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1 Introduction
1.1 General aspects
CGI-Runtime Library Output (level 2D/Oa) describes the following functions related
to graphics devices which are desirable and supported by the Computer Graphics
Interface (CGI):

control functions, which specify the modes of operation of certain other functions
and the address space to be used, select the protocols for exchange of data, provide
for session initialization and termination, and contro.! the device's operation,

graphical output primitive functions, which describe the visual components of a
picture on the virtual device, attribute functions, which describe the appearance of
graphical output primitives,

Escape function, which describes device-dependent or implementation-dependent
functions used to construct a picture; however, these functions are not otherwise
standardized, {They may, however, be registered.)

external functions, which communicate information not directly related to the
generation of a graphical image, raster functions, which can be used to generate
and manipulate images on raster devices.

This software product provides a program interface in terms of a C language
binding for programs written in C or in other languages which are able to call C
software. User-friendliness has been a major design goal of the interface design.
Each function has a particular interface in terms of a C function call. The guidelines
chosen for the interface design result in compact, homogenous, easily
understandable interfaces and thus ease of use.
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1.2 How to use this Library
The intention of this runtime library is to give a fully description of those functions
of the software product which are visible to the programmer and which are of types
described above. It is designed to be a programmer's manual and therefore all
functions are listed in alphabetic order of their function bound names.

A top-down sequence of explanations has been pursued wherever possible, and
forward and backward references are widely used. Both local and global
completeness of the descriptions has been aimed at. However, it is useful to read
this runtime library in conjunction with the CGI- User Manual which gives more
general informations about the functionality and describes the global CGI-concepts.
References to the respective sections of this manual are set in parantheses.

For easy use, all functions referenced in this runtime library are set with their
respective function bound names in bold parantheses. If a referenced function is not
part of this runtime library (e.g. it is part of Runtime Library Segmentation, Input or
3D-Extension); this will be noted explicitly.

I..",

}

The appendencies A, B,C, and 0 which do not form an integral part of the runtime
libraries are at least included to provide extra information and explanation.

Appendix A contains a description of all device-dependencies.

Appendix B describes all CGI-text fonts in precision stroke.

Appendix C includes the data type specifications which are used in the formal parts
of the interface descriptions in alphabetic order of data type names.

Appendix D lists all function and error codes in numeric order.

At the end of thrs runtrme Irbrary there is a list of all figures and tables used in the
function descriptions.

1.3 Notional Conventions
The format used throughout the function descriptions is designed to separate
functionality from coding. Each function description consists of function call, input
and output parameters, along with their data types, description of the function,
explanations, rules which constitute the interface protocof, I.e. implicit relationships
between functions and default values (if applicable), usage notes clarifying how the
function fits into the system, restrictions valid for the implementation(s) described
in this document. possible errors, along with the error number and the error
reaction.

The formal specifications of functions as defined by function call and parameters
are according to the following syntax:

Function Name:
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function (argl "" ,,",,"

typel type2

typen

argl;
arg2;./

argn

arg2,

, argn)~

argument 1 /*explanation
/* argument 2 explanation
/* .
/* .
/* .

c
/* argument h expla;n~!;;~qn..

Function name is the name of the function as listed in the ISO document or - in case
of an extension - a name which is an accordance with the naming rules applied
there.

function is the function identifier bound to the function as used in the language
binding. arg1, arg2, ..., argn are symbolic arguments corresponding to the
parameters. typel, type2, ..., typen are predefined data types of the symbolic
arguments. The predefined data types are fully described in appendix C of the
runtime libraries.

To the right of each argument declaration is a comment field which contains a brief
explanation of each argument. This field indicates the correspondence between the
arguments and the input and output parameters. An arrow indicates whether the
parameter is an input parameter (-» or an output parameter «-) to the function.

The exp1anation also provides information indicating whether the arguments are
passed by reference or value. The explanation of those arguments passed by
reference will contain one of the words pointer, matrix, array, structure, or string.

Pointer indicates that the address of a singfe value or structure of 1he given type is
being passed.

Matrix (in the context transformation matrix) means that the address of a two-
dimensional array is being passed.
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Array indicates that the address of the first of a list of values or structures of the
given type is being passed. An array parameter is usually accompanied by a
parameter indicating the length of the array.

Structure implies that the address of a structure should be passed.

String indicates that the address of the first of a list of characters is being passed.
The end of a string is indicated by a NUL (\ OJ character.
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1.4 Language Binding Characteristics
The program interface described in this document conforms to the "Abstract
Specification of Functions" of the ISO document. It is designed in terms of aC
language binding'.

The standarization of the C language has not yet been completed. The design of the
C language binding of this software product follows the guidelines given in the ANSI
C Programming Language Standard Technical Report X3711/85-044. However,
many existing C compilers do not implement the complete C language as defined
there. This binding therefore is designed such that compilers which conform to the
de-facto Kernighan-Ritchie standard (KR78) can also be used.

The restrictions on the language usually encountered with respect to the above
document are some of the fo1low1ng:

1

External identifiers are unique in the first six characters.

2.

The structure name spaces are not separate; this means that. all structures share
the same name space, and structure element names cannot be reused across
structures.

3.

Internal identifiers declared using #define are limited to eight characters.

4.

Names of structure members are limited to seven characters.

In order to meet these language restrictions, appropriate guidelines have been
chosen to minimize portability problems of CGI applications between restricted and
full functionality environments, as follows:

Function identifiers have a maximum length of six characters.

The structure and union data types are not used in. the binding as a mechanism to
provide a common data type for the many device- and implementation-dependent
data types described as "data records" in the ISO document. Instead, the
implementation defines a separate parameter for each atomic item of the data
record. Only in a few cases, structures have been used. Arrays or vectors have been
used for lists of homogenous data items. Such an interface design has the desirable
side-effect that all the information passed via the interface can be described on the
same level, that is, in terms of parameters associated with the function.
The enum data type is used although it is not supported in some environments. The
names of symbolic constants have a maximum length of eight characters. If the
enum data type is not available, it should be defined as a synonym for Cint (see
appendix C of the runtime libraries).
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The individual members of each typedef enum in the data types section should be
defined as *define constants, using the values specified in the type definition. This
change is transparent to the application program. For Example:

Conforming binding

typedef enum

CFALSE = oj

CTRUE = 1 Cbooli

Non-conforming binding

typedef

#define #define

Cint

CFALSE CTRUE

CbQo.l

0:

,
'---'
,'ii

Parameters used as enumeration selectors have a fixed number of
values with defined and standardized meanings, and have other
values available for implementation-dependent definition and
use. To avoid possible conflict with application-defined or
implementation-dependent values, the standardized and
application-available values are assigned to distinct ranges of
the parameter. Negative values of an enumerated parameter are
available to be allocated for the implementation's use, and non-
negative values are reserved for registration or future
standardization where not specified herein.

The user is not obliged to use the data type names or constant names of this
manual; however, if he prefers another name for a type or a constant the type or the
constant itself must be defined exactly as specified in this manual.
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2 Output
The functions are listed in order of Bound Names.
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2.1.1.1 Tile Three-Operand Bitblock Transfere c3opb

void c30pb (pindex, pregiQ~, sindex, sceorig, dstorig, offset,
mode)

Cindex *pindex; /* -> pattern bitrnap index
Crect(r) *pregion; /* -> pattern region
Cindex sindex; /* -> source bitrnap index
Cppoint *sceorig; /* -> source origin
Cppoint(r) *dstorig; /* -> destination origin
Cpvect® *offset; /* -> x, y offset
Cint mode; /* -> three-operand bith~tgrawingmode

Description:

The pattern, source, and destination are combined in a manner determined by the
current transparency value and the value of the mode parameter. The pattern and
source bitmaps are specified by pindex and sindex, respectively. The destination
bitmap is defined by the Select Drawing Bitmap function (csdbm).

If the destination is a mapped bitmap, and either pattern or source is full-depth
then nothing is drawn.

Explanations:

pregion specifies the location and extent of the pattern in the pattern bitmap. The
fill reference point specifies the location in the destination bitmap ,of the corner of
the pattern region. The pattern conceptually extends as a tile over the entire
destination VDC space. Pattern data is not affected by the transfer unless the
pattern region overlaps the destination region. In this case, the result on the pattern
and destjnation will be device-dependent.

The rectangular regions in the source and destination bitmaps are defined by two
points repre- senting the diagonal corners of a rectangle. One corner in each bitmap
is defined explicitly with the source/destination origin parameters specified by
sceorig and dstorig, respectively. The other corner point in the source bitmap is
found by adding the signed x and y offset parameters specified by offset to the
coordinates of the source origin point. The signed x and y offset values are
automatically scaled by the virtual device when adding them to the coordinates of
the destination origin to guarantee that the destination rectangle has the same pixel
size as the source rectangle, even if the two bitmaps have different VDC-to-pixel
mappings (see figure 9).

The source data is not affected by the transfer unless the source and destination
fields overlap. In this case, the resulting source and destination fields will appear in
the same way as they would have had if the source data first had been copied to a
temporary buffer and from there combined with the destination.

If the transparency value is "transparent", it is the pixels of the source bitmap which
are used to determine the transparency mode is an integer in the range [0..255]
which defines the way the pattern, source, and destination are combined to form the
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result. Note that a transparency value of "transparent/opaque" is an orthogonal
attribute which still applies to this function. There are 256 possible values for mode,
which define all possible boolean combinations (truth tables) of three bits.
The principJe used is, to define for each of the eight possible combinations of three
bits (pattern, source, destination), what the result will be depending on the given
boolean operation. By specifying the eight values for the result, the boolean
operation is uniquely defined.

p S D Re~

ult

1 1 1 ?

1 1 0 ?
1 0 1 ?

1 0 0 ?
0 1 1 ?
0 1 0 ?
0 0 1 ?

0 0 0 ?

By reading the result as an unsigned 8-bit integer, the 256 possible boolean
combinations can be uniquely defined by the hex~decimal values "00" through "FF",
For example, if source should be added into destination by using pattern as a mark,
the boolean operation would be (P * S +0) then the result is given as 1110 1010 =
OxOA.
,.,

/
-.-

Table 1: Three-operand b1tblock transfer rules. "Normal operation" refers to the

application of mode and transparency rules to full-depth pixels.

Rules:

Types Crect, Cppoint, and Cpvect are to be used when virtual device coordinates are
represented by integer values, types Crectr, Cppointr, and Cpvectr when represented
by real values. The Set VDC Type function (csv) is used to set the virtual device
accordingly.

If the virtual device is in state "segment open" (see section 6.2) then the function is
ignored.
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Possible Error(s):

233: Pattern, source, or destination bitmap index is not associated with a bitmap.

361 : Destination is a mapped bitmap, and either pattern or source is full-depth.

387: Illegal drawing mode.

541: Function not allowed in state "segment open".
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2.1.1.2 Append Text catx

void catx( final, text )

Cbool final; /* -> compound text end ("final flag")
Cchar*text; /* -> text string

Description:

The character codes specified by text are appended to the string defined by
preceding "not final" Text, Restricted Text, and Append Text functions.
If the final flag is "no" (CFALSE), the character codes in the text parameter are
accumulated, along with the current attribute settings.
If the final flag is "yes" (CTRUE). the accumulated text parameter completes the
string to be displayed.

See the Text function (ctx) or section 4.3 for further details.

Rules:

If the virtual device is not in state "text open" then the function is ignored.
If the text alignment buffer overflowed then as much as fits is displayed, and the
text string is considered "final", although the virtual device stays ir state "text open"
until the normal state

transition occurs.

Possible Error(s):

160: Invalid code in string.

534: Function allowed only in state "text open". 632: Text alignment buffer

overflowed.
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2.1.1.3 Begin Figure cbegf

void cbegf( void )

Description:

The virtual device enters the state "figure open region closed", initiating the
construction of a compound closed figure primitive.

Explanations:

Closed figures are described in more detail in section 4.5.

Rules:

If the virtuar device is already in either of the "figure open" states, the previous
portion of the closed figure boundary definition is discarded, and the virtual device
enters or remains in the "figure open region closed" state. That is, the effect is as if
the boundary definition was started new. .
If the application program attempts to add something to the closed figure
construction and the buffer used to hold the boundary definition is full then the
function is ignored.

Usage Notes:

In the "figure open region closed" state, edge attributes and aspect source flags may
be changed, and fill area primitives added to the boundary definition.

When the application program invokes a line function in state "figure open region
closed", the virtual device enters the state "figure open region open". In this state,
line functions such as Polyline and Circular Arc may be used to construct part of the
boundary. Edge attributes and aspect source flags may also change.

Table 4-10 in the CGI-User Manual lists functions used to construct closed figures.

The receipt of a matching End Figure function signals the rendering of the closed
figure, and a transition out of either "figure open region closed" or "figure open
region open" state back to "active".

Possible Error(s):

631: Number of points is too large.
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2.1.1.4 Cell Array cca

void cca (p, q,r, dimension, precision, colours)

Cppoint *p; /* -> first opposite corner of
/* cell parallelogram

Cppoint[r] *q; /* -> second opposite corner of,
/* cell parallelogram

Cppoint [r] *r; /* -> third corner of cell ,parallelogram
* Cipair dimension; /* -> ce,ll array dimensions nx, ny
Cint precision; /* -> local. colour precision ;-
Ccolr *colours; /* -> array o£ nx*ny cell colour

/*specifies

Description:

A cell array of colour specifiers specified by colours with dimensions specified by
dimension is displayed within a parallelogram with corners P, Q, and R as specified
by p, q, and r, respectively. The precision parameter is ignored.

When displaying this function on a raster device, all the pixels on a device whose
centres lie beneath any part of a cell (including its mathematical boundary) are given
the colour of that cell.

If the device cannot display the cell array then it draws a parallelogram
corresponding to the specified area. The parallelogram is drawn with current edge
attributes (see section 4.4) without regard of the edge visibility parameter.

Explanations:

In the general case P, Q and R delimit an arbitrary parallelogram. P and Q delimit the
end points of a diagonal of the parallelogram, and R defines a third corner.

In the simplest case, the three corner points define a rectangular area in VDC space.
This area is subdivided into nx*ny contiguous rectangles where nx and ny are
specified by dimension, as follows. The edge from P to R is subdivided into nx equal
intervals, and the edge from R to Q is subdivided into ny equal intervals. colours
consists of nx*ny colour specifiers, conceptually a two-dimensional array of
dimensions nx and ny, representing respectively the column and row dimensions.
The first array element is mapped to the cell at corner P, and the last array element
is mapped to the cell at corner Q. Incrementing the first index of the array
corresponds to moving along the direction from P to R, while incrementing the
second index of the array corresponds to moving along the direction from R to Q.

P, Q, and R are permitted to have other orientations which result in the cell array
being rotated, mirrored, or even skewed into a parallelogram. The mapping of ,array
elements to cells proceeds as above, except that the individual cells may be
parallelograms rather than rectangles.

Figure 1 illustrates a cell array where the order of mapping the cells to a display
surface
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corresponds to the common left-to-right, top-to-bottom pixel scan order of man~
devices.

Figure 1: Cell array: nx by ny rectangle mapped onto view surface. LInes Indicate cell
array locations. Dots Indicate pixels.

Rules:

Type Cppoint is to be used when virtual device coordinates are represented by
integer values,

type Cppointr when represented by real values. The Set VDC Type function (C5V) is
used to set the virtual device accordingly.

If the specified ceU array has negative dimensions then the absolute value of the
dimensions is used.

Usage Notes:

This primitive captures the need for resampling existing information, as cells are
logical entities, not tied to any physical dimensions. Any scaling, rotation, or
mirroring of fields within a picture is performed through this primitive. Sufficient
information is available in this primitive that it may be stored in segments.

Possible Error(s):

332: Dimensions of colour array are invalid.
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2.1.1.5 Circular Arc Centre ccac

void ccac (centre, svector, evector, radius)

Cppoint[r] *centre; /* -> centre point
Cavect[r] *svector; /* -> start angle vector
Cavect[r] *evector; /* -> end angle vector
Cvdc[r] radius; /* -> radius

Description:

A circular arc is drawn with current line attributes (see section 4.4) which is defined
as follows: A start ray is constructed from the centre point specified by ceI1;tre,
using dx and dy from the start vector specified by svector as increments from the
centre point. An end ray is constructed similarly, using dx and dy from the end
vector specified by evector as increments from the centre point.

The arc is drawn in the positive angular direction (as defined by Set VDC Extent,
csvx) from the intersection of the circle and the start ray (as obtained by measuring
a distance "radius" along the start ray from the centre point) to the intersection of
the circle and the end ray.

If the start ray and the end ray are coincident, a 360-degree arc is drawn. (Note that
this circle is not filled, as is the Circle function.)

Explanations:

A fuller explanation of the behaviour of circular arc functions is given in section 4.3.

Rules:

Types Cppoint, Cavect, and Cvdc are to be used when virtual device coordinates are
represented by integer values, types Cppointr, Cavectr, and Cvdcr when represented
by real values. The Set VDC Type function (csv) is used to set the virtual device
accordingly.

Legal values of the start and end vector components are those which produce
vectors of non- zero length. Legal values of the radius are non-negative VDC.

Possible Error(s):

703: Arithmetic error has occured.
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2.1.1.6 Circular Arc Centre Backwards ccacb

void ccacb(centre, svector, evector, radius)

Cppoint[r] *centre; /* -> centre point
Cavect[r] *svector; /* -> start angle vect:6:t
Cavect[r] *evector; /* -> end angle vector
Cvdc[r] radius; /* -> radius

Description:

A circular arc is drawn with current line attributes (see section 4.4) which is defined
as follows: A start ray is constructed from the centre point specified by centre, using
dx and dy from the start vector specified by svector as increments from the centre
point. An end ray is constructed similarly, using dx and dy from the end vector
specified by evector as rncrements from the centre point.

The arc is drawn in the negative angular direction (as defined by Set VDC Extent,
csvx) from the intersection of the circle and the start ray (as obtained by measuring
a distance "radius" along the start ray from the centre poin.t) to the intersection of
the circle and the end ray.

If the start ray and the end ray are coincident, a 360-degree arc is drawn. (Note that
this circle is not filled, as is the Circle function.)

Explanations:

A fuller explanation of the behaviour of circular arc functions is given in section 4.3.

Rules:

Types Cppoint, Cavect, and Cvdc are to be used when virtual device coordinates are
represented by integer values, typescppointr, Cavectr, and Cvdcr when represented
by real values. The Set VDC Type function (csv) is used to set the virtual device
accordingly.

Legal values of the start and end vector components are those which produce
vectors of non- zero length. Legal values of the radius are non-negative VDC.

Possible Error(s):

703 Arithmetic error has occured.
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2.1.1.7 Circular Arc Centre Close ccac

void ccacc( centre, svector, evector, radius, close )

Cppoint[r] *centre; /* -> centre point
Cavect[r] *svector; /* -> start angle vect:6:t
Cavect[r] *evector; /* -> end angle vector
Cvdc[r] radius; /* -> radius
Cclose close; /* -> close type

Description:

A circular arc is drawn and filled with current fill and edge attributes (see section
4..4) which is defined as follows: A start ray is constructed from the centre point
specified by centre, using dx and dy from the start vector specified by svector as
increments from the centre point. An end ray is constructed similarly, using dx and
dy from the end vector specified by evector as in- crements from the centre point.

The arc is drawn in the positive angular direction (as defined by Set VDC Extent,
csvx) from the intersection of the circle and th.e start ray (as obtained by measuring
a distance "radius" along the start ray from the centre point) to the intersection of
the circte and the end ray.

If the close type specified by close is "pie" (CPIE), the sector enclosed by the arc and
its two radii is drawn and filled. If the close type is "chord" (CCHORD). the segment
defined by the arc and the chord from the starting point to the ending point of the
arc is drawn and filled.

If the start ray and end ray are coincident, the circle i,s drawn and filled. If the close
type is "pie" and edge visibility is "on", the line segment connecting the centre point
to the circle along the start and end vectors is drawn.

Explanations:

A fuller explanation of the behaviour of circular arc functions is given in section 4.3.

Rules:

Types Cppoint, Cavect, and Cvdc are to be used when virtual device coordinates are
represented by integer values, types Cppointr, Cavectr, and Cvdcr when represented
by real values. The Set VDC Type function (csv) is used to set the virtual device
accordingly.

Legal values of the start and end vector components are those which produce
vectors of non-zero length. Legal. values of the radius are non-negative VDC.

Possible Error(s):

703: Arithmetic error has occured.
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2.1.1.8 Circular Arc Three Points cca3p

void cca3p (p1, p2, p3)

Cppoint[r] p1; /* -> start point
Cppoint[r] p2; /* -> intermediate point
Cppoint[r] p3; /* -> end point

Description:

A circular arc is drawn wIth current line attributes (see section 4.4) from the starting
point specified by pl, through the intermediate point specified by p2, to the ending
point specified by p3.

If the points specified are all coincident, a dot is drawn. If the arc has only two
distinct points. a line is drawn between those points. If the arc has three collinear
points. the arc has zero curvature and a line is drawn between the three points.

Explanations:

A fuller explanation of the behaviour of circular arc functions is given in section 4.3.

Rules:

Type Cppoint is to be used when virtual device coordinates are represented by
integer values,

type Cppointr when represented by real values. The SetVDC Type function (csv) is
useq.to set the virtual device accordingly.

Possible Error(s):

703: Arithmetic error has occured.
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2.1.1.9 Circular Arc Three Points Close cca3pc

void cca3pc (p1, p2, p3, lose)

Cppoint[r] p1; /* -> start point
Cppoint[r] p2; /* -> intermediate point
Cppoint[r] p3; /* -> end point
Cclose close; /* -> close type

Description:

A circular arc is drawn and filled with current fill and edge attributes (see section
4.4) from the starting point specified by pl, through the intermediate point specified
by p2, to the ending point specified by p3.

If the close type specified by close is "pie" (CPIE). the sector enclosed by the arc and
its two radii is filled. If the close type is "chord" (CCHORD). the segment defined by
the arc and the chord from the starting point to the ending point of the arc is drawn
and filled.

If the points specified are all coincident, a dot is drawn. If the arc has only two
distinct points, a line is drawn between them. If tlle arc has three collinear points
and has close type "chord", a line is drawn through the three points; if close type is
"pie", nothing is displayed. In all cases of degeneracy, the interior and edge
attributes are applied as described in section 4.4.

Explanations:

The close types specified by close are illustrated in figure 2.
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Figure 2: Clrcurar Arc Three Points Close specifications with "pie» and "close»,

A fuller explanation of the behaviourofcircutararc functions is given in section 4.3.

Rules:

Type Cppoint is to be used when virtual device coordinates are represented by
integer values, type Cppointr when represented by real values. The Set VDC Type
function (C5V) is used to set the virtual device accordingly.
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Possible Error(s):

703: Arithmetic error has occured.


