0nx
> w
0 4

=2
[N

<wn
ZzZ<

DFFF

D000



TABLE G- GONTENTS

SECTI ON SUBJECT PACE
1 | NTRCDUCTI ON 3
1.1 A ns of ZEAP 4
1.2 Gonparision with Zilog Assenbl er 6
1.3 Machi ne Requi renent s 8
2 THE ZEAP ED TQR 9
2.1 Editor Qperations 10
2.2 ZEAP Hditor Conmands 13
3. THE ZEAP ASSEMBLER 22
3.1 Assenbl er (peration 23
3. Expr essi ons 24
3.3 Source Statenent Syntax 26
3.3.1 Label s 26
3.3.2 I nstruction Fornat 27
3.3.3 Comment Li nes 27
3. Assenbl er ptions 28
3.5 Assenbl er D rectives 29
3. Assenbl y Listing 30
3.7 (bj ect CGeneration 31
3.7.1 Tape (bj ect 31
3.7.2 Menory Cbj ect 31
APPENDI CES

ZEAP (peration

ZEAP Error Codes

ZEAP Editor Commands

Assenbl er Directives

Z80 Instruction Set

ZEAP Internal Registers

ASA | Code Listing

ZEAP 1.2 Qperating Instructions

CTOoOmUoUOw>



ZEAP Z80 Editor- Assenbl er Page 1
Pref ace

Pref ace
This manual is laid out in two conpl enentary parts.

Section 1 to 3 describe the ZEAP package infornal |y and are designed to be
read in order.

The appendi ces fol l owing provide a useful reference section, and define all
the elenents of ZEAP fornally, directing the user to the appropriate section
inthe first half of the nanual where nmore information and exanpl es are to be
f ound.

Those famliar with the worki ngs of conputer assenblers and BASI Gtype |ine
editors may find it easier to read the appendices first, although this is not
recommended to those who do not fully understand the terns used.

The reader should not be di smayed, however, ZEAP is easy to use and yet
power ful | enough for his requirenents.

If you require information or guidance on the Z80 Assenbly Language itself,
you are advised to consult the Mxstek or Zilog Z80 Assenbly Language manual .
Q her publications which nay prove hel pful include

The Z80 M croconput er Handbool by WIiam Barden
(Publ i shed by Howard WSans & (o, |nc)

Z80 I nstruction Handbook by Nat Védsworth
(Published by Scientific Conputer Consultants Inc.)

Z80 Programm ng for Logi c Design by Adam Gsborne et al
(publ i shed by Gsborne & Associates Inc.)

Z80 Assenbly Language Language Programm ng by Lance A Levent hal
(Publ i shed by Gsborne & Associates Inc.)

Z80 Mcroprocessor -Programming & Interfacing by E A Nchols et al
(Publi shed by Howard WSans & Co, Inc)

Z80 Software Gournet Qui de & Gookbook
(Publ i shed by Scel bi Publications Inc.)

Practical M croconputer Programmng - The Z80 by WJ Vel | er
(Nort hern Technol ogy Books)
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Not at i on

Not at i on

The following notation is used in this manual

ccccH hexadeci nal
(x) X is optional
(x)... X is optional and may be repeated indefinitely
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1. Introduction

1. I ntroducti on

ZEAP 2.0 (Z80 Hditor-Assenbl er Package version 2.0) is a nenory resident text
editor and synbol i c assenbl er designed for use with the NASOOM 1 and NASGCOM 2
m croconput ers, runni ng under NAS- SYS.

The sane facilities are provided for users of the NASBUG fam |y of nonitors by
ZEAP 1.2. The differences are expl ained i n Appendi x J.

The assenbl er transl ates mmenoni ¢ codes as defined in the Z80 mi crocode

| anguage i nto executabl e nachi ne instructions, allow ng user control over
nmenory al l ocation, and synbolic nanes for MPU registers and instruction or
data addresses. It incoporates conprehensive syntax checking and error
nmessage generation, and allows object code to be generated on cassette tape or
stored directly in nenory.

The editor allows for entry, examnation, correction and permanent storage of
source prograns which are held in nenory during editing and assenbly.

The nenory resident nature of ZEAP allows entry, assenbly, testing, correction
ane re-assenbly of source prograns without the necessity of using cassette
tape at any stage, since editor, assenbler, source programand object program
may reside in nenory simltaneously. This nakes ZEAP very easy and quick to
use.
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1.1

A ns of ZEAP

ZEAP was produced with the intention of providing a conpact editor-assenbl er
package for the NASOOM 1 nicroconputer. The fol l owing requirenents were laid
down during the design of the package:

* *  F X X

*  F X X

M ni num nenory requirerent s

M ni num extra har dware requirenents

Maxi mum conpatibility with existing assenbl ers

Ability to edit, assenble, execute and then re-edit the programwi th
the mnimumuse of external storage (e.g. cassette tape)

Ability to store source prograns on cassette tape and then re-I oad
themat a |ater stage

Ability to store nore than one source programat a tinme in nenory
Maxi mum use of nonitor subroutines

Ability to drive an ASQI| termnal attached to the UART

Ability to generate the nonitor's "L" or "R' commands.

The result is an editor/assenbl er package requiring 8K bytes of user RAM of
whi ch ZEAP uses 4K program space and 256 bytes data storage, |eaving a m ni num
4K byt e spare for source progranms and obj ect code.

The ZEAP editor provides the follow ng functions:

* % F X X X X

E o I

Ful Iy dynam c source buffer allocation

Insertion, deletion and repl acenent of |ines

String searching

Autonatic |ine nunber generation for block entry of source prograns
Conpl et e resequenci ng of source programline nurnbers

Loadi ng and dunpi ng of source programs to and fromcassette tape
Listing of selected source programlines on the screen or on an ASO |
t er m nal

Page node of operation

Gontrol of display/listing speed

Recovery of source programin case of accident col d-start

Autonati ¢ checksumfor easy detection of hardware faults or user
program nal functi on

The ZEAP assenber provides the follow ng functions:

*

* ok F X X X

Full range of options including control of source listing, object
generation and error processing

Nunbered error nessages pin-pointing the cause of the error

(bj ect generation onto cassette tape, or directly to nenory

D rect execution of object programfromZEAP itself

Listing of lines containing errors

Formatted source listing on the screen or on an AS | term nal
ptional Sorted Synbol Table

The editor, assenbler, source programand optional object programnay all
reside in nenory at the sane tine, enabling naxi numease of entry, assenbly,
testing, correction and re-assenbly of source prograns wth nini mumuse of
external storage.
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The assenbl er source code follows closely that defined in the Zl LOG assenbl er,
the differences being noted in section 1.2.

Editor operation is described in section 2, while the assenbler's function is
defined in section 3.
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1.2 Conparison with the ZI LGOS Assenbl er

The operation of the ZEAP assenbler is very simlar in nost respects to the
ZI LOG 780 assenbl er. The foll owing di fferences should be noted, however:

* Expressions may contain only the operators "+" and "-", and no
parathetical grouping is allowed. Expressions nay be enclosed in
parenthesis to respresent nenory addresses. Evaluation is fromleft to
right. Aleading "-" is allowed.

* Hexadeci nal nunbers are denoted by a suffix "H', and the first
hexadeci mal digit rmust be 0-9. Alternatively, a prefix "#' nmay be
used, in which case the "H' nust not be present, and the first digit
nay be any of O-F (this facility is provided for conpatibility with
previous versions of ZEAP). The two representati ons may be used
interchangeably at all the tines. The default nunber base is deci nal,
Cctal and binary nunbers are not supported.

* Label s nust begin is the first colum of the source line, directly
after the single space follow ng the sequence nunber. Qnly one | abel
is permtted on a line. The use of a ":" suffix to indicate a | abel
is not supported. Staterments without |abels rnust | eave the first
col um bl ank, except to comments, which nay begin in the first

colum with a ";".
* The fol |l owi ng assenbl er directives (pseudo-ops) are not supported

MACRO
ENDM
QD
ENDC
DEFL
END

* Two additional assenbl er directives are provided

ENT
K P
See Appendix D for nore details.

* Asingle ASQ | character code nay be included i n an expression by
preceding it with a double sign, e.g. "A=41H This facility
repl aces the DEFB 's' assenbl er directive.

* Felds and/ or expressions nay be separated by one or nore spaces
and/ or conmas. The space and the comma are syntactilly equival ent
inall contexts within the assenbly | anguage.

* Two additional instruction code nmenonics are provides. These are

RCAL | abel
SCAL code
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These nmmenoni cs codes generate RST instructions to the relative call
and subroutine call routines provided in NAS-SYS. The operand of an
RCAL instruction has the sane definition as that for a relative junp
instruction (see Appendi x E, option 20). The operand of an SCAL
instruction is the subroutine code for the subroutine to be i nvoked
(see and NAS SYS docunentation). For exanpl e

RCAL XXX
XXX PUSH AF : SUBROUTI NE
and

IN BEQU 62H

SCAL IN  : CALL IN
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1.3 Machi ne requi rement s

ZEAP occupi es just under 4K bytes and requires 256 byte workspace. Thus a
m ni mum of 8K bytes of menory is required.

Wth a cassette recorder the user can store source prograns on cassette tape
for reloding at a later tinme. The assenbl er can output object code to tape
whi ch can be subsequent|y | oaded using the L or R commands provided in

NAS- SYS.

ZEAP contains routines to drive an ASA | terninal attached to the UART for
hard copy or source listings. However, this itemis entirely optional and
ZEAP wi Il functions perfectly without it.

The m ni numsystemis

A working NASCOM 1 or NASOCM 2
A tel evision or nonitor

A nmini numof 8K bytes of nenory
A cassette recorder
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2. The ZEAP editor

The ZEAP editor provides the means by whi ch source prograns ny be entered,
examned and al tered by the user.
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2.1 Edi tor operation

After ZEAP has been | oaded, control is passed to the editor as described in
APPEND X A

The editor pronpt, a flashing cursor, will be displayed on the bottomline of
the VDU indicating that the ZEAP editor is ready to accept editor commands.

The editor is aline editor in which source lines are identified by line
nunbers (sequence nunbers), each line of source code being identified wth a
uni que nunber. Powerful context editing capabilities are available through
the NAS SYS cursor control functions.

A sequence nunber rmay be any deci nal nunber from1l to 9999. Leadi ng zeros nay
be omtted. The sequence nunber is always followed by a single space to
separate it fromthe actual source line, e.g.

1000 SAMPLE LI NE

The actual line is "SAMPLE LINE'. The source line itself may of cause
contai n | eadi ng spaces, e.g.

2000 ANOTHER LINE

The space after "2000" is the separator, but the next two spaces are part of
the source line, whichis thus " ANOTHER LINE'.

A line of source code may be entered by typi ng a sequence nunber, followed by
a space, followed by the source line, followed by the ENTER key. The editor
stores the line of source code in menory and pronpts for the next editor
conmand.

The source programis sorted autonmatically in ascendi ng sequence nunber order.
Thus

20 THS IS THE TH RD LI NE
10 THS IS THE FIRST LINE
12 THS IS THE SEQOND LI NE
woul d cause the lines to be stored in the order indicated.

Typi ng a sequence nunber directly fol |l oned by ENTER causes that line to be
del eted. Thus

12
woul d cause line 12 to be del et ed.

Typi ng the sequence nunber of a line which alredy exists foll owed by new
source code. Thus

20 THS IS NONTHE SECOND LI NE
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woul d cause line 20 to be replaced with the indicated text.

Thus all requirenents for inserting, deleting and changing Iines of source
code are provi ded by the above techni ques.

In addition the the above facilities, there are a nunber of commands for
exam ng and nani pul ati ng the source program These commands have been
inpl enented with single | etter mmenoni ¢ codes, and are described bel owin
section 2.2,

Al source lines are stored in an area of nenory called the EDT BUFFER Al
editor commands operate on the information contained in this Buffer. The size
of the source programis limted only by the anount of nenory avail abl e.

At all times during ZEAP operation, except during assenbly, the top |ine of
the screen contains the foll ow ng di splay

ZEAP mn/cccc Free=pppp End=qqqq Ent=rrrr
wher e
mn is the version nunber (e.g. 2.0)
cccec is the copy nunber
pppp is the address of the first unused | ocation after the ED T BUFFER

gggqq is one nore than the address of the last byte of the object program
generated by the | ast assenbly

rrrr is the adress of the entry point of the object programgenerated by
the last assenbly (if any)

The val ue pppp includes the area used for the synbol val ue table, which
resides in menory just above the EDT BUFFER ZEAP ensures that this val ue
does not exceed 5000H (the limt with a 16K extention), or the value set in
the E command for the last cold-start (see Appendix A). This value is al so
used as the default origin setting for the assenbl er.

Any tinme before the ENTER key is depressed, a line may be edited using all the
screen facilities avail abl e under NAS SYS.

At any tine when ZEAP is in process of displaying information (e.g. when
listing or assenbling the source progran) the user nay interrupt the process
by depressing the ESC key (or SHFT + ENTER keys). ZEAP will immediately
abandon its current processing and display the editor pronpt to indicate that
it is ready to process editor conmands.

Any other key nmay be used under the sane circunstances to tenporarily hold the
execution of ZEAP so that the contents of the screen can be exan ned at

I ength. Wen the user w shes to resunme execution, depressing any key except
ESCwll restart ZEAP where it left off, and processing wll continue.

Error messages fromthe ZEAP editor are of the form
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ERRCR nn

where nn is the error nunber. An explanation of ZEAP error codes is given in
Appendi x B. The common editor nessage is

ERRCR 99

neaning that the last line of user input was illegal or unrecognisable as an
editor command or |ine of source code.

If the first character of an input line is blank, the line is ignored by the
editor.
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2.2 ZEAP editor commands

The foll owi ng di scussion is independent of any know edge of the Z80 assenbly
| anguage, and therefore the source |ines shown are not suitable for assenbly
by the ZEAP assenbl er.

% Suppose the following lines are entered

20 LINE 2
10 LINE 1
30 LINE 3

The user can exanine the contents of part or all of the Edit Buffer
using the "V' editor command. ("V' is a menonic for VDU List). Thus

V 10 10
0010 LINE 1
VvV 10 20
0010 LINE 1
0020 LINE 2
V 20

0020 LINE 2
0030 LINE 3
\%

0010 LINE 1
0020 LINE 2
0030 LINE 3

A so note

V5 15
0010 LINE 1
V19

VvV 20 10

V 1000

The last three commands cause no displ ay.

I'n summary
vV mn Dsplay lines mto n inclusive
Vm Dsplay lines frommto the end of the buffer
V D splay the entire contents of the source buffer

The space following "V' is optional, but if both mand n are
speci fied, they nust be separated by one or nore spaces.

"U Wien a source programhas been entered by the user using the ZEAP
editor, is is useful to be able to store all or part of it on cassette
tape. This is archieved by the "U' editor command ("U' is a nmenonic
for UART List). Its syntax is the same as that of the "V' conmand.

Its operation is identical except that each |line displayed is al so
output tothe UART in a format which allows the line to be rel oaded
subsequently by the editor. Thus
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U

0010 LINE 1
0020 LINE 2
0030 LINE 3

woul d cause those line displayed to be stored on an attached cassette
recor der.

There is no identifiable Load coomand provi ded with ZEAP. Loadi ng of
source prograns stored on tape using the "U' editor cormand is
performed sinply by swtching the cassette recorder on while the
editor pronpt is displayed. ZEAP scans both the keyboard and the UART
input during editor operation, and so source lines input fromtape
will be interpreted as if they had been entered nanual | y. Thus

pl ayi ng back the above tape when the ZEAP editor pronpt is displ ayed
woul d cause the follow ng di splay

0010 LINE 1
0020 LINE 2
0030 LINE 3

and the three lines would be entered into the edit buffer as if they
had been typed on the keyboard.

If the user attaches an ASO| terninal (tel etype or equivalent) to the
UART, the "U' editor comrand can be used to obtain hard copy of all
or part of the source program Thus, with an attached ASA| termnal

U 10 20
0010 LINE 1
0020 LINE 2

and the two lines displayed are printed on the termnal. For
each character printed, bit 7, the parity bit, is always zero.

The ZEAP editor provides a convenient facility for the manual entry of
bl ocks of source code, nanely the "I" editor command ("I" is a
menoni ¢ for Auto Input). If the user enters

| 40
the editor responds

0040

and any input up to the ENTER key is interpreted as |ine 40. Suppose
the follow ng is typed

0040 LINE 4 (ENTER pr essed)
0050

After ENTER is depressed the editor encrements the sequence nunber by
10 and di spl ays the new sequence nunber, ready for the entry of the
next line of code, and so on
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"y

0050 LINE 5
0060 LINE 6
0070

Note that the necessary space foll owing the sequence nunber is
inserted by ZEAP, so that the user need not type it.

It is possible to edit the sequence nunber using the cursor control
keys. Thus now typing three cursor-lefts, followed by 95, followed
a space results in the display

0095
and then line 95 coul d be entered

0095 LINE 7
0105

Note that the increment of 10 is applied to the sequence nunber of the
last line entered, and not of the last line displayed by ZEAP.

Exit fromAuto Input node (which is the nane given to the above
behavi our) is achieved by typing ESC (SH FT ENTER) whi ch del etes the
current line and causes the usual editor pronpt to be displ ayed.

If the nunber after the "I" is omtted, the editor displays
0010
initially.
If a second nunber is typed after the "I", it is used as the sequence

nunber increnent. It nust be |less than 100. Thus

| 100 3
0100 (ENTER pr essed)
0103 ( ENTER pr essed)

(ESC pressed)
SO in sunmary

I Enter Auto Input node at line 10 with increnents of 10
I s Enter Auto Input node at line s with increments of 10
| s Enter Auto Input node at line s with increnents of i

Celeting a bl ock of source code is nade easier by the "X' editor
command ("X' is a mmenoni c for eXpunge). "X' nust al ways be fol | oned
by two nunbers, separated by a space, which are the sequence nunbers
of the first and the last lines to be deleted. Al Iines between and
including these lines are del eted. Thus

\Y,
0010 LINE 1
0020 LINE 2
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0030 LINE 3
0040 LINE 4
0050 LINE 5
0060 LINE 6
0095 LINE 7
X 36 70
\%
0010 LINE 1
0020 LINE 2
0030 LINE 3
0095 LINE 7
X 95

ERRCR 99
X 95 95
\%
0010 LINE 1
0020 LINE 2
0030 LINE 3

Note that an attenpt to use X with only one |ine nunber produced an
error nessage.

To delete the entire edit buffer, the user shoul d enter

X 1 9999
This comrand does the job of a NEWor CLEAR utility in sinilar
editors.
I'n summary
X mn Delete lines mto n inclusive
"z The "Z' editor command nerely presents a source line for editing using

the NAS SYS cursor control facilities. Typing "Z' followed by a |ine
nunber will display that |ine on the screen and position the cursor
over the first character of the source line. The Iine nunber nay al so
be edited, so that a line can be noved to another place in the source
program Note that the original line will not be automatically
deleted. - this nust be done by the user. If no line nunber is given,
the last line output by the editor is presented for editing. Thus,
after a FIND has been perforned, only "Z' beed be entered to edit the

di spl ayed line.
I'n summary
Zy edit liney
Z edit last |ine displayed
"F The "F' editor coomand ("F' is a nnenonic for F nd) enabl es the user

to find the first and thereafter subseqguent occurrences of any string
which will fit on one line in the source program Thus

25 ABC
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55 ABCDEF
\%

0010 LINE 1
0020 LI NE2
0025 ABC
0030 LINE 3
0055 ABCDEF
0070 LINE 4
FH ABCD
0055 ABCDEF

Inthis exanple the string "ABAD' is found in line 55, which is
di spl ayed. The "/" character is used as a delimter. Any non-bl ank
character may be used.

0055 ABCDEF
F+ABCH

0025 ABC

F

0055 ABCDEF
I_—l'

0025 ABC

The command "F' above causes the next occurrence of the last nentioned
string to be found. The command "FT* (a mmenonic for Find fromthe
Top) causes the search to be restarted fromthe begi nnning of the Edit
Buffer. If no occurrence of the string is found, the editor nerely
pronpts for the next line of input.

After an "F' editor command has been issued and executed, the user nmay
continue to do successive "F' operations on the sane string by typing
ENTER only. This step-repeat feature is simlar to the "S' conmand
step-repeat provided in the NAS - SYS nonitor. Each ENTER typed wil |
find the next ocurrence of the string in the source program

I'n summary
F/string/ finds first occurrence of "string"
F finds next occurrence of last "string"
FT finds first occurrence of last "string"
ENTER finds next occurrence of last "string"

The "/" editor cormand nmay be used to search for a string froma
specified line inthe edit buffer. The argument is a single line
nunber of the first line to be searched. Thus

F LI Ng
0010 LINE 1
/ 40

0070 LINE 4
/ 20

0020 LINE 2
/

0010 LINE 1
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"R

"

ZEAP searches for the last string specified in an "F/string/" editor
command fromthe line specified.

I'n summary

Iy find first occurrence of the last "string" after liney
/ find first occurrence of "string"

Note that a "/" on its own has the same effect as an "FT" command,
descri bed above.

The "R' editor command ("R' is a nmeronic for Resequence) allows the
entire source programto be renunbered. Thus

\%

0010 LINE 1
0020 LINE 2
0025 ABC
0030 LINE 3
0055 ABCDEF
0070 LINE 4
R 100

\%

0100 LINE 1
0110 LINE 2
0120 ABC
0130 LINE 3
0140 ABCDEF
0150 LINE 4

ly the order of the source lines is maintained. The first lineis
given the line nunber entered after the "R', and subsequent |ines are
nunbered sequentially in increnents of 10. The argunents are the same
as for the "I" editor command.

I'n summary
R Resequence from sequence nunber 10 in increnents of 10
Rs Resequence from sequence nunber s in increnents of 10
Rsi Resequence from sequence nunber s in increnents of i

The "H' editor command sets the page size for page node operati on.
Normal |y ZEAP di spl ays i nformati on on the screen continuously until
the output is finished or until the user holds or interrupts the
output (see 2.1). By typing

H 10
the user can instruct ZEAP to pause every 10 lines of output so
that the contents of the screen can be read. Any key can be depressed
to resune out put.

For exanpl e, entering
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H4
Y

di spl ays
0100 LINE 1
0110 LINE 2
0120 ABC
0130 LINE 3

and the display pauses. Htting any key except ESC causes the display
to conti nue

0140 ABCDEF
0150 LINE 4

and the editor pronpt is displayed again.

If no page size is specified, a default of 15 is assunmed (the size of
the NASOOM screen). To renove the page node of operation, typing

HO

will signal ZEAP to return to continuous out put.

I'n summary
Hp Set page size to p
H Set page size to 15
HO Restore to continuous out put
"J" The "J" editor command sets the delay at the end of each |ine of

output to the VDU and therefore controls the display speed. Entering
J 120

sets an end of line delay of about 1 second (at 2 MH). Entering
J

resets the delay to zero.

I'n summary
Jp Set end of line delay proportional to p ('p' to be < 256)
J Reset delay to zero
"K' The "K' editor coomand is identical to the "J" command, except that it

controls the delay for output to the UART (during a "U' comrand or an
assenbly with the TTY option set).

"y The "Y' editor coommand all ows the ED T BUFFER to be recovered after an
accidental cold start under certain circunstances. Its fornmat is
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“p

NG

Y

and it rmust be entered before any lines of source programare entered
after a cold start. Provided the original infornationinthe EDT
BUFFER has not been corrupted, the source programw || be recovered in
full.

The conmand may not work if the origin for the source buffer has been
changed since the last cold start (see Appendi x A).

The "P' editor command al |l ows obj ect code generated by the assenbl er
under the MEMCRY option to be placed at a physical address different
fromthe | ogi cal address of the assenbly, to facilitate generation of
ROM based prograns. A single hexadeci nal argunent nust be supplied
(the default is zero) which specifies the amount to be added to the

| ogi cal address to obtain the physical address where the object code
is to be stored. Thus

P 4000

wi Il cause the follow ng programto be placed physically at |ocation
4000H

G 0

JP START
XX DEFS 30

etc.

Note that the object code is only stored in nenmory if the MEMRY
assenbl er option is on. (bject code stored in nenmory w th any non-
zero offset is unsuitable for direct execution. It nmust first be
noved to the | ogical address of the assenbly.

The "Q' editor cormand is provided for conpatibility with earlier
versi ons of ZEAP, and has been superceded by the "J" and "K' comrands.
It allows both the rate at which infornmation is displayed on the
screen, and the pause at the end of a line of listing sent to the
UART, to be controlled. The format is

Q ccdd

where ccdd is a 4 digit hexadeci mal nunber (wth no space between cc
and dd), and cc is the delay to be inserted at the end of each line

di spl ayed on the VDU, and dd the delay to be inserted after a carriage
return when either the "U' editor command or the "TTY' assenbly option
isin operation. Avalue of O signifies no delay. A value of 1
signifies a delay of about seven and a half mlliseconds, and so on.

The "N' editor command returns control to NAS-SYS ("N' is a menoni c
NAS- SYS). The NAS SYS working storage and refl ections are

restored. ZEAP can be re-entered by foll owing the procedure descri bed
in APPEND X A at which point the editor pronpt wll be displayed.
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"o See section 3.
"

"W
e
A formal account of the editor commands is given in APPEND X C
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3. The ZEAP Assenbl er

The ZEAP assenbl er translates the source program entered by the user into the
Edit Buffer using the ZEAP editor, into executabl e Z80 nicrocode instructions
whi ch nay be stored in nenory for i mredi ate execution, or on tape for
subsequent use.

The assenbl er scans the source programtw ce, outputting error nessages on the
first pass, and a full assenbler listing and the object code on the second.
Various assenbl er options control the precise activities on each pass.

During assenbly, the top line of the screen is bl anked.
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3.1

" A

"W

e,

Assenbl er (peration

The assenbler is entered fromthe editor by using the editor conmand
'"A' ("A" is a menonic for Assenble). Since the portion of the Elit
Buffer to be assenbl ed can be selected in the sane way as for the "V
and "U' editor commands, it is possible to store several source
prograns in the Edit Buffer simlaneously, provided that each

occupi es a continuous block in the Edit Buffer, i.e. prgrans do not
over | ap.

Suppose a conplete programis stored in the Edit Buffer in |ines 2000
to 2999. The command

A 2000 2999

w |l cause assenbly of this program |f only one programis stored,
sinply entering

A
wll assenble all lines in the source program Snilarly

A 5000
woul d assenbl e fromline 5000 to the end of the edit buffer.
During assenbly the top line of the CRT is used as a tenporary worki ng
area, but is restored to the usual ZEAP header on return to the
editor.
Wen the assenbly is conplete, and all output is finished, control is

returned to the ZEAP editor, and the editor pronpt is displayed ready
for the next command.

I'n summary
Amn assenbles fromline mto n inclusive
Am assenbles fromline mto the end of the Edit Buffer
A assenbles the entire Eit Buffer contents

The "W editor command is identical in operation to the "A' editor
command, except that only those lines containing errors are output in
the assenbly |isting.

The "G editor comand ("G is a mmenonic for G) causes control to be
passed to the object programproduced in the | ast assenbly, provided
that an ENT assenbl er directive was present in the source program |f
the source programhas been altered since the | ast assenbly, the

obj ect programnay have been overwitten, so that the "G command nust
be used with caution.
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3.2 Expr essi ons

Wierever the form"exp" is encountered an expression involving | abel synbols
and/ or constants is expected. The occurrence of register and/or |abel synbols
nmust be in accordance with the sermantics laid down in APPEND X F. Such an
expression is always evaluated using 16 bit integer two' s conpl enent
arithnetic. Expressions rmay be formed using the fol l ow ng el erents

| abel synbol a synbol i ¢ name of one to six characters,
starting with a letter or "$" and thereafter
consisting of letters, "$'s and/ or nunbers,
whi ch appears in the label field of a source
program The val ue of the synbol is that
associated with it by its appearance in the
| abel field of sone source statenents (see
section 3.3).

deci mal integer constant a deci mal nunber between O and 65535. Larger
nunbers will be truncated to 16 bits.

hexadeci nal integer constants one to four (five with a | eadi ng zero)
hexadeci nal digits (0-9, AF), the first of
which is a decimal digit (0-9), foll owed by
an "H', or a "#" sign followed by one to four
hexadecinal digits (0-9, AF), interpreted as
an unsi gned hexadeci nal nunber. Larger
nunbers will be truncated to 16 bits.

ASA | code val ue a doubl e quote character followed by a single
character, whose ASA | code value is used
(bit 7=0).

Locati on count er the synbol "$" which represents the val ue of

the location counter at the begi nning of
assenbly of the current line (or current
expression in the case of a DEFB or DEFW
assenbl er direction; see section 3.5). This
is the address at which the current
instruction (or expression) is being
assenbl ed.

Any nunber of elements of the above kind may be conbined with "+' and "-"
signs to make the expression. Aleading "-" sign is allowed. No
parenthetical grouping is allowed. Expressions may be enclosed entirely in
parent heses to represent nenory addresses, in accordance with the semantics
defined in APPEND X F.

Here are sone exanpl es

TABLE+3
START-$
80HH"A-1
END- BEGH1
-273
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"Z-"Avl
Bl MNZ+BI MNZ

Expressi ons nmay not contai n enbedded bl anks or comrans. A nissing operator is
interpreted as a "+". Anmissing operand is interpreted as a zero. For
exanpl e

12ABC is interpreted as 12+ABC
3+ 4 isinterpreted as 3+0\-4



ZEAP Z80 Editor- Assenbl er Page 26
3.3 Source Satenent Syntax

3.3 Source Statenent Syntax
Each line of a source programmust be one of the fol |l ow ng

(i) a Z80 instruction
(ii) a ZEAP assenbl er directive
(iii) a coment

The first character of a source line is the character directly after the
singl e space fol l owing the sequence nunber. The |ast character of a source
line is the last non-blank character typed before the ENTER key is pressed.

3.3.1 Labels

If the source line is type (i) or (ii), an optional |abel nay be present. The
| abel nust be a synbolic nane of one to six characters starting in the first

colum, the first character being a letter or "$", and subsequent characters

being letters, "$"'s or nunbers with no enbedded spaces. Exanples are

START
END
TABLE
L1
P3B
$aur
A$

The foll owi ng synbol s are inproperly forned

113P

P4:

LP Q
A | abel nust be foll owed by one or nore spaces and/ or commas. If present, it
nust start in the first colum of the source statenment (i.e. the first
character of the label nust be the first character of the source line). If no

label is present the first character of the source line nust be a space or a
comma, unless the statenent is type (iii), a coment.

In case (i), the label is given the value of the location counter prior to the
assenbly of the rest of the statenent, i.e. its value is the address at which
the statenent is assenbled. In this way the location of any instruction or
sequence of instructions can be represented synbolically and referred to

el sewhere in the program e.g. in a JP or CALL instruction.

In case (iii), the label is given the value as defined in section 3.5 and
Appendi x D. In this way the address of a data table or literal string for
di spl ay on the screen can be represented synbolically and referred to

el sewhere in the program e.g. in a LD H, exp instruction.

Each | abel defined nust be unique w thin the program bei ng assenbl ed. Each

| abel synbol referrenced in the programnust appear in the |abel field of sone
source statenent. The foll owing synbolic nanes are reserved by ZEAP for

regi sters and condition codes
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ABCGCDEHI L MPRZ
AF, BC DE H, IX 1Y, NC NZ PE PO SP

3.3.2 Instruction Fornat

Each source statenent of type (i) or (ii) consists of up to four fields which
are

(optional) | abel field

instruction mmenoni c or assenbl er directive
(optional) operand field
(optional) coment field

Each field nust be separated fromthe next by one or nore spaces and/ or
commas. If the first character of the source line is a space or a comma, no
| abel is assuned to be present. If the first character of the source line is
";" the line is assuned to be a corment (see section 3.3.3 bel ow).

The instruction nmermoni c or assenbl er directive must be present. It may be
any mmenoni c listed in Appendix F, or any directive mmenoni ¢ docurented in
section 3.5 and Appendi x F, or an RCAL or SCAL instruction as described in
section 1.2.

The operand field nay or nay not be present according to the syntax of the
statenent. In case (i) it nust followthe definition given for the
appropriate instruction in Appendix F. In case (ii), it nust followthe
definition given for the appropriate assenbl er directive in section 3.5 and
Appendi x D If the field contains more than one operand, each operand nust be
separated fromthe next by one or nore spaces and/ or commas.

The comment field is optional. It nust begin with ";" and ends at the end of
the line. Any characters after the ";" are ignored by the assenbl er, except
that they are reproduced literally in the assenbly listing. The ";" nay

followdirectly after the preceding field, with no interveni ng spaces or
conmnas.

A though the assenbler interprets the entire operand field, only the first 17
characters of the operand and/ or comment fields are displayed on the assenbly
listing on the screen. For this reason it is suggested that the full assenbly
listing is conplete. The operand field itself will rarely if ever need to be
| onger than 17 characters.

3.3.3 Comment Lines

A comrent line nust begin with a ";", and all characters thereafter will be
ignored by the assenbl er, except that tey wll appear on the assenbly
listing. The first 29 Characters will be displayed on the assenbly listing on
the screen.
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3.4 Assenbl er ptions

"o The "O' editor command all ows various options to be set which define
the output required fromthe assenbler ("O' is a menonic for
otions). The "O' nay be foll oned by a singl e hexadeci mal nask
defini ng which options are CN and which are CFF. This nask is
obt ai ned by adding up the option code of those options desired ON
Thus

O 1A
woul d set assenbl er opti ons MEMCRY, TAPE and PASS 2 on, and all other

options GFF (1A =10 + 08 + 02 Hex). If no nunber follows the "O all
assenbl er options are set to the default values (i.e. all off).

I'n summary
O x set assenbl er options frommask x
(0] set all assenbl er options CFF
" The "+" editor command is identical to the "O' editor command, except

that each option specified is turned ON and all other options renain
at their previous settings. Thus

+ @
woul d switch the synbols and format options ON and | eave all other
options as they were. |If no hexadeci mal nunber is supplied, there is
no effect.

The "-" editor command is identical to the "O' editor conmand, except
that each options specified is turned G-F and all other options remain
at their previous settings. Thus

-2

woul d switch the MEMIRY option CFF, and | eave all other options as they
were. |If no hexadeci nal nunber is supplied, there is no effect.

Appendi x E contains a full account of each assenbl er option.
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3.5 Assenbl er Directives
The eight assenbl er directives supported by ZEAP give the user the ability to
control the generation of object code addresses, to generate tables or literal

strings, to split up the output, and to denote an entry point for the program

DEFB, DEFW DEFMal | cause the generation of object code for one or nore
bytes, words (doubl e-bytes) and ASA| characters respectively.

EQU al lows the direct assignnent of an expression value to a synbolic nane.
CRG and DEFS alter the assenbly address ("$') so that assenbl er prograns nay
be assenbl es at any address, and to allow for space for storage of
internediate results and other variabl e information.

SKIP | eaves a single blank Iine in the assenbly |isting.

ENT specifies the entry point of the program

A full account of the assenbler directives is given in Appendi x D
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3.6 Assenbl y Listing

The assenbly listing is fornatted with a single header for the listing, and a
header for the synbol table (if required).

Aline of assenbly listing takes the follow ng form
aaaa cccccccc ssss bbbbbb nmmmm pppppPPPPPPPPRPPPR

The expl anation of the fields is as fol |l ows

aaaa 4 digit hexadeci nal address of the instruction being assenbl ed
except in a DEFB, DEFWor DEFM assenbl er directive, where it is
the address of the first byte of code generat ed.

cccceeccec 2 to 8 hexadecinmal digits representing the object code for the
instruction, or the value of the expression in an EQJ or DEFS
assenbl er directive, or the first 4 bytes generated froma DEFB,
DEFWor DEFM assenbl er directive, in which case subsequent bytes
are di spl ayed an successive lines, up to 4 per line.

SSSS 4 digits sequence nunber of the current source |ine

bbbbbb 1 to 6 character |abel of the current source line. |If no | abel
is present, this fieldid left blank.

mmm 2 to 4 character instruction rmenoni c or assenbl er directive.
ppp. - - - Qperand and comrent field directly fromsource Iine.
If the source line is a cooment (first character ";"), field aaaa and

ccccecce are left blank, and the corment is copied directly after the sequence
nunber .

If the line contains an error, field ccccccc will contain

ERRCR nn
and no obj ect code is generated, A TRUNCATION error or a LABEL NOI FOUND
error is reported on the followng line, but the object generation is not
suppr essed.
Since the assenbler formats the listing, there is no need to tabl ul ate source
prograns. The fields of each source statenent will be correctly fornmatted by
the assenbl er. For exanpl e the source |ine

0040 BBMLD A 1
woul d appear in the assenbly listing as

aaaa 3E 01 0040 BIM LD A1l

where aaaa is the current value of the location counter ("$").
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3.7 (hj ect CGeneration
3.7.1 Tape (hject

If the TAPE assenbl er option is on, object code is output through the UART to
an attached cassette recorder. Wien object code is being generared for re-
loading wth the "L" command (see option 40 in Appendi x E) any bl ock in which
the nunber of bytes generated is not exact multiple of eight is padded out
with randomdata. Provided the object code is generated in strict address
order this will cause no trouble to the user.

(bj ect code can be produced in one of two formats, suitable for |oadi ng under
NAS- SYS using the "L" command and the "R' command, respectively. Assenbl er
option 40 chooses between the two formats (see Appendi x E).

The tape LED is used by ZEAP in the sane way as it is by NAS SYS, and may be
used as a direct or indirect indication to start the cassette recorder as
descri bed i n the NASQOM docunent ati on.

3.7.2 Menory (bj ect

If the MEMORY assenbl er option is on, object code is assenbl ed direct to
nenory. (bject instructions and data are witten as they are assenbled to the
appropriate nmenory address.

ZEAP will not allowyou to overwite the edit buffer, ZEAP s data area, or
ZEAP itself. An error message will be generated if this is attenpted. It is
thus inpossible to corrupt ZEAP fromwithin itself. The NAS-SYS data area is,
however, unprotected, so that care nust be taken not to overwite it.

If no CRG assenbl er directive appears in the source program assenbly will
begin at the first avail able byte of RAMnot beei ng used by ZEAP, as di spl ayed
at the top of the screen, but the user should bear in nmind that the object
program nay overfl ow avail abl e nenory wi th no warni ng.

A program so assenbl ed may be executed by enteri ng NAS-SYS using the ZEAP "N'
editor conmmand and executing the object code using NAS SYS "E' command, or by
using the "G editor command in conjunction with the ENT assenbl er directive

(see section 3.1). The object programshould set the stack pointer to a free

area of nenory if the stack is to be used, so that ZEAP s own stack does not

overfl ow

If the object programworks incorrectly it nay be necessary to re-load ZEAP
fromtape, and enter the source programagain. For this reason it is
recommended that the source programis saved on tape before testing an obj ect
program in case valuable data is lost and has to typed in again.
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ZEAP (peration

ZEAP shoul d be | oaded i n accordance with the procedure specified in the
docurnent ation provided with the ZEAP t ape/ EPROM EPROM execution addresses
are D000 and D003 respectively, with the text buffer at 1000. The descri ption
below refers to tape operations, but is the sane for the EPROMversion wth
rel evant address changes.

ZEAP occupi es nmenory from 1000H to just under 2000H (4K bytes). The area
fromOFOOH to OFFFH i s used for data storage and stack space. In default, the
edit buffer resides directly above ZEAP, and extends continuously upward

t hrough rnenory.

There are two points in ZEAP. Executing at 1000H produces a cold start,

and causes ZEAP to initialise its working storage and buffer space, enpting
the edit buffer abd setting all assenbl er options CFF. Executing at 1003H
produces a warmstart. The edit buffer is preserved and the data is not
initialised. Awarmstart should only be perforned if the data area and the
edit buffer are intact.

e or two paraneters nay optionally be specified when a cold starting ZEAP.
Entering

E 1000 3000

sets the limt of the edit buffer to 3000H That is, ZEAP will not wite into
nenory above that address. The default |imt is 5000H A so, entering

E 1000 4000 3000

sets the lint to 4000H and the beginning of the edit buffer at 3000H so
that ZEAP will only wite into the area between 3000H and 3FFFH i ncl usi ve.
The default edit buffer originis 2000H

It is desired to use ZEAP with an edit buffer which has been read in from
tape outside ZEAP control, for exanple by the NAS SYS tape read function, ZEAP
shoul d be entered as fol | ows.

E 1000
or
E 1000 <top>
or
E 1000 <top> <buffer>

Now | eave ZEAP via the 'N comrand, read the tape under NAS SYS, and nake a
warmstart back to ZEAP. ZEAP will now use the edit buffer that has been
| caded. See al so Appendi x G
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ZEAP Error Codes

ERRCR 00

ERRCR 01

ERRCR 02

ERRCR 03

ERRCR 04

ERRCR 05

ERRCR 06

ERRCR 10

ERRCR 20

QCRE FULL
The source line just entered woul d cause an overflow of the edit
buffer. No change is made to the edit buffer.

RESEQUENCE OVERFLON

During the execution of a RESEQUENCE editor conmmand the |ine nunber
becane greater than 9999. The source file is resequnced starting
withline 1lin steps of 1.

AUTO | NPUT OVERFLOW

In AUTO | NPUT node the |ine nunber becane grater than 9999. AUTG
I NPUT node i s abandoned.

NON- EXI STENT LI NE

An attenpt was nade to edit a non-existent line with the "Z' editor
comrand.

| LLEGAL GO

A "G editor coomand was issued but the follow ng conditions were
not satisfied

MEMRY option ON

offset is zero

ENT directive in source program

RECOVERY | MPCBSI BLE

The "Y' editor command was entered with the edit buffer not enpty.
The edit buffer is unchanged, and the recovery of the previous
contents is inpossible.

ZERO | NCREMENT

The increnent for an "I" or an "R' editor command was zero. The
comrand i s ignored.

UNREQOGN SABLE STATEMENT

Alabel is nore than 6 characters, or a menonic is nore than 4
characters or onmitted. The statenent is ignored.

UNKNOAN MNEMON C

The op-code field contains an unrecogni sabl e menoni c. The
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ERRCR 21

ERRCR 22

ERRCR 23

ERRCR 24

ERRCR 25

ERRCR 26

ERRCR 27

ERRCR 28

ERRCR 30

Edi t or - Assenbl er B-2
B

statement is ignored.
QONTEXT ERRCR

The conbi nati on of op-code and operand types encountered is illegal
or the menonic is too short. The statenent is ignored.

I NDEX REQ STER ERRCR

IXor IYis used where only H. is permtted, or ina JP (IX) or JP
(1Y) instruction, the displacenent is non-zero. The statenent is
i gnor ed.

TRUNCATI ON ERRCR

An 8 bit operand is greater than 255 or less than -128 or an index
register displacenent value is greater than 127 or |ess than -128,
or arelative branch offset is greater than 129 or |ess than -126,
or a bit nunber in a BIT, SET, RESinstruction is greater than 7
or less than 0, or an address in an RST instruction is illegal, or
the node in an IMinstructionis not 0, 1, or 2. The value in
question is truncated and the assenbly of the statement continues.

TAO MAY REQ STERS

A register synbol appears in an assenbl er directive operand, or nore
than one regi ster appears in an instruction operand. The statenent

i s ignored.

REA STER M SVATGHED

The conbi nation of first and second types is illegal. The
statement is ignored.

| LLEGAL CHARACTER

The operand field contains a character whose meani ng i s unassi gned
in the syntax of the assenbly |anguage. The statenent is ignored.

| LLEGAL CPERAND

The conbi nation of a register and a | abel or constant inthis
context is illegal. The statenent is ignored.

PARENTHESl S ERRCR

Aleft parenthesis occurs in an assenbl er directive operand, or nore
than one |l eft parenthesis occurs in an instruction operand. The
staterent is ignored.

LABEL NOT FOUND

A synbol in an expression does not occur in the label field of any
statenent in the source code. The label is treated as havi ng val ue
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ERRCR 31

ERRCR 40

ERRCR 41

ERRCR 50

ERRCR 60

ERRCR 61

ERRCR 90

ERRCR 99

Edi t or - Assenbl er B-3
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zero and assenbly conti nues.
LABEL REDEFI NED

The synbol in the label field has previously appeared in a | abel
field, or is aregister nane. The statenent is ignored.

D RECTI VE ERRCR

In an assenbl er directive, too few or too many operands appear. The
staterent is ignored.

| LLEGAL FORWARD REFERENCE

A | abel synmbol in an EQJ CRG or DEFS assenbler directive is defined
after the directive is encountered. The statenet is ignored.

ERRCRS | N ASSEMBLY

There were errors flagged in the precedi ng assenbl y.

MEMORY CBJECT OCDE OVERWR TTEN

a byte of object code generated by the present source |ine would
overwite ZEAP or the edit buffer if it were to be stored. This and
subsequent bytes generated by the assenbl er are not stored in nenory.
Thi s nessage appears once only, indicating the position of the first
such byte.

O/ERMR TE BRRCR

An ERRCR 60 was flagged in the preceedi ng assenbl y.

CHECKSUM ERRCR

Part of ZEAP has been corrupted due to hardware errors or user
tanpering. If ZEAP is not rel oaded, unpredictable errord nay occur.

| LLEGAL GCOMVAND

An unrecogni sabl e editor comrand or an ill-formed source code |ine
was entered. The input line is ignored.
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ZEAP Editor Commands

The fol lowi ng synbols are used. Al nunbers are deci mal unl ess ot herw se
st at ed.

sequence nunber (i.e. source |ine nunber)

first sequence nunber to which command is applied (default 1)

| ast sequence nunber to which command is applied (default 9999)
starting sequence nunber (default 10)

i ncrenent (default 10)

hexadeci nal option nask

hexadeci nal nunber

deci nal count

T SX T wns3<

Nunbers are separated fromthe cormand | etter and fromeach other by one or
nor e spaces.

If nis explicitly specifies then mnust be also. If i is explicitly
speci fied the s nust be al so.

Amn ASSEMBLE SOURCE PROGRAM ( ASSEMBLE)

Causes assenbly of the indicated portion of the source program
See section 3 for nore details.

F/ string/ FIND STR NG (FIND

F

FT Searches for a specifies string in the edit buffer, and displ ays
it if found.

The form"F/ string/" is used to search fromthe begi nning of the
edit buffer for a character string of any length. The "/"
represents a delinmter character, which may be any character,
except space, but which rnust followdirectly after the "F'. If

the second delimter is omtted the coomand is treated as an "FT"

command (described below). If the string is not found the ZEAP
editor pronpts for the next command.

The form"F"' is used to search for the string specified in the

nost recent "F/ string/" command, starting fromthe line after the

[ine in which the last ocurrence of the string was found,

instead of the fromthe beginning of the edit buffer. Qherwse it

isidentical tothe "F/string/" command described above.
The form"FT" is used to search for the string specified in the
nost recent "F/string/" command, starting fromthe begi nning of
the edit buffer. Gherwise it is identical to the "F/string/"
command descri bed above.

Iy FI ND STR NG FROM LI NE (FIND FROV)

Searches for the last "string"” given in an "F/string/" editor
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command, starting the search fromliney. If no line nunber is
specified, the search starts fromthe begi nning of the edit
buf fer.

G GO TO BIECT PROGRAM (X0

Executes the obj ect programat the addess of the |ast ENT
assenbl er directive encountered in the | ast assenbly, provided

there was an ENT assenbl er directive present
the offset is zero (set by the "P' editor comrand)
the MEMCRY assenbl er option is QN

Hp SET PAGE MODE (PAGE)

Sets the page size (i.e. the nunber of Iines displayed before
pausing) to p. If pis zero, restores continuous output. If p
isomtted, it defaults to 15.

I si ENTER AUTO | NPUT MCCE (AUTG | NPUT)

Causes the ZEAP editor to enter AUTG I NPUT node. The nunber s is
di spl ayed, followed by a space. The user rmay then enter a line

of source code terminated by the ENTER key, whereupon that |ine
of code is entered into the edit buffer, i is added to s, and the
new sequence nunber is displayed. The user may continue to enter
source code as long as the sequence nunber renains | ess than
10000.

Exit fromAUTO I NPUT node is achi eved by entering ESC (SH FT
ENTER. The editor then pronpts for the next command.

Jp SET VDU DELAY (VDU DELAY)

Sets the end of |ine delay for VDU output proportional to p. If
pis omtted, it defaults to zero (no del ay).

Kp SET UART DELAY (UART DELAY)
Sets the end on line delay for output fromthe "U' editor command
and under the TTY assenbly option proportional top. If pis
onmtted, it defaults to zero.

N RETURN TO NAS- SYS (NAS- SYS)

Causes ZEAP to return to NAS- SYS. The NAS SYS regi sters
and refl ections are restored.

Provided the area of nenory used by ZEAP i s unchanged during
NAS- SYS operation, ZEAP nay be re-entered with the edit buffer
intact, in accordance with the procedure described in Appendi x A

O x SET ASSEMBLER CPTI ONS (CPTI ONS)
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P h

Qh

Sets assenbl er options ON or CFF as specified by the hexadeci nal
nunber x. The options and their hexadeci mal codes are as
foll ows. See section 3.4 for nore details.

+ 01 SUPPRESS SOLRCE LI STING (NQLI ST)
+ 02 OBJECT GODE TO MEMCRY ( MEMCRY)
+ 04 SOURCE LI STING TO TTY (TTY)

+ 08 OBJECT OODE TO TAPE (TAPE)
+ 10 FCRCE SECOND PASS ( PASS2)
+ 20 ADJUST RELATIVE JUWP CFFSETS (REL)

+ 40 OBIECT TAPE FCRVAT ( FORVAT)
+ 80 LIST SYMBCL TABLE (SYMBOLS)

Initially all options are G-F.
SET ASSEMBLER CPTI ONS ON (AN

The options specified by the hexadeci nal nunber x are switched
ON Al other options are unaffected.

SET MEMCRY CPTI ONS CFF (CFP)

The options specified by the hexadeci nal nunber x are switched
GF. Al other options are unaffected.

SET MEMCRY CFFSET (CFFSET)

Set to h the nunber to be added to the | ogical assenbly address
to optain the physical |ocation of the object code in nenory when
the MEMCRY assenbl er option is ON

SET END GF LI NE DELAYS ( DELAYS)

Sets the VDU end of line delay to cc hey and the UART end of |ine
delay to dd hex (see "J" and "K' command above), where h
= ccdd.

RESEQUENCE SOURCE OCDE ( RESEQUENCE)

Renunbers all the statenents in the edit buffer so that the first
line is given the nunber s, and subsequent |ines s+, s+2i, etc.
as for the "I" editor command.

LI STI NG TO UART (SAVE)

Causes the indicated portion of the source programto be out put
to the UART, and simultaneously displayed on the screen.

The out put though the UART is fornatted to drive either a
cassette tape recorder, so that any portion of the source program
nay be stored pernanently and | oaded subsequently by ZEAP, or an
ASA | ternminal to obtain a hard copy listing of any portion of

t he source program
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v mn LI STING TO VDU (LI ST)

Causes the indicated portion of the source programto be
di spl ayed on the screen.

wmn LI ST ERRCRS (ERRORS)
Assenbl es the indicated portion of the source programforcing
the PASS 2 and NCLI ST assenbl er options QN so that a full list of
errors i s obtained.

X mn BLOK DELETE ( DELETE)

Causes all source lines nunbered mto n inclusive to be del et ed.
Both mand n nust be specifi ed.

Y RECOVER EDI T BUFFER ( RECOVER)

After a cold start, recovers previous contents of the edit
buffer if no source lines have been entered.

Zy ED T SOURCE LINE (EDT)

Dsplays line y and opens for edit.
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Appendi x D
Assenbl er Directives
| abel EQU exp (; comrent) EQUATE SYMBCL

The label is given the value of the 16 bit expression on the operand field.
Al synbols appearing in the expression nust have been previously defined. No
obj ect code is generated. The | abel may not be redefi ned.

| abel G exp (; coment) SET (RAN

The location counter ($) is given the value of the 16 bit expression in the
operand field. Al synbols appearing in the expression nust have been

previously defined. No object code is generated. Assenbly continues at the
neworigin If alabel is present, it is given the value of the expression.

(label) DEFS exp (; coment) DEFI NE SPACE

The location counter ($) is increased by the value of the 16 bit ecxpression in
the operand field. All synbols appearing in the expression nust have been
previously defined. No object code is generated. Assenbly continues after a

bl ock of nmenory of length exp. If alabel is present, it is given the

original value of the |ocation counter ($).

(label) DEFB exp (,exp)... (; comrent) DEFI NE BYTE

For each 16 bit expression one byte of code is generated with the val ue of the
expression. Expressions rmay contain forward references. If a label is

present, it is given the value of the address of the first byte of code

gener at ed.

(label) DEFW  exp (,exp)... (; coment) DEFl N WCRD

For each 16 bit expression two bytes of code are generated with the val ue of
that expression, the [oworder 8 bits occupying the first byte and the high
order 8 bits the second. Expression nay contain forward references. If a
label is present, it is given the value at the address of the first byte of
code gener at ed.

(label) DEFM  /string/ (; coment) DEFl NE MESSAGE

The "/" may be any character except blank or comma. For each character after
the first delimter until the second delimter or the end of the line is
encountered, one byte of code is generated having the val ue of the ASOI| code
for that character, with bit 7 zero. Any characters may appear between the
delimters. Characters after the second occurence of the delimter are
ignored. If a label is present, it is given the value of the address of the
first byte of code generated.

X P SKIP LINE

Leaves a blank line in the assenbly listing.
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ENT ENTRY PO NT

Marks the entry point of the program This assenbl er directive shoul d preceed
the first instruction of the programto be executed. The val ue of the

I ocation counter ("$") at the ENT in the last assenbly is displayed on the top
line during ZEAP operation, and is used as the execution address for the "G
edi tor conmand.
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Assenbl er Qptions

Assenbl er options are set by he "O', "+ and

editor commands. All

assenbl er options are switched GFF at a cold start.

Assenbl er options are sel ected by addi ng the hexadeci mal option codes of the
desired assenbl er options together. Thus the TTY and PASS 2 assenbl er options
woul d be sel ected as ON by entering the coomand "+ 14".

+01

+02

+04

+08

+10

+20

SUPPRESS SOURCE LI STI NG (NCLI ST)
During the second pass, no source listing will displayed on the
screen. Lines containing errors wll, however, still displayed.
C(BJECT OE TO MEMRY ( MEMCRY)

During the second pass, the object code will be assenbled directly
into nenory.

SORCE LI STING TO TTY (TTY)

During the second pass, any source listing will be listed on an ASO |
termnal attached to the UART. If the NCOLI ST assenbler option is ON
only those lines containing errors will be listed. The output from
the UART is not suitable for storage on cassette tape. Each character
sent to the termnal has bit 7, the parity bit set to zero.

Thi s assenbl er option may not used in conjunction with the TAPE
assenbl er option described bel ow

CBIECT OCDE TO TAPE (TAPE)

During the second pass, the object code will be dunped to a cassette
tape recorder attachted to the UART.

Thi s assenbl er option may not used in conjunction with the TTY
assenbl er option, described above.

FCRCE SEQOND PASS (PASS)

Normal ly if errors are detected during the first pass, the second pass
is suppressed. If this assenbler option in OGN however, the second
pass w Il be executed regardl ess.

ADIUST RELATI VE JUWP GFFSETS (RRL)

Dfferent standards in inplenenting the JR and sinilar instructions

have been adopted by different manufactures. The assenbl er nornal |y

expects the operand of a relative junp instruction to be the address
(or label) to which the junp is to be made. If the REL option in ON

however, the operand will be interpreted as the offset fromthe start
of the junp instruction to the destination.
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+40

+80

The convention adopted nust be fixed throughout the whol e program
CBJECT TAPE FCRVAT ( FCRVAT)

(bj ect code produced under the TAPE assenbl er option nay be in one of
two formats, suitable for |oadi ng under NAS-SYS under the "L" or "R
conmands, respectively.

Wien this option is GFF, object code is witten in eight byte bl ocks
suitabl e for | oading useing the "L" comvand.

Wien this option is ON object code records of up to sixty for bytes
long are witten, all but the last of which are nunbered "FF',
suitable for loading using the "R' command.

LI ST SYMMBCL TABLE (sSymBQLS)

An al phabetically sorted synbol table appears at the end of the
assenbly listing. Each line take the follow ng form

ccccH ssss 111 ccccH ssss 111
wher e
ccee i s the hexadeci nal val ue of the synbol
SSSS is the line nunber at which the synbol is defined

[T is the synbol
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Z80 Qpcode Listing

g
P

| X+N)
Y+N)
| X+N)
| X+N)
Y+N)
| X+N)
Y+N)
| X+N)
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BEEBEEIBEEEEEE8688I8
cwsoaNBBmIRANRIIRG

"OC00MEEBEBER
REBBS

56 76
56 76

56 7E
56 7E

Imoo

rITMOOW>»T" """ rrIMOOm>

T T TTTDTXTTDTTTDDDEIIOIEEET®ETE XD
R I B B e e e
NNSNSNANSNNSNSNANOODOODOOOOOOOOOO OO 01010101 Ol

CALL

—~~~r

5
£Z

£

X
zz

:
Z0
5520

9
IS
s

9
:

:
SH
ss

839993894
ZrIMOUO®>

°E

939

z

27

35

DD 35 56
FD 35 56
3D
05

0B
0D

15

1B
1D
25

2B
bD 2B
FD 2B
2D
3B

F3

10 00
FB

E3

DD B3
FD E3
08

EB

D

76

ED 46
ED 56
ED 5E
ED 78
DB 56
ED 40
ED 48
ED 50
ED 58
ED 60
ED 68
34

DD 34 56
FD 34 56
3C
04

03

oC

14

13

1C
24

23

DD 23
FD 23

DEC (H)
DEC (I X+N
DEC (1 YAN
DEC A

DEC B

DEC BC
DEC C
DEC D
DEC DE
DEC E

DEC H
DEC H
DEC | X
DEC 1Y
DEC L

DEC SP

DINZ $+2

EX (SP), H
EX (SP), I X
EX (SP), 1Y
EX AF, AF
EX DE, H.

HALT
IMO
M1
M2

zzzzzzzzZ
rDImoow>»>»
800080800

5
£Z

;IITIHUOE%W:D

66666666666666

< %
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2C
33

BRE

8880000

E9
FD E9

18 00

38 00

30 00

20 00

28 00

02

12

77

70

71

72

73

74

75

36 56

DD 77 56
DD 70 56
DD 71 56
bD 72 56
OD 73 56
bD 74 56
OD 75 56
[CD 36 56 56
FD 77 56
FD 70 56
FD 71 56
FD 72 56
FD 73 56
FD 74 56
FD 75 56
FD 36 56 56
32 1234
ED 43 1234
ED 53 1234

INC L

INC SP

I ND

| NDR

IN

INR

JP $+3

JP (H)

JP (I X

JP (1Y)

JP C $+3
JP M $+3
JP NG $+3
JP Nz, $+3
JP P, $+3
JP PE, $+3
JP PQ $+3
JP Z, $+3

JR $+2
JR C $+2
JR NG, $+2
JR NZ, $+2
JR Z, $+2
LD (BO, A
LD (DB, A
LD (H),A
LD (H),B
LD (H),C
LD (H),D
LD (H), E
LD (H),H
LD (H), L
LD (H), N
LD (1 XN, A
LD (1 XN, B
LD (1 XN, C
LD (I X+N, D
LD (I XN, E
LD (I XN, H
LD (I XN, L
LD (I XN, N
LD (1 Y+N), A
LD (1Y+N), B
LD (1Y+N), C
LD (1 Y+N, D
LD (1Y+N), E
LD (1Y+N, H
LD (1 Y+N), L
LD (1 Y+N), N
LD (NN, A
LD (NN, BC
LD (NN, DE

22 1234
DD 22 1234
FD 22 1234
ED 73 1234
0A

1A

7E

DD 7E 56
FD 7E 56
3A 1234
7F

78

79

7A

7B

7C

ED 57
7D

3E 56

46

DD 46 56
FD 46 56
47

40

41

42

43

44

45

06 56
ED 4B 1234
01 1234
4E

DD 4E 56
FD 4E 56
4F

48

49

4A

4B

4C

4D

OE 56

56

DD 56 56
FD 56 56
57

50

51

52

53

54

T

8

>>2>>

LD

LD B, (H)
LD B, (1 X+N)
LD B, (1 Y+N)
LD B A
LD B B

LD B, C

LD B, D
LD B E

LD B, H
LD B, L

LD B, N

LD BC (NN
LD BG NN
LD G (H)
LD G (1 X%+N)
LD G (1Y+N
LD G A
LD G B
LD G C
LD G D
LD G E
LD G H
LD G L
LD G N

LD D, (H))
LD D, (1 X+N)
LD D, (1 Y+N)
LD D A
LD D, B

LD D,C

LD D, D
LD D E

LD D, H
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55
16
ED
11
5E
DD
FD
5F
58
59
5A
5B
5C
5D
1E
66
DD
FD
67
60
61
62
63
64
65
26
2A
21
ED
D D)
D D)
FD
FD
6E
0D
FD
6F
68
69
6A
6B
6C
6D
2E
ED
F9

D F9
FD F9
31 1234
ED A8
ED B8
ED AD

LDDL
LDDN
LD DE, (NN
LD DE NN
LD E (H)
LD E, (I X+N
LD E (1 YN
LDEA
LDE B
LDEC
LDED
LDEE
LD EH
LDEL
LDEN
LD H (H)
LD H (1 XN
LD H (1'Y+N
LDHA
LDHB
LDHC
LDHD

| e S N

LD

LD L, (H)
LD L, (I %+N)
LD L, (1'Y+N)

B8
E8

88

DO3RRBBRBIJYRS

L

BIBRREEEEEEIERIBHERAIERRA

2 RRRERERRSIQR N

gﬁﬁg

R (I XN

3
3
z

AAAAAA,\,\;UBZI_ImUOw:D

20000000

8868666666689399999999

s

< X

RES 0, A
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27 o
H X > ZZ ~IF —~
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W 99 g8g
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5888888888883 R P8P RE8ARE88888888325838R888888835A8888
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MHW MHW MWW HXY HXW
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AA A AAATATNNNANNANANNANNDTOOOOONONOOOMITITITITITITITITTITITOLOOOWOWOWOWOIOLWOLO O O© OO OO

BEOBPRE BEOPREROPRERORRERORRERORREREBREREN

RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES

g8 &6 €g Sl 8 8
B e R SBB5S58838688583358852088%IILYLBBLRILL888kERH
888888 REE888888882888888883E888888883288888888832888
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i3 %4 Z 5 Z3 i3
HXY HXY HXY HXY HXY I

A< 0O NUITI <O AUITI a0 AUTI 0o AU o2 al

O A eded A A A A A Ad NANANNNNANNNNNDNDNONNNHNNHNNHNMOMMONOMISTITITTTTTTTTOOOWOWOLWOLLLLO

BEEER B EER R BB R BB R R R BB R B BB R B EEREEEEREY
By 88 2 8 o

BEBBLBBE8888885838NRIRKEBBLRBEIBE3ECBLCdNAYNHBShAaaIaEAEL
BBREBBBEEE88RRB8888888RE888888883E888888888388888888

s 27 27

>Z IF — wmw” mwwm Hmmu mmew”

o w Hnlhmwmw MMMMWwA“punp.U w I nvmmmmmwmwwmmmmwmwA“MmMMMwRuhvnuF_u”umumumum.L MMMMMMMMMWMWMWMMMW
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Wy ww 8

389588 588533353888 5 5y 38 gy oN 8885830833
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]
°
@
=}
(S3
<

J8
86

56
56

56
56

56
56

SREBERRBEERREEG8IE8R8EE388E3I83888338833883888888
BB P B8N NARRRRERNRENGAS IS TS ARIAALITAITY

Tn

338

FE
FE

26
26

2E
2E

SET X+N)

Y+N)

TMooO®m>—~—

::;r
xE
z

Y+N)

i

NNNSNNNNANOOODOODOODOODOOOOO OO,

i
Imme}

:

SET 7,L
SLA (H)
SLA (I X+N)
SLA (1 Y+N)
SLA A
SLA B
SLAC
SLA D
SLA E
SLA H
SLA L
SRA (H)
SRA (I X+N)
SRA (1 Y+N
SRA A
SRA B
SRAC
SRA D
SRA E
SRA H
SRA L

A
I_II'I'IUOWZDE

SB (H)
SB (I X+N)
SUB (I Y+N
SB A
SLB B

MEB&EEEE R

a
»

XCR (1 X+N)
XCR (1Y+N)
XCR A
XCR B
XCR C
XCR D
XCR E
XCR H
XCR L
XR N

F7
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In Nuneric O der

00

01 1234
02

03

04

05

06 56
07

08

09

0A

0B

oc

0D

OE 56
OF

10 00
11 1234
12

13

14

15

16 56
17

18 00
19

1A

1B

1C

1D

1E 56
1F

20 00
21 1234
22 1234
23

24

25

26 56
27

28 00
29

2A 1234
2B

2C

2D

2E 56
2F

30 00
31 1234
32 1234
33

NCP

LD BC NN
LD (BQ), A
I NC BC
INC B
DEC B
LD BN
RLCA

EX AF, AF
ADD H_, BC
LD A (BO
DEC BC
INC C
DEC C
LD CN
RRCA
DINZ $+2
LD DE, NN
LD (DE), A
I NC CE
INC D
DEC D
LD O N
RLA

JR $+2
ADD H., DE
LD A (DB
DEC DE
INC E
DEC E
LD E N
RRA

JR Nz, $+2
LD H., NN
LD (NN, H
INC H
INCH
DEC H
LDHN
DAA
JR Z, $+2
ADD H, H
LD H, (NN
DEC HL
INC L
DEC L
LDL,N
Pl
JR NC $+2
LD SP, NN
LD (NN, A
INC SP

34
35
36
37
38
39
3A
3B
3C
3D
3E
3F
40
41
42
43
44
45
46
47
48
49
4A
4B
4c
4D
4E
4F
50
51
52
53
54
55
56
57
58
59
5A
5B
5C
5D
5E
5F
60
61
62
63
64
65
66
67

56

00

1234

56

INC (H)
DEC (HL)
LD (H), N
SCF
JR G $+2
ADD H_, SP
LD A (NN
DEC SP
INC A
DEC A

LD CL
LD G (H.)
LD C A
LD DB
LD D C
LD D D
LD D E
LD D H
LD D L
LD D, (H.)
LD D A
LD E B
LD E C
LD E D
LD E E
LD E H
LD E L
LD E, (H)
LD E A
LDHB
LDHC
LD HD
LDHE
LD HH
LDHL
LD H (H)
LDHA

F8
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68
69
6A
6B
6C
6D
6E
6F
70
71
72
73
74
75
76
77
78
79
7A
7B
7C
7D
7E
7F
80
81
82
83
84
85
86
87
88
89
8A
8B
8C
8D
8E
8F
90
91
92
93
94
95
96
97
98
99
9A
9B

LD
LD
LD
LD
LD L,
LD L, L
LD L, (H)
LD L, A
LD (H), B
LD (H.), C
LD (H.), D
LD (H.), E
LD (H.), H
LD (H), L
HALT

LD (H), A
LDAB
LDAC
LD A D
LDAE
LD A H
LD A L
LD A (H)
LD A A
ADD A B
ADD A C
ADD A D
ADD A E
ADD A H
ADD A L
ADD A (H)
ADD A A
ADC A B
ADC A C
ADC A D
ADC A E
ADC A H
ADC A L
ADC A (H)
ADC A A
SuB B
SB C
SWB D

B
C
D
E
H

rrrrrr

© OO
mmooO

BERERRCBARRRBCRERREBE BB IBARBRRBRAEREEBEISERERRE

[cNoNoNoNeN J

10E3
10E6
1234

56

AP WNRFR OO

~

~

IMoOO®@

~r
£

999999IIIFBBIIIS

J>’;‘|_IITIUOUJJ>

Thatt
ZBR O8N
E w

razaz

A ddadd
00000
IMOUO®
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GGG GG GO drimrisin st sttt el

2d2R YRR BRE BRI R B EHC000IBELBBEB88ULBENBAIRBERBARE
B888888888888888888888888888888888888888888888888888
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CALL NN
ADC AN
RST 8H
RET NC
PCP OE
JP NC $+3
adr (N, A
CALL NC NN
CALL NC NN
PUSH DE
SUB N
RST 10H
RET C
BEXX
JP C $+3
INA(N

DC 1234
DD 09
DD 19

DD 21 1234
DD 22 1234

DD 23
DD 29

DD 2A 1234

bD 2B

DD 34 56
DD 35 56
DD 36 56
bD 39

DD 46 56
DD 4E 56
DD 56 56
DD 5E 56
DD 66 56
DD 6E 56
DD 70 56
DD 71 56
DD 72 56
DD 73 56
DD 74 56
DD 75 56
DD 77 56
DD 7E 56
DD 86 56
DD 8E 56
DD 96 56
DD 9E 56
DD A6 56
DD AE 56
DD B6 56
DD BE 56
DD @B 56
DD CB 56
DD CB 56
DD CB 56
DD CB 56
DD CB 56
DD @B 56
DD @B 56
DD @B 56
DD CB 56
DD CB 56
DD CB 56
DD CB 56
DD CB 56
DD @B 56
DD @B 56
DD @B 56

56

06
OE
16
1E
26
2E
46
4E
56
5E
66
6E
76
7E
86
8E
96

CALL C NN
ADD | X, BC
ADD | X DE
LD 1 X, NN
LD (NN, I X
INC I X
ADD | X | X
LD IX (NN
DEC | X
INC (I X+N)
DEC (I X+N
LD (I X+N), N
ADD | X, SP
LD B, (1 X+N
LD C (I XN
LD D, (I XN
LD E, (1 XtN
LD H (I X+N
LD L, (I X+N)
LD (I XN, B
LD (I XN, C
LD (1 XN, D
LD (I XN, E
LD (I XN, H
LD (I XN, L
LD (1 X+N), A
LD A (I X+N
ADD A (1 X+N)
ADC A (I XN
SUB (I XN
SBC A (I XN
AND (I X+N)
XCR (I XN
R (I X+N
P (I XN
RLC (I X+N
RRC (I XtN
RL (I XN
RR (I XN
SLA (I XN
SRA (I XN
BIT O, (I X+N
BIT 1, (1 X+N
BIT 2, (I X+N
BIT 3, (I XN
BIT 4, (I XtN
BT 5, (I XN
BIT 6, (I XtN
BIT 7, (1 XN
RES O, (1 X+tN)
RES 1, (1 X+N)
RES 2, (1 X+tN)



Appendi x F

DD OB 56 9E
DD (B 56 A6
DD (B 56 AE
DD (B 56 B6
DD OB 56 BE
DD (B 56 G5
DD (B 56 CE
DD OB 56 D6
DD OB 56 DE
DD (B 56 E6

EE

F6

FE

SEBHEBM

1234

a
»

BrBEIBHTONMNBYHEE8E88Y

B8
PN
oN
w
N

ED 41
ED 42
ED 43 1234
ED 44
ED 45
ED 46
ED 47
ED 48
ED 49
ED 4A
ED 4B 1234
ED 4D
ED 50
ED 51
ED 52
ED 53 1234
ED 56
ED 57

RES 3, (I X+N
RES 4, (1 X+N)
RES 5, (I X+N)
RES 6, (1 XN
RES 7, (I X+N)
SET 0, (I X+N
SET 1, (I X+N)
SET 2, (I XN
SET 3, (I XN
SET 4, (1 X+N)
SET 5, (I X+N)
SET 6, (1 X+N)
SET 7, (I X+N)

:

JP (IX)
LD SP, I X

ED 5B 1234

ED 73 1234

ED 7B 1234

ED BO

BRR

(J

BEE

SHACEEG0668

F1
F2 1485
F3

F4 1234
F5

F6 56
W

F8

F9

FA 1492
FB

FC 1234
FD 09
FD 19

F13

d86==5886=
Foo PEge
T~ ZRm

z
—

8B5S
Foo

©Z9568055
Brslzr
28598 @

s
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FD 21 1234
FD 22 1234
FD 23

FD 29

FD 2A 1234
FD 2B

FD 34 56

FD 35 56

FD 36 56 56
FD 39

FD 46 56

FD 4E 56

FD 56 56

FD 5E 56

FD 66 56

FD 6E 56

FD 70 56

FD 71 56

FD 72 56

FD 73 56

FD 74 56

FD 75 56

FD 77 56

FD 7E 56

FD 86 56

FD 8E 56

FD 96 56

FD 9E 56

FD A6 56

FD AE 56

FD B6 56

FD BE 56

FD (B 56 06
FD @B 56 OE
FD (B 56 16
FD @B 56 1E
FD CB 56 26
FD CB 56 2E
FD (B 56 46
FD CB 56 4E
FD (B 56 56
FD (B 56 5E
FD B 56 66
FD (B 56 6E
FD CB 56 76
FD CB 56 7E
FD (B 56 86
FD CB 56 8E
FD (B 56 96
FD (B 56 9E
FD (B 56 A6
FD (B 56 AE

LD 1Y, NN
LD (NN, 1Y
INCIY

ADD 1Y, 1Y
LD 1Y, (NN
DEC 1Y
INC (1 Y+N)
DEC (1 Y+N
LD (1 Y+N, N
ADD 1Y, SP
LD B, (1 Y+N
LD G (1 Y+N
LD D (1 Y+N
LD E (1 YN
LD H (1 Y+N
LD L, (1 YN
LD (1 Y+N,B
LD (1 Y+N), C
LD (1 Y+N), D
LD (1 Y+N), E
LD (1 Y+N,H
LD (1 Y+N), L
LD (1 Y+N), A
LD A (1 YN
ADD A (1 YN
ACC A (1 Y+N
SUB (I YN
SBC A (1 YN
AND (1 Y+N)
XCR (1 YN
R (1 YHN

P (1 YN
RLC (1'Y+N)
RRC (1 YN
R (1 Y+N
RR (1 Y+N)
SLA (1 YHN
SRA (1 YAN
BIT O, (IY+N
BIT 1, (1 YN
BIT 2 (1Y+N
BIT 3, (I Y+N
BIT 4, (1 Y+N
BIT 5, (I Y+N
BIT 6, (1Y+HN
BIT 7, (1Y+N
RES O, (1 YAN)
RES 1, (1 YAN
RES 2, (1 Y4N)
RES 3, (1 YHN
RES 4, (1 Y+N)
RES 5, (1 YN

FD B 56
FD B 56
FD OB 56
FD OB 56
FD B 56
FD B 56
FD B 56
FD B 56
FD B 56
FD B 56
FD E1

FD E3

FD B5

FD E9

FD F9

FE 56

FF

MIABHERABRE

RES 6, (1 Y+N)
RES 7, (1 Y+N
SET O, (1 YN
SET 1, (1'Y+N
SET 2, (1 Y+N
SET 3, (1 Y+N
SET 4, (1 Y+N
SET 5, (1 Y+N)
SET 6, (1 Y+N)
SET 7, (1 Y+N

F- 14
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ZEAP Internal Registers

The contents of a nunber of nenory |ocations used by ZEAP may be of interest
to the user. The user is cautioned to use these registers only as directed.
Any uses ot her than those docunented bel ow may cause unpredictabl e results.

Al 16 bit values are stored with the least significant 8 bits first.
BUFP OFOOH - OFO1H

This 16 bit value is the address of the edit buffer. The first two
bytes of the edit buffer itself contain a 16 bit offset, which when
added to the contents of BUFP, give one nore than the address of the
end of the edit buffer. Thus if BUFP contai ned 2000H and 2000H -
2001H cont ai ned 0174H then the extend of the edit buffer woul d be
2000H to 2173H and coul d be dunped under NAS- SYS control using

W2000 2174

Note that the buffer itself is position independent. That is, a
buffer created in one area of nmenory coul d be copied to another and
ZEAP woul d continue to operate correctly on it, provided the new
buffer origin were specified as explained i n APPEND X A

QJra4  OFO5H - OFO6H

This 16 bit value is the address of the external output routine. It
isinitially set to point to a subroutine wthin ZEAP which outputs a
singl e character to the UART. The user nay substitute the address of

a routine which outputs the ASA1 character contained in register A
Al registers nust be preserved through this routine, except AF. A
routine for driving a high-speed parallel printer mght be substituted
for exanple. Al output fromthe "U' editor cormand and under the TTY
assenbl er option is routed through QUICH but output fromthe TAPE
assenbl er option is directly through the UART.
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ASA | Code Tabl e

Al values are in hexadecinal, with zero parity.

00 NL 10 DLE 20 300 40 @ 50 P 60 ° 70 p
01 sCH 11D 21! 311 41 A 51 Q 61 a 71 g
02 STX 12D2 22" 32 2 42 B 52 R 62 b 72 r
03 ETX 13 DC3 23 # 33 3 43 C 53 S 63 C 73 s
04 EOT 14 DA 24% 34 4 44 D 54 T 64 d 74 t
05 ENQ 15 NXK 25 % 355 45 E 55 U 65 e 7S u
06 AK 16 SYN 26 & 36 6 46 F 56 V 66 f 76 v
07 BEL 17 ETB 27 ' 37 7 47 G 57 W 67 g 77w
08 BS 18 CAN 28 ( 38 8 48 H 58 X 68 h 78 X
09 HI 19 &M 29 ) 39 9 49 | 59 Y 69 i 9y
OA LF IASB 2A* 3A 4A J 5A Z 6A j A z
0B VT IBEC 2B+ 3B ; 4B K 5B [ 6B k 7B {
0C FF 1ICFS 2C, 3C< 4C L 5C\ 6C | 7C |
0D CR 1D G5 2D - 3D = 4D M 5D ] 6D m 7D}
OE SO 1IE RS 2E . 3E > 4E N SE 6E n 7E ~
OF Sl 1F VS 2F / 3F ? 4F O SF 6F o 7F DEL

The followi ng control codes are used by ZEAP 1.2 and earlier NASCCM nonitors.

1C QURSCR HOME (NASBUG T4 Q\LY)
1D BACKSPACE

1E CGLEAR SCREEN

1F NEWLINE

For details of code use by NAS-SYS, refer to the NAS SYS rmanual .
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The fol l owing addresses contain data particular to each copy of ZEAP 2.0

107F 1080 1081 1082 10A6 10A7 1FBA
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ZEAP 1.2 (Qperation

This manual decribes the operation of ZEAP version 2.0 for use under the
NAS- SYS monitor. This appendi x describes the differences between ZEAP 2.0 and
ZEAP 1.2, the latter for use with the NASBUG fanmily of nonitors.

The differences are as fol | ows

*

Wien ZEAP 1.2 is waiting for input, it pronpts with a ":" at the
begi nning of the bottomline of the screen. It is inpossible to nove
the cursor to the left of the ":" pronpt, or off the right hand end
of the line.

There are no cursor control facilities. The BACKSPACE key rmay be used
to correct errors in typing i nedi ately. Line del etion is achieved by
typing "!'" (SHFT "1"), not ESC The "!" is displayed, the del eted
lineis scrolled up the screen, and a ":" pronpt is issued ready for
the next line of input. Troughout this rmanual read "NEWLINE' for

Since there is no cursor control, sone of the facilities of the
NAS- SYS cursor control have been incorporated in the "Z' editor
command. These facilities are docunented in full here.

The limtation of |ine replacement as a method of correcting m nor
mstakes is clear fromthe fol | ow ng exanpl e:

:40 ILNE 4

To interchange the "I" and the "L" requires that the whole line be re-
entered. A powerful alternative is provided in the ZEAP editor-
Entering

:Z 40
causes the following two lines to displayed:

:0040 I LNE 4

AN

ZEAP has now entered Edit node. The arrow under the first character
of the line is the cursor. The user can advance the cursor to the
position where the correction ia to be nade by depressing the space
bar. Typing a singl e space gives
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:0040 ILNE 4
A ( SPACE t yped)
Now the offending letter "L" can be deleted by typing "<' (SHFT ","),
t hus
:0040 INE 4
N

"< typed)

Note that all the characters to the right of the cursor have been
nmoved up to fill the gap left by the deleted "L". Now, using the
BACKSPACE key, the cursor can be positioned under the "I", before
which an L is to be inserted:

- 0040 | NE 4
A ( BACKSPACE t yped)

Now to make roomfor the L the ">" (SHFT ".") is used:

10040 INE 4

AN

Note that all characters above and to the right of the cursor are
shifted one place right to make roomfor the insertion. Finally
typing "L" wll give

10040 LINE 4

AN

The "L" is inserted at the position of the cursor, which is then
advanced one pl ace.

Now that editing is conpleted, the NEWLINE is pressed to signify
that fact

10040 LINE 4

The cursor arrow di sappears, and the editor pronpts for the next
command. The new line 40 is entered just as if it had been typed
nmanual | y.

The SPACE and BACKSPACE keys cause the cursor to nove one place right
or left respectively. It is inpossible to nove the cursor off the
left or right hand ends of the buttomline. These keys cannot be used
to enter spaces or delete characters in the line being edited as they
do in nornal editor operation. The ">" and "<" keys nust be used for
t hese purposes, respectively.

The ">" (insert) key causes all characters above and to the right of

the cursor to be shifted one place right to allowinsertion of text.

Repeat ed depressi ons cause nore space to be left. Characters shifted
off the right hand end of the line are | ost. The cursor remnai ns where
itis.
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The "<" (del ete) key causes the character above the cursor to be
deleted and all characters to the right of the del eted character to be
nmoved one place left to fill the gap |eft by the del eted character.
Repeat ed depressi ons cause nore characters to be del eted. Spaces

enter fromthe right-hand end of |line. The cursor renains where

itis.

The NEWLINE key causes Edit node to be ternmnated, and the edited
lineisinterpreted as a |ine of source code entry.

The "!I" key causes Edit node to be abandoned. The edited line is
ignored and the original version of it remains intact in the Eit
Buf fer.

Depressing any other key causes the approriate character to repl ace
the character currently above the cursor, and the cursor is advanced
one place to the right.

A space nmay be entered into the line being edited by depressing the
"<, ">" and SPACE keys in sequence.

In Eit node the sequence nunber itself can al so be edited. Thus
. Z40
:0040 LINE 4
AN
Typi ng three backspaces foll owed by a "7" gives

- 0070 LINE 4
A ( BACKSPACE BACKSPACE BACKSPACE "7" typed)

Now typi ng NEWLINE gi ves

10070 LINE 4

And now

Note that the original line still exists, so

40 (del etes |ine 40)
'V

0010 LINE 1

0020 LINE 2

0030 LINE 3
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0070 LINE 4

I'n summary
Zy edit liney

and then the foll owi ng keys may be used

SPACE cursor right
BACKSPACE cursor |eft

" i nsert

"< del ete

NEW LI NE | eave Edit node

" abandon Edit node
ot her repl ace current character
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ASSEMBLE SOURCE PROGRAM

FI ND STR NG

FI ND NEXT

FI ND FROM TCP

FIND STR NG FROM LI NE

GO TO CBEIECCT PRORAM

SET PACE MDE

ENTER AUTO | NPUT MCDE

SET VDU DELAY

SET UART DELAY

RETURN TO MIN TCR

SET ASSEMBLER CPTI ON

SET ASSEMBLER CPTI ON ON

SET ASSEMBLER CPTI ON CFF

SET MON TCR GFFSET

SET END CF LI NE DELAYS
SOURCE CCBE

LI STI NG TO UART

LI STING TO VU

LI ST ERRCRS

BLOCK DELETE

RECOVER EDN T BUFFER

ED T SOURCE LINE

SUPPRESS SOURCE LI STI NG
GBIECT CCDE TO MEMCRY
SORCE LI STING TO TTY
GBIJECT GCDE TO TAPE
FORCE SECOND PASS

ADJUST RELATI VE JUWP CFFSETS

GBIECT TAPE FCRVAT
LI ST SYMBOL TABLE

OORE FULL
RESEQUENCE OVERFLON
AUTO | NPUT OVERFLON
NON- EXI STENT LI NE

| LLEGAL GO
RECOVERY | MPOSS! BLE
ZERO | NOREMENT
UNRECOGN SABLE STATEMENT
UNKNVEN MAEMIN C
QONTEXT ERRCR

| NDEX REQ STER ERRCR
TRUNCATI ON ERRCR

TOO MANY REQ STERS

REQ STER M SMATGHED

| LLEGAL CHARACTER

| LLEGAL COMVAND
PARENTHES| S ERRCR
LABEL NOT FOND

LABEL REDEFI NED

DI RECTI VE ERRCR

| LLEGAL FCRMRD REFERENCE
ERRCR | N ASSEMBLY

MEMORY CBIJECT GCDE OVERWR TI NG

OVERMR TE ERRCR
GHECKSUM ERRCR
| LLEGAL COMMWAND

EQU EQUATE SYMBOL
CRG SET (RAN

DEFS DEFl NE SPACE
DEFB DEFI NE BYTE
DEFW DEFl NE WCRD
DEFM DEFl NE MESSACE
SKIP SKIP LINE

ENT  ENTRY PO NT



