












































































































































































































































































































































































































40IX/GRAPHICS MODE 

This appendix describes the functional characteristics of the 
Display Terminal when operating as an ASCII graphics terminal 
using the communications protocol of the Tektronix 40lX 
Terminal. These characteristics come from controlware loaded 
into the terminal. In this mode, the terminal simulates the 
operation of the Tektronix 40lX terminal series, but is not 
completely compatible due to certain hardware and controlware 
constraints. 

EQUIPMENT CONFIGURATION 

Equipment configurations for the 40lX/graphics mode are listed 
as follows: 

• Minimum Configuration (typical) 

721-30 (CC638-A) Terminal (includes touchpanel and 
graphics feature) 

• Maximum Configuration 

Terminal listed under Minimum Configuration 
Graphics printer 
Parallel Interface option 
Dual asynchronous interface option 
Matrix printer 

GRAPHICS OPERATION 

The following description of graphics operation defines initial 
conditions upon selection, the bypass condition, and describes 
the operational modes that can be selected while in graphics 
operation. 

SELECTION AND DESELECT ION OF GRAPHICS OPERATION 

Upon completion of a load operation, the terminal controlware is 
initialized to alphanumeric operation. (All terminals downline 
loading this controlware from CDSN will automatically receive 
the latest released version.) 
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Graphics operation can be selected by receipt of an ESC SOH code 
sequence from the ASCII host system or by operator selection on 
the status line. 

Graphics operation can be deselected by receipt of an ESC STX 
code sequence. 

INITIAL CONDITIONS 

Certain initial conditions exist when ASCII operation is 
selected. These initial conditions are: 

• The screen is erased. 

• The terminal is in alpha mode. 

• The alpha cursor is in the horne position (upper left 
corner). 

• Normal size characters will be displayed. 

• Character writing is overstrike write. 

• The terminal is set to LINE mode and CAPS is selected. 

BYPASS CONDITION 

The bypass condition inhibits data from being displayed on the 
screen, thus allowing data to be transmitted to the computer 
without it being written on the screen. The following program 
commands set and clear the bypass condition. 

• Set bypass 

ESC CAN 
ESC SUB 

• Clear Bypass 

BEL ESC BEL 
BS ESC BS 
CR 
HT ESC liT 
LF 
VT ESC VT 

ESC FF 
US ESC US 
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KEYBOARD FOR GRAPHICS OPERATION 

The keyboard has a standard Viking X layout with the ASCII 
graphics-unique characters and certain ASCII control .codes on 
the front surfaces of the keycaps as shown in figures 3-2 and 
3-3. Figure 3-10 shows the keystation assignments. 

Alphanumeric Keys 

The terminal can generate all 96 of the ASCII alphanmneric 
codes. These codes are generated as shown in table D-l. 

Upper case alphabetic symbols and other shifted symbols are 
generated by holding down either SHIFT key simul taneously while 
pressing the desired data key. 

TABLE D-l. ASCII KEY CHARACTERS AND CODES 

I I I 
IKEyl CHARTER GENERATED I ASCI CODE (HEX) 
I No.1 I I , 
I I LOWER I UPPER I roWER I UPPER 
I I I I I 
I 1 I PRINT I PRINT I ** I ** 
I 2 I SET UP I SET UP I ** I ** 
I 3 I I I * I * 
I 4 ] I I * I * 
1 5 1 1 * I * 

6 I J * I * 
7 1 * I * 
8 J * I * 
9 I * I * 

10 1 * I * 
11 * I * 
12 ESC ESC lB 1 IB 
13 * I * 
14 * 1 * 
15 * I * 
16 , ( ISO) ru (ISO) 60 I 7E 

~ (ANSI) ~ (ANSI) 09 I 09 
17 1 1 31 I 21 
18 2 @ 32 I 40 
19 3 # 33 I 23 
20 4 $ 34 I 24 
21 5 % 35 I 25 
22 6 36 I 5E 
23 7 & 37 I 26 
24 8 * 38 I 2A 
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TABLE 0-1. ASCII KEY CHARACTERS AND CODES (CaNTO) 

I 
KEY CHARTER GENERATED ASCI CODE (HEX) 
NO. 

LOWER UPPER LOWER UPPER 

25 9 ( 39 28 
26 0 ) 30 29 
27 
28 = + 3D 2B 
29 (ISO) (ISO) 08 08 

(ANSI) (ANSI) 60 7E 
30 08 08 
31 * * 
32 I OA OA 
33 q Q 71 51 
34 w W 77 57 
35 e E 65 75 
36 r R 72 52 
37 t T 74 54 
38 Y Y 79 59 
39 u U 75 55 
40 i I 69 49 
41 0 0 6F 4F 
42 P P 70 50 
43 [ ] 5B 50 
44 5C 7C 
45 * * 
46 * * 

1-47 ** ** 
148 a A 61 41 
149 s S 73 53 
150 d D 64 44 
151 f F 66 46 
152 9 G 67 47 
153 h H 68 48 
154 j J 6A 4A 
155 k K 6B 4B 
156 1 L 6C 4C 

57 . . 3B 3A , . 
58 I II 27 22 
59 7B 70 
60 CR CR 00 OD 
61 * * 
62 ** ** 
63 (ISO) (ISO) 

(ANSI) (ANSI) ** ** 
64 z Z 7A 5A 
65 x X 78 58 
66 c C 63 43 
67 v V 76 56 
68 b B 62 42 
69 n N 6E 4E 
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TABLE 0-1. ASCII KEY CHARACTERS AND CODES (CaNTO) 

I I I 
I KEY CHARTER GENERATED ASCI CODE (HEX) I 
INO. I 
I LOWER UPPER LOWER UPPER I 
I I 
170 rn M 60 40 I 
171 , (ISO) , (ISO) 2C 2C I 
I , (ANSI) < (ANSI) 2C 3C I 

72 . (ISO) . (ISO) 2E 2E I 
• (ANSI) > (ANS I) 2E 3E I 

73 / ? 2F 3F I 
74 ** ** 1 
75 CR CR 00 on I 
76 1 ** ** I 
77 SPACE SPACE I 20 20 I 
78 DEL CR I 7F 00 I 
79 J * * I 
80 I * * I 
81 BS BS J 08 08 I 
82 I * * I 

183 LF LF I OA OA I 
)84 (PAGE) (RESET) I ** ** I 
185 B BS I 08 08 I 
186 1 * * I 
)87 DEL DEL 1 7F 7F I 
18B I * * I 
-1-89 I I * * J 
I 90 I I * * I 
J 91 I I * * I 
192 I ESC LF 1 1B OA I 

93 I ** ** I 
94 I 7 7 37 37 J 
95 I 8 8 38 38 I 
96 I 9 9 39 39 I 
97 I 4 4 34 34 I 
98 I 5 5 35 35 I 
99 I 6 6 36 36 J 
1001 1 1 31 31 I 
1011 2 2 32 32 I 
1021 3 3 33 33 I 
1031 , , 2C 2C I 
1041 0 0 30 30 1 
1051 2E 2E 1 
1061 CR CR 00 00 1 

I 
*Unused 1 

**Loca1 Function 1 
1 
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Contro~. Character Ke~~ 

The terminal can generate ASCII control characters as shown in 
Control Codes and Escape Sequences for Graphics Operation para­
graph. This lists the allowable characters, indicates the modes 
that use them, and describes their functions. 

Control characters are generated from the keyboard by holding 
down the CTRL key (or in some cases, the CTRL and SHIFT keys) 
simultaneously while pressing the desired data key. Control 
characters CR, LF, BS and HT may also be generated by pressing 
the CR, LF, BS or TAB key respectively. The ERASE key also 
generates a BS character. The ERASE key additionally erases the 
displayed character when in LOCAL or HALF. 

DEL Key 

The DEL key generates a DEL (Rubout) character. 

BREAK Key 

Pressing the BREAK key genera.tes a break condition by holding 
·the transmitted data line in a spacing state for 250 milli­
seconds. This key is also used to recover from error conditions 
if one of the print options is active. 

Function Select Keys 

While operating in Graphics operation, local function select 
keys may be used to select the various functions internal to the 
terminal. They do not send any data to the host. Table D-2 
lists these keys and indicates their use. 

GRAPHICS OPERATION MODES 

When Graphics operation is selected, one of five modes can be 
chosen. These modes are alpha, graph, point plot, graphics 
input (GIN), and block mode. 
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TABLE D-2. FUNCTION SELECT KEYS FOR GRAPHICS OPERATION 

FUNCTIONl 
SELECT I DESCRIPTION 

o 

Alternate depressions cause all letter keys to 
transmit codes for uppercase ASCII only, or to 
transmit uppercase or lowercase ASCII depending on the 
SHIFT keys. 

Clears display, resets terminal to alpha mode and 
positions alpha cursor to home position (upper-left 
corner of display). Does not clear selected character 
size. 

M REL Resets terminal to alpha mode, positions alpha cursor 
to home position (upper-left corner of display), and 
selects normal character size. 

The primary use of each mode is: 

• Alpha -~isplay characters. 

• Graph - draw a line between two sets of coordinates or 
perform random positioning. 

• Point Plot - display one point at the intersection of two 
coord ina tes • 

• GIN - input coordinates and status to the host computer. 

• Block - write or erase rectangular blocks. 

Control codes are used to select a mode and to select certain 
functions within that mode. The Control Codes and Escape 
Sequences paragraph is a summary of the ASCII operation control 
codes. Figure D-2 shows those control codes and sequences used 
to select a mode. The following paragraphs provide detailed 
descriptions of the operational modes and define the control 
codes that select functions within the modes. Figure D-I illus­
trates character codes for graphics operation. 
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B 87 B JJ B B 1 1 1 1 
I 86 B B 1 1 0 B 1 1 

T 85 B 1 B 1 0 1 B 1 

S HIGH X & Y 
84 83 CONTROL GRAPHIC INPUT LOW X LOWY 

82 81 

~ 16 32 48 64 8D 96 112 

G B B B NUL OLE SP ~ @ P \ 
P 

1 17 33 49 65 81 97 113 

0 B 0 1 SOH OC1 ! 1 A Q a q 

2 18 34 50 66 82 98 114 

B G ~ B STX OC2 " 2 B R b r 

3 19 35 51 67 83 99 115 

B 0 1 1 ETX OC3 # 3 C S c S 

4 2" 36 52 68 84 1,,/1 116 

0 1 B B EOT OC4 $ 4 0 T d t 

5 21 37 53 69 85 1111 117 

G 1 B 1 ENQ NAK % 5 E U e u 

6 22 38 54 7" 86 1;2 118 

B 1 1 0 ACK SVN & 6 F V f v 

7 23 39 55 71 87 1/13 119 

B 1 1 1 BEL ETB I 7 G W 9 W 
BELL 

8 24 40 56 72 88 1'4 12' 

1 0 G e BS CAN ( 8 H X h X 
BACKSPACE 

9 25 41 57 73 89 1'5 121 

1 0 B 1 HT EM ) 9 I V i Y 

1. 26 42 58 74 9' 11t6 122 

1 e 1 0 LF SUB * · J Z j z · 
11 27 43 59 75 91 1/17 123 

1 0 1 1 VT ESC + · K [ k { , 

12 28 44 60 76 92 1,8 124 

1 1 " 0 FF FS < L \ I • , • 

13 29 45 61 77 93 1'9 125 

1 1 e 1 CR GS - - M ] m } 
RETURN 

14 3; 46 62 78 94 11 It 126 

1 1 1 e SO RS > N 1\ n '"'-..I 

15 31 47 63 79 95 111 127 

1 1 1 1 SI US / ? 0 0 RU80UT - (DEL) 

02868 

Figure D-l. Character Codes for Graphics Operation 
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NOTE I: US, CR, ESC FF. KEYBOARD PAGE, AND KEYBOARD RESET. 
NOTE 2: CR, ESC FF. KEYBOARD PAGE, AND KEYBOARD RESET. 

021'4-3 

Figure D-2. Permissible Operating Mode Changes 

ALPHA MODE 

In alpha mode, the terminal displays the 95 displayable ASCII 
characters. The DEL (rubout) code is ignored in alpha mode. 

A blinking cursor occupies the lower dots of the character 
matrix and marks the position on the display screen where the 
next character will be entered. After the symbol is entered, 
the cursor moves one position to the right. When the end of a 
line is reached, the cursor moves to the leftmost position on 
the line below. When the bottom line has been completed, the 
cursor moves to the first position of the top line. The cursor 
is nondestructive. Cursor home position is at X = 0, Y = 752. 

Characters are written on the display screen in an overstrike 
write mode unless otherwise selected from the host system. 
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Transition to Alpha Mode 

Control characters and keys that can be used for transition to 
al pha mode are: 

• CR - This control character resets the terminal to alpha 
mode, positions the alpha cursor to the leftmost posi­
tion in the current line, and clears the bypass condition. 

• ESC FF - This control character sequence resets the ter­
minal to alpha mode, positions the alpha cursor to the 
leftmost top line (home position), clears the display, 
and clears the bypass condition. 

• US - This control character resets the terminal to alpha 
mode, leaves the alpha cursor at the last graph-mode 
address, and clears the bypass condition. This character 
is nonfunctional in GIN mode, so it cannot be used to 
transfer from GIN mode to alpha mode. 

• 0 - Pressing the 0 key resets the terminal to alpha 
mode, positions the alpha cursor to home position, and 
clears the display. This function operates locally in 
the tenninal. 

• M REL - Pr'essing the M REL key resets the terminal to 
alpha mode, positions the alpha cursor to home position, 
and re-establishes initial conditions. This function 
operates locally in the terminal. 

Alpha-Mode Control Characters 

In alpha mode, the following ASCII control characters are opera­
tional. All other control characters are ignored. 

• Carriage Return (CR) - This character moves the cursor to 
the leftmost position in the current line and clears the 
bypass condition. 

• Line Feed (LF) - This character moves the cursor down one 
line and clears the bypass condition. When the cursor 
reaches the bottom line, the cursor moves to the same 
column position in the top line. 
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• Backspace (BS) - This character moves the cursor one 
position to the left and clears the bypass condition. 
When the beginning of the line is reached, the cursor 
moves to the last position of the line above. When the 
first position of the top line is reached, the cursor 
moves to the last position of the bottom line. 

• Horizontal Tabulation (HT) - This character moves the 
cursor one position to the right and clears the bypass 
condition. Spacing past the end of a line causes the" 
cursor to move to the beginning of the next lower line. 
If the cursor is in the last position of the bottom line, 
it moves to the home position. 

• Vertical Tabulation (VT) - This character moves the 
cursor up one line and clears the bypass condition. When 
the top line is reached, the cursor moves to the same 
column position in the bottom line. 

• Bell (BEL) - This character sounds the audible alarm and 
clears the bypass condition. 

Alpha-Mode Escape Sequences 

Escape sequences allow deselection of previously selected func­
tions and transmission of status and cursor position. These 
sequences begin with an ESC control code which causes the termi­
nal to examine the next character to determine if it is valid in 
an escape sequence. Valid sequences are: 

• ESC DCl - While in alpha mode, this control code sets 
inverse video for characters. The inverse of the charac­
ters dot pattern represented by the ASCII code is written 
into display memory. 

• ESC DC2 - While in alpha mode, this control code sets 
character overstrike write. The dot pattern represented 
by the ASCII code is superimposed in display memory. 

• ESC OC3 - While in alpha mode, this qontrol code sets 
character overstrike erase. The dot pattern represented 
by the ASCII code is erased from display memory. 

• ESC OC4 - While in alpha mode, this control code sets 
clear write. The dot pattern occupying the display posi­
tion is first erased and the dot pattern represented by 
the ASCII code is written into display memory. 

e ESC CAN - This sequence selects the bypass condition to 
inhibit data from being processed by the display. 
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G ESC ENQ - This sequence causes the terminal to transmit 
terminal status and the X-Y address of the left end of 
the alpha cursor to the host system. Bypass is not 
affected. If a screen-copy operation is active When this 
sequence is received, the terminal transmission is 
deferred until the copy operation terminates. The 
following character sequence is transmitted. 

Byte Item Data 

1 Tenninal Status 35 hex* 
2 High bits of X address 5 MSB X + 20 hex 
3 Low bits of X address 5 LSB X + 20 hex 
4 High bits of Y address 5 MSB Y + 20 hex 
5 Low bits of Y address 5 LSB Y + 20 hex 
6 CR OD hex 

*25 hex if graphics printer is attached and ready to 
print and communications-print mode is not selected. 

• ESC ETB - This sequence initiates a screen copy operation 
(see section 3.1.2.8.1). Bypass condition and selected 
mode are not affected. The alpha cursor is inhibited 
until the copy operation terminates. 

• ESC 7 - Selects large (7 by 9) size characters. 

• ESC 8 - Selects normal (5 by 9) size characters. 

Transition from Alpha Mode 

For required control codes and escape sequences to transfer to 
other modes, refer to the section describing the mode. 
Figure D-2 shows permissable mode changes. 

GRAPH MODE 

In graph mode, the terminal writes and erases vectors in 
response to ASCII code sequences. To set vector coordinate 
positions, the 10-bit X coordinate and 10-bit Y coordinate must 
be converted to ASCII characters as shown in the coordinate con­
version chart at the end of this appendix. 
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These characters are interpreted by the terminal to define a 
vector. The reception of the low X coordinate initiates a 
vector operation. The Coordinate Conversion Chart at the end of 
this appendix shows which coordinates must be sent when coordi­
nate values change. 

Transition to Graph Mode 

The control character used for transition to graph mode is Group 
Separator (GS). It sets the terminal to graph mode and restores 
any previous graph-mode coordinates. 

Initial coordinates set immediately after the GS character, 
which sets graph mode, do not cause a vector to be written 
unless GS is immediately followed by a BEL character. This is 
called a dark or unwritten vector. The GS character can be sent 
at any time to allow the coordinate base position to be changed 
without writing a solid-line vector write. 

The terminal retains the last high Y, low Y, and high X 
addresses When switched to another mode. When returning to 
graph mode, only low X must be received to reset the terminal to 
its previous coordinates. 

Graph Mode Escape Sequences 

Escape sequences begin with an ESC control character. Valid 
escape sequences for graph mode are: 

• ESC DCI - Causes the terminal to erase the specified 
vector(s). All other characteristics of graph mode 
remain the same. 

o ESC DC2 - Causes the terminal to write the specified 
vector(s). All other characteristics of graph mode 
remain the same. 

• ESC DC3 - Causes the terminal to erase the specified 
vector(s). All other characteristics of graph mode 
remain the same. 

• ESC DC4 - Causes the terminal to write the specified 
vector(s). All other characteristics of graph mode 
remain the same. 
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• ESC ENQ - Causes the terminal to transmit terminal status 
and graph-mode X-Y beam position. Bypass is not 
affected. If a screen-copy operation is active when this 
sequence is received, the terminal transmission is 
deferred until the copy operation terminates. The 
following character sequence is transmitted. 

Byte Item Data 

1 Terminal Status 39 hex* 
2 High bits of X address 5 MSB X + 20 hex 
3 Low bits of X address 5 LSB X + 20 hex 
4 High bits of Y address 5 MSB Y + 20 hex 
5 Low bits of Y address 5 LSB Y + 20 hex 
6 CR 00 hex 

*29 hex if graphics printer is attached and ready to 
print and communications-print mode is not selected. 

• ESC ETB - Initiates a screen copy operation. Bypass con­
dition and selected mode are not affected. 

Transition from Graph Mode 

For required control characters and escape sequences to transfer 
to other modes, refer to the section describing the mode. 
Figure 0-2 shows permissable mode changes. 

POINT-PLOT MODE 

In point-plot mode, only a point is written or erased at the 
specified X,Y coordinate. 

Transition to Point-Plot Mode 

Point plot is selected by the File Separator (FS) control char­
acter. It sets the terminal to point plot mode and restores any 
previous point plot mode coordinates. 
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Point-Plot-Mode Escape Sequences 

Selection of writing or erasing is accomplished by one of four 
escape sequences: 

• ESC DCI - Erase a pointe s) 

• ESC DC2 - Write a point(s) 

• ESC DC3 - Erase a point(s) 

• ESC DC4 - Write a point(s) 

• ESC ENQ - Causes the terminal to transmit terminal status 
and point-plot X-Y beam position. Bypass is not 
affected. If a screen~copy operation is active When this 
sequence is received, the terminal transmission is 
deferred until the copy operation terminates. The 
following character sequence is transmitted. 

Byte Item Data 

I Terminal Status 31 hex* 
2 High bits of X address 5 MSB X + 20 hex 
3 Low bits of X address 5 LSB X + 20 hex 
4 High bits of Y address 5 MSB Y + 20 hex 
5 Low bits of Y address 5 LSB Y + 20 hex 
6 CR OD hex 

*21 hex if graphics printer is attached and ready to 
print and communications-print mode is not selected. 

• ESC ETB - Initiates a screen copy operation. Bypass con­
dition and selected mode are not affected. 

Transition From Point-Plot Mode 

For required control characters and escape sequences to transfer 
to other modes, refer to the section describing the mode. 

GRAPHICS INPUT (GIN) MODE 

The graphics input mode is interactive in that it involves com­
puter requests for information and the terminal's response to 
the requests. 
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A crosshair cursor, which appears as a blinking plus sign, is 
enabled in GIN mode. The intersect address of the crosshair 
cursor is the position of the X and Y coordinates. The cursor 
is nondestructive. 

During GIN mode, an ESC ETB sequence initiates a screen copy 
operation. Bypass condition and selected mode are not 
affected. The crosshair cursor is inhibited until the copy 
operation tenninates. . 

Transition to GIN Mode 

The ESC SUB sequence selects GIN mode, activates the bypass con­
dition, enables the crosshair cursor, and enables the touch­
panel. This sequence should not be entered from the keyboard 
when online to the ASCII host. 

Cursor Positioning in GIN Mode 

The position of the cursor can be moved by three methods: 

• Gross Positioning - This method is achieved via the 
touchpanel. The display screen is sectioned into 256 
touch-sensitive areas, each 32 dots by 32 dots, which, 
when touched, position the cursor to the center of the 
affected area. 

• Coarse Positioning - The shifted arrow keys on the key­
board move the cursor four dots in the direction of the 
arrow. 

• Fine Positioning - The unshifted arrow keys on the key­
board move the cursor one dot in the direction of the 
arrow. 

GIN Mode Transmission 

Each of the following three methods of initiating transmission 
to the host computer also resets the tenninal to alpha mode. 
Bypass is not cleared until a subsequent character or character 
sequence which clears bypass is received. Tenninal status 
cannot be transmitted while in GIN mode. 
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• Character Keys Other than Arrow Keys or CR Key - All 
character keys other than the arrow keys or CR key cause 
transmission of the entered character and X-Y position of 
the crosshair cursor. The following character sequence 
is transmitted. 

Byte 

1 
2 
3 
4 
5 
6 

Item 

Keyboard Key 
High bits of X address 
Low bits of X address 
High bits of Y address 
Low bits of Y address 
CR 

Data 

Keyboard Character 
5 MSB X + 20 hex 
5 LSB X + 20 hex 
5 MSB Y + 20 hex 
5 LSB Y + 20 hex 
OD hex 

• CR Key - The CR key causes transmission of the character 
corresponding to the arrow key last used to position the 
crosshair cursor, followed by the X-Y position of the 
crosshair cursor. The transmitted character sequence is 
the same as above except that Byte 1 contains the arrow 
key character rather than the keyboard character. 

• ESC ENQ - Causes transmission of the X-Y position of the 
crosshair cursor. The transmitted character sequence is 
the same as shown above except that Byte 1 is not 
transmitted. 

Transi.tion from GIN Mode 

ESC FF, ESC ENQ and ESC ETB are the only escape sequences 
allowed in GIN mode. 

PARAMETER SETTING 

There are three types of parameters available. The first two 
are terminal installation amd mode installation parameters. 
Refer to section 4. The initial state of each operator param­
eter is set in the mode installation parameters. The operator 
parameters are moved into an Activie RAM section and can only be 
temporarily changed by the operator or host. The operator can­
not change the NVM values. 
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To change the operator parameters, the operator must press SETUP 
while in an operating,mode. An X-off code will be sent to the 
host. Eight parameters will be written on the bottom line. To 
change any parameter, the operator must press the FUNCTION key 
number that precedes the word. The alternate state will then be 
displayed. If there are more parameters, FlO will say more 
select. Pressing FlO will display eight new parameters. If 
there are no more parameters, FlO will say MODE SELECT. Press­
ing F1 at any time will exit the operation and send and X-On to 
the host. 

The only keys operational in this mode are: 

• F1 return - return to mode. 

• F2-F9 - alternate state of that parameter. 

• FlO - display next group or go to MODE SELECTION MENU. 

All other keys are inoperable. See figure 4-5 for advanced Mode 
Operator Parameters. 

PRINT OPTIONS 

A CL607 (40003-208/209) Graphic Printer is optionally supported 
by this controlware. Printing may be in a screen-copy mode or 
in ,a communications print mode. Both print modes cannot be 
active at the same time. 

SCREEN-COPY MODE 

In screen-copy mode the printer will make a dot-for-dot repro­
duction of information on the terminal display screen. Wh~n 
present in the resident controlware, the screen-print control­
ware is available for use at any time during Graphics operation. 

Making a Screen Copy 

The operator makes a screen copy by pressing the SHIFT-PRINT 
keys on the terminal keyboard. Prior to this the printer must 
have been made ready for operation by pressing the PRINT switch 
on the printer so that the indicator in that switch is lit. 
When the copy is complete, the printer will form feed. The 
printer is then ready to make another copy. 
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In graphics operation, the host computer system may initiate the 
screen copy by sending an ESC ETB character sequence to the ter-
minal. Operation of the screen copy is the same as if the 
operator had started the operation. 

Stopping a Screen Copy Early 

A screen copy may be aborted by pressing the BREAK key. The 
screen copy will be aborted and the printer will form feed. No 
signal is transmitted to the communications line. 

Printer Errors in Screen-Copy Mode 

During a screen-copy operation certain error conditions can 
occur in the printer. When this occurs, one of the following 
error messages will flash on and off in the lower righthand 
corner of the display screen. 

• DESELECT - This means that the printer is offline; that 
is, the indicator is turned off in the PRINT switch on 
the printer. 

• PAPER - This means that the printer has a paper loading 
problem or that the platen yoke is not closed. This may 
be corrected by correcting the paper problem, closing the 
platen yoke, and pressing the FEED switch on the printer 
to stop it from blinking. 

• REJECT - This condition will occur only if a hardware 
problem exists. 

Recovery from these errors is accomplished by correcting the 
error or by pressing either the STOP key or the SHIFT-STOP 
keys. The screen copy will immediately terminate and the error 
message on the screen will be turned off. No signal will be 
transmitted to the communications line. All other keyboard keys 
are ignored while an error message is flashing. 

Duty Cycle Protection 

The printer duty cycle is kept under 50 percent by a gradual 
slowdown algorithm built into the screen-copy controlware. In 
this algorithm, a running average is kept of the density of the 
screen copy. A separate average is kept for each of the sole­
noids in the printer. For each solenoid, the following is done 
when printing each row of data: 
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a. Count the number of dots on in this row (0 to 42). 

b. Add this number to the running average for this solenoid. 

c. If the running average is greater than 2560 (greater than 
50-percent duty cycle over the last 128 rows) ," then print 
at reduced speed. 

d. Adjust the running average: new average = old average -
(average/128) • 

This algorithm is not perfect in the sense of checking for 
exactly 50-percent duty cycle. In general, the slowdown will 
begin around 40-percent duty cycle. 

Screen-Copy Performance 

Nominal time for a screen copy to be made is 35 seconds. High­
density (dark) images on paper may cause the printer to slow to 
0.3 to 0.5 times its rated speed. This is to prevent the 
printer solenoids from overheating. The maximum print time for 
a totally dark image is about 120 seconds. Duty-cycle slowdown 
should be rarely, if ever, seen by a user. The fastest possible 
screen-copy time is about 4 seconds. 

Screen-copy time depends on the number of horizontal rows of the 
screen Which have dots turned on. If a row has one or more dots 
turned on, that row will have a print time of 65 milliseconds. 
If no dots are turned on in a row, that row will be printed in 
about 5 milliseconds. These times will be slowed if the duty 
cycle algorithm has slowed down the printer. 

COMMUNICATIONS-PRINT MODE 

In communications-print mode, the printer will print alphanu­
meric data as it is received from the communications line. The 
data will also be displayed normally on the terminal display 
screen. When present in the resident controlware, the 
communications-print control"ware is available for use at any 
time during Graphics operation. 
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Selecting Communications-Print Mode 

The operator selects communic'ations-print mode by pressing the 
CTRL-SHIFT-PRINT keys. A PRINT message will appear in the lower 
right corner of the screen if the Status Display Line is turned 
on. This message will remain active until the communications­
print mode is deselected. 

While the mode is active, ASCII characters received from the 
communications line (and also those generated from the keyboard 
if in HALF duplex) will be sent to the printer for printing as 
well as being displayed. 

Since the printer is a line printer rather than a character 
printer, actual printing of a line of characters will not occur 
until the printer receives a CR or LF character. Once a line of 
characters is printed, the printer is advanced to the next line, 
so that overstrike printing of characters is not allowed. Lines 
may be printed at 6 or 8 lines to the inch as determined by a 
switch setting in the printer. 

Deselecting Communications-Print Mode 

The operator deselects communications-print mode by pressing the 
CTRL-SHIFT-PRINT keys when no errors are present. The PRINT 
message at the lower right corner of the screen will turn off, 
and terminal operation may proceed as if no printer were present. 

If an error condition is present in the printer, the mode may be 
terrnina ted by pressing the STOP. key or the SHIFT-STOP keys. See 
the following section for more information. 

Printer Errors in Communications-Print Mode 

During communications-print mode certain error conditions can 
occur in the printer. When this occurs, one of the following 
error messages will flash on and off in the lower righthand 
corner of the display screen. While an error message is dis­
played, data will be displayed normally on the display screen 
but will not be sent to the printer. 

62940020 D-2l 



• DESELECT - This means that the printer is offline; that 
is, the indicator is turned off in the PRINT switch on 
the printer. 

• PAPER - This means that the printer has a paper loading 
problem or that the platen yoke is not closed. This may 
be corrected by correcting the paper problem, closing the 
platen yoke, and pressing the FEED switch on the printer 
to stop it from blinking. 

• REJECT - This condition will occur only if a hardware 
problem exists. 

Recovery from these errors is accomplished by correcting the 
error or by pressing the BREAK key. 

If the error is corrected, the flashing error message on the 
screen will turn off and communications printing will resume. 

If the BREAK key was pressed, the communications-print mode will 
immediately terminate and the PRINT message and flashing error 
message will both turn off. No signal will be transmitted to 
the communications line. All other keyboard keys operate 
normally. 

Communications-Print Performance 

The printer will print at a maximum of 115 lines per minute 
regardless of how many printable characters are on a line. 
Hence the printer should be able to keep up with a l200-baud 
transfer rate if there are at least 65 characters per line. It 
should be able to keep up with a 300 baud line if there are at 
least 16 characters per line. This limitation is due to the 
printer and not the controlware. The controlware contains a 
256-character receive buffer so that the communications line can 
get ahead of the printer by up to 256 characters without losing 
data. If the communications line gets more than 256 characters 
ahead of the printer, data will be lost. . 

INTERFACES 

The operator interface is divided into three major parts. These 
are data entry, data display, and operator control and status 
monitoring. 
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DATA ENTRY INTERFACE 

Operator data entry to the terminal is done via the keyboard or 
the touchpanel. 

The keyboard consists of data keys, plus SHIFT and CTRL keys. 
Pressing a key results in transmission of a character indenti­
fying the key that was pressed. The CTRL and SHIFT keys are 
used to modify the character generated when held down simulta­
neously when another key is pressed. A layout of the keyboard 
is shown in figure 3-2. Key characters generated by various key 
combinations are shown in table D-l and table D-2. 

The touchpanel consists of 256 touch sensitive areas overlaying 
the display screen in a 16 by 16 square array. Touching the 
touchpanel results in transmission of the coordinate touched. 

The touchpanel and keyboard keys with arrows on them 
(a,q,w,e,d,c,x,z) are used for positioning the crosshair cursor 
When in Graphics Input (GIN) mode. 

The touchpanel may also be used by the operator to perform 
various terminal parameter selections. 

DATA DISPLAY INTERFACE 

Data display is performed by the CRT display screen. The screen 
is divided into a 512 by 512 array of dots or 512 x 480 (depen­
dent on switch setting on graphics PCB), each of which may be on 
(bright) or off (dark). Data from the ASCII host system or from 
the terminal keyboard may be displayed as dots, lines or 
characters. 

Normal size characters fit within a 6 by 14 dot matrix, with 
most characters not exceeding a dot matrix size of 5 by 9 dots 
and with no character exceeding a dot matrix size of 5 by 12 
dots. Screen format for characters is 34 lines with 85 charac­
ters per line. The Normal Size Characters and Codes paragraph 
at the end of this section illustrates the dot matrix format of 
normal size characters on the display screen. 
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Large size characters fit within an 8 by 16 dot matrix, with 
most characters not exceeding a dot matrix size of 7 by 9 dots 
and with no character exceeding a dot matrix size of 7 by 12 
dots. Screen format for characters is 30 lines with 64 charac­
ters per line. The Large Size Characters and Codes paragraph at 
the end of this appendix illustrates the dot matrix format of 
large size characters on the display screen. 

STATUS MONITORING 

The touchpane1 may be used by the operator to change various 
terminal parameter selections. The indicators on the front 
panel (figure 3-1) show status of the communications line being 
used. The ERROR light shows that a communications error has 
occurred and automatic recovery is being attempted by the con­
trolware. The ERROR light will be off when no errors occur or 
when a successful communication error recovery has been accom­
plished. The other indicators show the status of the DTR, RTS, 
DSR, RCV, and XMT data lines between the terminal and the modem 
or acoustic coupler being used. 

ABORTS AND RECOVERY 

The operator may force an exit from the graphics mode of opera­
tion to the timeshare mode of operation if there is a timeshare 
mode in the loaded controlware. This is accomplished by using 
the G~PH/TTY field on the status display line. 

Pressing RESET causes the terminal to reload controlware. 
Pressing Manual Release will reinitialize this controlware, 
except that status line fields will not be changed. If a print 
option is active, the operator may stop printing at any time. 

ERRORS 

If a parity error is detected on receive data in graphics mode, 
the ERROR light will turn on. The ERROR light will stay on 
until a character with correct parity is received. Error cor­
rection or retransmission is not supported in the graphics mode. 
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During idle time the controlware performs a checksum operation 
on the controlware characters. If this checksum should fail, 
the words BLOCK FAILURE will appear on the right, center part of 
the display screen. The operator must then press RESET to 
recover. This will cause the firmware to initiate a controlware 
reload. Whether or not this is successful will depend on 
whether or not the network supports terminal controlware load­
ing. Printer errors may occur while one of the print options is 
active. 

PERFORMANCE 

This controlware can communicate with an ASCII host system at an 
input and output rate of up to 2400 bits per second (240 charac­
ters per second) in a half duplex or full duplex mode of 
operation. 

The controlware can generate a straight line vector in less than 
17.5 milliseconds and can generate character data at a rate of 
up to 500 characters per second. 

FIRMWARE COMMON VARIABLES 

The firmware common variables constitute the only interface to 
other software products. The loaded controlware sets the 
CKSUMTBL variable to the beginning address of the controlware 
checksum table immediately after control is passed to the con­
trolware after loading is finished. If the RESETFLG variable 
does not contain a value of 3C hex on entry to the controlware, 
the controlware returns to the timeshare mode if there is one, 
and performs a full controlware initialization, after which the 
RESETFLG variable is set to a value of 3C hex. The controlware 
does not alter the value of the other firmware variables. 

RESTRICTIONS AND LIMITATIONS 

The printer prints at a maximum of 115 lines per minute in 
communications-print mode. There is a 256-character receiver 
buffer, but the ASCII host should make prov1s1on to prevent 
overrun of this buffer or data will be lost both on the printout 
and on the display. 
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Due to certain hardware and controlware limitations, the follow­
ing differences exist between the graphics mode of this terminal 
and that of the Tektronix terminals. 

a) The screen resolution of this terminal is 512 by 512 dots 
while that of the Tektronix terminals is 780 by 1024 
dots. Hence coordinates received by the terminal are 
scaled down by a factor of 2 before being utilized for 
display purposes. Since the Y coordinate is limited to 
780, the bottommost part of the display screen is not 
used. Y coordinates are biased upward by a value of 122 
after scaling but before being used by the display screen. 

b) The crosshair cursor in GIN mode on this terminal is dis­
played as a + sign, rather than as vertical and horizon­
tal lines which extend the full height and width of the 
screen. This was to make it easier to implement a non­
destructive cursor on this terminal. Since there are no 
thumbwheel controls on this terminal, the method of 
manually positioning the crosshair is also different. It 
is accomplished by using the touchpanel and arrow keys on 
the keyboard. 

c) Character sizes are different relative to screen size 
than on the Tektronix terminals. Only two character 
sizes are supported. 

d) Alternate character set is not supported by this terminal. 

e) Margin 2 operation is not supported by this terminal. 

f) Operations performed by the enhanced graphics module on 
the Tektronix terminals are not supported except for 
point plot mode. 

g) Communications data rate is limited to 2400 bps by the 
con trol ware. 

h) Automatic characters after transmission of status or 
cursor position can be selected using hardware jumpers on 
the Tektronix 401X series of terminals. These characters 
are either: 

• CR and EOT - clears bypass via execution of CR if 
echoed from the host computer. 
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TABLE D-3. 

ASCII HEX 
CHAR. CODE 

KEYING 
SEQUENCE 

CONTROL CODES AND ESCAPE SEQUENCES FOR GRAPHICS 
OPERATION 

-----------------1 
*EFFECT WITH ESC CONDITION CLEAR *EFFECT WITH· ESC CONDITION SET 

CTRL SH P or 
NUL 00 CTRL @ 

SOH 01 CTRL A 

STX 02 CTRL B 

El'X 03 CTRL C 

-
EDT 04 C'lRL D 

ENQ 05 C'lRL E 

ACK 06 CTRL F 

BEL 07 CTRL G 

62940020 

No Effect. 

INa Effect. 

No Effect. 

No Effect. 

No Effect. 

No Effect. 

No· Effect. 

Alpha Mode - Clears bypass 
condition and sounds audible 
alarm. 
Graph Mode - Following GS, 
causes the first vector 
to be written;- clears bypass 
condition, and sounds audible 

\alarm. 

Leaves ESC condition set. 

Selects Graphics operation and 
initializes the terminal I No Effect. 

Selects Timeshare operation 
and initializes the terminal. 

No Effect. 

Alpha Mode - Causes the 
terminal to transmit status 
and alpha cursor position 
and selects bypass condition. 
Graph/Point Plot Mode -
Causes terminal to transmit 
status and beam position and 
selects bypass condition. 
GIN Mode - Causes terminal 
to transmit status and the 
GIN cursor position and 
selects bypass condition. 

No Effect. 

Alpha Mode - Clears bypass 
condition and sounds audible 
alarm. 
G~aPh Mode - Following GS, 
causes the first vector 
to be written, clears bypass 
condition, and sounds audible 
alarm. 
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TABLE 0-3. CONTROL CODES AND ESCAPE SEQUENCES FOR GRAPHICS 
OPERATION (CONTD) 

ASCII HEX 
CHAR. CODE 

BS 08 

HT 09 

LF OA 

VT OB 

FF DC 

CR OD 

KEYING 
SEQUENCE 

or ERASE 
or CTRL H 

TAB or 
CTRL H 

LF or 
CTRL J 

CTRL K 
or 

CLEAR or 
CTRL L 

CR or 
CTRL M 

or 

or 

so DE" CTRL N 

SI OF CTRL 0 

*EFFECT WITH ESC CONDITION CLEAR *EFFECT WITH ESC CONDITION SET I 
Moves the cursor one position 
to the left and clears bypass 
condition. If at leftmost 
position on a line, cursor 
moves to rightmost position on 
line above. If at first 
position of topmost line, 
cursor moves to last position 
of bottom line. ERASE 
additionally erases character. 

Moves the cursor one position 
to the right and clears bypass 
condition. If at rightmost 
position on a line, cursor 
moves to leftmost position on 
next lower line. If at last 
position of bottom line, cursor 
moves to leftmost position of 
top line. 
Moves the cursor down one line 
and clears bypass condition. 
If at bottom line, cursor moves 
to bottom line. 

Moves the cursor up one line 
and clears bypass condition. 
If at top line, cursor moves 
to bottom line. 

No Effect. 

Moves cursor to leftmost posi­
tion of current \ line, resets 
the terminal to Alpha Mode and 
clears bypass condition. 

No Effect. 

No Effect. 

Moves the cursor one position 
to the left and clears bypass 
condition. If at leftmost 
position on a line, cursor 
moves to rightmost position on 
line above. If at first 
position of topmost line, 
cursor moves to last position 
of bottom line. ERASE 
additionally erases character. 

Moves the cursor one position 
to the right and clears bypass 
condition. If at rightmost 
position on a line, cursor 
moves to leftmost position on 
next lower line. If at last 
position of bottom line, cursor 
moves to leftmost position of 
top line. 
No effect. Leaves ESC condi­
tion set. 

Moves the cursor up one line 
and clears bypass condition. 
If at top line, cursor moves 
to bottom line. 

Clears screen, selects Alpha 
Mode, moves position to upper­
left corner of display, and 
clears bypass condition. 

Leaves ESC condition set. 

No Effect. 

No Effect. 

I_D_L_"E_·· __ r1_0 __ -rC_TR __ L __ P _________ +N_O~E~f~f~e~c~t~. ______________________ ~N~O~E~f~f~e~c~t~.~--------------------1 

DC1 11 CTRL Q 

0- 8 

No Effect. Alpha Mode - Selects inverse 
video wri te • 
Other Modes - Selects erase. 
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I 

ASCII 
CHAR. 

DC2 

DC3 

DC4 

NAK 

SYN 

ETB 

CAN 

EM 

SUB 

ESC 

FS 

GS 

RS 

US 

". - '.' 

7 

-. - - -
8 

. - . 

9 

: 

TABLE D-3. CONTROL CODES AND ESCAPE SEQUENCES FOR GRAPHICS 
OPERATION (CONTD) 

HEX KEYING *EFFECT WITH ESC CONDITION CLEAR *EFFECT WITH ESC CONDITION SET 
CODE SEQUENCE 

12 CTRL R No Effect. Alpha Mode - Selects 
overstrike write. 
Other Modes - Selects write. 

13 CTRL S No Effect. Alpha Mode - Selects 
overstrike erase. 
Other Modes - Selects erase. 

14 CTRL T No Effect. AlEha Mode - Selects rewrite. 
Other Modes - Selects write. 

15 CTRL U No Effect. No Effect. 

16 CTRL V No Effect. No Effect. 

17 CTRL W No Effect. Make screen copy. 

18 CTRL X No Effect. Selects bypass condition. 

19 CTRL Y No Effect. No Effect. 

1A CTRL Z No Effect. Selects GIN mode and selects 
bypass condition. 

1B ESC or CTRL [ Sets ESC condition Leaves ESC condition set. 
or CTRL SH K (Beginning of an ESC sequence) • 

1C CTRL or Selects point plot mode and I Selects point-plot mode and 
CTRL SH L clears bypass condition. clears bypass condition. 

1D CTRL ] or Selects graph mode and clears Selects graph mode and clears 
CTRL SH M bypass condition. bypass condition. 

1E CTRL or No Effect. No Effect. 
CTRL SH N 

1F CTRL or GIN Mode - No effect. GIN Mode - No effect. -
CTRL SH-O Other Modes - Selects alpha Other Modes - Selects alpha 

mode and clears bypass mode and clears bypass 
condition. condition. 

37 7 See Note 1 • Selects large alpha characters 

. ".' 

38 8 See Note 1 • Selects normal alpha characters 

39 9 See Note 1 • Selects normal alpha characters 

3A : See Note 1 • Selects normal alpha characters 
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TABLE D-3. CONTROL CODES AND ESCAPE SEQUENCES FOR GRAPHICS 
OPERATION (CONTD) 

IASCII HEX KEYING *EFFECT WITH ESC CONDITION CLEAR *EFFECT WITH ESC CONDITION SET 
CHAR. CODE SEQUENCE 

; 3B ; See Note 1 • Selects normal alpha characters 

All -- See Note 1 • No Effect. 
Others 

*ESC Condition is initiated by receipt of an ESC character and terminates following the 
receipt of the following character unless otherwise shown. 

Note 1: Code is displayable character in alpha mode, or part of a coordinate in 
plot and graph modes. 

The load coordinate instruction and the point plot, draw line, 
and block modes all require sets of coordinates. To set coordi­
nate positions, the lO-bit X coordinate and the lO-bit Y coordi­
nate must be converted to ASCII characters as shown below: 

BYTE BIT 7 BIT 6 BITS 5 THROUGH 1* 

High Y 0 1 5 MSB of Y Coordinate** 

LowY 1 1 5 LSB of Y Coordinate 

High X 0 1 5 MSB of X Coordinate** 

Low X 1 0 5 LSB of X Coordinate 

*MSB is most significant bit: LSB is least significant 
bit. 

**Since the resolution of this terminal is 512 by 512, 
the MSB (bit 10) of each coordinate is outside the 
screen display area. Coordinates exceeding 511 yield 
unpredictable results. If the scale mode is selected, 
all X and Y coordinates are scaled down by a factor 
of two, ~nd the Y coordinate is then biased upward 
by 122. 

point-
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The terminal retains the last high Y, low Y,and High X 
addresses when switched to other operations not requiring coor­
dinate information. When returning to an operation requiring 
coordinate information, only low X must be received by the ter­
minal to reset to its previous coordinates. 

It is not necessary that all four ASCII characters describing 
the coordinate be transmitted. The following table D-4 shows 
the coordinate byte transmission requirements. 

A coordinate conversion chart is shown in table D-S. 

TABLE D-4. BYTE TRANSMISSION REQUIREMENTS 

BYTES WHICH CHANGE BYTE TRANSMISSION REQUIRED 

HIGH Y LOW Y HIGH X LOW X HIGH Y LOW Y HIGH X LOW X 

X 

X 

x 
X 

x 
X 

X x 
x 

X 

x x 
x X 

X X 

Sending to Initial 

Address 

X 

X 

x 
x 

x 
X 

x 
x 

Returning to Remembered 

Address 

62940020 

X 

X 

x 
x 

X 

X 

x 

x 

x 
X X x 
X x 

X x 
X X X 

x x 
x x 

x x x 
x x x x 
x x x 

x x x 
x x x x 
x x x 
x x x x 
x x x x 

x x x x 
x 
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TABLE D-5. COORDINATE CONVERSION CHART (ASCII OPERATIONS) 

LOW ORDER X LOW ORDER Y 
ASC I I I DEC. I HEX X or Y COORDINATE HEX DEC. I ASCII 

1 1 1 1 
@ 1 64 I 40 0 32 641 96 128 160 192 224 60 96 I 
A I 65 I 41 1 33 651 97 129 161 193 225 61 97 1 a 
B I 66 1 42 2 34 66 98 130 162 194 226 62 98 b 
C 1 67 43 3 35 67 99 131 163 195 227 63 99 c 
D I 68 44 4 36 68 100 132 164 196 228 64 100 d 
E 1 69 45 5 37 69 101 133 165 197 229 65 101 e 
F 70 46 6 38 70 102 134 166 198 230 66 102 f 
G 71 47 7 39 71 103 135 167 199 231 67 103 g 
H 72 48 8 40 72 104 136 168 200 232 68 104 h 
I 73 49 9 41 73 105 137 169 201 233 69 105 i 
J 74 4A 10 42 74 106 138 170 202 234 6A 106 j 
K 75 4B 11 43 75 107 139 171 203 235 6B 107 k 
L 76 4C 12 44 76 108 140 172 204 236 6C 108 1 
M 77 4D 13 45 77 109 141 173 205 237 6D 109 m 
N 78 4E 14 46 78 110 142 174 206 238 6E 110 n 
0 79 4F 15 47 79 III 143 175 207 239 6F III 0 
P 80 50 16 48 80 112 144 176 208 240 70 112 P 
Q 81 51 17 49 81 113 145 177 209 241 71 113 q 
R 82 52 18 50 82 114 146 178 210 242 72 114 r 
S 83 53 19 51 83 115 147 179 211 243 73 1115 s 
T 84 54 20 52 84 116 148 180 212 244 74 116 t 
U 85 55 21 53 85 117 149 181 213 245 75 117 u 
V 86 56 122 54186 118 1501182 2141246 76 118 v 
W 87 57'" 23 55187 119 1511183 2151247 77 119 w 
X 88 58 24156188 120 1521184 2161248 78 120 x 
Y 89 59 25157189 121 1531185 2171249 79 121 Y 
Z 90 5A 26158190 122 1541186 2181250 7A 122 z 
[ 91 5B 27159191 123 1551187 2191251 7B 123 , 92 5C 28160192 124 1561188 2201252 7C 124 
] 93 5D 29161193 125 1571189 2211253 7D 125 

1\ 94 5E 30162194 126 1581190 2221254 7E 126 
95 SF 311631951127 1591191 2231255 7F 127 RUBOUT 

I I I I I (DEL) 
DECIMAL 32 33 34' 35 36 37 38 39 
ASCII SP 1 .. # $ % & 
HEXADECIMAL 20 21 22 23 24 25 26 27 

Hi2h Order X & Y 

INSTRUCTIONS: Find coordinate value in body of chart: follow 
that column to bottom of chart to find decimal 
value, hex value, or ASCII character which repre-
sents the High Y or High X byte: go to the right 
in the row containing the coordinate value to find 
the Low Y byte or go to the left to find the Low X 
byte. EXAMPLE: 200Y, 48 X equals 38 104 33 80 in 
decimal code equals & hlP in ASCII code equals 
26 68 21 50 in hexadecimal code. 
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TABLE D-5. COORDINATE CONVERSION CHART (ASCII OPERATIONS) (CONTD) 

LOW ORDER X I I LOW ORDER Y 
ASCII DEC. I HEXI X or Y COORDINATE I HEX DEC. I ASC II 

I I I 
@ 64 40 1256 288 320 352 384 416 448 4801 60 96 I 
A 65 41 1257 289 321 353 385 417 449 4811 61 97 I a 
B 66 42 1258 290 322 354 386 418 450 4821 62 98 I b 
C 67 43 1259 291 323 355 387 419 451 4831 63 99 c 
D 68 44 1260 292 324 356 388 420 452 4841 64 100 d 
E 69 45 1261 293 325 357 389 421 453 4851 65 101 e 
F 70 46 1262 294 326 358 390 422 454 4861 66 102 f 
G 71 47 1263 295 327 359 391 423 455 4871 67 103 g 
H 72 48 1264 296 328 360 392 424 456 4881 68 104 h 
I 73 49 1265 297 329 361 393 425 457 4891 69 105 i 
J 74 4A 1266 298 330 362 394 426 458 4901 6A 106 j 
K 75 4B 1267 2991331 363 395 427 459 491) 6B 107 k 
L 76 4C 1268 300 332 364 396 428 460 492 6C 108 1 
M 77 40 1269 301 333 365 397 429 461 493 6D 109 m 
N 78 4E 1270 302 3341366 398 430 462 494 6E 110 n 
0 79 4F 1271 303 335 367 399 431 463 495 6F 111 0 

P 80 50 1272 304 336 368 400 432 464 496 70 112 P 
Q 81 51 1273 305 337 369 401 433 465 497 71 113 q 
R 82 52 274 306 338 370 402 434 466 498 72 114 r 
S 83 53 275 307 339 371 403 435 467 499 73 115 s 
T 84 54 276 308 340 372 404 436 468 500 74 116 t 
U 85 55 277 309 341 373 405 437 469 501 75 117 u 
V 86 56 278 310 342 374 406 438 470 502 76 118 v 
W 87 57 279 311 343 375 407 439 471 503 77 119 w 
X 88 58 280 312 344 376 408 440 472 504 78 120 x 
Y 89 59 281 313 345 377 409 441 473 505 79 121 Y 
Z 90 5A 2821314 346 378 410 442 474 506 7A 122 z 
[ 91 5B 2831315 347 379 411 443 475 507 7B, 123 
\ 92 5C 2841316 348 380 412 444 476 508 7C 124 
] 93 5D 2851317 349 381 413 4451477 509 7D 125 

1\ 94 5E 2861318 350 382 414 4461478 510 7E 126 
95 5F 2871319 351 383 415 4471479 511 7F 127 RUBOUT 

1 I (DEL) 
DECIMAL 40 41 42 43 44 45 46 47 
ASCII ( ) * + / , 
HEXADECIMAL 28 29 2A 2B 2C 2D 2E 2F 

High Order X and Y 
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TABLE D-5. COORDINATE CONVERSION CHART (ASCII OPERATIONS) (CONTD) 

LOW ORDER X I LOW ORDER Y 
ASCII I DEC. 1 HEXI X or Y COORDINATE HEXI DEC. ASCII 

@ I 64 \ 40 512\544 576 608 640\672 704\736 60 \ 96 
A I 65 I 41 513\545 577 609 6411673 7051737 61 I 97 a 
B \ 66 I 42 5141546 578 610 6421674 706\738 62 I 98 b 
C \ 67 43 5151547 579 611 6431675 707\739 63 I 99 c 
D \ 68 44 516\548 580 612 6441676 708\740 64 1100 d 
E I 69 45 5171549 581 613 6451677 7091741 65 1101 e 
F I 70 46 5181550 582 614 646\678 7101742 66 1102 f 
G 1 71 47 5191551 583 615 6471679 7111743 67 103 g 
H I 72 48 5201552 584 616 6481680 712\ 744 68 104 h 
I 1 73 49 5211553 585 617 649 681 7131745 69 105 i 
J I 74 4A 5221554 586 618 650 682 7141746 6A 106 j 
K I 75 4B 5231555 587 619 651 683 7151747 6B 107 k 
L \ 76 4C 5241556 588 620 652 684 7161748 6C 108 1 
M 1 77 4D 5251557 589 621 653 685 7171749 6D 109 m 
N 1 78 4E 52615581590 622 654 686 7181750 6E 110 n 
0 I 79 4F 5271559 5911623 655 687 7191751 6F III 0 

P 1 80 50 528\560 5921624 656 688 720 1752 70 112 P 
Q 1 81 51 5291561 5931625 657 689 7211753 71 113 q 
R 1 82 52 5301562 5941626 658 690 7221754 72 114 r 
S 1 83 53 5311563 595 627 659 69117231755 73 115 s 
T 1 84 54 5321564 596 628 660 692 7241756 74 116 t 
U 1 85 55 5331565 597 629 661 693 7251757 75 117 u 
V 1 86 56 5341566 598 630 662 694 7261758 76 118 v 
W 1 87 57 5351567 599 631 663 695 7271759 77 119 w 
X 1 88 58 5361568 600 632 664 696 7281760 78 120 x 
Y 1 89 59 5371569 601 633 665 697 7291761 79 121 Y 
Z 1 90 5A 5381570 602 634 666 698 7301762 7A 122 z 
[ 1 91 5B 5391571 603 635 667 699 7311763 7B 1123 

" I 92 5C 5401572 604 636 668 700 7321764 7C 1124 
] 1 93 5D 5411573 605 637 669 701 7331765 7D 1125 
/\ 1 94 5E 5421574 606 638 6701702 734\766 7E \126 

1 95 5F 5431575 607 639 6711703 735\767 7F 1127 RUBOUT 
I I I 1 I (DEL) 

DECIMAL 48 49 50 51 52 53 54 55 
ASCII 1 1 2 3 4 5 6 7 
HEXADECIMAL 30 31 32 33 34 35 36 37 

High Order X and Y 
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TABLE D-5. COORDINATE CONVERSION CHART (ASCII OPERATIONS) (CONTD) 

I LOW ORDER X I LOW ORDER Y 
IASCIIIDEC. HEXI X or Y COORDINATE HEX DEC. ASCII 
I @ 1 64 40 -768 8001832 864 896 928 960 992 60 96 
1 A 1 65 41 769 801 833 865 897 929 961 993 61 97 a 
1 B 1 66 42 770 802 834 866 898 930 962 994 62 98 b 
1 c 1 67 43 771 803 835 867 899 931 963 995 63 99 c 
1 D 1 68 44 772 804 836 868 900 932 964 996 64 100 d 
1 E 1 69 45 773 805 837 869 901 933 965 997 65 101 e 

F 70 46 774 806 838 870 902 934 966 998 66 102 f 
G 71 47 775 807 839 871 903 935 967 999 67 103 9 
H 72 48 776 808 840 872 904 936 968 1000 68 104 h 
I 73 49 777 809 841 873 905 937 969 1001 69 105 i 
J 74 4A 778 810 842 874 906 938 970 1002 6A 106 j 
K 75 4B 779 811 843 875 907 939 971 1003 6B 107 k 
L 76 4C 780 812 844 876 908 940 972 1004 6C 108 1 
M 77 4D 781 813 845 877 909 941 973 1005 6D 109 m 
N 78 4E 782 814 846 878 910 942 974 1006 6E 110 n 
0 79 4F 783 815 847 879 911 943 975 1007 6F 111 0 
p 80 50 784 816 848 880 912 944 976 1008 70 112 P 
Q 81 51 785 817 849 881 913 945 977 1009 71 113 q 
R 82 52 786 818 850 882 914 946 978 1010 72 114 r 
S 83 53 787 819 851 883 915 947 979 1011 73 115 s 
T 84 54 788 820 852 884 916 948 980 1012 74 116 t 
U 85 55 789 821 853 885 917 949 981 1013 75 117 u 
V 86 56 790 822 854 886 918 950 982 1014 76 118 v 
W 87 57 791 823 855 887 919 951 983 1015 77 119 w 
X 88 58 792 8241856 888 920 952 984 1016 78 120 x 
Y 89 59 793 8251857 889 921 953 985 1017 79 121 Y 
Z 90 5A 794 8261858 890 922 954 986 1018 7A 122 z 
[ 91 5B 795 8271859 891 923 955 987 1019 7B 123 
'- 92 5C 796 8281860 892 924 956 988 1020 7C 124 
] 93 5D 797 8291861 893 925 957 989 1021 7D 125 

1\ 94 5E 798 8301862 894 926 958 990 1022 7E 126 
1 95 5F 799 8311863 895 927 959 991 1023 7F 127 RUBOUT 
1 1 (DEL) 

DECIMAL 56 57 58 59 60 61 62 63 
ASCII 8 9 . < = > ? I 

HEXADECIMAL 38 39 3A 3B 3C 3D 3E 3F 
High Order X and Y 
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CODE~ 
SYM80LSPACE 

• • 

• • 
CODE.l1L 

SYM80L..l 

••• 
• • • 

••• 

CODE~ 
SYMOOLlI. 

••• • • • • ••• • iii 

• • • • ••• 

CODE 38 
SYM80L 8.. 

• 

CODE 21 
SYMOOL ! 

• • 

• • 
CODE~ 
SYM80Ll 

• 

• • 

CODE~ 
SYM80LI 

••• • • • ••• 
• •• 

CODE 39 
SYMBOL Jl 

Figure D-3. 

D-36 

• • • • • • 

CODE--.2..L 
II 

SYM80L_ 

• • • • • • • • • • • • 

CODE~ 
SYM80L * 

••• • • • • • • • 

CODE-~ 
SYM80LZ 

CODElL 

SYM80L ~ 

CODE-23... 

SYMBOL Jl. 

CODE 28 
SYM80L ~ 

• •• • • • •• • • • • ••• 

CODE 33 
SYM~ 

CODE~ 
SYMOOLL 

• • • • • • • • • • • • 

CODE~ 
SYM80L.i. 

CODLlk_. 

SYM8uL!... 

• • • 

CODE 34 
SYMBOL 4 

• • • • • • • 

CODE~ 
SYM8~ 

CODE~ 
SYMBOL % 

CODE1!L 

SYM80L .::. 

• • • • •• • • • • • •• 

CODE 35 
SYM80L 5 

CODL~· 
SYMBOL::'" 

• • • • • .1 -, • • • • • • •• • 

CODL~ 
SYM80L~ 

CODE~ 
SYM80L~ 

•• • 
••• •• • • • •• 

CODE 36 
SYM80L 6 

• • • • • • • 

CODE~ 
SYM8~ 

• • 

CODE-'l1...­
SYMBOL~ 

• • • • • 

CODE~ 
SYM80LL 

• • • --• • 
CODE 37 
SYM80L 7 

••• • • • • • • • 
• 

CODE~ 
SYMOOL_o_ 
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CODE~ 
SYMBOL~ 

CODE~ 
SYMBOJi_ 

.[\\J~ 

iii • • ••• 

CODE~ 
SYMBOL.l. 

.; ~ 
~ iii! 

f!D • 
~i 

J!I Ie 
Il'iI t:'J 

i.t: ~ 
Iii iii 

CODE~ 
SYMBOL:X. 

'I. 
i/W,1 • 

CODE 41 
SYMBOL A 

CODEJJL 

SYMBOL.l 

II •• 

••• B • 
CODE~ 
SYMBOLJl 

~ ~ 
~ ...,. 
IJ~ A 

!1i iii 

COOE-.5L 
SYMnI 

IiHI~ 
II 
It1 

~fj!. .. ,., 
~~ ~ .. II .. M 
1fJ. Ill. 

CODE 42 
SYMBOL] 

III • 

• •• 

CODEAL 

SYMBOLL 

CODE~ 
SYMBOLli 

III .. 
• t-t 

I!.i 

• • • Iiat 

CODE 5A 
SYMeOLZ. 

CODE 43 
SYMBOL~ 

CODE-AB.... 

SYM80Lll 

111.111 

• • • • ••• • • Ii ., 
... 111 

CODE-.5L 
SYMBOL...s. 

Ill! 

•• 
CODE....51L 

SYMBOLL 

!II. 
• 

-., 

I;!I 
III~ 

CODE~ 
SYMBOL ll. 

CODE~ 
SYMBOLl.. 

CODE~ 
SYMBOL~ 

~. 

~ 
~ .. 

11 

CODE~ 
SYMBOLL 

R~~ 

CODE 45 
SYMBOL E. 

• • • 

CODE--..4IL 

SYMBOLllL 

1111. 

CODE~ 
SYMBOLJL 

~~ 

BE 

CODE~. 
SYMBOL.2 

••• 

CODE 46 
SYMBOL F 

CODE.AL 

SYMBOLR 

ti • • .. 
• • • • •• •• III Jm 

• • 

CODE~ 
SYMBOL.l. 

II 
II II .. II!fj 

CODE~ 
SYMBOL A 

~IIIiR 
iIIj 

III 

IE'Ii3Ifi 

• • ••• 

CODE 47 
SYMBOL G 

••• 

• •• 

CODE~ 
SYMBOLJL 

• II • 

CODE~ 
SYMBOLJL 

CODE-.5E 
SYMBOL=-
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• .. 

CODE--.ruL 
SYMBQ~ 

~ . • -~ .. ~ 

CODE 68 
SYMBOL h 

••• • • • • ••• 

CODE..l..O...­

SYMBOLJL 

• • • • • • • • II! • 

CODEl!L.. 

SYMBOL~ 

liiiiiii 

••• • • ••• 
CODE--.aL 

SYMBOL !. 

• 
ill 

• • 

CODEJiL 

SYMBOL-L 

ClIIIII. 
!II 
III! 
I 
Ii 
• •• 

CODE~ 
SYMBOLJ!. 

• • 
== • • • • • •• • • • • 
CODE-.lL 
SYMBOL-y!-

Figure D-3. 

D-38 

-I 
I~ 

ill-r-
-I~ 

I~ 

-. -I~ ..... :: 

CODE~ 
SYMBOL Jl. 

• 
• 

•• 
CODE~ 
SYMBOLJ-

-. I~ 
I .... ~ 
-~~ 

CODE~ 
SYMBOL.L 

II! • • • • • 

CODE~ 
SYMBO...L 

=== • • II • • • ••• 
CODE~ 
SYMBOL Q 

• • 1illI. • • .. 
CODE JilL 
SYMBOLJt 

a • •• • ••• • • • ••• 

CODElL 
SYMBOL~ 

•• • • • • • • • • • •• 
CODE~ 
SYMBOLI 

=== II 
~ 

• • 1111111 

CODE~ 
SYMBOL J! 

• 

• • 

CODE~ 
SYMBOLL 

• • 

CODE~ 
SYMBOL--.t 

CODElL 
• SYMBOL---L 

!\!!!!!! 
a • 
ill 

• D • •• 

CODE~ 
SYMBOL !. 

• • 

CODE....fiIL 

SYMBOLJD.. 

••• 

CODE -.l.L 
SYMBOLJL 

•• • • • • • • • • • • • 
CODElL 
SYMBQ..L 

•• • 
!!! !!! 

• • 

CODE~ 
SYMBOL 1. 

•• • 

CODE~ 
SYMBOLR. 

• • • • • • • • • • 

CODE~ 
SYMBOLl 

• • • •• 

CODEJL 
SYMBOL~ 

• ••• 
!!!!!!! !!!!!!! • • ••• • • •• • • • •• 
CODE.YL 

SYMBOL!L 

• •• • • • II II 

• • • •• 

CODE--.6.L 

SYMBOLJl. 

• • • • 

CODE~ 
SYMBOL.JL 

CODE~ 
SYMBOLRIIBOUT 
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• 

CODE 20 CODE 21 

! SYMBOL SPACE SYMBOL 

• • 

III • 
CODE 28 
SYMBOL ( 

III~,'WJ 111! 

• iii 
g 

• 
Il!lI tt •• 

CODE 30 
SYMBOL ~ 

••• • • •• 11 
III 

• • ••• 

CODE 
SYMBOL 

• • 
l1li 
II 

• 

38 

8 

• • 

• II 

CODE 29 
SYMBOL ) 

• 

.. J.; 

CODE 31 
SYMBOL 

• !IR • • • ••• 
• •• 

CODE 
SYMBOL 

39 

9 

• II 
iii It 
~ iii 

CODE 
SYMBOL 

• • • •• -. • • liB 

• 
• 

22 

" 

CODE 2A 

SYMBOL * 

IIllnll • • • rJ! 
iii • \11 

CODE 32 
SYMBOL 2 

CODE 
SYMBOL 

SA 

CODE 23 

SYMBOL # 

CODE 2B 
SYMBOL + 

•• e 
Ii I&l 

II! 
III!. 

II 
81 

• II; 
Iii •• 

CODE 33 
SYMBOL 3 

CODE 
SYMBOL 

3B 
• , 

= • 
R 

IiIllI ~~ 

CODE 24 

SYMBOL $ 

:~ 
---
1---
1-'--

_I 
I I I 
I I I 

CODE 2C 

SYMBOL 

• .. 
131 

CODE 34 
SYMBOL 4 

• II 
11'1 • • • • 

CODE 
SYMBOL 

3C 

< 

• • • • .. • • • .. 
• • • • re • t.l .. • • 

CODE 25 
SYMBOL 0/0 

CODE 20 

SYMBOL 

II .. •• III. 
Iriil 
~ 

II 
IiIllHlil!! 

CODE 35 
SYMBOL 5 

COOE 3D' 

SYMBOL = 

• • • • • .1 •• I II 

1= ~~~ f- f-

1--• 1--- ~ 

CODE 
SYMBOL 

=* II I 
I I I 
I I I 

26 
a 

----1--:----

CODE 2E 

SYMBOL 

lI. • 
!llIIUiII 

II!J 
II 
II 

lJJl!1I1!1! 

CODE 36 
SYMBOL 6 

• • ~ 
• • • 

CODE 
SYMBOL 

• 

3E 

> 

• fl 
/II 

CODE 
SYMBOL 

27 

11M • • It@ 

• lSI 
I!! 

CODE 2F 
SYMBOL / 

• III 
II!lI 

•• ~ 
~ 
III 

CODE 37 
SYMBOL 7 

••• • • • • • ... 
III • 
• 

CODE 3F 

SYMBOL ? 
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••• • • ••• • • ~ • 11 .. 
I!!! II!!! III II!! • • • • • ••• a ••• 

CODE 40 CODE 41 
SYMBOL @ SYMBOL A 

CODE 48 CODE 49 
SYMBOL H SYMBOL 

ell. • • II 
I!l!!! 

• 
• • ••• • •• 

CODE 50 CODE 51 
SYMBOL P SYMBOL 0 

• II • • • • • • III • • ,. 
• • • • • • • • • • • • • 

CODE 58 CODE 59 
SYMBOL X SYMBOL Y 

Figure D-4. 

D-40 

• • 
• • • • 

CODE 42 
SYMBOL B 

• .NII~ 

CODE 4A 
SYMBOL J 

• • • 
• • • • 

CODE 52 
SYMBOL R 

• • • • • • • • • 

CODE 5A 
SYMBOL Z 

•• II • • • 

1£ II 
iii • •• 

CODE 43 
SYMBOL C 

• • III • III 
I- • • ,. 

• 

CODE 4B 
SYMBOL K 

1 

.~-

• • • • 
• • • • 

CODE 53 
SYMBOL S 

•• 

•• 
CODE 5B 
SYMBOL ( 

• 

,. 

CODE 44 
SYMBOL 0 

CODE 4C 
SYMBOL L 

CODE 54 
SYMBOL T 

• • • • • • • 

CODE 5C 
SYMBOL \ 

CODE 45 
SYMBOL E 

• • • II 

• 

CODE 40 
SYMBOL M 

CODE 55 
SYMBOL U 

•• 

• • 
CODE 50 
SYMBOL ] 

• •• 

CODE 46 
SYMBOL F 

• • III • • II 

• 

CODE 4E 
SYMBOL N 

III • • • • -Ii !til .. • . -_. 
• • 

CODE 56 
SYMBOL V 

• iii • • • 

CODE 5E 
SYMBOL A 

•• •• •• ,. 

••• Iii 

• • • • •• 

CODE 47 
SYMBOL G 

••• • • 

.. • ••• 

CODE 4F 
SYMBOL 0 

iii 

• • • • • • • 

CODE 57 
SYMBOL W 

CODE 5F 
SY MBOL 
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• • • 

CODE 60 
SYMBOL 

.' 
••• it' 

CODE 6B 
SYMBOL h 

CODE 70 
SYMBOL P 

~!! m 
--~ 

-r-
-.;... r-r--- -f-

• • 

CODE 78 
SYMBOL X 

8111 1IIlQ. 

1Il 

" •• III~ 

CODE 
SYMBOL 

II 

~ 

~"1!i '" 

CODE 
SYMBOL 

alJ~ 
Jf5.l 

~~ 
IIiI 

iii 
I'IIiUJII'M' 

IS .. 
11\1 
~ 

61 
a 

Ir:, 

i& 

CODE 71 
SYMBOL q 

~ ifill 
~ I: 

• • • • • • • • • • 
CODE 79 
SYMBOL Y 

Figure D-4. 

62940020 

~.;; 

1IF [9 
II! .", III 

1m 
.~ I-

CODE 62 
SYMBOL b 

iii 

• 

•• 
CODE 6A 
SYMBOL j 

I f-
ilII III 

.11 ~ -, 

CODE 72 
SYMBOL 

:; a.J 

• • • • 

CODE 7A 
SYMBOL Z 

•• i:'iI 
.~ 

~ 

• ~" 

CODE 
SYMBOL 

• 
~ 

iIiIl 
III 

• 

CODE 
SYMBOL 

III 

~ 

IIInl/; 
Ia,; 

• e!1! 

63 
C 

r1'll. 

Iii 
.M 

6B 
k 

;I 
ill 

CODE 73 
SYMBOL 5 

•• • .. .. .. 
IIlI • • • • •• 

CODE 78 
. SYMBOL I 

~ra.~ 
iI,1\i , 

I.i! 
iii 

Ita ::e 
::~;; 

CODE 64 
SYMBOL d 

• 

I:A III 

CODE 6C 
SYMBOL I 

!llilIIUJ 

CODE 74 
SYMBOL t 

CODE 7C 
SYMBOL 

a~ •• I!Il 

III ,. 

CODE 
SYMBOL 

IW 

6~ 

e 

Dill ~ .. 

CODE 
SYMBOL 

~R •• 

60 
m 

I.1i 

CODE 7ei 
SYMBOL U 

... 
• • • • • • • • • • • 

CODE 70 
SYMBOL f 

•• nt 

~ ~ 

.~ ~~ 

CODE 66 
SYMBOL f 

• I-

.~ 1Ia. 
r-

CODE 6E 
SYMBOL n 

.11. ~£l • ill 
til III • l'iI 

II 
II!II 

CODE 76 
SYMBOL v 

--•• --I~ :1 i-f-II --

CODE 7E 
SYMBOL 

I!l~ '!I~ • M 
.I'l "'''' a 

q 

CODE 
SYMBOL 

!" .. t.1JI 
IW 

'.~ 

i:J 
!!!I!! 

lli~iI 

CODE 
SYMBOL 

~ 
fill • 

• 

67 

Q 

~ 
~. • 't'~ .... 

6F 
o 

CODE 77 
SYMBOL w 

CODE 7F 

SYMBOL ~"'~~ 
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