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1. BACKGROUND

1.1 Software Programmable Airborne Encoder

As part of the research and development effort carried out under
this contract the unique characteristics of microprocessors have been
combined with PCM encoders to produce a versatile data acquisition
system which can be programmed to perform the tasks required for a
specific mission. These encoders employ the Intel 8748 microcomputer
as a controlling unit. The software control is provided by means of
a program which is placed in the EPROM memory of the 8748. The program
is used to set the sampling rate at input ports, the amplitude resolu-
tion via bits per word, the number of words per frame, the use of
parity, the synchronization code, the transmission rate and other suit-
able parameters. A basic version of these programmable encoders was de-
veloped for the BIME rocket program, and two were successfully flown
on rockets A20.123-1 and A20.123-2 from the Natal Rocket Range, Brazil
in September 1982.

1.2 The Microcomputer
The Intel 8748 was chosen for this application. It is classified
as a single component, 8 bit microcomputer and has a user programmable/
erasable EPROM. A device to write the program into the EPROM memory
was available but it required as its input the hexidecimal codes for
both the memory addresses and also the program instructions which were
to be written into memory. Consequently any user was confronted with
the task of first writing the program using Intel's MCS-48 mnemonics
and keeping track of memory locations, and then translating the mnemonics

and the memory locations into hexidecimal codes. This process was very
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time consuming and error prone and an assembler for the 8748 appeared

to be the answer.
2. THE 8748 ASSEMBLER

2.1 VAX Usage

' The Northeastern University VAX 11/780 Operating System has an ex-
tensive conditional macro assembler. This macro assembler and parts of
the VAX assembler were used to construct the 8748 assembler. Use of

this VAX facility enabled the new assembler to employ such utilities

as linking, extensive macro processing, debugging and the l1ike. Further-
more, the powerful Digital Command Language, DCL, could be employed to
minimize the detailed knowledge of the VAX system required on the part
of the user.

The design of the assembler was undertaken as a senior project by
James Manley under the sponsorship of this contract and under the super-
vision of Professor J.S. Rochefort. Its first test was to assemble the
8748 program which was written by Mr; Thomas Wheeler for the BIME roc-

ket program.

- 2.2 Procedure for Assembler Usage

;S The occasional user of the 8748 assembler should be able to use

;j! one of the VAX editors and be able to program using the mnemonics

i listed in Intel's MCS-48 user's manual.

The file should be named

e

— “File Name".MAR

T and should contain the program which is to be assembled in Intel's format.
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The last entry into the file is
.END
and is placed in the op code field.
Do not use 5 periods (. . . . . ) or the dollar sign ($) in any
symbol names as they are reserved for the VAX and will cause confusion.
' A11 indirect accesses using registers R@ and R1 should be written
in the form
_R@ instead of @RQ
_R1 instead of @R]
since @ is used by VAX for a shifting function.
A1l constants should be equated to symbols and then these symbols

should be used in the operand field. If constants are used in the

”3 operand field then they must be expressed as a base ten number, other-
; wise an error will be made in assembly.
" Example: 1 Both of following will assemble correctly
[ ADD A, 15 CONST = 15
ADD A, CONST

Example: 2 The left column will assemble incorrectly
ADD A, A X 15 CONST = -1 X 15
ADD A, CONST
The step-by-step procedure to use the assembler becomes
1. Edit a file "File Name".MAR using Intel mnemonics with
the exception noted above. Close the file with .END .
2. Enter the DCL command
@ASM8748

This DCL brogram will do all the proper file manipulations
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and executions. The resulting file, named "File Name".LIS,
will be created containing the object code and errors.
3. If errors exist use this new file to re-edit the origi-
nal program in "File Name".MAR and then go to step 2.
4. MWhen errors no longer exist a hard copy can be obtained
using the command
PRINT "File Name".LIS;n
2.3 The Assembly Program
The DCL program is shown in Appendix A and is designated as
ASM8748.COM;1. A programmer familiar with DCL can break this file
down into smaller modules to save time under some circumstances or
adapt the program to other systems.
The assembler program is shown in Appendix B and is designated
by SPAREASM.MAR;1. As written the assembler handles the instructions
currently used by the 8748. If new instructions are developed for

future modifications of the 8748 by Intel then a programmer with macro

- experience can write an update.

3. APPLICATION TO BIME

3.1 The Program for Assembly

The first three pages of the program written for the 8748 micro-
computer contained in the BIME encoder are shown in Appendix C and
designated as BIME.MAR;1.

The bulk of the first page of the printout is devoted to defining
constants by the symbols used in the program. The program instructions
begin with the line DIS I. Comments are found to the right of the

semicolons.
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} 3.2 The Assembled Program

The first three pages of the assembled program for the BIME 8748
microcomputer are shown in Appendix D and designated as BIME.LIS;1.
This printout should be compared against that of BIME.MAR;1.

The majority of the first page of this appendix is concerned with
the constants. The lines from the input program (BIME.MAR;1) can be
easily recognized to the right of the column of zeroes. The 8 column
printing to the extreme left contains the hexidecimal equivalent for
each decimal constant.

Once the program itself is encountered it should be noted that
2 or 3 lines are allotted to each of the original instructions. The
first line associated with each instruction repeats the instruction
from BIME.MAR and shows the address of the assigned EPROM cell as a
four digit hexidecimal number. The second 1ine (and third line where
needed) give the hexidecimal code for the instruction as a 2-digit num-
ber followed by the 4-digit address. The following examples serve to
illustrate this format.

Example A

Instruction SEL RBO is assigned to memory address 0030

(from first line), and C5 (the op code for SEL RBO) is to

be put into this cell.

Example B

Instruction MOV A, Wi is assigned memory address 0006

and 0007. Into the first address 23 is to be put, and into

address 0007 is to be put 82 (it should be noted that 82 is

the hexidecimal value of the constant W1).

-5-




Example C
The program line S1: JNT1 S1 is assembled so that 46

is put into memory address 0039 and 39 is put into address

003A (the 39' is to be considered the same as 39).




APPENDIX A
ASM8748.C0M;1

$WRITE SYS$OUTPUT “Enter file to be assembled,"

$WRITE SYS$OUTPUT ' do not put in .MAR;n part of filename."
$WRITE SYS$OUTPUT “System will assume .MAR;n at end of filename."
$INQUIRE P1 ENTER FILE SPEC

SWRITE SYS$OUTPUT "YOU HAVE BEGUN THE ASSEMBLY OF '‘P1‘.MAR"

$ON WARNING THEN CONTINUE

$APPEND/NEW SPAREASM.MAR.'P1'.MAR A.MAR

$ON WARNING THEN CONTINUE
$MAC/LIS="'P1'.LIS/NOOBJ/NOSHOW=(CND ,MD ,ME )/SHOW=(MC,MEB)/DISABLE=
GLOBAL A.MAR

$DEL A.MAR;*
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APPENDIX B

SPARASH.MAR ;1

+MACRO CONSTANT

ROvsoe=1

R1sees=2

R24v404=3

R3+vses=4

R34+ 04+=35

RS44see=6

Révsee=7

R7:44.=8

~ROs s +=9

~Flsees=10

Aesee=1l

Fleeso=12

F2.:4+=13

BUS,. .4 +=14

—Asrree=15

Ceees=18

FOsse4=17

F10000=18

FSWssse=19

Tasese=20

CNT»04e=21

TONT 200 =22

TCNTI s e4=23

REOq++ 0+ 0=24

RELe0e040=25

MBO+ s s +=26

MELlss44s=27

CLKese=28

Toooee=29

Fl4s0s.=30

PSesee=31

Fhoses=32

F7s00e=33
+ENIM CONSTANT
CONSTANT o
+MACRD  MAC1 MARG1 » MARG2
+« IF NOT_RBLANK.MARG1

+EBYTE
+EBYTE
JHEXIY
SENLIC
SWARN sHIGSING JUMP AalLRESYS
ENOH Macl
HACRD  MAC2  MARBL, MARG (AR GY

WIF DEFINED MARGL ..,

o IF DEFIMED MARG2 v e

IF EQUAL MARGL v v 0 Dy v

JIF EQUAL MARG2 v ss = ey
JERCTE

MEXTT

JEMNC

Wl P INUAE T SECOMT ot el M

JMEXLT
-9.

— B a PR S WA U W U G Ty 1




ERROR=1

+ENDC
+WARN $ INVALID FIRST ARGUEMENY
+MEXIT
+ENDC
+ENIIC
+WARN? INVALID FARAMETER
+ENIIM MAC2
+MACRO MaAC3 MARG1 » MARG2
+IF DEFINED MARG1’ 4440
OIF EQUAL MARGIIOOOO - Aoo.o
: +BYTE <MARG2>
+MEXIT
+ENLIC
+ENDC
+UWARN s INVALID ARGUEMENT
+ENDC
+ENDIM MAC3
+MACRO MACA4 MARG1 » MARG2

.«IF NOT_DEFINED MARG1‘ 444,

+BYTE <LL<MARG1@-3>% "XOEO> | MARG2>>
+BYTE <MARG1>
+MEXIT
+ENDC
+WARN # INVALIDI OR MISSING AUDRESS
+ENDM MAC4
+MACRO MACS MARG1 » MARG2
o IF DEFINEL MARG1’ 4400
«IF EQUAL MARG1 4s000e = P4sasen
+BYTE <MARG2>
+MEXIT
+ENIIC
+IF EQUAL. MARG1’s00s =~ PSes o
+BYTE <MARG2 ! 01>
+MEXIT '
+ENDIC
OIF EQUAL MARGI’OOQ. - Péoooo
+RYTE <MARG2 ! 02>
+MEXIT
<ENDC
«IF EQUAL. MARGL sove = F70000
+BYTE <MARG2 ! 03>
SMEXIT
«ENDE
+EMNDC .
+WARNZ INVALID FORT NAME
o ENTIM
+MACRL  MACS6 MARGL s MARGZ
+IF DEFINED MARGL o6 4

oIF EQUAL MARGL s es = _FOiswe
+RYTE <MARG
JMEXIT
JENDT
QIF [:QUAL MARGI’OOQ. - _.F\'loooo

-10-
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+BRYTE <MARG2 ! 01>
+MEXIT
. +ENDC
‘ QENDC
ERROR=0
- +ENDM
D +MACRO MAC7 MARG1 » MARG2» MARGI » MARLG 4 » MARGS
“ +IF NOT_DEFINED MARG1’ ...
. +WARNFMISSING FARAMETER
y +MEXIT
+ENLIC
+IF EQUAL ”ARGl'oooo - Assos
+RYTE <MARG2>
+MEXIT
+ENDC
0IF EQUQL MQRGI'OOOO - Coooo

! JBYTE <MARG3>
: JMEXIT
_+ENDC
: JIF EQUAL MARG1’..ss = Fleus,
: JEYTE <MARGA:>
JHEXIT
+ENDC
+IF EQUAL MARG1’ ¢see = FOossoo
| " JEYTE <MARGS>
( JMEXIT
. - +ENDC
N ! +WARN; INVALID PARAMETER
g JENDNM

+MACRDO MACS8 MARG1
+IF DEFINED MARG1’ s+ 40
«IF EQUAL MARG1’4+s0¢ = ROe e
REG=0 :
+MEXIT
«ENLIC
+IF EQUAL MARG1’¢00s = Rloses
REG=1
+MEXIT
+ENDC
+IF EQUAL MARGL sese ~ RZ4000

JHMEXIT
, yENDY
: oIF EQUAL MARGlIQOOO - R;oooo
" REG=3
. JMEXIT
JENDC
+IF EQUAL MARGL 444,

1

RAeoss
REG=4
JHEXIT
VENDC
JIF EQUAL MARGL’+eey ~ RSueves
REG=Y
HMEXTY
JENTIC

-11-
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REG=6

REG=7

REG=9

«IF EQUAL MARGL1’sses — ROseue
+MEXIT

JENIIC

+IF EQUAL MARG1Z .44,

AN

LK B 3N J

+MEXIT
+ENDC
+ENDEC

«ENUM
+MACRD MAC? MARG1 s MARGZ» MARG3 s MARG4 » MARGS
+IF NOT_DEFINED MARGL vs 4
+WARNIMISSING FIRST FARAMETER
+MEXIT
+ENDC
+IF EQUAL MARG1’ 444
MACS MARG2s MARG3
+ IF EQUAL ERROK
MAC8 MARG2
«IF EQUAL REG -~ %

- Aoooo

+BYTE MARGA4
+BYTE MARG2
«MEXIT
+ENDC
+BYTE <MARGS ! REG>
+MEXIT
<ENDC
+MEXIT
+ENDC
+WARNFIRST ARGUEMENNT MUST BE AN A
+ ENDM MAC? .
+MACRO MAC10 MARG1sMARGZ»MARG3 » MARG4 s MARGS » MARBS
+IF EQUAL MARG1 ¢s e ~ Aeveo
MACB MARG2
+IF EQUAL REG - 9
MAC6 MARG2sMARGA
+IF EQUAL ERROR
+RYTE MARGS
+BYTE MARG2

+MEXIT
JENDC
JMEXIT
JENDC .
+BHYTE <<MARG3> ! REG>
+MEXIT
dENDNS
o IF EGUAL MARGL v v o0 - EUS e
+BYTE MARGS
+BYTE MARG2
JMEXIT
sENDC
o IF EQUAL MARGL s e e - Fleeoss
+BYTE <MARGS ' O1x

-12-
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+BYTE MARG2
+MEXIT
+ENIDC
oIF EQUQL MﬁRGl'oooo - P20000
+BYTE “MARGS ! 023
+RBYTE MARG2

+MEXIT
+ENIC
- +WARNS INVALID FARAMETER
- } +ENDM MALCL10 )
+MACRO MACL1 MARG1 » MARG2» MARG3 » MARG4 s MARGS

+IF DEFINEDN MARGL 4e0e
ERROR2=1 ,
OIF EGUAL MARGl'oooo - F'SU....
+BYTE MARDBGS
+«MEXIT
+ENDC
«IF EQUAL MARG1 ss0s — Toeeso
' +BRYTE MARG4
oMEXIT
+ENDC
MAC6 MARG1sMARG3
+IF EQUAL ERROR
MAC8 MARGL
+IF EQUAL REG - 9

t ERROR2= :
oMEXIT
' JENDC
: .BYTE <MARG2 ! REG>
+ENDIC
JMEXIT
+ENDC
ERROR2=
JENDM MAC11
+MACRO DA ARG1=A
MAC3 ARG1,y87
LENDM DA _
\ MACRO SWAP ARG1=A
MAC3 ARG1y71
JENUM  SWAF
+MACRD RL ARG1=A
MAC3 ARGLy 231
JENDM  RL
- +MACRO RLC ARG A .
*ﬁ MAC3 ARG1», 247
< I JENOM  RLC
e +MACRD RFR ARG1=A
5 MAC3 ARG1y119
: JENI'M RR
- .MACRD RRC ARG1=A
E MAC3 ARG1»103
& JENUM  RRC
5 JMACRO  INS ARG1:=A» ARGD=RUY
. IF EQUAL ARGL vess = Acvas
- +IF_TRUE
ié -13-
3
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.IF‘ EQU“L ARGQ'OOOO - BUSoooo

+ IF_TRUE
+BYTE. ~X08

+IF_FALSE
JWARN 5 INVALID SECOND ARGUEMENT
JMEXIT
JENDC
IF_FALSE :
JWARN 5 INVALID FIRST ARGUEMENT
JMEXIT
JENDC |
JENDM  INS
JMACRO  JMF ARG1
MAC4  ARG1,04
JENDIM  JMF
JMACRO JMFF  ARG1l=_A
JIF EQUAL ARGL +ves = Aress
+IF_TRUE
_ .BYTE  ~XB3
«IF_FALSE :
JWARN 5 INVALID ARGUEMENT
+ENIIC
JENUM  JMPP
+MACRO JC ARG1
MAC1  ARG1,246
JENDM  JC
+MACRO  JNC ARG1
MAC1  ARG1,230
JENIM  JNC
+MACRO JNZ ARG1
MAC1 ARG1»150
JENDM  JNZ
+MACRO JZ ARG1
MAC1 ARG1,198
JENDIM
+MACRO JTO ARG1
MAC1 ARG1»54
JENIM  JTO
+MACRO JNTO ARGl
MAC1 ARG1, 38
JENDM  JNTO
JMACRO  JT1 ARG 1
MAC1 ARG1»84
JENDM  JT1
JMACRO  UNT1 ARG1
MAC1 ARG1»70
JENDM  UNTH
JHACRD  JFO ARG 1
MAC1 ARG1» 182
JENIM  JFO L
\MACRO  JF1 (iEG L i
MAC1 ARG19 118
JENDIM  JF1
JMACRO  JTF ARG L
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...........
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MAC1L ARG1,22

+ENDM JIF

+MACRO  JNI ARG1
MAC1 ARG1,134
+ENDM JNI

+MACRO CALL ARG1

MAC4 ARG1,20
+ENDM CALL
+MACRO RET
+RYTE ~X83
" +ENDM RET
+MACRO RETR
+BYTE X923
+ENDM RETR
+MACRO MOVF ARG1=A»ARG2=_A
MAC2 ARG1yARG2,163
+ ENDIM MOVP
+MACRO MOVF3 ARG1=A»ARG2=_A
MAC2 ARG1»ARG2»227
+ENIM = MOVP3
+MACRO STOP ARG1=TCNT
«IF EQUAL ARG1’404e — TCNT oo
« IF_TRUE
+RYTE ~X65

«IF_FALSE
+WARN = FINVALID ARGUEMENT
+ENDC

+«ENDM STOoP
+MACRO ENTO ARG1=CLK
OIF EGUAL ARGL  va0e - CLKoooo
+IF_TRUE
+BYTE X735

+IF_FALSE :
+« WARN # INVALID ARGUEMENT
+ENDC _
+ END'M ENTO
+MACRO NOP
~BYTE ~X00
+ ENLIIM NOP
+MACRO IN ARG1=A»ARG2

OIF EQUAL ARGl'oooo - AoooO
QIF EQUAL ARG?’OOOO - Ploooo

+RYTE 09
+MEXIT
+ENDC
+IF EQUAL ARGZ2 veve = F24000
+BYTE 10
+MEXIT
+ENDC
+WARN ILLEGAL FURT NUMBER
+MEXIT
+ENIC
+UARNS INFPUT CAN ONLY EE A
+ENDM IN

+MACRO OUTL ARG1 y ARG2=D

-15-




QIF EQUAL ARGZ'OOOO - Aoooo
oIF EQUAL ﬁRGl'oooo - Ploooo

+BYTE X349
«MEXIT
+ENDC
«IF EQUAL ARG1%404e — F2e0 00
+BYTE "X3A
+MEXIT
+ENDC
'IF EQUAL ARGI’OOOO - BUSOOQQ
" +BYTE "X02
+MEXIT
+ENDC
+WARN? INVALID FIRST ARGUEMENT
+MEXIT
+ENDC

+WARN? SECONI ARGUEMENT MUST BE AN A
+« ENDIM ouTL
+MACRO MOV ARG1=A»ARG2=4A
OIF EGUAL ARGI'QOOO - aoooo
MACS ARG2,12
+MEXIT
+ENDC
+«IF EQUAL ARG2’.... = Acers
MACS ARG1,60
+ENDC
+ ENDM MOVD
+MACRO ANLD ARG1»ARG2=A
«IF EGUAL AR62'.... ~ Assne
MACS ARG1,156
+MEXIT
+ENDC
+WARN; SECOND ARGUEMENT MUST BE AN A
+ENDM ANL.D
+MACRO ORLD ARG1»ARG2=4A
OIF EQUAL ARGZ’O'OO - ﬁoooo
MACS ARG1,140
+MEXIT
+ENLC
+WARNF SECOND ARGUEMENY NOT AN A
+ENDM ORLLD
+MACRO XCHD ARG1=AyARG2
oIF EGUAL ARGI'pooo - Aoooo
MACS6 ARG2,48
+IF EQUAL ERROR
+WARNSF INVALID INDIRECT REGISTER NUMBER
+ENDC
+MEXIT
+ENDC
+WARNjS? FIRST ARGUEMENT MUST EE AN A
+ENIM XCHU
+MACRO MOVX ARG1=A»ARG2=A
+IF DEFINEU ARGL1’ 440

-16-




+IF DEFINED ARG2’¢o e
QIF EGUAL ARGi'oooo - Aoooo
MAC6 ARG2,128
+ IF EQUAL ERROR
+WARN: INVALIDIN SECOND ARGUEMENT
+ ENDC
oMEXIT
+ENRC
OIF EGU“L ARGQ’O'OO - A0000
MAC4 ARG1,144
«IF EQUAL. ERROR
+WARN? INVALID FIRST ARGUEMENT
+ENDC
+MEXIT
+ENDC
+ENDC
+ENIDC

+WARN3? ONE OF THE ARGUEMENTS MUST BE AN A

« ENDIM MOVX
+MACRO STRT ARG1

+« IF BLANK ARG1
+WARNFMISSING ARGUEMENTY
+MEXIT
+ENDC
OIF EQUAL ARGi'oooo - CNTOOOO
" +BYTE ~X4S5
+MEXIT
+ENDPC
+IF EQUAL ARGL seee = Tooee
+BYTE ~X3595
+MEXIT
+ENDC

+WARNS? INVALID FARAMETER

+«ENDM STRT

+MACRO EN ARG1

+IF BLANK ARG1
+WARN? MISSING ARGUEMENT
+MEXIT

+ENLIC

oIF EQUAL ﬁRGl’oooo - Ioooo

+BYTE "X035

+MEXIT

+ENDC

+IF EQUAL ARG1’+44s0s = TCNTIv s

+RYTE 7X25

+MEXIT

JENDC

+WARNF INVALID ARGUEMENT

+sENDOM EN

JHACRO  DIS ARG

+IF BLANK ARG
+WARN? MISSING ARGUEMENT
+MEX1H

+ENDC

tIF EGUAL ARGlloooo - Ioooo

-17-
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+BYTE ~X195
+MEXIT
+ENDC
+IF EQUAL ARG1’¢eee = TCNTIs 4o,
+BYTE ~X35

+MEXIT
+ENDC
«WARN? INVALID ARGUEMENT
+ENDM DIs
+MACRO SEL ARG1

+« IF BLANK ARG1
+WARN# MISSING ARGUEMENT
+MEXIT
+ENIC
o IF EGUAL ARGl'oooo - "300000
+BYTE "XOES
+MEXIT
+ENDC
+IF EQU“L ﬁRGl’oooo - "Bloooo
: +BYTE "XOF35
+MEXIT
+ENDC
+IF EQUAL ﬁRGlloooo - RBOOOOO
+«BYTE. ~X0CS
+MEXIT
+ENDC
«IF EQUAL ARGIIOOOO - RBloooo
+BYTE ~XODS

oMEXIY
+ENDC
+WARN3 INVALID FARAMETER
«ENDM SEL
+MACRO CLR ARG1
MaC7 ARG1y39r1519165,133
+ENDM CLR
+MACRO CFPL ARG1
Mac? ARG1,552167,1815149
+ENDM CPL

+MACRO DJNZ ARG1 » ARG2
+IF BLANK ARG1
+WARN? MISSING REGISTER NUMBER
+MEXTT
+ENLC
+IF BLANK ARG2
+WARN; M1SSING ADNRESS
oMEXIT
+ENDC
MAC8 ARG1
+IF EQUAL REG - 9
+WARN? IMVALID REGISTER
oMEXIT
+ENDC
+BYTE <"XOE8 | REGH>
+RBYTE ARG

-18-
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+ENDM DJUN2

+MACRO JB ARG1 yARG2

+IF BLANK ARG1 '
+WARN? MISSING EIT NUMEER
+MEXIT

+ENDC

+IF BLANK ARG2
+WARN+$ M1SSING JUMP ADDRESS
+MEXIT

+ENDC

+IF GREATER ARGLI + 1
+IF LESS_THAN ARGl - &

+BYTE <ARG1@S

+BYTE. <ARG2>
+MEXIT
+ENDC
+WARNFEIT NUMBER NEGATIVE
+MEXIT
+ENDC
+WARN? BIT NUMBER GREATER THAN 7
+ ENDM JB
+MACRO ADD ARG1=As»ARG2
MAC? ARG1»ARG2»96503,104
+« ENDM ADD
+MACRO ADDC ARG1=A»ARG2
MAC? ARG1,ARG2,112,19+120
+ END'M ADDC

+MACRO XRL ARG1,ARG2

MAC? ARG1 s ARG2,208,211,216

+«ENDM XRL.

+MACRO XCH ARG1=A»ARG2

« IF BLANK ARG2
+WARN3? MISSING SECOND ARGUEMENT
+MEXIT

+ENDC

OIF EGUAL ARGI’OOOO - Assen
MACS6 ARG2, 32
«IF EQUAL ERROR
MAC8 ARG2
+IF EQUAL REG - 9
+WARN; INVALID SECOND ARGUEMENT
+MEXIT
+ENDC
+BYTE «7X20 !
+MEXIY
+ENDC
+HMEXIT
+ENDC
+WARNS FIRST ARGUEMENT MUST HBE AN 6
+ENDM XCH

+MACRO [DEC ARG1=A
+IF EQUAL ARGL vevs = Acvses
+BYTE ~X07
+MEXIT
+ENDC
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MACB ARG1
+IF NOT_EQUAL REG — 9

+BYTE <7XO0C8

+MEXIY
+ENLC
+WARNS INVALID ARGUEMENT
«ENDIM DEC
+MACRO INC ARG1
OIF EQUAL ARGl’oooo - Aoqoo
+BYTE "X17
+MEX1T
+ENDC
MACS6 ARGl»16
+IF EQUAL ERROR
MAC8 ARG1
+IF EQUAL REG - 9
+WARNF INVALID ARGUEMENT

+MEXIT
+ENDC
+BYTE <7X18
+ENDC
+ ENDIM INC
+MACRO ANL ARG1=A» AKG2

MAC10 ARG1rARG2,88,80,83,152
« ENL'M ANL

+MACRDO ORL ARG1=ArARG2
MAC10 ARG1 »ARG2972+649675136
+END'M ORL

+MACRO MOV ARGl+ARGZ

«IF DEFINED ARG1‘ 44+
«IF EGUAL ARGl ¢see = Asson
MAC11 ARG2s248,240+665199
«IF EQUAL ERROK2
+BYTE ~X23
+BYTE ARG2
+MEXIT
+ENDC
+MEXIT
+ENDC
+ENDC
+IF DEFINED ARG2 4 ¢4
«IF EQUAL ARGg'oooo - ﬁ’ooo
MAC11 ARG1,168,160,98,215
+IF EQUAL ERROR2
+WARNS INVALID PARAMETER
+ENDC
+MEXTT
+ENDC
JENDC
+IF MOT_DEFINED ARGL’ 4.0,
+WARNS INVALID FPARAMSTER
JMEXIT
+ENDC
MACEB ARG1

REG>

REG>




..................................

+IF EQUAL REG - 9
OIF EGUAL ARGIIOQOO - _R°0000
' +BRYTE ~XOEO
+BYTE ARG2
+MEXIT

+ENIC '

o IF EQUAL ARGI’QOQO -~ —Rlsess
+BYTE ~XOR1

+BYTE ARG2
+MEXIT
+ENLDC
+WARN? INVALID FIRST ARGUEMENT
+MEXIT
+ENLC
+BYTE <"XOB8 ! REG>
+BYTE ARG2
«ENDM Mov

-21-
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A1=00
A2=01
AZ=02
A4=03
AS=04
B1=08
K2:=09
£3=10 -
E4=11 "~
ES5=12"
R4=13
E7=14
€c2=18
C3=19
C4=20
C5=21
Cé=22
C7=14
€8=17
C9=64
C70=112
sC=00
KI=17 °
KP=16
P1=02
P2=08.
P3=09
P4=00
P5=01
Wi=130
W2=00
W3=40
N4=15
WS=16
Wé=01
W7=230
Wa=01
Wo=64
W10=254
W11=25
W12=254

W13=191

$ SPARE CHANNEL

3 COUNTER
FPOINTER
»FOINTER
fFPOINTER
$FOINTER
$POINTER

APPENDIX C
BIME.MAR;1

POINTER=16

1=02
2=08
3I=09
4=00
5=01

$SET WORD LENGTH=(8+1)=9BITS AND SET OUTPUT CODE=BiO-L
$SET PARITY=NO FARITY

$SET BIT RATE=11,9439X10E6/2(1+1)(143)=221,184KH=

$SET OUTPUT FILTER=XXXKHz

$SET FPBA=2
$SYNC FATTERN

$SYNC FATYERN/EAR

Lis
EMITO
SEL
SEL
N D IV.
MOu
MOV
INC
hiy
MOV

CLK
MERO
REO
ROsF1
ER"DH
_ROsA
RO
ArW2
~ROsA

sEMARLE CLOCK

0

EILECT WORD LENGTH = (8+1) = 9 RITS AN
LLECT QUTRUT CODE = BiO-L
0




— SRR 2 g e P S e e T
. AR PP S )

. . . I B . S
LN - v PR A T .

RP Gt

L M.t LT
- ¢ ST
s PRI

W—— 2 A 4

A i N
LT . .

. . Y ."n“'*' . .. ‘ S

-

e SRR O AL A i
R AR
. .

(s o Y‘r‘o‘v"
. PR

INC

MOV

MOVX

INC

MOV

MOUX

MOV

ouTL

MOV

MOV

MOV

MOV

MOV

MOV

SEL

MOV

MOV

MOV

MOV

MOV

MOV

SEL

MOV

CLR

MOV

CLR

CFL

LOOP? MOUX
513 JNT1
MOV
MOUX
MOV
MOVX
MOV
ouTL
MOUX
JNT1
SEL
DJUNZ
MOV
CLR
FTA: MOV
' OUTL
MOV

632 JNT
JEO

CLR

MOy

TR MOV
OUTL
MOUX
INT1
MOV
ouTL

6]
+J
LX)

RO
ArWS
_ROsA
RO
HrW4
~ROsA
ArWS
F2+A
RO»F2
Fl1:»P3
R2:W6
R3yW7
R4sW8B
RS» WY
RB1
RO»FA
R1:F5
R2,W10
R3-W1i1
R4s,W12
RSsW13
REO
R6sK1
A
~RO»A
FO

FO

A» RO
S1
ArR4
~-R1sA
ArRS
~ROsA
ArE1
FlsA
Ar_.RO
s2
REO
R6FTA
R6 KPP
FO
AsRz
FisA
Ay RO
53
FTE

A
~ROs#A
ArR3
Flsé
Ay RO
S$4

As k4

Fleds

FFORT 4
$SELECT RIT RATE = 222,222KBITS

#FORT S
FSELECT OUTFUT FILTER = XXXKHz

ySELECT FGA = 2
sSET FOINTERS FOK SYNC PORTS

iSYNC PATTERN

$SET FOINTERS FOR SYNC FORTS

$SYNC PATTERN/ERAR

$SET INITIAL CONDITIONS ON FPOINTER-COUNTER
iAND FLAG

iEB1
P R2
L J
PR3
s k4
-24- P
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a8 - aandude—~

Ty

558

oo
s
o~
e

€0
~
*e

o
e
e

5103

11

+q -
8122

5133

MOVUX

JNT1
MOV

ouTL
MOVX
JMTA
MOV

ouUTL
HovX
JNT1
Moy

ouTL
MOVX
JNT1
MoV

oulL
MOVUX
JNT1
MOV

OUTL
MOVX
JNT1
MoV

ouUTL

MOVX'

JNT1
MOV
DuUTL
MOVX
JNT1
MoV
ouTL
MOVX
JNT1
CLR
MOVX
MOV
MOVX
MoV
ouUTL
MOVX
JeT1
IMC
MOov
ouUTL
MOUX
JNT L
Moy
auTL
MOUX
JNT
Moy
nufrL

Ar _RO
S35
ArAl
FlsA
Ay RO
S6
ArA2
FlsyA
Ar» RO
S7
ArER1
Flséh
A _RO
s8
AsR2
F1yA
As RO
S9
ArR3
Fi1.,A
fy _RO
510
Ar R4
Fls4a
A»_RO
S11
ArA3
Fil,A
A RO
s12
A»C70
FlsA
Ar..RO
S13

~-R1sA
Ay _KRO
-ROsA
AyR1
FlyA
Ay RO
S14
-RC
Ay B2
FlsA
A _RO
515
AyBY
Flsh
Ay RO
516
AyRa
Flsa

-
D
[ 2%

iRl

B2

yID

FR2

AR

PB4

il Al RSl SIS




T

v e
B P &

Cam
ot

A0, 2 SRS SN JEB et sa et

0 on e R SIS o on i 40 e Sl e o 4

00000000
00000001
00000002
00000003
00000004
00000008
00000009
0000000A
0000000R
0000000C
000¢0000Dn
0000000E
00000012
00000013
00000014
00000015
00000016
00000010
00000011
00000040
00000070
00000000
00000011
00000010
00000002
00000008
00000009
00000000
00000001
00000082
00000000
00000028

0000000F

00000010
00000001

000000ES

00000001
00000040
000000F E
00000012
Q000900FE
000000KRF

.....

0000
0000
0000
0000
0000
0000
0000
0000

0000

0000
0000
0000
0000
0000
0000
0000

‘0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0001
0001
0002
0002

: -
o O OOOOOOoooOOOOOOOOOOOOOOOOOOOOOOOOOOO0000000:{

A1=00
A2=01
AZ=02
A4=03
A5=04
E1=08
B2=09
B4=10
Ba=11
BS=12
B6=13
B7=14
C2=19
C3=19
C4=20
€5=21
C6=22
C7=16
c8=17

Co=64

APPENDIX D

BIME.LIS:1

C70=112

SC=00
KI=17
KP=16
P1=02
F2=08
P3=0%
F4=00
P5=01

W1=130

W2=00
W3=40
Wa=15
WS=16
We=01

W7=230

W8=01
Wo=454

W10=2254

Wit=2%

Wi12=204

Wi3=1%1

IS
ENTO

SEL
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o m
B LS e

0003
0003

SEL

REO } EXAMPLE A

0004
0004
0005

MOV

KOyF1

e r
L]

0006
0006
0007

MOV

AWl
EXAMPLE B

20
18

23
00

90
i8

23
28

90
18

23

OF
g0

23
10

30

333
08

E?
07
01
EER
EA

0008
0008
0009
0009
000A
000A
OOOR
000C
000C
ooon
ooon
O00E
000E
O0OF
0010
0010
0011
0011
0012
0012
0013
0014
0014
0015
0015
0016
0017
0017
0018
0013
0017
001A
0014
001
o01cC
001C
ootin
O0LEL
CO1E
OO1F
0020

MOVUX
INC

MOV

MOVX
INC

MOV

MauX
1NC

MoV

MOVX
MOV

OUTL

MOV

nov

MoV

MOV

MOV

~-RO»A
RO

ArW2

~-ROsA
KO

ArW3

-RO»A
RO

ArW4

-RO»A

ArWS

F2yA

ROsF2

R1»P3

R2,UW6

R3»W/

R4, WH
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DOAD P oo

MR AR

) e

T

imalmh Saea 2 2 oA S o

RC 0020
01 0021

0022 0 MoV RS WO
Rt 0022
40 0023

0024 0 SEL RE1
S 0024

0023 4] MOV ROsF4
B8 0025
00 0026

0027 0 MOV R1yFPS
B® 0027
01 0028

0029 0 MoV R2,W10
BA 0029
FE 002a

002E 0 MoV R3:W11
ER  002E
19 002C

002D 0 MOV R4AsSW12
BC 002D
FE O02F

002F 0 MOy RI»W13
BD O002F
EF 0030

0031 0 SEL RBO
CS 0031
. 0032 0 MOV R&69K1
BE 0032
11 0033

0034 0 CLR )
27 0034 -

0035 0 © MOV ~-RO»H
A0 0035

0036 0 CLR FoO
85 0034

0037 0 CFL FO
25 0037

0038 0 LOOPS MOUVX fry _RO
80 0038

00329 0 S1¢ JNTH 51
46 0039 } EXAMPLE C
397 0034

003k 0 (ALY Ark4
FC 003n

003C 0 MOVX “Rls8A
921 003C

003 0 M0 AYRS
FD 003D
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