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i General Information

{ )
:::,: This document defines the language interface to Version 2.2 of a device-independent graphics
s system intended to facilitate the use of graphics in the command and control environment. The "
:j;':: system homogeneously supports graphics terminals of widely varying capability, configured with one :
e or more different programs running on separate computers connected via a C2 communications V
- network. These include both calligraphic and bit-map displays as well as plotters. The set of graphics -
I}'Z: primitives defined here provides a core upon which device-independent application-tailored graphics
-::_- packages can be built. Advanced graphics features such as color, shading, and input from muiltiple
3 f_f? devices are supported in a manner that permits use of the same application program with devices not
f- supporting those features. The graphics system performs the appropriate feature mapping to support
'\ the connected display device. For example, an application program may specify the color of a line )
segment. The system maps the specified color into some suitable color supported by the device or-- -
(-5 in the case of a monochromatic display--into the single color of that device. An enquiry capability is K
fj-': also provided, permitting the application program to determine the characteristics of the connected
v display device and fully exploit all of its capabilities. N
)

The graphics system provides constructs for

a
L2
ai

PR

- Initiating and terminating a connection with the desired display device.

%
Lol
" : - Allocating a graphics output area of a specified aspect ratio on the display device viewing :
‘ surface. )
N P
'; - Defining a viewport (subarea within the allocated area of the display surface) and user N
. coordinate system to be mapped to that viewport. X
a - Creating, merging, destroying, displaying, and erasing named segments. N
’
:-j:j - Generating graphics entities such as lines, dots, text, arcs, and shaded polygons and N
'; sectors. -
% :
" - Controlling display characteristics of graphics elements (e.g., intensity, color, text face
- and shading parameters).
N
N - Accepting various forms of input from the terminal.
E )
P A
_"3 - Retrieving device/system status information.
".‘
; - Sending and receiving device-specific orders.
Ny
‘ :;:' - Storing pictures in and retrieving pictures from Grapbhics Files. g
N
A
2 :
la’ -
\'.'
h ::,
~
\l
>
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GRAPHICS LANGUAGE (VERSION 2.2)

Ay This document is a language reference manual for Graphics Language. Appendixes contain

N specifics regarding particular implementations of this language for specific languages and operating
e systems.

:::'.‘_- The following comments are useful for understanding Graphics Language.

e 1. The run-time environment consists of

- (1A) An application program written in FORTRAN, BLISS, LISP, C or some

R other programming language supported by the graphics system,

e (1B) The graphics system,

e

(1C) The display system.

L

e

-';.: The interface between (1A) and (1B) is defined within this document. It should be
A thought of as a set of subroutine/procedure calls, rather than as a programming
language.

The interface between (1B) and (1C) depends on the order codes of the particular device
on which the graphics is being generated, and may, but does not necessarily, include
transnet communication.

2. The language separates device-independent from device-dependent issues. Thus,
L . issues like [a] the size and position of the TERMINAL display-viewport on the CRT, [b]
o repainting of a storage tube, and [c] function key assignment are all handled -
independently of application program interaction.

. 3. The user (i.e., the programmer using Graphics Language) supplies sufficient information
A to the graphics system to allow it to identify and connect to the device, and also requests
allocation of a graphics output area of desired aspect-ratio on the display surface via the
INITIATE command. He specifies either explicitly or implicitly his coordinate system, the

~

-fj«'_ WINDOW, and separately, a sub-area within the allocated area on the CRT surface to be

- used, the VIEWPORT. The system always maps the entire WINDOW onto the entire

VIEWPORT, even if this transformation is not a conformal mapping (i.e., introduces ,1
% "stretching"). For details of these specifications, see WINDOW and VIEWPORT. B
.-'.': ':1
:-Z:I:j 4. The smallest nameable display entity is a segment. Segments have user-assigned unique "
o IDs. Segments are created by issuing an OPEN call followed by any sequence of graphic 3
::;_"ﬂ primitive calls (e.g., MOVE, DRAW, DOT, TEXT) and terminated by CLOSE. Once a "
o2 segment has been created, it can be made visible by issuing POST, or invisible by '_!
UNPOST. A segment may be POSTed or UNPOSTed many times. Segments may be -
j:;-j MERGEJ into a single segment. When the segment is no longer needed, it is KiLLed to -
:.f-‘ release memory associated with its graphic primitives and to free the ID. ;'.-
‘, 5. The Graphics Language deals with absolute transformed display segments only. All .1
transformations (e.g., those resulting from the VIEWPORT/WINDOW relation) are X
-'.j}L performed when the segment is defined. No transformation may be applied to segments Z:
NS 5
-.__:. "
o K
* :
- ~
e \

DA SRR




v
.l

«
|.J
-

td

AW
.
- L3 -

GENERAL INFORMATION

already generated. As a result, the effect of motion can be achieved only by replacing
already displayed entities with newly generated ones.

6. The system maintains status information that includes important parameters that are
available to the user. These include error reports, scope size, display system capabilities,
etc. A compiete list of these is shown later, under the description of the ENQUIRE
command.

N Loty Y

. Lo
. e e
DD I T (PR S B e}

NP AT TNy A B

- "LA'AA.*L,. S

e “.A.A,L.J.‘

it alnia

Vo s
Lag, 4 8 ¢ & 4

fatatal ga




¢ d

AR 'v‘_'-

>

e
.IJ

\l
X
- s

49

4 GRAPHICS LANGUAGE (VERSION 2.2}

Graphics Language Calls

This section contains information on the various Graphics Language (GL) calls available to the
application programmer. The calls are grouped in ten sections according to their role in creating the
user’s graphic output. Each call is presented in terms of its intended effect; any side effects that may
result; the order, type, and value range of required parameters; and any error conditions that might
result from improper use of the call.

[1] DEVICE CONNECTION INITIATION AND TERMINATION

The following GL calls are used to initiate and terminate a connection with a display device. Initiating
a connection results in the binding of various components of the graphics system with the application
program and the requested display device. It also establishes a number of defaults for various GL
commands discussed later in this document. These defaults include the user's coordinate system,
the area on the display surface on which the user's graphic output will appear, and the display
attributes for graphic primitives such as text and vectors. The user may override these defaults or
establish his own default values via commands discussed in subsequent portions of this document.

INITIATE ( CONFIGURATION-STRING, ASPECT-RATIO

Establish a connection to and initialize the display device, reset all buffers and parameters to their
default values, and retrieve device-specific information from the display device. The first parameter is
a character string, the second is a real number.

CONFIGURATION-STRING specifies system configuration and display-device information, i.e., the
type and location of graphic system modules, the display device type, location, and connection
protocol. The format of this information depends on the environment in which the system is
implemented. See Appendix F for further information.

ASPECT-RATIO specifies the desired aspect ratio for the area on the display surface to be allocated
for this connection as a real number. Values less than 0. indicate that the default aspect ratio for the
viewing surface should be used; values greater than 0. indicate the ratic of the width to the height of
the desired area. Thus, the value .5 requests a working area in which the vertical size is twice the
horizontal size, and a value of 2.0 requests a working area in which the horizontal size is twice the
vertical size. An area of the desired aspect ratio, the allocation-viewport, will be assigned to the
application from the available working area on the device surface. It will be given an address range of
(0.,0.,W,H) for purposes of subsequent VIEWPORT calls where the smaller of the pair (W,H) is 1.0 and
the larger is proportionaily greater according to the aspect-ratio requested. The values of W and H
are made available to the user via elements 14 and 15 of the enquiry status information (see
ENQUIRE). The physical size and actual location of the allocation-viewport is implementation and
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connection dependent. Its size in centimeters is made available to the application via words 12 and
13 of the enquiry information.

As a result of this call, various device and connection specific information, including the information
specified above, is made available to the application program via the ENQUIRE call.

Possible errors: ERR-06 Device not known to the system or
not available.
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RELEASE

Release the display device and system modules being used. Terminate any networy nections. )

Possible errors: None.
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6 GRAPHICS LANGUAGE (VERSION 2.2} }

(2] VIEWING AREA AND COORDINATE SYSTEM SELECTION .

The following commands specify the subarea (viewport) of the allocation-viewport in which the user's
graphic output will appear and the XY bounds of the user's coordinate system {(window) to be
mapped to that viewport. Graphic primitives that extend outside of the specified XY range of the
window will be clipped at the specified boundaries; portions outside of the window/viewport s
boundary will not appear on the display surface. The viewport/window pair allows the application
programmer to both scale and translate his pictures to any area of the display surface allocated to his
program. Depending upon the values of the window and the viewport, the user's picture may be
distorted (stretched) in either the X or the Y direction. Choice of appropriate window values allows the
application to selectively view and/or enlarge particular portions of a specified picture.

-
-
.
i
i

VIEWPORT ( XL, YB. XR, YY)

Select a subarea of the allocation-viewport in which subsequent graphics will appear. All the
arguments are real numbers and must range from 0. to the maximum for the allocation-viewport
assigned during the INITIATE call as identified via words 14 and 15 of the enquiry information.

The largest left- and down-justified square of the allocation-viewport is defined by the value range
(0.,0.,1.,1.). In this coordinate system the top half of this square is defined by (0.,.5,1.,1.).

This call does not affect any segment (or part thereof) already generated. The current beam position
of an OPEN segment remains at the same location in the allocation-viewport after a VIEWPORT call
as it was prior to that call. The values for the current beam position within the old coordinates are
adjusted to correspond to the values for the new VIEWPORT call.

The system initialization default is VIEWPORT(0.,0.,1.,1.). Thus, if no VIEWPORT call is issued by the
application program, the largest left- and down-justified square from the allocation-viewport is used.

Itis not legal to have XL = XR, YB= YT, XL>XR, or YB>YT.

Possible errors: ERR-07 The specified values are out of the
allowable range as defined by the
allocation-viewport or XL = XR, YB = YT,
XL>XR or YB>YT.




GRAPHICS LANGUAGE CALLS 7

WINDOW (XL, YB, XR, YT)

Define the user coordinate system for the current VIEWPORT. Values are specified as real numbers.
The identified coordinate range is mapped onto the viewport. User graphics outside the specified
coordinate range will be clipped at the window boundaries to include only that portion within the
WINDOW coordinates.

The call does not aftect any segment (or part thereof) already generated. The current beam position
of an OPEN segment in the old coordinate range is adjusted to correspond to the coordinates of the
new WINDOW call. The call may be reissued whenever needed, even within a segment.

The system initialization default is WINDOW(0.,0.,1.,1.). Thus, if no WINDOW call is issued by the
application program, any vectors, text, etc., with start and end points within this value range will
appear on the screen while those with start or end points outside of this range will be clipped at the
window edges.

It is acceptable to have XL>XR or YB>YT, in order to achieve mirroring. However, XL=XR or YB=YT
is not acceptable and results in an error.

Possible errors: ERR-07 XL=XRorYB=YT.
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[3] SEGMENT SPECIFICATION

The following GL calis allow the application programmer to name and define the contents of an
individual GL segment. A segment is a named collection of GL primitives (lines, dots, text, arcs,
polygons, sectors, etc.). Once created, segments can be merged with other segments, renamed,
made visible or invisible, highlighted, made touch sensitive, and destroyed. These operations are .

discussed in section 4 of this document. ;
R

]

Segment Identification -

-4

o

A given set of graphic primitives is associated with a segment by virtue of the foliowing two calis that 1

both delimit the bounds of the segment and assign a name by which the application program can -
subsequently refer to that segment.

OPEN (N)

Initiate specification of a segment with ID N. All subsequently specified graphic primitives (lines, text,
dots, etc.) are to be associated with the segment named N until a CLOSE is issued, i.e., segment N
consists of all graphics primitives specified between the OPEN and CLOSE calls. The ID, N, is an
integer between 1 and 32000. If any other segment is still open when an OPEN is issued, then a
CLOSE (see below) is implied for that segment.

Segments are always initialized with the segment default conditions in effect (color and text
attributes) when this call is issued. These default conditions are set during system initialization to the
values indicated in the discussion of the particular calls (see COLOR and TEXTFACE below). They
may be changed via the DEFAULT-COLOR and DEFAULT-TEXT calls discussed in section 9 of this
document.

When this GL call is issued the current beam position is undefined, and its value, as available through
an ENQUIRE call, is not necessarily valid.

=
NS Possible errors: ERR-02 System table overflow. -
Ajji: ERR-16 No scope selected.
a 1
|
CLOSE ]
Terminate specification of the currently open segment. if a segment with the same ID, N, already ]
exists, it is replaced by this segment, which assumes its display attributes. If the old segment was N
visible, (i.e., POSTed), its replacement will be too. If the oid one was HIGHLIGHTed, the new segment l;’
will also be highlighted. Otherwise the segment is initially invisible and nonhighlighted. If there is no ;-j:
open segment, no action is taken. '.::
'_'_'.1
7
.
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A haman s

Possible errors: ERR-02 System table overflow.

Y SR

Display Mode Specification

The following set of GL calls indicates the preferred manner for subsequently specified graphic
primitives to appear on the display surface. Whether or not the displayed graphic primitives actually
appear according to the specified mode settings depends upon the capabilities of the graphics
system and the dispiay device.

| &Y SRITTY SN S

COLOR(I.R, G, B)

Set the intensity and chromaticity for the rest of this segment. |, R, G, and B are real numbers. |
determines the intensity.

L e AN AN

=1, Highest available intensity (same for 1> 1.)

I=0. Lowest available intensity (same for 1<0.)
For any 0. <1< 1. the system will choose an appropriate intensity level.
The R, G, B values determine the chromaticity (hue and saturation). Since chromaticity is uniquely
determined by only two of the R, G, B values, at least one of the values must be zero. If the user

specifies all three values greater than zero, the system maps at least one to zero by the following
computation:

COLOR (I, R-min(R,G,B), G-min(R,G,B), B-min(R,G,B))

The ENQUIRE call (see Section 7) may be used to find the available intensities and colors. The X
initialization default for each segment is COLOR(1.,0.,0.,0.). -

Possible errors: ERR-02 System table overfiow.
ERR-03 No open segment.
:
INTENSITY (1 B

Set the intensity level for the remainder of this segment. | is specified as a real number.

| = 1. Highest available intensity (same for I> 1)

I =0. Lowest available intensity (same for 1<0.)

A am

For any 0. {1 { 1. the system will choose an appropriate intensity level. This call is equivalent to
COLOR(1.,0.,0.,0.). The ENQUIRE call (see Section 7) may be used to determine the range of
intensities available. The initialization default for each segment is INTENSITY(1.).
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4 10 GRAPHICS LANGUAGE (VERSION 2.2)
LA
Rt Possible errors: ERR-02 System table overfiow.
N ERR-03 No open segment.
‘L
.‘_'-'.E;f'.' TEXTFACE (MASK, NAME, QUALITY, HEIGHT, WIDTH
e VERTICAL-SPACING, HORIZONTAL-SPACIN
- ' Select a text face/font based upon the indicated attributes. Use the VERTICAL-SPACING and

HORIZONTAL-SPACING values (if specified) to perform intercharacter spacing.

The MASK parameter indicates which of the subsequent variables are set and, hence, are to be used
NS in the text font selection process or intercharacter spacing. If a variable is not set, then the default for
X that field is used. Values of the MASK parameter range from O to 63 as follows:

i MASK = 0: None of the subsequent parameters are to be included in the text font selection
-:::-:Z process; use the device default text face/font. The default intercharacter spacing
o values for the selected font are to be used for positioning characters.
e
ot = 1: The text NAME parameter is set and may be included in the font selection
. process.
I;:jlj‘ = 2. The text QUALITY parameter is set and may be included in the font selection
-t process.
\‘ a
) = 4. The HEIGHT parameter is set and may be included in the font selection process.
'\ = 8 The WIDTH parameter is set and may be included in the font selection process.
::Z:'; =16: The VERTICAL-SPACING parameter is set; intercharacter vertical spacing is to be
) ‘ performed according to the value of the VERTICAL-SPACING parameter.
=32: The HORIZONTAL-SPACING parameter is set; intercharacter horizontal spacing .
is to be performed according to the value of the HORIZONTAL-SPACING ;
parameter. =
. Combinations of these values are used to specify that more than one of the parameters are to be k
N included in the font selection/intercharacter positioning process. The manner in which specific -
. parameters are employed in the font selection process is described below. -
A .
_‘J-__'.
-I::-.' The NAME parameter indicates the name of the desired text face to be used, e.g., BODONI, NEWS R
ﬁ GOTHIC READER, TIMES ROMAN (see Appendix E). If the value is not used in the font selection '
process (i.e., the corresponding bit in the mask variable is set to zero), the default text face is used. -
j;:-_* The QUALITY parameter indicates the type of text required (0 = hardware, 1 = stroked). Stroked text is -fi

automatically scaled to the specified HEIGHT and WIDTH as described below. Hardware text is
matched to the height and width in that order. The HEIGHT parameter is used to indicate the desired
text height in window units (rea! number) of the selected text font. The WIDTH parameter is used to
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indicate the desired text width in window units (real number). In the case of hardware generated text, 3

Z:j{: if the HEIGHT parameter is set, the hardware-supported text font (of the specified text face) whose ]
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GRAPHICS LANGUAGE CALLS 11

height comes closest to the specified height without actually exceeding it is selected. In this case the
WIDTH parameter is ignored. If the HEIGHT parameter is not set, then the text font whose width
comes closest to the specified width without exceeding it is selected.

Since most hardware character generators cannot generate characters of arbitrary size, it is likely
that for hardware text the actual character height and width used will differ from the specified height
and width. In order to find the actual character height and width that result from this call, an ENQUIRE
call (see Section 7) must be issued.

The actual text font selected for a given TEXTFACE command depends upon both the parameters of
the TEXTFACE command and the actual hardware and stroked fonts that are supported. An attempt
is first made to find a matching font of the specified quality and the specified face name. If this attempt
fails, then an attempt is made to find a font of any quality of the specified face. If this attempt also fails,
then an attempt is made to find a font of the specified quality but of any face. Finally if the previous
attempts have failed, a search is made for a font of any face name and any quality that satisfies the
text size constraints.

If the VERTICAL- and/or HORIZONTAL-SPACING parameters are set, characters are individually
positioned according to the values of these parameters. The VERTICAL-SPACING parameter
indicates the value in window units (real number) by which a character is to be displaced in the
vertical direction from the previous character. If this value is positive, then subsequent characters will
be displaced in an upward direction from the preceding character. |f the value is negative, then
subsequent characters will be displaced in a downward direction from the preceding character. The
value of the HORIZONTAL-SPACING parameter indicates the amount in window units (real number)
by which a character is to be displaced from the right-hand edge of the previous character. if the
value is positive, then the displacement will be to the right, if the value is negative, then the
displacement will be to the left. For example, if the VERTICAL-SPACING value is the negative of the
character height and the HORIZONTAL-SPACING value is the negative of the character width, then a
descending vertical string of characters wili be generated.

.

1

The initialization values for text size and spacing are the device default values. !‘;
Possible errors: ERR-02 System table overflow. %
ERR-03 No open segment. 3

ERR-11 No font small enough. -1

(

£

K

8

Vector Specification (Absolute Coordinate Form) -

The following commands specify graphic primitives in terms of the absolute window coordinates .;
involved. =
)

pOT (X ¥) 1

b

Display a dot at the specified position (in the user's coordinate system). X and Y are given as real

L AT D)

-------------------------
-----

----------------
----------------
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g ]
_Z-j:'. numbers. The beam position is left at the specified point. The dot is displayed only if it is inside the )
'Z:-:: window. It is displayed according to the current intensity/color setting. _J
i )
NN Possible errors: ERR-02 System table overflow. -
. ERR-03 No open segment.
J DRAW(X,Y
\«. Draw a line from the current beam position to the specified position. X and Y are given as real
-Z_'-_-; numbers. The beam position is left at the specified point. The line is clipped, if needed. It is
displayed according to the current intensity/color setting. If the current beam position is undefined,
\ then the results of this call are undefined.
C::‘ZE Possible errors: ERR-02 System table overflow.
..-;:. ERR-03 No open segment,
o
s MOVE (X, Y)
o
-2 Position the beam position at the specified point. X and Y are given as real numbers.
2
{ Possible errors: ERR-02 System table overflow.
o ERR-03 No open segment.
LINE (X. Y. 1)
:f-::f MOVE or DRAW. If =0, then this call is equivaient to MOVE(X,Y); if I =1, then it is equivalent to
_-'_ff-: DRAW(X,Y). Asin MOVE(X,Y) and DRAW(X,Y), X and Y are specified as real, absolute coordinates, |
g as an integer value. The display characteristics of the line is affected by the intensity/color setting.
B The line is clipped, if necessary.
2N Possible errors: ERR-02 System table overfiow.
N ERR-03 No open segment.
N
s
o
Le ARC (X, Y, R, SA.EA)
oS
_::I- Draw a circular arc with radius R and center-point (X,Y), starting at angle SA and proceeding in a
oot counter-clockwise direction through angle EA. All the arguments are given as real numbers. X, Y,

and R are specified in the user's (window) coordinates; SA and EA specify the starting and ending
on angles in radians, with 0 corresponding to "right" and P1/2 to "up". The number of straight lines
used to approximate the arc may vary according to the system resolution and the value of R. The arc
is drawn according to the current intensity/color setting and is clipped, as necessary.
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GRAPHICS LANGUAGE CALLS 13

Note that it the aspect-ratios of the WINDOW and the VIEWPORT differ, then circular arcs in the
user's coordinates are elliptic arcs in the VIEWPORT coordinates, and this call is not necessarily
supported.

Possible errors: ERR-02 System table overflow.
ERR-03 No open segment.
ERR.Q7 R<QorR=0.
ERR-16 The arc is not circular (but elliptic).

Vector Specification (Relative Coordinate Form)

The following commands specify graphic primitives in terms of the X and Y displacement in window
coordinates from the current beam location. They are most commonly used in creating subroutines
for repeating the same set of graphic primitives independent of the current beam location. In such
cases the routine would be called to generate the graphic object after the main program had
positioned the beam at the desired origin. If the beam position for the currently open segment is
undefined, the result of these calls is undefined.

RELATIVE-DOT (DX, DY)

Display a dot in the position specified relative to the current beam position. DX and DY are given as
real numbers. The current beam position becomes the specified point. |f the beam position
immediately prior to this call being issued is (X,Y), then after this call it is (X+ DX,Y + DY). The dot is
displayed according to the current intensity/color setting, but only if it is inside the window.

Possible errors: ERR-02 System table overflow.
ERR-03 No open segment.

RELATIVE-DRAW (DX, DY)
Oraw a line from the current beam position to the point (X + DX,Y + DY) where (X,Y) is the beam
position before the cail. DX and DY are given as real numbers. The line is displayed according to the

current intensity/color setting, and is clipped, as necessary.

Possible errors: ERR-02 System table overflow.
ERR-03 No open segment.

RELATIVE-MOVE (DX, DY)

Displace the beam from the current beam position (X,Y) to (X + DX,Y + DY). DX and DY are given as
real numbers.
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14 GRAPHICS LANGUAGE (VERSION 2.2)

Possible errors: ERR-02 System table overflow.
ERR-03 No open segment.

RELATIVE-LIN X, DY, |

RELATIVE-MOVE or RELATIVE-DRAW. tf 1=0, then this call is equivalent to RELATIVE.
MOVE(DX,DY); otherwise it is equivalent to RELATIVE-DRAW(DX,DY). As in RELATIVE-
MOVE(DX,DY) and RELATIVE-DRAW(DX,DY), DX and DY are supplied as real values in relative
coordinates. | is given as an integer value. It is displayed according to the current intensity/color
setting and is clipped, as necessary.

Possible errors: ERR-02 System table overfiow.
ERR-03 No open segment.

RELATIVE-ARC (R, SA,EA)

Draw a circular arc relative to the current beam position. This call is identical to ARC(X,Y,R,SA ,EA)
where (X,Y) is the current beam position.

Text Specification

The following routine allows the user to specify a text string to appear on the display surface. The text
string is clipped according to the window specification and the location of characters with regard to
the window. The size of the characters actually generated depends upon the results of the TEXTFACE
command issued by the user or the default TEXTFACE command issued by the system.

TEXT {string )

Show a text string starting at the current beam position. The current beam position becomes the
lower left corner of the first character. The beam position is left at the position computed by adding
the vertical and horizontal spacing values to the lower right corner of the last character (equivalent to
the lower left of the next character positign).

The text is displayed according to the current intensity/color and textface settings. Text clipping
eliminates any character not totally within the window. If the current beam position is undefined, then
the results of this call are undefined.

Possible errors: ERR-02 System table overflow.
ERR-03 No open segment.
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GRAPHICS LANGUAGE CALLS 15

Area Specification

The following commands allow the application programmer to specify areas in his coordinate system
to be filled according to specified parameters. The visible result of the area fill request depends on the
graphics system and the display device. In particular, solid filling may not be supported on certain ’
types of devices and may be defauited to single or double hatching. 4

FILL-SECTOR (X, Y, R, SA. EA, MODE, ANGLE, DIST)

Fill the specified sector. X, Y and R are specified as real numbers in the user's coordinate system and
correspond to the center and radius of the sector. SA and EA represent the starting angle and ending
angle (in radians) for the sector where SA = 0.0 corresponds to a ray emanating from the center of the
circle and oriented to the right. The sector is constructed by proceeding in a counter-clockwise
fashion from SA until the value EA is reached. The sector described by X, Y, R, SA and EA is filled
according to the mode, angle and distance values as follows:

—hoan .

[
Py o

]
MODE = 0 implies no fill pattern, j
MODE = 1 implies single hatching, i
MODE = 2 implies cross-hatching, b

MODE = 3 implies solid filling.

ANGLE is the angle in radians for subsequent hatching marks for MODE = 1 and MODE = 2. DIST is
the perpendicular distance between consecutive hatching marks in window units.

This operation is performed according to the current intensity and color settings. Clipping is applied
as needed. The beam position for the currently opened segment remains unchanged.

Note that if the aspect ratios of the WINDOW and the VIEWPORT differ, then this call does not specify
a circle and is not necessarily supported.

SRS A PYUI RN

Possible errors: ERR-02 System table overflow. I::
ERR-03 No open segment. ~
ERR-07 R<orR=0. -
ERR-16 The specified area is not circular (but elliptic). 9
FILL-POLYGON
VERTEX (X, Y)

TERMINATE-POLYGON (MODE, AN DIST

Fill the following N-vertex polygon. FILL-POLYGON indicates the start of a polygon vertex
specification sequence. The polygon is defined by its N vertices (in user coordinates), specified by N N
consecutive VERTEX calls progressing from an arbitrary vertex around the polygon in either a “
clockwise or counter-clockwise direction. Polygon specification is terminated by a TERMINATE-

e wLN L L
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Aeinaintthe i

POLYGON call, which also specifies the filling parameters in identica! fashion to the FILL-SECTOR
call. The polygon must be a simple closed curve (i.e., does not intersect itsell). The Nth vertex is
connected to the first.

2
7 KB

’ - .

U ‘L;__A_.L'A:-'A'A. P——

: This operation is performed according to the current intensity and color settings. Clipping of the
T polygon is performed as necessary. The beam position for the currently opened segment remains
unchanged.

'.\...'A

Possible errors: ERR-02 System table overflow.

. ERR-03 No open segment.

N ERR-07 N<3.

ERR-16 Bad polygon specification.
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GRAPHICS LANGUAGE CALLS 17

[4] SEGMENT CONTROL

The following set of GL calls manipulate segments that have been created via the SEGMENT
SPECIFICATION calls. Calls are provided to merge two existing segments, rename a segment to a
new name, make segments visible or invisible, highlight segments, make the visible portions of
segments sensitive to touch detection, and delete segments from the system.

MERGE (N, M)

Merge segment N into segment M. Display entities in N are catenated to M under the display attributes

of M. Segment N no longer exists after this operation. If segment M is not defined, this call renames
segment N to M.

Segment N and M must have identical scope attributes. Any queued input for segment N is
subsequently associated with segment M.

Possible errors: ERR-02 System table overflow.
ERR-04 Segment N does not exist, N=0, or M=0.
ERR-16 Dissimilar scopes.
POST(N)

Make segment N visible. If segment N is already visible, i.e., POSTed, no further action is taken.
POST(0) results in POSTing all the segments.

Possible errors: ERR.02 System table overflow.
ERR-04 Segment N does not exist
(for N>0).
UNPOST(N)

Make segment N invisible. If segment N is not currently visible, i.e., POSTed, no action is taken.
UNPOST(0) results in UNPOSTing all the segments.

Possible errors: ERR-02 System table overfiow.
ERR-04 Segment N does not exist (for N>0).
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- HIGHLIGHT (N. C) S
b A
"u Set HIGHLIGHT mode for segment N. Highlighting may be implemented in different ways, such as ;j
g blinking, bold width, a change in color or intensity, underlining (for text), etc. C is specified as an s
_ integer value as follows: 1
.-.‘
g C = 1 Highlight Segment N -]
C = 0Normal mode 'Y
N = 0 specifies all segments. If segment N does not exist, this call results in an error. ]
1
Possible errors: ERR-02 System table overflow. X
ERR-04 Segment N does not exist (for N>0). ii
i

TOUCH (N, K
4
Activate/deactivate segment N for detection by the "touching" device (F =3). K is specified as an o1
integer value. =
.:\

K = 1: Activate segment N for "touching”

.

K = 0: Deactivate segment N for "touching”

9 ..

N = 0 specifies all currently defined segments. Newly created segments are not touch sensitive until
specifically made so. Similarly, when an existing segment is replaced by a new one with the same iD,
the new one is not touch sensitive until explicitly made so. Upon killing a segment, touch-sensitivity
for that segment terminates.

¥

When HOLD mode is on, segments that are UNPOSTed or KiLLed might still be displayed. Only
segments that are POSTed, and not UNPOST- or KILL-pending, and TOUCH-sensitive may be
- detected by the touching device (F = 3).

P " ] . . . - .
RSP P NPT Ny e

a

‘l .l

Possible errors: ERR-02 System table overflow. b

ERR-04 Segment does not exist. .ﬂ

ERR-08 No pointing device is available. ]

KILL (N) >

. 9

9

Remove segment N from the display system. UNPOST the segment if currently POSTed, and rectaim -]

its storage and ID. This is an irreversible operation, which makes the system "forget" about segment T

N. KILL(0) resuits in KILLing all currently defined segments. - j3

3

Possible errors: ERR-02 System table overflow. .?
ERR-04 Segment N does not exist (for N>0).
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o [5] UPDATE CONTROL ¥
- »

it o
: The following two GL calls allow the application to control undesirable intermediate updating of the _'_1
--_'fj display. If these calls are not used, the display will be updated and regenerated for each segment -
changed in a series of operations, with the result that intermediate or incomplete pictures may be .
e displayed. o
- ;
ol HOLD (K ) ]

B 4
Hold/Don’t hold subsequent display erasures. Use of HOLD mode allows the user's application '_’*

) program to group display erasures such that they occur simultaneously. (This feature is often '.-'_‘
o~ employed to minimize “"erasure flash" on storage-tube display terminals.) i
T S
When in HOLD mode, the graphics system suspends display erasures until a DONE is issued. When :

.

not in this mode, display erasures are performed as encountered.

e K = 0: HOLD mode not in effect.
" 3
g K = 1: HOLD mode in effect. N
- ]
Puni HOLD(0) is the system initialization detauit. LB
-,;\ ﬁ Possible errors: None. ';
- 8
o DONE "
-::Z: Perform all pending display erasures. This does not modify the HOLD mode.
:-‘7.: Possible errors: None.
L
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[6] GRAPHICS FILES

The following GL calls aliow the application programmer to create a file containing a device-
independent description of one or more user-named segments and to incorporate the contents of
such a file in a graphic application. Calls are also provided so that the user can determine file specific
information.

READ-FILE (FILENAME, U, H)

Read the specified graphics file. FILENAME contains the name of the file as a text string. U and H
contain the names of the segments by which the unhighlighted and highlighted portions of the file can
subsequently be identified. Segments previously named either U or H are deleted (KiLLed).
Segments U and H are left in the invisible (UNPOSTed), nonhighlighted state. The file is positioned
within the current viewport.

Possible errors: ERR-13 File does not exist,
File could not be opened or read,
File was not a graphic file,
File protocol was incompatible,
System table overflow, or
No scope selected.

QPEN-QUTPUT-FILE ( FILENAME, COMMENT )

Open graphics file for output. FILENAME contains the name of the file as a text string; COMMENT
contains a user-specified text string. The comment string is added to the file and may be retrieved by
READ-FILE-ATTRIBUTES.

Possible errors: ERR-13 File already open, or
File could not be opened.

WRITE-SEGMENT (N )

Write segment N in the currently opened output file. The segment is placed in either the
unhighlighted or highlighted portion of the file depending on its highlight state. WRITE-SEGMENT (0)
results in writing all visible, i.e., POSTed, segments in the file.

Possible errors: ERR-04 Segment N does not exist.
ERR-13 No output file open.
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GRAPHICS LANGUAGE CALLS 21 "4
LOSE-QUTPUT-FILE ]

»

) o

Close the currently opened graphics output file, making it available for graphics input. j
%

Possible errors: ERR-13 No output file open. fj
b

)

READ-FILE-ATTRIBUTES (FILENAME, X, Y, MAX-CHARS, NO-CHAR OMMENT ]
Obtain the precision and comment information from a graphics file. FILENAME contains the name of ﬂ:‘
the file as a text string, while MAX-CHARS contains the maximum number of characters that can be 1
returned as the file comment. The precision of the file is returned as integers in X and Y, and is ) 4
generally used in conjunction with the VIEWPORT command for controlling placement of the file f
input on the display surface. The file comment is returned in COMMENT as a text string. NO-CHARS 3
is set to the number of comment characters returned. If the number of characters of the file comment -]
exceeds MAX-CHARS, the text string is truncated to MAX-CHARS and NO-CHARS is set to MAX- "9
CHARS. 4
4

4

Possible errors: ERR-13 File does not exist, 4
File could not be opened or read, B

File was not a graphic file, or -]

File protocol was incompatible. Jj
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PN

[7] INFORMATION ENQUIRY

GL maintains and makes available to the user's application program status information regarding the
currant state of the graphics system as well as the characteristics of the device to which the
application is connected. This permits the application program to save significant information about
the current state of the graphics system, issue GL calls that alter its state, and subsequently restore
the graphics system to its previous state (within certain limits). It also allows the application program
to determine the type and nature of any errors that have occurred during program execution since the
last time the information was accessed. Finally, it allows the application program to determine
specific features about the device to which it is connected in order to optimize visual presentation.
The graphics system maps application program graphic calls into features supported by the display
device to which it is connected. This mapping may not always be optimal for a given application. By
retrieving device-specific and connection-specific information the application program can determine
the features available and tailor its calls to achieve its own feature mapping.

PP P RPNy VI

AT Y R

ENQUIRE ( K, VALUE

Enquire about the status of the system and current values of parameters. The system retains state
information that is accessible via the ENQUIRE call. The enquiry call retrieves the requested state
data item (K) and stores it according to the location(s) indicated by VALUE. State values can be
modified by the application program only via GL calls that result in parameter changes and by the
ERROR call.

4 F Ca_p P )__j.ml N leL- Sy,

The following list specifies the parameters, their type, and the side effects (if any) of the ENQUIRE
call.

: ERROR INFORMATION
) The following three words reflect any error information logged since the previous access to this

]9 ;" information. As each word is accessed, the corresponding information is returned to the user.
-:f-:}‘ Subsequent access to the same word or issuance of another GL call that accesses any other
L enquiry information or invokes any other graphic function results in the error information being
-f_'.-_-f updated and the new data made available.
e
9" K = O: Error criticality. (integer)
'-'::;:l The returned status element indicates the criticality of errors that have occurred since the

- last access. The value ranges from 0 to 15 with individual bit-positions taking the

j:: following meaning:

- o

1. Warning: Program request not supported due to nonexistent feature.

2. Minor Error: Possible picture distortion or minor data loss (e.g., bad

-t - - - - - - - A" - -
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GRAPHICS LANGUAGE CALLS 23

parameter value).
3. Serious Error: Major data loss {e.g., system table overflow).
4. Fatal Error: System cannot continue (e.g., device connection failure).
K = 1: Error code. (integer)
The returned status information indicates the cumulative effect of errors occurring since
the last access to the error information and takes a value from 0 to 65535. The definition
of individual bit-positions are contained in Appendix G.
K = 2: Error subcode. (integer)
If less than 32000, this identifies the segment in error for the most severe error criticality

reported (if any segment was involved). Otherwise, it represents an implementation-
dependent code giving specific information about the most severe error.

DEVICE CHARACTERISTICS

The following details provides specific information about the device to which the application is
connected.

K = 3: Highlighting availability. (integer)
A 18-bit tield indicating the availability of highlighting on individual scopes. The low-
order bit position indicates highlighting availability on scope 1 with progressively higher
bit positions indicating highlighting availability on scopes 2 through 16.

K = 4: Keyboard availability. (integer)

A word indicating whether or not a keyboard is available to the application for input. If
the value is nonzero, then a keyboard is available.

K = 5: Positioning availability. (integer)

An integer value indicating whether or not pointing or positioning input is available. If the
value is nonzero, pointing input is available.

K = 6: Function key availability. (integer)
A word containing a count of the number of function keys available for function key input.
K = 7: Touching availability. (integer)

A word indicating whether or not segment touching is available. The value O indicates
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SO that segment touching input is unavailable; 1 indicates that segment touching is -
ool supported but that only the segment id is returned; 2 indicates that both the segment id
‘m and touch location are returned. "‘
B -1
{'.—;‘ﬁ g K = 8: Analog device availability. (integer) ]
SIS 3
- -.'j:- A word indicating whether or not analog input capability is available to the application K

program. If the value is nonzero, theri an analog input device is available.

Dl ahelal

K = 9: Cursor availability. (integer)
:'.:;1',:‘_ An integer value indicating whether or not cursor positioning capability is available. If the -
AR value is nonzero, cursor positioning is supported. «
B
K = 10: X resolution. (integer) 11
!
AS% The resolution along the X-axis of the aliocation-viewport.
e K = 11: Y resolution. (integer) 3
:.-f:::: The resolution along the Y-axis of the allocation-viewpont.
. \ K = 12: X dimension. (real)
b The dimension in centimeters along the X-axis of the allocation-viewport.
5%
o K = 13: Y dimension. (real)
- The dimension in centimeters along the Y-.axis of the allocation-viewport.
::;:: K = 14: X port max. (real>= 1.0)
\";
o The maximum X viewport value for the allocation-viewport.
5 =»§ K = 15:Y port max. (real>= 1.0)
I
e The maximum Y viewport value for the aliocation-viewport.
S K = 16: Number of scopes. (integer)
;.-'.j-: A 16-bit scope mask indicating the scopes available. The low-order bit corresponds to
;::-jji- scope # 1. Successive bits correspond to scopes 2 through 16.
S K = 17: Device code. (integer)
°.

A word indicating the graphics device type (e.g., TEKTRONIX, GENISCO).
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GRAPHICS LANGUAGE CALLS

K = 18: Device type. (integer)

A word indicating specific display properties of the connected device.

K = 19 - 20: Unused.

COLOR INFORMATION

Color Data Request Word

K = 21: Color information request control word.

A trigger word that when accessed causes requested color information to be stored in the
area indicated by the return location parameter for the enquiry request. The type of color
information request is indicated by specific data values in the user-specified area as

follows:
Word1t = 1
Word2 =

Word1 = 2
Word2

Word3

Color Default Values

Enquire on scope data.

Scope number.

Returns in word 3 the number of entries in the color table for this
scope. (Words 1 and 2 left unchanged.)

Enquire on color entry for specified scope.

Scope number.

Color ent