





















































































































































































































































































































































































































































































































































































































































































































































Table B-2 Illegal Address Traps

From Through Response 11/21 LSI11/2 11/23

210 217 Trap to 10 X * X Reserved
instruction

210 227 Trap to 10 X X X Reserved
instruction

70000 73777 Trap to 10 X *E *x Extended
instruction
set

75000 75037 Trap to 10 X X *x Floating
point

75040 75777 Trap to 10 X ok X Reserved
instruction

170000 177777 Trap to 10 X ** ** Reserved
instruction

SBC-11/21 Priorities
Priority of DMA, system traps, external interrupts, internal interrupts, HALT trap, and WAIT:

DMA (highest priority)
HALT trap (time-out request)

Power fail trap

Traps (illegal instruction, T-bit, EMT)

Internal interrupt request

External interrupt request

WAIT instruction (lowest priority)
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APPENDIX C
SOFTWARE DEVELOPMENT

C.1 GENERAL
This appendix describes programming notes that may help application programmers to gain familiarity
with the SBC-11/21. The following three topics are discussed:

1. Running stand-alone programs
2. The software development process
3.  An application example

A method of creating, loading, and running stand-alone programs is explained. This is followed by a
discussion of the software development process as it applies to a ROM based single-board computer.
The last section of this appendix presents a practical example of a real-time program written to run on
the SBC-11/21. The output selected for the program is deliberately simple, however, the methodology
is applicable to more complex programs. The program has been tested, and studying it should be infor-
mative to first-time users of the SBC-11/21.

C.2 RUNNING STAND-ALONE PROGRAMS

The user can develop stand-alone programs, programs not needing an operating system, on a separate
RT-11 based system. The .SAV image can then be loaded into the SBC-11/21 and run. The Macro-
ODT option is needed to load the program and to run it.

If the stand-alone program is to be used with Macro-ODT, it must have the address of Macro-ODT
BREAK service routine in location 140 and a PSW value of 300 in location 142. This will enable the
program to transfer control to Macro-ODT when the BREAK key is pressed.

To load the stand-alone program from the mass storage device into the SBC-11/21, the device’s boot
block must be modified. This change extends to locations 0, 2, 4, and 6. Location 0, which normally
contains 240, must be changed to 260. When the device is booted, this tells the Macro-ODT that the
mass storage device contains a stand-alone program. Macro-ODT will then interpret the contents of
locations 2, 4, and 6 as a RADIX-50 encoded six-character file name and search the directory of the
volume for that file. The volume must have the RT-11 file structure. When the file is found, the com-
plete file is loaded into contiguous memory starting at location 0. Then Macro-ODT loads register RO
with the number of the unit or drive and register R1 with the CSR address of the booted device.

The stack pointer (SP) is loaded with the contents of location 42, the program counter (PC) is loaded
with the contents of location 40, and the program starts execution. A stand-alone program developed on
an RT-11 based system will have had the correct values for PC and SP in locations 40 and 42. This
information may be of use to the stand-alone program if it uses overlays.

The detailed procedure for performing these modifications in the boot block and the stand-alone pro-
gram follows, and will be done on an RT-11 based system using the SIPP utility.

C-1



In the following examples, the program that is to be loaded and run from the stand-alone volume is
named FOOBAR.SAYV and resides on DK. The characters entered by the operator are underlined.
‘<CR>’ is a carriage return and not the four characters ‘<<’, ‘C’, ‘R’, and ‘>’. The *C’ and ‘*Y’
symbols are obtained by holding down the ‘CTRL’ key and typing ‘C’ or ‘Y’ before releasing ‘CTRL’.
XXXXXX’ is a string of octal digits whose value can be anything but does nothing to the process.

First, modify the stand-alone program:

.RSIPP <CR> ;Run the SIPP utility

* DK:FOOBAR.SAV <CR> ;Name of file to be
patched

Base? <CR> ;Defaults to zero

Offset? 140 <CR>

Base Offset Old New?

000000 000140 XXXXXX 170000 <CR> ;Load address of BREAK
routine at BREAK vector

000000 000142 XXXXXX 300 <CR> ;PSW during BREAK routine

000000 000144 XXXXXX "Y <CR> ;Exit patching

*AC ;Exit SIPP

NOTE
If you are using your own BREAK intercepting rou-
tine, put its address at location 140 in place of the
value 170000.

Now modify the boot block:
.RSIPP <CR>

*DK:/A <CR>

Base? <CR>
Offset? <CR>
Base Offset Old New?

000000 000000 xxxxxx 000260

000000 000002 XXXXXX RFOO <CR>

000000 000004 XXXXXX RBAR <CR>
000000 000006  xxxxxx  RSAV <CR>
000000 000010  xxxxXXX Y <CR>
*AC




C.3 THE SOFTWARE DEVELOPMENT PROCESS
Software development for the SBC-11/21 can be considered as four discrete steps. These steps are il-
lustrated in Figure C-1.

1.

2.

Design the software and code the source tasks.

Enter, edit, and assemble the tasks that make up the application.

Build the application into a runnable memory image.

Load the program into the SBC-11/21 and execute the application program. This step in-
cludes the debugging of the application.

START

UNDERSTAND PROCESS
TO BE INTERFACED
WITH, DO TASK DESIGN

:

CREATE THE SOURCE

CODE FILE WITH AN

EDITOR
:

CORRECT

ASSEMBLE THE
SOURCE CODE

Figure C-1

ASSEMBLY
ERRORS

ERROR-FREE
OBJECT CODE

:

BUILD THE
APPLICATION
PROGRAM

BUILD
ERRORS

LOAD RUN-TIME IMAGE

:

EXCUTE APPLICATION

EXPECTED
RESULTS

COMPLETED

MR-7201

Overview of Softwarc Development
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C.3.1 Design of the Software

An important consideration in the design of application software is the run-time memory configuration.
Because the SBC-11/21 is a ROM/RAM system, the location of the ROM/RAM boundaries must be
defined. All instructions and constants must be arranged separately for location in the ROM section of
memory. Variable information must be arranged together for location in the RAM section of memory.
During the development process, the separation of ROM and RAM information must be maintained.
See the MACRO-11 Language Reference Manual for a description of the methods of data and code
separation.

C.3.2 Editing and Assembly

The second step in the development cycle is the entry, editing, and assembly of the application soft-
ware. Entering and creating the application software includes the use of an editor on the development
system. Once the application software is entered and the designer is satisfied with the contents, it can
be saved on a mass storage device. The assembler must then be used to convert the source code instruc-
tions into executable code. The result of the assembly process is an object file.

The assembler detects common assembly language coding errors and issues appropriate warnings. If
errors are detected, corrections should be made by re-editing the source and reassembling. Once the
application software has been translated error free into object form, it is ready for the next step.

C.3.3 Building Process

The third step in the development cycle is the building process to create a runnable memory image. The
build process uses the linking of the tasks that make up the application software into a single memory
image. The building process takes an object module or modules and assigns absolute memory refer-
ences to the information contained in the object code. The user assigns these locations by the sectioning
of the code that took place during design. The result of the build phase is an executable run-time memo-
ry image that can be loaded and tested.

C.3.4 Running and Debugging the Program

The fourth step in the development cycle is the loading of the runnable memory image into the SBC-
11/21. Once loaded, the program can be run and debugged. There are three methods that can be used
to transfer the software to the target.

1. ROM transfer. This method uses the programming of ROMS via a PROM blasting utility,
such as PB-11, and places the PROMs into the target configuration. This simple loading
method resembles the final target configuration because actual ROM storage is used.

2. Media transfer. When this method is used, the application program is loaded, in stand-alone
form, into the target from a mass storage system. The directions on creating a stand-alone
bootable program are provided in Paragraph C-2. The target configuration uses LSI-11 bus
RAM memory in place of the SBC-11/21 on-board ROM during initial startup and debug.
The SBC-11/21 configuration must contain the Macro-ODT ROM:s described in Chapter 4.
The ODT ROMs provide the means of loading the application program and are used during
program debug. Media transfer does not reflect the final configuration, but execution from
RAM makes debugging and testing easier. The speed of the program in this mode is approx-
imately half that of the ROM based system.

3. Down-line loading. This method of loading allows transfer of the controller software from the
development system to the target system via a serial communication link. The down-line
loader must be a development system utility. The target configuration is similar to the media
transfer configuration. In addition to the LSI-11 bus, RAM, and the Macro-ODT ROM:s,
one of the serial I/O lines on the SBC-11/21 must be dedicated to the communication with
the development system.

When the correct loading méthod is implemented, the final phase of development is to debug and run.
The loading method used defines the solution that will be taken during debug.

C4



If the application is being loaded via the ROM transfer method, initial testing and debugging is diffi-
cult. When ROM transfer is used, there must be embedded code in the application that will report the
state of the control system regularly. Another way to check the system is to note changes that occur in
the external devices. If errors are found, a complete reprogramming of the PROMs is necessary. This
type of testing and debugging can be difficult.

When the application is loaded via media transfer, the testing and debugging becomes easier than the
ROM method. Once the application program is loaded into LSI-11 bus RAM or into on-board RAM, it
can be run using the features of Macro-ODT. The designer can also include reporting tasks and halts in
the application to examine the current state of the system. Executing out of LSI-11 bus RAM during
debug is approximately twice as slow as running out of the SBC-11/21 on-board memory. If errors are
found, minor changes can be made in the application code because testing is being done in RAM. This
deletes the loop of making new run-time memory images for every change. Once the target system is
running successfully with all of the tasks integrated, the run-time configuration can be set up. The last
step is to load the application program to ROM and run in the SBC-11/21.

C.4 AN APPLICATION EXAMPLE

A sample application is illustrated in Figure C-2 and shows the development of a controller program
using MACRO-11. The sample program will only light the LED used by port C of the SBC-11/21. The
LED will light for 10 s when an input is detected on the console port (SLU1).

START

POWER-UP ROUTINE _
IS THIS RECOVERY FROM A POWER FAILURE (POWRUP)

l NO
INITIALIZE THE DATA STRUCTURES FOR DIAGNOSTICS (DIAG)

YES PERFORM DIAGNOSTICS (DIAG)
TEST SBC-11/21 SI0, PIO, RAM, ROM

RESTORE STATUS »
PRIOR TO THE POWER FAIL ANY ERRORS ————»
(RECOVR) 1 NO

REPORT TO OPERATOR,
GO INTO INFINITE LOOP

INITIALIZE THE DATA STRUCTURES (START)
FOR CONTROL/MONITOR TASKS

ENABLE INTERRUPTS (START)

» WAIT FOR INPUTS (START)

REC OR BREAK TIMER HANDLE EXCEPTIONS
INTERRUPT TASK NO. 1 INTERRUPT TASK NO. 2 POWER FAIL (POWERF)
ENTERED BY AN INPUT RECEIVED ENTERED EVERY 1/60 OF A SECOND BUS ERRORS (RESTRT)
VIA CONSOLE SLU INPUTS BY BEVNT INTERRUPT

DO THE FOLLOWING: DO THE FOLLOWING:
1.SET TIMER FOR TEN SECONDS 1. TICK OFF TIME IF THE TIMER
2. LIGHT THE LED ISSET TO GREATER THAN O

2.IF TIME EXPIRES TURN OFF
THE LED

MR-7200

Figure C-2 Application Overview



The controller program for this simple system is best operated by using an interrupt driven environ-
ment. An interrupt service routine is used to monitor the console port. When an input is received, a
routine is entered that will set the timer for 10 s and light the LED. A second interrupt service routine
is used to count up to 10 s and then turn off the LED. This routine is serviced by the BEVNT inter-
rupts. In addition to the application tasks, there are tasks to initialize the input/output devices and data
structures. There are also diagnostic programs for the SBC-11/21 and programs used to handle any
exceptions. The controller program is developed as individual tasks and then integrated into a complete
final program.

The monitor program, shown in Figure C-3, consists of power-up programs, diagnostic programs, task
programs, and exception programs. The power-up programs consist of POWRUP and RECOVR, which
is started by POWRUP. The diagnostic programs consist of SLUTST, PIOTST, RAMTST, and
ROMTST. The task programs consist of TIMER, REC, and BREAK. The exception programs consist
of POWERF, RESTRT, and PRINT. All these programs with the constants and instruction data are
stored in the ROM memory. The variable data for the application and the stack are stored in the RAM
memory. Memory map 1 is assumed (Table 2-8), with the program in ROM socket set B, and data in
battery backed RAM starting at 160000. The load map in Figure C-4 shows actual memory locations
assigned to code and data.

1 +TITLE FALCON DEVELOPMENT EXAMPLE

2 +ENARL LC

3 +GLOBL FOWERF»BREAKsRECYTIMER,»RECOVR»SLUTST»FIOTST»RAMTST»ROMTST
4 +GLOBL POWER1,FOWER2,ERROR)STACKyRESTRT

S it

L} 3 This is an examrle of a simrle controller arrlication for the KXT11-AA.
7 i-

8

?

10 +SBTTL Frogram section definitions

11 it

12 i Define the three rrogram sections that will be used

13 i-

14 000000 +ASECT i Assidn 3bsolute memory locations
15 000000 +FSECT ROM i For insructions and constant data
16 3 that will be stored in rom memory
17 000000 +PSECT RAM»D i To define a3ll RAM locations

18

19

20 +SBTTL Ecuates

21 it

22 i Constant definitions

23 i-

24 176540 RCSR1 == 176540 i Auxiliary SLU addresses

25

26 177560 RCSRC == 177560 # Console SLU addresses

27 000052 CONBR == §2 3 Frogrammable baud rate mask (9600)
28

29 176200 FFA == 176200 3 Farallel rort A

30 176206 PCW == 176206 i Parallel control word

31 000261 LEDON == 261 3 Farallel CSW to lisght the LED

32 000017 LEDOFF == 17 5 Parallel CSW to turn off the LED
33

34 160010 RAMEGN == 160010 i Bottom of the user RAM

35 167776 RAMTOF == 1467776 i Tor of the user RAM

36

37 106016 CSuUM == 106016 i Checksum value for the sustem tasks
38

39

40 +SBTTL Macro definitions

41 it

42 i Define macros that will be used by the arrlication

43 i

44 +MACRO PUSH ARG # stack push oreration

45 MOV ARGy~ (SP) i move the ardument onto the stack
46 +JENDM

47

48 +MACRO POF ARG # stack ror oreration

49 MOV (SF)+sARG i move the ardument from the stack
50 +ENDM

S1

52

53 +SBTTL Entry roints

54 it

S5 i Define entry roints interrurts and trar service routine addresses

Sé i-

57 000000 +ASECT

Figure C-3 Monitor Program

C-6



112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

000000
000004

000024

000060

000100

000140

000000

000000

000000
000006
000010
000016

000020

000024

000024
000030
000034

000042
000046
000050
000054
000060
000064

000070
000074
000076
000102
000104
000106
000112

000114

000114
000120
000126
000132
000136

000140

000142

000142
000146
000150
000152
000154
000156
000162
000164
000170
000172

000000
000167
000167
000024
0000006

000060
0000006

000100
0000006

000140
0000006

026727
001006
026727
001002

000167

012706
005067
052737

004767
000174°
004767
004767
004767
004767

005767
001404
004767
000332
000777
004767
000253

105737
052737
106427
004767
001015°

000777

017604
005216
005216
112405
001406
105737
100375
110537
000770
000207

000000
0000006

000340

000300

000300

000300

0000006

0000006

0000006

0000006
0000006
000052

000074

0000006
0000006
0000006
0000006
0000006

000040

000030

177562
000100
000000
000004

000000

177564

177566

123456

135724

177564

177560

=0

JMF FOWRUF i

JMP RESTRT i
=24

+WORD POWERF » 340 i
+=60

+WORD REC»300 i
+=100

+WORD TIMER,» 300 i
+=140

+WORD BREAK»300 i

+SETTL Fower ur routine

+PSECT ROM
FOWRUF ¢
it

i Come here first under all circumstances
Power up or recovers from 3 rower fail

- .

CMF POWER1,#123456 H
BNE DIAG i
CMF FOWER2,#135724 H
BNE DIAG i
JMF RECOVR i

+SBTTL Diagnostics

Jumr to the rower-ur routine
Jump to the restart routine

Fower fail service routine

Console receiver service routine

Timer service routine

Console break service routine

and decide if this is 3 normal

Is this recovery from rower failure
or is it 3 normal power-ur 7
Increase the chance to distincuish
by checkind adainst 3 32 bit rattern

This a recovery from rower fail

DIAGS:
it
i Do the system diadnostics
5 -
MOV #STACK,SF i Initialize the stack
CLR ERROR i Initialize the error flad
BIS #CONEBRy@#RCSRC+4 3 Initialize the console SLU
CALL FRINT i Tell the orerator that the rower-
+WORD DIAGM i ur diagnostics are running
CALL RAMTST i Ferform the KXT11 RAM memory test
CALL ROMTST i Ferform the KXT11 ROM memorwy test
CALL SLUTST 3 Ferform the KXT11 serial line test
CaLL PIOTST i Ferform the KXT11 rarallel I/0 test
18T ERROR i Is the error flad zero
EEQ 1% i Yess no errors rroceed to init
cALL FRINT # No» diadgnostic failure
+WORD EMESS
BR . i Wait until there is orerator action
1! CALL FRINT i Indicate that things are OK
+WORD HMESS i and move on
+SBTTL Initialization comrletiony allow arrlication tasks to run
START:
it
i This is the start of the main body of the arrlication
;-
TSTR @#RCSRC+2 # Flush the receiver buffer
BIS $100,@#RCSRC # Enable interrurt on the receiver
MTFS $0 i Allow interrurts to harren
CALL FRINT # Tell the orerator that the
+WORD GO # arrlication is wr and running
ER . i Sit and wait for interrurts
PRINT::
it
i This subroutine prints the actual messades
i -
+ENAEBL LSE .
MoV @(SF)sR4 3 Foint to the bedinnind of the messade
INC (SF) i Increment bevond messade address in the
INC (SP) # calling routine
1%: MOVE (R4)+»RS i Move the next character to be rrinted
BEQ 3% i Is this the end of messade marker ?
243 TSTR @#RCSRC+4 # No» outrut another character
BFL 2% i Transmitter readwu
MOVE RS»@#RCSRC+6 i Outrut the character
BR is i Get another character
3% RETURN i Go back
+DSABL LSE
+SBTTL Messades sent to the orerator
+NLIST BEX

Figure C-3
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151

152 000174 015 012 040 DIAGMI?! LASCIZ <15><12:/ The rower-ur diadnostics are runnind ... /<15><12>

153 000253 015 012 040 HMESS!! JASCIZ +«15><12>/ Sustem checked outs there were no faults /<15><12

154 000332 015 012 040 EMESS!?! .ASCIZ <15><123>/ Sustem did not rass initial rower ur test /<15:<12>
155 000412 015 012 007 FMESSI! ASCIZ <15x<123<75<75<7>47>/ RUN-TIME FAILURE /<15><12>

156 000445 015 012 040 SLUE::! LASCIZ <15><12>/ Serial line unit diagnostic failure /<15x12%
157 000517 015 012 040 SLGOOD!:.ASCIZ <«15»<12>/ Serial line unit rassed diasdnostics /<15»<12>

158 000571 015 012 040 MESRA1:1.,ASCIZ <19»<12>/ RAM failure /<15:<12>» .

159 000613 015 012 040 RAGOODI,ASCIZ <«15><12>/ RAM rassed disgnostics /<15><12>

160 000650 015 012 040 MESRO13:,ASCIZ <15><12>/ ROM checksum error /<15><12>

161 000701 015 012 040 ROGOOD:$,ASCIZ <15»<12>/ ROM rassed diadnostics /<15»<12>

162 000736 015 012 040 FGOOD!: LASCIZ <15><12>7 Parallel inrut/outrut rassed diadrostics P<15><123
163 001015 015 012 040 GO:? WASCII  <18><12>/ The arrlication is running ... /7 <15%<123

164 001061 040 040 040 +ASCIZ / Ture any kew to light the KXT11-AA LED for 10 secs./
165 +EVEN

166

167 000001 +END

Figure C-3 Monitor Program (Cont)

RT-11 LINK V06.01C Load Mar Mon 08-Feb-82 04121123
c +SAV Title! FALCON Ident! /B1000400
Section Addr Size Global Value Global Value Global Value

+ ABS, 000000 000400 (RWyIsGBLARS,OVR)
LEDOFF 000017 CONBR 000052 LEDON 000261
CSUM 106016 RAMEGN 160010 RAMTOF 167776

FFA 176200 FCW 176206 RCSR1 176540
RCSRC 177560
ROM 000400 157400 (RW»IsLCL,REL,CON)

FOWRUF 000400 DIAG 000424 START 000514
PRINT 000542 DIAGM 000574 HMESS 000653
EMESS 000732 FMESS 001012 SLUE 001045
SLGO®D 001117 MESRAL 001171 RAGOOD 001213
MESRO1 001250 ROGODOD 001301 FGOOD 001336
GO 001415 RECOVR 001556 REC 001634
TIMER 001656 EREAK 001702 LAST 001716
FOWERF 001720 RESTRT 001764 SLUTST 001774
RAMTST 002132 ROMTST 002212 FIOTST 002262

RAM 160000 000332 (RWsDsyLCLyREL,CON)
FOWER1 160010 FOWERZ 160012 SAVERS6 160014
ERROR 160016 TIME 160020 STACK 160332

Transfer address = 000001, High limit = 160330 = 28780. words

Figure C-4 Load Map

C.4.1 Power-Up Programs

The controller program starts when the system power is applied. The microprocessor accesses location
0, which is the jumper configured start address. This location contains a jump to the power-up routine
POWRUP (see Figure C-5). This routine determines if this is a normal power-up or a recovery from a
power failure. This is determined by checking the power fail flag in the RAM memory. If the flag is set
to indicate that the system is recovering from a power fail condition, the program jumps to the RE-
COVR program (see Figure C-6). This program restores the system to the conditions that existed be-
fore the power fail and continues program execution. If the flag is not set, an initial power-up program
is executed and the program then branches to the diagnostic programs.

C.4.2 Diagnostic Programs ;

The diagnostic programs are entered via a diagnostic initialization routine. The SLUTST program (see
Figure C-7) is the first diagnostic, and it tests the auxiliary serial line unit on the SBC-11/21. The
diagnostic enables the SLU maintenance mode and transmits many test patterns. After a certain
amount of time, the program checks to see that the test patterns were correctly received. The SLU
maintenance mode allows data to be transmitted to the EIA port as well as through the internal loop-
back. Therefore, if a device is connected to the port, it will respond to this data.



+ENABL LC
000000 +PSECT RAM,D

i
# The variable data is assidned to the user RAM serace on the KXT11-AA
H

NVONOCUD N~

000000 +BLKY 4 i Non existant KXT11-AA memory
000010 000000 POWER1::.WORD [ i Power failure 32-bit comrarision
000012 000000 FOWER2: ! . WORD [ i flag
10 000014 000000 SAVER&! ! JWORD 0 i Stack rointer area for rower failure
11 000016 000000 ERROR!?! JWORD 0 i Diagnostic error flag
12
13 000020 000000 TIME:! LWORD ] 3 Time flag
14 000022 +BLKW 100, # This is the stack
15 000332 STACK?:?
16
17 000001 +JEND
Figure C-5 Power-up Task
1 +ENAEL LC
2 «GLOEKL SAVER&6s» TIME»RCSRC»CONER,LEDON,FPCW
3 +MCALL POP
4 000000 +FSECT ROM
5]
6 000000 RECOVR$?
7 it
8 #This routine is entered if 3 recovers from 3 rower failure is taking rlace
9? i-
10 000000 016706 0000006 MOV SAVERG»SP i Restore the stack rointer
11 000004 POF TIME # Restore the any variable information
12 000010 FOF RS i Restore the deneral rurrose
13 000012 POP R4 i redisters
14 000014 FOF R3
15 000016 FOF R2
16 000020 FOF R1
17 000022 ropP RO
18 000024 052737 000100 0000006 RIS #100,@#RCSRC 3 Re-initialize console SLUy enable
19 000032 052737 0000006 0000046 BIS #CONBRyR#RCSRC+4 i interrurts and set-ur baud rate
20 000040 005767 0000006 T8T TIME 3 Is the LED timer set
21 000044 001403 EREQ 3% i Nos continue
22 000046 012737 0000006 000000G MoV #LEDON,@3$FCW 3 Yes turn the LED on for the rest
23 i of the time prior to rower-fail
24 000054 000002 32 RTI i Return from roint of rower-fail
25 i interrurt
26 .
27 000001 JEND

Figure C-6 Power Fail Recovery

The second diagnostic, RAMTST (see Figure C-8), tests the RAM memory. The test is performed by
writing known data into a RAM location and checking that the correct information is in that location.

The third diagnostic, ROMTST (see Figure C-9), checks the ROM memory. This test calculates a
checksum on the actual control and monitoring tasks. If there is a checksum error, there is a potential
failure at some ROM location.

The last diagnostic, PIOTST (see Figure C-10), checks the parallel I/O port on the SBC-11/21. This
test verifies that the parallel I/O registers can be addressed. The send/receive capability cannot be
checked unless there is a loopback connector installed on the J3 connector. When data is written into
these registers and a device is connected to the port, the device can respond to the data.

When any of the above diagnostics detect a failure, the program will set an error flag. The diagnostic
program will check the status of all error flags before it enters the task programs. If an error is found,
the operator is informed that a diagnostic test failed, and the program enters a loop to wait for the
operator to interrupt. Each diagnostic will print a message to the operator indicating success or failure.
If there are no failures, a success message is printed and the program enters the task programs.



CONO UMD LN

NVONOGUDWN-

000000

000000

000000
000004
000010

000016
000022
000026
000030
000034
000036
000040
000042
000046
000050
000052
000054
000056
000060
000064
000066
000070
000072
000074
000076
000104

000106
000112
000116
000120
000122
000126
000130

000132

000000

000000

000000
000002
000006

000012
000014
000016
000020
000024
000026
000030
000032
000034
000040
000042
000044

000050
000052
000056

012701
105761
012761

012702
012703
005005
105761
100402
077504
000422
111361
005005
105711
100402
077503
000413
126113
001010
105723
001356
005302
001412
062761
000746

005267
004747
0000006
000403
004767
0000006
000207

177

000001

011602
0146703
012700

010010
020010
001405
004767
0000006
005203
000407
005720
020027
103764
004767
0000006

010216

010367
000207

000001

0000006
000002
000006 000004

000010
000132

000004

000006

000002

000010 000004

0000006
0000006
0000006

040 000

0000006
0000006

0000006

0000026
0000006

0000006

SLUTST! ¢
it
This

10083

200%:
15082

FATERN?

+ENABL
+GLOBL
+PSECT

routine

MOV
TSTR
Mov

MOV
MOV
CLR
TSTR
BMI
SOB
BR
MOVE
CLR
TSTR
BMI
SOB
BR
CMPB
BNE
TSTR
ENE
DEC
BEQ
ADD
ER

INC
CALL
+WORD
BR
CALL
+WORD
RETURN

+BYTE
+EVEN

+DSABL
+END

Figure C-7

RAMTSTS ¢
i+
This

r
-
P

382

+ENABL
+GLOBL
+PSECT

routine

MOV
MOV
MOV

MOV
CMP
BEQ
CaLL
+WORD
INC
BR
T8T
CMF
BLO
CALL
+WORD

MOV
MOV
RETURN

+DSABL
+END

Figure C-8

LC/,LSB

RCSR1,ERROR,FRINT»SLUE,SLGOOD

ROM

checks the auxiliary SLU rort on the KXT11-AA

#RCSR1,R1
2(R1)
$654(R1)

#8.7R2
#PATERNSR3

100%

2(R1)s(R3)
1008

(R3I)+

2%

k2

2008
$#1054(R1)
is

ERROR
PRINT
SLUE
150¢
FRINT
SLGOOD

17714050

LSB

e T e p—

- e e e

-

Foint to the address

Flush the contents of RBUF

Set the SLU for maintenance and
rrogrammable baud rates
Initialize the baud rate counter
Foint to the test ratterns
Initialize time out counter

Loor the rattern around

Branch if ready to send

If not readys bumr time out counter
IF timed out then - ERROR -

Send the information out
Initialize the time out counter
Is the receiver ready 7

Yes it is and branch

If not ready,» bump time out counter
If timed out then -ERROR-

Was the information sent OK ?

No it was not -ERROR-

All of the test raterns done 7
Nor do do another rattern

All of the baud rates tested ?
Yes» det out of this routine

Nos set-ur the next baud rate

Do another loor» reinit ratterns

Bume the error counter
Frint the error messade

Go back
The test was successful

Rue

Test ratterns for SLU

SLU Diagnostic Task

LCsLSB

RAMBGNsFRINT »RAMTOF » MESRA1yRAGOOIy ERROR

ROM

checks the user RAM on the KXT11i-AA

(SF)»R2
ERROR,R3
$RAMBGN,RO

RO» (RO)
ROy (RO)
24
FRINT
MESRA1
R3

3%
(RO)+
RO»$RAMTOP+2
1¢
FRINT
RAGOOD

R2, (SP)
R3sERROR

LSE

- . e

e e es s e es e

-

- e e

Save the return address
Save the contents of the ERROR flag
Foint to the start of the user RAM

Write the address

Read it back

Was the value read correctly
No» rerort the failures

set the error flad,

and do back

Go onto the next location
Until there is no more to test

Indicate RAM test success
Restore the return address

Restore the ERROR flad
Test completed.

RAM Diagnostic Task

C-10



000000

000000

CONOCU DN~

11 000000
12 000004
13 000006
14 000010
15 000014
16 000016
17 000022
18 000024
19 000030
20 000032
21 000036
22 000040
23 000044
24 000044

000000

000000

NV ONO U D WP

11 000000
12 000004
13 000006

17 000012

20 000014
21 000014
22 000022

24 000024

+ENABL

LC,LSB

«GLOBL REC,»LAST»CSUM,»FRINT»MESRO1,ROGOOD,ERROR
+PSECT ROM

ROMTST !

it
i
i
-

012700 0000006 MOV
005001 CLR
062001 1¢: ADD
022700 0000026 CMP
001374 ENE
022701 0000006 CMP
001406 REQ
004767 0000006 CALL
0000006 +WORD
005267 0000006 INC
000403 RR
004767 0000006 2% CALL
0000006 +WORD
000207 3¢ RETURN
+OISARL
000001 +END
Figure C-9
+ENARL
+GLOBL
+FSECT
FIOTST!:

it

012701 000003
005000
005760 0000006 182

005720

077104
004767 000000G
0000006

000207

000001

This routine checks the parallel rorts
i test the abilits to address the rort
;-.

MOV
CLR
18T

187

SOEB
CALL
+WORD

RETURN

+DSABL
+END

#REC,RO
R1
(RO)+sR1
#LAST+2sRO
is
#CSUMsR1
2¢

PRINT
MESRO1
ERROR

3

PRINT
ROGOOD

LSE

L T e

This routine will check the ROM on the KXT11-AA» this test checks
the rortion of the ROM that contains the actual control/monitor tasks

Foint to the control task address
Initialize checksum value

Urdate value

Until there are no values to sum
If there are still some do get them
Are the checksums equal ?

Yes» leave the test

Nos» rerort the

failure

Set the error flag

Leave the test N

Rerort the test rassed

ROM Diagnostic Task

LCyLSB

FPAYPRINT,FGOOD

ROM

#3»R1
RO
FPA(RO)

(RO +

R1,1$
FPRINT
PGOOD

LSB

W ws e ws wh ws es s s e s

on the KXT11-AA this only

Initialize loor counter

Initislize counting index

Attemrt to address FIO port if the
attemrt fails a trar throudgh the
restart will occur and rerort a run
time error

Increment the index» this will not
time out since there is memors at
locations 2-4

Do the rort

Indicate success

Figure C-10 Parallel I/O Diagnostic Task

C.4.3 Control Task Programs

The control task programs (see Figure C-11) complete the initialization of the system by clearing the
receive buffer, enabling the interrupts, and lowering the microprocessor priority to accept interrupts.
The operator is then informed that the system is running and waiting for interrupts. The TIMER re-
ceives a BEVNT input sixty times per second. The REC program is entered when an interrupt is re-
ceived from the console. The program will then turn on the LED and load the 10 s counter. The
BREAK program is entered when a BREAK is detected and performs the same task as REC. A
TIMER program will decrement the 10 s counter, if it is enabled, every time BEVNT is received.
When the 10 s counter is decremented to zero, the program will turn off the LED. If the LED is turned
on and another BREAK or interrupt occurs, the 10 s counter is reset for 10 s. The program also allows

any exception conditions.

C-11



1 +SBTTL CONTROL AND' MONITORING TASKS
2
3 +ENABL LC
4 +GLOEL TIME,LEDONsPCWsRCSRCsLEDOFF
S 000000 +FSECT ROM
é
7 000000 REC:?
8 it
9 i This interrurt routine accerts an input from the console. When the inrut is
10 i received a ten second counter is initialized and the LED is turned on.
11 i-
12
13 000000 012767 001130 0000006 MOV $<10.X% 60.>»TIME i Set timer for ten seconds
14 000006 012737 000000G 0000006 MOV $LEDONs@#FPCU # Turn the LED on
15 000014 105737 0000026 TSTR @#RCSRC+2 # Flush the receive buffer
16 000020 000002 RTI i Go back
17
18 000022 TIMER? S
19 it
20 i This interrurt routine when entered every clock tick will decrement the ten
21 i second counter and turn off the LED if the time is exrireds otherwise it
22 i returns immediatelw.
23 i-
24
25 000022 005767 0000006 TST TIME i If the time is set urdate the
26 000026 001406 BEQ GOBACK # counter otherwise go back
27 000030 005367 0000006 DEC TINE i Yes» bumr the counter and if it is
28 000034 001003 ENE GORACK # The last tick then shut the LED off
29 000036 012737 000000G 0000006 MOV $LEDOFF,@$FCY i Otherwise do back
30 000044 000002 GOBACK: RTI
31
32 000046 BREAK ¢
33 it
34 # This interrurt service routine will be entered if a break detected » this
335 i is treated as 3 regular inrut on the KXT11-AA console rort.
36 P
37
38 000046 012767 001130 0000006 LY $10, X% 60,5 TIME i Set the timer for ten seconds
39 000054 012737 000000G 0000006 MOV $LEDON,@$PCW 3 Turn the LED on
40 000062 000002 LAST!! RTI 3 Go back
41

42 000001 +END

Figure C-11 Control Task

C.4.4 Exception Programs
The system is now running and the exception programs are entered only when a power fail occurs or a
bus time-out occurs. The print program is entered only to communicate with the operator.

A time-out will occur when an address does not respond or if a device does not respond to an interrupt
acknowledge. When a time-out occurs, the SBC-11/21 will trap to location 4, the restart address. The
start address is defined as location 0, and restart address is defined as location 4 by the factory con-
figuration. The RSTRT program is entered via location 4; it informs the operator that a run-time error
has occurred and waits for the operator to interrupt.

A power failure is detected when the system power is going down. This enables the power fail interrupt
and causes a trap to location 24. The POWERF program (see Figure C-12) is entered via location 24,
and the power fail flags are set in the RAM memory. The RAM memory includes the battery backup
feature of the SBC-11/21 module. Program information contained in the general-purpose registers, the
stack pointer, and other necessary data are stored in the nonvolatile RAM memory. The program then
puts the bus into a known state with the RESET instruction and waits for the power loss to occur. When
power is restored, the POWRUP routine is executed and data is recovered as the system restarts.
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OWMNO LD BN

000000

000000

000000
000006
000014
000016
000020
000022
000024
000024
000030
000034

000040
000042

000044

000044
000050
000052

012767 123456
012767 135724

010667 000000G

000005 -
000777

004767 0000006
0000006
000777

000001

0000006
0000006

+ENABL
+GLOEL
+MCALL
+FSECT

FOWERF !¢
it

Lc

FOWER1yFOWER2» TIME»SAVERG6»FRINT»FMESS

PUSH
ROM

This routine is entered when a rpower fail is detected and saves the

P
i rertinent information in non-volatile
;_

MoV

MoV

FUSH
PUSH
FUSH
PUSH
FUSH
PUSH
FUSH
MOV

RESET
ER

RESTRT!
it

[RT

CALL
+WORD
kR

+END

Whern a bus error occurs

$#123456FOWERL
#135724,POWER2
RO

R1

R2

R3

R4

RS

TIME

SPySAVERS

FRINT
FMESS

.

RAM

i Initialize the 32-bit rpower recovery
i test rattern

i Save the deneral purrose redisters

3 and any rertinent data in s non-

i volatile RAM area

Save the stack rointer in the non-
volatile ram area

Put the bus in 3 known state

and wait for loss of rower

PR

such as an interrurt time-out or bus time-out
3 trar thru the restart takes rlace and comes here

i Indicate that 3 run-time error has
3 occurred and wait for orerator
i intervention

Figure C-12 Power Fail Task
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APPENDIX D
MACRO-ODT ROM

Appendix D provides the user with the program listing of the Macro-ODT ROM firmware.
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KXT11=A2 1K FIRMWARE

MACRO V04.00 5=0CT=-81 22:56:27

TABLE OF CONTENTS

3=

4=

Se

6=

8=

9=
11~
13-
14~
14=-
14~
15=-
19=
20~
20-
21-
22~
23~
24~
24~
25=
26~
26~
27-
27=-
28~
30~
32~
33-
35-
36~
37
39=-
40~
41-
42~
43~
44~
45-
46=
47=-
48=
48~
48-
49~
49=
49~
49~
49-
50=
51-
51=-
S52=-
52~
52=-
53-
53~

-
o Tl S N o e Y B e e I N T R S T T

N

N

~N

w
OO = s b b b e e s bk e e B b e B e

-
-
>

~ w N N oS
PO IR RV R e Ol N o S

COPYRIGHT NOTICE

KXT11-A2 EDIT HISTORY

Equates

General DLART Equates

General PPI Equates
Proyram=-specitic Equates

MACRO DEFINITIONS

RAM Definition
TRAPS=1rap-handling routines
TRAPS=LTC Trap=killer

TRAPS=BREAK handler
RESTART=Introduction
RESTART=Entry point

RESTART-See if stack exlsts
RESTART=-Exit if in IN-ROM state
RESTART-Cause determination
RESTART=Exits
POWERUP=-Introduction

POWERUP=Turn on LED

POWERUP-Test console DLAKT
POWERUP-Test and set up I/0-page RAM
POWERUP=Turn off LED

PUWERUP~Test for "low core"
POWERUP~EXx1it

POWERUP=Subroutine to initialize vectors
AUTOBAUD=Synchronize with Console

" macroODT=Introduction

macroObT-Save status and print prompt
macroO0T~Get ODT command

macro0Di= Go and Proceed

macroODT-Register and PS command
macroOVT-Examine and Deposit

macroODT=-Get and echo character
macroO0DT=Type ASCII string

macroODT-Get octal digits
macroUDI=0CTSTR=-=type binary in KO as ASCII
macro0DT=-Output messages

DIAGNUSTICS=for SLU2 and PFPI

HARDWARE ENTRY POINT

DIAGNOSTICS=Continued

BOOTS=Description

BUOTS=RX Controller Definitions

BOOTS=TUS8 Definitions and Protocol Equates
BOOTS=RT11 Definitions and Equates
BOOTS=Program entry point

=====> HALT AT PC=172234 INDICATES
=~===> HALT AT PC=172264 INDICATES
==-==> HALT AT PC=172304 INDICATES
==ee=> HALT AT PC=172376 INDICATES
BOOTS=RX01/RX02 Bootstrap

"Illegal device name"

“Illegal unit number"

"No low memory, can‘t boot"
"Unexpected timeout during boot"

BOOTS=Distinguishing type of poot block

e====> HALT AT PC=172454 INDICATES
BOOTS~TUS8 Bootstrap

=====> HALT AT PC=172542 INDICATES
e====> HALT AT PC=172562 INDICATES
BOOTS~-Stand=-alone volume bootstrap
=w===> HALT AT PC=172614 INDICATES

“No boot pblock on volume"

"TUS58 initialization error"
"TU58 block 0 read error"

*Directory read error"



KXT11=A2 1K FIRMWARE MACRO V04.00 5-0CT=-81 22:56:27
TABLE OF CONTENTS

53~
54~
54~
S4-
55«
S6=
57=
57=-
57=
60-
61-
61-
63~

36
1
8

12
1
1
1

36

114
1

27

37
1

=====> HALT AT PC=172652

BOOTS=-Load Stand=Alone Program File

INDICATES

"File not found"

=====> HALT AT PC=172732 INDICATES "Stand-alone file read error"

=====> HALT AT PC=172750
173000G ENTRY POINT
BOOUTS-Continued

IND1CATES

BOOTS~RX01/RX02 Read routines

we===> HALT AT PC=173070
=====> HALT AT PC=173262
BOOTS=TUS8 Read routines
=====> HALT AT PC=1735S5¢
=====> HALT AT PC=173610
END STATEMENT

INDICATES
IND1CATES

INDICATES
INDICATES

"Illegal transfer address"

"Floppy drive not ready"
"Floppy read error"

"TUS8 ELND packet missing"
"TU58 checksum error"
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KXT11=A2 1K FIRMWARE

1

2

3

4

5

6 000000

7 173776
8 173776 000
9 173777 001

MACRO V04.00

5=0CT=81 22:56:27 PAGE 2

«TITLE KXT11=A2 1K FIRMWARE
«IDENT /V1.00/
.ENABL LC

; Place jdentification number in last ROM location:
«ASECT

«=173776
«BYTE 0
«BYTE 1.



KXT11=A2 1K FIRMWARE
COPYRIGHT NOTICE

P e Y el
WONONBWNEOOD®NOOO D WN -

SN N
-

~
N

MACRO V04.00

5=-0CT~-81 22:56:27 PAGE 3

Ne Se Ve Ve Be Ne W Ve Ne We Ne Ne Ne %o Ne Ve Ne Ve Ve wo we

«SBTTL COPYRIGHT NOTICE

CUPYRIGHT (C) 1980, 1981 BY
DIGITAL EQUIPMENT CORPORATION, MAYNARD, MASS.

THIS SOFTWARE IS FURNISHED UNDER A LICENSE AND MAY BE USED AND COPIED
ONLY IN ACCORDANCE WITH THE TERMS OF SUCH LICENSE AND WITH THE
INCLUSION OF THE ABOVE COUPYRIGHT NGTICE. THIS SOFTWARE, OR ANY OTHER
COPIES THEREOF MAY NOT BE PROVIDED OR OTHERwISE MADE AVAILABLE TO AwnY
CTHER PEKSUN. NO TIILE TU AND OWNERSHIP Of THE SOFTWARE IS HEREBY
TKANSFERRED.

THE INFORMATION IN 1THIS DOCUMENT 1S SUBJECT TO CHANGE WITHOUT NOTICE
AND SHOULD NOT BE CONSTRUED AS A COMMITMENT BY DIGITAL EQUIPMENT
CORPORATION,

DIGITAL ASSUMES NO RESPONSIBILITY FOR THE USt OR RELIABILITY OF ITS
SOFTWARE ON EQUIPMENT WHICH IS NOT SUPPLIED 8Y DIGITAL.

VERSION V1,00

EL 29~SEP=-81
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KXT11=A2 1K FIRMwARE
KXT11=A2 EDIT HISTURY

=W N e

MACRO V04,00

5=0CT=-81 22:56:27 PAGE 4

«SBTTL

JEDIT HISTORY:
i

KXT11=A2 EDIT

HISTORY



KXT11=A2 1K FIRMWARE

EQUATES

N s e s e e e e
CCONVNOAURWNFPLOOVUDNNUT S WN -

NN
[0 VO Ol g

[SE V)
~ o

000001
000002
000004
000010
000020
000040
000100
000200
000400
001000
002000
004000
010000
020000
040000
100000

000012
000015
000040

MACRO V04.00

5-0CT=-81 22:56:27 PAGE 5

«SBTTL Equates

; BIT EQUATES

BITO
BIT1
BIT2
BIT3
BIL4
BITS
BIT6
B1T?7
BlT8
BITY
BIT10
BIT11
BIT12
BIT13
BIT14
BIT1S

7 ASCII
LF

CR
SPACE

1

2

4

10

20

40

100

200

400

1000

2000

4000

10000

20000
. 40000

100000

[ O T ]

L U I T T T T O LI T I 1

CHARACTEPR EQUATES

12
15
40

sLine feed
sCarriage return
sSpace
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KXT11=A2 1K FIRMWARE

GENERAL DLAR?T

B e
CONONMBUNFOWONOU S WN -

WWWWWWwRDRNNNNNNONON
PR WNFFOOVONINTNNE WO

www
® - o

w
w0

EQUATES

177560
177562
177504
177566
176540
176542
176544
176546

004000

000200

000100

100000
040000

020000
004000

MACRO V04.00 5-0CT=81 22:56:27 PAGE 6

7 DLAR1
RCSRs1
RBUFS$1
XCSR$§1
XBUFS$1
RCSRs2
RBUFS$2
XCSR$2
XBUFs2
7 DLART

RC.ACT

RC.DUN

RC.IEN

7 DLART
RB.ERR

RB.OVR

RB.FRM

RB.BRK

EQUATES

nHuunnunu

RECEIVE

RECEIVE

«SBTTL General DLART Equates

177560
177562
177564
177560
176540
170542
176544
176546
CSR BITS

BIT11

BIT7

BIT6

BUFFER BITS (R/0)
BIT15

BIT14

BIT13

BIT11

Ne We We We Ne N6 Ne Ne e Ve e

3SLU1 Receive CSR
sSLU1 Receive buffer
3SLU1 Xmit CSR

;SLUL Xmit buffer
;SLU2 Recelve CSR
}SLU2 Receive buffer
;SLU2 Xmit CSR

;SLUZ Xmit buffer

’

Recelver active (R/0). Set
while character is being
received,
Recelver done (R/0). A
character has been completely
received and now resides
in RBUF.
Receiver int. enable (R/w).
when set, enables "keyboard"
interrupts, using vector
at 60.

jError. Framing error or

; overrun has occurred.

sOverrun error. Character was
received before previous one
was read.

Framing error. No valid stop
bit was detected.

Break detect. Set when break
is detected, reset when next

start bit arrives.

Ne No Ne we Se Ne N
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KXT11=A2 1K FIRMWARE
GENERAL DLART EQUATES

I N o Il =
COWXNONVNBRWNFOVONOTUOL WN-

[SE SR SN SE N
(S VSl SR

BB WWWWWWWwwiwwNNeNNN
S~ OWENOUBRWNFROVEIO

bbb
[

000200

000100

000010
000020
000040

000000
000010
000020
000030
000040
000050
000060
000070

000004

000002

000001

MACRO V04.00

5=0CT=81 22:56:27 PAGE 7

;7 DLART TRANSMIT CSR BITS

XC.RDY = BIT7

XC.IEN = BIT6

; Programmable baud rate bits

PBRO = BIT3
PBR1 = BIT4
PBR2 = BITS

; PBRO=2 set baud rates as follows:

BD.003 = 0

BD.00b6 = PBRO
BD.012 = PBR1
BD.024 = PBR1!PBRO
BD.048 = PBR2
BD.096 = PBR2!PBRO
BD.192 = PBR2!PBK1
BD.384¢ = PBR2!PBR1!PBRO
XC.MNT = BIT2
XC.PBE = BIT1
XC.BRK = BITO

;Transmitter ready (R/0).

; When set, indicates that the

; last character was completely
H sent and XBUF is ready for

H a new one.

sTransmit int. enable (R/W).
;when set, enables "console

; printer"” interrupts, using

; vector at 64.

;Baud rate = 300
;Baud rate = 600
;Baud rate = 1200
;Baud rate = 2400
;sBaud rate = 4800
;Baud rate = 9600
;Baud rate = 19200
;Baud rate = 38400

Maintenance (R/W). wWhen set,
creates an internal "loop=-
back" between the transmitter
and receiver. Also dis-
connects the external
serial input,
Prog. baud rate enable. wnen
set, the baud rate is deter=
mined by bits 3=5 as
tapulated above. WHEN
CLEAR, BAUD RATE IS DEIEK=
MINED BY VOLTAGES APPLIED
TO DLART IC PINS.
Transmit break (R/W). When
set, serial output 1is a
continuous BREAK.,

Ne s Ve Se Ne N6 Ve Ve Se Ne Ve Ve Ne we e we
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KXT11=A2 1K FI1RMWARE
GENERAL PPI EQUATES

N+ b md b b b h d e e
COVWXNONBWNFEOOVO®NIOU O WN =

NDNNNDNON
AN W~

176206
176200
176202
176204

000200

000100
000040

000020
000010
000004
000002

000001

000016
000014
000012
000010
000006
000004
000002
000000

000001
000000

MACRD V04.00 5-0CT=B1 22:56:27 PAGE 8

.SBTTL General PPI Equates

; PROGRAMMABLE PERIPHERAL INTERFACE (PPI) EQUATES

PP.CWR
PP.A
PP.B
PP.C

176206
176200
176202
176204

nuenan

s PPI MODE=SETTING BITS

;PPI Control word Register
;PPI Port A Register
;PPI Port b Register
;PPI Port C Register

7 KXTi11=AA board configuration does not permit all combinations of
H

the mode bits.

PP.MOD = BIT?7

PP.MD2 = BIT6

PP.MDA = BITS

PP.DRA = BIT4

PP.CHI = BIT3

PP.MDB = BIT2

PP,DRB = BIT1

PP.CLO = BITO

7 PP1 BIT SET/RESET CONTROL BITS
;

H individual bits in Port C,
H

PP.BI7 = BIT3!BIT2{BIT1
PP.BI6 = BIT3!BIT2
PP.BIS = BIT3!BITI1
PP.BI4 = BIT3

PP.BI3 = BIT2!BIT1
PP.BI2 = BIT2

PP.BI1 = BIT1

PP.BIO = 0

PP.BIS = BITO

PP.BIC = 0

Consult the manual before using the PPI.

;This MUST be or’d with other

; bits to set mode,

;Sets mode 2

;If bit 6 is low, determines

; mode of port A

; (hi=mode 1, lo=mode 0)
;Direction of port A.

; Hi=IN, lo=0UT.

;Direction of port C upper half
; Hi=IN, lo=0UT.

;Mode of port B.

; Hi=mode 1, lo=mode 0.
;Direction of port B,

; Hi=IN, lo0=0UT.

;Direction of port C lower half
;s Hi=IN, lo=0UT,

when bit 7 is low, writing to the PPI CSR will set or reset

depending on the mode and direction

of the port’s bits, and on the combination of bits you write.

;Use ONE
sof these
jto select
swhich bit
;is desired
jto be

$SET or
sCLEARed

;SET specified bit.
;CLEAR specitied bit.
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KXT11=A2 1K FIRMWARE

PROGRAM=SPECIFIC EQUATES

-
ROV U wWN -

N e o o b b s e
QWVWO®NO U WN

NNONONNDN
OB W

WwWwWwWwhN KN
N O oo

ww
> w

000221

000017

000032

000072

160010
167776

000300
000340

000200
000020

MACRO V04,00 5=-0CT-81 22:%

;7 EQUATES USED TO TURN LED ON AND OFF

MODE =
LEDOFF =
; EQUATES
BAUDRS =
TUBAUD =

56:27 PAGE 9

.SBTTL Program=-specific Equates

PP.MOD!PP.DRA!PP.CLO

PP.BIS!PP.BI7
USED TO SET UP DLARTS

BD.024!XC.PBE

BD.384!XC.PBE

;7 MEMORY CONFIGURATION EQUATES

RAMBOT =
RAMIOP =

160010
167776

; SOFTWARE FLAGS AND MASKS

PRI6 =
PRI7 =

; USED BY

RFLAG

T.BIT

300
340

ODT MODULE
BIT?

BIT4

jPort A = Mode 0 IN

sPort B = Mode 0 OUT

sPort C upper nibble = OUT
sPort C lower nibble = IN

;Set PC?

;Initial console baud rate to
; be 2400, with prog. baud
; rates enabled.

sTUS8 Baud rate = 38,400

;Bottom address of RAM
;Top address of RAM

;PS for priority of 6
;PS for priority of 7

jRegister flag bit=- Indicates
; reglister is being examined
;Trace bit in PSW
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PROGRAM=SPECIFIC EQUATES

WOV WA -

100000
000200
000001

100000
000200
000001

000100
000010
000001

MACRO V04.00 5=-0CT=81 22:56:27 PAGE 10

.
’

R.
R.
R.

.
’

RESTART
HALT =
NXM =
STAK =

TYPE WORD BITS

BIT1S
BIT7
BITO

BOUT CONTROL WORD BITS

NO.LOWw =
DEVBIT =
DEVNUM =

.
’

E.
L.
E.

BIT1S
BIT?7

BITO

DIAGNOSTIC MESSAGES

EXT
INT
PAK

uann

100
10
1

sHALT or BREAK occurred
jAccessed non-existent memory
;Double=bus error

No memory found at 000000=-
do not boot

1 = RX01/02 floppy

0 = TUS8 cassette
U

nit no. (0 or 1)

Ne W we Ne we

;SLU2 loopback test failed
’SLU2 internal loopback failed
sParallel port loopback failed
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N = b 0 o bt s e e e
COVWONOUBRWNEFEFLOUVWDNDOUV S WN -

N
-

MACRO V04.00
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~e “e we

+

e Se Se we we we “e

«MACRO
+«IRP
«SBITL
«ENDR

«ENDM

«SBTTL MACRU DEFINITIONS

MACRO DEFINITIONS

This macro will insert ABORTS into the code which will halt the
program, exit to ODT with the PC printed on the console, and generate
an entry in the taple of contents which describes the error condition,

ABORT TEXT

HALT

PCs,\.

=====> HALT AT PC=°PC$ INDICATES “’TEXT"

BR =2
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MACRO DEFINITIONS

1 it

2 ; DELAY A,B,N

3 ; where A and B are names of registers that are free (both will
4 H be clear wnen through) and N is an integer.

5 H

6 ; This macro produces a delay whose duration (when running in KXTii=AA
) ;7 ROM) is .2399N seconds,

8 ; When N<4, it is more efficient to use the following code:
9 H

10 ; CLR Rn siw 2.44
11 ; SOB Rn,. 1w 239861.76
12 ; (sos Rh,. Jiw 239861.76)
13 ; (soB Rn,. Y 239861,.761
14 H

15 ; The macro generates code like the following:

16 ;

17 H MOV #N,Ra 720 3.66
18 Ins: CLR Rb s1W N*2.44
19 H SOB Rb,. Jiv 65536N%3,66
20 H S0B Ra,n$ 1w N¥3,.66
21 i=

22

23 <MACRU DELAY A,B,N,?L

24 MOV #N,A

25 L: CLR B

26 sOB B,e.

27 SOB A,L

28 +ENDM

29
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RAM DEFINITION

«SBTTL RAM Definition

7 SCRATCH RAM AREA

167776 TRAP4 == 167776 ;Enables trap=-to-4 emulation
; when non=zero
167774 ODTwHY == 167774 ;User=-readable copy of R,TYPE.

Restart cause., See R.TYPE
table in RESTART routine,

I e R e
CLXTNOUVBWNFEROWOUONIOO UL WN -

’
’
167772 0.CNIL == 1677172 ;ODT Control word. Set Bit 15
; to disable T-Bit ftilter, set
7 Bit 7 to disable Priority 7
; filter.
167770 B.,CNIL == 167770 ;Boot control word.
167766 k.PC == 167766 jWhere restart saves top of stack
167764 IN.USR == 167764 sEnables user-caused restart
; and BREAK when non=zero
167762 R.TYPE == 167762 sRestart cause. See table in
;3 RESTART routine.
167760 USERSP == 167760 ;Used by ODT to store the user’s
21 ; stack pointer.
22 167756 RPUINT == 167756 sUsed py UDI to point to the image
23 ; of user’s RO in its stack.
24 167754 SAVPS == 167754 ;Store halted PS here for ODT
25 167752 SAVPC == 167752 ;Store halted PC here for 0DT
26 167750 ODTFLG == 167750 ;Used by ODT for internal flags.
27 167746 ODTLOC == 167746 ;Usea by ODT to point to location
28 7 currently open.
29 167744 ODTSTK == 167744 ;Bottom of ODT’s stack
30 167644 SSTACR == ODTSTK=100 ;Bottom of default user stack
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N e b e e s e e b
COWONOUVPWN=OOVOIIOUL D WN =

NN
N -

NN
e w

NN
[ RSN 3

w N
oW

W W
N -

170000
170000
170004

170006
170006

170010
170010
170014
170020

170026
170032

170000

005767
001001

000002

012667
012667
012767

005067
000167

MACRO V04.00

177760

177736
177734
100000

177732
000544

177734

5=0CT=81 22:56:27 PAGE 14

«=170000

.SBTTL TRAPS~=Trap~handling routines
«SBTTL TRAPS~LTC Trap=killer
+SBTTL TRAPS=BREAK handler

though.

SRRRIRNIINIINIiiiiiNiIiiiiisviiRiriviRiiiiiiiviiiisiiiiii;
FIiiiiNIIiNRININRRIIINININRIIRIIIIINNINIIIIiINiiiiiiiiisiiii;
iiid iiid
R BREAK=HANDLING ROUTINE iiii
iiés AND LINE TIME CLOCK INTERRUPT KILLER iiii
irii i
IR R R R R R R R RN R N R N RN R R N R N R R N R R R N R R R RN R R R ]
AR R R AR R R R R R R A R R R N R R R N R R R R R R R R R R R R R R RN R R R RN
$$SBRK::
TST IN,USR sAre we in user mode?
BNE BRKNUO ;YES=Go to QDT
§SSLTC::
RTI ;NO=-GOo back to RUM program.
; BREAKS are ignored by 0DT,
; RESTART, POWERUP and the
H DIAGNOSTICS. The BOOTS
; can be interrupted,
BRKNOO::
MOV (SP)+,SAVPC ;Save context
MOV (S5P)+,SAVPS ;for OOT.
MOV ¥R HALT,R.TYPE ;Causes PC to be printed
; upon entry to ODT.
CLR IN.USK ;Get out of user mode
JMP ouT
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e e e e e o e
COWXNOMBWNHOWVWONOUVE WN -

NN
> W N -

DN
XN v

wN
[ Y]

w W
N -

ww W
e W
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«SBTTL RESTART=Introduction

~e we

~e e
~ ~e

e we
~ we
~e we
~ e
~e “e
~e ~e
~e v
~e e
~e we
~e we
~e we

~e v

~e e
~ we
~e ~e
~e we
~e w.
~e we

~e ~o

i
;
;
RESTART MODULE ;
’
H
;

Ne we we Ne Se Ne W
we Ne Wo e Ve Ve we
Ne Ne e We “e we we
we we we e e we w0
e we e e Ve Ne e
Ne %o Ne Ve Ve v we

~e ~e
. e
~e ~e
~e e
~e e
~e we
~ .
~e e
~. e
- e
~e we
~e we
~- e
~ e
~e we
~ we
~ we
~e e
~. we
~e ~e
~ we
~. we
~ ~e
~ ~
~ e

e
’

;The purpose of the RESTART routine is to restore the FALCON to a
sknown state following those exceptions which cause a RESTART hardware
jaction. This action consists of stacking the current PSW and progyram
scounter, then setting the PSwW to 340 and jumping to the hardwired
JRESTART location. 1Inhis location is at the address START+4 where
?START is jumper selectable as 000000, 010000, 020000, 040000, 100000,
7140000, 172000 or 173000 (all in octal). This program is designed
stor a START location of 172000, thus RESTARTs Jump to 172004,

r

;There are several different ways in which RESTART performs its
sfunction, depending on the value of IN.USR, TRAP4, the contents
sof the location the SP points to, and one bit (R,STAK) in R.TYPE,

;
JR.TYPE, the restart type word, is RESTARI’s output to ODT.

~

+

~e we

;The goal is to maximize PDP-11 software compatibility and to provide
suseful debugging information to the program developer,

~e wo
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Ne N6 Ne e e N6 Ve We e Ve We Ve e Ve Ve No We We We Ve We Ve We W Ve Ve We e Ve Ne e Ve Ve Ne Ve Se We Ve Vo Ne Wo We We Ve Ve Ve Ve Ve We Ve %o Ve Ve Vo e Vo we

cescaccne-

| ReSTRT | Enter via hardware mechanism,
eeememem==  with (PS5)=340
|

| Is the stack |

| flag set? |

I N Y |
l |
I i Set R.NXM |
I | Set IN=ROM mode |
| | Go to ODT |
!

| Set stack bpit I
1 Read top of stack [<===Could time out and cause the
| Check if too close to "hole" |<====-=exit to ODT shown above
| Clear stack bit |
i
| Did restart occur |
i in user mode? |

I N Y i
| |
D T T T l
| Is top of |{=====e=t=w=e= A BREAK does this when
| stack 0000002 | | there’s no memory in
I N Y | i the vector area.

I I |

[

| | Pop stack |<=¢===== 0Only a BREAK while in ODT can
| | frame and | | get us here, so the RTI takes
|

| return | [} us back to ODT.
' E T T T l
| Set carry | | Leave user mode |
‘ in pushed Ps ' PRI L L L LIl L L

| and return | |

| Is top ot |
| stack 0000002 |
A BREAK does this===>| Y N
when there‘s no bbbt

memory in the [ |
vector area L L T T '

Pop stack |{===te=ee==This entry point is in
frame and go | [ tne TRAPS module. It is
to BREAK’s | | where a BREAK in user mode

goes when there IS memory

|
|
I
| SAVE CONTEXT 1|
] in the vector area.

entry point |
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V&N WK -
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Mo Ve We Ve Ne Ne Ve Ne Ne e Ve Ne e Ve We Ve Ve Ve Ve Ve %o We Ve N Ve Ne Ve Ne We Ve Ve Ve %o %o We Ve Vo e Ne e Ne Ve Ve Ve Ve

]
| Pop stack frame |
| 1f 172004 on top. |
| Get pushed PC. |
| Set up ODT’s PC |
| and PS locations. |

|
COULD====>| Test word prior I
TIME=====>]. to where pushed |
OUT==m===>| PC points |

|
| was tne wora |
i a HALT |
| or did PC==>NXM? |
| Y N 1

L L L T L T

|
| Set HALT tlag | |
| Go to ODT | |
L R T T T |

I

| Is trap=to=-4 |

| emulation |

| enapled? |

I N Y |
i [
- - - - - - - |
| Set NXM flag | I
I Go to ODT | |
|

|
| Set user mode |
| Push e#é6, ex4 |
I onto stack |
| and RTI |

P T T
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+

~e e

jException=type word (R.TYPE) is passed to ODT and is RESTARTs "best guess"
7as to why a restart happened:

;

H

;

il

31 EXIT | BIT |
H

jlemm===] |
;1 ODT | 15
H 1 |
HA | |
H | |
HIELELLL '
;1 ODT | 14 )
71 Ok I 13 |
;1 TRAP | 12 |
;1 TO P11
71 FOUR | 10 |
HA 9 i
) I 8 |
Ha V7
A | |
Y I 6
| 15 1
L 14
] I3 |
| 2
A [ S|
jlememen|ennan
;L 0oDT 1 0 |
H | |
A [ |
il | |
HA I ]
3

H

;

;

NAME

R.STAK

I

Note: A user-readable copy of this word is at ODTWHY,

------l-----'------—-‘------------.--.------------------------.---.----

CAUSE

L L L R T L I R L T L L L Y itttk

HALT instruction in user code~RESTART PUPS STACK.,
note=BREAK also sets this bit (see the TRAPS
module). UDT uses this bit for PDP=-11 uDIT
qompatibility.

Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Timeout during user access of non=-existant
memory
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved

Indicates that a timeout was caused by RESTART
itself accessing non-existant memory. Tnis
occurs in conjunction with testing for
validity of the stack pointer.
in PDP=~11 parlance, this is a
"double~-bus error”
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RESTART ENTRY POINT
i

-~
LOSETNEN
[XSEYNETN
LISINEEN
LSCINETN

-~
o~
o~
-~
-~

HOANNDP D O~DON

10

R.STRT: ¢

11 170036

12

o o ea vm e
o en tn en o
L N Y
LN N TN
o~ o
LY
LINICIN
o~ o
-~ e

;
i
THE RESTART ROUTINE CAUSED THE RESTART
GU IO ODT AND PRINT "72*

H
;
IF

-~ o
o o
-~ o
o
LIRS
[ISCINETSE QRN
LI N R
LISCINETSE RN

13
14
15
16
17

e oa on en sn en
O N RTINS
su on e sa on en
O R ISR TN
LINETN
o oa
-~ o
LNETN
LINEEN
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LINEYN
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LIS
CINEN
~ oo
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LINEIN
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-~ e

THIS EXCEPTION CAN BE CAUSED BY RESTART’S
STACK MANIPULATIONS

LN
(ISR TSETNE NN
L N N INELY
on o oa on on en
n sa s su en o

18
19
20
21
22
23

24
25
26

R.TYPE will have been cleared prior to entering

.
’

only RESTART

if the stack bit is set,

So,

ny ODT command.

; a

Since the stack is always

.
v
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R={n=ROM====

user,

U=

X=don’t care,

;State:

30
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sRland return to ROM code that

sRISet carry in pushed PS
JR| caused timeout

JRI UNLESS ALREADY SET

2(sP)

INC
RTI

28

000002

39 170122 005266
000002

40
41 170126

38
42
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170130
170134

170136
170140
170142

170146
170152
170154

170156
170162
170166

170172
170200
170204
170206
170210

170216
170220

005067
005716

001003
022626
000167

021627
001001
022626

012667
011667
014667

162767
005777
000240
001005
052767

022626
000415
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177630

177642

172004

177604
177566
177560
000002

177562

100000

177566

177544
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.
;

BNE
CmupP
JMP

Ne Ne Ne Ne we we

+SBTTL RESTART-Cause determination
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DETERMINE HOW USER CAUSED A RESTART

4
(SP)+,(SP)+
BRKNOUO
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~e ~e
~. e
~ e
~ e

~ e

Ne Ne Se Ne Ne we v
Ne Ne Ne e we we e
we we we No we we e
Ne Ne Se “e we we e

w~ we
we we
~ we
~e we
~e we

e e

;UIWe were in user mode,

sR|l but no longer,

;RiSee 1f BREAK brought

JRI us here without low "core",
;sRINO=Just a RESTART
jRIYES-Behave l1ike a BREAK that
sR| nappened while in user prog.

1f the CPU attempts to fetch an instruction from non-existent
memory,

two traps (the first from executing a HALT, the second

from timing out) will occur,
trap pushes the restart address
This information is useless and

the result being that second

and 340 on the stack.
gets popped here.

452 CMP (SP) , #RESTAR ;X|Get rid of double stacking
BNE 5s ;Xlcaused by EXECUTIUN Of NXM
CMP (SP)+,(SP)+ s X1
H Note: Because the contents of the stack is assumed to remain
; unchanged following the first instruction below, it is imperative
H that interrupts be disabled during the next three instrutions.
58 MOV (SP)+,R.PC sRIGet pushed PC
MOV (SP),SAVPS JRIUDT would like
MOV -(SP),SAVPC ;RIto see these
suB #2,R.PC JRISet pointer to last word fetched
JR| before restart occurred
TST @R.PC sRI1Is contents of pushed PC = 2
skl a zero (eg a HALT)?
NOP 7R{Make sure next instruction
JR| won’t execute if we time out
BNE 68 sRINO= it was an NXM
BIS #R.HALT,R,.TYPE ;RIYES= Flag a HALT,
CMP (SP)+,(sSP)+ JRipop the non=~PLP~11 stack frame
BR 8s sRland go to ODT.
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.SBTTL POWERUP=Introduction

s
FiirREIIIRIIRRRIIIGIIIIINSIINRIIIINRINIIIIIIRRIIINNG
FIIRIIRISIRRIIIRRIIIIIIIIIINIIINRINIINIINIININENIINNG
e rrre
i POWER=UP MODULE piis
i I3y
FIRIIIIRRIRRIIIINRIININIRIIINRINIGIGEIIRsRiRiiiRRiNN:
"'I"lI"I'Il"'I!IIII'III’I’I”III"'IIII"I;II’I'I'IIII

This module contains a series of routines which perform
tests on the on-board RAM and the console DLART. These
tests are preceded by the lighting of the LED on the
KXT11=-AA board, and followed by its extinguishing. Should
the LED fail to either light or go out, there may be a
defect in the board or its configuration,

Following these tests, the on-board RAM is written with the
default values of certain control words, and, if there is
memory in the vector region (i.e., near 000000), the BREAK
and clock vectors are set up. It not, a bit is set in the
boot control word to disable the bootstraps.
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KXT11=A2 1K FIRMWARE
POWERUP-TURN ON LED

«SBTTL POWERUP-Turn on LED
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11

PWRSUP: ¢

12 170260
13 170260

14
15
16
17
18
19

MOV #SSTACK,SP s;Injitialize stack pointer

167644

012706

ecause a mode=-setting command automatically clears all the internal

all

and clearing Port C Bit 7 turns on the LED,

which is port A and 1o nalf of C as

ports B and hi half of C as output,
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;Set proper PPI mode

MOV #MODE, 8#PP.CWR

012737 000221 176206

20 170264

21

+SBTITL POWERUP=Test console DLART
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sDisaple XMIT interrupts,

@#XCSKS1

CLR

005037 177564

32 170272

33

maint.
Set baud rate to default
;Take out the trash.,

BRK XMIT,

mode

.
’

.
’

34

e#RBUFS$1

T8T

177562
00030v

V05737
032737

35 170276
36 170302

37

#<RC.IEN!RC.DUN>,@#RCSRS1

BIT

177560

;Should be clear.
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POWERUP=TEST AND SET UP I/0=PAGE RAM

- e e e e e
WONOVdWNRFPOOVTIROUESWN=

170322 012700 160010
20 170326 010010
21 170330 020010
22 170332 001377
23 170334 005020
24 170336 020027 170000
25 170342 103771

5=-0C

e Se e we we wo Ne No
Ne No Ne Ne we we we “e

~ v~

e~

1s

28

T=-81 22:56:27 PAGE 25

.SBTTL POWERUP-Test and set up I/0-page RAM

FIRRNIIIIIINIINNIIiINiNNNININIINIIsiiiiiiiiviiiiiNiiii;
FIIRNINIRIIIIIINIRINNIIRININIiIiIiiiiiiiiiiiibiiiiiiii;
i iiis
i 1/0 PAGE RAM TEST piii
) AND INITIALIZATION iiii
i i
FRRINIRIIININIIINIIINIINiiiiiiiiiviiiiiiiiiiiiiiiviiiiii
R RN RN N R R R R N R R R R R R R R R N R N R N RN RN RN R RN R ]

write the location’s address into the location and read it back.

Do this for all I/0 page RAM locations.
If it falls, enter tight loop.

In the process, clear all of this RAM. Note that the default
value of most of the control and flag words 1s zero.

MOV #RAMBOT,RO sLowest address of RAM
H MOV RO, (RO) jWrite the adaress
CMpP KO, (KO) sRead it back
: BNE 28 ;Tight failure 1loop
CLR (kO)+ ;Clear and go on to next location
CMP RO, #RAMTOP+2 ;Until no more to test.
BLO 1s
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KXT11=A2 1K FIRMWARE
POWERUP=TURN OFF LED
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S0 go ahead

exit to

UTOBAUD rather than continuing with normal powerup sequence.
don‘t set vectors

last instruction times out
;bian‘t time out,

1f this falls,
;This will execute even if
;bon‘t set the NUO.LOW flag
so let the world Know.

;Timed out,
;Did time out,

.
’
.
’

discard result.

#NO.LOW,B.CNTL

VECSET

(RO)
78
8§

TST
NOP
BCS
CALL
bR

ead memory at 000000,
BIS

; R
)
782

177362

000042
100000

005710
000240
103403
004767
000403
052767

38
39
40
41
42 170364
43 170366
44
45 170370
46 170372
47 170376
48
49 170400
50
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.SBTIL POWERUP=EXit

KXT11-A2 1K FIRMWARE

POWERUP=EXIT
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either.

And witnout running out of
stack,

ODT prompt before loading R7,
will force yet more ODT,
BUT IN THE RIGHT MODE!

31f P is typed in reponse to

.
’

.
’

.SBTTL POWERUP=-Subroutine to initialize vectors

#PR16,SAVPS
#FAKOQUT, SAVPC
AUTOBA
#$8TACK,SP

IN.USK
apT

MOV
MOV
BK

CLR
MOV
JMP

8s:
FAKOUT:

177340
177330

000300
170424
177334
167644
000142

012767
012767
000423
005067
012706
000167

11 170406
12 170414
13 170422
14
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17 170430
18 170434

10
19
20
21
22
23
24

v sn su sn en sa en
L L S
L N N N L
L NS

o~ o "~ e
o~ o o o
LINETN LINETN
-~ o LN
o~ [INETN
o~ -~
LINETN -~ o
LIS LINEEN
-~ o~ o
o~ o o~ o
o~ o o~ o
o~ o LIS
o~ o [XNEN
o~ o o~ o
LINEYN o~ o
o~ o o~ o
LIRS o o
o~ LISETS
o~ on w0 LINETN
LN -4 LINETN
LINETN o LTSN
LTSN E= LINETN
men D ea e
LINETN €3] NN
“~ o > o~ s
“ o~ o
LINETN {al o on
LIRS [ ] EINEIN
LTI — -~ on
O | o
LIS << o~ on
L ] -~ e
LINETN 1] LINETN
o o o
LN = -~ o
LT 4 - on
- o o~ o
LINEEN o o
LTINS o
~ o o~ o
-~ o o~ o
LN [INETN
NN (ISR
o~ o~ o
LINETN LTSRN
LTSRN o~ o
LRI . o
S LIS
LIS LIS
NS o~ o
LINEYN -~ o
-~ o~ o

L R R L
o vn en tu tu sa va
o sn on en o on en
LN N TN TN TN Y

25
26
27
28

D-29

to

vector,
sSet up the line time clock

;Set up the BREAK=detect
vector.

.
’
.
’

#SSSBRK,8#140
#SSSLTC,@#100
¥PR17,@%102

This subroutine is also used by the bootstrap module,
#PRI7,@8#142

esture the vector area in the event that an invalid boot block

was read into low memory.

MOV
MOV
MOV
MOV
RETURN

; Note:
;T
VECSET::

.
’

000140
000142
000100
000102

170000
000340
170006
000340

012737
012737
012737
012737
000207

34 170440
35 170440
36 170446
37 170454
38 170462
39 170470

29
30
31
32
33
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AUTOBAUD=SYNCHRONIZE WITH CONSOLE

WO~ bW -
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170472
170472
170500
170502
170504

012737
005000
077001
077001

MACRO V04.00
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.SBTTL AUTOBAUD=~Synchronize with Console

Ne e e e we we “o
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bescription:

AUTOBAUD allows the FALCON to automatically synchronize its
console DLART to the baud rate of the console terminal.

On power=-up, the user must type a carriage return character.
Upon synchronization, AUTOBAUD will proceed to ODT where an ‘e’
character will be displayed on the console. :

Autobaud will loop indefinitely until synchronization is successful,

The algorithm requires that the console terminal generates a
zero (space) for the eighth bit in the carriage return. This
will happen if the terminal is capable of sending eight=bit~-
no=parity or seven-bit~-odd=parity characters,

Environment:

Interrupts must be disabled for the algorithm to execute correctly
since time durations are critical and delays due to long

service routines may cause DLART overruns, which this routine
ignores but cannot tolerate.

VT103/FALCON configurations leave garbage in the DLART long after the
powerup seguence has beygun, We must delay a bit pefore clearing garbage
out of tne DLARI, otherwise the garbage would arrive after the clear
(i.e,, while poiling for input). Tne "garbage" is an X=ON (<CIKL=Q>)
that the VT=100 hardware sends after its power=-up diagnostics have
completed successfully.

AUTOBA::

MOV #BAUDRS ,@#XCSRs1 ;Set 2400 baud
CLR RO sDelay
soB RO, . -]

seconds

~ ~e

S08 RO, .
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AUTOBAUD=~SYNCHRUNIZE wITH CUNSOLE

1 ; AUTOBAUD proper:

2

3 170506 105737 177562 10s: TSTB @#RBUFS1 ; discard any garbage

4

5 170512 105737 177560 2083 TSTB R#RCSRS$1 ; walit for input

6 170516 100375 BPL 20s

7 170520 113700 177562 MOVB @e#KRBUFS1, RV ; RO = input character

8 170524 012701 170550 MOV #INBYTE, R1 ; R1 => scrampled char table
9 170530 120021 30s: CMPB RO, (R1)+ ; in the table?

10 170532 001411 BEG HVBAUD } yes

11 170534 020127 17055¢ CMF R1, #1NBYTS ; end of table reached?

12 170540 001373 BNE 308 ; not yet

13 170542 005000 CLR RO ; uh oh, wait for DLART to clear out
14 170544 077001 4083 SOB RO, 40s ; wait for a while

15 170546 000757 BR 108 ; and try for another character
16

17 ; Table of what you would see if an octal 15 were sent at the following
18 ; baud rates,

19
20 170550 INBYTE:

21 170550 200 +BYTE 200 5 300

22 170551 170 +BYTE 170 ;7 600

23 170552 346 +BYTE 340 ; 1200
24 170553 015 +BYTE 15 7 2400

25 170554 362 «BYTE 362 ; 4800
26 170555 377 +BYTE 317 ; 9600, 19200, 38400

27 170556 INBYTS:

28

29 ; we have a match, ©Set baud rate into DLAKT.,

30

31 170556 HVBAUD:

32 170556 162701 170551 sSuB #INBYTE+1, R1 3 turn pointer into bit mask
33 170562 006301 ASL R1

34 170564 006301 ASL R1

35 170566 005201 INC R1 ; turn on XC.PBE

36 170570 006301 ASL R1 ; set tne baud rate

37 170572 010137 177564 Mmov R1, @#XCSRs1 ; into CSR

38 170576 005000 CLR RO ; delay .24 seconds for rest
39 170606 077001 S0B RO, . ; of char. at slo baud rates
40

41 ; Fall into ODT.
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+SBTTL macroODT=Introduction
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.o cess
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HE] macroODT iz
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macroODT is the user interface to the functions contained

in the KXT11=-A2 firmware product. It interprets commands
entered via the console terminal keyboard (see tables pelow)
to permit the user to load a program into memory, execute

it and debug it,

COMMAND
1- Slash (/)
a=~0PEN MEMORY LOCATION
b=0OPEN GENERAL REGISTER
c~OPEN STATUS REGISTER
2~ Carriage return (<CR>)
a=~CHANGE AND CLOSE MEMORY LOCATION UR REGISTER
p=CLUSE WITHOUT CHANGE

Line feed (<LF>)

a=
D=

CHANGE AND CLOSE MEMORY LOCATION AND OPEN NEXT
CLOSE MEMORY LOCATION wWITHUUT CHANGING AND OPEN NEXT

4=
H=
6=
T=

6o (G)

Proceed (P)

Execute 1/0 diagnostics (X)
Lxecute bootstraps (D)
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JSYNTAX OF COUMMANDS L1STED ABOVE, SHOWING CONSOLE BEFORE,
;DURING AND AFTER THE TYPING OF THE COMMAND.
Key: n=an octal integer typed by the user, only
last 6 digits signifticant
x-a single octal digit
u-the digits 0 or 1
all other characters are literals

e Ne Ne Ne Ne we S e Ne Ne Se % e

BEFURE DURING AFTER

la g en/ AN/ XXXXXX

1b e eRx/ @RX/XXXXXX

ic e eRS/ @RS/ XXXXXX

2a @N/XXXXXX @en/Xxxxxx n<CR> e

2a BRX/XXXXXX @RX/XxXxXXX Nn<CR> e

72a @RS/XXXXXX BRX/XXXXXX N<CR> e

728 XXXXXX/XXXXXX XXXXXX/XXXXXX Nn<CR> @

74b @n/XXXXXX 8n/xxxxxx <CR> @

72b @RX/XXXXXX @RX/XXxxXxXx <CR> [

72b BRS/XXXXXX @RS/ xxxxxX <CR> e

72D XXXXXX/XXXXXX XXXXXX/XXXXXX <CR> @

73a en/xxxxxx en/xxxxxx n<LF> XXXXXX/XXXXXX
3@ XXXXXX/XXXXXX XXXXXX/XXXXXX N<LF> XXXXXX/XXXXXX
;3b en/xxxxxx en/xxxxxx <LF> XXXXXX/XXXXXX

73D XXXXXX/XXXXXX XXXXXX/XXXXXX <LF> XXXXXX/XXXXXX
; @ enG
i e eP
@ ax XXXXXX
e

o

@DbDu
eDXu
eDYu
@DD<CR>
@DX<CR>
8DY<CEK>

Ne We we We Ve we we we

NNNNNN
TEOD DD
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MACROODT=SAVE STATUS AND PRINT PROMPT

Pe-d

1 «SBTTL macroODT-Save status and print prompt

2

3 R R R R R N R R R R R R N R N R N R R R R RN A R R R R R R R R N R RN R R R A

4 R R R R R R R R N N R R N R N R N N R R R R R R RN R N N

S viis iiid

6 i SAVE CONIEXT, PRINT MESSAGES AND PROMPT iii’

7 iiei iiid

8 AR R R R R R R R R R R N N R R R R R R R R N R R R R R R R R R R R R N R RN

9 2R R R N R R N N R R R R R N R R N R N R R RN N R N R RN NN AN

10 .

11 170602 ODT::

12 170602 105737 177562 TSTB @¥RBUFS1 ;Clear out console garbage
13

14 ; Copy the restart type word into user area

15

16 170606 016767 177150 177160 MOV R.TYPE,UDTWHY

17

18 ; Protect against stack timeouts, but save user’s SP first

19

20 170614 010667 177140 MOV SP,USERSP sSAVE USERS STACK POINTER
21 170620 012706 167744 MOV #0DTS1K,SP sLOAD NEw SP

22

23 ; Save rest of user program’s context

24

25 170024 016716 177130 MOV USERSP, (SP) ;RESERVE LOCATION FGR R6
26170630 010540 MOV R5,~(SP) ;SAVE

27 170632 010446 MOV R4,-(5¢P) 7 ALL

28 170634 010346 MOV R3,=(SP) ;7 OF

29 170636 010246 MOV k2,-(5P) ; USER’S

30 170640 010146 MQV R1,=(SP) H GENEKAL

31 170642 010046 mov RO,=-(SP) H REGISTEKS

32 170644 0100667 177106 MOV SP,RPOUINT sPUINTER TO RO

33

34 ; Determine whether "?" or PC message is appropriate, and print it
35

36 170650 005767 177106 TST R.TYPE ;Did we get a HALT or BREAK?
37 170654 100004 BPL QUDT ;NO=next question

38 JYES=PRINT pPC

39 170656 016700 177070 MOV SAVPC,RO $GET STOPPED PC

40 170662 004767 000764 CALL 0CTSTO ;TYPE THE PC ON TERMINAL
41 170606 } QODT:

42 170666 105767 177070 TSTB R.TYPE ;SEE IF RESTART OCCURRED
43 7 (NXM ONLY=BIT 7 SET)

44 170072 100003 BPL KBDS$ ;s TYPE PROMPT

45

46 ; Here’s where the prompt gets printed, with or without leading "?"
47

48 170674 KBDQ:

49 170674 012700 171730 MOV #MSGQ, RO ; GET ? ADDRESS

50 170700 000402 BR PRINT sTYPE IN MESSAGE

51 170702 : KBDS$ ¢

52 170702 012700 171731 Mov #MSGS, RO ;GET PROMPT MESSAGE ADDRESS
53

54 170706 005067 177050 PRINT: CLR R.TYPE ;S0 reentry gives no error msg.
55 170712 106427 000300 MTPS #$PRIG ;Allow BREAKs to happen
56 170716 004767 000620 CALL PUTSTR ;TYPE THE PROMPT ALKEADY
57 170722 005067 177022 CLR ODTFLG ;CLEAR FLAG FOR NEW ENTRY
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CONT D wN -

18 170726
19 170732
20 170736
21 170740

23 170744
24 170750
25 170752

27 170756
28 170762
29 170764
30 170770
31 170772
32 170776
33 171000
34 171004
35 171006
36 171010
37 171014

42 171016
43 171022
44 171024
45 171030

004767
120227
001002
000167

120227
001002
000167

120227
001430
120227
001465
120227
103736
120227
103333
005000
004767
103327

120227
001511
120227
001321

MACRO V04.00

000556
000104

001220
000130
000776
000120
000122
000060

000070

000576

000057

000107

5-0CT=-81 22:56:27 PAGE 33
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+SBTTL macroODT=~Get ODT command

~e we
~e Se
~. e
~e ~e
~ ~e
~e we
~e ~e
~e ~e
~e ~e
~e e
~e ~e
‘we we
~e ~e
~e e
~e e
e ~e
~e ~e
~ ~e
~e we
. .
~ e
~ w.
~e we
~ w
~e we
~. we
~e we
~ e
~e e
~e we
~ we
e ~e
~e ~e
~. ~e
~e ~e
~ ~e
~e we
~e ~e
. we
~e we
~e e
~ e
~ ~e
~e v
~e e
.~ e
~e e
~. ~e
~e we
~e e
~ we
~. we

INTERPRET FIRST CHARACTER OF COMMAND

Ne We Ne e we we e
e Mo Ne Ve e e we
Se Ne Ve wa N we e
Ne e e we we we we
e Ne Ne we ve we we

~e e
~e e

~ ~e
~e we
. Se
~ we
~ we
~
~e ~e
~ ~e
~e e
~
~ ~e
~. e
~e we
~e ~e
~ e
~e e
~e we
~ we
~e ~e
~e v
~e ~e
~ e
~. ~e
~e we
~. we
~e “e
~ ~e
~. we
~ e
~ we
~ ~e

~e we
~ ~e

.~ we
~ ~e
~ e
~ e
~ e
~e ~e
~ e
~ we
~ we
~e e
e we
~e e
~e e
~e ~e
~e “e
~e we
~% we

Note: Following CALL GETCHR, the character (7 bit ASCII)
appears in R2.
Note: Following CALL GETNUM, if carry is clear, the octa

was followed by a carriage return.
Note: On exit to LCSET or falling through to GO routine,
the address typed in.

Ne e Ne Ne ve we we
e N S Ne we we we

1l integer

RO contains

CALL GETCHR 7ees INPUT CHAKRACTERS
CMPB R2,#°D ;BOOTSTRAPS?
BNE 18 iNO
JMP BOOTS JYES
182 CMPB R2,#°X sDIAGNOSTICS?
BNE 2s INO
JMP DIAGNO JYES
2s: CMPB R2,#°P s PROCEED?
BEG PCMD ;JYES
CMPB R2,#°R JREGISTER?
BEQ RCMD JYES
CMPB R2,#°0 OCTAL DIGIT?
BLO KBDQ iNO,ERRUR
CMFB k2,%°8 JVALID DIGIT?
BHIS KBDW #NO,ERROR
CLR RO ;ITS A DIGIT
CALL GETNUM $GET REST OF THE DIGIT OR- CMD
BCC KBLQ ;CR wAS ISSUED,ERROR

The last character at the end of the number could be a valid command=-

Let’s check:?

CMPB R2,8°/ JEXAMINE LOCATION?
BEQ LCSET JYES

CMPB R2,#°G ;G0 TO?

BNE KBDQ ;NO,ERROR
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Ne N6 Ws Ne Ne We We Ne Ne Ne Ve We Ve Ve Ve e W Ve Ve Ve Ve Se W Vo “e

TABLE OF PEKRMISSABLE STATES

NO.
1=

6=
T=

B~

STATE
prompt @

8175620

[input digit]

8176000/000002

2200/000023 12

@R

@R5
@k5/000024

®R5/000024

16

VALID INPUTS
0=7

CR
0=7
0=7

0=17
CR

cmmenas)
cememma)
[RI RS
cmsmeee)
cmmmea=)
e
comome=)
———eme—e)
———————>
cmecme=)>
cnmmee)
cmceame)
cmem=e=)
—mmmee=)>
—mmeeea>
cesmem=>
[
ccamaa=)
cemcmea)
——mmeae)>

[PTSPRPR Y

COMMENT

digit,

proceed.

register designator,
execute dlagnostic

boot from device
another digit.

examine loc,

go from loc n,

input new value.
display next loc,

close loc go to prompt,
input more digits.

save data display next.
save data go to prompt.
register number.

PSwW.

examine.

input new value.

close location.

more digits input

save value go to prompt
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1 «SBTTL macrouuT- Go and Proceed
2
3 FRIIRIIRINIINIIviiRiisiiiiiiiisitiiiiiiiiiiiiiiiiiiiiiiiii
4 AR R R A R R R R R N R R R R R R N R R R R R N
5 irii ivii
6 ivii PROCESS GU AND PROUCEED ODT CUMMANDS iiii
7 i iiii
8 FRIBIIIiiiiiiriiiiiiiiRiiiiidsiiiiiiiiiiiiiiiiiiiiiiiiiii;
9 FIIIRRIIIIINIiiRsRisir iRt iiiiiiiiiiiisiiiiiiiiiiniiiii
10
11 171032 010067 176714 MoV RO,SAVPC sPUT SUPPLIED PC IN MEMORY LOCATION
12
13 ; Prepare the environment for the Go command
14
15 171036 000005 RESET ;BUS INITIALIZE
16 171040 005067 176710 CLR SAVPS ;CLEAR PSW
17
18 ; Entry point for tne Proceed command
19
20 ; First, check for valid stack:
21
22 171044 PCMD:
23
24 171044 016600 000014 MOV 14(SP),RO jUser’s stack pointer
25 171050 005740 TST =(R0O) jwhere SAVPS will go (see below)
26 171052 000240 NOP i (in case of time out)
27 171054 103403 BCS 1s sNo good. Timed out.
28 171056 005740 TST =(RO) swhere SAVPC will go
29 171060 000240 NOP ;
30 171062 103004 BCC 28 ;Sufficient stack,
31
32 s EITHER Stack no good, so simulate a double bus trap without losing the
33 H user’s context as stored in the ODT stack.
34 .
35 171064 012767 000201 176702 1s: MOV #R.STAK!R,NXM,ODTWHY ;Sneaky! (R.,TYPE untouched=~
36 ; only the user image of it)
37 171072 000700 Bk KBDQ JError prompt.
38
39 ; OR Stack is UK, so restore user’s context.
40
41 171074 012600 28 MOV (SP)+,RU sRESTORE
42 171076 012601 MOV (SP)+,K1 5 ALL
43 171100 012602 MOV (SP)+,K2 ;3 OF
44 171102 012603 MOV (SP)+,R3 H USER’S
45 171104 012604 MOV (SP)+,R4 H GENERAL
46 171106 012605 MOV (SP)+,RS ; REGISTERS
47 .
48 171110 106427 000340 MIPS $PRI7 ;No BREAKS allowed until out of
49 ; ODT!
50 171114 042716 000001 BIC #BITO, (SP) ;0dd stacks are too odd for T=i1l
51 171120 011606 MOV (sP),SP sRESTORE USER SP
52 171122 005167 176636 [ofe].] INJUSR 7Set user mode
53 171126 016746 176622 MOV SAVPS,=(SP) JRESTORE PC AND PS TO ...
54 171132 016746 176614 MoV SAVPC,=(SP) 7+¢sSTACK WHERE RIT WILL LOOK
55 171136 000006 RTT JRETURN TO USERS PROGRAM
56 171140 000655 HKBDQ: BR KBDQ JHELP IN BR
57 171142 000657 HKBDS: BR KBDS JHELP 1N BR
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[ e e e ol W
COONOUBWNRLOLDNC U D WN -

NNNDOKN
g VYR NN g

[ Sl 8]
o v

LSALM
@ ~

W wwwN
WN = OO0

wwww
~N OO

w w
O @

171144
171144
171152
171156
171160
171164
171166
171172
171174
171200
171202
171204
171210

171212
171212
171216
171222
171224
171230

171232
171234
171240
171244

052767
004767
1032406
120227
001412
120227
001240
020027
101235
001013
012700
000413

004767
120227
001224
012700
000403

006300
066700
010067
000402

MACRO V04.00

000200
000420

000123
000057

000007

167752

000272
000057

167754

176516
176502

176576
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«SBTTL macroODT-Register and PS command

~e we
~e e
~e e
e e
~e we
~e e
~e we
~ we
~e e
. e
~e e
~ w.
~ ~e
~e e
~ e
~. e
~e we
~ ~e
~e e
~ we
~. we
~. ~e
~. we
~e we
~e v
~. e
~e e
~e “e
~e e
~e ~e
~e e
~e e
~e e
~e ~e
~e “e
we we
~e e
~. e
~ e

~ w.
~e we

~e we
~e e
~ e
~e we
~e e
~ we
~e we
~e we
~e ~e
~e we
~e “e

PROCESS ODT REGISTER COMMANDS

Ne Ne Ne Se ve N “e
“e Ne e N e N we
S Ne N Ne e e we
e Ne Ne wa we we we

~. ~e

~ ~e
~e “e We we we we we
e e e we Ne e “e

“e We We e we o we
Ne Ne No “e e e we

~e e
~e ~e
~. e
~ ~e
~e e
~ e
~e “e
~e ~e
~e e
~e we
~ e
~e we
~e we
- e
~ we
~. we
~e Ne
~e we
~ ~e
~. we

~. we

~e we
~e we

~e “e
~. ~e
~. we
~e we
~e we
~e e
~e we
~e v
~e we
~e Se
~e we
~e o
~. ~e
~e e
~e w.
~. e
~e e
w. we
~. we
~ we
~e ~e
~. we
~e we
~e we
~e we
~e e
~e we

; Entry point for Rx and RS commands

RCMD:
BIS #RFLAG,UDTFLG 3SET REGISTER FLAG
CALL ONENUM JGET REGISTER NUMBER
BCC KBDQ sA VALID CMD DID NOT FOLLOW
cMPB R2,4%°S ;IS IT THE RS?
BEQ SWCMD JYES,BRANCH
CMPB k2,%°/ JEXAMINE?
BNE KBDQ ;NO,ERROR
CMP RO, #7 3272
BHI KBDQ ?YES,ERROR
BNE RCMD1 $IS IT EXACTLY SEVEN
MuVv #SAVPC,KO sYES,GET PC ADDKESS
BR REGQUT ;DISPLAY
; Status register (PS) selected:
SWCMD
CALL GETCHR : ;WHAT YOU WANT TO DO WITH RS?
CMPB R2,%7/ JEXAMINE?
BNE KBDQ sNO, ERRUR
mov #SAVPS,Ru ;GET ADDRESS WHERE PS 1S
BR REGOUY 3GO AND DISPLAY
RCMD1: ASL RO sSHIFT FOR OFFSET IN MEMURY
ADD RPOINT,RO JGET EXACT ADDRESS UF REG.
REGOUT: MOV RO,0DILUC s STURE LOCATION

BR LOCDsP ?DISFLAY
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MACROODT-EXAMINE AND DEPOSIT

1 «SBTTL macroODT=Examine and Deposit
2
3 AR R R N N R N R R R R N N N R NN R A R R R N R R TR R
4 IR R R R R N R R R R N N N N R R R N N R R R R R R R R N R R R N N N RN
S iz AR A
b #7227 PRUCESS uDT MEMORY AND REGISTER EXAMINE/DEPOSIT iiiz
7 iiii iii;
8 FERIRIRIIRIIIiiiisiviiiiieiiiy iii;
9 PRI EiIiiNiiIiiiiieiiisiiii iii
10
11 ; ODILUC points to register or memory location
12 ; Following CALL GETNUM, if carry is clear, CR followed digit.
13 ; ODTIFLG: If register bit set indicates register is peing examined
14
15 ;ENTRY FROM CMD ROUTINE AFTER LOC. VALUE IS GIVEN
16
17 171246 010067 176474 LCSET: MOV RO,0DTLOC sSAVE NEW LOCATION
18 171252 011000 LUOCDSP: MOV (RO) ,RO 3GET DATA
19 171254 000240 NOP ;S0 next inst, does not execute
20 7if we time out.
21 171256 103730 BCS HKBDQ ;Print "2?" 1f we timed out
22 171260 004767 000372 CALL OCTSTR JPRINT IT
23 171264 112702 000040 MOVB #SPACE , K2 ;Print a space after the data
24 171270 004767 000226 CALL PUTCHR
25171274 004767 000210 CALL GETCHR JGET NEXT CHARACTER
26 171300 120227 000015 CHPB R2, #CR JFINISH
27 171304 001716 BEW HKBDS JYES,CLOSE LOCATIOUN
28 171306 120227 000060 CMPB R2,#°0 ;DEPOSIT?
29 171312 103450 BLO 4s JNO,CHECK LF
30 171314 120227 000070 CcCMPB Rz,4°8 SMAYBE!
31 171320 103307 BHILS HKBDQ@ ;NO,FORGET 1IT
32 171322 005000 CLR RO JYES
33 171324 004707 000262 CALL GETNUM JGET REST OF NUMBER
34 171330 103006 BCC 1 ;CR FOUND, STORE NEW VALUE
35
36 171332 120227 000012 CMPB R2, #LF sNot CR, must be LF
37 171336 001300 BNE HKBDQ sPrint error message
38 171340 105767 176404 TSTh ODTFLG ;1f LF, cannot be register
39 171344 100675 BMI HKBDQ ; (Error exit)
40
41 ;T=BIT FILTER. The T=Bl1T can be set from the keyboard via ODT.
42 ;This can either be useful for debugging or disastrous. So, you can
43 ;do it only if you first set FILT.T in O,CNTL (BIT 15).
44
45 171346 022767 167754 176372 1s: CMP - #SAVPS,U0DTLOC sAre we diddling the PS?
46 171354 001021 BNE 3s iNo, we’re not.
47 171356 042700 177400 BIC #°C<377>,R0 ;PS is not a word.
48 171362 005767 176404 TST O0.CNTL 3Is BIT 15 (FILT.T) SET?
49 171366 100402 BMI 28 ;Yes, the filter’s disabled
50 171370 042700 000020 BIC #T.BIT,KO JKILL THE T=BIT
51
52 1282 jFall thru to Priority 7

53 ; Filter
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MACROODT-EXAMINE AND DEPOSIT

1 jPriority=7 filter: unless FILT.7 (BIT 7) in O.CNIL is set, you cannot
2 jactually set the PS to priority 7 using OuvT from the keyboard. TInis
3 sprotects the ability to break,

4

S 171374 105767 176372 2s: TSTB 0.CNTL ;0DT control word

6 171400 100407 BMmI1 3s ;00 nothing=-filter disabled
7 171402 105700 TSTB RO sIntended new PS

8 171404 100005 BPL 3s ;Do nothing=-Priority < 4

9 171406 032700 000100 BIT #BIT6,RO ;Check again

10 171412 001402 BEG 3s ;Do nothing=~Priority < 6

11 171414 042700 000040 BIC $BITS,RO ;LOWER THE BOOM

12 171420 010077 176322 3s: MOV RO,@0DTLOC ;STORE NEW VALUE

13 171424 120227 000012 CMPB K2, #LF ;Go on to next location?

14 171436 001407 BEQ S$ sSure, why not.

15 171432 000643 BR HKBDS ;GO TO PROMPT

16

17 171434 120227 000012 482 CMPB R2,#LF ;18 A LF ISSUED

18 171440 001237 BNE HKBDQ ;NO,ERROR

19 171442 105767 176302 ISIB ODTFLG ;IS REGISTER FLAG SET

20 171446 100634 BMI HKBDQ ;YES, LF NOT PERMITTED

21 171450 112702 000015 58 MOVB #CR, K2 sTO LINE UP CURSOR

22 171454 004767 000042 CALL PUTCHR JSEND IT

23 171460 062767 000002 176260 ADD #2,0DTLOC ;GET ADDRESS OF NEXT LOC,
24 171466 016700 176254 MOV ODTLOC,RO JGET NEXT ADDRESS VALUE...
25 171472 004767 000160 CALL UCTSTR 7 ees AND PKRINT IT

26 171476 112702 000057 MOVB #°/,R2 ;SEND A SLASH BEFORE...

27 171502 004767 000014 CALL PUICHK 7eeeSHOWING THE CONTENTS...
28 171506 000661 BR LOCbSP 3 ee.0F THE LOCATION
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- e e e e e
WONOGT D WNE OO D WN -

20
21
22
23
24

171510
171510
171514
171516
171522
171522
171526
171530
171534
171540

105737
100375
113702

105737
100375
110237
042702
000207

MACRO V04.00

177560
177562
177564

177566
177600
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.SBTTL macroUOLI-Get and echo character

~ e
~e we
~ we
~ we
~e we
~e we
~e e
~e we
~ ~e
~e we
~e e
~. we
~e we
~e we
~e ~e
e ~e
~e we

~. e
~ ~e

~e e
~e e
~ e
~ we
~ e
~e we
~e we
~e e
~e we
~e e
~e we
~
~ ~.
~e we
~e e
~e ~e
~ we
~ .
~e ~e
e ~e
~e we
~e we
~ ~e
~. we
~e ~e
~ o~
~e ~e
~ ~e
~ ~e

~ e

CHARACTER INPUT AND ECHO SUBRUUTINE

e “e we we Ne Ne e

~e ~e
~e e
~e ~e
~e we
~e ~e

~ e

e Ne Ne We Ne e we
~. ~e

~e Ne Se Ne we wo we
~e Ne Ne we we Ne No

~e “e
~e e
~e we
~e e
~e ~e
~. e
~% ~e
~ e
~e e
~e ~e
~ v
~ e
~e e
~. we
~ w.
~e e
~ ~e
~e “e
~e e
~e we
~. .
~e e
~e e
~ e
~e ~e
~e we
~e e
~ we

o we
~e ~e

~ e
~e e
~e e
~. e
~e we
~e ~e
~e ~e
~e e
~e wo
~e we
~e we
~e we

s Get a character from the console Keybocard and echo
; exactly as received including parity oits if any.
; character in R2, eighth pit (and high byte) zero.

~ e
~
~e ~e

Ne Ne Ve Ne Ne e we

Ne we wa Ne Ne Ne we

e Ne Ve Ve We e Ne

~e Ne Se we we Ne we

~ e
~e e
~ ~e

it back
Return with

GETCHK?
TSTB @#RCSRs1 ;CHARACTER READY?
BPL GETCHR sBRANCH IF NUT AND KEEP TRYING
MOVB @#RBUFS$1,R2 s TRANSFER CHARACTER
PUTCHR:
TSTB @#XCSRS$1 ;PRINTER READY
BPL PUTCHR sNO, TRY AGAIN
MOVB R2,e#XBUFs1 }YES, XMIT CHARACTER
BIC $°C<177>,R2 ;CLEAR PARITY
RETURN sCONTINUE



r-d

KXT11=A2 1K FIRMWARE MACRO V04.00
MACROODT-TYPE ASCII STRING

WODNONU B WN -

15 171542

16 171542 112002

17 171544 100413

18 171546 004767 177750
19 171552 000773

23 171554
24 171554 112702 000015
25 171560 004767 177736

29 171564 112702 000012
30 171570 004767 177726
31 171574 000207

5-0CT=-81 22:56:27 PAGE 40

«SBTTL macroODT-Type ASCII string

R R R R R R R R R R R AR R Y
R R R R R R R RN R R AR R AR AR Y
rrrev rrry
Piii MESSAGEL PRINT SUBROUTINE i
Piig iiis
R R e Y
R R N R R R R R R R R R R AR AR AR AR AR R R Y

Print message starting with character pointed to by RO and

;
; ending with first character with eighth bit set (this character
H

is not printed).

PUTSTR:
Move (k0)+,R2 JGET ASCII CHAR
BMI DONE ;1S IT THE END MARK?
CALL PUTCHR sNO, PRINT IT
BR PUTSTK ; MORE

JENTRY FOR CARRIAGE RETURN

PUTCLF:
MOovB #CR,R2
CALL PUTCHR

sPRINT CR

JENTRY FOR LF

PUTLF: MOVB *#LF,R2
CALL PUTCHR
DONE: RETURN

sPRINT LF

sFALL THKU AND PRINT LF
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KXT11-A2 1K FIRMWARE MACRO V04,00
MACROODT=-GET OCTAL DIGITS

5=0CT=861 22:5

«SB

~o e
w~ we
o wo
~. e
~e we
~. we
~e we
~ e

~ e

Ne we %o ve “e we e
Ne We we Ve e e we
we we wo Vo wo vo we
Ne Ne Ne we Ve e ve
~ e
~. we
~e we
~ w.
~. ~e
we we
~e ~e
~e we
~e ~e

On exit,

6:27 PAGE 41

TTL macroOCT-Get octal digits

~e we
~ ~e
~e wa
~ e
~e e
. we
~ v
~. we
~ e
~. we
~ e
~. e
~. e
~. .
~ e
~e ~e
~e e
~. we
~e we
~. we

~e e
~ “e

~. ~e
~. v
~e we
~.
~e “e
~e e
~e ~e
~ ~e
~ e
~e “e
~. e
~e ~e
~. e
~. we
~ e
~. e
~ e
~e we
~e ~»
Ne wa we Ve Ne e we

~. e

NUMERIC INPUT ROUTINE

Ne Ve %o Ve Vo wo ve
we we we Ne No wo “e
we Ne we Ve Ve wo v

~e we
~ we
~e we
~e we
~e we
~ ~e
~e we
~e we
~. we
~ we
~ ~e
~e we
~e we
~e we
~ ~e
~e ~e
~e we
~e e
~e we
~e we
~ ~e
~e we
~ ~e
~e we
~e ~e
~e ~e
~e ~e
~e e
~e e
~e w»
~e wo
~o wo
~e we
~e we
~. w.
~e we
~ we
~ we

~e ~e
~e we

~e v
~ e

~ ~e

RO contains the binary representation ot the number entered

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16 171576
17 171576 005000
18 171600
19 171600 004767 177704
20 171604 120227 000015
21 171610 001412
22 171612
23 171612 162702 000070
24 171616 062702 000010
25 171622 103007
26 171624 006300
27 171626 006300
28 171630 006300
29 171632 050200
30 171634 000761
31
32 171636 000241
33 171640 000207
34
35 171642 062702 000060
36 171646 000261
37 171650 000207

~e “o Ne ve

If the carry poit is clear,
If tnhe carry bit is set,
possibly a command,

some other character

a <CR> followed number
followed the numper,

ONENUM:
CLR RO sCLEAR ACCUMULATOR
NEXNUM:
CALL GETCHR JGET DIGIT OR TERM1NATOR
CMPB R2,#CR ;CLEAR CARRY AND RETURN
BEQ SRET +IF <CR> WAS TYPED
GETNUMS
sus $°8,R2 ;CONVERT TO BINARY...
ADD #°8=70,R2 7eesAND TEST IF OCTAL OR NOT
BCC NOCT JNOT VALID DIGIT.
ASL RO ;MAKE ROOM FOR NEW DIGIT
ASL RO ;DITTO
ASL RO ;DITTO
BIs k2,R0O ;PUT IT IN PLACE
BR NEXNUM JGET NEXT
SRET: CLC ;CLEAR CARRY
KETURN sCONTINUE
NOCT: ADD #°0,R2 +RESTORE ASCII BECAUSE...
SEC 7eeesPUSSIBLE COMMAND
RETURN ;CONTINUE



Pi-a

KXT11=A2 1K FIKMWARE MACRO V04.00
MACROOUT=OCTSTR==TYPE BINARY IN KO AS ASCII

~ we
. e

Ne Ne N N Ne Se W
~e ~e

~ e

e Ne e v “e we Ne
~e we

e Ne N Se Ne we e
e e “e N we we e

~ we
~ “e

B s e e e s e
CUOUDNOCUNBUNHOWOVWD~NOOUESWN -

171652 004767 177676 OCTSTO:
171656 OCTSTR:
171656 010046
171660 012746 000006
171664 005002
171666 006100 583
171670 006102

21 171672 062702 000060

22 171670 004767 177020

23 171702 005316

24 171704 001406

25 171706 005002

26 171710 006100

27 171712 006102

28 171714 006100

29 171716 006102

30 171720 000762

31 171722 005726 108:

32 171724 012600

33 171726 000207

«SBTTL

~e we
~e ~e
~e o
~e we
~e e
~ we
~. we

~e we

~ ~e
~e we
~. .
~e o
~e ~e
~e we
~e we
~. ~e

; Prints, as a 6-digit octal integer,
; number in RO,

CALL

MOV
MOV
CLR
ROL
ROL
ADD
CALL
DEC
BEQ
CLR
ROL
ROL
ROL
ROL
BR
TST
MOV
RETURN

5=0CT=81 22:56:27 PAGE 42

macroODT=0CTSTR==type binary in RU as ASCII

~e ~e
e w.
~ we
~. =
~e e

~e ~e
~

~e we

~e ~e
e “e
~e ~e
~ Se
~. e
~ we
~ we
. we
~. e
. ~e

~o we
~. e

~e e
~ v
e we
~e ~e
~e ~e
~ we
~e we
~e e
~ v
e e
~e we
~e we
~. we
. we
~.
~ “e
~e we
~e “e
~e ~e
~e v

~e e

NUMERIC OUTPUT ROUTINE

Ne %o “4 Ve We e we
e Ne Ne Ve e we e
Ne Ne e Ve we ve “e
Ne Ne Ne Ne Ve we we

~e we
~. we
~ we
~e we
~. e
~e e
~e o
~e we
~. “e
~e ~e
~e ~e
~e e
. v
~. e
~ e
~e ~e
~e “o
~e N
~e e
~e we
~e we
~. e
. we
~e e
~. ~e
~e we
~ ~e
~e ~e
~e wo
~e we
~e we
~e we
~e we
~e we
~e e
~ we
~ we
~e we
~ ~e
~ we

the value of the binary

PUTCLF FNEED CRLF AT ODT ENTRY
RO, ~(5P) ;SAVE VALUE

#6,=(5P) ;NO. OF CHARACTERS
R2 ;UUTPUT HOLD

RO ;SHIFT MSB INTO LSB
R2 ;" LI I R L D I
#°0,K2 ;MAKE A DIGIT

PUTCHK ;OUTPUT A CHARACTER
(5P) s COUNT

108 ;DONE

R2 INEXT

RO 5GET NEXT DIGIT INTO
R2 ;R2

RO ;FIRST TWO BITS

R2 ;” L "o R ow

5§ s CONTINUE

(sP)+ s CLEAR COUNT
(5P)+,R0

?ORIGINAL VALUE

’



5-0CT=81 22:56:27 PAGE 43

MACRO V04.00

KXT11=A2 1K FIRMWARE

MACROODT~=OUTPUT MESSAGES

;

H
MESSAGES

;

;

macroODT=0utput messages
H
H

«SBTTL

HANNLENHOSDON

BEX
2

«NLIST
«ASCII
«ASCII
<EVEN
«LIST

10
11

ERROR MESSAGE
PROMPT

.
’

M5GQ:
MSGS:

0717

12 171730
13 171731

14
15

100 <CR><LF>“@°<200> H

012

015

bEX

D-45
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KXT11=A2 1K FIRMWARE
DIAGNOSTICS=FOR SLU2 AND PPI

WO~ U WwN -

17 171736
18 171740
19 171742

171742
171744
171746
171750

171750

37 171754
171754
171762

171770

171772
47 171774

000100
000010

000000
000002
000006

012737
012737

005000

005001
000405

MACRO V04.00

252

000221
000017

000

176206
176200

$S=0CT=81 22:56:27 PAGE 44

~ o
~ e
~e ~e
~ we
~ we

e we

Ne Ne wa Ne Ne ve we

Ne Ne we we e
Ne Ne %o we we W we

Ne Wo Se Ve wo N we

~e we
~e ~e
~e “e

~ Ne e
~e e

~e

ERRBIT:

.
’
.
’

test

INITS:

e ~e
e we
~e we
~e we
. we
. e
~ we

~ ve
~e “e
. Se
~e e
~e “e
~ “e
. ~e

«WORD
«WORD

tirst,

«WORD
+«WORD
«WOKD

+SBT1IL DIAGNOSTICS=for SLU2 and PPI

~ ~e
~e we

. we
~. w.

~e e
~e we
~ .
~ we
~e we
~. e
~ w
~ we
~. we
- e
~ e
~e we
~e we
~e we

~ w.

\

~. e
~e we
~e we
~ we
~e ve

~ we

-~ ve

DIAGNOSTIC MODULE

~e we
~e ~e
~e e
~e we
~e e
~ we
~ ~e
~ e
~ e
. N
~e we
-~
~a e
~
~e e
~e e
~ ~e
~e we
~. we
~e ~e
~e ~
~. ~e

E.EXT
E.INT

List of masks to put in XCSR$2.

0
XC.PBE

XCoPBE ! XCJMNT

~e we
~e e
~.
~e ~e
~e e

~ we
. we
~e we
~e wo
~e we
~ we
~e we
~ ~e
~ we
~ ve
~e we
~e e
~e we
a v
we Ne We we we e wo

e e we we o we “eo
e Ne we Wo Ne we we
~e Ns we we we we we

~e ~e
~e “e
~e we
~ e
~e ~e
~e we
~e “e
~e we
~ e
~e we
~ we
~ ~e
~e we

~ we

Diagnose PPI in mode 0 with loopback connectors installed.
Diagnose SLU2 internal circuitry (maintenance mode) and
SLU2 drivers/receivers (with external loopback connector).

List of error bit definitions to return to user.

Perform internal loopback
then external loopback test.

~ e

3 List of pattern pytes to loop around.
: All bits on,
;

Note:

PATERN:

DIAGNO:

last b

«BYTE
<EVEN

<ENABL
MOV
Mov

CLR

alternating bits,
yte must be 0,

377, 252, 0

LsB
#MODE,@#%PP.CWR

#LEDOFF,@#PP.CWR

RO

; Perform parallel port diagnostic

CLR
BR

R1
AROUN2

all bits

~e we e

~e ~e

300 baud
300 baud and maintenance

off.

set proper PPI mode~ LED
must immediately be turned
off as a consequence.

assume success

R1 = loop pattern
SKIP OVER THE ENTRY POINT
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KXT11=A2 1K FIRMWARE
HARDWARE ENTRY POINT

1
2
3
4
5
6
7

172000
172000
172004
172004

172000
000167

000167

MACRO V04.00

176254

176026

5=0CT=81 22:56:27 PAGE 45

STARTS:

RESTAR:$

«=172000
JMP

JMP

+«SBTTL HARDWARE ENTRY POINT

PWRSUP

Ko STRT
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KXT11=A2 1K FIRMWARE
DIAGNOSTICS=CONTINUED

-
FPOWVENTUH WN -

[ N e
WO~ WN

NN N
N - O

NN
oV e Ww

w NN N
(=3t . JE N}

w W
N -

wwww
U b W

o od W ww
-0 W o~

> b
w N

LR
QU >

172010
172010
172014
172020
172022
172026

172030
172034
172040
172044
172050
172054
172056
172060
172064
172070
172072
172076
172100
172102

172104
172110
172112
172114
172116
172120

172122
172126
172130
172132
172134
172136
172140
172146

172150
172152
172154
172160

110137
123701
001402
052700
077110

012702
012701
016146
012704
014461
001436
005742
012710
012703
005005
105761
100402
077504
000422

1113061
005005
105711
100402
077503
000413

126113
001010
105723
001356
005316
001744
062761
000746

051200
005726
004767
000167

MACRO V04.00

176202
176200

000001

171742
176540
000002
171759
000004

000010
171750

000004

000006

000002

000010

177472
176516

000004

AROUN2:
18:

28

; Perform SLU 2

108:
1182

MOVB
CMPB
BEQ
BIS
s0B

MOV
MOV
MoV
MOV
MOV
BEQ
TST
MOV
MOV
CLR
Ts1B
BMI
soB
BR

MOVB
CLR
TSTB
BMI
SQOB
B8R

CMPB
BNE
TSTB
BNE
DEC
BEQ
ADD
BK

BIS
TST
CALL
JMP
«DSABL

5=0CT=81 22:56:27 PAGE 46

«SBTTL DIAGNOSTICS=Continued

R1, €#PP.B
@#PP.A, R1
28 ,
#E.PAR, RO
R1, 1§

diagnostic

#ERRBLT, R2Z
#RCSRs2, K1
2(R1), =(SP)
#INITS, R4
=(r4), 4(R1)
118

=(R2)

#8., (SP)
#PATERN, R3
RS

4(R1)

78

KS, 6§

108

(R3), o6(R1)

2(R1), (R3)
10s

(R3)+

5$

(SP)

3s

#10, 4(kK1)
48

(R2),KRO
(sp)+
OCTSTO
KBDS
LSB

we e Ne Se e

Ne Ne Ne Ve Ne Ve Ve Se Ve Ve we we we wo

~

. we we

Ne Ne Ne N Se ve we

~e No we “e

sena it out port B
check input in port A
branch if same

else set error flag
loop for all values

R2=>error flags

R1 => SLU2

ignore garbage, make temp
R4=>initial XCSR value
init XCSR

branch 1f done

R2=>next error tlag
(SP)=baud rate counter
R3=>patterns

init timeout counter

loop pattern around
branch it ready

else bump timeout counter
branch if timeout

initialize timeout counter

branch if ready
else pump timeout counter
branch if timeout

come back 0K?

no, set error bit & exit
done all bit patterns?
no

yes, done all bauds?

yes

no, to next baud rate

set error bit

rid of temp

print error flags
and just get out.
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KXT11=A2 1K FIRMWARE
BOOTS=-DESCRIPTION

VOG> W -

11 000000

MACRO V04.00

5-0CT=-81 22:56:27 PAGE 47

«SBTTL BOOTS=Description

R R R R R R R R R R R R R R R R Ry
PEIRIEIIIEIIRIIIEIRIAIINITIIIRRRINIGIIiiiiiiiiiiiiiiii;
it iiis
piii BUOTSTRAP MODULE i
iiii piii
FEIEIFRIEIIRIIIIIEIIIFRI35II000RI0FRI33353030550303033530%3
PEIEEIRIEIIRIIRIGRIINGIIIIIGIEIINIIIEIINIRINIGIII0000G
.REPT 0

This is a short bootstrap program designed to handle floppy disks or TuUS8
tape cassettes in either our standard bootable format or in the stand-alone
volume format (RT~11 ".,SAV"-structured files).

The bootstrap sequence is as follows:

1., Since entry is effected by typing D in response to ODT prompt, get next
character (D, X or Y). Get optional device number next (default is 0).

2., If floppy boot is selected:

a., Attempt to read 512 bytes from specified unit of the floppy
disk, starting trom logical block zero, into memory locations
starting at 0 at the density of the medium present in the
drive at the time.

b. If tnhe drive is not ready or does not contain a bootable
medium, go wack to ODT.

3. 1f TUS8 boot 1Is selected, read the first block from the selected
darive into locations starting at 0.

4, If the first byte reaa into RAM is 240 octal, Jump to it. If the
first byte is 260 octal, execute the stand=-alone volume loader,
using the selected device as input.

+ENDR



0s-d

KXT11-A2 1K FIRMWARE

BOOTS~DESCRIPTION
1
2
3
4
5
6
7
8
9
10
11
12
13 177170
14 177172
15
16
17
18 100000
19 040000
20 030000
21 004000
22 003000
23 000400
24 000200
25 000100
26 000040
27 000020
28 000016
29 000001
- 30
31
32
33 000001
34 000003
35 000005
36 000007
37 000011
38 000013
39 000015
40 000017
41
42
43
44 000400
45 000200
46 000100
47 000040
48 000020
49 000004
50 000001
51
52
53
54 000010
5%
56

w
~

MACRO V04.00

5=0CT~81 22:56:27 PAGE 48

~e e
~o e
~ ~e
~e we
~e e

~e e
~e we

~e we
~e e
~e ~e
~e e
~e ~e
~e e
~e e
~ ~e
~. ~e
~. ~.
~. we
~e we
~. we
~ we
~. ~e
~. ~e
~e ~e
w we
~. w
~e ~e
~e we
~e we
~ e
~. e
~e ~e
~ e
~e we
~. e
~. e
~e we
~e N
~ e
~e we
~ we
~e we
~. we
~e we
~. we
~e we
~e we
~e ~e
~. we
~e ~e
~e o
~e we

EQUATES USED ONLY BY BOOTSTRAPS

: e e we we we we

e ~e

~e e
Ne e Ne we e W we

Ne “e e % Ne e e
e We Ne o Ve Ne we
Ne e we S Ne we we
Ne %e %o We Ne we Ne
e Ne Ve W e we N
e Ne Se %o e e e

~e e
~e e
~e e
. ~e
~. ~e
~e “eo
~. N
~e ~e
~e we
~e e
~e “e
~e ~e
~e e
~e ~e
~ ~e
~e we

~ ~e
~e we

~e e
~ “e
~e e
e ~e
~. we
~ “e
~e we
~ ~e
~ ~e
~ =~
~e “e
~e ~e
~e e
~ =~
~ “e
~e e
~ we
.~ e
~ e
~e e
- we
~. e
~ e
~ ~e
~e “e
we we
~e ~o
~e ~e
~e we
~e we
~e “e

~ e

.SBTTL BOQTS=RX Controller Definitions

i RX01/KkX02 (RXV11,RXV21) Register Definitions

RXCS=
RXD8=

; RX Control and Status Bits

177170
RXCS+2

;Control and Status
jbata Buffer

RX$SER= 100000 JError

RXSSIN= 040000 ;Initialize controller
RX$SXA= 030000 ;Extended address bits
kX$s$02= 004000 71 1f RX02; 0 {f RXO1
RX$$XX= 003000 jUnused bits

KX$SDE= 000400 ;Density (i=double,0=single)
RX$STk= 000200 s;Transfer function
RX$$IE= 000100 ;Interrupt enable
RXssDnN= 000040 ;Done

RX$SUN= 000020 ;Unit select

RXSSFN= 000016 ;Function select
KX$8G0O= 000001 ;GO

s RX Function Codes (in RX$SFN) with GO bit preset

0%2+RX$$GO

RXSFIL= ;F11l buffer

RXSEMF= 1%2+RX$SGO JEmpty buffer

KXSWRT= 2%2+RX$$GO ;jwrite sector

KXSKED= 3%2+RX$$GO ;Read sector

RXSSTD= 4%2+RX$$G0 ;Set media density

RXSRST= 5%2+4RXS$SGO ;Read status

RXSWDD= 6%2+KX$$GO sWrite sector with deleted data
RXSKEC= 7%2+RX$$GO sKead error code

; RX Error Codes

RXESUN= 000400 ;Unit selected
KXESDK= 000200 ;Drive ready
RXE$DD= 000100 joeleted data
RXESDN= 000040 ;Drive density
RXESDE= 000020 sDensity error
KXESID= 000004 ;Initialize done
RXESCR= 000001 ;CRC error

; Miscellaneous Definitions

RETRY=

&,

sNumber of retries

+SBTTL BOUTS=TU58 Definitions and Protocol Equates
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KXT11=A2 1K FIRMWARE
BOUTS~TUS8 DEFINITIONS AND PROTOCOL EQUATES

58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
§8
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114

000002

001000

176540
176542
176544
176546

000001
000002
000004
000020
000023

000000
000001
000002
000003
000004
000005
000006
000007
000010
000011
000012
000013
00010U

000000
000001
177776
177770
177767
177765
177757
177740
177737
177720
177711

MACRU V04.00

5-0CT=-81

22:56:27 PAGE 48-1

; Absolute address dgefinitions

FILNAM

DIRBUF

3 Tus8

TISCSR
TISBER
TOSCSk
TOSBFK

; 1US8
;7 Flag

R§SDAT
R$$CTL
RSSINT
R§SCUN
R$$XOF

= 000002

= 001000

Address definitions

RCSR$2
RBUF$2
XCSK$Z
XBUF§2

Radial Serial Protocol codes
Byte Definitions:

~B<00001>
“B<00010>
~B<00100>
“B<10000>
~B<10011>

s Control packet operation codes:

RSNOP

KSINIT
RSREAD
RSWRIT
RSCOMP
KSFOSI
RSABKRT
RSD1AG
RSGETS
KSSETS
RSGETC
RSSETC
RSEND

0.
1.
2,
3.

LU T I T [ I (O [ L
o
.

~“B<01000000>

; END packet success codes:

SSNORM
SSKETR
S$PART
SSUNIT
SSCART
SSwPKT
S$DCHK
SS$SEEK
SSMOTR
5$0PCD
SSRECN

0.
1.
-2,
-8,
-9,
-11.
=-17.
=32,
=-33.
-48,
=55,

LI [ O (LI O T I (A [ [}

;Address of RAD50 filename for
; stand~alone program loading
sStart of 512, word buffer used
; tor RI=11 directory operations
s 1in stand=alone loading

;DL receiver control and status
;DL receiver data buffer

;DL transmitter control and status
;DL transmitter data buftfer

;Data message flag
;Control messaye flag
;Initialize flag
;Continue flag

; XOFF

;No=operation

sinitialize

sRead operation

;write operation

;Compare (NOP on TU58)
;Position operation
;Abort (NOP on TUS58)
sDiagnose

;Get status

;Set status (NOP on TU58)
;Get cnaracteristics

;Set characteristics (NOP on TUS58)
J¥END message

;Normal ‘success

;Success but with retries
;jPartial operation (end of medium)
;Invalid unit number

iNo cartridge -

;Cartridge write protected
;Data check error

;}Seek error (block not found)
jMotor stopped

yInvalid operation code
sInvalia record number

+SBTTL BOOTS=-RT11 Definitions and Equates
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KXT11=A2 1K FIRMWARE
BOOTS=RT11 DEFINITIONS AND EQUATES

115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142

001000
001002
001004
001006
001010

000016
000010
000400
001000
002000
004000

000040
000042
000044
000046
000050
000052
000053
000054
000056
000057

MACRD V04.00 5-0CT=81 22:56:27 PAGE 48~2

;i RT=11

SEGALO
NXTSEG
HGHSEG
ATRBYT
STRBLK

ENTSIZ
D.FLEN
TENTAS
LMPTYS
PERMF'S
ENDSGS

; RT=11

RISSTA
RTSISP
KT8JSW
RTS$USR
KTSHGH
RTSEMT
RTSUER
RTSKMN
RTSFCH
RTSFCT

Directory Structure Definitions

wuwuunn

DIRBUF
DIRBUF+2
DIKBUF+4
VIRBUF+6
DIRBUF+10

T*2

10
000400
001000
002000
004000

sNumber of segments allocated
sNumber of next logical segment
tHighest segment in use

sNumber of extra bytes per entry
;Starting block# for files

; in this segment

;5ize of a directory entry
;O0ffset to file length in entry
jFlag for tentative file entry
;Flag for empty area entry
;j¥lag for permanent file

;jFlag for end of segment

System Communications Area Definitions

000040
000042
000044
000046
000050
000052
000053
000054
000056
000057

;Start address for program
sInitial stack pointer

;jJob status word

;USR load address

;Job high memory limit

;(Byte) EMT error code

;i (Byte) User error code

;Base address of resident monitor
;(Byte) Console fill character

7 (Byte) Console f£ill count
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KXT11=A2 1K FIRMWARE
BOOTS-PROGRAM ENTRY POINT

WXNOUT b WN -

25 172164
26 172164

30 172172
31 172172

33 172176
34 172200
35 172204
36 172210
37 172212
38 172216
39 172222
40 172224
41 172230
42 172232

44 172236
45 172242
46 172246
47 172250
48 172254
49 172256
S0 172260
51 172262

53 172266
54 172270
55 172274
56 172300

012737

010667

005004
004767
120227
001412
012704
020227
001405
020227
001402

004767
022702
001410
162702
001405
005302
001402

005204
110467
005767
100002

MACRO V04.00

000072 176544

175566
177304
000104

000200
000130

000131

177246
000015

000060

175474
175470

5-0CT=81 22:50:¢

we “e %o we Se Ne wo
~e Ne Ne Ve Se “e we
Ne we we e e we e
Ne Ve wo we %o we So
~e ~e

~ v
~ ~
~ ~e
~e ~.
- =
~e we
~ e
~

~e we

here and ex
unit number

BIT 7:

BIT 0

Note:
called "N
disabled,

e N6 Ve Ne e e Ne Ne Ve e S e e

BOCTS::
MOV

27 PAGE 49

.SBTTL BOOTS=-Program

~ e

A D was entered in response to the ODT prompt,

pect ‘D’,“X° or ‘Y’ next

entry point

~ Ne

Ne Se Ne Se We e we
Ne we %o w2 e we N
Ne Ne Ne wa v we e
Ne Se Se we e Ne Ne

~ e
~e “e

so we get
, followed by a CR or a

. We set bits up in B.CNTL as tollows:

0 = TuSS8

1 = KX01/02

Used by stand=alone volu
read routine.,

Device number

if no memory was found at 000000,

O.LOW" will be set and t

#TUBAUD,@#TOSCSR

me loader to select proper

bpit 15 of B.CNTL,
he bootstraps will be

;Set TUS8 Baud Rate

; Jump here with ODT {if booting TU58°s at other than default baud rate

STTUBD::
MoV

CLR
CALL
CMPR
BEQ
MOV
CMP
BEQ
CMP
BEQ
ABORT

CALL
CmP
BEG
suB
BEQ
DEC
BEQ
ABOURT

H INC
3s: MOVB
TST
BPL

SP,IN.USKR

K4

GETCHR
R2,#°D

1s
#DEVBITL,R4
R2I"X

<Illegal device name>

GETCHR

#15,r2

3s

#70,K2

3s

R2

28

<Illegal unit number>

R4
R4,B.CNIL
B.CNTL

4s

;Permit HALTs and BREAKS

; by making IN.USR non-zero
sAssemble new B.CNTL here
;Keyboard character in R2

;DD = TUS8 cassette

sR4 1s clear for DD

sR4 bit 7 is set for DX, DX
;DX = RX01 or RX02

;DY = RXU1 or RXU2, the code’s
; the same=~ it knows both den=
; sitlies, DMA, non=DMA

;Get device number or CR
;Is 1t CR?

;CR means drive 0

;Drive 0?

sYup,.

;Drive 17

;Yes, skip the ABOKT

sFor unit 1.
;Set device,
;Test NO.LOW
;we have low
sWe don’t,

unit information.

memory
so go to 0Dl
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KXT11=A2 1K FIRMWARE

=====> HALT AT PC=172264 INDICATES

58
59
60
61
62
63
64
65
60
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92

172302

172306
172314
172322

172324
172336
172342

172346
172352

172354
172360

172362

172364
172366

172370
172370
172374

012737
012737
000005

012706
010667

012716
010402
042702
010246
105704

100405
0004306

012706

MACRO V04.00

172370
000300

167644
175430

037776

177776

‘167644

000004
000006

5=-0CT=81 22:56:27 PAGE 49-1

Ne e we we Ne

"ILLEGAL UNIT NUMBER"

ABORT <No low memory, can’t boot>

Before proceeding, we set up the bus timeout trap vector, enaple
trap to 4 emulation and reset the bus.
explanation below) and set up the stack so the stand-alone booter and
device primary bootstraps can get the information they need passed

to them in KO and k1 (see ChkK240, below).

We do a delay (see

483 MOV #BADBUT,@#4 ;If we time out, we want to re-
MOV #PK16,€#%#6 sinitialize everything.
RESET ;For now, init. the bus.
Note: the previous instruction also screws up some devices
which perform a long initialization sequence, such as RX02°s,
which do an automatic boot from drive 0. The long delay below

we Ne Ne we Se

is necessary in order to assure
is desired from it,

drive 1 is ready if a boot

DELAY RO,R1,9. ;Delay 2 seconds

MOV #SSTACK,SP sInitialize the stack.

MOV SP,TRAP4 ;Set up trap-to=-4 emulation
;by making TRAP4 non=zero

MOov #377176, (SP) ;Some boots need a memory=-top
; address here, so 8k will do

MUV R4,R2 sBoot control word here

BIC #“C<DEVNUM>,R2 ;want only unit no. in R2

MOV R2,=(5P) 7And we’ll save it too.

TSTB R4 ;Bit 7 set for RX01/02

BMI rXBOOT sGo to floppy boot

BR TUBOOT ;Go to TUS8 bpoot

BADBOT:
MOV #SSTACK,SP sRestore the stack
ABORT <Unexpected timeout during boot>
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KXT11=A2 1K FIRMWARE MACRO V04.00
BOOTS~RX01/RX02 BOOTSTRAP

1

2

3

4

E)

6

7

8

9
10
11

12

13

14 172400

15 172400 012746 177170
16 172404 005737 177170
17 172410 000240

18 172412 012701 001000
19 172416 005000
20 172420 005004
21 172422 004767 000402

5-0CT=-81 22:56:27 PAGE 50

.SBTTL BOOTS=RX01/RX02 Bootstrap

PRI iiiiiiiiiiiiiiiiiiiiviiiiiiiiiiiiiiiiiiiiiiiii

R R R N R N N R A N R R R R R R R R N R R R R R N R R RN N N ]

iiiz iiid

AR FLOPPY BUOTSTRAP iii

iiii iz

R R R R N N R R R R N RN R R R R R R R R R R R R R R R RN R R R R

FRRIINRICRINIIIIINiiiRiiziiiiiiiiiiiiiRiiiiiiiiiiiiivi;

; This routine will bootstrap either floppy drive, at the density of the

; media mounted in that drive.

RXBOOT:
MOV #RXCS,=(SP) ;Need floppy CSR for CHK240
TST @¥RXCS ;If not there, time out via 4
NOP jto ST173 and reset the worlu
MOV $#512.,R1 ;Byte count
CLR RO ;Starting block number
CLR R4 sRAM buffer address = 000000
CALL DREAD ;LOAD IT ALL IN
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KXT11=A2 1K FIRMWARE
B0UTS=DISTINGUISHING TYPE OF BOOT BLOCK

MACRO V04,00 5~

OCT=81 22:56:27 PAGE 51

1 .SBTTL BOOTS-Distinguishing type of boot block

2

3 FRRFIRTIRIIIIINRIRNINIIR iRz

4 FEIVRNIIIIIIINIIIIRINNIIIIIidiisaiiiiiiiRiiiiiidii;

5 riis iiii

6 iiii DISTINGUISH STANDARD FROM STAND=-ALONE FROM irii

7 riis NOUN=pOOTABLE VOLUMES. irii

8 iiiv iii

9 FIiTiiRieirviidiceiveeddatsvisevivivisecirzecesssssasti?

l? IR R R R N R N N N R R R N R R A A R R R R R R R R R R R R N
1
12 s The CHK240 routine will repeat powerup sequence 1f location 0 does not
13 ; contain a valid secondary pootstrap (i.e., does not have a 240 or 260
14 7 in it). It starts execution of the booted program if there’s a 240,
15 ;7 and goes to the stand~alone program loader if there’s a 260,

16

17 172426 CHK240:

18 172426 022737 000240 000000 CMP #240,0%0 ;D0id we read a valid bootstrap?
19 172434 001410 BEQ 1s '

20 172436 022737 000260 000000 CMP #260,8480

21 172444 001447 BEQ STANDB ;Stand-alone volumes start with 260
22 172446 004767 175706 CALL VECSET ;kestore wiped-out vectors

23 172452 ABORT <No poot block on volume>

24
25 172456 012601 1s: MOV (SP)+,R1 ;Unit CSR address
26 172460 012600 MOV (SP)+,R0 ;Unit number
27 172462 005007 CLR PC ;Standard secondary boots
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KXT11=A2 1K FIRMWARE
BOOTS-TUS58 BOOTSTRAP

172464
172464
172470
172474
172476
172500
172504
172506
172510
172514
172516
172520
172522
172524
172530
172532
172536
172540

T e
WONOCUVND W OO ND WN -

NN
N = O

NN
oV W

WWwwwNeN N
WN= O WO

172544
172546
172552
172556
172560

www
o U

w W
@~

012746
012701
005003
005211
004767
105711
100376
042711
012703

004
004715
005741
105737
100375
121127
001402

005000
012701
004767
100323

MACRO V04.00

176540
176544

001132

000001

004

176540

000020

001000
000212

5-0CT=81 22:56:27 PAGE 52

.SBTTL BOOTS~TUS8 Bootstrap

~e we
~ .
~e ~we
~ w.

Ne we Se Ne we wa we
Ne Ne Ne we wa we we
e %o Ne Ne Ve we we
Ne N Ne Na %o % ve

~ we
~e e
~ e
~e ~e
~e e
~e we
~e we

~e we

~ e
~ =
e we
w~
~e we
~ ~e

~e we
~e we

e~
~. ~e
~e ~e
~ we
~e ~e
~e we
~e ~e
~e we
~e ~e
~e e
~ we
~e we
~ e
. .
~e ~e
~e we

~
~e we
~e we
~e we
~ ~e
~e we
~ ~e
~e we
~ e

~e we

Ne Ne Ne Ne we we W
Ne Ne %o ve Ne we we
~e N “e Ne we we e
Ne we Ne we we wa weo

TUS8 TAPE CASSETTE BOOTSTRAP
AR R R R R N R R R N R R R R R R R R R R N R A R R R R R R N
FRITIIIRIIERIIIIIRiiN iR
+ENABL LSB
TUBUOT:
MOV #TISCSK,=(SP) ;CHK240 wants TUS5& CSR
MOV #TOSCSR,R1 JR1 => output CSR for TUS58 serial line
CLR R3 ;Set R3 = 0 (Two NULLS)
INC eR1 sStart transmitting BREAK to TUS58
CALL CHEOUT sSend eight NULLS
18: TST8 @K1 $1s transmitter ready again yet?
BPL 1s 71t PL no - wait
BIC #XC.BRK,@R1 ;Else stop sending BREAK now
MoV (PC)+,R3 ;Get two INIT commands for TUub58
+BYTE RSSINT,RSSINT
CALL @RS ;And transmit them
TST =-(kl) ;Dump any garbage char in TISBUF
28: TSTB @#TISCSK ;1s character available from the TUS58?
BPL 2s ;1f PL, no = wait in loop
CMFB eR1,#RS$SSCON ;I1f so, was it a CONTINUE flag?
BEQ 3 ;If EQ, yes= go anead
ABORT <TUS8 initialization error>
; TUS8 is now initialized. Prepare to read block #0,

one block
;Attempt to read the block
read was successful

3s: CLR RO ;Block number = 0
MOV #512.,K1 ;Byte count =
CALL READZU
BPL CHK240 ;1f PL,
ABURT <TUSH block 0 read error>

«DSABL

LSB
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BOOTS=STAND=ALONE VULUME BOOTSTRAP

5=-0CT=81 22:56:27 PAGE 53

«SBTIL BOOIS~Stand=-alone volume bootstrap

~e wo
~. w.
~e ~e
~. “e
~e “o
~e we
~ we
e we
~e w.
~e we
~o we
~e we
~ we
~e we
~e ~e
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~e ~e
~e e
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~e we
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. N
~e we
~e ~e
~e we
~e ~e
~e wo
~e we
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STAND=ALONE=-VOLUME BOOTSTRAP

Ne “e N Se wa we e
Ne Ve Ne Ne Ve e we
Ne “e Se we we we we
Ne Ne Ne w. we %o we
e We Se we we e we
we Ne We we we we e
Ne Ne Se we we we we

~. we
~e we
e we
~e we
~e ~o
~e ~e
~
~e e
~e ~e
~e we
e we
~e e
~e we
N~ we
-~ e
~e “e
~ we
~e e
~ e
~e e
~e e
~e we
~ e
. we
~e e
~e “e
~e “o
~. ~e
~ we
~e e
~. o
~ ~e
w~ e
~e we
~ e
~. we
~e “e
~e we
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~e o
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85-d

e e e e e e
WCONOCOUMAWNRFER OO N UL WN -

3 This routine loads stand-alone programs (assumed to be in RT=11 .SAV
; file format) from an KT-11 file structured TU58 cartridge. It is
; invoked if the first wora in block 0 of the cartridge is a 260,
172564 STANDB:
172564 012700 000001 MOV #1,R0 ;Set directory segment #1
172570 006300 183 ASL RO ;Two blocks per segment
172572 022020 CMP (RO)+,(RO)+ ;Add 4 to RO, as directory starts
s in block#b
20 172574 012701 002000 MOV #1024.,R1 ;Prepare to read two blocks
21 172600 012704 001000 MOV #DIKBUF ,R4 sInto the directory buffer
22 172604 004767 000162 CALL READU ;Read the segment
23 172610 100002 BPL 25 ;If PL, read was successful
24 172612 ABORT <Directory read error> .
25 172616 012704 001010 2s: MOV #STRBLK,R4 ;Else prepare to pick up
26 ; starting block
27 172622 012400 MOV (R4)+,RV 3RO = starting block for files
28 172624 010403 38 MOV R4,R3 ;Save pointer to current entry
29 172626 032724 002000 BIT #PERMFS, (R4)+ ;Is this a permanent file?
30 172632 001010 BNE 48 s1f bit set, yes = check if it matches
31 172634 022744 004000 CMP #ENDSGS , = (R4) JElse is this the end-of-segnent
32 ; marker?
33 172640 001015 BNE 5s$ ;If NE, no = go skip this entry
34 172642 013700 001002 MOV @#NXTSEG,RO sElse get number of next segment
35 172646 001350 BNE 1s ;I1f NE, there is one = go read it
36 172650 ABURT <File not found>
37
38 172654 012705 000002 45 MOV #FILNAM,RS ;Point to RADS50 name of desired file
39 172660 022425 CMP (R4)+,(RS)+ ;Check file name, first wora
40 172662 001004 BNE 5§ ;1f NE not desired file
41 172664 022425 CMP (R4)+,(RS)+ ;essCheck second word of filename
42 172666 001002 BNE S$ ;1f NE not desired one
43 172670 022425 CMP (R4)+,(R5)+ ’e.s.Finally, check extension
44 172672 001410 BEQ LOAD ;If EQ, got it - go load this
45 ; one into memory
46 172674 010304 58 MOV R3,R4 ;Get entry pointer back
47 172676 062704 000010 ADD #D.FLEN,K4 sAdvance to file size of entry
48 172702 062400 ADD (R4)+,K0 sUpdate current file base
49 172704 022424 CMP (R4)+,(R4)+ ;And skip to next file entry
50 172706 063704 001006 ADD @#XTRBYT,R4 ;Plus any extra bytes in each entry
51 172712 000744 BR 3s ;Continue file search
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KXT11=A2 1K FIRMWARE
BOOTS=LOAD STAND~ALONE

-
OWXT~NOU b WN -

-
-

e s e
N e WN

-
O @

NN
w N =-O

N
>

172714
172716
172720
172722
172726
172730
172734
172740
172744
172746

172782
172752
172754
172756
172762
172766

172770
172770
172772
172776

011401
000301
006301
004767
100002

013705
032705
001402

012601
112600
013706
005067
000115

005004
016602
000407

MACRO V04,00
PROGKAM FILE

000042

000040
000001

000042
175010

000004

5=0CT~81 22:56:27 PAGE 54

LOAD:

183

STARTS @

READZU:

READU:

MOV
SWAB
ASL
CALL
BPL
ABORT
MOV
BIT
BEQ
ABORT

MOV
MOVB
MoV
CLR
JMP

CLR
MOV
BR

.SBTIL BOUTS=Load Stand=Alone Program File

@K4,R1 JR1 = size of file in blocks

R1 ; ¥ 256, = word count

R1 ; ¥ 2 = byte count

READZU sRead the program file into memory
1s ;1f MI, error in read=ABORY
<Stand=-alone file read error>

@#RTSSTA,RS ;Get program start adrs

#1,R5 ;1s adrs even?

STARLS ;1f EQ yes = okay

<lllegal transfer address>

(SP)+,R1 ;Pass the CSR address
(SP)+,R0 ;Get unit number booted
¢#RTSISP,SP ;Load program’s stack pointer
TRAP4 sDisable trap to 4 feature
@RS ;Go start program execution
R4 ;Load at 0

4(SP),R2 ;Get unit number

AROUN3 ; SKIP OUVER THE ENTRY POINT
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KXT11=A2 1K FIRMWARE
ENTRY POINT

1730006

-

CLVWO®NOC U WN =

173000
173000
173004
173006
173010

173012

173000

106427
000005
005000
077001

000167

MACRO V04.00

000340

175242

ST1733:

5=0Cl=81 22:56:27 PAGE 55

«SBTTL 173000G ENTRY POINT

«=173000

MTPS #PRI7 ;Can’t assume anything here.

RESET ;But PwWRSUP usually does,

CLR RO JOELAY for the sake of DLART.

SOB RO, . ;(Maint. bit cleared by RESET
sjust a little too 1long).

JMP PWRsUP
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KXT11=A2 1K FIRMWARE

BOOTS=CONTINUED
1
2 173016
3 173016 105767
4 173022 100402
5 173024 000167

MACRO V04.00

174746

000370

5-0CT=-81 22:56:27 PAGE 56

ARQUN3:
TSTB
BMI
JMP

«SBTTL BUOLIS=Continued

B.CNTL
DKEAD
TREAD

;Bit 7 set for RX01/RX02
;Read from tape
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KXT11=A2 1K FIKMWARE
BOOTS=RX01/RX02 READ ROUTINES

1

2

3

4

5

6

7

8

9

10
11

12

13

14

15

16

17

18

19
20

21 173030 010446
22 173032 010046
23 173034 010146
24

25

26

27 173036 012701
28 173042 005000
29 173044 006002
30 173046 103002
31 173050 052700
32 173054 004567
33 173060 000013
34 173062 111102
35 173064 100402
36 173066

37 173072 032702
38 173076 001411
39
40
41
42
43
44 173100 052700
45 173104 012602
46 173106 000302
47 173110 012603
48 173112 006303
49 173114 012704
50 173120 000410
51

52

53

54

55

56 173122 012602
§7 173124 000302

MACRO V04.00

177172

000020

000312

000040

000400

000200

5=0CT-81

~. we
~e we

~ “e

e Ve N we we o we
e we Ne we ve wu e
we we Ne we we e we

. Ne Ne Ne wo %o %o

~e ~e
~e we
~e
~ we

Ne %o we W Ne we we e

with registers set up as below,
full sectors from the floppy, at either density,
RXV21 DMA or RXV1l1 Programmed 1/0 interface,

22:56:27 PAGE 57

«SBTTL BOOTS=RX01/RX02 Read routines

~e we
~e we
~e we
~e ~e
~e we
~e wo
~e weo
~e we
~. we

~o “e
~. we

~e we
w~ e
~. we
~e we
~e we
e ~e
~o e
~e we
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. ~e
~e we
~e we
~e we
~ we
~e we
~o we
~. we
~e ~o
~e e
~e we
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~e ~e

~e o
~e ~e
~e we
~e we
~ we

~e we
~e we
~e wo
~e we
~e e
~. we
~. w.
. we
e we
~e we

~e we

FLUPPY DISK READ ROUTINES

Ne %o W& Ne we we we
Ne Ne we we e we we
We Ne we we we e we
Ne Ne Ne Na Ve e we

~e ~e
we e
~e wo
~e we
~e we
-~ e
~e e
~e e
~ we
~e we
~e ~

~e e

~ e
- e
we e
~e we
w. v
e e
~e e
~e we
. ~e
~e ~e
~e we
~e e
we we
~e we
~e we
~e we
~e we
~e we
we we
~e e
~e we
~. we
~e we
~e ~e
~. we
~e e
. e
~e e
~e ~e
we we
~e we
~e N
~e we
w. we
~e we

~ ~e

read the appropriate number of
with either

RO: Starting block number for transfer,
R1: Byte count for transfer
R2: Unit number
R4: Address of buffer to receive data
.ENABL LSB
DREAD: MOV R4,=(5P) ;Save buffer address
MOV RO,=(SP) ;Save starting LBN
MoV R1,=(SP) ;Save pyte count

;7 Check status and media density of selected drive

MOV #RXDB,R1 ;Set up R1 for benefit of RXGO
CLR RO sInitialize current unit/density word
ROR R2 ;Bit 0 set = unit 1
BCC 1s
BIS #RXSSUN,RO ;Set unit 1

182 JSR RS ,RXGO ;Start a read status operation
«WORD RXSRST ) ; to determine status and density
MOVB @R1,R2 sPick up low byte ot status
BMI 28 ;1f PL, drive not ready
ABOKT <Floppy drive not ready>

283 BIT #RXESDN, K2 ;Check media density
BEQ 3s ;If EQ, single density

~e we ~e

~e we wo

3s:

Double density.
Logical sector number = logical block number ¥ 2
Sector count = pbyte count/256,

BIS #RX$SDE,RO ;Set double density in command
MOV (SP)+,R2 ;Byte count

SWAB R2 sDivide by 256

MOV (SP)+,R3 sLBN

ASL R3 jMultiply by 2

MOV #128,.,R4 ;Words per sector

BR 48

Single density.
Logical sector number = logical block number ¥ 4
Sector count = pbyte count/128,

MOV (SP)+,R2
SWAB R2

;Byte count
;Divide by 256
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wwe==> HALT AT

58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
71
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114

173126
173130
173132
173134
173136

173142
173144
173146

173150
173154

173156
173160
173164
173170
173172
173176
173200
173202
173204
173200
173210
173212
173216

173220
173222
173224
173226
173230
173232

173234
173240
173242

173246
173250
173252
173254
173256
173260

006302
012603
006303
006303
012704

010446
010246
010346

004567
000007

011603
012702
022703
101002
062703
006103
005302
003370
110302
105003
000303
022703
006103

006302
060203
060203
060203
006202
005202

162703
002375
062703

010311
004514
010211
004514
100002

MACRO V04,00

000100

000216

000010
006400

171400

000014

000032

000033

5=0CT=81 22:56:27 PAGE 57~1
PC=173070 INDICATES "FLOPPY DRIVE NOT READLY"

.
’
.
’
.
’
.
’
.
’

482

; Start the
;

ASL
MOV
ASL
ASL
MOV

0(sP)
2(sp)
4(5P)
6(SP)

MOV
MOV
MOV

R2
(SP)+,R3
R3

R3
#64.,R4

Set up stack as follows:
Logical Sector Number
Sector count

words per sector
Bufter address

R4,=~(SP)
R2,=(5P)
R3,=(5P)

read operation.

This is the top of the loop.

5¢:

JSR
+«WORD

R5,RXGO
RXSKED

;And multiply by 2
s LBN

;Multiply by 4
;words per sector

swords per sector
;Sector count
sLogical Sector Number

}Start a sector read

;7 Convert Logical Sector Numbers to Physical tracks and sectors.

683

MOV
MOV
CMP
BHI
ADD
ROL
DEC
BGT
MOVB
CLRB
SWAB
CMP
ROL

ASL
ADD
ADD
ADD
ASR
INC

sus
BGE
ADD

@sP,R3
#8.,R2
#26,%200,R3
78
#~26.%200,R3
R3

R2

68

R3,R2

R3

R3

#12,,R3

R3

R2
R2,K3
R2,R3
K2,R3
R2

R2
#26,,R3

8s
#27.,R3

; Read the sector

MOV
JSR
MOV
JSR
BPL
ABURT

k3,@R1

R5,@R4

k2,@k1

RS, eR4

9s

<Floppy read error>

;Get Logical Sector Number
;Loop count
;Does 26 go into dividend?
;Branch if not, C clear (BHI => BCC)
;Suptract 26 from dividend (C set)
;Shift dividend and quotient
;Decrement loop count
;Branch till divide done
;Copy track number
;Remove track number from remainder
;Get remainder
3C=1 1f 13<=R3<=25, else C=0
;Sector*2 (2:1 interleave)
;[+1 (C) if sector 13=25]
;Double the track number
;Skew the sector

by adding in

6 ¥ track number
Undouble tnhe track number

and make it 1-76 (Skip track 0

for ANSI)
Put sector

into range

1=20

Ne Ne Ne Ne Ve e “e “e

;Set sector number

;Set track number
;Perform a sector read
s1f MI, error
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KXT11-A2 1K FIRMWARE MACRO V04.00 5-0CT=-81 22:56:27 PAGE 58
=ee==> HALT AT PC=173262 INDICATES "FLUPPY READ ERROR"

1 7 Empty RXV11/RXV21 puffer into RAM

2

3 173264 004567 000102 9s: JSK R5,KXGO ;Start empty buffer function
4 173270 0000063 «WORD RXSEMF ; and wait for TR

S 173272 032737 004000 177170 BIT ¥RX$502,@#RXCS ;1s DMA avallaple?

6 173300 001407 BEQ 10s ;If EQ no = handle as RX01

7

8 ¢ RX02 DMA Operation

9

10 173302 016611 000004 MOV 4(SP),eR1 JElse load word count

11 173306 004514 JSR R5, 8R4 swait for TR

12 173310 016611 000006 MoV 6(SP),eR1 sAnd load current bus address
13 173314 004514 JSR R5,@R4 swalt for DONE

14 173316 000410 BR 12s

15

16 ; RX01 pProgrammed 1/0 Uperation

17

18 173320 016603 000004 1083 MOV 4(SP),R3 ;Get word count

19 173324 006303 ASL R3 ;Turn word count into byte count
20 173326 016602 000006 MOV 6(SP),R2 ;Get starting bus address

21 173332 111122 1182 MOVB @rk1,(R2)+ ;Move one byte from buffer to memory
22 173334 004514 JSk R5,@R4 swait for TR or DONE

23 173336 077303 SOB R3,118 sLoop for all bytes in first sector
24

25 s Loop back 1f not yet finished

26

27 173340 016603 000004 1282 Mov 4(spP),R3 ;Get word count

28 173344 006303 ASL R3 ;Turn into byte count

29 173346 060366 000006 ADD R3,6(SP) ;Update bus address

30 173352 005216 INC esP sUpdate Logical Sector Number
31 173354 005366 000002 DEC 2(SP) ;Decrement Sector Count

32 173360 001273 BNE 5§ ;Read another sector

33 173362 062706 000010 ADD #8.,SP sPop the stack

34 173366 V00257 ccc ;Clear condition codes

35 ; to show success.

36 173370 000207 RETURN 7All done

37 -DSABL LSB
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e e e
NOCONB WK OWOVWONOU S WN

-
O @

173372
173374
173376
173402
173404
173406
173412
173414
173416

012504
050004
010437
010704
005741
032711
001775
005721
000205

MACRO VO04.00
~====> HALT AT P(C=173262 INDICATES

177170

000240

5-0UCT=81 22:56:27 PAGE 59

“FLOPPY READ ERRUK"

Ne Ve Ne Ne Ne we Se we

RXGO:

18:

Register

RO
R1
R4

MOV
BIS
MOV
MOV
TS
BIT
BEQ
ST
RTS

usages:
density pbit ! unit select bit (proto for commands)

RXDB address

The main subroutine for sending disk commands and waiting for
their completion,

kKXGO TR/DONE test routine pointer

(RS5)+,R4

RO,R4

R4 ,@%KkXCS

PC,R4

-(R1)
#RXSSTRIRXSSDN,@R1
18

(R1)+

RS

sCopy command word to use

;Set unit % and density

;Start operation

;Copy adrs for later calls

;R1 => RXCS

swait for TR or DONE

;1f EQ, nelther are true yet

;Reset R1 => RXDB and check.for errors
;Return to caller
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BOOTS-TUS8 READ ROUTINES

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19
20
21
22
23
24 173420 010446
25 173422 005004
26 173424 012703
27 173430 004767
28 173434 012703
29 173440 004715
30 173442 010203
31 173444 004715
32 173446 005003
33 173450 004715
34 173452 010103
35 173454 004715
36 173456 010003
37 173460 004715
38 173462 010403
39 173464 004715

MACRO V04.00

005002
000206
000002

5=0CT=81 22:56:27 PAGE 60

~e we
w e
~e e
~. e
~e e
~ we
~ w

Ne we Ne we No we we
Ne Ve Se Ne Ne we W
Ne we Ne Se Ne Ne we
Ne e we Ne we N we

~e we
e e
- e
~
~. e

~e weo
~ e

«SBTTL BOOIS-TU58 Read routines

~e e
we we
~o e
~e we
~e .
~e we
~e we
~ ~e
~. e
~ we
~ .
~e
~e e
~e we
~.
~ e
. =,
~e e
~. we
~e we
~e we
~e we
~ .
~ ~e
~ e
~e we
~e we
~. e
~ e
~e we
~ w.
~ we
~e we
~e =
~ .
~e e
~e e
~e we
~e e
~e ~o
~e =
~e we
e we
~e we
~e e

TUS58 DECtape 11 READ ROUTINES

Ne wo Ve Ne we we we
Ne Ne %o we e we we
we We We we e we e
N6 Ve Ne e Ne we we

~ e
~.
~e weo
~e ~e
~e we
~e we
e e
~e e
~ e
~ we
~e wo
~ ~e
~e weo
~e we
~ v
~e ~e
~e we
~e we
~ we
~e we
~e ~o

~ ~e
~e ~e
~ w
~e ~e
~ ~e
~e ~e
~e ~e
~. we
~e we
~e we
~o we
~. w.
~. v
~ we
~e ~e
e
~ w.
~e “e
~e ~.
~ w.
~ ~e
~ we
~e we
~e e

; Starts a read operation on the TUS58 by transmitting a command packet

’

; Inputs:

H RO = starting block # for transfer

; K1 = byte count for transfer

; R2 = unit numoer

H R4 = aadress ot buffer to receive data

; Outputs:

H RO, R1, K2 unchanged

; Destroys:

; R3, R4, RS

<ENABL LSB

TREAD: MOV R4,=-(SP) ;Save butfer address
CLR k4 7Init checksum
MOV #10,.%400+R$SCTL,R3 ;Set command flag and length
CALL CH20UT ;Output two chars and set RS
MOV #RSKREALU,R3 ;Send read command and modifier=o0
CALL @Rb
MGV R2,R3 sThen unit number and switches=u
CALL ©R5
CLR R3 ;Plus a zero sequence number
CALL ©R5
MOV K1,R3 sFollowed by the byte count
CALL @RS
MOV RO,R3 ;And the block number
CALL @RS
MoV R4,R3 jFinally, transmit the checksum
CALL @RS
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KXT11=A2 1K FIRMWARE MACRO V04.00 5-0CT=81 22:56:27 PAGE o1
BOOTS=TUS8 READ KOUTINES

1 ; Now ready to accept aata messages from the TUS8
2
3 173466 012600 MOV (SP)+,R0 ;RO => data buffer
4 H CcLC 3 (CH20UT leaves C clear)
5 173470 006001 ROR R1 +kK1 = word count for transfer
6 173472 004767 000116 1s: CALL 78 ;Get first word of packet
7 173476 122703 000001 CMPB #RSSDAT,R3 ;Is this indeed a data message?
8 173502 001017 BNE 3s ;If NE no = may be END message
9 173504 105003 CLRB R3 JElse clear flags
10 173506 000303 SWAB R3 ;Move packet byte count to low byte
11 173510 106003 KROKB R3 iAnd convert to word count
12 173512 160304 suB R3,R1 ;Remove trom transfer count
13 173514 010305 MOV R3,R5 ;And copy for loop counter
14 173516 004767 000102 28: CALL 9s 1Get next two words
15 173522 010320 MOV R3,(RO)+ ;Store in puffer
16 173524 077504 suB R5,2s8 ;Loop for entire data message
17 173526 004767 000044 CALL 58 ;Get checksum and compare
18 173532 005701 TST R1 ;Have all data records been
19 ; transferred?
20 173534 001356 BNE 1s ;If NE no
21 173536 004767 000052 CALL 718 7And get prospective
22 : ;7 END packet start
23 173542 004767 000056 3s: CALL 9s 1Get opcode/success bytes
24 ; of END packet
25 173546 122703 000100 CMPB #RSEND,R3 ;Is this an kEND packet?
26 173552 001402 BEQ 4s ;If NE no = ABORT
27 173554 ABORT <TU58 END packet missing>
28 173560 016300 4s: MOV R3,KR0 ;Save success code in RO
29 173562 004767 000032 CALL 8s ;Read remainder of END packet
30 173566 004767 000004 CALL 58 sAna check 1ts checksum
31 173572 000300 : SWAB RO ;Set CC’s on success code of transfer
32 173574 000207 RETURN ;Return to caller
33
34 173576 004767 000064 5s: CALL CH2IN . ;Get two checksum bytes
35 173602 020403 cMP R4,R3 sDoes it match calculated value?
36 173604 0061402 BEQ (33 31f NE no = ERROR
37 1736006 ABORT <TU58 checksum error>
38
39 173612 000207 6s: RETURN sElse return with success
40
41 173614 005004 7% CLR R4 ;Init checksum
42 173616 000402 BR 9s ;And get the first word
43
44 173620 004717 8s: CALL erC jRead 4 words
45 173622 004717 CALL ePC
46 173624 004767 000036 9s: CALL CH2IN jRead next two bytes
47 173630 060304 ADD R3,R4 ;Add into checksum
48 173632 005504 ADC R4 ; with end=arouna carry
49 173634 000207 RETURN ;And back to caller
50 .DSABL LSB
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KX111=A2 1K FIRMWARE
e====> HALT AT PC=173610 INDICATES "TU58 CHECKSUM ERROR"

WONOU P WN -

173636
173636
173640
173642
173642
173644
173046
173650
173652
173656
173660
173664

173666
173670
173072
173676
173700
173704
173706

004717
004717

010705
060304
005504
004717
105737
100375
110337
000407

004717
105003
105737
100375
153703
000303
000207

MACRO V04,00

176544

176546

176540

176542

5-0CT=81 22:56:27 PAGE 62

e N Se We Se Ne we we Ne we Se

CH20UT == Write two bytes to the Tu58

Writes two bytes to interface and updates checksum.

Inputs:
R3 = two bytes to be output; low byte first
R4 = current checksum word

Outputs:

R3 unchanged
R4 updatea to new checksum
RS pointing to CH20UT routine for easier future CALLs

CH80OUT:
CALL epPC sjeEntry point to output 8 characters
CALL ePC
CH20UT:
MOV PC,RS ;Set KRS to following routine adrs
ADD k3,R4 sUpdate checksum word
ADC R4 s with end~around carry
CALL erC sRepeat for both characters
- TSIk e#TOSCSR ;1s interface ready for output?
BPL 1s ;1f PL no = wait
MOVB R3,@#TOSBFR sElse transmit character to TuS®H
BR CHRET ;Merge with other routine to return
; CH2IN == Read two bytes from the TU58
;7 ChIN == Read a single byte from the TU58
’
; lnputs:
H none.
; Outputs:
; R3 = character(s) read
CH2IN: CALL epPC iRead two, not one
CHIN: CLRB R3 ;And zero out space for new one
1s: TSTB B#TISCSK ;1s a character available?
BPL 1s 1t PL no
BISH R#1ISBFR,R3 tElse set iInto register
CHRET: SWAB R3 iMove current character over

RETURN ;And return to caller
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END STATEMENT

1
2 000001

MACROU V04.00

5=0CT-81 22:56:27 PAGE 63

«END

«SBTTL END STATEMENT
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SYMBOL

AROUN2
AROUN3
AUTOBA
BADBOT
BAUDKS=
BD.003=
BD.006=
BD.012=
BD.024=
BD.048=
BD.096=
BD.192=
BD,.384=
BITO
BIT1
BIT10
BIT11
BIT12
BIT13
BIT14
BIT1S
BIT2
BIT3
BIT4
BIIS
BIT6
BIT7
BITS
BIT9
BOOTS
BRKNDO
B.CNTL=
CHIN
CHK240
CHRET
CH2IN
CcH20UT
CH8GUT
CR =
DEVBIT=
DEVNUM=
DIAGNO
DIRBUF=
DONE
DREAD
D.FLEN=
EMPTYS=
ENDSGS=
ENTSIZ=
ERRBIT
E.EXT =
EJINT =

E LTI I T O T ¢ O T T LU O I T 1

.« ABS,.

TABLE

172010
173016
170472
172370
000032
000000
000010
000020
000030
000040
000050
000060
000070
000001
000002
002000
004000
010000
020000
040000
100000
000064
000010
000020
000040
000100
000200
000400
001000
172164
170040
1677170
173670
172426
173704
173666
173642
173636
000015
000200
000001
171754
001000
171574
173030
000010
001000
004000
000016
171742
000100
000010

174000
000000

[N 2K}

ERRORS DETECTED:

000
001

MACRU V04.00

E.PAR =
FAKOUT
FILNAM=
GETCHR
GETNUM
HGHSEG=
HKBDG
HKBDS
HVBAUD
INBYTE
INBYTS
INITS
IN.USR=
KBDQ
KBDS
LCSET
LEDOFF=
LF =
LOAD
LOCDSP
MODE =
MSGQ
MSGS$
NEXNUM
NOCT
NO.LUW=
NXTSEG=
OCTSTR
0CTSTO0
00T
ODTFLG=
ODTLOC=
ODTSTK=
ODTwHY=
ONENUM
0.CNTL=
PATERN
PBRO
PBR1
PBR?2
PCMD
PERMFS$
PP.A
PP.B
PP,.BIC
PP.BIS=
PP.BIO=
PP.BIl=
PP.BI2=
PP.BI3=
PP.B14=
PP.BIS=

000001
170424
000uv2
171510
171612
001004
171140
171142
170556
170550
170556
171750
167764
170674
170702
171246
000017
000012
172714
171252
000221
171730
171731
171600
171642
100000
001002
1716506
171652
170602
167750
167746
167744
167774
171576
167772
171750
000010
000020
000040
171044
002000
176200
176202
00000V
000001
000000
000002
000004
000006
000010
000012

[2] [2E2E>N N~

5=0CT=-81 22:56:27

PP.BI6=
PP.BI7=
PP.C =
PP.CHI=
PP.CLO=
PP.CHR=
PP.DRA=
PP.DRB=
PP.MDA=
PP.MDB=
PP.ML2=
PP.MGD=
PRINT
PRI6 =
PRI7 =
PUTCHR
PUTCLF
PUTLF
PUISIR
PWRSUP
QOLT
RAMBOT=
RAMTOP=
RBUFs$1=
RBUFs2=
RB.BRK=
RB.ERR=
RB.FRM=
KB.OVR=
RCMD
RCMD1
RCSRsi=
RCSR$2=
RC.ACT=
RC.DUN=
RC LlEN=
READU
READZU
REGOUT
RESTAR
RETRY =
RFLAG =
KPOINT=
RTSEMT=
RTSFCh=
RTSFCT=
RTSHGH=
RISISP=
RTSJSw=
RTSRMN=
RT$STA=
RTSUER=

PAGE 63-1

000014
000016
176204
000010
000001
176200
000020
000002
000040
000004
000100
0u0200
170706
000300
000340
171522
171554
171564
171542
170260 G
170666
160010
167776
177562
176542
004000
100000
020000
040000
171144
171232
177560
176540
004000
000200
000100
172772
172770
171240
172004 G
000010
000200
167756 G
000052
000056
000057
000050
000042
000044
000054
000040
000053

RTSUSR=
RXBOOT
RXCS =
RXDB =
RXESCR=
RXESDD=
RXESDE=
RXESDN=
RXESDR=
RXESID=
RXESUN=
RXGO

RXSEMP=
RXSFIL=
RXSREC=
RXSRED=
RXSRST=
RX$STD=
RXSWDD=
RXSWRT=
RXSSDE=
RXS$SSDN=
RXSSER=
RXSSFN=
RX§$$GO=
RXS$§SIE=
RXSSIN=
RXSSTR=
RXSSUN=
RX$SXA=
RX$8§XX=
RX$802=
RSABRT=
RSCOMP=
R$SDIAG=
RSEND =
RSGETC=
RSGETS=
RSINIT=
RSNOP =
RSPOSI=
RSREAD=
KSSETC=
RSSETS=
RSWRIT=
R$SCON=
R§SCTL=
R$SDAT=
KS$SINT=
R$$XOF=
R.HALT=
R.NXM =

000040
172400
177170
177172
000001
000100
000020
000040
000200
000004
000400
173372
000003
000001
000017
000007
000013
000011
000015
000005
000400
000040
100000
000016
000001
000100
040000
000200
000020
030000
003000
004000
000006
000004
000007
000100
000012
000010
000001
000000
00v005
000002
000013
000011
000003
000020
000002
000001
000004
000023
100000
000200

R.PC =
R.STAK=
R.TYPE=
R.STRT
SAVPC
SAVPS
SEGALO
SPACE
SRET
STANDB
START
STARTS
STRbLK=
STTUBD
ST173
SWCMD
S$CART=
SSDCHK=
SSMOTR=
SSNORM=
SSOPCD=
SSPART=
SSRECN=
SSRETR=
SS$SEEK=
SSUNIT=
SSWPRT=
TENTAS$=
TISBFR=
TISCSk=
TOSBEFR=
TOSCSR=
TRAP4 =
TREAD
TUBAUD=
TUBOOT
T.BIT =
USERSP=
VECSET
XBUFs1=
XBUFs2=
XCSRS1=
XCSRs2=
XC.BRK=
XC.IEN=
XC.MNT=
XC.PBE=
XC.RDY=
XTKBYT=
$STACK=
$$SBRK
$S$SLTC

167766
000001
167762
170030
167752
167754
001000
000040
171636
172504
172000 G
172752
001010
172172 6
173000 G
171212
177707
177757
177737
000000
177720
177770
177711
000001
17774V
177770
177765
000400
176542
176540
176546
176544
167776 G
173420
00v072
1724064
00v0z0
167760 G
17044V G
17750606
176546
1775604
176544
000001
000100
000004
000002
000200
001006
167644 G
170000 G
170006 G

«Q

[2E2X2X 2]
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KXT11=A2 1K FIRKMWARE MACRO V04.00 5-0CT=81 22:56:27 PAGE 63=2
SYMBOL TABLE

VIRTUAL MEMORY USED: 9216 WORDS ( 36 PAGES)
DYNAMIC MEMORY AVALLABLE FOR 46 PAGES
»FALCUN/C=FALCON
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KXT11=A2 1K FIRMWARE
CRUSS REFERENCE TABLE (CREF V04.00 )

$$SBRK
$SSLTC
$STACK
AROUN2
ARUUN3
AUTOBA
B.CNTL
BADBOT
BAUDRS
BD,.003
BD.006
BD.012
BD,024
BD,048
8D,.096
BD.192
BD.384
BITO
BIT1
BIT10
BIT11
BIT12
BIT13
BIT14
BIT15
BIT2
BIT3
BIT4
BITS
BIT6
BIT7
BITS
BIT9
BOOTS
BRKNOO
CH2IN
CH20UT
CHBOUT
CHIN
CHK240
CHRET
CR
D.FLEN
DEVBIT
DEVNUM
DIAGNO
DIRBUF
DONE
DREAD
E.EXT
E.INT
E.PAR
EMPTYS
ENDSGS
ENTSIZ
ERRBIT

14-16%
14=-20%
13=30%
44-47
54=24
27=13
13=14#
49=66
9=14%
T=21%
T=22%
7=-23%
1=24%
T=25%
1=26%
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5=-5#
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S=~16#
5=17%
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5=19%
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61=34
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62-24
5«25
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10-11#
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40=-17
50=-21
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10=-19%
48~12174%
48~1294%
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44-19»

27=35
27=317
24=13
46=2%
56=-2%
28-43%
20-49%
49=90#
28-44

9=-1%
7-43
7=36

6-10

6=35
€=32
6=-30
7=30
7-15
T=16
7=17
6=-23
6=19

49-25%#
14-264%
bi=406

62=164#
62=13#%

52=36
62=-394#
37=206
53=47
49-37
49-83
44~-374%
48-11%
40=-31#
56-4
44-17
44-18
46-6

53-31

46-11

MACRU V04,00

27-17

49-54%

10-3
8-25
8=23
§=-21
8~18
7=%
7=3

21-17
62-344%

38=21

48=-119

57=21%

49=-77

49-55

10-9
§=-38
=38
9=-34

38-11
§=17
§=15

40=-24

46-120

49-91
56=3
10-5 10~13
§-40 8=42
8=39 8=42
§-39 §=-40
38=-9
9=-32 10-4

41-20 43-13

48-121 48-122
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KXT11=A2 1K FIRMWARE
CROSS REFERENCE TABLE (CREF V04.00 )

FAKOUT
FILNAM
GETCHR
GETNUM
HGHSEG
HKBDS
HKBDQ
HVBAUD
IN.USR
INBYTS
INBYTE
INITS
KBDS
KBDQ
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LEDOFF
LF
LOAD
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MSGQ
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PBRO
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PCMD
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PP,A
PP.B
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PP.BI1
PP.BI2
PP.BI3
PP.BI4
PP.BIS
PP.BI6
PP.BI7
PP.BIC
PP.B1S
PP.C
PP.CHI
PP.CLO

27=-12
48=-60#
33-18
33-36
48=-120%
35-57+%
35-50#
29-10
13-16%
29-11
29-4
44=-27%
32-44
32-48%
33-43
9-10#
S=24%#
53-44
36=39
‘9=54#
32-52
32-49
41-18#
10-94#
41-25
48-1194%
13-10%
32-40
37=22
14-32
13=-26#
13-27%#
13-29%
13=-7»
36=15
44-33%
7=-15%
T=16%
T=17%
33-28
48=~1284%
8=6#
8=7%
8=45%
8~44#
8=-43%
8=42¢%
8=-41#
8=40U#
8=39%
8=-384
8=-48%
8=474#
§=8#
8=23%
§-294%

27-15%
53-38
36-30
37=33

37=217
37=21
29-314#
l4=17
29=27#
29-204%
46-14
32=51%
33=32
37=17%
20=-27
37=36
54-3»
37-18%#
24-20
43-13%
43-12+#
41-30
26-49
41=35#%
53=34
37-4%6
42=14%
38=-25
22-19
32-57%
36=-38%
13=30
32-16%
41-16%
46~19
7=22
7=23
7=25
35-22#
53-29
46-4
46=-3%
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37-25
41=-22%

38=15
37=-31

14=31%
29=32

35-57
33-34

44-39
38-13

38-28
44-38

39-15%

37-37

19=-36%

46=45
33-37

38-17

32-114
37-38
37-45

7=26
7=27
7=27

39=17

37-39

20=-31

33=45

40-29

38-19

38-12%

7-28
7=-28
7=28

41-19

38~-18

21-11%

35-37

43-13

38=-23%
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CROSS REFERENCE TABLE (CREF V04.00 )

PP,CWK
PP.DRA
PP.DKB
PP.MD2
PP.MDA
PP.MDB
PP.MOD
PRI6
PRI7
PRINT
PUTCHR
PUTCLF
PUTLF
PUTSTR
PWRSUP
QODT
R$SCUN
RS$SCTL
RSSDAT
RSSINT
R$SXOF
RSABRT
RSCOMP
RSDIAG
RSEND
RSGETC
RSGETS
RSINIT
RSNOP
R$POUSI
RSREAD
RSSETC
RSSETS
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R.STRT
R.HALT
ReNXM
R.PC
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R.TYPE
RAMBOT
RAMTOP
RB.BRK
RB.ERR
RB.FRM
RB.OVR
RBUFs$1
RBUFs2
RC.ACT
RC.DUN
RC.IEN
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RCMD1
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RCSRs2
READU

8=5#%

§=21#
8=27%
8=174%
g=~184#
8-25%
B=1b3
§=274%

9=254 -

32=-50
37-24
40=-23%
40=-29s
32-56
24-12%
32=-37
48-81%
48=79%
48=764
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48-82%
48-924
48-90#
48-93%#
48=98%
48=961#
48=944%
46=-87%
48-86#
48=-91#%
48=-881#
48=-97%
48-95%
48=-89¢
19=-11%#
10=3%
10=-4%
13-15#
10-5%
13-18%
9~22%
9=23%
6=37%
6=30#%
6=35%
6=324
6=6#
6=10%
6=16#
6=19%
6=23%
33-3v
36=-23
6=-54#
6~9#
53«22

24-20%
9-5

9=5
27-11
27=36
32-544
38=22
42-14

40=-15%#
45=5
32-41%
52=217
60=-26
61=7
52=-22

61=-25

60-28

45=7
14-29
19=-34
21-35%
20-11
14-29%
25-19
25-24

24-35
48-69

24-36
24=36
36=13#
36=36#%
24=36
46-12
54=-23%
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26=27%

32=55
27-38

38=-27

40~19
55=10

52=22

21-46
22-18
21-39%
35=35
19-32

29=3

29-5
48-68

44=-38% 44=39%

49-67
35=-48 55=5

39=-19+% 39-41 40~18

35-35
21=41

19~-34% 20=-11x 20-17%

29=7 32-12 39~-18

39~-16
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CROSS REFERENCE TABLE (CREF V04.00 )

READZU
REGOUT
RESTAR
RETRY
RFLAG
RPOINT
RTSEMT
RTSFCH
RTSFCT
RT$HGH
RTSISP
RTSJISW
RTSRMN
RTSSTA
RTSUER
RT$USR
RXs$$02
RX$$DE
RX$SDN
RXSSER
RXS$SFN
RX$$GO
RXS$SIE
RXSSIN
RX$STR
RX$SUN
RX$$XA
RX$$XX
RXSEMP
RXSFIL
RXSREC
RXSRED
RXSRST
RX$STD
RX$WDD
RX$WRT
RXBOOT
RXCS
RXDB
RXESCR
RXESDD
RXESDE
RXESDN
RXES$DR
RXESID
RXESUN
RXGO
SSCART
S$DCHK
S$SMOTR
S$NORM
S$OPCD
SSPART
SSRECN
SSRETR
SSSEEK

52=35
36=-25
21=-27
48-54%
9-32%
13-22¢
48=-138#%
48-141%
48-142%
48-1374#
48=134%
48=135%
48-140%
48-1334%
48-139%
48-136+#
48=214%
48-23#
48-26#
48-18%#
48-28#
48-29%
48=-254#
48=194#
48=24%
48=27#
48=-20#
48=-22%
48=-344#
48-33%#
48-40%
48-36#
48-384#
48-374#
48=-39%#
48-35%
49-87
48-13#
48=14%#
48-504#
48-46#%
48-484%
48-474%
48~-45#%
48-49%
48-44%
57-32
48-106#
48-1084#
48=-110#
48=-102#%
48-111%
48-104%
48-112%
48=-103%
48=1094#

54-6
36-34
45-6#

36=14

32-32%

54=17

54=-9

58-5
57-44
59=-15

48-33

59=-15
57=31

58-4

57=78
57=33

50=144%
48-14
57=27

57=37

57-177
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S4=21#
36-38#

36=37

48=34 48=35 48=36 48=37 48=38

50-15 50~-16 58=5 59-12%
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CROSS REFERENCE TABLE (CREF V04.00 )

SSUNIT
SSWPRT
SAVPC
SAVPS
SEGALO
SPACE
SRET
ST173
STANDB
START
STARTS
STRBLK
STTUBD
SWCMD

‘ToBIT

TENTAS
TISBFR
TI$CSR
TO$BFR
TOSCSR
TRAP4

TREAD

TUBAUD
TUBOOT
USERSP
VECSET
XBUF$1
XBUF$2
XC.BRK
XC.IEN
XC.MNT
XC.PBE
XC.RDY
XCSR$1
XCSR$2
XTRBYT

48-105+%
48-107%
13-25%
13-24¢
48-118%
5~26+#
41-21
55=4%
51-21
45-4#
54-11
48-122%
49-30%#
36=-18
9=34%
48-126#%
48-694#
48-68%
48=T71#
48=70#
13-5%
56=5
9-18%#
49-8y
13=20#
26-46
6=84#
6=12%
T=43%
7-8%
T=304%
T=-36%
T=3%
6=-7%
6=-11%
48=-121#

14=-27%
14-28%

37-23
41-32¢

53=15%

S54-144#
53=25

36-29¢
37=50

62-38
52-13
62=23%
49=26%
22-11
60-24%
49-26
52-12¢%
32-20%
27-34%
39=22%
48=71
52-20

44-26
9-14
24-39
24=32%
48-70
53=-50

MACRO V04.00

21-37%
21=-36%

52=-25

52-14
49-78x%

32-25
51=-22

27=12%
27=11¥

62-36

62=21
54-18%

44-25

28=44%

32-39
35=16%

44-20

29=37%

35-11%
35=53

39-20
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CROSS REFEKENCE TABLE (CREF V04.00 )

ABORT 11-15¢ 49-42 49=51 49-58 49-92 51=23
61-27 61-37
DELAY 12-23» 49=76
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52-29

52-37

53-24

53=-36

54-8

54-12

57=36

57-114






APPENDIX E
SBC-11/21 SCHEMATICS

Appendix E provides the user with the electrical schematics for the SBC-11/21 module.
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KXT! CTMER H
KXT1 TREAD H
KXT1 PI H

BCLR L

ns

¥

KXT3 RRPLY

E37

BHALT L <@P1L>
5, ]q r[::>§

nie M3

+3VR

BEVNT L BRD>
1l 12 19

-B0COK L<BAD>  yy7y gCLR L

14 s 13

£a1 T —KXT3 DCLO H KXT2 EVNTAK L

cs 8641

~KXT4 PFAIL L
|W
5

7
LS74

32— KXT3 REVNT H
e

TO
]

KXT2 BKAK L

KXT1 BCLR L

NOTE: [F BPOK H IS ALUAYS
ASSERTED THEN FF [S ALHWAYS PRESET.

2 1817y
1He Ls132 8
D
- P | tas KXT3 PUP L
LS74
3 E29 ! 5
C o
= 1%
L Le KXT3 DCLO L
ns9 ne
+BVNCR
+3VA
+3va
18
9 1@
1 —5—-er3 HLTRQ@ H 9
[} o 12 ) [sg—KXT3 BKR@ H
24 +3vA o
LS74 74
€7 |9 LS74%
oPe
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+5VNCR
RS
3.48Ka
REG SEL o
pCaay e ooF
€19 I 18y
RXCX 18 g
BroLTPE— BRPLY L G@F2)>
1nup Pl kxt4 RERD L
ouTHB OTE-KXT‘O WHB L
ouTLe PL2- KXT4 WLB L
"
°Bis
SEL . 915
6 DL kxT4 SELE L
KXT1 RSYNC L —2d srne
BUTBT L—>urer
BbIN L—ZC0paTa IN
BDOUT L —3CpaTA OUT
GAUZY BDAL 88 L —iGbe
CAVZ) BDAL @1 L —2GD1
(BE2) BDAL B2 L —=Cp2
eN0 —Hvee
-KXT2 cses H—en

RESISTOR
NETUORK
1318110-09@
26
v3va —2] 5.0V
-BBs 7 H—2] '3

ZBDAL 15 H—H

-BSYNC H—g] 330a
-BDIN H-——;
-BRPLY H—%

“BoAL 86 H—o] 580n
~BEVNT H_I—B— —
-BSACK H—2 |~

-BDAL 00 H_Ié—
~BHTBT H—12

RESISTOR
NETWORK
1318110-28
23

SSPARE 6 H—é’— *'53'9"
-BINIT H—2
Sl 1 o

@H>_—goAL o4 H—] 2
-BREF H—Z1
-BDNGO H— 6802
-BIAKO H—a] =

-BIRQ 4 H—TT— 17

-BDAL ©1 H"‘l—z_‘

BSPARE | H—&

KXT2 Cs@B L

-BDAL 03
-BDAL B2
-BDAL @1

+5VNCR 2 JR3
=
JAt

KXT4 RLB H

-BDAL 07
-BDAL ©86
-BDAL ©5
-BbAL o4
BDMR

rrxxx

+5VNCR

H
H
H

<BDAL 88 H—
BIRG 4 L ——2QHENB

% BIT
TRANS
CEIVER
DCoB5
E43

034

+5

CR

-1
2Ka

N |

TDAL B3 H

[N/qu(

17

TDAL 82 H

OUTp1
0o

TDAL @1 H

MATCH H
BU3
BU2
BU1
BU®

11

TDARL 99 H

19

:g Jvs
‘;4JV2
= Jvi

£ [

XMIT

REC

4 BIT
TRANS
CEIVER
DCeos
E47

KXT4 IRQ4 H

+8VCR
h

t 22
2Ka

10

D3
IN/

sl

TDAL 87 H

12

TDAL 96 H

UUTDI<L

18

TDAL 85 H

08 d

MATCH H

BU3

BU2

BU1

T3 8U®
—=QnENB

TDAL @4 H

Jazs
S
JAl

Jv3
Jve
= Jvi

12

RESISTOR
NETWORK
1318110-00
25
-BDAL 1% H‘—g +5.0v
+3VB-—-|.—' 13
(BP1) BSPARE & h—rH —
CBP2> -BDAL 18 H—p1  f
(BLZ) -BDAL 87 H—2>
(BRZY -BDAL 11 H—%
{BT2Y -BDAL 13 —g €800
(BS2) -BDAL 12 H—2f =
<BJ2) -BDAL 85 H— 1 1~
Brz) -BDAL 88 H—
<BN2) -BDAL B89 H—
RESISTOR
NETWORK
1318110-20
24
{BF1)> SSPARE 7 H—% +5.0V
{BFZy -BDAL 83 H—3] '3
{BEZp -BDAL 82 H—
QeBLY BSpARE 2 H—2]  f 220
BPOK H—>
(REZY -BDOUT H—2
GBL1Y SSPARE 4 H—of 680s
(BD1Y SSPARE 5 H—31 =
{aci> -BoAL 16 H—H 1~
BDCOK H—E‘
<AD1Y -BDAL 17 H—=
KXT4 €SQB H
KXT2 DHG H £ 4 —eLso\E
KXT3 RSYNC H 5| e5e
e/
13
-KXT1 18K H f’;lsa]‘
-KXT1 BCLR H

KXT1

KXT4 RHLB H

TIAKO H

T

KXT4 XHB H

KXT4 READ L

XMIT
REC

KXT4 RLB H KXT2 DRRPLY H

KXT3 RSYNC H
-KXT2 Cs@B H

34 4

KXT4 RDMR H

KXT4 CSQ@B H
KXT1 TREAD H

2
H74Lsient2
3] e16

KXT4 READ H

KXTZ DNG H —2

+5VNCR > JA3
B
JAI

KXT4 XHB H
KXT4 RHLB H

-BDAL 15
-BDAL 14
-BDAL 13
-BDAL 12
-BPOK

rTrxxITx
l?’

+5VNCR

-BDAL 11
-BDAL 190
-BDAL 89
-BDAL 88
{BN1> BSACK

H—g18uU3
H——-Bu2

H—YBu1
n—12]
L 22gnens

4 gIT | *3
TRANS
CEIVER
PYLT)
E52

>

3

CR

22
2Ka

03d
IN‘pa g

N o

TDAL 11 H

OUTp 1 SHZ

TDAL 18 H

oo HHE

TDAL @3 H

TDAL @8 H

MATCH H

11

121810

19

15ovs
l.;'JVZ
=Jvi

XMIT

£ |

REC

4 BIT
TRANS
CEIVER
pcees
ES1

7

KXT4 RSACK H

+5VCR

22
2Ka

03
IN/ 5o

TDAL 153

ouT 5y oHZ

TOAL 14

—T-N[on

TDAL 13

pe<DHE

b e i g

TDAL 12

MATCH H

BU3

BU2

ro (= (W0

BU!

BUB
MENB

O

JA3
JAaz2
JAal

0

Jv3
Jva
Jvi

Tl

XMIT

+ |0

REC

—— KXT4% RHLB H

KXT4 PFAIL H
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NOTE:

M7 IS WRAPPED TO 1 NORMALLY, new nse n3i
IF BATTERY BACKUP IS DESIRED
FOR E44 AND ES4 THEN URAP h7 Q {? 2K X 8
TO MI6 AND IS, s n3e STATIC
zRu?gP KXT4 READ H
n3y +5VCR +5VNCR *BYeR €53 nsz
n43 N39 M7 NB1NEON4E  N3BN47  N4i n4z n33n63n35n62M48 N32 Yy nss it R nue s
22 ne <D= TDAL 98 H <> 2k X 8
0 <> ¢ <P <> 0 KXT1 ADIl H O Q 22 KXT1 AD13 H 21 o n <8 roal @9 W cTaric
2Ke 470a e n2 <P TDAL 19 H RAN
E] 2 8 M3 Pr—=-TDAL 1! H
KXT2 CSKTA L KxT2 CSKTB L nt Lt roal iz W eoiep
GND KXT! ap12 H 1 €38
+BVNCR — +BVNCR +BVNCR +BYNCR M5 <5 ToAL 13 H
M6 <Pr——>-TDAL 14 H ne 2 TtoaL o8 H
KXT1 ADO8 H —| KXT1 AD@S H— n7 O—=ToAL 15 H m L rpaL o1 H
KXT1 AD®7 H — KXT1 ADBYS H KXT1 ADO7 H — KXT1 ADO9 H 8 M2 @P—'—" TOAL 82 H
KXT1 AD®6 H KXT1 AD1@ H KXT1 ADBE H KXT1 AD18@ H KXT1 ADBI H 7] R@ 13 D2 rpaL @3 H
KXT1 AD®S H KXT1 ADBS H KXT1 AD@2 H 519! mt DLt TpaL B4 H
KXT1 AD@Y4 H KXT1 ADOY H KXT1 AD@3 H 5] °2 ns -2~ TpaL 85 H
KXT1 ADB3 H —| KXT! ADB3 H—| KXT1 ADBY H 5193 ne D2~ TpAL 86 H
KXT1 D@2 H— KXT1 AD@2 H KXT| ADOS H 3] R n7 -2 toaL @7 H
KXT1 AD@! H— TDAL 15 H KXT! AD@! H— TDAL 15 H KXT! AD@E H 2 1°%
TDAL 08 H TDAL 14 H TDAL @8 H TOAL 14 H KXT1 ADB7 H 1 R8 KXT1 ADB1 H P
TOAL 89 H TOAL 13 H TOAL @9 H = T3 TDAL 13 H KXT1 AD@8 H FER A KXT1 AD@2 H Z a1
TOAL 18 H TDAL 12 H TDAL 18 H— otre TDAL 12 H KXTE ADBY H 22 |78 KXT1 AD@3 H S a2
GND TDAL 11 H BND o TOAL 11 H KXT1 AD1@ H 19 199 KXT1 ADBY H 2 a3
KXT1 ADI11 H n10 KXT1 ADBS H CH A
3
o cors e o LB e G b——at
KXT! ADB8 H a7
KxT2 CsrRan L—— Q¢ seL] KXT1 AD@S 1 23 17ng
KXT1 AD18 H ?s A9
KXT1 AD11 H CRN]
1 8 2L LreN
+BYNCR Y ) +BVNCR KXT4% WLB L WRE
2ly 28 ol2Z KXT4 READ L—-——fgC ENO
KXT{ ADBS H KXTI ADBS H Jo Jin s __I‘_C[C SELD
KXT1 ADBZ H KXT1 ADBY H KXT1 apez H ol o KXT1 aDBS H KXT n
KXTt ADO6 H KXT1 AD1O H KXT1 ADOG H ﬂ"SUCK° 35 KXT! ADI® H 2 CsRAn L
KXT1 AD®S H KXT! ADOB5 H o =
KXT1 ADRY H ° KXT1 ADe: H 7lo xev§lz
KXT1 AD@3 H ° KXT! AD@3 H € ks
KXT1 ADB2 H-—Z of22 KXT1 ADD2 H o o
KxT1 aper H— 2o op3 TDAL 87 H KXT1 apgl H—— 20 oi3 TDAL B7 H
ToAL @8 H— Lo  opd TDAL @6 H TDAL 88 H— 0 oid TDAL 86 H
TDAL 81 H—7 S0 oflZ TDAL 85 H ToAL 81 H—20 o[l TDAL 85 H
ToAL 82 H—T,-'t__"',j TDAL B4 H ToAL 82 H——120 o[l TDAL 8% H
GND o o TOAL 83 H GND oo TDAL 83 H
nis
802>
+1ay
ci3 c4
nie  m TR OCWPUFAR LO4ZUF
25v l L-1-1%
*me—3
+5VCR
__L ca3 cal cis _J_ cis | cae
+5.8v 047 X-L4V) < 47UF. B4Z7UFR~ .B47UF|
T 50V 50V 25v 50v 50V
&rz) Ba2> BV
+5VNCR
__I_cs-s _I_caa I cs _I_ c17 ci4 l cme_| ¢ 33 ca4 c2 I cve c38 _[c7 c2 cie ce7 c29 _J_czz cmFJ_ czsl c39 GND TTL
\BHZUFAR. B4 7UF S B47UF A< . 047 JHZUFAR . 847 47U J047AS LHZUFR .@U7URR LB47UFRB7UF A J47UBER L47UFAS L47UFAR L 047 HPUFAS LB47URS L47UF 047 @47UFRR47UFT= 847 LUF A= . 47UF
Tsov T sev Ts T Sev T sev | 25v T sev | Sev Sov ov 25V T asv | v T 25y T Sov 35v T Sov 25v T Sev 5avT sev | asv
&ND
_I_cm 1C|Z &Gﬂ) l@ G%} ‘m) BC2 ‘m} G GID
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2
REF E38 PIN |

2
:_] GND

KXTS XDAT2P L

GND

RDAT2N H

+
9637
71 E30

+12F

M7 n2e nay
PLART ¢ DLART M2g M27 His n23
pC319 THALT H DC319
XESS GND XES9 Q {} (} <}—TEVNT H
KXT4 READ L —SQRD toaLe 1 P TOAL @0 H KXT4 READ L-—'z-dRD (0ALE T D TDAL 88 H
KXT2 CSDL8 L —S(ENO [ LIRB R TDAL 81 H KXT2 CsSpLt L—=(ENC toaLt 14 < TDAL @1 H
KXT4 WLB L URCLBI [DAL2] TOAL 82 H KxT4 uLe L —2QuRILB] (DAL2) D2 TDAL @2 H
21 toAL31 < TDAL 83 H 21 tpAL31 4 8 TDAL B3 H
ENDz_' Se [DALY] TDAL B84 H BND—ZZ—" Se toaL1 g g TDAL B4 H
KXT% AD®I H"—L St C(DALS] TDAL B5 H KXT1 ADO!1 H? S [DAL5] 10 TDAL B5 H
KXT! ApB2 H-B3s2 toALe 3 < TDAL 26 H KXT1 ADB2 H -2 sz [DALE I i TDAL 86 H
o4 toAL? 1 < TPAL 87 H 24 [DAL7 = TDAL 87 H
KXT1 BCLR H—S3—CLR tpAL8 1 TDAL @8 H KXT1 BCLR H-S-CLR 10AL8 1 Do TDAL @8 H
KXT2 DLCLK H—2HcLK DALY 1 TDAL 89 H KXT2 DLCLK H—2E—CLK DALY ] Pr—-2 TDAL @9 H
o7 LREER TDAL 10 H 27 tpaL1el B TDAL 10 H
KXT6 ROATI H—SCts11 coaLt 11 TOAL 11 H KXT6 ROAT2 H-ECrSII  CoALI1I<DI2 TOAL 11 H
28 toaL121<Y TDAL 12 H 28 toaL121<4 5 TDAL 12 H
C[PBRI][DQLI?]Q TOAL 13 H c[PBR!J[DﬁLl?JQ 8 TDAL 13 H
3 [DRLI"]¢ TOAL 14 H 34 (DAL I%] g TDAL 14 H
37CBst toAL1 %I <y TOAL 15 H 37Csnsa tpAL1531 ] TDAL 15 H
38C BRS1 38CBRSI o5
dBRS2 [RTICLKSOR Pre By CBRS2 [RTICLKBBO[-2-
29 [ RT ICLK5@ hi 29 [RT ICLK5® 22
KXT3 DCLO H—=>-TEST [RTICLKG® s KXT3 DCLO H->2ATEST [RTICLKE®
9636 E42 -12v 26
RCVIIRQ1 RDL1 H RCVLIRQI [5RDLZ H
XMITLIRQ] XDL1 H XMITLIRQIM—=—XDLZ H
501 2 9838 KXT6 XDATIP L rso 22 3| 9636
[BRKIRQ] . tBRKIRAT 32
[BRCLK3 [ BRCLK1]
REF E38 PIN | H
J1 2
1 n' D-‘a L—ﬂ [
3 4
KXT6 XDATIP L—:"D (=g GND N KXTE XDAT2P L 3 0
GND a ROATIN H 9637 ™3 _kxTe RDATI H GND — 210
z 8 5| €30
RDATIN H o o B woatan H—Zlo 8
(910 oM@ 4ipr L3y olte
RS
12Ka
~1av
+5YNCR
! nHeeze  E1l_ S +1av F1
Loz S~0— +12F
b3 470a
4 €3
13 Erifad o
DEBY
KKTZ DLCLK H 74Ls@R\ 11 1 P N I ~
12| E49 Ef1 I D5
IN749A
4.3V5%
14
L2 GND
741508)3 4
1| E24

-12v

R7
12Ka

2

KXT6 RDAT2 H
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TDAL
TDAL
TDAL
TDAL
TDAL
TDAL
TDAL
ToAL

ez
es
(-]
24
83
ez
21

[}

KXT1 AD@!

~-KXT4 SELE6 H 3

KXT4 READ H

°
XT4 HLB

XT1 ADB2

KXT1 BCLR

KXT2 CSPL

NOTE: CONNECT TO PCSB

PROG
PRF 7 INF
8255
E6O
Paz GIEZ—kxT7
PAB DIEC—KXT?
Pasd o KXT7
PAY D= KXTZ
PA3PI;— KXTZ
PR2DI—KXT7
PRI Qr—KXTZ
PABD— KXT7
PB?@%KXT?
Pes<1>—3-|<xr7
P95<1>—2-Kx1'7
PB»@-‘—-KXT?
PB’¢—2—B—KXT7
PB2QF=— KXT7
Psn(D—l—g—-wa
PBOO——KXT?
pC7 OH2—kxT?
PC6 KXT?
PCS T:;-KXT?
PCYPH——KXT7
PC3 >—1—6—er7
PC2Po—KXT7
PCI PHa—KXT7
PCoQ——KXT7
H—2L407
H—E§”®5
H—SHD5
30
H =119 pata
H—25 P3
H P2
33
H—2 fod}
H—=— e
9
—at
—8lap PORT
2GR
L -=2Qur
H—221RESET
L —2gseL
nsa
IN MODE 2.

PAZ
PAG
PAS
PAY
PA3
PR2
PRI

PRO

PB7
PB6
PB%S
PB4
PB3
PB2
PB1
PBO

PC?7
PC6
PC5
PC4
PC3
o4
PC1
pCo

IIIIIIIXI

XIXITITIIX XIIIIIII

n4s ocTAL
<> BUS
TRNVER
7415245
£50
1
5 g7 Hl—kxT?
PBJ3 H -T4
s 86 HE— kxT7
PBJY H a6
5 85 H2—kxT7
PBJ2 H as
. B4 Ht kxT7
PBJ5 H At
5 83H2— kxT7
PBJ1 H a3
. gal8—«x17
PBJE H a2
5 Bt HC— kxT7
PBJ7 H a1
5 soH-E— kxT7
PBJB H A
LHo1R
enD —2d eN

OCcTAL
BUS
TRNVER
74LS245
62
11
s B7 KKTZ
paJ? H—a7
g B6 "_Z—KXT7
pAJe H— s
, BsH3—kxt7
PAJE H—Zn5
o B4 Ht— kw17
PAJI H——AY
15
B3|———KXT?
PAJS H—2HA3
16
g2 He—kxr7
PaJ2 H—Ha2
3 g1 Hl—kxT?
PAJY H——A!1
2 BO J—8""KK1'7
PAJ3 H—2no
—HoIR
6ND —CJ EN

PB3

PBY

P2

PBS

PB1

PB6

PB7

PB®

PA7

PAO

PAB

PAt

PR2

PaY

PA3

KXT2 PARK L

KXT1 B2CLR L —

KXT2 PBAK L

MBS N53N58M54 nsi

PCJ2 H
PCUS H
PCJZ H
PCJU3 H
H
H

X T r r T I

puaL  KXT? chz H? <> ? ?
auaDb KXT? PC6 H
BUFFER s lRe!eBn KXT7 PC4 H 6ND
74LS244
ES1
2 aor P2 KXT7 PCJ1 H
KXT? PC1 H no
4 AalY 16
PCJY H a1
o pay H
PCJE H a2
s a3y HE KXT7 PCJ8 H
KXT?7 PCO H a3
—Lden
" gor |2 KXTZ PCJ3 H
KXT? PC3 H 80 1'? +5VNCR
7 [
'3 BIY KXT7 PCJ7 H D7
KXT? PC7 H B1 I
5 Bar 2 KXT7 PCJS H
KXT? PC5 H B2
. B3T |2
KXT7 PCJ2 H 83 3
190N o off
-_l_— KXT7 PCJl H 3la 4 KXT?
PCJ4 H 5{a ofb KXT?
PCJ6 H Z1o 8 KXT7
KXT? PCJB H 2 12 1 kx17
pBJ7 H——! o2 1 pgus
PBJS H——3a 13 1 pgui
150 olie
peUs H—+—1a o8 1 pgu2
PEJY H——2 20 1 pgy3
Pay3 H——2o 22 1 pagy
PAJ2 H 23 D—Q—-—-Pnﬁ
+3vA PAJI H——22 o128 1 page
PAJ@ H 2210 o 28 PARJ7
v 29|, |30
A T2 KkxT7 PARGST H
+3VA D o
74 1 1
LS7y4 — —
5 | E17 ]
T oPs
1
+3vA NOTE:
READING THE 8255A-5 CONTROL REGISTER
12 WILL RESULT IN THE TRANSFER OF THE
s ERRONEOUS DATA. ANY READ OR WRITE OF
+ava 12 1 [5g " KXT7 PBRAST H THE HIGH BYTE WILL RESULT IN AN ERRONEOUS
DATA TRANSFER I[.E. ALL ONES.
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APPENDIX F
GLOSSARY

ADO1-AD15 - A 15-bit on-board address bus used to address memory and peripheral devices. Gener-
ated by two 8-bit latches that are loaded from the TDAL bus. See also BBS7.

AIO-AI7 - Input lines used by the microprocessor for interrupts and DMA requests.

ASPI - Microprocessor transaction that allows the microprocessor to recognize and accept pending in-
terrupts or DMA requests.

Autobaud - Self-adjusting baud rates for SLU1 only. Implemented by firmware in the optional Macro-
ODT ROM.

BBS7 - LSI-11 bus signal indicating that the device addressed is in the I/O page.
BDAL 0-15 - Multiplexed data and address lines of the LSI-11 bus connected through the backplane.

BDCOK - LSI-11 bus signal that goes high 3 ms after dc power is applied and goes low 4 ms after ac
power is removed.

BDIN - LSI-11 bus data input strobe.

BDMGI - LSI-11 bus signal from the BDMGO bus pin. It enters each module on the BDMGI pin and
exits on the BDMGO pin. It represents the bus grant for a DMA transaction.

BDMGO - See BDMGI.

BDMR - DMA request signal from the LSI-11 bus.

BDOUT - LSI-11 bus data output strobe.

BEVNT - LSI-11 bus signal used to generate REVNT. Can be used to initiate an interrupt.
BHALT - LSI-11 bus halt signal used for a priority 7 interrupt that vectors through location 140.
BINIT - LSI-11 bus signal used to initialize all the devices on the bus.

BIRQ4 - LSI-11 bus, level 4 priority interrupt request that is used to initiate the internal IRQ4 signal.
BKRQ - Internal control signal initiated by BHALT or BREAK detect from terminal.

BPOK - LSI-11 bus signal that goes high 70 ms after BDCOK and goes low when ac power is lost.
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BREAK - Initiated by pressing the BREAK key. Causes the transmission line to the SLU to be forced
to the space state (logical zero). This condition is sensed by SLU1 and causes the SBC-11/21 to gener-
ate BKRQ that can be used for interrupts.

BRPLY - Slave’s acknowledge of an LSI-11 bus cycle.

BSACK - Acknowledges receipt of a DMA grant signal.

BSYNC - LSI-11 bus cycle control signal.

BWTBT - LSI-11 bus write byte control signal.

CAS - An output from the microprocessor that acts as data strobe. Used for the read/write, DMA, and
ASPI transactions.

Condition codes — The least significant four bits of the processor status word that monitor the results of
the last instruction executed.

Configuration — Allows the user to select optional features of the module by inserting jumper wires.

Control and status register (CSR) - Internal register in an I/O interface that allows the program to
control and monitor the operation of that interface.

Control word — The data contained in the control register of the parallel 1/O chip that determines the
configuration of the parallel I/O interface.

COUT - An output from the microprocessor clock that is asserted once during each microcycle.
CSKTA - The RAM/ROM socket set A chip select strobe.

CSKTB - The RAM/ROM socket set B chip select strobe.

CTMER - Time-out interrupt that has the same effect as HALT.

Cycle slip — This condition exists when the READY input is pulsed while RAS is asserted. It causes the
microprocessor to be idle, and no transactions occur.

DATI - LSI-11 bus transaction that transfers sixteen bits of data from the slave to the master.

DATO - LSI-11 bus transaction that transfers sixteen bits of data from the master to the slave.
DATO(B) - LSI-11 bus transaction that transfers eight bits of data from the master to the slave.
DMA - Direct memory access for transferring blocks of data without program intervention.

DMA transaction — A microprocessor transaction during which the microprocessor gives up bus master-
ship to another device for direct transfer of memory data.

EIA RS-232C - Electronics Industries Association serial line interface standard.

EIA RS-423 - Electronics Industries Association serial line interface standard.



Fetch/read — Microprocessor transaction that transfers data from memory or 1/O into the micro-
processor. The data may be an instruction (fetch) or an operand (read).

Firmware — The programs that reside in the PROM or ROM hardware.
FPLA - Field programmable logic array. Used to decode memory addresses.

HALT - The highest priority interrupt. Causes the microprocessor to go to the restart address and loads
the PSW with 340.

Handshaking protocol — The series of events used to establish data transfers.

IAK - Microprocessor transaction to acknowledge an interrupt and secure a vector from an on-board
location or from the LSI-11 bus.

Interrupts — Interruption of the normal program execution to service an external request.
Interrupt protocol — Signal sequence required to initiate and service interrupts.

Interrupt vector — The location in which the address of the interrupt service routine is stored.
IRQ4 - See BIRQ4

KXT11-A2 - See Macro-ODT.

LSI-11 bus — An asynchronous bus that provides interconnections for LSI-11 type modules.
Macro-ODT - The KXT11-A2 optional firmware for the SBC-11/21.

Maskable — A priority level that can be inhibited by loading the PSW with a higher priority code.

Memory mapping — Creating regions of memory via jumper configurations to determine the on-board
portions and the LSI-11 bus portions of memory.

Microcycle — The time necessary to execute one microinstruction. A transaction may use three or four
microcycles.

Mode register — An internal microprocessor register used to define the start and restart addresses.
Nibble — The upper or lower half of a byte that consists of four bits.

Nonmaskable — A priority level that is higher than the level selectable by the PSW.

NOP - A transaction that produces no useful output. It is used to introduce a delay or wait period.
Parallel 1/0O - Parallel data interface.

Parallel 1/0 handshaking — Control signals used to establish parallel data transfers.

PARQST - Parallel I/O port A interrupt request.

PBRQST - Parallel 1/0 port B interrupt request.
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PI (priority in) — A microprocessor output signal used to strobe interrupt and DMA requests into the
MiCroprocessor.

Power fail (PFAIL) - A nonmaskable interrupt caused by a power failure that causes the micro-
processor to vector through location 24 to the power fail routine.

Priority — Bits 5-7 of the PSW. Used to define the priority level of the microprocessor.
PSW register — A microprocessor register that contains the processor status word (PSW).

PUP - An input to the microprocessor that controls the power-up sequence. When it is switched from
high to low, the microprocessor power-up sequence is initiated.

RAM - Random access memory defined as read/write memory.

RAS - Microprocessor output used as an address strobe in read/write, IAK, and DMA transactions.

RCSR - Serial line receiver control status register.

RDBR - Serial line receiver data buffer register.

RDLI1 - Serial line receiver number 1 interrupt signal.

RDL2 - Serial line receiver number 2 interrupt signal.

READY - Input to the microprocessor that causes cycle slips when pulsed.

Restart address — Jumper-selectable address that the microprocessor jumps to when executing a HALT
interrupt.

REVNT - See BEVNT.
ROM - Read only memory that cannot be written into. '

R/—WHB - A microprocessor output that is low for high byte write transactions and high for read
transactions.

R/—WLB - A microprocessor output that is low for low byte write transactions and high for read
transactions.

RTI - Return from interrupt instruction.
SELO/SEL1 - Microproéessor outputs used to define the transaction being performed.

Serial I/O - Asynchronous serial line units for the transfer of serial data. SLU1 and SLU?2 are two such
units used in the SBC-11/21.

Slew rate resistor — A resistor installed on the module that is compatible with the baud rate selected.

Split speed — A process that sends data at one baud rate and receives data at a different baud rate.
SBC-11/21 does not support split speed operation.

Spurious halts — Halt conditions that are not programmed or introduced from an error condition.



Stack pointer — The register that contains the address of the last word stored on the stack.

Start address — A jumper-selectable address that the microprocessor goes to during power-up.
TCSR - Serial line transmitter control status register.

TDAL 0-15 - Internal on-board bus used for multiplexed data and address lines. See BDAL 0-15.
TDBR - Serial line transmitter data buffer register.

Trace bit — Bit 4 of the PSW that causes a trap to location 14.

Transaction — A sequence of microcycles used to complete a designated microprocessor function such
as read, write, ASPI, or JAK.

Tri-state — A high impedance condition of the bus lines.

Vector address — Memory location the microprocessor accesses for the address of the interrupt service
routine during an interrupt.

Wait state — A condition during which the microprocessor performs no useful transactions while waiting
for a response or data.

Wake up circuit - Holds BDCOK negated for 70 ms after dc power has been applied.
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SBC-11/21 Single-Board Computer User’s Guide Reader’s Comments
EK-SBC01-UG-001

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 or errors have you found in the manual?

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

Does it satisfy your needs? Why?

O Please send me the current copy of the Technical Documentation Catalog, which contains information on
the remainder of DIGITAL'’s technical documentation.

Name Street

Title City

Company State/Country
Department Zip

Additional copies of this document are available from:

Digital Equipment Corporation

444 Whitney Street

Northboro, MA 01532

Attention: Printing and Circulating Service (NR2/M15)
Customer Services Section

Order No. EK-SBC01-UG-001 . MR
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