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'LBLHEX - A HEX MONITOR
PROGRAM - FOR 8p89 CODE-
'COMPATIBLE MICROPROCESSORS

Joseph E. Katz

Lawrence Berkeley Laboratory
University of California
Berkeley, California

March 1978

ABSTRACT

LBLHEX is a hexadecimal monitor program for 8p8p code—compatib]e'micro-
processors. The program allows the user, via simple keyboard commands, to
examine and_modify al} of memory and to transfer program control to any mem—
ory location. It has a multiple pass breakpoint feéture, a unique feature
.of this program, which is of great value in the deveiopment and debugging of
microprocessor prbgrams. Routines to check and program EPRdMs by either
remote or resideﬁt brogrammers are provided. The ability to read or write

object code to peripherals or other computer systems is also inc]uded.

This work was supported by the Division of Chemical Sciences, 0ff1ce of Basic
Energy Research, U.S. Department of Energy :
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INTRODUCTION

This hexadeciﬁa] moni tor program was written to provide in one program
some new feétUres and options that have appeared in one monitdr program or
another. The language is meant to be forgiving, eaéy to remembef, and con-
venient to use. | _ .

The program occupiés slightly less than 2ﬂ481¢ words and‘therefofe may
be located on one 2716 EPROM. No effort has been made to minimize the code
since the cost of EPRQH~mémory continues to rapidly decrease. -

This write-up ahd_description is meant to briefly describe the code and
its features. The program is written so it may easily be reassembled at
any memory 1ocationvénd may be used with a wide variety of périphera1 devi-
ces. It is assumed that the reader is somewhat familiar with 8880 code-com-
patible microprocessors and its jakgon. Therefore terﬁs 1iké EPROM, USART,
RAM, HEX, RESTART, ETC. will not be defined as they are introduced.

If the reader is in doubf,'therevare innumerable microprocessor intro-
ductory tutorials aQai]éb]e Qith extehsive glossaries, Ref. 1, for example.

2’3, has proved to be an effective

LBLHEX, a Tinear descendant of 0DT
debugging and system development tool. The tradition of sbft front panels
is well served by LBLHEX. This monitor program has on many occasions been

the only tool required to commission and maintain a microprocessor system.
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SYSTEM REQUIREMENTS

The minimum system requirements for using LBLHEX, as it is assembled,
are as fo]]owé:

1) ‘Any 808P code-compatible microprocessor.

2) ,2%48]w of read only memory at location PPPQH.

3) RAM memory for use as stack pointer and scratch pad
from 83@@PH to 83FFH.

4) A terminal interface with input and output via
I/0 port 2. Status and control word, for a
USART orFUART at 1/0 port 3. Status bit
indicates that the termipal is free to send
another character and status'bit 1 indicates
that a keyboard character has been received.

A program 1ist1n§ of LBLHEX is provided in Appendix A. The pfogram
may be reassembled with the scratch memory (RAM) at any lTocation by chang-
ing the address of the STACK variable at the top of the assembly listing
page 2. The main body of the program may be assembled at any memory loca-
tion (EPROM) by changing the ORG statement shown in the assembiy listing
paQe 3. |

LBLHEX uses 3 of the 8 RESTART/INTERRUPT locations of the 8p8p micro-
processor. It is very convenient to have your monitor program come up when
the system is tufned on or restarted. Therefore location PPPPH is dedicated
to initializing the console device and transfefring control to the monitor
program. | |

RESTART/INTERRUPT locations 3PH and 38H are dedicated to the Breakpoint
and Trap feature of the monitor. Breakpoint is defined as a deliberate

interruption of a program, installed by the user, to examine the contents
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of the régisters, the sfack pointer, the stack contents, and the flag word,
to evaluate the operation of the program under development. A trap is an
interruption of program caused by the execution of a memory location con-
tainfng the code FFH. This may be the result of addressing non-existant
memory. In the event of a trap, it is certéin]y helpful to héve the con-
tents of the registers, the address of the trap, the stack contents, etc.
printed out on the console device.

The other_RESTART/INTERRUPT locations éhown in the assembly Tisting
are programmed to allow the user to transfer execution to other.routines.
Microprocessor controlled pieces of hardware that we have built at LBL*
have a front panel RESTART ‘button and an octal switch which allows the user
to choose which program mode the hardware should respond in. The assembTy
Tisting, Appendix A, pages 2 and 3, show the options provided. We will not
describe these other'progréms at this time but refer the reader to a fine
description4 of a microprocessor system philosphy. -

INPUT/OUTPUT

Al1 input/output for LBLHEX is performed through cails to subroutines
CI (any console input), RI (read in, paper tape, cassette, etc.), CO (any

s

console ouput), and PO'(punch output, paper tape, cassette, etc.). The
assembly listing, page 3, shows jumps tb té1etype routines. LBLHEX is de-
signed to allow the user to communicate easily with a large variety of 1/0
devices. For a microprocessor system with other peripheral devices, one
may simply replace the teletype routines with the appropriate drivers.

The I/0 routines may be reconfigured to satisfy the more elegant sys-

tem with several different consoie devices. The I/0 jump table, may be

*LBL - Lawrence Berkeley Laboratory of the University of California in
Berkeley
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changed, to point to a routine to check a (software or hardware) switch
which determines the I1/0 driver and device in use.

The I/0 routines and subroutines, of LBLHEX, may be usedvby other sys-
tem programs. The calling protocol and affected-registers are described in

the Useful Subroutines section of this write-up.

KEYBOARD - COMMANDS

A brief description of each element of the command structure is given

-on page 1 of the assembly Tisting. This short listing is intended to be

used as a handy reminder which may be posted on or about your console device.
Commands, genera]]y.consist of a sfng]e.character followed by oﬁevor
more hexadecimal numbers. In the absence of a number, a reasonable default
value is assumed. The default va]ue“for each command element is described
below and in the short form command menu, see page 1 of the assemb1yvlistiﬁg.
Commands are terminated by a.carriage'return, (CR), or. the send key on some

terminals. This mode of command character, data or address options and an

“execute, (CR), allows the user to verify his/her input before execution.

A number in an address field consists of one to four hexadecimal charac-
ters,{f) to 9,A to F). Since only the last four characters before the termi-
nator are considered, one may correct any mistakes by continuing on until
the correct address has been typed. Of course; the nqmber in a memory byte
or number-of-times field cohsists of a maximum of two hexadecimal characters.
In this case, only the Tast two characters_are.considered. Leading zeros
are assumed, address (PPA5) may be entered as AS and data byte (@3) may be
entered as 3. - - _

Upon a RESTART/INTERRUPT(front panel push-button, option @) or when
power first comes on, program control is traﬁsferred to LBLHEX. The response

is the asterisk character (*), to signify that LBLHEX is ready to accept
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input commands. Upon completion of any assigned task, the program response
is the asterisk (*). |

For a non-hexadecimq] character in the significant characters of a
numeric field or a non-éxistent command character, the response is a ques-
tion mark (?). This error return message is foliowed by a carriage return,
line feed and the reinitialization of LBLHEX signified by the asterisk (*).
w . _

This command allows the user to transfer program controi to any address
by typing *GNNNN(CR). Where NNNN is the hexadecimal address to which you
wish to transfer program control. (CR) indicates a carriage return or the
send key on some terminals, thefefore to transfer contr01 to some program
located at a address of 10PPH, one would type: l
*G10pP(CR) |

An output to indicate the response of LBLHEX to a non-numeric charac-
ter in an address field to shown below:

*G78AYK(CR) |
?
*

The non—héx K in the significant portion of the address field caused
the question mark response (?) and the return to LBLHEX (*).
BREAKPOINT |

This feature allows the user to cause an interrupt of program execution
at any address. Upon a break, all of the régistér pairs, the address of
the breakpoint, the stack pointer, the contents of the  stack, and the f1ég
word will be printed on the console device.

At the end of a break, the contents of the breakpoint memory location

are automatically restored with their original contents, and program control is
Y : 9 :
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transferred to LBLHEX. The user may then use any of its features to examine,
modify, dump, or install another-breakpoint before making another pass of
the program in question. |

A novel feature of LBLHEX, as far as I know, is the provision of allow-
ing a specified number of passes (1 to 255(FFH) are the range permitted)'of
thé code in question through the breakpoint before allowing the break.

The command structure for the breakpoint feature is BNNNN,MM,LL(CR)
NNNN is the address of the breakpoint and MM is the number of bytes in the
instruction at that address. Since multiple passes are allowed, it is neces-
sary for the monitor program to know the number of bytes'in the breakpoint
instruction. The iﬁterested reader may pursde this point in the assembly
listing, e.g., see subroutine BKPNT, shbwn on bage 5 and 6 of the listing,
Appendix A. The break will occur on the LLth fime that program control passes
through address NNNN. |

A typical output 1isting showing_the use of tﬁe breakpoint feature of
the monitor is shown below:
*B5A49,3,19(CR)
fG47i3(CR)
READY
RUN
INPUT STARTING ENERGY = :59.5EV

AF BC DE HL ADD SP STACK F=S Z 0 AC Y
p1

S P1
856 9P38 PPAT 8P49 5A49 83DP PABS g1 1

0 C
p1180
*

A breakpoint was installed at address 5A49H. The 3 byte instruction

starting at that address is to be interrupted on the 16th (19H) pass. The user
then transferred program control to location 4713H (In this examb]e, a BASIC

't
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Interpreter with a stored program). The next 3 Tines are a BASIC reply, a
command, and a programed input request. After 16 iterations through address
5A49H in an assembly language subroutine, a break was initiated and the dump,
shown abqve, was printed. The original 3 byte instruction starting at ad-
dress 5A49H was restored and program control was transferred to LBLHEX (*).f
If a break is to occur on the first pass, a default command of BNNNN(CR)
may be used. An output showing this'appears below:
*B59P3(CR) P
*G5900(CR)

AF BC DE HL ADD SP STACK F=S
1553 P1AD PI1AD 5903 5903 8912 590F )]

- N

*
TRAP.

Execution of the code FFH will cause a Trap as previously described.
Upon a trap the meséage, T =, will be printed on the console device by
LBLHEX. A response of, T, will generate a listing of a]]lbf the register
pairs, the address of the trap, the stack pointer, and the contents of the
stack. LBLHEX is then reinitialized and an asfekisk (*) is printed. Note,
the printout of the TRAP parameters will be initiated by the response, T,
a carriage return (CR) is not required. |

Any other valid keyboard command may be used, after a trap, to examine,

modify, dump, or transfer program control to any other memory address.

bumMp

Dump allows the user to print the cohtents of any region of memory on
the console device. The command format is of the form DMMMM,NNNN(CR), where
MMMM is the starting address of the portion of memory to be displayed and

NNNN is the end address. If NNNN is less than MMMM; the contents of only



LBL-7531
-9-

one address (MMMM) will be printed and control will return to the monitor
'(f). A dump in progress may be interrupted at any time by striking any
console keyboard charactgk. An example of the use of this command is given
below:
*D8PPR ,8012(CR)
800p 84 13 12 AB CD 13 p5-59 C3 A1 DD @1 31 33 3A FA -
8019 38 C3 5¢ |
*
LOAD

Load is used to éequentia]]y insert code into memory, starfing at any
location. The command format is, LNNNN AA,BB CC(CR). NNNN is the first
address in memory where code AA will be stored. BB will be stored at NNNN+1
and so on. FEither a space or a commé_may be uéed as separators between code
words. A carriage return (CR) terminates the loading operation. A line
feed (LF) will cause the monitor to-print the next address and its contents.
Then the user, may modify that address by inserting new code and continue
the loading operation. If the contents of a Tocation are not to be modified,
one need onTy type a space or a comma and continue oﬁ to the next location.
Some examples of Load and Dump are shown below:
*D3PPP,89P9(CR)
80p9 AB CD @1 32 49 56 8A 34 12 34
*L8PPP 2,2B34, ,0(LF)
8pp4 4p ,P(CR)
*D8PPPY ., 8PN9(CR)
8PP0 92 34 P91 PP 49 9P BA 34 12 34

*
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EXAMINE

Examine provides the user with the ability to display the contents of
any memory location. After displaying the contents of a memory location,
LBLHEX will enter the LOAD mode and all of the options, as previously des-
cribed, for the Load command are available to the user. |

The command format is ENNNN(CR) where NNNN may be any hex address.
For example, a typical use of the Examine command to open a location to
examine and load is shown below:

*E8B8PPP(CR)

80pp P2(LF)

80P1 34 AA,1234(CR)
*D8PPn, 80p2(CR)
80p9 92 AA 34

*

A convenient use of the examine feature is to display seVéra] sequen-
tial locations and their contents for searching, checking, or listing pur-
poses. An example is shown below:

*E4AC(CR)
PAAC PA(LF)
PaAD DC(LF)
PAAE A2(LF)
PAAF pa(LF)
p4BY CD(CR)
*
READ
By means of the Read command, object code may be loaded into memory

from any read-in device. The read routines shown in the assembly lfsting,
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Appendix 1, pages 5,19-21 have been used to read object code from various
‘paper tape readers or from telephone lines connected to the LBL computer
center.

The command format is.RHAAAA(CR), where H signifies that the format
of object code is HEX(INTEL™™). This format is described in Appendix B.

The character, B, in place of the H would indicate that the format is BINARY
(LLL*), See Appendix C. AAAA is on offset address, which is added to the
‘load address contained in the input file. If no address is given, a default
value of PPPPH is assumed.

Usually the object code load address is specified on the source file
and the offset address is not needed. Wheh object code is to be loaded on
EPROMs , see Move and Punch discussions, the offset address is found to be a
very useful feature of LBLHEX.

The ability to read BINARY (LLL) formatted tapes is included for the
convenience of users of ear]y-microproéesspr systems which still use this
older format. v

The preferred format for both input and output_objéct files is the
HEX(INTEL) format. It has, in fact, became the defacto standard for in-
dustrial, laboratory, and home user systems.
HEX

This command allows the user to write a HEX(INTEL) formatted tape.
The PO driver routine, see page 3 of thé assembly listing, may be changed
to write any other dutput device. |
**Reference to a company or product name does not imply approval or recom-
mendation of the product by the University of California or the U.S. Depart-
ment of Energy to the exclusion of others that may be suitable.

*LLL - Lawrence Livermore Laboratory of the University of California in
Livermore _
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The command format is HAAAA,BBBB(CR), where AARAA is the Tower boundary
memory address of the code to be transmitted and BBBB is the upper boundary
memory address. The object code from the region specified will be trans-
mittéd in a HEX(INTEL) format and an EOF record will terminate the trans-
mission, see Appendix B.

PUNCH

Until recently, most microprocessor systems did not have resident
EPROM programmers. Therefore, a means of down-loading object code from a
microprqcessor system to a remote EPROM programming device is necessary.
The Punch command is capable of producing paper tape formatted for the
PRO-LOG " EPROM programmer. The command is of the format PNNN,AAA(CR),
where NNN is the size ofithe EPROM. The user is allowed to specify either,
1792 EPROMs with NNN=FF, 2708 EPROMs with NNN=3FF, or 2716 EPROMs with NNN=
7EF. AAA is an initial EPROM address, the user may, for example, want to
write on only the upper half of a 2716 EPROM. After the Punch command (CR),
LBLHEX will return to the command decoder and én asterisk will be printed
on the console. The user is then required to specify, by means of the Dump
command, the memory locations that are to be loaded on to the EPROM. An
example is shown below: |
*P3FF,3FE
*D43FE,47FF
PUNCH ON?
3FE 929
3FF 44
/
pop CD
pP1 A3
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pp2 44
pp3 Cé
004 91
pps 77
Pp6 C3
(and 50 on until)
3FF @5

/
The user specified that 2708 EPROMs were to be loaded starting at ad-

dress 3FEH onthe first EPROM. The code from memory address; 43FEH, to _
memory address, 47FFH, was transferred to paper tape, formatted to load two
2708 EPROMs.

The first two memory ]ocatfons are to be put on a first 2708 EPROM at
locations 3FEH and 3FFH. The remainder of the code specified, was format-
ted to be loaded onto a second 2708 EPROM, starting address = PPPH. Note,
remember that a Punch output, ih progress, may be terminated by striking
any console character.

CHECK

Check allows one to load any 8-bit byte of code into any region of
memory. After the 8-bit byte is loaded into .each memory_ldcation, it is
read out by LBLHEX and verified. If the memory contents are not equal to
the input byte, the address and the contents are printed on. the console
device. Program control may be transferred to LBLHEX at any time by striking
ény keyboard character.

The command is of the format CMMMM,NNNN,AA(CR). AA is the 8-bit byte

of code to be loaded into memory frbm address MMMM to address NNNN..
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There are'many uses of this command. .It may be used to clear an area
of memory. For example, one may load all @#@'s in RAM memory from 84p@H to
99PPH, as shown below:

*C8490,9009,0(CR)
*

One may use this command to find the boundaries of a microprocessor
system RAM memory, as shown below:
*(84pP,FFFF,11(CR)

BID FF |
BOP1 FF
Bpp2 FF
BPP3 FF
BAg4 FF
BAYS FF

*
?
*

The microprocessor RAM memory lower boundary address is 84@pH while
the RAM memory upper boundary has been located at address, AFFFH, in the
above exampie. Note that, the printout was terminated by striking any
console character. This caused the question mark (?) response and the re-
initialization of LBLHEX. |

Lastly, this command may be used to- check (hence the name) that EPROMs
are compietely erased.

*COYPP,D7FF,FF(CR)
*CD8ﬁﬂ,DFFF,FF(CR)
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DIBA EF
*

In the above example, the EPROM memory from D@P@H to D7FFH is completely
erased (it contains FF atvevery location). The 2716 EPROM at D8P@H has.one
bad bit at memory location DIBAH. (Put it back under the UV source.)
it _

The move command provides a means of moving a block of codé from one
region of memory to another. This is most useful when loading EPROM's by
means of a resident prom programmer.

‘The format of the command is MAAAA,BBBB,CCCC,(CR) where AAAA to BbBB
define the addresses of the section of memory that is to be moved. CCCC is
the starting address of section of memory that is to be 1oaded with the
code from address AAAA to address BBBB. NN is the number of times that
this move should be repeéted. For no NN, the default value is one.

- After NN moves, the memory bounded by address AAAA to address BBBB is
compared, bit for bit, with the contents of memory starting at address CCCC.
Any differences are reported on the console device. The contents of the
original memory location and address are printed és well as the new address
and its' confents. ‘ | ; \

As in other LBLHEX commands, an output 1listing in progress may be termi-

nated at any time by entering any console keyboard character.

USEFUL SUBROUTIMES

There are a number of useful subroutines’contained in LBLHEX. These
may be useful as utility foutines for other programs. The list below con-
tains a name (sometimes descriptive), an entry address, and a brief des-
cription inc]uding'affected registers. For further detai]s,vp1ease refer

to the assembly Tisting in Appendix A.



NAME

o
(console input)

co
(console output)

PRMSG

CRLF

SPACE

CECHO

HEXNB

BTHEX

CALL_ADDRESS

40H

46H

4CH

4FH

52H

55H

58H

5BH

LBL-7531
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~ DESCRIPTION

Waits for a character to be received

~ from the teletype and returns the ASCII

character in the A register. Affects
only the A register.

Waits for teletype printer ready and
then prints the confents of the C
register. No registers are modified.
Prints a message stored in ASCII code
and terminated by a @PH character.

The HL registers points to the first
byte of the message string. No regisf
ters are modified. o

Prints a CR and a LF on the console
device. No registers are modified.
Prints one space on the console device.
C register is used.

Get .a character from the console de-
vice énd echoes (prints) it. A regis-
ter contains character, no other reg-
ister modified.

Converts a Hex character in C régister
to 4-bit BINARY nibble in A register.
No other registers are modified.
Converts an 8-bit Byte in C into 2

Hex characters in B and A. A, B, and

C registers are used.



NAME -
. NBHEX

HEXCO

HEX1CO

HEX2C0

ENDOP

CHKAD
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CALL ADDRESS

5EH

61H

64H

67H -

6DH

3P6H.

LBL-7531

DESCRIPTION
Converts a nibble in C to a Hex char-
acter iﬁ A. No other registers are
used. |
8-bit Byte in C is transferred as two

Hex characters to the console. No

‘registers are modified.

A space and 2 Hex characters are printed
on the console. The Byte in the C
register is printed. No registers are

modified.

A space and 4 Hex characters are printed

on the console. The two Bytes in BC

- are printed.. Only the A register is

modified.
Will return a carky if a character has
been received on the teletype. Uses

A only.

. Compare DE to HL. Return with Zero

set-if DE=HL. Returns with a carry
set if DE if greater than HL. No.

carfy and no Zero are returned if HL

" is less than DE. A is the only regis-

ter moditied.
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80-10 system monitor brogram, _ ' |

In the course of this development, we have been aware'qf a U.C. Berkeley
monitor‘program Ca]]ed—HDT. The most recent version of this page-oriented
monitor also has a rudimentary ca]éu]ator functions. |

Lastly, I wantvto thank and acknowledge the comments, criticismé,
suggestions, and general all-around support of Richard Strudwick and the

rest of my associates at LBL.
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SCURCE _LISTING OF LBLHEX

8080 MACRO ASSEMBLER; VER 2.0 ERRORS = 0 PAGE 1

LBLHEX  2/27/78  J.KATZ X5636
A WEX MONITOR PROGRAM FOR 8080 CODE-
COMPATIBLE MICROPROCESSOR SYSTEMS

COMMAND TTY INPUT FORMAT

BREAKPOINT BNNNN MM LL (CR)
NNNN= BREAKPOINT ADDRESS mm= NUMBER OF BYTES
IN THIS INSTRUCTION,LL=NUMBER OF PASSES
BEFORE BREAK. DEFAULT IS A BREAK ON 1ST PASS.
TRAP EXECUTION OF THE CODE OFFH WILL PRINT
(T=) , A TTY INPUT OF T WILL CAUSE A
PRINT OF ALL THE REGISTER PAIRS
CHECK MEMORY Cmmmm_ NNNN, AA (CR)

LOADS AA INTO MEMOAY(MMAM TO NNNN) AND VERIFIES

DUMP MEMORY DMMMM, NNNN ( CR)
EXAMINE ENNNN' (CR)
AFTER EXAMINE , ADDRESS IS OPEN TO LOAD
60 (EXECUTE) GNNNN (CR) :
LOAD MEMORY LNNNN, AA BB, CC (CR)
, = OPEM NEXT ADDRESS FOR LOAD
SPACE=OPEN NEXT ADDRESS FOR LOAD
CR = TERMINATE LOAD
LF = NEW LINE,PRINT ADD, CONTENTS, CONTINUE

PUNCH NNN, AAA (ERD
PUNCH A HEX ASCII TAPE TO LOAD A PROM ON
THE PRO-L0G PROM PROGRAMMER, NNN=SIZE OF
THE PROM(FF,3FF, TFF=256 1024 ,2048)
AAA=INITIAL PROM ADDRESS(MODULO NNN),USE DUMP
TO SPECIFY CODE FOR PROM LOAD TAPE.

MOVE MAAAA, BBBB CCCC,NN (CR)

MOVE CODE FROM ADDRESSES AARA-BBBB TO
CCCC(NN TIMES). A CHECK IS MADE TO VERIFY
THE MOVE. DEFAULT(NG NN) IS ONE MOVE.

READ RHAAAA (CR) :
READ A MEX(INTEL) FORMAT PAPER TAPE.B IN
PLACE OF H SPECIFIES A BINARY(LLL) FORMAT,
AAAA=OFFSET ADDRESS WHICH IS ADDED TO PAPER
TAPE ADDRESS.DEFAULY OFFSET=0.

MEX ASCII MAAAA BBBB (CR) ,

PUNCH A HEX ASCII (OAD TAPE,AAAA TO BBBB

FOR AN INPUT ERROR, THE RESPONSE IS ? (TRY AGAIN)

;HMEN ENTERING A BYTE,ONLY INFORMATION IMMEDIATELY PROCEEDING A

LBL-7531

;TERMINATOR IS HELD. ANY TYPING ERROR MAY BE CORRECTED BY CONTINUED

" ;TYPING. A NON-HEX CHAR. IN A NUMERIC FIELD WILL CAUSE AN
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000002
000003
000002
000001
000025
0000CE

0083D0
0083D2
008303
008305
0083D7
008309
0083DA
008308
0083DC
0083DD
0083DE
0083DF
0083E2
0083E#4
0083E6
0083E8

000000
000000

000001
000002
000005
000008
000009
00000C
00000F
000010
000011
000014
000017
000018
000019
00001C
00001F
000020

000021 -

000024
000027

OFB

000
031
0C3
OF3
031
0C3
000
0F3
031
0cC3
000
OF3
031
0C3
000
OF3
031
0C3
000

0Do
070

000
076

oDo
o7¢C

oDo
082

0Do
088

083
000

083
000
083
000

083
000

083
000

A-2

ERRORS = O PAGE 2

;ERROR RETURN.
THE SOURCE CODE 1S STORED IN LIBRARY=MICRO, SUBSET=LBLHEX,

Ry

FLAG

-TTYDA.

TTYTR
cmp
MODE

STACK
PFLAG

" PROM

PADDR
MOVAD
SAVE1L
SAVE2
SAVE3
SAVE4
NB
BCTR
RAMJP
TEMPL
TEMP2
TEMP3
EXTRA

;
$000—

;
H

EQU

EQU

EQU
EQu
EQU

“EQU
EQu

EQU
EQU
EQU

‘EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

" ORG
El
; INTERRUPT

;TTY KEYBOARD IN AND OUY PORT

2
3 UQRT AND USART STATUS AND CONTROL PORY
2 STATUS BIT 1,TTY HAS A CHAR.
1 STATUS BIT 0 TTY READY TO SEND AGAIN
0254 USART COMMAND INPUT
OCEH USART INITIALIZATION OF MODE -
. FOR 80-10 SYSTEMS USE MODE=CFM
8300H ;INITIAL STACK POINTER
STACK+2 PUNCH MOVE,BREAK FLAG
STACK+3 PROH 12E
STACK+S PROH ADDRESS
STACK+7 lREhI MOVE ADDRESS STORAGE
STACK+9 BRE“K‘O!NT BYTE REFUGE, 1ST BYTE
SAVE1l+1 ; 2ND BYTE
SAVE1+2 ; 3RD BYTE
SAVE1+3 ; RET COBE
SAVE1+4 ; NO. OF BYTES
SAVE1+5 ;BREAKPOINT TIMES COUNTER
SAVEL+é6 ;RESTART S, ENTRY Jump COMMAND
SAVE1+9 TEHP ADD. STORE 1
SAVEl+11l ;TEHP. ADD. STORE 2
SAVE1+13 ;TEMP. ADD. STORE 3
SAVE1+1S ;EXTRA SCRATCH RAM
OH

;ENABLE INTERRUPT

6=LBLHEX(BREAKPOINT), T7=TRAP(LBLHEX)
;ON RESET/INTERRUPT FRONT PANEL SWITCH DIRECTS

NOP

LXI

Jme  Rebo

131
LxI

JmP RES1
NOP

. D1
LxI

JMP RES2
NOP

DI
LXI

JmP RES3
NOP

DI

SP,STACK

SP,STACK

SP,STACK

SP,STACK

LBL-7531

ON LBL PSS

T0 O=LBLHEX, 1=BASIC(CLEAR MEMORY), 2=BASIC(SAVE MEMORY),
=BASICC(AUN), 4=BASIC(1/0 INITIALIZE), 5=JUMP TO RAM,

-SP 70 END OF 1KSCRATCH RAM AT 8000W.

ESET = O

;RESET = 1

;RESET = 2

;RESET =3

;RESET=4
LXI $P,STACK
JMP RESH4

NOP
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ovccees
003629
099028
000020
20028
20028
coecae
000031
00003
£009135
. 000036
00C037
600038
0600139
000040

cCo040
000043
000046
0C00u9
00004C
00004F
000052
0002058
000058
000058

0OQOSE

060061
000064
006067
00006A
000060

000070
000073
000076
000079
00007C
000O07F
000082
000085

000088 -

000088

00008E
00008F
000091
000093

0F 3
0C3
oocC
00¢C
000

009

0F3
cC3
000
000
00¢C
000
OF2
0C3

0C3
0C3
0C3
0C3
0C3
0C3
0C3
0C3
oc3
oC3
0C3
0C3
0C3
0C3
0C3
0oC3

oCp
0C3
oCo
0C3
oCcD
0C3
ocp
0C3

.0CD
- 0C3

OAF
003
0D3
0D3

0DF

013

088

023
023
020
020
000
OE&
097
0F3
003
ol
036
041
051

058
oFC.

00F
O8E
oné
08E
000
08E
013
08E
ooC
08E
009

003
003
003

083

00«

00«

007
oo7
007
007
004
004
004
004
005
005
005
005
005
005
005
003

000
000
000
ou47
000
o4r
000

VER 2 O

,JumP TABLE

ERRORS = 0 PAGE 3

JMP RAMIJP
NOP
NOP
NOP
NOP

DI

JMP HEXBR
NOP
NOP
NOP
NOP

D1

- ImP TRAP
ORG S000+40M

LRESET=S
Jump . T0O RAM INTE

,RESET=6

lBLHEl BaEaxPOPNY

LRESET=T
) BREAKPOIN! TRA

RAUPT ROUTINE

ROUYIME

P ROUTINE

"USE THIS TABLE AS AN ENTRY TO DESIRED ROUTINES

£1-
Rl
co-
PO~

RESET
RESO—~

RES1—
RES2-

RES3—

o057

000
057

RES4-—

SINIT.
oF

imp
mp
imp
imp
Jnp
Imp
imp
Imp
Jmp
Imp
mp
imp
imp
Imp
Jmp
e

ROUTINES 10 RESET USART AND

TIVIN
TIVIN
TivOoT
TTYO¥
PRMSG
CRLF
SPACE
CECHO
HEXNB
BTHEX
NBHE X
HEXCO
HX1CO
HXx2Cco
HEXTO
ENDOP

CALL INIT

Jmp

START

CaLL INIY

Jmp

4700H

CaLt INIT

Jmp

Catl

np

4T7T13H
INIT
STDCH

caLL INIT

Jjmp

"USART-2 "STOP BITS PAR

STO9H

16X(110BAUD),

RECEIVE

IinNtr—

XRA
ouv
out
ouv

ENABLED,
A

FLAG
FLAG
FLAG

. CONSOLE INPUT

USE TTY FOR READER
{CONSOLE OuTPUT
PU“CH ouY

PRINT -MESSAGE

PRINT CR o LF
"PRINT A& SPACE -

"CHAR WITH ECHO FROM
"CONV MEX 70 NIBBLE
"BYTE T0 2 HEX
NIBBLE 10O HEX

"MEX TO CONSOLE DEVI
"SPACE,MEX TO CONS
"SPACE 2 MEX 10 CONS
"HEX RECORD 10 MEMOR
JRETURN WITH CARRY |

LR AT R TR SRR I

JRESET=0, GO MONITOR
JRESET=1,CLEAR BASIC
JRESET=2, SAVE BASIC

.RESET=3,RUN BASIC

;nészv “, INTIT. 170,CL
ITY DISABLED,8 BIT CHAR,BAUD RATE

COMMAND-NO HUNT, SEND
DATA TERM. READY LOW,

OuUTPUT 3 ZEROS TO
ENABLE USART
RESET

IN

CONSOLE

CE
A

F TTY

MEMORY

MEMORY

EAR BASIC

fnaus ENABLED..

LBL-7531

Jump 10 SBLECTED CODE
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000095  03E OFF " mvl A,0FFW ; INTERNAL RESET OF
000097  0D3 003 © out FlaG :  THE USART

000099  03E OCE " mvl A,MODE ;GET USART INIT. MODE
000098  0D3 003 . ouT FLAG JLOAD MODE TO USART
000090  03E 025 © mvl A,CMD JUSART COMMAND WORD
00009F  0D3 003 : " ouT FLAG "SEND 1T TO USART
0000A1  O3E OFF - mvl A, 377@ ;AuBoUT

0000A3  0D3 002 out TfY ; SEND IT TO RESYNC TTV
0000A5  0C9 © RET

0000A6  OAF START~ XRA A ;SET A=0
0000AT 032 0D2 083 STA PFLAG ;CLEAR PFLAG
0000ARA  OF3 ol

0000A8 031 0DO 083 _LXI SP,STACLK

0000AE  OCD OE6 004 PUNI~ CALL CRLF -

000081 - OOE 024 mvl C,’s’ ; PRINT AN ASTERISK
000083  OCD 046 000 ~ caL to

0000B6 OCD OFD 004 STRD— CALL NECHO _READ COMMAND.

0000B9  OFE 042 . cP1 B’ ,EENSE B.

0000BB  OCA 0S4 001 - J1  BKPNT

0000BE OFE 043 - cpr 'c? ; SENSE C

0000C0 OCA OFB 000 . JZ CKMEM

0000C3  OFE 044 ¢P1 ‘D’ ;SENSE D

0000C5 OCA OEE 001 . JrL  DumP :

0000C8  OFE 045 CPI 'E’ ;SENSE E.

0000CA OCA 0A6 001 . JI  EXMNE

0000CD OFE 047 , cPI- '6’ ;SENSE 6.

0000CF OCA OAF 001 . . JZ GO _

0000D2 OFE 048 : CP1 ’W’ SSENSE M :
0000D4 OCA 042 001 , JZI HWWRITE .60 PUNCH HEX PAPER TAPE
000007  OFE 04C T ;SENSE L.

000009 OCA OB3 001 JZ LOAD ,

0000DC OFE 04D cP1 ’m* ., SENSE M

0000DE OCA 079 002 ~ . . JI MOVE

0000E1  OFE 052 . CPI ‘R’ , SENSE R

0000E3 OCA 023 001 JI READER -

0000E6 ' OFE 050 cP1 P’ ; SENSE P

0000E8 OCA 02F 003 JZ PUNCH

0000EB  OFE 054 cPl 'T’ (SENSE T

0O000ED OCA 027 004 Jz BRPRT ;60 PRINT REGISTER PAIRS
0000F0 031 ODO 083 ERROR— LXI SP,STACK

0000F3  OOE OBF mvi C 3770 ,PRINT A QUESTION MARK
0000F5  OCD 046 000 caLL Gto

0000F8  0C3 CA6 000 . JmP  STARY ,ERROR RETURN

CKMEM WILL LOAD CODE AA INTO MEMORY FROM Mmmm TO NNNN. T WiLL
READ AFTER EACH LOAD TO CONFIRM LOAD. ON ERRORS A MESSAGE Will BE
) PRINTED. ANY CONSOLE INPUT CHARACTER wWiLL ABORT ROUTINE.
0000FB ocD 0D9 001 CxmEm~ CALL GETAD ;6ET START AND END ADDRESSES
0000FE oCD 049 003 - CALL ADRIN ;LOAD BYTE IN L

000101 o7D mov A L -
000102 032 0D2 083 sTa PFLAG ;SAVE BYTE
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000105 OCD OE6 001 - CALL GETAl ;DE=END ADD.,HL=START ADD.
000108 OCD OOF 003 CHKML< CALL ENDOP ;ABORT?
00010B ODA 0A6& 000 JC START ;VES g
00010E 03A 0D2 083 LDA PFLAG ;GET BYTE 70 BE LOADED S p
000111 " OT7 MoV m,A ;LOAD NEW ADD. WITH BYTE
000112  O4F mov C.A JBYTE IN C
000113  OCD 00C 003« CALL MVCMP ~;CHECK IF CODE IN ADD.=C
000116  OC4 OFS 002 - .CN1 MVEPR . GO REPORT ERROR
000119 = OCD 00& 003 CALL CHKAD aas WE DONE?
00011C OCA OA6 000 J1  START ; DONE
00011F 023 INX H i¢1 TO ADDRESS
000120 0C3 008 001 JMp CHKMI commus .
nsanzn WILL READ EITHER BIN OR WEX PAPER TAPE PLUS AN OFFSET
ADDRESS TO MEMORY.DEFAULY OFFSET =0.
’ CHECKSUM ERRORS ARE REPORTED, COUNTED AND STORED IN NB.
000123 OCD OFD 004 6Eausn~ caLL NECHO .GET B OR H
000126 032 0D2 083 STA PFLAG §rons B OR H
000129 OCD 049 003 CALL ADRIN L =OFFSET ADDRESS
00012C 022 OD7 083 SHLD MOVAD éave OFFSET ADD.
00012F OCD OE6 004 CALL CRLF
000132 03A 0D2 083 LDA PFLAG
000135 OFE 042 cPI1 ‘B’ ;1S 1T A BINARY TAPE?
000137 OCA 0B6 006 - JZ BINTP .
00013A - OFE 048 cP1 '’ ;1S IT A HEX TAPE? -
00013C OCA OFC 005 JT HEXTO
00013F 0C3 OF0 000 JmP ERROR JERROR IF IT IS NOT B OR M
JMWRITE WILL PUNCH AN INTEL FORMATTED PAPER TAPE(HEX) WITH CODE
JFROM ADDRESS AAAA TO BBBB.
000142 OCD OD9 001 WWRITE- CALL GETAD ;GET AAAA AND BBBB(TEMP1, TEMP2)
000145 0CD 020 003 caLL PSTRT YURN PUNCH ON,ETC.
000148 OCD 07C 005 CALL WRITE ,60 PUNCH TAPE
00014B_ OCD OE3 005 . CALL WTEOF ;PUNCH EOF RECORD
00014E OCD OBC 003 CALL LDRTR JPUNCH TRAILER
000151 0C3 O0A6 000 JMP START
AR c A RESTART INSTRUCTION IS INSERTED AT A na:axrornt WHEN EXECUTED
- : ’FOR THE NTH TIME, WILL CALL A REGISTER DISPLAY ROUTINE. THE ORIGINAL
P BREAKPOINT BYTES ARE RESTORED. DEFAULT IS A BREAK AT 1ST PASS.
000154 . 032 0D2 083 BKPNT—~ STA PFLAG ;SET BREAK SWITCH TO 8 ,
000157  OAF XRA A JINITIALIZE STORAGE
000158 032 ODA 083 STA SAVE2
00015B 032 ODB 083 STA SAVE3
00015E  03C INR A .+1 TO A
00015F 032 ODE 083 STA BCTR 551 FOR DEFAULT ONE PASS
000162 032 ODD 083 STA NB IDEFAULT=ONE BYTE
000165 O3E 0C9 MvI A OC9H ', RETURN COBE
000167 032 ODC 083 STA SAVE4
00016A OCD 049 003 CALL ADRIN  ;GET BREAKPOINT ADDRESS.
000160 022 OD7 083 SHLD MOVAD ;SAVE BRKPNT ADD.
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000170 O7TE mov A M
000171 032 0D9 083 _STA SAVE1L
000174 03E OF7 © -mvl A, 367Q
000176 0717 MmOV M A
000177 01D : DCR E
000178 OCA 0A6 000 JZ START
000178 0CD 049 003 CaLL ADRIN

00017E 070 mov A, L
00017F 032 ODD 083 - STA ks

000182 02A OD7 083 "LHLD MOVAD
000185 O5F mov E A
000186 OCD 09C 001 caLL Bxkp2
000189 032 0DA 083 STA SAVE2
00018C OCD 09C 001 CALL BKP2
00018F 032 0DB 083 - STA SAVE3]
000192 OCD 049 003 BKPl— 'CALL ADRIN
000195 070 - mov A, L
000196 032 ODE 083 sta BETR
000199  OC3 0A6 000 JMP START
00019C 01D 8KPZ~< DCR E
060190 OCA 092 001 ° JZ BKP1
000180 023 CINX H

0001 A1 o466 mov B,ﬂ
0001A2 OAF ~ ~XRA R
000183 077 : MmovV M, A
0001 A4 078 - MmOV A, B ;
0001A5  0C9 CRET

000146 0CD 049 003 EXMNE*.CQEL ADRIN

000149  OCD OFS 002 CALL MVEPR
0001AC OC3 0B6 001 Jmp BYTE
0001AF  OCD 049 003 60~ CALL ADRIN
c001B2  OE9 - PCHL

A-6
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,SAVE BREAKPOINT BYTE.
LSAVE 15T BYTE
JRESTART INSTRUCTION
"PUT IT THERE

.fs E=1(CR) 7

. ,06NE, TAKE DEFAULTY

'TO READ IN NB
,A=NO. OF BYTES
ISTORE NO. OF BYTES
JGET BREAKPT ADD

_JINIT CTR
;BEC. AND CHECK CTR.
'SAVE 2ND BYTE
-;DEC. AND CHECK CTR.
JSAVE 3RD BYTE :
",6ET NO. OF TIMES
;A=NO. OF TIMES
'LOAD BREAK CTR

;GO GET NEXT COMMAND

; DONE -
;CODE IN B
SET LOCATION TO NOP
CODE YO0 BE SAVED IN A

;EXAMINE ADDRESS.

,PRINT CRLF SP,ADD.,SP, CODE, SP

;READY TO LbAD

,GET ADDRESS.
160 THERE.

LBL-7531

;LOAD MEMORY. EACH INPUT BYTE IS TERMINATED BY EITHER A SPACE OR A

;comma. A LINE FE
iCR WILL CAUSE AN
000183 OCD 049 003 LOAD— CALL ADRIN
0001B6 022 OE2 083 BYTE— 'SHLD TVEMPI

0001B9 OCD 049 003 CALL ADRIN,
0001BC 07D mov AL
0001BD ©02A OE2 083 LHLD TEMPI
0001Co 015 DCR D
0001C1  OCA 0C5 001 . JI LOADI]
0001C4  OT7 © o omOv M, A
0001C5 023 LOADI~ INX H
0001C6 01D DCR E
0001C7 OCA 0A6 000 JZ START

0001CA 01D DCR E
0001CB 0C2 086 001 - JNZ BYTE

ED WILL CAUSE A CRLF
EXIT FROM THE LOAD ROUTINE.
.GET INITIAL ADDRESS.
;SAVE ADDRESS .
JGET BYTE INTO L
JBYTE INTO A
;GET ADDRESS INTO MWL
.TEST NO. OF CHARS?:
;N0 CHARACTER, CONYINUE
;BYTE INTO mEmORY
;INC. LOAD ADDRESS
,TEST FOR 1(CR)
JEXIT LOAD
;FEST FOR 2(LF) _
INOT A LF,CONTINUE LOAD

PRINT ﬁDDF;SS_kND'CONYENYS
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scesc
000100
020103
. 0eC10e

0¢oiCe
ool
00010F
CCCLE2
COCLES .
0CO0lES
CCCLES
0CCl1EA
0CO1ED

GCO1EE
00C1F1
G0C1Fu
06017
0001F9

0001FC
00C1FD
000200
000203
000206
. 000208
. 000208
00026¢C
00020F
000210
000213
000214
000217
000219
00021C
000210
00021E
. 00021F -
000222

000225
0002286
000228
06022C
00022F
000232
000233
000236

ASSEMBLER'

oCE
oCo

©0CD

oc3

“oce
022

oCD
022
oc9
024
0EB
024
0co

oco
ocp
03a
OFE
oC2

‘0ES

oCco
02a
034
OFE

0CA-

04C
ocp
Ou4F

" 0CO

0co
OQue

0fF8
oBs

049
0E2
Q49

0E«

(1)
OE2

009
0Ee
002
050
Cuu

020
0DS
0D«

000

013
036
049

040

oCD
00E
0CD
0E1
OES
O&E
oCcD
oco

024
034
08D
0c2
034
08C
0C2
oco

02R
020
049

024

o008

005
003

03C
oD4

03C
ol4

000

002
001 -

003

083 .-

003"

081
083

083

ool

001

083 -

002

003
083

083 -

opz'

005 .-
000

005
000

083

005 "
00s

083

002

083

002

003

A-7
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nvl C oon
cat to ,PRINT A CR
CALL MVEP! ,PRINT A SP ADD . SP. cooe 5p
P BYTE 160 GET NEX Y313
GETAD~ CaLL ADRIN ,GEV START ADDRESS
"~ GMLD TEMP1 - .STORE [N TEMPY
CALL ADRIN  ,GET END ADDRESS
SMLD TEMP2 ,svoa: IN TEMP2
RET :
GETAl= LHLD TEMP2
: XCHG :
LHLD TEMP1 _DE=END ADD , HL=START ADD
RET
‘pumP MEMORY BOUNDARY aooassses ARE SPECIFIED BY
"REGISTER PAIRS M AND O.
Bump- CALL GETAD GET START ANG END ADDRESSES
CALL GETAl ;DEZEND ADD ,ML=START ‘ADO.
LDA PFLAG
, cP1 ‘P’ ,1S PUNCH ON?
JNZ NEWLN INO GO DumP
PUNCH WEX ASCI! TAPE FROM HERE
PUSH H (STORE INITIAL ADDRESS ON STACK
. CALL ‘PSTRT ,TURN ON PUNCHM ETC :
PUNu~ LMLD PADDR L0.0 Hel UITN PROM QODRESS
.. LDA PROMe} ., GET mS PART OF PROm SIZE
crPt 0 ;18 17 07
17 ADD2 YES, -2 CHMAR ADDRESS
mov C,H P ms'10 C
- CALL WBHEX CONVERT TO WEX acstr
mov-C,A
caLL ‘PO , PUNCH IT
-apD2-~ mOv - C, L ;LS PART OF PROM aooasss
e caLL PFMEX | PUNCH 2 CHAR
mvi C,* ° SPACE
CaLL PO .
POP- N ; GET DATA ADDRESS
PUSH M STORE ADDRESS
mov C,m GET DATA BYTE
caLL PTHEX .PUNCH 2 DATA CHAR.
© CALL PCRLF  ;PUNCH CR/LF
CHECK FOR END OF Phom
LHLD PADDR  ;LOAD HeL WITH PROM ADDRESS
LDA PROM ;Ls PROM SIZE
CMP L .
INZ PUN3 ; NOT END OF PROM
LDA PROMe1 ;MS PART OF PROM SIZE
cmP M :
INZ PUN3 - ;NOT END OF PROM
CALL PELTR " ;END OF PROM, PUNCH LOR/TR .

LBL-7531
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oCC239
20¢22¢
eec23c
00C2%C
0CC2e1
Q024w
00C2%"
C302~8
Qlc2w8
0CC2~E
08c251
. 020292
002255
206258
000259
02825 °C
CCC25E
0CC281
cCce262

c263
000265
005268
000268
0C026E
0cc271
0006273
600276

cg279
0cec27t
coC27F
000282
00C284
000285
000288
060289
50028C
00028F
060292
000295
000298
000298
00029C
00029F
000242
0002A3
0002A4
0002A7
0002A8
000249

021

023
022

CE1

0C3
oCO0
Ou“E
0CD
oC0
oDA
021
0CD
0gca

OES

034
OFE
0CA
OE!
07D
OEs
oCa
ole
0C3
034
OFE
ocC
oc3

oco
oCO
022
03E
1.1
0C2
06F
0C3
0CD

022

024
022
oco
013
0co
oCa
O4E
OES

024
071

023
022

oFE
oDs

cu48
0AQ

LR}
00F
06k

006
DeE

002
050
000

00F
Q44
097
ou7
0D2
050
014
0Ae

0D9
o049
OEb
001

c8C

08F
049
003
OEs
oD7
0ES

006
0B1

0D7

on7

OFF

083

002°

003

005

00y

002

003

002

083 -

002

002
004
002

083

003
000

001

003 -

083

002

002
003
083
083
083
201

003
002

083

083

-8 ‘ LBL-7531

VER 2 0 ERRORS - 0 PAGE 8

~ LXI W, OFFFFH SET ML=-1

CPUNI~  INX M xnéasneuv PROM ADDRESS
SHLD PADDR STORE PROM ADDRESS
POP M _LEY. DATA ADDRESS

: Jmp DOUT?

NEWLN— CALL ADOUT  ,PRINT ADDRESS

DOyUT- MOV C, M "GET DATA BYTE
caLL wExco _PRINT BYTE

DOUT2~ CALL ENDOP n61un~ CARRY [F TT¥?
JC  ENDDP YES TERMINATE DumMP
INY M INCREMENT ADDRESS

caLL cHkaD L SET CARRY IF WL GY DE
JC ENDDP ,VES, LAST ADDRESS DONE

PUSH W . stoRE ADDRESS
LDOA PFLAG
cel P’ 1S PUNCH ON?
JT PUN™ VES CONTINUE PUNCHING
POP M KEEP PLACE ON STACK
mgy . A L S SENSE ENO OF 1 INE
ANl  OFH nasx
32 NEWLN lF END, BEGIN NEXT t INE
caLL SPACE ;PRINT A SPACE
Jmp DOUT LOOP

ENDOP—~ LDA PFLAG

: cpl '’ ;1S PUNCH ON?
Cl PELTR ; VES GO FINISH PUNCH
Jmp START , ALL DONE

MOVE CODE FROmM AARAA- 88BB TO CCCCINN TIMES)
MOVE—~ CALL GETAD GEY START AND ENOD ADDRESSES

CaLL ADRIN GET MOVE START ADDRESS
SHLD TEMP3 _ALSO STORE IN TEMP)
vl a,l JEZ1CCR) .
cmp £~ ,TEST FOR CR
INZ MOVEL  ;NOT A DEFAULT
mov L, A JSETL=1 DEFAULT NO  OF TIMES
. Jmp MOVE2
MOVE1~ CALL ADRIN ;GET NO OF TIMES
MOVE2—~ SHLD PROM LS PART IN L=PROM, H=MS PART [N PROMe!

MOVE3—~ LMLD TEMP3 GET MOVE ADDRESS
SHLD MOVAD ,SYORE IN MOVAD
CALL GETA1 DE=END ADD., HL=START ADD.
: INX O !e1 TO END ADDRESS
MOVE“ - CALL CHKAD ,ZERO IF STARY EQ END ADDRESS+|
3z mOvES FINISHED MOVE, CHECK NO OF TIMES
mov C, M ,EeT BYTE
PUSH i ,SAVE BYTE ADD.
LHLD MOVAD GET CURRENT MOVE ADD.
mov m.C ;Puf BYTE INTO NEW HOME
INX W JINC. MOVE ADDRESSS
SHLD MOVAD PUT [T AWAY

19
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occ2aC
000240
00024E
000281
000284
000285
oocz2ne
000288

0002BE
0002C}
0002C2
0co02Cs
0002Cs8
0002C9
0002CA
0002CD
000200
0002D3
00020«
000207
000204
00020D
0002EO
0002E3
0002E6
0002E9
0002EC
0002EF
0002F0
0002F3

_0002F4
"0002FS

“0002F8

0002FB
0002FE
0002FF
000302
000305

000306
000307
000308
000309
000304
000308

00030C

©Q0EL

023
0C3
03A
030
0cCa
032
ocC3

oCD
013
oCcD
0Da
O4E
023
022

‘024

‘0CD
023
022
oC«
024
oCD
ocC2
0C3
02A
oCD
02A
028

. 0CD

oc9

- 028
. 0Cp

oco
oCcD
O4E
0CD
ocD

09C

003

08BE
003
092

OEs
00F
0A6

OE2
0Eé
ooC

0Eb

] X
0E2
006
0C2
[ LT3
0E2
OF 4
0Eé

oF8

OEé6
097
080

o4l
097

oc9.

07A
oBC
oco
o078
08D
ocY

OTE

002
083

002
083
002

003
000

oe3
083
003

083
002

063
003

002
‘000

083

002
083

002

VER 2.0

ERRORS =

POP H
INX H
JMP MOVESY

MOVES—~ LDA PROM

CHECK THAT OLD CODE=NEW CODE
;DE=END ADD H

DCR A :
JI ENDMV -
STA PROM

JmP MOVE3

EnDmv— CaLL GETA!L

INX D

CHKMY— CALL ENDOP

JC START
mov C,m
INX H

SHLD TEMPI1
LHLD TEMP3
CALL mvCmP
INX W

SHLD TEMP3
CNZ MVERR
LHLD TEMP1

CALL CHKAD

JNZ CHKMV
JmP START

MVERR= LHLD TEMP!

ﬂOVE ERROR PRINT (SP, ADD.SP,CODE, SP) NL’QODRESS

. CALL MVEP2
LHLD TEMP3
DCX M
CALL MVEP1
-RET

" MVEP2~ DCX H
MVEPR— CALL CRLF
MVEP1- CALL SPACE

004
004
003

005 .

004

CALL RPOUT ~
mov C,m ,GET BYTE
CALL EXCO
CALL SPACE
REY ‘
DE=END ADD., HL= CURRENT ADD.

A-9

0 PAGE 9

;GEY CURRENT BYTE ADDRESS

;CONTINUE MOVE
GET NO. OF TIMES.-

,ALL MOVES DONE

;STORE NO.

GO DO ANOTHER MOVE

;+1 TO END AbDRESS
CARRY IF TTv?

naoﬁr

;GET OLD BYTE

!NC

OLD ADDRESS

STORE 17
GEY MOVE ADD.
DOES OLD=NEW?

; STORE

MOVE ADD .

;G0 REPORY ERROR

GEY

" DONE

NEXT ADD.
"ARE WE DONE?
ko CONTINUE

;0LD ADDs1

DCX M _PRINT CRLF, ADD,CONTENTS

GEY mbve apDe1

;PRIN! ADD,
; CONTINUE

CODE

;PRINT BYTE .

RETURN WITH CARRY IF HL.GT. DE
;GET_mS ADD. PART

CHKAD—~ MOV A,D

;HL.

CcmpP H
RNZ

mov A E
cmp L
REY

NEW CODE ADDRESS,C= OLD COOD

- AVCMP— MOV AR

"CHECK MS PART H.GY.D SET CGRRV

fHEY ARE NOT =
;GET LS PART
JCHECK LS PART

GE! NEW BYTE

OF TIMES

AFTER NN MOVES
{=sTART ADD.

RET WITH ZERO IF DE=hL

LBL-7531

€, RETURN ZERD IF THEY ARE =
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000300
00030E

00030F
000311
000312
000313

000314
000316
000319
00031C
00031F

1000320
000322
000325
000328
000328
00032E

00032F
000332
000335
000336
000339
00033C
00033F
000340
000343
000346

000349
000348
00034C
00034D
00034E

089
0C9

oD8
01F
01F
0C9

"00E

oCD
ocp
0CD
0C9

00E
0COD
001
0CD
oCD
oce

032
0CD
OES
022

"0CD

022
001
oCD
ODA
0C3

oté
05A
062
06A
ocD

003

02F
049
0D8
0BC

08A
046
007
0Do
0BC

oD2
049

003
049
005
006

OF0
O0AE

000

OFD

000
005
003

000
004
004
003

083
003

083
003
083
003

000
000

004

A-10 LBL-7531

VER 2.0 ERRORS = 0 PAGE 10

cmp C ;€ =0LD CODE

RET
.ENDOP LOOKS FOR CODE FROM TTvyz CARRY
ENDOP~ IN FLAG ; ANYTHING FROM TTY?

RAR

RAR ; PUT UP CARRY IF ANYTHING

RET

END  OF PROM, PUNCH / AND LEADER / TRAILER
#ELrn~ mvl C,'/*

_caLL ‘PO ; PUNCH /
CALL PCRLF :
CALL LDRTR  ;PUNCH LEADER/TRAILER
, _RET
PSTAT—  MVI C B8AH :
caLL to ;PRINT A LINE FEED
_LXI B,PMESS ;PUNCH ON MESSAGE
CaLL PRMSG
CALL LDRTR  ;PUNCH LEADER/TRAILER
RET . .
; SUBROUTINE PUNCH SETS A FLAG SO THAT DUMP WILL CAUSE A
; PAPER TAPE TO BE PUNCHED. FORMAT IS (ADDRESS,SPACE,
; DATA CR,LF) ( ) ¢ ), ETC. / .
; ADDRESSZ 2 OR 3 MEX ASCII CHARS. DATA= 2 MEX ASCIT CHARS.
; SIZE OF PROM IS DECODED TO DETERMINE WHETHER 2 OR 3 :
; CHAR. ADDRESS 1S NEEDED.
Puncu~ STA PFLAG  ;PUT P INTO -PUNCH FLAG
CALL ADRIN ; GET PROM SIZE
PUSH M ;STORE PROM SIZE ON STACK
SHLD PROM  ;STORE PROM SIZE(MS AT PROMe1=M)
CALL ADRIN ;GET PROM STARTING ADORESS .
SHLD PADDR ;STORE(PADDR=LS=L )
POP D ;PROM SIZE IN DE, S.A. IN ML
CALL CHKAD RET CARRY IF'S.A. GV.SIZE
" JC ERROR ;ERROR, RESTART
JnP PUNI ; 60 GET DUMP PARAMETERS
suanourrus ADRIN READS AND SAVES. IN THE STACK A HEX CHARACTER STRING
JUNTIL A TERMINATING CHARACTER IS ENCOUNTERED. THE UP TO FOUR MOST
JRECENT CHARACTERS ARE THEN ASSEMBLED AND MOVED INTO REGISTER PAIR HL.
JTHE STACK POINTER IS RESTORED.TERMINATING CHARACTERS ARE SPACE,COMMA,
JLF, AND CR. ON RETURN E=1(FOR A CR) E=2(A LF)
D=0(VALIB CHARACTERS IN HL, AND D={(NO CHARACTERS IN HL).
. ANY OTHER NON-HEX CHARACTER WILL ABORT ROUTINE WITH AN ERROR
ADRIN~ MVI D,0 SINITIALIZE CHARACTER COUNT .
‘ movV E,
Moy H.D
MOV LD ;SETH,L =0
AGATN= CALL hscno ﬁsau ASCII CMARACTER.

L1



RNy

[UR LD
c00382
0CCASw
000357
000359
0cc3sC
00C3SE
000361
0003613
00C3bs
000367
000368
0C0368
00036C
000360
00036E
00036F
000372
000373
000376
000379
000374
000378
00037C
000370
00037E
00037F
000382
000385 .
000388
000389
000384
000388
00038C
000380
000390 .
000393
000394
000395
000396 -
000397
000394
000390
0003A0
0003A1
0003A2
0003A3
0003A4
0003A5
0003A6
0003A7

MATRC

ASSEMBL ER

0»?
OFE

oCa:
OFE

oca
OFE

ocCa -

OFE

oca

0Cs

00a
068
o2¢C
060
000
0sC
020
060

014’

0C3
01C
01C

"OAF

08A
oCa
oC1
0CD

0DA
06F .

~O4E

0AB
003
0F0

OAF..

067
015

oC1
oCo
ODA
oCD
085
06F
015
ocse
oC1

0CD"-

0DA
067
015
oCs
0C1
[ Jofs]
ODA
oCD

o84

067
015
oce
033
033
015

0cCs:

003
OF0

025-

003
OF0

003
oF0
025

oce

003

003

.003

003

003

003

005
000

005
000
005

005
000

005
000
005

VER 2 0

TEAM2—
TERM1~
TERM—

‘AJSP—

ERRORS =
mov C,A
CP1 0AM

12 TERM2
cP1
JI  tERm
CP1 0OW

47 TERM)
CP1 20M

J1  TERm
PUSH B

INR D

JMP  AGAIN
INR E ;
INR E ;
XRA A A
cmp o ;b=
JI TERM3
POP B
CALL HEXNB'
JC ERROR
mov L,A
XRA A ; S
MOV H,A
OCR D

RZ

POP B
CALL HEXNB
JC ERROR
CALL SHFTY
aDD L

mov L,A
DCR D

RZ

POP B
CALL HEXNB
JC ERROR
MmOV H,A
DCR D

Az

poP B
CALL HEXNB
JC ERROR
CALL SHFT4
ADD M

mov M, A
DCR D

RZ

INX - SP
INX SP
DCR D

RZ

0 PAGE 11

SPUT ASCIE INTO C

SENSE LF
,SENSE COMMA .

;SENSE CR

.SENSE SPACE

;SAVE CHARACTER:
lNCﬂEHENY COUNT..

REﬁD NEXT CNARAC'EN
«1 10 €
+1 TO E
=0 .
NO. OF CMARS. INPUTTED

;HL=0,G0 SET D=1
RETR!EVE ASCII
CONVERT T0 HEX.

;SAVE LEAST olslr
Az0
JINITIALIZE H

ET

;1F | THEN ADRIN RETURAN.
;RETRIEVE NEXT CHARACTER.
;CONVERT 10 HEX.

;SHIFT LEFT FOUR.
;ADD LEAST DIGIT.
SLOAD LOW DIGITS.

; 1F 2 THEN ADRIN RETURN
SRETRIEVE NEXT CHARACTER.
JCONVERT TO WEX. =~ -

;SAVE PENULrlnaTg DIGIT..

;IF 3 THEN ADRIN RETURN

;CONVERT TO HEX.

;SHIFT LEFT FOUR.

;LOAD HIGH DIGITS.

;FOUR RETURN
; ADJUST STACK PDINTER

;DECREMENT COUNT.
RDRIN RETURN.

CHARACTER.

LBL-7531
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8080 MACRO ASSEMBLER, VER 2.0 ERRORS = 0 PAGE 12

000348
000348
0003AC

0003AD
000380
000381
000384
. 000385
000388
000388

00038BC
0003BE
0003BF
0003CO
0003C1
0003C2
0003C3
0003C4
0003C7
" 0003CA
0003CD
0003CE

0003CF
000302
000305
0003D8
0003D8B
0003DE
0003E1
0003E4
0003E7
0003ER
0003ED
0003F0
0003F2
0003F5
0003F8
0003FB
0003FE
000401
000404
000407
00040A
00040D
000410

0C3 0A4 003

014
oCse

oCOD
04C
0CO
04D
oCo
oCo
oc9

03E
OES
067
0AF
O4F
025
0BC
0Ca
ocCo
oc3
OE1l
oc9

o4l
020
020
020
045
048
020
044
020
020
054
c48
020
053
020
041
030
020
043
050
043
O4F
00D

11
041

ou1
097

029

oCD
049

oc2

020
020
043
[{LL]
020
020
020
o044
053
020
041
000
o046
020
030
043
020
031
059
055
048
04E
00A

004
005

005
004

003
000
003

046

042
020
020
020

P AJSP
TERM3~ INR D ;+1 TO D
- RET
"BEGIN NEW LINE AND PRINT CONTENTS OF REGISTER PAIR WL
ADOUT- CALL CRLF ;PRINT ADDRESS
RPOUT~ MOV C M CPAINT MIGHM DIGITS
caLL HEXCO

mov C, L ,PRINT LOW DIGITS
caLt HExco
CALL SPACE  ;PRINT A SPACE

RET ;ADOUT/RPOUT RETURN
PUNCH 4 INCHES OF LEADER/TRAILER
{ORTR—~ MVI A, 41D , 4 INCMES WORTH
LORT1~ PUSH M ;6avE
MoV H,A
XRA A SET A=0
mov C,A
tTl~ DCR M ;DECREMENT COUNTER
CMP H SSENSE END
Jz Lv2 SRETURN
CALL PO JPUNCH | SPROCKET MOLE
S Jmp LT ; GO ON
LT2= POP W RESTORE W
o RET

; .
'REGISTER DISPLAY WEADING.
iDING- DB cA F B C DE W1 ADD SP STACK' ON

04C

041 .

020

050 .

053 -

043

030D
05A
020
020
050
020
000
04E
020
03F
000

FLGWD~ DB ’ F=S 7 0 AC O P 1 Cy’, OH

PMESS—~ DB ‘PUNCH ON7’

DB 015Q,012Q,0H
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0C0™13-

000414
000uY7
000418
000418
000« 1E
000%1F
000422
000422
000424
000425
000426
000427
000«2A
000420
000430
000433
0C0436
0604237
000438
000438
00043E
000423F
000442
000443
000446
000447
000u44A
0pO44B
Ogouqc
00044F
000451
000454
000457
000458
000458
00O0M4SE
0004SF
000460
000463
000466
000467
000468
000469
00046C
000460
000470
000471
000472

OFS:

034
030
0Ca
032
0F1
0C3

OF1 .

OES
ocs
0CS
OFS
oCo
001
ocD

. 001

oCD
OE1
07D
032
oCD
0E1l
oco
OE1
oCo

-0E1

0CD
0E1
028
034
OFE

oCa

03A

0DE

022
0DE

009

0ES
OCF
000
oF2
000

0D3
0AD
080
080
080

002
054

091

oD9

oT7T -

ocD
034
047
005
oCa
034
023
o077
005
oCa
023
03A
077
OAF
06F

080
onp

0Tl

opa

ort

oDB

083

004

083

083

o0u
003
004
003
004

083

003
003
003
003

081

004

083
003

083

004
083

004

083

LBL-7531

VER 2 0  ERRORS = 0 PAGE 13
BREAKPOINT ROUTINE
PRINT CURRENT CONTENT OF ALL REGISTER PAIRS.
HEXBR- PUSH PSW JSAVE FLAGS AND A REG
LOA BCTR GET BREAK CTR
DCR A ; _ :
171 REGPR ;0K GO PRINT REGISTERS
STA BCTR ISAVE BCTR-1
POP PSW 'RESTORE A AND FLAGS BEFORE RETURN
Jmp SAVEL .CONTINUE PROGRAM
REGPR—~ POP PSwW ,RESTORE A AND FLAGS
PUSH SAVE ALL REGISTERS
PUSH D
PUSH B
PUSH PSW ,
BRPRT= CALL CRLF DISPLAY ALL REGISTERS
UxI B WOING ;INITIALIZE WEADING PPOINTER
CALL PAMSG PRINT CHAR STRING.
LX! B FLGWD ;PRINT FLAG
caLL PRAMSG ; WORD DESCRIPTION
POP M JRETRIEVE A AND FLAGS
mov A L
sTa PROMm . STORE FLAG
CALL ADOUT ,PRINT CALF FLAG AND A
POP M ,RETRIEVE PAlR B.
caLL RPOUT
POP M ;RETRIEVE PAIR O.
caLL RPOUT '
POP H ,RETRIEVE PAIR W _
CALL RPOUT. :
POP M ,RETRIEVE BREAKPOINT ADDRESS.
pDCXx M IRST 1S A CaLL
LDA PFLAG ;TEST FOR TRaP?
cPl *T1? ‘
J1 REGPT ,YES TAKE TRAP BRANCH
LDA SAVEL ~RESTORE BREAKPOINT 1ST BYTE
mov M A
CALL RPOUT , PRINT ADDRESS
LDA NB . JGET NO. OF BYTES
MOV B,A INO. BYTES INTO B
OCR B’ J-1 FROM B
JZ PRTSP .DONE,GO PRINT SP
LDA SAVE2 ,GET 2ND BYTE
INX H ;41 10 MEM PTR.
MOV m A 'RESTORE 2ND BYTE
DCR 8 i-1 FROM B
JZ PRTSP DNE,GD PRINT SP
INX H .fnc. ‘mem PYR
LDA SAVE3 .GEF 3RD BYTE
. mov M, A ,AESTORE 3RD BYTE
PRTSP—~ XRA A "SET A=0
mov L,A
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CuBue
0487

HDOADVOOO OO D OO
IOADAOO DD OO

OO OO0V O

0CC«B8
05C«B9
GC04BA
CO04BB
00048BC
NOGC4BE
0CouCt
6004 Cu
0004C7
0004CA
0504CD

0004D0
000401
0004D2
0004D3

ASEmMBLER

Ce~
039
olp
CE3
oco
oCC
LD
0134
oCD
0CD
oce
0C3a
ocp
0C3

0CD
oCse
0CE
o}
OCE
3C3
206
017
0D«
opc
0COo
005
0C2
oC9

0ES
005

.0CS

OFS
03E
032
oCD
001
oCo
0C3
054

0FS5
0CS
OES
060

080
0BO
ner
097
003}
oar
097
QA7
CAb
980

0Ty

030

399
031
c99
004

090
042
097

0A9

054
002
OE&

0CD

0DO
086
030

¢o?
00w
00«
0813
00w

00w,

00«
000
003
Cow

000

004

00«

004
004
00w

004

083
004
004
004
000
000

VER 2 O

REGPT —~
SPACE~
sPaC]-
PRTZR -
PRT ] —

BITP)—-
BITP2—~

TRaAP-

TMESS -

’

;PRINT

A-14 ~ LBL-7531

FRAORS . 0. PAGE 19

MOV M A JSET Hel 30
pap &P L aBD SP 10 M s L

CaLL RPOUT , PRINT 4P

XTHL "STACK CONTENTS 10O Hel
caLL RPOUT "PHINT STACK

CatL SPACE PRINT A SPaCE

CALL SPACE PRINT 2ND SPACE

(DA PROM LGET FLAG

CALL BITPL DO IST 4 BITS OF THE FLAG
CALL SPACE .PRINT A SPACE

CaLL BiITPI .00 LAST & BITS

JmP START , GO STAR!
CALL RPQUT  PRINT ADORESS
JmP PRTSP  _PRINT 4P, FIC
mvi C, .8 SPACE
caLt €0 _PRINT A CHAR
RET
mvl C,'0°  ,PRINT ZERO
Jmp SPACH
mvl C '1'  ,PRINT ONE
jme shaci
mvi 8 4 , 4 CIR
RAL "ROT LEFT 10 CARRY
CNC PRTIR . 0=NC CARRY
CC PATI L1zCARRY
caLL SPACE IPRINT a sPaCt
DCR B
INZ BITP? SNOT 4 TImES
RET i DONE
TRAP ROUTINE
PUSH H JSAVE ALl REGISTER PAIRS
PYsSH D
PUSH B
PUSH PSW
mvl A ‘T’ SSET A=t
sTa PELAG JSTORE IN PFLAG

CaLt CRLF ;PRINY CR + LF
Lxl B, TMESS ;INITIALIZE TRAP MESSAGE PTR

CALL PRMSG ;PRINT TRAP MESSAGE
Jmp STRD .GO READ TTY INPUT CONTROL
DB ‘T=',0H

A MESSAGE TERMINATED BY A 'O’

“PRINTS AN ASCII CHARACTER STRING POINTED BY BC

7

PRMSG—

"aND TERMINATED BY A 0 OR NULL CHARACTER T0 CONSOLE

PUSH PSW

PUSH B

PUSH H

mov H, B ;HC=POINTER TO CHARACTER STRING
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340w
000%0S
000406
[T VL N ad
0Co«24a
000%~D8
0004CE
0004rF
S00E2
0004€E3
000~E~
000%ES

0C0%Ee
000SET
2004E9
0004EC
OCC4EE
000«F1
0CO~F2

0004F3
O004F«
0004F7
0004F8
0COFB
0004FC
00C4FD
0€050C

000502 °

000503
000504
000506
000507
000509
000504
06050C
0005 0F
000511
000512
000514
000515

000516
000517
000518
000518

O0s%
(7

0B7 .

oca
0ys

acs

023
0C3
CEl
[0}
0F1

-0C9

ocs
00E
0co
00E
oco
oc1

08D
(21
0s8a
oué

L)

ocs
0CD
04F
0CD
0C1
0C9
0CD
OES
0C9

o079

0D6.

008
0C6
ope
oceé
oF2
oCé
o008
oCeé
087

0C9:

oc5
079
ocoD
04F

040

o%6

0F3
OTF

030

0ES

006
012
007

00A

025

(=3
(-]
&

[#]
<
o

000

000

000

009

004

005

005

mov L,C
sams1~ MOV a'm ,Jump IF CHAR=0
ORA A
32 PRMS2
mov c A ,PRINT CHAR
CALL cb
INX H ,ADVANCE POINTER
Imp PRMS | »
PAMS2~  POP H
POP 8
POP PSW
AET _
. PRINT A CALF 70 TME CONSOLE
ERLF=  PUSM B
' mvl C,80H JPRINT CR
caLL cb :
mvl C,8An ;PRINT LF
caLt c
pOP )
RET
; GET A CHARACTER FROM THE CONSOLE AND ECHOS 17
CECHO~ PUSH )
catL CI . ,A=CONSOLE CHAR
mov c,a JPRINT A
caLL ch
POP 8
RET :
NECHO—~ CALL CECHO
ANI OTFH ;mask 8TH BIT
REY
,MEX TO NIBBLE ROUTINE
"CONVERTS HEX CHAR IN C TO NIBBLE IN A
JCARRY SET FOR NONE HEX CHAR -
HEXNB— - MOV A,C ,A=CHAR- ‘0’
sul 0 :
RC ,RETURN IF CMARL 'O’
aD! 0'-"G' ;A=A+’0’'-"G’
RC 'RETURN IF CHAR)=’F’
ADl 3 ;A=A
it HEXNO  , JUMP [F A1=0
ADI ? lazaer
RC RETUAN IF CHAR129# OR CHAR[#AZ
HEXNO-~ ADI io 'RETURN As10
ORA A
- RET
,BYTE TG 2 HEX CHARACTERS
"CONVERTS 8 BIT (C) INTO 2 HEX CHAR IN BA
BrHex—~ PuSH B L SAVE LOW NIBBLE
mov A C "A=ROR(C,4)
CALL SHFT4  ,SHIFT LEFT 4
MoV c,A ;A=HEXNB(ROR(C, %))
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1o 0CD 036 005 caLt NBHE X
1% oC1 POP B iB:HEX CHAR OF HIGH NIBBLE
20 ow? Moy - B, A TAZHEXNB(C)
FR oCD 036 00S caLL NBHE X :
2% 0C9 RET
25 007 SHFTu— RLC  ;SHIFT LEFT 4
6 007 RLC
2T 007 RLC
28 007 RLC
29 0%9 RET
;°UNCH 2 HEX CHARS. FROM C REG
>a  OCD 016 005 PTMEX- CALL BTHEX  ;CONVERT C 10 M5 HEX IN B
20 048 mov C,B ;" AND LS MEX IN A
26 OCC 049 €00 caLL PO | PUNCH MS HEX
11 OF mov C,a
32 0CC 049 000 caLL PO JPUNCM LS HEX
235  0C9 RET
_NIBBLE TO HEX ROUTINE
"CONVERTS NIBBLE IN C TO HEX [N A
GlC5 24 cTr9 NBHEX- MOV h,C ,NASK OFF NIBBLF
22053 0E6 CGF ANl oF W
260539 006 030 AD1 10 . ,AzAe’0’
2255138 . OFE 034 o cPl '9741 . ,RETURN IF A[=9
365630  OF8 RM
5CCS3E 0Ce 007 api 7Qr-t0'-10 ,ATA+’A'-'0"+10
200540 0C9 RET
.BYTE TO 2HMEX CHAR ON CONSOLE
C CONTAINS BYTE 10 BE OUTPUTTED TO CONSOLF AS 2 MEX
SCHARACTERS
5G05«1  GCS HEXCO~ PUSH ) )
nC0S542 CFs PUSH PSW ‘;Bﬁ:BYNEX(BC)
556543  0CD 016 005 caLL BTHEX
G546 048 MoV c,8 LPRINT B
fG547  OCD 046 0G0 caLL co
554A  04F MoV C,A ;PRINT A
560548  OCD 046 000 CALL co
6CGS4E  OF] POP PSW
65C654F  0C1 POP 8
nc0550  0C9 RET
.THIS ROUTINE OUTPUT A SPACE THE 2 HEX CHARACTERS OF ‘THE
‘BYTE CONTAINED IN C TO THE CONSOLE
66551  0CS HX1CO—~ PUSH 8
606552  OOE 020 mvi C,’ *  ;PRINT SPACE
0600554  0OCD 046 000 caLL co
060557  0OCI ' POP B

005 Jmp HEXCO ;PRINT 2 HEX CHAR 10 CONSOLE
;THIS ROUTINE OuUTPUTS A SPACE. THEN 4 HEX CHARACTERS
CONTAINED IN BC TO THE CONSOEXLE

G0055B 0CS HX2CO0~ PUSH 8
00055C 00E 020 mvi’ c,’’ ;PRINT SPACE

00055E  OCD 046 000 - CALL cb

000558 0C3 041
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000561 048 : mov c® _PRINT 2 WEX CHAR CONTAINED IN B
000562 OCD Ol 005 caLL néxco -

006565  OC1 . POP )

000566  OC3 Ol 005 imp MEXCO - ,PRINT 2 WEX CHARACTERS CONTRINED IN C

;THIS ROUTINE SAVES (C) AS 2 HEX CHARACTERS , PUNCHS THEM,
;AND ADDS THEM TO TME CHECXSUM IN D )

000569  0CS - §MxBT= PUSH 8

000564  OFS’ N PUSH PSuW

000568 079 . mov a,c ,CHECKSUM=CHECKSUMSC
00056C 082 : ADD 0 '
000560 057 : _ mov )

00056E OCD Ole 005 caLL BFMEX  ,CONVERT C [NTO 2 MEX CHAR [N BA
000571 0«8 : mov c.B JSAVBT B

000572  OCD 049 000 caLL P

000575  O4F mov C a

000576  OCD 049 000 . cacL ph

000ST9  OF1 ' POP PSw

600574  0OCI1 . POP ]

000578  0C9 ' : RET

PUNCH HEX RECORDS :

PTWMIS ROUTINE CONVERTS THE CONTENTS OF MEMORY FROM .

BC TO DE INTO MEXADECIMAL RECORDS OF UP T0O 16 BYTES IN LENGNT
"AND USES THE ROUTINE STORED AT SAVBT 10 OUTPUY THME CMARACTERS

00057C 0CD OE6 001 WRAITE- CALL GETAl ;DE=END ADD , ML =START ADO -
0005 7F 078 - * MoV aE ;DE=ENDING ADDRFSS -STARTING ADDRESS

.

.

-

000580 095 L SUB L
000581 OSF . MoV £,A

000582 O7A mov 'Y

000583  09C _ r SBB M

000584 057 : mov D, A ,

000585  0D8 - RC JRETURN If STARTING ADDRESSIENDING ADDRESS
000586 013 ‘ - INX ) JCOUNT=DE=DE+1

000587 O3E 005 . WTMEO~ MVI A S

000589 OCD OBE 003 CALL LDRT1  ,PUNCK 5 SPACES .

00058C OOE 03A : mvi C 3aM’ ,SENDOUT COLON,BEGINING OF RECORD
00058E OCD 049 000 caLL )

000591  00S : PUSH ) ,SAVE COUNT

000592 001 010 000 Lxt 8,16 "DE=COUNT- 16

000595 078 A mov A'E

000596 091 SUB c

000597  OSF ‘ E mov E,A

000598  07A : mov A'D

000599 098 : SBB 8

000594 057 . mov DA

000598  0D2 0AS 005 INC WiHEL  JumP IF COUNTI-16

00059  OC1 o POP 8 ;BC=COUNT

00059F - 011 000 000 Lx! D,0 > COUNT=0

000542 OC3 OA7 005 Jmp wine2

000545 033 WTHEI~ INX P .POP COUNT

000586 033 ' INX 5P

0005AT7 0DS © WTHEZ2—~ PUSH D ; SAVE COUNT
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0005 A8 0CD 0C3 005
0005 AB 00E 000
0005AD 0CD 069 005
000580 O4E

000581 0CD 069 005
0005 B4 023

000585 005

000586 0C2 0BO 005
000589 oCD 0D2 005
6005BC 0D1

0G0580 078

0COSBE 082

0005 BF 0C2 087 005
0005C2 0C9

0005C3 016 000
0005C5 041

0005Cé6 0CD 069 005
0c05C9 ou4C

0CcosCA 0CD 069 005
000sCC 040

0005 CE 0CD 069 005
060501 oC9

000502 0AF

000503 092

0CO05D4 04F

000505 0CD 069 005
000508 00E 08D
000504 0CD 049 000
000500 0OE 08A
0005DF o0CD 049 000
000S5E2 0C9

0GOSE3 02E 000
00O05ES 026 000
OCOSE7? 03E 005
0005ES 0CD OBE 003
0COSEC 00E 034
0005EE 0CD 049 000
0005F1 00E 000
0005F3 oCD 0C3 005
0005F6 0GE 001
0005F8 0CD 069 005
0005F8B 0C9

VER 2.0

WTHE3—~

WTHES ~

WTHEGL~

PCRLF—

WTEOF—

A-18
ERRORS = 0 PAGE 18
CaLL WTHES  ;CHECKSUM=0, SEND BC, WL
mv1 c,o0 "SEND 0UT 0 (RECORD fYPE)
cALL SHXBT
mov c,m ;SEND OUT CONTENTS OF MEMORY
CALL SHXBT
INX H ,ADVANCE POINTERS
OCR ) JJump [F NOT DONE
INZ WTHE?
CALL WTHES  ;SEND CHECKSUM,CR, LF
POP i) ; COUNT
mov aE LJumP IF .COUNTLO
ORA ) :
INZ WTHEO
RET
mv i 0,0 ,CHECKSUM=0
mov B C JSAVE LENGHT
CALL SHXBT  ;SEND LENGHT
moy C,H ISEND ADDRESS (HL)
CALL SHXBT
mov c,L
CALL SHXBT
RET
XRA A ;SEND -CHECKSUM
SUB )
MOV C,A
CALL SHXB
T c,s JPUNCH CR
CALL pd
mv1 L, 8A JPUNCH LF
CALL P
RET
,THIS ROUTINE OUTPUTS A HEXADECIMAL EOF RECORD.
mvi L,0 _EOF HAS ADDR.=0000
MVI H,0
MVl a5
CALL LDRT1 ;PUNCH S SPACES
My C 3aH ,SEND COLON, BEGINING OF RECORD
caLL P
mvl 0 JSEND 0 LENGTH
caLL WwiHES  ;SEND LENGTH, AND ADDR.=0
mv I c,1 JRECORD TYPE=1
caLL SHXBT  ,SEND. RECORD TYPE
RET

LBL-7531

_.THIS ROUTINE READS A HEXIDECIMAL TAPE AND STORES 17 IN MEMORY.

XX

‘FOLLOWING PAIRS OF ASCIT CHARS. =

HEX PAPER TAPE FORMAT

DATA

; X(COLON OR —) =START OF RECORD

; XX 15T PAIR OF ASCII CHARS. = RECORD LENGTH

; XX 2ND PAIR OF ASCIT CHARS. = HIGH ADDRESS

; XX 3RD PAIR OF ASCIT CHARS. = LOW PART OF ADDRESS
; XX 4TH PAIR OF ASCII CHARS. = RECORD TYPE

’
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Ax LASY PALIR OF ASCIT CHARS - CHEURSUM

00OSFC  OAF . HEXTO—~ XRA A

0005FD 032 0DD 083 ° STA NB  SET ERROR CVR:0

000600 0CD 043 000 MEXTI—~ CALL Al ,READ INPU1 LHAR

0008603 OEe O7F AN1 171@  MASK OFF PARITY

000605 OFE 034 cpPl AN L1 COLON

000e07 0CA 00F 00e n HEXTY ;60 LOAD

00060A  OFE OSF -~ cpt O5FM R | S '
60060C 0C2 000 0Ce . INT HEXT] J1F NOT COLON OF = DO NOT ‘TART
00C60F o1e 000 HEYTS~ My 0,0 JJERE CHECKRSYUM : '
000611 6CD 057 00s caLL wf XRD JREAD LENLTH

00C61 047 mov B A  ,STORE LENGIH IN B

000615 0CD 057 006 catt né xRD "READ WMIGH ADDRESS

000618 067 s MmOV H A H=MIGM ADDRESC

000619  OCD 0ST 006 - cait wEXRD  (READ 10w ADDRES.

06061 C OoF ) ) mOov L,8 L=L0Ww ADDRES:

000610  Owa mov C.D Lave cuecrsym

00061E OE® . XCHG o JPUT ADD IN D ¢

0006 1F ¢c2a 0D7 083 LHLD  mOvap "GET OFFSET ADDRESS
000622 o019 o Dap D LADD  IN w L:ADD e 0EFCET
00Ce22 058 ' oy’ £,8 JLENGTH IN B :
000624 051 . © MmOy D,C JRESTORE -CHECKSUM

000625 0CD 057 .0Ce Catl ' MEXRD JREAD TYPE  IGNORE 17
000628 0CD 08F 0Ceé ’ caLt HEOF : .

000628 OCD 057 0C6 MEXT2-~ CALL _MEXRD ,READ Dala

00062E or7. Co mov m, A "STORE DATA IN MEMORY
00082F 023 : T INY ] "ADVANCE PDINTER

000630 01D ’ DCR 3 CJumP -1+ NOT DONE

000¢31 0C2 02B 006 INZ WEXT? ,

000634 0CD 057 006 capt WEXRD JREAD C(HECKSUM

0C0637 074 . MoV a0 CumP 1F (HECKLUM:=O
000638  OB7 ORA a

000639  OCA 000 006 J? WEXT)

00063C 001 048 006 [x1 B,CKSUMm PRINT CHECKRSUM FRROR
00063F  OCD 0AB 006 CALL HXPRM  WEX PRINT MESGAGE

000642 0CD OE6 004 CcaLL CALF

000645 0C3 000 006 JMP HEXT] JCONTINUF T0 READ NEXT RECORD

000648 Ou3 048 045 CxSym—= DB ‘CHECKSUM FRROR " OHM
000648 043 048 053
00064E 055 040D 020
000651 045 052 052

000654  Ou4F 052 000 _ '
}THIS ROUTINE READS A HEX BYTE AND CONVERIS [T 1D A RINARY BYTE

000657 0CS HEXRD~ PUSH )

000658 OCD 043 000 catt . RI CLFETCH TNPUT CHARAUTER

00065B  OE& OTF : ANT TEH ‘mASK PARITY BIT

000650 ODA OA2 006 Jc WEXER JUmP IF NOT WEX

000660  O04F MmOV C A "CONVERT IF 10 A NIBBLE

000661 OCD 003 005 ~ -~ '~ CALl uf xNB L

000664 ODA 0A2 006 ) ©Jc HEXFR ;JUNP 1F NON MHEX ﬁNAHAClF“ FNCOUNTERED

000667 0CD 025 005 Caltl SHFT4 SNIBBULE-NIBBIE16,
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000664
000668
00066E
000670
000673
000674
0C0677

00067A

000670
000680
000681
000684
000687
000684
0c0680
00068F
000691
000692
000692
000694
060695
000698
000698
00069C
000690
0C069E
00069F
0006 A0
0006641
000642
000645
0006 A8
0006AB
0006AE
000681
000682
0006BS

0006B6
0006B9
0006B8B
0006BE
00068BF
0006C1
0006C3
0006C6
0006C9
0006CC
0006CE
000601

ou7
0CD
(1Y
[\Is]}
OuF
oCop
002
001
oco
oC9
ous
020
020
OMy
058
OFE
oCo
078
087
oCo
[ o]
0C3
080
04F
082
087
ore
oC1
oCce
oCD
ocCD
0C3
oCD
034
03C
032
0C9

ocD
OFE
oCa
o047
OES
OFE
oca
0C3
oCD
OFE
oca
o047

043
oTF
0A2

003

098
o6l
0AB

0uF
ouF
042
048
000
001

ora
0A6

o7hA
OE6
000
000
oD0

00D

043
080
0Cc9

oCo
oco
oD%
0Bé6
043
080
0C9

000
006

005
006
006
006

ou4d
052
041
0u4s

006
000

006
004
006
004
083

083

000
006

006
006
000

006
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mov B A ,9AVE IN B
CALL Ri CFETCH SECOND HEX LHARALTER
ANl TF N "masK PARITY BIT
Jc WEXER JumP IF NOT MEX
mov c, A "CONVERT [T INTO & NIBB)¢
caLL nExNB
INC HEXR1 CJumP IF MEX CHAR ENCOUNTERED
MEXRO= LXI B, BADHX BRINT ERROR MESSAGE
CALL HXPRM _MEX PRINT MESSAGE
AETY
BADHMX—~ DB 'EOF OR BADHEXY' OHW

HEQF ~ CPl 1w EOF TYPE=I
RNZ NOT &N EOQF RETURN
mov A E [ GET LENGTH
ORA A
RNZ ,NOT FOF | RETURN
CALL HEXRO , AN EOF WAL BEEN FOUND
JMP STARY LAl DONE
HEXR1- ORA 8 ,COMBINE NIBBILES
mov c,a
AQ0 D JADD T CHELRSNUYM
mov 0,A
mov a C LRETURN NIBBLES
POP 8
RET
MEXER— CALL MEXRO PRINT mESSAGE
catL CRLF
JmP HEXTH ;GO FOR NEXT RECORD
HXPRM—~ CALL PRMSG
LDA NB
INR A
STA NB SERROR COUNTER o)
RETY

;THIS ROUTINE READS THE
"BINARY TAPE AND STORES

BINTP- CaLL Rl
cPl 2000
iz BINTO
mov B A
aNT 1boq
cPi 3000
iz BINTZ
Jmp BINTP

BINTO— CALL Ri
cPI 2004
Jz BINTO
mov B,A

INPUT CHARACITERYS FROM A

THEM IN MEMORY

JFETCH CHARACTER FROM INPUT ROUTINE
JTEST FOR LEADER

> YES ON LEADER

JSAVE 1T IN B

SIS 11 A FIELD?

STEST _
IYES A NEW FIELD

; NOT ON LEADER VET

JFETCH CHARACTER FROM INPUT ROUTINE

.JumpP IF STILL ON LEADER

;SAVE IN B

-
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000602 0Es 0CO aN1 300Q ;SHOULD BE FIELD DEFINITION
00060« OFE 0CO cel 300Q TJump IF LT ISN2YT
000608 0C2 OF0 000 INZ ERROR
000609 078 BINT2~ MOV A8 ,FIELDe16 AND FOH
nCoelA 0CO 025 005 CALL SHF T4 SSHIFT LEFT 4
0cCelO O0Ee OFO " aNl 36040
C0CsDF 067 mov H A ;SAVE IN n ‘
CCOBED 0CD 043 000 caLL ni JFETCHM CHARACTER FROM INPUT ROUTINE
0006E3 047 o mov ISAVE IN B ’
COCHEY 0E6 O8O0 - - . ant \600 1SMOULD BE AN ADDRESS DEFINITION
0CCeES 087 ORA © LJumP IF 1T ISN#T
0COLE? 0Ca 0FQ 000 )2 snaoa
0CCHEA 078 . mOv a8 ;ADORESS »4
00CHEB 00F RRC -
0CO06EC 00F¥ RRC
0006EC 0u7 o mov B A JSAVE IN B
0CCHEE 0Es6 OOF : anl 1% JH=H OR ADDRES55e4 AND OF W
0CO06FC 0B« . ORA W :
Q0O0&F! 067 ' mov M A ;
0CCeF2 0ors mov A B ,L=ADDRESSe4 AND OCOM
0006F3 O0E6 0CO ant 360q
COC6FS 06F mov L, A : ’
CO0C6F6 0CD 043 000 caLt Ri JFETCH CHARACTER FROM INPUT ROUTINE
000&F9 0Es 03F. ’ aN] 17Q L L OR CHARACTER AND 3FM
0006FB  OBS ORA t
CCO6FC O6F ' mov L, A
GOO6FD 0EB XCHG ;PUT ADDRESS IN 0,E
00C6FE 024 0D? 083 LHLD mOvVAD ;GET OFFSET ADDRESS
500701 019 ; 0AD O , JADD. IN M L=ADD.+OFFSET
060702 OCD 043 000 BINTI-~ CALL Rl ;FETCH CHARACTER FROM INPUT ROUTINE
00705 OFE 080 crl 2000 ;JumP [F LEADER ENCOUNTERED
6coT07 0Ca 0C9 006 , JZ BINTO ;B=CHAR®4 AND COH
c6070A 047 . mov : JSAVE IT IN B
000708 0£6 0CO ANl 3boa STEST FOR NEW FIELD
000700 OFE 0CO cPl 3000 STEST
000TOF oCA 0D9 006 . Jz BINT2 - . YES, A NEW FIELD
000712 078 _ Moy A8 ,RESTORE A
000713 00F RAC
0GC714 00F o RRC
000715 OE4 0CO ANT 3000
060717 ou7 mov B A
006718 0CD 043 000 CALL af JFETCH CHARACTER FROM INPUT aouvrnc
006718 0E6 03F aNl 770 JA=CHAR AND 3FH OR B °
00071D 080 : ORA 8
00O0TI1E or7 mov n a ;SAVE A IN MEMORY
00071F 023 ‘ INX LADVANCE POINTER
000720 0C3 002 007 Jmp alnrn
THIS ROUTINE READS A CHARACTER INTO A FROM. THE TTY
000723 0DB 003 frvin- IN FLAG ; INPUT FLAGS
000728 0E6 002 ~ ANI TTYDA ;JuMP IF TTY DOESNZT HAVE A CHARACTER

000727 0CA 023 007 Jz TTYIN
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O
s
X2
«
rore

a 0o8 002 IN 1Ty ,INPUT CHARACTER
¢ 0C9 RE 1
LTHIYS RQUYINE PRINTS THE (€ 10 THE TTY

NO REGISTERS MODIF1ED

PRVENPY 0FS TTviT-= PUSH PSW
CCCT2¢ 008 oC) 1Tyl N FLAG L INPUT FLAGS
codrag 0Es 001 aNl ~ TTYIR ,Jump 1F TTy NO! READY
cisTaz 0CA 02E 007 )2 TYyol
cICT3s8 ¢79 mQv A C LSEND CHARACTER TD TTY
82273 0Fe 080 oRl 2b6oq LCOMPLETE astl!
ceoTae 003 002 out Tiv
cosTaA oCs PUSH 8 ,OAVE (HAR
CC3738 OFE C8C CP1 1L LTEST FOR (R
32072C 022 04a 0C? INZ 11vyQ) ,NO-GO ON
020TuC 03E G113 mvi A 1M ,O0FLAY FOR { ONG CR
CoCTu2 occC TYvQC2—- INR C '
CICT743 0C2 0«2 OCT IN2 C1tvQ?
250 Tue 030 OCR a
007w 0C2 Qu2 007 Nz 1Tvn2
CoCTua 6C1 TTvli- PQP 8 LRESTORE (CMAR
GCC7u4B oF 1 PCP -~ PSw
CooTal 0ce AET i

END

% PeTGRAM ERRQRS
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AjAlN
BZTR
BINTP
8xP2
BY'E
TRk M)

xsy™

ERRCRA
FLSwl

“ExCC
~EXRC
HEXTY
“xiCe

LOAD:
“00E

mOVE2
mylmp
MYERR
NEWLN
PFL ARG
pams2
PRTSP
PTHEX
PUNCH
REGPT
RES3

S00¢C

SAVE4
sPacl
STRD

TERM

TMESS
TTYIN
TTYCY
WTHEO
WTYHES

oococe”

00034t -

00830DE
00068s
00019C
000186¢
00Cc108

000648,

000002
000003
0C0O0F0
00C3F2
000004
000541
000674
000600
000551
000005
0001CS
0000CE
00028F
00030C
0002E6
000244
008302
0004E2
000471
00052A
00032F
000491
000082
000000
00830C
000499
000086
000360
0004CD
000723
000720
c00587
0005C3

SYMBOL TABLE

000213
0003A«
0006C9
0004AY
000154«
000001
0002C2
000025
000247
00026E
0001As
000LtES

. 0003CF
'0006A2

000698
000628
000558
0003BE
0003C2
008307
000292
0002F8
00830D
008305
000407
000400
000490
0000AE
0083CF
000070
000088
008309
000525
Go0497
0083E2
00036C
0004B8
00072E
000001
0005 RS
0005D2

000340
000000
000702
0004 A9
ooou27
0004F3
000040
000046
000248
0002BE
0083E8
000109
00068F
000512
000657
00060F
000648
00038C
0003C0
000279
00029C
0002F4
0005 36
000508
000049
008303
000320
00023C
000123
000076
000043
008304
000569
008300
0083E%4
000368
000002
000742
0005 7C
0005 A7

ADRIN

BADHX

BINT2
BKP1
BTHEX
CHKAD
CKXMEM
CRLF
pump
ENDOP
FLAG
GO
HEXBR
HEXNB
HEXTO
HWR T
INIT
LOAD

MOVE!
MOVES
MVEPR
NECHO

PELTR.

PAMS |
PRT I
PSW
PUN4
REGPR
RES2
RPOUT
SAVE]

STARY
TEMP)]
TERM3
TTvYDA
17Y03
WTEOF
WIHE]

000349

000681

000609
000192
000516
000306
0000FB
0004ES
0001EE
00030F
000003
0001 AF
000413
000503
000S5FC
000142

_00008E

000183
000006
00028C
000281

‘0002FS

0004FD
000314
000405
0004 A2
000006
000200
000422
oooo7C

000380

008308
000006

0000A6

0083E6
000348
000002
000744
0005E3
0005 B0

LBL-7531
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APPENDIX B: HEX(INTEL) FORMAT

The HEX(INTEL) format object file is a way of representing a BINARY
object file in ASCII. The ASCII character set is defined by the "American
UNationa] StandardvInstitute, Code for Information Interchange, x3.4-1968"

For example the hexadecima] 8-bit Byte 3F, isvrepresented in ASCII |
by an 8-bit Byte conta1n1ng the ASCII code for 3 of 33 and a second 8-bit
Byte containing the ASCIT code for F of 46 Thus, the representat1on of
an 8-bit Byte requires twice as many bytes as the Hex representat1on

The HEX(INTEL) format 1s described below accord1ng to the fields that
constitute a record. |

RECORD MARK FIELD: Frame @

The ASCII code for a colon (&5 is used to signal the start of a record.
To allow LBLHEX to load assembled files from the‘LBL computer center wel
“have also enabled the ASCII code for (+) to mark the start of a record
The assembly |1st1ng, Appendix A, page 19, shows how th1s done and how the
user may change this to any other unique character. |

RECORD LENGTH FIELD: Frames 1 and 2

The number of data bytes in the record is represented by two ASCII
hexadecimal digits in this field. The maximum number of data bytes in a
record is 255 (FF in hexadecimal).

LOAD ADDRESS FIELD: Frames 3 to 6

The four ASCII Hexadecimal digits in Frames 3 to 6 give the address
at which. the data is loaded. The most significant digit is in Frame 3,"
with the least significant digit in Frame 6.' The first data byte is stored
in the location indicated by the load address and successive data bytes

are stored in sucessive memory locations.
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RECORD TYPE FILED: Frames 7 and 8

The two ASCI1 hexadecfma] digits in this field specify the record type.
The most significant digit is in Frame 7. A1l data type records are type .
PP and end-of-file records are type @1. As of the present time, other pos-
sible values for this field have not been Spécied. It does not take too
much imagination to foresee a label field of type @3 used to identify a
data set containing a name (label). One may build up a tape or disk direc-
tory based on such a strucfure‘
DATA FIELD: Frames 9 to 9+2*(RECORD LENGTH) - 1

A data byte is represented by two frames containing the Hex ASCII

characters, with the most significant character first.

CHECKSUM FIELD: Last two frames

The checksum field contains the ASCII hexadecimal representation of
the twos complement of the 8-bit sum of thé Hex ASCII digits in each frame
of the récord excluding the record mark. Therefore, the sum of all the
Hex ASCII characters in a record, from the reéord length field to and in-

cluding the checksum field, is zero. -
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SAMPLE HEX(INTEL) FORMAT:

—RECORD MARK
RECORD LENGTH
STARTING LOAD ADDRESS

' RECORD TYPE
DATA
[ CHECKSUM
} p

‘ —\
$1058pudPR1 3758p23E58034658044E580588580p63A
:1058100PFF58p71659p87259098C5APA145BpB393C
:975820005BpC4C5BPDPASCOA

:ﬂﬂﬂﬂﬂﬂjf

%

END-OF-FILE RECORD TYPE
RECORD LENGTH=0p

AN END-OF-FILE RECORD:

An end-of-file record is of zero length. The address méy be the starting
address of the program. LBLHEX loads the address POPPH in an end-of-file
record. The record type for an end-of file record is §1. There are no data

bytes and no checksums.
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APPENDIX C: BINARY (LLL);FORMAT

The BINARY (LLL) format is a paper tape format for storage of 8-bit
data. This format is a compact means (short tape lengths) of transferring
and storing 8-bit Bytes of daté. Unfortunate]y, there are two main dis-
advantages, there i; no checksum and this BINARY format is not the same as
other BINARY formats®. |

Each bit of an 8-bitrdata Byte is represéqted by the presence or ab-
sence of a nole in a paper tape channel. The BINARY (LLL) format is des-
cribed below: |

PAPER TAPE CHANNEL NUMBERS:

A paper tape frame consists of 8-channg1 positions. ‘Channéis 1, 2, and
3 are.to the right of the sprockét hole while channelé 4,5,6,7, and 8 are
to the left of the sprocket ho]e.
LEADER:  Any number of frames

An 8th channel punch signifies leader tape prior to the start of a
record.

PAGE AND LOCAL ADDRESS: Frames 1, 2, and 3

The BINARY (LLL) format treats memory addresses (16-bit numbers) by con-
sidering, the most significant 8-bits as a page address and the least sig-
nificanth-bits as a local address.

A 7th and 8th channel punch signifies the start of a record. Frame 1
contains, a 7th and 8th channel punch and the four-most-significant-bits
of the page address in channels 4,3,2, and 1.

Frame 2 contains, a 7th channel punch, the four-least-significant-bits
of the page address (in channels 6,5,4, and‘3), and the two-most-signifi-

cant-bits of the local address (in channels 2 and 1.
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Frame 3 contains, the next six-bits of the local address in channels
6 though 1.

DATA: Frames 4 to 2*N+4 _

Each}8qbit'data byte,occdpies two frames. Up to 256 bytes may be in-
cluded in one record. Therefore N may range from 1 to 256.

Frame 4 contains, the two-most significant-bit in channels 2 and 1.
Frame 5 contains, the remaining six-bits in Frames 6 to 1.

The data byte contained in Frames 4 and 5 is Ioaded at the address
contained Frames 1,2, and 3. Successive data bytes are loaded in succes-
sive addresses.

TRAILER: Any number of frames

An 8th channel punch signifies trailer tape at the end of a record.
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