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First, the SCALE command causes 
coordinates of -1000, �l�0�0�0�~� and 
command, acting within these new 
limits to be a, a (the center of 
point not far from the center). 

the screen corners to �a�s�s�u�~�e� 
1000, �-�1�0�~�0�.� Then the �W�T�~�D�Q�W� 
coordinates, defines the window 
the screen) to 511, 383 (a 

Now try the same sequence: 

SHIFT SET �~� 

ERASE PAGE 

The window limits of a, e to 511, 383 are 
coordinate space of plus and minus 1000. 
the upper left quarter of the screen, our 
covers only a small area near the center. 

NOTE: The easiest way to set both 
scale factors to default, is to enter 
SHIFT WINDOW (in that order). 

now acting within a 
Instead of covering 
blue background now 

window size 
SHIFT SCALE 

and 
and 
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RUBBER BAND 

Format: 

RUBBER BAND 

When the RUBBER BAND key is pressed, several things happen. The 
current cursor position, and the current foreground color, are 
memorized. The upper half of the Color Lookup Table (which 
contains all blinking color information) is saved, and reloaded 
with the current foreground color. Blink is disabled. The 
light in the RUBBER BAND key illuminates. 

While Rubber Band is on, moving the cursor will cause a vector 
to be drawn from a previous cursor position to the current 
position. One end of this vector appears to follow the cursor, 
and "stretches" to meet the cursor; thus the name, "Rubber 
Band." The "rubber vector" is always drawn in whatever 
foreground color was in effect when Rubber Band was entered. 
(You may set a new foreground color while in Rubber Band, but 
this will affect the color of the figures you draw, NOT the 
color of the "rubber vector.") 

While Rubber Band is on, you may be in any Plot Submode, or in 
Alpha. Rubber Band will simply continue to draw vectors 
wherever the cursor goes. Every time a coordinate argument is 
entered, Rubber Band memorizes the cursor position and begins 
drawing the "rubber vector" from this new location. 

To leave Rubber Band, press: 

SHIFT RUBBER BAND 

The key will extinguish. The upper half of the Color Lookup 
Table is restored, and Blink is re-enabled. 
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NOTE: Rubber Band requires that your im~ge memory 
contain a plane number 7. If plane 7 does not exist 
in your system, Rubber Band cannot operate. 

NOTE: Plane 7 is also the default Blink plane. It is 
not possible to use Rubber Band and Blink at the same 
time, unless Blink is assigned to another plane. 
Rubber Band may destroy any parts of a picture that 
were drawn with blinking colors. 
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PAN AND ZOOM 

The CGC 7900 includes hardware facilities to zoom or pan a 
high-resolution image in the Bitmap. These functions do not 
affect the contents of Bitmap memory; they alter the way in 
which the information in the Bitmap is displayed on the CRT 
screen. 

Zoom is performed by magnifying each pixel in 
system will zoom in any integer multiple from I 
Commands described below all·ow setting the X and 
simultaneously, or independent of one another. 

memory. The 
to 16 times. 

Y zoom levels 

Pan is performed by altering the address of the pixel being 
displayed in the upper left corner or the screen. When the zoom 
level is higher than 1 (default), pan allows viewing different 
areas of the image at high magnification. Pan is also used to 
allow viewing the bottom 256 lines of Bitmap memory, which are 
normally hidden offscreen below the viewable area. 

Note that all pan and zoom functions apply to Bitmap memory 
only. The Overlay cannot be panned or zoomed. This allows 
menus, or other information in the Overlay to remain stationary 
while the Bitmap image may be examined with pan or zoom. 

Pan and zoom are manipulated using the cursor control keys (the 
four arrows and ~), and the £RASE PAGE, CLEAR LINE, and 
RECALL keys, all used in conjunction with the H2 modifier key. 

Pan Left H2 left-arrow 

Pan Right H2 right-arrow 

Pan Up H2 up-arrow 

Pan Down 112 gCHn-a:t::t:QH 

Reset Pan 112 HOME 

It may be convenient to use the REPEAT key to speed up any of 
the panning operations. 
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Zoom Up 

Zoom Down 

Chromatics CGC 7963 

M2 ERASE PAGE: 

l-12 ReCALL 

These two Zoom commands always zoom towards, or away from, the 
Bitmap cursor in window A (the -Master- window). 

The following command adjusts the Pan registers so that the 
cursor is visible. The cursor is not moved. 

Pan to Cursor Location M2 CLEAR LINE 

See the Joystick description for other ways of controlling zoom 
and pan. 
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ABSOLUTE PAN 

Format: 

SHIFT PAN X-Y <X>,<Y>, 

Where <X>, <Y> are the desired coordinates of the upper left 
corner of the screen. The ~an registers will be aligned to 
place the point <X>, <Y> 1n the upper left corner of the 
viewable screen. (Only absolute coordinates are allowed in this 
command: any scale factors in use will not be recognized.) 

NOTE: "PAN X-Y" is a single key. This label is on the 
front of the key marked MOYE X-Y. 

Example: 

SHIFT PAN X-I 511,383, 

The pofnt 511, 383, which is normally the center of the screen, 
will be moved to the upper left corner of the screen. 

Example: 

SHIFT PAN X-Y 0,0, 

This command will reset pan to its default state, and is 
equivalent to M2 HOME. 
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ABSOLUTE ZOOM 

Format: 

ES..C Z <ZX> <ZY> 

Where <ZX> and <ZY> are each single characters. 
commas are used to separate <ZX> and <ZY>. 

Note that no 

The binary composition of the ASCII characters <ZX> and <ZY> 
will set the zoom r~gisters. Since the zoom factor can vary 
from 1 to 16, the contents of the zoom registers may also take 
on 16 different values. Each of the two zoom registers may be 
set to any value from 0 to 15 (0 corresponds to a zoom factor of 
1, or default conditions). The X zoom and Y zoom registers may 
be set to different values, if desired. 

The lowest 4 bits of the ASCII characters <ZX> and <ZY> are used 
to set the zoom registers. Any printing ASCII characters can be 
used. The following table provides a sample list of characters 
which will produce good results. 

Zoom Factor ASCII Character 

1 (defaul t) @ 
2 A 
3 B 
4 C 
5 D 
6 E 
7 F 
8 G 
9 B 

10 I 
11 J 
12 K 
13 L 
14 M 
15 N 
16 (maximum) 0 
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Example: 

~ Z B B 

Horizontal and vertical zoom factors are now set to 3. 

Example: 

~ Z @ @ 

Horizontal and vertical zoom factors are now set to 1. 
the default condition. 

Example: 

~ Z @ D 

Page 3-103 

This is 

Horizontal zoom is now 1, and vertical zoom is now set to 5. 
The image on the CRT is "stretched" vertically. 
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JOYSTICK 

The CGC 79~0 joystick (optional) is a three-axis input device. 
It generates an intertupt to the system whenever it is moved off 
its resting position, in anyone of the three axes. 

Format: 

SHIFT USER \ <9 or 1> 

Use the character 9 to disab1e'the joystick, or 1 to enable it. 

When the joystick is enabled, it controls cursor movement and 
zoom. The cursor may be moved in the X or Y direction by moving 
the joystick in the appropriate direction. Holding the SHI~T 
key while moving the joystick will move the cursor one pixel at 
a time, for exact positioning. The Z-axis of the joystick is 
used to zoom in and out: twist the top knob clockwise to zoom 
in, counterclockwise to zoom out. 

In addition, the joystick allows selection of color. Once the 
cursor is positioned over an area whose color is to be changed, 
hold down the Hl key and use the joystick to modify the color of 
the area. This "Joy-Color ft mode allows you to change the red 
component of a color by moving the joystick in the X-direction; 
Y corresponds to green; and Z (twist) corresponds to blue. Once 
the color is satisfactory, release the joystick and the chosen 
color will remain. The SHIFT key may be used for slow color 
changes. 

At the moment the joystick is enabled, th,e system reads 
from all three axes, to establish the "zero· position. 
important that the joystick be at rest when the ftenable ft 
is given. 

values 
It is 

command 

NOTE: Since the joystick operates a~ the interrupt 
level, anything done with the joystick may not be 
stored in the Create Buffer. 
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PLANE SELECT 

Format: 

~ : <n>, 

Where <n> is a number, 9 to 255, or -1. 

<n> is examined as a binary number. Any bits in <n> which are 
set to one represent planes of Bitmap memory which will be 
write-enabled. Any bits in <n> which are zero represent planes 
which are not write-enabled, and cannot be altered until the 
next Plane Select command is given. This command only affects 
the window which receives it. 

Example: 

~ : 9, 

Since all bits of the number 0 are zero, all planes of Bitmap 
memory are now write-disabled. They cannot be altered. 

Example: 

~ : 6, 

The number 6 is converted to a binary number, and examined as 
follows: 

Plane t 

Since bits 1 and 2 are ones, only planes 1 and 2 of Bitmap 
memory can now be altered. The other planes will be unaffected 
by any commands or characters sent to the window. 

Example: 

~ : -1, 
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Negative numbers are treated in ntwo's 
Negative one is treated as a binary word of 
planes are now write-enabled. This is the 
when the system is booted. 

complernent n form. 
all ones, so all 
default condition 
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PLANE VIDEO SWITCH 

Format: 

~ S <n>, 

Where <n> is a number, e to 255, or -1. 

<n> is examined as a binary number. Any bits in <n> which are 
set to one represent planes of Bitmap memory which will be 
allowed to feed the color look-up table. Any bits in <n> which 
are set to zero will prevent their corresponding planes of 
Bitmap from feeding the Color Lookup Table. 

NOTE: This command affects ALL images from Bitmap 
memory. It is NOT specific to a window. 

Example: 

E.S..C S 8, 

All bits in' the number 8 are zero. All planes of Bitmap memory 
will not be fed to the color look-up table (their bits will be 
masked to zero). Thus, the only color of the look-up table 
which will be accessed is the color numbered zero (normally 
black). We have just shut off all image from Bitmap memory. 

Example: 

.ES.C S 5, 

The number 5 is examined as follows: 

Plane t 7 6 5 4 3 2 1 I 

I I I e I I I " I " I 1 I " I 1 I 
Since bits I and 2 are set to one, only planes "and 2 will be 
allowed to feed the color look-up table. .AII other planes will 
be masked to zero before being used to select colors. This 
configuration allows the following color choices: 
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Color ~ {all bit~ off) 

Color 1 (bit 3 on) 

Color 4 (bit 2 on) 

Color 5 (bits 0 and 2 on) 

Under defaul t conditions, these four colors would cor,respond to 
Black, Blue, Red, and Magenta, respectively. 

It can be seen from this example that the Plane Video Switch 
command limits the available color choices. The total number of 
choices which are available is 2 raised to the power <b>, where 
<b> is the number of bits set to one in the number <n>. In the 
example above, <n> is 5, which contains two bits «b» set to 
one. Two to the power two is four, the total number of colors 
we have made available. 

Example: 

~ S -1, 

Negative numbers are interpreted in "two's complement" form. 
Negative one is a binary word of all bits set to one, so this 
command will set all planes to feed the color look-up table. 
This is the default condition when the system is booted. 

A primary use for the Plane Video Switch command would be 
animation. Different pictures could be written to the various 
planes (using Plane Select, previously described), and then the 
system could quickly switch from one picture to another with 
Plane Video Select. The color look-up table might have to be 
modified for best results. 

Another use would be the layout of multiple-layer printed 
circuit boards. Each layer could be written into a single plane 
of Bitmap memory. Areas which overlapped would reference 
different areas of the Color Lookup Table, and would be 
displayed as different colors. The Plane Video Switch command 
would allow viewing each layer of the board separately. 
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EXPANDED IMAGE MEMORIES 

The commands in this section are applicable to CGC 79~0 systems 
containing more than 8 image memory planes. 

As mentioned in the introduction to Section 3, the 7900 may be 
equipped with up to 16 planes of image memory. Only 8 planes at 
one time may feed the Color Lookup Table to form an image, but 
two independent images may be kept in memory simultaneously. 
The commands in this section provide access to the second set of 
image planes. 
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Format: 

~ SHIFT s <0 or 1> 

Use the character 0 to select planes 0 thru 7· for display (the 
default condition), or the character 1 to select the second 
image, planes 8 thru 15. 

NOTE: This command requires entry of a lower case 
letter, "s". If the ALPHA LOCK key is in its normal 
(up) position, it is necessary to use the SHIFT 
modifier with the "S" key to produce a lower case "SR. 

If planes 8 thru 15 are not installed in your system, selecting 
planes 8 thru 15 will cause the the Bitmap screen to go blank. 
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PLANE/VIDEO/BLINK SELECT 

Three commands were described earlier, but take on new meanings 
when more than 8 image planes are installed. They are: Plane 
Select, Plane Video Switch, and Blink Select. 

Each of these commands requires entering a decimal number to 
enable selected image planes in a particular function. With 
only 8 image planes, the useful range of numbers is 0 to 255; 
this allows writing to any or all of the 8 planes. (255 is the 
highest decimal number possible from. an 8 bit, or 8 plane, 
system.) 

With up to 16 planes installed, the useful range of numbers for 
~ these commands increases to a l6-bit number. This allows values 

from a to 65535. 

Examples: 

~ : 255, 

~ : 65280, 

Planes 0 thru 7 are selected 
(write-enabled) 

Planes 8 thru 15 are selected 
(65535 - 255 = 65280) 

~ SHIFT b 32896, Planes 7 and 15 are specified to 
blink (2 A 15 + 2 A 7 = 32896) 

~ S 771, Video from planes 9, 1, 8 and 9 is 
enabled for display 
(2 A 0 + 2 A l + 2A8 + 2Ag = 771) , 

Obviously, the numbers can get out of hand quickly. Calculation 
of plane numbers in a l6-plane system is more suited to an 
applications program. 

The decimal number -1 may still be entered, and it will always 
enable all planes in. the system. 



Page 3-114 Chromatics CGC 7900 

WRITING TO THE SECOND IMAGE 

The following example demonstrates how to create two independent 
images. 

§.C SHIFT s 0 

~ : 255, 

View the first image (planes 0-7) 

Write-enable the first image 

CIRCLE FILL SET BLUE 511,383,399, Draw a blue circle 
in the first image 

ESC SHIFT s 1 

MODE: 65289, 

View the second image (planes 8-15) 

Write-enable the second image 

RECTANGLE SET RED 100,100,700,300, Draw a red rectangle 
in the second image 

Now, the command ~ SHIFT S 0 displays a blue circle, and 
~ SHIFT s 1 displays a red rectangle. 

Note that the default cursor color is color 
white), so the Bitmap cursor will not be visible 
thru 15 are being displayed. To make the cursor 
planes, and thus in both images, use 

~ Q -1, 

135 (blinking 
when planes 8 
appear in all 
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APPENDIX A - SPECIAL CODES 

For the sake of clarity, the names of modifier keys are not 
underlined in this section. Remember, however, that 
control-codes are always generated by holding the CTRL key and 
simultaneously pressing the indicated key. 

Control Codes: 

CTRL @ 
CTRL A 
CTRL B 
CTRL C 
CTRL D 
CTRL E 
CTRL F 
CTRL G 
CTRL H 
CTRL I 
CTRL J 
CTRL K 
CTRL L 
CTRL M 
CTRL N 
CTRL 0 
CTRL P 

. CTRL Q 
CTRL R 
CTRL S 
CTRL T 
CTRL U 
CTRL V 
CTRL W 
CTRL X 
CTRL Y 
CTRL Z 
CTRL [ 
CTRL \ 
CTRL ] 
CTRL A 

CTRL _ 

Null 
Mode 
Plot 

Dot Up 

Bell 
Backspace 
Tab 
Linefeed 
Curser Up (Line) 
Erase Page 
Carriage Return 
A7 On (Alternate Character Set) 
A7 Off (Standard Character Set) 

X-On 

X-Off 

User 
Dot Down 

End Of Record (Sub-Buffer marker) 
Dot Left 
Cancel (Flush input buffer) 
Escape 
Borne 
Cursor Right (Char) 
End Of File 
Dot Right 
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Mode, Escape and User 
arguments. The ty~e 
follows: 

code sequences may have one or more 
of argument required is indicated as 

t a decimal number terminated by a comma, or a binary 
number (if in binary mode) 

F the character 1, or a, used as an on/off flag 

n a single digit (a thru 9) 

C a single character (details depend on the command) 

Coordinates are described below as ii (one number for X and one 
for Y). Colors are described as i, since they may be entered as 
numbers. 

Mode Codes: (Mode codes always begin with the MODE character, 
Control-A, 01 hex.) 

MODE a 
, MODE 1 

MODE 2 
MODE 3 
MODE 4 
MODE 5 
MODE 6 
l-10DE 7 
MODE 8 
MODE 9 
MODE · · MODE · I 

MODE < 
MODE = 
MODE > 
MODE ? 

MODE @ 
MODE A 
MODE B 
MODE C 
MODE D 
MODE E . 
MODE F 
l-!ODE G 
MODE H 
MODE I 
MODE J 
MODE K 
l-!ODE L 
MOOE M 

t 

n 

n 

F 
i 

F 
F 

ii 
F 
F 

ii 

Plane Select 

Delete Character/Line 
Soft Boot 
Insert Character/Line 
Keyboard Sync 

Clear line 

Binary Mode on/off 
Set Foreground color 

Rubber Band on/off 
Fill on/off 

Set Bitmap intercharacter spacing 
Cursor on/off 
Blink on/off 

Move cursor to X-Y 



MODE N 
MODE 0 F 
l-!ODE P F 
lo!ODE Q # 
MODE R of 
MODE S F 
MODE T n 
MODE 0 ii 
MODE V 
MODE W 
MODE X 
MODE Y 
MODE Z 
MODE [ 
~10DE \ 
MODE] 
MODE A 

MODE _ 

n 
iiit 
it 
ii 

iiii 
F 
CCi 
ii# 

MODE ' 
MODE a 
MODE b 
MODE c # 
MODE d 
MODE e 
MODE f 
MODE g 
MODE h 
MODE i 
MODE j 
l-10DE k 
MODE 1 
MODE m ii 
MODE n 
l-10DE 0 
MODE P 
MODE q 
ftlODE r 
MODE s iiti 
MODE t C 
MODE u ii 
ftlODE v n 
MODE w 
MODE x i 
MODE Y Ii 
MODE z 
MODE { i 
MODE I 
MODE } 
MODE - iii 
MODE DEL C 
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Overlay on/off 
Plot on/off 
Set Cursor color 
Roll on/off 
Scale on/off 
Set vector type 
Copy raster to X-Y 
Set Overlay present visibiity 
Define Window limits 
Set character size (X, Y factor) 
Color swap X and Y 

Define source raster 
Overstrike on/off 
Operate on variable 
Area Fill (color, X, Y) 

Clear to end of line 

Set Background color 

Erase to end of screen 
Move Cursor relative 

Set Scale Factors 
Test window 

Page A-3 

Copy raster to X-Y with overstrike 
Set Overlay future visibility 

Set vector width 
Set colors (X to Y) 

Set Source Raster direction 
Home lower (lower left corner) 

Edge Fill (color, X, Y) 
Ignores argument (undefined keys) 
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Plot codes will accept repeated arguments. They may also 
require an initial set of arguments, as in the case of 
Incremental plot submodes. In this list the repeated arguments 
are shown in braces {I, and initial arguments (if any) precede 
the braces. 

Plot Codes: (Plot codes always begin with the PLOT character, 
Control-B, S2 hex.) 

PLOT @ 
PLOT A 
PLOT B 
PLOT C 
PLOT D 
PLOT E 
PLOT F 
PLOT G 
PLOT H 
PLOT I 
PLOT J 
PLOT K 
PLOT L 
PLOT l'l 
PLOT N 
PLOT 0 
PLOT P 
PLOT Q 
PLOT R 
PLOT S 
PLOT T 
PLOT U 
PLOT V 
PLOT W 
PLOT X 
PLOT Y 
PLOT Z 
PLOT { 
PLOT \ 
PLOT } 
PLOT A 

PLOT _ 

PLOT '\ 
PLOT a 
PLOT b 
PLOT c 
PLOT d 
PLOT e 
PLOT f 
PLOT 9 
PLOT h 
PLOT i 
PLOT j 
PLOT k 

Arc: {X, Y, radius, start, delta,} 

Circle: {X, Y, radius,} 
Dot: {X, Y,} 
Vector-drawn characters: angle, F, {char} 

Incremental Vector: X, Y, {dXdY} 

Two-point Circle: {X, Y, Xl, YI,} 
Polygon: {X, Y,} ; 

Rectangle: {Xl, Yl, X2, Y2,} 

Triangle: {Xl, YI, X2, Y2, X3, Y3,} 
Curve: {Xl,Yl, X2,Y2, X3,Y3, X4,Y4,} 
Vector: {Xl, Yl, X2, Y2,} 
Concatenated Vector: X, Y, {X, Y,} 
Incremental X-bar: XS,YS, {X,} 
Incremental Y-bar: XS,YS, {Y,} 

Ray: {X, Y, radius, angle,} 



PLOT 1 
PLOT m 
PLOT n 
PLOT 0 
PLOT P 
PLOT q 
PLOT r 
PLOT s 
PLOT t 
PLOT u 
PLOT V 
PLOT w 
PLOT X 
PLOT Y 
PLOT z 
PLOT { 
PLOT I 
PLOT } 
PLOT -
PLOT DEL 
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Bold Vector: {Xl, YI, X2, Y2,} 
Bold Concat. Vector: X, Y, {X, Y,} 

Page ~.-5 
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Escape Codes: (Esca~e codes always begin with the ESC character, 
Control-[, IB hex.l 

ESC @ 
ESC A 
ESC B 
ESC C Itti 
ESC D t 
ESC E 
ESC F 
ESC G 
ESC H 
ESC I 
ESC J 
ESC K 
ESC L 
ESC M il 
ESC N 
ESC 0 
ESC P 
ESC Q 
ESC R 
ESC S I 
ESC T itil 
ESC U 
ESC V C F 
ESC W 
ESC X 
ESC Y 
ESC Z CC 
ESC [ 
ESC \ 
ESC] 
ESC A 

ESC _ 

ESC' 
ESC a 
ESC b t 
ESC c ttit 
ESC d 
ESC e 
ESC f 
ESC g 
ESC h 
ESC i 
ESC j 
ESC k 
ESC 1 n 
ESC m it 
ESC n 
ESC 0 
ESC P 
ESC q F 
ESC r 

Align Pan to Cursor 

Change color (color, R, G, B) 
Delay <t) retraces (or till keypress) 

Zoom up 
Zoom down 

Pan to X-Y 

Plane Video Switch 
Tone (Hz, Hz, Hz, milliseconds) 

Visible control-chars in window on/off 

Absolute Zoom 

Blink Select 
Change color (color, H, V, S) 

Pan left 

Pan down 
Pan up 
Load default color table 
Relative Pan X-Y 

Overlay cursor blink on/off 



ESC s F 
ESC t 
ESC u 
ESC V # 
ESC w 
ESC X 
ESC Y 
ESC z 
ESC { 
ESC r 
ESC} 
ESC -
ESC DEL 
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Select image 

View sub-buffer 

Pan right 
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User Codes: (User codes always begin with the USER· character, 
Control-a, 15 hex.) 

USER @ 
USER A 
USER B 
USER C 
USER D 
USER E 
USER F 
USER G 
USER H 
USER I 
USER J 
USER K 
USER L 
USER M 
USER N 
USER 0 
USER P 
USER Q 
USER R 
USER S 
USER T 
USER U 
USER V 
USER W 
USER X 
USER Y 
USER Z 
USER [ 
USER \ 
USER ] 
USER A 

USER _ 

USER " 
USER a 
USER b 
USER c 
USER d 
USER e 
USER f 
USER 9 
USER h 
USER i 
USER j 
USER k 
USER 1 
USER m 
USER n 
USER 0 
USER P 
USER q 
USER r 

Execute Terminal Emulator 
Append to Create Buffer 

Create On 

Full Duplex 

Half Duplex 
nC Assign Input Device 
C Execute Function Key 
i Kill Sub-Buffer 

Local Duplex 
Execute f.1onitor 

nCCCC Assign Output 

F Clock display on/off 
Redraw the Create Buffer 

it Set Serial baud rate: port, baud 
Execute THAW routine 

Warm-start ere-enter program) 
Transmit the Create Buffer 

Literal Create On 
F Enable Joystick 

t Insert into ·Sub-Buffer 

Boot the'system 
Create Off 
Execute Disk Operating System (DOS) 

Hardcopy 

C Define Function Key 

nnnnnnnnn; Set time clock 
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USER s #eee Set Serial stop bits, parity, word length 
USER t 
USER u 
USER v 
USER w 1# Swap Case Table entry 
USER x. CC Transmit window variable 
USER y CC Display window variable 
USER z iiiiiiii Set EOL sequence 
USER { 
USER I CCn Enable light pen 
USER } 
USER -
USER DEL 
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APPENDIX B - HUE, VALUE, SATURATION 

Introduction 

The human eye is a remarkable instrument for distinguishing 
color. It can adjust to an enormous variety of lighting 
conditions and intensities, and interpret extremely subtle 
shades of color. No present method of generating a color 
graphics display can produce the entire range, or "gamut," of 
colors the eye is able to interpret. All present methods must 
employ some sort of model, representing a certain subset of the 
eye's color gamut. 

The way in which most color graphics systems (including the CGC 
7900) produce color is to provide three color "guns" in a 
Cathode-Ray Tube, or CRT. The three guns each produce a primary 
color. One gun is assigned to red, one to green, and one to 
blue. If the intensities of each gun can be independently 
varied, a good color gamut can be represented. 

The'7990 allows each gun to vary from "full off" to "full on" in 
256 discrete steps. Studies have shown that this a-bit 
resolution in the intensity scale is necessary to produce the 
appearance of continuous shading. A change in intensity of one 
part in 256 is not detectable by the eye. 

The Color Cube 

Since we use three guns in this system, one for each of three 
primary colors, we can represent this system by a set of 
three-dimensional axes. Assume the X-axis represents red, Y 
represents green, and Z represents blue. If we allow the 
intensity of each gun to vary between zero (completely dark) to 
255 (maximum brightness), then we must label 'each axis 'with 
numbers from 0 to 255. (The limit 255 is, for now, an arbitrary 
limit. We could just as well have defined limits to be from 
zero to one, or any other pair of numbers.) 

The or1g1n of this three-dimensional space is at the point 0, 0, 
8, which is black (no intensity in any gun). The point of 
maximum intensity in all three guns is labeled 255, 255, 255, 
and is white. A point along any of the three axes will 
represent a color with only one component: for example, any 
point along the "red" axis will have a component·.of red, but no 
green or blue~ Greys have equal intensity of all three guns, so 
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all grey levels fall along ~ diagonal line between~, ~, 0 and 
255, 255, 255. 

We restrict each axis of this system to numbers between 0 and 
255. In doing so, we define a "box" or "cube"-shaped area. Any 
possible color in the gamut of our CRT system may be represented 
by some point within this cube. Any points outside the cube 
represent colors which might exist in the eye's color gamut, but 
cannot be represented on the CRT. 

What we have just described is known as the "Color Cube" model, 
or RGB model. A set of three-dimensional axes may be used to 
represent R, G, and B, and any color displayable on the CRT may 
be described as a point in the space defined by these axes. The 
upper limit of intensity must be defined, of course; in the 
7900, the upper limit is 255 units of intensity along each axis. 

The RGB model is useful. It accuratel7 describes the gamut of 
colors we have available on the 790~ (or any other CRT device). 
Its drawback is that it is not easily related to the colors we 
see in the real world. 

The HVS Hexcone 

A second model has been developed that accurately describes the 
CRT color gamut. The Hexcone is defined in units which are more 
appealing for humans to work with: Hue, Value, and Saturation. 

Hue is the quality we most often refer to when we talk 
"color." Hue defines the dominant wavelength of a color: 
blue, green, or some combination. A spectrum seen emerging 
a prism displays a stream of colors, changing in Hue only. 

about 
red, 
from 

Value is the quality we refer to as "brightness" or "energy" in 
a color. When Value approaches zero, the color becomes black 
and Hue no longer has meaning. As Value increases, the 
subjective brightness of the color increases. A decrease in 
Value may be thought of as an increase in the amount of "black" 
in a color. 



7900 User 1 s Manual Page E-3 

Saturation is the quality that distinguishes a weak, or pastel 
color, from a strong, vibrant one. (For example, pink is the 
name we give a color whose main component is red, but which has 
low Saturation.) If Saturation approaches zero, the color 
becomes grey. (How bright a grey? Holding Saturation at zero, 
if Value changes from zero to maximum, the color changes from 
black to white.) When Saturation is zero, Hue has no meaning. 
Saturation is always maximum at the primary colors, red, green, 
and blue. 

The Hexcone model on the following page shows many of the 
features we have described above. Every point on the Hexcone, 
or inside it, can be found· in the gamut of a color CRT. Thus, 
the Hexcone is simply an alternate mapping of the same 
information contained in the Color Cube. And, in fact, there are 
mathematical functions which can translate RGB coordinates to HVS 
and vice versa. 

The top of the Hexcone has six corners: the three primary 
colors, red, green, and blue, and the three secondary colors 
formed by adding pairs of primaries: magenta, yellow, and cyan. 
White is located at the top of the center plane. Black is at 
the bottom vertex of the Hexcone. It follows that all shades of 
grey lie on the vertical axis which passes through the center of 
the Hexcone. 

Hue is seen to be an angle; it is always measured by drawing a 
vector from the center axis of the Hexcone. Hue equals zero 
when this vector points to the red vertex, increases toward 
green, ang increases still more toward blue. Hue reaches its 
maximum when it returns to its starting point, red. 

Value is vertical height on the Hexcone. Value is zero at the 
black vertex, and reaches its maximum at any point on the top 
plane of the Hexcone. 

Saturation is measured by drawing a vector from the center axis 
of the Hexcone, through the point at which Saturation is to 
measured, to the edge of the Bexcone. (Note that the total 
length of this vector will vary, depending on the 
cross-sectional width of the Hexcone at the point of interest.) 
The total length of this vector always represents a Saturation 
of 100%, regardless of its actual length; and the Saturation at 
any point P along the vector is defined to be the distance from 
P to the center axis, divided by the total length of the vector 
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to the Hexcone edge. Saturation is thus a relative measure, 
which interacts with Hue and Value. 

until now, we have carefully avoided using any absolute units 
for Hue, Value and Saturation. Units of measure for color have 
not been fully standardized; some systems define all RGB and HVS 
units to fall between zero and one. In the CGC 7900 we prefer to 
manipulate only integer numbers, so we use a range of zero to 255 
for all numbers in the Hue, Value, Saturation system. 

Using this range ("'to 255), here are some examples of colors 
defined in both RGB and HVS units: 

Color 

Red 
Green 

Blue 

Yellow 
Cyan 

Magenta 

~lhite 
50% grey 

Black 

Red 
Pink 

Light Orange 
Brown 

R G B 

255 0 0 
ra 255 0 
0 " 255 

255 255 0 
0 255 255 

255 " 255 

255 255 255 
128 128 128 

" " 0 

255 " 0 
255 128 128 

255 19ft] 128 
144 . 95 64 

H V S 

0 255 255 
85 255 255 

171 255' 255 

43 255 255 
128 255 255 
213 255 255 

* 255 0 

* 128 0 
* 0 * 

* = undefined 

ft] 255 255 
ft] 255 128 

21 255 128 
21 128 128 

Changing from red to pink requires a change in both the green 
and blue components, but only changes Saturation in the HVS 
system. Similarly, the change from light orange to brown 
inVOlves altering all three of the three RGB components, but 
only changes one of the HVS components (Value). These types of 
color changes would be relatively difficult to calculate if we 
were forced to use RGB, but they are easy to comprehend in HVS. 
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Despite the lengthy definitions above, HVS units are generally 
very well-behaved and easy for an operator to work with. The 
CGC 7900 allows the user to vary a color by adjusting Hue, Value 
and Saturation. The user quickly becomes accustomed to using 
this method of color selection, much as he would mix paints by 
eye: select a Hue by mixing primary colors, then add white 
(reduce Saturation) to lighten or mute the color, or add black 
(reduce Value) to darken it. 



ChcomaciC$ CGC 19Q0 

':\:B.£ COL01'l ct:$£ 

G~~ere_n ____ ------~-------- ~ello~ 

cyan 

Red 



255 
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APPENDIX C - MONITOR 

The ~ioni tor is a program which provides pr imiti ve facil i ties for 
manipulating memory, registers, and input/output devices within 
the 790~. Its main use is debugging machine language programs. 

It is not necessary to understand this section before 
learning to use the rest of the CGC 79~~ system. 

The Monitor is not designed to be used by beginners! 
used, it can be a great aid for any programmer working 
code, whether he is experienced with this particular 
or not. But the user who is totally unfamiliar with 
level programming may find the Monitor quite baffling. 

Properly 
in 68000 
processor 

assembly 

This section describes the utilities available in the Monitor. 
To enter the Monitor, press the labeled key: 

MONITOR 
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MONITOR OPERATIONS 

Some general comments are presented here concerning the commands 
accepted by the Monitor. 

Most commands consist of one or two characters, followed by 
the arguments to the command. 'Each command is terminated by the 
carriage return character (RETURN). The arguments to the command 
are separated by delimiters. 

The characters space, comma, and colon are all 
delimiters. They may be used interchangeably in 
except where noted. In the format for each command 
the comma for convenience. 

recognized as 
the commands 

we will use 

When the Monitor is displaying information, such as a 
the contents of memory, the display may be stopped 'by 
Control-S (hold down the ~ modifier and type an 5). 
another key will continue the display. The display 
interrupted at any time with the PELET~ key, which will 
you immediately to the Monitor prompt. 

list of 
entering 
Pressing 

may be 
return 
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THE INLINE EDITOR 

When entering a command line to the Monitor, the text editing 
functions labeled on the cursor keypad may be used to edit an 
input line. These functions include Insert and Delete 
Character, cursor Left and Right, Clear Line, Clear EOL, and 
Recall Last Line. (The functions labeled in blue are accessed 
by holding the ~ modifier while pressing the indicated key.) 

The left and right arrows move the cursor around on the input 
line. The ~ key moves the cursor to the first character of 
the input line. 

CLEAR LINE deletes the entire input line. CTRL CLEAR EOL (Clear 
to End Of Line) deletes all characters from the cursor position 
to the end of the input line. CTRL DEL CHAR (Delete Character) 
deletes one character at the current cursor position. 

CTRL INS CHAR (Insert Character) begins the Insert Character 
input mode. After entering Insert Character, the character 
under the cursor begins flashing. Any characters typed in this 
mode will be inserted into the input line at the current cursor 
position. To leave this mode, use the left or right arrow key 
to move the cursor. Now, any characters entered will overwrite 
the character underneath the cursor. (This is the default input 
mode. ) 

CTRL SHIFT CLEAR LINE deletes all characters from the cursor to 
the beginning of the line. CTRL SHIFT ERASE PAGE deletes a word 
from the input line. These two functions are not labeled on the 
cursor keys. 

The Recall function brings back a copy of a line previously 
entered. This is useful for repeating a command several times, 
without having to retype the entire command. Press RECALL to 
bring back a copy of the last line entered. Press the key 
several times to bring back earlier lines, moving backward in 
the Recall buffer. If you go too far back, press SHIFT RECALL 
to move forward in the buffer. The number of lines in the 
buffer is limited by the size of the buffer, and the length of 
the lines. 
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When the RETCRN key is pressed, the entire visible input line is 
entered as a comILiand to the Honitor, regardless of the current 
cursor position within that line. This means that it is not 
sufficient to "backspace" over characters to delete them: the 
unwanted characters must be physically deleted from the line 
with the Delete Character, Clear Line, or Clear EOL functions. 

If you need t~ execute special code sequences while in the 
Monitor, simply enter the desired sequence. Escape and User 
code sequences will be immediately executed. Mode and Plot 
codes will be displayed on the input line (using special 
characters), and will be executed when the RETURN key is 
pressed. This allows you to enter a Mode code sequence, edit it 
using Inline, then execute it. Similarly, if you wish to 
execute an Erase Page or other special control function, type it 
in and it will appear using special characters. It may be 
edited in the standard manner, and when RETURN is pressed, it 
will be executed. 

Pressing CTRL G (the "bell" code) causes Inline to enter Literal 
mode. In Literal mode, ALL control-characters may be entered 
,into ,the Inline editor, including t~e carriage return code. 
Thus, once Literal mode is in effect, you are unable to press 
RETURN and have the system execute your input line. Literal 
mode is designed for text editors and other advanced programs, 
and it is not normally used in the Monitor. If you do enter 
Literal mode, typing a second CTRL G will exit this mode. 
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Where: 
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DUMP MEMORY 

D <addrl> [,<addr2>] RETURN 

<addrl> and <addr2> are hexadecimal numbers 
specifying the range of memory to be dumped. 
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The Dump command outputs the contents of memory to the screen. 
The information is displayed in hexadecimal and ASCII. Sixteen 
bytes are displayed on each line of the screen. 

<addr2> is optional. If included, it must be separated fro~ 
<addrl> by a delimiter, such as the comma shown above. As 
mentioned earlier, a space or a colon are also valid delimiters. 

If <addr2> is greater than <addrl>, 
will end at location <addr2>. Since 
displayed on each line, a few bytes 
displayed. 

then the range of memory 
sixteen bytes are always 

past <addr2> may also be 

If <addr2> is less than <addrl>, then <addr2> is taken as the 
number of bytes to display, rather than the last address to 
display. 

Example: 

D4000 RETURN 

This example dumps sixteen bytes, beginning at address 4000 
(hex). 
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Example: 

04000,4FFF RETURN 

This example dumps all bytes between addresses 4000 and 4FFF, 
inclusive. 

Example: 

04000,20 RETpRN 

This example dumps 32 (20 hex) bytes, beginning at address 4000 
hex. 
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CBMIGE MEMORY 

CB <addr> RETURN 

OW <addr> RETURN 

CL <addr> RETURN 

The Change command allows you to modify memory, 
address <addr>. You may modify bytes, words, or 
using the CB, CW or CL form of the command. 
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starting at 
long words, 

Change displays an address, and the contents of memory at that 
address, then asks for input. You have four options: 

1. Enter a hex number and press RETURN, to enter a value into 
that address and examine the next address. 

2. Press RETURN, to skip that address without modification. 

3. Enter a carat (A) and press RETURN, to examine the previous 
address. 

4. Press DELETE, to terminate the Change command and return to 
the Monitor prompt. 
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Format: 

Where: 

Chromatics CGC 7900 

MOVE l-1El-10RY 

M <addrl>, <addr2>, <addr3> RETURN 

<addrl>, <addr2>, <addr3> are hex numbers 
specifying memory addresses. 

The contents of memory between locations <addrl> 
inclusive, are copied to consecutive locations 
<addr3>. 

Example: 

M4000,4FFF,5000 RETURN 

and <addr2> , 
beginning at 

The contents of memory locations 4~00 through 4FFF ('hex) are 
copied to locations 5000 through SFFF. 
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COltiPARE MEMORY 

K <addrl>, <addr2>, <addr3> RETURN 

<addrl>, <addr2>, <addr3> are hex numbers 
specifying the memory ranges to be compared. 
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The contents of memory between locations <addrl> and <addr2>, 
inclusive, are compared to consecutive locations beginning at 
<addr3>. Any locations which do not match are displayed. During 
this display, you may press CTRL S to pause, or DELETE to stop. 

Example: 

K4~~~,4FFF,50~~ RETURN 

The contents of memory locations 40~~ through 4FFF (hex) are 
compared to locations 5000 through 5FFF. 
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Format: 

Where: 

Chromatics CGC 79~0 

FILL MEMORY 

F <addr1>, <addr2>, <value> RETURN 

<addr1> and <addr2> are hex numbers specifying 
the memory range to filII 

<value> is the hex number (8 bits or less) to 
fill with. 

Memory locations between addresses 
inclusive, are filled with <value>. 

<addrl> and 

Example: 

F4aaa,4FFF,AS RETURN 

<addr2>, 

This example fills locations 4aaS through 4FFF (hex) with the 
value AS (hex). 
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SET MEl-lORY 

SB <addr>, <string of values> RETURN 

SW <addr>, <string of values> RETURN 

SL <addr>, <string of values> RETURN 

<addr> is the first location to set 

<string of values> is a list of hex values separated 
by commas, or an ASCII string in 
single quotes (SB command only) 

Use the SB command to set bytes, SW for words (16 bits), and SL 
for long words (32 bits). You can set consecutive locations by 
entering several values. The only limit is that the entire 
command must fit on one line of the screen (85 characters). 

The string of values may be an ASCII character 
using the SB command. The SW and SL commands will 
hex arguments, separated by commas. 

Examples: 

SB4BBB,lE RETURN 

SW4BlB,12AE,lB67,FF,9CBB RETURN 

SL6FBB,E34FBl,B,2E,A5A5A5 RETURN 

string, when 
only accept 

SBSB21,'This string goes into memory.' RETURN 
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The apostrophe character (single quote) is 
ASCII string. It is possible to insert 
memory by entering two of them: 

used to 
a single 

SB49~B,'It"s easy to do thatl' RETURN 

celin:it an 
quote into 

A single apostrophe will be inserted between the t and s. 
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VIRTUAL SEARCH 

V <addrl>, <addr2>, <string of values> RETURN 

<addrl> is the start of the memory range to search, 
<addr2> is the end of the range, 
<string of values> is what to look for (hex or ASCII). 

The range of memory between <addrl> and <addr2>, inclusive, is 
searched for the string. If a match is found, the locations 
containing the match are displayed. 

Examples: 

V0,1000,FF RETURN 

V4000,8000,0,0,0,0 RETURN 

V0,FFFF,'Find mel RETURN 

In the first example, a search is performed for all occurrances 
of the value FF hex between addresses 0 and 1000 hex. In the 
second example, the range 4000 hex to 8000 hex is searched for 
four consecutive zero bytes. In the third example, the entire 
first 64K of memory (addresses ° to FFFF) is searched for the 
ASCII string "Find me". As with the S (Set Memory) command, an 
apostrophe may be entered in the ASCII string by typing two 
apostrophes. 
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The Virtual Search command may be used to determine the reV1Slon 
level of the PROM software in your 790~ system. Execute the 
Monitor, and type the following command: 

V800000 80FFFF 'VERi' 

This command searches addresses $8~0000 through $80FFFF (all 
PROMs) for the character string 'VERt'. PROM software versions 
1.1 and later contain this character string, followed by the 
version number, for each major program in the system. In 
version 1.1, the following would be displayed: 

VERi TERMEM 1.1 
VERi Monitor 1.1 

This indicates that the system contains versions 1.1 of TERMEM 
(the Terminal Emulator) and the Monitor. 
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CHECKSUM MEMORY 

+ <addrl>, <addr2> RETURN 

<addrl> and <addr2> are hex numbers delimiting the 
memory range "to be summed. 

The memory locations between <addrl> and <addr2>, inclusive, are 
summed, and the result displayed. The sum is a sixteen-bit 
number, obtained by summing either all of the EVEN bytes, or all 
of the ODD bytes, in the memory range specified. If <addrl> is 
even, the even bytes are summed. If not, the odd bytes are 
summed. 

Example: 

+40~~,5FFE RETURN sum all EVEN bytes 4~00 - 5FFE 
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EVALUATE ~ATH EXPRESSION 

Format: 

? <integer expression> RETURN 

This command parses an integer math expression 
result in decimal and hexadecimal. All 
expression are assumed to be in decimal, 
preceded by the dollar-sign character ($), in 
are interpreted as hex. 

Examples: 

110 * (147/3 -5) + 19 RETURN 

?190~ - $FE06 RETURN 

?$l4A6S & $lFFF RETURN 

?(32+756) 1 lS24 RETURN 

?'HI' + 'ABC' RETURN 

and returns 
numbers in 
unless they 
which case 

NOTE: In the examples above, spaces have been included 
for clarity. Spaces must NOT be entered when typing 
expressions into the Monitor, since a space is a 
delimiter, and evaluation will terminate when the 
space is reached. 

the 
the 
are 

they 

In the third example, the Logical And operator (&) is used. 
This operator performs a 32-bit logical AND. The fourth example 
contains the 32-bit logical OR operator (1). 

The last example shows that strings may be used as operands. Up 
to four characters may be used in a string constant, since the 
maximum number size in this system is 32 bits. 
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LOAD 

Format: 

L [<optional offset>] RETURN 

The Load command accepts input from Logical Input Device 1, 
normally the RS-232 serial p~rt. The input is expected to be 
Motorola 68~~~ object code 1n the standard format. See the 
68~~~ processor literature for format details. 

The code is loaded at its normal address in memory, 
offset address is specified in the load command. If 
this offset is added to the memory addresses. 

Examples: 

L RETURN 

Ll~~~ RETURN 

unless an 
specified, 
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PUNCH 

Format: 

P <addrl>, <addr2> RETURN 

The Punch command transmits output to Logical Output Device 1, 
normally the RS-232 serial port. The output is in Motorola 
6S~~3 object code format. It contains all bytes between 
addresses <addrl> and <addr2>, inclusive. 

Example: 

Pl~~3,2FFF RETURN 

NOTE: The Punch command does NOT produce the standard 
end-of-record marker 'on its output. See the End Punch 
command. 
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END PUNCH 

Format: 

E RETURN 

The Punch command produces output records in standard Motorola 
680~0 object code format. The Punch command does not produce the 
required end-of-record mark. To properly close out the object 
code, use the End Punch command. 

Example: 

E RETURN 

This command is provided separately so that you may Punch 
several different portions of memory to your output device, 
keeping them all as part of a single file, then terminate the 
entire set with one end-of-record using End Punch. The 

-~esulting object code can all be read in with one Load command, 
even though parts of it may be loaded into non-contiguous areas 
of memory. The Load command continues to read until it reads 
the end-of-record provided by End Punch. 
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Format: 

Where: 

Chromatics CGC 790~ 

EXAMINE REGISTERS 

x [<Reg>] [,<value>] RETURN 

<Reg> is the name of a register, or a question mark 

<value> is a hex number, up to 32 bits 

This command allows you to examine or modify the contents of the 
68~0~ processor registers. These are the names of the registers: 

D0 Data register 0 
Dl Data register 1 

D7 Data reg':.ster 7 

AS Address register a 
Al Address register I 
• 
• 
A7 Address register 7 

PC Program counter 
US User stack pointer 
SR Status Register 

If the command X is used with no arguments, the values of all 
registers are displayed. 

If the name of a register is given, only the value of that 
register is displayed. 

If the name of a register is given, and a value is specified, 
the register is loaded with that value. 

If the question mark is used instead of a register name, a list 
is printed of the registers designated for Trace (see Trace 
Display) • 
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NOTE: These registers are "pseudo-registers" used by 
the Monitor during trace and breakpoint operation. 
The values in these registers are not initialized 
unless a breakpoint is reached, or unless specifically 
loaded using the X command. 

Examples: 

X RETURN 

XDI RETURN 

XDl,3E4F RETURN 

X.: RETURN 

displays all registers 

displays the value of DI 

loads Dl with hex value 3E4F 

displays registers designated 
for trace 
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TRACE (SINGLE STEP) 

Format: 

T [<addr>] RETURN 

The Trace command executes one instruction in the program. The 
current instruction is pointed to by the register PC (program 
counter). After executing one instruction, the designated 
registers are displayed. 

Before using Trace, it is necessary 
command (unless PC already contains 
command) • 

to set PC using 
a value, from a 

the "X" 
previous 

If <addr> is specified, tracing continues until that address is 
reached. registers are printed after each instruction executes. 
The process may be interr'tpted at any time by pressing DELETE or 
by pressing any Bezel Key. Pressing CTRL S will pause the 
display, and pressing another key will resume tracing. 

Examples: 

T RETURN 

T4lE2 RETURN 

After using the Trace command, the next Monitor prompt you 
receive will be "TMft to indicate that you are still in trace 
mode. When you receive the "TM" prompt, you may press the 
RETURN key to execute a single instruction. Entering any other 
command will remove you from trace mode, and the "TM n prompt 
will no longer be presented. 

See also Trace Display. 
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TRACE DISPLAY 

Format: 

<list of registers> RETURN 

] RETURN 

[0 RETURN 

Trace Display defines which registers will be displayed during 
Trace or Breakpoint execution. 

Each register in the <list of registers> must be in the 
following form: 

Reg • Length 

Where Reg is the name of a register, and Length is the type of 
display desired: B for byte, W for word, L for long word. 

The second format given above causes a listing of all registers 
to be printed at each break in execution. The third format 
turns off all register listing. 

Examples: 

[D0.B,Al.L,A2.L RETURN 

[PC.L,Dl.W RETURN 

[] RETURN (display all registers) 

[0 RETURN (display none) 

A list of the registers currently specified for "tracing may be 
obtained with the command 

X? RETURN 
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Format: 

Where: 

Chromatics CGC 7~00 

GO (WITH BREAKPOINTS) 

G [<addr» [,<bkpl>] [,<bkp2>] RETURN 

<addr> are each 32-bit hex addresses 
<bkpl> 
<bkp2> 

Go causes execution to begin at address <addr>. If <addr> is 
omitted, execution begins at the current value of pc. 

Up to two breakpoint addresses may be specified, and they must 
be separated by delimiters (commas, spaces, or colons) • 
Execution will continue until anyone of the breakpoints is hit. 
At that time, the registers designated by Trace Display will be 
listed, and control is re~urned to the Monitor. 

When either breakpoint is encountered, BOTH breakpoints are 
removed from memory. 

If no breakpoint addresses are specified, the program will not 
return to the Monitor (unconditional Go). 

Examples: 

G4592 RETURN 

GE6A2,E6B~ RETURN 

G,l6FF0 RETURN 

G RETURN 

Go at address 4502 hex. 

Go at' address E6A2, with a 
breakpoint at E6B0. 

Go at current PC, with a 
breakpoint at l6FF0. 

Unconditional Go. 
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ABORT 

If a machine language program is executed using the Monitor, it 
may be aborted at any time by pressing any Bezel Key. All 
registers are displayed, and control returns to the Monitor. 

NOTE: After entering the Monitor, the Bezel Keys will 
ONLY perform this Abort function. Re-entering the 
Terminal Emulator and trying to define a Bezel Key 
will result in aborting the Terminal Emulator program! 
If the Bezel Keys are to be used ~s user-defined keys 
after leaving the Monitor, the system must be Booted. 
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APPENDIX D - TRAPS 

The MC68000 processor used in the CGC 79~0 will detect a number 
of error conditions which may occur during a program. If a 
severe error occurs, the processor discontinues normal program 
execution and fttraps.ft This causes the 79~0 software to display 
information relating to the trap, and the system halts. A 
·crashft sound is emitted from the speaker to indicate that the 
program has crashed. The red indicator above the cursor keypad 
is illumin~ted. 

Traps should not be encountered during normal 
operation. Users running preliminary or un-debugged 
software are more likely to encounter traps. 

When the system traps, the bottom line of the Overlay is used to 
display the type of trap, the address at which the trap 
occurred, and seven words of data from the stack. These data 
may be helpful in determining the reason for the trap. When 
contacting Chromatics for assistance regarding a trap problem, 
please include all of the data displayed at the time the trap 
occurred. 

After a trap, the system stops and does not acknowledge 
interrupts. The only way to recover from a trap is to press the 
RESET key. Pressing RESET turns off the red indicator on the 
keyboard, however, the trap message remains on the screen until 
erased. Pressing RESET followed by SOFT BOOT will clear the 
screen and recover from most traps. 

If the program damaged any system data before trapping, 
be necessary to force a power-up Boot by simultaneously 
~ SHIFT and RESET. 

it may 
pressing 

Traps are explained in more detail in the Motorola MC68000 
User's Manual (available from Chromatics). 



Page D-2 Chromatics CGC 7900 

Traps are referenced by a number or a letter: 

Trap type 

a 

1 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

C 

D 

E 

F 

G 

H 

p 

* 

Explanation 

Bus Error (non-existant memory was accessed). 

Address Error (attempt to fetch word data 
from an odd memory address). 

Illegal Instruction. 

Division By Zero. 

CHK Instruction. 

TRAPV Instruction. 

Privilege Violation (attempt to execute 
privileged instruction while in User state). 

Trace. 

Line l~l~ Emulator (illegal instruction). 

Line 1111 Emulator ( ill~gal instruction). 

Spurious Interrupt. 

Level 1 Interrupt Aut ovect or • 

Level 2 Interrupt Autovector. 

Level 3 Interrupt Autovector. 

Level 4 Interrupt Autovector. 

Level 5 Interrupt Autovector. 

Level 6 Interrupt Autovector. 

Level 7 Interrupt Autovector 
interrupt). 

Buffer Memory Parity Error. 

Undefined Trap. 

(power-up 
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APPENDIX E - ASCII CODES 

This section includes a chart of the ASCII (~~erican Standard 
Code for Information Interchange) characters, and a chart of the 
character fonts provided in the 7900. 

The 7900 uses some control-codes in ways not defined by ASCII. 
See Appendix A for the 7900's allocation of control-codes. 



to 
PI 

lQ 
(I) 

0 $00 NUL Null 32 $20 64 $40 @ 96 $60 " tIl 
I 

1 $01 SOH Start of Heading 33 $21 65 $41 A 97 $61 a tv 

2 $02 STX Start of Text 34 $22 II 66 $42 B 98 $62 b 
3 $93 ETX End of Text 35 $23 # 67 $43 C 99 $63 c 
4 $04 EOT End of Transmission 36 $24 $ 68 $44 D 100 $64 d 
5 $05 ENQ Enquiry 37 $25 % 69 $45 E 101 $65 e 
6 $06 ACK Acknowledge 38 $26 & 70 $46 F 102 $66 f 
7 $07 BEL Bell 39 $27 71 $47 G 103 $67 g 

$08 Back Space 40 $28 ( 72 $48 II 104 $68 h 
(I) 

8 BS ~ 

9 $09 HT Horizontal Tab 41 $29 ) 73 $49 I 105 $69 i .~ 
10 $0A LF Line Feed 42 $2A * 74 $4A J 106 $6A j t1 () 

~ ::r 
11 $0B VT Vertical Tab 43 $2B + 75 $4B K 107 $6B k t'1 

12 $0C FF Form Feed 44 $2C 76 $4C L 108 $6C 1 t1 0 , a 
13 $00 CR Carriage Return 45 $2D - 77 $40 M 109 $60 m > JlJ 

l'Jl rt 
14 $0E SO Shift Out 46 $2E • 78 $4E N 110 $6E n () ~ . 
15 $0F SI Shift In 47 $2F / 79 $4F 0 111 $6F 0 H 0 

H (J) 

16 $10 DLE Data Link Escape 48 $30 0 80 $59 P 112 $79 P g 17 $11 DC1 Device Control 1 49 $31 1 81 $51 Q 113 $71 q () 

18 $12 DC2 Device Control 2 59 $32 2 82 $52 R 114 $72 r ~ 
G) 
() 

19 $13 DC3 Device Control 3 51 $33 3 83 $53 S 115 $73 s n ...... 
20 $14 DC4 Device Control 4 52 $34 4 84 $54 T 116 $74 t t-3 'f'> 

21 $15 NAK Negative Acknowledge 53 $35 5 85 $55 U 117 $75 u til 0 
::0 ~ 

22 $16 SYN Synchronous Idle 54 $36 6 86 $56 V 118 $76 v 
23 $17 ETB End of Transmission Block 55 $37 7 87 $57 W 119 $77 rn w t11 

24 $18 CAN Cancel 56 $38 8 88 $58 X 120 $78 x t-3 

25 $19 EM End of f.1edium 57 $39 9 89 $59 Y 121 $79 y 
26 $lA SUB Substitute 58 $3A 90 $5A Z 122 $7A z 
27 $lB ESC Escape 59 $38 ; 91 $5B ( 123 $78 { 
28 $lC FS File Separator 60 $3C < 92 $5C \ 124 $7C I 
29 $10 GS Group Separator 61 $3D = 93 $50 ] 125 $70 } 
30 $lE RS Record Separator 62 $3E > 94 $5E A 126 $7E 
31 $lF US Unit Separator 63 $3F ? 95 $5F 127 $7F DEL 



" 

'A 

'8 ~.: 
'C &. 

.'. 
'D 

'£ 

'p 

'G 

"0 

"I 

"J 

"L 

"N 

"'0 

"p 

"S 

" .. 

"y 

"I 

'" 

". 

• 
$ 

, 
, 

.. 

'N 
EH 

~: 
~: 
F.:-.. ' ,-::: 

II 

# 
$ 
-.. ...• 

.. ' 

( 

) 
. .).. 
·t· 

+ 

/ 

• 
1 

3 

5 

, 
1 

8 

, 

< 

> 

? 

A 

Regular Set 

/ 

o 
1 

4 
C' 
.J 

6 
7 
8 
9 

--
.. .. .' .-, .. 
I~ 

A 

8 

C 

D 

B 

p 

G 

H 

I 

J 

L 

" 
N 

o 

p 

o 

R 

S 

T 

u 

v 

w 

B 
c 
o 
E 
F 
G 
H 
I 
. J 
K 
L 
t'l 
t·1 
[I 
p 
b! 
r:. ..... 
1:-._. 

T 
U , , 
II • 

x 

y 

I 

, 

• 
b 

c 

d 

e 

f 

9 

h 

1 

j 

k 

In 

.... ..... 

.... 
I 

[ 
., -. 
] 
..... 

·3 

b 
c 
d 
e 
f 

• .1 

k 
I 
m 

n 

o 

p 

q 

r 

• 
t 

u 

v 

" 
x 

y 

z 

P 
'=1 
r 
.= -' 
t 
u 
' •. 1 

1 •• .1 
.. ~ ..... 

..., ..... 

... 
I. 

., 

... 
.-
::::: 

DEL ••••• 

'" 

"8 

"C 

"D 

"p 
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"L 
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m 
.-,. 
.-,,-. ... . 
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, 
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~: 
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8 

9 

1 

A 

I 
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A7 Set 
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J 
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o 

p 

o 

R 

5 

T 

u 
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L 

a 
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1[ 

q 
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x 

Y 

I 

, 
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c 

d 

e 

f 

9 

h 
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j 

k 
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Capitalized entries correspond 
listed in the Table of Contents. 

to chat:ter 

A7 characters,i-4,1-69,E-3 
ABORT,C-2S 
ABSOLUTE PAN,J-lIl 
ABSOLUTE ZOOM,i-7,3-182 
Address error,D-2 
Alpha,J-73 
Alpha Lock,1-21 
Alternate Char. Set,1-69,E-J 
APPEND TO CREATE BUFFER,i-J,1-S4 
ARC, i-6 ,3-66 
AREA FILL,i-6,3-84 
ASCII CHARACTER SET,E-2 
ASCII CODES,E-l 
Assembly language,C-l 
ASSIGNING DEVICES,i-J,l-Jl 
Autovector ,D-2 
Axes,i-2 

Background color,2-lS 
BASIC,1-21 
BAUD RATE,i-J,l-43,l-8S,l-9l 
BEZEL KEYS,l-73,C-25 
Bezier curve,3-63 
BINARY MODE,I-114 
BITMAP, 3-3 
Bitmap, addressing,J-6 
BITMAP BLINK,J-27 
BITMAP CHARACTER SIZE,J-13 
BITMAP COLOR AND BLINK,3-29 
BITMAP CURSOR CONTROL,J-8 
BITMAP DEFAULTS,3-5 
BITMAP INTERCHAR. SPACE,3-14 
BITMAP OPERATIONS,3-6 
BITMAP ROLL AND PAGE,3-11 
BLINK ON/OPF,i-5,3-Jl 
Blink (Overlay),2-l6 
Blink Plane,3-28 
BLINK SELECT,i-5,J-28,J-113 
Blinkingbacxground,3-Jl 
Blue flood,1-78 
Bold characters,J-71 
BOLD VECTOR,i-6,3-48 
Boot,I-23 
Boot Strinq,1-86,1-9J 
Break,1-19 
Breakpoints,C-24 
Brief guide,i-J 
Buffera,I-8S 
BUB error ,D-2 

calc Mode,1-21 
Cancel,i-7 
CASE TABLE,1-J1,1-48,1-8S,1-89 
CGC 7911 OVERVIEW,1-4 
Change key,i-5,3-2l,3-24 
CHANGE COLOR (BVS),i-S,3-24 
CHANGE COLOR (RGB),i-S,3-21 
CHANGE MEMORY,C-7 
CHARACTER FONTS,E-J 
Character 81ze,i-2,3-13 
CHECKSUM MEMORY,C-15 
CIRa.E, i-6 ,3-41 
Clear EOL,2-8 
Clear Line,2-1 
C1ock,1-81 
a.O,3-17 
a.O default eolors,3-18 
CMOS memory,I-24 
CMOS memory,1-83 
Code arqument8,1-13 
CODE BIERARCHY,I-17 
CODES AND CODE SEQUENCES,l-ll 
CODES,A-l 
COLOR COBE,B-l,B-6 

Color keys,2-14,3-22 
COLOR LOOKUP TABLE (CLO),3-4, 

3-5,3-17 

Color numbers,2-14,J-22 
Colors available,J-J 
COLORSET,i-5,3-82 
COLORSWAP,i-S,3-81 
COMMAND REFERENCE LIST,i-J 
COMPARE MEMORY,C-9 
COMPLEX FILL,i-2,3-83 
CONCATENATED BOLD VECTOR,i-6, 

3-49 
CONCATENATED VECTOR,i-6,3-J8 
Control codes,A-l 
CONVENTIONS, i-9 
CONVERGENCE, 1-1 
Coordinates,i-2,3-J3 
Copy key,J-7S 
COpy RASTER,i-S,3-7S 
COPY RASTER, OVERSTRIKE,3-76 
CREATE BUFFER,1-51 
Create Buffer address,I-86, 

1-92 
CREATE BUFFER ON/OFP,i-J,1-S2 
Ctrl Bome,2-7 
Ctrl codes,A-l 
Ctrl,i-9,1-19 
Ctrl-S,C-2 
Ctrl-X,1-54 
Ctrl-Z,1-1,1-21 
Cursor Color,i-4 
Cursor On/Off,i-4,2-9 
Cursor blink,2-11 
Cursor eolor,J-11 
CUrsor control.2-1 
Cursor keypad,1-21 
Cursor relative move;2-9 
Cursor, Bitmap,3-5,3-8 
CURVE,i-6,3-63 

Decimal numbers,i-I,1-97 
DEFAULT COLOR LOOKDP,3-25 
Default program,l-85,1-89 
DEFAULT RAM ALLOCATION,1-94 
Defaults, chanqinq,1-83 
DEFINE A SUB-BUFFER,I-S4 
Define Function Key,i-l,1-1, 

1-11 
DEFINE SOURCE RASTER, 1-5 ,3-14 
DEGAUSSING,1-1 
Del Char,2-8 
Del Line,2-8 
DELAY, 1-61 
Delete Character,2-8 
Delete key,C-2 
Delete Line,2-8 
DEVICE ASSIGNMENT LIST,1-33 
Display reqisters,C-28 
DISPLAY TIME,1-82 
DISPLAY WINDOW VAR.,l-lll 
Division by zero,D-2 
DOS buffer,1-8S,1-87 
DOS transient area,1-8S,1-87 
DOT,i-6,3-J5 
DUMP MEMORY,C-S 
Duplez,i-3,1-27 

EDGE FILL,!-6,3-85 
END PONCH (object),C-19 
Environmental,l-6 
EOL Sequence,1-47 
Erase EOS,2-8 
Erase paqe,2-7 
Error recovery,D-l 
Escape,1-21 
Escape codes,1-lJ,A-6 
EVALUATE MATH,C-16 
EXAMINE REGISTERS,C-21 
EXITING PLOT SUBMODES,3-72 
EXPANDED IMAGE MEMORY,l-lll 

heaci.ngs, and are 

FILL MEMORy,C-lII 
FILL,i-6,3-34 
Filled figures,3-34 
FILLED POLYGON (TILER),3-62 
Foreground color,i-l 
FOLL DUPLEX,I-JI 
FUNCTION KEYS,1-71 
Function Key buffer,I-85,1-S9 
Function Key stack,1-85,l-87 
Pull Duplez,i-J,1-J8 

GENERAL INFORMATION,l-l 
GO (WITH BREAKPOINTS),C-24 
Greys,3-l7 

BALF CUPLEX,i-3,1-29 
Bandshaking,1-37,1-85,l-9l 
Bard Oisk,1-6 
BEXCONE,S-2,B-7 
Bome,2-7 
Bome 10wer,2-7 
BOST EOL SEQUENCE,l-47 
BUE, VALUE, SATURATION,B-l 
BVS color units,3-24 
BVS,B-l 

Illeqal instruction,D-2 
Imaqe planes,l-85,1-9l 
Imaqe planes,1-9l 
INCREMENTAL VECTOR,i-6,3-55 
INCREMENTAL X-BAR,i-6,l-SS 
INCREMENTAL Y-BAR,i-6,3-53 
Inline Editor,C-J 
Input buffera,I-8S 
Ins Char,2-8 
Ins Line,2-8 
Insert Char,2-8 
INSERT INTO SOB-BOFFER,l-51 
Insert Line,2-8 
INSTALLATION, 1-6 
Intercharacter spacing,i-4, 

Interrupts,D-2 
INTRODUCTION,l-J 

JOYSTICI,i-7,3-185 
Joy-color ,3-185 

Key names,i-9 
Keyboard, 1-19 
Keyboard buffer,1-85,1-87 
Keyboard lights,1-32 
Keyboard Processor,1-4 
KEYBOARD SYNC,i-4,1-J5 
KILL A SUB-BUFFta,1-S6 

LED (keyboard),1-21 
LIGHT PEN,i-1,l-77 

3-14 

Lighted keys,i-l,1-21 
LITERAL CREATE,i-2,i-J,1-59 
LOAD (object code),C-l1 
Load a.O,J-2S 
LOCAL,i-J,1-28 
Loqical Devices,i-I,1-4,1-Jl 

Ml,i-9 
M2,i-9 
Master Windov,I-61 
Math parser,C-16 
MDLE,1-8S,I-91 
Memory allocation,I-94 
Memory limits,1-85,1-88 



Mirroring,J-91 
Mode codes,l-16,A-2 
Modifiers,l-ll 
MONITOR,C-l 
Move X-Y,i-4,2-9,3-9 
Move cursor relative,i-4 
MOVE MEMORY,C-S 

NUMERICAL DATA,l-91 
Numeric keypad,l-21 

Offscreen memory,3-99 . 
OPERATE ON WINDOW VAR.,l-l •• 
Output Buffers,1-S5 
OVERLAY BLINK ON/OFF,2-IS 
OVERLAY COLOR/BLINK,2-l3 
OVERLAY CURSOR CONTROt,i-2,2-1 
OVERLAY CURSOR BLINK,2-11 
OVERLAY DEFAULTS,2-5 
OVerlay key,2-0,3-6 
Overlay On/Off,i-1 
OVERLAY OPERATIONS,2-0 
OVERLAY PLOTTING,2-19 
OVERLAY ROLL AND PAGE,2-ll 
OVERLAY,2-J 
Overstrike,i-4,3-15 

Page,i-4,2-1l,J-ll 
PAN ~~D ZOOM,i-7,3-99,3-18l 
Pan X-Y,1-7 
Parity error,D-2 
PARITY/LENGTH/STOP BITS,i-3, 

Pattern Fill,3-a. 
patterns,i-S,3-al 

1-45 

Physical Devices,1-4,l-33 
PLANE SELECT,i-4,3-1l7,3-1l3 
PLANE VIDEO SWITCH,i-7,3-l'9 
Plot, i-2 
Plot and Alpha,3-73 
Plot codes,l-lS,A-4 
Plot dots (Overlay),2-4 
Plot key,3-6 
Plot light, i-I 
Plot On/Off, i-o 
PLOT SUBMODES,i-l,3-l3 
POLYGON,i-6,3-59 
Power,1-6 
Power-up reset,l-23 
PREFACE, i-I 
Prefiz codes,l-ll 
Priority of codes,1-11 
processors,1-4 
PUNCB,C-l8 

Quiet Lock,1-21,l-75 

RASTER PROCESSOR,l-4,3-13 
Raster direction,i-S,3-71 
Raster graphics,3-73 
RAY, i-6 ,3-6a 
REAL TIME CLOCK,l-Sl 
Recall,2-8,C-l 
RECTANGLE,i-o,3-43 
REDRAW CREATE BUFFER,i-3,l-53 
Relative pan,i-1 
Reset,l-23,D-l 
RESET, Boar, son BOO'1',1-23 
Reset String,I-86,l-93 
Resolution (Bitmap),l-3 
Return,l-l9,2-7,C-4 
Revision, software,C-14 
Roll,i-4,2-11,3-ll 
RS-2l2,1-l7 
RS-449,1-37 
RUBBER BAND,3-97 

Scale, i-4 
SCALE FACTORS,l-89 
SCAtING ON/OFF,3-9l 
Search memory,C-13 
SECOND IMAGE, WRITING,l-ll4 
SELECT BLINK PLANE(S),l-28 
SELECT CHARACTER SET,l-69 
SELECT IMAGE,J-l12 
SERIAL COMMUNICATIONS,1-31 
Serial defaults,l-9a 
Serial port buffers,1-S8 
SERIAL PORT CONNECTORS,1-41 
SERIAL PORT PINOUTS.1-l9 
SERIAL PORT WIRING,I-U 
Serial ports,1-31 
Set,i-5 
SET BACKGROUND COLOR,i-S,2-1S, 

SET ctOCK,l-81 
Set color,i-S,2-l4,3-29 
SET CORSOR COLOR,3-l' 

3-l. 

SET FOREGROUND COtOR,2-14,l-29 
SET MEMORy,C-ll 
SET RASTER DIRECTION,i-S,3-71 
SET VECTOR TYPE,l-SS 
SET VECTOR WIDTH,l-47 
SET WINDOW LIMITS,l-62 
Shift,i-9,1-19 
Single Step,C-22 
Sixteen planes,3-ll1 
6S800,1-4,0-1 
Size key,i-4,3-1l 
Soft Boot,1-23,2-5 
Source :aster,3-74 
Sta.k, system,1-85,1-88,l-92 
Stenciled cha:acte:s,%-l8 
Stop bits, se:ia1,1-45 
SUb-Buffers,i-l,i-3,1-54 
System stack,1-85,1-S8,1-92 

Tab stop., setting,I-113 
Tab,2-7,3-9 
TERMEM,1-27 
TERMEM version,C-14 

-TERMINAL EMULATOR,1-27 
Terminal key,1-27 
TEST,i-4,1-65 
Tezt editing,3-S,C-3 
TBAW,l-83 
Tiler,3-02 
TONE GENERATOR, i-7 ,1-l2,1-75 
TRACE (SINGLE STEP),C-22 
TRACE DISPLAY,C-23 
TRANSMIT CREATe BUFrER,1-53 
TRANSMIT WINDOW VAR.,l-lBl 
Transparency,2-l7 
TRAPS, 0-1 
TRIANGt£,i-f,3-45 
Two-image examp1e,l-l14 
TWO-POINT CIRCLE,i-f,3-42 

Ondefined code.,1-12 
0.er,1-2 
O •• r codes,1-14,A-8 

V. Width,i-f,1-41 
VECTOR,i-f,3-J6 
VECTOR-DRAWN CHARACTERS,i-7, 

Vector type,i-5,3-81 
Vector Width, i-o ,3-41 
Version, C-14 
VIEW A SUB-BUFFER,1-5S 
VIRTUAL COORDINAT-ES,3-a9 
VIRTUAL SEARCB,C-l3 
Visibility, Overlay,2-17 
VISIBLE ATTRIBUTES,2-17 
VISIBLE CONTROL-CHARS,1-61 

3-7. 

WARM START,l-2S 
WINDOW AND SCALE,3-94 
Window limits,1-62,1-l91 
Window table,1-SS,1-92 
WINDOW VAR. ASSIGNMENTS,1-99 
WINDOW VARIABLE USES,I-1l1 
WINDOW VARIABLES,l-9S 
WINDOWS,i-2,i-4,1-61,3-7 
Windows, number of,1-85,1-87 
Word length, serial 1-45 

Xmit,i-3,1-53 

Zoom,i-7,3-99,3-1'2 


