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2. LEBUG 1s an add-on prograu module for the ZkN 23U assembler,and
offers a very flexible and easy to use Z80 machine cod: development system.
The combination of Zii and Zai DEsSUG also provides an idesl machine code
teaching aid.

LOALTING .
After loeding Zkw,return tc the moniter by jumping to @ with the Goto
comanc.after loading Zuh DEBUG in the normal way,control will be passed
back to ZEN..

Usk

After loading ZiN LRBUG,a new command 'BE' will be availeble from Z_i.
Using this command in the usual wgy will result in a digplay similer to
that chown in figure 1. . :

COMMANDS

All commands are used in the sare wey ss in ZEN,ie. the gppropriaste
letter followed by any number that may be required followecd by 'Ck'.

The commands aveilesble (expleined leter) are:

Z T Zen 'ln oo ’Iest A cee AbSOlute l\ es e hleal‘

F aee Fill W ..o WOTk out 't ' .. centre S sws-Set Flage
C «¢a Copy Gn .. Goto R see Registers +n .. 2ad

Ln .. Locate Jn < Jump Mn .. Memory -n .. subtract

8n .. Next P ... Print Un .. Unassemble

Vn o« Verify = b ... Displacement X ... Xchange

NUMBLRS :
Numbers in ZLhk DEBUG are entered in exactly the same wey as in ZEN,ik.
follcwed by 'H' for hex. numbers,'0' for octal numbers,and nothing for decimal
pumbers. 4dditionelly,binary numbers may be used by following the number with
& '5'. ZEN may also now use binary numbers inthe same wey (both in and out of
programs) . i

THE DISPLAY

' The display is shown at all times when ZiN DEBUG is in use. A small
amount of screen !'snow' shoulc be expected due to the speed at which the
displey is created. & typicel example of ihe display is shown in figure 1.

There gre two modes of operation: the mode dealing with ilis Z80 registers
(top half of the displaey; input prompt is 'KiGD') and the mode ceeling witii
the memory (lower helf of the aisplay; input prompt is 'MEM>'). The middle
four lineg are used es a scrolling text area.

The arrows esre labelled in figure 1 for reference later.
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FIGURE 1 :

REGISTER LISPL&Y

TSN avpwd

fe6.

TYPICAL LISPLAY (actual numbers may differ from

those chown)

The letters down the left-hand edge represent the Z30 registers (PC=program

counter, SP=stack pointer etc.).

The meaning of the various other characters on the

line is best described by an example. Taking the 'BC' row as the example:

RECISTER  REGISTER
NAME  COUTERTS

—~A
BC

AkeA  Of Memoly PRTED

y ReciSTER

/‘—\__/AT:—E/__\

@3E8 R Bl DL .09, 30 .31 82 .33

T\Mvw L

pointed to by 4rrow 1 (see figure 1).

The 'KEN' row corresponds to a 'pseudo-register!

ASC i ECUIVALEAT oF
BYTES FonmEd YO

[ ] L4 '_ L ] L] { ] L ] L

The exact byte pointed to by any register is ealweays displayed in the column

NNe Its function is simply

to gllow aeny area of memory to be examined, and has nothind to do with the

Z80 registers.

On the 'RI' row, the contents of the refresh ('R') register and the interrupt

1Yy

peir,

register are shown: these do mot of course act as a combined 16-bit register
so no memory contents are shown on the rest of this row.

On the 'AF' row, the contents of the accumulgtor and flag registers are shown.
Thege amre followed by the flag display, using the standerd letters to indicate any
flegs set, ac shown below:



3: Sign flag set Z: Zero flag; set
H: Helf-carry flag set P: Parity/overflow flag set
N: subtract flag set C: Carry flag set

after the flags, the ASCII character represented by the accumuletor is shown.

4rrow 2 (see figure 1) is usec to alter the contents of the registers and displayed
memorye. It cen be moved using the normal CUnSOR control xeys. arrow 2 and Arrow 4
together point to the equivalent cof the byte pointed to by arrow 2, the required
cheracter being at the intersection of the row of characters pointed to by arrcw 3
and the column pointec to by arrow 4.
Assuming arrow 2 points to RAlM, the contents are altered simply by typing
in ihe new contents and typing 'CR', the typec-in number being in decimal, hex.,
octal or binary, and not greater than 255 (FF hex.).
If arrow 2 is moved to the far left, the contents of the pointec-ic register
cen be changed in g similar wgy, only this time the number can be up to 65535
(FFFF hex.). dirows 3 and 4 are not displayed with arrow 2 in this position.
Note that the CURSOR keys act as the 'Cx' key when usea after a command or
nunber. Thus to change the contents of the location pointed to by arrow 2 to 18 hex.,
and to move arrow 2 on to the next location, key in only: &
111,1Q' ;'H', 'CURSOR!
—

MEMORY DISPLAY S
To change from the register mode (prompt 'REGM'), type 'h!','CR' and the prompt
will change to 'MEMD'. To change back to the REG mode type 'R',!'CR!'. In the Mpl
mode, & continuous block of 64 bytes is displayed, with the address displayed on
the left-hend edge every 8 bytes. : i
The MEM mode sllows more substantiel memory changes to be made than is easily |
possible in the REG mode. The ‘memory pointer! arrows {see figure 1) can be con-
trolled with the CURSOR keys, and arrows 5 and 6 will follow similarly to arrows |
3 gnd 4 in the REG mode. i
The contents of memory are changed as in the REG mode, but this time the memory |
pointer autometicelly moves on to the next location, except when & CURSOR key is |
used instead of 'GR'. To move the memo®y pointer to an erea of memory not currenly |
c
|
|

displeyed, type 'Mn','CR', where 'n' is the required address. If n is greater than
255 (FF bex.) ie. a two-byte number, then 'MN' may be ommited. This is usuelly the
cese, since the first 255 bytes are ROM. n can also be included when changing from
the REG mod:- to the NEN mode.

COMMAND USE

Having covered the meaning and use of the displey, the commands availsble
can be geelt with in more aeteil. ‘
~ Most' of the commands can be used in both the REG enc FEI mocdes; some however
apply to only one moce, and these are left until last. In the examples given, under-
lined chsracters are typical user responses, and the prompts should not be typed.
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COMVANDS USEABLE IN BO1H MODLS

Z ssees Zen 4 return is made to ZwN. The new ZEN commend 'B' will get back
into ZEN DEsUG.

- onsen Bidld Fills a block of memory, as in ZiN.

C eeves Copy Copies a block of memory as in Zkk.

L{n) .. locate This allows a string of up to 4J characters to be searched for

in memory. n is the optional address from which the search is

mades if omitted the address pointed tc by the memory pointer

or arrov 2 will te usecd instead. Each number in turn is entered

followed by 'CR', in respose to the 'UATA ' prompt. When the

string has been entered, pressing 'Ci! with no number will cause
the search to commence. If zn attempt is made to ent<r more than

LY characters, a beep will be produced and the fourty enerea so

far will be used. when a matching string is found, tte address

of the first byte of the match will be printed and the memory

pointer or 'NN' (depending on mode) will bc losded with this

address. Only RAM (1002L~-CFFFH) will be searched, and the stor:ge
buffer st 11CBH may alweys be found.

‘ eg. suppose the only two occurences of the string 01,82,03
ere at 153BI end 1CH, and a search is required from 1222H.
MEM>L1208H'CR' ese.. (search from 1290li)
LAT‘L)]_‘CI{.‘ ssaecceeso (91=first by‘be to be fO\J..nd)
DATAY2'CR! eescesss. (@2=second byte to be found)
DATA>3'CR' ¢eecoesse (@3=third byte to be found)
DATAD'CR! eecceccane (end of dat&)
135B ee6ececsssssccoe (firs’t occurence of String)
MEMD> o s vesaswes sases (memory pointer now st 153BH)

(could also be in RiG mode) '
N(a) .. Next Thic repeats the last Locate performed, using the same s
date. n is as in the Locate commeand. :

ege suppose that in the above Locate example, the other
occurances of the string were required.
REGIN'CR! esseseesee {find next occurence, n not given)
TGP0 oecssedesenmpenc inext oecourence, BN losded with this)
REGON'CR' seescesees (next occurence sgain)
11CB eavesesssvesase (storage buffer fou.nd)

i}

[

a

(2

% RG>
(could also be in FHik mode)
B ..., Verify This verifies (comperes) two blocks of memory. START),STOP)and

WITH> sre prompted for, and if the two blocks ere equel, 'Ok’ is
printed.Otherwise, a beep is produced ana the memory pointer or
NN is loaded with the first byte address in the second block which
giffers from the corresponcing byte in the first block, ie. the
sddress of the first difference between the two blocks ies used.
The differing addresses of the two blocks are also printed on
the screen.

eg. The block of memory from 1240H is to be compared with

f%g block starting at 4200H.

MBﬂ)'_\_l_'__Q_R_'_ sevc0cccne (verify)

START>1200H'CR' +ees (first address)

STOP>2030H'CR' seeee (end of first block)

WITH>4@20H'CR' eeees (beginning of second block)

OK scoccvcocoscsacsos (il blocks are equal)



,1‘ ®ec e 0 'I.est

W esees - Workoub

If the blocks differ st 4200h:

MEMDVIGR!

START>1242H'CR!

STOP>20¢25h!' Gt

WITH>L@O0E' G

1,00,4203 «eeeeesss (addresses of different byte,memory

pointer loaded with 4204li)
(could also be in REG mode)

Tests a block of memorye. STARTY) and S1CP) ere prompted for, ana
a counter is displsyed on the screen to indicate the sddress of
the location currently being tested. 'Oh' is printed if the memory
is good, otherwise the memory pointer or LN is loaded with the

faulty address. This address is glso ‘printed on the screen,to-

gether with the number written into the locetion anu the faulty
number reasd out. For each locagtion in turn, every number from @
to 255 is written in and read out. If each number is read out
correctly, the location is good, the original contents are rest-

ored and the next locetion is tested. -~
eg. Suppose the block of RaM from 4222 to524¢4H is to be
testede

hb(J>T CR' eocscevee (test)
START>4@URE'CR' ... (stert of block)
STOP>5009H! Cri! eese (end of block)
OIS s deiniesios siaie ain aise (memory 500d)

If there weas a fault at 46@1H:
M)l'CAL

. o;&ﬁ.’f} &l w33

STCP) 5840H
446@1 @@ CB secoc0oe (fault at 40@1 %10 ertten, CB I‘ead)

(coula also be in KiM mode)
This gllows arlthmeulcal expressions to be evaluated. LilA) is
prompted for, and the calculetion entered. Calculstions are
performed as in ZiN, ie. strictly from left to right and using
16-bit integcer numbers. Permitied operators are the usuzl +,-,X,
/s+(logical OR), and &(logicel AND). after entering the expression
press the '=' key followed by the letter of the base the answer
is required in (h for Hex., 0 for Octel, B for binery or nothing —~
for decimal). After pressln5 'Cit'y, the answer will be printed,
replacing the letter, in ihe required base.

ege 10 calculate D3C hex.x173 octel + 73 URed with

110110 binary, with ihe answer in hex.:

RDG)W'CR esssccscoe (work Out)

DATA>L3CHX1730¢73.110118B=H'CR' ... (expression)

The 'LH' at the end will be replaced with -
'oo.=5C].FH‘cooeoo-o--oo.oo (answer)

REG)>
To convert 300 hex. to decimagl:

REG>W'GR!

DATA)%COH-'GR
~ 1960' will be printed after the !=!
REGD
(could also be in MM mode)




U(n) .. Unassemble

G(n) «» Goto

J(rl) e Jllmp

)

¥

This disassembles from address 'n'. For each instruction,
the address of the first byte, the actual bytes constituting
the instruction, the ASCII equivalent of the bytes and the
standard mnemonics are printed on the screen. The output
is in pages on the video screen, and to pause at the enc
of a page, press 'BRLAn'. Then pressing '{!' or !'SHIFT
BREAL' will end disassembly, and any other key will continue.
eg. To disassemble from 132BH:
- REGDUL32BH'CR' esesssssse (Gisassemble from 132BH)
- ASC 1) heictys
132B-31eRdsdd © “seew Ll SP;10PEH
132E DD 21 C7 12 +eee LD IX,12C7H
1332 CL Ca 13 eses CaiL 13CaH
1335-Cb=E5:02 ees CALL p2ESH
etc.
This jumps to address n as in Znl, but. after a breakpoint
is reached, 'skbin' is printed and control is passed back
to ZiN LEBUG.
This executes a program as in the Goto command, but allows
it to be stepped through one instruction at a time. After
pressing 'CR' there will be nc prompt, just & cursor and
a sugll disassembled listing. Several !sub-commands!
are now available:
V .. Video This has a 'toggle' action. Normally,
ZrN DEBUG updates the aisplay after each
step, but pressing 'V! will 2llow the program
being stepped through to use the display.
4 'W' will be shown to the right of the flag
display, and a second press will return to
the previos state. ,
D .. Disassemble This elso has a toggle action. Normally,
the previos one, egna the next three, instruc-
tions are disassembled and displgyed in the
sanie format as in the 'U' command, but press-
ing 'D' will supress aisassembly. & 'D' is
displayed to the right of the fleg display
when the disassembler is activated, and
the current instruction has an arrow to
the left of the mnemonics.
C «o Ceall . khen the next instruction is g call, this
sub-command will cause the subroutine to-
be CaLLed without stepping through it. after
KETurning, however, single stepping will
resume. Thus a subroutine which is known
tos be worsing need not be repeastedly and
Yabo riously steppec through.
J . Jump This instruction causes the next program
instruction to be skipped, and is useful
for exiting a loop before the ususl cond-
ition has been reached.
R ee Imun whilst the 'R' key is held down, the program
is stepped through quickly, updating the
display (depending on the 'V' ana 'D! commands).
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Wis Unco

SHIFT BRLAK

This displays the alternate Z80 register set if

the 'W!' ana 'U' conmands are set up appropriately
as above.

Pressing 'U' will 'undo' the previous instruction,
ie¢. step backwards. Memory contents will nct be
resicrel, however, and RETurn instructions cannot
be 'undone' because of the way the ZiN'TRAP' routine
workse The main use of the 'U' sub-command is in
correcting mistakesy €zg. if it wes intended to CALL
a subroutine using the 'C' sub-commang, but instead
the instruction was stepped, then pressing 'U' will
return to a position where 'C! can be used. Note
that only one instruction cen be 'undone' gt 2 time.
& return to the usual ZEN DEBUG command loop is
made, with 'BREAK' being printed.

ANY OTEER KLY ceuses the next program instruction to be stepped.

e

Note that monitor routines will not be stepped through, but
stepping will resume afterwards (as in the 'C' sub-command above).

The stepping

works by setting a-breaspoint aefter each instruction,

so the stack pointer must be set belore-hand to an erea of Ral.

(as in the ZEN Goto command). Its value may, of course, be chanzed
during the course of & program. Under exceptional circumstsances
(ec. when monitor routines do not XElurn), the breaxpoint may
remein in memory, and will show up as g HST 38H instruction

(FF hex.). Should this occure, the correct byte can be founé at

T

12F3H and the correct byte should replace the FF.
hén single stepping, it is useful to observe the REG display,
specially when any of the registers are being used as pointers
to tebles etc. The top two items on the stack can also be seen.
Note that two argas of memory can be monitored simulteaneously
when stepping: one 64 byte areca using the MEH display, and one
8 byte area using the NN pointer.
ege The following progrem will 'white out'! the screen.
When assembled, it can be viewed through ZEN DsbUG end will
look similer to figure 1. >
ORG 1l@odh ; stert of progrem
LOAD 1@s0H

LD SP,127FH
LD HL,@DQ20H

spare RAM
screen beginning

b
I
LD BC,1ve2 ; number of screen locations
LOOP:Lu (HL),67 ; 67=display code for white square
INC HEL ; next screen location
DEC BC 3 decrement count
LD 4,B s =0 2
OR C
JR NZ,LOOP ; continue if not
JP 0 ; else go to moniter
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lo single step the zbove example, first ensure that SP
is pointing to unused RAl.

Then:

REG>J1@ZOH'CR' ecesescese(step from 1420 hex.)

Pressing 'V!' will 2llcw the programs effects to be seen.
Holding down the 'R' key will Run the program. Pressing
'W! aggain will cause the display to be updated after each
step, and only the 'gaps' will be filled in. Kolding
down 'R' will egain run the program faster. The 'L','U!,
and 'X' sub-commands can also be tested at this point.
When PC points to the '20' byte (JR NZ,n at 14@FH),pressing
'J' will ckip the concitional jump, and the next step will
go to the monitor. (In the case of a jump to @ the break-
point will not be left in memory).
If the program is stopped by pressing SHIFT BnEAK, it can
be continuecd just by pressing 'J','CR', ie. the address
need not be specified if it already in FC.

(could also be in MM mode)

D eeeee Displacement The byte pointed to by the memory pointer or NN will be taken

A seeoe Absolute

P e Print

'SPACL!

and treated as the displacement part of a relative jump (JR n).
The memory pointer or NN will then be lozded with the address of
the jump destination. The command ie pqrtlcularlg ucseful for find-
ing the destination of relegtive jumps.
eg. 4fter the example program above (sec the Jump command)
hes been acsembled, typing MIC12H will move the remory
pointer to the ClSplaCFment byte of the relative junmp.
To see where the jump would be to, type:
MEMMD'CR! eecessecess(find destinetion of jump)
MEM) {...............(p01nter klll pOlnt to l@@?d, le.LOOP)
(c.ulc elso be in REG mode) ;
This ie similer to the 'D' command gbove, but two bytes are
teken as being an absolute address for a jump or call. The
two bytes must Qe in the usual lower-byte~first order. The com-
mend saves having to type 'M! followed by the address in higher-
byte-first order.
This will print out the address pointed to b y NN or the memory
pointer, and saves counting bytes on the screen to work out the
eddress. If thc command is used in the REG mode when arrow 2
is at the far left of the displey, then 1200H (beginning of user
hal.) will be printed. This also applies to the optional 'n' in
some of the gbove commands.
The function of pressing 'SPACL','CR' depends on the mode.
REG_MOLLE .
'SPACL! moves arrow 2 to the byte pointed to b y NN

MEM MODE

1SPACL' moves the position of the byte pointed to by the
memory pointer to the centre row of the Ml display,end
moves it onto the next location, but unlike the CURSOR
key, does not 'stop! at the end of the row.



AEG MODEL ONLY COMMANDS

X eecee Xchange As ihen single stepping, the a2lternate set of Z3C registers is
displayed (ie. EL',bn',5C' and AF')e & secona 'X' will display
the original set again.

(cennot be used in Mul: mode)

K §ésoeiilicar “he contents of ell the Z8U registers are cleared (iee.set to )
except SP, which is set to ihe 24 byte User Steck area in Z-N
(USTK in the ZLK listing). lhus before using the Jump or Gotc
commznds, it is a good ildea to clear the registers first.

S eesse Dot This allows the flags to be set by name. D&I4> is prompted for,
and the flgg displey is changed accordingly.

ege 10 sel the carry anc zero flegs:
RE(J>S'CR o-ooooooooo( set flagS)
DATA>CZ'CR} seseevess (Carry and Zero flegs now set)
REG :
The letters used are those used to display the flags (see figure 1).
(cannot be used in Mil mode)

piM MODE ONLY COMMANLS

+(n) .. add The memoTy pointer is moved on to th. next 64 byte block of
: memoTy, ie. 64 is added to the address of the memory pointer.
If n is included, the pOlntEr is moved n blocks of 64 bytes further
on.
»» subtract Similar to the '+' commsnd sbove, but subtracts 64 frcm the memory
pointer insteed of addinge.

~(n}

EFFECIS Of ZEN PESUG O ZEL

4s well as edding the extra command 'B' to ZEN, and ellowing 2ZN to use binery
nunbers, 2.3 LE3UG glso &llows greater control over the ZLX Print commend.
Precsing 'BREAK'! during printing will pause the listing until apother key is
pressed. when paused, 'G' will Jamp back to ZiN. VYSEIFT BHEAK'! will stop the list-
ing and exit back to ZEN whether % aused or not.

The only other effect of Ztl DEEUG is to move the symbol teble anad source code

higher in memory, to mak< room for ZhN LEBEUG,which resides between the end of
i at 2332H and the new beginning of the symbol table gt 3731h. ZLN DEBUG

is 5K long. :

END

S





