)

Here’s an example, on a computer on which the web server daturot is
/export/home/http/htdocs:

> mkdir /export/home/http/htdocs/data
> cp ffsimple.* /export/home/http/htdocs/data

Now, using a common web browser such as Netscape Navigater, the
following URL (substitute your machine name and CGl diregtior the ones in
the example):
http://test.opendap.org/opendap/nph-dods/data/ff/ffsimple.dat.asc

You should get something like the following in your web brews window:
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latitude, longitude, temp, salt
-47.3035, -176.161, 11.7125, 34.4634
-25.928, -0.777265, 20.7288, 35.8953
-28.2867, 35.5919, 23.6377, 35.3314
12.5882, 149.408, 28.6583, 34.526
-63.2235, 55.3196, 0.4503, 33.883
54.1183, -136.941, 10.4085, 32.0661
-38.8188, 91.4113, 13.9978, 35.0173
-34.5771, 30.1721, 20.9096, 35.4705
27.3316, -155.234, 23.0917, 35.2694
11.625, -113.661, 27.5036, 33.7004

Try this URL:
http://test.opendap.org/opendap/nph-dods/data/ffsimple.dat.dds

This will show a description of the dataset structure (Slee OPeNDAP User
Guidefor a detailed description of the DAP2 “Dataset Descripi®iructure,” or
DDS.):
Dataset {
Sequence {
Float64 latitude;
Float64 longitude;
Float64 temp;
Float64 salt;
} lat/lon;
} ffsimple;

2.2.2 Array Data
If your data more naturally comes in arrays, you can still theeOPeNDAP
FreeForm ND Data Handler to serve your data. The FreeFormdiDdt for

sequence data is somewhat simpler than the format for aatay sb you may find
it easier to begin with the example in the previous section.

One-dimensional Arrays

Here is a data file, calletifarr1.dat, containing four ten-element vectors:
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123456789012345678901234567
1.00 50.00 0.1000 1.1000

2.00 61.00 0.3162 0.0953
3.00 72.00 0.5623 -2.3506
4.00 83.00 0.7499 0.8547
5.00 94.00 0.8660 -0.1570
6.00 105.00 0.9306 -1.8513
7.00 116.00 0.9647 0.6159
8.00 127.00 0.9822 -0.4847
9.00 138.00 0.9910 -0.7243
10.00 149.00 0.9955 -0.3226

Here is a format file to read this datéferri . fmt):
ASCII_input_data "simple array format"
index 1 5 ARRAY["line" 1 to 10 sb 23] OF float 1
datal 6 12 ARRAY["line" 1 to 10 sb 21] OF float 1
data2 13 19 ARRAY["line" 1 to 10 sb 21] OF float 1
data3 20 27 ARRAY["line" 1 to 10 sb 20] OF float 1

ASCII_output_data "simple array output"

index 1 7 ARRAY["line" 1 to 10] OF float O

/datal 6 12 ARRAY["line" 1 to 10 sb 21] OF float 1
/data2 13 19 ARRAY["line" 1 to 10 sb 21] OF float 4
/data3 20 27 ARRAY["line" 1 to 10 sb 20] OF float 4

The output section is not essential for the OPeNDAP FreeFtnData Handler,
but is included so you can check out the data withrtéef orm command.

Download the files from the OPeNDAP web site, and try typing:
> newform ffarrl.dat

You should see théndex array printed out. Uncomment different lines in the
output section of the example file to see different data vecto

Now look a little closer at the input section of the file:
index 1 5 ARRAY["line" 1 to 10 sb 23] OF float 1

This line says that the array in question—called “index"ass in column one of
the first line, and each element takes up five bytes. The feateht starts in
column one and goes into column five. The array has one dimertine”, and

is composed of floating point data. The remaining elementisfarray are found
by skipping the next 23 bytes (the newline counts as a chajackading the
following five bytes, skipping the next 23 bytes, and so on.

Of course, the 23 bytes skipped in betweenith&ex array elements also contain
data from other arrays. The second aregatal, starts in column 6 of line one,
and has 21 bytes between values. The third array startsumeod 3 of the first
line, and the fourth starts in column 20.
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Move theffarri. * files into your data directory:

> cp ffarrl.* /export/home/http/htdocs/data

Now you can look at this data the same way you looked at theesegudata.
Request the DDS for the dataset with a URL like this one:

http://test.opendap.org/opendap/nph-dods/data/ffarrl.dat.dds

You can see that the dataset is a collection of one-dimeaki@ttors. You can
see the individual vectors with a URL like this:

http://test.opendap.org/opendap/nph-dods/data/ffarrl.dat.asc?index

Multi-dimensional Arrays

Here’s another example, with a two-dimensional arréyagr2.dat):

1 2 3 4

1234567890123456789012345678901234567890
1.00 2.00 3.00 4.00 5.00 6.00
7.00 8.00 9.00 10.00 11.00 12.00
13.00 14.00 15.00 16.00 17.00 18.00
19.00 20.00 21.00 22.00 23.00 24.00
25.00 26.00 27.00 28.00 29.00 30.00

There are no spaces between the data columns within an awaiput in order to
skip reading the newline character, we have to skip one ctarat the end of
each row. Here is a format file to read this datfiarr2. fmt):
ASCII_input_data "one"
data 1 6 ARRAY["y" 1 to 5 sb 1]["x" 1 to 6] OF float 1

ASCII_output_data "two"
data 1 4 ARRAY["x" 1 to 6 sb 2]["y" 1 to 5] OF float 1

Again, the output section is only for using with thewform tool. Put these data
files into yourhtdocs directory, and look at the DDS as you did with the previous
example.

A Little More Complicated

You can use the OPeNDAP FreeForm ND Data Handler to servendtta
multi-dimensional arrays and one-dimensional vectoerggersed among one
another. Here’s a file containing this kind of datd4rr3.dat):
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1 2 3 4
1234567890123456789012345678901234567890123
XXXX 1.00 2.00 3.00 4.00 5.00 6.00YY
XXXX 7.00 8.00 9.00 10.00 11.00 12.00YY
XXXX 13.00 14.00 15.00 16.00 17.00 18.00YY
XXXX 19.00 20.00 21.00 22.00 23.00 24.00YY
XXXX 25.00 26.00 27.00 28.00 29.00 30.00YY

In order to read this file successfully, we define three vedimread the “XXXX",
the “YY”, and the newline. Here is a format file that does thigsrr3. fmt):

dBASE_input_data "one"

headers 1 4 ARRAY["line" 1 to 5 sb 39] OF text O

data 5 10 ARRAY["y" 1 to 5 sb 7]["x" 1 to 6] OF float 1
trailers 41 42 ARRAY["line" 1 to 5 sb 41] OF text O
newline 43 43 ARRAY["line" 1 to 5 sb 42] OF text O

ASCII_output_data "two"

data 1 4 ARRAY["x" 1 to 6 sb 2]["y" 1 to 5] OF float O
/headers 1 6 ARRAY["line" 1 to 5] OF text O

/trailers 1 4 ARRAY["line" 1 to 5] OF text O

/newline 1 4 ARRAY["line" 1 to 5] OF text O

The following chapters offer more detailed information abloow exactly to
create a format description file.
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Format descriptions define the formats of input and outptzt dad headers.
FreeForm ND provides an easy-to-use mechanism for desgrdzita. FreeForm
ND programs and FreeForm ND-based applications that yoeldgwse these
format descriptions to correctly access data. Any data §igellby FreeForm ND
programs must be described in a format description file.

This chapter explains how to write format descriptions fatadarranged in tabular
format—rows and columns—only. For data in non-tabular fatsnsee the next
chapter.

3.1 FreeForm ND Variable Types

The data sets you produce and use may contain a variety ablatiypes. The
characteristics of the types that FreeForm ND supportsuanersrized in
table 3.1, which is followed by a description of each type.

NOTE: The sizes in table 3.1 are machine-dependent. Those giedorar
most Unix workstations.

char Thechar variable type is used for character strings. Variablesisftipe,
including numerals, are interpreted as characters, natabers.

uchar Theuchar (unsigned character) variable type can be used for integers
between 0 and 255 (28- 1). Variables that can be represeptdichar
type (for example: month, day, hour, minute) occur in martadats. An
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Table 3.1: FreeForm ND Data Types

Name Minimum Maximum Sizein Precision*
Value Value Bytes

char *k

uchar 0 255 1

short -32,767 32,767 2

ushort 0 65,535 2

long -2,147,483,647 | 2,147,483,647 | 4

ulong 0 4,294,967,295 | 4

float 10737 1078 4 [

double 107307 10308 8 15%**

* Expressed as the number of significant digits
** User-specified
*** Can vary depending on environment

advantage of using thechar type in binary formats is that only one byte is
used for each variable. Variables of this type are integores numbers, not
characters.

short A short variable can hold integers between -32,767 and 32,767 1).
This type can be used for signed integers with less than Esdiyi for real
numbers with a total of 4 or fewer digits on both sides of theimal point
(-99 to 99 with a precision of 2, -999 to 999 with a precisioripand so
on).

ushort A ushort (unsigned short) variable can hold integers between 0 and
65,535 @16 — 1).

long A long variable can hold integers between -2,147,483,647 and
+2,147,483,647%! — 1). This variable type is commonly used to represent
floating point data as integers, which may be more portablzan be used
for numbers with 9 or fewer digits with up to 9 digits of preois, for
example, latitude or longitude (-180.000000 to 180.000000

ulong Theulong (unsigned long) variable type can be used for integers letwe
0 and 4,294,967,292% — 1).

float, double Numbers that include explicit decimal points are eithesat
or double depending on the desired number of digitsf Foat has a
maximum of 6 significant digits, @ouble has 15 maximum. The extra
digits of adouble are useful, for example, for precisely specifying time of
day within a month as decimal days. One second of time is appetely
0.00001 day. The number specifying day (maximum = 31) canmcap to
2 digits. Afloat can therefore only specify decimal days to a whole
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second (31.00001 occupies seven digitsjidible can, however, be used
to track decimal parts of a second (for example, 31.000001).

header Older versions of FreeForm ND included header variables. ¢émn now
specify header formats in format description files.

For details, see Section 3.4 on page 18 and also Chapter 5.

3.2 FreeForm ND File Types

FreeForm ND supports binary, ASCII, and dBASE file types.aByrdata are
stored in a fixed amount of space with a fixed range of values. i$la very
efficient way to store data, but the files are machine-readaher than
human-readable. Binary numbers can be integers or floatimg pumbers.

Numbers and character strings are stored as text stringS@IIAThe amount of
space used to store a string is variable, with each charactepying one byte.

The dBASE file type, used by the dBASE product, is ASCII texhaut
end-of-line markers.

3.3 Format Description Files

Format description files accompany data files. A format digson file can
contain descriptions for one or more formats. You includecdgtions for header,
input, and output formats as appropriate. Format desoriptfor more than one
file may be included in a single format description file.

An example format description file is shown next. The segtitbrat follow
describe each element of a format description file.
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1 / This format description file is for
2 / data files latlon.bin and latlon.dat.
3
4 binary_data "Default binary format"
5 latitude 1 4 long 6

longitude 5 8 long 6

6
7
8 ASCII_data "Default ASCII format"
9 latitude 1 10 double 6

10 longitude 12 22 double 6

Lines 1 and 2 are comment lines. Lines 4 and 8 give the fornpat &nd title, as
described in Section 3.4.1 on page 18. Lines 5, 6, 9, and li@icovariable
descriptions, described in Section 3.4.2 on page 19. Blaek kignify the end of
a format description

You can include blank lines between format descriptions@mdments in a
format description file as necessary. Comment lines begimalash (/).
FreeForm ND ignores comments.

3.4 Format Descriptions

A format description file comprises one or more format degicms. A format
description consists of a line specifying the format typd tithe followed by one
or more variable descriptions, as in the following example:

binary_data "Default binary format"

latitude 1 4 long 6

longitude 5 8 long 6

3.4.1 Format Type and Title

A line specifying the format type and title begins a formasat@tion. Aformat
descriptor, for examplepinary _data, is used to indicate format type to
FreeForm ND. Théormat title, for example, “Default binary format”, briefly
describes the format. It must be surrounded by quotes alwmhftthe format
descriptor on the same line. The maximum number of chasafiethe format
title is 80 including the quotes.

Format Descriptors

Format descriptors indicate (in the order given) file tygad/write type, and file
section. Possible values for each descriptor componershasgn in the following
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table.

Table 3.2: Format Descriptor Components

File Type | Read/Write Type | File Section
(optional)
data
ASCII inout file header
binary P record_header
output . %
dBASE file header_separate
record_header_separate*

* The qualifierseparate indicates there is a header file separate from the
data file.

The components of a format descriptor are separated by scates (). For
example ASCII output_data indicates that the format description is for ASCII
data in an output file. The order of descriptors in a formatdpsgon should
reflect the order of format types in the file. For instance discriptor

ASCII file header would be listed in the format description file before
ASCII data. The format descriptors you can use in FreeForm ND are listed
the next table, whergxX stands folASCII, binary, or dBASE. (Example:
XXX_data=:ASCII_data,binary_data,OrdBASE_data)

For more information about header formats, see Chapter 2ge §9.

3.4.2 Variable Descriptions

A variable description defines the name, start and end coposition, type, and
precision for each variable. The fields in a variable defiorpare separated by

white space. Two variable descriptions are shown below thigtfields indicated.
Each field is then described.

Here are two example variable descriptions. Each one derdfis name, a start
position, and end position, a type, and a precision.

latitude 1 10 double 6

longitude 12 22 double 6

Name The variable name is case-sensitive, up to 63 charactegsaih no
blanks. The variable names in the example are latitude amgitiae. If the
same variable is included in more than one format descriptihin a
format description file, its name must be the same in eachdbrm
description.

Start Position The column position where the first character (ASCII) or byte
(binary) of a variable value is placed. The first position,igdt 0. In the
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Table 3.3: Format Descriptors

Data Header Special

XXX_file header

XXX_file header_separate
XXX_record header
XXX_record_header_separate
XXX_input_file_header
XXX_input_file_header_separate RETURN*
XXX_input_record_header EQL**
XXX_input_record_header_separate
XXX_output_file_header
XXX_output_file header_separate
XXX_output_record_header

XXX_data
XXX_input_data
XXX_output_data

XXX_output_record_header_separate

* The RETURN descriptor lets FreeForm ND skip over end-oé&lchar-
acters in the data.

** The EOL descriptor is a constant indicating an end-otlioharacter
should be inserted in a multi-line record.

example, the variable latitude is defined to start at positiand longitude
at12.

End Position The column position where the last character (ASCII) or byte
(binary) of a variable value is placed. In the example, théatde latitude is
defined to end at position 10 and longitude at 22.

Type The variable type can be a standard type such as char, flagtledor a
special FreeForm ND type. The type for both variables in #zrele is
double. See Section 3.1 on page 15 for descriptions of stgaptypes.

Precision Precision defines the number of digits to the right of themetipoint.
For float or double variables, precision only controls thenbar of digits
printed or displayed to the right of the decimal point in anGAS
representation. The precision for both variables in thergpta is 6.
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If the tabular format discussed in the previous chaptermbdescribe your data
well, FreeForm ND’s array notation may prove useful. Ddsng a data file's
organization as a set of as n-dimensional arrays allows tmhrmore flexibility
in writing format definitions. It also enables subsettinxepmanipulation, and
reorienting arrays of arbitrary dimension and character.

4.1 Array Descriptor Syntax

FreeForm ND allows you to describe the same fundamentaFBreeND data
types in array notation. The arrays can have any number aériiions, any
number of elements in each dimension, and either an inoigasia decreasing
sequencing in each dimension. Furthermore, elements idiamgnsion may be
separated from each other (demultiplexed) and may everaoegin separate
files. However, every element of an array must be of the sapee ty

Array descriptors are a string of n dimension descriptiamsafrays of n
dimensions. FreeForm ND accepts descriptions with the sigsificant
dimension first (i.e. row-major order for 2 dimensions, glamajor order in 3
dimensions).

Individual dimension descriptions are enclosed in braxckEach dimension
description can contain various keywords and values wipekiy how the
dimension is set up. Some of the specifications are optidnalu do not specify
them, they default to a specific value.
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NOTE: You must not mix array and tabular formats within the input an
output sections of the format definition file. Only one typenofation
can be used within each section of the format description file
although the sections may use different forms. For exanagfiég’s
input format could use array definitions, but the output farmight
be entirely tabular.

The dimension description variables include:

dimension name (REQUIRED) A name for the dimension. This can be any
ASCII string enclosed in double-quotes (). The name fothedimension
must be unique throughout the array descriptor.

This example specifies that a dimension named “latitudestexi
["latitude" 0 to 180]

starting and ending indices (REQUIRED) A starting and ending index
specifying a range for the dimension. The starting and enitidices are
specified as integers separated by the word “to” followiregdhmension
name. As long as both numbers are integral, there are no mateictions
on their values.

This example specifies that the dimension “temperature’indises
ranging from -50 to +50:

["temperature" -50 to 50]

granularity (optional) A specification for the density of elements in the indices.
The number provided after the “by” keyword specifies how miaiagx
positions are to be skipped to find the next element.

This example specifies that index values 0, 50, 100, 150 ad&0the
only valid index values for the dimension “height”:

["height" 0 to 200 by 50]

grouping (optional) A specification for splitting an array across “partitions”
(files or buffers in memory). The number provided after thie™gr
“groupedby” keyword specifies how many elements of the dsiemare in
each partition. If no value is specified, the default is 0 (adiponing).
Each partition must have the same number of elements. Every
more-significant dimension description (those to the leftist also have a
grouping specified- “dangling” grouping specifications ao¢ allowed. If a
dimension is not partitioned, but is required to have a girayppecification
because a less-significant dimension is partitioned, apgmgwf M can be
specified, where:

M = | end_index — start_index | +1
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This example specifies that the dimension “latitude” isiparted into 9
chunks of 10 “bands” of latitude each:

["latitude" 1 to 90 gb 10]

separation (optional) A specification for “unused space” in the array. The
number provided after the “sb” or “separation” keyword sfies how
many bytes of data following each element in the dimensiaukhnot be
considered part of the array. An “element in the dimensisrgdnsidered to
be everything which occurs in one index of that dimensiopasation takes
on a slightly different meaning if the dimension also hasecsjed
grouping. In dimensions with a specified grouping, the sajmar occurs at
the end of each partition, not after every element.

This example specifies a 2-dimensional array with 4 bytesdmt the
elements in the “columns” and an additional 2 bytes at thecémstery row:

["1lat" -90 to 90 sb 2] ["lon" -180 to 179 sb 4]

4.2 Handling Newlines

The convention of expecting a newline to follow each recdrd®Cl| data
becomes troublesome when dealing with array data, es|yesiaén expressed
using format description notation that is intended for tabdata. It is the
FreeForm ND convention that there is an implicit newlineathe last variable of
an ASCII format.

For example, these two format descriptions are equivalent:

ASCII_data "broken time --- BIP"
year 1 2 uint8 O

month 3 4 uint8 0O

day 5 6 uint8 0

hour 7 8 uint8 0

minute 9 10 uint8 0

second 11 14 uintl6 2

dBASE_data "broken time --- BIP"
year 1 2 uint8 O

month 3 4 uint8 0O

day 5 6 uint8 0

hour 7 8 uint8 0

minute 9 10 uint8 O

second 11 14 uintl6 2

EOL 15 16 constant O
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However, the EOL variable shown here assumes that newlnedsva bytes long,
which is true only on a PC. FreeForm ND adjusts to this by agsgithat ASCII
data always has native newlines, and it updates the staidgnding position of
EOL variables and subsequent variables accordingly.

The EOL variable is typically used to define a record layoat #pans multiple
lines. However, the EOL variable in combination with the ddAformat type can
completely replace the ASCII format type.We recommendgitie dBASE
format type when describing ASCII arrays, to ensure thaasjon, if specified,
takes into account the length of any newlines.

In this output format a newline separates each band of datét, would be just as
easy to omit the newlines entirely.

dBASE_input_data "broken time --- BIP"

year 1 2 array["x" 1 to 10 sb 14] of uint8 0
month 3 4 array["x" 1 to 10 sb 14] of uint8 0

day 5 6 array["x" 1 to 10 sb 14] of uint8 0

hour 7 8 array["x" 1 to 10 sb 14] of uint8 0
minute 9 10 array["x" 1 to 10 sb 14] of uint8 0
second 11 14 array["x" 1 to 10 sb 12] of uintl6 2
EOL 15 16 array["x" 1 to 10 sb 14] of constant 0

dBASE_output_data "broken time - BSQ"

year 1 2 array["x" 1 to 10] of uint8 0

EOL 21 22 constant O

month 23 24 array["x" 1 to 10] of uint8 0
EOL 43 44 constant O

day 45 46 array["x" 1 to 10] of uint8 0
EOL 65 66 constant O

hour 67 68 array["x" 1 to 10] of uint8 0
EOL 87 89 constant O

minute 90 91 array["x" 1 to 10] of uint8 O
EOL 110 111 constant O

second 112 115 array["x" 1 to 10] of uintl6 2
EOL 132 133 constant 0

NOTE: The separation size now takes into account the two-charB€e
newline. To use this format description with a native ASQH &in
UNIX platforms, it would be necessary to change the separaizes
of 12 and 14 to 11 and 13, respectively.
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4.3 Examples

The following examples should be helpful in understandimgdrray notation.

4.3.1 Tabular versus Array Descriptions

Array notation can simply replace the tabular format desicn, as in these
examples.

A single element can be described in tabular format:
year 1 2 uint8 O

or as an array:
year 1 2 array["x" 1 to 10] of uint8 0

An image file can be described in tabular format:

binary_input_data "grid data"
data 1 1 uint8 O

or as an array:

binary_input_data "grid data"
data 1 1 array["rows" 1 to 180] ["cols" 1 to 360] of uint8 0

Multiplexed data can be described in tabular format:

ASCII_data "broken time --- tabular"
year 1 2 uint8 O

month 3 4 uint8 0

day 5 6 uint8 0

hour 7 8 uint8 0O

minute 9 10 uint8 O

second 11 14 uintl6 2

or as an array:
ASCII_data "broken time -- BIP"
year 1 2 array["x" 1 to 10 sb 12] of uint8 O
month 3 4 array["x" 1 to 10 sb 12] of uint8 0
day 5 6 array["x" 1 to 10 sb 12] of uint8 0
hour 7 8 array["x" 1 to 10 sb 12] of uint8 0
minute 9 10 array["x" 1 to 10 sb 12] of uint8 0
second 11 14 array["x" 1 to 10 sb 10] of uintl6 2

These two format descriptions communicate much the sarmoemaftion, but the
array example also indicates that the data file is blockealtert data values for
each variable.

In this example, the data is not multiplexed:



26

Format Descriptions for Array Data

ASCII_data "broken time -- BSQ"

year 1 2 array["x" 1 to 10] of uint8 0

month 21 22 array["x" 1 to 10] of uint8 0

day 41 42 array["x" 1 to 10] of uint8 0

hour 61 62 array["x" 1 to 10] of uint8 0O
minute 81 82 array["x" 1 to 10] of uint8 O
second 101 104 array["x" 1 to 10] of uintl6 2

The starting position indicates the file offset of the firgineént of each array, the
same as with the alternative definition given for startingifan in tabular data
format descriptions.

4.3.2 Array Manipulation

Consider a 6x6 array of data with an “XXXX” header and a “YYaiter on each
line. Each data element is a space, a row (“y”) index, a conamada column
(“x”) index, as shown below:

XXXX 0,0 0,1 0,2 0,3 0,4 0,5YY
XXXx 1,0 1,1 1,2 1,3 1,4 1,5YY
XXXX 2,0 2,1 2,2 2,3 2,4 2,5YY
XXXX 3,0 3,1 3,2 3,3 3,4 3,5YY
XXXX 4,0 4,1 4,2 4,3 4,4 4,5YY
XXXX 5,0 5,1 5,2 5,3 5,4 5,5YY

The goal is to produce a data file that looks like the data helawdo that, we
need to strip the headers and trailers, and transpose ravsoamns:

0,0 1,0 2,0 3,0 4,0 5,0

0,11,12,13,14,15,1
0,21,2 2,2 3,2 4,2 5,2
0,31,32,33,34,35,3
0,4 1,4 2,4 3,4 4,45,4
0,51,52,53,54,55,5

The key to writing the input format description is undersiiag that the input
data file is composed of four interleaved arrays:

[0 The “XXXX" headers

[0 The data

O The “YY” trailers

[0 The newlines

The array of headers is a one-dimensional array composex elesnents (one
for each line) with each element being four characters widesgparated from
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the next element by 28 bytes (24 + 2 + 2 — 24 bytes for a row of plas 2 bytes
for the trailer plus two bytes for the newline).

The array of data is a two-dimensional array of six elementsaich dimension
with each element being four characters wide, each row igraggd from the next
by eight bytes (columns are adjacent and so have zero sieparaind the first
element begins in the fifth byte of the file (counting from one)

The array of trailers is a one-dimensional array composeikalements with
each element being two characters wide, each element isasegdrom the next
by 30 bytes, and the first element begins in the 29th byte dfiilthe

The array of newlines is a one-dimensional array composeikalements with
each element being two characters wide (on a PC), each elésremparated from
the next by 30 bytes, and the first element begins in the 31stdfthe file.

The FreeForm ND input format description needed is:

dBASE_input_data "one"

headers 1 4 ARRAY["line" 1 to 6 separation 28] OF text O
data 5 8 ARRAY["y" 1 to 6 separation 8]["x" 1 to 6] OF text O
trailers 29 30 ARRAY["line" 1 to 6 separation 30] OF text O
PCnewline 31 32 ARRAY["line" 1 to 6 separation 30] OF text O

The output data is composed of two interleaved arrays:

O The data

O The newlines

The array of data now has a separation of two bytes betwedrreagthe first
element begins in the first byte of the file, and the order offiheensions has
been switched.

The array of newlines now has a separation of 24 bytes andrthelement
begins in the 25th byte of the file. Each array can be operatéddependently.
In the case of the data array we simply transposed rows andoal, but we
could do other reorientations as well, such as resequeretémgents within either
or both dimensions.

The FreeForm ND output format description needed is:

dBASE_output_data "two"
data 1 4 ARRAY["x" 1 to 6 separation 2]["y" 1 to 6] OF text O
PCnewline 25 26 ARRAY["line" 1 to 6 separation 24] OF text O

4.3.3 Sampling and Data Manipulation

With a wider range of descriptive possibilities, FreeFoan more easily be used
for sampling and subsetting data, as in these examples.
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The following array descriptor pair subsets a two-dimemai@rray, retrieving
one quarter (the north-west quarter of the earth).

INPUT: ["latitude" -90 to 90] ["longitude" -179 to 180]
QUTPUT: ["latitude" O to 90] ["longitude" -179 to 0]

The following array descriptor pair flips a two-dimensioaalay row-wise
(vertically).

INPUT: ["row" O to 100] ["column" 13 to 42]
QUTPUT: ["row" 100 to 0] ["column" 13 to 42]

The following array descriptor pair rotates a two-dimensicarray 90 degrees
(exchanging rows and columns).

INPUT: ["row" O to 10] ["column" O to 42]
QUTPUT: ["column" O to 42] ["row" O to 10]

The following array descriptor pair outputs every othemnglérom a

three-dimensional array (essentially cutting the depsgbltgion in half).
INPUT: ["plane" 1 to 18] ["row" O to 10] ["column" O to 42]
OUTPUT: ["plane" 1 to 18 by 2] ["row" O to 10] ["column" O to 42]

The following array descriptor pair replicates every plémoen a
three-dimensional array three times (essentially triptime depth).

INPUT: ["plane" 1 to 54 by 3] ["row" 0 to 10] ["column" 0 to 42]
OUTPUT: ["plane" 1 to 54] ["row" O to 10] ["column" O to 42]

This array descriptor pair outputs the middle 1/27 of a thliegensional array
with depth and width exchanged and height halved and flipped:

INPUT: ["plane" 1 to 27] ["row" 1 to 27] ["column" 1 to 27]
OUTPUT: ["column" 10 to 18] ["row" 18 to 10 by 2] ["plane" 10 to 18]
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Headers are one of the most commonly encountered forms aidawtat-data about
data. Applications need the information contained in hesafter reading the data
that the headers describe. To access these data, appiscaticst be able to read
the headers. Just as there are many data formats, therenaeeaus header
formats. You can include header format descriptions, whire exactly the same
form as data format descriptions, in format descriptiorsfile

5.1 Header Treatment in FreeForm ND

FreeForm ND is not 100 percent backwards compatible witkeFwoem in the area
of header treatment.

Headers have traditionally been handled differently fratadn FreeForm ND. If
a header format was not specified as either input or outpwgsttaken as both
input and outputnewform did little in processing headers, and FreeForm ND
relied on extraneous utilities to work with headers.

5.1.1 New Behavior

In FreeForm ND, header formats are treated the same as datat$o This means
that header formats must be identified as either input orubugxplicitly or

implicitly. If done explicitly, then either the input or treutput descriptor will

form the format type (e.gASCII input_header). If done implicitly, then the
same ambiguity resolution rules that apply to data formaitdoe applied to

header formats. This means that ASCII header formats wilhken as input for
data files with a. dat extension, dBASE header formats will be taken as input for
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data files with a. dab extension, and binary header formats will be taken as input
for all other data files.

If an embedded header and the data have different file tyipexs dither the header
format or data format (preferably both) must be explicitgntified as input or
output (for example, an ASCII header embedded in a binawy fila). Obviously,
ambiguous formats with different file types cannot both s®hkeed as input
formats.

The same header format is no longer used as both an input and@urt header
format.

In FreeForm NDnewform honors output header formats that are separate (e.qg.,
ASCII output_header_separate). The header is written to a separate file
which, unless otherwise specified, is named after the oulgiat file with a. hdr
extension. This requires that you name the output file usiagd option flag;
redirected output cannot be used with separate output heallee output header
file name and path can be specified using the same keywordgfateeForm

ND how to find an input separate header file (l#ader_file_ext,

header file name, andheader file path).

When defining keywords to specify how an output header file letnamed, you
must use a new type of equivalence sectiatput _eqv, which must appear in the
format file along withoutput _eqv.

5.2 Header Types

FreeForm ND recognizes two types of headers. File headscside all the data
in a file whereas record headers describe the data in a seayedror data block.
FreeForm ND can read headers included in the data file orcsior@ separate file.
Header formats, like data formats, are described in forraatiption files. For a
list of the header descriptors you can use in format desonipt see Chapter 3.

5.2.1 File Headers

A file header included in a data file is at the beginning of thee fdnly one file
header can be associated with a data file. Alternativelyedéhder can be stored
in a file separate from the data file.

In the following example, a file header is used to store thémim and
maximum for each variable and the data are converted from/A8®inary.
There are two variables, latitude and longitude. The filelbeformat and data
formats are described in the format description fileaxmin . fmt.
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Here isllmaxmin.fmt:
ASCITI_file_header "Latitude/Longitude Limits"
minmax_title 1 24 char O
latitude_min 25 36 double 6
latitude_max 37 46 double 6
longitude_min 47 59 double 6
longitude_max 60 70 double 6

ASCII_data "lat/lon"
latitude 1 10 double 6
longitude 12 22 double 6

binary_data "lat/lon"
latitude 1 4 long 6
longitude 5 8 long 6

The example ASCII data filelmaxmin.dat contains a file header and data as
described inlmaxmin.fmt.

llmaxmin.dat:

1 2 3 4 5 6 7
1234567890123456789012345678901234567890123456789012345678901234567890

Latitude and Longitude: -83.223548 54.118314 -176.161101 149.408117
-47.303545 -176.161101
-25.928001 0.777265
-28.286662  35.591879
12.588231 149.408117
-83.223548  55.319598
54.118314 -136.940570
38.818812  91.411330
-34.577065  30.172129
27.331551 -155.233735
11.624981 -113.660611

This use of a file header would be appropriate if you were éstierd in creating
maps from large data files. By including maximums and minirauma header,
the scale of the axes can be determined without reading tire éfe.

FreeForm ND naming conventions have been followed in thisrate, so to
convert the ASCII data in the example to binary format, usef@tiowing simple
command:

newform llmaxmin.dat -o llmaxmin.bin

The file header in the example will be written into the binaly fis ASCII text
because the header descriptolithaxmin.fmt (ASCII_file_header) does not

specify read/write type, so the format is used for both tipaiirand output header.
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5.2.2 Record Headers

Record headers occur once for every block of data in a filey @heinterspersed
with the data, a configuration sometimes called a formatwantid Record
headers can also be stored together in a separate file.

The following format description file specifies a record texamhd ASCII and
binary data formats for aeromagnetic trackline data.

Here isaeromag. fmt:

ASCII_record_header "Aeromagnetic Record Header Format"
flight_line_number 1 5 long O

count 6 13 long O
fiducial_number_corresponding_to_first_logical_record 14 22 long O
date_MMDDYY_or_julian_day 23 30 long O

flight_number 31 38 long 0

utm_easting_of_first_record 39 48 float O
utm_northing_of_first_record 49 58 float O
utm_easting_of_last_record 59 68 float O
utm_northing_of_last_record 69 78 float O
blank_padding 79 104 char O

ASCII_data "Aeromagnetic ASCII Data Format"
flight_line_number 1 5 long O
fiducial_number 6 15 long O
utm_easting_meters 16 25 float 0O
utm_northing_meters 26 35 float O
mag_total_field_intensity_nT 36 45 long O
mag_residual_field_nT 46 55 long O
alt_radar_meters 56 65 long O
alt_barometric_meters 66 75 long O

blank 76 80 char O

latitude 81 92 float 6

longitude 93 104 float 6

binary_data "Aeromagnetic Binary Data Format"
flight_line_number 1 4 long O
fiducial_number 5 8 long 0
utm_easting_meters 9 12 long O
utm_northing_meters 13 16 long O
mag_total_field_intensity_nT 17 20 long O
mag_residual_field_nT 21 24 long O
alt_radar_meters 25 28 long O
alt_barometric_meters 29 32 long O

blank 33 37 char O

latitude 38 41 long 6

longitude 42 45 long 6

The example ASCII filmeromag . dat contains two record headers followed by a
number of data records. The header and data formats aretdebir

aeromag.fmt. The variable count (second variable defined in the headerafo
description) is used to indicate how many data records cafterr each header.

aeromag.dat:
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1 2 3 4 5 6 7 8 9 10
123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890123456789012345
420 5 5272 178 2 413669. 6669740. 333345. 6751355.
420 5272  413669. 6669740. 2715963 2715449 1088 1348 60.157307 -154.555191
420 5273  413635. 6669773. 2715977 2715464 1088 1350 60.157593 -154.555817
420 5274  413601. 6669807. 2716024 2715511 1088 1353 60.157894 -154.556442
420 5275  413567. 6669841. 2716116 2715603 1079 1355 60.158188 -154.557068
420 5276  413533. 6669875. 2716263 2715750 1079 1358 60.158489 -154.557693
411 10 8366 178 2 332640. 6749449. 412501. 6668591.
411 8366  332640. 6749449. 2736555 2736538 963 1827 60.846806 -156.080185
411 8367  332674. 6749415. 2736539 2736522 932 1827 60.846516 -156.079529
411 8368  332708. 6749381. 2736527 2736510 917 1829 60.846222 -156.078873
411 8369  332742. 6749347. 2736516 2736499 922 1832 60.845936 -156.078217
411 8370  332776. 6749313. 2736508 2736491 946 1839 60.845642 -156.077560
411 8371  332810. 6749279. 2736505 2736488 961 1846 60.845348 -156.076904
411 8372  332844. 6749245. 2736493 2736476 982 1846 60.845062 -156.076248
411 8373  332878. 6749211. 2736481 2736463 1015 1846 60.844769 -156.075607
411 8374  332912. 6749177. 2736470 2736452 1029 1846 60.844479 -156.074951
411 8375  332946. 6749143. 2736457 2736439 1041 1846 60.844189 -156.074295

This file contains two record headers. The first occurs on thelifie of the file
and has a count of 5, so it is followed by 5 data records. Thergkecord header
follows the first 5 data records. It has a count of 10 and ig¥edid by 10 data
records.

The FreeForm ND default naming conventions have been usedhe/ou could
use the following abbreviated command to reformatomag . dat to a binary file
namedaeromag.bin:

newform aeromag.dat -o aeromag.bin

The ASCII record headers are written into the binary file aCA$ext.

5.2.3 Separate Header Files

You may need to describe a data set with external headersxtdBmal or separate
header file can contain only headers-one file header or naufggord headers.

Separate File Header

Suppose you want the file header used to store the minimum aroinum values
for latitude and longitude (from the lImaxmin example) inegparate file so that
the data file is homogenous, thus easier for applicationsad.rinstead of one
ASCII file (11maxmin.dat), you will have an ASCII header file, say it is named
11lmxmn.hdr, and an ASCII data file-call t1mxmn.dat.

Here isllmxmn.hdr:

Latitude and Longitude: -83.223548 54.118314 -176.161101 149.408117

And here iSl1mxmn.dat:
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-47.303545 -176.161101
-25.928001 0.777265
-28.286662  35.591879
12.588231 149.408117
-83.223548  55.319598
54.118314 -136.940570
38.818812 91.411330
-34.577065 30.172129
27.331551 -155.233735
11.624981 -113.660611

You will need to make one change lamaxmin. fmt, adding the qualifier
separate to the header descriptor, so that FreeForm NDoeklfor the header in
a separate file. The first line @flmaxmin. fmt becomes:

ASCII_file_header_separate "Latitude/Longitude Limits"
Savellmaxmin.fmt asllmxmn.fmt after you make the change.

To convert the data iblmxmn . dat to binary format inllmxmn.bin, use the
following command:

newform llmxmn.dat -o llmxmn.bin

NOTE: When you rumewform, it will write the separate header to
1lmxmn.bin along with the data in1lmxmn.dat.

Separate Record Headers

Record headers in separate files can act as indexes intoldaté fihe headers
specify the positions of the data in the data file. For exanipy@u have a file
containing data from 25 observation stations, you couleotiffely index the file
by including a station ID and the starting position of theadfatr that station in
each record header. Then you could use the index to quickdtéahe data for a
particular station.

Returning to theaeromag example, suppose you want to place the two record
headers in a separate file. Again, the only change you needke to the format
description file éeromag. fmt) is to add the qualifier separate to the header
descriptor. The first line would then be:

ASCII_record_header_separate "Aeromagnetic Record Header Format"

The separate header file would contain the following twosline

420 5 5272 178 2  413669. 6669740. 333345. 6751355.
411 10 8366 178 2  332640. 6749449. 412501. 6668591.
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The data file would look like the curreaeromag . dat with the first and seventh
lines removed.

Assuming the data file is name@romag.dat, the default name and location of
the header file would beeromag.hdr in the same directory as the data file.
Otherwise, the separate header file name and location néeddefined in an
equivalence table. (For information about equivalencietalsee the GeoVu Tools
Reference Guide.)

5.2.4 The dBASEfile Format

Headers and data records in dBASE format are represente8@iiAut are not
separated by end-of-line characters. They can be diffiouktdd or to use in
applications that expect newlines to separate records sBygdewform, dBASE
data can be reformatted to include end-of-line characters.

In this example, you will reformat the dBASE data fileeantmp . dab (see
below) into the ASCII data fileceantmp.dat. The input fileoceantmp . dab
contains a record header at the beginning of each line. Tadenés followed by
data on the same line. When you convert the file to ASCII, trlaewill be on
one line followed by the data on the number of lines specifiethb variable
count. The format description fileceantmp . fmt is used for this reformatting.

Here isoceantmp. fmt:

dbase_record_header "NODC-01 record header format"
WMO_quad 1 1 char O
latitude_deg_abs 2 3 uchar 0O
latitude_min 4 5 uchar 0
longitude_deg_abs 6 8 uchar 0
longitude_min 9 10 uchar O
date_yymmdd 11 16 long O
hours 17 19 uchar 1
country_code 20 21 char 0
vessel 22 23 char 0

count 24 26 short O
data_type_code 27 27 char 0O
cruise 28 32 long O

station 33 36 short O

dbase_data "IBT input format"
depth_m 1 4 short O
temperature 5 8 short 2

RETURN "NEW LINE INDICATOR"

ASCII_data "ASCII output format"
depth_m 1 5 short 0
temperature 27 31 float 2

This format description file contains a header format dption, a description for
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dBASE input data, the special RETURN descriptor, and a dsgam for ASCII
output data. The variableount (fourth from the bottom in the header format
description) indicates the number of data records thatio#ach header. The
descriptor RETURN letaewform skip over the end-of-line marker at the end of
each data block in the input fileceantmp . dab as it is meaningless toewform
here. Because the end-of-line marker appears at the end dath records in
each input data block, RETURN is placed after the input dataét description
in the format description file.

oceantmp.dab:

1 2 3 4 5 6 7
1234567890123456789012345678901234567890123456789012345678901234567890
11000171108603131109998 4686021000000002767001027670020276700302767
110011751986072005690AM 4686091000000002928001028780020287200302872
11111176458102121909998 4681011000000002728009126890241110005000728
112281795780051918090PI 268101100000000268900402711

Each dBASE header iticeantmp . dab is located from position 1 to 36. Itis
followed by four data records of 8 bytes each. Each recordotises a depth and
temperature reading. The variable count in the headertipasi24-26) indicates
that there are 4 data records each in the first 3 lines and 2daghline. This will
all be more obvious after conversion.

To reformatoceantmp . dab to ASCII, use the following command:

newform oceantmp.dab -o oceantmp.dat

The resulting fileoceantmp . dat is much easier to read. It is readily apparent that

there are 4 data records after the first three headers andr2radtiast.

Here isoceantmp.dat:
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1 2 3 4
1234567890123456789012345678901234567890
11000171108603131109998 46860210000

0 27.67

10 27.67

20 27.67

30 27.67
110011751986072005690AM 46860910000

0 29.28

10 28.78

20 28.72

30 28.72
11111176458102121909998 46810110000

0 27.28

91 26.89

241 11.00

500 07.28
112281795780051918090PI 26810110000

0 26.89

40 27.11
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The OPeNDAP FreeForm ND Data

Handler

The OPeNDAP FreeForm ND Data Handler is a OPeNDAP serveoadtat
uses FreeForm ND to convert and serve data in formats thaadirectly
supported by DODS servers. Bringing FreeForm ND’s data&mion capacity
into the OPeNDAP world widens data access for DAP2 clieimsgesany format
that can be described in FreeForm ND can now be served by tBID¥P data
server.

Like all DAP2 servers, the OPeNDAP FreeForm ND Data Handsponds to
client requests for data by returning either data valuesforination about the
data. It differs from other DAP2 servers because it invokesForm ND to read
the data from disk before serving it to the client.

The following sequence of steps illustrates how the OPeNBAgeForm ND
Data Handler works:

O A DAP2 client sends a request for data to a OPeNDAP FreeFornDBa
Handler. The request must include the name of the file thatamithe
data, and may include a constraint expression to sampleathae d

0 The OPeNDAP FreeForm ND Data Handler looks in its path forfiles: a
data file with the name sent by the client, and a format dedimiile to use
with the data file. The format definition file contains a dgstoon of the
data format, constructed according to the FreeForm ND gynta

0 The server uses both files in invoking the FreeForm ND endihe.
FreeForm ND engine reads the data file and the format filegubim
instructions in the latter to convert the former into datdackhs then passed
back to the OPeNDAP FreeForm ND Data Handler.

O On receiving the converted data, the OPeNDAP FreeForm NR Dat
Handler converts the data into the DAP2 transmission forifiag
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conversion may involve some adjustment of data types; thesksted in
Section 6.2 on page 41. The server also applies any constsqressions
the client sent along with the URL.

O The server then constructs DDS and DAS files based on the fafitize
converted data. If the server has access to DDS and DAS fagsléscribe
the data, it applies those definition before sending therk tzathe client.

O Finally, the server sends the DDS, DAS, and converted dafatbahe
client.

For information about how to write a FreeForm ND data desionip refer to the
Chapter 3 for sequence data and Chapter 4 for array data.

For an introduction to DAP2 and to the OPeNDAP project, aa$er toThe
OPeNDAP User Guide

6.1 Differences between FreeForm ND and the
OPeNDAP FreeForm ND Data Handler

The OPeNDAP FreeForm ND Data Handler is based on the samagidibrused to
make the FreeForm ND utilities. However, there are some itapbdifferences
in the resulting software:

0 The OPeNDAP FreeForm ND Data Handler is a FreeForm ND aptjgita
that converts datan receiving a client request for that datand not before.
Data served by the OPeNDAP FreeForm ND Data Handler remmuiits i
original format.

0 The OPeNDAP FreeForm ND Data Handler does not produce amitfilgp
containing the converted data, but serves it directly dvemetwork to the
DAP2 client. Therefore, the OPeNDAP FreeForm ND Data Handle
ignores the output section of the format definition file.

[0 To sample a data file, you do not write format definitions tlzatse the
FreeForm ND engine to sample the data file. Instead, you addR2D
“constraint expression” to the URL that the client sendh@®o®PeNDAP
FreeForm ND Data Handler.

0 The OPeNDAP FreeForm ND Data Handler performs data comremsi
the fly. Conversion only takes place when the client sends lafdRuesting
data from the OPeNDAP FreeForm ND Data Handler.
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0 Unlike FreeForm ND, there is no static file created by the eosion. (If
you wish to create or work with such a file, use the FreeForm kilDies,
such amewform.)

6.2 Data Type Conversions

The OPeNDAP FreeForm ND Data Handler performs data comressbased on
the data it receives from the FreeForm ND engine. Note th&NIAP does not
recommend the use @aht64 anduint64 in the format definition file.

Table 6.1: DAP2 Data Type Conversions

FreeFormND | DAP2 |

text String
int8, uint8 Byte
int16 Int16
int32, int64 Int32
uintl16 UInt16
uint32,uint64 | UInt32
float32 Float32
float64, enote | Float64

Table 6.2: Basic Data Type Conversions

6.2.1 Conversion Examples

The examples show how the OPeNDAP FreeForm ND Data Hanelistdata
received from the FreeForm ND engine. Please see the OPeRB&Form ND
Data Handler distribution for more test data and format deimfiles, and the
Chapter?? for more information on writing format definitions.

Arrays

If you define a variable as an array in the FreeForm ND formfanitien file, the
OPeNDAP FreeForm ND Data Handler produces an array of dasafith
matching types.

For exmple, this entry in the format definition file:
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binary_input_data "array"
fvarl 1 4 ARRAY["records" 1 to 101] of int32 0

in converted by the OPeNDAP FreeForm ND Data Handler to:
Int32 fvaril[records = 101]

Collections of Variables

If you define several variables in the format definition filee OPeNDAP
FreeForm ND Data Handler produces a Sequence of variabtbeswatching

types.

For example, this entry in the format definition file:
ASCII_input_data "ASCII_data"
fvarl 1 10 int32 2
svarl 13 18 1int16 O
usvarl 21 26 uinti6 1
lvarl 29 39 1int32 0O
ulvarl 42 52 uint32 4

is converted by the OPeNDAP FreeForm ND Data Handler to:

Sequence {
Int32 fvari;
Int32 svari;

} ASCII_data;

Multiple Arrays

If you define a collection of arrays in the format definitiorefias you would
expect, the OPeNDAP FreeForm ND Data Handler produces aatatantaining
multiple arrays.

For example, this entry in the format definition file:
binary_input_data "arrays"
fvarl 1 4 ARRAY["records" 1 to 101] of int32 O
fvar2 1 4 ARRAY["records" 1 to 101] of int32 0

is converted by the OPeNDAP FreeForm ND Data Handler to:

Dataset {
Int32 fvarl[records=101]
Int32 fvar2[records=101]
}s
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NOTE: The DODS and OPenDAP projects have used the OPeNDAP
FreeForm ND Data Handler to present a catalog of data fildssto t
world as a single dataset. In many ways this was a very suotess
system, providing catalogs for multi-granule datasetscbald be
searched by date and time. However, the OPeNDAP project has
decided (winter 2006) to adopt the THREDDS xml-based cgtalo
system developed at Unidata, Inc. The remainder of thistehap
describes the 'file servers’ that can be built using the FoemFlata
handler. Even though we feel it's best to adopt the THREDDS
catalogs, there are good reasons to keep existing catalogyse
running and to build new catalogs as a stop-gap measure pogup
existing client software.

Normally, in the OPeNDAP argot, a “dataset” is contained siragle file on a
disk. However, this paradigm is often broken by large dasabeat may contain
many thousands or tens of thousands of data files. The OPeNil2Aderver is a
way to make these dicrete datasets appear to be a singledktiaget.

The OPeNDAP file server is an OPeNDAP server that returns a &Rkt of
URLSs in response to a query containing selection varialflesexample, a
dataset organized by date and geographic location mighidea file server that
allowed you to query the dataset with a range of dates andtlmteg. This
fileserver would return a list of one or more URLS correspogdo files within
that dataset that fell within the given range.
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7.1 The Problem

Consider the following (imaginary) list of files:

1997360.nc 1998001.nc 1998007.nc 1998013.nc ...
1997361 .nc 1998002.nc 1998008.nc 1998014.nc
1997362.nc 1998003.nc 1998009.nc 1998015.nc
1997363.nc  1998004.nc 1998010.nc 1998016.nc
1997364.nc 1998005.nc 1998011.nc 1998017.nc
1997365.nc  1998006.nc 1998012.nc 1998018.nc

These appear to be a set of netCDF files, arranged by date

If you want data from the first week of January, 1998, it islfaitear which files
to request. However, the OPeNDAP server provides no waygioerst data from
more than one file, so your request would have to be split irtiff@rent requests,
from 1998001 .nc t0 1998007 .nc. This could be represented as a set of seven
DODS URLs:
http://opendap/dap/data/1998001.nc
http://opendap/dap/data/1998002.nc
http://opendap/dap/data/1998003.nc
http://opendap/dap/data/1998004.nc
http://opendap/dap/data/1998005.nc
http://opendap/dap/data/1998006.nc
http://opendap/dap/data/1998007 .nc

But what if you then uncover another similar dataset whose yiau want to
compare to the first? Or what if you want to expand the inquirgaver the entire
year? Keeping track of this many URLs will quickly becomedmrnsome.

What's more, another similar dataset could be arrangedortifferent
directories, 1997 and 1998, each with files:

001.nc

002.nc

003.nc

and so on. Now you have to keep track of two large sets of URLsyd different
forms. But you could also imagine files called:

0011998.nc

0021998.nc

0031998.nc

or

LA serial date, with a year and the day of the year, expressad ardinal number from 1 to 365
or 366.
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00198.nc
00298 .nc
00398.nc

or
1Jan98.nc
2Jan98.nc
3Jan98.nc

That is, the number of possible sensible arrangements ntainrfact, be infinite,
but it may seem that way to a scientist who is simply trying nol filata.

7.2 The OPeNDAP File Server Solution

To create a system that allows data providers to assert aglefjuniformity over
wildly variable dataset organizations, OPeNDAP providedfie installation of
an OPeNDAFile server. The file server is a server that provides access to a
special dataset, containing associations between thesnaitfites within a
dataset and some “selectable” data values.

7.2.1 Selectable Data

The concept ofelectable datarequires some explanation. This is used to
indicate the data variables you might ordinarily use tomaryour search for data
in the first pass at a dataset.

For geophysical data, the selectable data is often the timddogation of the data,
since typical searches for data often begin by specifyingragd the globe that
bears examining, or a date of some event. For other typedafather data
variables will seem more appropriate. Model data, for eXamphich has no real
location or time, might be arranged by the parameters tha&d/detween runs.

A comprehensive definition of selectable data has so faedltile OPeNDAP
group, but there are some guidelines, albeit fairly vaguespn

O The selectable data is generatigt recorded within each data file.
However, the selectable data may often includarsgesummarizing some
of the data within each file.

0 The selectable data should help a user decide whether ayartiata file
in a dataset is useful. A temperature range might not be dglasea time
range, since data searches more often start with time. (Botid
presumably be still more useful, but there is a trade-offveen the utility
of the file server and the time spent maintaining it.)
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7.2.2 What It Looks Like

Consider again the set of data files shown in Section 7.1 oa #4gWe could
associate each one of these files with a date, and this wooNetprthe rudiments
of a file server if we then serve that data with an OPeNDAP sexwveh as the
OPeNDAP FreeForm ND Data Handler.

1997/360 http://opendap/dap/data/1997360.nc

1997/361 http://opendap/dap/data/1997361.nc

1997/362 http://opendap/dap/data/1997362.nc

1997/363 http://opendap/dap/data/1997363.nc

1997/364 http://opendap/dap/data/1997364.nc

1997/365 http://opendap/dap/data/1997365.nc

1998/001 http://opendap/dap/data/1998001.nc

1998/002 http://opendap/dap/data/1998002.nc

1998/003 http://opendap/dap/data/1998003.nc

1998/004 http://opendap/dap/data/1998004.nc

1998/005 http://opendap/dap/data/1998005.nc

1998/006 http://opendap/dap/data/1998006.nc

1998/007 http://opendap/dap/data/1998007.nc

1998/008 http://opendap/dap/data/1998008.nc

1998/009 http://opendap/dap/data/1998009.nc

1998/010 http://opendap/dap/data/1998010.nc

This list represents a set of DAP URLS, each identified by a,daten as a year
and a serial day. The files appear to be netCDF format filegeddyy an
OPeNDAP netCDF server, but that is not important for thiswaksion.

To use the OPeNDAP FreeForm ND Data Handler for your file seyori could
use a format description file with an input section like this:

ASCII_input_data "File Server Example Input"
year 1 4 short O

serial_day 6 8 short O

DODS_Url 10 46 char O
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File name conventions have been defined for FreeForm ND ulfgibow these
conventions, FreeForm ND can locate format files throughfauttesearch
sequence. Using the file name conventions also lets youegtiemumber of
arguments on the command line. In addition to standard fileasa FreeForm ND
programs recognize various standard command line arggment

8.1 File Name Conventions

Naming conventions have been established for files accéysEceForm ND.
Although you are not required to follow these conventiorsng them lets you
enter abbreviated commands when you are using FreeFormad&diprograms.
FreeForm ND can then automatically execute several opesati

[0 Determination of input and output formats when they are rptigtly
identified in the relevant format descriptions in formatdile

0 Location of format files when they are not specified on the camairiine
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8.2 File Name Extensions
The expected extensions for data files are as follows:

.dat For ASCII, e.g.,latlon.dat
.dab For dBASE, e.g.1atlon.dab

.bin binary or anything that is natdat or .dab, e.g.,1atlon.bin

The expected extension for format description filesfist, €.g.,1atlon. fmt.
You should not use mixed case extensions for format degamifites if you want
to take advantage of FreeForm ND’s default search cagabilitlf you explicitly
specify the names of format description files on the commaugg you can use
mixed case extensions.

NOTE: Previous versions of FreeForm ND used variable descriifies
(formerly called format specification files) each of whichntained
variable descriptions for one file. Expected extensionshfese files
were . afm (ASCII), .bfm (binary), and. dfm (dBASE). Variable
descriptions for one or more files can now be incorporatemant
single format description file. It is recommended that yoovent and
combine (as appropriate) existing variable descriptiasfihto
format description files.

8.3 File Name Relationships

FreeForm ND-based programs expect certain relationsieifveden data file and
format description file names as outlined below.

0 The data file is named datafile.ext where datafile is the fileenainyour
choosing and ext is the extension.

Example:latlon.dat

[0 The corresponding format description file should be nameafitafmt.
Example:latlon.fmt
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O If one format description file is used for multiple data fileB,with the
same extension, the format description file should be namieitne.

Example:11.fmt is the format description file farldat1.11,
11dat2.11,and1l1ldat3.11.

Again, although not required, it is to your advantage to tesé¢ conventions.

8.4 Determining Input and Output Formats

You can optionally include the read/write typeifput” or “ output”) in format
descriptors, e.gASCII input_data. You may not want to specify the read/write
type in some circumstances. For example, you may need tsldatarfrom native
ASCII to binary, then back to ASCII. ASCII is the input formatthe first
translation and the output format in the second translatime versa for binary.
You would need to edit the format description file before exieg the second
translation if you included read/write type in the formasdéptors.

NOTE: If you use the -ft option, you do not need to edit the format
description file. See Section 8.6.2 on page 52 later in trapie.

If you do not specify read/write type, FreeForm ND can néwdss determine
which format in a format description file is input and whicloistput as long as
you have adhered to FreeForm ND filenaming conventions.

O If the input format is not specified, and

O the input data filename extension.isin, assume binary input.

O the input data filename extension.igab, assume dBASE input.

O the input data filename extension.igat, assume ASCII input.

O the input data filename extension is anything else, assunagybi
input.

O If the output format is not specified, and

O the input format is binary, the output is ASCII or dBASE, whewver

is found first.

O the input format is dBASE, the output is ASCII or binary, whéwer
is found first.



FreeForm ND Conventions

O the input format is ASCII, the output is binary or dBASE, winéwer
is found first.

NOTE: The appropriate format descriptions must be in the formatidgtion
file(s) used by FreeForm ND for a translation. If, for example
FreeForm ND determines the input format is binary and thpuut
format is ASCII, there must be a format description for egqiet

The checkvar program needs only an input format.

8.5 Locating Format Files

FreeForm ND programs use the following search sequenceda fiormat file
(format or variable description file) for the data file datafixt when the format
file name is not explicitly specified on the command line. Imsuary, FreeForm
ND searches the directory specified by the GeoVu keywotthat_dir (defined
in a equivalence table or in the environment), the curremiaking directory,
and the data file's home directory. The rules are appliedérotider given below
until a format file is found or all rules have been exhaustéthd relevant format
file does not follow FreeForm ND conventions for name or lmeatit should be
explicitly specified on the command line.

NOTE: GeoVu is a FreeForm ND-based application for data access and
visualization. FreeForm ND applications other than Geose u
GeoVu keywords.

For information about equivalence tables, see the GeoVisReference Guide,
available from the NGDC.

8.5.1 Search Sequence

O Search the directory given by the GeoVu keywérdmat_dir for a
format description file named datafile.fmt.

[0 Search the directory given by the GeoVu keywérdmat _dir for variable
description files namedatafile.afm, datafile.bfm, and
datafile.dfm.
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NOTE: Step 2 is included to accommodate variable description fileg
that were created using previous versions of FreeForm NB. Jit
recommended that you convert existing variable descriptio
files to format description files.

O Search the directory given by the GeoVu keywsedmat_dir for a
format description file named ext.fmt.

If the GeoVu keywordtormat_dir is not found, FreeForm ND continues
the search for a format file as follows.

0 Search the current (default) directory for a format desicnipfile named
datafile.fmt.

0 Search the current directory for variable description filasmed
datafile.afm,datafile.bfm, anddatafile.dfm. Use the criteria in
step 2 for determining input and output format files.

O Search the current directory for a format description filmadext . fmt.

If the data file’s home directory is not the same as the cudeattory,
FreeForm ND continues the search for a format file with stePsThe data
file’s home directory is given by the directory path compdrafrthe data
file name. If the data file name has no directory path compotieahome
directory search is not done.

0 Search the data file’s home directory for a format descripfile named
datafile.fmt.

0 Search the data file’s home directory for variable desanipfiles named
datafile.afm,datafile.bfm, anddatafile.dfm. Use the criteria in
step 2 for determining input and output format files.

0 Search the data file’s home directory for a format descripfile named
ext.fmt.

8.5.2 Case Sensitivity

FreeForm ND adheres to the following rules for case seitsitjin applicable
operating systems) when it searches for a format file for #ia file datafile.ext.

O FreeForm ND preserves the case of datafile, for example gfaeildl format
file for the data fileLATLON . BIN iS LATLON. fmt (Or LATLON. bfm).

O FreeForm ND searches for a format file with a lower case ekien3 hat
is, the format file must have its extension in lower case ndanathat the
case of datafile. For example, the default format file for thadile
LatLon.dat isLatLon.fmt (Or LatLon.afm), andTIMEDATE. fmt (Or
TIMEDATE.bfm) is the default format file fOTIMEDATE. bin.
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O In searching for a format description file of typet . fmt, FreeForm ND
preserves the case of ext. For example, for data files namek 1. LL,
11dat2.LL, andlatlon3.LL, the default format description file is
LL.fmt.

8.6 Command Line Arguments

FreeForm ND programs can take various command line arg@n€&he most
widely used or standard arguments are discussed in thisisedhey are used for
several different purposes: identifying input and outplesfiidentifying format
files and titles, changing run-time operation parameterd defining data filters.

The only required argument for any FreeForm ND program isitirae of the
input file or file to be processed. All other arguments areomgati and can be in
any order following the input file name. The command line ofegf~orm ND
program with the standard arguments has the following form:

applicationnameinputfile [-f formatfile] [-if inputformatfile]
[-of outputformatfile] [-ft "title"][-ift "title"] [-oft "title"]
[-b local buffersizd [-c coun] [-v varfile] [-q queryfile] [-o outputfile]

NOTE: To see a summary of command line usage for a FreeForm ND
program, enter the program’s name on the command line witrou
arguments.

8.6.1 Specifying Input and Output Files

input_file Name of the file to be processed. Following FreeForm ND naming
conventions, the standard extensions for data files &ie for ASCII
format, . bin for binary, and. dab for dBASE.

-o output_file Option flag followed by the name of the output file. The staddar
extensions are the same as for input files.

8.6.2 Specifying Format Description Source

FreeForm ND offers a number of command line options for $piegj the source
of the format descriptions that a program must find in ordgarazess data. The
proper option or combination of options to use depends onyawhave
constructed your format files.
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-f format_file Option flag followed by the name of the format description file
describing both input and output data.

-if input_format_file Option flag followed by the name of the format
description file describing the input data. Also use thisarpfor an input
variable description file written using earlier versiong-ofeForm ND.

-of output_format_file Option flag followed by the name of the format
description file describing the output data. Also use thifoofor an output
variable description file written using earlier versiong-oéeForm ND.

-ft "title" Option flag followed by the title (enclosed in quotes) of tbatiat
to be used for both input and output data, in which case tisame i
reformatting. The title follows format type on the first linéa format
description in a format description file.

-ift "title" Option flag followed by the title (enclosed in quotes) of tlesided
input format.

-oft "title" Option flag followed by the title (enclosed in quotes) of thkesided
output format.

NOTE: Previous versions of FreeForm ND used variable descriffiies
(.afm, .bfm, .dfm). It is recommended that you convert and
combine (as appropriate) existing variable descriptiasfihto
format description files.

The various options available for specifying the source format description
offer you a great deal of flexibility-in naming files, setting format description
files, and on the command line. In using these options, yod teeeonsider the
content of your format description files and how FreeForm NDinaterpret the
arguments on the command line.

8.6.3 Changing Run-time Parameters

FreeForm ND includes three arguments that let you changmeparameters
according to your needs. One argument lets you specify mdédr size, another
indicates the number of records to process, and the thirdates which variables
to process.

-b local_buffer_size Option flag followed by the size of the memory buffer used

to process the data and format files.

Default buffer size is 32,768. You many want to decrease tiffetsize if
you are running with low memory. Keep in mind that too smallédy
may result in unexpected behavior.
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-c count Option flag followed by a number that specifies how many datards
at the head or tail of the file to process.

If count > 0, countrecords at the beginning of the file are processed.

If count < 0, countrecords at the tail or end of the file are processed.
-v var_file Option flag followed by the name of a variable file. The file eong

names of the variables in the input data file to be processdioedyreeForm

ND program. Variable names in var file can be separated byonere
spaces or each name can be on a separate line.

8.6.4 Defining Filters

The query option lets you define data filters via a query file@ogan precisely
specify which data to process. The FreeForm ND program woit@ss only those
records meeting the query criteria.

-q query_file Option flag followed by the name of the file containing query
criteria. See Chapt&? for a complete description of the query syntax.
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The FreeForm ND utility program newform lets you convertadabm one format
to another. This allows you to pass data to applicationserfagimat they require.
You may also want to create binary archives for efficient d&deage and access.
With newform, conversion of ASCII data to binary format isagghtforward. If
you wish to read the data in a binary file, you can convert it RCA with
newform, or use the interactive program readfile. You can edswvert data from
one ASCII format to another ASCII format with newform.

9.1 newform

The FreeForm ND-based prograrewform? is a general tool for changing the
format of a data file. The only required command line argumiégibu use
FreeForm ND naming conventions, is the name of the inputfdatal he
reformatted data is written to standard output (the screel@ss you specify an
output file. If you reformat to binary, you will generally wigho store the output in
afile.

You must create a format description file (or files) with fotrdascriptions for the
data files involved in a conversion before you canmusef orm to perform the
conversion. The standard extension for format descrigtieais . fmt. If you do
not explicitly specify the format description file on the cmrand line, which is
unnecessary if you use FreeForm ND naming conventiongf orm follows the
FreeForm ND search sequence to find a format file.

There is a Solaris utility calleflewf orm, supplied with the operating system. If you use a Solaris
machine, you may want to change the name of the FreeForm Nibtaewf or or something similar,
to avoid name collisions.
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For details about FreeForm ND naming conventions and threlssaquence, see
Chapter 8.

Thenewform command has the following form:

newform inputfile [-f formatfile] [-if inputformatfile] [-of outputformatfile]
[-ft “title"] [-ift “title"][-oft "title"] [-b localbuffer.sizg [-c couni
[-v varfile] [-q queryfile] [-o outputfile]

For descriptions of the arguments, see Section 8.6 on page 52

If you want to convert an ASCII file to a binary file, and you til the FreeForm
ND naming conventions, the command is simply:

newform datafile.dat -o datafile.bin

where datafile is the file name of your choosing.

If data files and format files are not in the current directarindhe same
directory, you can specify the appropriate path name. Famge, if the input
data file is not in the current directory, you can enter:

newform /path/datafile.dat -o datafile.bin

To read the data in the resulting binary file, you can reforpaak to ASCII using
the command:

newform datafile.bin -o datafile.ext

or you can use theeadfile program, described in Section 9.3 on page 58.

9.2 chkform

Thoughnewform is useful for checking data formats, it is limited by requgia
format file to specify an output format. Since some FreeFobralplications
(such as the OPeNDAP FreeForm handler) do not require anitdietnat, this is
extra work for the dataset administrator. For these ocnasiereeForm ND
provides a simpler format-checking program, cak@f orm.

Thechkform program attempts to read an ASCII file, using the specifiedtinp
format. If the format allows the file to be read propedykform says so.
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However, if the input format contains errors, or does noteately reflect the
contents of the given data filehkform delivers an error message, and attempts to
provide a rudimentary diagnosis of the problem.

You must create a format description file (or files) with fotrdascriptions for the
data files involved before you can uskkform to chack the format. As with
newform, the standard extension for format description filesfist. If you do

not explicitly specify the format description file on the corand line
(unnecessary if you use FreeForm ND naming conventiens} orm follows the
FreeForm ND search sequence to find a format file.

For details about FreeForm ND naming conventions and threlssaquence, see
Chapter 8.

Thechkform command has the following form:

chkform inputfile [-if inputformatfile] [-ift "title"][-b localbuffer.sizg
[-c cound [-q queryfile] [-o1 log_file] [-el errorlog.file] [-ep]

Most of the arguments are described in Section 8.6 on pagére2following are
specific tochkform:

-ol log_file Puts a log of processing information into the specifiegifile.

-el error _log_ file Creates an error log file that contains whatever error messag
are issued byhkform.

-ep In normal operation¢hkform asks you to manually acknowledge each
important error by typing something on the keyboard. If yge this
option, chkform will not stop to prompt, but will continue processing until
either the file is procesed, or there is an error preventingerpomcessing.

As in the above examples, if you have an ASCII data file callechfile.dat,
supposedly described in a format file caltafile . fmt, you can use
chkform like this:

chkform datafile.dat

If processing is successful, you will see something likeftlewing:
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Welcome to Chkform release 4.2.3 -- an NGDC FreeForm ND application

(1lmaxmin.fmt) ASCII_input_file_header "Latitude/Longitude Limits"
File llmaxmin.dat contains 1 header record (71 bytes)
Each record contains 6 fields and is 71 characters long.

(1lmaxmin.fmt) ASCII_input_data "lat/lon"
File llmaxmin.dat contains 10 data records (230 bytes)
Each record contains 3 fields and is 23 characters long.

100% processed Elapsed time - 00:00:00

No errors found (11 lines checked)

9.3 readfile

FreeForm ND includeseadfile, a simple interactive binary file reader. The
program has one required command line argument, the narhe fifé to be read.
You do not have to write format descriptions to usadfile.

Thereadfile command has the following form:

readfile binary data file

When the program starts, it shows the available optionsyslitable 9.1. At the
readfile prompt, type these option codes to view binary encoded salue
(Pressing return repeats the last option.)

The options let you interactively read your way through thecsfied binary file.
The first position in the file is 0. You must type the charas{eirfdicating variable
type (e.g., us for unsigned short) to view each value, so yaual to know the data
types of variables in the file and the order in which they octfitsuccessive
variables are of the same type, you can press Return to viehwedue after the
first of that type.

You can toggle the byte-order switch on and off by typingThe byte-order
option is used to read a binary data file that requires byt@ging. This is the
case when you need cross-platform access to a file that is/tesstvapped, for
example, if you are on a Unix machine reading data from a CDAR@matted
for a PC. When the switch is on, typeor 1 to swap short or long integers
respectively, or typg or d to swap floats or doubles. Theadfile program
does not byte swap the file itself (the file is unchanged) bte bwaps the data
values internally for display purposes only.

To go to another position in the file, type You are prompted to enter the new
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Table 9.1: Thereadfile program options

char — 1 byte character
short — 2 byte signed integer
long — 4 byte signed integer
float — 4 byte single-precision
floating point
d | double — 8 byte doublet
precision floating point
uc | uchar — 1 byte unsigned integer
us | ushort — 2 byte unsigned integer
ul | ulong — 4 byte unsigned integer
b | Toggle between “big-endianJ’
and your machine’s native by
order
p | Setnew file position

HiFln|O

P | Show present file position and
length

h | Display this help screen

q | Quit

file position in bytes. If, for example, each value in the fi@libytes long and you
type 16, you will be positioned at the first byte of the fifthwel If you split fields
(by not repositioning at the beginning of a field), the resultll probably be
garbage. Type to find out your current position in the file and total file lemg
bytes. Typeg to exit fromreadfile.

You can also use an input command file rather than enteringnaords directly.
In that case, theeadfile command has the following form:

readfile binary_data_file < input_command_file

9.4 Creating a Binary Archive

By storing data files in binary, you save disk space and matesady
applications more efficient. An ASCII data file can take twdive times the disk
space of a comparable binary data file. Not only is there t@ssmation in each
byte, but extra bytes are needed for decimal points, delisjiand end-of-line
markers.
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It is very easy to create a binary archive usirgform as the following examples
show. The input data for these examples are in the ASCIléilelon.dat

(shown below). They consist of 20 random latitude and larigtvalues. The size
of the file on a Unix system is 460 bytes.

Here is thelatlon.dat file:
-47.303545 -176.161101
-0.928001 0.777265
-28.286662 35.591879
12.588231 149.408117
-83.223548 55.319598
54.118314 -136.940570
38.818812 91.411330
-34.577065 30.172129
27.331551 -155.233735
11.624981 -113.660611
77.652742 -79.177679
77.883119 -77.505502
-65.864879 -55.441896
-63.211962 134.124014
35.130219 -153.543091
29.918847 144.804390
-69.273601 38.875778
-63.002874 36.356024
35.086084 -21.643402
-12.966961 62.152266

9.4.1 Simple ASCII to Binary Conversion

In this example, you will useewform to convert the ASCII data fileatlon.dat
into the binary filelatlon.bin. The input and output data formats are described
in latlon.fmt.

Here is thelatlon. fmt file:

/ This is the format description file for data files latlon.bin
/ and latlon.dat. Each record in both files contains two fields,
/ latitude and longitude.

binary_data "binary format"
latitude 1 8 double 6
longitude 9 16 double 6

ASCII_data "ASCII format"
latitude 1 10 double 6
longitude 12 22 double 6

The binary and ASCII variables both have the same names. ihbeybvariable
latitude occupies positions 1 to 8 and longitude occupis#ipas 9-16. The
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corresponding ASCII variables occupy positions 1-10 an@24.2Both the binary
and ASCII variables are stored as doubles and have a precti

9.4.2 Converting to Binary

To convert from an ASCII representation of the numbersanlon.dat to a
binary representation:

0 Change to the directory that contains the FreeForm ND exaifiipk.

O Enter the following command:

newform latlon.dat -o latlon.bin

Because FreeForm ND filenaming conventions have been nsetlorm will
locate and usgatlon. fmt for the translation. Theewform program creates a
new data file (effectively a binary archive) calledtlon.bin. The size of the
archive file is 2/3 the size dfatlon.dat. Additionally, the data do not have to
be converted to machine-readable representation by agiphs.

There are two methods for checking the datadmlon.bin to make sure they
converted correctly. You can reformat back to ASCII and view/resulting file,
or usereadfile to readlatlon.bin.

9.4.3 Reconverting to Native Format

Use the followingnewform command to reformat the binary dataliatlon.bin
to its native ASCII format:

newform latlon.bin -o latlon.rf

The ASCII filelatlon.rf matches (but does not overwrite) the original input file
latlon.dat. You can confirm this by using a file comparison utility. Tduef £
command is generally available on Unix platforms.

To usediff to compare th@atlon ASCII files, enter the command:
diff latlon.dat latlon.rf

The output should be something along these lines:
Files are effectively identical.

Several implementations of thie £ £ utility don’t print anything if the two input
files are identical.
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NOTE: Thediff utility may detect a difference in other similar cases
because FreeForm ND adds a leading zero in front of a decimdal g
interprets a blank as a zero if the field is described as a nurttbe
blank described as a character is interpreted as a blank.)

9.4.4 Reading the Binary File
To usereadfile to read the data ihatlon.bin:

O Enter the following command:
readfile latlon.bin

0 The data are stored as doubles, so eat&r view each value (or press
Return to view each value after the first).

[0 Enterg to quitreadfile.

9.4.5 Conversion to a More Portable Binary

In this example, you will useaewform to reformat the latitude and longitude
values in the ASCII data fileatlon.dat into binary longs in the binary file
latlon2.bin. The input and output data formats are describethition2 . fmt.

This is what's inlatlon2. fmt:
/ This is the format description file for data files latlon.dat

/ and latlon2.bin. Each record in both files contains two fields,
/ latitude and longitude.

ASCII_data "ASCII format"
latitude 1 10 double 6
longitude 12 22 double 6

binary_data "binary format"
latitude 1 4 long 6
longitude 5 8 long 6

The ASCII and binary variables both have the same names. HlAariable
latitude occupies positions 1-10 and longitude occupieitipas 12-22. The
ASCII variables are defined to be of type double. The binanalses occupy
four bytes each (positions 1-4 and 5-8) and are of type lohg. precision for all
is 6.

9.4.6 Converting to Binary Long

In the previous example, both the ASCII and binary variablegse defined to be
doubles. Binary longs, which are 4-byte integers, may beerportable across
different platforms than binary doubles or floats.
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To convert the ASCII data ibatlon.dat to binary longs:

O Change to the directory that contains the FreeForm ND exaffiipk.

O Enter the following command:

newform latlon.dat -f latlon2.fmt -o latlon2.bin

It creates the binary archive filatlon2.bin with the 20 latitude and longitude
values inlatlon.dat stored as binary longs.

This example duplicates one in chapter 2. If you completatiekample, an error
message will indicate thatatlon2.bin exists. You can rename, move, or delete
the existing file.

The size of the archive fileatlon2.bin is about 1/3 the size dfatlon.dat.
Also, the data do not have to be converted to machine repegganby
applications. The main tradeoff in achieving savings ircepand access time is
that although binary longs are more portable than binanpsuor floats, any
binary representation is less portable than ASCII.

CAUTION: There may be a loss of precision when input data of type douple
is converted to long.

9.4.7 Reading the Binary File

Once again, you can useadfile to check the data in the binary archive you
created.

O Enter the following command:
readfile latlon2.bin

0 The data are stored as longs, so ent¢o view each value (or press Return
to view each value after the first).

O Enterg to quitreadfile.

If desired, you can enter the commands-éadfile from an input command file
rather than directly from the command line. The example camhfile
latlon.in is shown next.

Here islatlon.in:

111111p0 11Pq
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The 6 I's (I for Long) cause the first 6 values in the file to be displayed. The
sequence p0 causes a return to the top (position 0) of théfpesition number
(0) must be followed by a blank space. The 2 I's display the five values again.
The P displays the current file position and length, andlosesreadfile.

If you enter the following command:
readfile latlon2.bin < latlon.in

you should see the following output on the screen:
long: -47303545
long: -176161101
long: -928001
long: 777265
long: -28286662
long: 35591879
New File Position = 0
long: -47303545
long: -176161101
File Position: 8 File Length: 160

The floating point numbers have been multiplied by 106, tleeipion of the long
variables inlatlon2.fmt.

9.4.8 Including a Query

You can use the query optiond queryfile) to specify exactly which records in
the data filemewform should process. The query file contains query criteria.
Query syntax is summarized in Appendix C.

In this example, you will specify a query so thatwf orm will reformat only those
value pairs inLatlon.dat where latitude is positive and longitude is negative
into the binary filellposneg.bin. The input and output data formats are
described inatlon2.fmt.

The query criteria are specified in the following file, callebosneg. qry:
[latitude] > 0 & [longitude] < O

To convert the desired dataimtlon.dat to binary and then view the results:

O Enter the following command:

newform latlon.dat -f latlon2.fmt -q llposneg.qry
-0 llposneg.bin

Thellposneg.bin file now contains the positive/negative
latitude/longitude pairs in binary form.



9.5 File Names and Context 65

O To view the data, first convert the datalibposneg.bin back to ASCII
format:

newform llposneg.bin -f latlon2.fmt -o liposneg.dat

00 Enter the appropriate command to display the datdl gpsneg.dat, e.g.
more:

The following output appears on the screen:
54.118314 -136.940570
27.331551 -155.233735
11.624981 -113.660611
77.652742 -79.177679
77.883119 -77.505502
35.130219 -153.543091
35.086084 -21.643402

NOTE: As demonstrated in the examples above, you can check thejdata
in a binary file either by usingeadfile or by converting the
data back to ASCII usingewform and then viewing it.

9.5 File Names and Context

In the preceding examples, the read/write type (input gout)itwas not included

in the format descriptorsAfCII data andbinary data). FreeForm ND naming
conventions were used, sewform can determine from the context which format
should be used for input and which for output. Consider theroand:

newform latlon.dat -o latlon.bin

The input file extension isdat and the output file extension i%in. These
extensions provide context indicating that ASCII shouldibed as the input
format and binary should be used as the output format. Tedodescription file
thatnewform will look for is the file with the same name as the input file ane t
extension. fmt, i.e.,latlon. fmt.

If you use the following command:
newform latlon.bin

to translate the binary archivetlon.bin back to ASCllnewform identifies the
input format as binary and uses the ASCII format for outpunte ASCII data is
written to the screen because an output file was not specified.

For information about FreeForm ND file name conventions,Gleapter 8.
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9.5.1 *“Nonstandard” Data File Names

If you are working with data files that do not use FreeForm NDhimg
conventions, you need to more explicitly define the contéat.example, the files
1ldat1.11,11dat2.11,11dat3.11,11dat4.11, and1l1ldat5.11 all have
latitude and longitude values in the ASCII format given ia fbrmat description
file 11dat. fmt. If you wanted to archive these files in binary format, youldou
not use a command of the form used in the previous exampbesidwform
datafile.dat -0datafile.bin with datafile.fmt as the default format
description file.

First, the ASCII data files do not have the extensidat, which identifies them
as ASCII files. Second, you would need five separate formatig¢ien files, all
with the same contenttldatl.fmt, 11dat2.fmt, 11dat3.fmt, 11dat4. fmt,
andlldat5.fmt. Creating the format description fila . fmt solves both
problems.

Here is thell. fmt file:

/ This is the format description file that describes latlon
/ data in files with the extension .11

ASCII_input_data "ASCII format for .11 latlon data"
latitude 1 10 double 6
longitude 12 22 double 6

binary_output_data "binary format for .11 latlon data"
latitude 1 4 long 6
longitude 5 8 long 6

The name used for the format description file, fmt, follows the FreeForm ND
convention that one format description file can be utilizednfiultiple data files,
all with the same extension, if the format description filaasnedext . fmt.

Also, the read/write type (input or output) is made explimitincluding it in the
format descriptordSCII input _data andbinary output_data. This provides
the context needed for FreeForm ND programs to determinehasbimat to use
for input and which for output.

Use the following commands to produce binary versions o®8€II input files:

newform 11datl1.11 -o 1lbinl.11
newform 1ldat2.11 -o 11bin2.11
newform 11dat3.11 -o 11bin3.11
newform 1ldat4.11 -o 1lbin4d.11
newform 11dat5.11 -o 1lbinb.11

If you want to convert back to ASCII, you can switch the wondiguit and output
in the format description file@1 . fmt. You could then use the following
commands to convert back to native ASCII format with outpttten to the
screen:
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newform 11binl.11
newform 11bin2.11
newform 11bin3.11
newform 11bin4.11
newform 11binb5.11

It is also possible to convert back to ASCII without switalpithe read/write types
input and output in1.fmt. You can specify input and output formats by title
instead. In this case, you want to use the output formatirfmt as the input
format and the input format ibl . fmt as the output format. Use the following
command to convetlbinl.11 back to ASCII:

newform 11binl.11 -ift "binary format for .11 latlon data"
-oft "ASCII format for .11 latlon data"

Notice thatnewform reports back the read/write type actually used. Since
ASCII input _data was used as the output formagwform reports it as
ASCII_output_data.

Now assume that you want to convert the ASCII datalfileals. asc (not
included in the example file set) to the binary fiktt1on3.bin, and the input

and output data formats are describeddanlon.fmt. The data file names do not
provide the context allowingewform to find latlon.fmt by default, so you
must include all file names on the command line:

newform llvals.asc -f latlon.fmt -o latlon3.bin

9.5.2 *“Nonstandard” Format Description File Names

If you are using a format description file that does not follekgeForm ND file
naming conventions, you must include its name on the comtdiagdAssume
that you want to convert the ASCII data filetlon.dat to the binary file
latlon.bin, and the input and output data formats are both described in
1lvals.frm (notincluded in the example file set). The data file nameswoll
FreeForm ND conventions, but the name of the format desanifile does not, so
it will not be located through the default search sequenee tbe following
command to convert to binary:

newform latlon.dat -f llvals.frm -o latlon.bin

Suppose now that the input format is describe@ldnlon. fmt and the output
format inllvals.frm. You do not need to explicitly specify the input format
description file because it will be located by default, bull yaust specify the
output format description file name. In this case, the conthwaould be:
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newform latlon.dat -of llvals.frm -o latlon.bin

You can always unambiguously specify the names of formatrgs®on files and
data files, whether or not their names follow FreeForm ND eatiens. Assume
you want to look only at longitude valuesimatlon.bin and that you want them
defined as integers (longs) which are right-justified atcwi80. You will
reformat the specified binary dataliatlon.bin into ASCII data in
longonly.dat and then view it. The input format is found Iatlon. fmt, the
output format inLongonly. fmt.

Here islongonly.fmt:

/ This is the format description file for viewing longitude as an
/ integer value right-justified at column 30.

ASCII_data "ASCII output format, right-justified at 30"
longitude 20 30 long 6

In this case, you have decided to look at the first 5 longituadaes. Use the
following command to unambiguously designate all files ined:

newform latlon.bin -if latlon.fmt -of longonly.fmt -c 5
-0 longonly.dat

When you viewlongonly.dat, you should see the following 5 values:

1 2 3 4
1234567890123456789012345678901234567890

-176161101
777265
35591879
149408117
55319598
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9.6 Changing ASCII Formats

You may encounter situations where a specific ASCII formagagiired, and your
data cannot be used in its native ASCII format. Withwform, you can easily
reformat one ASCII format to another. In this example, yoli keformat
California earthquake data from one ASCII format to thrdeo®ASCII formats
commonly used for such data.The fdelif . tap contains data about
earthquakes in California with magnitudes ¢, 5.0 since 198@.data were
initially distributed by NGDC on tape, hence theap extension. The data format
is described ireqtape . fmt:

Here is theeqtape . fmt file:

/ This is the format description file for the NGDC .tap format,
/ which is used for data distributed on floppy disks or tapes.

ASCII_data ".tap format"
source_code 1 3 char 0
century 4 6 short 0

year 7 8 short 0

month 9 10 short O

day 11 12 short O

hour 13 14 short O

minute 15 16 short O
second 17 19 short 1
latitude_abs 20 24 long 3
latitude_ns 25 25 char O
longitude_abs 26 31 long 3
longitude_ew 32 32 char 0O
depth 33 35 short O
magnitude_mb 36 38 short 2
MB 39 40 constant O
isoseismal 41 43 char O
intensity 44 44 char 0

/ The NGDC record check format includes

/ six flags in characters 45 to 50. These

/ can be treated as one variable to allow

/ multiple flags to be set in a single pass,
/ or each can be set by itself.

ngdc_flags 45 50 char O
diastrophic 45 45 char 0
tsunami 46 46 char O
seiche 47 47 char 0
volcanism 48 48 char O
non_tectonic 49 49 char O
infrasonic 50 50 char O

fe_region 51 53 short 0O
magnitude_ms 54 55 short 1
MS 56 57 char 0
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z_h 58 58 char 0

cultural 59 59 char 0

other 60 60 char O
magnitude_other 61 63 short 2
other_authority 64 66 char 0O
ide 67 67 char O
depth_control 68 68 char 0O
number_stations_qual 69 71 char 0O
time_authority 72 72 char 0
magnitude_local 73 75 short 2
local_scale 76 77 char O
local_authority 78 80 char 0O

Three other formats used for California earthquake dathygpeellipse,
hypoinverse, and hypo71. Subsets of these formats ardlddn the format
description filehypo . fmt. The format descriptions include the parameters
required by the AcroSpin program that is distributed as pfttie IASPEI
Software Library (Volume 2). AcroSpin shows 3D views of éguake point data.

Here is thehypo . fmt file:

/ This format description file describes subsets of the
/ hypoellipse, hypoinverse, and hypo71 formats.

ASCII_data "hypoellipse format"
year 1 2 uchar 0O

month 3 4 uchar 0O

day 5 6 uchar 0

hour 7 8 uchar 0

minute 9 10 uchar 0O

second 11 14 ushort 2
latitude_deg_abs 15 16 uchar O
latitude_ns 17 17 char O
latitude_min 18 21 ushort 2
longitude_deg_abs 22 24 uchar 0
longitude_ew 25 25 char 0
longitude_min 26 29 ushort 2
depth 30 34 short 2
magnitude_local 35 36 uchar 1

ASCII_data "hypoinverse format"
year 1 2 uchar 0

month 3 4 uchar 0O

day 5 6 uchar 0O

hour 7 8 uchar 0

minute 9 10 uchar O

second 11 14 ushort 2
latitude_deg_abs 15 16 uchar 0O
latitude_ns 17 17 char O
latitude_min 18 21 ushort 2
longitude_deg_abs 22 24 uchar 0
longitude_ew 25 25 char 0
longitude_min 26 29 ushort 2
depth 30 34 short 2
magnitude_local 35 36 uchar 1
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number_of_times 37 39 short O
maximum_azimuthal_gap 40 42 short 0O
nearest_station 43 45 short 1
rms_travel_time_residual 46 49 short 2

ASCII_data "hypo71 format"

year 1 2 uchar 0O

month 3 4 uchar 0

day 5 6 uchar O

hour 8 9 uchar 0

minute 10 11 uchar O

second 12 17 float 2
latitude_deg_abs 18 20 uchar 0
latitude_ns 21 21 char O
latitude_min 22 26 float 2
longitude_deg_abs 27 30 uchar 0
longitude_ew 31 31 char 0O
longitude_min 32 36 float 2
depth 37 43 float 2
magnitude_local 44 50 float 2
number_of_times 51 53 short 0
maximum_azimuthal_gap 54 57 float O
nearest_station 58 62 short 1
rms_travel_time_residual 63 67 float 2
error_horizontal 68 72 float 1
error_vertical 73 77 float 1
s_waves_used 79 79 char O

The parameters from the California earthquake data in thBGI&rmat needed
for use with the AcroSpin program can be extracted and ctedersing the
following commands:

newform calif.tap -if eqtape.fmt -of hypo.fmt
-oft "hypoellipse format" -o calif.he

newform calif.tap -if eqtape.fmt -of hypo.fmt
-oft "hypoinverse format" -o calif.hi

newform calif.tap -if eqtape.fmt -of hypo.fmt
-oft "hypo71 format" -o calif.hT71

If you develop an application that accesses seismicity idadgarticular ASCII
format, you need only to write an appropriate format desicnipfile in order to
convert NGDC data into the format used by the applicatioris Téts you make
use of the data that NGDC provides in a format that works far. yo
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Data Checking

The FreeForm ND-based utility progracheckvar creates variable summary
files, lists of maximum and minimum values, and summariesagssing
activity. You can use this information to check data quadityg to examine the
distribution of the data.

10.1 Generating the Summaries

A variable summary file (or list file), which contains histagr information
showing the variable’s distribution in the data file, is ¢egbfor each variable (or
designated variables) in the specified data file. You camoaliy specify an
output file in which a summary of processing activity is saved

Variable summaries (list files) can be helpful for perforgnguality control
checks of data. For example, you could iteckvar on an ASCII file, convert
the file to binary, and then rucheckvar on the binary file. The output from
checkvar should be the same for both the ASCII and binary files. You ¢tsm a
use variable summaries to look at the data distribution iata det before
extracting data.

Thecheckvar command has the following form:

checkvar inputfile [-£ formatfile] [-if input formatfile]
[-of outputformatfile] [-ft "title"] [-ift "title"][-oft "title"]
[-b local buffer sizd [ -c cound [-v var file] [-q queryfile] [-p precision
[-m maxbing [-md missingdataflag] [-mm] [-o processingsummary

Thecheckvar program needs to find only an input format description. Outpu
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format descriptions will be ignored. If conversion variebhre included in input
or output formats, no conversion is performed when youdiwxckvar, since it
ignores output formats.

For descriptions of the standard arguments (first eleveumaegts above), see
Section 8.6 on page 52.

-p precision Option flag followed by the number of decimal places. The nemb
represents the power of 10 that data is multiplied by pridsitming. A
value of 0 bins on one’s, 1 on tenth’s, and so on. This optitowal an
adjustment of the resolution of theckvar output.

The default is 0; maximum is 5.

NOTE: If you use the-p option on the command line, the precision get
in the relevant format file is overridden. The precision ia th
format file serves as the default.

-m maxbins Option flag followed by the approximate maximum number osbin
desired incheckvar output. Thecheckvar program keeps track of the
number of bins filled as the data is processed. The smallenimder of
bins, the fastecheckvar runs. By keeping the number of bins small, you
can check the gross aspects of data distribution ratherttteatietails.

The number of bins is adjusted dynamicallycaeckvar runs depending
on the distribution of data in the input file. If the number diefi bins
becomes ¢ 1.5 * maxbins, the width of the bins is doubled tp kee total
number near the desired maximum.

The default is 100 bins; minimum is 6. Must be j 10,000.

NOTE: The precision (-p) and maxbins (-m) options have no effect pn
character variables.

-md missing data_flag Option flag followed by a flag value thaheckvar
should ignore across all variables in creating histograta.ddissing data
flags are used in a data file to indicate missing or meaninglaiss If you
wantcheckvar to ignore more than one value, use the quen) pption in
conjunction with the variable file-§) option.

-mm Option flag indicating that only the maximum and minimum e wf
variables are calculated and displayed in the processimgnsuty. Variable
summary files are not created.

-o processingsummary Option flag followed by the name of the file in which
summary information displayed during processing is stored
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10.2 Example

You will use checkvar with a precision of 3 to create a processing summary file
and summary files for the two variables latitude and longiturdthe file
latlon.dat.

Here islatlon.dat:
-47.303545 -176.161101
-0.928001 0.777265
-28.286662 35.591879
12.588231 149.408117
-83.223548 55.319598
54.118314 -136.940570
38.818812  91.411330
-34.577065 30.172129
27.331551 -155.233735
11.624981 -113.660611
77.652742 -79.177679
77.883119 -77.505502
-65.864879 -55.441896
-63.211962 134.124014
35.130219 -153.543091
29.918847 144.804390
-69.273601  38.875778
-63.002874 36.356024
35.086084 -21.643402
-12.966961 62.152266

To create the summary files, enter the following command:
checkvar latlon.dat -p 3 -o latlon.sum

A summary of processing information and the maximum and mmimn for each
variable are displayed on the screen. The following thres fire created:

[0 latlon.sumrecaps processing activity, maximums and minimums

[J latitude.lst shows distribution of the latitude valueslatlon.dat

[0 longitude.lst shows distribution of the longitude valuesliatlon.dat.
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10.3 Interpreting the Summaries

The processing and variable summary files outputidckvar from the example
in the previous section are shown and discussed below.

10.3.1 Processing Summary

If you specify an output file on the command line, it storesittiermation that is
displayed on the screen during processing. Thelfilelon . sum was specified as
the output file in the example above.

Here islatlon. sum:

Input file : latlon.dat
Requested precision = 3, Approximate number of sorting bins = 100

Input data format (latlon.fmt)
ASCII_input_data "ASCII format"
The format contains 2 variables; length is 24.

Output data format (latlon.fmt)
binary_output_data "binary format"
The format contains 2 variables; length is 16.

Histogram data precision: 3, Number of sorting bins: 20
latitude: 20 values read

minimum: -83.223548 found at record 5

maximum: 77.883119 found at record 12

Summary file: latitude.lst

Histogram data precision: 3, Number of sorting bins: 20
longitude: 20 values read

minimum: -176.161101 found at record 1

maximum: 149.408117 found at record 4

Summary file: longitude.lst.

The processing summary filatlon. sum first shows the name of the input data
file (Latlon.dat). If you specified precision and a maximum number of bins on
the command line, those values are given as Requestedipredmsthis case 3,
and Approximate number of sorting bins, in this case theudetalue of 100. If
precision is not specified, No requested precision is shown.

A summary of each format shows the type of format (in this chgmit data
format and Output data format) and the name of the format difeaining the
format descriptionsl@atlon. fmt), whether specified on the command line or
located through the default search sequence (as detaitddhpter 4). In this case,
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it was located by default. Sinemeckvar only needs an input format description,
it ignores output format descriptions. Next, you see thetdrdescriptor as
resolved by FreeForm ND (e.@\SCII_input_data)and the format title (e.g.,
“ASCII format”). Then the number of variables in a record @othl record length
are given; for ASCII, record length includes the end-o&ltharacter (1 byte for
Unix).

A section for each variable processeddheckvar indicates the histogram
precision and actual number of sorting bins. Under someigistances, the
precision of values in the histogram file may be differennttige precision you
specified on the command line. The default value for pregjsfcone is
specified on the command line, is the precision specifiedandhevant format
description file or 5, whichever is smaller. The second limas the name of the
variable (latitude, longitude) and the number of valuedandata file for the
variable (20 for both latitude and longitude).

The minimum and maximum values for the variable are showmn (38%.223548
is the minimum and 77.883119 is the maximum value for lagjud he maximum
and minimum values are given here with a precision of 6, wii¢he precision
specified in the format description file. The locations of iteeximum and
minimum values in the input file are indicated. (-83.2235%sl&he fifth latitude
value inlatlon.dat and 77.883119 is the twelfth). Finally, the name of the
histogram data (or variable summary) file generated for gadhable is given
(latitude.lst andlongitude.lst).

10.3.2 Variable Summaries

The name of each variable summary file (list file) outputhgckvar is of the
form variable.1st for numeric variables andariable. cst for character
variables. The data in."L.st, and *. cst files can be loaded into histogram plot
programs for graphical representation. (You must be fam@dnough with your
program of choice to manipulate the data as necessary in rdehieve the
desired result.) In Unix, there is no need to abbreviate #se lfile name.

NOTE: If you use the -v option, the order of variables in var file hasffect
on the numbering of base file names of the variable summasy file

The two example variable summary filaatitude.lst andlongitude.lst,
are shown next.
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latitude.1lst longitude.1lst
-83.224 1 -176.162 1
-69.274 1 -1565.234 1
-65.865 1 -1563.544 1
-63.212 1 -136.941 1
-63.003 1 -113.661 1
-47.304 1 -79.178 1
-34.578 1 -77.506 1
-28.287 1 -55.442 1
-12.967 1 -21.644 1
-0.929 1 0.777 1
11.624 1 30.172 1
12.588 1 35.591 1
27.331 1 36.356 1
29.918 1 38.875 1
35.086 1 556.319 1
35.130 1 62.152 1
38.818 1 91.411 1
54.118 1 134.124 1
77.652 1 144.804 1
77.883 1 149.408 1

The variable summary files consist of two columns. The fidiciates boundary
values for data bins and the second gives the number of datts io each bin.
Because a precision of 3 was specified in the example, eactdbpuvalue has
three decimal places. The boundary values are determinsahdgally by
checkvar and often do not correspond to data values in the input fikn évthe
checkvar and data file precisions are the same.

The first data bin inatitude.1lst contains data points in the range -83.224
(inclusive) to -69.274 (exclusive); neither boundary neméxists in
latlon.dat. The first bin has one data point, -83.223548. The fourth biata
contains latitude values from -63.212 (inclusive) to -83.Qexclusive), again
with neither boundary value occurring in the data file. Thighint in the fourth
bin is -63.211962.
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FreeForm ND includes three utilities for use with HDF (hieracal data format)
files: makehdf, splitdat, andpntshow. These programs were built using both
the FreeForm library and the HDF library, which was devetbatthe National
Center for Supercomputer Applications (NCSA).

Themakehdf program converts binary and ASCII data files to HDF files and
converts multiplexed band interleaved by pixel image fifgs & series of single
parameter files. Theplitdat program is used to separate and reformat data files
containing headers and data into separate header and dajafito translate

them into HDF files. Thentshow program extracts point data from HDF files

into binary or ASCII format.

It is assumed in this chapter that you have a working faniiiavith HDF
terminology and conventions. See the HDF user documentédiadetailed
information.

NOTE: Do not try the examples in this chapter. The example file set is
incomplete.
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A.1 makehdf

Usingmakehdf you can convert data files with formats described in a FreaFor
format file into HDF files. You should follow FreeForm namingneentions for
the data and format files. For details about FreeForm colvenitsee Chapter 8.

NOTE: A dBASE input file must be converted to ASCII or binary using
newform before you can rumakehdf on it.

The HDF file resulting from a conversion consists either ofeug of scientific
datasets (SDS’s), one for each variable in the input dateofilef avgroup
containing all the variables as omdata. If you are working with grid data, you
will want SDS’s (the default) in the output HDF file. A vdatav@ option) is the
appropriate choice for point data.

Themakehdf command has the following form:

makehdf inputfile [-r rows [-c column§ [-v var file] [-d HDF description filg
[-x1 x'label-y1 y'labell [ -xu x units-yu y units]
[-xf x'format-yf y_formai] [-id file_id] [ -vd [vdatafile]] [ -dmx [-sep]]
[-df] [-md missingdatafile] [-dof HDF file]

input_file Name of the input data file. Following FreeForm naming cotieas,
the standard extensions for data files atet for ASCII format and. bin
for binary.

-r rows Option flag followed by the number of rows in each resultingstific
dataset. The number of rows must be specified through thigroph the
command line, or in an equivalence table, or in a headetx) file defined
according to FreeForm standards.

-c columns Option flag followed by the number of columns in each resgltin
scientific dataset. The number of columns must be specifiedgh this
option on the command line, or in an equivalence table, orheader
(.hdr) file defined according to FreeForm standards.

For information about equivalence tables, see the GeoVisReference
Guide.

-v var'file Option flag followed by the name of the variable file. The file
contains hames of the variables in the input data file to begased by
makehdf. Variable names iwar file can be separated by one or more
spaces or each name can be on a separate line.

-d HDF description file Option flag followed by the name of the file containing
a description of the input file. The description will be sthees a file
annotation in the resulting HDF file.
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-x1 X'label -y1 y'label Option flags followed by strings (labels) describing the
x and y axes; labels must be in quotés() if more than one word.

-xu X Units -yu y units Option flags followed by strings indicating the
measurement units for the x and y axes; strings must be iregfot") if
more than one word.

-xf X'format -yf y format Option flags followed by strings indicating the
formats to be used in displaying scale for the x and y dimessistrings
must be in quotes'( ") if more than one word.

-id file_id Option flag followed by a string that will be stored as the |Dttud
resulting HDF file.

-vd [vdata_file] Option flag indicating that the output HDF file should contain
vdata. The optional file name specifies the name of the output file; the
default isinput file.HDF.

-dmx [-sep] The option flag-dmx indicates that input data should be
demultiplexed from band interleaved by pixel to band setjgkform in
input file.dmx. If -dmx is followed by-sep, the input data are
demultiplexed into separate variable files calada_file.1
...datafile.n

-df To use this option, the input filel§¢ta_file.ext) must be a binary
demultiplexed (band sequential) file. For each input végiabthe
applicable FreeForm format description file, there is aegponding
demultiplexed section in the output HDF file.

-md missing data_file Option flag followed by the name of the file defining
missing data (data you want to exclude). Use this option aldgg with
the vdata (-vd) option. Each line in the missing data file hasform:

variable_name lower_limit upper_limit
The precision of the upper and lower limits matches the piaciof the
input data.

-dof HDF_file Option flag followed by the name of the output HDF file. If you
do not use thedof option, the default output file name is
input_file.HDF.

A.1.1 Example

You will usemakehdf to storelatlon.dat as an HDF file. The HDF file will
consist of two SDS'’s, one each for the two variables latitade longitude. Each
SDS will have four rows and five columns.

To convertlatlon.dat to an HDF file, enter the following command:
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makehdf latlon.dat -r 4 -¢c 5

As makehdf translatedatlon.dat into HDF, processing information is
displayed on the screen:

1 Caches (1150 bytes) Processed: 800 bytes written to latlon.dmx
Writing latlon.HDF and calculating maxima and minima ...

Variable latitude:

Minimum: -86.432712 Maximum 89.170904
Variable longitude:

Minimum: -176.161101 Maximum 165.066193

The output fronmakehdf is an HDF file namedatlon.HDF (by default). It
contains the minimum and maximum values for the two varehewell as the
two SDS'’s.

A temporary file namedatlon.dmx was also created. It contains the data from
latlon.dat in demultiplexed form . The data was convertedfits original
multiplexed form to enableakehdf to write sections of data to SDS’s.

If you start with a demultiplexed file such astlon.dmx, the translation process
is much quicker, particularly for large data files. As angthation, try this.
Renamelatlon.dmx to latlon.bin (renaming is necessary faakehdf to find
the format description fileatlon.fmt by default). Enter the following
command:

makehdf latlon.bin -df -r 4 -¢ 5

The output file again i3atlon.HDF, but notice that no demultiplexing was done.

A.2 splitdat

Thesplitdat program translates files with headers and data into sefazatier
and data files or into HDF files. If the translation is to sefmteeader and data
files, the header file can include indexing information.

The combination of header and data records in a file is ofted e point data
sets that include a number of observations made at one orstaiiens or
locations in space. The header records contain informatimut the stations or
locations of the measurements. The data records hold tlemational data. A
station record usually indicates how many data recordevioll. The structure of
such a file is similar to the following:
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Header for Station 1
Observation 1 for Station 1
Observation 2 for Station 1

Observation N for Station 1

Header for Station 2
Observation 1 for Station 2
Observation 2 for Station 2

Observation N for Station 2

Header for Station 3

Many applications have difficulty reading this sort of heggneous data file. One
solution is to split the data into two homogeneous files, mmaining the
headers, the other containing the data. Wighitdat, you can easily create the
separate data and header files. Tosjski tdat for this purpose, the input and
output formats for the record headers and the data must belossin a
FreeForm format description file. To usplitdat for translating files to HDF,
the input format must be described in a FreeForm format geor file. You
should follow FreeForm naming conventions for the data anchat files. For
details about FreeForm conventions, see Chapter 8.

Thesplitdat command has the following form:

splitdat input file [output data file, output header file

input_file Name of the file to be processed. Following FreeForm naming
conventions, the standard extensions for data files &ie for ASCII
format and. bin for binary.

output_data_file Name of the output file into which data are transferred with th
format specified in the applicable FreeForm format dedonile. The
standard extensions are the same as for input files. If anbiilgp name is
not specified, the default is standard output.

output_headerfile Name of the output file into which headers from the input
file are transferred with the format specified in the appliedyeeForm
format description file. If an output header file name is netcHied, the
default is standard output.
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A.2.1 Index Creation

You can use the two variables begin and extent (describedvp@ the format
description for the output record headers to indicate thatlon and size of the
data block associated with each record header. If you thesplsi tdat, the
header file that results can be used as an index to the data file.

begin Indicates the offset to the beginning of the data associattéda
particular header. If the data is being translated to HDé-uihits are
records; if not, the units are bytes.

extent Indicates the number of records (HDF) or bytes (non-HDFyeiased
with each header record.

Example

You will usesplitdat to extract the headers and data from a rawinsonde (a
device for gathering meteorological data) ASCII data filmedhara.dat
(HARA = Historic Arctic Rawinsonde Archive) and create twatput
files23338.dat containing the ASCII data amzB338hdr . dat containing the
ASCII headers. The format description filera . fmt should contain the
necessary format descriptions.

Here ishara.fmt:
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ASCII_input_record_header "ASCII Location Record input format"
WMO_station_ID_number 1 5 char 0
latitude 6 10 long 2

longitude_east 11 15 long 2

year 17 18 uchar 0O

month 19 20 uchar 0O

day 21 22 uchar 0

hour 23 24 uchar 0

flag_processing_1 28 28 char 0
flag_processing_2 29 29 char 0
flag_processing_3 30 30 char 0O
station_type 31 31 char 0O
sea_level_elev 32 36 long O
instrument_type 37 38 uchar 0O
number_of_observations 40 42 ushort O
identification_code 44 44 char O

ASCII_input_data "Historical Arctic Rawinsonde Archive input format"
atmospheric_pressure 1 5 long 1
geopotential_height 7 11 long O
temperature_deg 13 16 short 0O
dewpoint_depression 18 20 short O
wind_direction 22 24 short O
wind_speed_m/s 26 28 short 0
flag_qg 30 30 char O

flag_qgl 31 31 char 0

flag_qt 33 33 char 0O

flag_qtl 34 34 char 0

flag_qd 36 36 char O

flag_qdl 37 37 char 0

flag_qw 39 39 char 0O

flag_qwl 40 40 char 0

flag_qp 42 42 char 0O

flag_levck 43 43 char O

ASCII_output_record_header "ASCII Location Record output format"

ASCII_output_data "Historical Arctic Rawinsonde Archive output format"

To “split” hara.dat, enter the following command:
splitdat hara.dat 23338.dat > 23338hdr.dat

The data values fromara.dat are stored ire3338.dat and the headers in
23338hdr.dat.

Because the variables begin and extent were used in therrmatgat format in
hara.fmt to indicate data offset and number of recor2i3338hdr . dat has two
columns of data showing offset and extent. Thus, it can s&s\an index into
23338 .dat.
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A.2.2 HDF Translation

If output files are not specified on thelitdat command line, a file named
input file.HDF is created. It is hierarchically named and organized asviai
vgroup
input_file_name
/ \
/ \
vdatal vdata?2
"PointIndex" "input_file_name"

00 wvdatal contains the record headers
0 wvdata2 contains the data

O If writing to a Vset (represented by a vgroup), both outputrfats are
converted to binary, if not binary already.

Example

To create the filbara.HDF from hara.dat, enter the following abbreviated
command:

splitdat hara.dat

The output formats ihara.fmt are automatically converted to binary, and
subsequently the ASCII datalrara.dat are also converted to binary for HDF
storage.

A.3 pntshow

Thepntshow program is a versatile tool for extracting point data fromHides
containing scientific datasets and Vsets. The extractiarbeadone into any
binary or ASCII format described in a FreeForm format dexion file. Before
usingpntshow on an HDF file, you should pack the file using the
NCSA-developed HDF utility hdfpack.

You can usentshow to extract headers and data from an HDF file into separate
files or to extract just the data. It's a good idea to define Gel@d¥words in an
equivalence table to facilitate access to HDF objects. ifortination about
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equivalence tables, see the GeoVu Tools Reference Guideinpht and output
formats must be described in a FreeForm format descriptienYfou should
follow FreeForm naming conventions for the data and fornhes fiFor details
about FreeForm conventions, see Chapter 8.

If a format description file is not specified on the command,lime output format
is taken by default from the FreeForm output format annaasitored in the HDF
file. If there is no annotation, a default ASCII output formsatised.

NOTE: An equivalence table takes precedence over everythingigd=d963,
SDS=702)

If you have not specified an HDF object in an equivalence tafaleshow uses the
following sequence to determine the appropriate sourceutput:

O Output the first vdata with class name Data.
O Output the largest vdata.

O Output the first SDS.

If no vdatas exist in the file, but an SDS is found, it is extedcand a default
ASCII output format is used.

A.3.1 Extracting Headers and Data

Thepntshow command takes the following form when you want to extract
headers and data from HDF files into separate files.

pntshow input HDF file [-h [outputheadeffile]] [ -hof outputheaderformatfile]
[-hof outputheaderformatfile] [-d [outputdatafile]]
[-dof outputdataformatfile]

input_HDF_file Name of the input HDF file, which has been packed using
hdfpack.

-h [output_headerfile] Option flag followed optionally by the name of the file
designated to contain the record headers currently staradidata with a
class name of Index. If an output header file name is not spdcitie
default is standard output.

-hof output_header format_file Option flag followed by the name of the
FreeForm format file that describes the format for the hesaeeracted to
standard output or outputeaderfile.
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-d [output_data_file] Option flag followed optionally by the name of the file
designated to contain the data currently stored in a vdataanclass name
of Data. If an output file name is not specified, the defaultdaadard
output.

-dof output_data_format_file Option flag followed by the name of the
FreeForm format file that describes the format for data etéthto standard
output oroutputdatafile.

Example

You will extract data and headers framra . HDF (created byplitdat in a
previous example). This file contains two vdatas: one haslt#ss name Data and
the other has the class name Index. Because this file is etireaamall, no
appending links were created in the file, so there is no nepddk the file before
usingpntshow, though you can if you wish.

To extract data and headers framira . HDF, enter the following command:
pntshow hara.HDF -d haradata.dat -h harahdrs.dat

The data from the vdata designated as Datgeira . HDF are now stored in
haradata.dat. The data are in their original format because the origingbat
format was stored byplitdat in the HDF file. The header data from the vdata
designated as Index iara.HDF are now stored iharahdrs.dat. In addition to
the original header data, the variables begin and extert &lao been extracted to
harahdrs.dat.

A.3.2 Extracting Data Only

Thepntshow command takes the following form when you want to extradt jus
the data from an HDF file:

pntshow input HDF file [-of defaultoutputformatfile] [¢, outputfile]

input_HDF_file Name of the input HDF file, which has been packed using
hdfpack.

-of default_output_format_file Option flag followed by the name of the
FreeForm format file that describes the format for data etdchto standard
output oroutputfile.

output_file Name of the output file into which data is transferred. If atpatfile
name is not specified, the default is standard output.



A.3 pntshow

89

Examples

You can usentshow to extract designated variables from an HDF file. In this
example, you will extract temperature and pressure vahoesiara . HDF to an
ASCII format. First, the following format description fileust exist.

Here isharadata.fmt:
ASCII\ output_data "ASCII format for pressure, temp"
atmospheric_pressure 1 10 long 1
temperature_deg 15 25 float 1

To create a file nametkmppres . dat containing only the temperature and
pressure variables, enter either of the following commands

pntshow hara.HDF -of haradata.fmt > temppres.dat

or

pntshow hara.HDF -d temppres.dat -dof haradata.fmt

If you use the first commang@ntshow searche&ara. HDF for a vdata named
Data. Sincenara.HDF contains only one vdata namedta, this vdata is
extracted by default with the format specifiethifiradata. fmt.

The results are the same if you use the second command. Nawntring
putshow on the previously created fileatlon . HDF, which contains two SDS's.
Use the following command:

pntshow latlon.HDF > latlon.SDS

Thelatlon.SDS file now contains the latitude and longitude values exthcte
from latlon.HDF. They have the default ASCII output format. You could have
used the -of option to specify an output format included imreeForm format
description file.
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Error Handling

The FreeForm ND error handling system captures errors, @siainproper usage,
code problems, and system errors, and places them in argeeae. For each
error captured, error type and a short message are placed mdssage queue. If
a fatal error occurs, the program stops executing and gispltherror messages in
the queue.

B.1 Error Messages

The following is a list of some possible error messages witigestions for
corrections.

Problem opening, reading, or writing to file Check that all file names and paths
are correct.

Problem making format Make sure there is a format file describing the data file
formats.
Check that input and output format descriptions in the fdriteaccurately
describe the data.

Problem making header format If a header exists in the data file, it must be
described in a format file.
Check that the header description accurately describdsetder in your
data file.

Problem getting value
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Problem processing variable list The data formats may not be described
correctly or there may be some inconsistencies in the data.

Check also for unprintable characters at the end of the data fi
File length / Record length mismatch

Record Length or CR Problem This usually happens because the input format
description is not correct.

Make sure the format description’s last position is the ¢hstracter before
the end-of-line character. If you have a header, make sisedscribed
correctly.

The header’s length must include all characters up untilatbie
end-of-line-character before the data begins.

Binary Overflow Try using a larger output variable type such as a long instéad
a short.

Be sure you have given enough space for the values to benvritte

See Chapte?? for more information.

Variable not found The variable names in your output format must match the
variable names in the input format unless you are using ceiore
variables.

Data Overflow

*xkkk Data overflow does not usually cause a fatal error and Free R
functions try to anticipate them. If overflow occurs for atgadar value,
***'S are written to that value’s location.

If you find these in your output, check your variable posii@md
precision. Increase field width or use a “larger” data type.

Be sure the output format specifies space for the outputbleri&or
instance, FreeForm ND adds a leading zero in front of degpuiaits. If the
original data did not have a leading zero, the output willhame more
digit than the input.

Insufficient memory allocation The application has run out of memory. Try
using the-b (local buffer size) option, or modifgutoexec.bat and
config.sys and comment out devices, TSR’s, etc.
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-h, 87 -of, 53, 87, 88
header -oft, 53
file, 30 output
separate, 33 determining from context, 65
format, 29 output file
in FreeForm ND, 29 specifying, 52
record, 32 output format
separate, 34 determining, 49
type, 30 output format file
I specifying, 52
output format title
-id, 81 specifying, 53
-if, 53
-ift, 53 P
input
determining from context, 65 -Ir)c;c?:ssin summary. 76
input file P ’ >
specifying, 52
input format 9
determining, 49 -q, 54
input format file
specifying, 52 R
input format title - 80
specifying, 53 readfile
L binary file, 58
record header, 32
locating separate, 34
format files, 50 records
case sensivity, 51 how many to process, 54
M run-time parameters
arguments, 53

-m, 74

-md, 74, 81 S

memory buffer, 53 search path

-mm, 74 format files, 50
N case sensivity, 51
selectable datal5
newform separate
changing formats, 55 file header, 33
header record, 34
O specifying

o 52,74 input file, 52



96

INDEX

input format file, 52

input format title, 53

output file, 52

output format file, 52

output format title, 53

variables, 54
summary

variable, 77
summary file

generating, 73

example, 75

interpreting, 76

summary file seecheckvar

T

title

format, 18

format description, 53
type

format, 18

header, 30
typographic conventions, vi

Vv

-v, 54, 80
variable
summary, 77
variable descriptions, 19
variables
specifying, 54
-vd, 81
vdata.,80
vgroup,80

X

-xf X format 81
-x1 x'label 81
-xu X units 81

Y

-yf y'format 81
-yl y'label 81
-yu y 'units 81



