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DIGITAL GROUP Z-80 OBJECT CODE RELOCATOR

So who needs an "object  code re locator"  and,  anyway,

wha t  i s  i t ?  We l l ,  l e t ' s  s t a r t  w i t h  "ob jec t  code " ,  wh i ch  i s

the machine code which feeds your  marvelous Z-80 monster-pet ,

ZORK. There is  a  lo t  o f  code aroundr  but  i t  seems that  every

t ime you stuf f  some of  th is  food down i ts  throat ,  ZORK gets a

bad case of  ind igest ion!  The Relocator  descr ibed here in is  the

compu te rn i ks  way  o f  spe l l i ng  R-E-L - I -E -F .

You see,  the problem wi th machine language is  that  i t

normal ly  wi l l  execute successfu l ly  on ly  in  the speci f ic  memory

locat ions for  which the program was or ig ina l ly  assembled.  This

is  no problem i f  you have that  area of  memory avai lab le,  but

s ince  when  has  th i s  eve r  happened?  A11  tha t  nea t  8080  and  Z -80

stuf f  in  the computer  magazines is  a lways e i ther  too low or  too

h igh  to  f i t  ZORK 's  memory  w i th  a l l  t he  o the r  good ies  you  a l ready

have there.

So,  what  can be done to prevent  mayhem? Wel l ,  i f  you have

a computer- ready source code that  ZORK can read,  you h4ve no

problem--aI l  you do is  feed the tape to  your  assembler  us ing the

appropr ia te s tar t ing address.  What  i f  you don ' t  have a tape

of  the source code? You can a lways key i t  in ,  i f  a  l is t ing is

avai lab le,  but  for  programs of  any length th is  can be a bore.

(Of  course,  i f  you want  to  make some changes,  you pract ica l ly

must  use source code.  )
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r f  t he  rou t i ne  i s  sa t i s fac to ry  excep t  f o r  l oca t i on ,  you

a re  i n  l uck !  By  l ea rn ing  how to  use  the  Re loca to r ,  you  can

eas i l y  mod i f y  t he  rou t i ne  to  run  where  you  need  i t .  The

Relocator  is  a lso usefu l  when you have rarge programs which

must  be assembred in  severa l  par ts ;  the Rerocator  can probably

handre i t  in  one pass.  when you need to move everyth ing up a

page  o r  two  (e .9 . ,  t o  accommoda te  a  64 -cha rac te r  TV  bu f fe r )  ,  i t

is  much easier  to  do so us ing the Relocator  ra ther  than the

Assemb le r .

Now that  you are convinced you need to use the Rerocator ,

l e t ' s  ge t  down  to  the  bus iness  o f  wha t  i t  i s  and  how i t  wo rks .

The  z -80  ob jec t  code  Re loca to r  i s  an  assembry  l anguage  p rog ram

des igned  to  examine  each  by te  o f  B0B0  o r  z -Bo  ob jec t  code  i n  the

p rog ram you  wan t  r e l oca ted ,  ad jus t i ng  a1 l  j umps ,  ca l l s ,  e t c . ,

as necessary to  make the program fu l ly  operat ional  (prov ided,

of  course,  that  the or ig ina l  program was a work ing one!  you

d idn ' t  expec t  m i rac l es ,  d i d  you? ) .  Le t  us  f i r s t  compare  t he

Z -80  i ns t r uc t i on  se t  w i t h  t ha t  o f  t he  BO8O.

Z -80  vs  8080

Un I i ke  re loca to rs

on ly ,  t h i s  p rog ram can

we l l  as  t he  8080  code .

machine codes in  that

des igned  fo r  t he  8080  ins t ruc t i on  se t

handle the much larger  Z-80 code as

The  8080  has  a  s t ra igh t fo rward  se t  o f
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( t )  A l l  3 -by te  and  2 -by te  i ns t ruc t i ons  a re  un ique ly  de te r -

m ined  by  the  l s t  by te ;

A11  3 -by te  i ns t ruc t i ons  have  an  add ress  o r  16  b i t s  o f

data as the 2nd and 3rd bytes,  and a l l  may requi re change

a f te r  re loca t i on .

The Z-80 wi th  i ts  more powerfu l  inst ruct ion set  has 3

types of  specia l  commands beginning wi th  DD, FD,  or  ED (hex)

t ha t  can  be  e i t he r  2 ,3  o r  4  by tes  i n  l eng th .  The  DD and  FD

commands are s imi lar ,  wi th  DD beginning inst ruct ions for  the

j -ndex regis ter  IX and FD star t ing the corresponding inst ruct ions

for  the index regis ter  IY.  ( these index regis ters  are not  even

p resen t  i n  t he  8080 ! )

When the above specia l  cases are encountered,  the 2nd byte

must  be tested to  determine the inst ruct ion length.  For  4

byte DD and FD inst ruct ions,  the 3rd and 4th bytes conta in

an address or  16 b i t  data which must  be inspected for  poss ib le

change.  For  3 byte DD and FD inst ruct ions,  the last  byte

conta ins data not  requi r ing change.  The ED commands consis t

of  inst ruct ions such as 16 b i t  load,  addi t ion and subtract ion,

b lock  t rans fe r ,  b lock  sea rches ,  b lock  i npu t  and  ou tpu t ,  e t c . ,

and  a l l  t ha t  good  s tu f f  t ha t  makes  the  Z -80  so  g rea t .  These

ED commands may be either 2 bytes or 4 bytes in length, with

the 2-byte inst ruct ions requi r ing no change,  whi le  the 4-byte

inst ruct ions may or  may not  requi re change.



4 -

Overv iew of  Relocat j ,on Algor i thm

The program uses a table-lookup procedure to determine

ins t ruc t i on  l eng ths .  I n i t i a l l y  i t  t es t s  the  f i r s t  by te  fo r  t he

3  spec ia l  cases  o f  DD,  FD,  and  ED ins t ruc t i ons ;  i f  i t  i s  one  o f

these the program fur ther  tests  the 2nd byte as d iscussed

above ,  and  makes  app rop r ia te  changes  i f  necessa ry .  I f  no t ,

the byte is  checked to see i f  i t  is  the beginning of  a  3-

byte inst ruct ion that  might  need address adjustment .

Otherwise i t  is  compared to  the 2-byLe inst ruct j -on tab le.

f f  i t  has not  been found in  any of  the tab les,  i t  is

assumed to be a l -byte inst ruct j -on.  Then,  the next  byte is

brought  in  and the search s tar ts  again.

Features of  the Relocator

The Relocator  operates on e i ther  a res ident  ob ject

f i l e  t  ox  an  ob jec t  f i l e  read  i n  f rom aud io  case t te .  r t

a l l ows  3  d i f f e ren t  t asks :  0  fo r  move  on l y ,  1  fo r  f i x

re fe rences  on l y ,  2  fo r  f i x  re fe rences  fo l l owed  by  move .  A t

complet ion of  any of  these,  you have the opt ion to  save the

re located code out  on audio casset te .  Af ter  re ferences have

been f ixed, the program gives a memory dump of the relocated

program.
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Keying in  a c t r l  X at  any t ime dur ing the dump causes i t

to  be abor ted.  To get  a  hardcopy of  the dump,  use opt ion I

instead of  7  when select ing f rom the menu.

In  the  d i scuss ion  wh ich  fo l l ows ,  ds  we l l  as  i n  t he

at tached source code,  se\zera l  mnemonics are used which should

be  desc r ibed  a t  t h i s  t ime :

STSORC and NDSORC refer  to  the s tar t  and end,

of  the or ig ina l  code generated by the assembler .

addresses where the rout ines you want  to  re locate

des igned  to  ope ra te .

respec t i ve l y ,

They are the

a re  p resen t l y

STDEST and NDDEST are the s tar t ing and ending addresses,

respect ive ly ,  where you want  the program to operate.  Using the

re loca to r ,  a l I  r e fe rences  w i l l  be  mod i f i ed  ( i f  necessa ry )  so

that  rout ines designed or ig ina l ly  to  operate in  memory locat ions

STSORC to NDSORC wi l l  now operate between STDEST and NDDEST.

STRESD and NDRESD are the s tar t ing and ending addresses,

respec t i ve l y ,  where  the  ob jec t  code  i s  ac tua l l y  res id ing  i n

memory at  the t ime you want  the Relocator  to  a l ter  i t .  (This

can be anywhere in  memory not  occupied by the Relocator  i tse l f . )

STRESD and NDRESD need not  co inc ide wi th  e i ther  the corresponding

STSORC and NDSORC or  STDEST and NDDEST. For  example,  i t  may be

convenient  to  p lace a rout ine j -n to memory s tar t ing at  0100H and

you want  to  re locate i t  to  s tar t  a t  0B00H. STRESD and NDRESD

g ive  you  comp le te  f l ex ib i l i t y  i n  t h i s  respec t .



- 6

fn the ideal  program al l  data s torage areas,  message

areas,  e tc . ,  are located together ,  complete ly  separate f rom

the  execu tab le  code .  A t  l eas t ,  t ha t  i s  supposed ly  the  i dea l .

However, i f  you are the typical beginning prografirmer, your

phi losophy is  to  get  i t  work ing whichever  way you can and then

leave well enough alone! (Even you experienced programmers

remember the fee l i -ng,  don ' t  you? Of  course,  you would never

be  gu i l t y  o f  t ha t  now!  Oh ,  yeah?)

The normal  resul t  o f  a l l  th is  is  a  patchwork of  main

p rog ram,  da ta  a reas ,  sub rou t i nes ,  messages ,  e t c . ,  i n  wha teve r

order  they were wr i t ten.  Whi le  we do not  want  to  encourage

th isr  w€ have enough rout ines l ike that  descr ibed above to

cause us to  a l low select ive re locat ion of  sect ions of  code,

bypass ing  da ta  s to rage  a reas ,  messages ,  e t c .  Each  sec t i on  i s

def ined by a STADDR and NDADDR pai r .  You can speci fy  up to

30 STADDR and NDADDR pai rs  as long as these are wi th in  the

boundar ies of  STSORC and NDSORC. Good progranrming pract ice

of  put t ing a l l  data s tatements at  the end of  the program wi l l

e l iminate a l l  but  1  pai r  o f  STADDR and NDADDR addresses.

Now le t  us look at  the tasks the Relocator  can per form

fo r  us :



Task  0 :

between STRESD

is  pe rm iss i b l e ,

i f  you  des i r e .

move rout ine so

the  re loca t i on

Task  l :

t -

Th is  moves  the  ob jec t  code  f rom loca t i on

and I , IDRESD to STDEST. Any degree of  over lap

€ .9 . ,  t he  code  can  be  moved  by  on l y  one  by te

The rout ine automat ica l ly  chooses the correct

that  the code in tegr i ty  is  mainta ined whether

is  to  h igher  memory or  lower  memory.

Th is  f i xes  re fe rences  by  ca l cu la t i ng  the

number of  bytes of  d isp lacement  between STSORC and STDEST.

Note that  STSORC and/or  STDEST may or  may not  co inc ide wi th

STRESD.  In  o the r  words ,  t he  ob jec t  code ,  wh ich  i s  phys i ca l l y

Ioca ted  a t  STRESD,  i s  des igned  to  run  i f  l oca ted  a t  STSORC,

o r  a t  STDEST a f te r  comp le t i on  o f  Task  1 .  Th i s  i s  use fu l  t o

generate an object  program that  can eventual ly  be run at

memory locat ions where the op sys and the re locater  are

p resen t l y  r es i d i ng .

Task  2 : This  f ixes references,  then per forms the move

STDEST.f rom STRESD to

Res t r i c t i ons

An  unavo idab le  poss ib i l i t y  o f  e r ro r  a r i ses  w i th  the

ins t ruc t i on  "LD  rp ,  nD"  where  rp  re fe rs  to  a  reg i s te r  pa i r

BC,  DE,  o r  HL ,  and  nn  can  e i t he r  be  an  add ress  o r  a  16  b i t

va lue .  Fo r  examp le  "LD  BC,  1000"  where  1000  i s  i n tended  to

be  a  coun te r  o r  a  va lue  i s  unamb iguous  as  l ong  as  1000  l i es

outs ide the l imi ts  of  STSORC and NDSORC. Otherwise i t  w i l l
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be in terpreted as fa i r  game to be adjusted by the d isp lacement .

You wi l l  need to unadjust  i t  manual ly  when the program is

f i n i shed .

Another  poss ib i l i ty  o f  er ror  s tems f rom vector  tab le

addresses  such  as

VTABL DW ROUIE 1

DW Route 2

DW Route 3

These should be t reated as data us ing the Relocator ,  then

manua l l y  ad jus ted  to  re f l ec t  t he  d i sp lacemen t .

A th i rd  rest r ic t ion involves re locat ing the Relocator

i t se l f .  The  Re loca to r  f i r s t  f i xes  re fe rences ,  t hen  moves  the

code  ( i f  Op t i on  2  i s  se lec ted ) ,  so  any t ime  the  Re loca to r  o r  a

po r t i on  o f  i t  i s  t o  be  re loca ted ,  use  Op t ion  0  to  dup l i ca te  i t

in to  another  area of  memory.  Then you can use Opt ion I  to  f ix

the references.  Another  convenient  approach i f  you have an

audio tape of  the Relocator  is  to  use the features which wi l - I

input  the ta lqpe,  per form the reference f ix ing,  and save a new

audio tape.  The new audio tape can then be used to load the

Relocator  in to the new memory area.

How to Use

l .  P lace  the  casse t te  l abe l l ed  "Z -80  R .e loca to r "  i n  t he

casse t te  reco rde r .  When  the  l ow  tone  beg ins ,  push  rese t .
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2. When the data burst ends, the screen should display a

menu for  opt ion se lect .

3 .  Opt ion 7 (or  8  for  hardcopy)  begins the Relocator

Program. It  is in conversational mode with instructions

to  ass i s t  i n  i t s  use .

The fo l lowing is  an example of  how the re locator  works.  The

under l ined characters in  F igure I  are the user 's  response.



ENTER TASK NUMBER:

O=MOVE ONLY

I=ADJUST REFS ONLY

2=MOVE & ADJUST REFS

?
ENTER ADDRESS MODE (O/H) E

rNPUT FROM TAPE? (Y/N)  I

START CASSETTE, THEN PRESS ANY

l0

FIGURE I

Z.8O RELOCATE PROGRAM

= 3000

=  0E00

= 0800

=  I IEE

DEST START

SOURCE START

STADDR

NDADDR

STADDR

30  00  2L

30  06  CD

30  00  FE

30  12  35

30  I 8  9A

E tc . ,  f o r

DO YOU WTSH TO

=Cr

37  34

69  32

03  30

F5  2 I

32  CD

the rest

CD

I L

FO

9C

69

of  the

9A  32

E6  OF

32  BQ

34  CD

32  7E

dump

TAPE? (Y,/N) NWRITE NEW
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For  th is  example we chose to  input  an audio tape of

the object  code Relocator  rout ine.  The object  code covers

the area f rom 0E00H to r3D5H. The source code for  the

Re loca to r  i s  i n  Append ix  I .

In le  pressed opt ion 7 when the Relocator  menu was d isp layed.

The rout ine responded by d isp lay ing the Task opt ions.  we

chose opt ion 2,  and then chose the Hex address mode.  The

audio tape was then loaded as shown.

we wanted the new star t ing rocat ion (DEST srART) to  be

3000H.  The  o r i g ina l  s ta r t i - ng  add ress  ( souRcE s rART)  i s  oE00H.

Executable code res ides between 0800H and l lEEH, and data

tables '  messages '  and data s torage areas are between l lEFH and

13DSH. we therefore entered 0E00H and l lEEH as our  f i rs t  (and

only)  STADDR and NDADDR, respect ive ly .

when the next  STADDR was requested,  we pressed the carr iage

return key.  when the task was completed a dump of  the re located

code was g iven.  (To save space only  the f i rs t  par t  o f  the dump

is shown-)  Af ter  the dump was complete or  manual ly  abor ted

by  c t r l  x ,  t he  rou t i ne  asked  i f  we  w ished  a  new tape .  rn  th i s

case  we  d id  no t ,  so  we  sa id  no .
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