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SECTION 1
| NTRODUCTI ON
2.1 CGENERAL DESCRI PTI ON

The Processor Technol ogy Software Package #1 is a self-
cont ai ned program devel opnent systemfor the Sol Term nal Com
puter, or other S-100 conputers based on the 8080 m croprocessor
usi ng the CUTER nonitor prograns and CUTS nodule. Included in
t he package are an executive to handle nenory files, an
assenbler, and a line-oriented editor.

Al t hough this manual includes a cursory discussion of sone
8060 pseudo-operations, it is not intended as an assenbly
| anguage tutorial, nor does it offer an exhaustive explanation
of what an assenbler does. Two books which do describe such
material in detail are 8080/8085 Assenbly Language Progranmm ng,
by Lance A Leventhal (Adam Gsborne & Associ ates, Berkel ey, CA
1978) and 8080/ 8085 Assenbly Language Manual (Intel Corporation,
Santa Clara, CA., 1977). The purpose of the foll ow ng pages is
to enable you to develop progranms using the Software #1 program
devel opnent system

At | east 4K of nenory nust be avail able for use by the
system This nenory is allocated as foll ows:

0000 - OD9F Executive Program
0D50 - OF5E Speci al System RAM
0F60 Start of Synbol Table (Assenbler Only)

Addi tional nenory nust be avail able for your own source,
object, and text files, and for the synbol table, if assenblies
are to be done. There will be nore discussion of nenory
requi renents in Sections 2.3 and 4.1, bel ow.

2.2 LOADI NG SOFTWARE #1

Sof t war e Package #1 may be | oaded and run from cassette
usi ng the SOLOS/ CUTER command XEQ fol | owed by a bl ank, the nane
SOFT1, and a carriage return. To |oad the program w thout
running it, use GET followed by a blank, the name SOFT1, and a
carriage return. To execute the program after using CGET, type
EXEC O followed by a carriage return. To exit to SOLOS/ CUTER
fromthe executive of Software Package #1, use the CUST command,
unl ess you have defined this conmand to perform sone ot her
function. (The CUST conmand is described in Section 2.3; it
permts the user to call a routine of his choice fromw thin the
executive.) In order to re-enter Software #1, start at address
3 wth the conmand EXEC 3 foll owed by a carriage return.
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When the programis first |oaded fromtape and executed, a
checksumtest is perforned on the code in nenory. |If the check
fails, an error nmessage will appear, and you have the option of
using a carriage return to start the program Appendix 2
explains why it is not a good idea to start a programthat has
failed the checksumtest. Software #1 is recorded twi ce on the
cassette, so that if the first recording fails, you can stil
try the second one.
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SECTI ON 2
THE EXECUTI VE
2.3 | NTRODUCTI ON

When Software Package #1 is first | oaded from cassette, you
are in executive node, and can use any of commands given in the
summary below. All commands nust be entered in upper case and
begin in the first colum of the video screen. At |east one
bl ank nust separate the command fromits first argunent, and any
two argunents nust be separated from one another by at |east one
bl ank. Argunents nust al so be in upper case.

CTRL- X Di sregard anything typed since the | ast
carriage return; start a new line and
accept input fromthe keyboard

ENTR Enter data into nenory

DUMP Di splay nenory data

FI LE Create, assign or display file information

EXEC Execut e a program

ASSM Assenbl e a source file to object code

LI ST List file

DELT Delete lines of file

CUST Execute routi ne whose starting address is
stored at 02A8

SAVE Save a file, or nenory contents, on tape

CET Get a file, or nmenory contents, fromtape

There is one other type of entry that you can nmake in
executive node: by typing any four-digit nunber, you can insert
a line having that line nunber into a nenory file. (Qoviously,
you have to create a file first.)

A detail ed discussion of all of the commands wll begin in
Section 2.3, below. The use of the editor to enter lines in
files is discussed in Section 3.1.

Sof t ware Package #1 does input and output by calling the
SINP and SQUT entry points of SOLOS/ CUTER, and therefore through
the current SOLOS/ CUTER pseudo-ports. (See the SOLOS/ CUTER
User's Manual, Section IV.) The user may tenporarily halt the
output froma LIST, DUMP, or ASSM conmand by depressing the
space-bar, and then cause it to resune by depressing the
spacebar again. Typing the MODE SELECT (or CTRL and @ keys
together) will termnate output froma conmand and return
control to the executive.

2.4 CONVENTI ONS USED I N COMVAND DESCRI PTI ONS

The foll ow ng conventions will be used in the discussion of
command format:

1) UPPER CASE letters, and all nunbers, should be entered

literally in the formof a conmand. For exanple, SAVE neans
that the user should actually type the word SAVE
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2) Lower case letters represent the itemto be typed, but are
not literal. For exanple,

name
means "type a nane."

3) Optional elenments in a command are encl osed in square
brackets. LIST [nunber] neans that the LIST conmmand need not
i nclude a nunber. O course, the presence or absence of a
nunber affects the way the command operates; default val ues
for optional paraneters are included in the discussion of
each conmmand.

In some cases, omtting a particular paranmeter nakes it
necessary to omt another. For exanpl e,

[nane [/unit] [address]]
means that you can

a) include nane, unit, and address, OR
b) omt nanme, unit, and address, OR
c) omt unit and/or address, but not nane.

Nei t her unit nor address may be specified if nanme is
omtted.

4) <cr> neans "type a carriage return.” Unless an exception is
noted, the user should enter a carriage return to term nate
any line of input. The conputer will supply a carriage
return at the end of every line of output.

5) aaaa and bbbb are used to represent hexadeci mal addresses.

2.5 COVWAND DESCRI PTI ONS
ENTR aaaa Enter data into nenory

This command is used to enter data into nmenory starting at
address aaaa. Enter data in hexadecimal format; when you have
finished typing the data that you want to enter, type a slash
(/). If you enter nore than one iteminto nenory, as in the
exanple, the itens that you type will occupy successive nenory
| ocati ons.

ENTR 1500<cr >
0 OA 30 44 FF FH
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DUVMP aaaa bbbb Dunp Contents of Menory

This command is used to exam ne the contents of nenory.
The values contained in nmenory fromlocations aaaa to bbbb are

di spl ayed in hexadecimal. Each line of display consists of an
address foll owed by the contents of the next 16 nenory
| ocations. |If bbbb is not specified, or if it is a nunber |ess

than or equal to aaaa, only the contents of |ocation aaaa W |
be di spl ayed. The space-bar may be used to stop the listing at
any point; the next key depressed will cause the listing to
resune. |If you want to discontinue the listing and return to

t he executive, type MODE SELECT (CTRL- @.

DUMP 1140 1152<cr>
0040: OA D8 D6 07 CO DB 00 E6 45 00 DO 01 D3 02 F8 CF
0050: E6 7F C9

FILE[ /nane/[ aaaa] ] Create, assign, or display file information

This command is used to create and delete files, to exam ne
t heir begi nning and endi ng addresses, and to establish whether
or not a given file, or any file, will be "current," i.e.,
available for editing or assenbly. Up to six files can exi st
si mul taneously, with any one of these files regarded as
"current". Depending on the formof the command and its
paraneters, the follow ng functions are perforned.

* NOTE * Sl ashes around a filenane are literal.

FI LE / nane/ aaaa Create a file with the specified nane,
starting at address aaaa, and nake it
current. If afile with the sane nane
al ready exists, display the error nes-
sage NO NO

FI LE /nane/ O Delete the naned file and nake no
file current. Note, no file can start
at address O.

FI LE / name/ Save all paraneters of the existing
current file; then nake the named file
the current file.

FI LE Di splay paraneters of the "current"”
file in the followng format, with aaaa
and bbbb being the beginning of file
and end of file addresses:
name aaaa bbbb

FI LES Di splay the paraneters of all files
currently known by the system
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FI LE / ONE/ 1000<cr >

ONE 1000 1000

0001 THIS IS THE FI RST LI NE. <cr >
0026 THHS | S THE SECOND. <cr>
0029 LI NE 3<cr>

FILE / TWO 1100<cr >

TWO 1160 1160
FI LE / THREE/ 1200<cr >

THREE 1200 1200

0010 DEAR JOHN<cr >

0012 PAY ME ORI VWON T<cr>
0014 BE YOUR FRI END. <cr >
0015 SEE YQOU SOON, <cr >
0017 | GOR<cr >

FI LE / TWO <cr >

TWO 1100 1100

1300 FILE TWD GETS THI S LI NE. <cr >

1984 UPPER CASE CKAY. <cr >
1000 NO LOVNER CASE! <cr >
2710 END TWO<cr >

FI LE<cr >

TWO 1100 1159
FI LES<cr >

TWO 1100 1159
THREE 1200 127E
ONE 1000 1045

(user creates file ONE, begin-
ni ng address 1060)

(paraneters of file displayed)
(user enters lines into file)

(user creates file TWO, begin-
ning at address 1100)
(paraneters of file displayed)
(user creates file THREE

begi nning at address 1200)
(paraneters of file displayed)
(user enters lines into file)

(user saves paraneters of cur
rent file THREE and nmakes TWO
current- paraneters displayed)
(user enters lines into file)

(lines needn't be entered in
order)

(user requests paraneters of
current file)

(paraneters of file displayed)
(user requests paraneters of
all files)

(paraneters of files displayed)

FI LE STRUCTURE AND MEMORY MANAGEMENT

Files created in Software #1 have a structure in which the
first byte of a line contains a count of the nunber of

characters' in that |ine,

nunber,

and the carriage return that ended the |ine.

0008 THI S IS A PGSSI BLE LI NE

contai ns 32 bytes:
carriage return.

a counter,

spaces that follow the |ine nunber,
The end of a file is indicated by a 01 (Hex) character;
count of the nunber of bytes in a file wll

of this character.

Note that the |ine nunber,

i ncluding the counter itself, the line
Thus
3E characters of text, and a

and the space or
are included in the line.

a final
reflect the presence

When you create and develop a file in Software #1, you

deci de where that file wll
wil |

2-4

be placed in nmenory.
not allow you to use the sane nane for

The system
nore than one file,
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but it places no restriction on the nunber of tinmes you can

pl ace data in the sanme location. You can create a file, store
an assenbl ed programor enter data in a nmenory |ocation that you
have already used; the new information will replace the previous
contents of that |ocation.

The only way that you can protect against |osing informa-
tion accidentally is to be aware of how nuch nenory you have,
how you will need to use the avail able storage area, and how you
can best avoid storing over data that you mght still want to
use. Be sure that you are aware of the begi nning and ending
addresses of each of your files, and nake a note of |ocations in
whi ch you have entered data using ENTR.  Wen you create a file,
consider its length in bytes and whether the file is likely to
grow so large as to encroach on the beginning of another file.

If you plan to assenble a program renenber to | eave enough room
for the synbol table. Mre specific suggestions related to
assenbly of source prograns are included in the discussions of

t he ASSM command and t he assenbl er.

EXEC aaaa Execute a program

This command is used to execute a program at address aaaa;
if you want to return control to the executive when execution is
conpl ete, be sure that you have included a RET instruction in
the program |If the OUST command is in use and you want to
return to SOLCS or CUTER, you can use the EXEC conmmand and
assign to aaaa the begi nning address of SOLOS (C000) or CUTER
To re-enter the executive, give the EXEC 3 command from SOLOS/
CUTER

LI ST [nunber] List file

This command is used to display the lines entered by the
user into the current file. The output consists of the lines in
the file, starting at the specified Iine nunber. [If no nunber
is specified, display starts at the beginning of the file. The
LI ST command does not change the format of the file in any way,
e.g., by reducing nultiple blanks to one; each |ine appears
precisely as you entered it. Lines are |listed with |ine nunbers
in ascending order, as they exist in the file. Use MODE SELECT
or the CTRL and @keys sinultaneously to discontinue a listing
and return to the executive.
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FILE /SIMPL/ 1A2B<cr > (user creates current file)
0000 WAIT El <cr> (user enters lines into file)
0010 JMP VWAI T+1<cr>

0020 * THI S ENABLES | NTERRUPTS AND WAl TS<cr >

0024 END<cr >
LI ST 10<cr> (user says start list at 10)
0010 JMP VAI T+1 (lines of file are displayed)
0020 * THI S ENABLES | NTERRUPTS AND WAI TS
0024 END
LI ST<cr> (user says list current file)
0000 WAI'T EI (list starts at begi nni ng of
0010 JMP VAI T+1 file, by default)
0020 * THI S ENABLES | NTERRUPTS AND WAI TS
0024 _ END
DELT linel [line2] Delete line(s) fromfile

This command is used to delete lines fromthe current file.
All lines fromlinel to line2, inclusive, are deleted fromthe
file. 1f line2 is not specified, only linel is deleted.
Exanpl e
(see exanpl e under LI ST)
DELT 10 20 (user says delete lines 10-20)
LI ST (user asks for list of edited
0000 WAIT EI file)
0024 END (l'ines 10 and 20 are gone)

SAVE [/ name/ aaaa bbbb] Save a file or other portion of nenory
on cassette tape

This command is |ike the SOLOS/ CUTER SAVE conmand, except
that here the filenane is surrounded by sl ashes. The conmand
records the contents of a file or of a specified area of nenory
on a cassette placed in tape unit 1. |If there are argunents
given, as in the exanple above, the contents of nmenory from
address aaaa to address bbbb are saved, and a file name of up to
five characters is recorded in the cassette file header, (wth
type "P" for Progranm). The command has a sinpler form SAVE
wi th no argunents, which saves the whole current file on tape.
The nane which has al ready been assigned to the file wll also
be its nane on the cassette file header, and it will have a file
type "T" (Text).
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CET /nane/ [aaaa] Read a cassette tape file into file or nmenory

This command reads the specified file fromtape unit one
into the area of nmenory beginning at aaaa. |f aaaa is absent
fromthe conmand, the file will be read into the area occupied
by the current file. The filenanme used nust be the sane as when
the file was SAVEd; a filenanme nust be specified. The form of
this coomand is |like that of the SOLOS/ CUTER GET comrand, except
that, as with the SAVE command, the fil ename nust be surrounded
by sl ashes.

CUST Execute program whose begi nning address is stored at 02A8

This command is a call to the address stored at 02A8.
(Actually, the high byte of the address nust be stored at 02A8,
the low byte at 02A9.) |If you have not entered a different
address, 02A8 and 02A9 will contain a return entry point to
SOLOS/ CUTER.  To enter the address of a program other than
SOLOS/ CUTER, use the ENTR command:

ENTR 02A8
<hi gh byte> <l ow byt e>/

where the high and | ow bytes are entered in hexadeci mal form
with a space between them The routine to be called nust be an
obj ect programstarting at the given address. |f an 8080 RET
instruction is included in the program and if proper stack
operations are maintained, control will return to the executive.

The exanple below illustrates the use of the CUST conmand
to return to SOLOS/ CUTER. These are the steps to follow if you
want to use CUST to execute a program ot her than SOLOS/ CUTER

1) Using the FILE command, create a current file to contain
t he source program

2) Using the editor, enter the source program

3) Using the ASSM comrand (described bel ow), assenble the
source programto object code. |If you are likely to
want to use the program again, SAVE the object code on
cassette tape.

4) Using the ENTR command, store the begi nning address of
the object programin | ocations 02A8 and 02A9.

| f you have followed these instructions, your programw ||

be executed whenever you give the CUST comrand fromthe
executi ve.
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Exanpl e: (assunes a printer using the serial port)

CUST<cr > (user enters command to return
to SOLOS)

>SET O=1<cr > (user sets serial output port)

>EX 3<cr> (user re-enters Software #1)

LI ST (user requests a listing of the

current file on the present
out put device; in this case,
the listing will be sent

to the printer through the
serial port)

ASSM E] aaaa [ bbbb] Assenbl e a source file to object code .

In order to be executed, a source program nust be assenbl ed
to object code. This command initiates assenbly of the CURRENT
file, if that file contains a source program here is a
description of what happens to the current file when you enter
t he ASSM command (see Section 4 for nore details):

1) The assenbler wll create a synbol table, beginning at OF60,
to contain all of the |abels that you have defined in your
source program (See the description of source program
statenents in Section 4.2.) The synbol table requires seven
bytes per synbol; when you determ ne where in nenory to
| ocate a file or an object program be sure to allow for the
anticipated size of this synbol table.

2) Next, the assenbler will translate each statenent to its
correspondi ng binary representation and assign an address in
menory to each byte of the resulting object code.

Consecutive bytes of object code will be assigned consecutive
addr esses begi nning at aaaa, unless you use the ORG pseudo-
operation (described in Section 4.6) to override this

pr ocedure.

3) If you include the bbbb parameter, the object programw | be
stored at |ocation bbbb. |[If no value is specified for bbbb,
the code is placed at aaaa. Renenber to assign to aaaa the
address at which the programw || eventually be | oaded; the
only purpose of bbbb is to allow a tenporary displacenment of
the code. For exanple, if the source programstarts at aaaa
and you do not specify a value for bbbb, the object program
will replace the source programin nenory. |f the assenbler
l[isting then indicates that there are errors in the source
program you will have to reenter the source code in order to
be able to correct it. A programthat is assenbled to run at
aaaa, but that is actually stored at bbbb, nust be SAVEd and
rel oaded, if it is to run properly.
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4) |f you do not use the optional E in the command, the
assenbl er produces a conplete listing; each line of the
listing consists of a) the beginning address assigned to the
line, b) a hexadecimal representation of the object code
(note that the nunber of bytes of object code will vary with
the instruction), c) a single-letter error code, where
appropriate (see Section 4.8), and d) the original source
programline. |If you specify the E, only |ines containing
errors wll be listed. The listing will appear on the
screen, unless you have changed the output pseudo-port in
SOLCS or CUTER

The second |ine of the sanple program bel ow contains an
opcode error signified by the letter 0. |In order to show that
JMP is an operation, rather than a | abel, you nust separate it
fromthe |ine nunber by MORE THAN ONE bl ank space; this
requi renment will be discussed along with other assenbler
requi renents in Section 4. 2.

Exanpl es

LI ST<cr > (user asks for listing of file)

0000 WAI'T EI (LI'ST starts at file beginning)

0010 JWMP WAI T+1

0020 * THI'S SETS | NTERRUPT AND WAI TS

0024 END

ASSM 1A2B 2A2B<cr > (user says assenble the current

(assenbl er listing nor- file, using 1A2B as the first

mal |y begins on the |ine address, and store the object

right after the conmand) code begi nning at 2A2B)

1A2B FB 0000 WAI T EI

1A2C 00 00 00 O 0010 JWMP WAI T+1

1A2F 0020 * THI S SETS | NTERRUPT AND WAI TS

0010 JMP WAI T+1l<cr> (user enters correction)

ASSME 1A2B 2A2B<cr > (user says reassenble file,
showing only lines with errors)
(there are no errors)

SAVE / OBJ/ 1A2B 1A2F (user saves file on tape, with
filename OBJ)

GET /0BJ/ 1A2B (user reloads file at appropri-
at e address)

EXEC 1A2B (user executes object progran
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2.6 ERROR MESSAGES:

The executive has three error nessages:

1) WHAT? indicating an inproper conmand or an error in the
paraneters foll ow ng the conmand,

2) NO CURRENT FILE indicating that you have entered a command
that references a current file when none exists; and

3) NO NO indicating that you have attenpted to create a file
that al ready exists in nenory.
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SECTI ON 3
THE EDI TOR

Whenever you are in executive node and begin an entry with
a four digit nunber, the editor inserts a line having that |ine
nunber (and consisting of whatever text follows it) into the
current file. |If you have already begun to experinment with the
system you have probably noticed that only upper case letters
can be entered fromthe keyboard. Also, to be incorporated into
the current file, the line MIUST begin with a four digit line
nunber in colum 1.

Li ne nunbers can range from 0000 to 9999 Decinal, so that
10,000 lines can exist in each file (if enough storage is
avai l able.) Wen you enter the carriage return that term nates
every input line, the line, including the carriage return,
becones part of the file in the current file area. The editor
pl aces all line nunbers in sequence and automatically overwites
an existing line in the file if you enter a newline with the
sanme |ine nunber. Because you are not required to enter the
lines of the file in order, the display will not always mrror
the contents of the current file. (If you want to see the file
with lines and |ine nunbers in the proper sequence, use the LIST
conmand. )

THE EDI TOR DOES NOT AUTOVATI CALLY ASSI GN LI NE NUMBERS; any
i nput line which does not begin with a four digit |ine nunber
wll be regarded as a conmmand to the executive. (Use |eading
zeros for nunbers less than 1000.) An entry to the editor may
i ncl ude a maxi mum of eighty characters plus the carriage return
that termnates the line. On the Sol video display or VDW1,
characters follow ng the sixty-fourth are displayed on the next
line of the screen.

To insert a line between two |ines that already exist, you
will have to assign it a line nunber between the |ine nunbers of
the two existing lines. Thus, if you anticipate that you wl|
want to insert lines after the initial entry of a program or
text file, you should space your original line nunbers to permt
insertions. (For exanple, if line 0010 is followed by |ine
0015, it is no problemto add line 0012, whereas if |ine 0010 is
followed by |line 0011, the user can make no insertions w thout
renunbering the lines.)

Q her constraints on the format of input lines are rel ated
to the operation of the assenbler.
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SECTION 4
THE ASSEMBLER
4.1 GENERAL OPERATI ON

When you give the ASSM command, the assenbler translates an
8080 assenbly | anguage (source) programinto 8080 machi ne
(object) code. The assenbler, like the editor, wll operate
only on the current file. The remainder of this manual will be
devoted to describing the features of the Software #1 assenbl er.

The assenbler translates each |ine of the current file into
obj ect code. Although each |ine nust contain a |line nunber, the
I i ne nunber does not becone part of the object program It is
however - reproduced on the assenbler listing. The character
position imedi ately after the |ine nunber should be |eft blank;
thus the "first source code character position"” is the second
position following the last digit of the |ine nunber.

The Software #1 assenbler operates in tw "passes”: that
is, it passes over the source programtw ce, from beginning to
end, in the course of creating the correspondi ng object program
| f you are not already famliar with the syntax of source
program statenents, you m ght want to | ook at Section 4.2, bel ow
before reading the rest of this discussion.

On the first pass, the assenbler creates a synbol table,
defining all synbols in the order that they appear as |abels in
the source program BIG EQU LITL is nmeaningful only if LITL
appears in the label field of an earlier statenent. Wth the
m ni mum 4K of nenory, there is roomfor 22 five-character sym
bols in the synbol table. (Only the first five characters are
used to identify a synbol, although you may enter nore than five
characters.) Each entry in the synbol table requires seven
bytes (five for the synbol, two for the value of that synbol),
so that for each additional 1K of nenory, there is roomfor 146
nmore synbols in the table.

Renmenber to cal cul ate how much nmenory you need to store
your source and object progranms. You can figure out the |length
of a source programor text file by counting characters,

i ncluding |line nunbers, spaces, carriage returns, byte counters,
and the end of file character; one character equals one byte.
You can determne the |l ength of an object program by know ng the
nunber of bytes generated by each instruction and then addi ng,
but this procedure is long and tedious - nobody follows it. A
good practice is to allow plenty of space; if you give your

obj ect program about 20% as nmuch room as your source file, you
will alnmost certainly have nmade anple provision for it.

On the second pass, each source programinstruction is
translated into the correspondi ng object code; all expressions,
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synbol s, operation codes, and ASCI| constants are assigned their
absol ute val ues, and each line of code is given an address.
Renmenber that the correct formof the ASSM conmand is

ASSM E] aaaa [ bbbb]

Addr esses assigned to the object code begin at aaaa, unless
you use the ORG pseudo-operation in the source programto
override this procedure.

As the object programis generated it is placed in nenory
starting at bbbb. [|f bbbb has been omtted fromthe comuand,
assenbl ed code is stored beginning at aaaa. The listing, also
produced on the second pass, indicates exactly what data has
been assigned to each |location in nenory. Because the SOUT
entry point of SOLOS/CUTER is used the listing will appear on
the video screen, unless you have used the SOLOS/ CUTER SET
command to direct output to a different pseudo-port. (See your
SOLOS/ CUTER User's Manual . )

If the E option is included in the ASSM command, only |ines
whi ch contain errors will be |isted.

The description of the ASSM conmand in Section 2.3 contains
and expl ains an exanpl e of an assenbler |isting.

4.2 SOURCE PROGRAM STATEMENTS

STATEMENTS may contain either synbolic 8080 machi ne
instructions or assenbl er pseudo-operations. A statenent may
i nclude as many as four fields, separated by bl anks:

[ 1 abel ] operation [ oper and] [ conmrent |

The | abel field, if present, nust begin in the first source
code character position, that is, it nust be separated fromthe
I ine nunber by exactly one bl ank space. The synbol in the |abel
field can contain any nunber of characters, but only the first
five characters are used in the synbol table; thus, the | abel
SUBSET1 and the | abel SUBSET2 will be regarded as identical and,
if they appear in |label fields in the sane program w | cause
an error nessage to be displayed. Al synbols in the |abel
field must begin with a letter, and may contain only letters and
nunbers.

The operation field contains either an 8080 operation
menoni ¢ or a pseudo-operation code; this field nust be
occupi ed, unless the line is a comment |ine.

The operand field contains argunents required by the
operation in the operation field. |If two argunents are present,
t hey nust be separated by a comma (BUT NO BLANKS), as in the
first line of the exanple bel ow
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0015 FLOP MOV M B COMMENT
0020 * COMMENT

0025 JMP  BEG
0030 CALL FLOP
0035 BEG AD 8+6-4
0040 MOV A B
The coment field is for explanatory remarks. It is repro-

duced on the listing during the second pass. (Line 0015, above,
has a coment field.) There is a distinction between a conment
field and a conmment |line. A comment line, like line 0020 in the
exanpl e above, does not translate into any object code; whenever
a line begins with an asterisk (*) in the first source code
character position, the assenbler disregards that line. The
comment field of a program statenent does not generate any code,
either, but the rest of the line is assenbled normally.

Notice that all of the fields are separated from one
anot her by one or nore blank spaces. Here is a summary of the
rul es concerni ng bl anks.

1) The label field nmust be separated fromthe |ine nunber by
EXACTLY ONE bl ank. If there is nore than one blank follow ng
the line nunber, the assenbler will regard the next character
as the first of an operation or pseudo operation nmenonic.

If there is no blank imredi ately foll ow ng the |ine nunber,
the line will be found to contain an error.

2) If the label field is omtted, the operation field nust be
separated fromthe |ine nunber by MORE THAN ONE bl ank.
O herwi se, the operation or pseudo-operation menonic wll be
interpreted as a label in the [abel field.

3) A comment |ine nust begin with an asterisk separated fromthe
[ i ne nunber by EXACTLY ONE BLANK.

4) Wth the one exception of the coment field, there can be NO
BLANKS within fields, including wwthin arithnetic
expressions. Blanks are regarded as field separators.

In all other cases, fields may be separated by any nunber
of bl anks.

4.3 SYMBOLI C LABELS

To assign a synbolic |label to a statenent, put the desired
synbol in the |abel field. When a |abel begins a statenent, the
assenbl er assigns it a value that corresponds to the address of
the next byte to be assenbled, that is, to the first address
assigned to the statenent. The only exception to this rule is
that the EQU pseudo-operation causes the synbol in the | abel
field to assune the value indicated in the operand field.
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(For exanple, the assenbler will respond to the statenent
POTTS EQU 128

by assigning the value 128 to the | abel POTTS.) Any |abel that
has been defined, whether by an EQU or by another statenent, can
be used in the operand field of another statenment in the
program |In fact, because the assignnent of values to |abels
occurs on the first pass, it is unnecessary to define a |abel in
an earlier statenent than the one in which it appears in the
operand field; for exanple, line 0025 in the | ast exanpl e says
junp to BEG when BEG does not appear in the label field unti
later in the program The only exception to this rule is that a
| abel can not appear in the operand field of an EQU st at enent
unless it has been defined earlier in the program

There are ei ght synbols which the assenbl er has reserved
and associated with particular values. These nanmes may not be
used; except in the operand field, and the user has no control
over their definition. They are

A- the accumulator (7)
B- Register B (0)
C- Register C (1)
D- Register D (2)
E- Register E (3)
H Register H (4)
L- Register L (5)
M Menory (6)

The nunbers in parentheses are the deci mal equival ents of
the binary codes used to represent these entities. |In a program
statenment, either the single-letter abbreviation or the decinm
nunber may be used. For exanple, the two instructions

INR 5 and I NR L
assenble to the sane byte of object code.

The 8080 mmenonics for the Stack Pointer (SP) and Program
Status-Word- (PSW are not predefined in Software #1. 1In the
context of an 8080 assenbly | anguage program they nust be
associated wth a value of 6; therefore, in order to use SP or
PSWin a program you nust insert the |lines

PSW EQU 6
SP EQU 6

in the text of your source programfile.

In addition to the above reserved synbols, there is the
singl e special character synbol ($). This synbol changes in
val ue as the assenbly progresses. It is always equated with the
next address to receive object code after the current instruc-
tion is assenbled. $ may only be used in the operand field.
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JWP $ means junp to the location following this
MOV A B instruction, i.e., to the MOV instruction.
(This JMP is obviously redundant.)

4.4 RELATI VE SYMBOLI C ADDRESSI NG

| f the name of a particular |ocation is known, a nearby
| ocati on may be represented by an expression including the known
name and a nuneric offset. The offset is expressed in bytes of
obj ect code rather than in source programlines, so that the
vari able Il ength of instructions nust be taken into account.
Only + and - nmay be used in the expression of an offset.

Exanpl e
UPDATE STA TEMP+3 SAVE ACCUMULATOR IN TEMP LOC
LDA IT GET IT
INR A | NCREMENT | T
STAIT STORE IT

LDA TEMP+3 GET BACK THE ACCUMULATOR

TEMP

TEMP+3 PO NTS HERE

In this exanple, the instruction STA TEMP+3 causes the
contents of the accumulator to be saved in a location three
bytes beyond that denoted by TEMP. The instruction LDA TEMP+3
means get the contents of the |location three bytes beyond TEMWP,
and put those contents into the accunul ator.

4.5 CONSTANTS

The assenbler allows you to wite positive or negative
nunbers in the operand field. These nunbers will be regarded as
deci mal constants, and their binary equivalents will be used
appropriately. Al unsigned nunbers are consi dered positive.

Hexadeci mal constants nust be have an "H' after them to
indicate that they are not decimal constants. 25H is an exanple
of a hexadeci mal constant; 25 and 25D will both be regarded as

decimal. (The D is okay, but not required.)
A hexadeci mal constant may not start with a letter; use a
| eading zero to show that an itemin the operand field is a

nunber, rather than a | abel.

AS5H will be assuned to be a | abel.
OA5H wil | be assuned to be a hexadeci nal constant.
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ASCI| constants are represented within single quote marks
(SHI FT-7). A constant consisting of two characters nay be
represented within one set of single quotes, e.g., LXI H'AB is
acceptable. To handle a |onger string, use a series of
statenents containing the Define Byte pseudo-operation (see the
next section). For exanple,

DB 'E
DB 'R
DB 'R
DB 'O
DB 'R

wi |l cause the string ERROR to be stored in successive |ocations
in menory.

4.6 EXPRESSI ONS

An expression is a sequence of one or nore synbols,
constants or other expressions separated by the arithnetic
operators plus or mnus. Renenber not to include any blanks; a
bl ank w || always be regarded as a field separator. Expressions
may be used only in the operand field.

PAMt3
| SAB-" A" +52
LOOP+32H 5

Expressions are calculated using 16 bit arithnetic; thus,
all arithnmetic is done nodul o 65536. Single byte data cannot
contain a value greater than 255 or |ess than -256. Any val ue
outside this range will result in an assenbler error.

4.7 PSEUDO- OPERATI ONS

Pseudo-operations are witten as ordinary statenents, but
they direct the assenbler to performcertain functions which do
not al ways devel op 8080 machi ne code. This section describes
t he pseudo-operations that you can use in Software #1 source
progr amns.

ORG -Set Program Origin: [label] ORG expression

Thi s pseudo-operation determnes the first address that the
assenbler will assign to subsequent statenents. |If a label is
included, it is assigned the value of the expression. If ORGis
used at the beginning of a program the value of the expression
in the operand field becones the origin, or first address, to be
assigned to the program ORG OVERRI DES THE aaaa PARAMETER OF THE
ASSM OR ASSME COVWAND (see section 2.3). Simlarly, an ORG
statenment within a programoverrides the rule of assigning
consecutive addresses to consecutive statenents; the ORG
statenent indicates the next address to be assigned, regardless
of previous addresses. The statenents that foll ow
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the ORG statenent are given addresses beginning at the one
represented by the expression.

END- - End of Assenbly

Thi s pseudo-operation infornms the assenbler that the | ast
source statenent has been read. The assenbler will proceed to
the second pass or, if both passes have been conpl et ed,
termnate and return control to the executive. This
pseudo-operation is not required because the assenbler wll stop
when it reaches the end of file indicator (01H)

EQU- - Equate Synbolic Value: |abel EQU expression

Thi s pseudo-operation assigns the value of the expression
to the given |abel. For exanple,

GREEN EQU 3
COLOR EQU GREEN
BLUE EQU GREEN+1

will assign a value of 3 to both GREEN and COLOR, and a val ue of
4 to BLUE. Notice that GREEN had to be defined before it was
used in the operand field of another statenent.

DS--Define Storage: [l abel] DS expression

Thi s pseudo-operation reserves a specified nunber of
successive nenory | ocations but does not store anything in them
The expression determ nes how many | ocations will be reserved;

t he assenbl er "skips" these, beginning at the current position
in the program and nmakes its next assignnment to the |ocation
i medi ately follow ng the reserved area. The expression nust
evaluate to a 16-bit nunber, i.e., it nmust be possible to
represent that nunber in 16 or fewer bits.

DB--Define Byte: [label] DB expression

Thi s pseudo-operation reserves a single nenory | ocation and
assigns to it a value determ ned by the expression. The
expression nmust evaluate to a nunber which can be represented in
8 or fewer bits.

DW-Define Wrd: [l|abel] DWexpression

Thi s pseudo-operation reserves two bytes of storage and
assigns to thema value determ ned by the expression. The
expression nmust evaluate to a nunber which can be represented in
16 or fewer bits; the low order byte of the value is stored at
the |l ower nenory address, in conformty to the Intel format for
t wo- byte operands. For exanple, DW'AB stores 'B at a | ower
menory | ocation than 'A'.
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4.8 ERROR MESSAGCES:

The followi ng error nessages are displayed on the assenbl er
listing when the error occurs. Sone of the errors are only
di spl ayed during the first pass.

A Argunent Error An i nproper argunment appears in
the operand field. This m ght
be 1) a nunber with a letter in
it, e.g., 2L, 2) a label that
starts with a nunber, e.g.,
3STOP, or a string |longer than
2 characters, e.g., '"ABC .

D Dupl i cat e Label Two | abels in the program are
the same, i.e., the first five
characters are identi cal

L Label Error The synbol in the |abel field
contains illegal characters.

M M ssi ng Label Error A |l abel has not been included

in an EQU instruction.

@] Opcode Error The synbol in the operation
field is not a valid 8080
i nstructi on menoni ¢ or assenm
bl er pseudo- operati on mMmenoni c.

R Regi ster Error An invalid synbol was used to
designate a register

S Syntax Error The syntax of a statenent does
not conply with the require
ments of the assenbl er

U Undef i ned Synbol A |l abel in the operand field
can not be found in the synbol
table, i.e., it does not appear

in the | abel field anywhere in
t he source program

\% Val ue Error The expression in the operand
field is outside the all owed
range.
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APPENDI X 1
USI NG CASSETTES

Successful and reliable results with cassette recorders and
cassette files requires a good deal of care. You need to use
consi stent and careful nethods, and you need to know what to
expect, when you try to read a manufacturer's tape, or your own.
The foll owm ng nmet hods are reconmended:

1) Use only a recorder recomended for digital usage. For use
with the Processor Technol ogy Sol or CUTS, the Panasonic
RQ 413AS or Realistic CTR- 21 is recommended.

2) Keep the recorder at |east a foot away from equi pnent cont-
ai ni ng power transforners or other equipnment which m ght gener-
ate magnetic fields, picked up by the recorder as hum

3) Keep the tape heads cl eaned and demagneti zed i n accordance
wi th the manufacturer's instructions.

4) Use high quality brand-nane tape, preferably |ow noise, high
out put tape. Poor tape can give poor results, and rapidly wear
down a recorder's tape heads.

5) Bulk erase tapes before reusing. It can be hard to find the
file you want in a junble of old file pieces. Bulk erasing also
decreases the noise level of the tape.

6) Keep cassettes in their protective plastic covers, in a cool
pl ace, when not in use. Cassettes are vulnerable to dirt, high
tenperature, liquids, and physical abuse.

7) Experinmentally determ ne the nost reliable settings for
vol une and tone controls, and use these settings only.

8) On sone cassette recorders, the m crophone can be live, while
recordi ng through the AUX i nput. Deactivate the m ke in accord-
ance with the manufacturer's instructions. |In sone cases this
can be done by inserting a dummy plug into the m crophone jack.

9) If you record nore than one file on a side, SAVE an enpty
file, nanmed "END' for exanple, after the last file of interest.
Once you read its nane, you will know not to search beyond it
for files you are seeking. One way to avoid having to search
for files is to record only one file per cassette, at the

begi nning of the tape, if you can afford the extra cassettes.
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10) Do not record on the first or last mnute of tape on a side.
The tape at the ends gets the nost physical abuse. Do not be

i npatient when trying to read the first file on a tape. You, or
t he manufacturer of a pre-recorded program nay have recorded a
| ot of enpty tape at the beginning.

11) Record a file nore than once, before it |eaves nenory. This
redundancy can protect you from bad tape, equipnent mal function,
and acci dental erasure.

12) Most cassette recorders have a feature that allows you to
protect a cassette fromaccidental erasure. On the edge of the
cassette opposite the exposed tape are two small cavities

covered by plastic tabs, one at each end of the cassette. |If
one of the tabs is broken out, then one side of the cassette is
"wite protected.” An interlock in the recorder will not allow

you to press the record button. A piece of tape over the cavity
will renmove this protection

13) Use the tape counter to keep track of the position of files
on the cassette. Always rewind the cassette and set the counter
to zero when first putting a cassette into the recorder. Tine
the first 30 seconds and note the reading of the counter.

Al ways begin recording after this count on all cassettes.

Record the begi nning and endi ng count of each file for later
reference. Before recording a new file after other files,
advance a few counts beyond the end of the last file to insure
that it will not be witten over.

14) The SOLOS/ CUTER comrmand CATal og can be used to generate a
list of all files on a cassette. In SOLOS/ CUTER, type CAT <CR>
rewi nd to the beginning of the tape, and press PLAY on the
recorder. As the header of each file is read, information wl|
be di spl ayed on the screen. |f you have recorded the enpty file
call ed END, as suggested, you wll know when to search no
further. |If you wite down the the catal og i nformation al ong
with the tape counter readings and a brief description of the
file, you wll be able to | ocate any file quickly.

15) Before beginning work after any nodification to the system
test by SAVEing and CETting a short test program This could
prevent the |oss of nmuch work.

In addition to using the above procedures nethodically, you
need to know the various ways in which prograns nmay be recorded
on tapes you have purchased:

1) If you cannot read a file consistently, and suspect the tape
itself, do not despair. The sane file may have been recorded
el sewhere on the tape. Processor Technol ogy often records a
second version, later on the sane side of the tape. Wen you
first get a tape, CATalog it with SOLOS or CUTER so you wi ||
know exactly what it contains. Wite down the tape counter
readi ngs at the sane tine.
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2) An enpty file nanmed END is sonetines placed at the end of the
recorded portion of a tape. Wen SOLOS CATalogs a file, the
file header information is displayed as soon as the begi nning
part of the file passes the tape head, but nothing is displayed
when the end of the program passes by. [|f another filenane such
as END is displayed, you know you have just passed the end of
the previous file.

3) Sone of the prograns supplied by Processor Technol ogy contain
a checksumtest within their code, in addition to the checksum
test which SOLOS perforns. \Wen a programcontaining this test
is first executed after | oading, the checksumtest reads all of
the programin nenory, and cal cul ates a checksum nunber which is
conpared with a correct value. |If the nunbers match, the
programin menory is correct. Nothing is displayed when the
nunbers match, but if they do not match, the nmessage CHECKSUM
TEST FAILED, or a simlar nessage, is displayed. The nessage
may be followed by two nunbers, representing the correct and

i ncorrect checksum nunbers.

Even though the checksumtest was failed, it nay be possible to
enter the program anyway by typing the carriage return key. The
bad data may not even be apparent, if it is in a portion of the
programyou do not use. It is best, however, to try to find and
correct the problem causing the error so the checksumtest is
passed. The error can be caused by the cassette inteface
circuitry, bad nenory | ocations, bad tape, a faulty recording,

i nproper alignnment or settings on the cassette recorder, or

ot her equi pnment probl ens.
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(Appendi x Il -- 8080 Opcode table sorted by function omtted)
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ProcessorTechnology

Processor Technology 7100 Johnson Industrial Drive (415) 829-2600
Corporation Pleasanton, CA 94566 Cable Address PROCTEC

Software #1 Update 731070

The procedure described below corrects an error in the way that Software
#1, Release 1.6 (MOD 0), accepts input froma driver other than the Sol
keyboard. It is recomended that all users of the program nmake this
"patch"; otherwi se, an attenpt to use an input device other than the Sol
keyboard wi || have undesirabl e consequences. (Al so, the docunentation
for any future patches will assune that this patch has been nmade.) In

t he exanples the synbol <cr> is used to denote a carriage return, and
the synbol > is the SOLOS/ CUTER pronpt.

The patch is made by reading the programinto nmenory and maki ng
alterations there, then saving the corrected programon a cassette tape
ot her than the production cassette. The commands used are those
described in the SOLOS/ CUTER User's Manual. This notice is intended to
enabl e the user to nake the necessary changes in SOFT1, and to have a

m ni mal under st andi ng of the processes involved, w thout having to refer
to that manual. |If you are not very famliar with the operation of
cassette recorders, you may want to consult the appendix entitled "Using
Cassettes” in your Software #1 Resident Assenbler User's Manual .

1) Set up a cassette recorder for reading, and | oad SOFT1 with the
SOLOS/ CUTER GET command:

>CET SOFT1<cr >
2) Wen the pronpt (>) returns, type

>EN 39<cr >
to indicate that the next nunber entered (see step 3) “should repl ace
the present contents of nmenory location 39H If step 3 involved a |ist
of nunbers, those nunbers woul d be placed in consecutive nmenory
| ocati ons begi nning at 39H.
3) When a colon (:) appears on the screen, type

47/ <cr >

to enter the nunber 47H at | ocati on 39H.

4) Wien the pronpt (>) returns, type
>EN FAF<cr>
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to indicate that the next nunber entered should replace the present
contents of nenory |ocation FAFH  Subsequent entries (i.e., the 51 in
step 5 wll occupy consecutive |ocations follow ng FAFH.

5) When a colon (:) appears on the screen, type:
F9 51/<cr>

Notice that the list of entries nust again be termnated by a sl ash.
(In step 3 there was only one entry in the list, but the slash was still
required.) \When the pronmpt (>) returns, the patch has been conpl et ed.

6) Set up a cassette recorder for witing. |Insert and position a
cassette tape other than the production cassette. Be sure to |eave at
| east half a mnute at the beginning of the tape unrecorded.

7) After hitting the MODE SELECT key to return to SOLOS/ CUTER conmand
node, type

>SET XE=0<cr >

to set the starting address that will be witten in the tape file
header .

8) Type

>SAVE SOFT1 0 FBl<cr>
or
>SAVE SOFT1/2 0 FBl<cr>

(The first version assunes that the file is being witten to a cassette
inunit 1; the second assunes that the file is being witten to a
cassette in unit 2.) Wen the file has been recorded conpletely, the
prompt (>) will be displayed again.

9) Before copying the patched version of SOFT1 to the other side of your
cassette tape (NOT the production cassette), |oad the program FROM THE
TAPE THAT YOU HAVE JUST WRI TTEN to make sure that it works. |If the

i nput pseudo-port setting that you use when you execute SOFT1 is the Sol
keyboard and you have access to another input device, try using the COST
command to return to SOLOS/ CUTER, the SET command to change the input
pseudo-port, and the EXEC command to restart SOFT1. (Use the exanple on
top of page 2-8 in the Software #1 Resident Assenbler User's Mnual, but
type "SET I=" instead of "SET O= ", and use the port designation that
mat ches your device.) |If you do not have another input device, just try
several of the commands to see that nothing is am ss.

| f the program seens to be working properly, use the CUST comrand to
return to SOLOS/CUTER.  If not, |load SOFT1 again (as in step 1) and
repeat steps 2 through 8, witing the new patched version over the old
pat ched version of the program and testing your results.
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10) To copy the patched version of SOFT1 to the other side of the tape
on which you have recorded it, |load the programagain (as in step 1)
fromthe ORIA NAL side of that cassette, and repeat steps 6 through 8
above, nmaking sure you wite the file to the REVERSE si de of the
cassette.

11) Note on your duplicate cassette that you have updated your copy of
the Software #1 programfrom MOD O to MOD 0/1. When you execute the
program it will continue to identify itself as MOD 0; it is therefore
very inportant that you nake a record of the correct MO nunber, so that
you wi Il know whet her any further update notices apply to you.

Renmenber that Processor Technol ogy software is copyrighted. Your

duplicate is for your use for maintenance and backup purposes only.
No copi es should be given away or sol d.
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