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ABSTRACT 

This paper describes a general arid flexible character generator 
which is capable of producing virtually an unlimited number of character 
fonts. To demonstrate this flexibility, eight different fonts, ranging 
from Roman letters and symbols, double line letters, APL characters etc. 
to a Devanagari script have been generated. These fonts have been 
chosen to see how characters with wide ranging requirements can be 
generated. For example, the Devanagari script requires combinations of 
different characters to produce various symbols; in fact, each of the 
basic 35 letters of this script can be combined in 12 different ways. 
This involves superimposing more than one character. 

Each of the fonts can be manipulated in a variety of different 
ways. The user can display a desired character string, with specified 
height and width, anywhere on the display device with any inclination, 
each character in the string having a desired orientation. Moreover, 
various other transformations, such as stretch, fall and skew, can be 
applied to the string. Interesting results are obtained by applying 
combinations of these transformations to a string. Mathematical formu-
lae for all the transformations are derived and the results are includ-
ed. 

The system is described both from the user's as well as system 
programmer's point of view. A generalized data structure is designed to 
define any font; the complete details of the data structure are given. 
Characters containing intricate details can be generated within the 
scope of the data structure. 

Several examples illustrating the ease of use and the flexibility 
of the system are given. Programmed in a device independent graphics 
environment, this facility can be used even by a novice FORTRAN 
programmer. 

KEY WORDS: Character generation, computer graphics, multiple fonts, 
transformations of characters. 





1.0 INTRODUCTION 
Display of characters is an integral part of computer graphics. 

Typically, a graphics package supplies a routine to generate one or two 
specific types of fonts. Making changes to the shapes of some of the 
characters in these fonts or generating a new font is a very tedious 
task, often involving changes to the system programs. As such, the user 
usually has to stay away from attempting such tasks. Manipulation of 
the characters in the form of applying various transformations to 
individual characters is also limited in most systems. 

A variety of character styles are developed by various plotting 
packages [GUJA72,MATH67,HERS72,WRIG76]. The character sets designed by 
Hershey are constructed by a number of vectors; the details of the 
characters are not visible as long as they are not too large. Wolcott 
[W0LC78] reports an enhanced Hershey character set where FORTRAN 
routines are provided to draw the Hershey characters and special 
symbols. Gujar [GUJA72] produced a software character generator and 
introduced variations in the font by means of user controlled repetitive 
display of each character. Goldman [GOLD8O] has developed fine, medium 
and bold character styles using a typical character font. A lettering 
package [BRAS78] has been developed that allows alteration of character 
size, pen-stroke width and automatic character space adjustment. 

This paper describes a general and flexible character generator 
which is capable of producing virtually an unlimited number of character 
fonts [S082,GUJA82]. In addition to supporting the usual variations in 
the size and the orientation of the string, special effects such as 
superscript, subscript, new line, etc. and various transformations of 
the character strings are designed and implemented. These 
transformations enable the user to generate various styles of characters 
from each of the fonts. Provisions are made to modify an existing font 
dynamically for personal customization as well as to generate new fonts. 
In effect, it is a "generator" of character generators in the sense that 
new character fonts can be generated using the existing code by 
supplying new data in one of the prescribed data structures. 
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2.0 OVERVIEW 
Eight different fonts of characters have been generated. These 

include APL characters [IBM80]» several types of alphabetic characters 
including fixed width and variable width characters, Devanagari script 
(used by the various maj or languages of India such as Hindi, Marathi 
etc.) and a set of 36 special symbols (Figure 1). 

These fonts have been chosen for a variety of reasons. First, the 
shear number of different fonts demonstrates the flexibility and 
extensibility of the system. Second, the characters are radically 
different from one font to another and yet the driving routines require 
no change at all. Third, a large number of characters can be supported 
in any of the fonts; e.g. the APL font contains about 160 different 
characters. Fourth, the characters in a font can be combined together 
to form a new character (or shape, if you prefer). For example, the 
charactes in the Devanagari script can be combined in several ways to 
form new characters (which are actually different phonetic sounds of the 
base character). Thus, each of the 35 basic alphabets (2 rarely used 
ones are not implemented but could be added easily either dynamically or 
permanently) from this font can be the combined with 12 different 
phonetic sounds to produce 420 different combinations (see Figure 2). 

The routines available to the users for manipulating these fonts as 
well as generating new fonts are divided into two categories, namely 
generation routines and defining routines (see Figure 3). The gener-
ation routines are used for displaying characters while the defining 
routines are used to alter the definition of a font. Some of these 
routines accept the variable member of arguments [GUJA81]. 

2.1 GENERATION ROUTINES: 
These routines can further be subdivided into two groups: 

A. Setup Routines: 
1. FONT: Used to select a character font and its attributes such as 

whether the characters would be centered or not, and the action to 
be taken if an undefined character is encountered in the string. 

2. CHRASP: Enables the user to specify the height, width and the types 
of transformations to be used. The effects of the various transfor-
mations supported are given in Section 3.0. 
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B. Display Routine: 
1. GCHARS: Used to display a string of characters, with the attributes 

specified via setup routines, namely, FONT and CHRASP, at a speci-
fied starting point. Special control characters are provided for 
writing both upper and lower case letters, subscripts, superscripts, 
new lines, etc. 
The user is required to specify all the font names he expects to use 

in his program at the beginning via the EXTERNAL statement. (This 
requirement stems from the base language, FORTRAN, under which the 
graphics system is implemented [GUJA76,GUJA72].) 

Thus, a typical user program might take the form shown in Figure 4 
where indentation is used to indicate the scope of the various routines. 

2.2 Defining Routines: 
There are three routines in this category: 

1. LSTCHR: Enables the user to retrieve the values of the attributes 
of a control character or a font parameter. 

2. SETCHR: Enables the user to define or change the values of the 
attributes of a control character or a font parameter. 

3. DEFCHR: Enables the user to define or change the shape of a charac-
ter. 

2.3 System Interaction: 
The interaction of these routines is best illustrated by describing 

the flow of information between them, as depicted in Figure 5. This 
figure also shows the COMMON block COMCHR and various font config-
urations stored on disks. 

The user selects all the font names he expects to use in his program 
at the beginning via the EXTERNAL statement. The linkage editor looks 
after the process of bringing all these modules in the memory. One of 
these fonts is chosen for producing characters by a call to the FONT 
subroutine. This font then becomes the current font whose address is 
stored in the common block COMCHR. The current font is accessible to 
all the other routines by referring to its address in COMCHR. If the 
user does not call FONT, or the name of the font is invalid, or if he 
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fails to include the font name in the EXTERNAL statement, a default 
font, namely DEFONT, is used. Routine CHRASP enables the user to 
specify the height, width and the transformations (see Section 3.0) of 
the characters to be plotted. When the user specifies a sequence of 
transformations using this routine, the sequence is stored in the data 
structure of the current font. With this information, a routine TRANFM 
is called by CHRASP to set up the concatenated transformation matrix. 
(The user never calls TRANFM directly and as such this routine is 
considered an internal one.) The resulting matrix is then stored in the 
data structure. This is how each character font has its own effects and 
transformations. If the user does not call routine CHRASP, the defaults 
for height, width and the transformations from the data structure are 
used; routine TRANFM is not invoked in that case. Since the stretch 
transformation is non-linear, routine CHRASP rearranges the ordering of 
the transformations, if the need be, so that stretch is always performed 
first. Stretch is not combined in the concatenated composite matrix. 
Finally the display routine GCHARS makes use of the concatenated matrix 
and the stretch transformation, if specified, to product the desired 
results. 

3.0 Transformations : 
The user can obtain a variety of effects on a chosen font by 

applying various transformations to it. Further, very interesting and 
appealing results can be obtained by combining these transforms. 

The following basic transformations are supported by all the fonts 
(see Figure 6): 

a. Rotation: rotates entire string. 
b. Revolve: rotates each character in the string. 
c. Skew: Skews every character by a specified angle; nominal 

height remains the same. 
d. Fall: same as skew except the slanted height is the same as 

the nominal heights. 
e. Stretch: each character is stretched. 
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Figure 7 illustrates the effects of these transformations. 
The mathematical formulae for the above transformations are given in 

the following subsections where the following notation is used: 
[x y] - original coordinates of a point 

[x' y 1] - transformed coordinates of the same point 

transformation matrix 

α»3»Ύ>δ - angles, measured in anticlockwise direction, with 
respect to the x-axis. 

3.1 Rotation: 
To rotate a point [x y] by an angle , the matrix equation is: 

Cos α Sin α 
[x1 y'] - [x y] 

-Sin α Cos α 

3.2 Revolve : 
It is useful to be able to rotate each character in the string 

individually. This kind of transformation is referred to as Revolve. 
The matrix equation for searching each character by an angle δ is: 

Cos <5 Sin δ 
[χ' y'] = [χ y] 

-Sin δ Cos β 
This equation is applied to each stroke except the last positioning 

stroke which is not modified. 
When this transformation is applied, it is possible that some of the 

characters may overlap. This is not only dependent on the angle of 
revolve (δ), but also on the height (h) and width (w) of the characters 
as well as spacing (s) between the characters. 

If the inequality w+s > h is true, there is no overlap no matter 
what δ is. 

However, if w+s is less than h, the detection of overlap is somewhat 
complicated. Let 

Cos θ = w/(w+s) 
Then the following conditions exist: 
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—θ s δ < θ no overlap 
θ < <5 < 180°-θ possible overlap 

180°-θ < δ < 180°+θ no overlap 
180°+θ ί δ < 360°-θ possible overlap 

A graphical representation of these conditions is shown in fig. 8. 
Each character is constructed in a box w by h. It is possible that 

the boxes for two characters may overlap, but the characters, since they 
may not occupy the entire boxes, may not overlap. 

3.3 Skew 
The transformation which slants a character by an angle is named 

skew. The vertical height of the character remains unchanged in this 
transformation. The skew cannot be defined for 180° 360°, since 
y=h line and the angular line will never meet in these cases. 
Therefore, y=-h line is considered for this region; this gives the "skew 
reflection" effect. 

The matrix equation for skew is: 

[xT y 1] = [x y] 

[χ' y'l - [χ y) 

1 0 

cot ß 1 

1 0 

cot ß 1 

for 0° < ß < 180' 

for 180° < Β < 360' 

It should be noted at this point that as β approaches 0°or 180°, 
the characters become very much slanted. The skew is undefined at 6=0° 
or 180° since the "slanted line" and y—±h line are then parallel and as 
such never meet, mathematically Cot ß becomes 

3.4 Fall 
The transformation to display a character as it falls by an angle β 

is called Fall. The height of the transformed character depends upon 
the angle β ; the slanted height remains the same as the original 
height. 
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The matrix equation is: 

[χ* y'] = [χ y] 
cos sin 

3.5 Stretch 
To elongate or contract the height, in linear continuous fashion, 

along the y direction as one proceeds in the x-direction is called 
stretch. 

The matrix equation for this transformation is: 
1 (y/h)tan γ 

[x* y'] = [x y] 
0 1 

where, h is the initial nominal height of the character and 
y is the angle of stretch 

If this transformation is applied to a character string, it can be 
seen that the height of the subsequent characters in the string changes. 
This is achieved by using the following equation: 

h = (w+s) tan γ + h η c 
where, h^ - height of the next character 

h^ - height of the current character 
w - width of the current character 
s - spacing between characters 

Note that this is the only nonlinear transformation in this system. 

3.6 Concatenation 
All of the above transformations can be concatenated to obtain a 

composite effect. The transformation matrices are multiplied internally 
to form a 2 by 2 combination matrix. The x-y coordinates of the strokes 
of each character then go through this total transformation to produce 
the desired effect. Since Stretch is a nonlinear transformation as 
mentioned in Section 3.5 and the elements of its matrix representation 
are unknown during the concatenation process, this transformation cannot 
be combined with others. Instead this single transformation is always 
applied first no matter where it appears. 
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An example of applying a series of transformations, with 
intermediate results, can be seen in Figure 9. It can be observed from 
this figure that the basic transformations provided are sufficient to 
produce various effects; for example, here, the height of the characters 
changes uniformally in both plus and minus y directions. 

4.0 System Design 
The character generator described in this paper is composed of the 

following three components: 
1. A data structure to define the characters 
2. Code to generate characters 
3. A set of routines to define the data structure. 

These three components are kept as distinctly different units, thus 
providing a very general and powerful facility which should be easy to 
maintain. Further, a new font can be added by simply providing a 
suitable data for it in the prescribed format. This font can then be 
used along with all the transformations and special effects provided by 
the control characters without any reprogramming. 

4.1 The Data Structure 
Two different types of data structures are provided for a font, 

namely: Compressed and Noncompressed. In a compressed type of data 
structure, each character is defined in a grid with size not greater 
than 15 by 15; thus coordinate data of a character can be sorted in a 
byte. The size of the grid can be increased to 255 by 255 in a noncom-
pressed type of data structure; then two bytes are required to store 
each coordinate data. 

At this point it should be noted that there is no limit to the 
precision with which the characters could be drawn in either type of 
data structure; the shift mechanism described below can be employed for 
this purpose. 

Since a character is defined in a grid with the lower left hand 
corner as the origin (0,0), all coordinates for a given character are 
positive. If a portion of a character lies outside the grid boundary, a 
shift of origin is required. 
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Eight directions of shifts are allowed whereby the origin moves to 
( s x» sy) where, Sx=0 or ±w and Sy=0 or ±h with w and h as the 
nominal width and height respectively. Note that the stretch transfor-
mation changes the height continuously and as such requires a further 
modification for S^ which is then computed as S =0 or ±(h+c) where c 
is the increment in height because of the stretch. This effect is shown 
pictorially in Figure 10. 

It is possible to have multiple shifts in the configuration of a 
character. Thus, there is no limit for the resolution of the character. 

There are five major areas in the data structure of a font: 
1. Header 
2. Work area 
3. Control character area 
4. Address table 
5. Configuration table 

4.1.1 Header 
This is the only area that is fixed in length (54 bytes). The 

header is used to store the name of the font, a character pattern 
0=+-*/') which is used to validate the font, addresses of various areas 
(such as work area, control character area, search area, address table 
and configuration table), size of memory allocated for storing new 
control characters (0 initially), size of configurations of characters 
(0 initially), type of data structure (x'Ol^compressed, x,02'=non 
compressed), default and current values for starting position of the 
character string and finally default and current actions for an unde-
fined character (x'OO* = treat it as a delimiter to end the string, 
χ'ΟΓ = ignore, xT02' = display it as a "blob"). 

The addresses of the subsequent areas are defined in terms of 
relative locations with respect to the starting address of the font. 

4.1.2 Work Area 
This area is variable in length and contains the following informa-

tion: 
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Ι. Information concerning the defined character set; for example, the 
boundary of the defined characters, the first and the last capital 
letter, the conversion factor between capital and small letters. 

2. Defaults for height, width, sequence of transformations and angles 
of transformations 

3. Current values of height, width, sequence of transformations and 
angles of transformations. 

4. Tolerance values for skew and stretch since these involve, 
calculations of the tangents of the angles. 

5. Concatenated matrix. 
6. Sin α , cos α and tan γ where α is the angle of rotation and γ is 

the angle of stretch. 
7. Effects of various control characters (to avoid recalculation if the 

same control character reappears in the string and stretch is not 
used). 

8. Coordinate data reserved for shifts of origin and super imposed 
effect (hex FO to FF for compressed and hex FFFO to FFFF for non-
compressed). The first stroke of a character may be used to 
indicate a superimposed effect whereby the character is superimposed 
onto the previous one. 

9. Configurations of blank and "blob" characters. 

4.1.3 Control Character Area 
Special control Characters are provided for switching between upper 

case and lower case modes, writing subscripts, superscripts, new lines, 
carriage returns etc. A control character area is used to hold informa-
tion about all these effects. In addition, the information about the 
two font parameters, namely, fixed part of spacing between the charac-
ters and nominal values in χ and y directions, is stored in this area. 
(See Figure LI). 

The control characters are ordered according to their anticipated 
frequencies of occurrences to minimize the amount of search. 

An entity in the control character area is either a control 
character or a font parameter. The structure of the entity is also 
depicted in Figure 11. The first field of the entity is used to 
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indicate the bytes of storage required by the entity since it is of 
variable length. The second field contains the name of the entity. An 
internal code, which is assigned to each entity, is stored in the third 
field. This code indicates the type of attributes the entity contains 
as well as the type of action taken. The fourth field contains a symbol 
which is used by the user to specify the occurrance of that entity. The 
flag field is used to indicate whether the effect of the entity has been 
previously calculated. The last field contains the attributes of the 
entity which are used to produce different effects on the plotting pen. 

The end of the control character area is denoted by hexadecimal 
'00' in the length field and 'OOFFFFFF' in the name field of the last 
entity. The contents of this name field may later be replaced by an 
address of a new area (i.e. it acts as a pointer in case user adds a new 
control area via SETCHR). 

4.1.4 Address table 
The structure of an address table is depicted pictorially in Figure 

12. In this figure it is assumed that V is the first and 19' is the 
last displayable character in the collating sequence. Each entry in the 
address table is two bytes in length. It may contain either a zero 
value or a relative address of the configuration of the character with 
respect to the starting address of the configuration table offset by 
one. This offset is required since the zero entry has the special 
meaning that the corresponding character is undefined. 

4.1.5 Configuration table 
This is where the configuration of all the characters is defined. 

The number of bytes required by each character is variable. Undefined 
characters do not occupy a single byte in this table. (see Figure 13). 

The format for the configuration of each character is shown in 
Figure 14. In compressed type of data structure, each coordinate data 
is stored in one byte while two bytes are required for each coordinate 
data for non-compressed type of data structure. There are no other 
differences in the two types. 
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Associated with each coordinate data is a pen mode of 0 or 1, 
designating whether the plotting pen is to simply move or draw a line to 
the indicated point. 

As indicated in Figure 14, the configuration of a character 
consists of sets of up to 8 pen modes (i.e. 1 byte) followed by 8 
corresponding coordinate data. Two consecutive 01s for pen mode 
indicate the end of the configuration. A shift or superimposed stroke 
is not really a coordinate data and as such does not need a 
corresponding pen mode bit. 

4.1.6 General Comments: 
The data structure just defined is quite compact in terms of the 

memory requirements. Number of strokes required for a character is 
variable with practically no upper limit (strictly speaking the 
configuration table may occupy up to 65536 bytes since an address of a 
configuration is stored in 16 bits). The undefined characters do not 
take a single byte in the configuration table. Sample configurations 
and the corresponding stroke definitions for some of the characters are 
given in Figure 15. The total memory requirements for each of the font 
are given in Table 1. As an illustration, consider the APL character 
font APLCHR. The range in the collating sequence of characters over 
which these characters are defined is 181. If one were to define these 
characters with say 20 strokes each, each character would require (20 χ 
2 =) 40 bytes for x-y coordinates and 3 bytes for the pen strokes. The 
total number of bytes required in that case would be (43 χ 181 =) 7783. 
This is over 75% more compared with the memory occupied by APLCHR which 
is (382 + 4068 =) 4444 bytes. Also note that several APL characters 
cannot be satisfactorily defined in 20 strokes; therefore the actual 
saving is even more than indicated in the above example. This saving 
increases as the number of undefined characters in the range used 
increases. The other contributing factor for this saving is that there 
are no wasted bytes for the defined character. For example, assuming 15 
average strokes for the characters in the font FIXWID, the total number 
of bytes required would be (( 15+2)*176=) 2992 i.e. (2992/(352+988)=) 
2.23 times as much or 123% more. Note we have assumed even less number 
of strokes per character for this case. 
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TABLE 1: MEMORY REQUIREMENTS FOR FONTS (in bytes) 

FONT HEADER WORKAREA CONTROL AODR. CONFIG. TOTAL TYPE 
CHAR.AREA TABLE TABLE 

APLCHR 
DBLCHR 
DEFONT 
FINCHR 
FIXWID 
MARAT I 
SCRIPT 
SPESYM 

5 k 
5k 
5k 
5k 
5k 
5k 
5% 
5k 

219 
231 
198 
231 
193 
231 
223 
198 

139 
139 
139 
139 
139 
139 
139 
139 

382 
308 
352 
352 
352 
350 

82 
114 

4068 
1835 
904 
2179 
988 
2631 
2040 
473 

4862 
2567 
1647 
2955 
1726 
3405 
2538 
978 

noncomp 
noncomp 
comp. 

noncomp 
comp. 

noncomp 
noncomp 
comp. 

4.2 Generation Routines 
The set-up routines FONT and CHRASP do not produce any display; 

they simply set up the environment parameters. The display routine 
GCHARS does the actual work of producing graphic characters. 

The linkage editor via the EXTERNAL statement, brings the specified 
fonts in memory. The user selects one of these fonts by specifying its 
name as one of the argument of FONT. The address of this font is tested 
for validity by searching for a unique character pattern ('=+-*/T) in 
the header area. If this pattern is found, the address is assumed to be 
valid and is then stored in the common block COMCHR. If the pattern is 
in the reverse order, the address of the font is found in the four bytes 
following the pattern; DEFCHR makes this adjustment to accommodate the 
updates. 

The other arguments specify whether the characters should be 
centered or not and what action is to be taken when an undefined 
character is encountered; the possible actions are to treat it as a 
delimiter, ignore it or display it as a "blob". 

4.2.2 CHRASP 
This routine enables the user to specify the height, width and the 

types of transformations of characters to be plotted. All the arguments 
are optional. 

4.2.1 FONT 
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Each transformation name is followed by the corresponding transfor-
mation angle. The routine first tests if the transformation name is 
valid. If it is not » then the call to this routine is ignored ; a 
separate return facility could be used by the user via supplying &N 
argument [IBM74] to detect this case. 

To guard against the possibility of division by zero, tolerance 
values, SKWTOL and STRTOL, are used for skew and stretch transfor-
mations. The critical ranges and the adjustments are given in the 
following formulae: 

Skew: for K=0°, ±180°, 360° 
3 = K-SKWTOL if Κ - SKWTOL < β < Κ 
= K+SKWTOL if Κ S 3 < K+SKWTOL 

Stretch: for K=±90°, ±270° 
Ύ = K-STRTOL if K-STRTOL S γ <K 

« K+STRTOL if KiY< K+STRTOL 
Values for SKWTOL and STRTOL are set at 10° and 15° respectively and can 
be changed easily. 

Each transformation has an associated flag which is set as soon as 
the transformation is invoked. If the same transformation appears again 
in the same call, it is ignored. Skew and Fall have the same flag, 
thus, making them mutually exclusive. 

4.2.3 GCHARS 
This routine is the heart of the system in the sense, it produces 

the graphic display of the characters. Figure 16 contains the flowchart 
of this routine. The following comments are made to go along with the 
flowchart. 

The initialization phase converts the starting point of the string 
to the internal coordinate system as well as compensates, if required, 
for the centered characters, calculates the fixed part of spacing 
between the characters and determines the types of transformations as 
well as the type of the data structure of the font. 

The shift mechanism moves the origin in one of the eight specified 
direction and compensates for the stretch transformation if specified. 
It also keeps track of the total shift in x-direction in "xshift" which 
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is used to calculate the starting point of the next character when the 
last positioning stroke of the current character is encountered. 

There are eight control characters, namely control symbol, delimit-
er, upper case shift, lower case shift, carriage return, line feed, 
superscript and subscript. Each control character effect is obtained by 
a control symbol followed by a control character. In addition, there 
are two font parameters, namely fixed part of spacing between characters 
and the nominal size of characters. The default values for these 
attributes, in most of the fonts, are given in Table 2. The data 
structure for storing these values is shown in Figure 11. 

The effect of the control character is calculated by using the 
following formulae: 

xn = xs + ATBX*w*cos"ct- ATBY*h*sin a 
yn = xs + ATBX*w*sina + ATBY*h*cos a 

where, ATBX, ATBY - the attribute values (see Table 2) 
w,h - width and height of the characters 

ct - angle of rotation 
(xs,ys) - starting position of the current character or, in case of 

carriage return starting point of the string line 
(xn,yn) - starting point of the next character. 

For subscript the width and height are adjusted as 
w « w * RATIOX 

h = h * RATIOY 

w = w / RATIOX 

for s < 0 

for s > 0 
h = h / RATIOY 

For superscript these formulae become, 
w = w / RATIOX 

h = h / RATIOY 

w = w * RATIOX 

• for s < 0 

for s > 0 
h = h * RATIOY 

Note that a counter s is initialized to 0 and incremented/decremented 
when superscript/subscript is encountered. 
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TABLE 2 TYPICAL VALUES IN CONTROL CHARACTER AREA 

ENT1TY NAME CODE SYMBOL ATBX ATBY RATI0X RAT IOY 

Fixed spacing FXSP 0 .02 _ _ m 
Nominal values NOMV k 10 10 -

Control symbol CSYM 8 $ - - - -

Del imiter DELI 12 Ε - - - -

Upper Case UPS H 16 U - - - _ 
Lower Case LOSH 16 L - - _ 
Carriage Return CRRT 20 Ν 0 -1.7 - -

Subscript SUBS 2k Β 0 -.65 1 1 
Superscript SUPS 2k A 0 .65 1 1 
Line Feed LINF 28 F 0 -1.7 - -

4.3 Defining Routines 
The routines used for this purpose are LSTCHR, SETCHR, DEFCHR; 

LSTCHR is actually an inquiry routine which is provided to aid the 
defining process. 

4.3.1 LSTCHR 
This routine is used to retrieve the current values of the attri-

butes from the control character area. The first argument is the name 
of an entity in the control character area (see Table 1). If this name 
is valid, the attribute values are returned in the remaining arguments. 
If the name is invalid or a corresponding attribute is not applicable, 
dummy values are returned. 

4.3.2 SETCHR 
This routine enables the user to change the attributes of an entity 

in the control character area of a font or to define a new control 
character. Any of the attributes of an existing entity, except the 
code, can be changed. When a new control character is defined, one of 
the existing codes is assigned to it by the user. 

For storing new control characters, a chunk of memory is obtained 
through the GETMAIN macro [IBM78]. The size of this memory is large 
enough to accommodate approximately ten new control characters. Once a 
new control character is stored in the new area, the size of the unused 
memory is calculated by the routine and then stored in the data struc-
ture. 
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Th e new area is linked with the control character area by a 
pointer; as many new areas as required are obtained and chain linked. 

4.3.2 DEFCHR 
This routine enables the user to define or change the shape of a 

character. The arguments contain the size of the grid in which the 
character is defined and the stroke definitions for the character. The 
routine carries out the conversion to conform with the nominal size of 
the other characters in the font according to the following formula: 

NEWX(I) = IX(I)*N0MVX/lN0MX 
NEWY(I) = IY(I)*NOMVY/INOMY 

where, IX(I)» IY(I) - coordinate data for all the strokes, 
INOMX,INOMY - the size of the grid for the character being 

defined, 
NOMVX,NOMVY - the size of the grid used in font, 

and integer division is used to truncate the results. 
The shift or superimposed stroke data does not go through the above 

conversion process. 
A chunk of memory is obtained via GETMAIN [IBM 78 ] when a new 

configuration is to be defined for the first time. The whole font is 
copied in this new area, old area is flagged and a pointer is inserted 
for this new area. The relative address of the redefined or new 
character is updated in the address table so that it points to the new 
configuration instead of the previous one. The routine keeps track of 
the free space in the new area. If this space becomes insufficient 
(after defining several new characters) the whole process is 
automatically repeated internally. All the areas are linked together 
via chain pointers. 

5.0 Examples 
Several examples are included in this section to illustrate some of 

the results that can be obtained. One inch equal to 100 user units 
are defined in boty χ and y directions in all the examples [GUJA72]. 
More examples can be found in [S080]. 
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5.1 Example 1 
This example illustrates the effects produced by applying Skew 

transformation with negative angles to a character string. The plot is 
shown in Figure 17. As can be seen from this figure, this effect is 
like producing a reflection of the character string. Also note the use 
of SETCHR to change the effect of the superscript and the results 
obtained by subsequent invokations of GCHARS which makes use of lower 
case ($L), upper case ($U) and superscript ($A). 

C 
EXTERNAL  FINCHR 

CALL FONT  ( FINCHR  ) 
CALL CHRASP  ( 0.7, 0.7 ) 
CALL GCHARS  ( 93.0, 775.0. 'SHADWtiB1  ) 
CALL GCHARS  C 93.0, 500.0, 'SäADWSS1  ) 
CALL GCHARS  ( 93.0, 215.0, 'SHADOWSE1  ) 

CALL CHRASP  ( 0.70, 0.70, ' S W , -45.0 ) 
CALL GCHARS  ( 93.0, 775.0, 'SHAD0ME'  ) 
CALL CHRASP  ( 0.70, 0.70, 'SKEW,  -90.0 ) 
CALL GCHARS  ( 93.0, 500.0, 'SHADWSE'  ) 
CALL CHRASP  ( 0.70, 0.70, 'SKEW,  -135.0 ) 
CALL GCHARS  ( 93.0, 215.0, *SHAD0W$E*  ) 

CALL CHRASP  ( 0.15, 0.15 ) 
CALL SETCHR  ( 'SUPS'.  1 \ 999, 999. 0.5, 03 5 ) 
CALL GCHARS  ( 93.0, 635.0, ' $LA) $US$LKEti  BY -45$A0$E' ) 
CALL GCHARS  ( 93.0, 350.0, ' $LB) SUS'SLKEW  BY -30SAO$E' ) 
CALL GCHARS  ( 93.0, 65.0, ' $LC) $US$LKEW  BY -1ZS$A0$E' ) 
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5.2 Example 2 
This example illustrates the usage of the routine CHRASP, in which 

the height and the width of the characters being plotted can be spec-
ified separately. By having different ratios of height and width, 
characters with various shapes can be easily generated. The plot is 
shown in Figure 18. 

EXTERNAL  DBLCHR,  SCRIPT 
C 

H = 2.8 
V = 0.44 
CALL FONT  ( DBLCHR  ) 
CALL CHRASP  ( Ht W  ) 
CALL GCHARS  ( 127.0, 520.0, *COMPUTER$E1  ) 
CALL CHRASP  ( ff/5.0, ) 
CALL GCHARS  ( 10.0, 140.0, 'tfORKSE*  ) 
CALL FONT  ( SCRIPT  ) 
CALL CHRASP  ( Hf2.0,  i/*1.6 ) 
CALL GCHARS  ( 28.0, 292.0, *GRAPHIC$$E*  ) 
CALL GCHARS  ( 31.0, 292.0, 'GRAPHICS$E*  ) 

5.3 Example 3 
This example illustrates that each character font has its own 

effects and transformations. The effects and transformations are 
separately stored in each character font before any plotting is done. 
This is demonstrated by invoking a sequence of FONT and CHRASP for all 
the fonts and then invoking a sequence of FONT and GCHARS for each of 
the fonts. Since this is an inefficient and unstructured use of the 
routines, the user would normally not use this technique. Instead the 
user would generate a plot from a selected font before another character 
font is chosen for plotting invoking a sequence of FONT, CHRASP, GCHARS 
for each font. The plot is shown in Figure 19. 
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EXTERNAL  APLCHR,DBLCHR  ,DEF0NT,FINCHR  tFIXWID  ̂ MAR  ATI, SCRIPT,  SPESYM 
LOGICAL  *1 LOGIC(6)  / ZB2, ZB3, 289, Ζ8Λ, ·$•, / 

FCWT 
CWA4SP 
FONT 

CALL CHRASP 
CALL FONT 
CALL CHRASP 
CALL FONT 
CALL CHRASP 
CALL FONT 
CALL CHRASP 
CALL FONT 
CALL CHRASP 
CALL FONT 
CALL CHRASP 
CALL FONT 
CALL CHRASP 

CALL FONT APLCHR  ) 
CALL GCHARS 50.0, 639.0, LOGIC(1)  ) 
CALL FONT DBLCHR  ) 
CALL GCHARS 305.0, 730.0, *CSB3$E* ) 
CALL FONT DEFONT  ) 
CALL GCHARS 50.0, 453.0, 1EFGH$E1  ) 
CALL FONT FIXWID  ) 
CALL GCHARS 315.0, 485.0, 1$LL$UM$LF$IM$E'  ) 
CALL FONT FINCHR  ) 
CALL GCHARS 35.0, 385.0, 'OPQRSE'  ) 
CALL FONT MARATI  ) 
CALL GCHARS 330.0, 263.0, fSIRQ$LA$E*  ) 
CALL FONT SCRIPT  ) 
CALL GCHARS 92.0, 72.0, fABCD$B*  ) 
CALL FONT SPESYM,  »UNCENTERED·  ) 
CALL GCHARS 337.0, 108.0, r4567tf£» ) 

APLCHR  ) 
1.20, 0.6, 1 ROTATE  \ 22.0 ) 
DBLCHR  ) 
0.95, 0.55 , *SKEtf\  65.0 ) 
DEFONT  ) 
1.0, 0.50 , *FALL\  45.0, * REVOLVE*,  35.0 ) 
FIXtfID  ) 
0.4, 0.6 , 1STRETCH\  35.0 ) 
FINCHR  ) 
1.10, 0.5 , *SREW\  -70.0 ) 
MARATI  ) 
0.8, 0.6, *FALL*,  105.0, ·STRETCH\  20.0 ) 
SCRIPT  ) 
0.8, 0.60, * ROTATE  'SKErf',  130.0 ) 
SPESYM  ) 
1.0, 0.65, * REVOLVER  40.0, »ROTATE\  -20.0 ) 
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5.4 Example 4 
This example illustrates innovative effects that can be obtained by 

changing the attributes of control characters via SETCHR. 
The character "A" is produced using carriage return along with 

stretch transformation. The word "FLEXIBLE" is produced by the use of 
subscript control character. The word "CHARACTER" is produced in one 
call using superscript and subscript. Rotational transformation is used 
to write the word "GENERATOR". The display generated is given in Figure 
20. 

55 
C 

EXTERNAL  DBLCHR,  FINCHR,  FIXtilD 
INTEGER  *4 STRING(2)  j ' G$E ', Έ$Ε 
* Ά$Ε ' 'TSE 

'N$E 
'OSE 

Έ$Ε 
'R$E 

\ 'RSE 
' / 

X = 412.0 
Y = 490.0 
CALL FONT  ( FINCHR  ) 
CALL CHRASP  ( 0.8, 0.6, 'STRETCH\  20.0 ) 
CALL SETCHR  ( 'CRRT',  1 », 0.025, -0.0125 ) 
DO 55 I = 1, 12 
CALL GCHARS  ( J,  *A$N$E*  ) 
CALL LOCATE  ( X, Y ) 

CONTINUE 

0.0, 0.0, 1.0, 0.50 ) CALL SETCHR  ( fSUBS',  ' ' 
CALL CHRASP  ( 0.6 , 1.0 ) 
CALL GCHARS  ( 126.0, 415.0, 'F$BLEX$BIBLE$E'  ) 

CALL SETCHR  ( 'CRRT',  « », 0.0, 0.0 ) 
CALL SETCHR  ( 'SUBS', ' \ 0.0, 0.0, 1.0, 0.75 ) 
CALL GCHARS  ( 73.0, 325.0, »SOFTWARE$N$BSOFTWARE$N$BSOFTWARE$E' 
CALL FONT  ( DBLCHR  ) 
CALL SETCHR  ( 1SUPS',  ' \ 
CALL SETCHR  ( 'SUBS',  1 1, 
CALL CHRASP  ( 0.4, 0.8 ) 
CALL GCHARS  ( 95.0, 200.0, 

0.0, 0.0, 1.0, 1.3 ) 
0.0, 0.0. 1.0. 1.3 ) 
1C$AH$AA$AR$AA$BC$BT£BE$BR$E'  ) 

66 

CALL FONT  ( FIXWID  ) 
X = 165.20 
Y = 120.0 
DO 66 I = 1, 9 
ANGLE  - 1*8. - 40.0 
CALL CHRASP  ( 0.7 , 0.7 , 'ROTATE' 
CALL GCHARS  ( Xt Y, STRING  (I) ) 
CALL LOCATE  ( Xy Y ) 

CONTINUE 

ANGLE  ) 
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6.0 Conclusions 
A very powerful facility to generate various fonts of characters in 

different styles has been presented. The results are quite encouraging. 
The facility is modular and easy to maintain. 

Additional fonts can be generated easily and without reprogramming 
the system routines. The data structure is compact and makes very 
modest use of memory. The shift mechanism facilitates the generation of 
smooth and precise characters. The superimpose mechanism provides the 
possibility of combining various characters to form a new composite 
character. 

Various transformations to manipulate the shapes of the characters 
have been defined and implemented. Special control characters are 
provided for writing both upper and lower case letters » subscripts, 
superscripts, new lines and carriage returns. The mechanism for 
defining new control characters and customizing the effects of the 
existing control characters is designed and provided. The task of 
changing the shape of an existing character or defining a new character 
has been brought to the user level. 

The system is easy to use; in fact, it could be used even by a 
novice FORTRAN programmer, all that is required is the knowledge of how 
to call subroutines. 
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Figure 1: Characters in All the Fonts 
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Figure 2: Basic Combinations in the Devanagari Script 



Figure 3: Useras Perception 

EXTERNAL DBLCHR,FINCHR,SCRIPT, 

CALL FONT( ) 
CALL CHRASP ( ) 

CALL GCHARS ( ) 
CALL GCHARS ( ) 

CALL CHRASP ( ) 
CALL GCHARS ( ) 

repeatj1 repeat 

jrepeat 

* repeat 

* repeat 

Figure 4: Form of a User Program 
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Figure 6 : Various Transformations 
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Figure 8: Overlapping Regions [(w+s)<h] 
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Figure 9: Effects of Composite Transformations 
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Figure 12: Structure of an Address Table 
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Figure 13: Structure of a Configuration Table 
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7F88 6A2A 0802 2060 8250 
6494 8480 AO 

Configuration (in hexadecimal) 

7F65 4727 0502 2040 6278 
67F6 6745 2507 8A 

Figure 15: Sample Strokes and Configuration 
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Figure 16: Flowchart of GCHARS (continued) 
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Figure 16: Flowchart of GCHARS (continued) 
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b) Skew by -90° 

c) Skew by -135° 

Figure 17 : Example 1 
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