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Foreword

This manual represents documentation for the first revision to the Geographic Resources Analysis Support System (GRASS)
Geographic Information System (GIS) in four years with version 4.1 being replaced with 4.2.

This work was originally performed by the Environmental Division of the U.S. Army Construction Engineering Research
Laboratory (USACERL). In August, 1997, GRASS development was taken up by the GRASS Research Group at Baylor
University. Dr. Thomas T. Goforth is Chairman of the Department of Geology at Baylor University, and Steve Clamons and
Bruce Byars are the lead developers in the GRASS 4.2 project.

The original authors of the GRASS 4.1 Programmers Manual are Michael Shapiro, James Westervelt, Dave Gerdes, Majorie
Larson, and Kenneth R. Brownfield. Itis upon their work that this is based, and we wish for full acknowledgement to go to
them for their efforts. Dr. James Westervelt has provided valuable insight into GRASS for this project. Dr. Robert Lozar of
USA-CERL has also been instrumental in this new release.



Chapter 1

Introduction

1.1 Background

The Geographic Resources Analysis Support System (GRASS) is a geographic information system (GIS) originally de-
signed and developed by researchers at the U.S. Army Construction Engineering Research Laboratory (USACERL) and now
supported and enhanced by the GRASS Research Group at Baylor University. GRASS provides software capabilities
suitable for organizing, portraying and analyzing digital spatial data.

Since the first release of GRASS software in 1985, the number of users and applications has rapidly grown. Because
GRASS is distributed with source code, user sites (including many government organizations, educational institutions, and

private firms) are able to customize and enhance GRASS to meet their own requirements. While researchers at Baylor
University maintain and support GRASS, as well as develop and organize new versions of GRASS for release, programmers
at numerous sites now work directly with GRASS source code.

1.2  Objective

Those who work with GRASS source code need detailed information on the structure and organization of the software, and
on procedures and standards for programming and documentation. The objective of this manual is to provide the necessary
information for programmers to understand and enhance GRASS software.

1.3  Approach

GRASS software is continuously updated and improved. In the past, software enhancements have been developed at variou:
sites, and submitted to USACERL to be shared with other sites and included in future releases of GRASS. Since CERL
announced that it would not develop any more GRASS releases, the GRASS Research Group at Baylor University has taken
over development, support, and enhancement of the public domain version. Version 4.2 is currently the latest release, and is
built largely on the GRASS 4.1 source, with the major enhancement being incorporation of contributed programs and codes.

With each new release of GRASS, more and more sites have begun working directly with GRASS source code. Sites are
encouraged to use standard procedures in development of new GRASS capabilities. Sites that develop GRASS software are
encouraged to learn and use GRASS programming libraries, and to use standard procedures for coding, commenting and
documenting software. The use of GRASS libraries and conventions will:

1. Eliminate duplication of functions that already exist in GRASS libraries;

2. Increase the capability of multiple sites to share enhancements;

3. Reduce problems in adapting contributed GRASS capabilities to new data structures and new versions of GRASS
software;

4. Provide some common elements (such as documentation and user interfaces) for users who use code contributed fron
multiple sites, and reduce the learning curve associated with each contributed capability.

The first GRASS Programmer’s Manual was developed for GRASS 2.0 (released in 1987).The GRASS Programmer’s Ref-
erence Manual for GRASS 3.0 (released in 1988) was completely rewritten due to the numerous and fundamental changes
made in GRASS 3.0.

Because much of GRASS has remained consistent from 3.0 to 4.0 and 4.1 USACERL researchers elected to upgrade the 3.
Programmer’s Manual to reflect the changes that have turned GRASS 3.0 into GRASS 4.0

The approach used in the development of this manual involves a systematic effort to describe GRASS development guide-
lines, user interfaces, data structures, programming libraries and peripheral drivers. Since it is based on the GRASS 4.1
Programmers Manual, users should already be familiar with the conventions used here.



1.4. Scope

Information in this manual is valid for GRASS version 4.2, released in Fall, 1997. As changes are made to GRASS libraries,
data structures, and user interfaces, elements in this manual will require updating. Plans to perform updates, and the avail-
ability of these updates, will be announced in the newsBRXSSClippingand other GRASS information forums.

1.5. Mode of Technology Transfer

Army and Corps of Engineer organizations can acquire GRASS software from USACERL. Several other federal organiza-
tions provide distribution and support services for GRASS within their own agencies, and several educational institutions
and private firms also provide distribution, training and support services for GRASS. Current information on the status and
availability of services for GRASS can be obtained from either the Baylor University GRASS Research Group, or the USA-
CERL GRASS Information Center (see below).

This manual should prove to be a valuable resource facilitating GRASS software development efforts at the numerous

government agency, educational institutions and private firms that now use GRASS and plan to modify, enhance or custom-
ize the software. Sites that develop new analytical capabilities or peripheral drivers for GRASS are encouraged to share their
products with others in the GRASS/GIS user community. To facilitate this sharing process among user, support and devel-

opment sites, several forums have been established. These include the following: the GRASS Information Center, the GRASS
Inter-Agency Coordinating Committee, an annual GRASS/GIS User Group M&RAGSClippingsa periodic newslet-

ter, andGRASSNET - an electronic mail and software retrieval forum.

The GRASS Information Center maintains: (1) a set of publications on GRASS and GRASS-related items, (2) updated
information on locations that distribute and support GRASS software and on training courses for GRASS, (3) the mailing
list for the newsletteGRASSClippings and (4) updated information on the status of GRASS user group meetings and
software releases.

The GRASS Inter-Agency Coordinating Committee is an informal organization with members from government agencies
and other organizations that use, support and enhance GRASS. This organization sponsors the annual User Group Meeting
and the quarterly newsletter. It holds at least two meetings annually to share and coordinate GRASS plans among the
participating agencies.

The annuaGRASS / GIS User Group Meetings hosted by one of the member agencies of the Coordinating Committee.
Papers, demonstrations, and discussion panels present GRASS applications and software development issues. The meeting
provides opportunities for current and potential users to share and demonstrate new GRASS software.

TheGRASSCIippingsnewsletter is published to provide information to anyone interested in GRASS software. The news-
letter includes articles on software development, hardware options and applications of GRASS.

GRASSNET s an electronic mail forum that provides a mechanism through which GRASS user and development sites can
exchange messages. It can be reached via Arpanet, Internet and other networks.

GRASSNET also includes a library of contributed software available for users to retrieve and review. Thus, new software is
available before it is integrated into a formal release of GRASS code.

1.6. GRASS Information Center
Sites wishing to contribute code to GRASS, or wanting to participate in any of these GRASS/GIS user community forums,
should contact one of the the GRASS Information Centers, either at CERL or Baylor University at:

GRASS Research Group GRASS Information Center
Department of Geology USA-CERL P.O. Box 9005

Baylor University P.O. Box 97354 Champaign, IL, 61826-9005

Waco, Texas 76798-7354 (217)-373-7220 or (800)-USA-CERL
email: grass@baylor.edu grass@zorro.cagay.mil.

http://www.baylor.edu/~grass
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Chapter 2

Development Guidelines

GRASS continues its development with several key objectives as a guide. The programmer should be aware of these and
strive to write code that blends well with existing capabilities. All objectives are based on an understanding of the needs of
the end users of GRASS.

2.1. Intended GRASS Audience

GRASS is a general purpose geographic information system. Its intended users are regional land planners, ecologists, geolo-
gists, geographers, archeologists, and landscape architects. Used to evaluate broad land use suitability, it is igeal for sitin
large projects, managing parks, forest, and range land, and evaluating impacts over wide areas. These users are generall
NOT equipped to write programs or design a system. In many cases they have never used a computer or even a keyboard.

REGIONAL PLANNING TOOL -GRASS is designed for planning at the county, park, forest, or range level. It is suitable for
planning at a macro scale where the land uses are larger than 30 meters (or so, depending on the database resolt
tion). As yet, no GRASS tools exist for the modeling and simulation of traffic, electrical, water, and sewage infra-
structure loads, or for the precise positioning of urban structures.

UTM REFERENCED -To facilitate area calculations, a planimetric projection was desired for initial GRASS development.
Funding was provided through Army military installations which were familiar with the Universal Transverse Mercator
(UTM) projection. Due to these factors, GRASS developed around the UTM coordinate system. The UTM projec-
tion allows GRASS to assume equal area cells anywhere in the database. It also makes distance calculations simple
and straightforward.

LATITUDE-LONGITUDE REFERENCING -It has been recognized that the UTM projection has limitations that make it
awkward if not impossible to use for regions that span two (or more) UTM zones. Significant capabilities have
been added to support latitude-longitude referenced data bases that will support analyses over large regions as well
global analysis. However, the development is incomplete, especially on the vector side. The programmer will find
some routines in the libraries which are specifically designed to support this projection.

INTERACTIVE -GRASS has a strong interactive component. Its multilevel design allows users to work either at a very user
friendly level, at a more flexible command level, or at a programming level.

GRAPHIC ORIENTED -Many of the functions can be accompanied by graphic output results.

FOR NONPROGRAMMER -Users of GRASS are often first-time users of a computer. To this end, it is important that the
programmer take the extra time to provide on-line help, clear prompts, and user tutorials.

INEXPENSIVE -GRASS can run on microcomputers in the under-$10,000 range. Higher-cost equipment should be neces-
sary only for providing faster analyses, and more disk and memory space.

PORTABLE -This system is intended to be as portable as possible. At the November 1986 User Group meeting, groups
interested in GRASS resoundingly stated that portability was the number one concern, ranking firmly above speed
and user friendliness. GRASS code must run on a wide variety of hardware configurations.

11



2.2.  Programming Standards
Programming is done within the following guidelines.

UNIX ORIENTED -Primarily for the purpose of portability, GRASS will continue its development under the UNIX operat-
ing system environment. Programmers should accommodate both AT&T (System 5) and Berkeley (BSD) UNIX.

C LANGUAGE -All code is written in the C programming language. Some Fortran 77 code has occasionally been adopted
into the system, but problems with portability, efficiency, and legibility have resulted in most Fortran programs
being rewritten in C.

FUNCTION LEVELS -GRASS is designed within a functional level scheme. Each level is designed to perform particular
functions. Programming must be done within this scheme.

Briefly, these levels are as follows:

Specialized Interface Level -The new and occasional user would work at this level. It is expected that specialized
models, natural language interfaces, graphic pop-up menu front-ends, and fancier menus will be devel-
oped in the future. Programs developed at this level may be specifically designed for one hardware ar-
rangement.

Command Level -This is the level most used. Using the user’s login shell, GRASS commands are made available
through modification of theATH variable. Help and on line manual commands are available.

In version 2.0, GRASS programs included both user interface and program function capabilities and were highly
interactive. GRASS 3.0 introduced complementary command-line versions of these functions in which the infor-
mation required by the program was provided by the user on the command line or in the standard input stream (with
no prompting). This provided the advanced user greater flexibility and the system analyst a high-level GIS program-
ming language in concert with other UNIX utilities. However, this resulted in a doubling of the number of com-
mands: one for the interactive form, another for the command-line form.

In GRASS 4.2 the interactive and command-line versions of a program have been “merged” into a single program
(as far as the user is concerned). This merging should be understood by programmers developing new code. It is
described irCompiling and Installing GRASS Progran#sstandard command-line interface has been developed

to complement the existing interactive interface, and an attempt has been made to standardize the command names.

Programming Level -For even greater flexibility in the application of GRASS, a user has the opportunity to pro-
gram GRASS functions in the C language. The main restrictions here are that the programmer is to use the
existing GRASS function libraries to the greatest extent possible, and support both AT&T and Berkeley
UNIX.

Library Level -Work at the library level should be done with the cooperation and approval of one group. At this
writing, that group is the GRASS programming staff at USACERL. The most critical functions are those
that manipulate data. It is believed that these functions will be more permanent than the database structure.
Though the database structure may change, these functions (and the programming environment) will not.

2.3. Documentation Standards

GRASS is a public domain system. While such systems are usually inexpensive to new sites wishing to adopt them, costs
incurred in putting up the system, modifying the code, and understanding the product can be very high. To minimize these
costs, GRASS programs shall be thoroughly documented at several levels.

Source code -The source code for the functions should be accompanied by liberal amounts of descriptive variables,
algorithm explanations, and function descriptions.

On-line help -Brief help/information will be available for the new user of a program.
Online manual -Manual entries in the style of the UNIX manual entries will also be available to the user.

Tutorial -The tools that are more involved or difficult to use shall be accompanied by tutorial documents which
teach a user how to use the code. These have been written in nroff/troff usisgithero package. Final
documents have been kept separate from the GRASS directories, though it is suggested that they appear
with appropriate “makefiles” under $GISBASE/tutorials.
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Chapter 3

Multilevel

As introduced in the previous section, the overall GRASS design incorporates several levels:

Specialized Interfaces
Command Level
Programming Level
Library Level

Each level is associated with a different type of user interface.

3.1. General User

The general GRASS user is someone with a skill in some resource area (e.g., planning, biology, agronomy, forestry, etc.) in
which GRASS can be used to support spatial analysis. Such users have no significant computer skills, know nothing of
UNIX, and may struggle with the learning curve for GRASS. Such users should Speciaized Interfacejf available,

where they are guided through the GRASS system or a specific application in a friendly way. Programs written at this level
may take many forms in the future. The promise of a natural language capability may take form here. Current success with
graphic menu systems in other applications will lead to pleasant graphic screens with pull-down menus. Interfaces developed
at this level (and this level only) may be hardware specific. GRASS may take the form of a voice-activated system with fancy
Al capabilities on one machine, while it is driven by a pull-down menu system which is also tightly interfaced to an RDBMS
on another. All versions, however, will rely heavily on the consistent commands availableCatrtireand Levelltis
anticipated that specialized analysis models using little or no user input will be developed shortly, making use of UNIX shell
scripts andCommand Levelprograms. These models will be written by system analysts and will require no knowledge of

C programming. Until improvements in speed and cost of hardware and flexibility of software are made available, most
general users of GRASS will interface the system througB8dnemand Level

The Command Levelrequires some knowledge of UNIX. The user starts up the GRASS tools individually through the
UNIX shell (commonly Bourne or Csh). Once a GRASS tool is started, the user either enters a very friendly and interactive
environment or provides information to the tool in the form of arguments on the command line. Usetpeoempted

through graphics. Prompting is restricted to written interaction.

3.2. GRASS Programmer
The GRASS programmer, using an array of programming libraries, writes interactive tools and command line tools. Program-
mers must keep in mind th&pecial Interfacestools will be:

a. Written for the occasional user;

b. Verbose in their prompting;

c. Accompanied by plenty of help; and
d. Give the user few options.

The programmer also writ€ommand Leveltools. These:

a. Can runin batch (background) mode;

b. Take input from the command line, standard input, or a file;
c. Can run from a shell; and

d. Operate with a standard interface.

GRASS programmers should keep the following design goals in mind:

a. Consistent user interface;
Consistent database interface;
Functional consistency;
Installation consistency; and
Code portability.

cooo
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As much as possible, interaction with the user (e.g., prompting for database files, or full screen input prompting) must not
vary in style from program to program. All GRASS programs must access the database in a standard manner. Functional
mechanisms (such as automatic resampling into the current region and masking of raster data) which are independent of the
particular algorithm must be incorporated in most GRASS programs. Users must be able to install GRASS (data, programs,
and source code) in a consistent manner. Finally, GRASS programs must compile and run on most (if not all) versions of
UNIX. To achieve these goals, all programming must adhere to the following guidelines:

Use C languageThis language is quite standard, ensuring very good portability. All of the GRASS system libraries are
written in C. With very few exceptions, GRASS programs are also written in C. While UNIX machines offer a
Fortran 77 compiler, experience has shown that F77 code is not as portable or predictable when moved between
machines. Existing Fortran code has occasionally been adopted, but programmers often prefer to rewrite the code in
C.

Use Bourne shellGRASS also makes use of the UNIX command interpreter to implement various function scripts, such as
menu front-ends to a suite of related functions, or application macros combining GRASS command level tools and
UNIX utilities. Portability requires that these scripts be written using the Bourne Shell (/bin/sto) atfiebr. See
Writing GRASS Shell Scripts.

Do not access data directlyThe GRASS databaseNOT guaranteed to retain its existing organization and structure.
These have changed in the past; however, the library function calls to the data have remained more consistent over
time. Plans do exist to significantly change the data organization. While the programmer should be aware of the
data capabilities and limitations, it should not be necessary to open and read data files directly.

Use GRASS Compilation ProceduresGRASS code is compiled using a special procedure 1 which is a front-end to the
UNIX makeutility. This procedure allows the programmer to construct a file maRerules containing instruc-
tions for making the binary executables, manual and help entries, and other items from the directory’s contents.
However, there are no hardcoded references to other GRASS programs, libraries, or directories. Variables defining
these items are provided by the procedure and are used instead. This allows the compilation and installation process
to remain identical from system to system. This procedure is described in défaiCompiling and Installing
GRASS Program.

Use GRASS libraries-Use of the existing GRASS programming libraries speeds up programming efforts. While user and
data interface may make up a large part of a new program, the programmer, using existing library functions, can
concentrate primarily on the analysis algorithms of the new tool. Such programs will maintain a consistency in data
access and (more importantly) a degree of consistency in the user interface. The libraries are listed briefly below.

GIS Library. This library contains all of the routines necessary to read and write the GRASS raster data layers and
their support files. General GRASS database access routines are also part of this library. A standardized method to
prompt the user for map names is available. The library also provides some general purpose tools like memory
allocation, string analysis, etc. Nearly all GRASS programs use routines from this librek®. Gk Library.

Vector Library. While GRASS is primarily a raster map analysis and display system, it also has some vector
capabilities. The principal uses of GRASS vector files are to generate raster maps and to plot base maps on top of
raster map displays.

However, itis anticipated that additional analysis and data import capabilities will be added to the vector database.
Many vector formats exist in the GIS world, but GRASS has chosen to implement its own internal vector format.
The format is a variant of arc-node. TWector Library provides access to the GRASS vedatabase. See 13

Vector Library.

Segment Library. For programs that need random access to an entire map layer, the segment library provides an
efficient paging scheme for raster maps. While virtual memory operating systems perform paging, this library some-
times provides better control and efficiency of paging for raster map49S&egment Library.

Vask Library. This screen-oriented user interface is widely used in the GRASS programs. It provides the program-
mer with a simple means for displaying a particular screen layout, with defined fields where the user is prompted for
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answers. The user, using the carriage return (or line-feed) and ctrl-k keys, moves from prompt to prompt, filling an
answer into each field. When the ESC (escape) key is struck, the answers are provided to the program for analysis.
Users have found this interface pleasant and consister20Sésesk Library

Graphics Libraries. Graphics design has been a difficult issue in GRASS development. To ensure portability and
competitive bidding, GRASS has been designed with graphics flexibility in mind. This has meant restricting graph-
ics to a minimal set of graphics primitives, which generally do not make full use of the graphics capabilities on all
GRASS machines. Two librariedisplaylib andrasterlib, are involved in generating graphics. Trasterlib

contains the primitive graphics commands used by GRASS. At run time, programs using this library communicate
(through fifo files) with another program which translates the graphics commands into graphics on the desired
device. Each time the program runs, it may be talking to a different graphics device. Functions available in the
rasterlib include color setting and choosing, line drawing, mouse access (with three types of cursor), raster draw-
ing operations, and text drawing. Generally, this library is used in conjunction wilsgheylib. Thedisplaylib

provides graphics frame management routines, coordinate conversion capabilities, and raster data to raster graphic
conversionsSee 16 Display Graphics Library and 15 Raster Graphics Library.

3.3.  Driver Programmer

GRASS programs are written to be portable. To this end, a tremendous amount of modularity is designed into the system.
Throughout its development, GRASS programs have become increasingly specialized. The original monolithic approach
continues to fragment into ever smaller pieces. Smaller pieces will allow future developers and users ever more variability in
the mixing of the tools. This modularity has been manifested in the graphics design. A graphics-oriented tool connects, at
run time, to a graphics driver (or translator) program. This separate process understands the standard graphics command
generated by the GRASS tool, and makes the appropriate graphics calls to a particular graphics device. Each graphics device
available to a user is accompanied by a driver program, and each program understands the graphics calls of the applicatior
program. Porting of GRASS to a new system primarily means the development of one new graphics 2¥&vriiag a

Graphics Driver.

Those sites using the digitizing software of GRASS must also provide driver routines for their digitizer. These routines,
unlike the above graphics calls, are compiled directly into the digitizing progBees22 Writing a Digitizer Driver.
Similarly, GRASS sites may wish to write code to support different hardcopy color printers (inkjet, thermal, €24.). See
Writing a Paint Driver

3.4. GRASS System Designer

GRASS system design has mostly been done at one location: USACERL. However, in August, 1997, the GRASS Research
Group at Baylor University took over development of the public-domain version of GRASS. One, and only one site must be
responsible for the design of the system at the database and fundamental library level. As the software is public slomain, site
are free to do their own work. However, the strength of future GRASS releases depends on cooperation and sharing of
software. Therefore, it is strongly encouraged tladdbase design and database library development be fully coordi-

nated with GRASS staff at Baylor University
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Chapter 4

Database Structure

This section presents the programmer interested in developing new applications with an explanation of the structure of the
GRASS databases, as implemented under the UNIX operating system.

4.1. Programming Interface

GRASS Programmers are provided with@1& Library, which interfaces with the GRASS database. It is described in detail

in 12 GIS Library. Programmers should use this library to the fullest extent possible. In fact, a programmer will find that use

of the library will make knowledge of the database structure almost unnecessary. GRASS programs are not written with
specific database names or directories hardcoded into them. The user is allowed to select the database or change it at will.
The database name, its location within the UNIX file system, and other related database information are stored as variables
in a hidden file in the user’s home directory. GRASS programs access this information via routin€d $ltiveary. The

variables that specify the database are described briefly beloth) &evironment Variablefr more details about these

and other environment variables.

Note. These GRASS environment variables may also be cast into the UNIX environment to make them accessible for shell
scripts. In the discussion below, these variables will appear preceded by a dollar sign ($). However, C programs should not
access the GRASS environment variables using the UNIX getenv( ) since they do not originate in the UNIX environment.
GIS Library routines, such & getenymust be used instead.

4.2. GISDBASE

The database for GRASS makes use of the UNIX hierarchical directory structure. The top level directory is known as
GISDBASE. Users specify this directory when entering GRASS. The full name of this directory is contained in the UNIX
environment variable $GISDBASE, and is returned by library ro@ingisdbase.

4.3. Locations

Subdirectories under the GISDBASE are known as locations. Locations are independent databases. Users select a location
when entering GRASS. All database queries and modifications are made to this location only. It is not possible to simulta-
neously access multiple locations. The currently selected location is contained in the environment variable
$LOCATION_NAME, and is returned by the library routi@e location

GISDBASE

I
| | | |

location.1 location.2 location.3

When users select a location, they are actually selecting one of the location directories.

Note.GISDBASE may be changed to the parent directory of other sets of locations, notably on other system hard disks for
database management purposes. Note that GRASS programs will only work within one location under one GISDBASE
directory in a giv en GRASS session.

4.4. Mapsets

Subdirectories under any location are known as mapsets. Users select a mapset when entering GRASS. New mapsets can be
created during the selection step. The selected mapset is known as the current mapset. Itis named in the environment variable
$MAPSET and returned b3_mapset.

LOCATION

ma;Let.l mapsellz mapset.L | PERMLNENT

Modifications to the database can only be made in the current mapset. Users may onlyselect (and thus modify) a mapset that
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they own (i.e., have created). However, data in all mapsets for a given location can be read by anyone (unless prevented by
UNIX file permissions). See 4.7 Database Access Rules for more d&tikn users select a mapset, they are actually
selecting one of the mapset directories.

Note. The full UNIX directory name for the current mapsébGISDBASE/ $LOCATION_NAME/$MAPSET and is
returned by the library routin@ _location_path.

Note.Each location will have a special mapset called PERMANENT that contains non volatile data for the location that all
users will use. However, it also contains some information about the location itself that is not found in other magsets. See
Permanent Mapset .

4.5. Mapset Structure
Mapsets will contaifilesand subdirectories, known as datatieeentsin the diagram below, the elements are indicated
by a trailing /.

MAPSET

SEARCH| PATH WINID cats/ | cell/ pairll/ Windowsl/ |

4.5.1. Mapset Files
The following is a list of some of the mapset files used by GRASS programs:

files function

GROUP current imagery group
SEARCH_PATH mapset search path
WIND current region

This list may grow as GRASS grows. The GROUP file records the current imagery group selected by the user, and is used
only by imagery functions. The other two files are fundamental to all of GRASS. These are WIND and SEARCH_PATH.

WIND is the current region. This file is created when the mapset is created and is modified.gibacommand. The
contents of WIND are returned I8/ get window.See9.1 Regiorfor a discussion of the GRASS region.

SEARCH_PATH contains thaapset search patfihis file is created and modified by thenapsetsommand. It contains

a list of mapsets to be used for finding database files. When users enter a database file name without specifying a specific
mapset, the mapsets in this search path are searched to find the file. Library routines that look for database files follow and
use the mapset search path. &&el Mapset Search Pafitr more information about the mapset search path.

45.2. Elements

Subdirectories under a mapset are the databasentsElements are not created when the mapset is created, but are created
dynamically when referenced by the application progréiagset data reside in files under these elements.

The dynamic creation of database elements makes adding new database elements simple since no reconfiguration of existin
mapsets is required. However, the programmer must be aware of the database elements already used by currently existing
programs when creating new elements. Furthermore, as development occurs outside USACERL, guidelines must be devel-
oped for introducing new element names to avoid using the same element for two div erse purposes.

Programmers using shell scripts must exercise care. It is not safe to assume that a mapset has all, or any, database elemer
(especially brand new mapsets). Certain GRASS commands automatically create the element when it is referenced (e.g.,
g.ask. In general, however, elements are only created when a new file is to be created in the element. It is wise to explicitly
check for the existence of database elements.

Here is list of some of the elements used by GRASS programs written at USACERL.:
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element function

cell binary raster file

cellhd header files for raster maps

cats category information for raster maps
colr color table for raster maps

colr2 secondary color tables for raster maps
cell_misc miscellaneous raster map support files
hist history information for raster maps
dig binary vector data

dig_ascii ascii vector data

dig_att vector attribute support

dig_cats vector category label support
dig_plus vector topology support

reg digitizer point registration

bdlg binary dlg files

dig ascii dlg files

icons icon files used by.map

paint label and comment files usedgoynap
group imagery group support data
site_lists site lists fositesrelated programs
windows predefined regions

COMBINE r.combinescripts

WEIGHT r.weightscripts

Note.The mapset database elements can be simple directory names (e.g., cats, colr) or multilevel directory names (e.qg., paint/
labels, group/xyz/subgroup/abc). The library rou-tines that create the element will create the top level directory and all
subdirectories as well.

4.6. Permanent Mapset

Each location must have a PERMANENT mapset. This mapset not only contains original raster and vector files that must not
be modified, but also two special files that are only found in this mapset. These files are MYNAME and DEFAULT_WIND
and are never modified by GRASS software.

MYNAME contains a single line descriptive name for the location. This name is returned by the Gutipeame

DEFAULT_WIND contains the default region for the location. The contents of this file are retut@eddty default_window
This file is used to initialize the WIND file when GRASS creates a new mapset. and can be used by the user as a reference
region at any time.

4.7. Database Access Rules
GRASS database access is controlled at the mapset level. There are three simple rules:

1 A user can select a mapset asdheentmapset only if the user is the owrtdrthe mapset directory (see 4.4
Mapsets).

2 GRASS will create or modify files only in the current mapset.

3 Files in all mapsets may be read by anyone4se& Mapset search Path) unless prohibited by normal UNIX file
permissions (see 4.7.2 UNIX File Permissions).
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4.7.1. Mapset Search Path

When users specify a new data file, there is no ambiguity about the mapset in which to create the file: it is created in the
current mapset. However, when users specify an existing data file, the database must be searched to find the file. For ex-
ample, if the user wants to display the “soils” raster map, the system looks in the various database mapsets for a raster file
named “soils.” The user controls which mapsets are searched by settimgpbet search patkhich is simply a list of

mapsets. Each mapset is examined in turn, and the first “soils” raster file found is the one that is displayed. Thus users can
access data from other users’ mapsets through the choice of the search path.

Users set the search path usinggmeapsetsommand.

Note.If there were more than one “soils” file, the mapset search mechanism returns the first one found. If the user wishes to
override the search path, then a specific mapset could be specified along with the file name. For example, the user could
request that “soils@PERMANENT” be displayed.

4.7.2. UNIX File Permissions

GRASS creates all files with read/write permission enabled for the owner and read only for everyone else; directories are
created with read/write/search permission enabled for the owner and read/search only for everyidnig ielgpdies that all

users can read anyone else’s data files. Read access to all files in a mapset can be controlled by removing (or adding) the rea
and search permissions on the mapset directory itself using the GiRA&®ssommand, without adversely affecting

GRASS programs. If read and search permissions are removed, then no other user will be able to read any file in your mapset.

Warning. Since the PERMANENT mapset contains global database information, all users must have read and search access
to the PERMANENT mapset directory. Do not remove the read and search permissions from PERMANENT.
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Chapter 5
Raster Maps

This chapter provides an explanation of how raster map layers are accommodated in the GRASS database.

5.1. Whatis a Raster Map Layer?

GRASS raster map layers can be conceptualized, by the GRASS programmer as well as the user, as representing information
from a paper map, a satellite image, or a map resulting from the interpretation of other maps. Usually the information in a map
layer is related by a common theme (e.g., soils, or landcover, or roads, etc.). GRASS raster data are stored agradmatrix of
cells. Each grid cell covers a known, rectangular (generally square) patch of land. Each raster cell is assigned a single integer
attribute value called theategorynumber. For example, assume the land cover map covers a state park. The grid cell in the
upper-left corner of the map is category 2 (which may represent prairie); the next grid cell to the east is category 3 (for
forest); and so on.

land cover
2 3 3 3 4 4
2 2 3 3 4 4
2 2 3 3 4 4
1 2 3 3 3 4
1 1 1 3 3 4
1 1 3 3 4 4

1 = urban 3 = forest
2 = prairie 4 = wetlands

In addition to the raster file itself, there are a number of support files for each raster map layer. The files whichacomprise
raster map layer all have the same name, but each resides in a different database directory under the mapset. These database
directories are:

directory function

cell binary raster (cell) files

cellhd raster header files

cats raster map category information

colr raster map color tables

colr2 alternate raster map color tables

hist raster map history information

cell_misc miscellaneous raster map support information

For example, a raster map nansedswould have the filesell/soils, cellhdsoils, colr/soils, cats/soils, etc.
Note.Database directories are also known as datadeseentsSee4.4 Mapset$or a description of database elements.

Note. GIS Libraryroutines which read and write raster files are describ&d.Raster File Processing:

5.2. Raster File Format

The programmer should think of the raster data file as a two-dimensional matrix (i.e., an array of rows and columns) of
integer values. Each grid cell is stored in the file as one to four 8-bit bytes of dataMAmadter file will contain N rows,

each row containing M columns of cells.

The physical structure of a raster file can take one of 3 formats: uncompressed, compressed, or reclassed.

Uncompressed format.The uncompressed raster file actually looks like akl Matrix. Each byte (or set of bytes for
multibyte data) represents a cell of the raster map layer. The physical size of the file, in bytesowsi dms*bytes-per-
cell.
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Compressed format.The compressed format uses a run-length encoding schema to reduce the amount of disk required to
store the raster file. Run-length encoding means that sequences of the same data value are stored as a single byte repeat cot
followed by a data value. If the data is single byte data, then each pair is 2 bytes. If the data is 2 byte data, threa each pai

3 bytes, etc. (seklultibyte data format below). The rows are encoded independently; the number of bytes per cell is
constant within a row, but may vary from row to row. Also if run-length encoding results in a larger row, then the row is
stored non-run-length encoded. And finally, since each row may have a different length, there is an index to each row stored
at the beginning of the file.

Reclass layersReclass map layers do not contain any data, but are references to another map layer along with a schema to
reclassify the categories of the referenced map layer. The reclass file itself contains no useful information. The reclass
information is stored in the raster header file.

Multibyte data format. When the data values in the raster file require more than one byte, they are sbigeshitian
format, which is to say as a base 256 number with the most significant digit first.

Examples:
cell value base 256 stored as
868 = 3*256 + 100 3]100]
137,304 = 2*256 2 + 24*256 + 88 2|24|88|
174,058,106 = 10*256 3 + 95*256 2 + 234*256 + 12210|95|234[122|
Negative values are stored as a signed quantity, i.e., with the highest bit set to 1:
cell value base 256 stored as
1 =-(1) 1]0]0j0J1]
868 = -(3*256 + 100) 1]0]0]3]100]
137,304 = -(2*256 2 + 24*256 + 88) 1]0|2|24|88|
174,058,106 = -(10*256 3 + 95*256 2 + 234*256 + 1PHY10|95|234]122]|

All data values in a given row are stored using the same number of bytes. This means that if the value 868, which uses 2 bytes
occurred in a row that uses 3 bytes to represent the largest data value, 868 would be|8{8[£00hs Also, one row may

only require 2 bytes to store its data values, another 4 bytes, and yet another 1 byte. The rows are stored independently ant
would be stored using 2 bytes, 4 bytes, and 1 byte respectively.

File portability. The multibyte format described above is (except possibly for negative values) machine independent. If
raster files are to be moved to a machine with a different cpu, or accessed using a heterogeneous network file system (NFS),
the following guidelines should be kept in mind. AlR formatraster files will transfer between machines, with two
restrictions: (1) if the file contains negative values, the size of an integer on the two machines must be the same; and (2) th
size of the file must be within the seek capability of the Iseek( ) callpf8.0 compressefrmat is not stored in a
machine-independent format, and cannot generally be used for intermachine transfer, unless the two machines have the sam
integer and long integer format.

5.3. Raster Header Format

The raster file itself has no information about how many rows and columns of data it contains, or which part of the earth the
layer covers. This information is in the raster header file. The format of the raster header depends on whether the map layer
is a regular map layer or a reclass layer.

Note. GIS Libraryroutines which read and write the raster header file are descritb@dlih1 Raster Header File.

5.3.1. Regular Format

The regular raster header contains the information describing the physical characteristics of the raster file. The raster heade
has the following fields:

raster header

proj: 1

zone: 18

north: 4660000
south: 4570000
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east : 770000

west : 710000
e-w resol: 50

n-s resol: 100
rows: 900
cols: 1200
format : 0
compressed: 0

proj, zone
The projection field specifies the type of cartographic projection:
0 is unreferenced x,y (imagery data)
1lisUTM
2 is State Plane
3 is Latitude-Longitude

Others may be added in the future. Ebeefield is the projection zone. In the example above, the projection is UTM,
the zone is 18.

north, south, east, west

The geographic boundaries of the raster file are described hptife south, easgndwestfields. These values
describe the lines which bound the map at its ed@ksse lines do NOT pass through the center of the grid
cells at the edge of the map, but along the edge of the map itself.

n-s resol, e-w resol

The fieldse-w resolandn-s resoddescribe the size of each grid cell in the map layer in physical measurement units
(e.g., meters in a UTM database). They are also called the grid cell resolutiors Tésols the length of a grid

cell from north to south. Theew resois the length of a grid cell from east to west. As can be noted, cells need not
be square.

rows, cols

The fieldsrowsandcolsdescribe the number of rows and columns in the raster matrix.

ormat
Theformatfield describes how many bytes per cell are required to represent the raster data. 0 means 1 byte, 1 means
2 bytes, etc. compressed Tdwmpressefleld indicates whether the raster file is in compressed format or not : 1
means it is compressed and 0 means it is not. If this field is missing, then the raster file was produced prior to
GRASS 3.0 and the compression indication is encoded in the raster file itself.

Note. If the rows and columns of the raster matrix are not stored in the raster header, they are computed from the geographic
boundaries as follows:

rows = (north - south) / (ns resol)
cols = (east - west) / (ew resol)

If the rows and columns of the raster matrix are stored in the raster header, the resolution values are computed from the
geographic boundaries as follows:

ns resol = (north - south) / (rows)

ew resol = (east - west) / (cols) development.
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5.3.2. Reclass Format

If the raster file is a reclass file, the raster header does not have the information mentioned above. It will have thieename of
referenced raster file and the category reclassification table.

reclass header

reclass

name: county

mapset : PERMANENT

#5 first category in reclass
1 5 is reclassified to 1

0 6 is reclassified to 0

1 7 is reclassified to 1

0 8 is reclassified to 0

2 9 is reclassified to 2

In this case, the library routines will use this information to open the referenced raster file in place of the recldss file an
convert the raster data according to the reclass scheme. Also, the referenced raster header is used as the raster header.

5.4. Raster Category File Format
The category file contains the largest category value which occurs in the data, a title for the map layer, an automatic label
generation capability, and a one line label for each category.

category file
# 5 categories

title for map layer
<automatic label format
<automatic label parameters
0:no data

1:description for category 1
2:description for category 2
3:description for category 3
5:description for category 5

The number which follows the # on the first line is the largest category value in the raster file. The next line is th¢itle for

map layer. The next two lines are used for automatic label generation. They are used to create labels for categories which dc
not have explicit labels. (The automatic label capability is not normally used in most map layers, in whichfoasathe

line is a blank line and thearameterdine is: 0.0 0.0 0.0 0.0.) Category labels follow on the remaining lines. The format is

cat : label.

The first four lines of the file are required. The remaining lines need only appear if categories are to be labeled.

Note. GIS Libraryroutines which read and write the raster category file are descritti@dlibL2 Raster Category File.

5.5. Raster Color Table Format

The GRASS raster color tables and associated programming interface have undergone a fairly major revision to resolve

problems presented by raster maps that have a large range of data values. The previous design used arrays to store a color f
each data value between the minimum and maximum values in the raster map. This array structure was also reflected in the
format of the color table file—each color stored as a single line in the color file. Because GRASS raster maps can have data
values in the range + 2147483647 this method of storing color information is clearly untenable.

GRASS 4.2 solves the above problem by representing color tables as linear ramps for intervals of data values. Colors are
specified (and stored) for the endpoints of each interval. Colors for values between endpoints are not stored but are com-
puted using a linear interpolation scheme.
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The following is an example 4.2 color file:

4.2 color table file
% 1387 1801

1387:255:85:85 1456:170:170:0 colors for categories 1387-1456
1456:170:170:0  1525:85:255:85 colors for categories 1456-1525
1525:85:255:85  1594:0:170:170 colors for categories 15251594
1594:0:170:170  1663:85:85:255 colors for categories 1594-1663
1663:85:85:255  1732:170:0:170 colors for categories 1663-1732
1732:170:0:170  1801:255:85:85 colors for categories 1732-1801

The first line is a % character (to indicate that this is a 4.x format color file) and two numbers indicating the minimum and
maximum data values which have colors. The rest of the file are the color descriptors. In this example, the minimum and
maximum values are 1387 and 1801. Looking at the first color line, the color for category 1387 is red=255, green=85,
blue=85; the color for category 1456 is red=170, green=170, bldéwedcolor for category 1400 is calculated from the
colors for categories 1387 and 1456:

red= interpolate(255,170) = 239
green = interpolate(85,170) = 101
blue = interpolate(85,0) = 69

There are other formats which are simply variants of this format. For example, if the red, green, and blue intenstties are all
same, then only the “red” value appears. This next example defines a gray scale color table:

4.2 color table file

% 1387 1801
1387:0 1801:255

Also, if the starting and ending categories are the same, only the first appears:

4.2 color table file

%1 6
1:34:179:112
2:233:110:15
3:127
4:43:135:33
5:70:7:52
6:93:210:163

Note. GIS Libraryroutines which read and write the raster color table are descrii@dlin3 Raster Color Table.

5.6. Raster History File

The history file contains historical information about the raster map: creator, date of creation, comments, etc. It & generate
automatically along with the raster file. In most applications, the programmer need not be concerned with the history file.
Occasionally a program might put information into this file not known or readily available to the user, such as information
about a satellite image: sun angles, dates, etc. The GRAf$rogram allows the user to view this information, and the
r.supportprogram allows the user to update it. It is the user’s responsibility to maintain this file.

Note. GIS Libraryroutines which read and write the raster history file are descrildgtiif.4Raster History File.
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5.7. Raster Range File

The range file contains the minimum and maximum values which occur in a raster file. It is generated automatically for all
new raster files. This file lives in tleell_miscelement as “cell_missAmédrange” wheraames the related raster file name.

It contains one line with four integer values. These represent the minimum and maximum negative values, and the minimum
and maximum positive values in the raster file. If there are no negative values, then the first pair of numbers wilf be zero. |
there are no positive values, then the second pair of numbers will be zero.

Note. GIS Libraryroutines which read and write the raster range file are descrii@db6is Raster Range File.
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Chapter 6

Vector Maps

This chapter provides an explanation of how vector map layers are accommodated in the GRASS database.

6.1. Whatis a Vector Map Layer?
GRASS vector maps are stored inaao-noderepresentation, consisting of nonintersecting curves cattesdAn arc is

stored as a series of x,y coordinate pairhe two endpoints of an arc are calledlesTwo consecutive x,y pairs define an
arcsegment.

The arcs, either singly, or in combination with others, form higher level map fedinuesgée.g., roads or streams)aeas
(e.g., farms or forest stands). Arcs that form linear features are sometimes$iroedl@ehd arcs that outline areas are called
area edges or area lines.

Each map feature is assigned a single integer attribute value calbadaperynumber. For example, assume a vector file
contains land cover information for a state park. One area may be assigned category 2 (perhaps representing prairie); another
is assigned category 3 (for forest); and so on. Another vector file which contains road information may have some roads
assigned category 1 (for paved roads); other roads may be assigned category 2 (for gravel roads)l éith&es a Raster

Map Layer?or more information about GRASS category values.

A vector map layer is stored in a number of data files. The files which comprise a single vector map layer all have the same
name, but each resides in a different database directory under the Miapsetdatabase directories are:

directory function

dig binary arc file

dig_ascii ascii arc file

dig_att vector category attribute file
dig_cats vector category labels
dig_plus vector index/pointer file

reg digitizer registration points

For example, a map layer narmsadlswould have the filedig/soils, dig_attsoils, dig_plus/soils, dig_ascii/soils, dig_cats/
soils, reg/soils, etc.

Note. Vector files are also calledigit files, since they are created and modified byGRASS digitizing program v.digit.

Note. When referring to one of the vector map layer files, the directory name is used. For example, the file digler the
directory is called thdig file.

Note. Library routines which read and write vector files are describ&8 Wector Library.

6.2. Ascii Arc File Format

The arc information is stored in a binary format indigfile. The format of this file is reflected in the ascii representation
stored in thelig_asciifile. It is the ascii version which is described here.

Thedig_asciifile has two sections: a header section, and a section containing the arcs.
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6.2.1. Header Section
The header contains historical information, a description of the map, and its location in the universe. It consists of fourteen
entries. Each entry has a label identifying the type of information, followed by the information. The format of the header is:

label format description

ORGANIZATION: text (max 29 characters)* organization that digitized the data

DIGIT DATE: text (max 19 characters)* date the data was digitized

DIGIT NAME: text (max 19 characters)* person who digitized the data
MAP NAME: text (max 40 characters)* title of the original source map
MAP DATE: text (max 10 characters)* date of the original source map
OTHER INFO: text (max 72 characters)* other comments about the map
MAP SCALE: integer scale of the original source map
ZONE: integer zone of the map (e.g., UTM zone)
WEST EDGE: real number (double) western edge of the entire map T
EAST EDGE: real number (double) eastern edge of the entire map t
SOUTH EDGE: real number (double) southern edge of the entire map T
NORTH EDGE: real number (double) northern edge of the entire map 1
MAP THRESH: real number (double) digitizing resolution ¥

VERTI: (no data) marks the end of the header section

* Currently, GRASS programs which read the header information are not tolerant of text fields which exceed these limits. If
the limits are exceeded, the ascii to binary conversion will probably fail.
T The edges of the map describe a region which should encompass all the data in the vector file.

T The MAP THRESH is set by thedigit program. If the data comes from outside GRASS, this field can be set to 0.0.

The labels start in column 1 and continue through column 14. Labels are uppercase, left justified, end with a colon, and
blank padded to column 14. The information starts in column 15. For example:

ORGANIZATION: USArmy CERL
DIGIT DATE: 03/18/88
DIGIT NAME: grass
MAP NAME: Urbana, IL.
MAP DATE: 1975
OTHER INFO: USGS sw/4 urbana 15’ quad. N4000-W8807.5/7.5
MAP SCALE: 24000
ZONE: 16
WEST EDGE: 383000.00
EAST EDGE: 404000.00
SOUTH EDGE: 4429000.00
NORTH EDGE: 4456000.00
MAP THRESH: 0.00
VERTI:

6.2.2. Arc Section

The arc information appears in the second section dithesciifile (following VERTI:

which marks the end of the header section). Each arc consists of a description entry, followed by a series of coordinate pairs.
The description specifies both the type of & of area edge, dr for line), and the number of points (coordinate pairs) in
the arc. Then the points follow.
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For example:
A5
4434456.04 388142.16
4434446.65 388202.64

4434407.49 390524.38
4434107.06 390523.59
4433326.51 390526.48
L3

4434862.31 392043.33
4434872.42 394662.14
4434871.44 398094.75
A3

4454747.38 396579.60
4454722.69 393539.73
4454703.68 390786.90

In this example, the first arc is an area edge and has 5 points. The second arc is part of a linear feature and hae 3 points. T
third arc is another area edge and has 3 points.

The arc description has the letfeor L in the first column, followed by at least one space, and followed by the number of
points.

Point entries start with a space, and have at least one space between the two coordinate values.

Note. The points are stored gx (i.e., north, east), which is the reverse of the way GRASS usually represents geographic
coordinates.

Note. If the v.digit program has deleted an arc, the arc type will be represented using a lower case |étiestGamd, oL,
ainstead ofA ). Of course, this will only be manifest when a bindiy file with a deleted arc is converted to the ascii
dig_asciifile.

6.3.  Vector Category Attribute File

As was mentioned i6.1 What is a Vector Map Layer@ach feature in the vector map layer heatagorynumber assigned

to it. The category number for each map feature is not stored dligthike itself, but in thedig_attfile. Thedig_attfile is

an ascii file that has multiple entries, each with the same format. Each entry refers to one map feature, and specifies the
feature type (area or line), an x,y marker, and a category number.

For example:
A 389668.32 4433900.99 7
L 395103.96 4434881.19 2

In this example, an area feature is assigned category 7, and a linear feature is assigned category 2.

The x,y marker is used to find the map feature irdtbédile. It must be located so that it uniquely identifies its related map
feature. In particular, an area marker must be inside the area, and a line marker must be closer to its related line than to an
other line (preferably on the line) and not at a node.

If multiple entries identify the same map feature, only one will be used (currently thee last entry).

A map feature which has no entry in this file is considered to be unlabeled. This means that during the vector to raster
conversion (i.ey.to.ras}, unlabeled areas will convert as category zero, and unlabeled lines will be ignored.
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The format of this file is rather strict, and is described in the following table:

columns data

1 Type of map feature(or L)*

2-3 spaces

4-15 Easting (x) of the marker, right justified
16-17 spaces

18-29 Northing (y) of the marker, right justified
30-31 spaces

32-39 Category number, right justified

40-49 spaces

50 newline t

* Other types, such gmint, may be allowed in the future.

T UNIX text files are terminated with a newline. Therefore, each entry will appear as 49 characters. The entire filedsize shoul
be a multiple of 50.

This format is required by programs which modify the vector map (edigit). Programs which only read the vector map
accept a looser format : the feature type must start in column 1; the items must be separated by at least one space; and th
entries must be less than 50 characters. Also, the pragsapportwill convert the looser format to this stricter format.

Note.The marker is specified agy (i.e., east, north), which is the way GRASS usually represents geographic coordinates,
but which is reverse of the way the arcs are stored in the dig_ascii file.

6.4. Vector Category Label File

Each category in the vector map layer may have a one-line description. These category labels are sttigedatdfile.
The format of this file is identical to the raster category file describgd iRaster Category File Formaind the reader is
referred to that section for details.

Note.The progranv.suppor@allows the user to enter and modify the vector category labels. The pragraastcopies the
dig_catsfile to the raster category file during the vector to raster conversion.

Note. Library routines which read and write tlig_catsfile are described undé2.11.6 Vector Category File.

6.5. Vector Index and Pointer File

Thedig_plusfile contains information that accelerates vector queries. It is created by the poaddavect(which is run by
v.digitwhen a vector file is created or modified, and/tsppportat user request) from the data in thganddig_attfiles.
For this reason, and since the internal structure dafitheplusfile is complex, the format of this file will not be described.

6.6. Digitizer Registration Points File

Theregfile is an ascii file used by thedigit program to store map registration control points. Each map registration point
has one entry with the easting and northing of the map control point. For example:

383000.000000 4429000.000000
383000.000000 4456000.000000
404000.000000 4456000.000000
404000.000000 4429000.000000

Note. This file is used by.digit only. It isnotused by any other program in GRASS.
6.7. Vector Topology Rules

29



The following rules apply to the vector data:
1. Arcs should not cross each other (i.e., arcs which would cross must be split at their intersection to form distinct arcs).

2. Arcs which share nodes must end at exactly the same points (i.e., nsmstppedogether). This is particularly
important since nodes are not explicitly represented in the arc file, but only implicitly as endpoints of arcs.

Common boundaries should appear only once (i.e., should not be double digitized).

4. Areas must be explicitly closed. This means that it must be possible to complete each area by following one or more area
edges that are connected by common nodes, and that such tracings result in closed areas.

5. Itisrecommended that area features and linear features be placed in separate layers. However if area features and linear
features must appear in one layer, common boundaries should be digitized only once. An area edge that is also a line
(e.g., aroad which is also a field boundary), should be digitized as an area edge (i.e. fAartatypenplete the area.

The area feature should be labeled as an area (i.e., featutgnythedig_attfile). Additionally, the common boundary
arc itself (i.e., the area edge which is also a line) should be labeled as a line (i.e., featune tiypdig_attfile) to
identify it as a linear feature.

6.8. Importing Vector Files Into GRASS
The following files are required or recommended for importing vector files from other systems into GRASS:

dig_ascii
Thedig_ascii file,described ir6.2 Ascii Arc File Formatis required.
dig_att

Thedig_attfile, described ir6.3 Vector Category Attribute Files essentially required. While thidg _asciifile
alone is sufficient for simple vector display, tfig_attfile is required for vector to raster conversion, as well as
more sophisticated vector query.

dig_cats
The dig_cats file, described in 6.4 Vector Category Label File, while not required, allows map feature descriptions
to be imported as well.

Note. Thedig_plus file,described ir6.5 Vector Index and Pointer Filis, created by the GRASS prograrimportwhen
converting thalig_asciifile to the binandig file.

30



Chapter 7

Point Data: Site List Files

This section describes how point data is currently accommodated in the GRASS database.

7.1. Whatis a Site List?

Point data is currently stored in ascii files caléd listsor site files.These files are used by thenenyprogram, which was
developed as an application within GRASS to aid in archeological site predictive modeliate Tiktiles were designed
for use by this program, but have since become the principal data structure for point data.

7.2.  Site File Format
Site files are ascii files stored under #ite_listsdatabase element. The format of a site file is best explained by example:

name| sample

desc| sample site list
728220 | 5182440 | site 27
727060 | 5181710 | site 28
725500 | 5184000 | site 29
719800 | 5187200 | site 30

name
This line contains the name of the site list file, and is printed on all the reports generatesl imgthprogram.
The wordnamemust be all lower case letters.
It is permissible for this line to be missing, sinceghmeeniprogram will add a name record using the name of the
site list file itself.
desc
This line contains a description of the site list file, and is printed on all the reports generateds .nyetine
program. The wordescmust be all lower case letters.
It is also permissible for this line to be missing, in which case the site list will have no description.
points
The remaining lines amointrecords. Each site is described hyointrecord.
The format for this record is:
east | north | description
Theeastandnorthfields represent the geographic coordinates (easting and northing) of the sidesaiigtion
field provides a one line text description (label) of the site, and is optional.
comments

Blank lines, and lines beginning with #, are accepted (and ignored).

7.3.  Programming Interface to Site Files
The programming interface to the site list files is describ&@ih2 Site List Processiagd the programmer should refer to
that section for details.
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Chapter 8

Image Data: Groups

This chapter provides an explanation of how imagery data are accommodated in the GRASS database.

8.1. Introduction

Remotely sensed images are captured for computer processing by satellite or airborne sensors by filtering radiation emanat-
ing from the image into various electromagnetic wavelength bands, converting the overall intensity for each band to digital
format, and storing the values on computer compatible media such as magnetic tape. Color and color infrared photographs
are optically scanned to convert the red, green, and blue wav elength bands in the photograph into a digital format as well.

The digital format used by image data is basically a raster format. GRASS imagery programs which extractimage data from
magnetic tape extract the band data into cell files in a GRASS database. Each band becomes a separate cell file, with
standard GRASS data layer support, and can be displayed and analyzed just like any other cell file. However, since the band
files are extracted as individual cell files, it is necessary to have a mechanism to maintain a relationship between band files
from the same image as well as cell files derived from the band files. The GiRAHatabase structure accomplishes this

goal.

8.2. Whatis a Group?

The group is a database mechanism which provides the following:

(1) Alist of related cell files,
(2) A place to store control points for image registration and rectification, and
(3) Aplace to store spectral signatures, image statistics, etc., which are needed by image classification procedures.

8.2.1. A List of Cell Files

The essential feature of a group is that it has a list of cell files that belong in the group. These can be band data extracte
from the same data tape, or cell files derived from the original band Tilesefore, the group provides a convenient
“handle” for related image data; i.e., referring toghgupis equivalent to referring to all the band files at once.

8.2.2. Image Registration and Rectification

The group also provides a database mechanism for image registration and rectification. The band data extracted from tapes
are usually unregistered data. This means that the GRASS software does not know the Earth coordinates for pixels in the

image. The only coordinates known at the time of extraction are the columns and the rows relative to the way the data was

stored on the tape.

Imageregistrationis the process of associating Earth coordinates with pixels on the image réiigetionis the process
of converting the image files to the new coordinate system based on the registration.

Image registration is applied to a group, rather than to individual cell files. The user displays any of the cell fitegin a gr
on the graphics monitor and then marks control points on the image, assigning Earth coordinates to each control point. The
control points are stored in the group, allowing all related group files to be registered in one step rather than individually.

Image rectification is applied to individual cell files, with the control points for the group used to control the reatificatio
The rectified cell files are placed into another database known sghtdatabase. Rectification can be applied to any or
all of the cell files associated with a group.

8.2.3. Image Classification
Image classification methods process all or a subset of the band files as a unit. For example, a clustering algorithm generates
spectral signatures which are then used by a maximum likelihood classifier to produce a landcover map.

Sometimes only a subset of the band files are used during image classification. The signatures must be associated only with
the cell files actually used in the analysis. Therefore, within a gsabgroupsan be formed which list only the band files

to be “subgrouped” for classification purposes. The signatures are stored with the subgroup. Multiple subgroups can be
created within a group, which allows different classifications to be run with different combinations of band files.
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8.3.

The Group Structure

Groups live in the GRASS database undepgtbep database element. The structure of a group can be seen in the following
diagram. A trailing / indicates a directory.

group/

mss.may80/ nhap.jun88/ nhap.oct88/ tm.apr88/
tm.apr88/
REF POINTS ARGET subgroup/

In this example, the groups are namess.may80nhap.jun88 etc. Note that each group is itself a directory. Each group
contains some filedREF, POINTS,andTARGET), and a subdirectorggbgroup.

8.3.1. The REF File

The REF file contains the list of cell files associated with the group. The format is illustrated below:

tm.apr88.1 grass
tm.apr88.2 grass
tm.apr88.3 grass
tm.apr88.4 grass
tm.apr88.5 grass
tm.apr88.7 grass

Each line of this file contains the name and mapset of a cell file. In this case, therealldiks in the group: tm.apr88.1

, tm.apr88.2 , tm.apr88.3 , tm.apr88.4 , tm.apr88.5 and tm.apm88iapseyrass (Presumably these are bands 1-5 and 7
from an April 88 Landsat Thematic Mapper image.)

8.3.2.

The POINTS File

The POINTS file contains the image registration control points. This file is created and modifiedpmink&program. Its

format is illustrated below:

#

#
east
504.00
458.00
2285.80
2397.00
2158.00
2148.00
2288.80

image

north

-2705.00
-2713.00
-2296.00
-2564.00
-2944.00
-2913.00
-2336.20

target

east

379145.30
378272.67
415610.08
417043.22
411037.79
410834.61
415497.19

north
4448504.56
4448511.67
4450456.17
4444757.65
4438210.97
4438656.18
4449671.77

status

(1=0k)
1

RPORORP

The lines which begin withare comment lines. The first two columns of data (uimdage) are the column (i.eeast) and
row (i.e.,north) of the registration control points as marked on the image. The next two columndduyet@are theeast

andnorth of the marked points in the target database coordinate system (in this case, a UTM database). The last column

(understatus) indicates whether or not the control point is well plag#dt is ok, then it will be used as a valid registration
point. Otherwise, it is simply retained in the file, but not used.)
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8.3.3. The TARGET File
The TARGET file contains the name of tlaggetdatabase; i.e., the GRASS database mapset into which rectified cell files
will be created. The TARGET file is written lhyargetand has two lines:

spearfish

grass
The first line is the GRASS location (in this capearfish), and the second is a mapset within the location (in this case
grass).

8.3.4. Subgroups
The subgroup directory under a group has the following structure:
subgroup/
123/ 234/ 1357/
1357/
I I |
REF sig/
cluster.1 cluster.2

In this example, the subgroups are nat2®, 234, 1357, etc. Within each subgroup, there is a REF file asigdirectory.
The REF file would list a subset of the cell files from the group. In this example, it could look like:

tm.apr88.1 grass
tm.apr88.3 grass
tm.apr88.5 grass
tm.apr88.7 grass

indicating that the subgroup is composed of bands 1, 3, 5, and 7 from the April 1988 TM scene. Thistilesand
cluster.2under thesig directory contairspectral signaturénformation (i.e., statistics) for this combination of band files.
The files were generated by different runs of the clustering progrhrster.

8.4. Imagery Programs
The following is a list of some of the imagery programs in GRASS, with a brief description of what they do. Refer to the
GRASS User’s Reference Mantalmore details.

image extraction

i.tape.mss Landsat Multispectral Scanner data
i.tape.tm Landsat Thematic Mapper data
i.tape.other other formats, such as scanned aerial photography or SPOT satellite data

image rectification

i.points image registration (assign control points)
i.rectify image rectification
i.target establish target database for the group
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image classification

i.cluster unsupervised clustering

i.maxlik maximum likelihood classifier
other

i.group group management

8.5.  Programming Interface for Groups
The programming interface to the group data is describbtlimagery Libraryand the reader is referred to that chapter for
details.
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Chapter 9

Region and Mask

GRASS users are provided with two mechanisms for specifying the area of the earth in which to view and analyze their data.
These are known in GRASS as thgionand themask.The user is allowed to setegionwhich defines a rectangular area

of coverage on the earth, and optionally further limit the coverage by specifying a “cookiernatkrThe region and mask

are stored in the database under the user’s current mapset. GRASS programs automatically retrieve only data that fall within
the region. Furthermore, if there is a mask, only data that fall within the mask are retained. Programs determine the region
and mask from the database rather than asking the user.

9.1. Region
The user’s current database region is set by the user using the GRAES6n,or d.zoomcommands. It is stored in the

WIND file in the mapset. This file not only specifies the geographic boundaries of the region rectangle, but also the region
resolution which implicitly grids the region into rectangular “cells” of equal dimension.

Users expect map layers to be resampled into the current region. This implies that raster maps must be extended with no data
for portions of the region which do not cover the map layer, and that the raster map data be resampled to the region resolution

if the raster map resolution is different. Users also expect new map layers to be created with exactly the same boundaries and
resolution as the current region.

The WIND file contains the following fields:

IND
north: 4660000.00
south: 4570000.00
east : 770000.00
west : 710000.00
e-w resol: 50.00
n-s resol: 100.00
rows: 900
cols: 1200
proj: 1
Zone: 18

north, south, east, west

The geographic boundaries of the region are given bpdht, south, easgndwestfields. Note: these values
describe the lines which bound the region at its edges. These lines do NOT pass through the center of the grid cells
which form the region edge, but rather along the edge of the region itself.

rows, cols

These values describe the number of rows and columns in the region.

e-w resol, n-s resol

The fieldse-w resolandn-s resol(which stand for east-west resolution and north-south resolution respectively)
describe the size of each grid cell in the region in physical measurement units (e.g., meters in a UTM database). The
e-w resols the length of a grid cell from east to west. Tikeresols the length of a grid cell from north to south.

Note that since the-w resolmay differ from then-s reso region grid cells need not be square. proj, zone The
projection field specifies the type of cartographic projection: 0 is unreferenced x,y (imagery data), 1 is UTM, 2 is
State Plang is Latitude LongitudeOthers may be added in the future. Zhedfield is the projection zone. In the
example above, the projection is UTM, the zone 18.
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Note. The format for the region file “WIND” is very similar to the format for the raster header files.SRaster Header
Formatfor details about raster header files.

9.2. Mask

In addition to the region, the user may set a mask usingrtaskcommand. The mask is stored in the user’s current mapset

as a raster file with the name MASKhe mask acts like an opaque filter when reading other raster files. No-data values in

the mask (i.e., category zero) will cause corresponding values in other raster files to be read as no data (irrespective of the
actual value in the raster file).

The following diagram gives a visual idea of how the mask works:

input MASK output
344 011 044
334 + 110 = 330
233 100 200

9.3.  Variations
If a GRASS program does not obey eitherrdggonor themaskthe variation must be noted in the user documentation for
the program, and the reason for the variation given.
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Chapter 10

Environment Variables

GRASS programs are written to be independent of which database the user is using, where the database resides on the disk,
or where the programs themselves reside. When programs need this information, they get some of it from UNIX environment
variables, and the rest from GRASS environment variables.

10.1. UNIX Environment
The GRASS start-up commagdass4.Xets the following UNIX environment variables:

GISBASE top level directory for the GRASS programs
GIS_LOCK process id of the start-up shell script
GISRC name of the GRASS environment file

GISBASE is the top level directory for the GRASS programs. For example, if GRASS were installedgrasgthen
GISBASE would be set tigrass.The command directory would bgrass/binthe command support directory would/be
grass/etcthe source code directory would fgeass/srcthe on-line manual would live ilgrass/manetc.

GISBASE, while set in the UNIX environment, is given special handling in GRASS code. This variable must be accessed
using theGIS LibraryroutineG_gisbase

GIS_LOCK is used for various locking mechanisms in GRASS. It is set to the process id of the start-up shell so that locking
mechanisms can detect orphaned locks (e.g., locks that were left behind during a system crash).

GIS_LOCK may be accessed using the UNIX getenv() routine.

GISRC is set to the name of the GRASS environment file where all other GRASS variables are stored. Thysafiercs
in the user’s home directory.

10.2. GRASS Environment

All GRASS users will have a file in their home directory nangedssrcwhich is used to store the variables that comprise

the environment of all GRASS programs. This file will always include the following variables that define the database in
which the user is working:

GISDBASE toplevel database directory
LOCATION_NAME location directory
MAPSET mapset directory

The user sets these variables during GRASS start-up. While the value of GISDBASE will be relatively constant, the others
may change each time the user runs GRASS. GRASS programs access these variable€ugjisgltiaseG_location

and G_mapset routines in the GIS Library. See 4.2 GISDBASE for details about GISDBASE, 4.3 Locations for details
about database locations, and 4.4 Mapdetsetails about mapsets.

Other variables may appear in this file. Some of these are:

MONITOR currently selected graphics monitor
PAINTER currently selected paint output device
DIGITIZER currently selected digitizer

These variables are accessed and set from C programs using the general purpos&raginas and G_setenv.. The
GRASS program g.gisenv provides a comntewel interface to these variables.
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10.3. Difference Between GRASS and UNIX Environments

The GRASS environment is similar to the UNIX environment in that programs can access information stored in “environ-
ment” variables. However, since the GRASS environment variables are stored in a disk file, it offers two capabilities not
available with UNIX environment variables. First, variables may be set by one program for later use by other programs. For
example, the GRASS start-up sets these variables for use by all other GRASS application programs. Second, since the
variables remain in the file unless explicitly removed, they are available from session to session. Also, several GRASS
environment variables are used as defaults each time a GRASS session is initiated.
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Chapter 11

Compiling and Installing GRASS Programs

GRASS programs are compiled and installed using the GRAfRe4.2ront-end to the UNIXnakecommandgmake4.2

reads a file name@makefileto construct anake.ruledile (seeMultiple-Architecture Conventiorfer more information,)

and then runs mak&he GRASS compilation process allows for multiple-architecture compilation from a single copy of the
source code (for instance, if the source code is RFS or NFS mounted to various machines with differing architectures.) This
chapter assumes that the programmer is familiarwiétkeand its accompanyinmakefiles.

11.1. gmake4.2

The GRASSymake4.2itility allows makecompilation rules to be developed without having to specify machine and instal-
lation dependent informatiogmake4.Zombines predefined variables that specify the machine and installation dependent
information with theGmakefileto create anakefile.(The predefined variables and the construction Giveakefileare
described irl1.2 Gmakefile Variables.)

gmake4.3s invoked as follows:
gmake4.2 [source directory] [target]

If run without argumentgmake4.2wvill run in the current directory, buildraakefilefrom theGmakefilefound there, and
then rurmakelf run with a source directory argumeginake4.2vill change into this directory and then proceed as above.
If run with a target argument as well, theakewill be run on the specified target.

11.2. Gmakefile Variables

The predefined Gmakefile variables which the GRASS programmer must use when w@itirakafilespecify libraries,

source and binary directories, compiler and loader flags, etc. The most commonly used variables will be defined here.
Examples of how to use them followlith.3 Constructing a Gmakefild he full set of variables can be seen in Appendix A.
Annotated Gmakefile Predefin&@riables Variables marked with (-) are not commonly used.

GRASS Directories:The following variables telymake4.2vhere source code and program directories are:
SRC (-) This is the directory where GRASS source code lives.
BIN This is the directory where user-accessible GRASS programs live.

ETC This is the directory where support files and programs live. These support files and programs are used by the
$(BIN) programs, and are not known to, or run by the user.

LIBDIR (-) This is the directory where most of the GRASS libraries are kept.

INCLUDE_DIR (-) This is where include and header files live. For example, “gis.h” can be found here. gmake4.2
automatically specifies this directory to the C compiler as a place to find include files.

GRASS Libraries. The following variables name the various GRASS libraries:

GISLIB This names th&IS Library,which is the principal GRASS library. S&2 GIS Library for details about
this library,and 12.21 Loading the GIS Library for a sample Gmakefilech loads this library.

VASKLIB This names th&ask Librarywhich does full screen user input.

VASK This specifies th&ask Libraryplus the UNIX curses and termcap libraries needed to us@asid_ ibrary
routines. Se@0 Vask Libraryfor details about this libraryand20.4 Loading the Vaskibrary for a
sample Gmakefile which loads this library.

SEGMENTLIB This names th®egment Libraryhich manages large matrix data. 38eSegment Librarfor
details about this library, arn2D.4 Loading the Vask Librafpr a sampleéGmakefilewhich loads this
library.
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RASTERLIB This names thRaster Graphics Librarywhich communicates with GRASS graphics drivers.1%ee
Raster Graphics Librarjor details about this library, arich.9 Loading the Raster Graphics Librafgr
a samplésmakefilewhich loads this library.

DISPLAYLIB This names théisplay Graphics Library which provides a higher level graphics interface to
$(RASTERLIB). Seel6 Display Graphics Libraryor details about this librargnd 16.11 Loading the
Display Graphics Libraryfor a samplésmakefilewhich loads this library.

UNIX Libraries: The following variables name some useful UNIX system libraries:
MATHLIB This names the math library. It should be used instead of the -Im loader option.

CURSES This names both the curses and termcap libraries. It should be used instead of the -lcurses and -ltermcap
loader options. Do not use $(CURSES) if you use $(VASK).

TERMLIB This names the termcap library. It should be used instead of the -ltermcap or -Itermlib loader options.
Do not use $(TERMLIB) if you use $(VASK) or $(CURSES).

Compiler and loader variables.The following variables are related to compiling and loading C programs:

CC This variable specifies what compiler/loader to use. This should always be referenced, as opposed to “cc”. See
11.3.1 Building programs from source (.c) filésr the proper use of the CC variable.

AR This variable specifies the rule that must be used to build object librariekl. SeeBuilding object libraries
for details.

CFLAGS (-) This variable specifies all the C compiler options. It should never be necessary to use this variable -
gmake4.2automatically supplies this variable to the C compiler.

EXTRA_CFLAGSThis variable can be used to add additional options to $(CFLAGS). It has no predefined values.
It is usually used to specify additional -l include directories, or -D preprocessor defines.

GMAKE This is the full name of thgmake4.Zommand. It can be used to drive compilation in subdirectories.

LDFLAGS This specifies the loader flags. The programmer must use this variable when loading GRASS programs
since there is no way to automatically supply these flags to the loader.

MAKEALL This defines a command which rugmake4.2n all subdirectories that haveGanakefilein them.

11.3. Constructing a Gmakefile

A Gmakefilds constructed like makefile The complete syntax forraakefileis discussed in the UNIX documentation for
makeand will not be repeated here. The essential idea is that a target (e.g. a GRASS program) is to be built from a list of
dependencies (e.g. object files, libraries, etc.). The relationship between the target, its dependencies, and the rules for
constructing the target is expressed according to the following syntax:

target : dependencies
actions
more actions

If the target does not exist, or if any of the dependencies have a newer date than the target (i.e., have changedyyithe actions
be executed to build the target. The actions must be indented using Bakds picky about this. It does not like spaces
in place of the TAB.

11.3.1. Building programs from source (.c) files

To build a program from C source code files, it is only necessary to specify the compiled object (.0) files as dependencies for
the target program, and then specify an action to load the object files together to form the prograakettikty builds
.0 files from .c files without being instructed to do so.
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For example, the followin@makefilebuilds the programyzand puts it in the GRASS program directory.

OBJ = main.o subl.0 sub2.0 sub3.0
$(BIN)/xyz: $(OBJ) $(GISLIB)

$(CC) $(LDFLAGS) -0 $@ $(0BJ) $(GISLIB)
$(GISLIB): # in case library changes

The targeyzdepends on the object files listed in the variable $(OBJ) and the $(GISLIB) library. The action runs the C
compiler to load xyz from the $(OBJ) files and $(GISLIB).

$@ is amakeshorthand which stands for the target, in this gggéts use should be encouraged, since the target name can
be changed without having to edit the action as well.

$(CC) is the C compiler. It is used as the interface to the loader. It should be specified as $(CC) instbketiefines
$(CC) as cc, but using $(CC) will allow other C-like compilers to be used instead.

$(BIN) is agmake4.%ariable which names the UNIX directory where GRASS commands live. Specifying the target as
$(BIN)/xyz will causegmake4.20 buildxyzdirectly into the $(BIN) directory.

$(LDFLAGS) specify loader flags which must be passed to the loader in this manner.

$(GISLIB) is theGIS Library.$(GISLIB) is specified on the action line so that it is included during the load step. It is also
specified in the dependency list so that changes in $(GISLIB) will also cause the program to be reloaded. Note that no rules
were given for building the .o files from their related .c files. In fact, the GRASS programmer should never giv e an explicit
rule for compiling .c files. It is sufficient to list all the .o files as dependencies of the target. The .c files wilhhatiaity

compiled to build up-to-date .o files before the .o files are loaded to build the target program.

Also note that since $(GISLIB) is specified as a dependency it must also be specified asMeatiaegaist be told how to
build all dependencies as well as targets. In this case a dummy rule is given torsaitisfy

11.3.2. Include files

Often C code uses the # include directive to include header files in the source during compilation. Header files that are
included into C source code should be specified as dependencies as well. It is the .o files which depend on them:

OBJ = main.o subl.0 sub2.0
$(BIN)/xyz: $(OBJ) $(GISLIB)
$(CC) $(LDFLAGS) -0 $@ $(OBJ) $(GISLIB)
$(OBJ): myheader.h
$(GISLIB): # in case library changes

In this case, it is assumed that “myheader.h” lives in the current directory and is included in each source code file. If
“myheader.h” changes, then all .c files will be compiled even though they may not have changed. And then the target program
xyzwill be reloaded.

If the header file “myheader.h” is in a different directory, then a different formulation can be used:

EXTRA _CFLAGS = -I..
OBJ = main.o subl.o0 sub2.0

$(BIN)/xyz: $(OBJ) $(GISLIB)
$(CC) $(LDFLAGS) -0 $@ $(OBJ) $(GISLIB)

$(GISLIB): #in case library changes
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$(EXTRA_CFLAGS) will add the flag -I.. to the rules that compile .c files into .o files. This flag indicates that # inelsde fil
(i.e., “myheader.h”) can also be found in the parent (..) directory.

Note that this example does not specify that “myheader.h” is a dependency. If “myheader.h” were to change, this would not
cause recompilation here. The following rule could be added:

$(OBJ): ../myheader.h

11.3.3. Building object libraries

Sometimes it is desirable to build libraries of subroutines which can be used in many prggrakegl.2equires that these
libraries be built using the $(AR) rule as follows:

OBJ = subl.0 sub2.0 sub3.o
lib.a: $(OBJ)
$(AR)

All the object files listed in $(OBJ) will be compiled and archived into the target lilioaay The $(OBJ) variable must be
used. The $(AR) assumes that all object files are listed in $(OBJ).

Note that due to the way the $(AR) rule is designed, it is not possible to construct more than one library in a single source
code directory. Each library must have its own directory and reGteakefile.

11.3.4. Building more than one target
Manytarget : dependendines many be giv en. However, it is the first one inGneakefilewhich is built bygmake4.2If
there are more targets to be built, the first target must explicitly or implicitly gauslee4.20 build the others.

The following builds two programajpcandxyzdirectly into the $(BIN) directory:

ABC = abc.o subl.0 sub2.0
XYZ = xyz.o subl.0 sub3.0
all: $(BIN)/abc $(BIN)/xyz
$(BIN)/abc: $(ABC) $(GISLIB)

$(CC) $(LDFLAGS) -0 $@ $(ABC) $(GISLIB)
$(BIN)/xyz: $(XYZ) $(GISLIB)

$(CC) $(LDFLAGS) -0 $@ $(XYZ) $(GISLIB)
$(GISLIB): #in case library changes

Ifit is desired to run the compilation in various subdirectori€mnakefilecould be constructed which simply rigraake4.2
in each subdirectory. For example:

all:

$(GMAKE) subdir.1
$(GMAKE) subdir.2
$(GMAKE) subdir.3

11.4. Compilation Results
This section describes the results of the GRASS compilation process for two separate subjects.

11.4.1. Multiple-Architecture Conventions

The following conventions allow for multiple architecture compilation on a machine that uses a common or networked
GRASS source code directory tree.

Object files and library archives are compiled into subdirectories that represent the architecture that they were compiled on.
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These subdirectories are created in the $(SRC) directory aar€iBahd LIBarch, wherearchrepresents the architecture

of the compiling machine. Thus, for example, $(SRC)/OBJ.sun4 would contain the object files for Sun/4 and SPARC
architectures, and $(SRC)/LIB.386 would contain library archives for Sun/4 and SPARC architectures. Likewise, $(SRC)/
0OBJ.386 would contain the object files for 386 architectures, and $(SRC)/LIB.386 would contain library archives for 386
architectures.

Note that 'arch’ is defined for a specific architecture during setup and compilation of GRASS, it is not limited to sun4 or any
specific string.

gmake4.2 produces a make.rules file in the $(SRC)/OBJ.arch directory instead of a makefile to allow for multiple-architec-
ture compilation.

11.4.2. Compiled Command Destinations

GRASS v4.2 merges the command-line and interactive versions of a function under the same name. This merging happens in
one of two methods.

1. The programmer writes a single program which uses the new parser capabilitg. {(&e€ommand Line
Parsing) The parser has both a command-line and a rudimentary prompt-based interactive interface.

2. The programmer writes writes a command-line version using the parser, but also provides an interactive version
as a separate module to override the parser’s interactive interface.

The second method requires that both the command-line program and the interactive program be somehow merged into one
program. This is accomplished by placing both programs in separate directories under $(GISBASE)/etc/bin and creating a
link (as described below) in $(BIN).

There are six directories where programs are placed. These, along with their respective Gmakefile variables, are:

etc/bin/main/inter $(BIN_MAIN_INTER)

Interactive versions of the primary GRASS commands.
etc/bin/main/cmd $(BIN_MAIN_CMD)

Command-line versions of the primary GRASS commands.
etc/bin/alphalinter $(BIN_ALPHA_INTER)

Interactive versions of the alpha-version commands.
etc/bin/alpha/cmd $(BIN_ALPHA_CMD)

Command-line versions of the alpha-version commands.
etc/bin/contrib/inter $(BIN_CONTRIB_INTER)

Interactive versions of the contributed commands.
etc/bin/contrib/cmd $(BIN_CONTRIB_CMD)

Command-line versions of the contributed commands.

To merge the command-line and interactive versions of a command, the compilation process creates a link in $(BIN) to
$(GISBASE)/etc/front.end. This link has the same name as the command, and causes execution of the command to be passed
to a front-end. The front.end program will call the interactive version of the command if there were no command-line
arguments entered by the user. Otherwise, it will run the command-line version. If only one version of the specific command
exists (for example, there is only a command-line version available,) that one existing command is executed.
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11.5. Notes

11.5.1. Bypassing the creation of .o files

If a program has only one .c source file, it is tempting to compile the program directly from the .c file without creating the

file. Please do not do this. There have been problems on some systems specifying both compiler and loader flags at the sam:
time. The .o files must be built first. Once all the .o files are built, they are loaded with any required libraries he build t

program.

11.5.2. Simultaneous compilation

The compilation process may be run on only one machine at a time. If you try to compile the same source directory on two
machines simultaneously, things will not turn out properly. This is your responsibility—gmake4.2 cannot detect simulta-
neous compilations.
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Chapter 12

GIS Library

12.1. Introduction

TheGIS Libraryis the primary programming library provided with the GRASS systerograms must use this libary to

access the databaseét contains the routines which locate, create, open, rename, and remove GRASS database files. It
contains the routines which read and write raster files. It contains routines which interface the user to the databage, includi
prompting the user, listing available files, validating user access, etc. It also has some general purpose routines (string
manipulation, user information, etc.) which are not tied directly to database processing.

Itis assumed that the reader has reBétabase Structuer a general description of GRASS databas&aster Mapor

details about raster map layers in GRASS, @R&gion and Maskhich discusses regions and masks. The routines in the

GIS Libraryare presented in functional groupings, rather than in alphabetical order. The order of presentation will, it is
hoped, provide a better understanding of how the library is to be used, as well as show the interrelationships among the
various routines. Note that a good way to understand how to use these routines is to look at the source code for GRASS
programs which use them. Most routines in this library require that the header file “gis.h” be included in any code using
these routinesTherefore, programmers should always include this file when writing code using routines from this library:

# include “gis.h”

Note.All routines and global variables in this library, documented or undocumented, start with th&prdfixavoid name
conflicts, programmers should not create variables or routines in their own programs which use this prefix.

An alphabetic index is provided 6.4 Appendix C. Index to GIS Library.

12.2. Library Initialization
It is mandatory that the system be initialized before any other library routines are called.

G_gisinit (program_name) initialize gis library
char *program_name;

This routine reads the user’s GRASS environment file into memory and makes sure that the user has selected a valid database
and mapset. It also initializes hidden variables used by other routines. If the user’s database information is invalid, an erro
message is printed and the program exits.prbgram_nameis stored for later recall b§_program_namdt is recom-

mended that argv[0] be used for ffregram_name:

main(argc, argv) char *argv[];

{
G_gisinit(argv[0]);
}

12.3. Diagnostic Messages
The following routines are used by other routines in the library to report warning and error messages. They may also be used
directly by GRASS programs.

G_fatal_error (message) print error message and exit
G_warning (message) print warning message and continue
char *message;
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These routines report errors to the user. The normal mode is to writegshagdo the screen (on the standard error output)
and wait a few seconds. G_warning() will return and G_fatal_error() will exit.

If the standard error output is not a tty device, then the message is mailed to the user instead.

If the file GIS_ ERROR_LOG exists (with write permission), in either the user’'s home directory or in the $GISBASE
directory, the messages will also be logged to this file.

While most applications will find the normal error reporting quite adequate, there will be times when different handling is
needed. For example, graphics programs may want the messages displayed graphically instead of on the standard erro
output. If the programmer wants to handle the error messages differently, the following routines can be used to modify the
error handling:

G_set_error_routine (handler) change error handling
int (*handler)();

This routine provides a different error handler for G_fatal_error() and G_warning(Hamtker routine must be defined
as follows:

handler (message, fatal)
char *message;
int fatal;

wheremessages the message to be handled #atdl indicates the type of error : 1 (fatal error) or 0 (warning).

Note.The handler only provides a way to send the message somewhere other than to the error output. If the error is fatal, the
program will exit after the handler returns.

G_unset_error_routine () reset normal error handling
This routine resets the error handling @&rfatal_errorandG_warningback to the default action.

G_sleep_on_errox(flag) sleep on error

int flag;

If flag is O, then no pause will occur after printing an error or warning message. Otherwise the pause will occur.
G_suppress_warninggflag) suppress warnings?
int flag;

If flag is 0, thenG_warningwill no longer print warning messagesfldg is 1, then G_warning( ) will print warning
messages.

Note. This routine has no effect @ fatal_error.

12.4. Environment and Database Information

The following routines return information about the current database selected by the user. Some of this information is
retrieved from the user’'s GRASS environment file. Some of it comes from files in the database it§6lfE®@enment
Variablesfor a discussion of the GRASS environment.

The following four routines can be used freely by the programmer :
char *
G_location () current location name

Returns the name of the current database location. This routine should be used by programs that need to display the
current location to the user. S£8 Locationgor an explanation of locations.
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char *
G_mapset() current mapset name

Returns the name of the current mapset in the current location. This routine is often used when accessing files in the
current mapset. Seke4 Mapsetsor an explanation of mapsets.

char *
G_myname() location title

Returns a one line title for the database location. This title is read from the file MYNAME in the PERMANENT
mapset. See algh6 Permanent Mapsétr a discussion of the PERMANENT mapset.

char *
G_gishasq) top level program directory

Returns the full path name of the top level directory for GRASS programs. This directory will have subdirectories
which will contain programs and files required for the running of the system. Some of these directories are:

bin commands run by the user

etc programs and data files used by GRASS commands
txt help files

menu files used by thgrass3menu interface

The use of G_gisbase() to find these subdirectories enables GRASS programs to be written independently of where
the GRASS system is actually installed on the machine. For example, to run the majfanthe GRASSetc
directory:

char command[200];
sprintf (command, “%s/etc/sroff”, G_gisbase());

system (command);

The following two routines return full path UNIX directory names. They should be used only in special cases. They are used
by other routines in the library to build full UNIX file names for database files. programmer should not use the next
two routines to bypass the normal database access routines.

char *

G_gisdbasg) top level database directory
Returns the full UNIX path name of the directory which holds the database locatioAs2 S48DBASHor a full
explanation of this directory.

char *

G_location_path () current location directory

Returns the full UNIX path name of the current database location. For example, if the user is working in location
spearfishin the/usr/grass3/datalatabase directory, this routine will return a string which lookg/likggrass3/
data/spearfish.
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These next routines provide the low-level management of the information in the user's GRASS environniEmyile.
should not be used in place of the higher levéiterface routines described above.

char *

G_getenv(name) guery GRASS environment variable
char *

G_ _getenyname) guery GRASS environment variable

char *name;

These routines look up the variabl@mein the GRASS environment and return its value (which is a character string). If
nameis not set, G_getenv( ) issues an error message and calls exit(). G_ _setenv() just returns the NULL pointer.

G_seten(name, value) set GRASS environment variable
G_ _setenyname, value) set GRASS environment variable
char *name;
char *value;

These routines set the the GRASS environment vanmeaieto value. If valueis NULL, thenameis unset.

Both routines set the value in program memory, but only G_setenv( ) writes the new value to the user's GRASS environment
file.

12.5. Fundamental Database Access Routines

The routines described in this section provide the low-level interface to the GRASS database. They search the database for
files, prompt the user for file names, open files for reading or writing, etc. The programmer should never bypass this level of
database interface. These routines must be used to access the GRASS database wnlesdhtbetrggher level library

routines which perform the same function.For example, routines to process raster fil&sq Raster File Processihg

vector files(12.11 Vector File Processing), or site files (12.12 Site List Processittg) should be used instead.

In the descriptions below, the term dataleleenents used. Elements are subdirectories within a mapset and are associated
with a specific GRASS data type. For example, raster files live in the “cell” elemenrt.552&lementfor more details.

12.5.1. Prompting for Database Files

The following routines interactively prompt the user for a file name from a specific datdbamnt.(Seed.5.2 Elements

for an explanation of elements.) In each,gh@mpt string will be printed as the first line of the full prompt which asks the
user to enter a file name.dfompt is the empty string “” then an appropriate prompt will be substituted. The name that the
user enters is copied into themebuffer. The short (one or two worthbel describing thelementis used as part of a title
when listing the filesn element.

The user is required to enter a valid file name, or else hit the RETURN key to cancel the request. If the user enters an invali
response, a message is printed, and the user is prompted again. If the user cancels the request, the NULL pointer is returnec
Otherwise the mapset where the file lives or is to be created is returned. Both the name and the mapset are used in othel
routines to refer to the file.

An example will be given here. The G_ask_old( ) routine used in the example is described a bit later. The user is asked to
enter a file from the “paint/labels” element :

char name[50];

char *mapset;
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mapset = G_ask_old (*", name, “paint/labels”, “labels™);
if (mapset = = NULL)
exit(0); /* user canceled the request */
The user will see the following:
file names to be quite long. It is recommended that name be dedeaedame[50].

Enter the name of an existing labels file
Enter 'list’ for a list of existing labels files

Hit RETURN to cancel request
>

char *

G_ask_old(prompt, name, element, label) prompt for existing database file
char *prompt;
char *name;
char *element;

char *label;

The user is asked to enter the name of an existing database file.

Note. This routine looks for the file in the current mapset as well as other mapsets. The mapsets that are searched are
determined from the user’'s mapset search path4.3ekeMapset Search Pabr some more details about the search path.

char *

G_ask_new(prompt, name, element, label) prompt for new database file
char *prompt;
char *name;
char *element;

char *label;

The user is asked to enter the name of a new file which does not exist in the current mapset.

Note.The file chosen by the user may exist in other mapsets. This routine does not look in other mapsets, since the assump-
tion is thatnamewill be used to create a new file. New files are always created in the current mapset.

char *
G_ask_in_mapsetprompt, name, element, label) prompt for existing database file
char *prompt;
char *name;
char *element;
char *label;
The user is asked to enter the name of an file which exists in the current mapset.

Note. The file chosen by the user may or may not exist in other mapsets. This routine does not look in other mapsets, since
the assumption is thaamewill be used to modify a file. GRASS only permits users to modify files in the current mapset.
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char *
G_ask_any(prompt, name, element, label, warn) prompt for any valid file name
char *prompt;
char *name;
char *element;
char *label;
int warn;

The user is asked to enter any leg al file nam&ath is 1 and the file chosen exists in the current mapset, then the user is
asked if it is ok to overwrite the file.Warn is 0, then any leg al name is accepted and no warning is issued to the user if the
file exists.

G_set_ask_return_msgmsg) set Hit RETURN msg
char *msg;

The “Hit RETURN to cancel request” part of the prompt in the prompting routines described above, is modified to “Hit
RETURNmsg”

char *
G_get_ask_return_msd) get Hit RETURN msg

The currentnsg(as set byG_set_ask_return_mpds returned.

12.5.2. Fully Qualified File Names

All GRASS routines which access database files must be given both the file name and the mapset where the file resides.
Often the name and the mapset are 2 distinct character strings. However, there is a need for a single character string which
contains both the name and the mapset (e.g., for interactive interfacing to command-line programs). This form of the name is

known as thdully qualified file namend is built by the following routine:

char *

G_fully_qualified_name (name, mapset) fully qualified file name
char *name;
char *mapset;

Returns a fully qualified name for the fitmmein mapset Currently this string is in the formame@mapsetbut the
programmer should pretend not to know this and always call this routine to get the fully qualified name.

The following example shows how an interactive versioh.i@stinterfaces with the command-line versiordafast :

#include “gis.h”
main(argc,argv) char *argv] ;

char name[100], *mapset, *fgn;;

char command[1024];

G_gisinit(argv[0]);

mapset = G_ask_cell_old (*", name, “");

if (mapset = = NULL) exit(0);

fgn = G_fully_qualified_name (name, mapset);
sprintf (command, “d.rast map="%s"", fqn);
system(command);
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12.5.3. Finding Files in the Database

Noninteractive programs cannot make use of the interactive prompting routines described above. For example, a command
line driven program may require a database file name as one of the command arguments. In this case, the programmer must
search the database to find the mapset where the file resides.

The following routines search the database for files:

char *

G_find_file (element, name, mapset) find a database file
char *element;
char *name;
char *mapset;

Look for the filenameunder the specifieelementin the database. Tmeapsetparameter can either be the empty string “”,
which means search all the mapsets in the user’s current mapset search path, or it can be a specific mapset, Wdokh means
for the file only in this one mapset (for example, in the current mapset).

If found, the mapset where the file lives is returned. If not found, the NULL pointer is returned.
If the user specifies a fully qualified file name, (i.e, a name that also contains the maps2t5seEully Qualified File
Names}thenG_find_file( )modifiesnameby eliminating the mapset from theame

For example, to find a “paint/labels” file anywhere in the database:

char name[50];

char *mapset;

if ((mapset = G_find_file(“paint/labels”,name,™)) = = NULL)
/* not found */

To check that the file exists in the current mapset :

char name[50];
if (G_find_file(“paint/labels”,name,G_mapset()) == NULL)
/* not found */

12.5.4. Legal File Names

Not all names that a user may enter will be legal files for the GRASS databases. The routines which create new files require
that the new file have a leg al name. The routines which prompt the user for file namés ésky. neyvguarantee that the

name entered by the user will be legal. If the name is obtained from the command line, for example, the programmer must
check that the name is legal. The following routine checks for legal file names:

G_legal_filename(name) check for legal database file names
char *name;

Returns 1 ihameis ok, -1 otherwise.

12.5.5. Opening an Existing Database File for Reading

The following routines open the filmmein mapsetfrom the specified databastementfor reading (but not for writing).
The file nameandmapsetcan be obtained interactivelising G_ask_old, and noninteractively using G_find_file.

G_open_old(element, name, mapset) open a database file for reading
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char *element;
char *name;

char *mapset;

The database filkameunder theelementin the specifiednapsetis opened for reading (but not for writing).

The UNIX open() routine is used to open the file. If the file does not exist, -1 is returned. Otherwise the file deseniptor fr
the open() is returned.

FILE *
G_fopen_old(element, name, mapset) open a database file for reading

char *element;
char *name;

char *mapset;

The database filkameunder theslementin the specifiednapsetis opened for reading (but not for writing).

The UNIX fopen( ') routine, with “r" read mode, is used to open the file. If the file does not exist, the NULL pointer is
returned. Otherwise the file descriptor from the fopen() is returned.

12.5.6. Opening an Existing Database File for Update

The following routines open the filramein the current mapset from the specified datalessmentfor writing. The file
must exist. ltsirame can be obtained interactivelising G_ask_in_mapset, and noninteractively using G_find_file.

G_open_updatgelement, name) open a database file for update
char *element;
char *name;

The database filrameunder theelementin the current mapset is opened for reading and writing.

The UNIX open() routine is used to open the file. If the file does not exist, -1 is returned. Otherwise the file is pasitioned
the end of the file and the file descriptor from the open() is returned.

G_fopen_appendelement, name) open a database file for update
char *element;
char *name;
The database filrameunder theelementin the current mapset is opened for appending (but not for reading).

The UNIX fopen( ) routine, with “a” append mode, is used to open the file. If the file does not exist, the NULL pointer is
returned. Otherwise the file is positioned at the end of the file and the file descriptor from the fopen() is returned.

12.5.7. Creating and Opening a New Database File

The following routines create the new filamein the current mapset under the specified dataddasgentand open it for
writing. The databaselementis created, if it does not already exist.
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The filenameshould be obtained interactively usi@gask newlf obtained noninteractively (e.g., from the command line),
G_legal_filenameshould be called first to make sure thameis a valid GRASS file namaVarning. It is not an error for
nameto already exist. However, the file will be removed and recreated empty. The interactiveGoaskenevguarantees
thatnamewill not exist, but inameis obtained from the command limgmemay exist. In this cage_find_filecould be
used to see ameexists.

G_open_new(element, name) open a new database file
char *element;
char *name;
The database filekameunder theelementin the current mapset is created and opened for writing (but not reading).

The UNIX open() routine is used to open the file. If the file does not exist, -1 is returned. Otherwise the file is pasitioned
the end of the file and the file descriptor from the open() is returned.

FILE *
G_fopen_new(element, name) open a new database file

char *element;

char *name;

The database filrkameunder theelementin the current mapset is created and opened for writing (but not reading).

The UNIX fopen( ) routine, with “w” write mode, is used to open the file. If the file does not exist, the NULL pointer is
returned. Otherwise the file is positioned at the end of the file and the file descriptor from the fopen() is returned.

12.5.8. Database File Management
The following routines allow the renaming and removal of database files in the current mapset.

G_rename(element, old, new) rename a database file
char *element;

char *old; char *new;

The file or directoryld under the databastementdirectory in the current mapset is renamede.
Returns 1 if successful, 0ald does not exist, and -1 if there was an error.
Bug. This routine does not check to see if tiegvname is a valid database file name.
G_remove(element, name) remove a database file
char *element;
char *name;
The file or directorynameunder the databaséementdirectory in the current mapset is removed.
Returns 1 if successful, Onamedoes not exist, and -1 if there was an error.
Note.If nameis a directory, everything within the directory is removed as well.

Note. These functions only apply to the spec#glementand not to other “related” elements. For examplelafmentis
“cell”, then the specified raster file will be removed (or renamed), but the other support files, such as “cellhd” orillcats”, w
not. To remove these other files as well, specific calls must be made for eachelelakeak
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12.6. Memory Allocation

The following routines provide memory allocation capability. They are simply calls to the UNIX suite of memory allocation
routines malloc(), realloc() and calloc( ), except that if there is not enough memory, they print a diagnostic message to tha
effect and then call exit().

Note.Use the UNIX free() routine to release memory allocated by these routines.

char *

G_malloc(size) memory allocation
int size;

Allocates a block of memory at leaitebytes which is aligned properly for all data types. A pointer to the aligned block is
returned.

char *

G_realloc (ptr, size) memory allocation
char *ptr;
int size;

Changes thsizeof a previously allocated block of memonypéat and returns a pointer to the new block of memory.sibe
may be larger or smaller than the original size. If the original block cannot be extended “in place”, then a new block is
allocated and the original block copied to the new block.

Note.If ptr is NULL, then this routine simply allocates a bloclsiebytes. This routine is different than malloc( ), which
does not handle a NULjtr.

char*

G_calloc(n, size) memory allocation
int n;
int size;

Allocates a properly aligned block of memarysizebytes in length, initializes the allocated memory to zero, and returns a
pointer to the allocated block of memory.

Note. Allocating memory for reading and writing raster files is discussd@i8.5 Allocating Raster I/O Buffers.

12.7. The Region

The region concept is explaineddri Regionlt can be thought of as a two-dimensional matrix with known boundaries and
rectangular cells.

There are logically two different regions. The first is the database region that the user has set in the current mapset. The ot
is the region that is active in the program. This active program region is what controls reading and writing of rasder file dat

The routines described below use a GRASS data strigslircheado hold region information. This structure is defined in
the “gis.h” header file. It is discussed in detailer 12.20 GIS Library Data Structures.

12.7.1. The Database Region

Reading and writing the user’s database region are done by the following routines:

G_get_window(region) read the database region
struct Cell_head *region;

Reads the database region as stored in the WIND file in the user’s currentimapsegon.

An error message is printed and exit( ) is called if there is a problem reading the region.

Note. GRASS applications that read or write raster files should not use this routine since its use implies that the active
program region will not be used. Programs that read or write raster file data (or vector data) can query the active program
regionusing G_window_rows and G_window_cols..
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G_put_window (region) write the database region
struct Cell_head *region;

Writes the database region file (WIND) in the user’s current mapsetrégion. Returns 1 if the region is written ok.
Returns -1 if not (no diagnostic message is printed).

Warning. Since this routine actually changes the database region, it should only be called by programs which the user
knows will change the region. It is probably fair to say that under GRASS 3.0 orgyrélgéon,andd.zoomprograms
should call this routine.

There is another database region. This region is the default region for the location. The default region provides the user with
a “starting” region, i.e., a region to begin with and return to as a reference point. The GRASS pgoggiorsallow the

user to set their database region from the default regiond(@€ermanent Mapsdor a discussion of the default region.)

The following routine reads this region:

G_get_default_window(region) read the default region
struct Cell_head *region;
Reads the default region for the location irggion.

An error message is printed and exit( ) is called if there is a problem reading the default region.

12.7.2. The Active Program Region
The active program region is the one that is used when reading and writing raster file data. This region determines the
resampling when reading raster data. It also determines the extent and resolution of new raster files.

Initially the active program region and the user’s database region are the same, but the programmer can make them different.
The following routines manage the active program region.

G_window_rows() number of rows in active region

G_window_cols() number of columns in active region

These routines return the number of rows and columns (respectively) in the active program region. Before raster files can be
read or written, it is necessary to known how many rows and columns are in the active region. For example:

int nrows, cols;

int row, col;

nrows = G_window_rows();
ncols = G_window_cols();

for (row = 0; row < Nrows; row++)
{

readrow ...
for (col = O; col < ncols; col++)

{

process col ...

}
}

G_set_window(region) set the active region
struct Cell_head *region;

This routine sets the active region froagion. Setting the active region does not change the WIND file in the database. It
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simply changes the region for the duration of the progrmwarning message is printed and -1 returnedgfon is not
valid. Otherwise 1 is returned.

Note. This routine overrides the region as set by the user. Its use should be very limited since it changes what the user
normally expects to happen. If this routine is not called, then the active region will be the same as what is in the ser’'s WIN
file.

Warning. Calling this routine with already opened raster files has some side effects. If there are raster files which are open
for reading, they will be read into the newly set region, not the region that was active when they were opened. However,
CELL buffers allocated for reading the raster files are not automatically reallocated. The program must reallocate them
explicitly. Also, this routine does not change the region for raster files which are open for writing. The region thatevas acti
when the open occurred still applies to these files.

G_get_set_window(region) get the active region
struct Cell_head *region;

Gets the values of the currently active region raggon. If G_set_windowhas been called, then the values set by that call
are retrieved. Otherwise the user’s database region is retrieved.

Note. For programs that read or write raster data, and really need the full region information, this routine is preferred over
G_get window However, sinc&_ window_rows and G_window_cols return the number of rowscahdanns in the

active region, the programmer should consider whether or not the full region information is really needed before using this
routine.

char *
G_align_window (region, ref) align two regions

struct Cell_head *region, *ref;

Modifies the inputegion to align to theef region. The resolutions iregion are set to match thoserngf and theregion
edges (north, south, east, west) are modified to align with the grid fthegion.

Theregion may be enlarged if necessary to achieve the alignment. The north is rounded northward, the south southward, the
east eastward and the west westward.

This routine returns NULL if ok, otherwise it returns an error message.

double

G_col_to_eastingcol, region) column to easting
double col;
struct Cell_head *region;

Converts aolumn relative to aegionto an easting;

Note. colis a double: col+0.5 will return the easting for the center of the column; col+0.0 will return the easting for the
western edge of the column; and col+1.0 will return the easting for the eastern edge of the column.

double
G_row_to_northing (row, region) row to northing

double row;

struct Cell_head *region;
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Converts aow relative to aegion to a northing;

Note. rowis a double: row+0.5 will return the northing for the center of the row; row+0.0 will return the northing for the
northern edge of the row; and row+1.0 will return the northing for the southern edge of the row.Glaastng_to col
(east, regiongasting to columdouble east; struct Cell_head *region;

Converts arastng relative to aegionto a column.

Note. The result is a double. Casting it to an integer will give the column number.

double
G_northing_to_row (north, region) northing to row
double row;

struct Cell_head *region;

Converts anorthing relative to aegion to a row.

Note.the result is a double. Casting it to an integer will give the row number.

12.7.3. Projection Information

The following routines return information about the cartographic projection and zore 1$egiorfor more information
about these values.

G_projection() query cartographic projection

This routine returns a code indicating the projection for the active region. The current values are:
0 unreferenced x,y (imagery data)
1UTM

2 State Plane
3 Latitude-Longitude
Others may be added in the future.

char *
G_database_projection_naméproj) guery cartographic projection
int proj;

Returns a pointer to a string which is a printable name for projectionpcogdéas returned b¥s_projectior). Returns
NULL if proj is not a valid projection.

char *
G_database_unit_nameplural) database units
int plural

Returns a string describing the database grid units. It returns a plural form (eg pleed) iis true. Otherwise it returns a
singular form (eg. foot).
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double
G_database_units_to_meters_factor () conversion to meters

Returns a factor which converts the grid unit to meters (by multiplication). If the database is not metric (eg. imagedy) then 0
is returned.

G_zone() guery cartographic zone

This routine returns the zone for the active region. The meaning for the zone depends on the projection. For example zone 18
for projection type 1 would be UTM zone 18.

12.8. Latitude-Longitude Databases

GRASS supports databases in a longitude-latitude grid using a projection where the x coordinate is the longitude and the y
coordinate is the latitude. This projection is called the Equidistant Cylindrical Projeetid@hhas the property thahere

am landrow-columncalculations are identical to those in planimetric grids (like UTM ). This implies that normal GRASS
registration and overlay functions will work without any special considerations or modifications to existing code. However,
the projection is not planimetric. This means that distance and area calculations are no longed Euclidean.

Also, since the world is round, maps may not have edges in the east-west direction, especially for global databases. Maps
may have the same longitude at both the east and west edges of the display. This feature, called global wraparound, must be
accounted for by GRASS programs (particularly vector based functions, like plotting.) What follows is a description of the
GISLIB library routines that are available to support latitude-longitude databases.

12.8.1. Coordinates

Latitudes and longitudes are specified in degrees. Northern latitudes range from 0 to 90 degrees, and southern latitudes from
0 to -90. Longitudes have no limits since longitudes +360 degrees are equivalent.

Coordinates are represented in ASCII using the fatdatiatm:ssNor dd:mm:ssSfor latitudesddd:mm:ssE orddd.mm.ssW
for longitudes, andd.mm.ssfor grid resolution. For example, 80:30:24N represents a northern latitude of 80 degrees, 30
minutes, and 24 seconds. 120:15W represents a longitute

120 degrees and 15 minutes west of the prime meridian. 30:15 represents a resolution of 30 degrees and 15 minutes. Thes
next routines convert between ASCII representations and the machine representation for a coordinate. They work both with
latitude-longitude projections and planimetric projections.

Note.In each subroutine, the programmer must specify the projection number. If the projection number is PROJECTION_LL,
then latitude-longitude ASCII format is invoked. Otherwise, a standard floating-point to ASCII conversion is made.

G_format_easting(east, buf, projection) easting to ASCII
double east ;
char *buf ;
int projection ;

Converts the double representation ofdéhstcoordinate to its ASCII representation (itotar).

G_format_northing (north, buf, projection) northing to ASCII
double north ;
char *buf ;
int projection ;

Converts the double representation ofribeth coordinate to its ASCII representation (ifotaf).

G_format_resolution (resolution, buf, projection) resolution to ASCII
double resolution ;
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char *buf ;
int projection ;

Converts the double representation ofrésolution to its ASCII representation (intmuf).

G_scan_eastindbuf, easting, projection) ASCII easting to double
char *buf ;
double *easting ;
int projection ;

Converts the ASCII “easting” coordinate stringourf to its double representation (irdasting.

G_scan_northing(buf, northing, projection) ASCII northing to double
char *buf ;
double *northing ;
int projection ;

Converts the ASCII “northing” coordinate stringhinf to its double representation (irmorthing).

G_scan_resolution(buf, resolution, projection) ASCII resolution to double
char *buf ;
double *resolution ;
int projection ;

Converts the ASCII “resolution” string louf to its double representation (into resolution).

The following are examples of how these routines are used.

double north ;
char buf[50] ;
G_scan_northing(buf, north, G_projection()); /* ASCII to double */
G_format_northing(north, buf, G_projection()); /* double to ASCII */

G_format_northing(north, buf, -1); [* double to ASCII */
/* This last example forces floating-point ASCII format */

12.8.2. Raster Area Calculations

The following routines perform area calculations for raster maps., They are based on the fact that while the latitude-longi-
tude grid is not planimetric, the size of the grid cell at a given latitude is constant. The first routines work in amynproject

G_begin_cell_area_calculationg) begin cell area calculations

This routine must be called once before any caB tarea_of cell_at_rowlt can be used in either planimetric projections
or the latitude-longitude projection. It returns 2 if the projection is latitude-longitude, 1 if the projection is planandtric,
0 of the projection doesn't hav e a metric (e.g. imagery.) If the return value is 1 or O, all the grid cells in the mashmes th
area. Otherwise the area of a grid cell varies with the row.

double
G_area_of _cell_at_rowrow) cell area in specified row

int row ;
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This routine returns the area in square meters of a cell in the spemifiethis value is constant for planimetric grids and
varies with the row if the projection is latitude-longitude.

G_begin_zone_area_on_ellipsoifh, e2, s) begin area calculations for ellipsoid
double a, €2, s ;

Initializes raster area calculations for an ellipsoid, whésd¢he semi-major axis of the ellipse (in metezg)s the ellipsoid
eccentricity squared, arsds a scale factor to allow for calculations of part of the zeng.Q is full zones=0.5 is half the
zone, and=360/ew_res is for a single grid cell).

Note. e2must be positive. A negative value makes no sense, and zero implies a sphere.

double
G_area_for_zone_on_ellipsoidnorth, south) area between latitudes
double north, south ;

Returns the area between latitudesth andsouth scaled by the fact@passed t@_begin_zone_area_on_ellipsoid.

G_begin_zone_area_on_spher@g, s) initialize calculations for sphere
double north, south ;

Initializes raster area calculations for a sphere. The radius of the sphanel$ss a scale factor to allow for calculations of
a part of the zone (s&& _begin_zone_area_on_ellipsoid).

double
G_area_for_zone_on_spherénorth, south) area between latitudes
double north, south ;

Returns the area between latitudesth andsouth scaled by the fact@passed t&_begin_zone_area_on_sphere.

12.8.3. Polygonal Area Calculations

These next routines provide area calculations for polygons. Some of the routines are specifically for latitude-longitude,
while others will function for all projections.

However, there is an issue for latitude-longitude that does not occur with planimetric grids. Vector/polygon data is described
as a series of x,y coordinates. The lines connecting the points are not stored but are inferred. This is a simple, straight-
forward process for planimetric grids, but it is not simple for latitude-longitude. What is the shape of the line that connects
two points on the surface of a globe?

One choice (among many) is the shortest path kbjyilto x2,y2, known as the geodesic. Another is a straight line on the
grid. The area routines described below assume the latter. Routines to work with the former have not yet been developed.

G_begin_polygon_area_calculationg) begin polygon area calculations
This initializes the polygon area calculation routines. It is used both for planimetric and latitude-longitude projections.

It returns 2 if the projection is latitude-longitude, 1 if the projection is planimetric, and 0 if the projection doesrét hav e
metric (e.g. imagery.)
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double

G_area_of polygon(x, y, n) area in square meters of polygon
double *x, *y ;
intn;

Returns the area in square meters of the polygon described byp#ies ofx,y coordinate vertices. It is used both for
planimetric and latitude-longitude projections.

Note. If the database is planimetric with the non-meter grid, this routine performs the required unit conversion to produce
square meters. doubt& planimetric_polygon_area(x, y, n)area in coordinate unitdouble *x, *y ; intn ;

Returns the area in coordinate units of the polygon described by#ies ofx,y coordinate vertices for planimetric grids.
If the units forx,y are meters, then the area is in square meters. If the units are feet, then the area is in square feet, and so on.

G_begin_ellipsoid_polygon_areda, €2) begin area calculations
double a, e2 ;

This initializes the polygon area calculations for the ellipsoid with semi-majoa éxisneters) and ellipsoid eccentricity
squared2

double
G_ellipsoid_polygon_arealon, lat, n) area of lat-long polygon

double *lon, *lat ;
intn;
Returns the area in square meters of the polygon described hyélivs oflat,long vertices for latitude-longitude grids.

Note. This routine assumes grid lines on the connecting the vertices (as opposed to geodesics.)

12.8.4. Distance Calculations
Tw o routines perform distance calculations for any projection.

G_begin_distance_calculationg) begin distance calculations
Initializes the distance calculations. It is used both for the planimetric and latitude-longitude projections.

It returns 2 if the projection is latitude-longitude, 1 if the projection is planimetric, and O if the projection doesrdt hav e
metric (e.g. imagery.) doubfg_distance(x1, y1, x2, y2)distance in meterdouble x1, y1, x2, y2 ;

This routine computes the distance, in meters, fxaml to x2,y2. If the projection is latitude-longitude, this distance is
measured along the geodesic. Tw o routines perform geodesic distance calculations.

G_begin_geodesic_distand@, e2) begin geodesic distance
double a, e2 ;

Initializes the distance calculations for the ellipsoid with semi-majolgiianeters) and ellipsoid eccentricity squaed
It is used only for the latitude-longitude projection.

double
G_geodesic_distancéonl, latl, lon2, lat2) geodesic distance

double lon1, latl, lon2, lat2 ;
Calculates the geodesic distance filoml,latl to lon2,lat2 in meters.

The calculation of the geodesic distance is fairly costly. These next three routines provide a mechanism for calculating
distance with two fixed latitudes and varying longitude separation.
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G_set_geodesic_distance_latlatl) set geodesic distance latl
double latl ;
Set the first latitude.

G_set_geodesic_distance_latiat2) set geodesic distance lat2
double lat2 ;
Set the second latitude.

double
G_geodesic_distance_lon_to_loflon1, lon2) geodesic distance
double lon1, lon2 ;

Calculates the geodesic distance frtonl,latl to lon2,lat2 in meters, wherdatl was the latitude passed to
G_set_geodesic_distance_latidlat2 was thelatitude passed to G_set_geodesic_distance_lat2.

12.8.5. Global Wraparound

These next routines provide a mechanism for determining the relative position of a pair of longitudes. Since longitudes of
+360 are equivalent, but GRASS requires the east to be bigger than the west, some adjustment of coordinates is nhecessary

double
G_adjust_easting(east, region) returns east larger than west

double east ;
struct Cell_head *region ;

If the region projection is PROJECTION_LL, then this routine returns an equiealstthat is larger, but no more than 360
degrees larger, than the coordinate for the western edge of the region. Otherwise no adjustment is made andaastoriginal
is returned.

double

G_adjust_east_longitudeg(east, west) adjust east longitude
double east, west ;

This routine returns an equivalasastthat is larger, but no more than 360 larger tham#émst coordinate.

This routine should be used only with latitude-longitude coordinates.

G_shortest_way(eastl, east2) shortest way between eastings
double *eastl, *east2 ;

If the database projection is PROJECTION_LL, tkastl,eastare changed so that they are no more than 180 degrees
apart. Their true locations are not changed. If the database projection is not PROJECTION_¢astheastare not
changed.

12.8.6. Miscellaneous

char *
G_ellipsoid_name(n) return ellopsoid name
intn;

This routine returns a pointer to a string containg the name fothtedlipsoid in the GRASS ellipsoid table; NULL when
n is too large. It can be used as follows:
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intn;
char *name ;
for (n=0 ; name=G_ellipsoid_name(n) ; n++)

printf(“%s\n”, name);

G_get_ellipsoid_by namdname, a, €2) get ellipsoid by name

char *name

double *a, *e2 ;
This routine returns the semi-major axign meters) and eccentricity squaestfor the named ellipsoid. Returns hdme
is a known ellipsoid, 0 otherwise.

G_get_ellipsoid_parameterga, e2) get ellipsoid parameters
double *a, *e2 ;

This routine returns the semi-major agi§n meters) and the eccentricity squae2dor the ellipsoid associated with the
database. If there is no ellipsoid explicitly associated with the database, it returns the values for the WGS 84 ellipsoid.

double
G_meridional_radius_of curvature (lon, a, e2) meridional radius of curvature
double lon, a, e2;
Returns the meridional radius of curvature at a given longitude:
p= al-e?)

(1 -e?sin?lon)®?

double
G_transverse_radius_of curvature(lon, a, e2) transverse radius of curvature

double lon, a, e2 ;

Returns the transverse radius of curvature at a given longitude:

V= a
(1 -e?sin?lon)*?
double
G_radius_of conformal_tangent_spherdlon, a, e2) radius of conformal tangent sphere

double lon, a, e2 ;

Returns the radius of the conformal sphere tangent to ellipsoid at a given longitude:

r=a(l-e2)*

(1 -e2sin?lon)

G_pole_in_polygon(x, y, n) pole in polygon

double *x, *y ;

intn;
For latitude-longitude coordinates, this routine determines if the polygon definedrbgdbadinate vertices,y contains
one of the poles.
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Returns -1 if it contains the south pole; 1 if it contains the north pole; 0 if it contains neither pole.

Note. Use this routine only if the projection is PROJECTION_LL.

12.9. Raster File Processing

Raster files are the heart and soul of GRASS. All analyses are performed with raster file data. Because of this, a suite of
routines which process raster file data has been provided. The processing of raster files consists of determining which raster
file or files are to be processed (either by prompting the user or as specified on the program command line), locating the

raster file in the database, opening the raster file, dynamically allocating i/o buffers, reading or writing the ralstsinfje, ¢

the raster file, and creating support files for newly created raster files.

All raster file data is of type CELL , which is defined in “gis.h”.

12.9.1. Prompting for Raster Files

The following routines interactively prompt the user for a raster file name. In eaphgthpt string will be printed as the
first line of the full prompt which asks the user to enter a raster file naprentft is the empty string “’ then an appropri-
ate prompt will be substituted. The name that the user enters is copied maoteuffer. These routines have a built-in
'list’” capability which allows the user to get a list of existing raster files.

The user is required to enter a valid raster file name, or else hit the RETURN key to cancel the request. If the user enters an
invalid response, a message is printed, and the user is prompted again. If the user cancels the request, the NULL pointer i
returned. Otherwise the mapset where the raster file lives or is to be created is returned. Both the name and the mapset ar
used in other routines to refer to the raster file.

char*

G_ask_cell_old(prompt, name) prompt for existing raster file
char *prompt;
char *name;

Asks the user to enter the name of an existing raster file in any mapset in the database.

char *

G_ask_cell_in_mapsefprompt, name) prompt for existing raster file
char *prompt;
char *name;

Asks the user to enter the name of an existing raster file in the current mapset.

char *

G_ask_cell_newprompt, name) prompt for new raster file
char *prompt;
char *name;

Asks the user to enter a name for a raster file which does not exist in the current mapset.

Here is an example of how to use these routines. Note that the programmer must handle the NULL return properly:

char *mapset;
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char name[50];

mapset = G_ask_cell_old(“Enter raster file to be processed”, name);
if (mapset = = NULL)

exit(0);

12.9.2. Finding Raster Files in the Database

Noninteractive programs cannot make use of the interactive prompting routines described above. For example, a command
line driven program may require a raster file name as one of the command arguments. GRASS allows the user to specify raster
file names (or any other database file) either as a simple unqualified name, such as “soils”, or as a fully qualifiedname, suc
as “soils@napset, wheremapseis the mapset where the raster file is to be found. Often only the unqualified raster file
name is provided on the command line.

The following routines search the database for raster files:

char*

G_find_cell (name, mapset) find a raster file
char *name;
char *mapset;

Look for the raster filmamein the database. Theapsetparameter can either be the empty string “”, which means search

all the mapsets in the user’s current mapset search path, or it can be a specific mapset name, which means look for the raster
file only in this one mapset (for example, in the current mapset). If found, the mapset where the raster file liveglis returne

If not found, the NULL pointer is returned.

If the user specifies a fully qualified raster file which exists, hefind_cell( J)nodifiesnameby removing the “@napset
For example, to find a raster file anywhere in the database:
char name[50];

char *mapset;

if ((mapset = G_find_cell(name,”)) = = NULL)
/* not found */
To check that the raster file exists in the current mapset :
char name[50];

if (G_find_cell(name,G_mapset()) ==NULL)
/* not found */

12.9.3. Opening an Existing Raster File
The following routine opens the raster filamein mapsetfor reading.

The raster filename and mapsetcan be obtained interactively usi@ ask cell_oldor G_ask_cell_in_mapsetand
noninteractively using_find_cell

G_open_cell_old(name, mapset) open an existing raster file
char *name;
char *mapset;

This routine opens the raster filame in mapsetfor reading. A nonnegative file descriptor is returned if the open is
successful. Otherwise a diagnostic message is printed and a negative value is returned. This routine does quite a bit of work.
Since GRASS users expect that all raster files will be resampled into the current region, the resampling index for the raster
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file is prepared by this routine after the file is opened. The resampling is based on the active prografreggication
required for reading the various raster file formats is also done.

12.9.4. Creating and Opening New Raster Files

The following routines create the new rasterffiggnein the current mapset and open it for writing. The rastenéirae
should be obtained interactively usi®) ask_cell_newlf obtained noninteractively (e.g., from the command line),
G_legal_filenameshould be called first to make sure thameis a valid GRASS file name.

Note.lIt is not an error fonameto already exist. New raster files are actually created as temporary files and moved into the
cell directory when closed. This allows an existing raster file to be read at the same time that it is being rewritten. The
interactive routinés_ask_cell_newguarantees thatame will not exist, but ifnameis obtained from the command line,
namemay exist. In this casé_find_cellcould be used to seenémeexists.

Warning. However, there is a subtle trap. The temporary file, which is created@siempfile is named using the current

process id. If the new raster file is opened by a parent process which exits after creating a child process using fork( ), the
raster file may never get created since the temporary file would be associated with the parent process, not the child. GRASS
management automatically removes temporary files associated with processes that are no longer running. If fork() must be
used, the safest course of action is to create the child first, then open the raster file. (See the discussidempfiefor

more details.)

G_open_cell_newname) open a new raster file (sequential)
char *name;

Creates and opens the rasterrigenefor writing by G_put_map_rowvhich writes the file row by row in sequential order.
The raster file data will be compressed as it is written.

A nonnegative file descriptor is returned if the open is successful. Otherwise a diagnostic message is printed and a negative
value is returned.

G_open_cell_new_randonfname) open a new raster file (random)
char *name;

Creates and opens the raster filane for writing by G_put_map_row_randomwhich allows writing the raster file in a
random fashion. The file will be created uncompressed.

A nonnegative file descriptor is returned if the open is successful. Otherwise a diagnostic message is printed and a negative
value is returned.

G_open_cell_new_uncompressddame) open a new raster file (uncompressed)

char *name;

Creates and opens the rasterrigenefor writing by G_put_map_rowvhich writes the file row by row in sequential order.
The raster file will be in uncompressed format when closed.

A nonnegative file descriptor is returned if the open is successful. Otherwise a warning message is printed on stderr and a
negative value is returned.

General use of this routine is not recommended, because imagery files do not compress well and may actually be larger than
the original file. This routine is provided so tlhheompresgprogram can create uncompressed raster files.

12.9.5. Allocating Raster 1/0O Buffers

Since there is no predefined limit for the number of columns in the region, buffers which are used for reading and writing
raster data must be dynamically allocated.
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CELL*

G_allocate_cell_buf() allocate a raster buffer

This routine allocates a buffer of type CELL just large enough to hold one row of raster data (based on the number of
columns in the active region).

CELL *cell;
cell = G_allocate_cell_buf();
If larger buffers are required, the routi@e malloccan be used.

If sufficient memory is not available, an error message is printed and exit() is called.

G_zero_cell_buf(buf) zero a raster buffer
CELL *buf;

This routines assigns each member of the raster buffer lawfatp zero. It assumes thatuf has been allocated using
G_allocate_cell_buf

12.9.6. Reading Raster Files

Raster data can be thought of as a two-dimensional matrix. The routines described below read one full row of the matrix. It
should be understood, however, that the number of rows and columns in the matrix is determined by the region, not the raster
file itself. Raster data is always read resampled into the reBiamallows the user to specify the coverage of the database
during analyses. It also allows databases to consist of raster files which do not cover exactly the same area, or e not have t
same grid cell resolution. When raster files are resampled into the region, they all “look” the same.

Note. The rows and columns are specified “C style”, i.e., starting with O.

G_get_map_row(fd, cell, row) read a raster file
int fd;
CELL *cell;

int row;

This routine reads the specifiexlv from the raster file open on file descriptdr(as returned b_open_cell_oldinto the
cell buffer. Thecell buffer must be dynamically allocated large enough to hold one full row of raster data. lattandied
using G_allocate_cell_buf.

This routine prints a diagnostic message and returns -1 if there is an error reading the raster file. Otherwise a nonnegative
value is returned.

G_get_map_row_nomasKfd, cell, row) read a raster file (without maskipg
int fd;
CELL *cell;
int row;

This routine reads the specifismlv from the raster file open on file descriptdrinto thecell buffer like G_get_map_row(
) does. The difference is that masking is suppressed. If the user has a mask set, G_get_map_row( ) will apply the mask but
G_get_map_row_nomask( ) will ignore it.

This routine prints a diagnostic message and returns -1 if there is an error reading the raster file. Otherwise a nonnegative
value is returned.
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Note.lgnoring the mask is not generally acceptable. Users expect the mask to be applied. However, in some cases ignoring
the mask is justified. For example, the GRASS progneaiescribe which reads the raster file directly to report all data
values in a raster file, andlope.aspectwhich produces slope and aspect from elevation, ignore both the mask and the
region. However, the number of GRASS programs which do this should be minimél23éaskfor more information

about the mask.

12.9.7. Writing Raster Files
The routines described here write raster file data.

G_put_map_row (fd, buf) write a raster file (sequentipl
int fd;
CELL *buf;

This routine writes one row of raster data frioaf to the raster file open on file descripfdr The raster file must have been
opened withG_open_cell_new

The cellbuf must have been allocated large enough for the region, perhapSusithacate cell_buf.

If there is an error writing the raster file, a warning message is printed and -1 is returned. Otherwise 1 is returned.

Note. The rows are written in sequential order. The first call writes row 0, the second writes row 1, etc. The following
example assumes that the rasterrfdeneis to be created:

int fd, row, nrows, ncols;
CELL *buf;
fd = G_open_cell_new(name);

if (fd < 0) ERROR

buf =G_allocate_cell_buf();
ncols =G_window_cols();

nrows =G_window_rows();

for (row = 0; row < Nrows; row++)

{

[* prepare data for this row into buf */
/* write the data for the row */

G_put_map_row(fd, buf);
}

G_put_map_row_random(fd, buf, row, col, ncells) write a raster file (random)
int fd;
CELL *buf;
int row, col, ncells;

This routine allows random writes to the raster file open on file descfiptdhe raster file must have been opened using
G_open_cell_new_randanfhe raster buffebuf containsncellscolumns of data and is to be written into the raster file at
the specifiedow, starting at columiol.
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12.9.8. Closing Raster Files

All raster files are closed by one of the following routines, whether opened for reading or for writing.

G_close_cell(fd) close a raster file
int fd;

The raster file opened on file descriptdris closed. Memory allocated for raster processing is freed. If open for writing,
skeletal support files for the new raster file are created as well.

Note. If a program wants to explicitly write support files (e.g., a specific color table) for a raster file it creates, it must do so
after the raster file is closed. Otherwise the close will overwrite the support file$23€eRaster Map Layer Support
Routinedor routines which write raster support files.

G_unopen_cell(fd) unopen a raster file
int fd;

The raster file opened on file descripfitis closed. Memory allocated for raster processing is freed. If open for writing, the
raster file is not created and the temporary file created when the raster file was opened is remb2é4{seeating and
Opening New Raster Files).

This routine is useful when errors are detected and it is desired to not create the new raster file. While it is tnzestbat the

file will not be created if the program exits without closing the file, the temporary file will not be removed at program exit.
GRASS database management will eventually remove the temporary file, but the file can be quite large and will take up disk
space until GRASS does remove it. Use this routine as a courtesy to the user.

12.10. Raster Map Layer Support Routines

GRASS map layers have a number of support files associated with them. These files are discussedsriRbettt iMaps
The support files are thiaster headetthecategoryfile, thecolortable, thehistoryfile, and theangefile. Each support file
has its own data structure and associated routines.

12.10.1. Raster Header File

The raster header file contains information describing the geographic extent of the map layer, the grid cell resolugion, and th
format used to store the data in the raster file. The format of this file is descrh8dRaster Header Formafhe routines
described below use ti@ell_headstructure which is shown in detail 112.20 GIS Library Data Structures.

G_get_cellhd(name, mapset, cellhd) read the raster header
char *name;
char *mapset;

struct Cell_Head *cellhd;

The raster header for the raster filsmein the specifiednapsetis read into theellhd structure.
If there is an error reading the raster header file, a diagnostic message is printed and -1 is returned. OtherwisedO is return

Note.If the raster file is a reclass file, the raster header for the referenced raster file is read inste2.@. Beelass Format
for information about reclass files, a@d is_reclasgor distinguishing reclass files from regular raster files.
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Note. It is not necessary to get the raster header for a map layer in order to read the raster file data. The routines which read
raster file data automatically retrieve the raster header information and use it for resampling the raster file datido the a
region. If it is necessary to read the raster file directly without resampling into the active region, then the raster header can
be used to set the active region usget window.

char *

G_adjust_Cell_head(cellhd, rflag, cflag) adjust cell header
struct Cell_head *cellhd;
int rflag, cflag;

This function fills in missing parts of the input cell header (or region). It also makes projection-specific adjustments. The
cellhd structure must have iterth, south, east, west, andproj fields set. Ifrflag is true, then the north-south resolution

is computed from the number @iwsin thecellhd structure. Otherwise the numberrofvsis computed from the north-

south resolution in the structure, similarly &flag and the number of columns and the east-west resolution. This routine
returns NULL if execution occurs without error, otherwise it returns an error message.

G_put_cellhd (name, cellhd) write the raster header
char *name;
struct Cell_head *cellhd;

This routine writes the information from tlkellhd structure to the raster header file for the map lagerein the current
mapset.

If there was an error creating the raster header, -1 is returned. No diagnostic is printed. Otherwise, 1 is returned to indicat
success.

Note. Programmers should have no reason to use this routine. It is u§cchnse celto giv e new raster files correct
header files, and by thesupportprogram to give users a means of creating or modifying raster hed@leis. reclass
(name, mapset, r_name, r_mapgat)ass file?char *name; char *mapset; char *r_name; char *r_mapset;

This function determines if the raster filamein mapsetis a reclass file. If it is, then the name and mapset of the referenced
raster file are copied into thename andr_mapsetbuffers.

Returns 1 ihameis a reclass file, 0 if it is not, and -1 if there was a problem reading the raster headerdor

12.10.2. Raster Category File
GRASS map layers have category labels associated with them. The category file is structured so that each category in the
raster file can have a one-line description. The format of this file is describetiRaster Category File Format

The routines described below manage the category file. Some of them @saeferiesstructure which is described in
12.20 GIS Library Data Structures.

12.10.2.1.Reading and Writing the Raster Category File
The following routines read or write the category file itself:

G_read_catgname, mapset, cats) read raster category file
char *name;
char *mapset;
struct Categories *cats;

The category file for raster filkamein mapsetis read into theatsstructure. If there is an error reading the category file,
a diagnostic message is printed and -1 is returned. Otherwise, 0 is returned.

G_write_cats(name, cats) write raster category file
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char *name;
struct Categories *cats;
Writes the category file for the raster filamein the current mapset from tkatsstructure.

Returns 0 if successful. Otherwise, -1 is returned (no diagnostic is printed). @hget _cell_title(name, mapsetet
raster map titlechar *name; char *mapset;

If only the map layer title is needed, it is not necessary to read the entire category file into memory. This routiriglgets the
for raster filenamein mapsetdirectly from the category file, and returns a pointer to the title. A legal pointer is always
returned. If the map layer does not have a title, then a pointer to the empty string " is returnedG ghatr tell_title
(name, title)change raster map titlehar *name; char *title;

If it is only desired to change the title for a map layer, it is not necessary to read the entire category file into nargery, ch
the title, and rewrite the category file. This routine changetitihéor the raster filmamein the current mapset directly in
the category file. It returns a pointer to the title.

12.10.2.2. Querying and Changing the Categories Structure
The following routines query or modify the information contained in the category structure:

char *
G_get_cat(n, cats) get a category label
CELL n;

struct Categories *cats;

This routine looks up categonyin thecatsstructure and returns a pointer to a string which is the label for the category. A
legal pointer is always returned. If the category does not exdatsrthen a pointer to the empty string “” is returned.

Warning. The pointer that is returned points to a hidden static buffer. Successive calls to G_get_cat() overwrite this buffer.
char *G_get_cats_title(cats) get title from category structure struct Categories *cats;

Map layers store a one-line title in the category structure as well. This routine returns a pointer to the title corttained in t
catsstructure. A legal pointer is always returned. If the map layer does not have a title, then a pointer to the empty string
is returned.

wn

G_init_cats (n, title, cats) initialize category structure
CELL n; char *itle;

struct Categories *cats;

To construct a new category file, the structure must first be initialized. This routine initialiasstsieucture, and copies
thetitle into the structure. The number of categories is set initialty to

For example:

struct Categories cats;
G_init_cats ((CELL)O, “", &cats);

G_set_cat(n, label, cats) set a category label
CELL n; char *label;
struct Categories *cats;

Thelabelis copied into theatsstructure for categomy.
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G_set_cats_title(title, cats) set title in category structure
char *title;

struct Categories *cats;

Thetitle is copied into theatsstructure.

G_free_catdcats) free category structure memory
struct Categories *cats;

Frees memory allocated & read_cats, G_init_caendG_set cat.

12.10.3. Raster Color Table
GRASS map layers have colors associated with them. The color tables are structured so that each category in the raster file
has its own color. The format of this file is describe8.b Raster Color Table Format.

The routines that manipulate the raster color file us€thersstructure which is described in detaillia.20 GIS Library
Data Structures.

12.10.3.1. Reading and Writing the Raster Color File
The following routines read, create, modify, and write color tables.

G_read_colors(name, mapset, colors) read map layer color table
char *name;
char *mapset;

struct Colors *colors;

The color table for the raster filmmein the specifiednapsetis read into theolors structure.

If the data layer has no color table, a default color table is generated and 0 is returned. If there is an error redmling the co
table, a diagnostic message is printed and -1 is returned. If the color table is read ok, 1 is returned.

G_write_colors(name, mapset, colors) write map layer color table
char *name;
char *mapset;
struct Colors *colors;

The color table is written for the raster filamein the specifiednapsetfrom thecolors structure.
If there is an error, -1 is returned. No diagnostic is printed. Otherwise, 1 is returned.

Thecolorsstructure must be created properly, i&.jnit_colorsto initialize the structure ar@@_add_color_ruldo set the
category colors.

Note. The calling sequence for this function deserves special attentiomdjgetparameter seems to imply that it is
possible to overwrite the color table for a raster file which is in another mapset. However, this is not what actually happens.
Itis very useful for users to create their own color tables for raster files in other mapsets, but without overwritisgrsther u
color tables for the same raster filem&psetis the current mapset, then the color fileriamewill be overwritten by the

new color table. But ifnapsetis not the current mapset, then the color table is actually written in the current mapset under
thecolr2 element as: colr2/mapset/name.
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12.10.3.2. Lookup Up Raster Colors
These routines translates raster values to their respective colors.

G_lookup_colors(raster, red, green, blue, set, n, colors) lookup an array of colors
CELL *raster,
unsigned char *red;
unsigned char *green;
unsigned char *blue;
unsigned char *set;
int n;

struct Colors *colors;

Extracts colors for an array mister values. The colors for thevalues in theaster array are stored in thred, green,and
blue arrays. The values in tisetarray will indicate if the correspondimgster value has a color or not (1 means it does, 0
means it does not). The programmer must allocateethereen, blue andsetarrays to be at least dimensioen

Note. Thered, green,andblue intensities will be in the range 0-255.

G_get_color(cat, red, green, blue, colors) get a category color
CELL cat;
int *red;
int *green;
int *blue;
struct Colors *colors;

Thered, green,andblue intensities for the color associated with categatyare extracted from theplors structure. The
intensities will be in the range 0-255.

12.10.3.3. Creating and/or Modifying the Color Table
These routines allow the creation of customized color tables as well as the modification of existing tables.

G_init_colors (colors)initialize color structure
struct Colors *colors;

Thecolors structure is initialized for subsequent calls€zoadd_color_ruleandG_set_color.

G_add_color_rule(catl, r1, g1, b1, cat2, r2, g2, b2, colors) set colors
CELL catl, cat2;
intrl,gl,bl;
int r2,g2,b2;
struct Colors *colors;

This is the heart and soul of the new color logic. It adds a color rule ¢olthrs structure. The colors defined by the red,
green, and blue values,gl,blandr2,g2,b2are assigned atlandcat2respectively. Colors for data values betweati
andcat2 are not stored in the structure but are interpolated when quer@dibgkup_color&andG_get_colorThe color
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componentsl,gl,blandr2,g2,b2must be in the range 0-255.
For example, to create a linear grey scale for the range 200-1000:

struct Colors colr;
G_init_colors (&colr);
G_add_color_rule ((CELL)200, 0,0,0, (CELL)1000, 255,255,255);

The programmer is encouraged to revie®rRaster Color Table Formabw this routine fits into the 4.2 raster color logic.
Note.Thecolorsstructure must have been initialized®yinit_colors Seel2.10.3.4 Predefined Color Tablésr routines
to build some predefined color tables.

G_set_color(cat, red, green, blue, colors) set a category color
CELL cat;
int red;
int green;
int blue;
struct Colors *colors;

Thered, green,andblue intensities for the color associated with categayare set in theolorsstructure. The intensities
must be in the range 0-255. Values below zero are set as zero, values above 255 are set as 255.

Use of this routine is discouraged because it defeats the new color lodids provided only for backward compatibility.
Overuse can create large color tablg@sadd_color_ruleshould be used whenever possible.

Note. Thecolors structure must have been initialized®yinit_color.

G_get_color_ranggmin, max, colors) get color range
CELL *min, *max;

struct Colors *colors;

Gets the minimum and maximum raster values that have colors associated with them.

G_free_colors(colors) free color structure memory

struct Colors *colors;

The dynamically allocated memory associated witlctiers structure is freed.

Note. This routine may be used af@r read_colorsas well as afteG_init_colors.

12.10.3.4. Predefined Color Tables

The following routines generate entire color tables. The tables are loadeddtdmsatructure based on a range of category
values fronmin to max. The range of values for a raster map can be obtained, for exampleGustag rangeNote. The
color tables are generated without information about any particular raster file.

These color tables may be created for a raster file, but they may also be generated for loading graphics colors.

These routines return -1ndin is greater thamax, 1 otherwise.
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G_make_aspect_colorécolors, min, max) make aspect colors
struct Colors *colors;

CELL min, max;

Generates a color table for aspect data.

G_make_ramp_colors(colors, min, max) make color ramp
struct Colors *colors;
CELL min, max;

Generates a color table with 3 sections: red only, green only, and blue only, each increasing from none to full intensity. This
table is good for continuous data, such as elevation.

G_make_wave_colorgcolors, min, max) make color wave
struct Colors *colors;

CELL min, max;

Generates a color table with 3 sections: red only, green only, and blue only, each increasing from none to full intensity and
back down to none. This table is good for continuous data like elevation.

G_make_grey_scale_colorg&olors, min, max) make linear grey scale
struct Colors *colors;

CELL min, max;

Generates a grey scale color table. Each color is a level of grey, increasing from black to white.

G_make_rainbow_colorg(colors, min, max) make rainbow colors
struct Colors *colors;

CELL min, max;

Generates a “shifted” rainbow color table - yellow to green to cyan to blue to magenta to red. The color table is based on
rainbow colors. (Normal rainbow colors are red, orange, yellow, green, blue, indigo, and violet.) This table is good for
continuous data, such as elevation.

G_make_random_colorgcolors, min, max) make random colors
struct Colors *colors;
CELL min, max;

Generates random colors. Good as a first pass at a color table for nominal data.

G_make_ryg_colorg(colors, min, max) make red,yellow,green colors

struct Colors *colors;
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CELL min, max;

Generates a color table that goes from red to yellow to green.

G_make_gyr_colorg(colors, min, max) make green,yellow,red colors
struct Colors *colors;
CELL min, max;
Generates a color table that goes from green to yellow to red.
G_make_histogram_eq_colorgcolors, s) make histogram-stretched grey colors
struct Colors *colors;
struct Cell_stats *s;

Generates a histogram contrast-stretched grey scale color table that goes from the ,histogram information in the Cell_stats
structures. (Seel2.10.6 Raster Histograms.)

12.10.4. Raster History File

The history file contains documentary information about the raster file: who created it, when it was created, what was the
original data source, what information is contained in the raster file, etc. This file is discus€eRaster History File

The following routines manage this file. They use lthgtory structure which is described &2.20 GIS Library Data
Structures.

Note. This structure has existed relatively unmodified since the inception of GRASS. Itis in need of overhaul. Programmers
should be aware that future versions of GRASS may no longer support either the routines or the data structure which support
the history file.

G_read_history (hame, mapset, historygad raster history file
char *name;
char *mapset;
struct History *history;

This routine reads the history file for the rasteriiggnein mapsetinto thehistory structure.

A diagnostic message is printed and -1 is returned if there is an error reading the history file. Otherwise, 0 is returned.

G_write_history (name, history) write raster history file
char *name;

struct History *history;

This routine writes the history file for the raster fieemein the current mapset from théstory structure.
A diagnostic message is printed and -1 is returned if there is an error writing the history file. Otherwise, 0 is returned.

Note. The history structure should first be initialized usi@y short_history

G_short_history (name, type, history) initialize history structure
char *name;
char *type;

struct History *history;
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This routine initializes thhistory structure, recording the date, user, program name and the rastanféstructure. The
type is an anachronism from earlier versions of GRASS and should be specified as “raster”.

Note. This routine only initializes the data structure. It does not write the history file.

12.10.5. Raster Range File
The following routines manage the raster range file. This file contains the minimum and maximum values found in the raster
file. The format of this file is described 7 Raster Range File.

The routines below use tiangedata structure which is describedlin.20 GIS Library Data Structures.

G_read_range(name, mapset, range) read raster range
char *name;
char *mapset;
struct Range *range;

This routine reads the range information for the rastenfitaein mapsetinto therange structure.

A diagnostic message is printed and -1 is returned if there is an error reading the range file. Otherwise, 0 is returned.

G_write_range (name, rangelrite raster range file
char *name;
struct Range *range;
This routine writes the range information for the rastemi@imein the current mapset from th@nge structure.
A diagnostic message is printed and -1 is returned if there is an error writing the range file. Otherwise, 0 is returned.
The range structure must be initialized and updated using the following routines:
G_init_range (range) initialize range structure
struct Range *range;

Initializes therange structure for updates iy _update_rangendG_row_update_range.

G_update_range(cat, range) update range structure
CELL cat;
struct Range *range;

Compares theat value with the minimum and maximum values inthiege structure, modifying the rangedat extends
the range.

G_row_update_range(cell, n, range) update range structure
CELL *cell;
int n;
struct Range *range;

This routine updates thhange data just likeG_update_rangebut forn values from theell array.

The range structure is queried using the following routine:

G_get_range_min_maxrange, min, max) get range min and max

struct Range *range;
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CELL *min, *max;

Themininum andnaximum CELL values are extracted from tlamge structure.

12.10.6. Raster Histograms

The following routines provide a relatively efficient mechanism for computing and querying a histogram of raster data. They
use theCell_statsstructure to hold the histogram information. The histogram is a count associated with each unique raster
value representing the number of times each value was inserted into the structure.

These next two routines are used to manage the Cell_stats structure:
G_init_cell_stats(s) initialize cell stats
struct Cell_stats *s;

This routine, which must be called first, initializes the Cell_stats strusture

G_free_cell_statys) free cell stats
struct Cell_stats *s;

The memory associated with structsiie freed. This routine may be called any time after calBninit_cell_stats.

This next routine stores values in the histogram:

G_update_cell_statgdata, n, s) add data to cell stats
CELL *data;
int n;
struct Cell_stats *s;

Then CELL values in thalata array are inserted (and counted) in the Cell_stats structure

Once all values are stored, the structure may be queried either randomly (ie. search for a specific raster value) ¢y sequential
(retrieve all raster values, in ascending order, and their related count):

G_find_cell_stat(cat, count, s) random query of cell stats
CELL cat;
long *count;
struct Cell_stats *s;

This routine allows a random query of the Cell_stats strustufdecount associated with the raster vakst is set. The
routine returns 1 i€at was found in the structure, O otherwise.

Sequential retrieval is accomplished using these next 2 routines:
G_rewind_cell_stats(s) reset/rewind cell stats
struct Cell_stats *s;

The structuresis rewound (i.e., positioned at the first raster category) so that sorted sequential retrieval can begin.

G_next_cell_stat(cat, count, s) retrieve sorted cell stats
CELL *cat;
long *count;
struct Cell_stats *s;

Retrieves the nextat,countcombination from the structuse Returns O if there are no more items, non-zero if there are
more.
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For example:

struct Cell_stats s;
CELL cat;
long count;

. I* updatings occurs here */

G_rewind_cell_stats(&s);
while (G_next_cell_stat(&cat,&count,&s)
printf(“%ld %Ild\n”, (long) cat, count);

12.11. Vector File Processing
TheGIS Librarycontains some functions related to vector file processing. These include prompting the user for vector files,
locating vector files in the database, opening vector files, and a few others.

Note. Most vector file processing, however, is handled by routines iWetir Library,which is describeth 13 Vector
Library.

12.11.1. Prompting for Vector Files

The following routines interactively prompt the user for a vector file name. In eagnpthpt string will be printed as the
first line of the full prompt which asks the user to enter a vector file nanpeoriipt is the empty string “” then an
appropriate prompt will be substituted. The name that the user enters is copiednatodiveiffer. These routines have a
built-in ’list’ capability which allows the user to get a list of existing vector files.

The user is required to enter a valid vector file name, or else hit the RETURN key to cancel the request. If the user enters an
invalid response, a message is printed, and the user is prompted again. If the user cancels the request, the NULL pointer is
returned. Otherwise the mapset where the vector file lives or is to be created is returned. Both the name and the mapset are
used in other routines to refer to the vector file.

char*

G_ask_vector_old(prompt, name) prompt for an existing vector file
char *name;
char *mapset;

Asks the user to enter the name of an existing vector file in any mapset in the database.

char *

G_ask_vector_in_mapsefprompt, name) prompt for an existing vector file
char *name;
char *mapset;

Asks the user to enter the name of an existing vector file in the current mapset.

char *

G_ask_vector_new{prompt, name) prompt for a new vector file
char *name;
char *mapset;

Asks the user to enter a name for a vector file which does not exist in the current mapset.

Here is an example of how to use these routines. Note that the programmer must handle the NULL return properly:
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char *mapset;
char name[50];
mapset = G_ask_vector_old(“Enter vector file to be processed”, name);
if (mapset = = NULL)
exit(0);

12.11.2. Finding Vector Files in the Database

Noninteractive programs cannot make use of the interactive prompting routines described above. For example, a command
line driven program may require a vector file name as one of the command arguments. GRASS allows the user to specify
vector file names (or any other database file) either as a simple unqualified name, such as “roads”, or as a fully qualified
name, such as “roadsnmapset, wheremapsets the mapset where the vector file is to be found. Often only the unqualified
vector file name is provided on the command line.

The following routines search the database for vector files:

G_find_vector (name, mapset) find a vector file
G_find_vector2(name, mapset) find a vector file
char *name;
char *mapset;

Look for the vector filmamein the database. Tmeapsetparameter can either be the empty string *”, which means search

all the mapsets in the user’s current mapset search path,or it can be a specific mapset name, which means look for the vecto
file only in this one mapset (for example, in the current mapset). If found, the mapset where the vector file livesdis returne

If not found, the NULL pointer is returned.

The difference between these two routines is that if the user specifies a fully qualified vector file which exists, then
G_find_vector2( modifiesname by removing the “irmapsét while G_find_vector( Jdoes not. Normally, the GRASS
programmer need not worry about qualified vs. unqualified names since all library routines handle both forms. However, if
the programmer wants the name to be returned unqualified (for displaying the name to the user, or storing it in a data file,
etc.), therc_find_vector2( should be used.

For example, to find a vector file anywhere in the database:

char name[50];

char *mapset;

if ((mapset = G_find_vector(name,” “)) = = NULL)
/* not found */

To check that the vector file exists in the current mapset :

char name[50];
if (G_find_vector(name,G_mapset()) ==NULL)
/* not found */

12.11.3. Opening an Existing Vector File
The following routine opens the vector filamein mapsetfor reading.

The vector filenameandmapsetcan be obtained interactively usi@g ask vector_oldr G_ask_vector_in_mapsetd
noninteractively using_find_vectoror G_find_vector2.

FILE *
G_fopen_vector_oldname, mapset) open an existing vector file

char *name;

char *mapset;
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This routine opens the vector filtmme in mapsetfor reading. A file descriptor is returned if the open is successful.
Otherwise the NULL pointer is returned (no diagnostic message is printed).

The file descriptor can then be used with routines iilge_ibrary to read the vector fil{See 13 Vector Library.)

Note. This routine does not call any routines in g Library ; No initialization of the vector file is done by this routine,
directly or indirectly.

12.11.4. Creating and Opening New Vector Files

The following routine creates the new vector filanein the current mapset and opens it for writing. The vectonéitae
should be obtained interactively usi@g ask_vector_newlf obtained noninteractively (e.g., from the command line),
G_legal_filenameshould be called first to make sure thameis a valid GRASS file name.

Warning. If namealready exists, it will be erased and re-created empty. The interactive ButBk vector_neguaran-
tees thahamewill not exist, but ifnameis obtained from the command limgmemay exist. In this casé_find_vector
could be used to seeribmeexists.

FILE*

G_fopen_vector_newhame) open a new vector file
char *name;

Creates and opens the vector filgnefor writing.

A file descriptor is returned if the open is successful. Otherwise the NULL pointer is returned (no diagnostic message is
printed).

The file descriptor can then be used with routines iDigeLibrary to write thevector file. (See 13 Vector Library.)

Note. This routine does not call any routines in ibig Library ; No initialization of the vector file is done by this routine,
directly or indirectly. Also, only the vector file itself (i.e., tthig file), is created. None of the other vector support files are
created, removed, or modified in any way.

12.11.5. Reading and Writing Vector Files
Reading and writing vector files is handled by routines irDilgelibrary. Seel3 Vector Libraryfor details.

12.11.6. Vector Category File

GRASS vector files have category labels associated with them. The category file is structured so that each category in the
vector file can have a one-line description.

The routines described below read and write the vector category file. They Gsdaeries structure which is described
in 12.20 GIS Library Data Structures.

Note. The vector category file has exactly the same structure as the raster category file. In fact, it exists so that the program
v.to.rastcan convert a vector file to a raster file that has an up-to-date category file.

The routines described 2.10.2.2 Querying and Changing the Categories Struethiech modify theCategoriesstruc-
ture can therefore be used to set and change vector categories as well.

G_read_vector_cat§name, mapset, cats) read vector category file
char *name;
char *mapset;
struct Categories *cats;

The category file for vector fileamein mapsetis read into theatsstructure. If there is an error reading the category file,
a diagnostic message is printed and -1 is returned. Otherwise, 0 is returned.
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G_write_vector_cats(name, cats) write vector category file
char *name;
struct Categories *cats;

Writes the category file for the vector filamein the current mapset from thatsstructure.

Returns 0 if successful. Otherwise, -1 is returned (no diagnostic is printed).

12.12. Site List Processing

GRASS has a point database capability caletenuwhich manages a database of point or site informations-thenu

program provides the majority of the analytical capabilities within GRASS for site data. The routines described here provide
programmers with mechanisms for reading existing site list files and for creating new ones. The reader should also see
Point Data: Site List Filefor more details about the site list files.

12.12.1. Prompting for Site List Files

The following routines interactively prompt the user for a site list file name. In eaghpthgt string will be printed as the
first line of the full prompt which asks the user to enter a site list file nanpeotfipt is the empty string “” then an
appropriate prompt will be substituted. The name that the user enters is copiednato¢teffer. These routines have a
built-in “list” capability which allows the user to get a list of existing site list files.

The user is required to enter a valid site list file name, or else hit the RETURN key to cancel the request. If the aser enters
invalid response, a message is printed, and the user is prompted again. If the user cancels the request, the NULL pointer i
returned. Otherwise the mapset where the site list file lives or is to be created is returned. Both the name and tlee mapset ar
used in other routines to refer to the site list file.

char *

G_ask_sites_oldprompt, name) prompt for existing site list file
char *prompt;
char *name;

Asks the user to enter the name of an existing site list file in any mapset in the database.

char *

G_ask_sites_in_mapsedprompt, name) prompt for existing site list file
char *prompt;
char *name;

Asks the user to enter the name of an existing site list file in the current mapset.

char *
G_ask_sites_newprompt, name) prompt for new site list file
char *prompt;
char *name;
Asks the user to enter a name for a site list file which does not exist in the current mapset.
Here is an example of how to use these routines. Note that the programmer must handle the NULL return properly:

char *mapset;
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char name[50];
mapset = G_ask_sites_old(“Enter site list file to be processed”, name);
if (mapset = = NULL)

exit(0);

12.12.2. Opening Site List Files

The following routines open site list files:

FILE*
G_fopen_sites_newname) open a new site list file

char *name;
Creates an empty site list filmmein the current mapset and opens it for writing.

Returns an open file descriptor if successful. Otherwise, returns NULL.

FILE *
G_fopen_sites_oldname, mapset) open an existing site list file

char *name;
char *mapset;
Opens the site list filaamein mapsetfor reading.

Returns an open file descriptor if successful. Otherwise, returns NULL.

12.12.3. Reading and Writing Site List Files
G_get_site(fd, east, north, desc) read site list file

FILE *fd;
double *east, *north;
char **desc;

This routine setgastand north for the next “point” from the site list file open on file descripfor(as returned by
G_fopen_sites_ojdanddescis set to point to the description of the site.

Returns: 1 if a site was found; -1 if there were no more sites.
For example:

double east, north;

char *desc;

FILE *fd;

fd = G_fopen_site_oldname, mapskt

while (G_get_site (fd, &east, &north, &desc) > 0)
printf (“%lf %If %s\n”, east, north, desc);

Note: desoints to static memory, so each call overrides the description from the previous call.

G_put_site(fd, east, north, desc) write site list file
FILE *fd;
double east, north;
char *desc;
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Writes theeastandnorth coordinates and site descriptidescto the site file opened on file descripfdr(as returned by
G_fopen_sites_new

12.13. General Plotting Routines
The following routines form the foundation of a general purpose line and polygon plotting capability.

G_bresenham_ling(x1, y1, X2, y2, point) Bresenham line algorithm
intx1, yl;
intx2,y2;
int (*point)() ;
Draws a line fronx1,y1to x2,y2 using Bresenham’s algorithm. A routine to plot points must be provided, as is defined as:
point(x, y) plot a point at x,y

This routine does not require a previous calstesetup_ploto function correctly, and is independent of all following
routines.

G_setup_plot(t, b, I, r, Move, Cont) initialize plotting routines
double t, b, I, r;
int (*Move)();
int (*Cont)();
Initializes the plotting capability. This routine must be called once before calliiig thiet_*() routines described below.

The parameters b, |, r are the top, bottom, left, and right of the output X,y coordinate space. They are not integers, but
doubles to allow for subpixel registration of the input and output coordinate spaces. The input coordinate space is assumed
to be the current GRASS region, and the routines supports both planimetric and latitude- longitude coordinate systems.

Move andCont are subroutines that will draw lines in x,y space. They will be called as follows:

Move(x,y) move to X,y (no draw)

Cont(x, y) draw from previous position
to x,y. Cont( ) is responsible
for clipping
G_plot_line (eastl, northl, east2, north2) plot line between latlon coordinates

double eastl, northl, east2, north?2 ;

A line from eastl,northl1to east2,north2is plotted in output X,y coordinates (e.g. pixels for graphics.) This routine
handles global wrap-around for latitude-longitude databases.

SeeG_setup_plofor the required coordinate initialization procedure.

G_plot_polygon(east, north, n) plot filled polygon with n vertices
double *east, *north ;
intn;
The polygon, described by theverticeseast,north,is plotted in the output X,y space as a filled polygon.

SeeG_setup_plofor the required coordinate initialization procedure.
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G_plot_where_en(x, y, east, north) X,y to east,north
intx,y;
double *east, *north ;

The pixel coordinates,y are converted to map coordinagest,north.

SeeG_setup_plofor the required coordinate initialization procedure.

G_plot_where_xy(east, north, x, y) east,north to x,y
double east, north ;
int *x, *y ;

The map coordinatesast,northare converted to pixel coordinatey.

SeeG_setup_plofor the required coordinate initialization procedure.

G_plot_fx (f, eastl, east2) plot f(eastl) to f(east2)
double (*f)() ;

double east, east? ;

The functiorf(east)is plotted fromeastito east2.The functiorf(eastymust return the map northing coordinate associated
with east.

SeeG_setup_plofor the required coordinate initialization procedure.

12.14. Temporary Files

Often it is necessary for programs to use temporary files to store information that is only useful during the program run. Afte
the program finishes, the information in the temporary file is no longer needed and the file is removed. Commonly it is
required that temporary file names be unique from invocation to invocation of the program. It would not be good for a fixed
name like “tmp/mytempfile” to be used. If the program were run by two users at the same time, they would use the same
temporary file. The following routine generates temporary file names which are unique within the program and across all
GRASS programs.

char *
G_tempfile () returns a temporary file name

This routine returns a pointer to a string containing a unique file name that can be used as a temporary file within the
program. Successive calls to G_tempfile() will generate new names.

Only the file name is generated. The file itself is not created. To create the file, the program must use standard UNIX
functions which create and open files, e.g., creat() or fopen().

The programmer should take reasonable care to remove (unlink) the file before the program exits. However, GRASS database
management will eventually remove all temporary files created by G_tempfile() that have been left behind by the programs
which created them.

Note.The temporary files are created in the GRASS database rather than under /tmp. This is done for two reasons. The first
is to increase the likelihood that enough disk is available for large temporary files since /tmp may be a very smathfile syste
The second is so that abandoned temporary files can be automatically removed (but see the warning below).

Warning. The temporary files are named, in part, using the process id of the program. GRASS database management will
remove these files only if the program which created them is no longer running. However, this feature has a subtle trap.
Programs which create child processes (using the UNIX fork() routine) should let the child call G_tempfile(). If the parent
does it and then exits, the child may find that GRASS has removed the temporary file since the process which created it is no
longer running.
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12.15. Command Line Parsing

The following routines provide a standard mechanism for command line parsing. Use of the provided set of routines will
standardize GRASS commands that expect command line arguments, creating a family of GRASS programs that is easy for
users to learn. As soon as a GRASS user familiarizes himself with the general form of command line input as defined by the
parser, it will greatly simplify the necessity of remembering or at least guessing the required command line arguments for any
GRASS command. It is strongly recommended that GRASS programmers use this set of routines for all command line
parsing. With their use, the programmer is freed from the burden of generating user interface code for every command. The
parser will limit the programmer to a pre-defined look and feel, but limiting the interface is well worth the shortened user
learning curve.

12.15.1. Description

The GRASS parser is a collection of five subroutines which use two structures that are defined in the GRASS “gis.h” header
file. These structures allow the programmer to define the options and flags that make up the valid command line input of a
GRASS command.

The parser routines behave in one of three ways:

(1) If no command line arguments are entered by the user, the parser searches for a completely interactive version of the
command. If the interactive version is found, control is passed over to this version. If not, the parser will prompt the
user for all programmer-defined options and flags. This prompting conforms to the same standard for every GRASS
command that uses the parser routines.

(2) If command line arguments are entered but they are a subset of the options and flags that the programmer has defined a
required arguments, three things happen. The parser will pass an error message to the user indicating which re-
quired options and/or flags were missing from the command line, the parser will then display a complete usage
message for that command, and finally the parser cancels execution of the command.

(3) Ifall necessary options and flags are entered on the command line by the user, the parser executes the command with th
given options and flags.

12.15.2. Structures
The parser routines described below use two structures as defined in the GRASS “gis.h” header file.

This is a basic list of members of the Option and Flag structures. A comprehensive description of all elements of these two
structures and their possible values can be foud@.it5.5 Full Structure Members Description..

12.15.2.1. Option structure
These are the basic members of the Option structure.

struct Option *opt; /* to declare a command line option */

Structure Member Description of Member

opt->key Option name that user will use

opt->description Option description that is shown to the user

opt->type Variable type of the user’s answer to the option
opt->required Is this option required on the command line? (Boolean)

12.15.2.2. Flag structure
These are the basic members of the Flag structure.

struct Flag *flag; /* to declare a command line flag */

Structure Member Description of Member
flag->key Single letter used for flag name
flag->description Flag description that is shown to the user
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12.15.3. Parser Routines
Associated with the parser are five routines that are automatically included in the GRASS Gmakefile process. The Gmakefile
process is documented 1t Compiling and Installing GRASS Programs.

struct Option *
G_define_option() returns Option structure

Allocates memory for the Option structure and returns a pointer to this memuoypdatruct Option *).

struct Flag *
G_define_flag() return Flag structure

Allocates memory for the Flag structure and returns a pointer to this memtypdattruct Flag *).

G_parser(argc, argv) parse command line
int argc;
char *argv[ ];
The command line parameteasgv and the number of parametengc from the main( ) routine are passed directly to

G_parser(). G_parser( ) accepts the command line input entered by the user, and parses this input according to the input
options and/or flags that were defined by the programmer.

G_parser() returns 0 if successful. If not successful, a usage statement is displayed that describes the expected and/or
required options and flags and a non-zero value is returned.

G_usage() command line help/usage message

Calls toG_usag¢ ) allow the programmer to print the usage message at any time. This will explain the allowed and required
command line input to the user. This description is given according to the programmer’s definitions for options and flags.
This function becomes useful when the user enters options and/or flags on the command line that are syntactically valid to
the parser, but functionally invalid for the command (e.g. an invalid file name.)

For example, the parser logic doesn't directly support grouping options. If two options be specified together or net at all, th
parser must be told that these options are not required and the programmer must check that if one is specified the other must
be as well. If this additional check fails, th@nparserwill succeed, but the programmer can then@allisagd ) to print

the standard usage message and print additional information about how the two options work together.

G_disable_interactive() turns off interactive capability

When a user calls a command with no arguments on the command line, the parser will enter its own standardized interactive
session in which all flags and options are presented to the user for input. AGadlisable_interactive(disables the
parser’s interactive promprting.

12.15.4. Parser Programming Examples

The use of the parser in the programming process is demonstrated here. Both a basic step by step example and full code
example are presented.
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12.15.4.1. Step by Step Use of the Parser
These are the four basic steps to follow to implement the use of the GRASS parser in a GRASS command:

(1) Allocate memory for Flags and Options:

Flags and Options are pointers to structures allocated through the parser @utlafise_option and G_define_flag
defined in12.15.3 Parser Routines.

#include “gis.h” ; [* The standard GRASS include file */

struct Option *opt ; [* Establish an Option pointer for each option */
struct Flag *flag ; [* Establish a Flag pointer for each option */

opt = G_define_option() ; /* Request a pointer to memory for each option */
flag = G_define_flag() ; /* Request a pointer to memory for each flag */

(2) Define members of Flag and Option structures:

The programmer should define the characteristics of each option and flag desired as outlined by the following example:

opt->key = “option”; [* The name of this option is “option”. */
opt->description = “Option test”; [* The option description is “Option test” */
opt->type =TYPE_STRING; [* The data type of the answer to the option */
opt->required = YES; /* This option *is* required from the user */
flag->key =t [* Single letter name for flag */
flag->description = “Flag test”; [* The flag description is “Flag test” */

Note.There are more options defined lated115.5.1 Complete Structure Members Table.

(3) Call the parser :
main(argc,argv) char *argv([]; /* command line args passed into main( ) */

G_parser(argc,argv); Returns 0 if successful, non-zero otherwise */

(4) Extracting information from the parser structures:
printf(“For the option \"%s\" you chose: <%s>\n", opt->description, opt->answer );

printf(“The flag \"-%s\" is %s set.\n", flag->key, flag->answer ? “" : “not”);

(5) Running the example program

Once such a program has been compiled (for example to the default executabtrufijeexecution will result in the
following user interface scenarios. Lines that begin with # imply user entered commands on the command line.

# a.out help

This is a standard user call for basic help information on the program. The command line options (in this case, “help”) are
sent to the parser via_parser The parser recognizes the “help” command line option and returns a list of options and/or
flags that are applicable for the specific command. Note how the programmer provided option and flag information is
captured in the output.

a.out [-t] option=name
Flags:
-tFlag test
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Parameters:
option Option test

Now the following command is executed:
# a.out -t

This command line does not contain the required option. Note that the output provides this information along with the
standard usage message (as already shown above.)

Required parameter <option> not set (Option test).
Usage:

a.out[-t] option=name
Flags:

-t Flag test
Parameters:

option Option test

The following commands are correct and equivalent. The parser provides no error messages and the program executes nor-
mally:

# a.out option=Hello -t

# a.out -t option=Hello

For the option “Option test” you chose: Hello
The flag “-t” is set.

If this specific command has no fully interactive version (a user interface that does not use the parser), the parset will prom
for all programmer-defined options and/or flags.

User input is intalics, default answers are displayed in square brackets [ ].

# a.out

OPTION: Option test
key: option

required: YES

enter option >Hello
You hav e chosen:

option=Hello

Is this correct? (y/n) [y
FLAG: Set the following flag?
Flag test? (y/n) [nih

You chose: <Hello>

The flag is not set

12.15.4.2. Full Program Example
The following code demonstrates some of the basic capabilities of the parser. To compile this code, create this Gmakefile and
run thegmakecommand (se&l Compiling andnstalling GRASS Programs).

sample: sample.o
$(CC) $(LDFLAGS) -0 $@ sample.o $(GISLIB)

The sample.c code follows. You might experiment with this code to familiarize yourself with the parser.
Note. This example includes some of the advanced structure members desctibddif.1 Complete Structure Members
Table.

#include “gis.h”

main( argc, argv)
int argc ;
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char *argv ;

{

struct Option *opt ;
struct Option *coor ;
struct Flag *flag ;

double X, Y ;

intn;

opt =G_define_option() ;
opt->key ="debug”;
opt->description ="“Debug level”;
opt->type =TYPE_STRING;
opt->required =NO ;

opt->answer ="0";

coor =G_define_option() ;
coor->key ="coordinate” ;
coor->key_desc =X,y
coor->description =“One or more coordinates” ;
coor->type =TYPE_STRING;
coor->required =YES ;
coor->multiple =YES ;

/* Note that coor->answer is not given a default value. */

flag =G_define_flag() ;
flag->key =V,
flag->description = “Verbose execution” ;

/* Note that flag->answer is not given a default value. */

if (G_parser(argc, argv))

exit(-1);
printf(“For the option \"%s\" you chose: <%s>\n", opt->description, opt->answer );
printf(“The flag \"-%s\" is: %s set\n”, flag->key, flag->answer ? “" : “not”);
printf(“You specified the following coordinates:\n”);

for ( n=0 ; coor->answers[n] '= NULL ; n+=2)

{
G_scan_easting ( coor->answers[n ], &X, G_projection() );
G_scan_northing ( coor->answers[n+1] , &Y , G_projection() );
printf(“%.31f,%.21\n", X, Y );

}

12.15.5. Full Structure Members Description
There are many members to the Option and Flag structures. The following tables and descriptions summarize all defined
members of both the Option and Flag structures.

An in-depth summary of the more complex structure members is presehfd5rb.2 Description of Complex Structure
Members.
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12.15.5.1.

structure member C type
key char
description char *
answer char

structure member C type
key char *
type int
description char *
answer char *
key desc char *
multiple int
answers

required int

Complete Structure Members Table

struct Flag

description and example
Key char used on command line

required  default

YES none

flag->key ='f’";

YES none String describing flag meaning
flag->description = “run in fast mode” ;
NO

NULL Default and parser-returned flag states.

struct Option

description and example
Key word used on command line.

required default

YES

none
opt->key = “map” ;
YES none Option type:
TYPE_STRING
TYPE_INTEGER
TYPE_DOUBLE
opt->type = TYPE_STRING ;
YES none String describing option
opt->description = “Map name” ;
NO NULL Default and parser-returned answer to an option.
opt->answer = “defaultmap” ;
NO NULL Single word describing the key. Commas in this string denote
to the parser that several comma-separated arguments are expected
from the user as one answer. For example, if a pair of coordinates
is desired, this element might be defined as follows.
opt->key desc =“x,y";
NO NO Indicates whether the user can provide multiple answers or not.
YES and NO are defined in “gis.h” and should be used (NO is the
default.) Multiple is used in conjunction with the answers struc
ture member below.
opt->multiple = NO ;
NO

NO

NULL
NO

Multiple parser-returned answers to an option. N/A
Indicates whether user MUST provide the option on the command
line. YES and NO are defined in “gis.h” and should be used (NO
is the default.)
opt->required = YES ;
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options char * NO NULL Approved values or range of values.
opt->options = “red,blue,white” ;
For integers and doubles, the following format is available:
opt->options = “0-1000" ;
gisprompt char * NO NULL Interactive prompt guidance. There are three comma separated parts
to this argument which guide the use of the standard GRASS file
name prompting routines.
opt->gisprompt = “old,cell,raster” ;
checker char*() NO NULL Routine to check the answer to an option m

opt->checker = my_routine() ;

12.15.5.2. Description of Complex Structure Members
What follows are explanations of possibly confusing structure members. It is intended to clarify and supplement the struc-
tures table above.

12.15.5.2.1. Answer member of the Flag and Option structures.
The answer structure member serves two functions for GRASS commands that use the parser.

Q) To set the default answer to an option:

If a default state is desired for a programmer-defined option, the programmer may define the Option structure
member “answer” before callif@_parserin his program. After th&_parsercall, the answer member will hold
this preset default value if the user dit enter an option that has the default answer member value.

2 To obtain the command-line answer to an option or flag: After a callGo parser, the answer member will
contain one of two values:

(a) Ifthe user provided an option, and answered this option on the command line, the default value of the answer
member (as described above) is replaced by the user’s input.

(b) If the user provided an option, but didtanswer this option on the command line, the default is not used. The
user may use the default answer to an option by withholding mention of the option on the command line. But
if the user enters an option without an answer, the default answer member value will be replaced and set to a
NULL value byG_parser

As an example, please review the use of answer members in the structures implemé@ntéds.2 Full Program Example.

12.15.5.2.2. Multiple and Answers Members

The functionality of the answers structure member is reliant on the programmer’s definition of the multiple structure mem-
ber. If the multiple member is set to NO, the answer member is used to obtain the answer to an option as described above.

If the multiple structure member is set to YES, the programmer ha&tqdrserto capture multiple answers. Multiple
answers are separated by commas on the command line after an option.

Note.G_parserdoes not recognize any character other than a comma to delimit multiple answers.

After the programmer has set up an option to receive multiple answers, these the answers are stored in the answers membe
of the Option structure. The answers member is an array that contains each individual user-entered answer. The elements o
this array are the type specified by the programmer using the type member. The answers array contains however many
comma-delimited answers the user entered, followed (terminated) by a NULL array element.
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For example, here is a sample definition of an Option using multiple and answers structure members:

opt->key ="option” ;
opt->description = “option example” ;
opt->type =TYPE_INTEGER;
opt->required =NO;
opt->multiple =YES;

The above definition would ask the user for multiple integer answers to the option. If in response to a routine that contained
the above code, the user entered “option=1,3,8,15" on the command line, the answers array would contain the following
values:

answers[0] = =
answers[1l] ==
answers[2] = =
answers[3] = =15
answers[4] = = NULL

12.15.5.2.3. key_desc Member

The key_desc structure member is used to define the format of a single command line answer to an option. A programmer
may wish to ask for one answer to an option, but this answer may not be a single argument of a type set by the type structure
member. If the programmer wants the user to enter a coordinate, for example, the programmer might define an Option as
follows:

opt->key ="coordinate” ;
opt->description = “Specified Coordinate” ;
opt->type =TYPE_INTEGER;
opt->required =NO;

opt->key_desc =",y"

opt->multiple =NO;

The answer to this option woutebt be stored in the answer member, but in the answers member. If the user entered “coor-
dinate=112,225" on the command line in response to a routine that contains the above option definition, the answers array
would have the following values after the call@oparser

answers[0] = =112
answers[1] = = 225
answers[2] = = NULL

Note that “coordinate=112" would not be valid, as it does not contain both components of an answer as defined by the
key_desc structure member.

If the multiple structure member were setto YES instead of NO in the example above, the answers are stored sequentially in
the answers member. For example, if the user wanted to enter the coordinates (112,225), (142,155), and (43,201), his
response on the command line would be “coordinate=112,225,142,155,43,201". Nd&e fihegerrecognizes only a

comma for both the key_desc member, and for multiple answers.
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The answers array would have the following values after a dall parser

answers[0] = =112 answers[1] = = 225
answers[2] = = 142 answers[3] = = 155
answers[4] = =43 answers[5] = = 201

answers[6] = = NULL

Note. In this case as well, neither “coordinate=112" nor “coordinate=112,225,142" would be valid command line argu-
ments, as they do not contain even pairs of coordinates. Each answer’s format (as described by the key _desc member) mus
be fulfilled completely.

The overall function of the key_desc and multiple structure members is very similar. The key_desc member is used to specify
the number ofequiredcomponents of a single option answer (e.g. a multi-valued coordinate.) The multiple member tells
G_parserto ask the user for multiple instances of the compound answer as defined by the format in the key_desc structure
member.

Another function of the key _desc structure member is to explain to the user the type of information expected as an answer.
The coordinate example is explained above.

The usage message that is displaye@bgarser in case of an error, or by

G_usageon programmer demand, is shown below. The Option “option” for the comanauntdioes not have its key_desc
structure member defined.

Usage:

a.out option=name

The use of “name” is@_parserstandard. If the programmer defines the key_desc structure member before@ qadrser
the value of the key_desc member replaces “name”. Thus, if the key_desc member is set to “x,y” as was used in an example
above, the following usage message would be displayed:

Usage:

a.out option=x,y

The key_desc structure member can be used by the programmer to clarify the usage message as well as specify single o
multiple required components of a single option answer.

12.15.5.2.4. gisprompt Member
The gisprompt Option structure item requires a bit more description. The three comma-separated

(no spaces allowed) sub-arguments are defined as follows:
First argument :

“old” results in a call to the GRASS library subroutiBeask old“new” to G_ask_new, “any” to G_ask_any,
and “mapset” to G_ask_in_mapset.

Second argument :

This is identical to the “element” argument in the above subroutine calls. It specifies a directory inside the mapset
that may contain the user’s response.

Third argument :

Identical to the “prompt” argument in the above subroutine calls. This is a string presented to the user that describes
the type of data element being requested.
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Here are two examples:

gisprompt aguments Resulting call
“new,cell,raster” G_ask_new("", buffer, “cell”, “raster”)

“old,dig,vector” G_ask_old(*", buffer, “dig”, “vector”)

12.15.6. Common Questions

“How is automatic prompting turned off?”
GRASS 4.0 introduced a new method for driving GRASS interactive and non-interactive programs as described in
11 Compiling and Installing GRASS Programs. Here is a short overview.

For most programs a user runs a front-end program out of the GRASS bin directory which in turn looks for the
existence of standard, alpha, and contributed interactive and non-interactive versions of the program. If an interac-
tive version exists and the user provided no command line arguments, then that version is executed.

In such a situation, the parser’s default interaction will never be seen by the user. A programmer using the parser is
able to avoid the front-end’s default search for a fully interactive version of the command by placing a call to
G_disable_interactiveefore callingG_parser (seel2.15.3 Parser Routinder details.)

“Can the user mix options and flags?”
Yes. Options and flags can be given in any order.
“In what order does the parser present options and flags?”

Flags and options are presented by the usage message in the order that the programmer defines them using calls to
G_define_optiorandG_define_flag .

“How does a programmer query for coordinates?”

For any user input that requires a set of arguments (like a pair of map coordinates,) the programmer specifies the
number of arguments in the key_desc member of the Option structure. For example, if opt->key desc was set to

“x,y”, the parser will require that the user enter a pair of arguments separated only by a comma. See the source code
for the GRASS commands r.drain or r.cost for examples.

“Is a user required to use full option names?”

No! Users are required to type in only as many characters of an option name as is necessary to make the option
choice unambiguous. If, for example, there are two options, “input="and “output=", the following would be valid
command line arguments:

#command i=mapl o=map?2
# command in=mapl out=map?2

“Are options standardized at all?”

Yes. There are a few conventions. Options which identify a single input map are usually “map=", not “raster="or
“vector=". In the case of an input and output map the convention is: “input=xx output=yy”. By passing the 'help’
option to existing GRASS commands, it is likely that you will find other conventions. The desire is to make it as
easy as possible for the user to remember (or guess correctly) what the command line syntax is for a given command.

12.16. String Manipulation Functions
This section describes some routines which perform string manipulation. Strings have the usual C meaning: a NULL termi-
nated array of characters.
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These next 3 routines copy characters from one string to another.

char *

G_strcpy (dst, src) copy strings
char *dst, *src;

Copies thesrc string todst up to and including the NULL which terminates #re string. Returnsist.

char *

G_strncpy (dst, src, n) copy strings
char *dst, *src;
int n;

Copies at most characters from therc string todst. If src contains less thamcharacters, then only those characters are
copied. A NULL byte is added at the enddst. This implies thatist should be at least+1 bytes long. Returrdst. Note.
This routine varies from the UNIX strncpy( ) in that G_strncpy() ensuregdgtiatNULL terminated, while strncpy() does
not.

char*
G_strcat (dst, src) concatenate strings

char *dst, *src;

Appends thesrc string to the end of thast string, which is then NULL terminated. Retuids.

These next 2 routines remove unwanted white space from a single string.

char *
G_squeezds) remove unnecessary white space
char *s;

Leading and trailing white space is removed from the strantd internal white space which is more than one character is
reduced to a single space character. White space here means spaces, tabs, linefeeds, newlines, and formfeeds. Returns

G_strip (s) remove leading/training white space
char *s;

Leading and trailing white space is removed from the sgiNghite space here means only spaces and tabs. There is no
return value.

This next routine copies a string to allocated memory.

char *
G_store(s) copy string to allocated memory

This routine allocates enough memory to hold the ssjogpiess to the allocated memory, and returns a pointer to the
allocated memory.
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These 2 routines convert between upper and lower case.

char *
G_tolcase(s) convert string to lower case
char *s;

Upper case letters in the stringre converted to their lower case equivalent. Regirns

char*
G_toucase(s) convert string to upper case

char *s;

Lower case letters in the strisgre converted to their upper case equivalent. Resurns

And finally a routine which gives a printable version of control characters.

char *
G_unctrl (¢) printable version of control character
unsigned char c;

This routine returns a pointer to a string which contains an English-like representation for the ahdtaistes useful for
nonprinting characters, such as control characters. Control characters are represented by ctrl-C, e.g., control A i@ represente
by ctrl-A. 0177 is represented by DEL/RUB. Normal characters remain unchanged.

This routine is useful in combination wi€h _intr_charfor printing the user’s interrupt character :
char G_intr_char();
char *G_unctrl();

printf(“Your interrupt character is %s\n”, G_unctrl(G_intr_char()));

Note.G_unctrl() uses a hidden static buffer which is overwritten from call to call.

12.17. Enhanced UNIX Routines

A number of useful UNIX library routines have side effects which are sometimes undesirable. The routines here provide the
same functions as their corresponding UNIX routine, but with different side effects.

12.17.1. Running in the Background

The standard UNIX fork() routine creates a child process which is a copy of the parent process. The fork() routine is useful
for placing a program into the background. For example, a program that gathers input from the user interactively, but knows
that the processing will take a long time, might want to run in the background after gathering all the input. It would fork( )
to create a child process, the parent would exit( ) allowing the child to continue in the background, and the user could then
do other processing.

However, there is a subtle problem with this logic. The fork( ) routine does not protect child processes from keyboard
interrupts even if the parent is no longer running. Ke yboard interrupts will also kill background processes that do not
protect themselves.Thus a program which puts itself in the background may never finish if the user interrupts another
program which is running at the keyboard.
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The solution is to fork( ) but also put the child process in a process group which is different from the keyboard process
group. G_fork() does this.

G_fork () create a protected child process

This routine creates a child process by calling the UNIX fork( ) routine. It also changes the process group for the child so
that interrupts from the keyboard do not reach the child. It does not cause the parent to exit( ).

G_fork() returns what fork( ) returns: -1 if fork( ) failed; otherwise 0 to the child, and the process id of the newtluhild to
parent.

Note. Interrupts are still active for the child. Interrupts sent usingitheommand, for example, will interrupt the child. It
is simply that keyboard-generated interrupts are not sent to the child

12.17.2. Patrtially Interruptible System Call

The UNIX system() call allows one program, the parent, to execute another UNIX command or program as a child process,
wait for that process to complete, and then continue. The problem addressed here concerns interrupts. During the standarc
system() call, the child process inherits its responses to interrupts from the parent. This means that if the paragt is ignori
interrupts, the child will ignore them as well. If the parent is terminated by an interrupt, the child will be also.

However, in some cases, this may not be the desired effect. In a menu environment where the parent activates menu choice:
by running commands using the system() call, it would be nice if the user could interrupt the command, but not terminate the
menu program itself. The G_system() call allows this.

G_system(command) run a shell level command
The shell levetommandis executed. Interrupt signals for the parent program are ignored during the call. Interrupt signals
for thecommandare enabled. The interrupt signals for the parent are restored to their previous settings upon return.

G_system( ) returns the same value as system( ), which is essentially the exit statasrahthad. See UNIX manual
system(1) for details.

12.18. Miscellaneous
A number of general purpose routines have been provided.

char *
G_date() current date and time

Returns a pointer to a string which is the current date and time. The format is the same as that produced byd#te UNIX
command.

G_gets(buf) get a line of input (detect ctrl-z)
char *buf;

This routine does gets( ) from stdin intdouf. It exits if end-of-file is detected. If stdin is a tty (i.e., not a pipe or redirected)
then ctrl-z is detected. Returns 1 if the read was successful, or 0 if ctrl-z was entered.

Note.This is very useful for allowing a program to reprompt when a program is restarted after being stopped with a ctrl-z. If
this routine returns 0, then the calling program should reprint a prompt a®@l geliy ) again. For example:

char buf[1024];

do {
printf(“Enter some input : “) ;
} while (! G_gets(buf) ) ;
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char*
G_home() user’s home directory

Returns a pointer to a string which is the full path name of the user’s home directory.

char
G_intr_char () return interrupt char

This routine returns the user’s keyboard interrupt character. This is the character that generates the SIGINT signal from the
keyboard.

See als@_unctrfor converting this character to a printable format.

G_percent(n, total, incr) print percent complete messages
int n;
int total;
int incr;

This routine prints a percentage complete message to stderr. The percentage comftlatia 5100, and these are printed
only for eachincr percentage. This is perhaps best explained by example:

# include <stdio.h>

int row;

int nrows;

nrows = 1352; /* 1352 is not a special value - example only */
fprintf (stderr, “Percent complete: “);

for (row = 0; row < Nrows; row++)

G_percent (row, nrows, 10);

This will print completion messages at 10% increments; i.e., 10%, 20%, 30%, etc., up to 100%. Each message does not
appear on a new line, but rather erases the previous message. After 100%, a new line is printed.

char *

G_program_name() return program name

This routine returns the name of the program as set by the Glldisinit

char*
G_whoami() user's name

Returns a pointer to a string which is the user’s login name.

G_yes(question, default) ask a yes/no question
char *question;

int default;

This routine prints guestionto the user, and expects the user to respond either yes or no. (Invalid responses are rejected
and the process is repeated until the user answers yes or no.)
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The default indicates what the RETURN key alone should meadefault of 1 indicates that RETURN means yes, 0
indicates that RETURN means no, and -1 indicates that RETURN alone is not a valid response.

Thequestionwill be appended with “(y/n) “, and, default is not -1, with “[y] “ or “[n] “, depending on thdefault.

G_yeq ) returns 1 if the user said yes, and 0 if the user said no.

12.19. Deleted Routines
The following routines have been deleted from the GIS Library:

G_parse_command()

G_parse_command_usage();

G_set_parse_command_usage();
Replaced by G_parser and G_usage.

G_make_histo_grey scale()
Replaced by G_make_histogram_eq_colors.

12.20. GIS Library Data Structures
Some of the data structures, defined in the “gis.h” header file and used by routines in this library, are described in the
sections below.

12.20.1 struct Cell_head
The raster header data structure is used for two purposes. It is used for raster header information for map layers. It also use
to hold region values. The structure is:

struct Cell_head

{
int format; /* number of bytes per cell */
int compressed; /* compressed(1) or not compressed(0) */
int rows, cols; /* number of rows and columns */
int proj; [* projection */
int zone; [* zone */
double ew_res; [* east-west resolution */
double ns_res; [* north-south resolution */
double north; /* northern edge */
double south; /* southern edge */
double east; [* eastern edge */
double west; [* western edge */
2

Theformatandcompressetields apply only to raster headers. Thematfield describes the number of bytes per raster data
value and theompresseéield indicates if the raster file is compressed or not. The other fields apply both to raster headers
and regions. The geographic boundaries are describedrthy south, easindwest.The grid resolution is described by
ew_resandns_resThe cartographic projection is describedbyj and the related zone for the projectiorzbype Therows
andcolsindicate the number of rows and columns in the raster file, or in the regioh.33Raster Header Formé&ir more
information about raster headers, &t Regiorfor more information about regions.

The routines described 2.10.1 Raster Header Filese this structure.
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12.20.2. struct Categories
TheCategoriesstructure contains a title for the map layer, the largest category in the map layer, an automatic label genera-
tion rule for missing labels, and a list of category labels.

The structure is declarestruct Categories

This structure should be accessed using the routines descritizdn2 Raster Category File.

12.20.3. struct Colors
The color data structure holds red, green, and blue color intensities for raster categories. The structure has become so
complicated that it will not be described in this manual.

The structure is declarestruct Colors.

The routines described I2.10.3 Raster Color Tablaust be used to store and retrieve color information using this struc-
ture.

12.20.4. struct History

TheHistory structure is used to document raster files. The information contained here is for the user. It is not used in any
operational way by GRASS. The structure is:

# define MAXEDLINES 25
# define RECORD_LEN 80

struct History

{
char mapid[RECORD_LEN];
char title[RECORD_LEN];
char mapsetfRECORD_LEN];
char creator[RECORD_LEN];
char maptype[RECORD_LEN];
char datsrc_1[RECORD_LEN];
char datsrc_2[RECORD_LEN];
char keywrd[RECORD_LEN];
int edlinecnt;
char edhisttMAXEDLINES][RECORD_LEN];

3

Themapidandmapsetre the raster file name and mapsté is the raster file titlegreatoris the user who created the file,
maptypeis the map type (which should always be “rasteddtasrc_landdatasrc_2describe the original data source,
keywrdis a one-line data description aadhistcontainsedlinecntines of user comments.

The routines described Ir2.10.4 Raster History Filese this structure. However, there is very little support for manipulat-
ing the contents of this structure. The programmer must manipulate the contents directly.

Note. Some of the information in this structure is not meaningful. For example, if the raster file is renamed, or copied into
another mapset, thmapidandmapsewill no longer be correct. Also thile does not reflect the true raster file title. The
true title is maintained in the category file.

Warning. This structure has remained unchanged since the inception of GRASS. There is a good possibility that it will be
changed or eliminated in future releases.

12.20.5. struct Range
TheRangestructure contains the minimum and maximum values which occur in a raster file.

The structure is declarestruct Range

The routines described Ir2.10.5 Raster Range Fishould be used to access this structure.
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12.21. Loading the GIS Library

The library is loaded by specifying $(GISLIB) in the Gmakefile. The following example is a complete Gmakefile which
compiles code that uses this library:

Gmakefile for $(GISLIB)

OBJ = main.o subl.0 sub2.0

pgm: $(OBJ) $(GISLIB)

$(CC) $(LDFLAGS) -0 $@ $(OBJ) $(GISLIB)
$(GISLIB): # in case the library changes

Seell Compiling and Installing GRASS Prografasa complete discussion of Gmakefiles.
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Chapter 13

Vector Library

13.1. Introduction

TheVector Libraryprovides the GRASS programmer with routines to process the binary vector files. It is assumed that the
reader has readl Database Structurtor a general description of GRASS databases gaviector Map for details about

vector file formats in GRASS.

The routines in th&ector Libraryare presented in functional groupings, rather than in alphabetical order. The order of
presentation will, it is hoped, provide a better understanding of how the library is to be used, as well as show the interrela-
tionships among the various routines. Note that a good way to understand how to use these routines is to look at the source
code for GRASS programs which use them.

Note.All routines and global variables in this library, documented or undocumented, start with one of the following prefixes
Vect_orV1_orV2_ordig_. To avoid name conflicts, programmers should not create variables or routines in their own
programs which use this prefix.

An alphabetic index is provided 5.4 Appendix D. Index to Vector Library.

13.1.1. Include Files

The following file contains definitions and structures required by some of the routines in this library. The programmer
should therefore include this file in any code that uses this library:

#include “Vect.h”

13.1.2. Vector Arc Types

A complete discussion of GRASS vector terminology can be fouBdLifhat is a Vector Map Layeethd the reader

should review that section. Briefly, vector data are stored as arcs representing linear, area, or point features. Téese arc typ
are coded as LINE, AREA, and DOT respectively, (and are # defined in the file “dig_defines.h”, which is automatically
included by the file “Vect.h").

13.1.3. Levels of Access
There are two lev els of read access to these vector files:

Level Oneprovides simple access to the arc information contained in the vector files. There is no access to category or
topology information at this level.

Level Twoprovides full access to all the information contained in the vector file and its support files, including line, cat-
egory, node, and area information. This level requires more from the programmer, more memory, and longer startup time.

Note. Higher levels of access are planned, so when checking success return codes for a particular level of access (when
calling Vect_open_old() for example), the programmer should use > = instead of = = for compatibility with future releases.

13.2. Changesin 4.0 from 3.0

The 4.0 Vector Library changed significantly from g Library used with GRASS 3.1. Below is an overview of why the
changes were made, and how to program usingeteVect Library.

13.2.1. Problem

The Digit Library was a collage of subroutines created for developing the map development programs. Few of these subrou-
tines were actually designed as a user access library. They required individuals to assume too much responsibility and
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control over what happened to the data file. Thus when it came time to change vector data file formats for GRASS 4.0, many
programs also required modification. By using the FILE * structure as the tag for files, there was no means of expansion
since the FILE * structure is not modifiable by GRASS. For example, there was no way to open supporting files since all that
was passed in to dig_init() was a FILE * which had no file name associated with it.

The two different access levels for 3.0 vector files provided very different ways of calling the library; they offered little
consistency for the user.

The Digit Library was originally designed to only have one file open for read or write at a time. Although it was possible in
some cases to get around this, one restriction was the bedmstructure. Since there was only one instance of this, there
could only be one copy of that information, and thus, only one open vector file.

13.2.2. Solution

The solution to these problems was to design a new user library as an interface to the vector data files. This new library was
designed to provide a simple consistent interface, which hides as much of the details of the data format as possible. It also
can be extended for future enhancements without the need to change existing programs.

13.2.3. Approach

A new library VECTLIB has been created. It provides routines for opening, closing, reading, and writing vector files, as well
as several support functions. The Digit Library has been removed, so that all existing programs will have to be converted to
use the new library. Those routines that existed in the Digit Library and were not affected by these changes continue to exist
in unmodified form, and are now included in the VECTLIB. Most of the commonly used routines have been discarded, and
replaced by the new Vector routines.

The token that is used to identify each map isMia@_infostructure. This structure was used by level two functions in
GRASS 3.1. It maintains all information about an individual open file. This structure must be passed to most Vector subrou-
tines. Theheadstructure has gone away, as has the global instance of it which was alsbeadlé®ll programs which

used this global structure must now create their own local version of it. The structure that retpletdstads struct
dig_head

There are still two levels of interface to the vector files (future releases may include more). Level one provides atess only
arc (i.e. polyline) information and to the type of line (AREA, LINE, DOT). Level two provides access to polygons (areas),
attributes, and network topology. There is now only one subroutine to open a file for read, Vect_open_old( ) and one for
write, Vect_open_new( ). Vect_open_old() attempts to open a vector file at the highest possible level of access.nt will retur
the number of the level at which it opened. Vect_open_nalv{gysopens at level 1 only. If you require that a file be
opened at a lower level (e.g. one), you can call the routine Vect_set_open_level(1); Vect_open_old() will then either open at
level one or fail. If you instead require the highest level access possible, you should not use Vect_set_open_level( ), but
instead check the return value of Vect_open_old( ) to make sure it is greater than or equal to the lowest level at which you
need access. This allows for future levels to work without need for program change.

13.2.4. Implementation
There are two macros set up for use in the Gmakefile to support the Vector library:

EXTRA_CFLAGS = $(VECT_INCLUDE)

must exist in the Gmakefile for any program which uses the Vector library. NOTE: GRASS 3.1 required the line
I$(DIG_INCLUDE) ;do NOT usd with VECT_INCLUDE.

$(VECTLIB)

is to be used on the link statement to include the vector libins basically replaces ti#DIGLIB) macro from 3.1.
Currently this macro represents two different libraries which are in directer@sapdev/Vlikand src/mapdev/diglib
These will probably change in the future and are given only for aid in looking up include files or functions.
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The basic format of a program that reads a vector file is:

#include “Vect.h” /* new include file */
struct Map_info Map; /* Map info */
struct line_pnts *Points; [* Poly-Line data */
G_gisinit (argv[0]); [* init GIS lib */

if (0 > Vect_open_old (&Map, nhame, mapset)) [* open file */

G_fatal_error (“Cannot open vector file”);
Points = Vect_new_line_struct (\n’|209350u");
while (0 < Vect_read_next_line (&Map, Points)) /* loop reading */

{ [* each line */

/* do something with Points */
}
Vect_destroy_line_struct (Points); /* remove allocation */
Vect_close (&Map); [* close up */

All Vect_routines work in the same way on any lev el of access unless otherwise noted. Routines that are designed for one
level of access or another have the naming convention V#_where # is an integer (currently 1 or 2). For example: V2_line_att
() is only valid with level 2 or higher access, and will return the attribute number for a specified line.

13.3. Opening and closing vector maps

Vect_open_oldMap, name, mapset) open existing vector map
struct Map_info *Map;
char *name, *mapset;

This routine opens the vector magmein mapsetfor reading. It returns the level of successful open, or a negative value on
failure.

Vect_open_new(Map, name) open new vector map
struct Map_info *Map;
char *name;

This routine opens the vector ntagmein the current mapset for writing. It returns the level of successful open which must
be one, or a negative value on failure.

Vect_set_open_levdlevel) specify level for opening map

int level;
This routine allows you to specify at whitdvelthe map is to be opened. It is recommended that it only be used to force
opening at level one(1). There is no return value.

Vect_closgMap) close a vector map
struct Map_info *Map;

This routine closes an open vector map and cleans up the structures associated with it. It MUST be called before exiting the
program. When used in conjunction witbct_open_newt will cause the final writing of the vector header before closing

the vector map. The header data is in the strubfape->head, which also changed in 4.0 to be an instance of the structure
(struct dig_head head) instead of a pointer (struct dig_head *head).
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13.4. Reading and writing vector maps

Vect_read_next_line(Map, Points) read next vector line
struct Map_info *Map;
struct line_pnts *Points;

This is the primary routine for reading through a vector map. It simply reads the next line from the mapRototthe
structure. This routine should not be used in conjunction with any other read_line routine. Return value is type of line, or

-2 on EOF

-1 on Error (generally out of memory)

This routine is modified by:

Vect_rewind
Vect_set_constraint_region
Vect_set_constraint_type

This routine normally only reads lines that are “alive” (as opposed to dead or deleted) from the vector map. This can be
overridden usinyect_set_constraint_type(Map,-1).

Vect_rewind (Map) rewind vector map for re-reading
struct Map_info *Map;

This routine will reset the read pointer to the beginning of the map. This only affects the Yegtinead_next_line.

Vect_set_constraint_regionMap, n, s, e, w) set restricted region to read vector arcs from
struct Map_info *Map;
double n, s, e, w;

This routine will set a restriction on reading only those lines which fall entirgbartially in the specified rectangular
region.Vect_read_next_lines currently the only routine affected by this, and it does NOT currently cause line clipping.
Constraints affect only thdap specified. They do not affect any other Maps that may be open.

Vect_set_constraint_typgMap, type) specify types of arcs to read
struct Map_info *Map;
int type;

This routine will set a restriction on reading only those lines which mateiytee specified. This can be any combination
of types bitwise OR’ed together. For example: LINE | AREA would exclude any DOT (or future NEATYyjies.
Vect_read_next_linis currently the only routine affected by thistylbe is set to -1, all lines will be read including deleted
ordeadlines. An example of this existswout.ascij where it is desirable to include all lines, (ie. not exclude deleted lines).

Constraints affect only thdap specified. They do not affect any other Maps that may be open.
Vect_remove_constraintgMap) unset any vector read constraints
struct Map_info *Map;

Removes all constraints currently affectivigp.
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long

Vect_write_line (Map, type, Points) write out arc to vector map
struct Map_info *Map;
int type;
struct line_pnts *Points;

This routine will write out a line to a vector map which has previously been opened for wietbgppen_newThetype
of line is one of: AREA, LINE, DOT It returns the offset into the file where the line started. If this number is negative or 0,
there was an error.

V1 read_line (Map, Points, offset) read vector arc by specifying offset
struct Map_info *Map;
struct line_pnts *Points;
long offset;

This routine will read a line from the vector map at the speaifitsttin the file.

This function is available at level 1 or higher.

Return value is the same\&xct_read next_line

V2_read_line(Map, Points, line) read vector arc by specifying line id
struct Map_info *Map;
struct line_pnts *Points;
int line;

This routine will read a line from the vector map at the specified line index in the map. R&entom_linegor number of
lines in the map. This function is available at level 2 or higher.

Return value is the same\&ct_read next_line

13.5. Data Structures

struct line_pnts *
Vect_new_line_struct() create new initialized line points structure

This routine MUST be used to initialize any and all line_pnts structures. You cannot simply create a line_pnts
structure and pass its address to routines. It must first be initialized. The correct procedure is: struct line_pnts
*Points;

Points = Vect_new_line_struct();
This routine will print an error message and exit with an error on out of memory condition.
Vect_destroy_line_struct(Points) deallocate line points structure space
struct line_pnts *Points;

This routine will free any memory created for a line_pnts structure. You can use this when you are done with a line_pnts
struct or when you need to free up unused memory. The structure must have been ckéatiecéy_line_struct
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13.6. Data Conversion

Vect_copy_xy_to_pntgPoints, X, y, n) convert xy arrays to line_pnts structure
struct line_pnts *Points;
double *x, *y; int n;

Since all Vector library routines require the use of the line_pnts structure, and many programs out there work with X and Y
arrays of points, this routine was to created to coggta pairs fronx,y arrays to a line_pnts structupeints. It handles all
memory management.

Vect_copy_pnts_to_xyPoints, X, y, n) convert line_pnts structure to xy arrays
struct line_pnts *Points;
double *x, *y; int *n;

Since all Vector library routines require the use of the line_pnts structure, and many programs out there work with X and Y
arrays of points, this routine was to created to copy data from a line_pnts stRaitiisénto user supplied,y arrays. The

X,y arrays MUST each be large enough to héddnts.n_points doubles or memory corruption will occur. No bounds
checking is done. Upon retumwill contain the number of points copied.

Vect_copy_head_datdfrom, to) copy vector header struct data
struct dig_head *from, *to;

This routine should be used to copy datan one dig_head strutd another. For example, if a 3.1 program used to fill in

a local dig_head struct and then called dig_write_head_binary( ) (which no longer exists), you would now call
Vect_copy_head_data (local_head, &Map.he@dyopy the data into the Map structure which would then be written out
whenVect_closavas called. This routine must used because there are now other fields in the head structure which applica-
tions programmers should not touch, and this program copies only those fields which are available to the programmer.

13.7. Miscellaneous
Vect_get_area_pointgMap, area, Points) get defining points for area polygon

struct Map_info *Map;
int area;
struct line_pnts *Points;

This routine replaces dig_get_area( ). It will fill in the Points structure with the list of points which describe an area in
clockwise order.

Note. This function, works only for level 2 or higher. It returns the number of points or -1 on error.

V2_num_lines(Map) get number of arcs in vector map
struct Map_info *Map;

Return total number of lines in the vechdap.

Note.The line indexes are numbers from 1 to n, where n is the number of lines in the vector map, as returned by this routine.

V2_num_areas(Map) get number of areas in vector map
struct Map_info *Map;
Return total number of areas in the vedfiap.

Note.The area indexes are numbers from 1 to n, where n is the number of areas in the vector map, as returned by this routine.
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V2_line_att (Map, line) get attribute number of arc
struct Map_info *Map;
int line;

Given arc index n, return its attribute number.

Returns 0 if not labeled or on error.

V2_area_att(Map, area) get attribute number of area
struct Map_info *Map;
int area;

Given area index n, return its attribute number.

Returns 0 if not labeled or on error.

V2_get_area(Map, n, pa) get area info from id
struct Map_info *Map;
int n;
P_AREA **pa;

Given area index n, the P_AREA information for the area is read into a private structure. A pointer to this structure is placed
in pa. The pointer pa is valid until the next call to this routine. Note that *pa does not need to point to anything on entry.
Returns 0 if found, or negative on error.

V2_get_area_bboxMap, area, n, s, e, w) get bounding box of area
struct Map_info *Map;
int area; double *n, *s, *e, *w;
Given area index n, set n (north, s (south), e (east), and w (west) to the values of the bounding box for the area.

Returns 0 if ok, or -1 on error.

V2_get_line_bbox(Map, line, n, s, e, w) get bounding box of arc
struct Map_info *Map;
int line; double *n, *s, *e, *w;
Given arc index n, set n (north, s (south), e (east), and w (west) to the values of the bounding box for the arc.

Returns 0 if ok, or -1 on error.

Vect_print_header(Map) print header info to stdout

struct Map_info *Map;
This routine replaces dig_print_header( ), and simply displays selected information from the header. Namely organization,
map name, source date, and original scale.

Vect_level(Map) get open level of vector map

struct Map_info *Map;

This routine will return the number of the level at whidiap is opened at or -1 ¥ap is not opened.
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13.8 Routines that remain from GRASS 3.1

dig_point_to_area(Map, X, y) find which area point is in
struct Map_info *Map;
double x, y;

Returns the index of the area containing the pgintor 0 if none found.

double
dig_point_in_area(Map, X, Yy, pa) is point in area?
struct Map_info *Map;
double x, y;
P_AREA *pa;
Given afilled P_AREA structunea, determine i,y is within the area. The structypa can be filled withv2_get_area

Returns 0.0 ik,y is not in the area, the positive minimum distance to the nearest areaxgyigiifside the area, or -1.0 on
error.

dig_point_to_line (Map, x, y, type) find which arc point is closest to
struct Map_info *Map;
double X, y; char type;

Returns the index of the arc which is nearest to the pginthe point,y must be within the arc’s bounding box. Sgte
to a combination of LINE, AREA, or DOT (eg. LINE | AREA), or (char) -1 if you want to search all arc types.

dig_check_dist(Map, n, x, y, d) find distance of point to line
struct Map_info *Map;
int n; double x, y; double *d;

Computed, the square of the minimum distance from p&igtto arcnR. Returns the number of the segment that was
closest, or -1 on error. The segment number, in combinatio@ittead_linecan be used to determine the endpoints of the
closest line-segment in the arc.

13.9. Loading the Vector Library
The library is loaded by specifying $(VECTLIB) in the Gmakefile. The following example is a complete Gmakefile which
compiles code that uses this library:

Gmakefile using $(VECTLIB)

OBJ = main.o subl.0 sub2.0

EXTRA_CFLAGS = $(VECT_INCLUDE)

$(BIN_MAIN_CMD)/pgm: $(OBJ) $(VECTLIB) $(GISLIB)
$(CC) $(LDFLAGS) -0 $@ $(OBJ) $(VECTLIB) $(GISLIB)

$(VECTLIB): # in case the library changes

Note. EXTRA_CFLAGS tells the C compiler where additional # include files are located. This is necessary since the
required # include files do not currently live in the normal GRASS # include directory. Notieerthesttnot be provided
before the $(VECT_INCLUDE)

Note.Because $(VECTLIB) currently references two distinct libraries, on occasion it may be necessary to specify it twice on
the link command because of library cross-references.

Seell Compiling and Installing GRASS Progréon a complete discussion of Gmakefiles.
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Chapter 14
Imagery Library

14.1. Introduction

Thelmagery Librarywas created for version 3.0 of GRASS to support integrated image processing directly in GRASS. It
contains routines that provide access tatoeipdatabase structure which was also introduced in GRASS 3.0 for the same
purpose.ltis assumed that the reader has feBdtabase Structuri®r a general description of GRASS databaBésiage

Data: Groupdor a description of imagery groups, émBaster Mapdor details about map layers in GRASS. The routines

in thelmagery Libraryare presented in functional groupings, rather than in alphabetical order. The order of presentation
will, it is hoped, provide a better understanding of how the library is to be used, as well as show the interrelationghips amon
the various routines. Note that a good way to understand how to use these routines is to look at the source code for GRASS
programs which use themMost routines in this library require that the header file “imagery.h” be included in any code
using these routinesTherefore, programmers should always include this file when writing code using routines from this
library:

# include “imagery.h”
This header file includes the “gis.h” header file as well.
Note.All routines and global variables in this library, documented or undocumented, start with thé prEdiavoid name

conflicts, programmers should not create variables or routines in their own programs which use this prefix.

An alphabetic index is provided #b.4 Appendix E. Index to Imagery Librar .

14.2. Group Processing

The group is the key database structure which permits integration of image processing in GRASS.

14.2.1. Prompting for a Group

The following routines interactively prompt the user for a group name in the current mapset. In @aohphstring will
be printed as the first line of the full prompt which asks the user to enter a group naoraplfis the empty string “, then
an appropriate prompt will be substituted. The name that the user enters is copiedjmotgtbaffer. These routines have
a built-in ’list’ capability which allows the user to get a list of existing groups.

The user is required to enter a valid group name, or else hit the RETURN key to cancel the request. If the user enters an
invalid response, a message is printed, and the user is prompted again. If the user cancels the request, 0 is returned; other-
wise, 1 is returned.

|_ask_group_old(prompt, group) prompt for an existing group
char *prompt;
char *group;

Asks the user to enter the name of an exigiogip in the current mapset.

|_ask_group_new(prompt, group) prompt for new group
char *prompt;
char *group;

Asks the user to enter a name faraup which does not exist in the current mapset.
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|_ask_group_any(prompt, group) prompt for any valid group name
char *prompt;
char *group;

Asks the user to enter a vaticoup name. Theroup may or may not exist in the current mapset.

Note.The user is not warned if tlggoup exists. The programmer should uisnd_groupto determine if thgroup exists.
Here is an example of how to use these routines. Note that the programmer must handle the 0 return properly:
char group[50];
if (!1_ask _group_any (“Enter group to be processed”, group))
exit(0);

14.2.2. Finding Groups in the Database
Sometimes it is necessary to determine if a given group already exists. The following routine provides this service:

|_find_group (group) does group exist?
char *group;

Returns 1 if the specifiegroup exists in the current mapset; 0 otherwise.

14.2.3. REF File

These routines provide access to the information contained in the REF file for groups and subgroups, as well as routines to
update this information. They use tRefstructure, which is defined in the “imagery.h” header file; 54 Imagery
Library Data Structures.

The contents of the REF file are read or updated by the following routines:

|_get_group_ref(group, ref) read group REF file
char *group;
struct Ref *ref;

Reads the contents of the REF file for the speciiedip into theref structure.

Returns 1 if successful; 0 otherwise (but no error messages are printed).

|_put_group_ref (group, ref) write group REF file
char *group;
struct Ref *ref;

Writes the contents of thref structure to the REF file for the specifigabup.

Returns 1 if successful; 0 otherwise (and prints a diagnostic error).

Note. This routine will create thgroup, if it does not already exist.

|_get_subgroup_ref(group, subgroup, ref) read subgroup REF file
char *group; char *subgroup;
struct Ref *ref;

Reads the contents of the REF file for the spec#igagroup of the specifiedyroup into theref structure.

Returns 1 if successful; 0 otherwise (but no error messages are printed).
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|_put_subgroup_ref (group, subgroup, ref) write subgroup REF file
char *group;
char *subgroup;
struct Ref *ref;
Writes the contents of thref structure into the REF file for the specifisdbgroup of the specifiedjyroup.
Returns 1 if successful; 0 otherwise (and prints a diagnostic error).

Note. This routine will create thsubgroup, if it does not already exist.

These next routines manipulate fRefstructure:

|_init_group_ref (ref) initialize Ref structure

struct Ref *ref;
This routine initializes theef structure for other library calls which requirdRkafstructure. This routine must be called
before any use of the structure can be made.

Note. The routines |_get_group_ref and |_get subgroup_ref call this routine automatically.

|_add_file_to_group_ref(name, mapset, ref) add file name to Ref structure
char *name;
char *mapset;
struct Ref *ref;

This routine adds the filkameandmapsetto the list contained in thef structure, if it is not already in the list. Thef
structure must have been properly initialized. This routine is used by programs, sonexkis to add to the group new
raster files created from files already in the group.

Returns the index into thfide array within theref structure for the file after insertion; s&é.4 Imagery Library Data
Structures.

|_transfer_group_ref file (src, n, dst) copy Ref lists
struct Ref *src;
int n;
struct Ref *dst;

This routine is used to copy file names from &efstructure to another. The name and mapset fonfftem thesrc
structure are copied into thist structure (which must be properly initialized).

For example, the following code copies dtefstructure to another :

struct Ref src,dst;
int n;
/* some code to get information insoc */

|_init_group_ref (&dst);
for (n = 0; n < src.nfiles; n++)
|_transfer_group_ref file (&src, n, &dst);

This routine is used hiypointsto create the REF file for a subgroup.
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|_free_group_ref(ref) free Ref structure
struct Ref *ref;

This routine frees memory allocated to teestructure.

14.2.4. TARGET File
The following two routines read and write the TARGET file.

|_get_target(group, location, mapset) read target information
char *group;
char *location;
char *mapset;

Reads the targéncation andmapsetfrom the TARGET file for the specified group. Returns 1 if successful; 0 otherwise
(and prints a diagnostic error). This routine is usedpmnints andi.rectify and probably should not be used by other
programs.

Note. This routine doesot validate the target information.

|_put_target (group, location, mapset) write target information
char *group;
char *location;
char *mapset;

Writes the targdbcation andmapsetto the TARGET file for the specifiegroup. Returns 1 if successful; 0 otherwise (but
no error messages are printed).

This routine is used biytargetand probably should not be used by other programs.

Note. This routine doesot validate the target information.

14.2.5. POINTS File

The following routines read and write the POINTS file, which contains the image registration control points. This file is
created and updated by the progigmintsand read by.rectify.

These routines use tlmntrol_Pointsstructure, which is defined in the “imagerytgader file; see 14.4 Imagery Library
Data Structures.

Note.The interface to th€ontrol_Pointsstructure provided by the routines below is incomplete. A routine to initialize the
structure is needed.

|_get_control_points(group, cp) read group control points
char *group;
struct Control_Points *cp;

Reads the control points from the POINTS file forghaup into thecp structure. Returns 1 if successful; 0 otherwise (and
prints a diagnostic error).

Note. An error message is printed if the POINTS file is invalid, or does not exist.
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|_new_control_point (cp, €1, nl, e2, n2, status) add new control point
struct Control_Points *cp;
double e1, n1;
double e2, n2;
int status;

Once the control points have been read intacphstructure, this routine adds new points to it. The new control point is
given byel(column) andhl (row) on the image, and tle@ (east) anah2 (north) for the target database. The valugtatus
should be 1 if the point is a valid point; O otherwise.

|_put_control_points (group, cp) write group control points
char *group;
struct Control_Points *cp;

Writes the control points from thep structure to the POINTS file for the specified group.

Note. Points incp with a negativestatusare not written to the POINTS file.

14.3. Loading the Imagery Library
The library is loaded by specifying $(IMAGERYLIB) in the Gmakefile. The following example is a complete Gmakefile
which compiles code that uses this library:

Gmakefile for S(IMAGER/LIB)

OBJ = main.o subl.o0 sub2.0
pgm: $(OBJ) $(IMAGERYLIB) $(GISLIB)
$(CC) $(LDFLAGS) -0 $@ $(OBJ) $(IMAGERYLIB) $(GISLIB)

$(IMAGERYLIB): #in case the library changes
$(GISLIB): # in case the library changes

Note. This library must be loaded with $(GISLIB) since it uses routines from that librar§238ES Libraryor details on
that library. See 11 Compiling and Installing GRASS Programs for a complete discussion of Gmakefiles.

14.4. Imagery Library Data Structures
Some of the data structures in the “imagery.h” header file are described below.

14.4.1. struct Ref
TheRefstructure is used to hold the information from the REF file for groups and subgroups. The structure is:

struct Ref
{
int nfiles; I* number of REF files */
struct Ref_Files
{
char name[30]; /* REF file name */
char mapset[30]; /* REF file mapset */
} *ile;
struct Ref_Color
{
unsigned char *table; [* color table for min-max values */
unsigned char *index; [* data translation index */
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unsigned char *buf; [* data buffer for reading color file */

int fd; [* for image i/o */
CELL min, max; /* min,max CELL values */
int n; /* index into Ref_Files */

} red, grn, blu;

The Refstructure hasfiles (the number of raster filesfije (the name and mapset of each file), agdigrn,blu(color
information for the group or subgroup ).

There is no function interface to thfilesandfile elements in the structure. This means that the programmer must reference
the elements of the structure directljhe name anthapset for the i th file are file[i].name ,andfile[i].mapset .

For example, to print out the names of the raster files in the structure:
int i;
struct Ref ref;

/* some code to get the REF file for a group irgb*/

for (i = 0; i < ref.nfiles; i++)
printf (“%s in %s\n”, ref.file[il.name, ref.file[i]. mapset);

14.4.2. struct Control_Points
The Control_Pointsstructure is used to hold the control points from the group POINTS file. The structure is:

struct

Control_Points

{
int count; /* number of control points */
double *e1; /* image east (column) */
double *n1; /* image north (row) */
double *e2; [* target east */
double *n2; [* target north */
int *status; [* status of control point */

h

The number of control points ¢®unt

Control pointi is el1[i], n1[i], e2[i], n2[i], and its status istatusi].
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Chapter 15
Raster Graphics Library

15.1. Introduction

The Raster Graphics Librarprovides the programmer with access to the GRASS graphics deidiceisleo graphics

calls are made through this library (directly or indirectly). No standard/portable GRASS video graphics program drives

any video display directly. This library provides a powerful, but limited number of graphics capabilities to the programmer.
The tremendous benefit of this approach is seen in the ease with which GRASS graphics applications programs port to new
machines or devices. Because no device-dependent code exists in application programs, virtually all GRASS graphics pro-
grams port without modification. Each graphics device must be provided a driver (or translator program). At run-time,
GRASS graphics programs rendezvous with a user-selected driver program. Two significant prices are paid in this approach
to graphics: 1) graphics displays run significantly slower, and 2) the programmer does not have access to fancy (and some-
times more efficient) resident library routines that have been specially created for the device.

This library uses a couple of simple concepts. First, there is the idea of a current screen location. There is nothing which
appears on the graphics monitor to indicate the current location, but many graphic commands begin their graphics at this
location. It can, of course, be set explicitly. Second, there is always a current color. Many graphic commands will do their

work in the currently chosen color. The programmer always works in the screen coordinate system. Unlike many graphics
libraries developed to support CAD, there is no concept of a world coordinate system. The programmer must address
graphics requests to explicit screen locations. This is necessary, especially in the interest of fast raster graphics.

The upper left hand corner of the screen is the origin. The actual pixel rows and columns which define the edge of the video
surface are returned with callsRo screen_lefR_screen_rite, R_screen_bot, and R_screen_top.

Note.All routines and global variables in this library, documented or undocumented, start with th& pré&t»avoid name
conflicts, programmers should not create variables or routines in their own programs which use this prefix.

An alphabetic index is provided in 25.4 Appendix G. Index to Raster Graphics Library.

15.2. Connecting to the Driver
Before any other graphics calls can be made, a successful connection to a running and selected graphics driver must be made.

R_open_driver () initialize graphics

Initializes connection to current graphics driver. Refer to GRASS User’s Manual entrieslandheommand. If connec-
tion cannot be made, the application program sends a message to the user stating that a driver has not been selected or could
not be opened. Note that only one application program can be connected to a graphics driver at once.

After all graphics have been completed, the driver should be closed.

R_close_driver() terminate graphics

This routine breaks the connection with the graphics driver opened by R_open_driver().

15.3. Colors

GRASS is highly dependent on color for distinguishing between different categories. No graphic patterning is supported in
any automatic way. There are two color modes. Fixed color refers to set and immutable color look-up tables on the hardware
device. In some cases this is necessary because the graphics device does not contain programmer definable color look-up
tables (LUT). Floating colors use the LUTs of the graphics device often in an interactive mode with the user. The basic impact
on the user is that under the fixed mode, multiple maps can be displayed on the device with apparently no color interference
between maps. Under float mode, the user may interactively manipulate the hardware color tables (using programs such as
d.colorg. Other than the fact that in float mode no more colors may be used than color registers available on the user’s
chosen driver, there are no other programming repercussions.
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R_color_table_fixed() select fixed color table

Selects a fixed color table to be used for subsequent color calls. It is expected that the user will follow this calllwith a ¢
to erase and reinitialize the entire graphics screen.

Returns 0 if successful, non-zero if unsuccessful.

R_color_table_float() select floating color table

Selects a float color table to be used for subsequent color calls. It is expected that the user will follow this call teith a ca
erase and reinitialize the entire graphics screen.

Returns 0 if successful, non-zero if unsuccessful.

Colors are set using integer values in the range of 0-255 to sed{hgreen,andblue intensities. In float mode, these

values are used to directly modify the hardware color look-up tables and instantaneously modify the appearance of colors on
the monitor. In fixed mode, these values modify secondary look-up tables in the devices driver program so that the colors
involved point to the closest available color on the device.

R_reset_color(red, green, blu, num) define single color
unsigned char red, green, blue ;
int num ;

Sets color numberum to the intensities representedrey, green,andblue.

R_reset_colorgmin,max,red,green,blue) define multiple colors
int min, max ;
unsigned char *red, *green, *blue ;

Sets color numbemin throughmax to the intensities represented in the arrags green, and blue.

R_color (color) select color
int color ;

Selects theolor to be used in subsequent draw commands.

R_standard_color (color) select standard color
int color ;

Selects the standatdlor to be used in subsequent draw commandscdloe value is best retrieved usiiy translate_color.
Seel6 Display Graphics Library.

R_RGB_color(red,green,blue) select color
int red, green, blue ;

When in float mode (seR_color_table float this call selects the color most closely matched toetiegreen,andblue
intensities requested. These values must be in the range of 0-255.

15.4. Basic Graphics
Several calls are common to nearly all graphics systems. Routines exist to determine screen dimensions, as well as routines
for moving, drawing, and erasing.
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R_screen_hof) bottom of screen

Returns the pixel row number of the bottom of the screen.

R_screen_top() top of screen

Returns the pixel row number of the top of the screen.

R_screen_left) screen left edge

Returns the pixel column number of the left edge of the screen.

R_screen_rite() screen right edge

Returns the pixel column number of the right edge of the screen.

R_move_abgx,y) move current location
intx,y;

Move the current location to the absolute screen coordinatidothing is drawn on the screen.

R_move_rel(dx,dy) move current location
int dx, dy;
Shift the current screen location by the valuedxdanddy:

Newx = Oldx + dx;
Newy = Oldy + dy;
Nothing is drawn on the screen.

R_cont_abs(x,y) draw line
intx,y;

Draw a line using the current color, selectedRiaolor, from the current location to the location specifiedxly The
current location is updated xoy.

R_cont_rel(dx,dy) draw line
int dx, dy;

Draw a line using the current color, selectedRiiaolor, from the current location to the relative location specifiedxy
anddy. The current location is updated:

Newx = Oldx + dx;

Newy = Oldy + dy;

R_box_abs(x1,y1,x2,y2) fill a box
int x1,y1;
int x2,y2;

A box is drawn in the current color using the coordinafiegl andx2,y2 as opposite corners of the box. The current
location is updated t®2,y2.
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R_box_rel(dx,dy) fill a box
int dx, dy;

A box is drawn in the current color using the current location as one corner and the current locatioardy
as the opposite corner of the box. The current location is updated:

Newx = Oldx + dx;

Newy = Oldy + dy;

R_erasg() erase screen

Erases the entire screen to black.

R_flush () flush graphics

Send all pending graphics commands to the graphics driver. This is done automatically when graphics input requests are
made.

R_stabilize() synchronize graphics

Send all pending graphics commands to the graphics driver and cause all pending graphics to be drawn (provided the driver
is written to comply). This routine does more tlRarflushand in many instances is the more appropriate routine fo the two
to use.

15.5. Poly Calls

In many cases strings of points are used to describe a complex line, a series of dots, or a solid polygon. Absolute and relativ
calls are provided for each of these operations.

R_polydots_abg(x,y,num) draw a series of dots
int *x, *y;
int num;

Pixels at thewum absolute positions in theandy arrays are turned to the current color. The current position is left updated
to the position of the last dot.

R_polydots_rel(x,y,num) draw a series of dots
int *x, *y;
int num;
Pixels at theaum relative positions in the andy arrays are turned to the current color. The first position is relative to the

starting current location; the succeeding positions are then relative to the previous position. The current position is updated
to the position of the last dot.

R_polygon_abs(x,y,num) draw a closed polygon

int *x, *y;

int num;
Thenum absolute positions in theandy arrays outline a closed polygon which is filled with the current color. The current
position is left updated to the position of the last point.
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R_polygon_rel(x,y,num) draw a closed polygon
int *x, *y;
int num;

Thenum relative positions in th& andy arrays outline a closed polygon which is filled with the current color. The first
position is relative to the starting current location; the succeeding positions are then relative to the previous position. The
current position is updated to the position of the last point.

R_polyline_abs(x,y,num) draw an open polygon
int *x, *y;
int num;

Thenum absolute positions in theandy arrays are used to generate a multisegment line (often curved). This line is drawn
with the current color. The current position is left updated to the position of the last point.

Note. It is not assumed that the line is closed, i.e., no line is drawn from the last point to the first point.

R_polyline_rel (x,y,num) draw an open polygon
int *x, *y;
int num;

Thenum relative positions in theandy arrays are used to generate a multisegment line (often curved). The first position is
relative to the starting current location; the succeeding positions are then relative to the previous position. The current
position is updated to the position of the last point. This line is drawn with the current color.

Note.No line is drawn between the last point and the first point.

15.6. Raster Calls

GRASS, being principally a raster-based data system, requires efficient drawing of raster information to the display device.
These calls provide that capability.

R_raster (num,nrows,withzero,raster) draw a raster
int num, nrows, withzero ;
int *raster ;

Starting at the current position, them colors represented in thaster array are drawn fanrows consecutive pixel rows.
Thewithzero flag is used to indicate whether 0 values are to be treated as a color (1) or should be ignored (0). If ignored,
those screen pixels in these locations are not modified. This option is useful for graphic overlays.

R_set RGB_color(red,green,blue) initialize graphics
unsigned char red[256], green[256], blue[256] ;

The three 256 member arrayegl, green,andblue, establish look-up tables which translate the raw image values supplied
in R_RGB_rasteto color intensity values which are then displayed on the video screen. These two commands are tailor-
made for imagery data coming off sensors which give values in the range of 0-255.

R_RGB_raster(num,nrows,red,green,blue,withzero) draw a raster
int num, nrows, withzero ;

unsigned char *red, *green, *blue ;
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This is useful only in fixed color mode (sBecolor_table_fixed Starting at the current position, them colors repre-

sented by the intensities described inrttk green,andblue arrays are drawn fawrows consecutive pixel rows. The raw

values in these arrays are in the range of 0-255. They are used to map into the intensity maps which were previously set with
R_set RGB_color Thewithzero flag is used to indicate whether 0 values are to be treated as a color (1) or should be
ignored (0). If ignored, those screen pixels in these locations are not modified. This option is useful for graphic overlays.

15.7. Text
These calls provide access to built-in vector fonts which may be sized and clipped to the programmer’s specifications.

R_set_window(top,bottom,left,right) set text clipping frame
int top, bottom, left, right ;
Subsequent calls ®_textwill have text strings clipped to the screen frame definepybottom, left, right.

R_font (font) choose font
char *font ;

Set current font téont. Av ailable fonts are:

Font Name Description

cyrilc cyrillic

gothgbt Gothic Great Britain triplex

gothgrt Gothic German triplex

gothitt Gothic Italian triplex

greekc Greek complex

greekcs Greek complex script

greekp Greek plain

greeks Greek simplex

italicc Italian complex

italiccs Italian complex small

italict Italian triplex

romanc Roman complex

romancs Roman complex small

romand Roman duplex

romanp Roman plain

romans Roman sipiex

romant Roman triplex

scriptc Script complex

scripts Script simplex
R_text_size(width, height) set text size

int width, height ;
Sets text pixel width and heightwadth andheight.

R_text (text) write text
char *text ;

Writestext in the current color and font, at the current text width and height, starting at the current screen location.
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R_get_text box(text, top, bottom, left, right) get text extents
char *text ;
int *top, *bottom, *left, *right ;

The extent of the area enclosing tegt is returned in the integer pointdop, bottom, left, andright. No text is actually
drawn. This is useful for capturing the text extent so that the text location can be prepared with proper background or border.

15.8. User Input

The raster library provides mouse (or other pointing device) input from the user. This can be accomplished with a pointer, a
rubber-band line or a rubber-band box. Upon pressing one of three mouse buttons, the current mouse location and the button
pressed are returned.

R_get_location_with_pointer(nx,ny,button) get mouse location using pointer
int *nx, *ny, *button ;

A cursor is put on the screen at the location specified by the coordinate foundxahyhgointers. This cursor tracks the

mouse (or other pointing device) until one of three mouse buttons are pressed. Upon pressing, the cursor is removed from the
screen, the current mouse coordinates are returned by #meliny pointers, and the mouse button (1 for left, 2 for middle,

and 3 for right) is returned in thotton pointer.

R_get_location_with_line(x,y,nx,ny,button) get mouse location using a line
int X, y; int *nx, *ny, *button ;

Similar toR_get location_with_pointexcept the pointer is replaced by a line which has one end fixed at the coordinate
identified by thex,y values. The other end of the line is initialized at the coordinate identified by,thepointers. This

end then tracks the mouse until a button is pressed. The mouse button (1 for left, 2 for middle, and 3 for right) isireturned i
the button pointer.

R_get_location_with_box(x,y,nx,ny,button) get mouse location using a box
int X, y; int *nx, *ny, *button ;
Identical toR_get_location_with_linexcept a rubber-band box is used instead of a rubber-band line.

15.9. Loading the Raster Graphics Library
The library is loaded by specifying $(RASTERLIB) in the Gmakefile. The following example is a complete Gmakefile which
compiles code that uses this library:

Gmakefile for §(RASTERLIB)

OBJ = main.o subl.0 sub2.0

pgm: $(OBJ) $(RASTERLIB) $(GISLIB)

$(CC) $(LDFLAGS) -0 $@ $(OBJ) $(RASTERLIB) $(GISLIB)
$(RASTERLIB): # in case the library changes

$(GISLIB): # in case the library changes

Note. This library must be loaded with $(GISLIB) since it uses routines from that libraryl238kS Libraryfor details on
that library. This library is usually loaded with the $(DISPLAYLIB). $6display Graphics Libraryfor details on that
library.

Seell Compiling and Installing GRASS Prografasa complete discussion of Gmakefiles.
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Chapter 16

Display Graphics Library

16.1. Introduction

This library provides a wide assortment of higher level graphics commands which in turn use the graphics raster library
primitives. It is highly recommended that this section be used to understand how some of the GRASS graphics commands
operate. Such programs lidlevect, d.graphandd.rastdemonstrate how these routines work together. The routines fall into

four basic sets: 1) frame creation and management, 2) coordinate conversion routines, 3) specialized efficient raster display
routines, and 4) assorted miscellaneous routines like pop-up menus and line clipping.

Note.All routines and global variables in this library, documented or undocumented, start with th® préti»avoid name
conflicts, programmers should not create variables or routines in their own programs which use this prefix.

An alphabetic index is provided 5.4 Appendix F. Index to Display Graphics Library.

16.2. Library Initialization
The following routine performs a required setup procedure. Its use is encouraged and simplifies the use of this library.

D_setup(clear) initialize/create a frame
int clear

This routine performs a series of initialization steps for the current frame. It also creates a full screen frame ifathere is n
current frame. Thelearflag, if setto 1, tells this routine to clear any information associated with the frame: graphics as well
as region information.

This routine relieves the programmer of having to perform the following idiomatic function call sequence
struct Cell_head region;
char name[128];
int T,B,L,R;
/* get current frame, create full_screen frame if no current frame */

if (D_get_cur_wind(name)) {

T =R_screen_top();

B =R_screen_bot();

L =R_screen_left();

R =R_screen_rite();

strcpy (name, “full_screen”);
D_new_window(name, T, B, L, R);

}

if (D_set_cur_windname)) G_fatal_error(“Current graphics frame not available”) ;
if (D_get_screen_windo&T, &B, &L, &R)) G_fatal_error(“Getting graphics coordinates”) ;

/* clear the frame, if requested to do so */
if (clear) {
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D_clear_window();

R_standard_color(D_translate_color(*black”));
R_box_abs(L, T, R, B);
}

/* Set the map region associated with graphics frame */

G_get_set_window (&region);

if (D_check_map_window&region)) G_fatal_error(“Setting graphics coordinates”); if(G_set_window (&region) <
0) G_fatal_error (“Invalid graphics region coordinates”);

/* Determine conversion factors */

if (D_do_conversiong&region, T, B, L, R)) G_fatal_error(“Error calculating graphics-region conversions”)
/* set text clipping, for good measure, and set a starting location */

R_set_window (T,B,L,R);

R_move_abs(0,0);

D_move_abs(0,0);

16.3. Frame Management
The following set of routines create, destroy, and otherwise manage graphic frames.

D_new_window(name, top, bottom, left, right) create new graphics frame
char *name ;

int top, bottom, left, right ;

Creates a new franrmamewith coordinatesop, bottom, left,andright. If nameis the empty string *”’ (i.e.,rfame= = 0),
the routine returns a unique stringiame.
D_set_cur_wind(name) set current graphics frame

char *name ;

Selects the fram@ameto be the current frame. The previous current frame (if there was one) is outlined in grey. The selected
current frame is outlined in white.

D_get_cur_wind(name) identify current graphics frame
char *name ;

Captures the name of the current frame in sinzge.

D_show_window(color) outlines current frame
int color ;

Outlines current frame icolor. Appropriate colors are found in $GISBASE/src/D/libes/colors.h and are spelled with low-
ercase letters.

D_get_screen_windowtop, bottom, left, right) retrieve current frame coordinates

int *top, *bottom, *left, *right ;

Returns current frame’s coordinates in the poirttggsbottom, left, andright.
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D_check_map_window(region) assign/retrieve current map region
struct Cell_head *region ;

Graphics frames can have GRASS map regions associated with them. This routine passesetfiemiaghe current

graphics frame. If a GRASS region is already associated with the graphics frame, its information is capgdiirftor use

by the calling program. Otherwisegion is associated with the current graphics frame.

Note this routine is called Oy _setup

D_reset_screen_windowtop, bottom, left, right) resets current frame position
int top, bottom, left, right ;

Re-establishes the screen position of a frame at the location specifigal bpttom, left, and right.

D_timestamp() give current time to frame

Timestamp the current frame. This is used primarily to identify which frames are on top of other, specified frames.

D_erase_window() erase current frame

Erases the frame on the screen using the currently selected color.

D_remove_window() remove a frame

Removes any trace of the current frame.

D_clear_window() clears information about current frame

Removes all information about the current frame. This includes the map region and the frame content lists.

16.4. Frame Contents Management
This special set of graphics frame management routines maintains lists of frame contents.

D_add_to_list(string) add command to frame display list
char *string ;

Addsstring to list of screen contents. By conventistring is a command string which could be used to recreate a part of
the graphics contents. This should be done for all screen graphics except for the display of raster Diapst Tef name
routine is used for this special case.

D_set cell_naméname) add raster map name to display list
char *name ;

Stores the raster mayamein the information associated with the current frame.

D_get_cell_namégname) retrieve raster map name
char *name ;

Returns th@ameof the raster map associated with the current frame.

D_clear_window() clear frame display lists

Removes all display information lists associated with the current frame.
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16.5. Coordinate Transformation Routines
These routines provide coordinate transformation information. GRASS graphics programs typically work with the following
three coordinate systems:

Coordinate system Origin

Array upperleft (NW)
Display screen upper left (NW)
Earth lower left (SW)

Display screen coordinates are the physical coordinates of the display screen and are refexraddty Esirth region
coordinates are from the GRASS database regions and are referredstaagnorth. Array coordinates are the columns

and rows relative to the GRASS region and are referreddolasinandrow. The routineD_do_conversions called to

establish the relationships between these different systems. Then a wide variety of accompanying calls provide access to
conversion factors as well as conversion routines.

D_do_conversiongregion, top, bottom, left, right) initialize conversions
struct Cell_head *region ;
int top, bottom, right, left ;

The relationship between the eartgion and thaop, bottom, left,andright screen coordinates is established, which then
allows conversions between all three coordinate systems to be performed.

Note this routine is called 0y _setup

In the following routines, a value in one of the coordinate systems is converted to the equivalent value in a different coordi-
nate system. The routines are named based on the coordinates systems involved. Display screen coordinates are represented
by d, array coordinates by, and earth coordinates n(which used to stand for UTM).

double
D_u_to_a_row(north) earth to array (north)
double north ;

Returns aow value in array coordinate system when provided a corresponditigvalue in the earth coordinate system.

double
D_u_to_a_col(east) earth to array (east
double east ;

Returns a&olumnvalue in the array coordinate system when provided the corresp@aditvglue in the earth coordinate
system.

double
D_a to_d_row(row) array to screen (row)
double row ;

Returns g value in the screen coordinate system when provided the correspmwlivague in the array coordinate system.

double
D_a to_d_col(column) array to screen (column)

double column ;

Returns axvalue in screen coordinate system when provided a correspaudlimgn value in the array coordinate system.
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double
D_u_to_d_row(north) earth to screen (north)
double north ;

Returns & value in the screen coordinate system when provided the correspodingvalue in the earth coordinate
system.

double
D_u_to_d_col(east) earth to screen (east)
double east ;

Returns arx value in the screen coordinate system when provided the correspeadinglue in the earth coordinate
system.

double
D_d to_u_row(y) screen to earth (y)
double y ;

Returns anorth value in the earth coordinate system when provided the correspgndatge in the screen coordinate
system.

double
D_d to _u_col(x) screen to earth (x)
double x ;

Returns areastvalue in the earth coordinate system when provided the correspondaige in the screen coordinate
system.

double
D _d to_a row(y) screen to array (y)

double y ;

Returns aowvalue in the array coordinate system when provided the correspgndihge in the screen coordinate system.

double
D_d to_a col(x) screen to array (X)
double x ;

Returns a&olumnvalue in the array coordinate system when provided the corresponditige in the screen coordinate
system.

int

D_reset_color(data, r, g, b) reset raster color value
CELL data ;
intr,g, b;

Modifies the hardware colormap, provided that the graphics are not using fixed more colors. The hardware color register
corresponding to the raster data value is set to the combined valigeb.dfhis routine may only be called after a call to
D_set_colorsD_reset_colois for use by programs such as d.colors. Returns 1 if the hardware colormap was updated, O if
not. A 0 value will result if either a fixed color table transition is in effect, or because the data is not in the cosattange

the callD_set colors
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int

D_check_colormap_sizémin,max,ncolors) verify a range of colors
CELL min, max ;
int *ncolors ;

This routine determines if the range of colors fits into the hardware colormap. If it does, then the colors can be loaded
directly into the hardware colormap and color toggling will be possible. Otherwise a fixed lookup scheme must be used, and
color toggling willnot be possible.

If the colors will fit,ncolorsis set to the required number of colors (computed as max-min+2) and 1 is returned. Otherwise
ncolorsis set to the number of hardware colors and 0 is returned.

void

D_lookup_colors(data, n, colors) change to hardware color
CELL *data ;
intn;

struct Colors *colors ;

Then data values are changed to their corresponding hardware color number. The colors structure must be the same one that
was passed tO_set_colors

void

D_color (cat, colors) select raster color for line
CELL cat
struct Colors #colors ;

D_color specifies a raster color to use for line drawing.FSamlorfor a related routine.

16.6. Raster Graphics

The display of raster graphics is very different from the display of vector graphics. While vector graphics routines can
efficiently make use of world coordinates, the efficient rendering of raster images requires the programmer to work within
the coordinate system of the graphics device. These routines make it easy to do just that. The application of these routines
may be inspected in such commandd.aast r.combineandr.weightwhich display graphics results to the screen.

D_set_colorqcolors) establish raster colors for graphics
struct Colors *colors;

This routine sets the colors to be used for raster graphicgoldrs structure must be either be read usthgead colors
or otherwise prepared using ttoeitines described in 12.10.3 Raster Color Table.

Return values are 1 if the colors will fit into the hardware color map; 0 otherwise (in which case a fixed color approximation
based on these colors will be applied). These return codes are not error codes, just information.

Note. Due to the way this routine behaves, i@ correct to assume that a raster category value can be used to index the
color registers. The routin€s lookup_colorsor D_color must be used for that purpose.

D_cell_draw_setup(top, bottom, left, right) prepare for raster graphic
int top, bottom, left, right ;

The raster display subsystem establishes conversion parameters based on the screen extentajefiretbhy;, left,and
right, all of which are obtainable frol_get screen_window for the current frame.

130



D_draw_cell(row, raster, colors) render a raster row
int row ;
CELL *raster ;

struct Colors *colors;

Therow gives the map array row. Thaster array provides the categories for each raster value in that roveoldrs
structure must be the same as the one pas$&dstt_colors.

This routine is called consecutively with the information necessary to draw a raster image from north to south. No rows can
be skipped. All screen pixel rows which represent the current map array row are rendered. The routine returns the map array
row which is needed to draw the next screen pixel row.

D_set_overlay_modéflag) configure raster overlay mode
int flag ;

This routine determinesii_draw_celldraws in overlay mode (locations with category 0 are left untouched) or not (colored
with the color for category 0). Skag to 1 (TRUE) for overlay mode; O (FALSE) otherwise.

D_raster (raster, n, repeat, colors) low level raster plotting
CELL *raster,;
int n, repeat;

struct Colors *colors;

This low-level routine plots raster data. Thseter array has values. The raster is plottegbeattimes, one row below the
other. Thecolors structure must be theame one passed to D_set_colors.

Note. This routine does not perform resampling or placenigzntraw_celldoes resampling and placement and then calls
this routine to do the actual plotting.

Here is an example of how these routines are used to plot a raster map. The input parameters are the raster map name ar
mapset and an overlay flag.

#include “gis.h”
plot_raster_map(name,mapset,overlay)
char *name, *mapset;
int overlay;

struct Colors colors;
CELL *raster,;
int row, fd, top, bottom, left, right;
[* perform plotting setup */
D_setuoverlay);
D_get _screen_windo{&top, &bottom, &left, &right);
if (D_cell_draw_setug&top, &bottom, &left, &right)) ERROR

raster = G_allocate_cell_buf();

[* open raster map, read and set the colors */
if((fd = G_open_cell (hame, mapset)) <ERROR
if(G_read_colors (hname, mapset), &colors) €ERROR
D_set_colors(&colors);

[* plot */
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D_set_overlay _mode(overlay);

for(row=0; row >=0; ) {
if (G_get_map_row(fd, raster, row) <BRROR
row =D_draw_cell(row, raster, &colors);

}

G_close_cell(fd);
G_free_colors(&colors);
free(raster);

16.7. Window Clipping

This section describes a routine which is quite useful in many settings. Window clipping is used for graphics display and
digitizing.

D _clip(s,n,w, e, X, ¥, C_X, C_Y) clip coordinates to window
double s, n, w, e;
double *x1, *y1, *x2, *y2 ;

Aline represented by the coordinatésylandx2,y2is clipped to the window defined lsgsouth),n (north),w (west), and
e (east). Note that the following constraints must be true:

w <e
s<n
Thex1 andx2 are values to be comparedi#@nde. Theyl andy?2 are values to be comparedstandn.

Thex1 andx2 values returned lie betwegnande. Theyl andy?2 values returned lie betwesm@andn.

16.8. Pop-up Menus

D_popup (bcolor, tcolor, dcolor, top, left, size, options) pop-up menu
int bcolor ;
int tcolor ;
int dcolor ;
int left, top ;
int size ;

char *options[ ] ;

This routine provides a pop-up type menu on the graphics screebcdlbespecifies the background color. Tieelor is

the text color. Thecolor specifies the color of the line used to divide the menu itemdoptendleft specify the placement

of the top left corner of the menu on the screen. 0,0 is at the bottom left of the screen, and 100,100 is at the topizght. The
of the text is given as a percentage of the vertical size of the screeopfidres array is a NULL terminated array of
character strings. The first is a menu title and the rest are the menu options (i.e., options[0] is the menu title, §hl] options
options[2], etc., are the menu options). The last option must be the NULL pointer.

The coordinates of the bottom right of the menu are calculated basedtop te# coordinates, theize,the number of
options,and the longest option text length. If necessary, the menu coordinates are adjusted to make sure the menu is on the
screen.

132



D_popup( )does the following:

1 Current screen contents under the menu are saved.

2 Area is blanked with the background color and fringed with the text color.
3 Menu options are drawn using the current font.

4 User uses the mouse to choose the desired option.

5 Menu is erased and screen is restored with the original contents.

6 Number of the selected option is returned to the calling program.

16.9. Colors

D_reset_colorqcolors) set colors in driver
struct Colors *colors;

Turns color information provided in tleelorsstructure into color requests to the graphics driver. These colors are for raster
graphics, not lines or text. S&2.10.3 Raster Color Tabfer GIS Library routines which use this structure.

D_translate_color(name) color name to nhumber
char *name ;

Takes a colonamein ascii and returns the color number for that color. Returns 0 if color is not known. The color number
returned is for lines and text, not raster graphics.

16.10. Deleted Routines
The following routines have been deleted from the DISPLAY Library:

D_parse_command()
D_usage();

Replaced by G_parser and G_usage.
D_reset_colors()

Replaced by D_reset_color and D_set_colors.
D_draw_cell_row()
D_overlay_cell_row()

Replaced by D_draw_celland D_set_overlay_mode.

16.11. Loading the Display Graphics Library
The library is loaded by specifying $(DISPLAYLIB), $(RASTERLIB) and $(GISLIB) in the Gmakefile. The following
example is a complete Gmakefile which compiles code that uses this library:

Gmakefile for $(DISPLXLIB)

OBJ = main.o subl.o0 sub2.0

pgm: $(OBJ) $(DISPLAYLIB) $(RASTERLIB) $(GISLIB)
$(CC) $(LDFLAGS) -0 $@ $(OBJ) $(DISPLAYLIB)\
$(RASTERLIB) $(GISLIB)
$(DISPLAYLIB): # in case the library changes
$(RASTERLIB): # in case the library changes
$(GISLIB): # incase the library changes
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Note. This library uses routines in $(RASTERLIB). S&& Raster Graphics Libraryfor details on that library. Also
$(RASTERLIB) uses routines in $(GISLIB). S&2 GIS Library for details on that library. S@4 Compiling and Install-
ing GRASS Progranfer a complete discussion of Gmakefiles.

16.12. Vector Graphics / Plotting Routines
This section describes routines in GISLIB and the DISPLAYLIB libraries to support plotting of vector data. The best source
for an example of how they are used is the GRASS8ctmodule.

16.12.1. DISPLAYLIB routines

D_setup(clear) graphics frame setup
int clear ;

Performs a full setup for the current graphics frame: 1) Makes sure there is a current graphics frame (will create i full-scree
one, if not); 2) Sets the region coordinates so that the graphics frame and the active program region agree (may change active
program region to do this); and 3) performs graphic frame/region coordinate conversion initialization.

If clearis true, the frame is cleared (same as rundiegase) Otherwise, it is not cleared.

D_set_clip_window(top, bottom, left, right) set clipping window
int top, bottom, left, right ;

Sets the clipping window to the pixel window that corresponds to the current database region. This is the default.

D_set_clip_window_to_map_window) set clipping window to map window

Sets the clipping window to the pixel window that corresponds to the current database region. This is the default.

D_cont_abs(x, y) line to x,y

intx,y;
Draws a line from the current position to pixel locatign Any part of the line that falls outside the clipping window is not
drawn.

Note.The new position ig,y, ev en if it falls outside the clipping window. Returns 0 if the line was contained entirely in the
clipping window, 1 if the line had to be clipped to draw it.

D_cont_rel(x, y) line to x,y
intx,y;

Equivalent tdD_cont_abécurx+x, cury+y) whereurx,cury is the current pixel location.

D_move_abgX, y) move to pixel
intx,y;

Move without drawing to pixel locatiany, ev en if it falls outside the clipping window.

D_move_rel(x,y) move to pixel
intx,y;

Equivalent td_move_abEurx+x, cury+y) whereurx,cury is the current pixel location.
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Chapter 17
Lock Library

17.1. Introduction

This library provides an advisory locking mechanism. It is based on the idea that a process will write a process id into a file
to create the lock, and subsequent processes will obey the lock if the file still exists and the process whose id igheritten in
file is still running.

17.2. Lock Routine Synopses
lock_file (file, pid) create a lock

char *file;

int pid;
This routine decides if the lock can be set and, if so, sets the Ifitkdides not exist, the lock is set by creating the file and
writing the pid (process id) into théle. If file exists, the lock may still be active, or it may have been abandoned. To
determine this, an integer is read out of the file. This integer is taken to be the process id for the process whick created th

lock. If this process is still running, the lock is still active and the lock request is denied. Otherwise the lock isddosider
have been abandoned, and the lock is set by writingithiato thefile.

Return codes:

1 ok, lock request was successful

0 sorry, another process already has the file locked
-1 error. could not create the file

-2 error. could not read the file

-3 error. could not write the file

unlock_file (file) remove a lock

char *file;
This routine releases the lock by unlinkfilg. This routine does NOT check to see that the process unlocking the file is the
one which created the lock. The file is simply unlinked. Programs should of course unlock the lock if they created it. (Note,
however, that the mechanism correctly handles abandoned locks.)

Return codes:

1 ok. lock file was removed
0 ok. lock file was never there
-1 error. lock file remained after attempt to remove it.

17.3. Use and Limitations

It is worth noting that the process id used to lock the file does not have to be the process id of the process which actually
creates the lock. It could be the process id of a parent process. The GRASS start-up shells, for example, invoke an auxiliary
“locking” program that is told the file name and the process id to use. The start-up shells simply use a hidden file'in the use
home directory as the lock file, and their own process id as the locking pid, but let the auxiliary program actually do the
locking (since the lock must be done by a program, not a shell script). The only consideration is that the parent process not
exit and abandon the lock.

Warning. Locking based on process ids requires that all processes which access the lock file run on the same cpu. It will not
work under a network environment since a process id alone (without some kind of host identifier) is not sufficient to identify
a process.
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17.4. Loading the Lock Library
The library is loaded by specifying $(LOCKLIB) in the Gmakefile. The following example is a complete Gmakefile which
compiles code that uses this library:

Gmakefile for $(LOCKLIB)

OBJ = main.o subl.0 sub2.0
pgm: $(OBJ) $(LOCKLIB)

$(CC) $(LDFLAGS) -0 $@ $(OBJ) $(LOCKLIB)
$(LOCKLIB): #in case the library changes

Seell Compiling and Installing GRASS Prografosa complete discussion of Gmakefiles.
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Chapter 18

Rowio Library

18.1. Introduction

Sometimes it is necessary to process large files which contain data in a matrix format and keep more than one row of the data
in memory at a time. For example, suppose a program were required to look at five rows of data of input to produce one row
of output (neighborhood function). It would be necessary to allocate five memory buffers, read five rows of data into them,
and process the data in the five buffers. Then the next row of data would be read into the first buffer, overwritimgthe first

and the five buffers would again be processed, etc. This memory management complicates the programming somewhat and is
peripheral to the function being developed.

TheRowio Libraryroutines handle this memory management. These routines need to know the number of rows of data that
are to be held in memory and how many bytes are in each row. They must be given a file descriptor open for reading. In order
to abstract the file i/o from the memory management, the programmer also supplies a subroutine which will be called to do
the actual reading of the file. The library routines efficiently see to it that the rows requested by the program are in memory

Also, if the row buffers are to be written back to the file, there is a mechanism for handling this management as well.

Note.All routines and global variables in this library, documented or undocumented, start with theoprédix. To avoid
name conflicts, programmers should not create variables or routines in their own programs which use this prefix.

An alphabetic index is provided 5.4 Appendix H. Index to Rowio Library.

18.2. Rowio Routine Synopses
The routines in th®owio Libraryare described below. They use a data structure called RO WIO which is defined in the
header file “rowio.h” that must be included in any code using these routines:

# include “rowio.h”

ro wio_setup(r, fd, nrows, len, getrow, putrovepnfigure rowio structure
RO WIO *r;
int fd, nrows, len;
int (*getrow)();
int (*putrow)( );

Rowio_setup() initializes the ROWIO structurand allocates the required memory buffers. The file descfibtoust be
open for reading. The number of rows to be held in memanmpiss. The length in bytes of each rowlén. The routine
which will be called to read data from the filegstrow( ) and must be provided by the programmer. If the application
requires that the rows be written back into the file if changed, the file desédiptarst be open for write as well, and the
programmer must providepaitrow( ) routine to write the data into the file. If no writing of the file is to occur, specify NULL
for putrow( ).

Return codes:
1 ok

-1 there is not enough memory for buffer allocation

Thegetrow( ) routine will be called as follows:

getrow (fd, buf, n, len)
int fd;
char *buf;
int n, len;
When calledgetrow( ) should read data for romfrom file descriptofd into buf for len bytes. It should return 1 if the data
is read ok, O if not.

137



Theputrow( ) routine will be called as follows:
putrow (fd, buf, n, len)
int fd;
char *buf;
int n, len;
When calledputrow( ) should write data for row to file descriptofd from buf for len bytes. It should return 1 if the data
is written ok, O if not.

char *

ro wio_get(r, n) read a row
RO WIO *r;
int n;

Rowio_get() returns a buffer which holds the data for mdwom the file associated with ROWIO structurdf the row
requested is not in memory, thetrow( ) routine specified imowio_setugs called to read rowinto memory and a pointer
to the memory buffer containing the row is returned. If the data currently in the buffer had been chaogéu byt the
putrow( ) routine specified imowio_setugs called first to write the changed row to disk. If novg already in memory, no
disk read is done. The pointer to the data is simply returned.

Return codes:
NULL nis negative, or
getrow( ) returned O (indicating an error condition).

INULL pointer to buffer containing row.

ro wio_forget (r, n) forget a row
RO WIO *r;
int n;

Rowio_forget( ) tells the routines that the next request fonrawist be satisfied by reading the file, even if the row is in
memory.

For example, this routine should be called if the buffer returneovip _getis later modified directly without also writing
it to the file. Sed 8.3 Rowio Programming Considerations.

rowio_fileno (r) get file descriptor
RO WIO *r;

Rowio_fileno() returns the file descriptor associated with the ROWIO structure.

ro wio_release( r) free allocated memory
RO WIO *r;

Rowio_release() frees all the memory allocated for ROWIO structlidoes not close the file descriptor associated with
the structure.

ro wio_put (r, buf, n) write a row
RO WIO *r;
char *buf;

int n;
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Rowio_put( ) writes the buffdsuf, which holds the data for row, into the ROWIO structure If the row requested is
currently in memory, the buffer is simply copied into the structure and marked as having been changed. It will be written out
later. Otherwise it is written immediately. Note that when the row is finally written to digkytiteev( ) routine specified

in rowio_setups called to write row to the file. ro wio_flush ( r) force pending updates to disk RO WIO *r;

Rowio_flush() forces all rows modified lbgwio_putto be written to the file. This routine must be called before closing the
file or releasing the rowio structure if rowio_put( ) has been called.

18.3. Rowio Programming Considerations

If the contents of the row buffer returned by rowio_get() are modified, the programmer must either write the modified buffer
back into the file or call rowio_forget( ). If this is not done, the data for the row will not be correct if requestedhagain. T
reason is that if the row is still in memory when it is requested a second time, the new data will be returned. If it is not in
memory, the file will be read to get the row and the old data will be returned. If the modified row data is written Haek into t
file, these routines will behave correctly and can be used to edit files. If it is not written back into the file, row{g) forget
must be called to force the row to be read from the file when it is next requested.

Rowio_get() returns NULL if getrow( ) returns O (indicating an error reading the file), or if the row requested is less than 0
The calling sequence for rowio_get( ) does not permit error codes to be returned. If error codes are needed, they can be
recorded by getrow( ) in global variables for the rest of the program to check.

18.4. Loading the Rowio Library
The library is loaded by specifying $(ROWIOLIB) in the Gmakefile. The following example is a complete Gmakefile which
compiles code that uses this library:

Gmakefile for §(ROWIOLIB)

OBJ = main.o subl.0 sub2.0
pgm: $(OBJ) $(ROWIOLIB)

$(CC) $(LDFLAGS) -0 $@ $(OBJ) $(ROWIOLIB)
$(ROWIOLIB): # in case the library changes

Seell Compiling and Installing GRASS Prografasa complete discussion of Gmakefiles.
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Chapter 19
Segment Library

19.1. Introduction
Large data files which contain data in a matrix format often need to be accessed in a nonsequential or random manner. This
requirement complicates the programming.

Methods for accessing the data are to:
(1) read the entire data file into memory and process the data as a two-dimensional matrix,
(2) perform direct access i/o to the data file for every data value to be accessed, or
(3) read only portions of the data file into memory as needed.

Method (1) greatly simplifies the programming effort since i/o is done once and data access is simple array referencing.
However, it has the disadvantage that large amounts of memory may be required to hold the data. The memory may not be
available, or if it is, system paging of the program may severely degrade performance. Method (2) is not much more compli-
cated to code and requires no significant amount of memory to hold the data. But the i/o involved will certainly degrade
performance. Method (3) is a mixture of (1) and (2). Memory requirements are fixed and data is read from the data file only
when not already in memory. Howev er the programming is more complex.

The routines provided in this library are an implementation of method (3). They are based on the idea that if the original
matrix were segmented or partitioned into smaller matrices these segments could be managed to reduce both the memory
required and the i/o. Data access along connected paths through the matrix, (i.e., moving up or down one row and left or right
one column) should benefit.

In most applications, the original data is not in the segmented format. The data must be transformed from the nonsegmented
format to the segmented format. This means reading the original data matrix row by row and writing each row to a new file
with the segmentation organization. This step corresponds to the i/o step of method (1).

Then data can be retrieved from the segment file through routines by specifying the row and column of the original matrix.
Behind the scenes, the data is paged into memory as needed and the requested data is returned to the caller.

Note. All routines and global variables in this library, documented or undocumented, start with thes@gefient. To
avoid name conflicts, programmers should not create variables or routines in their own programs which use this prefix.

An alphabetic index is provided in 25.4 Appendix I. Index to Segment Library.

19.2. Segment Routines

The routines in th8egment Librargre described below, more or less in the order they would logically be used in a program.
They use a data structure called SEGMENT which is defined in the header file “segment.h” that must be included in any
code using these routines:

# include “segment.h”

The first step is to create a file which is properly formatted for use byagment Libraryoutines:

segment_format(fd, nrows, ncols, srows, scols, len) format a segment file
int fd, nrows, ncols, srows, scols, len;

The segmentation routines require a disk file to be used for paging segments in and out of memory. This routine formats the
file open for write on file descriptdd for use as a segment file. A segment file must be formatted before it can be processed
by other segment routines. The configuration parameteves, ncols, srows, scolsindlen are written to the beginning of

the segment file which is then filled with zeros.

The corresponding nonsegmented data matrix, which is to be transferred to the segmemofile pigncols.The segment
file is to be formed of segments which arewsby scols.The data items have lendén bytes. For example, if thaata type
is int, len is sizeof(int).
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Return codes are:
1 ok
-1 could not seek or writfel

-3 illegal configuration parameter(s).

The next step is to initialize a SEGMENT structure to be associated with a segment file formatigthbgit format.

segment_init(seg, fd, nsegs) initialize segment structure

SEGMENT *seg;

int fd, nsegs;
Initializes thesegstructure. The file ofd is a segment file created bggment_formadnd must be open for reading and
writing. The segment file configuration parametexsns, ncols, srows, scoimdlen,as written to the file bgegment_format
are read from the file and stored in fegstructure.Nsegsspecifies the number of segments that will be retained in memory.
The minimum value allowed is 1.

Note. The size of a segmentssols*srows*lemplus a few bytes for managing each segment.

Return codes are: 1 if ok; else -1 could not seek or read segment file, or -2 out of memory.

Then data can be written from another file to the segment file row by row:

segment_put_row(seg, buf, row) write row to segment file
SEGMENT *seg;
char *buf;
int row;

Transfers nonsegmented matrix data, row by row, into a segmeBis.the segment structure that was configured from
a call tosegment_initBuf should contaimcols*lenbytes of data to be transferred to the segmentRibev specifies the
row from the data matrix being transferred.

Return codes are: 1 if ok; else -1 could not seek or write segment file.

Then data can be read or written to the segment file randomly:

segment_ge(seg, value, row, col) get value from segment file
SEGMENT *seg;
char *value;
int row, col;

Provides random read access to the segmented data. IHrgleyses of data intealue from the segment filsegfor the
correspondingow andcol in the original data matrix.

Return codes are: 1 if ok; else -1 could not seek or read segment file.

segment_pufseg, value, row, col) put value to segment file

SEGMENT *seg;

char *value;

int row, col;
Provides random write access to the segmented data. It Eopigses of data fromalueinto the segment structusegfor
the correspondingpw andcol in the original data matrix.

The data is not written to disk immediately. It is stored in a memory segment until the segment routines decide to page the
segment to disk.

Return codes are: 1 if ok; else -1 could not seek or write segment file.
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After random reading and writing is finished, the pending updates must be flushed to disk:
segment_flushseg) flush pending updates to disk
SEGMENT *seg;

Forces all pending updates generateddyment_puto be written to the segment fiéeg.Must be called after the final
segment_put() to force all pending updates to disk. Must also be called before the firstegpti¢at get row

Now the data in segment file can be read row by row and transferred to a normal sequential data file:
segment_get_rowseg, buf, row) read row from segment file
SEGMENT *seg;
char *buf;

int row;

Transfers data from a segment file, row by row, into memory (which can then be written to a regular maBegfdahe
segment structure that was configured from a caketgment_initBuf will be filled with ncols*lenbytes of data corre-
sponding to theow in the data matrix.

Return codes are: 1 if ok; else -1 could not seek or read segment file.

Finally, memory allocated in the SEGMENT structure is freed:
segment_releaséseq) freeallocated memory
SEGMENT *seg;

Releases the allocated memory associated with the segmeegfioes not close the file. Does not flush the data which
may be pending from previosegment_putalls.

19.3. How to Use the Library Routines

The following should provide the programmer with a good idea of how to uSegiment Libraryoutines. The examples
assume that the data is integer. The first step is the creation and formatting of a segment file. A file is createdafmtmatted
then closed:

fd = creat (file,0666);
segment_format (fd, nrows, ncols, srows, scols, sizeof(int));
close(fd)

The next step is the conversion of the nonsegmented matrix data into segment file format. The segment file is reopened for
read and write, initialized, and then data read row by row from the original data file and put into the segment file:

int buf[NCOLS];

SEGMENT seg;

fd = open (file, 2); segment_init (&seg, fd, nseq)
for (row = 0; row < Nrows; row++)

{

<code to get original matrix data fiamw into buf>
segment_put_row (&seg, buf, row);
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Of course if the intention is only to add new values rather than update existing values, the step which transfers data from the
original matrix to the segment file, using segment_put_row( ), could be omittedsegroent_formatiill fill the segment
file with zeros.

The data can now be accessed directly uséggment_gefor example, to get the value at a given row and column:

int value;
SEGMENT seg;
segment_get (&seg, &value, row, col);

Similarly segment_putan be used to change data values in the segment file:

int value;

SEGMENT seg;

value = 10;

segment_put (&seg, &value, row, col);

Warning. It is an easy mistake to pass a value directly to segment_put( ). The following should be avoided:
segment_put (&segq, 10, row, col);this will not work*/

Once the random access processing is complete, the data would be extracted from the segment file and written to a nonsegmente
matrix data file as follows:

segment_flush (&segq);
for (row = 0; row < Nrows; row++)

{
segment_get_row (&seg, buf, row);
<code to pubufinto a matrix data file forow>

Finally, the memory allocated for use by the segment routines would be released and the file closed:
segment_release (&seg);
close (fd);

Note. TheSegment Librargloes not know the name of the segment file. It does not attempt to remove the file. If the file is
only temporary, the programmer should remove the file after closing it.

19.4. Loading the Segment Library
The library is loaded by specifying $(SEGMENTLIB) in the Gmakefile. The following example is a complete Gmakefile
which compiles code that uses this library:

Gmakefile for $(SEGMENTLIB)

OBJ = main.o subl.0 sub2.0
pgm: $(OBJ) $(SEGMENTLIB)
$(CC) $(LDFLAGS) -0 $@ $(OBJ) $(SEGMENTLIB)
$(SEGMENTLIB): # in case the library changes
Seell Compiling and Installing GRASS Prografosa complete discussion of Gmakefiles.
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Chapter 20

Vask Library

20.1. Introduction

TheVask Library(visual-ask) provides an easy means to communicate with a user one page at a time. That is, a page of text
can be provided to the user with information and question prompts. The user is allowed to move the cursor from prompt to
prompt answering questions in any desired order. Users’ answers are confined to the programmer-specified screen locations.

This interface is used in many interactive GRASS programs. For the uséskhkibraryprovides a very consistent and
simple interface. It is also fairly simple and easy for the programmer to use.

Note.All routines and global variables in this library, documented or undocumented, start with th¥ pré&tavoid name
conflicts, programmers should not create variables or routines in their own programs which use this prefix.

An alphabetic index is provided in 25.4 Appendix J. Index to Vask Library.

20.2. Vask Routine Synopses

The routines in th&ask Libraryare described below, more or less in the order they would logically be used in a program.
TheVask Librarymaintains a private data space for recording the screen description. With the exception of V_call( ), which
does all the screen painting and user interactiaskroutines only modify the screen description and do not update the
screen itself.

V_clear () initialize screen description
This routine initializes the screen description information, and must be called before each new screen layout description.

V_line (num, text) add line of text to screen
int num;
char *text;

This routine is used to place lines of text on the sciRew.is an integer value of 0-22 specifying the row on the screen
where thdext is placed. The top row on the screen is row 0.

Warning. V_line(') does not copy the text to the screen description. It only saves the text address. This implies that each call
to V_line() must use a different text buffer.

V_const(value, type, row, col, len) define screen constant

V_ques(value, type, row, col, len) define screen question
Ctype*value; (Ctypeis one of int, long, float, double, or char)
char type;
int row, col, len;

These two calls use the same syntax. V_const() and V_ques( ) specify that the contents of memory at thevatldress of
are to be displayed on the screen at locatian col for len characters. V_ques( ) further specifies that this screen location
is a prompt field. The user will be allowed to change the field on the screen and thus chealge ttself. V_const() does

not define a prompt field, and thus the user will not be able to change these values.

Value is a pointer to an int, long, float, double, or char striiype specifies what type value points to: 'i’ (int), 'I' (long),
'’ (float), 'd’ (double), or ’s’ (character stringRow is an integer value of 0-22 specifying the row on the screen where the
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value is placed. The top row on the screen is rd@o0is an integer value of 0-79 specifying the column on the screen where
the value is placed. The leftmost column on the screen is columen 8pecifies the number of columns that the value will
use.

Note that the size of a character array passed to V_ques() must be at least one byte longer than the length of the prompt fiel
to allow for NULL termination. Currently, you are limited to 20 constants and 80 variables.

Warning. These routines store the addressalfie and not the value itself. This implies that different variables must be
used for different calls. Programmers will instinctively use different variables with V_ques(), but it is a stumblingblock fo
V_const(). Also, the programmer must initializaue prior to calling these routines.

V_float_accuracy(num) set number of decimal places
int num;

V_float_accuracy() defines the number of decimal places in which floats and doubles are displayed or Hcce eth

integer value defining the number of decimal places to be used. This routine affects subsequent calls to V_const( ) and
V_ques( ). Various inputs or displayed constants can be represented with different numbers of decimal places within the
same screen display by making different calls to V_float_accuracy( ) before calls to V_ques() or V_const( ). V_clear()
resets the number of decimal places to the default (which is unlimited).

V_call () interact with the user

V_call() clears the screen and writes the text and data values specified by V_line(), V_ques() and V_const() to the screen.
It interfaces with the user, collecting user responses in the V_ques() fields until the user is satisfied. A message is automa
cally supplied on line number 23, explaining to the user to enter an ESC when all inputs have been supplied as desired.
V_call() ends when the user hits ESC and returns a value of 1 (but see V_intrpt_ok( ) below). No error checking is done by
V_call(). Instead, all variables used in V_ques( ) calls must be checked upon return from V_call(). If the user has supplied
inappropriate information, the user can be informed, and the input prompted for again by further calls to V_call().

V_intrpt_ok () allow ctrl-c

V_call() normally only allows the ESC character to end the interactive input session. Sometimes it is desirable to allow the
user to cancel the session. To provide this alternate means of exit, the programmer can call V_intrpt_ok() before V_call().
This allows the user to enter Ctrl-C, which causes V_call() to return a value of 0 instead of 1.

A message is automatically supplied to the user on line 23 saying to use Ctrl-C to cancel the input session. The normal
message accompanying V_call() is moved up to line 22.

Note.When V_intrpt_ok() is called, the programmer must limit the use of V_line(), V_ques( ), and V_const() to lines 0-
21.

V_intrpt_msg (text) change ctrl-c message

char *text;
A call to V_intrpt_msg( ) changes the default V_intrpt_ok() message from (OR <Ctrl-C> TO CANCEL) to (OR <Ctrl-C>
TOmsQ. The message is (re)set to the default by V_clear().

20.3. An Example Program
Following is the code for a simple program which will prompt the user to enter an integer, a floating point number, and a
character string.

# define LEN 15
main()

{

inti; /* the variables */
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float f ;

char s[LEN];

i=0; [*initialize the variables */
f=0.0;

*$=0;

V_clear(); [* clear vask info */

V_line(5, “ Enter an Integer ) ;  /* the text */
V_line( 7, “ Enter a Decimal *) ;

V_line( 9, “ Enter a character string “) ;
V_ques ( &i, 1", 5, 30, 5) ;/* the prompt fields */
V_ques ( &f, 'f", 7, 30, 5) ;

V_ques(s,’s’, 9,30, LEN-1);

V_intrpt_ok(); [* allow ctrl-c */

if ('V_call()) /* display and get user input */
exit(1); [* exit if ctrl-c */

printf (“%d %f %s\n”, i, f, s) ; [* ESC, so print results */
exit(0);

The user is presented with the following screen:

AFTER COMPLETING ALL ANSWERS, HIT <ESC> TO CONTINUE (OR <Citrl-C> TO CANCEL)

Enter an Integer 0

Enter a Decimal 0.00 _
Enter a character string

The user has several options.

20.4.

Note. The targepgmdepends on the object files $(OBJ) and\Mthsk Library$(VASKLIB). This is done so that modifica-
tions to any of the $(OBJ) files or to the $(VASKLIB) itself will force program reloading. However, the compile rule speci-

<CR> moves the cursor to the next prompt field.
CTRL-K moves the cursor to the previous prompt field.
CTRL-H moves the cursor backward nondestructively within the field.

CTRL-L moves the cursor forward nondestructively within the field. CTRL-A writes a copy of the screen to afile
namedvisual_askn the user’s home directory.

ESC returns control to the calling program with a return value of 1.

CTRL-C returns control to the calling program with a return value of 0. Displayable ascii characters typed by the
user are accepted and displayed. Control characters (other than those with special meaning listed above) are ig-

Loading the Vask Library
Compilations must specify the vask, curses, and termcap libraries. The library is loaded by specifying $(VASK) and
$(VASKLIB) in the Gmakefile. The following example is a complete Gmakefile which compiles code that uses this library:

Gmakefile for $(MSK)

OBJ = main.o subl.0 sub2.0

pgm: $(OBJ) $(VASKLIB)

$(CC) $(LDFLAGS) -0 $@ $(0OBJ) $(VASK)
$(VASKLIB): # in case the library changes
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fies $(OBJ) and $(VASK), rather than $(OBJ) and $(VASKLIB). This is because $(VASK) specifies both the UNIX curses
and termcap libraries as well as $(VASKLIB).

Seell Compiling and Installing GRASS Prografosa complete discussion of Gmakefiles.

20.5. Programming Considerations

The order of movement from prompt field to prompt field is dependent on the ordering of calls to V_ques( ), not on the line
numbers used within each call. Information cannot be entered beyond the edges of the prompt fields. Thus, the user responst
is limited by the number of spaces in the prompt field provided in the call to V_ques(). Some interpretation of input occurs
during the interactive information gathering session. When the user enters <CR> to move to the next prompt field, the
contents of the current field are read and rewritten according to the value type associated with the field. For example,
nonnumeric responses (e.g., “abc”) in an integer field will get turned to a 0, and floating point numbers will be truncated
(e.g., 54.87 will become 54).

No error checking (other than matching input with variable type for that input field) is done by V_call(). This must be done,
by the programmer, upon return from V_call( ). Calls to V_line( ), V_ques( ), and V_const( ) store only pointers, not
contents of memory. At the time of the call to V_call( ), the contents of memory at these addresses are copied into the
appropriate places of the screen description. Care should be taken to use distinct pointers for different fields and lines of
text. For example, the following mistake should be avoided:

char

text[100];

V_clear();

sprintf(text,” Welcome to GRASS *);

V_line(3,text);

sprintf(text,” which is a product of the US Army CERL *);
V_line(5,text);

V_call();

since this results in the following (unintended) screen:
which is a product of the US Army CERL
which is a product of the US Army CERL

AFTER COMPLETING ALL ANSWERS, HIT <ESC> TO CONTINUE
(OR <Ctrl-C> TO CANCEL)

Warning. Due to a problem in a routine within the curses library, the Vask routines use the curses library in a somewhat
unorthodox way. This avoided the problem within curses, but means that the programmer cannot mix the Waslkof the
Library with direct calls to curses routines. Any program usingvisk Libraryshould not call cursdgorary routines

directly.
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Chapter 21
Digitizer/Mouse/Trackball Files (.dgt)

The following is derived from the manual for Line Trace Plus (LTPIlus) by John Dabritz and the Forest Service. The code for
the digitizer drivers was taken from LTPlus and modified. The 'additions’ file describes what has been changed from the
original LTPIlus version. Note that LTPlus supports mice and trackballs as well as digitizers. These can be ignored for v.digit,
and herein, “digitizer” will be used to correspond to digitizers, mice, and trackballs.

This chapter is relevant for the GRASS v4.2 version.digit only. The GRASS v4.0 version of v.digit is now named
v.digit2 and is included in the GRASS v4.2 release.Ze¥/riting a Digitizer Driverfor information on writing a digitizer
for v.digit2.

21.1. Rules for Digitizer Configuration Files
The following are rules and restrictions for creating .dgt files.

1. No line may exceed 95 characters in length.
2. Inaline, all characters following (and including) a pound sign (# ) are considered comments (ignored). To put a pound
sign into a string not to be ignored, use a\035. Any ascii character can be specified in this way: a backslash followed by
a 3-digit (ascii decimal) number specifying the ascii decimal value of the character.
3. All other non-blank characters must be within brackets {} OR be one of the following (which are followed by brackets):
setup
startrun
startpoint
startquery
stop

query
format

These represent the groups of information used to initiate, gather, and stop input from a graphics input device (digitizer,

mouse, track-ball ect.). Only one (left or right) bracket may be on a single line, although text and brackets may share a line.
See #?secton|digitizer.file.commands

4. Limits:
a) The file can have no more than 100 non-blank, non-comment lines.
b) Other limits are listed with their data type, below.

5. The legal lines within brackets depend on the group to which the brackets belong. ALL DATA LINES ARE DEPEN-
DENT ON THE PARTICULAR DEVICE. YOU MUST REFER TO THE TECHNICAL REFERENCE MANUAL
FOR THE PARTICULAR DEVICE (mouse/digitizer/track-ball) in order to determine which parameters and which
values need to be used. The groups (setup, startrun, startpoint, startquery, stop, query , format) may be in any order.
Within the groups: startrun, startpoint, startquery, query, and stop the order of command lines is important. These are
the legal line formats for each grouping:

21.2. Digitizer Configuration File Commands
The following is an in-depth description of each command available in the .dgt digitizer files.

21.2.1. Setup
This data is used to setup the communication link with the digitizer and is used during interpretation of the digitizer data.
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21.2.1.1.Serial Line Characteristics

baud = n This line is optional, default = 9600 if not specified. If specified, n must be one of : 300, 600, 1200, 1800, 2400,
4800 9600, or 19200.

parity = str str must be “odd”, “even”, or “none”. This item is optional, and defaults to none if not specified.
data_bits = n The number of data bits used (does NOT include parity bits, if any). Choices = 5,6,7,8 (default = 8)
stop_bits = n The number of stop bits used on the serial line. Choices are 1, or 2. Optional, default = 1.

buttons = n Number of buttons on digitizer cursor. This entry lets v.digit know if digitizer keys are available for input.
Default is 0, so an entry must be made if the digitizer cursor is to be used for input. If the value of buttons is less
than 5, keyboard keys will also be used for input.

buttonstart = n Number of the first key on the digitizer cursor. Usually 0 or 1. Default is 0. This is strictly for commnicatin
with the user. If you have arrow keys on your puck, you can set buttonstart to whatever you want.

buttonoffset = n Difference between 1 and the value sent by the lowest digitizer button. In other words, if the digitizer keys
sent the values 0, 1, ..., n, buttonoffset would equal one, if the button output already starts with one, buttonoffset
would be zero (the default value). Although these are the two most common cases, it is legal for buttonoffset to be
any integer value. For instance if your keys for some reason output the values 16-32, it would be legal to use the
value -15 as the buttonoffset.

footswitch = 0 or 1 Does the digitizer have a footswitch? Zero for no, one for yes.

digname = string Name of the digitizer.

description = string One line description of digitizer, format, etc.

button_up_char = ¢ Character that indicates that no button is pressed. Only appropriate if format is ascii and includes a
button press byte.

21.2.1.2.Data Interpretation Characteristics

debounce = d [r] These values control the delay and repeat rate for a digitizer or mouse button that is held down (who says
you can'’t hold a good button down!) The first value (delay) specifies the number of continuous reports with the
same button press which may be received before it is taken as a second button press. The second value, separated b
a space, is the repeat rate, which specifies the number of continuous reports between further reports received which
will be taken as subsequent button presses. The second value (repeat rate) is optional (default is 1/3 of the first
value). A O for the first value indicates an infinite delay. For this value indicates an indefinite delay. For this value,
only 1 key press will be taken no matter how long a button is held down. If no debounce values are listed, the
default of Os will be used.

units_per_inch = n Helps to set sensitivity (on absolute type devices see next item below) & map-inch size. dflt=1000. Not
used for relative type devices (mice), see below.

coordinates = str str must be 'absolute’ or 'relative’, dflt=absolute. In general, mouse/trackball devices are relative, and
digitizers coordinates are absolute.

sign_type = aaa This indicates the sign type for binary formats: none (all +) (default for absolute crds). Onegative (o=neg,
used for some abs coords). 1negative (1=neg, used for some abs coords). 2s-complement (default for relative coords).

Note: for binary formats the sign bit should be coded as highest bit number for a coordinate.
Note: for ascii formats, minus (-) sign is expected from the raw device to indicate a negative number.

X_positive = dd This indicates the direction of x-positive coordinates. dd is a sting which may have the value righter left. T
default is right. All digitizers and mice have x-positive to the right as of this writing.

y_positive = dd This indicates the direction of y-positive coordinates. dd is a string which may have the value up or down.
The default is up. The microsoft mouse is a digitizing device which has y-positive coordinates to indicate a down-
ward movement.

digcursor = fname Specifies the cursor file to be used while this digitizer is in use with LTPlus program. The digcursor file
defines which command each digitizer button generates. v.digit does not need a cursor file, and ignores this line.

Note: The order of items is unimportant within the setup group.
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21.2.1.3.Example of a Setup

setup

{
digname = Calcomp
description = Calcomp digitizer, ascii format 12
buttons = 16 # number of buttons on digitizer
buttonstart = 0 # number buttons start with
buttonoffset = 1 # offset to get buttons 1-15
baud = 9600
units_per_inch = 1000

}

21.2.2. Startrun, Startpoint, Startquery, Stop, Query

All of these allow the same operations, but are used at different times when communicating with the digitizer/mouse. The
START groupings are used to initialize the digitizer each time communication is switched to that mode. The QUERY
grouping is used when (and if) the digitizer is queried/prompted to send data information. The STOP grouping is used to
stop digitizer output. All of these groupings are optional but at least one start group must be included (to use the file with
v.digit, the startquery group must be included). If the digitizer is configured by default or switch settings to outpthelata in
desired form of a certain mode, it is desirable to include that start group anyway, with some innocuous action (such as
sending a carriage return) as the only action. If a start group is not included for a given mode, the program assumes that the
digitizer is unable to operate in that mode.

There may be no more than 40 operations within each start group or the stop group. There may be no more than 10
operations in the query group.

21.2.2.1. Operations
send = aaaa This allows the sending of any ascii string to the digitizer (at the current baud rate and parity).

read = n This tells the program to read n bytes from the digitizer before trying to read again (gives up trying to read after 1
second). This is for reading digitizer prompts during start & stop groups and is NOT used for querying the digi-
tizer, unless a non-data string is to be read (like a prompt character).

wait = n wait n seconds (decimal seconds allowed) before next

communication with the digitizer. Many computers are quicker than digitizers and need to allow time for the digitizer to
change baud rate before resuming communication. Maximum resolution for wait is 0.001 second.

baud = n This allows changing of baud rate which was set during setup and is normally not used otherwise. If only 1 baud
rate is used, then it is put in the setup group only. This is the normal case for most digitizers.

21.2.2.2. Notes.

Control, extention, space, and all other characters can be specified in sent strings by using the backslash followed by the
ascii decimal value to be sent (up to 3 digits). Example: send=/027 (indicates the escape character).

The lines/commands communicating with the digitizer will be executed in the SAME ORDER as they are in the start/stop/
guery grouping. Order is very important. Wait commands may be necessary to give the digitizer time to execute the command
sent. Wait commands may need to be added/changed when the main programs is run on a faster cpu (in order to give the
digitizer enough time to keep up). A maximum of 40 non-comment lines can be in a start, stop, or query group. All
characters to be sent must be specified, including carriage return (\013) and linefeed (\010).

Each time a QUERY group is executed, a 0.001 second wait is done automatically after all query group commands. This
allows time for the graphics input device to send a packet of information before the serail line is read by the program.
v.digit requires that a STARTQUERY group exists.

150



21.2.2.3. Example of Start Groupings

startrun
{
send =\027%R
baud = 2400
wait = 0.6
read =3
wait = 0.1
send =\027%S
} .
startpoint
{
send =\027%"12\013 # set output format to format 12
send =\027%P\013 # set to run mode
}
startquery
{
send =\027%"12\013 # set output format to format 12
send =\027%R\013 # set to run mode
send =1027%QN\013 # set prompt character to '’ and
# put in prompt mode
}

21.2.2.4. Example of a Query Grouping

query

{
send = \013 # send prompt

21.2.2.5. Example of a Stop Grouping
stop
{ send =\027%K
wait = 0.1
send =\027%*
}

21.2.3. Format

This data is used each time a packet of information from the digitizer is interpreted. This group must be one of 2 types; ascii
or binary. The digitizer file MUST contain a format group (either ascii or binary).

Ascii format groups have only 1 line:
ascii = format_string
Binary format groups have one line for each byte in the form:

byteN = format_string Where N is the byte number, (1 or greater) or byte No = format_string (similar to above for
OPTIONAL bytes)Note.The program assumes the optional bytes containing ONLY button press information (no
x or y information).

The legal format strings depend on the type (ascii or byteN).
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21.2.3.1. ASCII format strings
ASCII format strings have these characteristics:
1. There are no imbedded blanks.

2. Legal characters are:
x denotes 1 character of the x-coordinate value (sign included).

y denotes 1 character of the y-coordinate value (sign included).

b denotes 1 character of button information.

p denotes 1 character of button press information (up or down).
, denotes the comma character (used to sync data if present).

¢ denotes a carriage return (optionally specified)

| denotes a line-feed (optionally specified)

? denotes any other character of information (including blanks).

21.2.3.2. Notes

The sign (+ or -) should be coded as part of the x or y value. The specifications of the carriage-return and lineféed are tota
optional. They will be ignored whether they are specified or not. Their only use is to separate one ascii grouping of incoming
data from another. Any combination of carriage-returns and/or linefeeds will serve this purpose in any case os ascii format
use.

21.2.3.3. Example of ASCII Format Grouping

format

{

ascii =?xxxxx,yyyyy,??bcl

}

21.2.3.4. Binary Format String

Binary format strings have these characteristics.

0. byteNo form is used only for bytes which are sometimes, but not always sent by the digitizing devices. These
byte(s) must be at the end of the grouping/packet. For example, the Logitech Mouseman sends ari'dytienal 4
only when the middle button is pressed. Very few digitizing devices use optional bytes.

1. 8 bits are specified with at least 1 blank between bit groupings, even f fewer bits are used. Fill the left (high) bits
with ? if necessary.
2. Legal characters are:

XN denotes bit N of the x-coordinate value (low-order bit is 0, maximum bit allowed is 30) (include sign bit as
highest bit used)

yN denotes bit N of the y-coordinate value (low-order bit is 0, maximum bit allowed is 30) (include sign bit as
highest bit used)

bN denotes bit N of button press value (low-order bit is 0, maximum bit allowed is 7).
p denotes button press bit (will be 1 if button is pressed, 0 otherwise).

0 denotes bit is always zero (used for sync bit).

1 denotes bit is always one (used for sync bit).

? denoted any other information (bit not used).
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21.2.3.5.Notes
There cannot be more than 100 lines of byten = in the format group.

Sign bits (if any) should be coded as the highest bit number for a given coordinate. Parity bits (if in the lowestd bits), an
fill bits (if fewer than 8 bits used) should be coded as ?. No bits above the lowest 8 should be specified ar all (sometimes
there is a 9 parity bit).

0s and 1s are used for syncing the input, and should all occur in the same bit column.

21.2.3.6.Examples of a Binary Format Grouping
Example with odd or even parity and 7 data bits.

format
{
bytel = ? 1 ? ? ? ? ? ?
byte2 = ? 0 ? b4 b3 b2 bl b0
byte3 = ? 0 x5 x4 x3 X2 X2 x0
byted = ? 0 x11 x10 x9 x8 X7 X6
byte5 = ? 0 x16 x17 x15 x14 x13 x12
byte6 = ? 0 y5 y4 y3 y2 yl y0
byte7 = ? 0 y11 y10 y9 y8 y7 y6
byte8 = ? 0 y16 y17 y15 yl4 y13 y12
}

or

Example with 8 data bits (with or without parity.)

format

{

bytel= 1 p b3 b2 bl b0 x15 x14
byte2= 0 x13 x12 x11 x10 x9 x8 X7
byte3= 0 X6 x5 x4 x3 X2 x1 x0
byted = 0 ? ? ? x16 y16 y15 yl4
byte5= 0 y13 y12 y1l y10 y9 y8 y7
byte6 = 0 y6 y5 y4 y3 y2 yl y0

}

21.3. Examples of Complete Files
The following are complete examples of digitizer files.

21.3.1.

Example 1

setup

{

digname = Calcomp

description = Calcomp digitizer, ascii format 5
buttonoffset = 1

buttons = 16

buttonstart = 0

baud = 9600

units_per_inch = 1000
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startrun

send =\027%"5\013 # set to format 5
send =\027%R\013

startpoint

{ .
send =\027%"5\013 # set to format 5
send =\027%P\013

startquery

{

send =\027%"5\013 # set to format 5
send =\027%R\013
send =\027%QN"\013

}
query
{
send = \013
}
stop
{
send =\027%H\013
format
{ )
ascii = XxxXxx,yyyyy,??b
}
21.3.2. Example 2
setup
{
digname = Altek
description = altek digitizer, model AC30, binary output format 8
buttonoffset = 1 # button output starts at 0, we want 1
buttonstart = 0 # first button is numbered 0
buttons = 16 # number of buttons is 16
baud = 9600
parity = none
stop_bits =1
sign_type = none
units_per_inch = 1000
coordinates = absolute
sign_type = none
startrun
{
send=S2\13 # set to run mode
send=F8\13 # set output format to 8
send=R6\13 # enter rate mode 6
startpoint
send = P\013 # set to point mode
send = F8\013 # set output format to 8
startquery
send = S2\013 # altek has no specific prompt mode, but may be
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# queried at any time, so set to run mode
send = F8\013 # set output format to 8

}
query

{
send = V\013 # request data

stop

{
send =\027\013 # reset

format

{
bytel =1 p b3 b2 b1l b0 x15 x14
byte2 = 0 x13 x12 x11 x10 x9 x8 x7
byte3 = 0 x6 x5 x4 x3 x2 x1 x0
byted =07 ? ? x16 y16 y15 y14
byte5 =0y13y12 y11 y10y9 y8 y7
byte6 = 0 y6 y5 y4 y3y2 y1y0

}

21.4. Digitizer File Naming Conventions
The naming conventions for digitizers driver files is:

manufacturer name or abbreviation + model number of digitizer + output format the digitizer is using + _ + number
of keys on puck

For example, an Altek model 30 digitizer using format 8 with a 16 button puck would be:
al+30+f8+_+16

Put it together and you have —> al30f8_16

You can optionally stick a .dgt extention on the end of the file name, e.g., al30f8_16.dgt This is by no means required, but
its a clear indicator as to the use of the digitizer file which helps everyone in the long run. Test your files thoroeghly. Wh

it works, tell other users about your file. This helps everyone by reducing duplication of effort.
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Chapter 22
Writing a Digitizer Driver

22.1. Introduction
This chapter is relevant only fardigit2. For more information on configuration files for the GRASS v4.2 v.digit, and an
explanation ofv.digit andv.digit2,see21 Digitizer/Mouse/Trackball Files (.dgt).

A digitizer device driver consists of a library of device-dependent functions that are linked into digitizer programs. This
chapter describes those functions that are needed to create a digitizer device driver compatible with GRASS map develop-
ment software.

Section22.2 Writing the Digitizer Device Drivexplains how digitizer drivers are written, while sec2@r8 Discussion of
the Finer Points (Hintsjlescribes problems and pitfalls encountered during the development of the Altek driver.

22.2. Writing the Digitizer Device Driver
Source code for the digitizer drivers is kept in

$GISBASE/src/mapdev/digitizers
Separate subdirectories contain the individual drivers. When a new driver is written, it should be placed here in a new
subdirectory.
It is helpful to examine the source code for existing drivers located here, and to attend a demonstration of the GRASS
digitizing progranv.digit, before developing a new driver.

22.2.1. Functions that must be Written

This section describes the device-dependent library functions that must be written. Each of these functions must be present
in the library. Function descriptions are organized by file name. (The file names are those used by current GRASS digitizer
drivers. File names are printed in bold, along the left-hand margin of the page.) These files and functions can be copied from
one of the existing digitizer driver libraries and altered to suit the needs of a particular driver.

Note. Although it is strongly recommended that the programmer use the file names listed below (for reasons set forth in
22.2.3 Compiling the Device Driveother filesnames may be used instead.

dig_menu.h

This file contains the menu that is displayed while digitizing. The menu should indicate the purpose of the buttons on the
cursor for the particular digitizer. The menu is stored in

dig_menu

char *dig_menu[ ] ;
An example of how the Altek driver uses this function to create a menu is given below:

# define dig_menu_lines 16
char *dig_menu[] ={

“GRASS-DIGIT Version 3.0 Digitizing menu
“ ALTEK digitizer AMOUNT DIGITIZED
“ Cursor keys: # Lines:
“ <0> digitize point # Area edges:

“ <1> quit digitizing ,
“ <2> update monitor ,
“ <3> toggle point/stream mode Total points: ,

“ “
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“ CURRENT DIGITIZER PARAMS. 4

“ MODE TYPE
point line
stream area edge

Note.The menu must be exactly as it appears here, except that thévtagtrimay be replaced by the appropriate text for the
digitizer.

dig_curses.c

This file only contains # includes. It is used to set up the digitizing menu in the “dig_menu.h” file. This file must look like
this:

#include <curses.h>

# include “dig_menu.h”

# include “../../digit/digit.h”

# include “../../digit/menu.h”
# include “../../libes/head.h”
# include “../../digit/curses.c”

setup_driver.c
D_setup_driver (device)

char *device ;

This function opens the device (which igyaport) and initializes the digitizer.

Note. This function should not set the origin. The origin is set later by the furidtisatup_origin.

dig_dev.c
D_get_scale(scale)
float *scale ;

This function setscaleto the digitizer resolution in units of lines per inch. For example, on a digitizer having a resolution
of 1000 lines per inclscalewould be set to .001.

coll_pts.c

# include “digit.h”

# include “globals.h”

collect_points (mode, type, np, X, y)
int mode, type ;
int *np ;
double **x, **y ;

This routine is called to collect points that represent a single vector (or arc) from the digitizer.

The points should be collected into static arrays or dynamically allocated arrays, transformed from digitizer coordinates to
database coordinates ustngnsform_a_into_pand plotted on the graphics monitor ugihgt_points Thenx andy are set
to point to these arrays, ang set to the number of points collected.
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The digitizingmodemay be either STREAM or POINT: STREAM indicates that the digitizer should collect a continuous
stream of points; POINT indicates that the digitizer should collect points under user control (i.e., each time the user presses
a button, the foot-switch, or a key on the keyboard). ddiect_points( ) function can be written to allow interactive
toggling between the two modes during a single call.

Thetypeis setto AREA when the vector to be collected is an area edge, and to LINE when itis is a linear feayyre. The
is of no interest taollect points() itself, but is passed to the functiplot_points which draws lines on the graphics
monitor.

This function should return 1 if digitizing in STREAM mode occurred (i.e., either benag®was initially STREAM, or
because the user changed to STREAM mode), and 0 otherwise.

Note. This routine is responsible for plotting the vector on the graphics monitor, but it should do it responsibly. This means
that while digitizing in POINT mode, the line-segments should be plotted immediately; while digitizing in STREAM mode,
the points should be plotted only when the digitizing is finished, or when the user toggles to POINT mode.

Note. If the cursor has buttons, they can be used to change the digitiatteps well as end the digitizing. If the digitizer

has a foot-switch instead of buttons, the foot-switch should be used to end the digitizing (toggling modes would not be
supported in this case). If the digitizer has neither buttons nor a foot-switch, then the keyboard must be used, even in
STREAM mode. (See GeoGraphics driver for code that polls the keyboard.)

interface.c

This file contains a number of functions. The following functions return information about digitizer capabilities:

D_cursor_buttons()

If the digitizer cursor buttons are to be used by the digitizing programs, there must be at least five buttons. This
function returns 1 if the cursor has five or more buttons; otherwise, it returns 0.

D_foot_switch()
This function returns 1 if there is a usable foot-switch. It returns 0 if the digitizer has no foot-switch.

Note.If there are five or more buttons on the cursor, the value returngdflopt switch() is ignored (i.e., itis assumed that
there is no foot-switch). Sdé& cursor_buttons.

D_start_button()

This function tells the driver how the cursor buttons are labeled (i.e., the labels that the user sees on the buttons).
If the first button is labeled 1, then this routine returns 1. If the first button is labeled 0, then this routine returns 0.

It should return -1 if the digitizer cursor buttons are not being used loyitlee See D_cursor_buttons.

For example, if the digitizer buttons are labeled 0-9, then this routine would return 0. If the digitizer buttons are
labeled 1-16, then this routine would return 1.

The following routines perform digitizer configuration:
D_setup_origin()

This routine sets the digitizer’s origin (0,0). This routine should only return if successful, and should return a value
of 0. If it fails, an error message should be sent to the terminal screéiritéhinfg and the program terminated
with a call toclose_down

Note. Frequently, the location of the digitizer’s origin can be set to some default value, without any input from the
user. Otherwise, this routine must ask the user to set the origin. The Wutmenfqo should be used to print
instructions for the user. (Refer to the GeoGraphics digitizer driver, which instructs users to set the origin in the
lower left corner of the digitizing tablet.)
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D_clear_driver()

This function clears any button presses on the digitizer that have been g(Refed.to 22.3 Discussion of the
Finer Points (Hints) for an explanatiaf why this is necessary.) This routine should only return if successful, and
should return a value of 0. If it fails, an error message should be sent to the s#ritgitinfq and the program
terminated with a call tolose_down.

The following two routines read the current digitizer coordinates:

D_read _raw (X, Y)
double *x, *y ;

Gets the current location of the digitizer cursor, and places the digitizer coordinates in the vaaaties

If a digitizer button was pressed, this routine returns the button’s value. The return value must be in the range of@.through
This means that if the first button is labeled 0 this routine must add 1 to the button number that is returned.

If no button was pressed, this routine returns 0.

Foot-switch. If the digitizer has a foot-switch, instead of cursor buttons, then the foot-switch must be treated as if it were
button 1. If the digitizer has neither a foot-switch nor cursor buttons, then this routine should return O.

D_ask_driver_raw (X, y)
double *x, *y ;

Waits for a button to be pressed and then gets the current location of the digitizer cursor, and places the digitizesscoordinat
in the variablex andy. This routine returns the button’s value. The return value must be in the range of 1 through 16. This
means that if the first button is labeled 0 this routine must add 1 to the button number that is returned.

Foot-switch. If the digitizer has a foot-switch, instead of cursor buttons, then the foot-switch must be treated as if it were
button 1, and this routine should wait for the foot-switch to be pressed. If the digitizer has neither a foot-switch nor cursor
buttons, then this routine should returwihoutwaiting.

22.2.2. Functions Av ailable For Use
There are functions which have already been written that can be called by the digitizer driver. These are described below.

Note. These functions exist in libraries. The libraries that contain these functiodesamgbed in 22.2.3 Compiling the
Device Driver.

close_down (status)
int status ;

This function gracefully exits the calling program. Call this function witiusset to -1 when an irrecoverable error has
occurred (e.g., when the digitizer does not respond, or returns an error). Otherwise, call this rougbaéusidtét to O.

plot_points (type, np, X, Y, line_color, point_color)
int type, np;

double *x, *y ;
int line_color, point_color ;

This function is to be called lmpllect_pointslit draws the vector defined by the points inxtedy arrays on the graphics
monitor. The number of points in the vectons

Theplot_points() function expects to receive points frowllect_pointsn the coordinate system of the database. Digitizer
coordinates can be translated to database coordinategrasisiprm_a_into_b .

Thetype indicates whether the vector is an AREA or a LINE. AREA and LINE are defined in the include file “dig_defines.h”".

The line_color and point_color indicate whether the lines and points are to be highlighted or erased. The constant
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CLR_HIGHLIGHT indicates highlighting, and the constant CLR_ERASE indicates erase (CLR_HIGHLIGHT and
CRL_ERASE are defined in “globals.h”). The colors actually used to highlight or to erase lines and points are specified by
the user irdigit.

transform_a_into_b (Xraw, Yraw, X, Y)
double Xraw, Yraw ;
double *X, *Y ;

This function converts the digitizer coordina¥aw,Yraw into the database coordinade¥. This function is used by the
driver functioncollect_points

Note.The transformation rule used by this routine is generateijitywhen the user registers the map to the database. The
rule is already in place by the timellect_points calls transform_a_into_b ().

Write_info (line, message)

int line ;

char *message ;
This function prints anessagén the four line window at the bottom of the user’s terminaigit. The variabldine must
be a number 1 through 4, which represents the line number inside the windonedsagenust not exceed 76 characters
and should not contain \n.

22.2.3. Compiling the Device Driver

Programs (e.gdigit) that use the digitizer driver functions are stored in libraries. When the digitizer driver is compiled, it
links with those different libraries and creates the programs. Each driver should c@n@akefilethat contains compila-

tion instructions fogmake.The Gmakefilefor the digitizer driver is complex. Rather than attempting to construct a com-
pletely newGmakefilejt is generally simpler to copy an existi@gnakefilefrom another driver and modify it to meet the
needs of the new digitizer driver.

The following libraries are needed by the digitizer driver when it is compiled:

$GISBASE/src/mapdev/digit/libdigit.a
$GISBASE/src/mapdev/libes/libtrans.a
$GISBASE/src/mapdev/lib/libdig.a
$LIBDIR/libdig_atts.a
Some include files (*.h) must also be compiled into the driver. These files are located in the following directories:

$GISBASE/src/mapdev/libes

$GISBASE/src/mapdev/lib
Compile the device driver by executigmakeThis will create theligit program and any other programs dependent on the
digitizer driver code.

22.2.4. Testing the Device Driver

There are three crucial points at which thegit program calls the digitizer driver. The first occurs just atigit has
prompted the user for a file nanigigit will try to open the driver and initialize the digitizer; if this fails, it is because
D_setup_drivehas failed. The second occurs when the user registers the map to the digitizer. If the program fails at this
point, there is a problem with th& read_raw function. A final test of the driver is performed when tiolect_points

function is called, which occurs when vectors are being digitized.

Before testing any programs, review (Beass Installation Guidéo ensure that the digitizer is set up correctly. If more
information is needed, read the file $GISBASE/src/mapdev/README.

22.3. Discussion of the Finer Points (Hints)
This section offers several hints and pitfalls to avoid when writing the digitizer driver. It has three subsections: $®éting up
Digitizer, Program Logic, and Specific Driver Issues.
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22.3.1. Setting up the Digitizer
The process of setting up a computer system and digitizer can be divided into three steps:

(1) Setting the internal switches on the digitizer (hardware)
(2) Running a cable between the digitizer and the computer (hardware)

(3) Setting up the serial port on the computer (software)

22.3.1.1.Setting the internal switches

The switches on the digitizer must be set so that the digitizer will run teglexstor promptmode, which means that the
digitizer will only send output when it is requested or prompted by the program. Thus, the program controls the timing of the
output from the digitizer and will only receive information when it is ready to process it. Refer to the manual included with
the digitizer for specific information on its set-up.

Note. The digitizer must be able to use an RS232 serial interface and transmit information only when prompted by the
program. If the digitizer cannot transmit information on command, then it cannot be used as a GRASS digitizer.

22.3.1.2.Running a cable between the digitizer and computer

A cable must be made to connect the digitizer to a RS232 serial port on the computer. Different model computers, even when

from the same maker, may require different cable configurations. For example, one computer may need a straight-through

cable, while another computer may need pins 6, 8, and 20 looped back on the computer side. A break-out box can be used tc
deduce digitizer cable requirements and ensure that the digitizer is actually talking to the computer.

22.3.1.3.Configuring the serial port

The digitizer is plugged into a serial partlév/ tty?? on the computer, which must be configured for a digitizer to run on
it. To set up théty for the digitizer, turn thaty's getty off, and make thity readable and writable by anyone.

A final suggestion: document the information that has been learned. TRSTBBASE/ src/ mapdev/ digitizers/ altek/
INSTALL.ALTEK can be used asexample. It contains the switch settings for the Altek, cable configurations, and other
useful information. Such documentation is invaluable when another digitizer is added, problems arise, or if the digitizer
switch settings have to be changed because other software is using the digitizer.

22.3.2. Program Logic
All digitizing programs follow the same basic steps, whether they test the digitizer, or appear in a complex digitizing program
like digit. The following sequence gives the programmer a feel for how the digitizer driver is used by the calling programs.

(1) Link the program to the digitizer (open thg

(2) Set thdty to the appropriate state (ioctl calls)

(3) Initialize the digitizer (setting resolution, setting origin, ...)
(4) Ask the digitizer for data containing a set of coordinates

(5) Read the data from the digitizer
(6) Interpret the data into usable coordinates (X, y)
(7) Display the coordinates (X, y)
(8) Loop back for more data or until user wants to quit
In order to become familiar with the architecture of a digitizer driver, it is useful to write a simple program to test the

digitizer. If a digitizing problem arises, the diagnostic program can help isolate the cause of the problem (hardwarg, software
cable, etc.).
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22.3.3. Specific Driver Issues
The writing of digitizer device drivers can be complex. This section explores four issues in greater depth:

(1) Connecting to the digitizer

(2) Initializing and reading the digitizer

(3) Synchronizing the digitizer and computer
(4) Digitizer cursors with buttons

Connecting to the digitizer :
In GRASS, the computer communicates directly with the digitizer to which (through the sertsy} ptre digi-
tizer is connected. Thity to which the digitizer is connected is opened, read, and written to just like a file.
D_setup_drivemwill open thetty, set file permissions to read and write, and set the running statettyf @me
experimenting with the different line disciplines (CBREAK, RAW) may be necessary to determine the best state for
the tty, but RAW seems to be the norm. Changing the running statétytansists of changing the structures
associated with that particuly and reflecting the changes to the operating system by iggitid ). Unfortu-
nately, the information is stored differently under different operating systems.

GRASS digitizer drivers have been written under the System V (AT&T) and Berkeley (UCB) UNIX operating
systems. A major difference between these two operating systems is the way they handle terminal interfaces (ttys).
Terminal information is contained in structures in <termio.h> under System V, and in <sgtty.h> under Berkeley. In
other words, the structures, and the names used in the structures, will differ depending on the operating system. All
tty related system-dependent code has C preproc#sfief SYS\tatments around it in the existing drivers.
System-dependent code is defined as either being under System V (SYSV) or Berkeley. This issue will only arise
when thetty to which the digitizer is connected is being opened, Usirggetup_driver

Initializing and reading the digitizer :

The driver and the digitizer communicate by using the Utdbtl() andwrite () functions.D_setup_drivesets up
the digitizer software by writing command strings tottiyeSince each digitizer is different, the digitizer’s user
manual frequently proves to be the only source of information on how to initialize and read the digitizer.

Setting up a consistently good function to read the digitizer is the most difficult part of writing the digitizer driver.
Theread( ) function, when reading fromtty, may not read as many characters as requested. For example, if six
bytes are requeste@ad( ) can return anywhere from zero to six bytes.

One approach is to request six bytes, and then, if the number of bytes actually read is not six, issueaatlfother

), this time asking only for the number of bytes remaining. In other words, if six bytes were requested but only two
were received, then another read for four bytes is issued. If that read returned one byte, then another read is re-
guested for three bytes, etc. This would continue until either all six bytes were read, or a timeout occurred. This
approach worked well in the Altek driver. Another approach that was tried was to request six bytes, and then, if less
than six bytes were received, the bytes were thrown away, and another six bytes were requested. This was repeated
until the read returned six bytes. This approach worked some of the time, but sometimes gav e unreliable coordi-
nates, and was abandoned. Other digitizer drivers have been written that read ascii characters from the digitizer and
usesscanfi( ) to strip out the needed information. The number of characters actually read to get one set of coordi-
nates will depend on the digitizer and on the information stated in the digitizer’s user manual.

Another problem, in the case of the Altek, is that the cursor is only active in certain portions of the tablet. This
means that either there will be no output, or a specific flag will be on/off, until the cursor is within the active area
of the tablet. Because no external markings on the tablet delineate the active area, individuals commonly attempt to
digitize within the tablet’s inactive area, leading them to the false assumption that the digitizer is acting strangely.
Depending on the digitizer, this will have to be handled by fine tuning the reads and/or checking the status byte(s).

A word of warning - if thety is not set up properly iD_setup_drivertheread( ) function can return confusing
information (i.e., it may include garbage with the data or be unable to read the number of characters specified).

Synchronizing the digitizer and computer :

Driver checking has been added to post-3.0 drivers, to warn the user when the driver is out of sync with the digitizer.
For example, the Altek has the high bit tureadn the first byte of the six bytes that are read. The driver checks to
make sure that the high byte is turred if it is not, the digitizer and driver are out of sync. The driver warns the
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user, resets the digitizer and then reinitializes the digitizer.

Digitizer cursors with buttons:

Drivers can be written to use the digitizer buttons or the keyboard for input while digitizing. Where drivers use the
digitizer buttons, some digitizers will queue up any button hits. (This may depend on what running state the
digitizer was set up with when it was initialized.) This means that if a person pushes the digitizer cursor buttons a
number of times and then begins to digitize, the program must clear the queue of button hits before beginning to
digitize. Other digitizers will only say that a button has been hit if the button has bardthi digitizer has been

prompted for a coordinate.
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Chapter 23
Writing a Graphics Driver

23.1. Introduction

GRASS application programs which use graphics are written witRdlster Graphics Library At compilation time, no

actual graphics device driver code is loaded. It is only at run-time that the graphics requests make their way to déwice-specif
code. At run-time, an application program connects with a running grajehice drivertypically via system level first-in-

first-out (fifo) files. Each GRASS site may have one or more of these programs to choose from. They are managed by the
programd.mon.

Porting GRASS graphics programs from device to device simply requires the creation of a new graphics driver program.
Once completed and working, all GRASS graphics programs will work exactly as they were designed without modification
(or recompilation). This section is concerned with the creation of a new graphics driver.

23.2. Basics

The various drivers have source code contained under the directory $GISBASE/src/D/dehicesrectory contains a
separate directory for each driver, e.g., SUNVIEW and MASS. In addition, the diristooptains files of code which are
shared by the drivers. The directory GENERIC contains the beginnings of the required subroutines ar@nsakafile.

A new driver must provide code for this basic set of routines. Once working, the programmer can choose to rewrite some of
the generic code to increase the performance of the new driver. Presented first below are the required routines. Suggested
options for driver enhancement are then described.

23.3. Basic Routines

Described here are the basic routines required for constructing a new GRASS graphics driver. These routines are all found in
the GENERIC directory. It is suggested that the programmer create a new directory (e.g., MYDRIVER) into which all of the
GENERIC files are copied (i.e., cp GENERIC/* MYDRIVER).

23.3.1. Open/Close Device

Graph_Set() initialize graphics

This routine is called at the start-up of a driver. Any code necessary to establish the desired graphics environmedt is include
here. Often this means clearing the graphics screen, establishing connection with a mouse or pointer, setting drawing param-
eters, and establishing the dimensions of the drawing screen. In addition, the global integer variables SCREEN_LEFT,
SCREEN_RIGHT, SCREEN_TOP, SCREEN_BOTTOM, and NCOLORS must be set. Note that the GRASS software
presumes the origin to be in the upper left-hand corner of the screen, meaning:

SCREEN_LEFT < SCREEN_RIGHT
SCREEN_TOP < SCREEN_BOTTOM

You may need to flip the coordinate system in your device-specific code to support a device which uses the lower left corner
as the origin. These values must map precisely to the screen rows and columns. For example, if the device provides graphics
access to pixel columns 2 through 1023, then these values are assigned to SCREEN_LEFT and SCREEN_RIGHT, respec-
tively.

NCOLORS is set to the total number of colors available on the device. This most certainly needs to be more than 100 (or so).

Graph_Close() shut down device

Close down the graphics processing. This gets called only at driver termination time.
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23.3.2. Return Edge and Color Values
The four raster edge values set in@raph_Set( Joutine above are retrieved with the following routines.

Screen_left(index)return left pixel column value

Screen_rite(index)return right pixel column value

Screen_top(index)return top pixel row value

Screen_bot(index)return bottom pixel row value
int *index ;

The requested pixel value is returnedhidex.
These next two routines return the number of colors. There is no good reason for both routines to exist; chalk it up to the
power of anachronism.
Get_num_colors(index) return number of colors
int *index ;

The number of colors is returnedinmdex.

get_num_colory() return number of colors

The number of colors is returned directly.

23.3.3. Drawing Routines
The lowest level drawing routines are draw_line( ), which draws a line between two screen coordinates, and Polygon_abs()
which fills a polygon.

draw_line (x1,y1,x2,y2) draw a line
int x1, y1, x2,y2 ;

This routine will draw a line in the current color froth,y1to x2,y2.

Polygon_abs(x,y,n) draw filled polygon
int *x, *y ;
intn;

Using then screen coordinate pairs represented by the values xratidy arrays, this routine draws a polygon filled with
the currently selected color.

23.3.4. Colors

This first routine identifies whether the device allows the run-time setting of device color look-up tables. If it can (and it
should), the next two routines set and select colors.

Can_do() signals run-time color look-up table access

If color look-up table modification is allowed, then this routine must return 1; otherwise it returns 0. If your deviaxhas fix
colors, you must modify the routines in fii®directory which set and select colors. Most devices now allow the setting of
the color look-up table.

reset_color(number, red, green, blue) set a color
it number

unsigned char red, green, blue ;
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The system'’s color representedriymber is set using the color component intensities found imgbegreen,andblue
variables. A value of 0 represents 0% intensity; a value of 255 represents 100% intelmifynumber) select a color int
number ;

The current color is set tumber. This number points to the color combination defined in the last caié&d_color( Yhat
referenced this number.

23.3.5. Mouse Input
The user provides input through the three following routines.

Get_location_with_box(cx,cy,wx,wy,button) get location with rubber box
intcx, cy ;
int *wx, *wy ;
int *button ;

Using mouse device, get a new screen coordinate and button number. Button numbers must be the following values which
correspond to the following software meanings:

1 - left button

2 - middle button

3 - right button
A rubber-band box is used. One corner is fixed atxheycoordinate. The opposite coordinate starts oakaty and then
tracks the mouse. Upon button depression, the current coordinate is retwraadyiand the button pressed is returned in
button.

Get_location_with_line(cx,cy,wx,wy,button) get location with rubber line

intcx, cy ;

int *wx, *wy ;

int *button ;
Using mouse device, get a new screen coordinate and button number. Button numbers must be the following values which
correspond to the following software meanings:

1 - left button

2 - middle button

3 - right button
A rubber-band line is used. One end is fixed atthey coordinate. The opposite coordinate starts outxatry and then
tracks the mouse. Upon button depression, the current coordinate is retwradyiand the button pressed is returned in
button.

Get_location_with_pointer (wx,wy,button) get location with pointer
int *wx, *wy ;
int *button ;

Using mouse device, get a new screen coordinate and button number. Button numbers must be the following values which
correspond to the following software meanings:

1 - left button

2 - middle button

3 - right button
A cursor is used which starts outvet,wy and then tracks the mouse. Upon button depression, the current coordinate is
returned invx,wy and the button pressed is returnedutton.
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23.3.6. Panels
The following routines cooperate to save and restore sections of the display screen.

Panel_savdname, top, bottom, left, right) save a panel

char *name ;

int top, bottom, left, right ;
The bit display between the rows and cols representéaipbyottom, left, andright are saved. The string pointed to by
nameis a file name which may be used to save the image.

Panel_restorg(name) restore a panel
char *name ;

Place a panel saved mame (which is often a file) back on the screen as it was when it was saved. The memory or file
associated withameis removed.

23.4. Optional Routines

All of the above must be created for any new driver. The GRR&&Eerlib,which provides the application program routines

which are passed to the driver via the fifo files, contains many more graphics options. There are actually about 44. Above, we
have described 19 routines, some of which do not have a counterparRasteelib.For GRASS 3.0, the basic driver

library was expanded to accommodate all of the graphics subroutines which could be accomplished at a device-dependent
level using the 19 routines described above. This makes driver writing quite easy and straightforward. A price that is paid is
that the resulting driver is probably slower and less efficient than it might be if more of the routines were writtercey a devi
dependent way. This section presents a few of the primary target routines that you would most likely consider rewriting for
anew driver.

It is suggested that the driver writer copy entire files from the lib area that contain code which shall be replaced. In the
loading of libraries during the compilation process, the entire file containing an as yet undefined routine will be loaded. For
example, say a filedb.c’ contains subroutines a() and b(). Even if the programmer has provided subroutine a( ) elsewhere,
at load time, the entire fileab.c’ will be loaded to get subroutine b(). The compiler will likely complain about a multiply
defined external. To avoid this situation, do not break routines out of their files for modification; modify the entire file.

Raster_int (n, nrows, array, withzeros, type) raster display
intn;
int nrows ;
unsigned int *array ;
int withzeros ;
int type ;

This is the basic routine for rendering raster images on the screen. Application programs construct images row by row,
sending the completed rasters to the device driver. The detatkr_int( Jn lib draws the raster through repetitive calls to
color()anddraw_line().Often a 20x increase in rendering speed is accomplished through low-level raster calls. The raster

is found in thearray pointer. It contains color information far colors and should be repeated fowows rows. Each
successive row falls under the previous row. (Depending on the complexity of the raster and the number of rows, it is
sometimes advantageous to render the raster through low-level box commandsthZéres flag indicates whether the

zero values should be treated as color 0 (withzeros= =1) or as invisible (withzeros= =0). tipwlfylicates that the

raster values are already indexed to the hardware color look-up table (type= =0), or that the raster values are indexed to
GRASS colors (which must be translated through a look-up table) to hardware look-up table colors (type= =1).

Further details on this routine and related routiRaster_chr( )andRaster_def( are, of course, found in the definitive
documentation: the source code.

167



Chapter 24

Writing a Paint Driver

24.1. Introduction

Thepaintsystem, which produces hardcopy maps for GRASS, is able to support many different types of color printers. This
is achieved by placing all device-dependent code in a separate program called a device driver. Application programs, written
using a library of device-independent routines, communicate with the device driver using the UNIX pipe mechanism. The
device driver translates the device-independent requests into graphics for the device.

A paintdriver has two parts: a shell script and an executable program. The executable program is responsible for translating
device-independent requests into graphics on the printer. The shell script is responsible for setting some UNIX environment
variables that are required by the interface, and then running the executable program. The user first selects a fhiater using
p.selecprogram. The selected printer is stored in the GRASS environment variable PAINA&Rhe user runs one of the
application programs. The princigadint applications that produce color output prenapwhich generates scaled maps,
andp.chartwhich produces a chart of printer colors. The application looks up the PAINTER and runs the related shell script
as a child process. The shell script sets the required environment variables and runs the executable. The application then
communicates with the driver via pipes.

24.2. Creating a Source Directory for the Driver Code
The source code faaintdrivers lives in
$GISBASE/src/paint/Drivers
Each driver has its own subdirectory containing the source code for the executable program, the shell sGipgleafdea
with rules that tell the GRAS@nakecommand how to compile the driver.

24.3. The Paint Driver Executable Program
A paintdevice driver program consists of a set of routines (defined below) that perform the device-dependent functions.
These routines must be written for each device to be supported.

24.3.1. Printer I/O Routines
The following routines open the printer port and perform low-level i/o to the printer.

Popen(port) open the printer port
char *port;

Open the printgport for output. If theport is atty, perform any necessatty settings (baud rate, xon/xoff, etc.) required. No
data should be written to thpert.

Theport will be the value of the UNIX environment variable MAPLP, if set, and NULL otherwise. It is recommended that
device drivers use theort that is passed to them so tpainthas a consistent logic.

The baud rate should not be hardcoded®apen( ). It should be set in the driver shell as the UNIX environment variable
BAUD. Popen( ) should determine the baud rate from this environment variable.

Pout (buf, n) write to printer unsigned
char *buf;
int n;

Output the data ibuf. The number of bytes to sendhisThis is a low-level request. No processing of the data is to be done.
Output is simply to be sent as is to the printer.
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It is not required that data passed to this routine go immediately to the printer. This routine can buffer the outmad, if desir

It is recommended that this routine be used to send all output to the printer.

Poutc( ¢) write a character to printer
unsigned char c;
Sends the characteto the printer. This routine can be implemented as follows:

Poutc®© unsigned char c;

{
Pout(c, 1);

}

Pouts(s) write a string to printer unsigned
char *s;
Sends the character striatp the printer. This routine can be implemented as follows:

Pouts(s) unsigned char *s;

{

Pout(s, strlen(s));

}

Pflush () flush pending output

Flush any pending output to the printer. Does not close the port.

Pclose() close the printer port
Flushes any pending output to the printer and closes the port.

Note.The above routines are usually not device dependent. In most cases the printer is connected eithettyparserial

to a parallel port. Theaintdriver library contains versions of these routines which can be used for output to either serial or
parallel ports. Exceptions to this are neviewdriver, which sends its output to the graphics monitor, anNtHd. driver

which sends debug output to stderr.

24.3.2. Initialization

The following routine will be called aft&open to initialize the printer :

Pinit () initialize the printer
Initializes the printer. Sends whatever codes are necessary to get the printer ready for printing.

24.3.3. Alpha-Numeric Mode
The following two routines allow the printer to be used for normal text printing:

Palpha () place printer in text mode

Places the printer in alpha-numeric mode. In this mode, the driver should onhHtertzalls.
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Ptext (text) print text
char *text;
Prints thetext string on the printer.

Thetext will not normally have nonprinting characters (i.e., control codes, tabs, linefeeds, returns, etc.) in it. Such characters
in thetext should be ignored or suppressed if they do occur. If the printer requires any linefeeds or carriage returns, this
routine should supply them.

Note.If the printer does not have support for text in the hardware, it must be simulateshifko®3%rinter does not have
text, and the code from that driver can be used.

24.3.4. Graphics Mode
The following routines perform raster color graphics:
Praster () place printer in graphics mode

Places the printer in raster graphics mode. This implies that subsequent requests will be related to generating color images on
the printer.

Pnpixelgnrows, ncols) report printer dimensions

int *nrows;

int *ncols;
The variablencolsshould be set to the number of pixels across the printer page. If the driver is combining physical pixels
into larger groupings (e.g.x2 pixels) to create more colors, tharolsshould be set to the number of these larger pixels.

The variablenrows should be set to 0. A non-zero value means that the output media does not support arbitrarily long output
andp.mapwill scale the output to fit into a windomrows x ncols.The only driver which should set this to a non-zero value
is thepreviewdriver, which sends its output to the graphics screen.

Ppictsize(nrows, ncols) defined picture size
int nrows;
int ncols;

Prepare the printer for a picture wittows andncols. The number of columnzcolswill not exceed the number of columns
returned byPnpixels

There is no limit on the number of rowsows that will be requestegh.mapassumes that the printer paper is essentially
infinite in length. Some printers (e.g., thermal printers likesttieko635 only allow a limited number of rows, after which

they leave a gap before the output can begin again. It is up to the driver to handle this. The output will simply hatie gaps in
The user will cut out the gaps and tape the pieces back together.

Pdata (buf, n) send raster data to printer unsigned
char *buf;
int n;

Output the raster data buf. The number of bytes to sendiiswhich will be thencolsas specified in the previous call to
Ppictsize The values imuf will be printer color numbers, one per pixel.

Note that the color numberslinf have full color information encoded into them (i.e., red, green, and blue). Some printers
(e.g., inkjet) can output all the colors on a row by row basis. Others (e.g., thermal) must lay down a full page of one color,
then repeat with another color, etc. Drivers for these printers will have to capture the raster data into temporaripéites and t
make three passes through the captured data, one for each color.
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Prle(buf, n) send rle raster data to printer

unsigned char *buf;

int n;
Output the run-length encoded raster datauin The data is in pairgolor, count, wherecolor s the raster color to be sent,
andcountis the number of times tlmlor is to be repeated (withauntof 0 meaning 256). The number of pairgisOf
course, all the counts should add updolsas specified in the previous callRpictsize If the printer can handle run-length
encoded data, then the data can be sent either directly or with minimal manipulation. Otherwise, it must be converted into
standard raster form before sending it to the printer.

24.3.5. Color Information

Thepaintsystem expects that the printer has a predefined color table. No attempt is mad# toydownload a specific

color table. Rather, the driver is queried about its available colors. The following routines return information about the
colors available on the printer. These routines may be called eRepehhas not been called.

Pncolors() number of printer colors

This routine returns the number of colors available. Currently, this routine must not return a number larger than 255. If the
printer is able to generate more than 255 colors, the driver must find a way to select a subset of these colorpaito, the
system works well with printers that have around 125 different colors. If the printer only has three colors (e.g., cyan, yellow
and magenta), then 125 colors can be created usix@@xl.

Pcolorlevels(red, green, blue) get color levels
int *red, *green, *blue;

Returns the number of colors levels. This means, for example, if the printer has 125 colors, the color level would be 5 for
each color; if the printer has 216 colors, the color levels would be 6 for each color, etc.

Pcolornum(red, green, blue) get color number

float red, green, blue;
This routine returns the color number for the printer which most closely approximates the color specifieeidygtken,
andblue intensities. These intensities will be in the range 0.0 to 1.0.

The printer color numbers must be in the rangero-ig wheren is the number of colors returned Bycolors
For printers that have cyan, yellow, and magenta instead of red, green and blue, the conversion formulas are:

cyan=1.0 - red
yellow = 1.0 - blue
magenta = 1.0 - green

Pcolorvalue(n, red, green, blue) get color intensities
int n;
float *red, *green, *blue;

This routine computes thed, green,andblue intensities for the printer color numh@rThese intensities must be in the
range 0.0 to 1.0. I is not a valid color number, set the intensities to 1.0 (white).

24.4. The Device Driver Shell Script
The driver shell is a small shell script which sets some environment variables, and then executes the driver. The following
variables must be set :
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MAPLP

This variable should be set to tiyeport that the printer is on. Tty named by this variable is passe®@tpen Only in very
special cases can drivers justify either ignoring this value or allowing it not to be set.

The drivers distributed by USACERL have MAPLP set to /dev/${PAINTER}. Thus each driver must have a corresponding /
dev port. These are normally created as links to real /dev/tty ports.

BAUD

This specifies the baud rate of the outyyiport. This variable is only needed if the output port is a serial RS-232 tty port.
The value of the variable should be an integer (e.g., 1200, 9600, etc.), and should bé&ogedtbyset the baud rate of the

tty port.

HRES

This specifies the horizontal resolution of the printer in pixels per inch. This is a positive floating point number.

VRES

This specifies the vertical resolution of the printer in pixels per inch. This is a positive floating point number.

NCHARS
This specifies the maximum number of characters that can be printed on one line in alpha-numeric mode.

Note. The application programs do not try to deduce the width in pixels of text characters.

TEXTSCALE

This positive floating point number is usedpynapto set the size of the numbers placed on the grid when maps are drawn.
The normal value is 1.0, but if the numbers should appear too large, a smaller value (0.75) will shrink these numbers. If they
appear too small, a larger value (1.25) will enlarge them. This value must be determined by trial and error.

The next five variables are used to control the color boxes drawn in the map legendsfiaas well as the boxes for the
printer color chart created Ipychart. They hav e to be determined by trial and error in order to get the numbering to appear
under the correct box.

NBLOCKS

This positive integer specifies the maximum number of blocks that are to be drawn per line.

BLOCKSIZE

This positive integer specifies the number of pixels across the top of an individual box.

BLOCKSPACE

This positive integer specifies the number of pixels between boxes.

TEXTSPACE

This positive integer specifies the number of space characters to output after each number (printed under the boxes).
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TEXTFUDGE

This nonnegative integer provides a way of inserting extra pixels between every other box, or every third box, etc. On some
printers, this will not be necessary, in which case TEXTFUDGE should be set to 0. If you find that the numbers under the
boxes are drifting away from the intended box, the solution may be to move every other box, or every third box over 1 pixel.
For example, to move every other box, set TEXTFUDGE to 2.

The following is a samplpaintdriver shell script :

: ${PAINTER?} ${PAINT_DRIVER?}
MAPLP=/dev/$PAINTER

BAUD=9600

HRES=85.8

VRES=87.0

NCHARS=132

TEXTSCALE=1.0

NBLOCKS=25

BLOCKSIZE=23

BLOCKSPACE=13

TEXTSPACE=1

TEXTFUDGE=3

export MAPLP BAUD HRES VRES NCHARS
export TEXTSCALE TEXTSPACE TEXTFUDGE
export NBLOCKS BLOCKSIZE BLOCKSPACE
exec $PAINT_DRIVER

24.5. Programming Considerations
Thepaintdriver uses its standard input and standard output to communicate witkirth@pplication program. It is very
important that neither the driver shell nor the driver program write to stdout or read from stdin.

Diagnostics, error messages, etc., should be written to stderr. There is an error routine which driver programs caal use for fat
error messages. It is defined as follows:

error (message, perror)
char *message;
int perror;

This routine prints thmessag®n stderr. Ifoerror is true (i.e., non-zero), the UNIX routiperror () will be also called to
print a system error message. Finadlit() is called to terminate the driver.

24.6. Paint Driver Library

The paint system comes with some code that has already been written. This code is in object files yaierdheer
library directory. These object files are:

main.o

This file contains thenain ( ) routinewhich must be loaded by every drivey since it contains the code that
interfaces with the application programs.

This file contains versions of Popen, Pout, Poutc, Pout, RfamtPcloswhich can be used with printers that are
connected to serial or parallel ports. These routines handle thettyickgrfaces for both System V and Berkeley
UNIX, allowing full 8-bit data output to the printer, with xon/xoff control enabled, as well as baud rate selection.
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colors125.0

This file contains versions d¥ncolors Pcolorlevels Pcolornum, and Pcolorvalue for the 125 color logic de-
scribed in 24.8 Creating 125 Colors From 3 Colors.

24.7. Compiling the Driver

Paintdrivers are compiled using the GRA§®akeutility which requires &makefilecontaining compilation rulesThe
following is a sampl&makefile

NAME = sample
DRIVERLIB = $(SRC)/paint/Interface/driverlib
INTERFACE = $(DRIVERLIB)/main.o\

$(DRIVERLIB)/i0.0\
$(DRIVERLIB)/colors125.0

DRIVER_SHELL = $(ETC)/paint/driver.sh/$(NAME)
DRIVER_EXEC = $(ETC)/paint/driver/$(NAME)
OBJ = alpha.o text.o raster.o npixels.o \

pictsize.o data.o rle.o
all: $(DRIVER_EXEC) $(DRIVER_SHELL)

$(DRIVER_EXEC): $(OBJ) $(LOCKLIB)
$(CC) $(LDFLAGS) $(INTERFACE) $(OBJ) $(LOCKLIB) -0 $@

$(DRIVER_SHELL):  DRIVER.sh

rm-f $@
cp $? 3@
chmod +x $@
$(0OBJ): P.h
$(LOCKLIBY): # in case library changes

There are some features about Bisakefilethat should be noted:
printer name (NAME)

The printer nameampleis assigned to the NAME variable, which is then used everywhere else.

paint driver library (DRIVERLIB)

This driver loads code from the comnymaintdriver library. It loadsmain.ocontaining thenain( ) routine for the
driver. All drivers must load main.o.It loads io.0 which contains versions of Popen, Pout, Poute, Feiflitsh
andPclosefor serial and parallel ports. It alkmads colors125.0 which contains versions of Pncolors, Pcolorlevels,
Pcolornum, and Pcolorvalue for 125 colors.

lock library (LOCKLIB)

The driver loads the lock library. This is a GRASS library which must be loadedAbpi@from the driver library
is used.

homes for driver shell and executable

The driver executable is compiled into tivéver directory, and the driver shell is copied into thiver.shdirec-
tory. This means that the driver executable is placed in

$GISBASE/etc/paint/driver
and the driver shell in
$GISBASE/etc/paint/driver.sh.
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24.8. Creating 125 Colors From 3 Colors

Thepaintsystem expects that the printer will have a reasonably large number of colors. Some printers support a large color
table in the hardware. But others only support three primary colors: red, green, and blue (or cyan, yellow, and magenta). If th
printer only has three colors, the driver must simulate more.

If the printer pixels are grouped int&2combinations of pixels, then 125 colors can be simulated. For example, a color with
20% red, 100% green, and 0% blue would have one of the four pixels painted red, all four pixels painted green, and none of
the pixels painted blue.

The following code converts a color intensity in the range 0.0 to 1.0 into a number from 0-4 (i.e., the number of pixels to
“turn on” for that color):

npixels = ( intensity *5);
if (npixels > 4)

npixels = 4 ;

This logic will agree with the 125 color logic used byphaetdriver library** routinesPncolors, Pcolorlevels, Pcolornum,
andPcolorvalue providedthat the colonumbersare assigned as follows:

color_number = red_pixels * 25 + green_pixels * 5 + blue_pixels ;
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Chapter 25

Writing GRASS Shell Scripts

This section describes some of the things a programmer should consider when writing a shell script that will become a
GRASS command.

25.1. Use the Bourne Shell

The Bourne Shell (/bin/sh) is the original UNIX command interpreter. It is available on most (if not all) versions of UNIX.
Other command interpreters, such as the C-Shell (/bin/csh), are not as widely available. Therefore, programmers are strongly
encouraged to write Bourne Shell scripts for maximum portability.

The discussion that follows is for the Bourne Shell only. It is also assumed that the reader knows (or can learn) how to write
Bourne Shell scripts. This chapter is intended to provide guidelines for making them work properly as GRASS commands.

25.2. How a Script Should Start
There are some things that should be done at the beginning of any GRASS shell script :

(1) Verify that the user is running GRASS, and
(2) Cast the GRASS environment variables into the UNIX environment, and verify that the variables needed by the shell
script are set.

#!/bin/sh
if test “$GISRC” ="
then
echo “Sorry, you are not running GRASS” >&2
exit 1
fi
eval ‘g.gisenv'
: ${GISBASE?} ${GISDBASE?} ${LOCATION_NAME?} ${MASPET?}

Note the use of thecommand. This command simply evaluates its arguments. The syntax ${GISBASE?} means that if
GISBASE is not set, issue an error message to standard error and exit the shell script.

25.3. g.ask

The GRASS commang.askemulates the prompting found in all other GRASS commands, and should be used in shell
scripts to ask the user for files from the GRASS database. The user’s response can be cast into shell variables. The following
example asks the user to select an existing raster file:

g.ask type=old prompt="Select a raster file” element=cell desc=raster unixfile=/tmp/$$
. tmp/$$

rm -f tmp/$$
if test “$name” ="
then
exit 0
fi

176



Theg.askmanual entry in th6&RASS User’s Reference Mandakcribes this command in detail. Here, the reader should
note the following:

(1) The temporary file used to hold the user’s resporfs®@$$. The Bourne Shell will substitute its process id forfthe
thus creating a unique file name;
(2) The next line, which begins with a dot, sources the commands contained in the temporary file. These commands are:
name=something
mapset=something
file=something

Therefore, the variables $name, $mapset, and $file will contain the name, mapset and full UNIX file name of the raster file
selected by the user;

(3) The temporary file is removed; and
(4) If $name is empty, this means that the user changed his or her mind and did not select any ralstehifilease,
something reasonable is done, like exiting.

25.4. g.findfile
Theg.findfile command can be used to locate GRASS files that were specified as arguments to the shell script (instead of
prompted for withg.ask. Assuming that the variable $request contains the name of a raster file, the following checks to see

if the file exists. If it does, the variables $name, $mapset and $file will be set to the name, mapset and full UNIXféle name
the raster file:

eval ‘g.findfile element=cell file="$request™

if test “$mapset” ="

then
echo ERROR: raster file “$request” not found >&2
exit 1

fi

Note.The programmer should use quotes with $request, since it may contain spaces. (quotes will preserve the full request).
If found, g.findfile outputs $name as the name part and $mapset as the mapset partgSmeelfiteemanual entry in the
GRASS User’s Reference Manfalmore details.
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Appendix A

Annotated Gmakefile Predefined Variables

The predefined Gmakefile variables are defined in thetfdesiandmake.mid.These files can be found under $GISBASE/
src/CMD.

Note: Some of the variables shown here are described in more dethiOompiling and Installing GRASS Programs.

head

Theheadfile contains machine dependent and installation dependent information. It is created by system personnel when
GRASS is installed on a system prior to compilation. This file varies from system to system. The name of this file may also
vary, depending on the machine or architecture for which GRASS is compiled.

Here is a sampleeadfile:

Variable Value Description

ARCH =sun3 Architecture to compile on
GISBASE =/usr/grass4.2 Location of GRASS program
UNIX_BIN =/usr/local/bin Miscellaneous GRASS commands
DEFAULT_DAT ABASE =/usr/grass/data Location of default database
DEFAULT_LOCATION =spearfish Name of defaut database
COMPILE_FLAGS =0 Compiler flags

LDFLAGS =s Loader flags

DIGIT_FLAGS =

MATHLIB =-Im Math libraries

TERMLIB = -ltermlib Terminal emulation libraries
CURSES = -lcurses $(TERMLIB) Curses libraries

LIBRULE = arruv $@ $?; ranlib $@ Library archiver

#LIBRULE = arrc $@lorder $(OBJ) | tsort’  Alternate form of library archiver command
#USE_TERMIO =-DUSE_TERMIO Use TERMIO or not?

USE_MTIO =-DUSE_MTIO Use MTIO?

DIGITFLAGS =
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make.mid

The make.midile uses the variables imakeheado construct other variables that are useful for compilation rules. The

contents of this file are usually unchanged from system to system.

Here is a samplmake.midile:

Variable
SHELL

BIN

ETC
GARDEN_BIN

GARDEN_ETC
BIN_MAIN_INTER
BIN_MAIN_CMD

BIN_ALPHA_INTER
BIN_ALPHA_CMD
BIN_CONTRIB_INTER
BIN_CONTRIB_CMD

TXT
MAN1
MAN2
MAN3
MAN4
MANS
MANG
HELP
CFLAGS

AR

MANROFF

MAKEALL

LIBDIR
DIG_LIBDIR
DIG_INCLUDE
VECT_INCLUDE

VASKLIB
VASK
GISLIB
ICONLIB
LOCKLIB

Value

=/bin/sh
=$(GISBASE)/bin
=$(GISBASE)/etc
=$(GISBASE)/garden/bin

=$(GISBASE)/garden/etc
= $(ETC)/bin/main/inter
= $(ETC)/bin/main/cmd
=$(ETC)/bin/alpha/inter

= $(ETC)/bin/alpha/cmd

= $(ETC)/bin/contrib/inter
= $(ETC)/bin/contrib/cmd

=$(GISBASE)/txt
=$(GISBASE)/man/1
=$(GISBASE)/man/2
=$(GISBASE)/man/3
=$(GISBASE)/man/4
=$(GISBASE)/man/5
=$(GISBASE)/man/6
=$(GISBASE)/man/help
= $(COMPILE_FLAGS)

Description

GRASS command links
Main GRASS commands
Garden commands

Main interactive commands
Main command-line commands
Alpha interactive

Alpha command-line
Contributed interactive
Contributed command-line

Text directory
Manual page directories

$(EXTRA_CFLAGS)
-I$(LIBDIR)
$(USE_TERMIO)

= $(GMAKE) -makeparentdir $@; All library archiver flags

$(LIBRULE)
= thl -TX

$(SRC)/man.help/man.version

Manual formatter command and options

$(SRC)/man.help/man.header $? |

nroff -Tlp | col -b > $@
= $(GMAKE) -all

=$(SRC)/libes
=$(SRC)/mapdev/libes
=$(SRC)/mapdev/lib
=-I$(SRC)/mapdev/Vlib
-I$(SRC)/mapdev/diglib
=$(LIBDIR)/libvask.a

= $(VASKLIB) $(CURSES)
=$(LIBDIR)/libgis.a
=$(LIBDIR)/libicon.a
=$(LIBDIR)/liblock.a

Command to make GRASS
GRASS libraries

Vask libraries
Vask and flags
GIS libraries
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Variable
IMAGERYLIB
RO WIOLIB
COORCNVLIB
SEGMENTLIB
BTREELIB
DLGLIB
RASTERLIB
DISPLAYLIB

D LIB
DRIVERLIB
LINKMLIB
DIGLIB
DIG2LIB
VECTLIB_REAL
VECTLIB
DIG_ATTLIB
XDISPLAYLIB

Value Description
=$(LIBDIR)/libl.a GIS Libraries
= $(LIBDIR)/librowio.a
=$(LIBDIR)/libcoorcnv.a
=$(LIBDIR)/libsegment.a
=$(LIBDIR)/libbtree.a

=$(LIBDIR)/libdlg.a

=$(LIBDIR)/libraster.a
=$(LIBDIR)/libdisplay.a

=$(LIBDIR)/libD.a
=$(SRC)/display/devices/lib/driverlib.a
=$(LIBDIR)/liblinkm.a

=$(LIBDIR)/libdig.a

=$(LIBDIR)/libdig2.a

= $(LIBDIR)/libvect.a

=$(VECTLIB_REAL) $(DIG2LIB)
=$(LIBDIR)/libdig_atts.a
=$(LIBDIR)/libXdisplay.a
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Appendix B
The CELL Data Type

GRASS cell file data is defined to be of type CELL. This data type is defined in the “gis.h” header file. Programmers must
declare all variables and buffers which will hold raster data or category codes as type CELL.

Under GRASS the CELL data type is declared tanbebut the programmer should not assume this. What should be
assumed is that CELL is a signed integer type. It may be changed somedimogdolong. This implies that use of CELL
data with routines which do not know about this data type (e.g., printf( ), sscanf(), etc.) must use an intermediatd variable

typelong.
To print a CELL value, it must be castitmg. For example:

CELLc; [* raster value to be printed */
/* some code to get a value for ¢ */
printf (“%ld\n”, (long) c); /* cast c to long to print */

To read a CELL value, for example from user typed input, it is necessary to realdiguaxiable, and then assign it to the
CELL variable. For example:

char userbuf[128];

CELL c; long x;

printf (“Which category? *); [* prompt user */

gets(userbuf); /* get user response * /

sscanf (userbuf,"%ld”, &x); /* scan category into long variable */
¢ = (CELL) x; /* assign long value to CELL value */

Of course, with GRASS library routines that are designed to handle the CELL type, this problem does not arise. It is only
when CELL data must be used in routines which do not know about the CELL type, that the values must be cast to or from
long.
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routine
G_add_color_rule

G_adjust_Cell_head
G_adjust_easting
G_adjust_east_longitude
G_align_window
G_allocate_cell_buf
G_area_for_zone_on_ellipsoid
G_area_for_zone_on_sphere
G_area_of_cell_at_row
G_area_of_polygon
G_ask_any

G_ask_cell_in_mapset

G_ask_cell_new
G_ask_cell_old
G_ask_in_mapset

G_ask_new
G_ask_old
G_ask_sites_in_mapset

G_ask_sites_new
G_ask_sites_old
G_ask_vector_in_mapset

G_ask_vector_new
G_ask_vector_old

G_begin_cell_area_calculations
G_begin_distance_calculations
G_begin_ellipsoid_polygon_area
G_begin_geodesic_distance
G_begin_polygon_area_calculations

Appendix C
Index to GIS Library

Here is an index of GIS Library routines, with calling sequences and short function descriptions.

GIS Library

parameters

(catl, rl, g1, bl, cat2, r2, g2, b2, colors)

(cellhd, rflag, cflag)
(east, region)
(east, west)
(region, ref)
()
(north, south)
(north, south)
(row)
(%, y,n)
(prompt, name, element, label, warn)

(prompt, name)

(prompt, name)
(propt, name)
(prompt, name, element, label)

(prompt, name, element, label)
(prompt, name, element, label)
(prompt, name)

(prompt, name)

(proot, name)
(prompt, name)

(prompt, name)
(prompt, name)

()
0
(a, e2)
(a, e2)
0

G_begin_zone_area_on_ellipsoid (a, €2, s)

G_begin_zone_area_on_sphere
G_bresenham_line

G_calloc

G_close_cell
G_col_to_easting
G_database_projection_name
G_database_unit_name
G_database_units_to_meters_factor
G_date

G_define_flag
G_define_option
G_disable_interactive
G_distance

G_easting_to_col
G_ellipsoid_name
G_ellipsoid_polygon_area
G_fatal_error

G_find_cell

G_find_cell_stat

G_find_file

G_find_vector2

(r,s)
(x1,y1, X2, y2, point)

(n,size)
(fd)

(col, region)
(proj)
(plural)

0
0
0

()

0

(x1,y1,x2,y2)

(east, region)

(@]

(lon, lat, n)

(message)
(name,mapset)

(cat, count, s)

(element, name, mapset)
(name,mapset)
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description

set colors

adjust cell header
returns east larger than west
adjust east longitude
align two regions
allocate a raster buffer
area between latitudes
area between latitudes
cell area in specified
area in square meters of polygon
prompt for any valid file name

prompt for existing raster file

prompt for new raster file
prompt for existing raster file
prompt for existing database file

prompt for new database file
prompt for existing database file
prompt for existing site list file

prompt for new site list file
prompt for existing site list file
prompt for an existing vector file

prompt for a new vector file
prompt for an existing vector file

begin cell area calculations
begin distance calculations
begin area calculations

begin geodesic distance

begin polygon area calculations

begin ellipsoid area calculations
initialize calculations for sphere
Bresenham line algorithm

memory allocation
close a raster file
column to easting
query cartographic projection
database units
conversion to meters
current date and time
return Flag structure
returns Option structure
turns off interactive capability
distance in meters
easting to column
return ellopsoid name
area of lat-long polygon
print error message and exit
find a raster file
random query of cell stats
find a database file
find a vector file



G_find_vector
G_fopen_append
G_fopen_new
G_fopen_old
G_fopen_sites_new
G_fopen_sites_old
G_fopen_vector_new
G_fopen_vector_old
G_fork
G_format_easting
G_format_northing
G_format_resolution

G_free_cats

G_free_cell_stats
G_free_colors
G_fully_qualified_name
G_geodesic_distance
G_geodesic_distance_lon_to_lon
G_get_ask_return_msg
G_get_cat

G_get_cats_title
G_get_cellhd
G_get_cell_title
G_get_color
G_get_color_range
G_get_default_window
G_get_ellipsoid_by name
G_get_ellipsoid_parameters
G__getenv

G_getenv

G_get_map_row
G_get_map_row_nomask

G_get_range_min_max
G_gets
G_get_set_window
G_get_site
G_get_window
G_gisbase
G_gisdbase
G_gisinit

G_home
G_init_cats
G_init_cell_stats
G_init_colors
G_init_range
G_intr_char
G_is_reclass
G_legal_filename
G_location
G_location_path
G_lookup_colors

G_make_aspect_colors
G_make_grey_scale_colors
G_make_gyr_colors
G_make_histogram_eq_colors

G_make_rainbow_colors
G_make_ramp_colors
G_make_random_colors
G_make_ryg_colors

G_make_wave_colors

G_malloc

G_mapset
G_meridional_radius_of_curvature

(name,mapset)
(element, name)
(element, name)
(element, name, mapset)
(name)
(name, mapset)
(name)
(name, mapset)
0
(east, buf, projection)
(north, buf, projection)
(resolution, buf, projection)

(cats)

(s)
(colors)
(name, mapset)
(lonl, lat1, lon2, lat2)
(lonl, lon2)
0
(n,cats)
(cats)
(name, mapset, cellhd)
(name, mapset)
(cat, red, green, blue, colors)
(min, max, colors)
(region)
(name, a, €2)
(a, e2)
(name)
(name)
(fd, cell, row)
(fd, cell, row)

(range, min, max)

(buf)

(region)

(fd, east, north, desc)
(region)

0

0
(program_name)

0

(n, title, cats)

(s)

(colors)

(range)

0

(name, mapset, r_name, r_mapset)
(name)

()

0

(raster, red, green, blue, set, n, colors)
(colors, min, max)
(colors, min, max)

(colors, min, max)
(colors, s)

(colors, min, max)
(colors, min, max)
(colors, min, max)
(colors, min, max)

(colors, min, max)
(size)
0

(lon, a, e2)
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find a vector file
open a database file for update
open a new database file
open a database file for reading
open a new site list file
open an existing site list file
opena new vector file
open an existing vector file
create a protected child process
easting to ASCII
northing to ASCII
resolution to ASCII

free category structure memory

free cell stats
free color structure memory
fully qualified file name
geodesic distance
geodesic distance
get Hit RETURN msg
get a category label
get title from category structure
read the raster header
get raster map title
get a category color
get color range
read the default region
get ellipsoid by name
get ellipsoid parameters
query GRASS environment variable
query GRASS environment variable
read a raster file
read a raster file (without masking)

gage min and max
get a line of input (detect ctrl-z)
get the active region
read site list file
read the database region
top level program directory
top level database directory
initialize gis library
user’s home directory
initialize category structure
initialize cell stats
initialize color structure
initialize range structure
return interrupt char
reclass file?
check for legal database file names
current location name
current location directory
lookup an array of colors

make aspect colors
make linear grey scale
make green,yellow,red colors
make histogram-stretched grey colors

make rainbow colors
make color ramp
make random colors
make red,yellow,green colors

make color wave
memory allocation
current mapset name
meridional radius of curvature



G_myname

G_next_cell_stat
G_northing_to_row
G_open_cell_new
G_open_cell_new_random
G_open_cell_new_uncompressed

G_open_cell_old
G_open_new
G_open_old

G_open_update

G_parser

G_percent
G_planimetric_polygon_area
G_plot_fx

G_plot_line

G_plot_polygon
G_plot_where_en
G_plot_where_xy
G_pole_in_polygon
G_program_name
G_projection
G_put_cellhd
G_put_cell_title
G_put_map_row
G_put_map_row_random

G_put_site
G_put_window

G_radius_of_conformal_tangent_sphere

G_read_cats
G_read_colors
G_read_history
G_read_range
G_read_vector_cats
G_realloc
G_remove
G_rename
G_rewind_cell_stats
G_row_to_northing
G_row_update_range
G_scan_easting
G_scan_northing

G_scan_resolution

G_set_ask_return_msg
G_set_cat
G_set_cats_title
G_set_color

G_ _setenv

G_setenv
G_set_error_routine
G_set_geodesic_distance_latl
G_set_geodesic_distance_lat2
G_setup_plot
G_set_window
G_shortest_way
G_short_history
G_sleep_on_error
G_squeeze

G_store

G_strcat

G_strcpy

G_strip

G_strncpy
G_suppress_warnings
G_system

0
(cat, count, s)
(north, region)
(name)
(name)
(name)

(name, mapset)
(element, name)
(element, name, mapset)

(element, name)
(argc, argv)
(n, total, incr)
(x,y,n)
(f, eastl, east2)
(eastl, northl, east2, north2)

(east, north, n)
(x, y, east, north)
(east, north, x, y)

(%, y,n)

0

0

(name, cellhd)
(name, title)
(fd, buf)
(fd, buf, row, col, ncells)

(fd, east, north, desc)
(region)
(lon, a, e2)

(name, mapset, cats)
(name, mapset, colors)
(name, mapset, history)
(name, mapset, range)
(name, mapset, cats)
(ptr, size)
(element, name)
(element, old, new)
(s)
(row, region)
(cell, n, range)
(buf, easting, projection)
(buf, northing, projection)

(buf, resolution, projection)

(msg)
(n, label, cats)
(title, cats)
(cat, red, green, blue, colors)
(name, value)
(name, value)
(handler)
(lat1)
(lat2)
(t, b, I, r, Move, Cont)
(region)
(eastl,east2)
(name, type, history)
(flag)
(s)
(s)
(dst,src)
(dst, src)
(s
(dst, src, n)
(flag)
(command)
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location title
retrieve sorted cell stats
northing to row
open a new raster file (sequential)
open a new raster file (random)
open a new raster file (uncompressed)

open an existing raster file
open a new database file
open a database file for reading

open a database file for update
parse command line
print percent complete messages
area in coordinate units
plot f(eastl) to f(east2)

plot line between latlon coordinates

plot filled polygon with n vertices
X,y to east,north
east,north to x,y
pole in polygon
return program name
query cartographic projection
write the raster header
change raster map title
write a raster file (sequential)
write a raster file (random)

write site list file
write the database region
radius of conformal tangent sphere

read raster category file
read map layer color table
read raster history file
read raster range
read vector category file
memory allocation
remove a database file
rename a database file
reset/rewind cell stats
row to northing
update range structure
ASCII easting to double
ASCII northing to double

ASCII resolution to double

set Hit RETURN msg
set a category label
set title in category structure
set a category color
set GRASS environment variable
set GRASS environment variable
change error handling
set geodesic distance latl
set geodesic distance lat2
initialize plotting routines
set the active region
shortest way between eastings
initialize history structure
sleep on error?
remove unnecessary white space
copy string to allocated memory
concatenate strings
copy strings
remove leading/training white space
copy strings
suppress warnings?
run a shell level command



G_tempfile

G_tolcase

G_toucase
G_transverse_radius_of_curvature

G_unctrl
G_unopen_cell
G_unset_error_routine
G_update_cell_stats
G_update_range
G_usage

G_warning
G_whoami
G_window_cols
G_window_rows
G_write_cats
G_write_colors
G_write_history
G_write_range
G_write_vector_cats
G_yes
G_zero_cell_buf
G_zone

0
(s)
(s)

(lon, a, e2)

(c)
(fd)
()
(data, n, s)
(cat, range)
0
(message)
0
0
0

(name, cats)

(name, mapset, colors)

(name, history)
(name, range)
(name, cats)

(question,default)

(buf)
O
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returns a temporary file name

convert string to lower case

convert string to upper case
transverse radius of curvature

printable version of control character
unopen a raster file
reset normal error handling
add data to cell stats
update range structure
command line help/usage message
print warning message and continue
user’'s name
number of columns in active region
number of rows in active region
write raster category file
write map layer color table
write raster history file
write raster range file
write vector category file
ask a yes/no question
zero a raster buffer
query cartographic zone



routine
dig_check_dist
dig_point_in_area
dig_point_to_area
dig_point_to_line

V1 read_line

V2_area_att
V2_get_area_bbox
V2_get_area
V2_get_line_bbox
V2_line_att
V2_num_areas
V2_num_lines
V2_read_line

Vect_close
Vect_copy_head_data
Vect_copy_pnts_to_xy

Vect_copy_xy_to_pnts
Vect_destroy_line_struct
Vect_get_area_points

Vect_level
Vect_new_line_struct
Vect_open_new
Vect_open_old
Vect_print_header
Vect_read_next_line

Vect_remove_constraints

Vect_rewind

Vect_set_constraint_region

Vect_set_constraint_type

Vect_set_open_level
Vect_write_line

Appendix D
Index to Vector Library

Here is an index of vector Library routines, with calling sequences and short function descriptions.

vector Library

parameters
(Map, n, x,y, d)
(Map, x, y, pa)
(Map, x,y)
(Map, x, y, type)

(Map, Points, offset)

(Map, area)
(Map, area, n, s, €, w)
(Map, n, pa)
(Map, line, n, s, e, w)
(Map, line)

(Map)

(Map)

(Map, Points, line)

(Map)
(from, to)
(Points, x, y, n)

(Points, x, y, n)
(Points)
(Map, area, Paints)

(Map)
()
(Map, name)
(Map, name, mapset)
(Map)
(Map, Points)
(Map)
(Map)
(Map, n, s, e, w)

(Map, type)
(level)
(Map, type, Points)
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description
find distance of point to line
is point in area?
find which area pointis in
find which arc point is closest to

read vector arc by specifying offset

get attribute number of area
get bounding box of area
get area info from id
get bounding box of arc
get attribute number of arc
get number of areas in vector map
get number of arcs in vector map
read vector arc by specifying line id

close a vector map
copy vector header struct data
convert line_pnts structure to xy arrays

convert xy arrays to line_pnts structure
deallocate line points structure space
get defining points for area polygon

get open level of vector map
create new initialized line points structure
open new vector map
open existing vector map
print header info to stdout
read next vector line
unset any vector read constraints
rewind vector map for re-reading

set restricted region to read vector arcs from

specify types of arcs to read
specify level for opening map
write out arc to vector map



routine
|_add_file_to_group_ref

|_ask_group_any

|_ask_group_new
|_ask_group_old
|_find_group
|_free_group_ref
|_get_control_points
|_get_group_ref
|_get_subgroup_ref
|_get_target
|_init_group_ref
|_new_control_point

|_put_control_points
|_put_group_ref
|_put_subgroup_ref

|_put_target
|_transfer_group_ref file

Appendix E
Index to Imagery Library

Here is an index of Imagery Library routines, with calling sequences and short function descriptions.

Imagery Library

parameters

(name, mapset, ref)
(prompt, group)

(prompt, group)
(prompt, group)
(group)
(ref)
(group, cp)
(group, ref)
(group,
(group, location, mapset)
(ref)
(cp, €1, n1, e2, n2, status)

(group, cp)
(group, ref)
(group, subgroup, ref)

(group, location, mapset)
(src, n, dst)
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description
add file name to Ref structure

prompt for any valid group name

prompt for new group
prompt for an existing group

does group exist?

free Ref structure

read group control points

read group REF file

subgroup, ref) read subgroup REF file
read target information

initialize Ref structure
add new control point

write group control points
write group REF file
write subgroup REF file

write target information
copy Ref lists



Appendix F

Index to Display Graphics Library

Here is an index of Display Graphics Library routines, with calling sequences and short function descriptions.

routine
D_add_to_list

D_a to_d_col

D _a to d row
D_cell_draw_setup

D_check_colormap_size

D_check_map_window
D_clear_window
D_clear_window
D_clip

D_color

D_cont_abs
D_cont_rel
D_do_conversions

D_draw_cell

D _d_to_a col

D _d to_a row

D _d_to_u_col

D _d to u_row
D_erase_window
D_get_cell_name
D_get _cur_wind
D_get_screen_window

D_lookup_colors
D_move_abs
D_move_rel
D_new_window

D_popup

D_raster
D_remove_window
D_reset_color
D_reset_colors
D_reset_screen_window

D_set_cell_name
D_set_clip_window_to_map_window

D_set_clip_window
D_set_colors
D_set_cur_wind
D_set_overlay_mode
D_setup

D_setup
D_show_window
D_timestamp
D_translate_color
D _u_to_a col
D_u_to_a_row

D _u_to_d_col

D u_to d row

Display Graphics Library

parameters
(string)
(column)
(row)
(top, bottom, left, right)

(min,max,ncolors)

(region)

0

0
(s,n,w, e, XYy,C_XC_y)

(cat, colors)
(xy)
xy)

(region, top, bottom, left, right)

(row, raster, colors)
]
v)
]
v)
0
(name)
(name)
(top, bottom, left, right)

(data, n, colors)
(xy)

xy)
(name, top, bottom, left, right)

description
add command to frame display list
array to screen (column)
array to screen (row)
prepare for raster graphics

verify a range of colors

assign/retrieve current map region
clear frame display lists
clears information about current frame
clip coordinates to window
select raster color for line
line to x,y
line to x,y
initialize conversions

render a raster row

screen to array (x)
screen to array (y)

screen to earth (x)
screen to earth (y)
erase current frame
retrieve raster map name
identify current graphics frame
retrieve current frame coordinates

change to hardware color
move to pixel
move to pixel

create new graphics frame

(bcolor, tcolor, dcolor, top, left, size, options) pop-up menu

(raster, n, repeat, colors)
()
(data, r, g, b)
(colors)
(top, bottom, left, right)

(name)

O

(top, bottom, left, right)
(colors)
(name)
(flag)
(clear)
(clear)
(color)
0
(name)
(east)
(north)
(east)
(north)
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low lev el raster plotting
remove a frame
reset raster color value
set colors in driver
resets current frame position

add raster map name to display list
set clipping window to map window

set clipping window
establish raster colors for graphics
set current graphics frame
configure raster overlay mode
graphics frame setup
initialize/create a frame
outlinescurrent frame
give current time to frame
color name to number
earth to array (east)
earth to array (north)
earth to screen (east)
earth to screen (north)



Appendix G

Index to Raster Graphics Library

Here is an index of Raster Graphics Library routines, with calling sequences and short function descriptions.

routine

R_box_abs
R_box_rel
R_close_driver
R_color
R_color_table_fixed
R_color_table_float
R_cont_abs
R_cont_rel

R_erase

R_flush

R_font
R_get_location_with_box

R_get_location_with_line
R_get_location_with_pointer

R_get_text_box
R_move_abs
R_move_rel
R_open_driver
R_polydots_abs
R_polydots_rel
R_polygon_abs
R_polygon_rel
R_polyline_abs
R_polyline_rel
R_raster
R_reset_color
R_reset_colors
R_RGB_color
R_RGB_raster
R_screen_bhot
R_screen_left
R_screen_rite
R_screen_top
R_set_ RGB_color
R_set_window
R_stabilize
R_standard_color
R_text_size
R_text

Raster Graphics Library

parameters
(x1,y1,x2,y2)
(dx,dy)
()

(color)

(font)
(X,y,nx,fMioutton)

(X,y,nx,ryutton)
(nx,jioytton)

(text, top, bottom, left, right)
xy)
(dx,dy)
0
(X,y,num)
(X,y,num)
(X,y,num)
(X,y,num)
(X,y,num)
(X,y,num)
(num,nrows,withzero,raster)
(red, green, blu, num)
(min,max,red,green,blue)
(red,green,blue)
(num,nrows,red,green,blue,withzero)

(red,green,blue)
(top,bottom, left,right)
0

(color)

(width, height)
(text)
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description
fill a box

fill a box
terminate graphics
select color
select fixed color table
select floating color table
draw line
draw line
erase screen
flush graphics
choose font
get mouse location using a box

get mouse location using a line
get mouse location using pointer

get text extents
move current location
move current location
initialize graphics
draw a series of dots
draw a series of dots
draw a closed polygon
draw a closed polygon
draw an open polygon
draw an open polygon
draw a raster
define single color
define multiple colors
select color
draw a raster
bottom of screen
screen left edge
screen right edge
top of screen
initialize graphics
set text clipping frame
synchronize graphics
select standard color
set text size
wite text



Appendix H
Index to Rowio Library

Here is an index of Rowio Library routines, with calling sequences and short function descriptions.

Rowio Library

routine parameters description

rowio_fileno (r) get file descriptor

rowio_flush (r) force pending updates to disk
rowio_forget (r,n) forget arow

rowio_get (r,n) read a row

rowio_put (rbuf, n) write a row

rowio_release (r) free allocated memory
rowio_setup (r, fd, nrows, len, getrow, putrow) configure rowio structure
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Appendix |
Index to Segment Library

Here is an index of Segment Library routines, with calling sequences and short function descriptions.

Segment Library
routine parameters description
segment_flush (seq) flush pending updates to disk
segment_format (fd, nrows, ncols, srows, scols, len) format a segment file
segment_get_row (seg, buf, row) read row from segment file
segment_get (seg, value, row, col) get value from segment file
segment_init (seg, fd, nsegs) initialize segment structure
segment_put_row (seg, buf, row) write row to segment file
segment_put (seg, value, row, col) put value to segment file
segment_release (seq) free allocated memory
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Appendix J
Index to Vask Library

Here is an index of Vask Library routines, with calling sequences and short function descriptions.

Vask Library
routine parameters description
V_call @) interact with the user
V_clear O initialize screen description
V_const (value, type, row, col, len) define screen constant
V_float_accuracy (num) set number of decimal places
V_intrpt_msg (text) change ctrl-c message
V_intrpt_ok O allow ctrl-c
V_line (num, text) add line of text to screen
V_ques (value, type, row, col, len) define screen question
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