U. S. DEPARTMENT OF THE INTERIOR

U. S. GEOLOGICAL SURVEY

DESCRIPTIONS OF SEISMIC ARRAY COMPONENTS:
PART 1. DIGGER, DIGIREC, AND MULTIPLEXER.

Compiled by

W. H. K. Lee
MS 977, 345 Middlefield Road
Menlo Park, CA 94025

Open-File Report 92-430-A
July, 1992

This report is preliminary and has not been reviewed for conformity with U. S. Geological
Survey editorial standards. Any use of trade, firm, or product names is for descriptive

purposes only and does not imply endorsement by the U. S. Government.



INTRODUCT!LON

In the summer of 1990, funding was available to design and implement two portable
seismic arrays for the volcano program. The apprii)ach was based on Lee et al. (1989).
Several contracts were awarded to commercial companies to design and implement various
components needed to build the portable arrays. The purpose of this report to present the
first three components — — DIGGER, DIGIREC, and MULTIPLEXER - - in details as
submitted by the contractors. Source code on PC/DOS/MS DOS diskette for this report
is presented in U. S. Geological Survey Open-File Report 92-430-B.

DIGGER

DIGGER is the prototype of a remote field di%i‘tizer for the USGS Digital Seismic
Telemetry System. The original hardware design and specifications were made by Gray
Jensen of the USGS. Cutler Digital Design of Mountain View was awarded a contract to
implement this prototype. The DIGGER report as submitted by Cutler Digital Design is
reproduced in its entirety in Appendix 1 (p. 4-88). ‘

DIGIREC

DIGIREC is an electronic circuit board by Cutler Digital Design of Mountain View,
California to receive serial data from up to 16 different field digitizer. The original speci-
fications were due to Gray Jensen and Willie Lee. The DIGIREC report as submitted by
Cutler Digital Design is reproduced in its entirety in Appendix 2 (p. 89-259).

MULTIPLEXE

MULTIPLEXER is an electronic circuit board by Dean Tottingham of Palo Alto, Cali-
fornia to multiplex 64 channels of analog seismic sign’jals for input to a 16-bit A/D board
made by Data Translation, Inc. of Marlboro, Mmsa&bsetts. The design used an approach
originally developed by Ellis (1989). The MULTIPLtXER report as submitted by Dean
Tottingham is reproduced in its entirety in Appendix 3 (p. 260-276).
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APPENDIX 1.
DIGGER

A Remote Field Digitizer
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DIGGER - Field Digitizer

Introduction

The DIGGER field digitizer was designed to gather data in a remote site,
transform the data to a digital format, and transmit the data in a serial
format. This circuit was envisioned as one of the necessary parts in the
transformation of an existing analog seismic data acquisition system, to a
digital seismic data acquisition system.

The requirements for such a device are : 1) modest power consumption,
2) high digitizer resolution, 3) high quality signal conditioning,

4) multichannel capability, 5) retained programmability,

6) resynchronization capability, and 7) serial output with modulation.

Description

DIGGER software operation has two modes. In normal mode, it digitizes
and transmits data. In command mode, it allows the user to reprogram its
parameters.

Normally, DIGGER samples the appropriate channels (as specified by the
parameters) once each sample period. It then transmits the digitized data
over an RS-232 serial output line. Occasionally, it will halt data collection

and both resynchronize the output modulator and recalibrate the A/D

converter. Once each sample period, it checks to see if it has received a

serial input string that matches the password..if so, it transfers out of
normal mode into command mode.

In command mode, DIGGER accepts commands over the serial input line,
changing or reporting on parameter values. DIGGER will automatically
revert out of command mode and into normal mode if a certain amount of

time without serial activity has passed.

The hardware of DIGGER is composed of 4 separate circuit boards: 1) a
processor board, a digitizer board, an analog input board, and a modulator
board.

The analog input board accommodates 3 channels of analog data. The

amplifiers are set to look at the range of +/- 4.5 millivolts. The analog

signals are filtered with a 7 pole Bessel low pass filter.

The digitizer board can handle up to eight inputs. Currently it is
constrained to 6 analog signals (from off the board), and a signal that is
proportional to the power supply voltage (that is on the board). The

multiplexer and digitizer are both controlled by the processor board and
can digitize on the order of one sample per millisecond. The resolution of
the digitizer is 16 bits. This board also generates from a 12 volt battery

the appropriate voltages at adequate current for supplying two of the
analog boards
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DIGGER - Field Digitizer

The controller board is a complete computer system with a UART, RAM,
EPROM, EEROM,, a clock, and input/output control lines. The program
that makes the DIGGER work is located in the EPROM on this board.
The crystal oscillator that drives the UART and the realtime clock is
accurate enough for proper operation, and loose enough so that the timing
of separate DIGGERs will drift with respect to one another. There are
three base clock rates (selected by a hardware jumper) for the realtime
clock, 1200 HZ, 600 HZ and 300 HZ. Higher clock rates increase the
power consumption, but give better resolution for unusual sample
frequencies. There are six available baud rates (selected by a hardware
jumper): 300, 600, 1200, 2400, 4800, and 9600. The actual sample rate is
limited by the baud rate and the realtime clock rate, but is set by the
software using parameter setting. Choice of which channels are digitized
is also made by the software using paramc#ter setting.

The modulator board uses a fax modulation integrated circuit to encode
9600 baud asynchronous transmissions. To insure proper operation it
must be instructed periodically to send a trammg sequence, in the place of
data.

The system is designed to run of a single 12 volt battery.
Development Environment

The Manx C compiler and assembler were usr:d to develop the firmware.
Assembly language source code is in the files: LMACROS.H, and
DIGGER.ASM.

C-language source code is in the files: \MANXC\HEADER\STDIO.H,
DIGGER.C, and STKSIZ.C. The C language code is linked with the
DIGGERA.O (the assembly language source), and the two libraries, m.lib
and c.lib. (Note: in linking it is important to ﬁmk the m.lib before the c.lib.)

The code was compxled and linked usmg the small code and small data model.
The ".EXE" file is converted to a ".HEX" file by the Manx program HEX86.
This file is suitable for loading EPROM programmers.

To facilitate the development process a program called MAKE developed by
Borland International was used. The "makefile" that specifies the different
steps (with program options) in compiling the software is included in the
appendices.

|
|
i
|
|
|
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DIGGER - Field Digitizer

User Manual

When the DIGGER is first started it recalibrates the digitizer, resets the
modulator and then sets its parameters. It first tries to set the parameters
according to the non volatile RAM. If there is a problem reading the non
volatile RAM (EEROM)), it sets the parameters to default values. Then the
DIGGER waits for the inactivity timer to expire before going into NORMAL
mode. The inactivity timer is reset anytime that serial characters are
received by the DIGGER.

In command mode there are various commands:
The MENU Command

The MENU command lists the various commands that are allowed in the
COMMAND mode. Here is what is returned if the MENU command is

invoked:
MENU
Commands :
STATUS - T - display current status
SET - S - set various parameter values
SAVE - V - save current parameter values permanently
COLLECT - C - exit command mode
RESET E - reset a/d and vco
RESTORE - R - restore parameter values from non volatile memory
MENU - M - show commands
DEFAULT - D - set all parameters to default values

Commands can be invoked by typing the name of the command and
striking the enter key. Notice in the above listing that there is a unique
letter after each command name. The command can also be invoked by
typing this letter and striking the enter key.
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DIGGER - Field Digitizer

The STATUS Command
The STATUS command displays the values of each parameter:

STATUS
Status:

GOOD non volatile ram L
300 Hardware interrupt frequency in HZ
9600 Hardware baud rate
100.00 Sample Frequency in HZ
60 Minutes of inactivity before TIMEOUT
13 START CHARACTER numeric wvalue
10 STOP CHARACTER numeric value
1439 Minutes until next resync
1440 Minutes between resyncs

3 Channels selected
channel Sample Order

3 sample (1)
4 sample(2)
5 sample (3)

Password is <USGS>

The first indicator explains whether there is a functional non volatile RAM in the
DIGGER. SAVE and RESTORE commands will only work properly if the status of the
non volatile RAM is good.

The value for the hardware interrupt frequency reflects the value of the associated software
parameter. The actual sefting of this parameter is done with a hardware jumper. For
proper operation the software parameter must be set to match the hardware setting.

The value for the hardware baud rate reflects the value of its associated software
parameter. The actual sefting of this parameter is done with a hardware jumper. For
proper operation the software parameter must be set to match the hardware setting.

The frequency parameter indicates how often samples are taken from each data channel.
For example, in the above report we see that 100 samples are taken from each of three
channels. The sample frequency is 100 HZ (even though the aggregate sampling
frequency is 300HZ).

In general, the inactivity timer is specified in minuteés. This is the amount of time that
must elapse with no serial input for the software to revert from command mode to normal
mode. There is one instance when the inactivity period can be specified at 20 seconds.
This happens if parameters are set to default values, In this case, the STATUS command
reports 0 seconds as the inactivity threshold.

When data are transmitted, they are preceded by a % character, and followed by a stop
character. The integer value (between 0 and 255) is also shown in the status.

The automatic resynchronization/recalibration can be set to occur between ten minutes and
one week. Both the period, and the amount of time until it happens next are reported in
the status. 1

The number of channels, and their multiplexer assi ‘nments are shown. It is possible to
digitize the same channel more than once per sample period. The number of channels is
limited by the baud rate, the hardware clock rate, and the sample frequency.

The password that allows the transition from normal mode to command mode is also
shown in the status display

\
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DIGGER - Field Digitizer

The SET Command

The SET command allows the changing of the values for 9 parameters.
The following appears, once the SET command is invoked:

SET

Set Routine:

Indicate Hardware Clock Rate
Indicate Hardware Baud Rate
Set Sample Rate

Set Inactivity Timeout

Set Start Character

€. Set Stop Character

7. Set New Password

8. Set Resync Interval

9. Set Channels

v W

0. Exit the Set Routine
Type the number of your selection:
Specifying "1" allows the changing of the hardware clock parameter. It

should be noted, this does not change the actual hardware interrupt, only
the parameter that is used in software:

Type the number of your selection: 1

Note: To change the actual tick rate a jumper in hardware must be moved
This parameter should be set to match the hardware setting

300 Hardware interrupt frequency in HZ

Type the hardware clock rate (1200,600,300):

The specification may be the full clock rate, or a shortened version.
For example, "12" is good enough to specify "1200". If the value
typed does not match any of the possibilities, the old value of the
parameter is kept.

Specifying "2" allows the changing of the hardware baud rate parameter.
It should be noted, this does not change the actual hardware setting, only
the parameter that is used in software:

Type the number of your selection: 2

Note: To change the actual baud rate a jumper in hardware must be moved
This parameter should be set to match the hardware setting

9600 Hardware baud rate

Type the hardware baud rate (9600,4800,2400,1200,600,300):

The specification may be the full baud rate, or a shortened version.
For example, "9" or "96" is good enough to specify "9600". If the
value typed does not match any of the possibilities, the old value of the
parameter is kept.
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DIGGER - Field Digitizer

Specifying "3" allows the setting of the sample frequency. The actual
frequency set may differ from that entered, since only certain frequencies
are possible. The actual frequency if displayed before returning to the
main SET menu: |

|
Type the number of your selection: 3 \
100.00 Sample Frequency in HZ l

Type the desired sample rate (HZ):

Specifying "4" allows the setting of the inactivity timer:

Type the number of your selection: 4
1 Minutes of inactivity before TIMECUT ‘

Type number of minutes of inactivity before tl'.mlout (1-60) :

Specifying "S" allows the setting of the start character:

Type the number of your selection: 5
13 START CHARACTER numeric value

Type numeric value of the start character (0-255):

Specifying "6" allows the setting of the stdp character:

Type the number of your selection: 6
10 STOP CHARACTER numeric value

Type numeric value of the start character (0-255

N
2

Specifying "7" allows the setting of the palsword:
Type the number of your selection: 7
Password is <USGS> \

Type new password

Cutler Digital Design DIGGER -7
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DIGGER - Field Digitizer

Specifying "8" allows the setting of the number of minutes between
resynchronization/recalibration:

Type the number of your selection: 8

1440 Minutes until next resync
1440 Minutes between resyncs

Type the length (in minutes) of the resync interval.
(There are 1440 minutes in a day)

( 10 - 10080 ) :

Specifying "9" allows the setting of the number of channels to digitize and
the multiplexer assignment of those channels:

Type the number of your selection: 9

3 Channels selected
channel Sample Order

3 sample(1l)
4 sample(2)
[ sample(3)

How many channels? (1-3) :

The SAVE Command

The SAVE command saves the current parameters in the non volatile
RAM. If it is successful, the following message returns:

SAVE
Saving parameters to NVRAM
Write to NVRAM complete

If it is unsuccessful, it will stall for about a minute and then return the
following message:
SAVE

Saving parameters to NVRAM
FAILURE to write to NVRAM

The COLLECT Command

The COLLECT command causes the software to shift immediately from
COMMAND mode to NORMAL mode.

Cutler Digital Design DIGGER - 8
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DIGGER - Field Digitizer

The RESET Command

The RESET command forces the immediate
resynchronization/recalibration for the DIGGER. This process takes
about 3 seconds. i

RESET i

Resetting A/D and VCO |

The RESTORE Command

The RESTORE command causes an attempt at setting the parameters to
the values in the non volatile RAM. If the non volatile RAM is correctly
configured, the following is displayed:

RESTORE
Status:

GOOD non veolatile ram
300 Hardware interrupt frequency in HZ
9600 Hardware baud rate
100.00 Sample Frequency in HZ
60 Minutes of inactivity before TIMEOUT
13 START CHARACTER numeric value 3
10 STOP CHARACTER numeric value |
1439 Minutes until next resync ‘

1440 Minutes between resyncs

3 Channels selected
channel sSample Order

3 sample (1)
4 sample (2)
5 sample (3)

Password is <USGS>

If there is a problem reading the non volatile RAM, the following is
displayed: !

RESTORE !
Could not restore from NV ram
|

The DEFAULT Command
The DEFAULT command sets the parame*ers to their default values:

\
DEFAULT
Default values set

I
1
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Appendix A - Schematics

Analog Board Schematic
Multiplexer and Digitizer Board Schematic
Processor Board Schematic
Modulator Board Schematic
Backplane Board Schematic

-13 -
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Appendix B - MAKEFILE
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MAKEFILE

digger.hex: digger.exe
hex86 digger.exe -832

digger.exe: digger.o diggera.o stksiz.o
ln -o digger.exe -f digger.f -c £800 -d 0000 -1lm -lc -t -v

digger.o: digger.c
cc digger.c +U

diggera.o: digger.asm
as digger.asm -o diggera.o -1

stkeiz.o: stkseiz.c
cc stkseiz.c

- 20 -
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Appendix C - Assembler Source Code

DIGGER.ASM
ILMACROS.H
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DIGGER.ASM

DIGGER.ASM {R. CUTLER, 06/20/91)

Copyright (C) 1991 by Cutler Digital Design

-~ e

;***i***i*i*titiiiiiti*i****it****i**i*i*iiiii****i*r**#*i***

jrw INCLUDES |
:****i**************i***ﬁﬁ*ﬁtﬁﬁ**ﬁ**i*ﬁ*ﬁﬁﬁﬁﬁﬁfﬁﬁiﬁiﬁ****ﬁ***

include lmacros.h |
|

2222 Y
ASSEMBLER FLAGS

e me wme

; NONMI EQU 1 |

;¥*% CONSTANTS shkdkdhkhkh kv rhhh ke hr ek bk kb o r o h e hww
[

ZERO EQU DOH
BITO EQU 1H

BITL EQU 2H ‘
BIT2 EQU 4H

BIT3 EQU 8H

BIT4 EQU 10H

BITS EQU 20H

BITS6 EQU 40H

BIT7 EQU 80H

XON EQU 17

XOFF EQU 19 ‘
STARTBYTE EQU 13

OFF EQU 0
ON EQU 1

MINUSONE EQU FFFFH

ROM EQU OFBOOH ;*** Beginning of ROM (paragraph)
RAM EQU 00H ;*** Beginning of RAM (paragraph)
;*** BOOT address = F800:7FF0H

; 10 ADDRESS SPACE '

UART EQU 00H
PIA EQU 40H

SLEEPAD EQU  80H
CLRNMI EQU  0COH

; ADDRESS

PARBASE EQU  040H

SERBASE EQU 000H

SLEEPFLOP EQU 080H

PARAA EQU  PARBASE

PARBE EQU  PARBASE+l !
PARC EQU PARBASE+2

PARCON EQU  PARBASE+3

SERCON EQU SERBASE+1

SERDAT EQU  SERBASE

- 922 -
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DIGGER.ASM

; OUTPUT 76543210 TO PARALLEL CONTROL BYTE

; 1 SET PARALLEL MODE

H 0 BIT CHANGE FOR PORT C

i 00 PORT A AND UPPER C MODE ZERO (BASIC I/0)
; 0l PORT A AND UPPER C MODE ONE (STROBED I/0O)
H 10 PORT A AND UPPER C MODE TWO (BIDIR I/O)
; 11 PORT A AND UPPER C MODE TWO (BIDIR 1/0)
; 1 PORT A - INPUT

F 0 PORT A - OUTPUT

; 1 PORT C(UPPER) - INPUT

H 0 PORT C(UPPER) - OUTPUT

H 0 PORT B AND LOWER C MODE ZERO (BASIC I/O)
; 1 PORT B AND LOWER C MODE ONE (STROBED I/O)
H 1 PORT B - INPUT

H 0 PORT B - OUTPUT

H 1 PORT C(LOWER) - INPUT

; 0 PORT C(LOWER) - OUTPUT

SETPARMODE EQU BIT7

BITWIDC EQU ZERO

ABASIC EQU ZERO

ASTROBE EQU BITS

ABIDIR EQU BITé

AINPUT EQU BIT4

AOUTPUT EQU ZERO

CUPIN EQU BIT3

CUPOUT EQU ZERO

BBASIC EQU ZERO

BSTROBE EQU BIT2

BINPUT EQU BIT1

BOUTPUT EQU ZERO

CDOWNIN EQU BITO

CDOWNOUT EQU ZERO

; A/D AND MUX CONSTANTS

RESET EQU 0
NORESET EQU 128
SCLOCK EQU 0
NOSCLOCK EQU 64
ADSLEEP EQU 0
NOADSLEEP EQU 32
HOLD EQU 16
NOHOLD EQU 0
ENABLEMUX EQU 8
DISABLEMUX EQU 0

CHAN7 EQU 7

CHAN6 EQU 6

CHANS EQU 5

CHAN4 EQU 4

CHAN3 EQU 3

CHAN2 EQU 2

CHAN1 EQU 1

CHANO EQU 0

RESETBIT EQU 80H
8CLOCKBIT EQU 40H
ADSLEEPBIT EQU 20H

HOLDBIT EQU 10H
MUXBIT EQU 8
NOTRESETBIT EQU 07FH
NOTSCLOCKBIT EQU 0BFH
NOTADSLEEPBIT EQU O0DFH

NOTHOLDBIT EQU 0EFH

NOTMUXBIT EQU OF7H

; MOV AL, RESET + NOSCLOCK + NOADSLEEP + NOHOLD + ENABLEMUX + CHANO
F; OUTPT PARAA,AL

DIGGER.ASM - 2
-23-



DIGGER.ASM

;**********tit***t*t*t*i***********t*t*t***************it****

;***

MACROS

*kw

:t********t*i*i*****i*i********i****i*********ﬁ**t*i*i*i**i**

SETC7 MACRO
OUTPT
ENDM

SETC6é MACRO
ouTPT
ENDM

SETC5 MACRO
ouTPT
ENDM

SETC4 MACRO
OoUTPT
ENDM

SETC3 MACRO
OuUTPT
ENDM

SETC2 MACRO
OouTPT
ENDM

SETC1 MACRO
OUTPT
ENDM

SETCO MACRO
OUTPT
ENDM

RESETC7
OUTPT
ENDM

RESETCé
OUTPT
ENDM

RESETC5
OUTPT
ENDM

RESETC4
ouTPT
ENDM

RESETC3
ouTPT
ENDM

RESETC2
OUTPT
ENDM

RESETC1l
ouTPT
ENDM

RESETCO
ouTPT
ENDM

PARCON, OFH

PARCON, 0DH

PARCON, 0BH

PARCON, 0SH

PARCON, 07H

PARCON, 05H

PARCON, 03H

PARCON, 01H

MACRO
PARCON, OEH

MACRO
PARCON, OCH

MACRO
PARCON, OAH

MACRO
PARCON, 08H

MACRO
PARCON, 06H

MACRO
PARCON, 04H

MACRO
PARCON, 02H

MACRO
PARCON, 00H

- 24 -
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RESETON MACRO

; INPUT PARAA

AND AL, NOTRESETBIT
OUTPT PARAA

ENDM

-

SCLOCKON MACRO
; INPUT PARAA

AND AL, NOTSCLOCKBIT
; OUTPT PARAA

ENDM

ADSLEEPON MACRO

F; INPUT PARAA

AND AL, NOCTADSLEEPBIT
OUTPT PARAA

~

ENDM
HOLDON MACRO
; INPUT PARAA
OR AL, HOLDBIT
; OUTPT PARAA
ENDM

MUXCON MACRO

INPUT PARAA

OR AL, MUXBIT
OUTPT PARAA
ENDM

~

-

RESETOFF MACRO

; INPUT PARAA

OR AL, RESETBIT
OUTPT PARAA

ENDM

~

SCLOCKOFF MACRO

; INPUT PARAA

OR AL, SCLOCKBIT
OUTPT PARAA

ENDM

-

ADSLEEPOFF MACRO

; INPUT PARAA

OR AL, ADSLEEPBIT
OUTPT PARAA

ENDM

-,

HOLDOFF MACRO
; INPUT PARAA

AND AL, NOTHOLDBIT
OUTPT PARAA

ENDM

MUXOFF MACRO

INPUT PARAA

AND AL, NOTMUXBIT
OUTPT PARAA

ENDM

~

~

DIGGER.ASM
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;***

OUTPT MACRO ARG1l,ARG2

IF

ELSE

ENDIF

;i**

OUTPTL

;**t

INPUT

PUTSERCON MACRO

~

’-*tt

ARGl GT 255 jEEF

IFDIF <"DX">, <ARG1>
MOV DX, ARGl

ENDIF

IFDIF <"AL">, <ARG2>
MOV AL, ARG2

ENDIF

ouT DX, AL

IFDIF <“AL%>, <ARG2>
MOV AL, ARG2

ENDIF

ouT ARG1,AL

ENDM

MACRO ARGl,ARG2
MoV DX, ARGl

MOV AL, ARG2

ouT DX, AL

ENDM

MACRO ARGl
IF ARGl GT 255
IFDIF <"DX">, <ARG1l>

IS 2 24
’

MoV DX,ARG1l
ENDIF

IN AL,DX
ELSE
IN AL, ARGl
ENDIF

ENDM

ARG1
IFDIF <ARG1l>, <“AL"“>
MOV AL,ARG1l
ENDIF

ouT SERCON, AL
CALL SERPAS

CALL: SERPAS

ENDM

GETSERCON MACRO

~

PUTSERDAT MACRO

~

IN AL, SERCON
CALL SERPAS
CALL SERPAS
ENDM

ARG1
IFDIF <ARG1>, <MAL®>
MOV AL, ARG1
ENDIF

ouT SERDAT, AL
CALL SERPAS

CALL SERPAS

ENDM

usage OUTPTL OUTPUT-PORT(>255)

DIGGER.ASM

usage OUTPT OUTPUT-PORT , VALUE
Allows output of reg., mem.

Used by lots of routines

, VALUE

I-*t*

usage INPUT INPUT-PORT

or constants

Allows output of reg., mem. or constants

Allows input to regi, mem. or constants

;t*t

- 26 -
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GETSERDAT MACRO
AL, SERDAT

IN

CALL
H CALL

ENDM

INTON MACRO
STI

SERPAS
SERPAS

ENDM

INTOFF
CLI

MACRO

ENDM

DISP MACRO
LOCAL
LOCAL
LOCAL
LOCAL
PUSH
PUSH
JMP
DISPl:
DB
DB
DIsP2:
MOV
DISP3:
MOV

JE
CALL
INC

DISP4:
POP
POP
ENDM

DISPCR
DISP
PUSH
CALL
POP
ENDM

ARG1
DIsPl
DIsp2
DISP3
DISP4
AX
BX
DIsp2

ARG1
0

BX,OFFSET DISPl

AL, CsS:
AL, O00H
DISpP4
PUTCH
BX
DIsSP3

BX
AX

DIGGER.ASM

;*** Epnable interrupts
PRl (Used by InitIO & GITCH3)

;*** Disable interrupts
F il {InitIO, DOEDGE & GITCH1)

; SAVE REGISTERS
;JUMP TO CODE BELOW

; TEXT STRING

;i SET START OF STRING
[BX] ;GET CHAR

; IF 0, THEN DONE

;ELSE SEND IT

; UPDATE POINTER

; AND LOOP

; RESTORE REGISTERS

MACRC ARGl

ARG1
AX
CRLF
AX

- 27 -
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DIGGER.ASM

; COMMENTS FROM MANX C SETUP:

’
; If you want your stack at a fixed place, youw may remove the

; "bes cstack..." statement below and change the "mov sp,cstack..."
: to load SP with the value you desire. Note that the setup of

; SS may need to be changed aleo. If the program is emall data

; model, then SS must be equal to DS or point?rs to automatic

; variables won't work. ‘

;

,

’

8

Otherwise, stacksize should be set according to your program's
requirements.
tackeize equ 2048

DATASEG is the data segment addrees (ae a péragraph #)
this is picked from the -D option of the li%ker

e e we =,

;Deseg equ 040H ;physical addr 0x400, just abové the int wvectors
; IT IS A LITTLE TRICKY ASSIGNING LOWER RAM, IT SéEMS THAT THE FIRST WORD

; IN dataseg IS RESERVED FOR _DORG_. INSERTING ORG STATMENTS SEEMS TO
; ENFORCE A TWO BYTE OFFSET. ‘

; INTERRUPT VECTORS:

DATASEG segment word public 'data!
DwW ?
PUBLIC VECO1
VECO1 DW ?
DW ? \

VEC02 DW INTNMI
DwW CODESEG
VEC03 DW
DW
VEC04 DW
Dw
VEC05 DW
DW
VEC06 DW
DwW
VEC07 DW
Dw
VEC08 DW
DwW
VEC09 DW
Dw
VECOA DW
DW
VECOB DW
DW
VECOC DW
Dw
VECOD DW
Dw
VECOE DW
DwW
VECOF DW
DwW
VEC10 DW
DwW
VEC1ll DW
Dw
VECl1l2 DW
DwW
VEC13 DW
DW

w ~

LV ALV IV IV VIV IS IS A IRV IR S IS BN BECS BV UV I S OV IR RV IR BV I VGV IV I I BV I SV IR )

DIGGER.ASM -7
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VECl4

VEC15

VEC1é

VEC17

VEC18

VEC19

VEC1A

VEC1B

VEC1C

VEC1D

VEC1E

VEC1F

VEC20

VEC21

VEC22

VEC23

VEC24

VEC25

VEC26

VEC27

VEC28

VEC29

VEC2A

VEC2B

VEC2C

VEC2D

VEC2E

VEC2F

VEC30

VEC31

DIGGER.ASM

DwW
DwW
Dw
Dw
Dw
Dw
Dw
DwW
DwW
Dw
DW
Dw
DW
DW
Dw
Dw
Dw
Dw
DwW
Dw
DW
DwW
Dw
DwW

VGRS B VIR S G G VR IS IS UV BV

WO W W W W W W

PUBLIC VEC20
DW INT1

DW CODESEG
PUBLIC VEC21
DW ?

DW ?

PUBLIC VEC22
DW
DW
Dw
DW
DW
DW
Dw
DwW
PUBLIC VEC26
DW ?

DwW CODESEG
PUBLIC VEC27
DW ?

DW CODESEG

Dw
Dw
Dw
DwW
DW
DW
Dw
DwW
Dw
DW
Dw
Dw
DW
DwW
Dw
DwW
Dw
DW
Dw
DwW

) M g W

L VI I

-3

LA IV IRGV IV EV I B O 2R BCC DS RGBS B ICS IS IS IS RN |

- 29 -
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VEC32

VEC33

VEC34

VEC35

VEC36

VEC37

VEC38

VEC39

VEC3A

VEC3B

VEC3C

VEC3D

VEC3E

VEC3F

VEC40

VEC41

VEC42

VEC43

VEC44

VEC45

VEC46

VEC47

VEC48

VEC49

VEC4A

VEC4B

VEC4C

VEC4D

VEC4E

VEC4F

VECS50

VECS51

VECS52

DW
DwW
DW
DwW
DW
DwW
DwW
DW
DwW
Dw
DW
DwW
DwW
DW
DW
Dw
DwW
DW
DwW
DwW
DW
DwW
DwW
DW
DW
Dw
DwW
DW
DwW
DwW
DwW
Dw
DW
DwW
DW
Dw
DW
DwW
DwW
DwW
DW
Dw
DwW
DW
DW
DwW
DW
DW
Dw
DwW
DwW
DwW
DW
DW
Dw
DwW
DwW
DwW
DW
Dw
DwW
Dw
Dw
DwW
Dw
DwW

'\7‘\?‘\"\J'\J'\J'\I‘\J'\)'\!'\J'\J'\)'\)'\J'\)'\)'\)'\"\)'\)'\J‘\)‘\"\)‘\)'\)'\)

3

CODESEG

‘\)‘\"\"\)'\J'\)'\)‘\)'\)'\J-\)'\)'\3'\)'\"\)‘\1'\)‘\"\J‘\)‘\)‘\)'\)‘\)'\)‘\)-\)'\)'\)'\)’\)'\)'\)'\J'\)

DIGGER.ASM
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VEC53

VECS54

VEC55

VECS56

VEC57

VEC58

VEC59

VEC5A

VECSB

VEC5C

VECSD

VECSE

VECSF

VEC60

VEC61

VEC62

VEC63

VEC64

VEC65

VEC66

VEC67

VECé8

VEC69

VEC6A

VECEB

VECeC

VEC6D

VEC6E

VEC6F

VEC70

VEC71

VEC72

VEC73

Dw
DW
DwW
DW
DW
DW
DwW
Dw
DW
DW
DW
DW
DW
DW
DW
Dw
DW
DwW
DW
DW
DwW
DW
DW
DwW
DW
Dw
DW
Dw
DW
DwW
Dw
DwW
DW
DW
DwW
DwW
DW
DW
DwW
DwW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
DwW
DwW
DW
DwW
DW
DW
DW

W W W W

VBRI VAL I I VIR S

LV LV B O R IR B

g'v
w

CODESEG

R LS VIR |

LV VIRV BRS B V]

W oW VW

R IV I B B VR

W

RO VIV I IS S 2R A B

-~

DIGGER.ASM
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VEC74

VEC75

VEC76

VEC77

VEC78

VEC79

VEC7A

VEC7B

VEC7C

VEC7D

VEC7E

VEC7F

VEC80

VECS81

VEC82

VECS83

VEC84

VECS85

VEC86

VEC87

VEC88

VEC8S

VECS8A

VEC8B

VEC8C

VECS8D

VECSE

VECS8F

VEC90

VECS1

VEC92

VEC93

VEC94

DW
DW
DW
DW
DW
DW
DW
Dw
DW
DwW
DwW
DW
DW
DW
DwW
DW
DW
DwW
DW
DW
Dw
Dw
DwW
DW
DW
DW
DW
Dw
Dw
DW
DwW
Dw
DW
Dw
DW
Dw
DW
DwW
DW
DW
Dw
DwW
DwW
DwW
Dw
DwW
DwW
DW
Dw
DW
Dw
Dw
DwW
Dw
Dw
DwW
DW
Dw
DwW
DW
Dw
DwW
Dw
Dw
Dw
Dw

L BRI )

LA RS I I

WV ) ) U ) ) ) W) ) ) ) ) ) ) ) )

;

CODESEG

LAV I )

LAV L VIR ]

~

LV B I B IRV B VR A G B VI VI IS IV IRV IS PN )

WA ) W W) W)W

LAV IRC VIV AN BV IR I )

DIGGER.ASM
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VECS5

VECS6

VEC97

VEC98

VEC93

VECSA

VECSB

VECSC

VECSD

VECSE

VECSF

VECAl

VECA2

VECA3

VECA4

VECAS

VECAS6

VECA7

VECAS8

VECAQ

VECAA

VECAB

VECAC

VECAD

VECAE

VECAF

VECBO

VECB1

VECB2

VECB3

VECB4

VECB5

DwW
DwW
DW
DwW
DwW
DW
DwW
DW
DW
Dw

DW
Dw
DwW
DW
Dw
DW
DwW
DW
Dw
Dw
Dw
DwW
DwW
DwW
DwW
Dw
Dw
Dw
DwW
Dw
Dw
Dw
Dw
DwW
DwW
Dw
DwW
DW
Dw
Dw
Dw
Dw
Dw
Dw
Dw
DW
Dw
DwW
DW
Dw
Dw
Dw
DW
DW
Dw
Dw
DW
Dw
Dw
DW
Dw
DwW
DwW
Dw
Dw

W W N NN N NN N W NN NN RN NN NN Y

-~
E
[ I
0
ta
Q

RO L B L B LU BCV VR A B B B BCURES IS RS BES I BV RES IS IS BV RS BEU RS BEU R OIS BES RS IS IR S I BN )

DIGGER.ASM
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VECB6

VECBE?7

VECB8

VECBS

VECBA

VECBB

VECBC

VECBD

VECBE

VECBF

VECCO

VECCl1

VECC2

VECC3

VECC4

VECCS

VECCé

VECC7

VECCB

VECCS

VECCA

VECCB

VECCC

VECCD

VECCE

VECCF

Dw
DwW
DW

Dw
Dw
Dw
DwWw
DwW
DW
Dw
Dw
Dw
Dw
DwW
Dw
Dw
Dw
Dw
Dw
DwW
Dw
Dw
Dw
Dw
Dw
Dw
Dw
Dw
Dw
Dw
DW
Dw
Dw
Dw
DwW
DW
DwW
DwW
Dw
DW
Dw
Dw
DwWw
Dw
Dw
Dw
DW
DW
Dw
DwW
Dw
Dw
DW
DW
Dw
Dw
DwW
Dw
Dw
Dw
bw

Dw
DwW
Dw

g’d’d’d'\)’\)h"\)'\)'\)'ﬂ)'\)’d'ﬂ'\)'\)'\)’\)'\)ﬂ'\’
o0

e}
txy
]
2]
Q

'!)'\)'d'\)N’N"\)'\)H"\"\)'\’R’N"\”\"\?’d'\)'\!h’h"\?w'\?'\)'\)'\)'\)'\J'\J'\)’\)’d’d'\)'\)’\)'\?")'ﬂ'\)'\"ﬂ)

DIGGER.ASM
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VECD7

VECDS8

VECDS

VECDA

VECDB

VECDC

VECDD

VECDE

VECDF

VECEO

VECEl

VECE2

VECE3

VECE4

VECES

VECE®6

VECE?7

VECES

VECE9

VECEA

VECEB

VECEC

VECED

VECEE

VECEF

VECFO

VECF1

VECF2

VECF3

VECF4

VECF5

VECF6

VECF7

DW
DW
DW
DwW
DW
DW
DW
DW
Dw
Dw
DW
DwW
DW
DwW
DW
DwW
Dw
Dw
DW
DwW
Dw
DwW
DW
DW
DwW
Dw
DW
DW
Dw
Dw
Dw
DW
DwW
Dw
DwW
DwW
DW
Dw
DW
Dw
DW
DwW
DW
Dw
Dw
DwW
DW
DW
Dw
DW
DW
DW
DW
DW
DW
DW
DW
DW
DwW
DW
DW
DwW
DW
DwW
DW
DW

W o) ) ) ) ) )

LV LS IS B BRI D R B

3

CODESEG

W N N ) N ) ) ) T W) N ) ) ) W) R ) ) ) ) R ) ) ) ) ) e g

LAV ]

RAVEILS B IS VI B VR BV S S UL N |

“J )

DIGGER.ASM
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VECF8 DW
Dw
VECF9 DW
DwW
VECFA DW
Dw
VECFB DW
Dw
VECFC DW
DwW
VECFD DW
DW
VECFE DW
DwW
VECFF DW
DwW

NN ) W) ) ) U ) N T ) ) ) Y )

;MANX C DECLARATIONS

public
SMEMRY aw
daw -1
public
errno__ aw
public
_dsval_ aw
_csval__ aw
public
_mbot _ dw
dw 0
sbot dw 0
dw 0

SMEMRY

errno_

o

1

DIGGER.AS}

_dsval_, csval_

o o

mbot

o]

—

sbot

extrn _Dorg_:byte,_ Dend :byte
extrn _Uorg_ :byte, Uend_ :byte

public

cstack

bse cstack:byte, stacksize

DATASEG ends

extrn _Corg_:byte, Cend :byte

ifdef FARPROC

else

endif

extrn main_:far, $fltinit:far, TickInt_:far

extrn main_:near, $fltinit:near, TickInt_:neﬁr
|

- 36 -
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DIGGER.ASM

;MANX C STARTUP CODE

~ we N o~

[1111717171701777

STARTUP ROUTINE CODE SPACE

FRELRRRRR A

~ o~

public Sbegin

Sbegin

; ASSUMES THAT THE NMI IS DISABLED AT THIS POINT
; SOFTWARE COLD RESETS MUST FORCE NMI TO A DUMMY ROUTINE

cli
cld

e we we

mov
mov
shr
add
mov
mov
mov

Note:

~e e e

mov
mov

~

mov
mov
inc
shr
joxz
mov
rep movsw
nocopy:

~ o~

;*ﬁt* don't
jmp
,-*t'h*
mov
mov
sub
inc
shr
jexz
sub
rep stosw
noclear:

.
’

agsume

mov

proc far

Compute where initialzed data starts (@ next para after code)

ax,offset _Cend_+15
cl,4

ax,cl

ax,seg _Cend_

ds, ax ;place where data is in rom
bx, DATASEG ;place where data is to go in ram

es, bx

For hardware reasons the instruction which loade Ss should

be immediatly followed by the load of SP.

88, bx
sp, of fset cstack+stacksize

copy Init data from rom to ram
di,o

cx,offset _Dend

ox

cx, 1

nocopy

8i,0

clear uninitialized data

zero uninitialized stuff
noclear

di,offset _Uorg_
cx,offset _Uend_
cx,di

ox

cx, 1

noclear

ax, ax

ds: DATASEG, es: DATASEG

ds, bx ;8et DS, now DS, SS, ES are equal

-37-

DIGGER.ASM - 16



DIGGER.ASM

IR A 2222222222222 R 2 22 2 2 222222 222222222222 222 X2 22 X2 2 2]

’
i
; 8088 INIT CODE
i
r

R e e Ry R e
ASSUME CS:CODESEG,DS:DATASEG, ES : DATASEG, SS:DATASEG

; ASSUME MASKABLE INTERRUPTS DISABLED, AND NMI DISABLED

; SET NMI TO DRIVE 300HZ CLOCK, AND RESET FLIPFLO
SET UP PARALLEL PORT PORT A AS OUTPUT PORT B AS INPUT PORT C AS OUTPUT
OUTPT PARCON, <SETPARMODE+ABASIC+AOUTPUT+CUPOUT+BBASIC+BINPUT+CDOWNOUT>

~

INITIAL SETTINGS TO A/D
MoV AL, NORESET+NOSCLOCK+NOADSLEEP+NOHOLD+ENABLEMUX
ouT PARAA,AL

-

; FREEZE EDGEl1 AND EDGE2 INTERRUPTS OFF
OUTPT PARC, 00H

-

|
HOLD VCO RESET %
RESETCO i

|

RESET SERIAL PORT
CALL RESSER

~

ENABLE INTERRUPT DRIVE RS232 OUTPUT
CALL PUTCHBUFON

~

; RESET NMI INTERRUPT FLIPFLOP
IFNDEF NONMI
OUTPT CLRNMI,O00H ;RESET NMI FLIPFLOP ‘
ENDIF |
; ENABLE INTERRUPTS :
INTON '

END 8088 INIT CODE

~ o~

.ti******t*t*i*****t*i*t*****i*******i******t***#*#*****i**t***
i

’
; BACK TO MANX C STARTUP CODE

;******i***********************r******i***********k************

mov di, SMEMRY
inc di

and di,0fffeH ;adjust to word boundary |

mov $MEMRY, di ;8ave memory allocation inﬁo for sbrk()
mov SMEMRY+2,ds

mov _mbot_,di

mov _mbot_ ,ds ; SHOULD THIS BE _mbot_+27?'

mov sbot,0ffffH ;this is the heap limit for sbrk()

mov sbot+2, 0fff0oh

mov  _dsval_ ,ds

mov _csval_,cs ;this is of dubious value in large code

sti

call $fltinit ;setup floating point software/hardware

jnc  flt_ok

hlt ;program needs 8087 and one wasn't found
fit_ok: ‘

jmp main_ ;main shouldn't return in ROM based system
$begin endp
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ASSUME CsS:CODESEG,DS:DATASEG, ES:DATASEG, SS: DATASEG

procdef SysInt <<IntFlg,word>>
pushf ;save flags on stack
mov ax,IntFlg

or ax,ax
jne sil
INTOFF
Jmp si2
sil: INTON
si2: pop ax ;get flags
and ax,0200H ;remove all but interrupt bit
pret

pend SysInt

procdef INTOFF
INTOFF
pret
pend INTOFF

; ENABLE INTERRUPTS
procdef INTON
INTON
pret
pend INTON

procdef GetAcChar
CALL GETCH
MOV AH, OH
pret
pend GetAChar

procdef LookAtChar
MOV AX,ISBFCNT ;SEE IF ANY CHARS THERE

CMP 2X,0

JE M1X

MOV BX, ISBFOPT

MOV AL, [BX] ;GET CHAR
MOV AH,O0

pret

M1X: MoV AX, OFFFFH
pret
pend LookAtChar

procdef PutAChar <<pchar,word>>
mov ax, pchar
CALL PUTCH
pret

pend PutAChar

procdef PutAWord <<pword, word>>

mov ax, pword

mov al,ah

CALL PUTCH

mov ax, pword

CALL PUTCH

pret

pend PutAWord
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procdef Pause <<pcount,word>>
mov ax, pcount
CALL PAUSE
pret
pend Pause i
procdef SetTick <<stcountl,uord>,<stcounthiuord>>
mov  NMIFRZ, OFFFFh |
mov  ax,stcounth ;
mov  NMICNTH,ax {
mov  ax, stcountl I
mov NMICNTL, ax ‘
mov NMIFRZ, Oh
pret
pend SetTick !
procdef GetTick
MOV NMIFRZ, OFFFFH
mov ax, NMICNTL
mov dx, NMICNTH
MOV NMIFRZ, OH
pret
pend GetTick
procdef ResetVCO
RESETCO ;hold line low for a while
; WAIT FOR A while
MOV AX, 10
CALL PAUSE
SETCO ;remove reset signal
pret
pend ResetVCO
procdef MEMPoke <<Maddro, word>, <Mdata, word>>
push ax
push 8i
mov 8i,Maddro ‘
mov ax,Mdata |
mov [B8i],al
pop si
pop ax !
pret
prend MEMPoke
procdef MEMPeek <<Maddri,word>>
push si
mov 8i,Maddri
mov al, [ei]
mov ah, 00h
pop i
pret
pend MEMPeek
procdef I0Poke <<addro,word>, <data,word>>
push ax
push dx
mov dx, addro
mov  ax,data
out dx,al
pop dx
pop ax
pret
pend IOPoke
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procdef IOPeek <<addri,word>>
push dx
mov dx,addri
in al, dx
mov ah, 00h
pop dx
pret
pend IOPeek

procdef Sleep
CALL SLEEP
pret
pend Sleep

procdef GetAD <<adport,word>>
MOV AX, adport
CALL GETAD
pret
pend GetAD

procdef ResetAD
PUSH AX
PUSH DX
CALL RESAD
POP DX
POP AX
pret
pend ResetAD

; FORCE A HARD RESET
procdef ColdReset

; MUST FIRST DISABLE NMI BY WAITING FOR IT, AND NOT
; RESETING FLIP FILOP

JMP $begin

pret

pend ColdReset
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GETAD:

;GET A/D VALUE FROM PREVIOUS CHANNEL, THEN SET UP NEW CHANNEL AS
; INDICATED BY ENTRY VALUE OF AX ‘

;ASSUME WE START WITH NORESET,NOSCLOCK,NOADSLEEP,$OHOLD,
H AND ENABLEMUX TO PROPER CHANNEL \

;****SAVE REGS
PUSH CX
PUSH BX

;i GALOOP: MOV  NMIHAP, OH \

;DISABLE INTERRUPTS
INTOFF

;USING CHANNEL IN AX, MAKE NEXT MUX CONTROL WORD
AND AL,07H
OR AL,NORESET+NOSCLOCK+NOADSLEEP+NOHOLD+QNABLEMUX
MOV AH,AL \

; SETCl I

; ****ASSERT HOLD

IN AL, PARAA ;GET CURRENT MUX SETTING
HOLDON
ouT PARAA,AL ; AND ASSERT HOLD

MOV AL,RAH ;i TURN OFF HOLD, AND ENABLE NEX MUX CHANNEL
ouT PARAA, AL ‘

i
;¥**x*WATT FOR TRACK1 RDY

TRKLP: IN AL, PARB ;GET BYTE
AND AL, 02H ;STRIP OF OTHER BITS
JNZ TRKLP ;LOOP UNTIL BIT 1 IS A ©
TRKTHERE:
MOV AL,AH ; TURN OFF HOLD, AND ENABLE| NEX MUX CHANNEL

DY

outr PARAA,AL

;****READ 16 BITS INTO BX i

MOV  CX,0l0H ;SET COUNT TO 16 \
ADLOOP:

MOV  AL,AH

SCLOCKON

OUT  PARAA,AL ; TURN ON CLOCK

MOV  AL,2H

OUT  PARAA,AL ;TURN OFF CLOCK

IN AL, PARB
ROR AL,1 ;GET BIT FROM PARC(0) INTO|CF
RCL  BX,1 ;PUT IT IN BX

LOOP ADLOOP

;****¥XFER BX TO AX
MOV AX, BX

;ENABLE INTERRUPTS
INTON

; ****RESTORE REG'S

POP BX
POP CX
RET
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; REBET A/D, MUX

RESAD:

; INVOKE THE RESET LINE
MOV AL,RESET + NOSCLOCK + NOADSLEEP + NOHOLD + ENABLEMUX + CHANO
OUTPT PARAA,AL

; WAIT FOR AT LEAST ONE SECOND, THIS INSURES REFERENCE SETTLED
MOV  AX, 300
CALL PAUSE

RESTORE RESET LINE
MOV AL,NORESET + NOSCLOCK + NOADSLEEP + NOHOLD + ENABLEMUX + CHANO
OUTPT PARAA,AL

~

WAIT POR AT LEAST 2 SECONDS, THIS INSURES A/D CALIBRATED
MOV AX, 600
CALL PAUSE
RET

~

; RESSET SERIAL PORT

RESSER:

PUTSERCON 00H

PUTSERCON 00H

PUTSERCON 0OH

PUTSERCON 40H

PUTSERCON 4EH

OUTPT SERCON, OCEH ;1STOP,NOPARITY, 8BIT, CLKX16
PUTSERCON 37H

OUTPT SERCON, 15H ;CLEAR ERROR, ENABLE TRANSMITTER
OUTPT SERCON,37H ;CLEAR ERROR, ENABLE TRANSMITTER,RTS, DTR
MOV AX,OFFSET ISBUF

MOV ISBFIPT,AX

MOV ISBFOPT,AX

MOV AX, OH

MOV ISBFCNT,AX

MOV BYTE PTR PUTCHBUFFLAG, 00H

~

SERPAS: RET
DOSER: PUSH AX ;SAVE REGISTER
GETSERCON
AND AL, 02H ;SEE IF HOLDING A CHAR
JE SERINY ;EXIT IF NO CHAR THERE
PUSH BX ; SAVE ANOTHER REGISTER
MOV BX, ISBFIPT ;GET INPUT POINTER
GETSERDAT
MOV [BX],AL ; STORE CHARACTER THROUGH INPUT POINTER
INC BX ; INCREMENT POINTER
cMpP BX,OFFSET ISBUF+ISBUFLEN
JB SERIN1 ;JUMP IF BX IS BELOW THE END VALUE
MOV BX, OFFSET ISBUF
SERIN1: MOV ISBFIPT,BX ;RESTORE INPUT POINTER
cMp ISBFCNT, ISBUFLEN ; FULL BUFFER ALREADY?
JE SERIN2 ; IF 8O CONTINUE BELOW

INC ISBFCNT
JMP SERINX

SERIN2: Mov BX,ISBFOPT ;GET OUTPUT POINTER
INC BX ; INCREMENT IT
cMpP BX, OFFSET ISBUF+ISBUFLEN ; CHECK FOR WRAP AROUND
JB SERIN3 ; JUMP BELOW IF NONE
MOV BX,OFFSET ISBUF ;ELSE LOAD BASE VALUE
SERIN3: MoV ISBFOPT,BX ;RESTORE POINTER
SERINX: POP BX ;i RESTORE REGISTER
SERINY: POP AX
RET
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DOPUTCH :
; CLEAR TRDY (EDGEl) FLIP FLOP
PUSH AX
RESETC6
SETC6
POP AX
PCHECK:
;CHECK IF SERIAL OUTPUT PORT IS READY
PUSH AX
GETSERCON
AND AL, O1lH

JE DOPX ; IF NOT, THEN EXIT BELOW

;CHECK IF CHARS IN BUFFER
MOV AX, OSBFCNT
CMP AX, 00H

JE DOPX ;IF NOT, THEN EXIT BELOW

; READY TO SEND ANOTHER CHARACTER!
; UPDATE COUNT

DEC AX

MOV OSBFCNT, AX

; GET NEXT CHARACTER FROM BUFFER
PUSH BX
MoV BX, OSBFOPT
MOV AL, [BX]
; SEND IT
PUTSERDAT AL
; UPDATE POINTER INTO BUFFER

INC BX
CMP BX, OFFSET OSBUF+OSBUFLEN
JB DOP2

MOV BX,OFFSET OSBUF
DoP2: MOV OSBFOPT, BX

POP BX
; AND EXIT
DOPX:

POP AX

RET
PUTCHBUFON:

; TURN ON PUTCHBUF FLAG
MOV BYTE PTR PUTCHBUFFLAG, OFFH

; RESET POINTERS AND COUNT
PUSH AX
MOV AX,OFFSET OSBUF
MOV OSBFIPT,AX
MOV OSBFOPT, AX
MOV AX, 0
MOV OSBFCNT, AX

RESET TRDY (EDGEl) FLIPFLOP
RESETCé
SETCeé
POP AX
RET

~
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PUSH AX

PUSH
PUSH

BX
CX

;CHECK IF IT IS ALREADY OFF

MOV
CMP
JE

AL, PUTCHBUFFLAG
AL, O0OH

PBOFFX ;IF SO EXIT

; DISABLE TRDY (EDGEl) FLIPFLOP
RESETC6

;TURN OF FLAG

MOV

BYTE PTR PUTCHBUFFLAG, 00H

;GET OUTPUT POINTER AND COUNT

MOV
MOV

BX, OSBFOPT
CX, OSBFCNT

; IF COUNT IS ZERO, THEN EXIT

CMP
JE

;LOOP, USING OTHER PUTCH TO SEND REMAINING CHARS

CX, 00H
PBOFFX

PBOFF1: MOV AL, [BX]
CALL PUTCH
INC BX
CMP  BX,OFFSET OSBUF+OSBUFLEN
JB PBOFF2
MOV  BX,OFFSET OSBUF
PBOFF2: LOOP PBOFF1
PBOFFX: POP CX
POP  BX
POP AX
RET
PUTCHCHECK :
PUSH AX
GETSERCON
; INPUT SERCON
AND AL, O0lH
JE PUTCHCHEKX
MOV  AX, OSBFCNT
CMP  AX,00H
JE PUTCHCHEKX
DEC AX
MOV  OSBFCNT, AX
PUSH BX
MOV  BX, OSBFOPT
PBCHK1: MOV AL, [BX]

PUTSERDAT AL

-

INC
CMP
JB
MoV
PBCHK2:
POP
PUTCHCHEKX:
POP
RET

OUTPT SERDAT, AL

BX

BX, OFFSET OSBUF+OSBUFLEN
PBCHK2

BX, OFFSET OSBUF

MoV OSBFOPT, BX

BX

AX
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PUTCH:
PUSH AX
MOV AL, PUTCHBUFFLAG
CMP AL, 00H
.JE PUTCH1
INTOFF
MOV AX, OSBFCNT
CMP AX, OSBUFLEN
JE PUTCHX1
INC AX
MOV OSBFCNT, AX
POP AX
PUSH AX
PUSH BX
MOV BX,OSBFIPT
MOV [BX],AL
INC BX
CMP BX,OFFSET OSBUF+OSBUFLEN
JB PUTCHX2
MOV BX, OFFSET OSBUF

PUTCHX2:
MOV  OSBFIPT, BX
POP BX
PUTCHXL1:
INTON
POP AX
INTOFF
CALL PCHECK
INTON |
RET !
PUTCH1: ‘
GETSERCON
AND AL, OlH ;SEE IF HOLDING ‘
JE PUTCH1
POP AX |
PUTSERDAT AL
RET ‘
GETNUM: PUSH DX
PUSH BX
PUSH CX
MOV  CX, 10
MOV  BX,0 :
GTNMLP: CALL GETCH
CALL PUTCH
AND AX, 07FH ;MASK OUT UNWANTED BITS
CMP AL, 13 ; IF RETURN, THEN EXIT
JE GETNUMX
CMP AL, '0’ ;IF LESS THAN '0', TRY AGAIN
JL GTNMLP
CMP AL, '9" ;IF GT THAN '9', TRY AGAIN
JG GTNMLP
SUB AL, '0' ;TURN INTO NUMBER
PUSH AX ;SAVE DIGIT ON THE STACK
MOV  AX,BX ;MULTIPLY CURRENT VALUE BY 10
MUL cX
MOV  BX,AX
POP AX ;ADD DIGIT TO CURRENT VALUE
ADD BX,AX
JMP  GTNMLP ;AND LOOP
GETNUMX :
MOV  AX, BX ;RETURN VALUE IN AX
POP CX
POP  BX
POP DX
RET
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;GET CHAR

INCREMENT OUTPUT POINTER
; CHECK FOR WRAP AROUND
; JUMP BELOW IF NONE

;ELSE LOAD BASE VALUE
i RESTORE POINTER

; PRINTS A WORD IN HEX FORMAT

; PRINTS A WORD IN HEX FORMAT

GETCH: PUSH BX

GETCH1:
MOV AX, ISBFCNT
CMP AX, OOH
JE GETCH2
MOV BX, ISBFOPT
MOV AL, [BX]
PUSH AX

H DECREMENT COUNT
DEC ISBFCNT

1 UPDATE OUTPUT POINTER
INTOFF
INC BX
CMP BX,OFFSET ISBUF+ISBUFLEN
JB GETCH3
MOV BX, OFFSET ISBUF

GETCH3: MOV ISBFOPT, BX
INTON
POP AX
POP BX
RET

GETCH2:
CALL SLEEP
JMP GETCH1

CR:
MOV AL, ODH
CALL PUTCH
RET

CRLF':
CALL CR
CALL LF
RET

LFs
Mov AL, OAH
CALL PUTCH
RET

SPACE:
MoV AL, 20H
CALL PUTCH
RET

PRWORD: PUSH AX
PUSH BAX
MoV AL,AH
CALL PRBYTE
POP AX
CALL PRBYTE
POP AX
RET

BACKWORD: PUSH AX
PUSH AX
CALL PRBYTE
POP AX
MOV AL, AH
CALL PRBYTE
POP AX
RET

TIMNIB: PUSH AX
MoV AL, AH
CALL PUTCHNIB
POP AX
RET
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PRBYTESP:
CALL
CALL
RET
DISPDIG:
PUSH
PUSH
PUSH
PUSH
MOV
MOV
CMP
JE
MOV
DISPDIGLP1:
MOV
DIV
INC
PUSH
CMP
JNE
DISPDIGLP2:
POP
DISPDIGLP3:
CALL
DEC
JNE
POP
POP
POP
POP
RET
PRBYTE:
PUSH
PUSH
SHR
SHR
SHR
SHR
CALL
POP
CALL
POP
RET
PRBYTEFILL:
PUSH
PUSH
SHR
SHR
SHR
SHR
CALL
MOV
CALL
POP
CALL
POP
RET

PREBYTE
SPACE

AX

BX

cx

DX

BX, OAH

CX, 01H

AX, OH
DISPDIGLP3
CX, OH"

DX, OH
BX

cx

DX

AX, OH
DISPDIGLP1

AX

PUTCHNIB
CX
DISPDIGLP2
DX

cX

BX

AX

cx

Bx

AL, 1

aL, 1

AL, 1

AL, 1
PUTCHNIB
Ax
PUTCHNIB
cx

CcX
AX
AL, 1
AL, 1
AL, 1
AL, 1

PUTCHNIB

AL, AH
PUTCH
AX
PUTCHNIB
cx

DIGGER.ASM

;DIVISOR

;SET INITIAL COUNT TO 1

; INITIAL ZERO?

; IF 8O PRINT ONE ZERO AND EXIT
;ELSE CLEAR COUNT AND ACCUM DIGITS

UPDATE COUNT
SAVE DIGIT
;DONE YET?

o we we we w»

;SEND NIBBLE
; DECREASE CX

;SAVE CX
;SAVE AX

;SAVE CX
; SAVE AX

18 10.

CLEAR HIGH ORDER BYTE
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PUTCHNIB:
PUSH AX
AND AL, OFH
CMP AL, OAH
JL PN1
ADD AL, 07H
PN1: ADD AL, 30H
CALL PUTCH
POP AX
RET
SLEEP: PUSH AX
OUTPT SLEEPFLOP, OH
PCP AX
RET
PAUSE: MOV NMIFRZ, OFFFFH

MOV NMICNTH, 0000H

MOV NMICNTL, AX

MOV  NMIFRZ, OH
PAUSEL: .
IFDEF NONMI

PUSH CX
PAUSEL1:

MOV CX, 2000
PAUSEL2:

CMP AX, CX

LOCP PAUSEL2

DEC AX
JNZ PAUSEL1
POP CX
ELSE
TEST NMICN<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>