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1.1 PURPOSE AND SCOPE 

This guide describes the operation of the GT40 and GT42 Graphic Display Terminals. The following information is 
included: start-up procedures, equipment specifications, programming techniques, interfacing, and a description of 
the ROM Bootstrap. 

1.2 GENERAL DESCRIPTION 

The GT40/42 Graphic Display Terminal (Figures 1 through 5) is a high performance graphic display system that 
operates through a PDP-11/10computer. The GT40/42 is designed for applications that require both a visual display, 
and a computation capability. The system can display either alphanumeric information, graphic data such as 
drawings, diagrams, and patterns, or any combination of these. I t  is particularly valuable for displaying dynamic, 
fast-changing data such as waveforms. The GT40142 can function as a general purpose computer when not 
performing as a display terminal. In this nondisplay mode of operation, i t  can operate as a stand-alone system or 
initiate communications with a host computer as part of a computer network. 

1.3 SYSTEM ORGANIZATION 

The GT40/42 consists of eight basic components organized to form the system described above. These components 
are: 

Central Processor Unit (CPU) 

Display Processor Unit (DPU) in which i s  included the Bootstrap Read Only Memory (ROM) 

Communications Interface Module 

Memory 

Keyboard 

Cathode Ray Tube (CRT) Monitor 

Light Pen 

Power Supply 
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1.4 SYSTEM OPERATION 

The GT40142 is a stable system that requires only minimum adjustments because i t  employs a combination of digital 
and analog techniques as opposed to analog circuits alone. The vector function operates efficiently, providing a good 
compromise of speed and accuracy and assuring a precise digital vector calculation. The presentation and 
accumulation of vectors means that every point of a vector is available in digital form. 

During plotting, the end-point position is automatically retained, preventing accumulated errors or drift. Four 
different vector types -solid, long dash, short dash, and dot dash - are possible through standard hardware. 

The GT40142 character generator has both upper and lower case capability with a large repertoire of displayable 
characters. The display is the automatically refreshing type rather than the storage type so that a bright, continuous 
image, with excellent contrast ratio, is provided during motion or while changes are being made in the elements of 
the picture. A hardware blink feature is applicable to any characters or graphics drawn on the screen. A separate line 
clock in the display permits the GT40142 to be synchronized to the line frequency. Scope resolution is precise 
enough to allow overprinting. 

The terminal includes logic for descender characters such as "p" and "g," positioning them correctly with respect to 
the text line. In  addition to the 96 ASCII printing characters, 31 special characters are included which are addressed 
through the shift-idshift-out control codes. These special characters include some Greek letters, architectural 
symbols, and math symbols. Characters can be drawn in italics simply by selecting the feature through the status 
instruction bit. Brightness and contrast are such that the scope can be viewed in a normally lighted room. 

The instruction set consists of four control-state instructions and five data-state formats. The control instructions se t  

the mode of data interpretation, set the parameters of the displayed image, and allow branching of the instruction 
flow. Data can be interpreted in any of five different formats, allowing tasks to be accomplished efficiently from 
both a core usage and time standpoint. The graphlplot feature of the GT40142 automatically plots the x or y values 
according to preset distances as values for the opposite axis are recorded. 

1.5 EQUIPMENT SPECIFICATIONS 

The GT40142 Graphic Display Terminal operating requirements and physical characteristics are listed by component 
in the following paragraphs. Refer to Volume 2 of the GT40 Graphic Display Terminal Maintenance Manual for the 
specifications pertaining to the K D I  1-B Processor (PDP-11/10). 

Display Processor 

Instruction Word Length 16 bits 

Raster Definition 10 bits 

Viewable Area x = 1024 raster unit (17778) 
y = 768 raster units (1  3778 ) 

Paper Size 12 bits 

Hardware Blink Programmable 

Hardware Intensity Levels 8 

Line Frequency Synchronization Hardware programmable 

Character Font 6 X 8 dot matrix 



Number of Lines 3 1 

Character Set 

Control Characters 

Bell Tone 

Italics 

Line Type 

Data formats 

DPU Instructions 

96 ASCII - upper and lower case plus 31 specials (Greek 
letters, math symbols, etc.) (Refer to the appendix) 

Carriage return 
Line feed 
Backspace 

Programmable 

Hardware programmable 

Solid 
Long dash 
Short dash 
Dot dash 

Character (2 charlword) 
Short Vector ( 1  word) 
Long Vector (2  words) 
Point ( 2  words) 
Relative Point (1 word) 
Graphplot xly (1  wordlpt) 

Set Graphic Modes 
Jump 
No operation (NOP) 
Load Status Register A 
Load Status Register B 

DL1 I Communications Interface Operating Specifications 

Data Input and Output Serial data, EIA and CClTT specifications compatible with 
Bell 103 and 202 Data Sets 

Data Format 

Power Required 

1 start bit 5, 6, 7, 8 data bits 1, 1.5, or 2 stop bits, odd, 
even or no parity. 

Cable iength EIA All baud rates: 50 f t  (15.24m) 

Noise Margin EIA 5V 

MM11 Core Memory (refer also to Volume 2 of the GT40 Graphic Display Terminal Maintenance Manual). 

TY pe Magnetic core, readlwrite, coincident current, random access 

Organization Capacity Planar, 3D, 3-wire 



Access T i  me 

DATl 400 ns 
DATl P 400 ns 
DATO, DATOB 200 ns 

Cycle Time 

D AT1 900 ns 
DATl P 450 ns 
DATO, DATOB 900 ns 
(PAUSE L)  
DATO, DATOB 450 ns 
(PAUSE H)  

LK40 Key board 

Number of Keystations 

Encoding Format 

Number of Codes 

Output Data Format 

Baud Rate 

Output Signal 

Bell 

Controls 

CRT Monitor 

Viewable Area 
GT40 
GT4 2 

Brightness 

Contrast Ratio 

Phosphor Type 

Pincushion 

Spot Size 

58 (Major board) 
8 (Minor board) 

1968 USASCI I 

Either 96 or 128 codes (internal switch controllable, 

8-bit ASCII 
1 start bit 
7 data bits 
2 stop bits 

Approximately 150 baud 

20-mA current loop 

Tone generator 

EnableIDisable transmit 

6.75 X 9 in. (17.145 X 22.86 cm) 
8.5 X 11 in. (21.590 X 27.940 cm) 

> 30 f L  (measured using a shrinking raster technique) 

P39 doped with I R 

f 1% of full scale to best f i t  line 

< 20 mils inside the usable screen area at a brightness of 30 
f L  [Full Width at Half Maximum (FWHM)] 



< *1/2 spot diameter 

Repeatability 

Gain Change 

Temperature Range 

Relative Humidity 

Linearitv 

Deflection Method 

Focus Method 

High Voltage 

Shielding 

Overload Protection 

< +I spot diameter (repeatability is the deviation from the 
nominal location of any given spot) 

From a fixed point on the screen, less than +0.3% gain 
change for each f 1% line voltage variation 

0' to 5 0 ' ~  (operating) 

10 to 90% (noncondensing) 

Maximum deviation of any straight line will be < 1% of the 
line length measured perpendicular to a best-fit straight line 

Magnetic (70' diagonal deflection angle) 

Electrostatic 

10.5 kV dc nominal (voltage proportional to input line 
voltage). Supply is self-contained and equipped with a 
bleeder resister. 

CRT is fully enclosed in a magnetic shield. 

Unit is protected against fan failure or air blockage by 
thermal cutouts. Power supply and amplifiers are current 
limited. Phosphor protection is provided against fault 
conditions. 

Light Pen 

Length 5.0 in. (12.7 cm) 

Diameter 0.45 in. (tapered to 0.35 in.) 
(1 . I43 cm) (0.889 cm) 

Light Sensing Phototransistor 

Connector Phono Plug 

Signal Amplification G840 Light Pen Amplifier module in VR14 CRT Display 

Power Supply 
Refer to Volume 2 of the GT40 Graphic Display Terminal Maintenance Manual for a detailed list of power supply 
specifications. 

Environmental 

Shock, Nonoperating DEC STD 102, 205 at 30 + 10 ms half-sine 

Vibration, Nonoperating DEC STD 102, Vertical I .89 G rms 10 - 300 Hz 

Operating Ambient Temperature DEC STD 102, Class A, 60' - 9 5 ' ~  (16" - 3 5 ' ~ )  

Relative Humidity 
(noncondensing) 

DEC STD 102, Class 2, 20 - 80% 



Physical 

Weight 

CRT Monitor 
Processor Cabinet 
Keyboard 

GT40 Size 

CRT Monitor 

Processor Cabinet 

Key board 

GT42 Size 

CRT Monitor 

Processor Cabinet 

Key board 

GT40 
80 Ib (36.24 kg) 
60 Ib (27.18 kg) 
6.25 Ib (2.83 kg) 

GT42 
85 lb (38.55 kg) 
275 lb (124.74 kg) 
6.25 Ib (2.83 kg) 

Height Width Depth 
12.5 in. 19.75 in. 22.25 in. 
(31.75 cm) (50.165 cm) (56.51 5 cm) 
5.25 in. 19.75 in. 23.25 in. 
( 13.335 cm) (50.165 cm) (59.055 cm) 
3.0 in. 15.625 in. 6.625 in. 
(7.62 cm) (42.227 cm) ( 16.827 cm) 

Height Width 
15 in. 21.5 in. 
(38.10 cm) (54.61 cm) 
50 in. 21 in. 
(1 27.00 cm) (53.34 cm) 
3 in. 16.625 in. 
(7.62 cm) (42.227 cm) 

Depth 
27 in. 
(68.58 cm) 
38 in. 
(96.52 cm ) 
6.625 in. 
(16.827 cm) 

2.1 GT40IGT42 START-UP PROCEDURES 

The procedure used to start the GT40lGT42 Graphic Display Terminal is determined by the system configuration. A 
GT40lGT42 that operates as a terminal in a larger system is started differently than a GT401GT42 that functions as 
a stand-alone device. Four procedures are presented in the following paragraphs: GT40lGT42 Terminal Systems, 
GT42 Paper Tape Systems, GT40 Paper Tape Systems, and GT42 Bootstraps for Other Devices. 

2.1 .I GT40lGT42 Terminal Systems 

The following procedure is used fo initiate the ROM Bootstrap from the PDP-11/10 console on the GT40142. 

1.  Determine that the GT40142 power cord is connected to an appropriate electrical outlet. 

2. Turn the console key switch (Figure 1) to the POWER position. 

3. Turn the front panel ON-OFFIBRIGHTNESS switch fully counterclockwise and then 314 of the way in 
the clockwise direction. The red power indicator light just below the switch should be on at this time. 

4. Press the console ENABLEIHALT switch down to halt the computer. 

5. Press the spring-loaded START switch twice; this resets the computer. 

6. Place 1660008 in the Switch register (SR). This is the starting address for the Bootstrap program in the 
Read-Only Memory (ROM) (Figure 20). 

7. Press LOAD ADDRESS to load the address into the computer. 

8. Return the ENABLEIHALT switch to the up-most position. 

9. Press the START switch. The RUN indicator light should be on at this time. 



10. Ensure that the LK40 keyboard ENABLEIDISABLE (On-Off) switch i s  in the ON position (Figure 6). 

11. The GT40142 is now ready to transmit data to and receive data from the host computer via the DL1 I 
Asynchronous Interface module. 

NOTE 
A detailed description of the ROM Bootstrap and the loading 
procedure from a host computer are contained in Paragraph 
5.1. 

2.1.2 GT42 Paper Tape Systems 

The following procedure is used to initiate the ROM Bootstrap from the PDP-11/10 console on the GT42. 

1. Determine that the GT42 power cord is connected to an appropriate electrical outlet. 

2. Turn the console key switch (Figure 2) to the POWER position. 

3. Turn the front panel ON-OFFIBRIGHTNESS switch fully counterclockwise and then 314 of the way in 
the clockwise direction. The red power indicator light just below the switch should be on at this time. 

4. Press the console ENABLEIHALT switch down to halt the computer. 

5. Press the spring-loaded START switch twice; this resets the computer 

6. Place 1674008 in the Switch register (SR). This is the starting address for the paper tape Bootstrap 
program in the Read Only Memory (ROM). 

7. Press LOAD ADDRESS to load the address into the computer. 

8. Return the ENABLEIHALT switch to the up-most position. 

9. Place the Absolute Loader in the specified reader with the special bootstrap leader code over the reader 
sensors (under the reader station). 

10. Press START. The Absolute Loader tape will pass through the reader as data is being loaded into core. 

11. The tape stops after the last frame of data has been read into core. The Absolute Loader is now in core. 
If the Absolute Loader tape does not read in immediately after depressing the START switch, perform 
steps 26 and 27 of Paragraph 2.1.3. 

2.1.3 GT40 Paper Tape Systems 

1. Determine that the GT40 power cord is connected to an appropriate electrical outlet. 

2. Turn the console key switch (Figure 1) to the POWER position. 

3. Turn the front panel ON-OFFIBRIGHTNESS switch fully counterclockwise and then 314 of the way in 
the clockwise direction. The red power indicator light just below the switch should be on at this time. 

4. Press the console ENABLEIHALT switch down to halt the computer 

5. Press the spring-loaded START switch twice; this resets the computer. 

6. The Bootstrap Loader will now be loaded (toggled) into the highest core memory bank. The locations 
and corresponding instructions of the Bootstrap Loader are listed in Table 1. 
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Figure 6 LK40 Key board (cover removed) 

The Bootstrap Loader program instructs the computer to accept and store in core memory data that is punched on 
paper tape in bootstrap format. The Bootstrap Loader is used to load very short paper tape programs of l 6 &  16-bit 
words or less (primarily the Absolute Loader and Memory Dump programs). Programs longer than this must be 
assembled into absolute binary format using the PAL-1 1A Assembler and loaded into memory using the Absolute 
Loader (step 19). 

Table 1 
Bootstrap Loader Instructions 

In Table 1, xx represents the highest available memory bank. For example, the first location of the loader would be 
0377448 if the system contained an 8K memory. Table 2 lists the locations for the first Bootstrap Loader 
instruction as determined by the memory size. All other locations, for a given memory, are prefixed with the same 
two digits. 

Location 

xx7744 
xx7746 
xx7750 
xx7752 
xx7754 
xx7756 
xx7760 
xx7762 
xx7764 
xx7766 
xx7770 
xx7772 
xx7774 
xx7776 

Instruction 

01 6701 
000026 
01 2702 
000352 
00521 1 
10571 1 
100376 
116162 
000002 
xx7400 
005267 
177756 
000765 
YYYYYY 



Table 2 
First Bootstrap Loader 
l nstruction Locations 

The contents of location xx7776 (YYYYYY in the instruction column of Table 1) should contain the device status 
register address of the paper tape reader to be used when loading the bootstrap formatted tapes. Either paper tape 
reader may be used; their respective addresses are: 

Location 

01 7744 
037744 
057744 
077744 
1 17744 
137744 
157744 

Teletype Paper Tape Reader - 177560 
High Speed Paper Tape Reader - 177550 

7. Set xx7744 in the Switch register (SR) and press the LOAD ADDRess switch (xx7744 will be displayed 
in the address register). 

Memory Bank 

0 
1 
2 
3 
4 
5 
6 

8. Set the first instruction, 016701, in the SR and l i f t  the DEPosit switch (016701 will be displayed in the 
data register). 

Memory Size 

4K 
8K 

12K 
16K 
20K 
24 K 
28K 

NOTE 
When DEPositing data into consecutive words, the DEPosit 
automatically increments the address register to the next 
word. 

9. Set the next instruction, 000026, in the SR and l i f t  DEPosit (000026 will be displayed in the data 
register). 

10. Set the next instruction in the SR and press the DEPosit switch. Continue depositing subsequent 
instructions until 000765 is stored in location xx7774. 

11. Deposit the desired device status register address in location xx7776, the last location of the Bootstrap 
Loader. 

12. Good programming procedure requires the verification of data that has been stored. 

13. Set xx7744 in the SR and press the LOAD ADDRess switch. 

14. Press the EXAMine switch. The octal instruction in location xx7744 will be displayed so that i t  can be 
compared with the correct instruction: 016701. I f  the instruction is correct, proceed to step 15, 
otherwise go to step 17. 



15. Press the EXAMine switch. When the switch i s  held depressed, the ADDRESSIDATA indicators display 
the memory address. On releasing the switch, the instruction at that address is displayed. Compare the 
indicator display with the required instruction (Table 1). (The EXAMine switch automatically 
increments the address register.) 

16. Repeat step 15 until all instructions have been verified or go to step 17 whenever the correct instruction 
. is not displayed. 

NOTE 
Whenever an incorrect instruction is displayed, it can be 
corrected by performing steps 17 and 18. 

17. When an incorrect instruction is displayed in the ADDRESSIDATA indicators, set the correct 
instruction in the SR and l i f t  the DEPosit switch. 

18. Press and release the EXAMine switch to verify that the correct instruction has been deposited. Continue 
the checking (step 15) until all the instructions have been verified. 

19. The Absolute Loader program will be loaded into core memory at this time. The Absolute Loader is a 
system program which, after being loaded into memory, allows the operator to load, into any core 
memory bank, data punched on paper tape in absolute binary format. I t  i s  used primarily to load the 
paper tape system software (excluding certain subprograms) and the user's object programs assembled 
with PAL-1 1A. The major features of the Absolute Loader include: 

Testing of the checksum on the input tape to ensure complete, accurate loads. 

Starting the loaded program upon completion of loading without additional user action, as 
specified by the .END in the program just loaded. 

Specifying the load address of position independent programs at load time rather than at assembly 
time, by using the desired loader switch register option. 

With the Bootstrap Loader in core memory, the Absolute Loader is loaded into memory starting anywhere between 
locations xx7500 and xx7742, i.e., 162,0 words. The paper tape input device used is specified in location xx7776 
(step 11). The Absolute Loader tape begins with about two feet of special bootstrap leader code (ASCII code 351), 
not blank leader tape. 

20. Set the ENABLEIHALT switch to HALT. 

21. Place the Absolute Loader in the specified reader with the special bootstrap leader code over the reader 
sensors (under the reader station). 

22. Set the SR to xx7744 (the starting address of the Bootstrap Loader) and press LOAD ADDRess. 

23. Set the ENABLEIHALT switch to ENABLE. 

24. Press START. The Absolute Loader tape will pass through the reader as data is being loaded into core. 

25. The tape stops after the last frame of data has been read into core. The Absolute Loader is now in core. 



26. I f  the Absolute Loader tape does not read in immediately after depressing the START switch (step 24), 
i t  is due to one of the following causes: 

Bootstrap Loader not correctly loaded. 

The wrong input device was used. 

Code 351, was not directly over the reader sensors. 

The Absolute Loader tape was not properly positioned in the reader. 

27. Any paper tape punched in absolute binary format is referred to as an absolute tape, and is loaded into 
memory using the Absolute Loader. When using the Absolute Loader, there are two methods of loading 
available: normal and relocated. 

A normal load occurs when the data is loaded and placed in core according to the load addresses on the 
object tape. I t  is specified by setting bit 0 of the Switch register to zero immediately before starting the 
load. 

There are two types of relocated loads. 

-a. Loading to continue from where the loader left off after the previous load. This is used, for example, 
when the object program being loaded is contained on more than one tape. I t  is specified by setting the 
Switch register to 000001 immediately before starting the load. 

b. Loading into a specific area of core. This is normally used when loading position independent programs. 
A position independent program is one that can be loaded and run anywhere in available core. The 
program is written using the position independent instruction format. This type of load is specified by 
setting the Switch register to the load address and adding 1 to it, i.e., setting bit 0 to 1. 

Optional Switch register settings for the three types of loads are listed in Table 3. 

Table 3 
Switch Register Configuration for Loading 

The absolute tape is now loaded using either of the paper tape readers. The desired reader is specified in the last 
word of available core memory (xx7776), the input device status word, as explained in step 6. The input device 
status word can be changed a t  any time prior to loading the absolute tape. 

Type of Load 

Normal 

Relocated - continue 
loading where left off 

Relocated - load in 
specified area of core 

Switch Register 
Bits 1-14 

(ignored) 

0 

nnnnn 
(specified 
address) 

Bit 0 

0 

1 

1 



28. Set the ENABLEIHALT switch to HALT 

To use an input device different from that used when loading the Absolute Loader, change the address 
of the device status word (in location xx7776) to reflect the desired device, i.e., 177560 for the 

@ Teletype reader or 177550 for the high speed reader. 

29. Set the SR to xx7500 and press LOAD ADDR. 

30. Set the SR to reflect the desired type of load. 

31. Place the absolute tape in the proper reader with blank leader tape directly over the reader sensors. 

32. Set ENABLE/HALT to  ENABLE. 

33. Press START. The absolute tape will begin passing through the reader station as data i s  being loaded into 
core. 

34. The Absolute Loader was not correctly stored in memory if the absolute tape does not begin passing 
through the reader station. I f  this occurs, reload the loader (steps 20-25) and then the absolute tape 
(starting at step 28). 

I f  the absolute tape halts in the middle of the tape, a checksum error occurred in the last block of data 
read. Normally, the absolute tape will stop passing through the reader station when i t  encounters the 
transfer address as generated by the .END statement, denoting the end of a program. I f  the system halts 
after loading, check that the low byte of the data register is zero. I f  so, the tape is correctly loaded. I f  
not zero, a checksum error has occurred in the block of data just loaded, indicating that some data was 
not correctly loaded. Thus, the tape should be reloaded starting at step 1. 

When loading a continuous relocated load, subsequent blocks of data are loaded by placing the next tape 
in the appropriate reader and pressing the CONTinue switch. 

35. The Absolute Loader may be restarted at any time by starting at step 1. 

2.1.4 GT42 Bootstraps For Other Devices 

The GT42 contains bootstrap programs for the following devices: 

Device 
T A l  1 Cassette 
RF l  I Fixed Head Disk 
R C l l  Fixed Head Disk 
R K l  I Disk Cartridge 
RPl I Disk Pack 
TCl  I DECtape 
TM I I Magnetic Tape 

Starting Address (Octal) 
167500 
167600 
167720 
167610 
167654 
167620 
167636 

The following procedure is used to initiate one of the above devices from the PDP-11/10 console of the GT42. 

1. Determine that the GT42 power cord is connected to an appropriate electrical outlet. 

2. Turn the console key switch to the POWER position. 

3. Press the console ENABLE/HALT switch down to halt the computer. 

@ ~ e l e t y p e  is a registered trademark of Teletype Corporation. 



4. Press the spring-loaded START switch twice; this resets the computer 

5. Place the address of the device to be started into the Switch register. The device starting addresses are 
listed above. 

6. Press the LOAD ADDRESS switch to load the address into the computer. 

7. Return the ENABLEIHALT switch to the up-most position. 

8. Press the START switch. 

2.1.5 GT42 Graphics Test 

The GT42 contains a short program which tests the fundamental graphic capabilities of the display processor. The 
program, which starts at octal address 167204, displays several lines and points on the CRT. 

2.2 GT40142 FAILURE PROCEDURES 

The following procedures should be followed in the event the GT40142 fails to operate properly. If, after performing 
these checks, equipment operation is still unsatisfactory, the user should notify the DEC Field Service Office of the 
problem. 

If the GT40142 is completely inoperative: 

1. Check the circuit breaker on the rear panel of the GT40 (Figure 4)  or in the cabinet of the GT42. Press 
the button to reset the circuit breaker. 

2. Check the power cord to the wall receptacle. It should be properly seated. 

3. Determine that the required power (1 15 or 230 Vac) is present a t  the wall receptacle. 

If the display scope fails to turn on: 

1. Check the keyboard cable connector on the GT40142 rear panel for proper seating. 

2. Check the power plugs on the rear panel and the power control box for proper seating. 

3. Determine that the front panel ON-OFFIBRIGHTNESS switch is in the ON position (clockwise). 

4. Check the following fuses on the rear panel and the power control box: 

5A SB (1 15 V system) 
(or 3A SB for 230 V systems) 

10A (1 15 V systems) 
(or 5A for 230 V systems) 

If the key board is incapable of transmitting data: 

1. Check the ONIOFF switch on the rear of the keyboard (Figure 6). Place it in the ON position. 

2. Check the cable connectors on the GT40142 rear panel (particularly the keyboard cable) for proper 
seating. 



3.1 GT40142 INTERFACES 

Transferral of information between GT40142 components and devices external to the basic system requires a means 
for connecting or interfacing an extended system. The interface can be considered to be the physical boundary 
between the GT40142 and attached units; i t  provides the communication link between the display terminal and 
associated devices such as a host computer or additional memory units. 

3.2 PARALLEL PORT 

The GT40142 possesses two interfaces. One, called the parallel port, uses conventional Unibus signals and 
connections to transfer data in parallel format. The other interface i s  employed in the transfer of asynchronous data, 
in a serial format, over a longer communications line. The two interfaces and their relation to the GT40142 are 
shown in Figure 7. 

The parallel port is used typically to interface local high speed peripheral devices such as additional core memory, 
disk storage units, etc. The parallel port is basically an extension of the PDP-11 family Unibus. 

UNIBUS 
---  
--- 

BUS PRIORITY 
CONTROL 

KEY A- ADDRESS INFORMATION 
C - CONTROL + TIMING SIGNALS 
D -  DATA INFORMATION 
T -  CONTROL TRANSFER SIGNALS 
G - B U S  GRANT S IGNALS 

11-0017 

Figure 7 Unibus Interface Block Diagram 

3.2.1 Unibus Structure 

The Unibus is a single common path that connects the processor, memory, and all peripherals. Addresses, data, and 
control information are transmitted along the 56 lines of the bus. All 56 signals and their functions are listed in 
Table 4. 

Every device on the Unibus employs the same form of communication; thus, the processor uses the same set of 
signals to communicate with memory and with peripheral devices. Peripheral devices also communicate with the 
processor, memory, or other peripheral devices via the same set of signals. 



All instructions applied to data in memory can be applied equally well to data in peripheral device registers, enabling 
peripheral device registers to be manipulated by the processor with the same flexibility as memory. This feature i s  
especially powerful, considering the capability of PDP-11 instructions to process data in any memory location as 
though it were an accumulator. 

Table 4 
Unibus Signals 

Address 

Data 

Control 

Name 

Master 
Sync 

Data Transfer Signals 
(For transfer of data to or from master) 

Source Mnemonic 

Slave 
Sync 

Parity Bit Low 

Parity Bit High 

Destination 

A(17:OO) 

D(15:OO) 

C( 1 :O) 

MSYN 

SSY N 

PA 

PB 

Master 

Master 

Slave 

Master 

Master 

Slave 

Master 

Master 

Timing 

All 

Slave 

Master 

Slave 

Slave 

Master 

Slave 

Slave 

Function 

Priority Transfer Signals 
(For transfer of bus control to a priority-selected master) 

Non-Processor 
Request 

Bus Request I 
Non-Processor 

Grant 

Bus Grant I 
Selection 

Acknowledge 

Bus Busy I 

NPR 

BG(7:4) 

SACK 

BBSY 

Processor Any 

Any 

Processor 

Processor 

Next 
Master 

Master 

MSYN 

- 

MSYN (DATO, 
DATOB) 
SSYN (DATI, 
DATI P) 

MSYN 

Beginning of 
transfer 

Data accepted 
(DATO, DATOB) 
Data Available 
(DATI, DATIP) 

Same as Data 

Same as Data 

Asynchronous 

Processor Asynchronous I 
Next master In parallel with 

data transfer 

Next master I After instruction I 

All I except during 
transfer of control 

Processor 

Selects slave device 

Response to NPG 
or BG 

Selects transfer operation 

Initiates operation and 
gates A, C, and D signals 

Response to MSYN 

Transmits parity bit, low 
byte 

Transmits parity bit, high 
byte 

Highest priority bus request 

Requests bus mastership 

Transfers bus control 

Transfers bus control 

Acknowledges grant & 
inhibits further grants 

Asserts bus mastership 



3.2.1.1 Bidirectional Lines - Most Unibus lines are bidirectional, allowing input lines to also be driven as output 
lines. This is significant in that a peripheral device register can be either read or used for transfer operations. Thus, 
the same register can be used for both input and output functions. 

Table 4 (Cont) 
Unibus Signals 

3.2.1.2 Master/Slave Relationship - Communication between two devices on the bus is based on a master/slave 
relationship. During any bus operation, one device, referred to as the bus master, has control of the bus when 
communicating with another device, the slave. A typical example of this relationship is the processor (master) 
transferring data to memory (slave). Masterlslave relationships are dynamic. The processor, for example, passes bus 
control to a disk; the disk, as master, then communicates with a slave memory. 

The Unibus is used by the processor and all I10 devices; thus, a priority structure determines which device gains 
control of the bus. Consequently, every device on the Unibus capable of becoming bus master has an assigned 
priority. When two devices capable of becoming bus master have identical priority values and simultaneously request 
use of the bus, the device that is electrically closest to the bus receives control. 

Function 

Transfers bus control to 
handling routine In 
processor 

Clear and reset signal 

Indicates impending power 
failure 

Indicates dc voltages out of 
tolerance, and system 
operation must be sus- 
pended. 

3.2.1.3 Interlocked Communication - Communication on the Unibus is interlocked between devices. Each control 
signal issued by the master device must be acknowledged by a response from the slave to complete the transfer. 
Consequently, communication is independent of the physical bus length and the response time of the master and 
slave devices. The maximum transfer rate on the Unibus, with optimum device design, is one 16-bit word every 400 
ns or 2.5 million 16-bit words per second. 

NOTE 
Signals on the Unibus are asserted when low (except for the uni- 
directional bus grant lines). 

Timing 

After asserting BBSY 
(not after NPR), 
device may perform 
several transfers 
before asserting 
INTR. 

Asynchronous 

Asynchronous 

Name 

l nterrupt 

Source 

Master 

Processor 

Power 

Mnemonic 

INTR 

Destination 

Processor 

All 

All 

Miscellaneous Signals 

lnitial~ze 

AC Low 

DC Low 

INIT 

AC LO 

DC LO 



3.2.2 Peripheral Device Organization and Control 

Peripheral device registers are assigned addresses similar to memory; thus, all PDP-11 instructions that address 
memory locations can become I/O instructions, enabling data registers in peripheral devices to take advantage of all 
the arithmetic power of the processor. 

The PDP-11 controls devices differently than most computer systems. Control functions are assigned to a register 
address, and then the individual bits within that register can cause control operations to occur. For example, the 
command to make the paper tape reader read a frame of tape i s  provided by setting a bit (the reader enable bit) in 
the control register of the device. Instructions such as MOV and BIS may be used for this purpose. Status conditions 
are also handled by the assignment of bits within this register, and the status is checked with TST, BIT, and CMP 
instructions. 

3.2.3 Unibus Control Arbitration 

The Unibus i s  capable of performing two basic and parallel tasks in order to allow transfers by multiple peripherals 
a t  maximum speed. The first i s  the actual transfer of data between the current bus master and its addressed slave. 
The second is the selection of the next bus master, the peripheral which will be allowed to assert control as soon as 
the bus becomes free. It is important to note that the granting of future mastership is in no way influenced by either 
the current master or its method of obtaining the bus. I t  is this fact which allows these functions to be performed in 
parallel and allows transfers on the bus at a maximum rate. 

3.2.3.1 Priority Transfer Requests - To gain mastership of the Unibus, a peripheral must first make a request to 
the processor for the bus and then wait for its selection. The processor contains the logic necessary to arbitrate these 
requests because normally there are several requests pending at any given time. 

There are two classes of requests: bus requests and non-processor requests. A bus request (BR) is simply a request 
by a peripheral to obtain control of the Unibus with the understanding by the processor that the peripheral may end 
i t s  use of the bus with a processor interrupt. An interrupt i s  a command to the processor to begin executing a new 
routine pointed to by a location selected by a device. A non-processor request (NPR) is similarly a request for the 
bus, but with the exception that it may not interrupt the processor. Since the granting of an NPR cannot affect the 
execution of the processor, i t  can occur during or between instructions. BRs, however, by possibly causing execution 
to be diverted to a totally new routine, can only be granted between instructions. In this way, NPRs are assigned 
priority over any BR. 

Between bus requests, there are four levels of priority created by four separate request lines. They are assigned 
priority levels 4 through 7; BR4 is the lowest and BR7 is the highest. These levels are associated with the program 
controlled priority level of the processor, controlled by bits 7, 6, and 5 of the processor status register. Only BRs on 
a priority level higher than the level of the processor are eligible for receiving a bus grant. Thus, during high priority 
program tasks, all or selected Unibus requests (hence interrupts) can be inhibited by raising the level of the processor 
priority. 

Another form of priority arbitration occurs through the system configuration. When the processor grants a request, 
the grant travels along the bus until it reaches the first requesting device which terminates the grant. Therefore, along 
the same grant line, the device electrically nearest the processor has the highest priority. Also note that in the 
KD11-B, the internal line clock is logically the l a s t  device on BR6, and the keyboard or Teletype interface is 

logically the last device on BR4. 

The GT40142 relationship to this priority scheme is indicated in Table 5. 

After a requesting device receives a bus grant i t  asserts its selection as next bus master until the bus is free, thus 
inhibiting other requests from being granted. When the bus becomes free, the selected device asserts control of the 
bus and relinquishes its selection as next bus master so that the priority arbitration among pending requests may 

continue. 



Table 5 
GT40142 Priority 

NOTE: The M M I  1 memory is not shown as an active device because it 
always functions as a slave, never asserting a bus request itself. 

3.2.3.2 Processor interrupts - After gaining control of the bus through a BR, a device can perform one or more 
transfers on the bus and/or request a processor interrupt. This is typically requested after a device has completed a 
given task, e.g., typing a character or completing a block data transfer through NPRs. I f  a peripheral wishes to 
interrupt the processor, it must assert the interrupt after gaining control of the bus but before relinquishing its 
selection as next bus master. Thus the processor knows that i t  may not fetch the next instruction, but must wait for 
the interrupt to be completed. Along with asserting the interrupt, the device asserts the unique memory address, 
known as the interrupt vector address, containing the starting address of the device service routine. Address vector 
t2 contains the new processor status word (PSW) to be used by the processor when beginning the service routine. 
After recognizing the interrupt, the processor reads the vector address and saves i t  in an internal register. I t  then 
pushes the current PSW and program counter onto the stack and loads the new program counter (PC) and PSW from 
the vector address specified. The service routine is then executed. 

Relative Physical 
Position from the CPU 

2 

1 

3 

GT40142 Component 

DL1 1 Asynchronous 
Interface 

Display Processor 

Unibus Output Slot 
(Parallel Port) 

NOTE 
These operations are performed automatically and no device 
polling i s  required to determine which routine to execute. 

Priority Level 

BR5 

BR4 

The device service routine can cause the processor to resume the interrupted process by executing the return from 
interrupt (RTI) instruction which pops the top two words from the processor stack and transfers them back to the 
PC and PS registers. 

3.2.3.3 Data Transfers - After asserting control of the Unibus, the device does not release control until i t  has 
completed either one or more data transfers or an interrupt. Typically, only one transfer is completed each time the 
device gains control of the bus because few single devices can give or receive information at the maximum Unibus 
rate. Holding the bus for multiple transfers inhibits other devices from using the bus. 

A transfer is initiated by the master device asserting a slave address and control signals on the bus and a master or 
address validity signal. The appropriate slave recognizes the valid address, reads or writes the data, and responds with 
a transfer complete signal. The master recognizes the transfer complete, sends or accepts data, and drops the address 
validating signal. I t  can then assert a new address and repeat the process or release control of the bus completely. 

The importance of this type of structure is that i t  enables direct device-to-device transfers without any interaction 
from the central processor. An NPR device, such as the high speed CRT display, can gain fast access to the bus and 
transfer data at high rates while refreshing itself from memory without slowing down the processor. 



For a more detailed description of the Unibus and its function, refer to the GT40 Graphic Display Terminal 
Maintenance Manual, Volume 2 or to the PDP-I I Peripherals Handbook. 

3.3 SERIAL PORT 

The serial port is the primary means of interfacing the GT40/42 with a host or remote computer. Access to this port 
is through the DL1 I Asynchronous Interface module and the 25-ft BC05-C-25 cable which terminates in a 25-pin, 
RS232-defined connector at a data set  modem (Figure 3 and Table 6). 

Table 6 
BC05-C-25 Cable Output Connections 

3.4 DL11 PROGRAMMING 

All software control of the DL1 1 Asynchronous Line Interface is performed by means of four device registers. These 
registers have been assigned bus addresses and can be read or loaded (with the exceptions noted) using any PDP-11 
instruction referring to their addresses. Address assignments can be changed by altering jumpers on the address 
selection logic to correspond to any address within the range of 174000 to 177777. However, register addresses for 
the DL1 1 in the GT40/42 fall within the range of 175610 to 175616. 

CINCH Connector 
Pin No. (to modem) ' r 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 

Signal 

Ground 
Transmitted Data 
Received Data 
Request to Send 
Clear to Send 
Data Set Ready 
Ground 
Carrier 
+ Power 
- Power 
202 Secondary Transmit 
202 Secondary Receive 
Secondary Clear to Send 
EIA Secondary Transmit 
Serial Clock Transmit 
EIA Secondary Receive 
Serial Clock Receive 
Unassigned 
Secondary Request to Send 
Data Terminal Ready 
Signal Quality 
Ring 
Signal Rate 
External Clock 
Force Busy 



The four device registers and associated DL1 1 addresses are listed in Table 7. 

Table 7 
Standard DL11 Register Assignments for the GT40142 

Figures 8 through 11 show the bit assignments for the four device registers. The unused and load-only bits are always 
read as 0s. Loading unused or read-only bits has no effect on the bit position. The mnemonic lNlT refers to the 
initialization signal issued by the processor. Initialization is caused by one of the following: issuing a programmed 
RESET instruction; depressing the START switch on the processor console; or the occurrence of a power-up or 
power-down condition of the processor power supply. 

In the following descriptions, transmitter refers to those registers and bits involved in accepting a parallel character 
from the Unibus for serial transmission to the external device; receiver refers to those registers and bits involved with 
receiving serial information from the external device for parallel transfer to the Unibus. 

Address 

175610 
175612 
175614 
175616 

Register 

Receiver Status Register 
Receiver Buffer Register 
Transmitter Status Register 
Transmitter Buffer Register 

C L R  C A R R  R C V R  S E C  R C V R  R C V R  D S E T  y;FT R I N G  TO S E N D  D E T  A C T  R E C  DONE LN:B LNN\ 

Mnemonic 

RCSR 
RBUF 
XCSR 
XBUF 

R C S  R  = 1 7 5 6 1  0 * Not  used for data operations. 

Figure 8 Receiver Status Register (RCSR) - Bit Assignments 

3.4.1 Receiver Status Register 

Bit Name Meaning and Operation 

15 DATASET l NT This bit initiates an interrupt sequence provided the 
(Dataset Interrupt) DATASET INT ENB bit (05) is also set. 

This bit is set  whenever CAR DET, RCVR ACT, or SEC 
REC changes state, i.e., on a 0 to 1 or 1 to 0 transition of 
any one of these bits. I t  is also set when RING changes 
from 0 to 1. 



Cleared by INIT or by reading the RCSR. Because reading 
the register clears the bit, i t  is, in effect, a "read-once" bit. 

14 RING When set, indicates that a RINGING signal is being received 
from the dataset. Note that the RINGING signal is not a 
level but an EIA control signal with the cycle time as shown 
below: 

2 sec 4 sec 2 sec 4 sec 2 sec 

Read-only bit 

13 CLR TO SEND The s ta te  of this bit is dependent on the s ta te  of the 
(Clear to Send) CLEAR TO SEND signal from the dataset. When set, this 

bit indicates an ON condition; when clear, i t  indicates an 
OFF condition. 

Read-only bit. 

12 CAR DET 
(Carrier Detect) 

11 RCVR ACT 
(Receiver Active) 

This bit is set  when the data carrier is received. When clear, 
i t  indicates either the end of the current transmission 
activity or an error condition. 

Read-only bit. 

When set, this bit indicates that the DL1 1 interface receiver 
is active. The bit is set at the center of the START bit 
which i s  the beginning of the input serial data from the 
device and is cleared by the leading edge of RCVR DONE. 

Read-only bit; cleared by INIT or by RCVR DONE (bit 
07). 

10 SEC REC This bit provides a receive capability for the reverse channel 
(Secondary Receive of a remote station. A space (+6V) is read as a 1. (A 
or Supervisory transmit capability is provided by bit 03.) 
Received Data) 

Read-only bit; cleared by INIT. 

9- 8 Unused Not applicable. 

07 RCVR DONE This bit i s  set when an entire character has been received 
(Receiver Done) and is ready for transfer to the Unibus. When set, initiates 

an interrupt sequence provided RCVR INT ENB (bit 06) i s  
also set. 

Cleared whenever the receiver buffer (R BUF) is addressed 
or whenever RDR ENB (bit 00) is set. Also cleared by 
INIT. 

Read-only bit. 



Bit 

06 

Name Meaning and Operation 

RCVR INT EN6 When set, allows an interrupt sequence to start when RCVR 
(Receiver DONE (bit 07) sets. 
lnterrupt Enable) 

Readlwrite bit; cleared by I NIT. 

DATASET l NT When set, allows an interrupt sequence to start when 
ENB (Dataset DATASET I NT (bit 15) sets. 
lnterrupt Enable) 

Readlwrite bit; cleared by INIT. 

Unused Not applicable. 

SEC XMlT This bit provides a transmit capability for a reverse channel 
(Secondary Transmit of a remote station. When set, transmits a space (+6V). (A 
or Supervisory receive capability is provided by bit 10.) 
Transmitted Data) 

Readlwrite bit; cleared by INIT. 

REQ TO SEND A control lead to the dataset which is required to 
(Request to Send) transmission. A jumper ties this bit to RE0 TO SEND or 

FORCE BUSY in the dataset. 

Readlwrite bit; cleared by INIT 

DTR (Data A control lead for the dataset communication channel. 
Terminal Ready) When set, permits connection to the channel. When clear, 

disconnects the interface from the channel. 

Readlwrite bit; must be cleared by the program, i s  not 
cleared by INIT. 

NOTE 
The state of this bit is not defined after power-up. 

RDR ENB When set, this bit advances the paper-tape reader in ASR 
(Reader Enable) Teletype units and clears the RCVR DONE bit (bit 07). 

This bit is cleared at the middle of a START bit which is 
the beginning of the serial input from an external device. 
Also cleared by IN IT. 

Write-only bit. 

Not used in dataset configurations. 

15 14 13 12  7 0 

R E C E I V E D  D A T A  

R B V F  = 175612 

Figure 9 Receiver Buffer Register (RBUF) - Bit Assignments 



3.4.2 Receiver Buffer Register 

Bit Name Meaning and Operation 

15 ERROR (Error) Used to indicate that an error condition is present. This bit 
is the logical OR of OR ERR, FR ERR, and P ERR (bits 
14, 13, and 12, respectively). Whenever one of these bits is 
set, i t  causes ERROR to set. This bit is not connected to 
the interrupt logic. 

Read-only bit; cleared by removing the error-producing 
condition. 

NOTE 

Error indications remain present until the next character i s  
received, at which time the error bits are updated. INIT does 
not necessarily clear the error bits. 

14 OR ERR When set, indicates that reading of the previously received 
(Overrun Error) character was not completed (RCVR DONE not cleared) 

prior to receiving a new character: 

Read-only bit; cleared in the same manner as ERROR (bit 
15). 

13 FR ERR When set, indicates that the character that was read had no 

(Framing Error) valid STOP bit. 

Read-only bit; cleared in the same manner as ERROR (bit 

15). 

12 P ERR When set, indicates that the parity received does not agree 
(Parity Error) with the expected parity. This bit is always 0 if no parity is 

selected. 

Read-only bit; cleared in the same manner as ERROR (bit 
15). 

11-08 Unused 

07-00 RECEIVED 
DATA BITS 

Not applicable 

Holds the character just read. I f  less than eight bits are 

selected, then the buffer is right-justified into the least 
significant bit positions. In this case, the higher unused bit 
or bits read as 0s. 

Read-only bits; not cleared by INIT 

X C S R  = 175614 

Figure 10 Transmitter Status Register (XCSR) - Bit Assignments 



3.4.3 Transmitter Status Register 

Bit Name Meaning and Operation 

15-08 Unused 

07 XMlT RDY 
(Transmitter 
Ready) 

Not applicable. 

This bit is set when the transmitter buffer (XBUF) can 
accept another character. When set, i t  initiates an interrupt 
sequence provided XMlT INT ENB (bit 06) is also set. 

Read-only bit. Set by INIT. Cleared by loading the 
transmitter buffer. 

06 XMlT INT ENB When set, allows an interrupt sequence to start when XMlT 

(Transmitter RDY (bit 07) sets. 
Interrupt Enable) 

05-03 Unused Not applicable. 

02 MA1 NT Used for maintenance function. When set ,  disables the serial 
(Maintenance) line input to the receiver and connects the transmitter 

output to the receiver input which disconnects the external 
device input. I t  also forces the receiver to run a t  transmitter 
speed. 

Readlwrite bit; cleared by I NIT. 

01 Unused 

00 BREAK 

Not applicable. 

When set, transmits a continuous space to the external 
device. 

Readlwrite bit; cleared by INIT. 

T R A h S M  T T E D  D A T A  

I I 
X M U F  : 175616  

C P-  0 4 0 8  

Figure 11 Transmitter Buffer Register (XBUF) - Bit Assignments 

3.4.4 Transmitter Buffer Register 

Bit Name 

15-08 Unused Not applicable. 

Meaning and Operation 

07-00 TRANSMITTER Holds the character to be transferred to the external device. 
DATA BUFFER I f  less than eight bits are used, the character must be loaded 

so that i t  is right-justified into the least significant bits. 

Write-only bits. 



3.4.5 Interrupts 

The DL1 1 interface uses BR interrupts to gain control of the bus to perform a vectored interrupt, thereby causing a 
branch to a handling routine. The DL11 has two interrupt channels: one for the receiver section and one for the 
transmitter section. These two channels operate independently; however, if simultaneous interrupt requests occur, 
the receiver has priority. The receiver section is capable of handling multiple source interrupts. 

A transmitter interrupt can occur only if the interrupt enable bit (XMIT INT ENB) in the transmitter status register 
is set. With XMIT INT ENB set, setting the transmitter ready (XMIT RDY) bit initiates an interrupt request. When 
XMIT RDY is set, i t  indicates that the transmitter buffer is empty and ready to accept another character from the 
bus for transfer to the external device. 

A receiver data interrupt can occur only if the interrupt enable (RCVR INT ENB) bit in the receiver status register is 
set. With RCVR INT EN6 set, setting the receiver done (RCVR DONE) bi t  initiates an interrupt request. When 
RCVR DONE is set, i t  indicates that an entire character has been received and is ready for transfer to the bus. The 
additional interrupt request sources for the DL1 1 option are discussed in the following paragraphs. 

The receiver portion of the DL1 1 in the GT40/42 dataset configuration can service multiple source interrupts. One 
of the receiver interrupt circuits is activated by RCVR INT ENB and RCVR DONE. The additional interrupt circuit 
can cause an interrupt only if the dataset interrupt enable bit (bit 05, DATASET INT ENB) in the receiver status 
register is set. With DATASET INT ENB set, setting the DATASET INT bit initiates an interrupt request. The 
DATASET INT bit can be set  by one of four other bits: CAR DET, CLR TO SEND, SEC REC, or RING. 

When servicing an interrupt for one condition, if a second interrupt condition develops, a unique second interrupt, as 
well as all subsequent interrupts, may not occur. To prevent this, either all possible interrupt conditions should be 
checked after servicing one condition or both interrupt enable bits (bits 05 and 06) should be cleared upon entry to 
the service routine for vector XXO and then set again a t  the end of service. 

The interrupt priority level is 5 with the receiver having a slightly higher priority than the transmitter in all cases. 
Note that the priority level can be changed with a priority plug. 

Any DEC programs or other software referring to the standard BR level or vector addresses must also be changed if 
the priority plug or vector address is changed. 

3.4.6 Timing Considerations 

When programming the DL11 Asynchronous Line Interface, i t  is important to consider timing of certain functions in 
order to use the system in the most efficient manner. Timing considerations for the receiver transmitter, and break 
generation logic are discussed in the following paragraphs. 

3.4.6.1 Receiver - The RCVR DONE flag (bit 07 in the RCSR) sets when the Universal Asynchronous 
Receiver/Transmitter (UART) has assembled a ful l  character. This occurs a t  the middle of the first STOP bit. 
Because the UART is double buffered, data remains valid until the next character is received and assembled. This 
permits one full character time for servicing the RCVR DONE flag. 

3.4.6.2 Transmitter - The transmitter section of the UART is also double buffered. The XMIT RDY flag (bit 07 in 
the XCSR) is se t  after initialization. When the buffer (XBUF) is loaded with the first character from the bus, the flag 
clears but then sets again within a fraction of a bit time. A second character can then be loaded, which clears the flag 
again. The flag then remains cleared for nearly one full character time. 

3.4.6.3 Break Generation Logic -When the BREAK bit (bit 00 in the XCSR) is set, i t  causes transmission of a 
continuous space. Because the XMIT RDY flag continues to function normally, the duration of a break can be timed 
by the pseudo-transmission of a number of characters. However, because the transmitter section of the UART is 
double buffered, a null character (all 0s) should precede transmission of the break to ensure that the previous 
character clears the line. In a similar manner, the final pseudo-transmitted character in the break should be null. 



3.4.7 Program Notes 

The following notes pertain to programming the DL11 interface and contain information that may be useful to the 
programmer. More detailed programming information is given in the Paper Tape Software Programming Handbook, 
DEC-11-GGPC-D and in the individual program listings. 

a. Character Format - The character format for the DL1 I consists of a START bit, five to eight DATA 
bits, 1, 1.5, or 2 STOP bits and the option of PARITY (odd or even) or no parity. This is illustrated in 
Figure 12. Note that when less than eight DATA bits are used, the character must be right-justified to 
the least significant bit. The character format pertains to both the receiver and the transmitter. 

b. Maintenance Mode - The maintenance mode is  selected by setting the MAINT bit (bit 02) in the XCSR. 
In this mode, the interface disables the normal input to the receiver and replaces it with the output of 
the transmitter. The programmer can then load various bits into the transmitter and read them back 
from the receiver to verify proper operation of the DL1 1 logic circuits. 

ODDSEVEN RETURN TO IDLE 
LINE , - 5 TO 8 DATA BITS /OR UNUSED 7 STATE OF LINE 

MARK (1) T - - T - - t - - T - - T  --T--,.-- T-- 
- u - O O  1 0 1  I 02 1 0 3  1 0 1  1 0 5  1 0 6  1 0 7  l i1-S geRT BIT OF 

k ? B l - - ~ - - I - - I - - I - - I - - L - - L - -  NEW CHARACTER SPACE (0) - - - - 
JUSTIFIED TO LSB BIT POSITIONS WHEN 
5,6,OR 7 BITS USED b 1 4  j , 1 , 

Figure 12 Serial Character Format 

3.4.8 Program Example 

Figure 13 is an example of a typical program that can be used as an echo program for a Type 103 dataset. When a 
remote terminal dials in, this program answers the call and provides a character-by-character echo. Characters are 
also copied onto the console device. 

4.1 PROGRAMMING THE GT40142 

4.2 PROGRAMMING CONCEPT 

The user should view the GT40/42 Graphic Display Terminal as two separate, programmed processors: a PDP-11/10 
computer (CPU) and a special display processor (DPU). The PDP-11/10 is programmed to initiate the display, and is 
then free to execute its own program. All instructions available on the PDP-11/10 are executable in the GT40142. 
Figure 14 shows the relationship of the GT40/42 components to the Unibus (the inset illustrates specific GT40/42 
data flow via the Unibus). 

The DPU communicates directly with the MMI 1 memory by way of non-processor requests (NPR), i.e., DMA 
requests. The PDP-11/10, connected in parallel, also uses the MMI  1 memory for executing its own PDP-11 code. 
The DPU executes display instructions stored in semi-contiguous memory locations called display lists. A memory 
layout example is shown in Figure 15. The Display Program Counter (DPC) in the DPU is addressed by the CPU, via 
the Unibus, and the data MOVed to the DPC becomes the starting address of the display list. All addresses placed on 
the Unibus are even numbers, i.e., word addresses. 
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Figure 13 Program Example 
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Figure 15 Memory Layout Example 

4.3 IMPORTANT REGISTERS (all addresses are in octal) 

Display Addresses: 

Display Program Counter (DPC) = 172000 ( ReadIWrite) 
Resume Address (RA) = 172000 (Write) 

(To resume a display, for example after a light pen hit, bit 0 (LSB) = 1 should be MOVed to the RA, i.e., 
MOV #I, RA.) 

Display Status Register = 172002 (ReadIWrite) 

Contents (Read): 
Stop Flag 
Mode 
Intensity 
Light Pen Flag 
Shift Out 
Edge I ndicator 
I tal ics 
Blink 
Spare (Not Used) 
Line 

Bit (15)(MSB) 
( 14 : l l )  
(10:8) 
(7) 
(6) 
(5) 
(4) 
(3) 
(2) 
(1:O) 

(If an attempt is made to write to address 172002, the effect is to ring the BELL in the GT40142, e.g., 
MOV #2, 172002.) 



X Status Register = 172004 (Read only) 

Contents: 
X Position Bits (9:O) 
Graphplot Increment (15:lO) 

Y Status Register = 172006 (Read only) 

Contents: 
Y Position Bits (9:O) 
Character Register (15:lO) 

(Note: When in the SHIFTED OUT character mode, and an illegal code (040+ 13T8) is fetched, the 
program is interrupted. The Character Register can then be read to find the dispatch to a user routine 
that is used to draw some special character.) 

Display Interrupt Vector Addresses: 

Stop Interrupt = 3201322 
Light Pen lnterrupt = 3241326 
Time Out and Shift Out lnterrupt = 3301332 
(All display interrupts are requested at level BR4.) 

DL 11 Communications Interface Addresses: 

Receive Status Register (RCSR) = 175610 
Receive Buffer (RBUF) = 175612 
Transmitter Status Register (XCSR) = 175614 
Transmitter Buffer (XBUF) = 175616 
(Additional DL1 1 programming information is included in Paragraph 3.1.) 

DL 11 Interrupt Vector Addresses: 

Receiver Interrupt = 3001302 
Transmitter Interrupt = 3041306 
(DL1 1 interrupts are requested on level BR5.1 

Miscellaneous Addresses: 

CPU General Register R0=, 177700 

(only console addressable) R7 =' 177707 

CPU Console Switches SWR = 177570 
(console and CPU addressable) 

CPU Status PS = 177776 
(console and CPU addressable) 

Key board Command and Status (KCSR) = 177560 

Keyboard Data Buffer (KDBR) = 177562 



Keyboard Interrupt Vector = 60162 

Line Frequency Clock (KW11-L) = 177546 

ROM Bootstrap Memory = 166000 
(Starting Address) 

4.4 PDP-11 INSTRUCTION SET 

A detailed description of the PDP-11 instruction se t  can be found in GT40 Graphic Display Terminal, Volume 2 
(DEC-11-HGTMA-A-D). This manual assumes the reader is familiar with the instruction s e t  and general operation of 
the PDP-1 1/10. 

4.5 GT40142 DISPLAY PROCESSOR INSTRUCTION SET 

The display processor instruction set consists of five basic instructions: Set Graphic Mode, Jump, No-op, Load 
Status Register A, and Load Status Register B. Figure 16 shows the breakdown, by bit position, of each instruction. 
Figure 17 provides similar information for the data words that accompany the instructions. 

NOTE 
The user should not insert I-bits into those positions indicated 
as spare or unused. 

4.6 PROGRAMMING EXAMPLES 

The following programming examples are meant to provide the user with a basic introduction to GT40142 
programming technique. They have been kept brief in order that the points being illustrated not be lost as would be 
the case if larger, operational program examples were used. 

Table 8 is a list of suggested mnemonics for GT40142 operation. 

4.6.1 Initializing the Display Processor 

To start the DPU, the CPU executes a short program that loads the Display (processor) Program Counter (DPC) with 
the starting address (SA) of the display file. The Stack Pointer must also be initialized to an address above 4008 to 
prevent a stack overflow if an interrupt occurs. 

The following program performs these two operations. 

Address Instruction/Data Mnemonic 

1000 01 2706 MOV #500, R6 
1002 500 
1004 01 2737 MOV #A, @ #DPC 
1006 2000 
1010 172000 
101 2 00001 WAIT 

Comment 

Initialize the 
stack pointer 
Load the DPC 
with SA = 2000 

Wait (or other 
PDP-11 code) 
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Table 8 
Recommended GT40142 Mnemonics 

I 
Mnemonic = Value I Function 

Group 1 

Group 2 

Group 3 

Group 4 

CHAR 
SHORTV 
LONGV 
POINT 
GRAPH X 
GRAPHY 
RE LATV 

l NTO 
INTI  
I NT2 
I NT3 
I NT4 
I NT5 
INT6 
INT7 

LPOFF 
LPON 

BLKOFF 
BLKON 

DJMP 

DNOP 

STATSA 

DSTOP 

Character Mode 
Short Vector Mode 
Long Vector Mode 
Point Mode 
Graphplot X Mode 
Graphplot Y Mode 
Relative Point Mode 

lntensity 0 (Dimmest) 
lntensity 1 
lntensity 2 
lntensity 3 
lntensity 4 
lntensity 5 
lntensity 6 
lntensity 7 (Brightest) 

Light Pen Off 
Light Pen On 

Blink Off 
Blink On 

Solid Line 
Long Dash 
Short Dash 
Dot Dash 

Display Jump 

Display No Operation 

Load Status A Instruction 

Display Stop and Interrupt 

Stop Interrupt On 
Stop Interrupt Off 



Table 8 (Cont) 
Recommended GT40142 Mnemonics 

Mnemonic = Value 

LPLITE - - 200 
LPDARK = 300 

SYNC - - 4 

Group 5 

STATSB 

Group 6 
(VectorIPoint Mode) 

MAXX 
MAXY 

Group 7 
(Short Vector Mode) 

MAXSX 
MAXSY 

Function 

Light Pen Hit On 
Light Pen Hi t  Off 

I Italics Off 
1 talics On 

Halt and Resume in Sync 

Load Status B I nstruction 

Graphplot l ncrement 

Intensify Vector or Point 

Maximum A X Component 
Maximum A Y Component 

Negative A X Component 
Negative A Y Component 

Maximum A X Component 
1 Maximum A Y Component 

Negative A X Component 
Negative A Y Component 

4.6.2 Display File 

The following program causes a 2008 unit box to be drawn with the lower left corner at screen location 500,5008. 
Initially, the DPC is loaded with the starting address. Then the display parameters, e.g., intensity, are established and 
the mode se t  to Point. The four vectors are drawn after the Point i s  executed and, to conclude the file, the last 
commands reload the DPC with the display file starting address. This results in the display file being re-executed; the 
CRT display is refreshed. 



Address Comment Mnemonic 
.= 100 
MOV *500, R6 

MOV #2000, @ ifDPC 

WAlT , 
.=2000 
POINT+INT4+LPOFF 
+BLKOFF+LINED 
500 
500 
LONGV 
20OtI NTX 
0 
Otl NTX 
200 
200+INTX+MINUS 

0 
0+1 NTX 
20WM I N US 
DJMP 
2000 

Initialize the 
stack pointer 
Load the DPC 
with SA = 2000 

Wait 
Point mode, intensity 
4, no light pen, no 
blink, solid lines. 
Unintensified point 
a t  X = 500, Y = 500 
Long vector mode 
a x = 200, a Y = o, 
intensified 
n x = o, a Y = 200, 
intensified 
A X = - ~ O O , A Y = O ,  
intensified 
a x  = o,av =-200, 
intensified 
Jump to start of 
display file. 

Note that since the parameters (intensity level, no blink, and line type) are specified in the point instruction, they 
need not be re-specified in the long vector instruction (2006) because they will not change unless the appropriate 
enable bits are set. The enable bits also allow the user to change, for example, the line type but not the intensity. In 
this case, only the line type enable bit is changed, not the intensity enable bit. This retention of current, 
not-to-be-changed, values saves both execution time and memory storage space. 

4.6.3 Application of the Stop lnterrupt 

The Stop Interrupt provides close interaction between the CPU and the DPU. The following program restarts the 
display after the halt and interrupt sequence. This occurs a t  the end of each pass. 

Address Mnemonic 

. =  100 
MOV #500, R6 

MOV #2000, @ #DPC 

WAlT 
BR.- 2 
. = 320 
400 

200 
. = 400 
MOV #I, @ #DPC 

Comment 

Initialize the 
stack pointer 
Load the DPC with 
SA = 2000 

Wait for interrupt 
Jump back one 
instruction 
Address of next 
instruction to be 
executed after a 
Stop interrupt 
Processor status 
(BR level 4) 
Resume the display 



Address Instruction/Data Mnemonic 

RT I 
.=2000 
POI NT+I NT4+LPOFF 
+BLKOFF+LINED 
500 
500 
LONGV 
200tl NTX 
0 
0tINTX 
200 
200+INTX+MINUS 
0 
0+1 NTX 
200+M I N US 
DSTOP 

DJMP 
2000 

Comment 

Return from interrupt 
Point mode, intensity 
4, no light pen, no 
blink, solid lines. 
Unintensified point 
a t  X = 500, Y = 500 
Long vector mode 

x = 200, n Y = o, 
intensified 
A x = 0, A Y = 200, 
intensified 
a x = - 2 0 0 , n v = o ,  
intensified 
A X = O , A Y = - 2 0 0  
intensified 
Enable Stop interrupt, 
Stop 
Jump to start of 
display file after 
a Resume 

After initializing the DPU, the CPU WAITS for an interrupt. The DPU executes the display file, eventually 
performing the STOP with interrupt enabled. This causes a vectored interrupt to address 3208. 

Since the Stack Pointer was initialized to 5008, the CPU stores its processor status and program counter in location 
5008 and 4768 respectively; i t  pushes them on the "stack." Once stored, the CPU goes to location 3208 and uses its 
contents as the address of the interrupt routine. The CPU takes the contents of location 3228 as its new processor 
status. In this example, location 4008 is the address of the interrupt handler and the CPU proceeds to that location. 

The interrupt handler simply MOVes the number 1 to the DPC which is interpreted as a RESUME by the DPU. As 
the DPU resumes operation, i t  will fetch and interpret the next instruction after stopping, in this case a DJMP, back 
to the start of the display file. The final instruction of the interrupt handler is a Return from Interrupt (RTI), 
restoring the CPU to the status and location present before the interrupt, i.e., i t  pops two words off the stack. A 
computer branch back one instruction is executed, thus placing the CPU in a WAIT condition again. 

4.7 PROGRAMMING RESTRICTIONS 

As with any complex system, certain restrictions must be observed by the user if trouble-free operation is to be 
expected. In the case of the GT40142, the programmer should be aware of certain programming limitations so that 
the hardware may be exercised more proficiently without violating hardware rules. 

4.7.1 Stop and Sync, Microcoding 

Stop and Sync appear in the Load Status A instruction. However, selection of both conditions in any given Load 
Status A instruction should be avoided. Priorities have been built into the GT40142 hardware concerning the action 
on the microcoding of these bits. The rules are as follows: 

1. Sync and Stop 
Sync will override Stop. The display will stop but will resume in sync with the line frequency. 



2. Stop and Sync with Stop Interrupt Enabled 
Setting Stop with the Stop Interrupt enabled and Sync must be avoided. Under these conditions, the 
DPU will stop, post an interrupt, and restart automatically in sync with the line frequency. Since the 
Sync resume happens rather randomly with respect to the interrupt, the effect of this microcoding is 
undetermined. 

4.7.2 Display File Changes 

Restarting a Running Display - Restarting the DPU while the DPU is running should be avoided. I t  is possible to 
"catch" the DPU in the middle of a bus operation causing inconsistent or undetermined operation. 

I t  is recommended that the DPU be halted with a Stop instruction before restarting i t  again. 

Modification of the File - Dynamic modification of the display file should be avoided when possible. Normally the 
file can be modified dynamically without consequence. However, i t  is possible to cause problems when modifying 
two word instructions such as a Display Jump. For example, if the DPU fetched the first part of a DJMP while the 
CPU modified the second word, the DPU will process the DJMP order code and will take the modified second word 
as a correct address, causing the DPU to branch to a non-intended address. I t  is recommended that the DPU be 
halted before modifying the display file and that care be exercised in selecting the sequence of commands used to 
modify the file. 

4.7.3 Non-Flicker Display 

The quality of the image displayed on the screen is determined by many factors. Primarily, the display is controlled 
by internal adjustments (contrast, focus, etc.) and the external BRIGHTNESS control on the front panel. However, 
programming is also instrumental in producing better image quality. The selectable brightness feature, one of the 
display parameters controlled by the Set Graphic Mode instruction, is one example of the role that programming 
plays. Another is the control of image flicker, the repetitive dimming and brightening of all vectors and characters on 
the screen. Flicker, in this case, is caused by a relatively long program execution time, i.e., the time from the 
beginning of the display frame until the program recycles and the display is repeated. I f  this time is longer than 
about 1/30 of a second the screen fluorescence will decay (the image will become dimmer), and then brighten when 
the next frame begins, to the point where flicker is apparent. When the program time is less than 1/30 second, the 
display is reintensified before the image dims noticeably and there is no apparent flicker. Consequently, the 
objective, from a programming standpoint, is not to exceed this (1130 second) execution period when designing a 
display program. 

Program time, as defined above, and where vectors make up most of the display, is primarily determined by two 
factors: vector magnitude or length, and the number of vectors in the display frame. The longer the vectors and the 
greater the number of vectors the longer the display frame will be. Figure 18 shows the allowable limits, considering 
these two factors, for a flickerless display, defined here as display frames < 32 ms (about 1/30 second). Note that a 
third factor is also present: the vector to mode word ratio. I f  this is a 1 : l  ratio, then fewer vectors are allowed 
because the mode word itself requires time to be decoded - time that must be subtracted from the 32 ms period. 
However, this time is more efficiently used when the ratio increases, i.e., when a mode word i s  accompanied by a 
number of vectors; the total number of allowable vectors is increased. This is shown in Figure 18 as the shaded area 
for each vector length with the top line being the practical limit. I f  vector lengths vary, as is usually the case, the 
total number of each length must be taken into account; the aggregate must not cause the frame time to exceed 32 
ms. 



ONE MODE W O R D  
PER GROUP OF 

2000 VECTORS 

M A X I M U M  
NUMBER 
OF VECTORS 
PER 32 MS 
FRAME 

VECTOR 

VECTOR M A G N I T U D E  
CP-0651 

Figure 18 Non-Flicker Display as Determined by 
Vector Quantity and Magnitude 

4.8 ADVANCED PROGRAMMING TECHNIQUES 

4.8.1 Subroutines 

This programming method is used when a section of display code is repeated a number of times during the execution 
of a display file. I t  precludes the need to store multiple copies of the routine in memory and therefore makes more 
efficient use of available storage space. Writing effective display subroutines is accomplished through use of the stop 
interrupt instruction (DSTOP) followed by an identifier that informs the interrupt service routine what to do or 
where to go. Figure 19 shows an example of how a display subroutine can be repeatedly called by the main display 
file. An example of an interrupt service routine is shown below. I t  i s  assumed that register R5 is used for the 
subroutine stack. STKST is the starting location for the subroutine stack. 

Mnemonic Comment 

STPI NT: TST @ DPC Test the DPC 

BEQ STOPO I f  i t  contains a valid, non-zero address go to the next 
instruction; i f not go to STOPO 

MOV DPC,-(R5) Push current DPC on stack 

ADD #2, @ R5 The stack now contains the return address from the 
subroutine. 



Mnemonic Comment 

MOV @ DPC, DPC 

RTI 

STOPO: CMP R5, STKST 

B E 0  TOP 

MOV (R5)+,DPC 

RTI 

TOP: MOV#START,DPC 
RTI 

MAIN DISPLAY FILE 

S T A R T :  

Move address pointed to by DPC into the 
DPC, i.e., go to the subroutine. 

Exit 

Is the subroutine stack empty? 

Yes, go to top of file 

No, pop off a word and go there 

Exit 

Restart at TOP 
and exit 

P O I N T  

X = O  

Y = O  

DSTOP 

A D 1  

D ISPLAY 
CODE 

1 
DSTOP 

AD1 

DSTOP 

0 , 

1 Ca l l  sub rou t~ne  a t  AD1 

C a l l  subrouttne at AD1 aga in  

S ~ g n a l s  the end o f  t h e  maln f i l e  

DISPLAY SUBROUTINE 

DISPLAY 

DSTOP 

Figure 19 Subroutining Example 



4.8.2 Light Pen Interaction 

The DPU is stopped when a light pen "hit" occurs during the display of a vector, character, or point, provided light 
pen interrupts are permitted (bits 5 and 6 of the Set Graphic Mode word must both be true to enable the LP 
interrupt function). 

Priorities permitting, the LP hit interrupts the PDP-11. The interrupt service routine that is called in as a result of 
the LP interrupt has access to three data in the DPU (the data can be read by specifying the addresses indicated): 

Display Program Counter (DPC) Addr = 172000. Points to the instruction/data word following the data 
word on which the LP hi t  occurred. 

The X position of the display at the time the DPU stopped, Addr = 172004. A 10-bit absolute number. 

The Y position of the display at the time the DPU stopped, Addr = 172006. A 10-bit absolute number. 

The service routine can respond to the LP interrupt by restarting the display in one of two ways: 

Resume the display - the operation in progress at the time of the interrupt is allowed to continue. 
Program example: MOV #I, DPC 

Restart the display - the operation in progress a t  the time of the interrupt i s  abandoned and a new 
display program routine is initiated. Program example: MOV #A, DPC 

4.8.3 Special Characters 

The 31 special characters in the GT40142 display character set are addressed through use of ASCll codes Shift Out 
(0168) and Shift In (0178). 

When the DPU detects the character code 0168, the hardware enters the shift mode. In this mode codes 000 through 
0378 are decoded as special characters. (Appendix C contains a list of GT40142 character codes.) Note that when 
the DPU is in the shift mode, the Shift Out code (0168) itself i s  a legitimate printing character. The DPU i s  returned 
to the non-special character ASCll set (non-shift mode) when Shift In is decoded. Unlike the Shift Out code, the 
Shift In code (0178) does not cause a special character to be displayed. If, when in the shift mode, the DPU detects 
a code 2 0408, the PDP-11 is interrupted by a Shift In/Time Out interrupt vector. This is because only the special 
characters (codes 000 through 0378) are legal when in the shift mode. The PDP-11 now has access to the 6 low order 
bits of the 7-bit illegal code. These 6 bits could be used, for example, as an index to a table of software generated 
characters. 

4.8.4 Edge Violations 

An edge violation occurs if either the X or Y coordinate indicated for a relative display causes the display to go 
outside the physical limits of the CRT face. (Vectors, relative points, characters, and Graphplots are classified as 
relative type displays.) In the event of an edge violation, the edge flag in the status word is set and the display is 
clipped (terminated) a t  the edge of the screen; wrap-around does not take place. However, there is one exception in 
which wrap-around can occur. The GT40142 hardware is capable of counting only up to 409510, i.e., 12 bits. 
Therefore, i f  the vector position exceeds this 12-bit limit, the count overflows to 0 and wrap-around occurs. For 
example, if four consecutive vectors with the same coordinates (A X = 1023, A Y = 1) are read, only the first vector 
is displayed; it is the only one that can be displayed within the physical address space. The other three vectors cause 
the count to legally exceed the 12-bit field. If a fifth vector, with the coordinates of A X = 10 and A Y = 0, is 
decoded, the vector will appear on the left of the display; the hardware has caused the display to wrap around. This 
relative X and Y counting is performed in a 12-bit circular fashion. Absolute points are limited to 10-bit addressing. 



5.1 COMMUNICATIONS BOOTSTRAP READ-ONLY MEMORY (ROM) 

The communications bootstrap ROM in the GT40 and the GT42 connects the Graphic Display Terminal to a host 
computer by way of the DL1 1 Asynchronous Line Interface. Two functions are performed: 

1. The program allows ASCll dialogue with the host computer in order to perform such functions as 
logging in, etc., which presumably leads to 

2. The ability to load the Graphic Display Terminal's core memory with an absolute PDP-11 program. This 
function i s  typically called a down-line load. 

The ROM Bootstrap program is stored in a bipolar ROM contained in the display processor (M7014 module). The 
memory i s  assigned addresses starting a t  1660008 and is accessed via the Unibus and the display processor addressing 
hardware. Although physically located in the display processor, the communications ROM should be considered a 
separate, Unibus connected, memory device. In the GT40, the ROM contains 256 words; in the GT42, the ROM 
contains 51 2 words. 

Appendix D contains a program listing of the ROM Bootstrap for the GT40 and Figure D-I  is  a flow diagram for the 
program. Appendix E contains a program listing of the ROM Bootstrap for the GT42 and Figure E-I is a flow 
diagram for the program. 

5.1 .I Bootstrap Loader 

The communications down-line loader portion of the Bootstrap allows loading programs in all memory locations 
except for the absolute addresses 15700 through 15776,, which are used by the loader itself. I f  the user finds this 
restriction unacceptable, it is possible to reassemble a copy of the Bootstrap program with the tag COREND equal to 
the highest address in the user's memory, e.g., COREND = 57776, for a 12K memory. The procedure then is  to load 
this modified Bootstrap first and then the user's program. 

The loader will accept properly encoded ASCll strings and effect the loading of a PDP-11 absolute program. The 
encoding and decoding scheme is shown pictorially in Figure 20. 

The loading procedure, frorri the host computer, is presented below in brief terms: 

1. Initiate the Bootstrap by placing 166000 in the SR switches; press LOAD ADDRESS and START. 

2. Transmit ) ( 175, ) and then R (1 22,) to reset the Bootstrap. 

3. Transmit ) ( 1 75,) and then L ( 114, ) to start the Loader. 

4. Transmit encoded characters representing the binary program to be loaded. 

5. I f  a checksum error occurs during a load, B (1 02,) and ) (175,) will be returned. 

6. I f  the program loads but does not self-start, G (107,) and ) (1 75,) are returned. 

7. There is no return if the program is properly loaded and started. 

To enable synchronization of the loader a t  high transfer rates, the host computer should transmit filler characters 
after step 3 above. These fillers should be nulls in multiples of three, as indicated in Figure 21. The @ symbol ( loo8)  
is transmitted because 100, is added to all characters less than 0408; therefore, null (000) + 1008 = 100,. The filler 
requirement is satisfied by six nulls, i.e., eight @ symbols. 



CONVERSION 
(see  no te ]  / 

8 - B I T  BYTE ( n  ) 
BINARY DATA 

SERIAL i 
TRANSMISSION 
TO GT40/GT42 I 1 

I I I I I I 
- - - -  

4 4 4 4 4 4 HOST 
. COMPUTER 

ENCODING 

- - - -  
8- B I T  BYTE ( n + l )  

BINARY DATA 
8 - B I T  BYTE( n + 2 )  

BINARY DATA 

- - - -  
6- B I T  

BYTE ( n 

REASSEMBLY I I I 

6 -  BIT 
B Y T E ( n )  

I I I - - - -  
NOTE : 

J 
I f  6 - B i t  number x C 4 0 8  then ~ = x + l O O ~ ~ i f  6-Bit number x>,  4 0 8  then x = x  .The resulting 6 - B i t  codes are 0 4 0 8  
through 137g; a l l  are printable characters and symbols.They are serially transmitted in  sequential order,until the 
end of the PDP-11 program,to the GT40 where they are reassembled into thei r  8 - B i t  b inary format.  

6 - B I T  
BYTE ( n t l )  

Figure 20 Encoding and Decoding of Serial Data 

I I I I I - - - -  GT40/42 
DECODING 

6- B I T  
BYTE ( n t l )  

Figure 21 Filler Character Transmission to the GT40142 

6- B I T  
BYTE ( n  t 2 )  

It i s  necessary to preface the first "one" byte in the absolute program with a "zero" byte in order to save Bootstrap 
code. A normal absolute program, in octal, before encoding into the 6-bit tape format, i s  transmitted in the order 
shown in Figure 22. An example of a short program (in octal) and the resultant encoded characters transmitted are 
shown in Figure 23. 

6- B I T  
BYTE ( n t 3 )  

6 - B I T  
B Y T E ( n t 2 )  

6-81T 
BYTE(n  t 3 )  



FIRST 
DATA 
BLOCK 

INTERMEDIATE 
DATA 
BLOCKS 
(2- n - 1  ) 

L A S T  
DATA 
BLOCK 

1 BYTE 
0 B Y T E  

DATA BYTES 

CHECKSUM BYTE 

0 BYTE 
1 BYTE 
0 BYTE 

B C L  
BC H 
A D L  
ADH 

DATA BYTES 

I 
CHECKSUM BYTE - 

1 BYTE 
0 B Y T E  
6 B Y T E  
0 BYTE 

J L 
J H 

CHECKSUM BYTE 

A' 
- 

----------- Included only in the first block 

L o w  order 8 bits  of byte count 
Hi o r d e r  8 bits of byte  count 
Low order load addr or JMP addr .  
HI order load addr  or J M P  a d d r .  

T h i s  pattern is repeated 
for all  intermediate  
b l o c k s  

I ndlcates the last block 

E i t h e r  the jump addr 
or an odd number 

Figure 22 Absolute Program, Octal Format 

5.1.2 Character Echoing 

When not running in the LOADER mode, the Bootstrap allows the GT40142 to communicate with the host 

computer in ASCII. Depressing a key on the LK40 keyboard at this time causes the ASCII character for that key to 
be sent to the host computer. If the host computer echoes the character, i t  will appear on the GT40142 display 
(providing i t  is printable). 

In reference to this type of display, several characteristics should be noted: 

The GT40 Bootstrap does not scroll. If the initial dialogue runs off the bottom of the screen, the 
operator must again depress START; the dialogue will then return to the top of the screen. In the GT42, 
the dialogue appears a t  the bottom of the screen and scrolls off the top when the screen is full. 

With the exception of 1758 characters with codes of from 0408 through 1768 will be displayed on the 
screen. Code 1758 is used to initiate restarting and loading of the GT40142. 

In the GT40 the only control characters which affect the display are CARRIAGE RETURN, LINE 
FEED, and BACKSPACE. TAB, FORM FEED, etc. are not understood. In the GT42, TAB and FORM 
FEED characters are understood. 

The host computer should not send SHIFT OUT (0168) because this character causes the GT40142 
hardware to generate a special character set.  (This restriction applies only to the Bootstrap because of 
space limitations in this program. Normally the software would monitor all characters before inserting 
them into the display file.) 





APPENDIX A 
KEY BOARD LAYOUT 



SHIFT 0 
1 

HOME LOCK 

- - 

SPACE 

Figure A-I  Keyboard Key Configuration 

[F] [-I [F] [TI [F] [-I [F] [TI [TI [T] [T] [-I [T) [-I [F] 
HT ESC C R 

LEGEND: 
CONTROL 8 SHIFT 
CONTROL 
SHIFT 
UNSHIFT'  

Figure A-2 128-Character Keyboard (Position 1 ) 







APPENDIX B 
ADDRESS MAPPING 

4 ERROR 
10 RESERVED 
14 TRACE 
2 0  I O T  
2 4  PWR FAIL 
3 0  EMT 
3 4  TRAP 

0 0 0  1 0 0  I INTERRUPT VECTORS 6 0  TELETYPE KEYBOARD 1 \ 6 4  TELETYPE PRINTER 

0 0 0  7 0  PAPER TAPE READER 
74 PAPER TAPE PUNCH 

RESERVED FOR CUSTOMER 
INTERRUPT VECTORS DEVICES 

( 0 0 0  1 7 0  0 0 0  174 )  
( 0 0 0  2 7 0  0 0 0  2741  

INTERRUPT VECTORS ::: ::," ',",>PAPER TAPE READER 

4 K  MEMORY 
NOT PROTECTED 
AGAINST 
STACK OVERFLOW 

::: :;: FF", PAPER TAPE PUNCH 

7 7 7  1 7 7 7  5 5 0  
::: ,","," :,"," >TELETYPE KEYBOARD 

0 0 0  7 7 7  5 6 4  TPS 
7 7 7  5 6 6  TPB > TELETYPE "INTER 

7 7 7  5 6 7  

USER DEVICES 
7 7 7  5 7 0  B 7 7 7  571  ARE SWITCH REGISTER 

7 6 7  7 7 7  i 7 7 7  5 7 7  

7 7 7  7 7 7  7 0 0  
PROCESSOR GENERAL STORAGE-THESE 16  

7 7 7  710 LOCATIONS ARE EACH 1 F U L L  WORD 

7 7 7  7 2 0  R 6  IS STACK POINTER 

7 7 7  7 7 7  R 7  I S  PROGRAM COUNTER 

7 7 7  7 7 6  8 7 7 7  7 7 7  ARE STATUS REGISTER 
7 7 7  7 7 7  

11-0191 

Figure B-1 Address Mapping 





APPENDIX C 
CHARACTER CODES 

GT40/42 Printing 
When Preceded By 

Shift-Out = 01 6 

h 
CY 

0 
C 
6 
A 
r~ 

a 
n 
$ 
- 

o 

P 
6 
S h ~ f t  In  
71 

1 1  
i-2 
u 
T 
E 
t 

-+ 
t 
4 
r 
1 
f 
% 

V 

GT40/42 
Printing 

Backspace 

Line Feed 

Carriage Return 

Space 1 character 
! 
' 6  

# 

Keyboard 

CTRL @ 
CTRL A 
CTRL B 
CTRL C 
CTRL D 
CTRL E 
CTRL F 
CTRL G 
CTRL H 
CTRL I (TAB) 
CTRL J ( LF) 
CTRL K 
CTRL L 
CTRL M (CR) 
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 [ ( ALT) 
CTRL \ 
CTRL ] 
CTRL- 
CTRL - 
SPACE BAR 
SHIFT 1 
SHIFT 2 
SHIFT 3 

7 Bit 
(octal) 

000 
00 1 
002 
003 
004 
005 
006 
00 7 
010 
01 l 
0 12 
013 
014 
015 
0 16 
017 
020 
02 1 
022 
023 
024 
025 
026 
027 
030 
03 1 
03 2 
03 3 
034 
03 5 
036 
03 7 
40 
4 1 
42 
43 

ASCII 
Representation 

NUL 
SOH 
STX 
ETX 
EOT 
ENQ 
ACK 
BEL 
BS 
HT 
LF 
VT 
FF 
CR 
S 0 
S I 
DLE 
DC 1 
DC2 
DC3 
DC4 
NAK 
SYN 
ETB 
CAN 
EM 
SUM 
ESC 
FS 
GS 
RS 
US 
SP 
! 
" 

# 



7 Bit 
(octal) 

44 
4 5 
46 
4 7 
50 
5 1 
5 2 
53 
5 4 
55 
56 
57 
60 
6 1 
6 2 
6 3 
64 
6 5 
66 
67 
70 
7 1 
7 2 
73 
74 
75 
76 
7 7 
100 
10 1 
102 
103 
104 
105 
106 
107 
110 
11 1 
112 
113 
114 
115 
116 
117 
120 
121 
122 
123 
124 

ASCII 
Representation 

$ 

% 
& 

( 
1 * 
t 

- ( minus) 

I 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

< 
- - 
> 
? 
@ 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
P 
Q 
R 
S 
T 

Keyboard 

SHIFT 4 
SHIFT 5 
SHIFT 6 
SHIFT 7 
SHIFT 8 
SHIFT 9 
SHIFT : 
SHIFT ; 

- 

1 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

SHIFT , 
SHIFT - 
SHIFT . 
SHIFT / 
@ 
SHIFT A 
SHIFT B 
SHIFT C 
SHIFT D 
SHIFT E 
SHIFT F 
SHIFT G 
SHIFT H 
SHIFT I 
SHIFT J 
SHIFT K 
SHIFT L 
SHIFT M 
SHIFT N 
SHIFT 0 
SHIFT P 
SHIFT Q 
SHIFT R 
SHIFT S 
SHIFT T 

GT40/42 
Printing 

$ 
% 
& 

( 
1 
z 

t 

, 
- 

/ 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

< 
- - 
> 
? 
@ 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
P 
Q 
R 
S 
T 

GT40/42 Printing 
When Preceded By 

Shift-Out = 01 6 



7 Bit 1 ASCII 1 Keyboard 
(octal) 

125 
126 
127 
130 
131 
132 
133 
134 
135 
136 
137 
140 
141 
142 
143 
144 
145 
146 
147 
150 
151 

Representation 

U 

v 
W 

X 

Y 
z 

- 
RUB OUT 

SHIFT U 
SHIFT V 
SHIFT W 
SHIFT X 
SHIFT Y 
SHIFT Z 

L 
\ 
I 
A 

SHIFT 
A 
B 
C 
D 
E 
F 
G 
H 
I 

U 
v 
W 
X 
Y 
z 
SHIFT [ 
SHIFT '\ 
SHIFT ] 
SHIFT A 
R.O. 

Function Key Codes 

+- 10 f 32 . Home 35 EOS 37 
+ 30 4 33 EOL 36 

GT40/42 
Printing 

GT40/42 Printing 
When Preceded By 

Shift-Out = 016 





V T - 4 0  B O O T S T R A P  LOADER,  V E R S I O N  S 0 9 ,  R EL E A S E  R B I ,  5 / 2 / 7 2  

C O P Y R I G H T  1 9 7 2 ,  D I G I T A L  E Q U I P M E N T  C O R P O R A T I O N .  
1 4 6  M A I N  S T R E E T  
MA Y N AR D ,  MASSACHUSSETTS 

0 1 7 5 4  

W R I T T E N  BY JACK BURNESS, SENIOR S Y S T E M S  ARCHITECTI 

R E G I S T E R  D E F I N I T I O N S I  

;RETURN OF V A L U E  R E G I S T E R .  
;ARGUMENT FOR C A L L E D  F U N C T I O N  
;SECOND ARGUMENT.  
; F I R S T  WORK R E G I S T E R .  
;SECOND WORKING R E G I S T E R .  
;SCRATCH R E G I S T E R ,  

; O V E R L A P P I N G  D E F I N I T I O N S  FOR L O A D E R  P O R T I O N .  

;FIRST LOCATION OF N ON- C O RE .  
;WHERE THE ROM PROGRAM SHOULD GO. 

;WHERE TO S T A R T  D I S P L A Y I N G  THE X P O S I T I O N S .  
;WHERE TO S T A R T  P I S P L A Y I N G  THE Y .  



o 

'" 

166000 
166004 
166006 

172111~1II 

177560 
175614 
175610 

177562 
175612 
175616 

11115776 
11115772 
015770 

160011H,) 

ItHl0024 

166000 

"'12705 000026 
005015 
11110745 

166310 000005 

166012 
166020 
166026 

166034 
166040 
166042 

166046 
166050 
166054 
166060 
166062 
166066 

166072 
166076 
166100 
166102 
166104 

012767 
012767 
012767 

012706 
IIHI15001 
012702 

010221 
012711 
ril1271H 
005000 
004767 
005067 

000007 
000001 
000201 

015770 

160000 

166756 
000030 

000022 
003706 

004767 000210 
000240 
000240 
000240 
012746 166072 

007570 . 
011532 
007560 

START: 

VT411lPC=172011l0 
K6DI5=1775621 
P1005=17~614 
P10IS=1756121 

K6DIB=KBOIS.2 
P10 I B=P1i2I1 S.2 
P100B=P100S+2 

PU!OC=COREND-2 
P10 I C=P100C~4 
STKSRT=P10IC-2 

JMPDIS=1611l000 

PWRFAL=24 

.=ROMORG 

MOV 
CLR 
MOV 

RESET 

MOV 
MOV 
MOV 

#PIoIRFAL+2,SCR1 
~SCR1 
PC,·CSCR1) 

1.I7,P10IS 
#l,KBDIS 
#21!l1, PHlOS 

RESTRT I MOV 
CL.R 
MOV 

#STKSRT,SP 
L.ADR 
flJMPDIS,INP2 

MAJORI 

MOV 
MOV 
MOV 
CLR 
JSR 
CLR 

JSR 
NOP 
NOP 
NOP 
MOV 

INP2,(L,ADRl+ 
flOISPRG, CL.AORl 
flPWRFAL+4,L.ADR 
REa 
PC,QOCHAR 
vH0PC 

P9, GETCHR 

flMAJOR,-CSPl 

IVT40 PROGRAM COUNTER. 
ITTy INPUT STATUS. 
IPDP-10 OUTPUT STATUS. 
IPDP-10 INPUT STATUS. 

TTy INPUT BUFFER. 
PDP-10 INPUT CHARACTER. 
PDP-10 OUTPUT BUFFER. 

CHARACTER TO BE SENT TO T~E PDP-1III 
INPUT CHARACTER FROM 1111 PLUS ONE SAVE CHARACTER 
FIRST LOCATION OF STACK. 

ITHE VT-40 DISPLAY JUMP INSTRUCTION. 

IPOWER FAIL RESTART LOCATION. 

:SET THE ORIGIN NOW!!!! 

IPICK UP POINTER TO P.F. STATUS. 
ICLEAR IT OUT TO BE SURE. 
ISET UP T~E RESTART LOCATION. 

IRESET THE BUS. 

IINITIALIZE PDP-1111 INPUT 
IINITIALIZE TTY INPUT. 
JINITIALIZE PDP-l111 OUTPUT, 

ISET UP THE STACK Nowi 
ICLEAR ADDRESS POINTER, 
JPLACE A DISPLAY JUMP INSTRUCTION IN A REGISTER. 

IMOVE IT TO LOCATION I. 
IMOVE ADDRESS POINTER INTO 2. 
JSET uP IoI~ERE WE WILL STORE CHARACTERS. 
IPREPARE TO INSERT A ZERO CHARACTER. 
IINSERT IT NOW. 
ICLEAR THE DISPLAY PROGRAM COUNTER AND START, 

IGET A CHARACTER NOW. 

IINSERT IN DISPLAY BUFFER NOW. 



IL - W 
3 e -  
0 m o  
2 -0 

0 
a W O  

- W  a c  
3 b- 
O U L L U W  
z u w - u  - 

( L -  0 w x  
V ) U O J U I O  
+-I s x z  
-u  W 
m  x w b - u  

W C x z n  
X I  + W  
- + V )  X U  
V) V ) I - W t  

w - w a u  
C > i l V ) U O  
w u * w z a  
c ) m m a - 3  - .. .. -- -. .. 

m m m  
a >  JJJJ- I  
~ O c n C n c n O v ,  
7 X U ~ U C c U  

- 
n a 
V)V)D 
a - n  

- .  
N  N  N  CAN+ N N I  

d d d Y d Y . i Y . + Y Y ^  r ( d Y d Y d ^  

m m m m m m m m  m m 
L A J A J L J J J J > > ~ ,  ~ ~ a a a ~ ~ b - m  
l n m m 0 ~ 0 V ) 0 V ) 0 0 0 +  0 a 0 0 0 0 m C  

B N O Q 6 I N 0 9 ~  NamNPQ 
ddddNNNND mmPfPO 

N a t 3 N 0 * s  NOQ a N P Q S N O a Q N t a B  NUQFaNtafX2 

d d d d d d d d *  dd,-,,..,.-+d 
6 & & 2 5 4 d d d N N N N n  OnmfPPPLP 

a a a a a a a a a  a a a a a a  4 .44  NNNNWNNNNNNNN NNNNNNNN 

9 a a a a Q Q O a  * * * . A , Q Q  
g a a a g g Q  9a.Q a a Q a a a a a a a a a a  a a a Q a a a Q  

d4.-fddrldd.i  d d d d d d  
d d d  a a a  Q a a a a a a Q a a a a Q  a a Q Q a a a 9  

. - + i d  d d 4 d d d d d d d d d d  ddd.- idddd 



166250 GET8T8 = ... 2 ;PUSH tERO CONDITION BAC~ INTO NEVER-NEVER LAND. 

166252 000000 ,IoIORD G(T81-GET8P 
166254 11011026 ,loIORo GE:T82-GETBP 
166256 0t110060 ,1oI0RD G(T83-GET8P 
166260 177770 ,1oI0Ro GET84-GET8P 

166262 004767 000020 GETSIXI JSR PC.GETCHR 
166266 020027 12"')0040 CMP R(Tl,#40 
166272 002546 BlT L.BAD 
166274 020027 000137 CMP RET1.#13? 
166300 003143 BGT L.8AD 
166302 o IiH' 2 ['1 7 RTS PC 

j,66304 005726 GETCHP: TST (SP) + ;UPDATE THE STACK, 

166306 012700 015772 GETCHR: MOV #P10IC,R[T1 ;SET UP POINTER TO THE INPUT CHARACTER. 
166312 004767 000064 GETCHL: JSR PC, CHECK 
166316 00571-0 TST t'lRETl ;ANY CHARACTERS THERE? 
166320 0i1l1774 BEQ G(TCHl 
166322 011046 MOV tIIREH.-CSPl ;PUSH THE CHAR ON THE STACK. 
166324 ['105020 ClR (RET1>+ ;ClEAR THE CHAR GOT FLAG NOIol. 
166326 042716 177600 BIC #,,200, (SP) ;ClEAR AIoiAY PARITY NOIol. 
166332 001764 8EQ GETCHP IIF tERO, GET ANOTHER 

0 
.j:.. 

166334 022716 000177 CMP #177,(SP) 
166340 001761 BEQ GETCHP ;AlSO IGNORE RUBOUTS. 
166342 0227Hl 000175 CMP #175,IIRE11 ;WAS IT A "175" 
166346 001007 BNE GETNP ;NOPE. 
166350 ~11610 MOV (SP).IIRET1 ;YEP. RESET IN CASE OF AIORT. 
166352 021027 0fiHH22 CMP (l>RETl, #122 ;ISITANR 
166356 01H626 BED RESTRT IYEP. RESTART 
166360 021027 000114 CMP IIREH, H14 ; I S IT AN l 
166364 001455 BEQ lOAD IYEP. lOAD. 

166366 011(12) GETNP: ,..0 V (SP),IIRET1 lNOW DO THE FDUGING. 
166370 012600 MOV (SP)+,RET1 
166372 020027 000175 CMP R(11,#175 
166376 001743 BEQ GETCHR lIF AlTMODE, LOOP 
166400 000207 RTS PC 

166402 005767 ;J27370 CHECK: TST P100C lDO WE WANT TO OUTPUT? 
166400 0(.11410 BEQ CHECK1 l NO. 
1664H' H'5767 007200 TSTB PUOS ;IoIE DO. IS THE 121 READY? 
166414 Hl0005 8PL CHECKl ;NOT QUITE. 
166416 "'16707 027354 007172 ~OV Pl"'OC, P1008 ;IT'S READY. SEND THE CHARACTER. 
166424 >'1051'167 027346 ClR PUOC ;.ND THE SAVED CHARACTER. 

166430 11<'5767 011124 CHECK1: TST8 K8DIS lHEY. IS THE KEYBOARD READY? 
166434 HJ0iH4 BPL CHECK3 lNOPE. NO LUCK. 



K B D I B , - ( S P )  
#1, KBD I S  

; Y E P .  SAVE THE CHARACTER NOW. 
;AND R E E N A B L E  THE C O M M U N I C A T I O N S  D E V I C E .  

CHECKZ:  JSR 
T S  T  
BNE 
M 0  V  

; I S  THE OUTPUT R E A D Y ?  PC, CHECK 
P 1 0 O C  
CHECK2 
( S P ) + r P l B O B  

; I F  NOT. W A I T  T I L L  DONE. 
;AND THEN SEND OUT THE CHARACTER.  

1 6 6 4 6 6  1 0 5 7 6 7  0 a 7 1 1 6  C H E C K J :  T S T B  
1 6 6 4 7 2  1 0 0 @ l l  B P L  
1 6 6 4 7 4  1 1 6 7 6 7  0 0 7 1 1 2  0 2 7 2 7 0  M O V E  
1 6 6 5 P 2  8 5 7 7 6 7  1 7 7 4 0 0  a 2 7 2 6 2  @ I S  
1 6 6 5 1 0  0112767 U 8 0 0 0 7  f i 0 7 0 7 2  HOV 

; I S  THE 1 0  T A L K I N G  TO M E , -  
;NOPE.  E X I T .  
;GET THE CHARACTER NOW. 
:MAKE SURE I T ' S  NONE ZERO. 
: R E I N I T I A L ~ ~ E  C O M M U N I C A T I O N  L I N E .  

1 6 6 5 1 6  P 0 9 2 P 7  CHECK4:  R T S  

I THE 

;RESET TO F I R S T  8 B I T  CHARACTER.  
;AND ALSO CLEVERLY STOP THE V T 4 0 .  
:RESET STACK P O I N T E R  NOW. 

L O A D :  CLR 
MOV 
MOV 

L , L D 2 :  CLR 
J S R  
DECB 
BNE 
J S R  

L  I CKSM 
P C , L . P T R  
L I B Y T  
L  l L D 2  
P C , L . P T R  

;CLEAR THE CHECKSUM 
:GET A  B Y T E  NOW. 
; I S  I T  ONE? 
;NOPE. W A I T  A W H I L E  
; Y E P .  GET NEXT CHARACTER.  

J S R  
MOV 
SUB 
CMP 
B E 0  
JSR 
MOV 

PC 1 L .  CWRO 
L 1 B Y T , L . B C  
# 4 . L . B C  
ar2 ,L .BC 
L  I JMP 
PC.L.GWRD 
L e B Y T t L S A D R  

:GET A  W O R D .  
i G E T  THE COUNTER NOW. 
;CHOP OFF E X T R A  S T U F F .  
; N U L L ?  
; Y E P .  MUST B E  END,  
;NOPE.  GET THE ADDRESS. 
;AND REMEMBER FOR OLD T I M E S  S A K E .  

L . L D 3 :  JSR 
BGE 
T S T B  
B E 0  

PC,  L .  PTR 
L  1 L O 4  
L ,  CKSM 
L  I L D 2  

;GET A  B Y T E  ( D A T A )  
; A L L  DONE W I T H  THE COUNTER? 
; Y E P ,  GOOD CHECK SUM? 
;NOPE.  LOAD ERROR, 

L , B A D :  MOV 
,BYTE 
J S R  
JMP 

; S E N D  OUT SOME CHARACTERS NOW. 
; " C T R L  B A D "  

; P L A C E  THE B Y T E  I N  CORE. 
:GET ANOTHER ONE, 

L . P T R :  JSR 
ADD 

;GET 8 B I T S  NOW. 
; U P D A T E  CHECKSUM 
; C L E A N  UP THE B Y T E  NOW. 
; U P D A T E  THE COUNTER. 
;RETURN NOW. 

B I C  
OEC 
R T S  



0 J  L U 
LL u a a 
I: w a  

a [I x u 
WO ' O X  
I - Z  w a u  
rn L - 0 

o w l n  
a -  x I a  

3 u 
U x 

I O U  
U  A 4  - rn 
x A 
3 -a 

a x  
I L L 3  
d > 

W  W  b-W 
n a  a m 

O W W W 0 3  
V ) X C C C C  
3 U U U  > 
F - C Z Z ~ ~ U  
4z--aIT> 
+ - n o 4 3 4  
l n O a a I 7 l n  

a o o u  - 
0 0 0  Z b  
e l - u u l - W  
OW W X O  
J l n X > l n t - l -  .. .. .. .. .- .. .. 

- - -  
t - W U  - 
U l n  W X  
4 a-1 
a u w m z  
4 X E K  
s a + - w = a  
u o o m t -  

L. ZV) W  
a ( a m  

- .  
a a 
0 W J  
o x >  
ao- 
a a x  

- t- 
a  > 
LO m 

a- a  - 
l - I b -  J 
a  - a  - U  d 

w + a  + 
x u -  - - 
U O C 2 d r ( d O  
- 8 z t - t - + z  

U r ( W W W W W U  
a a m a a a w a  

O Q Q 6 l N  5 O 5 t ! n d N d N  0 8 -  8 9 O d Q O 8 d G  
T i  S 8 T i 9 m K l F 3 m d  5 1 8 9  6196) .+618C3S 
m 6 s 8 6 -  5 s s m d e s 6 - a  m e e  s a m m s d e e o  



SYMBOL TABLE 

CHECK 16641J2 CHECKl 166430 CHECK2 166451'1 CHECK3 166466 
CHECK4 166516 COREND = 1!1161/J01/J DlSPRG 166756 DOCHAR 166110 
GETCHL 166312 GETCHP 16631J4 GETCHR 166306 GETNP 166366 
GETP84 166144 GETSIX 166262 GET8 166132 GET8P : 166152 
GET8TS = 166250 GET81 166152 GET82 166200 GET83 166232 
GET84 166142 INPl =%01J01'101 INP2 =%000002 JMPDIS = 160000 
KBOIB = 177562 KBDIS = 177560 LOAD 166520 L.ADR =%000001 
I..BAD 166610 L.BC =%000005 L. BYT =%000000 L.CKSM =%000003 
L.GioIRD 166646 L.JMP 166666 I...JMP1 166726 L.LD2 166532 
I..LD3 166576 L.LD4 166624 L.PTR 1,66630 MAJOR 166072 
PC =%i""0007 PioiRFAI. = 000024 P1I/JIB = 175612 P101C = 015772 
P111JIS = 175610 P100B = 175616 P100C = 015776 P111l0S = 175614 
RESTRT 166034 RET! ="000000 ROMORG = 166000 R0 = % 1/J00 IIlI/J 0 
R1 =%000001 R2 ="0001'102 R3 ="000003 ~4 =,,000004 
R5 =%,Hl0005 R6 =%01'10006 R7 ="~000~7 SCIH =%000005 
SEND IT 166730 SP ="~00(IH16 START 166000 SURTX = OOOO00 

0 STARTY = 001360 STKSRT = 015770 VT4IJPC = 1,721J00 WORK1 =%01/J01/J1/J3 
~ ltiORK2 =%IJ,H'I(~1J4 :: 166774 





APPENDIX E 
SCROLLING ROM BOOTSTRAP 

LOADER PROGRAM - GT42 





m 
W 

SCROLLING ROM BOOTSTRAP rOR THe GT 40 
BOoT,T15 DE'INITION SECTION 

56 
57 
58 
159 
69 
61 
62 
63 
64 
65 
66 
67 
68 
69 
79 
71 
72 
'3 
74 
75 
76 
77 
78 
79 
8 III 
81 
82 
83 
84 
a5 
86 
117 
88 
89 
9 III 
91 
92 
93 
94 
95 
96 
97 
98 
99 

121 III 
101 
102 
103 
104 
105 
11/16 
107 
11118 

",0"'0"21 
01il~0"'1 
~1~"'0r12 
00111003 
"30004 
01119005 
1t1!J"'0~6 
,i!rtHI0~7 

0011101"0 
N'001"1 
~"H'I1Il02 
011l011l\~3 

11'910011'4 

Vl1/J00"" 

rl!l000e 
1"~011l~1 
0f1l0f1l32 
e III I"fIl 1"5 
0"'''01'13 

MACDLX ~22C622'~1 26~JUN.'3 16.11 PAGE 1~1 

REGISTER DErlNITIONS 
-~.-.-~- .:---~---~~ 

BASIC OErlNTIONS ----... _--. . ~. 

RI/l-XI'I 'OErINE STANDARD VALUES, 
Rl·:U 
R2~%2 
R3·%3 
R4ii%4 
A5·"" Sp;,U 
PC~'" 

GT411l OEF'INTIONS 
~-~-

CHARI!RIIl 
POINTR .. Rl 
UBCt.JT.R2 
SCAN.R3 

WOLO.R4 

COUNTR_R5 

-.---.---., 

LOADER DEFINITIONS . -"'--..,. 

L,8YT·CHAR 
L.,AOR_POINTR 
~,BC'TABCNT 
~,CKSM-COUNTR 
INDEX-SCAN 

---.. --~-- .. 

,CONTAINS THE INPUT CHARAC'ER. 
,POINTS TO NEXT INSERTION BY'E IN DlS'~AY BurrER 
,C~ARACT£R COUNTER FOR TW; "TAl" rrA'URE, 
,GENERALLY CONTAINS A 'OIN'ER WHICH 
'IS US!O WHEN SCANNING MEMORY 'OR SOMtTHING, 
,TVPICALLY A TEMPORARV WHiCH IS USED '0 RETAIN 
'A VALUE rOR A SHORT TIM[. 
,TVPICALLy USED AS A COUNT!R~ 

,C~ARACT[R I~PUT rOR THE LOADER, 
,CURRENT MEMORY ADDRESS '0 B~ LOADED; 
'NUMBER 0' DATA ITEMS TO ~OAOI 
,CHECKSU~ ON THE INPUT OAT •• 
'INDICATES HOW TO ASSEHBL.E THE e iIT CHA.AeTrR~ 



SCRO~LING RO~ BOOTSTRAP rOR THE CT 4e 
BOOT.T15 DEfiNITION SECTIO~ 

110 
111 
112 
113 
114 
115 
116 
117 166il00 

.118 
119 175610 
120 175612 
121 175614 
122 175616 
123 
124 177560 
125 177562 
126 
127 1720,/40 
128 1720"2 
129 
130 
1!1 r0111l11J0 
132 007il"'0 

m 133 "'07776 
.i:. 134 01300014 

1:55 P'~7012 
136 0(l~04'" 
1~7 
138 l'1il5015 
139 "il1'l17' 
1~0 
141 1.6130(>10 
142 1730021 
143 
144 
145 
146 
147 
148 
149 
l'il 
151 
152 
153 
154 
155 
156 
157 
158 
159 
11$3 
161 

MACO~X 622(6221~1 26-JUN"73 16111 PAGE 1.2 

MAJOR SYSTEM o£rINITIONS 
~~~-- .---~- -~---.---~~ 

ORIG!N"1662100 

O~111S-1756101 
O~11IB"O~l1IS+2 
O~l1nS"D~111t:l+2 
O~110B·D~110S·2 

I<B015=177560 
1(8019=I(BOIS·2 

GT 411lPC"172000 
GT~fIlSR.GT40PC+2 

I'!START a U00 
91.1MIT·7000 
TMPEND·7776 
CORSTR"4 
JMPAno-BLIMIT+lf1l. 
NU MLIN"32. 

CRl.f·!:i1ll15 
ALTMOO=175 

OISJMP:J160000 
DISTOP=1730I/J(II 

'ORIGIN or T~[ BOOTSTRAP. 

'INPUT STATUS REGISTER 0' D~ll 
'INPUT C~ARAeT[R 'ROM O~11 
'OUTPUT STATuS or THE OL11 
'OUTPUT CHARAC,[R TO T~E D~11 

'K[VBOARO INPUT STATUS 
'CURRENT CHARAeT£R fROM KEVBOARD. 

'GT40 PROGRA~ eOUNTER. 
'GT40 STATUS R!GIST[R ADORESS. 

'STAR~ Of THE OISP~AV BU"[R 
'APPROXI~.TE END 0' THE OIIPLA¥ 8U,rtR. 
'~OCATION or IN1T1A~llATION ST.CK, 
'LOCATION O~ POP-11 TRAP VECTOI. 
'W~ERE T~E POl~TER IS TO rlRST C~AR QN SCREEN 
INUMBER op L!NES ON TExT TO SHOw ON TWE SC~££N 

'CARRIAGE RETURN • ~INE '££0 
,THE "KEV" C~ARACTER Cl.f. A~T~OD[~. 

'T~E GT4~ JMP tNSTRUCTIO~ 
'T~E GT4~ 5TOP OISP~AY I~STRUCTION. 

ISBTT~ INITIA~llATION AND ~ESTART coDE 



SCQOLLING RO~ BOOTSTRAP rop THE CT 40 MACY11,6~4 16·J~L-73 1~104 PAGE 1.3 
800T,T16 JNITI~LI~ATION AND RESTART C~OE 

163 
164 
l"'~ 
166 GT4Z BOOTSTRAP CODr. 
1.67 ;---~.IiJC;;; v--_ 
1,f-a 

l69 
17~1 

P1 
172 
i73 lbb0?1/l .=O~IGIN 'DEFINE ORIGIN or THE BOOTSTRAP, 
.~ "J4 
1.7» 
PI,) 
.l77 
1.73 
179 
112 i:\ COLD t~ITIALt~ATION CODE 
.1 "1 ---. ;.--;-~g;-;.--
P2 
l~..l 

l,C\4 
1.d 
jJ'6 

m 1,>3 7 
&, HS 

1~9 
1,0 

H>6~,~" ;:0tU<.l5 START I '<ESET 'RESET ALL HARDwARE NOW, 
161-0a "127·37 I; v;f'I it:H 1756Hl 'iOV ;.t1,Ol.l1I'l ,INITIALIZE OL-l1 INPUT NOW, 
166dtl v'121 r'6 r07776 "OV ftTMPENI),SP 'A GOOD TEMPORARY STACK 
j ~6d4 ,1,"237 1"15014 INC DLl1DS ,SET BREAK el'f 
1e.WU '1-f/'4337 1666'>2 "ISR SCAr.,OllTLlT ,rOR 2 CHARACTER TIMES 
J (>,\.,('4 fl(JirkH'el .wORn i1! ISNED TWO i!ERO'S 

191 
1'::'2 
193 

10~i'j26 ;'l27"3 r""lo(lI4 "cv tlCOf<STR, se.l~ ,GET ADDRESS 0. ~AD CORE TRAP VECTOR~ 
1.,r,{,32 dC72j 16r,~42 "OV #~JnTHERE, (SCAN)" 'AND INSERT A POINTER TO US THERE, 

1.94 
19'> 
l"Q 

le6/30 0,;"r2,5 ENDC('IRI CL,'< (SCAli). I~OW e~EAR ALL OF ~EMORY BEYOND THE POINTER, 
16~14" "'1011'776 Sf< ENnCDR ,UNTIL WE RU~ OUT OF MEMORV AND TRAP, 

1'11 
19~ 
199 
2"J 
2~1 
2:'2 
27>3 
~"4 
).;1:' 
.270 
2,)7 
208 

;. 6b,' '.ce v'.:i::> 74.s 'lOTHER I TST -(SCAN) ,~HE~ WE TRAP OUT, WE COME HERE, 
'WE BACK uP POINTER TO GOOD CORE, 
'~OTE THAT I. WE TRAP OUT AGAIN, IT 
115 STILL OK, BECAUSE WE WILL LOOP 
IUNTIL WE GET A GOOD CORE ADDRESS, 

166;:;44 ?1'C3e6 "'DV C;CAN,SP IWHEN WE GET ONE. THAT IS LAST LOCATION 
liN THE MACHINE, AND HENCE OUR SP, 

lb6Z4o 105737 175614 1$1 TSTR r'lLl1,)S 15EE IF BREAK Is DONE 
lQ';i:\52 1"1<'375 GP!. H ,NO GO BACK 
16r<-e;,4 ,",,"e,~7 17<;614 CI.R :1UlI)S 'CLEAR BREAK BIT 

2~9 

21<1 
211 
212 
213 
214 
215 RESTART I~IT!ALllATION eOOE WHEN COMMUNICATIONS IS WORKING, 
216 -~--c;- -;-a=;-a •• --.· ......... ---.-.-
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a2 - U U C b  ff, 
z o a  > z x w  - 
3 u 3  00 0 3 
z w  n - m 

m Y W u -  * 
I- 0 > J a w  s- 
U L L -  a J o w  m 
o-a r a z z  u - - -  ----  - 

a -I 
u u  
cr - 
F-C- 
in- 
k- 7 
c- 
0 

4 N W U U I  
b-i K> UI u g' 
NNNNN 

- 4  
JC b u J o . r 3 d N m V l n  
A -  .+-,+NNNNNN 
OC- NNNNNNNNN 
a o 
U O  
Vju 

a r z m c r  
( V C U N C U  
NNNN 

WIJrlNV.3 
r , n n n  
NNNN 

w l n Q b ~ ~ W d N ~ 0 l n 9 b C 3 * 6  
m n n  r n n 7 o  7 - r - r v r  u = r m  
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tL 
w -  
C C 
v-  
4 a 
a x  0 
* C  
x- --J - 
0 x 0  J - W  

m wbl -2 
I - ~ t w m a x -  
a=-- o w c  
w - _ t  2 2 0 3  
+t D &c Luv- C 
O Z  -1--n 
4 - 2  e- 

-aa4-  L o b -  - w a a v h m ~ a ~  
3-2s U l n X O W  
O W O U A W  wexcr 
zo  4 3 ~ ~  n 
2 u a s  J -&a 

a u u z n o w m m - u  
k l r T x - o m m - U  * C C Z  WW 
U L r G 3  U C U Z Y I  
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J T Y E  R T I  F'JH T H I S  R O U T I h C  
1 1 s  T H E  F I R S T  KORO OF T H t  T A F L f  
I B E L O N - I T  S A V L S  A  WORD1 

I N ~ T I A L I L A T I O N  T A B L E  FOR T Y E  SCROLCER --_----------- ----- --- ---  -------- 

J I Y I T I A L I ~ E  2 WORDS, - -ALFO R T I  F R O M  ABOVE 
I S T A R T I N G  AT L O C A T ~ O N  33P 
J F l R S T  WORD I S  P O I N T E R  T ?  MU9 ERROR R O U T I N E ,  

, W O W  7 l 1 ~ 1 T l A ~ l t E  rnr ENO OF T M E  B U F F E R  T O  
I k O R P  R L  I Y  77.2 IA C L E A R  S P A ~ E  TO I N S E R T  THE C H A R A C T F R ,  
I W O R ~  P I T H I S  I S  T H E  "RUNN!NCn S T A R T ,  T H I S  I S  
, d O R n  n l S J H P , H E A D L R  I F O L L O W E D  B Y  A  O I S J M P  TO OUR H K A D E R  B L O C K  
, d O H n  ~ I S J " P , B S T A R T  I A V D  THEN A  ~ I S J M P  TO THE S T A R T  O F  THE B U F F E R  
, w O H n  ~ I S J Y P ~ B L I H I T - N U H L I N - N U M L I N  J A N O  A D I S J H P  TO T H E  F l R S T  C M A R  ON S C R E E  

IWOS'1 1 
,WOK? c T 4 0 P C  
,*OH' H E A D E R  

Y E A O F H I  , W O N n  1 0 3 5 3 4  IENARL C"AR ~ Q D E I B L I N K I N C  
, * (OR? 177 ) A  B L I N K I N G  ROX.RUB O U T 1  
1 d 0 f ? l  1 1 6 1 2 4  I G b  TO P n l N T  M O D E  
,NORn 1 7 1 3 4 0  I L O A O  S T A T U S  R E G I S T E R  
IWOR? 9 , 1 3 5 2  J P O ~ N T  T q  LIPPER L E F T  
I W ~ * O  1k43324 I B A C K  TO CHAR MODE 
, * (OK?  n I S J W P , J M P A D D - 2  I A N D  T O  THE C H A N C I N G  JMP I N S T ,  
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a O o T , ~ 1 5  C O M M J ~ I C A T ~ O Y S  A h 0  n I S c ,  S U P P O R T  R O U T I N E S  

G E T S l X l  J S H  
CMp 
R L T  
CMP 
RGT 

T H E  * * G E T  A  S I X  B I T  C H A R A C T E R"  R O U T I N E  --- --- - --- --- --------- ' - - m e - .  

PC G E T C H R  
C H A R , # 4 0  
L I B A ~  
C H h R 1 # 1 5 7  
L t B A t  

I G E T  A C H A R A C T e R  NOW, 
) I S  I T  A  L E G AL  P R I N T I N G  C H A R I C T E R ?  
J N O P E l  A Q O R T  
) I T ' S  B l t  ENPuGH, I S  I T  T O 0  B I G ?  
) Y E P ,  A B O R T ,  

P C  I R E T U R N  TO T H E  C A L L E R ,  

T H I S  O U T P U T S  TWO C H A R A C T E R S  V I A  A 
JSR S C A N I O U T L L T  
' T k O  C H A R A C T E R S '  

( S C A ~ ' ) + , D L l l O B  
t S C A M ) + e D L l I D B  
S C A N  

T H E  " G E T  AN F I G H T  B I T  C H A R A C T E R"  H O U T I ~ I E  
--* --- -- -.--- --- - - - - - - - - T  ------- 

THI S ROUTI NE DI FFERS F R O M  THE P R r v ! o l i s  ROUTINES 
I t v  T H A T  I T  W I L L  T A K E  S I X  B I T  C H A P A C T E R S  4ND A S S E M B L E  
THEM F O R  T H E  L O A D E R  TO U S E ,  U O T t  T H A T  F R O M  T H I S  P O I N T  
ON WE W I L L  S W I T C H  TO T H E  L O A R E 4  D E P I Y I T I ~ N S  OF T H E  
R E E I S T E R S ,  T H U S  THE C H A R A C T E R  I S  R E T U R N E r  I N  
R E G I S T E R  " L , Y ~ T "  R A T H E R  T H I N  C U A R  ~ T H O U C U  T H E Y  ARE 
P H V S J C A L L Y  THE S A M E ) ,  

P C , G E T S I X  ] G E T  A  SIXRIT C n A R A C T E R ,  
L , O Y T ~ - ( S P )  I S A V E  I T  oh1 ~ n e  S T A C K ,  
( I N D E X ) +  I U P D A T E  I N D E X  TO N E X T  I T E M  ( A L L  ARE 4 2 )  
c E T ~ T B - ~ ~ I N D E X )  I A N D  D I S P A T C H  ACCORDING T O  T Y E  INDEX, 

I I ~ I O E X ~ 2 1  ASSEMULE F I R S T  CHAR 
I I N D E X ~ ~ I  A S S C H B L E  SECONO C H A R  
I I N D E X a 6 1  A S S E M B L E  T H I R D  A V O  L A S T  CHAR 
1 I Y O E X S B I  R E S E T  I N D E X  TO 0  1 2 1  AND R b T R Y ,  
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SCROLLING ROM BOOTSTRAP rOR THE GT 4 0 
ROOT,T15 THE LOADER -

597 
5°8 
599 
600 
6~1 
6('2 
6\'13 
604 
6~S 
6(\6 
607 
6(18 
6!1!9 
610 
611 
612 
613 
634 
615 
616 
617 
61.8 
619 
620 
621 
622 
623 
624 
6Zs 
626 
627 
628 
629 
6JtZI 
631 
632 
633 
634 
635 
636 
637 
6;38 
639 
640 
641 
642 
643 
644 
615 
646 
647 
648 
649 
650 

167>'112 

167-1320 

j,671tl22 
t67024 
167030 
167032 

167Q134 

16711140 
167044 
3671il46 
167052 
16711lr;6 
16706'" 
16706 4 

167"'66 
167072 
167074 
1672176 

16711"0 
1671f'4 
t671",6 

167110 
167112 

16711 4 
1671213 
167 122 
167124 

16'1~6 

•• 12737 

j,'05I11C3 

(\!1I5'P~ 
~'04737 
U53!>.0 
nH373 

7('1"737 

"04n7 
'\100,~2 
1627"'2 
0227~;2 
~01433 
(l~4737 

'11001'1 

v~4737 

C.~006 
105705 
001751 

'~04337 
175 

0021646 

11 fliil 21 
,)021765 

'.'~4737 
"6.'0"'5 
0053<:2 
:"0912:>7 

').!I4737 

1730f'0 

167114 

167114 

167126 

0000[114 
!II~0":"2 

1671:?6 

t67114 

166652 
1;~2 

166664 

16 7114 

1"",7010 

MACO~X ~22(6~2)-1 26-JUN.'3 16111 PAGE 1-~3 

~OAOERI HOV 

Cl.R 

~'L021 CI.H 
JSR 
DEca 
RNE 

. JSFi 

JSR 
MOV 
SU 8 
CMP 
SEQ 
JSH 
MOV 

l.'I.D31 JSR 
aGE 
TST8 
I:lEQ 

L.,BAO, .,JSR 
,8vTf: 
SR 

LIL.041 "IOVB 
SR 

L.,PTRI JSR 
ADD 
DEC 
RTS 

I..G;/RDI JSR 

THE ~OADER 

'DISTOP,JM~ADD.2 

INDEX 

l,CKS"1 
PC,L, , PTR 
l.,8VT 
L,LD2 

PC d •• PTR 

PC/L.Glt/RD 
l.,BVT,I.,BC 
'I'" I., BC 
,2.L.,BC 
~.JMP 
PC,L..Gw RD 
L ,BVT II. ;ADR 

I:lC,L.,PTR 
L.LD4 
L,CKSM 
L.,1.02 

SCAN,OUTLlT 
AL.TM('O.'R 
pRESTRT 

L,BVTdl.,AORI· 
1.,1.03 

PC.GET8 
L,BVT.L.,CK5M 
L,BC 
pC 

PC.L.,PTR 

'STOP THE GT'0 8Y INSERTING A ·CISTOP" IN THE ~I 

'RESET THE a BIT ASSEMBLER To THE rlRST eHAR 

'C~E'R THE ~HEeKSUM 
,GET A BYTE ~Ow, 
'IS IT A ONE (HEACER)? 
,NO, WAIT POR THE ONE, 

'YES, SKIP OVER THE NEXT CAARAcTER NOW, 

IASSEMB~E A WORD NOW, 
,MOVE OVER Tn THE COUNTER, 
'REDUCE TO ACTUAL DATA COUNT, 
'ANY DATA AT A~L7 
'NO, MUST BE END 
,YES, ASSEM8LE A CATA wORD NOW, 
'ANO THIS MU~T BE THE rIRST ADDRESS. 

,GET A BYTE ~r DATA NOW, 
tAl.1. DONE? 
'YEP, COUNTE~ 15 MINUS~ CHECK CHECKSUM, 
,CHECKSUM GOnD~ GET NEXT COMMAND, 

,BAO 1.0AO INrORM HOST 
,SEND AL.TMOD!:' e 
'AND RESTART 'THE OISPL.AY, 

'INSERT RYTE INTO ME"10RY, 
,AND GET THE NEXT eYTE, 

,ASSEMBL.E AN B WlT CHARACTfR NOW, 
,UPDATE THE eHfCKSUM NOW, 
'DECREMENT T~E CHARACT£R COUNTER, 
,AND RETURN TO THE CAl.LER ~OWI 

'ASSEMBL.E • WORD. rlRST ~E' • eHARACTER 
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SCROLLING RO~ 80nTSTRAP FOR THE GT~~ 
800T,T15 THE LOADER 

651 
652 
653 
654 
655 
6'"6 
6'57 
658 
659 
66121 
661 
6~2 
663 
664 
665 
666 
667 
668 
669 
610 
671 
612 
673 
674 
675 

.676 
677 
618 
679 
680 
68 1 
632 
683 
684 
685 
636 
637 
6g8 
689 

167132 
16113 4 
16714121 
167142 
167144 

167146 
167152 
161154 
167160 
167162 

16716 4 
16717\) 

167172 
167176 

1612(l0 

1612(.12 

f11911(l46 
034737 167114 
f'''Q!3,'~ 
;'520('1i! 
00"2,17 

<,('14137 1.67126 
,"101/l46 
C1iJ4737 167114 
105F5 
v'~1346 

,'04337 166652 
175 1;17 . 

,'32716 vl;J~0"1 

~) '01. 4 " 1 

~"I'h~~('0 

"030136 

MACD~X 622(6?2)~1 26~JUN~1J 16111 PAGE 1~14 

MOV L,8YT,~(SP) IANO SAVE IT, 
JSR PC,~,PTR lAND THE~ CET ANOTHER ONE, 
5108 L.,BY'!' lAND THEN REASSLMB~E THE ~£SS, 
SIS (SPI .. ,~,BYT IwlTH THE rEARSOME POWER 0' THE 11, 
RTS PC lAND RETURN '0 THE CA~~E~, 

~,JMPI JSR PC'I.,GWRO IAI.L DONE WITH T~E ~OAD, 4SS!:Mfl~e: 
MOV L,8YT,..(SP) ITHE STARTING ADDRESS NO~. 
JSR PC,L,PTR lAND DON'T F~RCET TO CHECKSU~ IT, 
TSTB L,CKC;M 
BNE L,BA!:, 1./\ BAD CHECKSUM, A~L IS !"II~, 

JSR SCAN,OUTI.IT IGOOD CHKSUM,INFORM HOST 
,BYT~ AL.T~ClD,'G n'IT~ ALTMC'lD " 

BIT Ill, (SP I 100 lolL WANT TO ~TART LXL~U'ICN' 
SEQ L,JMl)l IYES, AWAV Wr GO, 

L.HAL.TI ~ALT 11'- NOT, MAL-T, 

L,.,JMF'll JMP "(SP)· Ilf GO, TH~N G~ ALREADY, W~EEE~: 
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SCROLLING ROM BOOTSTRAP ,OR THE GT~0 
BOOT,T15 TME LOADER 

925 
926 
927 
928 
929 
930 
931 
932 
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937 
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977 
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16'6 111 4 
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167660 

167662 
167664 
167666 
167670 
167672 
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16"71'10 
16771'12 
16771'14 
16'71'16 
167710 
167712 

161714 

16 76'~" 

1'107"2 
C'3t'1451 
177462 
vjfil~0['15 

01i117C'2 
00<1445 
17740'6 
kl~"liP5 

"'11'17('2 
I(JQJ(!I417 
177344 
liHll1l0l'5 
00401"3 
10Q101112! 
r'24~H'0 

?'1(117'12 
v'liHl410 
172524 
0620 03 
('6~.a11 

"'11!i1l2Q!rIJ 
UlI'H'f:l0 

(111"7"'2 
l'1e~423 
176716 

;)1il00t"5 
010200 
N.l5721il 
012e,11 
1305311 
,1057212! 
,'12041 
,\31011 
,~01776 

0A5720 
,,31041 
\"f.l14~6 
!ZI lilA 112 

167600 

MACDLX 622(622)-1 26.JU~."3 16111 PAGE 5 

IMRll_D8 BULK STORAGE PROGRAM ~OAoER LISTI~G 

,~ORIGIN·16"'1II 

Rrlll 

RKlll 

TClll 

TMill 

t-10V PC,R2 
AR OTHER 
:1,77462 
5 

~~OV I'C.R2 
SR OTHER 
1774i11o 
'5 

MOV ~C,R2 
BR TAPES 
lnS44 
'5 
40"'3 
10i:l 0:!! 0 
24"'01'l 

MOV ~C,R2 

8R TAPES 
17i!,24 
60003-
600ll. 
200 
tlHhH10 

RP111 MOV ~c,R2 
filR OTHER 
17~71~ 

TAPES I RESET 
MOV R2,R'" 
TST I IIJ). 
MOV 10",R1 
nEC (1) 
TST (0). 
'10V II/)-,.rll) 
I'! IT (0),11) 
BEQ ,,,2 
TST (01+ 
8fT (0),.12,) 
BEQ OTHE~ 

AGAINI JMP (2) 

RF'VECI RFll 

IKEEP TRACK nr oRIGIN 

,rlXED HEAD OISK (256 Kwl 

IMOVING HEAD DISK ICARTRIDGE) 

IADDRESS or ~ORD COU~T 
'L.AST COMMAND 
IF'lRST COMMA~D 
IDONE MASK 
'ERROR MASK 

IADDRESS or BYTE COUNT 
II.,AST COMMAND 
In RST COMMA'-iO 
JCONE MASK 
'ERROR MASK 

JMOVING ~EAO DISK (PACK) 

,GET T~E ADDRESS 0' 'HE 8RANCH 
JRII! TO POINT AT L.AST COMMAND 
JGET THE wORD COUNT ACDRESS 
IS[T UP rOR 'OVA~C[ ~ ~ECORD 
IMOVE R~ TO rlRST COMMAND 
ICOMMAND WORD TO COMMA'"D REG, 
II.,OOK fOR DONE INDIC.TORS 
INONE SET, TRY AGAIN 
IDONE 'l~ST cOMMAND, CHECK ,OR ERROR 
11.001< POR SET ERROR BITS 
INO ERRORS. TRy THE READ 
IRERUN FOR ERRORS 

IRPII PO~ER UP VECTOR 



SCRO~LING RO~ BOOTSTRAP rOR THE GT~0 MACO~X 922(622).1 2hJUN,,13 16111 "Mit ' .. 1 
BOoT.T15 THE: ~OAOER 

979 161716 "00340 J40 
960 
981 161720 1"10702 RClll MOV pC,R2 ."XED HEAD OISK (64KWI 
982 161722 1'[11(;14('1 eH OTHER 
983 161724 177450 177450 JAORS 0' WORO COUNT (COMMAND.21 
984 JCOMMAND WORD (5) IS THE RESET 
9~5 
966 161726 "I"~fc1Q!5 OTHER' RESET 
987 167730 0110'.200 MOV R2,RI/l ,Rill TO POINT AT WORe COUNT ADRS 
988 1677:52 005720 TST (0'. 'POINT TO ADDRESS 
989 1677 34 0120",1 t>lOV Cllh,'U 'WORO COUNT ADDRESS TO Rl 
990 161736 012711 1770111:1 MOV .irUU. (il 'I,.OAO WORD COUNT 
991 16'742 l"I11041 MOV (1'.11,..(11 ,COMMANO TO cOMMANO R£~I$TER 
992 1617"" 1132711 11'1 0230 ep 1I~1il0:i!f!10. Cl) 'CHECK 'OR ERROR OR DONE 
993 1677 50 1'101775 aEQ ,,,4 'I' NEITHER, KEEP 1.00KING 
994 161752 10o,5' BMI AGAIN ,ERROR, TR\, AGAIN 
995 167754 005fc10' CI.R PC 
996 
99, 161756 0fHl000 l?) ,'II.I.ER 
998 161760 167610 RKVEC, RK11 ,RK POWER UP VECTOR 
999 167762 1l003 4 QJ 340 

1"'~QJ 16'176 4 16772(11 RCVECI RCll IRe ~OWER UP VECTOR 
11211111 167766 .,0121340 J40 

m 100 2 167770 1676',54 RrotVEC, RPll IRP rotOWER UP VECTOR 
N 11iH'!3 16'17,2 01110340 34121 
.j::. 1°;'4 16'1774 167620 TCVEC, Tcil ITel1 POWER UP VECTOR 

101'15 16'1776 00"'340 J41!! 
10>:'6 
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SCROLLING RG,' gOOTSTAAP FeR T~E GT4B MACVll.,62 4 lb"JIj(.~73 H' I ".; PAGE 6.1, 
BOOT. Tl6 CRCS~ RErERE~cr TAB(.E 

AGA I~. 167'll2 974# 993 
AI. TMorl = 1.'0, 17'> 13911 46'3 63~ .,66 
BEI.l. 11\62~'" 278 310* 
B~ 1M IT = "~'7i,,'11 132# 135 223 ?44 :.'129 348 395 399 
R~KOF", = .1:\.,,)2;1 713# 749 
BI.KO~' = iil:'" "S,l 71,4# 784 
BSTART = 'H'l,liZ'" 131# 331 351 368 ~98 

C~AR = 1 t~k I"it.PJ 82. Hl2 267 ?69 271 298- 315- 327 338- 345 444- 446- 465 
469 471 467 469 6\14# 

CORSTR = 2;'[ ;-,,4 U4# 192 
COUNTR ~%;JL;,,,''''> fJ'i# Hl5 31i!6- 313. 317. 
CR lht;:',,!; :?b71< 
CRl.F = ,(I0~~1'> 13fi# 226 
DEV l.f>"l414 n57 B82# 
DE.Vl 161 4 <:? ~6',1# 862 
DISJ:1P = 16;,,:iC~ 141# 359 397 ViS 399 415 
DIST')P = l,7~""VJ 142# 474 605 
DJMP = 11)~,:" '"" 12111 816 
DL,11It3 = 17~.Al? 12r~# 121 444 
01.111 S = 17:.;, .. ,1 1.1911 12~ 18~- 442 445_ 
DL.1H.:J = 17= All> 12?1I 452- 4\19- 5""," 
DL,110S = 17!;,"14 12h 122 1BI'I- 2,,1\ 2~~-

DNOP = lfl .. ,':.V 72211 
m DONE 16,";'4 1\99 91~1I 

r(, DSTOP = 17:,<4,;" '2411 
en ENDeni': 1M; ojiJ ~95# 196 , 

F"F 1f>t,(':,6 ?in 313# 
FFLoor 16b;'>62 ile:a 315# 318 
FII..[0 16i;>14 741) 749# 817 
GETCf;~ 16b:>C 4 266 464# 4BII> 
GOOl. l"'~'iH 44211 441 45! 453 464 468 
GETDl.1 1~6:>46 44i\ 450# 
GETEXT 16tJ()~0 4/)6 472 4\12# 
GETS I X 1666.5;' 48611 524 539 
GETS 16t.flb4 524. 642 
GETSHl liJe7K)? 527 529. 
GET81 16012 529 539# 
G[TS2 11\G7'1lJ 530) 551# 
GET83 11)1>772 531 56611 
GETS4 161,7,,6 535. 
GRAPf;X = 12\:c':'1"21 698# 798 
(fRAPHY = 1('4~!,"0 69911 81219 
GTaUSE 11i64",4 361\# 391 
GT40PC = 17,,?k'i' l.27t1 126 366- 4lil2 746_ 
GT4klSR • 172,JiJ2 128# 31 tH 
HE~CER 166474 358 397 41213 41219# 
HOL.D =%121"1210<14 87. 5436 5546 556- 558- 56Z. 561 562- 568_ 57121_ 

HSR = 117550 851# 683 
II'~CR • <1i1Jr;l"~ 135 • 193 
INOEX :%f/J00~1<i3 1~6# 526 527 535- 60h 
INSERT 16635121 .291 299 337 34~# 

INSRTl. 16t,406 349 352 357# 
INSRTX 166422 347 362111 
INTX :; 04~W"HI) 736# 754 7511 762 766 



SCROLLING qCM BOOTSTRAP rOR TH£ GT40 MACVll.624 16"JUlo .. 73 U"104 PAG£ 6 .. 41 
BOOT, Tl6 CROSS RErERENCE TASloE 

INT0 ; 0020,;0 702# 753 
IN'I'l = ije;;2iM'l 71213# 772 
1111'1'2 = ~024"VI 7itl4# 757 
IN1'3 = i00<:6V0 7ftJ511 774 
1t./f4 = 003J01i1 706# 761 784 
111115 = 0"'32101' 707# 776 
IN'I'6 :: 0"'34~VI 108# 765 
INT7 :: z,"3t>.:l0 1i/1QI¥ 178 
I'fAL0 :: 21(;\,:;;4(1 728# 
I TALl :: 0V;',f'60 7291/ 
JMPADD " 0:O7>~1.2 U5# 325 336- 415 474,_ 6ftJ5-
KBOIA = 177~62 1251/ 452 
Kerns = 1 77560 1241¥ 125 45'1 

L.F" 1(06:3,,0 281 32211 
U'loOflP 16631Vi ~27# 3321 332 
LrOUND l li t330 :328 334# 
loF'SU8 1663014 316 325# 
l.INE(1 = 0nlC~~~'4 716# 753 
L.INE1 :: <1,j~"'05 717# 757 
LINE2 :: ;:PV~v,6 718# 761 
l.!NE3 = 0rJ;(i/''l!7 719# 765 
LOAOER lfJ1 Cl2 4 7:~ 1105# 
LONGV :: l1i",,'~ 696/11 753 757 71.>J 765 

m LOOP 167444 869# 876 

N L.OOPl 167522 898# 90:1 
-...J LOOP2 V,7?iU, 90",# ,901 906 

LPOARK :: 0:;",2~V' 7e.7# 
LPL.lT[ :: 07n~~ 726# 
L.POrr = 0 "jill;l0 711# 
LPON :: 0~)014Z 712. 
I.S R = 177.)¢;,1l 85211 882 
I..ADR ::o/.<;~v~~l. H,3# 623- 637-
L..BAD lf71d~ 4613 49121 632# 663 
L..ElC :X,0,)~r'~~2 Hl4/1 tllA- 619- 6~0 6~4" 

L,BYT = % 2!1 z·.~ 4~' 10211 525 541?i 541" "342_ 54~" 545'" 547. 551" 552" 553_ 555. 55h 
559. 561· 56"- 567. -'19" 571" "12" 618 623 1>37 643 65'" 652" 

653. 660 
L., CKS~~ ;~l.,vrJ/·?p5 10511 610_ 628 c43* ~62 

l.,G~R:J 1671£6 617 622 649# f,y 
L,HALT 1 {, 7;.';; 21 67111 
L.. J:1 D 167146 621 659. 
L,JMPl 167?~2 669 673# 
L,LD2 tf,7?4!2 ~1:111 613 629 
L.L.J:I 1{'7~61i 62611 638 
1.,1.0 4 lfJ71l:J 627 637# 
L,PT'< 11)711 4 611 615 62" f42# '>49 651 ('61 

M~XSX :: <,176,,0 74111< 
"1AXSY :: ,,;';,;:i 7 74211 
MAXX :: ({(t1777 737# 754 762 
MAXY :: '{'/un 738# 751 75C1 707 

MINSUY :: ,-'''',lZ.1 743# 
MINUSX: 1)2,,;:(9' 739# 740 759 76'2 
MIN U S Y = ;;:> ;; ,l dl 74<1# 
NOR'IAL 1662J.2 277. 279 291# 
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SCROLLING PO~ BOOTSTPAP ~QP THF GT4~ "ACYll,624 16"JJI.~73 It'Iv.l4 PAr,E 6N, 
BOOT. T16 CRGS~ ~~FERE~C' TABLE 

ADO ~76 643 R94 
ASI. 'n', .,41 ,)4<! 551 552 
ASL'l ';4·3 !:J4) o;?~ 555 557 559 
8EO ;:3" j;2il 447 47t'1 621 629 169 91/ll. 906 970 973 992 
BGE :? 6~, "7" 627 
BGT :>2"' 24(' '31$1 491il 
Bf<iIS /]4 
BIC ,:} ';> 446 1367 
BI5 ~2;' f.,3 
BIT .~ .:1 646 668 969 972 991. 
BP8 t.; ~., 0 

BL.C .~3? ;S4C) 

8L.T 461':1 

A 1-1\ ~6;;> tCj'i 9Vl3 911 993 
BN[ :1. v.; 2 ;S4l 466 472 61:1 663 176 
BPL 'Cn 4 4:~ 4,1 872 
BF< 1. yi, <'4J. 2711 279 28': 281 ! 82 263 293 31/l3 308 311 319 332 453 

5~9 ~) 31"; 531 634 63R n8 929 934 94Q! 949 958 981 
CL.R H" ~ki"-, 31 GJ 338 353 354 j6~ ~07 610 892 912 994 
CMP ?1-7 ,,~Q 273 329 348 ~57 465 469 4H 487 489 621iJ 
CMP8 ..\;>7 b75 9,j? 
DEC 227 '-39 317 644 966 
DEr:b 012 

m HAL.T t, 71 '127 

W I i~C lili; 29(' 300 334 87t'1 874 
0 INCtI '.<77 ~0? 

JMP 475 ~27 673 878 974 
JSR itl9 " 6" ?91 299 316 337 f 52 464 468 486 524 539 611 615 617 

:,22 02'> ~32 642 649 6'1 • 59 661 665 
MOV 1t:.6 liP 1'12 193 204 223 124 226 231 234 236 238 244 271 28Y 

?9B 31:~ 31~) 322 325 331 136 35t'1 ~51 358 359 368 445 474 525 
~,~\ ., "'I;' ">47 561 56:? 6"'5 j 18 623 650 116(/) 746 !i5S 856 857 858 
11.,9 tl6 .. P63 864 865 868 , 69 891 893 895 928 933 939 9411 957 
9«1 \l6~ Q68 980 981> 986 ' 89 99~ 

MOVE< ,'~ 6 ~4" 444 45(' 499 5>"'" 137 873 896 896 904 
RESET ill:' 96:' 985 
ROl 566 
ROL.8 ~44 "4? !,~.:1 556 55/l 560 ! 67 ' 
ROR 568 ; 7:~ 
RORS ~·69 ~7~ 

RTS 3,'c> 36~ 44B 492 501 548 1'63 573 645 654 
SUB '272 /.)1" 
SWAd 6?? 
TST 199 ~2" 572 861 9Hl 964 967 971 981 
T5TB 2,,6 442 4!;:J 628 662 871 
WAIT 747 
,BYTE 633 66', 
,ENfI"L. .36 
,END :1,007 
,PAGE 55 1l1J9 162 257 425 595 te9 820 
,SBTTL. 54 161 256 424 594 
,TITL.E 2 
,IoIORQ 190 3lS9 39'" 391 392 394 ;<'95 396 397 398 399 4f1l1 402 403 405 

409 "1~ 411 412 413 414 -'15 914 916 918 920 921 922 



START 0 CHAR = 

R (122,l 

CHAR = 

L (114,) 

STOP DISPLAY 

REINITIALIZE 
I 

I GETCHR 

(IGNORE RUBOUTS 

PRESENT 0 
I YES 

CHARACTER 

-DISPLAY 

DOCHAR: 

CHARACTER T I 

L LO, +- 
I CLEAR ;HECKSUM I 

GET INPUT BYTE @ 
BYTE i=01 

TRANSMIT 102, & 

(BYTE COUNT) 175, TO HOST 

, , , L . J M P ~  , 
GET NEXT WORD 

(START ADDRESS) 
GET A WORD 

(LOAD ADDRESS) - 
DECREMENT BYTE 

COUNT. GET DATA 

BYTE & STORE 

ADDRESS 
COUNT 

JUMP TO 

I YES 1 - -  START 

175, TO HOST 

Figure E - I  Communications Bootstrap Loader Flow Diagram 





Reader's Comments  

GT40/42 USER'S GUIDE 
DEC- 1 1-HGTGA-B-D 

Your comments and suggestions will help us in our continuous effort to improve the quality and usefulness of 

our publications. 

What is your general reaction to  this manual? In your judgment is it complete, accurate, well organized, well 

written, etc.? Is it easy to use? 

- - - -  

What features are most useful? 

What faults do you find with the manual? 

Does this manual satisfy the need you think it was intended to satisfy? 

Does it satisfy yottr needs? Why? 

Would you please indicate any factual errors you have found. 

Please describe your position. 

Name Organization 

Street Department 

City State Zip or Country 
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