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Techniques for organizing
interactive graphics programs

Rick Ottoling

ABSTRACT
Programs are easier to understand and maintain if they are built out of data
modules. A data module is the set of subroutines that share the same variable(s).
An important component of the module is the header that describes the contents of
the module. Module coding techniques are illustrated with examples from the C pro-
gramming language.

DATA MODULES

A data module is the set of subroutines that share the same variable(s). More
abstractly, a data module defines a data object and operations upon it. For example, a
seismic data module has variables for the data files, data dimensions, and data buffer.

Subroutines include parameter fetching, memory allocation, data loading, etc.

Data modules derive their advantages from being relatively self-contained concep-

tual and syntactic units. Larger code units increase complexity, while smaller code units
decrease coherence.

Modularization strategy for interactive seismic graphics

This section illustrates how to partition a program into modules. An interactive
seismic graphics program consists of accessing a seismic database, performing data
transformations, and displaying the result. First, identify the major data concepts and
operations on these data. Then assign a module to each and write the module. Interac-
tive seismic graphics data concepts include accessing a seismic database (e.g. SEGY,
seplib, internal program data representation), data transformation (database floating
point to display integers, windowing, normal moveout), and graphics objects (image
buffers, color tables, menus). Figure 1 lists modules in a seismic cube dissection pro-
gram.
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Figure 1: Modules for a seismic cube dissection program.
NAME FUNCTION SAMPLE SUBROUTINES
Axis dataset & image axes AxisGetScale, AxisDraw
Brick seismic cube sub-bricks  BrickResize, BrickDraw
Color color schemes ColorLoadGray, ColorLoadFlag
Cursor cursor shape CursorShrinkShow, CursorExpandShow
DataCube  seismic data cube DataCubeCreate, DataCubeLoad
Font graphics fonts Fontlnit
Image display image ImageCreate, ImageSave
MenuBar command menus MenuBarlnit
Mouse mouse events Mouselnfo
Window display window WindowlInit, WindowQuit

MODULE HEADERS

A data module consists of a header that describes the variables and subroutines in
the module and a code body that implements the subroutines. The header documents
the module for programmers and tells the compiler how to link modules together. It
defines data declaration templates, global variables, and global subroutines. For exam-
ple, the header for a color table module in the C language is:

/*
color_table module header
*/
/* templates for data declarations */
#define CT_SIZE 256
typedef unsigned charColorComponent;
typedef char Name;
typedef struct {
ColorComponentred;
ColorComponentgreen;
ColorComponentblue;
} Color;
typedef struct {
Name name[NAMESIZE];
Color  color[CT_SIZE];
} *ColorTable!
/* global variables */
extern ColorTable grayscale;
extern ColorTable flag;
extern ColorTable rainbow;
/* global subroutines */
extern ColorTable ~ColorTableCreate (/* name,color_neg,color_zero,color_neg * /)
extern void ColorTableLoad (/* color_table,window */);

ki

SEP-51



Ottolini 423 Organizing programs

Data declaration templates

A data declaration template defines the syntax of a data declaration and gives it a
custom namel. The syntax can be a single variable (e.g. ‘ColorComponent’), or an
aggregate2 of variables (e.g. ‘Color’). Templates can derived from other templates by

nesting (e.g. ‘ColorComponent’ in ‘Color’) or by modiﬁcationg.

A template gives meaningful and distinguishing names to variable declarations.
‘ColorComponent’ is more meaningful than ‘unsigned char’. ‘ColorComponent’ can be
distinguished from image buffers that are also ‘unsigned char’ in C. ‘ColorTable’ is a

more meaningful than the aggregate of variables it represents.

A template hides the details of a variable declaration and makes it easier to change
the details. All of the ‘ColorComponent’ variables could be changed to floating point
color components by just changing the ‘ColorComponent’ definition and nothing else in
the module. A template may hide a large number of internal variables, a frequent
occurrence in graphics code, allowing compact global variables and subroutine argu-
ments.

Separate module header files

Keeping module headers in separate files to be prepended to code bodies eliminates

code redundancy. This means smaller and consistent code.

Commented header files are a convenient source of program documentation. The
collection of header files describes the variables and subroutines used in the program or
available in a library.

Naming and spelling conventions.

It 1s good practice to preface every name introduced in a module, whether a con-
stant, template, variable, or subroutine, with the name (or abbreviated name) of that

module. Then the location of the name’s definition can easily be found.

Constant names are entirely capitalized. The first letter of template and subrou-
tine names are capitalized while variables are not capitalized. There is no fixed conven-
tion for multiple word names. I prefer capitalizing the first letter of new words. Others

use underscores, or run words together.

I In C, template naming is done with #define and typedef statements. In FORTRAN, custom naming is
done with macros.

In C, variable aggregating is done with arrays, struct, union and enum statements. In FORTRAN, vari-
able aggregating is done with arrays, common and record statements.

Not possible in C or FORTRAN.
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MODULE CODE BODY

The code body implements the subroutines described in the module header. Con-
tinuing with the color table example

/*

color_table module body

*/

/* prepended header files, including self */
#include  <stdio.h>

#include “‘data_cube.h”
#include  “‘color_table.h”

/* global variable declarations */
ColorTable grayscale;
ColorTable rainbow;

ColorTable flag;

/* global subroutine definitions */

ColorTable ColorTableCreate (color_neg,color_zero,color_pos)

void ColorTableLoad (color_table,window)

Descriptions of variables and subroutines used from other modules, via the header files
are prepended4 to the code body. Due to a quirk in C, the global variables must be
redeclared in the module body, except without the ‘extern’ statements. Otherwise, the
code body is straight forward.

MORE ABOUT DATA MODULES

Library interface modules

Some data abstractions are more or less defined in external code libraries. It is
good practice to write interface modules for external code. In the example of Figure 1,
‘Cursor’, ‘Font’, ‘MenuBar’ and ‘Window’ are interface modules. A interface module
might amplify the functionality of external code (e.g. custom cursors in ‘Cursor’). It iso-

lates external code that might change in the future. It also standardizes the interface to
external code.

Joint subroutines

Sometimes a subroutine uses variables from more than one module. A common
example is a format conversion subroutine. If these subroutines use external code, then
they should go into the appropriate interface module in order to isolate external code.
Otherwise, the subroutine should go into the module least likely to be used in future

1 The #include statement prepends files in C and FORTRAN.
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programs in order to reduce code in future programs. If there are a large number of sub-
routines sharing the same variables, then the original modular design should be re-

evaluated to see if a new joint-data module should replace or supplement the original.

Multiple and dynamic data declarations

Data modules can be designed such that an arbitrary number of variables of the
same kind can be created and discarded during the course of a program. For example, a
seismic data viewing program might want to simultaneously display any number of
datasets. To implement this, special create and destroy subroutines are defined. A crea-
tion subroutine allocates space, initializes variables, and returns a reference wariable.
The reference variable is a memory pointer or table index used to identify a piece of
data. Take a file input/output module for example. Open and close subroutines create

and destroy the input/output channels. The reference variable is the channel number.

Module dictionary

A dictionary is a condensation of the module header file descriptions into a table
and is a useful programming aid. Figure 1 is a partial example. Table entries include
the name, subroutines, and dependencies of each module. The templates or subroutines
of some modules depend on other modules and would have to be included with that

module in future programs.

Special programming languages

There are special languages and pre-processors that help organize programs into
data modules. These include Modula, Ada, Smalltalk, ObjectiveC and others. Unfor-
tunately, not one of these is widely enough available to be a replacement for C or FOR-
TRAN. The techniques presented in this paper reap many of the benefits of these
languages.

Interface subroutines

An interface routine provides programmers with a concise and uniform access to
module contents. Keyword-value arguments in the argument list trigger variable assign-
ments or operations. The programmer who uses the module need not know how the
argument is implemented, and the programmer who writes the module is free to change

the implementation. Examples of interface routines are FORTRAN file input/output
and SunView graphics.

Writing the interface routine requires adding a keyword list to the header file. A
keyword list for the color table example is

typedef enum {
CT_NAME, /* set color table name: value is name */
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CT_ENTRY,/* set color table entry: values are index,red,green,blue */
CT_SET, /* set the color table; reference variable is value */
} CT_keyword;

Enumeration variables make good keyword names in C.

The interface subroutine parses and executes each keyword

ColorTableSet (color_table,arglist)
ColorTable color_table;
CT_keyword arglist;
{
CT_keyword *arg;
int index, do_load = NO;
/* process the argument list until a zero value */
for (arg=4&arglist; *arg != 0; arg++) switch(*arg)
{
case CT_NAME:
/* set the name variable */
strepy (color_table.name,(Name *)(++arg));
break;
case CT_LOAD:
/* set the load subroutine flag */
/* delay load until all arguments processed */
do_load = YES;
break;
case CT_ENTRY:
/* set the four value entry variable */
index = (int)*(++arg);
color_table.color[index].red = (ColorComponent)*(++arg);
color_table.color(index].green = (ColorComponent)*(++arg);
color_table.color(index].blue — {ColorComponent)*(++arg);
break;

}

/* execute the load color routine */
if {do_load) ColorTableLoad (color_table);

}

The interface routine interprets the number and type of each argument. (This
could be more systematically encoded into a table.) The interface routine also makes
sure that arguments are executed in their proper order, even though they may be
specified in an arbitrary order.
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SYNTHESIS
Program:
Program modules,
Interface modules,
Special files.

Each module:

Header:
Data declaration templates,
Global variables,
Global subroutines.

Code body:
Include files,
Global variable declarations,
Subroutines.

Special files:

Main routine,

Module dictionary.
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