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PART 168 = NASBUG COMMAND SUMMARY 35 -

THE OPERATING SYSTEM FOR NASCOM 1

1.

The personality of any computer system is governed by its operating

system, For the Z-80 based NASCOM 1 the Operating System is called
Nasbug and has been designed to assist the user to write and De-bug

programmes written into the computer's memory in OBJECT CODE. The

fundamental base oi all Nasbug's operations is HEXADECIMAL. 411

DATA or CODE is entered in this form and this description assumes

that all variables are in HEX,

NASBUG commences action immediately the CPU RESET KEY is pressed,

Its initiallsation can be read in the listing which should be read
in conjunction with this description, The apparent functions to

the user are that the screen is cleared and the PROMPT CHARACTER
appears in the first location of the lowest line of the SCREEN,
The appearance of the PROMPT means that NASBUG is waiting for your

command. It also means that the hardware is fully operational and

that the REFLEXIVE DATA has been loaded into RAM {(See section 11).

o T P T L]

After the PROMPT the user may enter any of the following NASBUG
COMMANDS :

L Load from Seriazl Interface

Baaaa Set Breakpoint

Maaaa Modify/Inspect Memory

Tazaa bbbb Tabulate Memory

Dzaaa bbbb Dump Memory to Serial Interface
Caaaa bbbb dddd Copy Memory from a block starting

at (a) to a block starting

at (b)

The length of each block is (4).

Eaaaa Commence Execution at a (a can be
implied).
Saaaa Single Step Execution at a {a can

NOTE that there
ADDRESS . All

be implied).

should be no space between the COMMAND and the
COMMANDS can be EDITED.

first
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/ 1. (cont'd)

NOTE that the lower case letters above are the ARGUMENTS of the
COMMAND and are always ADDRESSES. The COMMAND is taken from the

TN ho 110 ~F fhe BANMKLOODACTET KEY {f N
e U‘)‘ L AL - ) L Ly LA LA NN P TR I L W ARl ko# \ PRy

action is taken until the NEW LINE KEY is pressed - this applies

to ALL commands).

NOTE that LEADING ADDRESSES ZEROS are NOT required. Leading DATA

zerns are NOT required. In 211 following sections, the characters

written by the USER are UNDERLINED,
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To either examine or change the contents of READ-WRITE MEMORY,
the M command is used followed immediately by an address.

The user can then enter a series of data bytes which will be
written into successive locations. The data must not flow into
the next line i.e. before it does so a NEW LINE must be entered.

Fach data byte must be separated from the next by a space.

The letters NL serve to represent the pressing of the NEWLINE KEY
by the USER. The following example shows a programme being

entered by the user. The places at which the user has pressed

- anZ — T e e

NEWLINE are entirely by personal preference, as lohg as the data
string does not ever fiow into the next line since NASBUG uses
only those characters which appear to the right of the PROMPT on

the bottom line of the screen.

*NCFA

@CFA BE>3A 00 QF w_

@CFL ©8>3C . |

OCFE 00>32 B¢ Ok,

2Dal ve>CL 38 81 CL 35 €02y,

LA T TR AfA =1 LA Afn
LEN Tl ¥ |

RS wd e uk{_N-_L:
@LBA 00>,

The M command will continue until aborted by use of the , (full stop)

key plus NL.
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Taaaa bbbb

The Tabulate Command is to display a block of locations onto the
screen, There is little point in calling for a block longer
than 68F. (NOTE this represents 68 as a HEYADFCIMAL VALUE and
can either by 68H OR sometimes H'68'. The DECIMAL equivalent is
6 x 18 + 8 = 104D = D'104' = H '68' = 68H = 16'é8. If a longer

block is called Ffor it will overwri

i
lagt H'88' locations will be visible at the end.

>TCFA DA nL
UCFA 3A VU Uk 3C 32 0¥ vk CD
AD@2 3B Q1 CL 35 88 C3 FA KC

>



_39_

Daaaa bbbb

THE DUMP COMMAND uses the same code in the operating system as
TABULATE thus its data format is identical. What is not apparent
i i ne of text on the screen iz not

as it was originally written. The line is initially generated as
below which i1s the format for recording on to cassette or TTY.

The D command cavses the same format line as for T to be transmitted
not to the screen but to the TTY (or SERIAL OUT) only and precedes
the start of transmission with the oneration of the 'START
PERIPHEEAL DRIVE' Light Emitting Diode (LED) which the user should
take as their cue to start the cassetie motor running. In practice
the motor can be operated a while before since no false characters
are transmitted ahead of the main data. The end of the block is
identical to that for T except that the System turns the LED off

just prior to presenting the PROMPT for the next command.

The format below is broken after the user's NEW LINE to show the
cassette characters which do not appear on the screen. The
duration of the DUMP command is a function of the UART CLOCK and
is about 25 characters/second for cassette.

>LCFA DDA,
e T

BCRA 3A V@ QB 3C 32 00 Vb CLI 47 ac ss we
eDd2 3B Y1 CD 35 @€ C3 FA BC: 16 ps g5 NL

>
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Caaaa bbhb dddd

The COPY COMMAND copies the contents of a block of memory starting
at location a and continuing until location a + d into the block
starting at b, thus the last byvte to be copied will be from a + d

+~ o A
PO & e 6 O

NOTE that the COPY COMMAND MUST BE USED WITH GREAT CARE. Sirnce
the data is transferred immediately, data in the overlapping regions

of blocks which overlap is destroyed. Thus to copy successfully

the user must observe: -

b must be greater than a + d

DOWN COPYING can be effected by using an intermediate data area to

transfer the data to in order to copy down. As long as this block

i command can be used again to itransfer back

£

— PR IR N
ad T U LIt

o]

is clear
to the overlap region, This procedure is demonstrated in the
following example to 'open up' a block of code to insert a byte,
The user has omitted to put in a byte at address H'D05 and the
last address of the data is at H'D37'. The COPY command is there-
for

e used to transfer the hlock H'DOS' to H'DR7' inglusive to an

i

FS A WA S

unused area at H'F00'. This bloek is then transferred back to a
block starting at H'DJ&6', The ¢ command ecan be used to set whole
areas of memory to any code by executing the copy command with the
address of the first block being one address less than the address ¢
the second. The third argument is the number of bytes to be set to

the value of the contents of the first byte.

>TEQY EUF we

URBE Ol ¢Z V3 g4 o e Ui Pe
CEBE WY PA @H UC 4L BE OF 10
>

>CE25 Fay 32 wm
>CFE0 EG6 32 wm
>

>TESQ EDF m
VEBE C1 ©Z2 03 94 w5 6 6 bl
CE4E U8 0Y GA UB OC AL ZE ¢k
9
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E aaaa

mhe E){T‘L‘C'Um'! SIMARILE A MTT
AREA into the internal registers of the 7-80 and finally forces
PC to aaaa. EXCEPT that after encountering a BREAKPNINT (see

section 8) 'a' need not be specified since, if it is not, the

=
c
g
=
S

transfers the contents of the REGISTER SAVE

last executed value for PC will be put into PC by the ¥ Command.

This also aprlies to the S COMMAND Sce

4 e TN
CAUN 7 j.

rC“ﬂf‘l
1 oailie

LDy,

croe aorely,
Vel WS W
>ECFA ,, | =

e Mk
A E RN G E
{ETe)

NOTE that the first instruction initiates the SINGLE STEDP procedure
which is then ignored and execution continues normally. Thus, the
first instruction to be executed will receive a NON-MASKABLE

INTERRUPT during its execution. All subsequent instructions will
¥+

not., This means that the HALT instruction will not be obeyed i
it is at the address of the current E command where specified or

implied.

This shows the Z~80 executing the HALT (at H'0OF03') but being
interrupted out of it by the NMI trap laid for it by NASBIG, The
next sequence shows the Z-80 halted and this state is indicated

by the HALT LED on the N2sSCOM I card,
>MF®€~L

QFOC 06>0 ¢ & 76 @ €3 86 1

fFes Lﬁ@)._ n

>EFA3 o

» (QACK I PADN ITEA L.-np)

>ERid2

|z

- (_HF\ L.'rED) .
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-2

S oaaaa

4s with the EXECUTE command the 'a' may be implied, RUT S0 MAY

'S', This command is one of the most useful commands available for

L

checking correci prograir execuilion., It is so useful that the

NEW LINE KEY has been programmed to extend its function into not
only permitting the SINGLE STEP ADDRESS to be implied (as being
simply the next instruction), but the S CHARACTER ITSELF is implied,
thus the executions of the SINGLE STEP COMMAND can he continued.

e TN
L A Lvad

n dinitintad kv maso
Tt bl A [ S I A PR b e Mk UJ ALl LA LA

ne ~f Aanlr +h
D -

res JTIIT
Olia LIzl NI

e R R s R e
. inus Siidce

the operation of the SINGLE-STEP proceeds by means of the NMI input
(i1.e. single-stepping is partially hardware driven) the S command
can be used to examine ROM code i.e., MNASBUG will step through ROM

code,
The use of the implied address of both E and S is illustrated in the

following example:-

)égza_J&

1088 ACFD 2@42 FFCF FFpQ 96€2
>S5 e .

19@@ OCFE 212@ FFCF FFO3 pe0d
> Ni-

1008 @DVl 21290 FFCF FFO2 BeQ0
>MEBP

SRR Bl g

> NL

AFFE @138 2120 FFCF FF2Q ded

> ML

11800 @LB4a 2120 FFCF FF3B deld?
"1p@2 VD4 2229 FFCF FFod #6000
*>E

#1000 PDB4 2328 FFCF FFAL 069V
B we

»E o

AL (x4, -

(ETC)
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S (cont'd)

At every execution of SINGLE STEP, the following registers
internal to the Z-80 are put up onto the SCREEKN:-

SP PC AF HL DE BC

Stack Program Accumulator Register Register Register
Pointer Counter and Flags Pair HL Pair DE Pair RBC
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B aaaa

The BREAKPOINT COMMAND should be entered at location 0 whenever

NASCOM T ig first switched on since the BREAKDPOINT ADDRESS is
saved in memory. The RESET button does not clear this location
otherwise the place would be lost if the RESET was used to return
to NASBUG. Since the processor has no other means than RESET to
know if it is first powered up or not, this setting of a breakpoint

at 0 should become a user habit on first turning on the machine.

use of the BREAXPOINT is illusirated in Section 7. The purpose
of the BREAKPOINT is to insert a trap sequence into the code in
RAM at the address specified after the B. This puts H'E7 into
aaaa and removes the byte which existed there into address 0C1l7.
The program is then executed until it finds the BREAKPOINT and ther

axerntinn ie trancsferred to NASRUG at lopstion
AR LY=L o) ok Lkl Rt ake e A mhe e bk S LI . )J—IV\J [ E V) e Ve b LA W B WSALE

NNonN Thiea
S Ld W

the current registers to be put up onto the screen in the same way
as for SINGLE STEP. The original code is restored by entering BO
i.e. by setting a new breakpoint at location O.

| T o I e — . [ Iy T [ - Iy . LATTCA -—
ALLeDl SCLLLIHOE Jd4 RUCERDOLIIIL LIl NEXL 1HsL0UCLION Rug

| W
e dl

Execute instruction - always follow "B' with "E". (See previous

Example. )
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The LOAD command executes a routine which interprets data on
the last line of the SCREEN as data in the format of the DUMP
the address specified

command but to be loaded into the memory at
at the beginning of the line, The process

of the DUMP (or TABULATE) code but with the
If the check-sum byte is not true, the line

=]
AL

P R L Y ok o P gy
the exact reverse

following exception:

is

the memory but is SCROLLED on to the next line
Thus at the end of the LOAD (which occurs when
characters are recognised) the SCREEN contains

not loaded into
on the SCREEN.
the end-of-DUMP

only invalid lines

which have not been loaded due to tape or recorder errors. By

If a note is taken of faulty lines and the recurrance of the same

line is observed only then will it be necessary either to load again

or to correct the line using the M command.
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10.
Software implications of NASBUG.

The single step feature occupies the NMI line the processor so
that this input and the associated instructions are not available
to the user, without modifying the hardware., NASBUG has bheen
written to be maximally usable by the user. All commands are in

the form of sub-routines which can be called hy the user software.

The COMMAND TABLE is arrived at refiexively so that its table of
commands cah be extended i.e. users can write their own commands
and use them in conjunction with NASBUG,

The KEYBOARD TABLE is called reflexively so that it c¢an be re-

o
N

A 4+
ira LR S &L

T o

. T R
L

=]
o

3
i
£
q
U

P L] MRS
W dl A kL L. TS LS

A
the number of keys used,

(NOTE the LICON KBD uses a special circuit for key operation and

so additional keys need additional hardware to access them).
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Sub-routines in NASBUG which can be called by the user are:-

KDEL
MOTFLP

SRLOUT
KBD

at

513 Y
= Rl

005D
0069

Using reflections:-~

$KTAB

Gives a 6ms delay

Turns cassette motor lamp/drive on/off
(alternate calls)

Puts A into UART

Returns with Carry SET if a character was

found from the Keyboard. Character in A,

This address in RAM has the address of the new keytable,

(NOTE that both CRT and KRD are entered by NASRUG via a JUMP in

RAM. This means that the user can alter the locations at $CRT and

S;IITAITY

PEBID to cause NASB
S )

T A

these subroutine

CRT

0138

T

UG Lo look elsewhere (in user RAM) for both

A character in A is put onto the SCREEN
or CURSOR moved (BS or CR) or SCREEN
is CLEARED (FF),

There is a reflexive jump at $CTAB which gives NASBUG the start
address of its own COMMAND TABLE. This means that the user can
add COMMANDS by changing this jump. The existing commands can

all be incorporated into this table,

CHIN

003E

This routine calls $KBD and also looks at

the UART to see if any SERIAL DATA is
available., If either occurs, the routine
returns with Carry set and the character in A,

$NMI is the address which the NMI uses reflexively, It can be

changed.
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The example

cama nf thao
'y S

L ek 3 L) ES L8

the program

CRT
KDEL
REG

T MM
TR

Only the statements from LOOP onwards are actually coded,

—48..-

would be (in SOURCE STATEMENTS):

ORG H'OCFA’ Start code at CFAY

EQU H'0138'

EQU H'0035'

EGU H'OQE0O’

LD A,REG

INC A

LD REG, A

CALL CRT Go to the subroutine at 13BH
CALL KDEL Go to the subroutine at 35H

Jp L.OOP Return to the first instruction

ct
=
T
[l
Ci
£y
[enl

being as entered in the example of section 2.

13.

The memory locations available for user programming in the

_ . B - Enn

BT m m 1 . e A L [T T TR ey e
U NdoDoouln L eAxLelud 1rom oW LU aqpproximactrely Yooy

u
(depending on the use made of the user's stack).
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14: DETATILS OF MEMORY USED BY NASBUG

Qcos

0C10

acls

0cZ0

aczs

0c30

OCc38

ac40

o}
T3
N
(el

] 1 2 3 4 5 B 7
8 g A 3] c 3] k +
RAMEZ
KMaPp
Port 0 {«—————— 01d keyboard switch contents
ARGS ARG 1 ARG 2
R Command ﬁD'DF
Char rgs-
RAME
ARG 3 NUM BRKADR BRKVAL
Used by NEXNUM Freakpoint llser
Subroutine address Code
CURSOR Cuiltl
Cursaor & | «——Bottom of Monitor Stack - - - - - -
Address
4 1
T 1 .
- i (] ] [
T T F t
} i
Top of STACK R. HL
—— — — Monitor — c (R-BC)E . (R.DE)D 5
Stack
R.AF R.PC R.SP $KTABL
H F A PC.1 PGhH Initr
- - - f +"_
5P, 1 SP.0
Keyboard
Tagle $KTABD $KTAB $CTAB $NMT
L Keyboard Keyboard Command C3H
BNEth | b1 tabls table CIume’)
origin start start
I
NML FCRT CRT $KBD
C3H C3H KBD
1 h rJ tmpy'] 1 ] (1 ump’) 1 h
i i
MEMORY USED BY NASBUG
{TO GENERATE THE CORRESPONDING MAP ON-SCREEN TYPE:-

(THE FIRST LOCATION AVAILABLE FOR USER PROGRAMMING IS 0cs0.)



Ous  SHART

359 STRTO:

initialise =P to C33

clear RAMZ to RAME-I(COOD to Ci4)
initialise relfections (C3D to C4F)
clear CRT screen

s e
EU [ PR

remove breakpoint

ga to:
PARSE

286 PARSE

23k PLOOP:

200 EXEC:
v

set CONFLG=-1

‘\_-*

read a line

(Znd last line on screen is now
the line)

It blank,
was 'S' then insert 'S’ {single key single step)
Save command char at ARGS (COA)

Call NEXNUM to get argument,

if there is one, put at ARGL...,

ga to PLOOP:

Set number of arguments in ARGS+].

Search CTAB for Command charascter.

If not found pgo to PARSE.

Else sh PARSE -gon stack, Jump

push PARS
to subroutine. (Faking a CALL}

OrR 2FF STEP:

T '
Set CONFLG=O0
/

Re-initialise NMI reflection
{in case user has changed it}

Throw away return to PARSE
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If argument supplied, put in R.PC

Restore BC, DE, AF (First AF is old HL}

Fush user PC on stack
Festore HL

Save AF while actlwvating NMI
T

RETH tTo user’s instruction

User instruction
+
NMI
}
4
TRAF
305 TRAP: Add 1 to users PC on stack
[Decrementad later in oode sommon
to TRAP & Breekpolnt)
Save AF, HL;

Clear NMI flag in part O

If CONFLG nonzero (i.e. was an 'E'}
Save users instructiocn at bresakpoil
Insert RST 4 there.
Restore HL, AF, decrement PC,
RETN to user’s code.
Utherwise
Save DE and go to
BFTI (328)
Breakpoint entry 020:

save AF, HL, DE

326 BPTI: Save BC; HL=— SP;
Copy registers from User stack

to register save area in Monitor's RAM



347 REGSI:

23}
n
]
3]
]
0
-..i
—

053 KBEDG:
(via $KBD)

KSC1:
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Decrement user's PC so it points to
Breakpoint address.

print out users registers

rastaora instrietinn at breskpoint

and go to
FPARSE

Save regs.

Clear counter

Initizliise polnter to map

Read Row 0 [shift)

into KMAF

Increment counter.

Increment KMAP pointer, check for change.
If different -—- KSC2Z

Repeat & times

Clear carry i{no key found]

Restore regs - return

delay., [(KDEL - 035]

read again.

Caleulate column no. of rchaneed oit, 1)
o1t mask  LO0.

Check whether change really cccurred

if not oo to KGC 1A

If a release go to K5C 1A
Manufacture magic number from
shift key, loop counter, bit number

Search KTAH for this number. {via 3$KTAB]



_53_

(If not found, clear shift bit & try again)

If still not found go to KSC8

Calenlate ASCII code from address within

KTAB [OEA)

OEQ  K3(C3: set carry (character found), return.
C3E CHIN: check keyboard & UART until
chardcter received-
as5n SRLOUT: out character in UART
wailt until sent.
053 FLIP: flip 2 bit in Port O
04A  FLPFLP flip & flop a bit in Port O
035 KDEL : delay; PUSH & POPs 1lengther the loop
138 CRT: ignore character O.
Save regs.
FF? yes. put -1 in top left,
thom 48 grnaroe
then 48 spaces
then 16 zeraos
j repeated 15 times
then 48 spaces
then -1 in bottom right
CRTC set HL. to bottom left
CRT1 put cursor on screen, save cursor
CRT2 restore regs, return

Replace cursor with blank.

B3? — = decrement cursor, skip

fvVeT m

gins .
gins.

I+ -1 reached, increment cursor

again;

go ta CRT1 to put
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cursar on screen & return.

CR? = CRT3 (scroll)

Skip cursor over margins

-1 reached? no — return via CRT1

195 CRT3: Scroll; clear bottom line and go to
CRT0 to reset cursor.

108 INLINE: print prompt

1DE INLD: get character; BST— INLZ;
CR? — return via CRLF

1ES INL1 display character; — INLO

1EE INLZ2: B3?
Check far prompt, if so go to INLO
otherwise go to INL]1 to do backspace.
(RST 5]

0z8 PRS: Pick up 'return address’'.
Send characters until U to CRT
Return to instruction after O

224 B2HEX: save number, shift top hex to bottom.
Call BZHEX1 (to orint it)
restore number

240 B2HEX1: print bottom hex digit, return.

25A NEXNUM DE points to line on screen.
Skip blanks
NUM = number of digits in number.
NUM+1 |, NUM4Z = nomber

1AD MODIFY Pick up address from ARGI

1RO MonT Print address,

Print cantents.
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Call inline to read line.

1BF MOD2Z : Mumber there?—modify memory,

ICF  MOD3: '' ? go to return.

Any numbers on 1ine? no,-* increment address then

go to MAD1
IFC  TABCDE: address = (ARGL)
TBCD 1: address = ARGZ?
Yes — print ‘' return
Clear checksum.
Print address (TBCD3)
216 TBCD1A: Print memory [(TBCDZ. accumulates checksum)

Increment address
Repeat 8 times from 1A:
Print checksum.

Backspace over checksum then go to

TBCD 1
228 TBCDZ2 Accumulate checksum, print In heyg
232 TBCD3: Print address using TBCD2.
301 DUMP : Turn on Motor then call

Uelay.

Set $CRT to SRLOUT

Call TABCDE

Return via routine to turn motor off.
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37C LOAD: turn an motar
LOD 1 set to beginning of lipe
L00 1B gzt charactsr, ignors BS
Not CR? go to display, then back to LOD1B
LOD 1A: Pointer to beginning of line
ty' 7 to MOTFLP to turn off & return
Read numbers intoc top ieft screen margin.
Check checksum. If ipcorrect., scroll, then go
to LOD1
then copy into memory -——  aid return to LODI.
3EF  COPY Block transfer fraom the block starting

ARGl to the block starting ARGZ the

number of bytes in ARG3,
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SECTION A: HOW TO USE THE NASCOM 1

See page 3 of the handbeook: 'Important notes for all
NASCOM users'’

Ensure power supply voltages are corrsct before connecting
ta NASCOM 1. {Bnrrow a meter if necesraryl.

It is not advisable to switch the power suppliss at low
voltagg_gé some devices {e.g. character generator and EPROM)
can be destroyed by a momentary absence of the -5V supply.

If it is necessary to switch the low voltage supplies they
must be -sequenced so that the -5V supply is always switched

orn firet (before either of the positive supplies) and switched
off last. This proGlem 1s avoided with mains muppiy :nw,J.LL,iu.!lg
due te the gradual rise and fall of the low voltages ensured
by the large electrolytic capacitors incorporated in the

smeothing circuits.

Whern tho Suc'l"n ie omgratine and ths TY zot tonoad 46 un

=1 SRS Ls O ey S LS W S wanw EREN] (SR

through the NASBUG command examples in part 16 and in

Section E of this part of the handbook. You can then try
your ocwn hand at programming or enter programmes obtained from
any source.

If you wish ta add further peripherals to your system see
the following Section B and all relevant technical handbooks.

If you are new to computers see Section C and any good textbooks
for further fundamentals.

It you wish in future to use a high level 1
assgmhlar II’{“"’W your N’E.SCI'JM 1 son Sortinm

NASCOM product announcements.

FPlease join the International Nascom Users’ Club and let us
know any problems, constructive criticisms, hardware and
software ideas you may have. any requests for future products
and any interesting uses you have found for your NASCOM 1.
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SECTION B: PERIPHERAL HARDWARE

Developments both in the semiconductor industry and in home computing
are occurring at such a rate that these notes can only act as a pointer
to the possibilities that exist for the experimenter. (Ses our
seminar notes for some idess).

However powerful a computer may be its usefulness is governed vitally
uy the J_T‘IL,E:-'.{TEICEE thiuugli WIIJ.L.I] ik EDIIITIIUHJ.L.(:!L.I;.“:l WJ.L.II thE‘: Ubl:.‘l gitd wikit
the real world. Without further speclalised equipment the basic
NASCOM 1 provides visual display of 788 characters on a video monitecr
or domestic TV set, a serial interface for programme or data storage

cn a domestic tape recorder, 16 parallel input/output lines (at 5V, TTL

Tmkao [ [ ) ~
lavell) a5 well as a2 =olid-state alphanumeric keyboard.

Although no specific tape recorder is recommended some useful points
can be made. The NASCOM 1's simple ’cassette’ interface relies on the
presence or absence of & signal and can therefore be misled by tape
dropauts ar spurious interference. We therefore advise the use of the
thickest tape (CB0) from a reliable manufacturer. (A CB0 tape car
store some 85K Bytes of data or 20K bytes using the standard dump
Turmatj. There is no need for ultra-iow noise or CrUZ hi-fi tape.

In additien great care should be taken to keep the tape heads and drive
capstan clean and clear of oxide particles. All hi-fi stores sell
tape head maintenance kits.

ocrder, whether cassette or reel to reel, may be used.
However a machine with a tape position counter is strongly advised as
an aid to locating recorded data. The only argument in favour of a
more expensive hi-fi deck is that the mechanism is less likely to wrinkle
the tepe and better speed control is probable. A sterseo cassette deck
should be nperated in the mono mode, as there is too little separation
between tracks to make separate recordings on sach channel.

As an alternative, the seriasl I/0 circuitry may be adjusted {using links

LK 2, 3 & 4} to provide the standard 20mA lcop interface with a Teletype
or the standard RS232 interface with an external VDU, serial keyboard, etc.
all via the 16 pin SK2. By altering connections toc the UART centrol
inputs (See Data Sheet provided) the serial interface may be used with a

Baudot 5 bit code tsleprinter. IT an external clock signal for the

UART (at 16 times the bit rate) is fed in via 1K4, then data transfers

may occur at any rate up to 200K baud. Any of these alternatlves will
need short driving programmes in crder teo perform transmission and
interpretation of control signals as may be desired. If cassette
cperation is alsn wanted on the same unit, then either a multipole switch,
{elay or digital switch (e.g. CMOS 4016} could be wired in place of the
inks.

On a more mundane level there are few alternatives to be considered for
the TV interface. The figure of 48 characters per line was considerad
the maximum legible on a domestic receiver. Experience has shown some
difference between individual receivers, due to their varicus video IF
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{Intermediate Frequency) responses. A colour TV set is not advised
a5 the golour dot or stripe pattern mombined with any convergence
errors will render the characters less distinct. The NASCOM 1 may
however be used with receivers built for virtually any colour or
transmission standard in the world {(except iiwe old 405 line system)
providing the tuner will receive UHF bands 4 and 5. A VHF only
receiver could probably be used if the modulator fundamental frequency
were reduced, e.g. by adding a turn or two to coil L1. Althaugh
intended for use with the 625 line SOHz system, the NASCOM 1 could be

used wilh a 525 1ine G80Hz receiver in North/Scuth America or Japan if

the picture height were reduced as the line frequencies are v1rtually
identical.

If a receiver is purchased specially with the NASCOM 1 in mind, a small
modern black and white portahble with rantangular screen is the best
answer. However, if perfect picture quality is necessary a video
monitor is the only ideal solution. We do not advise anyone to attempt
to convert a TV receiver to accept a video input unless they are fully
aware of the dangers involved and are experienced in repairing TV sets.
It is tn he hoped that a video input will soon become a common feature
of new receivers.

The 16 paPEIJ.J.BJ. _!_Hput./uut.put. lines {(and 4 assoccistad cont
available can be conrected via suitable buffering circuitry to any
device the user may provide. As inputs they can accept any data in
digital form such as time of day/date from a clock system, ASCII code
from a separate parallel connected keyboard, analogue data (such as

L
L]
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switch or sensor for each line. As outputs they can for example feed

a parallel connected printer for hard copy output, control light levels
via D/A converters and thyristor dimmers or provide information on
7-segment LED displays. The PIO Controller can be operated in various
different modes as may be most convenient. For example, data can be

read by the CPU from the parallel ports either by regular scanning of

the port status or by the automatic generation of an interrupt when data
is available. Seeg the FI0 Lechinical manual lor further detoils. MNoto
also that two bits of Port O are available to the user in both directions.

In future, through the standard bus interface, the user will be able to
plug into his system memory and I/0 expansion cards (which we will be

making availsble) or standard prototyping cards containing any eirculfry

he may desire. Tn this manner, virtually any number of additional serial
or parsllel interfaces and special purpose devices, such as the Z-80 CTC
{Counter/Timer Controller), can easily be accommodated.

SECTION C: COMMUNICATING WITH THE COMPUTER

By itself the microprocessor or 1ts sguivalent
computer is not a useful device. I+ an array of switches and indicators
is connected to all the address, data and control lines then the internal

read/write memory (the Registers) and the specified set of instructions

“t L Lm koo
at the heart of & 131""5"3
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for the device can be tested and confirmed to work

{assuming 1t can be made to operate
with a clock perind nf several seranrs. )

At the next level,. a real system dedicated to one particular purpose
(such as the recently avallable single chip wicvrocomputers) must contain
some Read Only Memory (ROM} for programme storage and I/0 lines to
interface with the outside world (and may also need a small RAM scratchpad
memory it the internal registers provide insufficient temporary storage)d.

Such a device may be used to control a washing machine, a burglar alarm,

arn Aalandkrmmandts ~a=aTlmnnlask;sn An A mswmdmbesnal ord o 9m a8 1 araoar aammntor
Sl BAECLIOGHIC C41CULdeGr O 4O RPEITIPNETAdL GeViLDl 10y a 1al'gil LUlipuwai

system. It is, however, totally inflexible, as its internal programme
will perform that one task only.

A microcomputer such as the NASCOM 1 gains its flexibility from the
pravision of a larger amount of Random Access or Read/Write Memary [(RAM].
to stors any programme or data, convenient peripheral interfaces for the
uger, facilities to expand memory or peripherals virtually without limit
and a monitor programme {(or ‘BUG') in ROM to tie the whole into a system.
At its simplest, the latter may comprise a 'bootstrap loader’ that merely
‘enables data fed into a particular peripheral to be loaded into
sequential locations in RAM. In our case, however, the NASBUG monitor
in EPROM provides a comprehensive operating system that contrels the
keyboard, serial interface, video/TV display, programme sntry, modifica
execution and de-bugging. Thus we have a computer capable not only of
performing any one or more of the functicns mentioned above but also
useful as a develaopment aid in the design of any system dedicated to a
particular purpose.

T m
[EN ]

So far however all these units are controlled or programmed by the user

in the only language that they are designed to obey: this is called
machine code amd comprises digital ’words’ of 8 bits (1 bytel for the Zs0
(although computers may use any word length e.g. 4, 8, 12, 16, 24, 32 or
more bits}. For our own convenlisnce we repressnt these 8 binary digits

in written form using 2 digits of hexadecimal code. Thus a word of B bits
is split into 2 groups of 4 bits which are then each replaced by a single
digit representing a number in the range of O to 15. A mixture of

letters and numbers are used in hexadecimal code as shown bslow:-

BINARY DECIMAL HEXADECIMAL
(Number Base two) {Base Ten) [Base Sixteen)
000w aJ 0
0001 1 (= 29) 1
0010 ? (= 21y 2
0011 3 3
0100 4 (= 22 ) 4
01561 5 5
0110 B B
0111 7. - 37 7
1000 8 (=% 427 ] 8
i0m 9 9
110 i0 A
1011 11 B
1100 12 C
1101 13 [
1110 14 E
1111 15 E
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BINARY DECTMAL HEXADECIMAL
(Number Base Two) (Base Ten) (Base Sixteen])
Further examples:
R T Y B ‘\-:_..'l [
0001 G000 (1 byte) 1B (- <7 ) 10
0001 0001 17
0001 1000 24 18
nool 1111 31 1F
0010 Go00 37 (= 29) 20
0ol1l G000 48 30
0100 0000 54 (= 25) 40
1110 0100 100 ) 54
1000 0000 128 (= 27) 80
1100 1000 200 e
1111 1111 255 FF
0Cco0 0001 0000 0000 (2 bytes) 256 (= 298) 100
0ooo ool 1111 0100 500 i 1F4
0ooo 0010 0000 0000 512 (= 29) 200
0000 0011 1110 1000 1000 3E8
0000 0011 1111 1111 1023 - 3FF
0000 0100 0000 D000 1024 (= 2'Y or 1K)400
0ooo 0111 1101 0000 2000 700
bOUD  1UUU UCU0 0000 2048 (=2¥ or 2KJ 080G
0oo1 - 0300 000c 0000 4086 (=121%0r4K) 1000
0010 0000 0000 0000 8192 (=213 orsK} 2000
0100 00D 0000 0ooo 16384 (=217 or1BK)4000
1000 0000 0C00 0000 32768 (=715gr 32K)8000
1111 11l 1111 1111 55535 FEFF
ditto plus 1: (3 bytes)65536 (=210 or64K) 10000

(Any Hexadecimal number may appear in documents with a suffix 'H' in

order to avold confusion. E.g. 16 = 10H. Note also that camputer
terminals, printers, keyboards and display devices usually distinguish
| Y e F oy Sy i P S By s F IS S ey iy | p—— o — o rm amed o= T T P ] P T ol — e -
HE LWl LIIE LeELLEL 8] LWilLLl f1igs no ndperlLead neEariding) alid g Ulzdltu LS540

by adding a stroke through the middle of the digit thus: '@'. Typewriters
do not wusually have this facility, but no confusion is normally likely to
arise. In manuscript, however, many programmers prefer to add the stroke
for clarityl.

One of the most vital funectiens provided by the NASBUG operating system
therefore is to convert Hexadecimal code pairs typed on the 16 relevant

keyboard keys into B bit hytes and enter these into memory. wWe have,
therefore, a sy stem which we can programme @nd into which we can lead data)
in the hexadecimal representation of machine code. We can call this DObject

Code (or, more loosely, machine languagel.

Although at the deepest level every computer can only operate in its own
machine language {and every different CPU has its own language) there are
numerous advantages to b2 gained from progremming the computer (in machine
code] to communicate with the user in a language more nearly compatible with
everyday human speech or specialist mathematical functions (with numbers

in the decimal system). There are many such sg called 'High Level'
languages in use, each with its own adherents and each with its advantages
and disadvantages. Among the widespread high-level languapes are BASIC,
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FORTRAN, COBOL (specially intended for business usel), APL (Scientific),
PL/1 and many more. Their most notorious feature is the way that each
user and each computer manufacturer tend to diverge slightly from the
standard (if any is laid down) so that a programme in, say, BASIC written

11 ml F
Ffor ong machine may 'm:lqlmm subtle C"‘lt;ng before it will work on another,

due to & small difference in dialects. In general, however, they are a
boon as they enable a programmer to write his programmes in a language that
can be run (with luck first time) on any computer fitted with a compiler or
interpreter to convert that high level language acress into that particular
machine's low-level languags.

The NASCOM 1 memory expansion board has facilities provided to accept a 2K
'TINY BASIC' Interpreisr in EPROM which will enable users to become acquainted
with the essentials of BASIC programming. Flans have already been announced

for a powsrful 16K BASIC to be made avellasble later.

between the low level machine 1anguage and the various high

¥
n ” —m O o g o -
ges, is tho "ASSEMBLY LANGUAGE” or Source Code specific to sach

Intermedi
level lan
machine. For the convenience of programmers the manufacturer specifies for
each machine language instruction (or Opcode) a more sasily memorable

'mnemenic’ code. For example for the ZB8C we have:-

MNEMONTC MEANING
LD Load
EX Exchange
HALT Halt awaiting interruptor RESET.
1IN Accept data from peripheral port,
JP Jump to another part of the

DI‘DE‘I"‘HH‘I‘QE -
(etc.)
ic we may have an OPERAND such as a register, a number,
a memory location etc. For full details of the mnemonic codes, operands and
addressing modes available see the Z80 Technical and Programming manuals,

If we do not have a high level language facility available or do not wish to

use a high level language in order to economise on memory usapge {or because
the application is more suited to low level language programming) then we will

be working in Assembly Language.

We therefore list the mnemonics and operands and then (using the tables in the
Z80 handbooks) convert them into a parallel 1ist of Hexadecimal Object Code.
For lengthy programmes this procedure can become tedious, and so a programme
called an Assembler can be used to perform the conversion far us. There are
varicus types;from e simple interpreter that converis miemonic code into
object code directly;to multipass compilers that make sophisticated use of
labels for subroutines etc. For those who reguire such facilities we will

be meking a powsrful assembler available shortly.

The remainder of this guide shows how te programme the basic NASCOM 1 in
780 machine language, using the peripherals provided.
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SECTION E: FROGRAMMING THE MASCOM 1

l: Preliminary

Upon switch-on the NASCOM 1 enters a random state similar to the result
of g programme that has run wild. The screen will be full of arbitrary
charactsrs, ong or two of ths LED Indicators may be 1it and thers will
be no response to the keyboard (except for the RESET key). In order to
bring the monitor programme into operation it is necessary to operate
the RESET key (which causes the CPU to Jump to the instruction at 0000;
i.e. the first byte stored in the MNASBUG monitor EPROM).

ACTION RESULT

RESET LED's turned aff.
Screen Cleared (except perhaps
for one arbitrary charscter placed
by breakpoint routine},
PROMPT (> ) and CURSOR [}
printed in bottom 1lsft hand corner.

The system is now executing a programms loop that scans the ksyboard
(providing software debounce and Hex code allocaticn via a look-up table)
and also the UART for any serial input data. Any such data from either
source is displayed in the next available sc
Before proceeding further, however, it is necessary to complete system
initialisation by placing the breskpoint location ocut of harm's way (i.e.
out of RAM). The standard procedure is to place the breakpoint at location
000D as follows:-

ACTION

[P A

BO NL

ED
NL

The user may now procead to type any of the available keyboard characters
on the screen and use any of the 8 monitor commands.

2. Keyboard Characters

The standard keyboard and monitor look-up table provide the following
characters and control functions:
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If the SHIFT key is depressed together with a key for which no shifted
character is allocated then the unshifted character will be displayed.
IF several Keys are depressed together each of the characters will be
displayed in an arbitrary order. If an attempt is made to place 48

or more characters in a line an upward scroll is automatically performed
and the cursor moved to the bottom left hend corner.

gd and the cursor moved left by uge

u [ R ) =L TVEL AT —

B
I may b us
OF the BACKSPACE key. Back is inhibited by the PROMPT [» ) symbol
however if this does not appear at the start of a line then BACKSPACE will
move the cursor to the right hand end of the line above. The ultimate
limit is the left hand end of the fifteenth line up.

The screen may be cleared (including the unscrolled top line] by use of the
SHIFT and BACKSPACE keys together, This places the CURSOR in the bottom

ieft hand corner but does not issue a PROMPT symbol, so the NEWLINE key
must be pressed before issuing a monitar command.

The NEWLINE (NL) key causes the contents of each of the bottom 15 lines
to be scrolled up by one lime (the tope line of the 15 being lost) and the

PEROMPT and r‘llDQnD e\umf-'ﬁ ~ +rm ko dosrind =2+ thoa afset AP Fha n'ln-nnna—( hott

LT J’IIIUUJ—-—I b = 1= o = L | L.ID wlig L= g BV NI ) L TR =] lTuyl DU [ ') Wy )
This key is the most important of all, as it also performs the 'Enter
Command' function, providing one aof the 8 command characters is next to the
PROMPT symbol in the bottom left hand corner.

A dals)
Y

IF for any reason [e.g. use as a video typawriter for message diasplayl it

= i - -=r

is desired to inhibit the monitor commands, one or more spaces should always

be inserted between the PROMPT symbol and the first character. (Alternatively,

a simple programme can nave the same effect].

3., Monitor Commands

(For full details and examples see part 16 of this handbook).

M Inspect/Modify memory contents. (Used
for entering user programmes).

~ Terminated by a full stop.
| Tabulate memory contents.

D Dump from memory to serisl interface (for
cassette, eto.)

L Load from serial interface to memory. {May
be terminated by NL full stop NL NL if no
full stop read off tape).

C Copy memory contents from one section of
memory to another.

B Set breakpoint in user programme.

E Execute programme.

S Single step through programme. (Terminated by

a different command or a full stop).
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When a breakpoint is met(br when singls stepping)six register pairs
are displayed on the screen as follows:-

SP PC AF HL DE BC

To display register contents at any time the command S3FF NL (single

step through a 'NOP' imstruction) may bes used.

The S command may be used to single step through programmes eilther in
ROM (EPRCM) or RAM and so can be used to demonstrate monitor routines
(except for part of the keyboard scanning routine where lock-out will
pcour).

Initial Data or Address zeroes may be omitted so thet the followlng commands
areg identical in effect:-

TO 5F = TOOOC GO5F

When single stepping from a location other than the start of a programme
beware of making illegal demands on the Stack Polnter. Never single stap
through a 'RET® or ‘PUP’ instruction unless the corresponding °CALL’

and 'PUSH' instructions have previously been obeyad.

If in any doubt where the breskpoint is loceted check the contents of
locations 0OC15 and OCl6 (the least significant byte is first). Normally
these will both conteln zerves if the breakpoint was last set at location
0000 (as during system initialisation), '

If in any difficulty use the RESET key to regain control.

IsE R Ll at=-2 =] — - mA o +
L= ¥ i AR H L R~ o
see the point at which any register contents differ from those expected or
move a breakpoint pregressively through the programme until the trouble spot
is isolated.
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4, Programme Development Example

Aim: To display on the screen in table form (as
on page 33) the full character set availshle
from the character penesrator.

Method: We will dive straight into the problem. (Those
who find flowcharts clarify the reasoning will
tind it Instruetive to draw their own.

Consult textbooks/magazine articless if further
information is required),

Stage Comments

(a) We must initialise any registers that are to act
as pointers to Memory {or the screen) or to contain
a constant for loop counting, etc. We will not

know what initialisation is needed or the order
in which it must appear until we have considered
the next two stages:
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(e)

_BD_
Commenks

H o ke nk
ToWnil i

iri "0 i c loop 1 Ci
VOU RAM loc atlon has a charecter code written into
it and then the pointer is moved on to the next
location,

We must then test the nnﬂnfpr lncation (or snme

other parameter) to see if we have completed a line.
Instead of looping back in the programme tc write the
next character we must first shift the pointer to the
start of the next line and then loop back to a point
in the initialisation proutine that will cause a new
line to be written. If we have reached the end of
the table we must decide how to end the programme.

Consider item (b}. The cbvinus 'write' instruction
{if we choose not to use subroutines in the monitor
programme) is "LD (HL), A". We therefare use the

HL register pair to peint to VDU RAM memory locetions

and the accumulator (the A repister] tn contain the

[=HE RO IV == LI LR L S - P a-=5L=

character code. If we space out the table roughly
to fill the top half of the screen we must move the
pointer right 3 spaces for the next positiaon.

Thus the core of the programms is:-

LO fHL), A Write character on screen.
Thir™ A Mo L o T Ty
Wk Ay [N L | ) 1w 11S A e el Ol A LIS
INE HL 1
InG AL Move pointor to noxt location
INC HL J r
Consider item (c]. DINZ is a convesnient 'test and

loop' instruction and it uses the B register. We
must therefore precede the main loop with an initialisation
instruetlion to set the number of characters per line:

LINE: LD B, 10H (10H = 16 Decimall.
After the main loop we wlll have:

DINZ - 0O4H If B not zero decrement B and jump

back 5 places to the location labelled
PLBTTE" me know +hm Drou1nnc [

=Rt S LE =)

instructions sach comprise a single bytel.

A convenient method of shifting the pointer to the start
of the next line (rather than e.g. using INC HL sixteen
times) is to store 16 (or 10H) in the DE register (as it
is not needed elsewhere] and add it to HL thus:-
ABG BL,DE
We must now detect the end of the table. We can do
this either by testing the character code in A or the pointer
location in HL. If we use the former method:-

CP 80H Detect 129 th. character {lst was 00HJ].
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We must then loop back to location "LINE” if A does
not contain 80H thus:-
JRNZ

"LINE" Jump back to line if zeroflag

not raised (we can insert the
actual jump offset when converting
to object code subseguentlyl.

end the programme in one of several ways.

We can then
d usa:

We coul I

HALT

to light the 'HALT' LED and leave the CPU in effect
executing a continuous series of NOP's. We conld only
exit from this however using RESET [(or a peripheral
interrupt if so programmed). We could call the KBD
routine and test for particular kKey pressings to branch
to any other programmes. The most useful ending however
is jump back into the main monitor loop (”PARSE”) using:-

JF 0286 H

We can then use any of the 8 monitor commends as was the
case before the programme was executed.

We can now list the complete programme with cbjsct code
and initialisation routines. [The labels and comments
are provided for guidance only). The locations shown for
entering the programme ars guite arbitrary as it contains
no absclute jumps or calls and may be placed anywhere in
User RAM.

TO0 DISPLAY CHARACTER SET ON SCREEN

LOCATION OBJECT CODE LAREL SOURCE CODE COMMENT
OCED 11 10 0o START LD DE,CO10H Width of margin.
GOCE3 21 OB U8 LD HL, UBUBH Near fop left of screen.
QOCEB 3E O LD A, OOH First character ceode.
OCES 08 18 LINE LD B, 10H Characters per line.
QCEA 77 WRITE LD (HL3, A Write character.
OCEB 3C INC A Code for next character.
oCcecC 23 INC HL 3 Move puinter
(CED 23 INC HL right 3 places.
OCEE 23 INC HL
OCEF 10F83 DINZ~5H Jump te WRITE if line
not ended.
oCF1 13 ADD HL,DE Start of next line.
OCF2 FE 80 CP 80H Test for end of table.
OCF4 20F2 JRNZ -CH Jump to LTNF 4F not.
OCFB C3 86 02 JP 0286H Jump to PARSE in NASBUG.
(gl The object code programme is entered using the M
instruction as shown in part 16 of this handbook.
(h) It may then be tabulated using the T command thus:-
TCEQD CFF
NL
and checked for any obvious mistakes.
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(1) The & command may then be used to single step
B R YR [ Sy . R PA—— P o] ot v P - = = L
LOLOUETT LiE SLalLt UTr wiE piuglaiine LU Ldiigun

that the registers are being manipulated

correctly.
(Jj) The B instructlon may be used to set a breakpoint
in the main loop. For examnle:-
BCEB NL
(k) The programme can be executed up to the breakpoint

{A'B' instruction must be foliowed by an ‘E’
instruction in any case). The starting location
is OCED so we type:- '

ECEO N for EOCEOD

L NLJ
(13 We can then either use S to sipgle step to check
that the relative jump offsets are correst or

type simply:-

S

to pass round the loop once and return to the
breakpoint. As stated earlier 6 major register
pairs are displayed after each breakpoint or
single step in order that any prcblem may be
analysed.

(m) We can move the breakpoint elsewhere if desired (for
exampls to OCFl at the end of ane character row).

(n) We can remove the breakpaoint:-

BO

NL

(o) And then executs the programme normally:-

ECED

NL

{1 [ + + el e -~ Tl e Faml=1s] A ke
\'—‘J L3 i o S [N L= L= e e LI =3 b bd e

ote a
added at
[q) Due teo the monitor’s scrolling action, the

character table will not remain aon the screen
while single-stepping or using the breakpoint.

(r) In order to become familiar with programming the
user may nexlL wish to modify or improve’ the above
programme. (For example to display a narrower
table, to display only part of it or to re-locate
it on the screen).
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5. A Further Example Programme

Aim: Te display the full character set as before but
with a variable delay routine betwsen 'write’
instructions,

Execute [ EDOG,, to ecycle svery minute or so (Exit via RESET)
Codes 1 EDDBHE to write once and then return ta monitor.
7O WRITE CHARACTER SET SLOWLY
LOCATION  OBJECT CODE LABEL  SOURCE CODE COMMENTS
0DGOo Ch 10 0D START A CALL DD1OH Call subroutine,
co03 Co 12 NN CALL 0OD12H Call Suh.2 (Clear).
0Dos 18 F8 JR -6H Back to Start.
0pos CD 1G 0D START B CALL ODIGH Call subroutine.
0DaB C3 86 02 JP 0Z86H Jump to monitor.
ODOE 0o 00 NOP, NOP (Padding).
0D10 OE 80 SuB LD C,80H 1st character (plus 80H.)
ROUTINE
0012 11 10 0O suB.2 - LD DE,D010H Width of margin.
Ghis 21 08 08 LD HL, G8OBH Near top lsfi of screen.
oD1s 06 10 LINE LD B, 10H Characters per line.
OD1A 71 WRITE LD (HL),C WRITE charactaer.
{018 79 LD A,C }
ooic FE 20 CP Z20H Test for space cods.
On1E 28 01 IR Z,+ 3H Choose next character
0020 ocC INC C S if not clearing scraen.
0p21 23 ' INC HL ? Move right
00zz 23 INLC HL 3 places.
0oD23 23 INC HL ,f
0b24 79 LD A,C
0Dz25h 08 EX AF,AF’' Variable delay depending
oD26 AF XOR A on Register C, i.e., character
oDz27 230 : OEC A being wrltlei.
onz2s 20FD JRNZ-1H {
CLO2A 08 EX AF.AF?
opze 30 DEC A
noze 20F7 JRNZ-7H J
0ONzZE 10EA OJNZ-14H Jump to WRITE unless end of
line.
an30 19 ADD HL,DE Move to next line.
0031 7r LD AH., 7 Detect end of
0p32 FE DA CP OAH. table.
0D34 20 EZ JRNZ - 1CH Jump to LINE unless table ended.
0038 OF 20 LD £, 20H Set space code for next pass.
0D38 c9 RET Return to calling routine
above.

o

I [ At e Mot o + ket

L,
those who wish to ana noGLTY 1t TO i€ain Trom 58 TGOLNg. NOLE TNdT

[ER == WLoil L g

Rather than glving a full description of this programme, it is left to
Torme medT
J.jfﬂ:ﬁ 1

-
H

[w]

a different register has been chosen to store the character code so as to
leave the accumulator free. There is nothing ideal about the methods used in
this {or any other programme]. The essential criterion is simply "DOES IT
PERFORM THE ALLOTTED TASK AND NOT HAVE ANY HARMFUL SIDE EFFECTS?"(such as
averwriting a sectien of memory reserved for another purpose by the
programmer}.
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SECTION F: PROGRAMMING HINTS

You should scon be able to write any programme your time, growing skill,
peripherals and RAM capacity wlll allow (be it & computer game, a perscnal
diary, a business accounting system or Just 2 moving 'video wallpaper’'
pattern]). 0f course the longer programmes are much easier and quicker to
write with the ald of an Asssmbler or High Level Language facilities but

in the interim here are some essentiasls and ideas to enable you to use your
NASCOM 1 to the full. More information may be gleaned by studying the
various magazines and the NASBUG listing.

Some NASBUG Subroutines, Etc. (See also page 47)

1. CD 6900 = CALL 0O063H (CALL KBD). This scans the
keyboard and if a key is pressed returns the
corresponding Hex code in A and sets the carry flag.

Z. LD 38 01 =CALL 013BH [CALL CRT)This takes & code oreviously
placed in A and displays the character corresponding to
the 7 least significent bits in the present cursor position
on The screen (and moves the cursor onl. If the ceode in
A was 1lEH then the screen will be cleared.

3. CD 3C 02 = CALL 023CH (CALL SPACE}. Moves cursor on
cne position.

4, CD 40 02 = CALL 024DH {CALL CRLF). Scrolls display up
one line.,
5. CO 44 02 = CALL 0244 H (CALL B2 HEX). Takes

8
in A and displays the twn digit hexadecimal reprsssn
of it on screen, '

Ilaln] - AT AL ) e M s A o om o 1 b e —a
Uy LE) 232 JJd
(a

delay [(and clears A).

74 C3 86 02 = JP 028BH [JP PARSE]. Jump into main monitor
loop scanning UART and keyboard for data/commands.

8. To re-write CRT (Screen display) routine or amend it:-
insert address of new routine in 0OC4B and 4CH,

o ‘ Ditto, for keyboard scanning routine: OC4E and 4FH.

10, To redefine Command table insert starting address of new
table at 0OC45 and 46H.

11. Ditto, for keyboard table: 0C43 and 44H.
12, Insert length of new keyboard teble in OC3F and 40H,
13. Tnsert origin (if different) of new keyboard tab n 0C41 and 32

T
{In each case the most significant byte is pleced last

i4, The LCommand table may be disabled by typing:-
MC45NL then FF.NL
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15, The spare output bits from port zere can be controlled
by setting or resetting the carresponding bits in loecation

OC00H while the monitor remains in use.

The first address av ailable for user programming is OC50H
(Not OCBOR as indicated elsewhers].

-]
mp]

Z80 Programming Hints

T 7
L/

or: AF XOR A,

The only advantage of the former is that it does not affact

the flags.

18, I+ you regquire to set flags (e.g. after loading A) then
you may use:-

i}
M

19, If an arbitrary no. in the range OOH to 7FH would be useful
try:—

ED  AF Lt A, R.

Although this is a random number the first time it is used,
it will be predictably different a fixed number of M1 states
later.

20, To copy the carry flag to 21l bits in A usa:-
gF SBC A, A

21. To copy the carry flag to all bits in H and L use:-
ED 62 SBC HL, HL.

22. To initialise PIO ports as outputs from the NASCOM 1 uss:-

3 OF LD A, OFH (OF = '"MGDE O'3J
D3 06 0UuT (08}, A. (for port 4).
03 07 0OUT (07), A (Ffor port 5].

23, To initialise PIO ports as inputs to the NASCOM 1 you may

use -
3E 4F LD A, 4FH (4F = "MODRE 1')
D3 ©F OUT {0B),A (for port 4].
03 07 0OUT (07),A (for port 5),

(For details see PIO Handbook}.
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24, To assist in the calculation of relative jumps here is
a brief table:-
Jump (Decimal) Jump (HEX) Object Code (2nd Byte)

-126 (max.) -7EH 80
- B2 -3EH co
- 32 -20H CE
~ 30 ~1EH EO
- 1B -10H FF
- 14 -0EH FO
- 12 -0CH F2
- 10 ~OAH F4
- 9 -09H F5
- 8 -08H F6
- 7 -07H F7
- B -06H F8
- 5 O5H Fa
- 4 -04H FA
- 3 -03H FB
- 2 ~-02H FC
-1 -01H FO
+ 3 +13H 01
+ 4 +04H 0z
+ 5 +05H 03
+ b +U6H 04
+ 7 +07H 05
+ 8 +08H 06
+ 18 +10H OE
+ 18 +12H 10
+ 32 +20H 1E
+ 64 +40H 3k
+128 +B0H 7E
+1289 (max]. +B81H 7F

SECTION G: Conversion Between 8080 and 780 Programmes

The 780 machine code instruction set is an expanded version {ur
supersst) of that for the earlier 808D microprocessor. It includes
2 byte opcodes and 4 byte instructions (max. 3 for the A080). An
8080 machine code programme will therefors run on the Z80 but not

vice-versa unless any specific 780 codes used are re-written in a lenger

frirm Tha =additdinna
LS4 H g 800 Lionha

178

N Snetrietinne (8o o e
wo o Lo IUOLLIONS Sag. L S

the index registers) all begin with:-

ua, 10, 18, 20, 28, 30, 38, CB, Oz, 0O, )
(Note that 20 and 30 are used by the 8085 for special instructions -
read/set interrupt mask - not compatible with the Z80).

o ralative Jumne or
g relatlive Jumps or

e0 or FU.

The mnemonlcs specified in the two micropraocessors' assembly languapes

T . .
die TIUWS Ve YeEl'y WLy

S1=lt

L o d e kb REACMM T e
L g ou LilE NAJSLUNT L Jdasle

Y T T Y
Wild WiallEd bW LiaS

and understend any of the many published 8080 programme listinpgs may
find the following conversion table useful:



MNEMONIC CONVERSION TABLE

a0A0 780

ACI n ADC A,n
ADC r ADC A, r
ADC M ADC A, (HL]
ADD T ADD A,r
ADD M ADD A, (HL)
ADI n ADD A,n.
ANA r AND r

ANA i AND (HL)
ANT n AND n

CALL nn CALL nn

cC nn CALL C,nn.
CM aty CALL M,nn.
CMA CRL

cMC CCF

CcMP r ce r

CMP M CP (HL?
CNE nin calt, MNC, nn
CNZ nn CALL NZ ,nn
cP nn CALL P,nn
CPT n ce n

CPE on CALL PE, N0
cPO nn CALL PO,nn
CZ nn CALL Z,nn
DAA DAA

DAD B ADD HL,BC
DAD D ADD HL,DE.
DAD H ADD HL, HL.
DAD SP ADD HL,gp

8080 Z80

DCR r DEC r

DER M DEC (HL}
DEX 8 DEC 21N

DEX D DEC DE

DCX H DEC HL

DEX sP DEC SP

oI oI

EI EI

HLT HALT

IN n IN A, [nl}
INR r INC T |
TNR M INC (HL)
INX B . INC BC

INX D INC DE

INX H INC HL

INX SP INC SP

JC nn JP C,nn
JM nn JF M,nn
JMP nn JP nn

JNC ats} JP NC,nn
INZ nn JP NZ,nn
JP nn Jp P,nn
JPE nn JP PE,nn
JFa nn JP FO,nn
JZ nn JP Z,nn
LDA nn LD A, (nn}
LDAX B LD A, {BC)
LDAX 0 LD A, (DE]
LHILD  nn LD HL, (nn)
L.XI B.nn LD BC.,nn
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8080 ZB0 8080 Z80
" - — . S

RP RET P
LXI H.nn Ln HL,nn

RPE RET FE
LXI SF,nn LD SP,nn

RPO RET PO
MOV r,r' LD r,r’

RRC RRCA
MOV M, r LD {HL]), r.

RaT 0 RST ooH
MoV M LD r, (L}

RST 1 RST 08H
MVI r,n LD r,n

RST 2 RET 10H
W1 M,n LD (HL),n

R5T 3 RST 184
NoP NOP

RST 4 RST 20H
ORA r OR T

RST 5 RET 28H
ORA M ORrR (HL)

RST B RST 30H
DRI n OR n

RST 7 RST 38H
ouT n ouT (n},A

RZ RET 7
PCHL JP fHL?

SBB T SBC A,
POP A POP BC

SBB "M SBC A, (HL)
FOP D POP DE

SBI n 5BC A,n
POP H POP HL

SHLD nn 1D {nn1.HL.
POP PSW POP AF

SIM (8085} -
PUSH B PLgH BC

SPHL LD AP, HL.
PUSH D PUSH e

STA nn LD (nn).A.
PLUSH H FUSH HL

STAX 5] LD (ech, A
PLSH PSW PUSH AF

STAX 8] 1.0 (DEZ,A.
RAL RLA

STC SCF
RAR RRA

s5UB r suB r
RC RET C

SUB M 343 (i)
RET RET

SUl n suad n
RIM (BUBY) -

XCHG EX DE,HL
RLC RLCA

XRA T X0R T
RM RET M

XRA M XOR (HL
RNC RET NC

XRT n] XOR n
RNZ RET NZ

XTHL EX (SP),HL.
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KEY

r or r' = Hegister A, B, C, 0, E, Hor L

n = B bit number or port address.
nn = 16 bit number or memnry address.

in particular the fullowing possible sources of confusion:-

8080 o280

CP = CALL P
CMP or CPI = CP

- = CPI
Jp =P P
JMP | = JP

In order to keep 8080 compatibility together with an expanded
instruction set a few different 780 opcodes happen to have the
same functional effect.

[=IN

. [one byt ] nF [=imY oy}
2. L0nge DYTe SO m

(=4 [y =Ta

=[(two byte): CB OF RRC A

SECTION H: LAST WORD

Flease keep in touch with us via the NASCOM USERS CLUB, and let us
KNow your problems and sucoosses, Wg also welcome lists of any
corrections or suggested additions to our or the relevant
manufacturers' data in order to kesp everyone egually informed (via

the club newsletter).
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Wa 1ook forward to sharing with

Y
LN gl il Ed oY

micropracesser revolution,



