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MACHINE CODE OR ASSEMBLER?
Assembler is a simple way of entering a machine
code program to avoid the necessity of learning
around 500 numeric codes. In assembler, the
codes are represented by simple words or initial
letters that indicate the function that they
perform.
Although not the same asBASIC commands,
they will soonbecome familiar.

DECIMAL OR HEX?
Decimal is the normal method of counting as
used with our UK currency. It has a base of ten
whichmeans that every time you count above
nine the number in the next column on the left is
increased by one and you start the first column
from zero again.
In hex (hexadecimal) the base is sixteen and the
numbers from 10 to 15 are represented by the
letters A to F.
Therefore to count in hex the numbers read
0123456789ABCDEF
Once youreach F the next number is 10but this
is not TEN but SIXTEEN. To allow you to tell
when hex is being used, the S symbol goes
before the hex number The hex number $25 is
equivalent to the decimal nunoer 37. That is the
first digit multiplied by 16 32) plus the second
digit (5). The largest hex figure you are likely to

see is $FFFF which stands for the decimal
65535. This is how it worksout.
Remember that $F=15
PositionCalculation Total
F---15x16x16x16=61440
-F--15x16x16 = 3840--F-15x16 = 240---F 15x 1 =_15ÿ
TOTAL =65535
Try to work out what these hex numbers are. The
answers are printed on the last page of this
booklet.
(1) $2A (2) $C4 (3) $AF
(4) $F1 (5) $AC2 (6) $624
(7) $1200 (8) $1FFF
InS-BASIC, if you type PRINT $FFthe computer
will print the decimal equivalent (in this case
255). The SOLO BASIC or S-BASIC will also
convert from decimal to hex. PRINTHEX$(255) .
will give e result FF on the screen.

FROMBASIC INTO MACHINECODE
We must assume that youhave areasonable
working knowledge of BASIC and understand
the POKE command which you probably use
mainly to place charactersonto the screen. A
POKE places a numeric value into a specific
memory location. This is the simplest formof



machine code programming. A PEEK tells you
what value occupies amemory location. USR
(followed by anumber inbrackets) calls a
machine code subroutine. You will probably
have used USR(62) to make a BEEP sound on
the computer in BASIC. After the subroutine is
completed, the sequence RETURNS to the
sectionof theprogramfollowing the command
(just like QOSUB inBASIC).
LIMIT (followed by anumber inbrackets) stops a
BASIC programencroachingon the area where
machine code subroutines are stored.
Here is a simple example of a machine code
program called from BASIC which will give a
double BEEPwhenever USR(49000) is called.

10 DATA 205,62,0,205,62,0,201
20 LIMIT(48000)
30 FOR X=49000TO 49006
40 READ A
50 POKE X,A
60 NEXT
70 USR (49000)

In assembler this routine reads
CALL NN 62 CALL NN 62RET
Note that the final command is RET which
returns you toBASIC.
Assembler programs canbe written in this way
or entirely in machine code.

THETUTORIALCASSETTE
Onside A youwill find acopy of our ownSOLO
BASIC followedby the MACHINE CODE
TUTORIAL written inSOLOBASIC. OnsideBof
thecassette is the same TUTORIAL writtenin
standard Sharp S-BASIC.
We recommend the SOLOBASIC versionas it
workson the MZ-80A and80K as wellasonthe
MZ-700. Also, thebankingsysteminS-BASIC
makes screenroutinesmore awkward. It is
usually simpler to recover from a ‘crash’ in
SOLOBASIC. You will also find that SOLO
BASIC is far moreeconomical in itsuse of
memory, leaving youmore space toplay with.
Having loaded the BASIC and thenthe Tutorial,
typeRUNand wait while thenecessary data is
loaded intomemory. If the programisever
stopped with theBREAK key you will find that
RUN will no longer work (to avoid re-loading
data). Type GOTO3000instead which takes you
to the menu.
Item(1) onthe menugiveseachmachine code
number and the appropriate command in
assembler whichmaybeeasier to remember.
Item (2) isahard-copy print-out of the above
codes.
Item (3) giveseachassembler code onrequest
(one at a time).



Item (4) allowsyou to readamachine code
routine in assembler which will let you know
(eventually) what is happening where. The main
use, at first, is to allow you to read the monitor
and BASICprogram resident inyour computer.
You won’t understand muchat thisstage but it
will come to meanmore in the future.
The code in the monitor andBASIC ismainly
sequences of instructionsbut does include
messages, address tables, flags, etc.The
assembler prints the CHR$of each locationto
help you to recognise whenthisoccurs.
Item (5) is the dissembler that converts your
assembler into truemachine code for you. You
must choose asafe area to place your program
and we recommend 40000 to 52000inSOLO
BASIC. In S-BASIConly 50000-53000is
available. AllBASIC languageshave safe areas
inside themand you should find these first using
the assembler.
Remember toenter carefully using the correct
spacing and the number must be enteredas N,
NN or E. Thenyou are asked for the number in
decimal.

Here are some aids that thecomputer will
accept.
RESTART prompts 'Restart where?’
ERROR cancels the last entry.
MC allowsentry inhex.
AS returns youtoassembler.
SAVE saves your routine from the

starting point to current location.
CHECK readsback your code fromthe

startaddressentered.
END will returnyou to themenu. Now

test it usingUSR.
Item (6) will find anumber stored in two

i locations.For example, youcanfindall the! addresses where the BASICstart isstored, and
subsequently raise themby poking togive extra
space.
Item (7) reads an address table. InSOLO
BASIC,6687will give you the addresses where
the routines for each reserved wordstarts. In
S-BASIC the number is 12615.
Item (8) gives the list of reserved words. The
relevant starts are
SP-5025BASIC 5336
SOLOBASIC 16826
S-BASIC 10997
Item (9) is only available in SOLO BASIC. It
deletes the data sectionof the program to allow
the useof 35000to 40000for your code.



REGISTERS
Registers are similarto memory locations. They
contain 8 ‘bits’ of information which are either on
or off.This is abinary system of switching where
the value of 0means OFF and the value 1
means ON.It followsthat, as youhave eight
‘switches’ in each location, some may be ON
while others can be OFFgiving a variety of
information. The numbers generated by a set of
eight binary switches vary from 0 to 255.
Therefore 01010101 =85
We do not wish or need to go into great detail of
how the binary figures are worked out.But if you
think of the right-hand digit having avalue of 1 if J
it is ON and 0 if it is OFF, the next digit is 2 if ON *
and 0if OFF and so on.Each succeeding digit , j
has double the value of the previousone to the ;]
right so the left-handdigit in a seriesof eight (as
above) is 128 if ONand 0 if OFF.
In thismanual we will only deal with eight
registers. These are called the A B C DE H and L
registers.
A is the ACCUMULATOR. Used for simple
addition and subtraction, comparison as well as
general purpose storage.
F is the FLAG register which we will discuss later.
The other six registers are either used singly or
inpairs as below
BC DE HL

When used inpairs, the total number stored is
between 0 and 65535.
BC, DE,HL are general purpose registers but
Coding is often simpler if HL isused to keep
track of aprogram, DE to hold the start address
of message and BC to count for a loop.
There are other registers but we will not concern
ourselves with them as this is a tutorial for
beginners.

THEFLAGS
The F register contains the eight binary bits of
information that will signal the current state of
affairs.
To keep things simple we will only deal with two
flags at thisstage. The ZERO FLAG is set if the
result of a check is 0. The CARRY FLAG is set if
the operationperformed takes the relevant
register higher than 255 or lower than 0.
Example: If A holds 240 and 20 is added to it, A
will now hold 4 and carry flag will be set.
NOTE the flag is set to 1 if the answer is YES and
reset to 0for NO.

INC,DEC, NOP
INC D increases the value of D by 1.
DEC D decreases the value of D by 1.
If a value is decreased lower than 0 the flag will



be set and the value will, like a mileometer, go
back to 255. A register pair canbe increased or
decreased, but the flags will not be set. An
increase above 255 sets the flag and goes back
toO.
NOPmeans ‘donothing’andsimply creates
space for amendments later.

LD
The LD instructionperforms a variety of similar
but slightly different functions. The instruction
consistsof three parts,each separatedby a
space in this assembler.
The first part of the instruction is LD which you
can think of as load, or store in.
The second part of the instruction is the
destination. This canbe aregister or a register
pair which isnamedincapital letters without
brackets. It can also be amemory location. If this
is the case the second part of the instruction
must be inbrackets. If you want to name a
specific location start the instruction LD (NN) . . .
and the program will then ask for NN as a
number between 0 and 65535. However the
required locationmay already be stored in one of
the register pairs, e.g. HL. and in this case you
would write HL in BRACKETS.

After thissecond part comes aspace.Think of
this space as the word “with”or “from”.For
exampleLD A Bbecomes “loadA fromB”.
The third part of the instructionmay consist of
(1) the contents of a register, (2) the contents of
the addresscontained in aregister, (3) the
contents of anamed memory locationor
(4) simply anumber.
Examplesof the four possibilities are givenby
(1) LDA B, (2) LD A (HL), (3) LD A (NN),
(4) LDAN.
Sometimes the destination register is a pair.
Note that LDHL(NN) will load L from the
contents of locationNNandHfrom location
NN+1. Also LD(NN) HL will loadL into NN and H
intoNN+1. Near equivalent BASIC commands
are:
LDAB LET A=B
LD(NN) A POKE NN, A
LDA(NN) A=PEEK(NN)

PUSH,POP,EX
The vital rule is ‘When indoubt,PUSH and POP’.
PUSH takes the contentsof a register pair and
puts themonto astack.
POP takes the topcontentsof a stack and puts
theminto aregister.
Whenwriting aroutine, usually start withPUSH
and end withPOP. All registers used inthe



routine should be included and we advise that
you think of them as ‘nested’ like loops inBASIC
so first in is last out. Try to PUSH in alphabetical
order and POP in reverse order.
PUSHing andPOPpingcanalso beused to load
or exchange contentsof registersbut amore
common commandisEX (for exampleEX DE
HL).

JP
This is the JUMPcommandrather like a GOTOin
BASIC except that the destinationisamemory
location rather thana line number. Youmight
use the JPto goto the SYNTAX ERROR routine
which is 5006. The command wouldbe JPNN
5006.This is storedas195 142 17. 195 is the JP
instruction and 5006 isconverted to
(17 x 256)+142. Inmemory the low byte comes
first, followedby the highbyte. Butin aregister
pair, e.g. BC,B is high and Cis low.

CP, OR, XOR, SUB, ADD
CPmeansCOMPARE and isusedfor asort of
IF...THENstatement. To check whether or not
certainconditions apply, (say does A contain
63), the command is CP N63. If the instruction is
to jump if this condition ismet, the previous
command will be JP ZNN whichmeansonly
jump if the Zero flagisset.
These are the conditions we shalluse:

Z=Zero flag set NZ=Zero flag reset
C=Carry flag set NC=Carry flag reset
The CP command checks the value by
deducting (in this case) 63 from the accumulator
and if the result is zero the flag is set and the
jump takes place. The accumulator is not
altered by the CP command.
XOR A sets the accumulator register to 0 and
sets the Zero flag.
LD AH followed by OR L sets the accumulator to
0and sets the Zero flag if, and only if. the register
pairHLisO.

> SUB and ADD subtract or add the contentsof a
named register or anumber to the accumulator
and change the flags accordingly.

CALL,RET
This is similar to aGOSUB in BASIC going to a
subroutine and returniing to the point from
where it left.
Both CALL and RET canbe conditional using Z,
NZ, C or NC as with the JP command discussed
previously. It is useful to remember that the
monitor containsmany useful routines that you
can CALL.
IMPORTANT-ALWAYS ISSUE A RET AFTER
A CALL TO AVOID DISASTERS.



JRE
This more complex JUMP canbe omitted if you
are not ready yet.
The JR is a jump of relative distance in bytes
rather than to a specific location. The jump can
be forwards (up to 127 bytes) or backward (up to
128 bytes) and is measured from the location
that follows JRE. The difficulty in backward
jumps is that the number of bytes is calculated in
reverse starting at 256 so to jump 10 bytes
backward, the command would be JR E 246. A
forward jump of 10 is JP E 10.
JR can also be conditionalby inserting Z, NZ, C
or NC between JR and E.
If in doubt about JR, we suggest you stick to JP
for the moment.

MZ-700 BANKING
S-BASIC uses a banking system which disables
asection of memory whenBASIC is loaded. To
avoiddamaging BASIC, there is an area of
memory from 11433 to 12456 that can be used.
This does not require the use of LIMIT.
The other method is to CALL 242 and CALL 234.
These routines use the HL and A registers only
and not any other registers.
SOLO BASIC does not use the banking system
so do not use the above CALLS.

DJNZ,LDIR, LOOP. CPIR,CPDR
DJNZEiscoÿca'aoieto the FOR...NEXT loop
in BASIC. Wher :is used, the B register is
decremented and if it is not zero arelative jump
ismade (normally backwards). The B register is
therefore loaded with the of time the loop is to be
executed. As anexample, the following program
will colour the first five linesof the screen >n rec
on white (in SOLO BASIC). In S-BASIC. LD HL
A shouldbe replaced by CALL NN242 and an
adjustment should be made to the;-—::

PUSHBC
PUSHHL
LDAN39
LDHLNN55296
LDBN200
LD(HL) A
INCHL
DJNZ E 252
POP HL
POP BC
RET

By POKEing the location of the 39 with different
numbers and recalling the routine, a flashing
effect will take place.
LDIR transfers a block of memory elsewhere in a
single instruction.HL is loaded with the bottom
block’s present location,DE is loaded with its
destination. BC is loaded with the number of



bytes to be movedandLDIR does therest.
Sometimes it isessential to use LDDR instead,
whichdecreases HL into DE.
CPIR searches memory for aparticular value.
HL is loaded with the start pointof the search
and A is loaded with the value tobe searched for.
BC is the number of bytes fromHLupwards that
the searchshould take before the search is
abandoned. Since BC isdecremented, (andHL
is increased) onevery operationof CPIR, the
next instruction willonly takeplace when A and
(HL) are identicalor BCis zero. CPDR is the
same except that HL isdecreased.
LDI, LDD, CPI, CPD are simpler versionsof the
above commands that only transfer or compare
asingle byte.

CRASHES
Crashesare an inevitable factof life when you
startmachinecodeprogramming.
The maincauses of crashesare going into
infinite loops,over-running anareaof memory
unintentionally or disabling anessential
function.Fortunately, nodamagecanbefall the
computer by crashing but it is possible to lose
severalhours of programming unlessyoucan
recover.
InSOLOBASIC, pressingthe reset buttonand
typing J1260cansave the entirememory

conter: Tlner Jry "RUNand if this doesnot
work.tr.E _ ST •'cumaywellfindthatalliswell.
On the whichhas no reset button, a
crash* :-e' take you directly to monitor. Type
GOTOS'2-5-: to recover.
In S-BASiC on the MZ-700, pressing reset
followec bs CTRL] and reset together normally
clears the crash but reverts you to the posit on
where the crash occurred which is not too
helpful. The only way is to reset torr t:'and
use the M option to locate the prob-e- anc
rectify. However, to do this you * neec to use
hex.

WRITING IN MACHINE COOE
There is a i o-a'. of usefu sub-ro-tnesDu tinto
the menrtor ofreMZ-700and a star these can
be foundir themar ja cages "5‘to *53
The cats from 0-71 arecommcrtoa 1 S"arp
BASICS
Asaguoete writing your own programs, in
SOLOB-S C you will find two areas thatmight
help or irte-est .ou.
The first s t-e ratineat 21500 which is a time-
saver to a. cud ~av ng to continually write a
prompt at reend of each page to ‘Press any key
tocontir-e _-e -anareas of work are done by
monitor sut-'t-t -es. CALL 21 prints the prompt
and CALL 2' * a ts fcr a key to be pressed.



Ihe second is the colour routines. 20560 to
20575 hold the registers and 20600 to 20999
consist of the various sub-routines employed.
The colour command became COL followedby
anumber from 1 to 9. The next routine at 21000
sends the interpreter to the various locations
required for the different colour commands.
Bear in mind that this manual and cassette is
only the introduction tomachine code and there
is much more to learn. However, the information
contained here should help you start writing your
own assembler programs.
For dedicated programmers, we heartily
recommend the PEEKING and POKEING book
available for the MZ-700 and this can be
obtained from Solo Software. It contains many
piecesof information about memory locations
and the monitor which is invaluable to both
BASIC and machine code programmers.

All cassettes and programs contained therein
and the printed manual aresubject to copyright
by Solo Software Limited and may not be copied
or duplicated without the written permission of
Solo Software Limited.

Answers to Hex questions:
(1)42 (2)196 (3)175
(4)241 (5)2754 (6)1572
(7)4608 (8)8191




