
il
. .

il
i l ,

l

t
il
r l -

A debugger for the TRS-80

. 
MUMFORD MICRO SYSTEMS

P.O. Box 400 - Summerland, CA 93067

t'



,lrr TMpoRTNT NOTTCE rr*

,  l .  . '  

' :

l.luroford Micro systeras and lts offlcers, enployees, and pro8ranners shall

have no Llabll i ty-o"-"""ponslb111ty to l ts custotrers or any other person or

entity wlth resplct to any 11ab111ty-, loss, or damage caused- or alleged to be

caused directly or lndlrectly by lquipuent or prograns sold by Mqnford Mlcro

Systens. Thls includes but ls not ifnit.A to any lnierruptlon of service' Ioss

of data, buslness or antleLpatory proflts, o" ooit""quential danages resultlng

iron tne use or operation of such equl'pnent ot,prograns: ':' 
,,.



r1
il

t r t l t t r t t t l r t t r t  t t t t l l t l  r  t t l .
r THE DEMON DEBUGGER I
t  r  

' i . . '

t Table Of Contents r :
t r l t l t t r l r t r * r t t l l l r l l ra r t r t

ili
il
il
tr

i:- ; -

t
t
I.
8i
:E:
:fij

'$j

Denon - Page 1



INTRODUCTION

The DEMOll (for DEbugglng MONltor) ls a relocatLng Dachlne laniSrage tlonltor and
stepper for the TnS-80 Model I and Mode1 III .  I t  supports lnput and output
coneands for  both tape and d lsk systens,  and n l lL  aLso output  to  a l lne
printer. I t  wil l  step througb your progran or run 1n slow notion at several
speeds, displaying dl.sassenbled lnstructlons and reglster and flag contents on
the botton two llnes of the CBT screen, lrltbout lnterferlng wlth your progranrs
use of those lines.

Prograns lray be rapldly debugged and/or thelr operatlon traced trtth CALLS
and RSTrs executed at ful l  speed as needed. High speed stepplug can stop at
eacb branching lnstructlon, or at a preset address, or lf a nulber tn a glven
range 1s referenced, or by couuting steps. Breakpolnts set ln RAM arei renoved
lrhen they are used, but nay be reset autonatleatly. DS,ION will run ln systens
wlth as littre as 15K of RAM. The following featuresjllso r:T1-1,133!..r|-on: 

,. , .. ...',u.,, .

ry be entered ln declnaL or hexadecimal. 
; " 'i:i;' ''

2) FulI screen trenory display allows rapLd editlng ln ASCII or hexadeeimal.
3) You can disssenble at an Lndependent address trhile slngle stepping.
4) Dist input and oufput ls al lolred down to 5200Hr oF even lof ler t t  tout. 

,systen wilL allow Lt. -' ':;
5) l ' lhen saving Eetrory on dlsk or tape, up to I sepanate blocks can be

conblned 1n a s ingLe record lng.  '  . ' " i . , .111, . - " - ;1  " ,  r
6) R taUelling dlsassembler ls lncluded wlth output in EDTA,SH souree forraat.
7) DEllON wilL relocate both ltself and other prograns. 

- , . .,r, :.

'  A h A ' t t r G  i " ? - t " '  
'  

l '  
'  I ' l  

t : t " t t :  '

Tobeg inw1 th ,1e t l sde f ine f f i ene ra1cond1 t ion " , ' j # i * , , o , , " . �
t h a t ' w 1 1 ] . b e o b s e r v e d 1 n t h e f o 1 1 o w 1 n g l ' n s t r u e t 1 o n s a n d 1 n D E M o N 1 t s e 1 f . T h e r e �
are two naJor trodes ln DEM0N: the MONIT0R node and the STEP node. Eacb of these
prirnary nodes has a variety of comands avallable to it (see C0MMAND SUl,tl,tARI).
For the purposes of these instructions, the expresslon ncomand leveln ul l l
refer to the state DEMON ls ln nhen lt can accept new cot!&ands 1a elther of
these two nodes. The ncon'nand leveLt for tbe UONITOR MODE wiLl be indlcated by
the pronpt  nCln lD?tr  appearLng ln  the upper  le f t  corner  of  the screen.  The
ncornmand leveLrr of the STEP MODE wlll be indicated by the pronpt n?t or nln in
tbe lower Left corner of the screen. .

There are a couple of other expressions that wl.Ll. be used frequently. One
of these is ntarget progranr. What we wiLl nean by thls ls the progran belng
debugged or exanlned by DS{ON. Another nord tbat will be used a lot ls tstepr.

For  our  purposes,  a  nstepn wi l l  be consldered a s lng le nachlne language
lnstruction ln the target progran, or the executlon of thls lnstructlon.

Abbreviations
There wl l t  a lso be sone abbrev lat ions used ln  these lnst ruct lons.  Many

t1mes, you w111 be told to type a key on your conputer. The key you are to
press will be bracketed by ngreater-thann and nless-thant characters. In these
cases, you should only press the key that Ls between these two characters. SoEe
typlcal exarnples are:

<Y> -Press the nYt key lf the answer is tYesr.
<N> -Press the nNr key tf'the answer is tNot.

<ENTER> -Press the tENTERtr key.
<SHIFT UP AnnOW> -Hold the SHIFT key, Lnd press the UP ARROH key.
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Nunber Entrv
l{hen enterlng nurnbers, such as addressesr Vou nay enter either declnal or

hexadecinal values. To enter a hexadeclnal number, type fron 1 to 4 hexadeclmal
dlgits (0-9, A-F)r and press <ENTER>. To enter a declnal nunber, type fron I to
5 declnaL,d ig l ts  (0-9) ,  and press the deelnal  po int  (or  per lod)  lnstead of
'*TIi;*"r 

]nt"r"s wltt erase the conptete nurnber and you wirr have to start
over. SoBe l l Iegal entrles are addresses greater than 65535 decfuoal or FFFF
hexadecinal, bytes greater than 255 decinal or FF hexadeclmalr and decinal

:numbers rlth hexadeclmal dlgits (A-F).
Before press lng <ENTER> or  ( . ) ,  <LEFT ARROlf> wi I I  backspace over  any

characters you night want to change. If  <ENTEF) or (.) 1s pressed when DEMON
expects a numerlc entry, but you havenrt entered any digitsr a default val'ue of
0 wll . I  be entered (the tOr doesnf t d5.spJ-ay ori the sereen). One exception to
th ls  1s the defauLt  va l .ue for  the 'RUN address,  whleh is  FFFF (see STEPPER
cornmand R).

tlhen DEMON dlsplays a nunber, nost hexadecimal. values will dispJ.ay 2 or 4
diglts. Decimalnunbers wllL end ln r.n except for the step count at botton
ri.ght corner of the stepper dlsplay, whlch wiLl not have the decimal poLnt.

The (BREAK) Kev '
r., ,,. The <B3EAK> key 

'is 
recognized' at alnost every polnt in DEM0N as an escape

to the: eontrand leve1 of the node you are ln. <SHIFT BREAK> w111 return to the
connand level of the MONITOR U0DE fron the STEP M0DE. Most commands nay be
aborted by hlttlng <BREAK>. Disk and tape operatlons, as well as llne printlng,
w111 requlre that you boLd the (BREAK) key down until the operation ternlnates.
tlhen writlng to dlsk, <BREAK> wlLI terninate writing but not KILL the file. In
other words, you w1lI end up wlth a partlally written flle on your disk.
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coMM.ANp SUM}{ARJ

DEMON bas two nain parts, the'MOI{ITOR, and the STEPPER. Eaeh has Lts own
set  of  cornrnands and d is t inct lve conmand pronpts.  Tbe fo l lowlng l ls t  ls  a
su'nnary of these comands. A thorough descrlptlon of each one wl-ll follow.

MONITOR COI,II,IANDS
(Pronpt = rCMD?n)

t '  ,

A ARITHMETIC
B BLOCK MOVE
C CONTINUE STEPPING
D DISASSEIALE TO SCREEX{
<SHTFT D): D }IITH LINE PRINT
g DISASSEIALE TO EDTASM SOUNCE
F FIND BYTES
<SHIFT F): F WITH LINE PHINT

H NUMBEN BASE CONVERSION

J JU}IP TO MEMORY

'  . - :
L LOAD FNOM DISK OR TAPE
M ME}IORY EDIT

P PROGRAM NELOCATION
<sHrFT P): LINE PRINT CONTROL
O NETUNN TO ME}IORY EDIT
N RELOCATE DEMON

: 
srEPPEn M:DE

- : :
W WNITE TO DISK ON TAPE
Z ZENO BLOCK OF MEI'IORY

<BREAK> RETUNNS TO COMMAND LEITEL

I W

,.  ,  (Prornpt  = n?n or  n ln)

A ANITHMETIC
B BNANCH STEP

i c cLEAn BREAKS
D DISASSEMBLE TO SCNEn|

E EXTERNAL BNEAK
F FLAG NEGISTER EDIT

; iiro* oN NUMBER oF srEPS
H NUMBER BASE CONVERSION:
I INTENNAL BREAK " '-'

J JUMP TO UEMORY
K NESET E BREAK A}ID JUMP . 

- 
. 
'' . 

". 
.

t LIST BNEAKPOTNTS 
'',, -

M MEMORI EDIT
N BREAK ON NUMBERS IN A NANGE
O NESET STEP COUNIEN TO ONE
P ENABLE LINE PNINTER
<SHIFT P): LINE PRINT CON1NOL
O REN'NN TO MEMORY EDIT
R NUN BT CONTINUOUS STEPPING
S NESTONE STEPPEN DISPLAY
T NESTONE TAXGET DISPLAT
U JUMP UNDEN CALL OR RST
V VART CONTINUOUS STEP SPEED

Z DISPLAY OR ALTEN Z8O NEGTSTERS

<BNEAK> NEN'RNS TO CO},IMAND LEVEL
<SHIF? BNEAK> NETURNS TO UONITON MODE
<SHIFT RIGHT Ann0r> = LINE PnrNT
<MTTEN> TAKES OI{E STEP
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PAflT 1 : LOADING AND RITNNING nEllOH

1.1 LOApINq AND nUNNIIG Dn{oN. FRoM rApq

DEl,tON is a nachlne language progran supplied on a cassette recorded at 500
baud,  so MSDEL I I I  TRS-$b users shoul .d  begln by b i t t lng RESET (hold down

<BREAK> lf you have dlsks) and respondLng to ncass?n by pressins (L). MoDEL I

use rs  nay  Jus t  h l t  RESET.  Bo th  w i l l  f l nd  'MEMORI  S IZE?n , ,o r  'MEM S IZE?n

displayed. press <1ngTER> to get to the BASIC pronpt rnEADYtf. Next, type SYSTEM'
preis <ENTES>, and type ttre flle nane DS{ON. Press PLAY on the tape reeorder,

and press <ElITEn> on tbe conputer. Asterlsks should f lash ln the upper r ight

corner of the screen nh1le the tape is loadl.ng, ed then the SISTEM pronpl nr?n

will return. If the asferlsks do not appearr or a C (fon cbecksun error) or D
(for data error) appear, check your conneetions to the tape recorder and the

volune Level and start over. Once you have golten a successful load, press </>

and (BITER) to begln runnLng DEMON.
,  

i . . - : . . , . .  ; . " . : : . .

: '
. .. - J.2 LOADING AND NUNNING DEMON FROM DISK

- If you recelved OruOll on dlsk:, you will flnd that the disk is fornatted for

the euBent version of TRSD0S fon your nachine. ff you bave two drivesr you nay
put irrr" disk in drive 1 and your TRSDo!_g91!.tlbIe oper"lllg.. system 1n drlve

0.,To load and execute DEMON fron rDOS nEADInr Just type DEMON and bit <ENTER>'

If you have only one drlver Vou sill need to use a different procedure. The

DEI4ON disk has a ipeclal structure..that will allow you to copy the prosral! on

lt to a TRSDoS systen dlsk of your own. To do tbl.qr use the followlng sLep by

s tep -p rocedure3  :  '  , l ' , , , r ' :  r ' '  -  , : , .
' . '

1) Put a eunent TRSDoS systen dlsk Ln drive 0 and hit nESET.

2) I{hen the DOS 1EADY proropt 1s displayed, re6ove the TRSDOS disk, lnsert the

DEl,tON dlsk, and hit nESgT agaln. , '".'

3)  The d isk shouLd nboot  upn wi th  our  s lgn onnessage.  Thlsmessag€'u l lL  te l l

you whlch verslon of TRSDoS lt ls designed Lo work witb. If the systen dlsk

you are uslng ls not the same type, But tbe correct systen disk.in drivg 0

and go back to steP 1. . ' , .
4) The progralr natre DEMON/CIID w111 also be displayed and you will be

put your systen dlsk back in drlve 0.

5) iut your systen dlsk ln drive 0 and enter H to wrLte the progran

asked to

onto your

6) il:rulil 'o"o*".t has been saferv stored
re-boot the systen. You raay then run DEMON
fLIe naroe DB{ON and hittlng (E}ITER).

on your  own d isk '  h i t  RESET to
fron DOS BEADY bY Just tYPing the

when the DEMON beglns executJ.on, the screen wil l  clear and dispS'ay Lhe

tttle page wibh IIDEMONilin large letters. Press any key. Tbe sereen wlll elear

agaln and display the nonitor coomand level pronpt ncMD?n.

The re-entry polnt to DEMON ls always the f lrst address lt  uses' I f  you

relocate DEMON, tnts aaaress lrlll change. The re-entry point to the prograB as

dlstr lbuted ls 2\320 declnal or 5F00 hex (see Sectlon 2.4t <n>)'
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PART 2: THE M0SIT0R C0I4{ANDS

As stated earlier, there are two prlnary nodes ln DEMON. Tbese are the I{ONITOR
node and the STEPPEF node. When you f lrst enter DEMON, lt  tcornes upr ln the
nonitor node. In thls rnode, the screen ls clear except for the nonitor mode
pronpt t'CMD?n, whlch w11I be at the upper left corner of the dl.splay. DEMON 1s
now ready to respond to one of l ts connands. Most of the connands ln DEMON
require a slngle key, though sone al-so requlre the shift  key. l{hen you glve
DEI'ION a conrnand by pressing one of these keys, nothing uill happen until you
release the key. A pronpt wlll then lndlcate what to do next.

.-

2.1 U9NTTOR UTTLTTY CqU$|'NDS <A>. <H>.l <M>, <O), <D>. <SHr$r D\

<A> - Hexadecltral ari thBetic (x+Y, x-Y, .Y-X)
Thls connand ls used to perforn slr lple arlthnetlc on tuo nunbers. The

nunbers nay be declnal or hexadeclnal, but the answers are always glven Ln
hexadecfunal (nonitor connand (H) can be used to get t[e declnal equlvalents of
the hex answers). After presslng (A), tbe oessagq nX = n wlLl appear. Iou rnay
non enter any decl.nal or hexadeclnal value for X, fol}owing tbe conventlons
def ined under  GROUND RULES. t lhen X is  entered,  the nessage nI  = n wl l l  be
displayed and you can likewise enter a decfuoaL or hex value fon I. After X and
Y a re  bo th  en te red ,  t he  resu l t s  o f  t he  a r l t hne t l c  w l l l  be  fuoned l .a teLy
d lsp layed .  You  nay  then  h t t  <SHIFT  R IGHT ARBOW> to  p r l n t  t h l s  l l ne  o f
lnforroat,lon on the line prlnter, To return to the eomnand level wltbout line
pr5.ntlng, just, hlt <BREAK>.

These are two byte caLcuLations, so if the suro ls greater than FFFF1 the
overflow or carry to a non-existenl third byte 1s dlscarded. For exanpler 8880
hex pLus 7778 hex equaLs 0000.

In the following examples, the text that ls not underli.ned ls supplled by-
DWH{Ol,l. The underlined eharacters are your responses. ',

EXAMPLE 1r Fron the
t h a t ' t h e s e  a r e  b o t h
instead of a deci.nal

X = 3 1 ! .  Y = 3 4 5 D  X

cornrnand 1eveL, press (A) and enter r234n and n345Dn. Note
hex nunbers because they are followed by the (H{TER) key

poinb. The result ing display w111 b"1 .,t  .  . '_ ., ; :  
' . '

+ Y = 3691 X - Y = CDD? I - X = 3229

You can now refurn to the conrnand level by pressing (BREAK), or send this line
to your line prlnter by pnessing <SHIFT RIGIIT Ann0$>.

EXAMPLE 2: Press (A) and try X = t2345.n and I = t45678.t. Note that these are
both decinal entrj .es because they are entered wlth a declnaL point lnstead of
the (ENTEff) key. The conplete dibplay wiLl be: ...

X = 2?45.  Y = 456?8.  X + I  =  BB9? X -  I  =  5688 Y -  X = A945

Note that the sun and differences are always hexadeclnal, regardless of the
nuraber types that were entered for X and Y.

\_,
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(H) - Hexadeclnal to decfunal and decimal to hexadeclnal gonversion
Th ls  co ro rnand  i s  used  to  conve r t  nunbers  f ron  base  10  to  base  16  o r

vj.ce-versa. After typing the connand (H), you ni l l  see the fol lowlng dlsplay:
nEt'iTER $: t. You rnay now enter any nunber accordlng to the conventions deflned
under  GROUND RULES. I f  you enter  a  dec lnal  nunber  (a nurnber  ending wi th  a
deciroaL polnt) r you wlll be shown the hexadeclnaL value of this nutrber. If the
number you enter is hexadecinal (a nunber endlng wlth the (EllTER) key) you r11lI
be g iven the declnal  va lue of  th is  nunber .  Af ter  tbe convers lon has taken
pLace, you Eay use (SHIFT RIGHT AIROW> to have tbe results printed on your llne
printer. Otherwise, press <BREAK> to return to the connand Level.

In the fol lowing examples, the text that ls not underl lned j.s supplied by
DEX'{ON, The underllned characters are your responses.

EllTEn #: AEgg = 44544. (A hex nunber ls entered; a declnal vaLue is returned)
EI{TER #: 44s[4. = AE00 (A decinal nurober ls'entered, a hex value is returned)

(M) -  Ful l  screen nenorv disolav and edlt  i :1

The roemory  ed i t  func tLon ln  DEM0N is  very  fas t  and fLex ib lb .  f t  w t } l
display 256 bytes at a t ine (  16 bytes by 16 l ines) in ASCII,  hexadeej-nal,  and
graph ics  nodes.  A fber  g iv lng  the  (M)  connand,  you w i l l  see  the  fo l low lng
pronp l :  nM ADDRESS:  i .  You nay  spec i fy  any  va l ld  address  accord lng  to  fhe
conventions descrlbed under GR0UND RULES. After entering the address you w11L
see one page (256 bytes) of nenory dLsplayed in ei ther hexadecinaL or ASCII
format,  depending on which ruode was last used. At the l .ef t  edge of the sereen
will be the addresses of the flrst byte of each rolt of values. There wilL be a
bl inking cursor.  over the f l rst  character of the f l rst  byte ln the top row.
Finally, there w111 be a hexadeclnal nunber''1n parenthesls at the top rlght of
the screen. The bllnking cursor lndlcates the positlon at which editing nay be
done,  and the  number  in  paren thes is  i s  the  exac t  address  o f  th is  loca t ion .
While you are in the n:nory Eod9, there are several speclal eorn"nands available:

THE ARROH KEYS - These keys move the blinking cursor upr down, right' and Left.
They  w i lL  repeat  au tonat ica l l y  l f  be ld  down.  I f  the  use  o f  these keys
causes the cursor to reach the top or botton of the screenr the display
wiI I .scrol I  to accoroodate novenent ln the desired direct ion. The cursorts
exact address will always be displayed at the extreroe right of the screent
so there is no need !o count eolunns. As stated earl ierr  the poslt ion of
th is  b l lnk ing  cursor  i s  the  loca t ion  a t  wh lch  changes ln  menory  can be
nade.

<SHIFT UP ARROW) and <SHIFT DoWN ARnoW> - These connands cause the area of
nenory being displayed to nove baclimard or forward by one page (256 bytes).

<SHIFT nIGHT Annol{> - This eonrnand is used to send the trenory display to your

line printer, After typing <SHIFT RIGHT AAROl,l>, the screen will clear and
you wl l l  be asked for a t fLA,ST ADDRESS: i"  After enter ing this addressr the
rnetnory display start ing at the last cursor posit lon and ending with your
nLA,ST ADDRESSn w111. be sent to the llne prlnter. The nenory dlsplay on the
prlnter wll.l. contaln hexadeeirnal bytes and an ASCII representation of those
bytes on each LLne. The hex bytes w1l l  be grouped ln pairs and the ASCII
characters wl l l  be bracketed ln parentheses. Beeause the screen ls cleared
before you are asked for a LA,ST ADDRESS, be sure to nake a nental note of
th ls  address  be fore  typ lng  <SHIFT RIGHT ARROW>.  <BREAK> nay  be  used to
abort prlntlng early.

i \ -
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<CLEAI> - This conmand 1s used to slrlteh between hexadecinal dlsplay and ASCII
display. The (CLEAR) key wi.1l ntogglet the node: lf you are ln hex node, lt
wil l  change the dlsplay to ASCfI nodel l f  you are ln ASCIf node, 1t wlII
change to hex uode. In the ASCIf uode, bytes wlth values greaLer than ?F
hex wil l  be dlsplayed as periods, Hhen l lne print ing 1n thls node, vaLues
less bhan 20 hex are also changed to prlnt as perlods. (ffrfs change ls also
avallable as an optlon for screen display, see TECHNICAL INFOTBTION.)

<SHIFT LEfT AnROW) - Thls eonnand ls used to snLteh back and fortb between
regular ASCTI mode and the GMPHICS/ASCII.;node. The only difference between
these two nodes Ls the upper l fun1t where bytes are ehanged to pr!.nt as
p e r i o d s .  I n  t h e  r e g u L a r  A S C I f  r n o d e  t h e  l l n l t  l s  8 0  h e x .  I n  t h e
GRAPHICS/ASCII node 1t becones C0 hex. This w111 al low screen graphlcs
charaeters to be dlsplayed. llhen line printing with <SHIFT nIGHT AnRoW) ln
the GMPHICS/ASCII node, you will aufonatj.calLy be swltched back 

l: 
"*g,,1"".

ASCII node. {-  

: _ -  . j  

: . .  

^ ,  
" , :

ttblle you are in the menory node, you nay at any tlne change a value ln RAM
that  ls  d lsp layed on the 'screen.  To edi t  ln  the hexadecinal  node,  type two
hexadecfunal diglts for each byte. The bllnking cursor uill advance one posltlon
after eacb character. Iou wil l  notlce that two dlglts are required for each
byter and after you have entered one of then, you nust enter another val ld
diglt before you wlII be able to use the arow keys agai n.
'  To edit ln the ASCIf node, Just type characters. In thls node only one

character is requlred for each byte. Whlle Lt nay appear as though the (ENTER)
key Leaves a letter nMn in nenory, l t  is aedually enterlng a 0D hex rlhlch is
the value of a carrlage return. The appearance of the letter M ls a pecullarlty
of the TRS-80. Sone TRS-80s, however, w111 sbsw sone other character in p1ace.
of an nMn.

Not'e that the dlsplay ghows the actual result in menory. ff you try edlttng
at ROM addresses, there wil l  be no change either in rnemory or on the screen.
The (M) comnand v111, however, change any byte withln DEMON ltself but unless
you know exactly what youtre dolng, donrt do lt (see TECHNICAL INFORI'ATION). To
return to the coumand leve1 fron this functlon, hj.t <BREAK>.

(0) - Quick r,eturn to roenor,v edil :
Thls coonand nay be used as a qulck return to the last roenory edit display.

After typing (Q)r you will re-enter the menory edlt node. The page of tsenory
disp layed w11.1 be the sane as Has last  d isp layed ln  the (M) node,  and the
cursor will be ln the upper left corner.

(D) - DisassenbLe
Tbls  connand wl l l  d tspJ.ay d isasserobled Z-80 lnst ruct ions on the v ldeo

screen,  s tar t ing at  a  specl f led address.  Af ter  press lng (D) ,  the uessage nD
ADDRESS: n n1lL appear. Iou nay now enter any valld address in hex or decl.nal,
and 16 lines of disassenbled lnstruetlons will be finnedlately displayed on the
sereen.  Now that  you are ln  the d isassenbly  node,  there are three specla l
eoEr0ands available. <UP ARROH) wlLI cause contlnuous disassenbly, wlth the
sereen scrol l i .ng as necessary. (ENTEB) u111 advance the dlsplay by 16 l l .nes
(one screen fu11). <SPACE BAfi) wll.l advance the dlsasserably by one lLne on1y.
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Each l ine disp).ays the hexadeclnal address, lhe obJeet codes that forn the
instruct ion, and the disassenbled lnstruct lon ln Zl log nnenonics. Undocunented
or i l legal nachlne language eode eonblnat ions (such as the two hexadeclrnal
byfes nDD DDn) lead to the display of the address, f ron 2 to 4 objecL codes
(start ing at the specif ied address and endlng at the f l rst  bad code),  and the
&essage nBAD CODEr .  The address  ls  then lnc renented  by  1  and d isassenb l .y
conlinues with the nexL byte,

EXAMPLE 0F A BAD CODE: I{1th DEMON ln iti origlnal location, place the eodes
nDD DD 21 00 OOn at uenory address 9500 (hex) by using the nonitor conrrnnd <M>.
Return to the connand leveL and attenpt to dl.sasseuble these codes by pressing
(D)  and en ter lng  the  address  9500.  The-d lsp lay  Jus t  be fore  press lng  <ENTEn>
wil l  be:

. , .  .  
t  

, , i ;  .  , , .  , t , ' i ^  , .  . t  g -  I  ;  l  ,

D ADDRESS: aq00
, :  :  . ' . . . 1  . : . . i  . j

The display after pressing <EN?ER> r11l be: r
: .

95OO DDDD BAD CODE
9501 DD210000 LD rX,0000

!An{ 1a nore disassenbled instru.1.tl1ns below thls.)
'  . t !  )

EXLUPLE WITH NORMAL CODES (The flrst few codes of DEM0I{) 3 
:

Fron the coranand level, press (D) and type 5F00 <ENTER>. The top llnes of tbe
display wlll be:

5 F 0 0 c a A 6 ? o J P ? 0 A A ' . - , ' . 1 ' ' ' - � � � � � � � � � � � �
5FO3 EDBS LDDR :'i

5FO5 FDE9 JP (IY)
5 F 0 ?  1 A  L D  A , ( D E )
5F08 13  rNC DE

(SHfFT D) - Disassenble to Llne prlnter

Thls is the nonitor conrnand for dlsassenbly to the line printer. DEMON uses
t h e  s t a n d a r d  n d e v l c e  c o n t r o l  b l o c k n  f o r  p r i n t e r  o u t p u t ,  s o  i f  y o u  h a v e  a
non-standard pr lnter and a speelal  dr lver for l t ,  l t  wiJ. l  be autonat lcal ly
supported (see TECHNICAL INPORMATfON). After enter ing <SHIFT D) the loessage
TFIRST ADDRESS: n r i l l  be dlsplayed. You nay enter any val id hex or declmal
address .  You w111 then be  pronpted  fo r  a  nLAST ADDRESS:  i .  To  abor t  th is
funct lon, press (BFEAK> instead of enter lng an address. Otherwlse, as soon as
you en ter  the  address ,  d lsassenb ly  w i I I  beg in  and cont lnue un t i l  the  ITLAST

ADDRE"SSi 1s reached or exceeded.
Each disassenbled lnstruct ion w111 be displayed br lef ly on the botton I lne

of the sereen as i t  goes to the pr lnter.  To stop pr int ing at any t lne, press
and hold <BREAK> until the prlnter stops. Note that lf your printer has a large
buf fe r  ln  l t ,  i t  roay  take  sone t l roe  fo r  l t  to  s top  even though DEM0N has
stopped sendlng j . t  code.

The nessage nBAD LII{fTSn wlII appear and there wil-I be no prlnting lf the
range of addresses speclfled overlaps the area of nemory used by DE0{ON ltself.
See the stepper cornrnand (D) for another way to dlsassenble to the prlnter.
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2.2 M0NITORJil"oCK CoMMANnS <B>. <r'>. <SHIF,T F>, <32

(B) - Bloql< rnove
This  connand wlLI  nove the data ln  a b loek of  nenory f ron an ex ls t lng

J.ocatlon to any new location ln RAM. Thls connand wlll not functlon on blocks
that, overlap DI}{ON either before or after the lndlcated nove. It wiIl, however,
funetlon on blocks that overlap eaeh other ln either dlrection. DEM0N is snart
enough to prevent Lhe move itself fron writlng over its own data.

After entering the (B) co@and, you nlll be asked for a nB FIRST ADDRESS:r.
Thls  is  the s tar t lng locat lon of  the data fou want  to  Eove.  Af ter  enter lng
either a decinal or hex address, you wlll be asked for a nLA.ST ADDRESS: r. Thls
ls  the endlng locat lon of  the data you wish to  move.  Af ter  enter lng th ls
address, you uill be asked for a nNEW FIRST ADDRESS:I. This ls tbe start of the
area ln RAM you want to move the data to. After enterlng thLs address, the noVe
will be nade (lf allowed) and you will return to the conrand level.

The exanples which follow assune DEM0N .1s ln lts original location. Start
f ron  the  comnand  leve1  each  t i ue ,  and  p ress  (B ) .  The  tex t  wh ich  i s  no t
underl ined is supplied by DEM0N. The characters that are underl lned are your
responses

EXA.IIPLE 1:
B FIRST ADDRESS: IIOOO
NEW FIRST ADDRESS: 6000
BAD LIMITS

LA,ST ADDRESS: 4200

In this ease, the data wouLd overlap DEMON after the proposed nover.ao no Eove
ls nade and the nessage nBAD tU{ITSn Ls displayed. Press <BREAK> to return to
the connand level .  

. ;  
:  . .  . i

EXAMPLE 2:
:  - j  

' .  
:

B FIRST ADDRESS: gO00 IA^ST ADDRESS: q0OF : ' :
NEH FINST ADDRESS: qOO? ." .:

Thls 1s the display Just before hitt ing <B{TER> after n9003" has been typed.
The nove wlLL be made as soon as <ENTER> ls pressed, and you will return to the
eornmand level. As sholrn here, the new bloek nay overlap the old bLock, in either
directlon. Assume the contents of trenory at address 9000 hex before this 

lovehad been:

01 02 0? 04 0q 96 07 08 oq 0A 0B 0c op oE oF oo o0 00 .
. l

After the proposed nove, the eontents would be: 
' '. 

.

.  01 02 03 ol 02 01 04- 0R $5 0? 08 0a oA oB 09 0p oE oF 
'1: '  ;"

(F) - Find a set of bLtes
Thts comnand f lnds a lL occurances of  a  set  o f  consecut lve bytes ln  a

specLfied range. After typlng (F) fron the connand level, you will be asked for
an tF FIRST ADDRESSIn. Thls ls the start of the block of rnernory you lrant to
search through. You w111 then be asked for a iLAST ADDRESS:i. This is the end
of the block of nenory you want to search through. Flnally, you ulII be glven
the pronpt TFIND:i, which asks for the bytes you uant, to search for. You may
enter fron 1 to 10 bytes, though 3 or 4 ls usually enough. To enter the flrst
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byter type elther a declnal or hex value as deflned under GROUND RULES. Afler
endlng thls nunber wlth elther a perlod (for declnal nurnbers) or (ENTER) (for
hex nunbers), a questlon nark w1ll be dlspJ.ayed. DEil.tON ls now wattlng for the
next byte you want to search for.

If  you enter another nunber, the process nlLl be repeated. If  you type
<I,EFT AnnOU>, al l  nunbers entered so far n1IL be erased, If  you type (RIGltT
ARROH>, the search wi l l  begln and the locat lons of  a l l  occurances of  the
deflned string of bytes ln the deflned range will be dlsplayed. These addresses
w111 be dispLayed 10 at a tlne, after whlch the dlsplay w111 stop and walt for
you to hit <8IGHT AnnO!{> agaln to get the next 10 locatlons. When the search ls
conpleter the prornpt nFIND:n wl}1 appear again so a nelr set of bytes nay be
entered for a search between the sane addresses. To chaage }funits or terolnate
the search, press <BREAK>. ff  you speclfy a range thaL overlaps the area of
nenory used by DEUON' the nessage IBAD LIUITST wlIL be dlsp}ayed. If nothtng is
foundr the t)r slgn wl!.I be dlsplayed on a blank lLne, and you wl}I be giv*t-,
the nFIND:n pronpt agaln.

The following exarnpl.e shows the result of a search of the top of video RAM
(the top l lne of  the vLdeo screenr '  ln  fact ) ,  f i rs t  for  three consecut lve
spaces,  and theu for  a  space and nAn.  The text  whlch ls  not  under l " ined is
supplled by DEMON, the underllned characters are your responses:

F FINST ADDRESS: ?COO LA,ST ADDRESS: ?c4o
FIND: fl| 2&- 29 ? <RrcHT AnRolr>
3C15 3C2A 3C2B 3C2C aCzD 3C2E 3C2r 3Ca0 3C31 3C32 <RrcHT AnnOW.
3c33 3Ca4 3C35 3C36 3C3? 3C38 3Ca9 3CaA 3c3B 3C3C <RrcHT AnROlr>
3c3D
FIND: 2O .It a <RIGHT AnRo$>
3C07  3C1C .  : .
FIND: <BREAK) j ' .

(SHIFT F) - Seareh and orint results on the line prlnter
Thls  connand funct lons exact ly  l lke the (F)  command,  except  that  a l l

entrles and the results of the search are sent to the Llne printer lnstead of
the vldeo screen, and there 1s no pause after every 10 natches.

(Z) - Zero a block of nenorv. or set to a bvte
Tbis  conmand w111 load the contents  of  every nenory locat lon between the
defined llnlts with a speclflc value. After typlng (Z) fron the conroand level,
you trlll be asked for a nZ FIRST ADDRESS:n. Enter the decinal or hex address of
the beglnnlng of the block of menory you want to nodlfy. You wilL then be asked
for a nLA.ST ADDRESS:i. Enter the endlng address of the bLock of nenory you want
to nodi f ! .  ( I f  you enter  a  range that  over laps the area of  menory used by
DEMON, the error Eessage iBAD LIl,lITSn wlll be glven and you wilL have to hlt
<BREAK> to return to  the connand level . )  F lna l lyr  you wi l l  be asked for  a
TBYTE:t. This ls the value you want to give every nemory location wl;htn the
deflned range. ff you hlt <ENTER) without speelfylng a value, zero wlLl be used
as the default.  After .the block of menory has been f i l led wlt lr the defined
value, you w111 return to the conmand 1evel.
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fn the fol lowlng exanple, the text that
DW0N. The characters that are underllned are

1s not underl lned.l,s supplied
your responses:

BYTE: O[

by

Z FIRST ADDRESS: qqOO LAST ADDNESS! qTOO

In this exanple, every byte between and lncluding 9500 hex and 9?00 hex will be
loaded wlth the value 88 hex, and you wlll imn'ediately return to the conmand
I evel.

ALl of the foLlowlng input and output functlons w111 requlre a nane to
speclfy whlch file you wiLl be readlng or wrlting. Certaln conventions nust be
observed ln the use of these names. ALl tape operatlons lrlll requlre a TFILE
NAMEt t .  Th l s  F ILE  NAME nus t  s ta r t  w l tb  a  l e t t e r ,  and  have  f ron  0  to  5
alphanuneric characters folloulng the letter. Exanples of valid FILE NAtEs for
tape operations are nTESTn, |lG100n, and 'ABCDEFr. Punetuatlon ls not allored.

Dlsk operatlons wlll require a ttFItBSPECn (short for tfile specificatlonn).
The FILESPEC for dlsk I/0 (1nput/output) nust neet the requlrenents glven in
your Disk Operatlng Systen Ownenrs Manual. Typically, thls wil.l nean a nane of
up to 8 characters, followed by an optlonal slash and three rnore characters. A
FfLESPEC nay also lneLude a drive specification by typing a colon folloued by a
drive nunber. Exanples of val id FILESPECs for dlsk operatlons are | lTESTn,
ncl00n, TDATA/CI*{Dn, and TABCDEFEH/CIM:2n.

lil) - Load nenorv fron disk or tape '.

Thls connand 1s used to load rnettrory wlth a nprogranrt wbich has prevLously
been stored on tape or dlsk. This nprogrann does not have to be a real pFogran.
It can be any data that is stored on tape or disk, as long as i t  is stored in
the proper fornat. If lt ls a tape flle, lt ruust be a nSYSTEMn recording of the
type that the BASIC iSYSTB{n cornmand can }oad. If lt ls a dlsk file, it nust be
ln the fornat of a'conrnand file that can be loaded wlth the DOS counand TLOADr
or executed as a program by slnply typing lts nane fron DOS READY. The DEMON
conmand (W) wtll create f1les ln this fornat, so anything written by DEI{0N can
Later be loaded by DE$10N.

ft shouLd be nentioned that there ls not a tape verslon of DEMON that ls
different fron the disk version of DB{O}I. There Ls but one DEMON. If you donrt
have dlsk drlves, thereforer you will not be able to use the disk connands. If
in fact, you try to use a dlsk counand in a tape-based computer, you w1ll.
probably crash. .For thls reason tape users should avoid dlsk conrnands. ff you
accidentally enter a dlsk connand; you nay abort It with the (BREAD key befone
any danage ls done. tllriLe thls uay be bothersone to sone users, it saves you
the trouble and expense of having to buy another version of DEMON when and lf
you finally get a disk drlve. We sincerely hope thLs causes no lnconvenlence.

Loadine fron dlsk
l{hen you flrst type (L) fron the conmand level, DEMON wlJ.l respond with

nLOAD FnOM DISK OR TAPE (D/T)?'' Press (D) for dlsk. Iou wilL then be asked fon
a nFILLSPEC?il. You rnay enten any val1d FILESPEC (as deflned above or ln your
DOS nanual) and h1t <ENTER>. Iou wlLl then be pronpted to nREADY DISKi, whlch
Eeans to be sure the rlght dlsk ls ln the rlght drive. tlhen this condltlon is
met, htt <ENTER) agaLn. The drlves wlll start up and your operatlng systeu wlII
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search for  the f l te  ln  quest lon.  l {hen 1t  f lnds l i ,  l t  r i l l  be loaded ln to
memory and you w1II see an asterlsk bllnklng ln the upper right corner of the
sereen. When the load ls conplete you w111 be glven a nessage that te113 you
the FIRST ADD3ESS, the LA,ST ADDRRSS, and the ENTRY ADDRESS of the file Just
loaded. Make a note of these hexadeclnal nunbers lf needed, ild hit <BREAK) to
return to the conmand leve}.

I f  a  d lsk epor  occurs dur lng loadlng,  l t  w i I I  be repor ted on the v ldeo
screen. Dlsk error messages are supplled by your operatlng systero. If you try
to load a program thab occuples the sane nerlgry area DEI' l0N doesr the error
nessage nBAD ADDRESST will be dlsplayed along with the address of the confllct.
If you try to load a fl}e that uses Benory below the llnit alLowed by DEllONt
tbe sane eryor nessage ntl.t be glven. Thls llnlt, however, nay be changed (see
TECHNICAL INFORMATfON). See also ERROR MESSAGES.

The following eranpl.e denonstrates the use of thls connand. It wlLI load
DEi{ON itself,  Because you canft load DEMOI{ on top of l tselfr the version of
DWON used to load DEMON fron disk nust have previously been reLoeated to upper
nenory (see (R)  conrnand) .  Jn the fo lLoning exanple,  the text  that  ls  not
underlined ls supplled by DES{oN. The underllned characters are your responses.
Fron the conmand J.evel, type the letter (L). 

..

LOAD FNOM DISK ON TAPE (D/T)? D
FTLRSPEC? DryAN4lA <ENTqR> , , ;:,. :. .

' ;  
' r l :  : '  " t "  :

R E A D Y  D I S K '  < n U t n n > ' ' ' ' ' ' , , . ' . " , : :

The file rDAnON/CMDr will tben be loaded lnto menory while an asterisk flashes
1n the top rlght corner.of the screen. l{ben the Load ends, the followlng will
be d isp layed: .  .

FIRST ADDRESS = 5F00 LA,ST ADDRBSS = ?F68 ENTRY ADDRESS = fECF

You may then press (BREAK) to return to tbe eorn'nand level.

I

Loadin& fron taoe
Uben.you f lrst type (L) fron the cornnand level, DElrON w1L1. respond wlth

rLOAD FROM DISK On TAPE (D/T)?n. Type (T) for tape. If  you have a MODEL III '
you will then be asked nCass?n, ?his pronpt Ls asklng for the baud rate of tbe
cassette tape you are uslng. Enter (H) for 1500 baud or (L) for 500 baud (DEMON

wi l l  operate at  both speeds) .  You wlLI  then be toLd to  nnEADY CASSi  whleh
s1nply neans to get your cassette player ready by putting ln the proper tape
and hittlng the PLAY button. When tbese condltions have been metr hit <ENTER>'

As soon as the load begLns, the flle nane wiLl be displayed and an asterisk
wil l  begin bl lnking ln the upper r lght corner of the screen. Hhen the load
ends, the FIRST, LAST and ENTRI addresses wll l  be dtsplayed on the screen. If
an eryor oecurs d-urlng loadlng, an error nessage wlII be displayed (see ERR0R
MESSAGES). Press <BREAK> to return to the comand level.

The followlng exa^mple denonstrates the use of thls conrnand. It wll'l load
DEMON ltself.  Because you cantt load DEMON on top of l tseLfr the verslon of
DEMON used to load DS[0N fron -tape nust have prevlously been re].ocated to upper
t renory (see (R)  connand) .  fn  the fo l lowing exanple,  tbe text  tbat  ls  not
underLlned ls supplled by DEllON. The underllned characters are your responses.
Fron the conmand level, type the letter (L).
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LOAD FNOM DISK ON TAPE (D/T)? I.
Cass? L

READY CASS <ENTER>

The FILE NAUE nDEMONtt w111 appear on the screen as aoon as the data beglns
loadlng, and the program wtII be loaded lnto nenory whlle an asterl.sk flashes
ln the top rlght corner of tbe screen. When the load ends, the folloslng w111
be dlsplayed:

FINST ADDNESS = 5FOO LA.ST ADDNESS = ?F58 NN;I ADDNESS = JECF

You nay then press (BREAK) to return to the conmand level.

-(W) - Hrite fron nenorv to dlsk gr taoe
Thls connand Ls used to nake recordlngs ln the fornats requi.red by the

DEMON nonitor connand (L). Tape recordings lr i l l  aLso be conpatible wlth the
BASIC nSYSTEltn connand, and dlsk recordings wiLl be ln standard command f1Ie
fornat whlch can be loaded wlth the DOS connand L0AD or run as a progran fron
DOS nEADy by slnply typlng the nane of the fi.Ie.

Up to elght separate blocks of neroory nay be recorded at one time
conroand .  The  p rocedure  1s  a  l l t t l e  coup lex ,  however ,  so  the
step-by-step lnstructlons sbould be follo*ed:

1)  Fron the cornroand level ,  press <W>. DEMON wl l l  respond wi th ' the nessage
IIWRITE T0 DISK 0R TAPE (D/f)t". Press (D) for disk or (T) for tape.

2) If you are writing to tape, and lf you bave a MODEL fII, you will be asked
the questi.on nCass?r. Enter (H) for 1500 baud or (L) for 500 baud.

3) Iou wilL then be asked for a rFIRST ADDRESS:n. Enter the address at whlch
you want the recording to begin, using the conventlons defined under GROUND
RULES. You wLII then be asked for a nLA.ST ADDRESS:'. Enter the address at
whlch you want the recordlng to end. The FIffST ADDRLSS and LA.ST ADDRESS are
lncluded ln the recording, and this range is considered a nblockto

4) The next rnessage given by DEM0N wil l  be ttre question nMOnE?n. Thls Deans
nAre there Bore blocks?n, or nDo you w!.sh to lnclude another area of nenory
in  th i s  sane  reco rd tng?n .  P ress  (Y )  t o  beg ln  en t r y  o f  ano the r  paL r  o f
addresses and return to step 2. Press <N> lf  there are no rnore blocks. to be
recorded. If nore than one pair of addresses has been entered and you want
to change the last one, <UP AnnOW) wil l  erase the last pair of addresseg.
<BREAK> w111 abont and refurn you to the condand leveL. Because the <L>
conrqand dlspl.ays the f l .rst address used by the f lrst block and the last
address used by the last bl.ock, l t  is heLpful . to enter nult ipJ.e blocks ln
order or netrory locatlon. :

5 )  l Jhen  <N> l s  t he  respoase  to  nMORE?n ,  you  w111  be  asked  fo r  an  nENTn I
ADDRESS:n. Enter the address at whlch you want execution of the recording to
begin. If the recordlng Ls not real}y a progran and tbe H'ITRI ADDBESS bas no
neaning, you Eay hit <ENTER) without speclfying an address, and 0 w111 be
used as a defaulto

5) If  you are wrlt lng to disk you w111 then be asked for a' | 'FILESPEG?i. I f  you
are wrj.tlng to tape you wllL be asked for a TFILE NAHE?r. Enter th1s nane ln
the usual fornat required for a dlsk FILESPEC or tape FILE NAME as deflned
at the beglnnlng of thls sectlon.

wltb thls
fo l lowlng
- i  -
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?) Respond to iBEADY DISKr or I|READY CASSi by pressing (ENTER) when your dlsk

or tape ls ready to recelve the reoordlng. The approprlate devLce wilL then

start up and tfrl aeftrnd area of nenory n111 be wrltten to tt' As tbe data

fs  belng nr l t ten,  an aster lsk wl t l  b l lnk ln  the top r lght  corner  of  the

screen.
8)  I f  you are wr l t ing to  d1sk,  and l f  the FILESPEC you speci f led a l ready

exisbs, you wlll Ue-gtven the nessage nBEl{RITE?n. This ts to warn you that

you are about to write over an exlst lng f l le. Press (I) to conblnue and

wr l te  over  ihe f l le ,  or  press (N)  or  <BREAF> to abor t  and.return to  the

Cgm'nand }eVe1.

9 )  Un less  an  e r ro r  occu rs ,  t be  t r essage  TAGAIN? I  w l I I  be  d l sp layed  sben  the

recordJ.ng 1s conplete. To tnake an Ldentlcal recording on a aeeond disk or on

another tape, press (Y), and you wltl be back at sLep 7 above"

ubi le  th ls  procedure ts 'd l f f lcu l t  to  descr lbe and sounds conpl l 'cated,  1n

practlce 1t ls qulte easy. The folLowing exanple deBonstrates the recording of

a two-block flIe to dlsk, The text thaf ls not underllned is supplled by DEMON'

The under l , lned charactera are your  responses.  To begln,  enter  tbe Wf i ITE

function by typing (lD fron the cornnand level'

HRITE TO DISK
FIRST ADDRE.SS:
MONE? I.
FIRST ADDRESS: 6800
MORE? tr
ENTRY ADDRESS: 6-8P0

OR TAPE (D/T)? D
5200 LA.ST ADDRESS; 5q00

LA.ST ADDRESS: EZ9I

FTLESPEC? IlTIzlCry

NEADY DISK <ENTER>

(E) - LabelLinc,,disassenbler
Thls conoand is used to generate a source f i le fron a progran that is

a}ready ln nenory. The source fl}e nay be wrltten to tape or dlsk, and w111 be

1n a forrnat that ls conpatlble wltb Sadio shackrs orlglnal Editor/Assenbler'

There are noH r"ny u"""lons of thi.s assenbler available, and rnost of then wllL

aceept the same fornat of source code. It  is, however, inpossible to support

every vers lon of  assembler  that  has been wr i t ten '  More deta l ls  about  the

operation of thls conplex functlon are glven ln the NQTE'S at the end of this

gection,
Hhen you select (E) frorn the cornnand levelr You will be given the pronpt

nHnITE SOURCE fO-OiSf-OR TAPE (D/f)?". You should seLect (D) for dlsk or <T>

for tape. ff  you are wrltfne to- tape, and if  you bave a MoDEL fII '  you w111

then be asked rCass?n for the baud ri te. Select (H) for 1500 baud or (L) for

500 baud. You w11.1 then be asked for a TFIRST ADDRESS:tr' Enter the address aL

rhlch you uant the dlsassenbly to begln. You wl}l  then be asked for a |ILA'ST

ADDRESS:n. Enter the address at infoU you want dlsassenbl'y to terolnate' Jf you

enter  a range that  over laps DEMoN, the error  nessaSe nBAD LIMITSn wl l l  be

given. This nessage wlll aLso. appeaP lf yOu enter a range that does not al}ow

rooro for tUe Jro'Uoi tabLe (see HOIE 5 below)' I ' lhen these numbers have been

successful ly eniered, there wll l  be a rapld dlsassenbly of many lnstruetlons

v l s ib le  on  the  t l t n  t f ne  o f  t he  sc reen  wh l l e  t he  synboL  tab le  | s  be lng

constructed.

Denon - Page 15



If you are writlng to d5.sk, you wlll be asked for a rFILESPEC?I', If you are
wrlt,ing to tape, you wlJ.1 be asked for a ITFILE NAME?i. Enter thls lten and you
w111.  be g iven the nessage nnEADY DISKT or  nnEADY CASSr.  You nay then press
<ENTER> to record tbe d lsassenbled lnst ruct lons.  Each inst ruct lon appears
brlefly on the 15th llne of the screen whlle lt ls belng sent to the dlsk drlve
or eassette recorder.

The foLIowlng exanple is  typ lca l . ,  The text  that  ls  not  under l lned ls
suppl led by DEM0N. The under l lned charac le ls  are your  responses.  Begln by
typlng (E) fron the connand leveI.

HNITE SOI'RSE TO DISK OR TAPE? (D/T)? I.
FIRST ADDRESS: 0000 LA.ST ADDRESS: 0100

(The synbol  tab le wl I I  now be created and nany lnst ruct ions wl t l  appear  in
rapld succession on the 15th l1ne of the screen.)

FILE NAME? TE.ST2 <ENTER>
READY CASS <ENTER>

Hhen the reeordlng beglns, each lnstruction wil l  appear brief ly on the 15th
Line of  the screen,  l {hen the record lng is  f ln ished you wt} l ,  re turn to  the
corumand leveL. As can be seen fron thls example, 1t ls posslble to generate
source code frora the TnS-80 ROMS. Thls is consldered reverse englneerlng,
however, and ls frowned upon by Radio Shack. Programs wrltten that use code
generated ln this way nay be a vlolatlon of copyri.ght J.aw lf they are offered
for sale.

I  ' , '  
, t  

' ,  
.

1 )  The record lng nade by th is  connand Ls conplete,  but  an lnpor tant  s tep
pem:iss. ALI of the l lne numbers ln the source f i le have been set to 00000.
This is easily rernedied once the flle has been Loaded lnto your assenbler by
sfunply renunberlng. Your asserabler rnanual will give you the forroat for thls
connand (very llkely sonethlng Ilke nN100r10rf ). ::

2) fo facll.ltate relocatlon of the source, all references to addresses that are
wi th in  the range being d lsassenbled bave been changed to labels .  These
Iabels are created by adding an nXn to the left of each number. In addition,
each l1ne referenced by one of Lhese labels begJ.ns with i ts own address,
converted to a label the sane !ray.

3) Labels that refer to addresses that are ln the niddle of an instructlon will
Lead to the error nessage TUIIDEFINED SS,IBOL' nhen you try to assenble the
f1le. These w111 have to be corected by edit ing 1n your asseobler. As an
exanple, Ietrs assume that nenory address 7506 is wlthln the range belng
disassenbled,  and that  l t  ls  re ferenced by sone lnst ruct ion such as l 'LD
Ar(7506H)o. DEI' |ON nil l  convert thls address to a Iabel, and the lnstruetion
wll l  becone ntD Ar(X7505H)n. Letts also assutre, however, that DEM0N flnds a
3 byte lnstructlon at address 7505. This wil l  place 7506 ln the nlddle of
that instruction and DEI{ON will be unable to place a label at address 7506.
nX?506Hr wlll be undefined because lt ls between lnstructions ln the source.
In thls case, you would place the labeL tX?505H|' before the.lnstructlon at
address ?505 and s[ange al l  occurances of label | lX7506Hn to nX7505H + lt .
The fact that this sltuatton occurred at aLI, however, nay be an indlcatlon
that the dlsassenbler ls out of sync and souethlng ls wrong ln that area.
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I r ) The abll l ty to generate source code fron exist lng obJect code can be very
usefuL 1n maklng changes to exLstlng rnachine language prograns' You nust
reallze, however, that there ls no way a progran can do this flawlessly. AIt'
lt can do 1s try to disassenble neraory and nake intelLigent sense of lt. If
t he  n ta rge t  p rog rann  was  wr l t t en  l n  a  say  tha t  does  no t  d l sassenb le
correctly (whleh ls not only posslble but l1kely), the resultant source flle
wlL1 be lnaccurate. DEMON r{1II try to rnake sense of the deflned area of
nenory and will generate a source flle for lt. Hhlle the source file may not
be perfectly accurate, DSI0N was urltten to atconodate lrregularities ln a
way that, na[I produce a source flle that will reassenble correctly. Once you
nake changes to the source file, however, you introduce the posslbllity of
eruors.

One obvlous sltuatlon of thls type 1s the case Ln shieh a program stores
variables or nessages ln between instructions. DEMON wtlL try to dlsassenble
these varlables and messages lnto lnstructlons, and wlll cone up uith very
pecullar codes lndeed. The source file w111, however, reassenble correctly.
But lf you nake changes to thls source file and shlft the posltl.on of Ltrese
varlabLes and nessages around, problens can arise. It isr thereforer helpful
to  survey the area of  nenory you want  to  d isassenble f i rs t  to  t ry  and
detenalne whlch areas are lnstruetions and whlch areas are varlabl.es or
nessages. Be forewarned tbat sone Judgeuent w111 be requlred ln the use of
thls function.
Tbls functlon uses a two pasi dlsassenbler. On the f lrst passr the deflned
area of ne&ory ls disasserobled to build a synbol table which nill be used on
the second pass. This table wlII occupy nemory above the area used by DHtlON'
The aroount of rqenory needed for this table depends on the amount of neEory
you are disassenbHng, In fact, 1t occupies exactly 1/8 the aoount of nenory
tUat you.are dlsassenbllng. Thls tnfornation nay be used to deter^nine how

large the synbol table w111 be. If DEMON 1s at its original locatlon of 5F00
to 7fff, lt will use a disk buffer from 8000 to 80FF' and the synbol table
wil l  begin at 8100. To f lnd the last addreas needed by the syrnbol table'

divide the nunber of bytes you are dlsassernbllng by I and add this number to

8100. Sinilar calcuLations can be nade tf DEMON has been relocated to other
addresses. DEUON ls suart enough, however, to know lf the syrnbol table wlII

crash.into your source area, and wlll give you a nBAD LIHITST error J.f the
flrst address you enter is not high enough to al low roon for the syrubol
tab1e.

5 )
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2.4 MoNrToR RELOCATTON COI{IIANDS <R>3 <P>

(R) - Relocate DEMON l

This connand wlLI allow you to trove DEHON nearly anywhere i.n nenory. DEMON
nay be relocated by any nult lple of 100H ln elther dlrectlon, as often as you
l lke,  except  that  1 t  wonr t  re l .ocate below 4500H. Thls  l ln l t  can be renoved,
however (see TECHNICAL INFORI.IATION). Some comnon sense ls requlred when uslng
this corunand. For exarople, donrt relocate lnbo tbe area of Eetrory used by the
dlsk operating systen (below 5200H for nost systens) and then try to use disk
I/O conrnands. You should also avold trying td reloeate above the end of nenory
1n your nachlne (|fff for 16K, BFFF for J2K, and IFFF for 48K)

Hlth DEX'{ON in lts orlginal locatlon, the connand (R) will cl.ear the screen
and dlsplay:

DEMON NOl{: 5F00-?FFF-80FF
oK? 

j

Thls neans that DEMON nor occupies neuory froru 5F00 to |FFF, and it uses eenory
between TPFF and 80FF for dlsk I/0 connands. The re-entry point to DEHOI{ at
th i s  l oca t i on  1s  5F00 .  To  reLoca te ,  respond  to  n0K?n  by  p ress ing  (N)  ( f o r
nNOn). Iou vit l  then be given the message 'ENTER BYTE:r. The byte i t  ls asking
for is the nhigh ordert byte of the new address for DEMON, or the f irst two
digits of this new address (the last two diglts are always n00t). f f  you uant
DEMOlt to begln at address D000r- for exarople, type D0 and press (ElfTES). The
display wllL then show: 

i

DEMOll NOH: 5F00-7FFF-80FF

ENTEB BITE: DQ : '  : ' ' r :"
RF^SULT: DOOO-FOFF-FIFF 

I ;'

At this poi.nt, nothlng has been changed. DEMON ls asking you, bowever, Lf the
new addresseS are acceptable. I f  you press <BREAK>r you wil l  return to the
coumand Level and DEM0N wlLI stay at 5F00. If you press <Y> (for nYESt), DEUON
wilL relocate ltself to D000-F0FF-F1FF and you w111 return to the coamand level
( l f  you dontt have 48K of nenory, however, DEMON would crash at bhis address).
If you press <N> (for rN0n)r Vou will be asked to nENTER BYTE:n again f,or a new
address to relocate to. (R) destroys DEMON at the orlginal loeation, so donft
relocate DEHON and then try to Jqrnp to the orlglnal entry address.

ff you lntend to use DEMON for stepplng through a progran uslng E BREAKS or
the (U) conmand, l t  is a good ldea to make a note of the re-entry address of
the version of DEMON you are worklng with, Press (R), and the f irst address
dlsp}ayed ls the re-entry address. Iou nay also rant to create a very snall
progran which can be saved on dlsk or tape and wil l  transfer conLrol back to
DEMON if you lnadvertently lose control. This progran onl.y needs to be a JuBp
to the entry polnt of DEM0N. The three bytes needed to do this nay be stored 1n
a safe area of trenory with the (M) cornrnand and then saved on dlsk or tape wlth
the (W) corunand. The nprogramn to re-enter DEI{ON at lts origlnal Locatlon 1s
nc3 00 5Fn (JP 5F00) .
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(P) - User orosran reLocatlon
?his connand nay be used to reloeate roachine J.anguage progra$s that are ln

trenory. You strould be warned, however,  that there ls no fool-proof way to do

t h l s  s u c c e s s f u l l y .  T h e  s a n e  p r o b l e n s  a n d  l l n l f a t l o n s  h o l d  t r u e  f o r  t h l s

func t ion  as  d id  fo r  the  (E)  connand (see NOTE 4  under  tha t  conrnand) .  User
p r o g r a m s  a r e  r e l o c a t e d  b y  d l s a s s e r u b l i n g  t h e n ,  a d J u s t i n g  C A L L  a n d  J U M P

addresses, and then novlng the code. If DEI{ON encounters tnessages or varlables

while lt is dlsasserabllng, lt w111 not know they are nessages and varlables. It

wi l l  t ry to dlsassemble then, and i f  they dlsassenbLe to CALLs or JUMPST they

will be lncorrectly rnodlfled. There are other condliLons that can exist where

addresses are referenced and need to be adJusted, but DEMOI{ w11.1 not know it'

For these reasons progran relocation ls a trtcky business that roay or nay not

be successful .  As with the (E) conrnand, sone Judgenent 1n deter:nfuing what

areas need to be relocated and what areas do not nilI nake tbls functlon more

successful. Forewarned |s forearned' ,

When you se lec t  {P)  f ron  the  cornmand leve} r  You w111 be  asked fo r  a
'lpnOCnAU FInST ADDRESS:'. You should enter the starting address of tbe bloek of

n€trory you want to relocate. You wl lL then be asked for a nLAST ADDRESS:n.

Enter the last address of the block of nenory you wanb to be relocated- You

wil l  then be asked for a nNEW FIRST ADDRESS:n. Enter the address you want to

Bove your progral! to. Finally, you wlll be asked for a ttLIltIT ADDRRSS:tr. The

LI,IIT ADDRESS wIIl often be the sane as the LAST ADDnESS. ALt references to

addresses ln the range FIRST ADDBESS to TIMIT ADDRESS w111 be adJusted for the

new 1ocatlon. If the ifUft ADDRESS ls less than the LAST ADDRESS' the nenory ln

between these addresses w111 be noved to the new location, but lt will not be

disassenbled and no adJustnents wl lL be nade for CALLs or JUMPs. Thls al lows

you to nove tables or neasages with the (P) connand without chanSlng their

values.

The following exanple w111 denonstrate the use of ttre (P) conmand- The text

that ls not underlined ls supplled by DEMON. The underlined characters are your

responses. Letrs assume you 
-have 

a progran that resides between 9000 hex and

9400 hex. Letts also assume that you have examlned this block of netrory with

the (M) cornnand, and you can see that there are a Lo! of messages at the end of

this prograrg, and the messages start at address 9300 hex. Flnallyr you want to

nove thls program fron address 9000 hex to address A000 hex. Ilpe (P) fron the

comroand Ievel:

PBOGRAM FIRST ADDRESS: q000 LA.ST ADDRESS: q400

NEi{ FIRST ADDRESS: AOOO
LI!,IIT ADDRLSS: 9300

Af te r  en terLng the  las t  number ,  tbere  w l l l  be  a  s l lgh t  pause wh i le  the

relocatlon takes place. You wlII then return to the comnand level- Because bhis

comnand funct lons by adjust ing the progPa$ ln nenory and then noving l t r  l t

wll.I not work on ROM routlnes. You can acconplish the sane thingr however, by

using the (E) conmand to generate source code from ROM rouLines and tlren Just
changing the origln before assembly.
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2.5 I.{ONITOR NJU}IP TO STEPPERN COMT,TAI'IDS <S>. <C>

(S) - Transfer control .to steoper
ThLs counand rill transfer you to the other prlnary node ln DEI'ION, whJ.ch ls

the STEP mode. l{hen you press (S) fron the conroand level, you wlll be glven the
fol lowlng pronpt: nS ADDHESS:r. Enter the address at whlch you want to begln
stepplng. You u111 then be transferred to the STEP M0DE. See Part 3 for Stepper
Connands.

(C) - Continue steoplns
If you have been ln the STEP node and end up back Ln the MONITOR uode for

sone reason,  th is  cornrnand wl lL  resur le  s tepplng at  tbe Last  lnst ruct ion
dispJ.ayed while you lrere 1n the STEP node. One lray you ntght flnd yourself back
ln the MONIT0R node ls by hlttlng <SHIFT BREAK> whlle 1n the STEP node. ThLs
could also occur lf the target progran falled to return to DEM0$ by way of an E
BREAK. In the latter case you lrou1d have to exit tbe target progran (sith'RESET
lf necessary) and then re-enter DEMON.

lfhen you select (C) fron the conrnaud Level, the scrben w![l c].ear except
for the letter nCn at the top left corner of the screen and the STEP dlsplay on
the bottoro two llnes. You wlll then be back ln the STEP node. AII breaks w111

;  - '  . -  "

2.6 },IONTTOR JUMP COMI,I,AND <J>

3J) - Jr:rno to an ad4ress 
i' " - 'i'"' l:i : '

This connand ls used to Junp to any address ln nenory. Frou the conmand
level, type (J). Iou wlII then be asked for a nJ ADDRESS:'. Iou nay enter any
address ln ROM or RAM. You should note, however, that address 1 ls reserved as
a shorthand Junp back to DOS ln dlsk systens. In other words, lf you speclfy 1
as the address to junp to, the Junp w111 actually be to address 402DH which ls
a return to DOS. If you hit <EX'ITER) wlthout speclfying an address, the default
va lue wl I l  be 0000.  As soon as the nunber  ls  entered and (ENTER) or  ( . )  ls
pressed and reLeased (see NUMBER ENTRI under GBOUND RULES) the Junp wlII be
nade and control wLll  transfer to the address apeclf led or lnpl ied. You nay
return to the comnand leve1 at any tLne before thls nusber is full-y:eritered by
hitt ing <BREAK>.

2.? MQNIToR LrNE ?RrNE COMl,tAl'lD <SHrryr . P>

(SHIFT B) - Line prlnter control
This connand ls used to set the loglcal top of form or to skip a I lne on

your l ine prlnter. l{hen DEMON ls l1ne prlnt lng, l t  uses stored val.ues (see
TECHNICAL INFORI{ATfON) to knon bow nany l ines f l t  on each page and how rnany
lLnes to skip between each page. If you advance your prJ.nter to a ne$ page and
want to tell DEMON you have done so, thls connand w111 reset the llne eounier.
I t  w i l l  n o t ,  h o w e v e r ,  a d v a n c e  t h e  p a p e r  t o  t , h e  t o p  o f  t h e  u e x t  p a g e
autooatlcally.
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To use this connand, type (SHIFT P> froro the cornmand Level. You wlll see

the letter rpn on the screen, and DEMON w111 on1.y accept three connands- One of

these 1s the letter n?n. Thls tells DEMoN to reset Lts counter for top of form

and return Lo the comrnand level. The second conmand DEI{0N wlll accept 1n thls

node is the (SpACE BAn>, whieh wil l  send a l lne feed to the l lne prlnter and

advance the llne counter. You nay press the (SPACE BAR> as nany tlnes as you

like. Finally, you nay also hlt <BREAK> to return to the connand leveL.
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PART 3: STEPJER COMMANDS

?.1 INTRODUCTION

The STEPPER ls the seeond naJor node of DEltON. It 1s entered by way of tbe
nonltor conmand <S> (see Sectlon 2.5). l lhen the step address 1s f lrst entered,
the top 14 lines of the screen are cleared.'$thiLe D${ON ls ln the STEP node, it
wlll not' use thls part of the screen so you can see what your ntarget prognann
ls doing. In fact, DEM0N doesntt interfere'wlth your target progrants use of
tbe bofton two llnes of the screen elther. Hhen DEM0N ls aciualJ.y stepplngr lt
restores tbe ftdl target progran screen. After the step ls taken, the botton
two lines are saved ln rnenory and the stepper display returns. This happens so
qulckly that all you will see ls a brlef flicker. The stepper conmand (T) (see
Sectlon 3.6) ean be used for a Dore leisurely examlnatlon of what tbe target
progran is doing on these l:[nes. .:.

Steoper Dlsolav Format
Tbe STEP roode display at the botton of your screen contains nueh useful

infornation about the sLatus of the target program and the Z-80 reglsters. A
sanple of this dlsplay ls shown beLow. The raiddle two lines are what you night
see on your screen, The nurbers ln parentheses above and below these two lines
are references to the various ltens in the STEP node dlsplay rhich r l t l  be
explained below. These nurnbers will nob appear on your screen.

(  1 )  Q )  ( 3 )  ( 4 )  ( 5 )  ( 6 )  ( ? )
9509 2A803C LD HL,(3C80) AF=0044 BC=4444 DE=1133 HL=QQ22
? - Z V - (3C80)=2041 IX=0000 II=QQQS SP=fffQ 35

( 8 )  ( e )  ( 1 0 )  ( 1 1 )  ( 1 2 )  ( 1 3 )  ( 1 4 )

(1)  This  1s the current  va lue of  the Progran Counter :  the address of  the
current  lnst ruct ion ln  the prograrn you are s tepplng through.  In  thLs
exanple, l t  ls address 9509 hex. This nunber (and al l- nwobers in the STEp
node display except the step count) is ln hexadecinal notation.

(Z) fhese are the object codes startlng at this address. These three bytes forn
the curent Z-80 instructlon. To be very specifS.c, address 9509 contains a
24,  address 950A conta lns an 80,  and address 9508 conta lns a 3C.  Taken
together, these three bytes forn the instruction nLD HLr(3C80)r.

(3) This is the dlsassenbled instruction (in Zltog nnenonics) which is about to
be execubed.

(4 )  Th l s  shons  the  con ten ts  o f  t he  Z - }C I  reg l s te r  AF  be fo re  the  cu r ren t
instruction is executed.

(5) Sane as l ten (4)r for the BC reglster.
(6) Same as lten (4), for the DE reglster.
(Z) Sane as tteo (4), for the HL register.
(8) This questlon nark 1s the command level pronpt ln tbe STEP node. It  neans

that DEMON is ready to accept a slngle character STEP rnode conmand. If the
line printer is enabled (see stepper coanands (P) and <SHIFT RICHT AnRO!,t>)
th is  pronpt ,  becornes an exc lanat ion point  lnstead of  a  quest lon nark to
renind you that the prlnler ls enabled.
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(9) Thls is the f lag reglster dlsplay. The f irst hypben hoLds a place for the
slgn f1ag, which 1s not set in the example, If the slgn flag wene setr an S
woutA appear trere. The Z Eeans that the zero fJ.ag 1s set. If the zero flag
were not  set ,  the Z would be replaeed s i th  a byphen.  The V rneans the
par i ty . /over f low f lag ls  set .  I f  th is  f lag Here not  set ,  the V wouLd be
replaced wlth a hyphen. The last hyphen holds a place for the carry flag.
If the capy flag were set, the hyphen would be replaced wlth the Letter C.
It is beyond the scope of these lnstrucblons to explaln tbe functlon of the
Z-80 fla8 reglster. lefer to a book on assenb)-y language progranning 1f you

are unfamillar wlth the fJ.ags or any otbtr part of the Z-80 archltecture.
(10) Tbis ls what ve wlLI caLL the rbracket operandn dlsplay. llhat lt neans ls

that the nunber 2041 hex ls stored at address 3C80. To be specif lcr the
contents of neroory locatlon 3C80 ls 41, and the eontents of location JCB1
ls 20. This xqay seen backward, but tbe Z-80 always stores i ts tvo-byte
values backnards. Tbe bracket operand dlsplay will be explained nore fu1ly
in a nonen!. The reason 1t ls glven ln this example 1s because the contents
of address 3CB0 are about to be loaded lnto the HL register pair with the

( r r )offi"3ts1n:itJtT:olont"nts or rhe Z-80 regisrer rx berore ttre current
instruction is executed.

( te)  Sane as (11)r  for  the I I  reg ls ter .
( '13)  Sane as (11)r  for  the SP regis ter .
( 14) This 1s the curent step count, wbich is one more than the nunber of steps

that have been taken slnce f irst enterlng the STEP mode or resett lng the
step count (see cornmand (O)). Thls nunber ls the only one j-n tbe STEP node
display that is in deeLnal lnstead of hexadeclnal fornat.

The nBRACKET OPERANDn Disolav
Hhenever  one of  the operands of  the current ' lnst ruct lon is  enc losed l -n

brackets (parentheses), the nunerical value of that operand is displayed below
the operands (a1so in brackets), al.ong with the value stored at that menory
Iocatlon. The foLLowlng exanples represent the possible conflguratlons of this
display and thelr neanlngs3

EXAMpLE 1: If  the currenb instruction is nLD Ar(4000)n and the byte at 4000H
i s  2 l H ,  t h e  b r a c k e t  o p e r a n d  d i s p l a y  w l l t  b e  n ( 4 0 0 0 ) = 2 3 n .  A  s l n g l e  b y t e
op"rit lon ls about to be perfonned and a single byte value at address 4000 1s
shown.
EXAMpLE 2:  In  the case of  rLD (4000)rHLr1 a two byte t ransfer  is  ind lcated '
The bracket operand dlsplay rill, show the tro byte value at locatj-on 4000. The

dispJ.ay night be n(4000)=2J45o. The value 2345 is st 'ored at locatlons 4000 and

4OOl BEFOBE the lnstructlon is executed-
EXAMPLE3: In the case of nLD (IY+z3)rCn, l f  IY = 5000 and the value stored at

locat lon 5023 is  45,  the bracket  operand d isp lay wl I I  be n(5023)=45' .  Not lce
that, DEMON calculates and displays the offset address of nlY+Z3nr as well as
the contents of this locatj.on before the insLruetion ls carried out. The value
stored Ln the C register ls also displayed (l ten (S) fn our sample dlsplay)r so
you can see Hhat the contents of locatlon 5023 wllL be after tbj-s operatlon.
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Steo Mode Conrnands
There are even nore conbands avallable ln the STEp node than there are inthe M0NrroR mode. As ln the the l,loNrr0R node, conmands are usuarly entered witha slngle character. SoEe STEP node connands (l lke connand (M)) wll l  use thebot toro two l ines of  the d lspray for  the l r  operat lons.  To t ,ern lnate theseconnands, hit the (BREAK) key. Thls wil l  return you to the STEp mode comnandlevel '  and restore the STEP node dlspJ.ay we bave Just descrlbed. To exit thesrEP node entlrery and return to the uoNrroR node, hlt, <sHrrr BREAK>.
Many of  tbe STEP rnode cornnands per forn the sane funct ions as the l rcounterparts ln the M0llIT0R node. Sotne STEP node connands, however, have thesame letter codes as t'lONrToB connands and yet perforn enttrity ney operatlons.For thls reason lt  ls a good ldea to pay altentlon to which node you are innhen selecting con&ands, but DEMoN is quite forglvlng. usualry (BREAK) wlILabort an incorect connand wlth no hano done.
Tbe (ENTER) key ls used to step DEI'loN through a progran one lnstruetlon ata tlne' followlng cALLsr JuMPs, and RETURNS wherever they lead. To speed thingsuPr (B) ean be used except, when the displayed instructlon is RET, rben you nayvant to use <ENTER> lnstead to see where the program "Ltu"tr". For a greatfurther lncrease ln speed when the displayed lnstruction is a SALL or RST, use(u)' These connands w111 be expJ.aineo in olail ln the forlowing seetlons.'

General fnfornatlon
tlhen the stepper coDes to a bad code, l t  swltches to dlsassenbllng, andstops if runnlng ln one of the continuous Eodes. This is elther an lndlcatlontbat souething ls wrong with the target progra& on that you have gotten ouL ofsync wlth the progran flow. rf you want to contlnue .ny".!, press (s) to resu'estepplng one byte forward. rn sone cases thls produces the sane result as thez-80 nlcroprocessor ltserf, but not when H o" i, are rnvolved.
The steppen keeps lnterrupts dlsabl.ed, and lgnores EI instructl.ons. fn thecase of RETI and REfi,i instructions (return fron interrupts), the stepper gi.vesyou the option of continulng wi.th the pronpt nGO ON?n. f i 'Vou press (y), theseLnstructions are processed as thougb they were both RETrs.
I f  the s tepper  encounters a HALT lnst ruct lon Lt  s tops wi th  the t ressagenHAtTn displayedr ?nd w1ll not advance lf  <ENTEB) ls pressed. Hlt <BREAK) tocontlnue. (If  IrAtT 1s encountered whlle a progran is running normally, TheT n s - 8 0 1 s d e s 1 g n e d t o e x e c u t e a J u r n p t o t h e r e s e t a d d r e s s 6 6 H . ) � � �
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?.2 STEPPFR UTTLITY COT,IMANnS <A>. <H\.  <M>. <q>

(A) - Hexadeclnal arlthroetic (X+Y, X-Y, Y-X\
Thls connand Ls alnost ldentical to the roonitor node cornrnand (A) whlch ls

descrj .bed in Sect lon 2.1. In the STEP node, however,  the pronpts and display
will appear on the bot,bom line of the screen. Thls corornand nay be ealled fron
the nain STEP node comnand level or fron the STEP node disasselob1e connand (see
comnand (D)  be los) .  To  re tunn to  t ,he  node you were  in  be fore  ea l l lng  th ls
cornroand, hlt <BREAK>.

(H) - Hexadecinal to decLnal and declnal to hexadecinal-nunber conversion
Thls connand ls alnost identical to the nonitor node cornnand (H) whlch 1s

descrlbed ln SectLon 2.1. In the S?EP node, however,  the prompts and dlsplay
will appear on tbe botton llne of the screen. Thls conrnand may be called frorn
the nain STEP node connand level or from the STEP node disassenble conmand (see
cornmand (D)  be low) .  ?o  re tu rn  !o  the  node you Here  ln  be fore  ca l l lng  th ls
coronand, hlt <BREAK>.

(M) -  Hernorv dlsoLav and edlt
Th is  l s  a  two l ine  vers ion  o f  the  mon i to r  mode conaaad < l . l>  wh lch  ls

descr ibed ln  Sec t lon  2 .1 .  In  the  STEP rnode,  however ,  tbe  d lsp lay  u1 I I  onLy
occupy the bobton two llnes of the screen. Because of tbis, a npager is deflned
as two lines lnstead of 16. This connand uay be caLled fron the raain STEP node
connand leve1 or fron the STEP node disasseroble colnmand (see eonnand <D>
be low) .  To  re tu rn  to .  the  node you nere  in  be fore  ea l l ing  th is  connand,  h l t
<BREAK>.

(0) - Qqick return to nenorv edit
Tb l s  comnand  l s  l den t i ca l  t o  t he  non l to r  node  eommand  (Q)  whe th  i s

descr ibed 1n Sect ion 2.1.  I t  w l I I  re turn you to  the nenory edl t  funct lon (M)
wlth the sane display as was last used.

NOTE
l{hen STEP mode connands (A), (H), (M) or (Q) are used, line prlnting nay be

done as explalned for the corresponding nonitor coonands by hitt lng <SHIFT
RIGI IT  ARROI I> ,  I f  p r l n t i ng  i sn r t  needed ,  j us t  p ress  <BBEAK> to  re tu rn  to
wbatever you lrere dolng before you caLLed one of these eoronands (stepplng or
disassenbling). Either lray, you wll l  return with bhe prlnter disabled (with a
n?n pronpt  Lnstead of  a  n ln  pronpt) .  Thls  is  t rue even i f  tbe prompt  was ntn
with printing enabled before using these coruoands. This is necessary to avoj.d
nultiple printing of the sane step display.
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q.? STEPPER COMHAND-<D>

(n) - Disassenble
Thls connand allows inspecilon of roullnes anywhere in nemory while ln the

nlddLe of  s tepping,  wl thout  d ls turb lng the s tep count ,  tbe target  reg is ter
contents, or the target screen. If  l lne prlnt lng ls enabled, (D) disasseobles
to tbe prlnter.

Afber presslng (D), nD ADDRESS: n w111 appear on the botton I lne of the
screen. Enfer the address at which you want dlsassenbly to begln. t lhen thls
number is entered the STEP rnode dispLay wil l-*disappear except for the f lrst
three iteros and the comrnand level proropb (see tbe sample dlsplay ln Sectlon

3.1). To advance the disassenbly by one lnstructlon, press <ENTER>. Press (D)

to change the d lsassenbly  address.  Press (S)  to  return to  s tepping at  the
ori.glnal address.

Some of the STEP node coramands are st l l l  avallable wblle you are ln the
disassenbly mode. Comnands that nlght lnterfere wlth steppLnS, howeverr are

dlsabled. These lncLude (J), (K), (U) and <P>. Connands tbat are actLve but
shou ld  be  avo lded  l nc lude  (B ) '  <C>r  <E>r  <F> '  <T> '  <V> ,  and  (Z ) .  Fo r  no re
detalls on these connands see thelr respective sectlons.

The disassenbler lgnores (E) breaks, buf stops at (I), (G) and (N) breaks.
Tbe coronands that affect these breaks are stiLI actlve, but any changes that
are nade 1n the disassembly rnode wllL st l l l  be in effect when you return to

stepptng. For more debails on the (E), (I), and <N> breaks see SectLon 3.4-
Cornnands (A), (H) and (M) are stl.l.l avaLIabl.e Ln the dlsassenbly node. lfhen

you exit any of these auxil lary comtnand routines by pressj.ng <BnEAK>r the

dlsassenbly dispLay returns. -
:

Disagsenblv to the line PrJnter
if  dearing the display screen of your target progran doesntt rnatter, and

lf a series of progr"am lnstructions are to be disassenbled with 1lne prlntingt

it is easiest to use the HONITOR node conmand <SHIFT D) to disassenble to the
prlnter. To do thls, press <SHIFT BREAK> to return to the I{ONITOR mode, use the.
<SHIFT D) conmand, and return to the STEP mode wlth the (C) conmand. If  you

must preserve the target prograrn screen dlsplay, use the following procedure:

Enter  the d isassenbly  node wi th  s tepper  cornmand (D)  and enter  the 's tar t ing
address. Next, press iSnfff nIGHT ARnOW> to enable l lne print lng. Thls wtLl

cause the current  inst ruc l lon to  be pr in ted on the l ine pr in ter-  I t  a lso

enables pr in t ing,  which you w111 know by the fact  that  the connand'pronpt
changes fron a question nark to an excLanation point. I f  this is al l  you want

to print, press <BREAK>. If  you want to prinf nore dlsassenbled I 'nstruetlonst
press (R). you w111 then be asked for an ' ln LAST ADDRRSS:I. Enter the address
at whlch you want the dlsassenbLy to stop. Prlnting wiJ.l begin as soon as you

enter  th is  nurober .  I t  w i l l  cont inue unt i l  the Last  address ls  reached or
exceeded unless stopped by an (I),  (G), or (N) break.

printing will still be enabJ.ed after the printer stops (the corunand pronpt

w i l l  s t i l l  be  n t r ) r  so  p ress  <BnEAK> un less  you  have  no re  to  p r i n t .  Th l s
dj.sables printing and restores the n?r pronpL at the botton left of the screen.
To stop the pr ln ler  a t  any t ine,  press and hol .d  <BREAK> unt i l  the pr in ter

stops.

Denon - Page 26



ffi

t
{n
E

,*

t
ql

I
:&'.,|

t
rS,q1'

I
.4

#

I
fi

4

F
#
I
t
h
h
F
I
E"n,

{$'

I
rI
. i i "
.:1_

I

f,
.1.

f
';. .

rl
::li.'
.i

?.4 BITEAK S'ITTrNG CAiOnNnS <E>, Sq), <I>r <N>

Breakpoints are very usefuL functlons ln a debugger llke DHON. In general,
a breakpolnt is a eondltlon under whlch progran execution or slng1e stepplng
wl l l  s top.  DEMON has four  k lnds of  breakpolnts  ln  addi t lon to  the TLAST

ADDRESSn of the (R) connand.

(E) - External lreak
?he (E) break stands fon external break. It wllL only function ln RAM. Hhen

you select <E> frora the connand level, you nlll be given the followlng pronpt
on the bottoro l lne of the dlsplay: nE BREAK ADDRESS:i. Enter the address at
whicb you want stepplng to stop. Thls address should be the beglnnlng of a
known lnstruction, and ldeally thls lnstruction should be three or four bytes
long. After thts address ls entered the STEP rnode dispLay wl. l l  returnr'but a
Junp to DEMON wt l l  have been lnser ted ln  the target  program at  the break
address. (fUfs 1s why the E BREAK wtl l  only functlon in RAM- If you try to
enter an E BREAK ln ROM you u11.1 be given tbe error nessage tE nOMn.) fne three
bytes that orlginally oecupied tbe E BREAK address are saved withln DEMON.

Next, the usual procedure is to Jr:rup lnto the target prograno by pressing
(J), and answer the nJ 0K?r questlon by pressing <Y>. Lt this polnl' the target
progran w111 resune nornal operatlon at ful l  speed. Iou wll l  no longer be
running Dru0N - your target progran wILI be in fulL control. If you have placed
your E BREAK properly, however, the target progran wlll eventually encounter
i t .  l {hat  l t  w111 f ind,  ln  p lace of  the or lg lna l  three bytes 1n the target
progran, is a JUMP to the E BREAK entry polnt ln DEll0N. DEMON w111 then resune
control, restore the orlginal three bytes ln the target prograsr and stop ln
the STEP node eornrnand level at this instruction. The Z-80 reglster dlsplay ulJ.t
show the exact  contents  each regls ter  bad at  that  lnstant  1n your  target
progran. You nay eontinue stepplng ihrough the progran by presslng <ENIER>.

Thls  k ind of  break Ls essent ia l  for  debuggin8r  but  nany tb lngs can go
lrrong, for exanple:

1) Tbe target progran nay never encounter your E BREAK.
2) fUe tariet prograrn nlght alter the codes that cause the Junp to DEMON.
3) Tbe target progran ntght enter the nlddle of the E BREAK Junp lnstructlon.
4) fne target progran rolght alter DEtq0N before encountening the E BREAK.

Probleos.l and 3 can usually be avoided by careful placement of the E BBEAK.
ProbLems 2 and 4 are unllkely to occur, but nay be avoided by knowing sonething
about the operatLon of your target prograu. After an E BREAK ls eneounteredt
ttre break address is saved automatl,ca3.ly. I t  wil l  be refered to as the rold

breakn ln the dlscussion whlch fol- lows. The same break nay be reset and used
agaln by way of the (K) conrnand (see Section 3.9).

Safetv Features
DEMON wlll renove an exlstlng E BREAK if you use the (E) connand to set a

nelr one, lf you return to the nonltor, or Lf you delete a1L breaks with (C). In
ease you have to  reset  the eonputer  and re-enter  DEMON by Junplng to  l ts
startlng address, an E BREAK wl1l usually be renoved on reentry. In the ltorst
case, where a break renalns that DEMON doesntt expect, you w111 be glven the
eryor nessage rBAD E BREAK = xxxxt when the target prograE encounters tbe
break. The :o<xx w111 be replaced by the address of the unexpected E BREAK. You
wt1l flnd a Junp to DE!,lONrs E BREAK entry polnf at that address lnstead of the
correct codes.
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CAUTIQN: I f  you s lng le s tep Lnto an E BREAK, you w111 be g lven the error
tnessage nE-INn. Thls roeans that stepplng ls about to lnvade DEMON. If thj.s
occurs you u111 have to blt <BREAK> nhlch wlll renove the E BREAK and return
you to the M0NIT0R node. You uay continue stepplng wlth the (C) connand.

The follonlng exanple w1LI denonstrate the use of an E BREAK. It w111 use
the sanple progran described ln Appendl.x C. You must f lrst elther type thls
program lnto rnenory at address 5500, or have done so earLler and Load lt now
from tape or  d lsk,  Enter  the STEP node FC. th (S) .  Uhen asked for  the | 'S

ADDRESSn,  en te r  5500 .  You  w l l l  t hen  be  Ln  the  STEP moder  w i th  the  f i r s t
lnstructlon of the satrple program dlsplayed (CALL 004911). Next type (E) to
enter an E BREAK, and use 551 1 for the E BREAK ADDRESS. Now type (D to Jttnp
lnto the sample program. lJhen asked ttJ OK?nr type (I).

The screen w1[1 go btank and the sanple progran will walt for a keystroke
wLth the CALL to 00lt9H- Type the lettep nAnr and the screen rlll lmedlately
f111  w l th  th l s  cha rac te r .  The  p rog ran  r11 l  t hen  reach  add ress  5511  and
encounter tlie E BREAK placed there. At thls point DEMON w1.11 once again regaln
control, and the STEP node dlsplay wILI return to tbe botton of tbe screen. The
nex t  Lns t ruc t l on  w l IL  be  a  JUMP to .5500  a t  add ress  5511r  wh lch  i swherewe
placed the E BREAK. t{hl le this took only a fractlon of a aecondr the Z-80
actually executed over 201000 lnstructlons befone we regained eontrol. The E
BREAK ls very useful because lt allows the target program to run at full speed
until- the break ls encountered.

' . '
(G) - Break after a certal:n nunber of lnstructiong

The G BREAK ls another way of stopping the target program durlng executlon.
ft al lons you to speclfy a l lnlt  to the nunber of lnstructLons tbat wlLI be
executed ln the contlnuous step nodes (see srEP roode conmand (R))' Beeause 1t
works 1n conJunctlon wtth the (R) connand, the G BREAK wonrt work lf the target
prograa ls runnlng at full speed. Slnee it sfores nothing ln menoryr holrevert
lt wILl work as readlly ln BOM routines as ln RAM.

To use the G BREAK, type (G) frorn the STEP node eonnand level. Iou wlll
then be asked for a ICOUNT:r. Enter the nunber of lnstructions you nant to
execute before the G BREAK 1s aetlvated. Thls nunber nust be a declsal number'
so you nust end,.lt Hlth a deolnal polnt lnstead of the (EITER) key. If you have
forgotten how to enter declnal nunbers, refer to the expLanatlon under GROUND
RULES at the very beglnnlng of these lnstructlollso .0nee thls nunber has been
entered, uae tbe (R) connand to run the target program under DB'ION control-.
After the speclf ied nunber of lnstructlons have been executed, stepplng wil l
stop. The G BREAK, however, 1s still set. Each tine (R) l.s pressed lt st'arts a
new G BREAK count ,  so the G BREAK can be used over  and over .  To c lear  a G
BREAK, press (G) and hlt <ENTER>. Any use of the (B) cornrnand uill also clear
the G BREAK, as wlLI the (C) command.

To denonstrate the G BBEAK, we wil l  use the sanple prograrn descrlbed in
Appendlx C. You nust f lrst elther type thts program lnto memory at address
5500, or have done so earller and load lt now fron tape or dlsk. Enter the STEP
node with (s). lfhen asked fon the ns ADDnEssnr enter 5500' rou u111 then be 1n
the STEP node, rlth the flrst lnstructlon of the sanple progratr dtsplayed (CALL
0049H). Type (U) to execute thls BOM call  at ful l  speed. The screen wlII go
blank, and you should type ttre letter tAn. The step node dlsplay wlll returnt
and the ASCII  va lue of  the le t ter  A (41H) wlL l  be ln  the A regls ter .  Hl t
<ENTER> tbree t lnis to take tbree steps. The step count Ln the botton rlght

"j So
ta
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corner of the screen should be 5' Next type (G) to enter a G BREAK and enter

n3g4.n (a Aecfnai -nu.U"")  for  i f r i - "COUNT;; '  f lu  
- " t 'ouLd 

then be back at  the

sommand lever of the sTEP node'- l l i ' ; i l ;  t-1'-- i ;-"t lr t  t t*ett DEMoN' and when

asked for an "n LGi loongss,nr. Ju"i nii^<Hten>' ', The step node
Iou nl l t  see bhe screen b""gl; i .  l+l 

"t* the letter aAn' The step node

d isp lay  w l I I  change  ve l . y  " . p ia i y  a t  t he  i o t i o t  o f  t he ,  sc reen  as  each

instructton is "*"ii"a. ,ui"o gdi-i"lt"uotrons-have been executed' the progran

wilt stop. you iiii-iroa tr,at"iniv lt" top line of the screen has been filled

with the letter nAn. Tbe step coiiilr ro ttre uottora rlght corner of the screen

wiII shou 3g9, utrich ls 384 ro"J'* the starti"g-"o"nt 9i-?' 
The G BREAK ls

stllr set. To verlfy this, p..*" (R) agatn, *ittit <ElITEn> when asked for an

nn LA,ST ADD'ESS'. Iou wit l  """ 1U" lelter nln f i f t  the seeond ' !ne of the

screen, and ttre "i"o *it"" rrir;;;;-iil' "nr"tt-i" 384 rnore than the Last

(I) - Internal breAl<

T h l s  b r e a k p o i n b  i s  s l r n i l a r  t o  t h e  E . B n E A K '  e x e e p t  t h a t  l t  u o r k s  1 n

conJunct lor,  "r i t ' th;  (R) and ?i l -  oott t"a" to stob *rhen an exact address is

r e a c h e d l n p r o g r a n e x e c u t l o n . I f d o . s n o t a l l . o w i t , " . t . " g e t p r o g r a n t o r u n a t
fulr speed, b;;i;;iii-"*x-iliAl'l or R.M--The address specified nust be the

ffiiil' :g."i";i;*ii''i*!t:*ttr:!',#T'!li"::'.:H'"oa r u' "t . r ou wir 1 then
be asked for an nr B1EAK ADDRESS:'- You nay-;;t;;"y vatid hex or declnal

number. you shourd arready r.no"]-lor"r""r.tnlt ttre address you enter' ls the

begtnntng of a., :.o"tructtonlou-"". 1!f<ifV-tJ-tncouoter 
when r'nning' After

thls nunber ls entered, trre Srdp noae dtspL"v iri-i-"eturn' Iou nay then begln

continuous.stepplng of yolr-i""get prog""t 
'" it-tt 

1nu <n> comuand' and when

pro8ran flor, "liotll you-" I g;EAK".aa""""-, steppln8 will stop'

To demonstrate the r BR;fi; we wtl '] ' .""J-lttE sanple program descrlbed ln

Appendlx c. y; nu"t f lrst "i l tL" type thi; p".!""t ' intl. IneBorv at address

5500, or bave-Jon" so earrle" "oa road it no"-rior"i.p" or disk- Enter the srEP

rnode with (s). nnhen asked ror 6" ii ooonEss"'"il""-iuo9t^t-:u w111 then be in

the srEp roode, wltb the flrst i*t"ootton of- Lhe sa!'pte progran displ"ayed (gALL

oo4gH). Type (u) to execute tiG-ill,r, at fuLi speeo' The screen ullr go b,"ank'

and you shourd type th9 rettei"lri. ttr" steJ ria" disp'ay wir' return and you

ffi';o; ii;Y*:f{*n:":"jT',$^l'," fft':;'[""#-i ,:: .n" address' You
should then be back at the "ort.na ievet ;;-;;" J'ep node' Now type (R) for

c o n t i n u o u s s t e p p i n s , a n d J u s t t r r t < E N T E R > l n e n a s k e d f o r a n n n L A , S T A D D R E S S i .
DEMON vilr lnrnl-ot"t"ty o"rtn-"iJnnirrs'lt'roug.fr ttre sample proFraln' You wlrl see

the rerrer nAn besin 19_ fir;-6;-"f"""n.- ni"n-ln" "1"""n iJ conpteterv fl l led

rhe srepping wlIr sbop. rn" nlxi-in"t"r,ot1";-;di-be a JUMP to 5500 at address

5511' whlch f "-t't '"tt "" pf toeJ tbe I BREAK'

L? "-" ::| il:; 
"' 
*: t i : 

""-" 
*:: utl'f 

to,l o u "

conrnands (R) or (B) uhen " iuru"" withln . ;;;i;;dr ""rr8"- i" rr"r"noed by one of

the registers. Because rt worlc" ln conJuootlo" "lth the (R) and (B) cornmands'

it, does not allow the target frogral-to "xto"te at full speed' but it w111 work

equally ueff in ROM routlnes as ln RAI'I'
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W h e n y o u t y p e ( N ) f r o n t h e S T E P n o d e c o r o m a n d l e v e l , y o u w l l l b e a s k e d f o r
an nN FInST ADDRESS:r. Enter ttre lower lln1t of the ranSe you uant to speclfy'

rou wllr then be asked for a r i lst ADDRESS:i, Enter tbe upper Llnlt of the

range you are lnterested ln. You wll l  then return to tbe STEP node conmand

Ievel. you nay no$ select conmand (R) to begln contlnuous stepplng' and 1f any

reglster or instruction references a nemory address ln the deflned ranget

s t e p p i n S u l l } s t o p . T o r e n o v e a n N B R E A K ' s l n p l y e n t e r z e r o f o r t b e t w o
addresses requeeted (also see STEP node conmand (C))o

T o d e C I o n s t r a t e t h e N B n E A K ' r | e U l l l . u s e t h e s a n p l e p r o g r a n d e s c r l b e d l n
appendlx c. you nust f lrst eitrrLr type thls_progran lnto tremory at address

5500, or have done so earlier *A f o"i lt now fron 
-tape 

or dlsk' Enter ttre STEP

node uith (S). tlhen asked for the trs ADDRESSi, enter 55OO' Iou will then be 1n

the STEp mode, wlth the flrst l;tr;ction 9f-tne 
sanpte progran dlsplayed (CALL

004gH). Type <U> to execute $ris caLL at full speed. Tbe screen w111 go blankt

and you should type the letter (A). The step rnod- dlsplay wlll' then return'

To enter the N BREAK, tvpe <rl> and entlr 3D00 for the ltN FIRST ADDRESS:n'

Enter 3D10 for the nLA,ST-ADD3ESS;n. These numbers deflne a range ofneroony that

ls in the niddle of the vldeo "o"""o. Type (R) to begln continuous stepplnSt

and hlt (ENTER) for l'R LAST ADDBBSS:n. Iou wlll thin see the screen 1"g1"-!o

fl IL wlth the letfer nAni If  you watch the contents of the HL reglstert you

wl l l  see l t  approacbing the range we bave def lned '  t lben l t  reacbes 3D00t

"t"oool*r,I#i"itll*0r", 
!.f rhe deflned ra'se were 4200 ro 4500, srepplns would

stop lf one of ttre ftffowlng lnstructlons were reacbed:

1 )  LD
2)  JR
3) l,o

HLr4350
4450
BC, ( Aooo) (If nernory locatlon A000 contaLred an address ln the defined

range. )
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<C) - Clear alL brggb
Thls connand is qulte slnple. It Just clears aLI breakpolnts that have been

set. l{hen you type <C>, you wtl l  be lsked nC OK?n. If  you type (N)t you w111

return to the connand leve} witfr any breatcs-l!]-1l intact' If you type <Y>t a1I

breaks w!!I Ue cfeared. Thls lncluaes n BREAK, G BREAKT I BREAK' and N BflEAK'

rt aLso clears the value st,oreJ-a" ttr" nold breakn which ls used by the srEP

mode conrnand (K).

(L) - Llirt breaks
TMs counand aLIows You

breakpolnts .  Af ter  tYPing
following:

to see what values have been set for the varlous-<L>' 
you wlII be shown a dlsplay slrn.l-lar to the

E  =  0000 ,  (oooo)  I  =  0000  N  =  0000 '  0000  G  =  0
'  

v v v - ,

t L ^  E r  D D F f , r .  a d d P e s s -  T h e  s e c o n d  n u r o b e r '  l n
The f l rs t  nuuber  d lsp layed ls  the E BHEAK address '  The see

parentheses, ls the old E BREAK address used by the sTEP mode eonmand <K>' The

third number 1s the euffent I BREAK address' The next t$o nunbers are the flrst

and last N BnEAK addresses. The Last nunber, fol lowed by a decinal polnt to

lndlcate that i t  ls a declnal, nuraber, ls the G BREAK count'  once the break

dlsplay 1s ln place, hlt <SHIFT RIGHT lnnow> to prlnt l t  on tbe I lne prlnter'

Hit <BhEAK) to rest,ore the fuII STEP node dlsplay'

3O) - Reset steP counter
Thls'conmand very sinply resets the step counter in the botton rlght corner

of the screen to 1. Hhen you type (0>, you-wll l  be asked nO OK?n' Type (N) and

you wlll return to the connand ilvef wftl the step counter unaltered' $pe (Y)

and you wllL return to the connana tevet with the step eounter set to 1 '

(S) - Restore STEP rnode dlsolav
rf the srEp node connand (D) has been usedr the botton two lines will have

the disassenbling node dispf.V. io-""Urr"n to lfre STEP node dispLay' press (S)'

You wlll return to the address where stepping was lnberupted' and DEMoN w111

continue Sust as ihough (D) had not been used to exan'lne other parts of rnemory'

(T) - Restor,e tarcet oroEramts-.screen,
Even though you see the srep noo! display on the bottoro two 1lnes of the

g c r e e n ' D E M o N k n o w s w h a t y o u r t a r g e t p r o g r a m b a s p l a c e d o n t h e s e l i n e s . I n
fact, when DEIloN Ls stepPinSr cont,r-or or these tvro l lnes i 's reburned to the

target program. The lnfornatlon dlsplayed thgre ls saved by DEM0N every tine lt

displays i ts own sTEP node aisprav. 'To- see "h1! your tal89! program ls dolng

with these.two llnes, hit <T>. in! stnp node dlspray wilJ- disappear entlrery so

you can see ttre eniire tareei screen. Hit <BREAK) to return to the STEP node

display.
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Thls corouand-Is used to uisrn contlnuous stepplrrg at the current address.rn thls roode it 1s not necessary to hlt, <ENTE'> fon eacrr new step - each stepw111 be taken autonaticalry untll an error occurs, a breakpor"t-i" ,IJJti"ol"l"the (BREAK) key ls pressed.
To use thls connandr type (R) fron the,srEP node conmand Level. you wltlthen be asked fon an nR tasr ADDRESS: n. Thls address ls yet another type ofbreakpoint' rt aLlows you to enter an address that ls the upper llnit to uhlchyou are wll l lng to step. Thls address, however, does not 

-need 
to be exact,continuous stepping w1,11 stop lf  l t  reiches an address that is equal to orgreater than the deflned LAsr ADDIBSS. rf you do not uant to put an upper ll'lton contlnuous stepplng, Just hit <EI{TER> ior thls address, *o " default valueof FFFF r+l[l be used. 

s\

contl 'nuous stepplng u111 stop lf  an I BREAK ls reached, on the G BREAKcountt and rhen nunbers appear in the N BREAK range. rf prlntlng ls enabled,every s tep wl l l '  a lso be sent  to  the l lne pr ln ler .  ( f , )  resets  the G BREAI(counter each il-ne it is used (see stepper coraruand <G>i. 
-- - 

--

(B) - Branch steo
Thls conroand ls very nuch l lke tbe' conanand (B) descrlbled above. uhencontlnous stepping ls reguested wlth the (B) connand, however, no LA.sr aDDnEssls  asked  fo r '  I ns tead ,  t he  (B )  connand  w l t l  s tep  con t l nuous ry  un t i l  i tencounters a branchlng lnstructlon that branches. This nay sound redundant, buta l l  b ranch ing  l ns t ruc t l ons  don r t  b ranch .  l { ha t  ue  rnean  by  a  b ranch inglnstructl'on 1s one that dlrects progran flow to aotre neu address. Exanpres ofbranehlng lnstructions are JPr- cell, Rst, and RET. An exarnpre of a branebinglnstructlon that doesnrt branch ls rJi Nzr52gg" 1f tbe nNZ, condlt lon is notnet .
This nethod of continuous stepplng wlll also stop at r BBEAKs and t{ BREAKs,lf  an error Ls encountered, or l f  the (BREAK) key ls pressed. rf prlnt lng lsenabred, the dlsplay wlll also be sent to the Llne prtnter for every step.

(V) : Varv runninq speed
Thls cornnand wI[I allow you to vary the rate at rhlch the connands (g) and

iJf sten. l{hen you type (V), the conrnand level pronpt rilL change to the letternvn' rou nay then enter any vaLld hexadecinal dlgtt fron r tJ-r..  
- i l ;r-;-; ; ;

the slowest rate. Enter F (or zero) for the iastest rate. The rate of stepplngapproxlnately doubles uith each lncreoent of l. The sl.owest rate ctlsplays newlnstructLons about onee each seconde the fastest rate at about 90 per second.rf 1lne printlng rs enabled, these rates wilr be nuch srower.
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?.8 nEGISTqlt Enrr C0MHANFS <F>. <Z>

(F) - Flac feoister ,edlt-- 
firfs eornnand will allow you to dlrectly change the status of the flag bits

ln the F reglster. A f lag can be 0 or 1. I f  l t  ls 1r or set, the f lagts letter
wilt appear ln the STEP node flag dtsplay (see the descrlptlon of the STEP node
display 1n Sectlon 3.1). I f  the f lag is 0, or not set, a hyphen wil l  appear in
the ftag display lnstead of the Letter. DEMON wlll alLow you to change the SIGN
FLA6 (S), t tre ZEnO FLAG (Z), the PARITY/OVERFtO}I FLAG (V), and the CAnnI FLAG
( c ) .

t lhen you enter  the conmand (F) ,  you wl IL  aee a d lsp lay s in l lar  to  the
followlng on the bottou Ll.ne of your soreen:

S Z V C = - Z - -  F L A G ?

You nay now seleet the flag you want to
P, V, or C). If you typed Zr the dlsPlaY

S Z V C = - Z - C

change by typiug a slngl.e letter (S, Z,
would becone:

FLAG? Z =

you nay now type a zero to reset the zero flag, or a one to set the flag. You
wtll then be asked agaln fon a flag to cbange. To escape tbls node and return
to fhe conmand.Ievel, press <BREAK>.

(Z) - Z-80 reslster dlsolav and edlt
This coronand allors edillng of all the target progranrs Z-80 registers. It

wll l  aLso al low you to examlne the alternate register set. To set a regLster
va lue,  f l rs t  type (Z) .  You wtLL then be g iven the fo l lowing pronpt  on the
botton llne of the screen: nZ80 REG = r. You rnay now enter any double register
and b1t <ENTER>. Select the alternate reglsters by adding an apostrophe after
the regisfer letters (BC becornes BCt). You wlLI then be shown the cuffent value
of  the regls fer .  To leave i t  a lone and retunn to  the cornnand leveLr  b l t
<B3EAK>. To change the current value, enter a new number in elther decinal or
hex. After you have entered a Delr value, the eursor will dlsappear but nothlng
else wL11 change on the screen.  You nay now h i t  <BREAK> to return to  the
conmand 1eve1, or hlt <SHIFT RIGHT AnnOW> to line print the botton line of the

dlsp1ay.
In the

DED|ON. The
typing (Z):

fol lowing example, the text tbat ls not underl lned 1s suppLled
underllned characters are your responses. Enter the register node

by
by

0063 20FB Jn NZ,O060 AF=FF28 BC=ooFF DE=FFO0 Ht=fp53
Z8O nEG = !Q (ENTER) =) 00FF 1100 <BREAK>
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?.q JUMP C0l'fiAl\lns <,I>r <K>, <U>

(rI) - Junp to the stenqinc address
Thls connand wILI cause DE$,10N to Jurop to the STEP node address currently

d lsp layed on the screen.  FuI I  contro l  wl lL  be t ransferred to  the target
prograyn.  Unless an E BREAK has been set  f l rs t r ' there w1I I  be no return to
DE!{ON. As a safeguard, the message nJ OK?n rlll appear after thls connand ls
selected. Press (N) or <BREAK) to return to the STEP node. Press (Y) to Junp to
the displayed address and exlt DS{Oil. '

(K) - Restore E BREAK and lump
Thls connand resets the last E BREAK (lf  l t  lsntt st l I l  set), and Juops to

the target prograrc Just as the STEP node connand (J) does. After typlng (K)
froro the eoromand level, you w111 be asked | 'K OK?n. Press (N) or (BffEAK) to
return to the STEP roode.. Press (I) to Junp to the dtsplayed address and exl.t
DEI{ON.

CAUTfoN: Because the E BnEAK and K BREAK replace codes ln your target program,
they should only be plaeed at three byte lnstructLons. Thls ls especlally true
of the K B8EA,K. If tbe K BREAK 1s used at a one byte or two byte lnstructlont
it ls posslble to crash DEl,lON when the (K) functlon ls used. For thls reason,
be sure to pLace 1t at the beglnnlng of a three byte fnstructlon. If  thls ls
not posslble, be sure to take at least two steps wlth the <ENTER> key after an
E BREAK or K BBEAK before uslng the (K) function. Thts w111 aLLos DEMON to step
past the breakpolnt and prevent lt fron crashlng ltself by running lnto the
n1<ldle of tbe K BREAK code.

(U) - Juno tUndern CALL$ and BSTrs
Thls connand allqws you to execute target progran.routines at full prograg

speed lf the curent STEP lnstructlon Ls a CALL or RST ln RAM. If the current
instructlon ls not a CALL or RST, notblng w111 be done (not even a step). I f
the CALL ls conditlonal and the conditlon ls not net, DEMON w111 Just step to
the next lnstruction. If the condltion ls rnet, DEM0N wlll execute the CALL at
fuJ.l speed and return. If the CALL or RST ls Ln ROM, the error message tE n0Mr
will. be dispLayed, and you w111 have to press <BREAK> to continue.

The (U) cornmand clears any exlstlne E BREAK, sets an E BBEAK at tbe next
lnstruetion (t,he return address), and then Jurnps to the target progran Just
like stepper connand (J). This conmand does not affect tbe old E BREAK address
that ls used by the (K) conrnand. The new break ls erased as soon as stepplng
rest rmgs.

NOTE: Since (U) sets a break, lt alters the target progran and nL1I not work
properly l f  the target progran uses tbe next three codes ln any way before
returnlng. Also, DEMON w111 not regain control l f  the CALL or RST does not
return.
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?.10 LINE PNTNT COI,IMANNIq <P>, <SHIFT RTGHT ARROW\' <SHTFT P>

(P '  -  Enab le  l lne  on ln t {nq  (2  l lnesr
This connand puts DB{ON lnto the 3.1ne prlnter node. When you type (P) fron

the STEP node cornmand level,  you w111 be asked nP 0K?n. I f  you donft  real ly
want to pr inb, press (N) or <BREAK>. f f  you do want to pr lnt ,  press (Y).  Tbis
wi l l  cause the botton two l lnes of the screen to be lnnediately sent to the
I j .ne prJ.nter.  In addlt lon, DEMON w111. stay ln the pr lnter rnode (the conrnand
leveL proupt wl lL be ntn lnstead of r?n) so lbat both l1nes wiI I  eont lnue to
prinL on every atep.

(SHIFT RIGHT ARROW) - Enable llnq orlntinq (ltne 1q gnlvl
Thls connand funet lons exact ly l ike stepper connand (P) exeept that no

veri f icat ion ls asked (nP 0K?n does not dlsplay) and only the. top Line of the
two STEP node dispJ.ay llnes ls printed. 

l

NOTE: <SHIFT RIGHT AnnOH> and (P) change the n?n pronpt at bottorn left corner
o f  the  screen to  n l r  and enab le  l lne  pr in t , ing  so  tha t  every  s tep  w i l l  I lne
prJ.nt autonatically. <BREAK) disables llne prlnting, resLorlng the r?n pronpt.
Commands (A), (H), (L), (M), and (Z) llne pri.nt lndependentl.y rith <SHIFT BIGHT
ARROW>.

jISHIFT P) - Ling prlnfer g-ontrol
This connand furctlons ldentlcally to the monltor mode <SHIFT P) cornuand.

See Sect lon  2 .7 .

?.11 TRACTNG WrTH <B>, <U>r AI{D A LrNE pRrNrEn

As has already been nent loned, (B) and (U) can be used very effect ively
together. Press (B) lnstead of <ENTER> except at a RET (where you should press
<ENTER>'1f you want to follow the prograrn flor) or at a CALL or RST where you
ro'ay want to use (U) for full speed prograru execution, Reunenber, however, that
(U) can be dangerous if you are Ln unknown territory. If the progran crashest
reset and reload everything, and repeat the procedure using (B) instead of (U).

W h e n  y o u  a r e  t r a c l n g  w l t h  o u t p u t  t o  t h e  l i n e  p r i n t e r r  t h e r e  l s  a n
unavol.dable speed penaLty for pr lnt ing every I lne. I t  nay be usefuL to only
line print each tirne the stepplng stops after (B) ls pressed. Do this wtLh (P)

or (SHIFT RIGHT AnnOW> fol l .owed by (BREAK) ( to disable further pr lnt ing) each
tine the display st,ops. It Ls also useful to List new breakpolnts wlth (L) and
line print thern for reference, and a dlsassenbled llsting of the entire program

area Eay be very helpfu3..
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APPEI,IDIX A: .TECHNIQIL INFORIlATI9N

In lts original location, DEMON loads to 5F00-?F68, but uses henory to |FFF.
The nonltor commands (E), (L) and (W) use 8000-80Ff'as a dlsk I/O buffer. The
(E) conrnand places lts synbol table above 8100. (The tabLe ls 1/8 as long as
the prograrn belng dlsasserobled.) All of tbese addresses reLocat€ wlth DEMON so
thelr nen locatlons ln relocated verslons of DElt0N 1111 have to be calculated.
OnLy the high bytes change, however. 

,
The nonltor connand (M) wlll edlt DEMON ltseIf, and can be used to nake useful
c h a n g e s .  T h e  f o l l o w l n g  l n f o r n a t l o n  r e f e r s  t o  D E M O N  1 n  l t s  o r J . g l n a l
5F00-7FFF-80FF loeatlon:

IINE PNINTEN CONIAOL
Blank ltre countr (ZgAl) = 06 (6 Utant< Unes/page)
Prlntlng llne count: 1791t1) = 60 (60 prlntlng ltaes/page)
Llne feed character: (79A6) = 0D
Margln:

The M0NITOR node conmand (J) wtII autonatleally Junp to address 402DH rhen 1 ls
entered. Tbe address 402DH ls stored at 734FH. If you want the (J) connand to
Juop to soroe ottrer address shen 1 ls entered, place that address here (low byte
flrst)

To renove the col.on after Llne labe}s ln the MONITOR rnode eoronand (E) output:
Change the bytes 3E 3A CD 7l 76 at Locatlon 722F to 00 00 00 00 00.

DEt'tON has l lnlts on the address to whictr programs nay be loaded wlth the
MONITOR mode comnand (L), Thls l lnlt  is to prevent you fron crashlng your
operatJ.ng systen by }oadlng programs on bop of it. Thi's lirnlt nay, however, be
changed. The 42H at T88DH prevents loadlng below 4300H. Change this byte to one
less than the high byte of the lower lldt you want to assign. If, for example,
you want tbe lower l1nit to be 3C00H, change the byte at ?88DH to a 3BH.

The lower llnlt to whlch DruON ltself rnay be relocated 1s stored at 5FF8H. Thls
Iocatlon currently contaLns 45H whlch prevents the (R) conroand fron loadlng
DEMON }ower than 4500H. 

.

Tape loads are not al-lowed lnto the dlsk buffer. If you donrt have disks, thls
ls a pointless llnlt. For tape loads only, lt ls posslble to load lnto tbe dlsk
I./O buffer by changlng the contents of address 7898H fron 3CH to 00.

To display perlods fon codes less than 20H when using the nenory edlt firnctlon
(M) ln ASCII mode: Change the byte at 6ECDH fron 04 to 00

TAfiGET STACK: The target progran tray move the target stack, but lntttally ttre
region fron 7FB4 to ?fff Is cl.eared fon easy lnspeetlon, and the target stack
polnter 1s set to ?FFC. nE STACKi w111 dlsplay and stepplng wtll stop lf this
st,ack lnvades the region frorn 5F00 to ?FB3 in DE{ON.

STORAGE LOCATIONS FON TAIGET NECISTENS }IHILE STEPPING
AFr = (?Eg8) BCr = (?EgA) DEr = .(?EgC) HLf = (?EgE)
AF = (?EAO) Bc = (?EA2) DE = (?EA4) HL = (?EA6)
rx = (78A8) rr = (?EAA) sp = (?elc) pc = (TECD)
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For the nost parb, DRION has lts own utllity routtnes, but the stepper uses the
ROM llne prinf routlne 0038H, It  also uses the vldeo dtsplay caII at 0033H on
return fron an E BREAK. The rnonitor uses the keyboard routine at 0049H and the
dispLay routlne ab 0033H. These routines use sone lAll locafions beLow 4300. fn
addi t lonr  DEMON uses aotne rout ines ln  the d lsk operaf ing systen for  d lsk
operatlons.

If llne prlnf consands are used wlthout
have to reset, and Junp back to DEMON,
the printer to respond. Tbe use of tbe
ulth unusual prlnters and custon drivers

a fuhct ion lng l lne pr ln ter ,  you nay
slnee the conputer nILl be walting fon
ROM Ilne prlnter routine alLows users
to use the print functlons ln DD,ION.
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APPENDIX B: ERROR-MESSAGES

STEPPER ERRORS:
'E ROMf: An attempt is belng nade to set a break ln ROM by uslng one of the

comnands (E) or (U). Press (BREAK) and contl.nue.
nE STACKT: The target stack ls about to invade DEltl0N. Press <BREAK> to return

to the nonitor Eode. Donft try to contlnue.
nE INn: The target progran ls naklng sone klnd of reference to an address

lnslde DEMON. Press <B8EAK) to return to the roonltor tsode.
nBAD E BREAK = x:o(xn: See stepper conmand (E).-Press (BREAK) to return to the

monitor Dode.

MONITOR ERRORS:
iBAD LI}1ITSr: Eittrer the FIRST ADDRESS ls greater than tbe LA.ST ADDRESS or the

range of addresses overLaps DEMOII

I/O ERRORS:
nBAD ADDRESS = x)c<xn: Loadlng fron dlsk or tape stops when an attenpt is made

to load lnto DBI0N.
nBAD f.D.n: The recordlng ls not of; the right type to load, see the dlscusslon

under nonitor corn'nand (L).
IBAD MEM = xxxxn: An attenpt was rnade to Load beyond RAl.l nenory, or lnto a bad

metrory locatLon.
IBAD PROGRAMr: Tbe progran belng loaded ls not ln the correet fonnat, or there

ls a dlsk or tape readlng error. DEUON expects 3C or 78 at, the start of a
block with t,ape loads, and 01 or 02 at tbe start of a block wlth dtsk
loads, where ?8 and 02 are the end of progran lndicators.

ttBAD SUMtt: A bad cbeek srn bas been found ln a tape load
iFILE NOT OPENft: Message returned by the dlsk operatLng systeu. ft ls usually .!_

equlvalent to rPROGRAM NOT FOUNDn.
0THER DISK I/0 MESSAGES: These lnay be returned by the dlsk operatlng system,

for a conplete llst, see your Dlsk System Onnerfs l{anual.
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APPENnT" C - S{{pLq-pq0GRAM

The followlng short progran ls used in varlous parbs of these lnstruetlons
to denonstrate some of DEMON's cornnands. To enter the program in tremoryr enfer

the menory edit cornnand (M) fron the nonitor mode of DEMON. Use an nM ADDRESSi

of 5500 hex. If the tnenory edlt dlsplay ls ln ASCII, hit <CLEAR) to ehange lt
to  hexadeclnal .  Type ln  a} l  o f  the bytes under  the headlng '0BJECT CODEnt
s ta r i l ng  a t  add ress  5500 ' (CO,  49 ,  00 ,  57 ,  21 ,  e t c . ) .

oBJECT CODq- rNsTnugrroN . CoMMENT

5500 cD 49 00 0001 sTAn? CALL 0049H ;liAIT FQR KEYSTB0KE

5503 57 0002 tD DrA ;PUT CHARACTEB IN D

5504 21 OO 3C 0OO3 LD HL'3C00H ;START OF vIDEo SCnEEN

550? 01 0o 04 oo04 LD BC'0400H ;SrZE 0F SCnEEN

55OA 72 OOO5 IOOP LD ' (HL) 'D ;PUT CHARACTEN ON SCREEN

55OB 23 0006
550C 0B 000? DEc BC ;BYTE coUNTEn .:
SIOO TS OOOS LD A,B ;GET HIGH BYTE

55OE 81 OOO9 OR C ;ANY BITS SET?

55OF 20 F9 0010 Jn NZ,LooP ;IF YES' L00P_aGAIN,. '

5511 C3 00 55 ,0011 '  , ;  JP " : ' :  START ;STAIT ALL OVER
'  , . - , i  ;  

- :  ;  ' :

I,lhen you are flnished, the top two llnes of the menory edlt scneen should look
like tbe following, except for the dashes:

:1 :: I :: :: :1 y:'-:: i: 1 1 (e514)5500 cD
5510 F9

49 00 57
c3 00 55

0n your display, the dashes wll l  be replaced rl th sone otber bytesr but we

cannot know what these bytes wll l  be, nor do they matter. I f  you run tbls
progratr, it wtll flrst waLt for a keystroke. As soon as you type a keyr lt rllL
fill the screen wlth the character you typed. The progran w111 tben loop backt

wait for another keystroke, ild fllL tbe screen wlth the new ebaracier. Thls

wlll be repeated as long as the progran runs.
To save this sanple progran on tape, type (W), and then (T) and (ENTER) fon

tape. Use a nFInST ADDRESS" of 5500 ana-a 'LA,ST ADDRESSn ot 5526. Type (N) when

asked lf you want nMORE?n. Iou nay:.then enter 5500 as an rENTRY ADDRESS0. Iou

t3ay use any nFILE NAMEn you want. Get your tape ready and hlt (ENTER) rhea
nREADY CASSn ls dlsPlaYed.

To save this sample progran on dlsk, type (W), and ttren (D) and (ENTER) fon

dlsk. Use a nFInST ADDRESSr of 5500 and a rLAST ADDBESSi of 5526. lYpe (N) when

asked lf  you want nM0RE?t. Iou nay then enter 5500 as an nENTRY ADDRESSt. You

nay use any nFILESpECT you want, Be sure you have a disk 1n the drlve and h1t

<ENTER> when TREADY DISKT| 1s displayed.
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I'IONITOR COMMANDS
(Pronpt = tCMD?r)

A ARTTHMETIC: 6
B BLOCK MOVE: 10
c CONTINUE STEPPING: 20
D DISASSEMBLE TO SCREET: 8

<SHIFT UP AnnOW> = SCROLL
<SPACE BAB) = ADVANCE 1 LINE
<EIITER> = ADVAI{CE 1 PAGE

<SHIFT D): D Wrfi| LINE PRINT: 9
E DISASSEI'tsLE TO FILE: 15
F FIND BITES: 10

<nIcHT AfiROlf) = DISPLAT LOCATIONS
<LEFT AnnOH> = ERASE BYTES

<SHIFT F): F lllfi{ LINE PRINT: 11 :
<RIGHT ARROW> = PRINT LOCATIONS

H NUMBER BASE CONVERSION: ?

J JUMP T0 MEMORI: 20

L LOAD FROU DISK ON TAPE: 12
l{ MEMORY EDIT: T

<ARROW KEYS> = MOVE CURSOR
<SHIF? UP) = BAC'K 1 PAGE
<SHIFT DOlrN> = F0RWABD 1 PAGE
<CLEAfi> = T0GGLE HEX/ASCTI
<SHIFT LEFT> = TOGGLE ASCII/GRAPHICS
<SHIFT nIcHT> = LINE PRINT

P PNOGRAM RELOCATION: 18
<SHIFT P): LINE PNINT CONTROL: 20

<SPACE BAF) = LINE PRINT 1 LINE
(T) = SET TOP OF FoRM

A RE?URN TO I'{EUONT EDIT: 8
N RELOCATE DEMON: 18
S STEPPEN }ODE: 20

H WRITE TO DISK Off TAPE: 14
Z ZENO BLOCK OF MEMORY: 11

<BREAK> RETURNS TO COI'{MAND LEIIIEL

COMI{AND TNDEX

STEPPER COMI{ANDS
(PronPt, = o?n or t lr)

A ABITHMETIC: 25
B BRANCH STEP: 32
c ct$An BREAKS: 31
D DISASSEItsLE T0 SCREBI: 26

E EXTERNAL BREAK: 27'
F FIAG REGISTEB EDIT: 33

.  . ' ,  , t  . : t , -  1 . ,  "

G BREAK ON NUMBER OF STEPSJ 28
H NUIaER BASE CONVERSION: 25
I, ' INTENNAT BREAK: 29 .. .:.."...

J JUMP T0 MEMORY: 34 
'.,..."

K RESET E BREAK.AND JUIIP: 34
L ' LIST BREAKP0INTS: 31 : .:
U MEMORY EDIT: 25 ', .'

'.1{ i'BREAK ON NUI,IBERS IN A RANGE: 29
O RESET STEP COUNTER TO ONE: 31
P EI{ABLE LINE PRINTER: 35
<SHIFT P): LINE PRINT C0NTR0L: 35

'  a , ;

a nEfltnN T0 llEl.lORY EDIT: 25
n nUN BI CONTTNUOUS STEPPINGT 3Z
S RESTORE STEPPER DISPLAY: 31
T BESTORE TAfiGET DISPLAY: 31
U JUMP UNDER CALL OR RST: 34
V VA8Y CONTINUOUS STEP SPEED: 32

Z DISPLAY 0R ALTER 280 REGISTERS: 33

<BNEAK> NETUNNS TO COMHAND LEIIEL
<SHIFT BNEAP NETI'NNS TO MONITOR I,IODE
<SHIFT nIcHT AnnOH> = LINE PRINT
<ENTEN> TAKBS OTE STEP

t I

" . - .
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