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Introduction 

R C A ' s  COSMAC 1802 microprocessor was designed t o  simplify t h e  

wri t ing of i n t e r p r e t e r s .  A s  an example, FiCA's VIP computer is 

supplied with a 512-byte i n t e r p r e t e r ;  t h e  corresponding language is 

cal led CHIP-8. This language i s  surpr i s ing ly  powerful, and qu i te  

conrplex programs, e.g. blackjack, lunar lander ,  e t c . ,  have been 

wri t ten using it. Further d e t a i l s  may be found in an a r t i c l e  by 

Joseph Weisbecker (An Easy Programming System i n  the kcember, 1978 

BYTE, p. 108). R C A ' s  CHIP-8 was designed for  games and has a display 

rout ine with fea tures  t h a t  a r e  not necessary f o r  control  appl icat ions.  

It a l s o  has a nunber of other  drawbacks: t h e  i n t e r p r e t i v e  code is not 

re loca tab le ,  the  address range of  the  i n t e r p r e t e r  is limited t o  4K, 

the  var iab les  a r e  only 8-bi t ,  and there  is  no provision for  displaying 

ASCII symbols. I have written a development system for  the 1802 t h a t  

I hope w i l l  remedy these defects  and which w i l l  introduce ideas t o  

make simple i n t e r p r e t e r s  eas ie r  t o  use. My goal was t o  wri te  a 1 K 

i n t e r p r e t e r  and a 1 K editor-assembler using the  in te rpre t ive  

language. Both f i t  i n  ROM and a re  page re loca tab le .  

The new i n t e r p r e t i v e  language, ELFISH, is wri t ten for  4 K and 

la rger  Super E l f ' s  and Elf 11's and was developed on 6 4K Super Elf'. 

Whi-le s imilar  t o  CHIP-8, t h e  language is an attempt t o  improve on 

CHIP-8 by introducing a number of  fea tures  t h a t  ma!:e it more v e r s a t i l e  

and eas ie r  t o  use. F i r s t  the  in te rpre t ive  code is  re loca tab le ;  t h i s  

means t h a t  in te rpre t ive  programs can be located anywhere i n  memory, o r  

moved to a new posi t ion i n  memory without making any changes. The 



r e l o c a t a b i l i t y  o f  t h e  i n t e r p r e t i v e  code is done by us ing  a  base  

r e g i s t e r  and t h e  whole a d d r e s s  f i e l d  o f  t h e  1802 c h i p  i s  a v a i l a b l e  t o  

t h e  i n t e r p r e t e r  by simply changing t h e  value  o f  t h e  base r e g i s t e r .  

The 8 -b i t  CHIP-8 v a r i a b l e s  were replaced by 16-bi t  v a r i a b l e s .  These 

v a r i a b l e s  a r e  a  kind o f  image o f  t h e  1802's r e g i s t e r s ,  and ,  a s  w i th  

t h e  r e g i s t e r s ,  t h e r e  a r e  some 8 - b i t  i n s t r u c t i o n s  and some 16-bit  

i n s t r u c t i o n s .  S i x t e e n - b i t  v a r i a b l e s  a r e  very  u s e f u l  wi th  an 8 -b i t  

microprocessor a s  t hey  can s t o r e  memory l o c a t i o n s ,  making it e a s i e r  t o  

w r i t e  u t i l i t y  programs o f  a l l  k inds .  The i n s t r u c t i o n  s e t  i s  more 

powerful;  it inc ludes  m u l t i p l i c a t i o n  and d i v i s i o n  i n s t r u c t i o n s  and has  

t h e  a b i l i t y  t o  d i s p l a y  ASCII symbols. Like t h e  VIP ,  t h e  E l f  has  on ly  

a  hex keyboard and t h e  language is designed t o  a c c m c d a t e  t h e  

keyboard,  t h a t  i s ,  it i s  hexadecimally o r i e n t e d .  However t h e  E l f  h a s  

a  l a t ched  keyboard whi le  t h e  VIP has  a  scanned keyboard. A l a t ched  

keybosrd has  advantages  over  a  scanned keyboard,  and t h e s e  advantages  

were made use o f  i n  w r i t i n g  t h e  i n t e r p r e t e r  and i ts  companion e d i t o r -  

assembler.  

The o t h e r  ha l f  o f  t h e  package, a  1 K ed i tor -assembler ,  was 

w r i t t e n  i n  t h e  new language. An e d i t o r  g r e a t l y  i n c r e a s e s  t h e  

p r o d u c t i v i t y  o f  a  p r o g r a m e r ,  and I have t r i e d  t o  make t h i s  e d i t o r  

easy  t o  use.  The e d i t o r  d i s p l a y s  4 l i n e s  o f  code toge the r  with t h e i r  

add res ses ,  a  cho ice  of' a b s o l u t e  o r  r e l a t i v e  add res ses  is p o s s i b l e .  

Keyboard by te s  a r e  en t e red  a t  t h e  bottom o f  t h e  d i s p l a y ,  and t h e r e  is  

an i n d i c s t i o n  of  t h e  mode o f  t h e  e d i t o r  a t  t h e  lower l e f t  of' t h e  

s c reen .  Changes and c o r r e c t i o n s  occur on t h e  second l i n e  o f  t h e  



display,  the  "current l i n e T 1 .  The ed i to r  w i l l  accept 9 comands: 

replace,  i n s e r t ,  d e l e t e ,  go t o ,  scan up, scan down, change address 

mode, execute, and assemble. Changing between these 9 commands or 

modes can be done a t  any time. The r e l a t i v e  address mode s impl i f i es  

hand assembly or  the b u i l t  i n  assembler can be used. To use the  

assembler, l a b e l s  a r e  inser ted in f ron t  of subroutines and a t  a l l  

program entry points .  Only in te rpre t ive  jump and subroutine c a l l s  a re  

assembled so the assembler i s  a p a r t i a l  one. Three passes a r e  made by 

the  assembler, the  f i r s t  two of which a r e  interrupted by the  

occurrence of e r rors .  The assembler h a l t s  i f  dupl icate  l a b e l s  a r e  

found or i f  jumps or  subroutine c a l l s  a r e  found without a 

corresponding labe l .  I f  the  f i r s t  two passes a r e  successful the code 

i s  assembled in a t h i r d  pass. 

An advantage of t h i s  type of p r o g r m i n g  system is  i t s  inherent 

s t a b i l i t y .  The in te rpre te r  ins t ruc t ions  do not e f f e c t  memory 

locat ions aside from the variables  and the buf fe rs ,  even i n  an a l l  RAM 

system you should experience few lvcrashes". Perhaps the  biggcst 

disadvantage is  t h a t  the  in te rpre t ive  ins t ruc t ions  do not serve a s  

t h e i r  own mnemonics, and in t h i s  the  i n t e r p r e t i v e  code i s  l i k e  machine 

code. Eowever assigning mnemonics would require  a much more complex 

assembler and a l a rger  computer. 



The In te rpre te r  

In te rpre te r  Lis t ing 

An annotated hexadecimal d m ~ p  of the  in te rpre te r  is  i n  List ing 1 .  

A l l  of the  code is r e l a t i v e l y  straightforword although t h e r e  a r e  many 

"paths" through it for  some of  the  ins t ruc t ions .  I f  you a r e  not 

famil iar  with the 1802, R C A f s  "User Manual fo r  the  1602 

M i c r o p r o c e s ~ o r ~ ~  - MPM-201A - is well wr i t t en ,  thoroughly explains  a l l  

of the  ins t ruc t ions ,  and is recommended. 

Use of  Femory 

The editor-assembler followed by the  in te rpre te r  go on any 8 

contiguous memory pages, ROM o r  RAM. On my Super Elf I use e i t h e r  RAM 

pages 06 through OD o r  ROM pages 84 through 8B. Two addi t ional  pages 

of RAM a r e  required,  one for  the display (defau l t  display page is O E )  

and one for  buf fe rs ,  va r iab les  and the stack (defau l t  i s  OF). 

The in te rpre te r  provides s ixteen 16-bit var iab les  ana so 32 

memory locat ions a r e  necessary (on page OF) t o  s t o r e  these variables .  

As well the in te rpre te r  has save and res to re  i n s t r u c t i o n s  fo r  the 

var iab les ,  and an addi t ional  32 locat ions a r e  required for  the save 

locst ions.  Tne assignment of the  64 variable  loca t ions  i s  shown i n  

the following table:  



Variable  Locat ions  

Save Save Save Save 
Var iable  Low High Low High Var iable  Low High Low High 

Conversions and t h e  d i sp l ay ing  o f  symbols a r e  c a r r i e d  ou t  with 

t h e  a i d  o f  t h r e e  b u f f e r s .  A 4-byte hexadecimsl b u f f e r  is  used t o  

s t o r e  t h e  four  hexadecimal d i g i t s  t h a t  correspond t o  a  v a r i a b l e ,  whi le  

a  5-byte decinral bu f f e r  s t o r e s  t h e  f i v e  decimal d i g i t s  t h a t  correspond 

t o  a  v a r i a b l e .  The 5-byte d i s p l a y  b u f f e r  i s  used t o  s t o r e  a  b i t  

p a t t e r n  f o r  a  symbol t o  be  d i sp l ayed ,  a  d i s p l a y  i n s t r u c t i o n  then 

t r a n s f e r s  t h i s  p a t t e r n  t o  t h e  d i s p l a y  sc reen .  The l o c a t i o n s  o f  t h e s e  

b u f f e r s ,  again  on page OF, a r e  given i n  t h e  fo l lowing t a b l e .  

Euffer Locat ions  

Hex idec  imal AC AD AE AF 
Cec imal 86 B7 88 B9 BA 
Display EB BC BD BE BF 

F i n a l l y  t h e r e  is  a  s t a c k ,  a l s o  on page OF, which extends  

downwards from l o c a t i o n  9F. The i n t e r p r e t e r  does  n o t  check f o r  s t a c k  

overf low;  i f  t h e  s t a c k  ex t ends  below page OF, it w i l l  begin t o  appear 

on t h e  d i s p l a y  page. 



The ins t ruc t ion  s e t  

A l l  Elf ish i n s t r u c t i o n s  consis t  of four hex d i g i t s .  The f i r s t  

hex d i g i t  determines the  type of ins t ruc t ion ,  E i s  reserved for  

l a b e l s ,  and there a r e  therefore 15 basic types of ins t ruc t ion .  Tne 

next 3 hex d i g i t s  a r e  used i n  several d i f f e r e n t  ways. They can be 

used t o  specify a  memory loca t ion  and a s  t h e r e  a r e  3 hex d i g i t s  

ava i lab le ,  any memory loca t ion  from 000 t o  FFF can be specif ied.  

Memory locat ions a r e  addressed r e l & t i v e  t o  a  base r e g i s t e r .  ' he  base 

r e g i s t e r  is  s e t  t o  the  address of  the  f i r s t  locat ion o r  entry point of 

a  program, so  t h a t  a l l  references t o  memory a r e  r e l a t i v e  t o  the  

s t a r t i n g  address of the  program. 

Elf ish provides 16 two-byte var iab les ,  designated VO through VF. 

In some cases it is necessary t o  re fe r  t o  the higH or  low order byte 

of a  var iab le ,  and t h i s  i s  done i n  a  manner analogous t o  t h a t  used for  

the r e g i s t e r s ,  i . e .  V(7).1 r e f e r s  t o  the high order byte of vs r iab le  7 

and V(4).0 r e f e r s  t o  the low order byte of var iab le  4. A s ing le  hex 

d i g i t  can be used t o  specify one of these var iab les .  In some 

ins t ruc t ions  the  second most s ign i f ican t  hex d i g i t  is  used for  t h i s  

purpose leaving the l a s t  two hex d i g i t s  t o  specify d i f f e r e n t  

ins t ruc t ions .  In ar i thmetic  operations, the  two var iab les  t o  be added 

e t c .  a re  specif ied by the  second and th i rd  hex d i g i t s ,  leaving the 

l a s t  hex d i g i t  t o  designate the  type of  ar i thmetic  operation t o  be 

carr ied out.  



'Ihe E l f ' s  d i s p l a y  sc reen  is a b i t  mep; i . e .  t h e  2048 b i t s  on t h e  

d i s p l a y  page a r e  mapped a s  2048 m a l l  squa re s  on t h e  d i s p l a y ,  64 

h o r i z o n t a l  squa re s  by 32 v e r t i c a l  squares .  Each squa re  is e i t h e r  

b l ack  i f  i t s  corresponding b i t  is 0, o r  bite i f  i ts b i t  i s  1. Tne 

language is des igned f o r  use  wi th  t h e s e  low r e s o l u t i o n  g r a p h i c s  and 

t h e  d i s p l a y  i n s t r u c t i o n  and t h e  i n s t r u c t i o n s  which gene ra t e  p a t t e r n s  

f o r  d i s p l a y  a r e  among t h e  impor tant  i n s t r u c t i o n s .  There a r e  a nunber 

o f  c m a n d s  which c r e a t e  5-byte d i s p l a y  p a t t e r n s  i n  t h e  d i s p l a y  

bu f fe r .  For example i f  v a r i a b l e  V(51.0 was OA,  C556 would c r e a t e  a 

b i t  p a t t e r n  f o r  t h e  symbol "A" i n  t h e  d i s p l a y  b u f f e r ,  wh i l e  C55B would 

c r e a t e  a b i t  p a t t e r n  f o r  t h e  symbol t lJT1 (ASCII symbol f o r  OA). The 

i n s t r u c t i o n  CX56 c r e a t e s  d i s p l a y  p a t t e r n s  f o r  hex symbols whi le  CX5B 

c r e a t e s  d i s p l a y  p a t t e r n s  f o r  ASCII symbols. The d i s p l a y  i n s t r u c t i o n  

CXYN can be used t o  t r a n s f e r  t h e  c o n t e n t s  o f  t h e  d i s p l a y  b u f f e r  t o  any 

l o c a t i o n  on t h e  d i s p l a y  sc reen .  To do t h i s ,  VX would have t o  p o i n t  t o  

t h e  d i s p l a y  b u f f e r ,  wh i l e  V(Y 1.0 would be p r e s e t  t o  t h e  d e s i r e d  

ho r i zon ta l  add res s  on t h e  s c reen  ( 0  through 64 )  and V(Yl.1 would be 

s e t  to t he  v e r t i c a l  add res s  ( 0  through 32). N i n d i c a t e s  how many 

b y t e s  t o  d i s p l e y  and in  t h e  ca se  o f  t h e  d i s p l a y  b u f f e r  it would be s e t  

t o  5.  Say we p o i n t  VB t o  t h e  d i s p l a y  b u f f e r  and s e t  V(A1.O = 00 and 

V(Al.1 = 00, then when t h e  i n s t r u c t i o n  DBA5 was execu ted ,  t h e  c o n t e n t s  

o f  t h e  d i s p l a y  b u f f e r  would appear i n  t h e  upper l e f t  co rne r  o f  t h e  

screen.  

Perhaps t h e  b e s t  way t o  understand how t h e  language works is t o  

i n t roduce  t h e  i n s t r u c t i o n  s e t  and demonst ra te  i ts use  wi th  a s imple  

program. 



SWMARY OF INTERPRETER INSTRUCTIONS 

Most S i g n i f i c a n t  
Hex Dig i t  

0  (bum) 

1 (M) 

2 (W) 

Resul t  o f  I n s t r u c t i o n  

Do machine code sub. a t  r e l a t i v e  add res s  MMM 

Go t o  r e l a t i v e  add res s  MMM 

Do i n t e r p r e t e r  sub. a t  r e l a t i v e  add res s  WPl, 
4000 i n s t r u c t i o n  ends  i n t e r p r e t e r  sub rou t ines  

S e t  V(0) t o  p o i n t  to memory l o c a t i o n  
MM.1, r e l a t i v e  add res s  

4000 is r e t u r n  frcm s u b r o u t i n e ,  4FFE is e r a s e  
d i sp l ay -p lus  a  v a r i e t y  o f  keyboard i n s t r u c t i o n s  
involving one v a r i a b l e ,  X ,  d i s t i n g u i s e d  by ZZ 

sets V(X1.O t o  KK + V(Xl.0 

sets V,(X).1 t o  KK + V(X). 1  

8 -b i t  i n s t r u c t i o n s  i nvo lv ing  two v a r i a b l e s  
V(Xl.0 and V(Y1.O o r  V(X).l and V(Y).l 

e i g h t  16-bit  i n s t r u c t i o n s  a s  we l l  a s  e i g h t  
i n s t r u c t i o n s  i nvo lv ing  V(X1.O and V(Yl.1 

XYO is V(X) (16 b i t )  = V(Xl.0 t imes  V(Y1.O 
XYl is V(X1.O = V(X).ON(Y).O wi th  
V(X). 1  equal  t o  t h e  remainder 

a  v a r i e t y  o f  i n s t r u c t i o n s  r e f e r e n c i n g  
one v a r i a b l e  V(X1.O o r  V(X) . l ,  ZZ 
codes  f o r  type  o f  i n s t r u c t i o n  

d i s p l a y  i n s t r u c t i o n ,  V(X) (16 b i t )  is 
memory p o i n t e r  f o r  l o c a t i o n  t o  be  d i sp l ayed  
V(Y) is  d i s p l a y  p o i n t e r ,  V(Y). 1  is v e r t i c a l  
p o i n t e r  and V(Y1.O is  h o r i z o n t a l  p o i n t e r  
N i n d i c a t e s  number o f  b y t e s  t o  d i s p l a y  

E i n s t r u c t i o n s  a r e  i gnored ,  used f o r  l a b e l s  

a  v a r i e t y  o f  16-bit  i n s t r u c t i o n s ,  
r e f e r r i n g  t4 one v a r i a b l e ,  VX, ZZ codes  
f o r  t h e  d i f f e r e n t  i n s t r u c t i o n s .  



The 4 ,  7 ,  8, C and F i n s t r u c t i o n s  a r e  subdivided f u r t h e r  and a t a b l e  

is  given f o r  each c l e s s  o f  i n s t r u c t i o n .  

SWARY OF 4 INSTRUCTIONS 

I n s t r u c t i o n  Resul t  

4000 r e t u r n  f r a n  i n t e r p r e t e r  sub rou t ine  

t r a n s f e r s  c o n t e n t s  o f  keyboard to V(X) .O 
t r a n s f e r s  c o n t e n t s  o f  keyboard t o  V(X). 1 

keys t o  V(Xl.0, w a i t s  f o r  i n  on ,  o f f  
keys t o  V(Xl.1, w a i t s  f o r  i n  on ,  o f f  

w a i t s  f o r  i n  b u t t o n ,  on then o f f  

s k i p  i f  i n  pushed 

4XE9 s k i p  i f  i n  pushed, w a i t  f o r  i n  o f f  

wa i t  f o r  i n  o f f  

e r a s e  t h e  d i s p l a y  

SUMMARY OF 7 AND 8 INSTRUCTIONS 

7mz 7XYZ 8XYZ 8XYZ 
X(0) ,Y(O) x ( l ) , Y ( l )  X(16),Y(16) X(O),Y(1) 
z - z - z - Z - Resul t  

1 9 1 9 X = X and Y 

2 A 2 A X = X xor Y 

5 D 5 D s k i p  i f  X = Y 

6 E 6 E s k i p  i f  X does n o t  = Y 

7 F 7 F s k i p  i f  X > Y 



SUNNARY OF C INSTRUCTIONS 

I n s t r u c t i o n  Resul t  

cXE9 
CXEA 

I n s t r u c t i o n  

FXOA 

FXeA 

FXB 3 

FXB9 

FXC4 

FXC8 

FXDA 

FXDE 

FXE2 

Fm 3 

FXF9 

conve r t  V(X1.O t o  decimal ,  r e s u l t  t o  decimal b u f f e r  
conve r t  V(X). 1 t o  decimal ,  r e s u l t  t o  decimal b u f f e r  

byte  p i n t e d  to by VO t o  V(Xl.0, VO = VO + 1 
byte  p i n t e d  to by VO t o  V(X).1, VO = VO + 1 

hex symbol f o r  l e a s t  s i g n i f i c a n t  p a r t  o f  V(X).O, 
r e s u l t  t o  d i s p l a y  b u f f e r  
hex symbol f o r  l e a s t  s i g n i f i c a n t  p a r t  o f  V(X).1, 
r e s u l t  t o  d i s p l a y  b u f f e r  

ASCII symbol f o r  V(X1.O t o  d i s p l a y  b u f f e r  
ASCII symbol f o r  V(X).l t o  d i s p l a y  b u f f e r  

l eng th  o f  symbol i n  d i s p l a y  b u f f e r  t o  V(X1.O 
l eng th  o f  symbol i n  d i s p l a y  b u f f e r  t o  V(Xl.1 

decrement V(X).O, s k i p  i f  V(X1.O n o t  equa l  0 
decrement V(X).1, s k i p  i f  V(X).l n o t  equa l  0 

SmlMARY OF F INSTRUCTIONS 

Resul t  

conve r t  VX t o  dec ima l ,  r e s u l t  to  decimal b u f f e r  

VX t o  hex b u f f e r  (+ p i n t e d  t o  3 by te s )  

s ave  VX 

r e s t o r e  VX 

symbol pointed  t o  t o  d i s p l a y  b u f f e r  (hex )  V X  = VX + 1 

symbol pointed  to t o  d i s p l a y  b u f f e r  (ASCII) V X  = V X  + 1 

p o i n t  VX t o  hex b u f f e r  

p o i n t  VX t o  decimal bu f f e r  

p o i n t  VX t o  d i s p l a y  bu f fe r  

s a v e  base  r e g i s t e r  i n  VX 

load base r e g i s t e r  fran VX 



A Simple Program Wri t ten  i n  E l f i s h  

Th i s  kind o f  i n t e r p r e t i v e  language l i e s  p a r t  way between assembly 

language and a h ighe r  l e v e l  language l i k e  BASIC. The i n s t r u c t i o n s  do 

" tasksff  which a r e  s n a l l e r  than those  done i n  a h ighe r  l e v e l  language 

and t h e r e  is more ,Tbookkeeping" to keep t r a c k  o f .  However t h e  

i n s t r u c t i o n s  a r e  s imple ,  t h e  p rog raming  is no more d i f f i c u l t  than 

programming i n  BASIC - t h e r e  is j u s t  a l i t t l e  more code t o  w r i t e  to 

ach ieve  t h e  same r e s u l t .  A s  an example l e t ' s  s t udy  a program which 

d i s p l e y s  50 consecu t ive  ASCII symbols on t h e  d i s p l a y  a s  5 l i n e s  o f  10 

symbols. (See  L i s t i n g  p. 15) 

Me w i l l  read a keyboard byte  i n t o  a v a r i a b l e ,  conve r t  t h e  

v a r i a b l e  t o  a b i t  p a t t e r n  f o r  i ts ASCII e q u i v a l e n t ,  and d i s p l a y  it; 

increment t h e  v a r i a b l e  and r e p e a t  t h e  ASCII convers ion and d i s p l a y ,  

e t c .  u n t i l  50  symbols a r e  shown. To do t h i s  we have t o  move t h e  

d i s p l a y  p o i n t e r  t o  t h e  proper p o s i t i o n s ,  keeping t r a c k  o f  t h e  nunber 

o f  symbols i n  each row, and s t o p  when we have shown 50 symbols. 

The i n i t i a l i z a t i o n  o f  v a r i a b l e s  and t h e  c a l l i n g  o f  t h e  d i s p l a y  

sub rou t ine  a r e  done i n  t h e  main program. Var i ab l e  A is t h e  d i s p l a y  

p o i n t e r ,  V(A1.U and V(Al.1 a r e  i n i t i a l l y  s e t  t o  00  s o  t h a t  t h e  f i r s t  

symbol w i l l  appear i n  t h e  upper l e f t  o f  t h e  s c reen .  VB i s  s e t  t o  

po in t  to t h e  d i s p l a y  b u f f e r  where t h e  b i t  p a t t e r n s  f o r  t h e  symbols t o  

be  d isplayed a r e  assembled. V2.0 is  i n t i a l i z e d  to decimal  50 and 

decremented each t ime a symbol is d i sp l ayed ,  when it r e a c h e s  ze ro  t h e  



program r e t u r n s  t o  t h e  beginning. V1.O is t h e  hex value  f o r  t h e  

symbol t o  be  d i sp l ayed  and is incremented a f t e r  each symbol is shown, 

i n i t i a l l y  it is read frcm t h e  keyboard. 

'Ihe d i s p l a y  sub rou t ine  shows t h e  symbols and does  t h e  

19bookkeepingw f o r  t h e  d i s p l a y  p o i n t e r s .  Each t ime  a symbol is shown, 

06 is  added to VA.0 s o  t h a t  t h e  next  symbol will be p rope r ly  placed 

a long t h e  l i n e .  Af t e r  10 symbols have been shown 06 is added t o  VA.l 

t o  s t a r t  t h e  n e x t  l i n e  and VA.0 is r e s e t  t o  00. VC.0 is t h e  counter  

t h a t  keeps t r a c k  o f  t h e  number o f  symbols on a l i n e ;  it is i n i t i a l i z e d  

to 10, and is decremented to count t h e  number o f  symbols on a l i n e ,  it 

is  r e s e t  t o  10 when a l i n e  is  f u l l .  

'Ihe program can be placed anywhere i n  memory a s  it is r e l a t i v e l y  

addressed,  normally t h i s  would be done with t h e  edi tor -assembler .  ' h e  

fo l lowing l i s t i n g  g i v e s  an assembled ve r s ion  o f  t h e  program; a ve r s ion  

which u t i l i z e s  l a b e l s  and r e q u i r e s  assembly is shown l a t e r .  Once t h e  

program is en te red  and running e n t e r  a by te  t o  t h e  keyboard and push 

t h e  " inu  bu t ton ,  50 ASCII symbols should appear on t h e  d i s p l a y .  



Program Listing 

Rel. Address 

0000 
0002 
0004 
0006 
0008 
OOOA 
OOOC 
OOOE 
0010 
0012 
0014 
0016 
0018 

Code Remarks 

main program 

41DB 
4FFE 
AAOO 
BAOO 
FPE2 
ACOA 
A232 
C 15B 
201A 
5101 
C2E9 
1000 
1 GOE 

waits, read a byte to V1.O 
erase display screen 
se t s  VA.0 to 00 
se t s  VA. 1 to 00 
point VB t o  display buffer 
se t  VC.G to 10 (decimal) 
se t  V2.0 t o  50 (decimal) 
make ASCII symbol for V1.O 
ca l l  subroutine to display it  
increment V1.O 
decment V2.0, skip unless done 
return to read another byte 
else return to  do next symbol 

display subroutine 

DBA5 
5A06 
CCE9 
1024 
4000 
AAOO 
6A06 
ACGA 
4000 

display symbol i n  buffer 
add 06 to row display pointer 
decrement row counter, skip unless f u l l  
go reset  l i ne  pointer i f  row f u l l  
else return from subroutine 
reset row pointer to  00 
add 06 to l i ne  pointer 
reset  l i ne  counter to 10 (decimal) 
return from subroutine 



The Editor-Assembler ( see  List ing 2 )  

Use of Editor 

The ed i to r  requ i res  the  en t ry  of  two 16 byte addresses before it 

e n t e r s  the  ltcomnsndll mode. These addresses e s t a b l i s h  a region of  

memory for  ed i t ing ;  t h e  e d i t o r  does not allow memory changes outs ide 

of t h i s  range, a l l  other  memory is  protected. A s  wel l ,  t h e  assembler 

t r e a t s  code only i n  t h e  region of  memory establ ished f o r  ed i t ing .  

On entry the  e d i t o r  d i sp lays  SA (S ta r t ing  Address) and waits f o r  

the user t o  enter  the s t a r t i n g  address of  t h e  region of  memory t o  be 

edi ted.  Once t h i s  is done, END (End Code) is displayed and the  ed i to r  

waits fo r  the en t ry  of  the  end o f  the region of  memory t o  be entered. 

I f  the end of code address is l e s s  than the  s t a r t i n g  address ,  t h e  

ed i to r  w i l l  not accept it and re turns  t o  the en t ry  point .  

The ed i to r  then inquires:  

CLEAR ? C=YES 

A s ing le  hex d i g i t  is t o  be entered. I f  it is  C ,  a l l  memory locat ions 

in  the edited region a r e  s e t  t o  00. Any other  d i g i t  r e s u l t s  i n  no 

action. I f  the  assembler is t o  be used over t h i s  region,  it is  best  

t o  c lea r  memory so  t h a t  the assembler w i l l  not be confused by randcm 

bytes; a l t e r n a t i v e l y ,  the  e d i t o r  could be reentered and the edi ted 

region redefined to only t h a t  portion which contains  t h e  code to be 

assembled. 



Final ly t h e  e d i t  mode l l c m a n d l '  is entered. Four l i n e s ,  each 

consis t ing of a 2 byte address followed by tw bytes  of  memory 

contents ,  a r e  shown a s  follows: 

The mode of  the  ed i to r  is indicated by t h e  ccmmand a t  the  lower l e f t  

corner of the  screen,  ?? ind ica tes  t h a t  the  e d i t o r  is  i n  the  c m a n d  

mode. Other modes a r e  entered by typing a s ing le  hexadecimal d i g i t  

(from 1 through 9 )  and pushing the  in  button. Possible modes a r e  

given in the following list, the  ?? in  the  lower l e f t  w i l l  be replaced 

by the cur ren t  mode. 

0 ?? (camand mode) 
1 REPLAce 
2 INSERt 
3 DELETe 
4 GOT0 
5 SCAN Up 
6 SCAN b w n  
7 Change address MODE 
8 EXECute 
9 ASSEMble 

I f  1 is  entered and the  i n  button pushed the e d i t o r  goes i n t o  the 

replace mode; REPLA appears i n  place of  the  ??. Successive two byte 

in te rpre te r  ins t ruc t ions  can now be entered from the keyboard, each 

replaces the  two bytes contained in memory on the  cur ren t  l i n e  and 

causes the  current  l i n e  to be incremented by 1. 

To change from one carrmand to another you must reen te r  the 

17 



c m a n d  mode. I f  a  f u l l  keyboard byte is shown on the screen,  en te r  

00 and hold the i n  button down for a  second, the  command mode w i l l  be 

entered. I f  a  s i n g l e  hex d i g i t  shows, en te r  0 and push t h e  i n  button. 

Most of  t h e  other  e d i t o r  modes a r e  f a i r l y  obvious, i . e .  i n s e r t ,  

de le te , , scan  up, scan down, goto, and execute. An inse r t ion  occurs 

above the  current  l i n e  wt~ich remains unchanged. I f  the  current  l i n e  

is deleted the next l i n e  becomes the current  l ine .  Scen up and scan 

down only continue while t h e  in  button is being held down and the  goto 

ins t ruc t ion  requ i res  t h a t  a  2 byte address be entered. In the  

r e l a t i v e  address mode t h e  goto ins t ruc t ion  r e f e r s  t o  r e l a t i v e  

addresses not absolute  ones, it changes with the  address mode. Tne 

execute mode makes the  f i r s t  c m a n d  i n  the  edi ted code t h e  next 

ins t ruc t ion  t o  be interpreted and the  in te rpre te r  executes the  code in 

the  edited region. 

The in te rpre t ive  code is  addressed r e l a t i v e  t o  the  f i r s t  

ins t ruc t ion  which has the  address 0000. I f  t h e  change address mode 

comn~and is  invoked, the displayed eddresses a r e  changed from absolute 

t o  r e l a t i v e  addresses. The current address mode is  indicated by a  

symbol t o  the r i g h t  of  t h e  current  l i n e ,  A f o r  absolute addresses and 

X for  r e l a t i v e  addresses. Relative addresses a r e  useful i f  one wishes 

t o  assemble the i n t e r p r e t i v e  code by hand, the ed i to r  i t s e l f  was 

wri t ten using e a r l i e r  versions of  t h e  e d i t o r  h i c h  had t h i s  feature.  

Hand assembly is a l s o  necessary for  c a l l s  t o  machine code rou t ines  and 

when using the memory pointer  - these ins t ruc t ions  a r e  not assembled. 



The Assembler  

The a s s e m b l e r  r e q u i r e s  t h e  u s e  o f  l a b e l s ;  t h e s e  a r e  i n s t r u c t i o n s  

which b e g i n  w i t h  t h e  hexadec imal  d i g i t  "E". The i n t e r p r e t e r  i g n o r e s  

s u c h  i n s t r u c t i o n s  - t h e y  h a v e  meaning o n l y  f o r  t h e  a s s e m b l e r .  As a n  

example l e t ' s  r e d o  t h e  d i s p l a y  p r o g r m  u s i n g  l a b e l s .  

Program L i s t i n g  

main program 

0000 
0002 
0004 
0006 
0008 
000 A 
OOOC 
OOOE 
0010 
0012 
0014 
0016 
0018 
001A 
OOlC 

EAAO (E000) l a b e l  r e e n t r y  p t  
41DB w a i t s ,  r e a d  a b y t e  t o  V1.O 
4FFE e r a s e  d i s p l a y  s c r e e n  
AAOO sets VA.0 t o  00 
BAOO s e t s  VA.l t o  00 
FBE2 p o i n t  VB t o  d i s p l a y  b u f f e r  
ACOA set VC.0 t o  10 ( d e c i m a l )  
A232 set V2.0 t o  50 ( d e c i m a l )  
EAA1 (E010) l a b e l  r e n t r y  p t  
C15B make ASCII symbol f o r  V1.O 
2BB0 (201E) c a l l  s u b r o u t i n e  
5101 i n c r e m e n t  V1.O 
C2E9 decement V2.0, s k i p  u n l e s s  done  
lAAO (1000) r e t u r n  to l a b e l  EAAO 
lAA1 (1010) e l s e  r e t u r n  t o  l a b e l  EAA1 

d i s p l a y  s u b r o u t i n e  

1BB1 (102A) 
4000 
EBB1 (E02A) 
AAOO 
6A06 
ACOA 
4000 

l a b e l  e n t r y  t o  s u b r o u t i n e  
d i s p l a y  symbol i n  b u f f e r  
add 06 to row d i s p l a y  p o i n t e r  
decrement  row c o u n t e r ,  s k i p  u n l e s s  f u l l  
go  to l a b e l  EBB1 i f  row f u l l  
e l s e  r e t u r n  from s u b r o u t i n e  
e n t r y  p o i n t  
r e s e t  row p o i n t e r  t o  00 
add 06 to l i n e  p o i n t e r  
r e s e t  l i n e  c o u n t e r  t o  10 ( d e c i m a l )  
r e t u r n  from s u b r o u t i n e  



Labels ,  i n s t r u c t i o n s  beginning wi th  E, have been placed a t  a l l  

e n t r y  p o i n t s  and a t  t h e  beginning o f  t h e  sub rou t ine .  The t h r e e  

hexadecimal d i g i t s  fo l lowing  t h e  E a r e  used to  d i s t i n g u i s h  l a b e l s  from 

each o t h e r .  

The l i s t i n g  shows t h e  l a b e l s  a s  t hey  appear  be fo re  assembly; t h e  

d i g i t s  fo l lowing t h e  E a r e  chosen a r b i t r a r i l y .  Here I have used 

EAA(N) i n  t h e  main program and EBB(N) i n  t h e  sub rou t ine .  Note t h a t  1 

and 2 i n s t r u c t i o n s  now r e f e r  to l a b e l s  i n s t e a d  o f  t o  addresses .  For 

example t h e  2 i n s t r u c t i o n  a t  add res s  0014 is now 2880 and r e f e r e n c e s  

t h e  l a b e l  a t  t h e  beginning o f  t h e  sub rou t ine .  

Once t h e  program and l a b e l s  a r e  en t e red  i n t o  memory, assembly can 

be  c a r r i e d  ou t .  Frcm t h e  ccmmand mode e n t e r  "9" and push t h e  i n  

bu t ton ,  t h i s  p l a c e s  t h e  edi tor -assembler  i n  assemble mode. A second 

push o f  t h e  i n  bu t ton  s t a r t s  t h e  assembly process .  The assembler 

f i r s t  checks f o r  d u p l i c a t e  l a b e l s ;  i f  one o c c u r s ,  t h e  assembler s t o p s  

on t h e  f i r s t  occurrence  o f  t h e  d u p l i c a t e  l a b e l  and r e t u r n s  t o  t h e  

command mode. Next a check is made f o r  1 o r  2 i n s t r u c t i o n s  wi thout  a 

corresponding l a b e l ;  i f  one  occu r s ,  it becomes t h e  c u r r e n t  l i n e  and 

t h e  command mode is  e n t e r e d .  'Ihe assembler s t o p s  when e r r o r s  occur  s o  

t h a t  t hey  can be  c o r r e c t e d .  I f  t h e  f i r s t  two pas ses  a r e  s u c c e s s f u l ,  

t h e  code is assembled; t h e  t h r e e  l e a s t  s i g n i f i c a n t  d i g i t s  o f  t h e  

l a b e l s  a r e  r ep l aced  by t h e i r  r e l z t i v e  add res ses  and t h e  1 and 2 

i n s t r u c t i o n s  a r e  changed t o  correspond. The i n s t r u c t i o n s  i n  

p a r e n t h e s i s  show t h e  changes t h a t  t a k e  p l ace  on assembly. I f  assembly 



is successful ,  the  l a s t  l i n e  of the  edi ted region is made the  cur ren t  

l i n e  and it is surrounded by OK. 

There a r e  a number of in te res t ing  fea tures  t o  such an assembly 

process. The code can be repeatedly assembled without harm, t h e  

assembled code contains  val id l a b e l s ,  j m p s ,  and subroutine c a l l s  so 

t h a t  it can be properly reassembled. Thus one can i n s e r t  new l i n e s  of 

code, o r  de le te  l i n e s  of  code, or move subroutines t o  new loca t ions  

without enter ing new l a b e l s ,  j u s t  by reassembling the program. 

Additional l a b e l s  or subroutines can be added t o  already assembled 

code a t  any time, a s  long a s  the  new l a b e l s  do not dupl icate  ex i s t ing  

labels .  Once the  code has been assembled addi t ional  c a l l s  t o  ex i s t ing  

subroutines do have to take account of t h e i r  new labe l s .  However most 

of  the work of assembly i s  done, f reeing the p r o g r m e r  t o  concentrate 

on the code. 

Machine code subroutine c a l l s  (0 i n s t r u c t i o n s ) ,  and the 

instruct ion which points  a var iab le  t o  memory ( 3  i n s t r u c t i o n s ) ,  a r e  

not handled by t h e  assembler. Tnis was d e l i b e r a t e ,  a s  machine code 

subroutines can contain inadvertant E's which would cause e r rors .  In 

the  same fashion the 3 i n s t r u c t i o n s  normally a r e  used t o  point t o  

d a t a ,  which again might contain misleading E ' s .  I t  seems best t o  

assemble these ins t ruc t ions  by hand a s  they w i l l  not occur of ten.  

They can be placed a t  the end of the  program, t h e  edi ted region 

reassigned before assembly, and the 0 and 3 i n s t r u c t i o n s  then 

assemblct by hand using the r e l a t i v e  address mode. 



L i s t i n g  1 058 98 74 83 12 load t o  R3 
05C 30 4A 

L i s t i n g  of I n t e r p r e t e r  
sub. r e l a t i v e  add res ses  

Use o f  Reg i s t e r s  
05E 00 00 15 h igh  o rde r  

RO d i r e c t  memory a c c e s s  060 01 01 01 01 a d d r e s s e s ,  then 
R 1 i n t e r r u p t  a d d r e s s  064 01 01 01 00 15 low o rde r  
R2 s t a c k  p o i n t e r  068 00 02 00 01 
R 3 sub rou t ine  prog. counter  06C 02 EA E3 06 
R 4 c a l l i n g  s e c t i o n  program 070 D4 CF C E  3B 

counter  074 28 92 FC FB 
R5 i n t e r p r e t e r  prog. counter  078 00 9B 71 01 
R 6 X p o i n t e r  - R ( 6 ) .  1 page 

f o r  v a r i a b l e s  d i s p l a y  i n t e r r u p t  r o u t i n e  
R7 Y p o i n t e r  
A8 base r e g i s t e r  07C 00 42 70 C4 s t anda rd  d i sp l ay  
R9 decremented i n  i n t e r r u p t  G80 22 78 22 52 i n t e r r u p t  r o u t .  
R A R(A).I - d i s p l a y  page 084 5'2 E2 29 9A excep t  R9 is  
RB-RF s c r a t c h  088 BO F6 00 A0 decremented f o r  

08C 80 E2 E2 20 b e n e f i t  o f  
i n i t i a l i z e  r e g i s t e r s ,  090 A0 E2 20 A0 t iming  MC 
goto  c o n t r o l  s e c t i o n  094 E2 20 A0 3C r o u t i n e s  

098 8C 30 7D 
Address Code 

d i s p l a y  r o u t i n e  
000 F8 01 85 F8 s e t  a d d r e s s  1 s t  
004 00 A5 F8 OE i n s t r c .  (0100) 09B 47 R7 p o i n t s  
GO8 BA FS OF 86 d i s p l a y  page(0E) 09C FA 3F F6 F6 o r i g i n a l l y  a t  
OOC 95 88 65 A8 v a r . ,  s t a c k  page OAO F6 22 52 07 VY.0 - R6 t o  
010 96 82 F8 9F (OF) base r eg .  0A4 27 FE FE FE l o c a t i o n s  o f  
014 A2 E3 70 23 R(8) ,  s t a c k  add. OA8 F1 AC 9A BC b y t e s  t o  
018 93 84 B1 F8 i n t e r r u p t  add. OAC 45 FA OF AA d i s p l a y  (VX), 
01C 7F A 1  F8 23 t u r n  on TV make OBO 46 AB 06 BB d i s p l a y  page is 
020 A4 69 D4 R(4) p.c.  084 F8 00 BF 8A obta ined from 

OB8 3 2 E l 2 A 4 B  R A . l - R C i s  
begin c o n t r o l  s e c t i o n  OBC BE 07 FA 07 loaded with 

OCO AE 8E 32 CD d i s p l a y  page 
02 3 96 R(4) is p .c .  OC4 9E F6 BE 9F word addres s  
624 B7 45 BB F6 c o n t r o l  s e c t i o n  OC8 76 BF 2E 30 
C2e F6 F6 F6 52 R(3) is  c a l l i n g  OCC C1 9E EC F j  
02C 4E FC 5D AC p . c . ,  p o i n t  R6 OD0 5C 02 FB 07 
030 9B F9 FD FE a t  VX.0, R7 a t  OD4 32 DB 1C 9F 
034 A6 05 F6 F6 W.0,  R(3) t o  OD8 F3 5C 2C 8C 
038 F6 F6 F9 FO c o r r e c t  sub. ,  ODC FC 08 AC 3B 
03C FE A7 94 EC make R3 p .c .  OEO B4 12 D4 
C40 EC F4 83 e C  0 i n s t r u c t i o n s  
044 FC OF AC GC go t o  4E 2 followed by 1 i n s t r u c .  
046 A3 E2 D3 3C 
04C 23 00 OE3 15 push i n t e r p .  

OE4 9 5 2 2 7 3 8 5  p . c . ( R 5 )  
0 i n s t r u c .  (b!C c a l l s )  CE8 52 25 25 45 t o  s t a c k  - 

OEC FA OF 22 73 s e t  i n t e r p .  
04E 9E E2 handle  b!C c a l l s  CFO 45 52 68 Fb p.c.  f o r  
050 22 73 45 52 ckange r e l .  add. CF4 A5 12 98 74 e n t r y  po in t  
G54 86 F4 A3 12 t o  abso lu t e  and OF8 B5 12 D4 



A followed by B i n s t r c .  

OFB 16 
OFC 45 56 D4 00 

End o f  page 00, begin 
page 01, 1 s t  4000 i n s t r c .  
r e t u r n  from i n t e r .  sub. 

100 42 A5 42 85 r e s t o r e  i n t e r p .  
104 D4 00 p.c.  from s tack 

3 I n s t r u c t i o n  

106 F8 EO add c o n t e n t s  
108 A6 25 45 FA o f  base  
10C OF 22 73 45 r e g i s t e r  t o  
110 5 2 8 8 F 4 5 6  MMM,load 
114 1 2 1 6 9 8 7 4  t o V O  
118 56 12 D4 

7 and 8 i n s t r u c t i o n s  

11B 5F f i r s t  16 by te s  
11C 5E 61 64 67 a r e  a t a b l e  o f  
120 6A 73 77 7C e n t r y  p o i n t s  
124 7B 7E 81 84 
128 87 8B 8F 93 16 b i t  e n t r y  
12C BC 05 FA 08 is 012B 
130 3A 3A 05 FA 
134 07 FC 23 AC 
138 30 58 26 93 
13C BC 05 FA 04 3 b i t  e n t r v  

22 07 
52 96 BE 86 ready r e g i s t e r s  
AE 1E F8 00 d e c i d e m u l t i p l y  
5E F8 09 AD o r  d i v i d e  
45 F6 33 B5 
OE 76 5E 06 mul t ip ly  s t a r t s  
76 56 2D 8D a t  01A4, d i v i d e  

A4 07 3A BD on d i v i s i o n  by 
F8 FF 5E 30 0 q u o t i e n t  and 
18 OE F7 3B remainder a r e  
C2 5E 06 7E s e t  t o  FF 
56 2D 8D 32 
19 OE 7E 5E 
30 BD 

begin 5 and 6 i n s t r u c .  

begin 4 i n s t r u c t i o n s  

16 45 A3 26 keyboard 
E6 6C D4 26 i n s t r u c t i o n s ,  
3F JX 37 DE and e r a s e  
30 D8 3F E2 d i s p l a y  page,  
D4 3F E4 30 i n  but ton  
70 3F EF 15 c o n t r o l s  
15 37 ED D4 3F MY1 and 
9A BC F8 FF 37 MM 
AC F8 00 5C i n s t r u c t i o n s  
8C 32 EF 2C 
30 F5 30 FO 

end o f  page 01 
begin page 02, C and F 
i n s t r u c t i o n s  

16 45 A3 26 hex t o  decimal 
06 A .  F8 00 r o u t i n e  - 
30 0E 46 AF 8 b i t  low e n t r y  
06 26 22 52 is 0203, 8 b i t  
F8 85 A7 93 h igh  e n t r y  is 
BE F8 38 AE 0204, 16 b i t  
17 1E F8 00 e n t r y  is  020A 
57 E6 4E F5 
E2 OE 75 2E 
3B 31 52 E6 
OE F5 56 07 t a b l e  o f  powers 
FC 01 57 30 of t e n  s t a r t s  a t  
1 E  4E F6 3B 0239 ends a t  
18 12 8F 56 0242 

9 i n s t r u c t i o n s  



23C 03 64 00 OA 304 A8 50 F8 70 a r e  combined t o  
240 00 01 00 26 CX43 & CX44 308 80 90 A0 BO form symbols 
244 F8 EO A7 47 b y t e  p o i n t e d  t o  30C C O  DO EO FO 
248 AD 07 BD 4D b y  VO t o  VX 310 46 3E 96 F9 F9 @ A 00.01 
2 4  56 9D 57 27 vo = VO + 1 315 5 ~ 5 7 ~ ~ 8 8 ~ 8  B C  02;03 
250 8D 57 D4 00 31A 5 F 5 5 F F F 8 F 8  D E  04,05 
254 00 00 26 F8 CX56 & CX57 31F 8 8 8 F F F B 9 F 8  F G  06,07 
258 BO 30 5E 26 CX5B & CX5C 324 99 9F 79 22 72 H I 08,09 
25C F8 CO AC 86 g e n e r a t e  symbols 329 AE 22 97 CA 9A J K OA,OB 

c a l l  sub .  pg 03 32E 
333 

CX66 & CX67 338 
l e n g t h  o f  symbol 33D 
i n  d i s p l a y  b u f f .  342 
t o  VX l o  o r  h i g h  347 
b l a n k  i s  g i v e n  a 34C 
l e n g t h  of-04 351 

156 - - 
3 58 

FXSA VX t o  hex 360 
b u f f e r  + 365 
p o i n t e d  t o  36A 
3 b y t e s  f o r  36F 
b e n e f i t  o f  374 

06 B7 DE 17 e d i t o r - a s s e m b l e r  379 53 56 23 62 22 * + 2 ~ ; 2 ~  
DE 17 CE D4 37E 2E 00 00 60 00 , - 2C. 2D 
D3 07 F6 F6 
F6 F6 5D 1D 
07 FA OF 5D 
ID 30 A4 86 FXB3 s a v e  VX 
FF 20 A7 30 
BE 86 A7 FF FX89 r e s t o r e  VX 
20 A6 46 57 
06 17 57 D4 
F8 BO 30 CA FXC4 hex  symbol 
F8 C O  AC 86 FXC8 ASCII 
A7 46 A7 06 symbol 

FDA p t  hex buf 
FXDE p t  d e c  buf 
FXE2 p o i n t  t o  
d i s p l a y  b u f f e r  

CXE9 & CXEA 
d e c .  s k p  = 0 
FXF3 s a v e  b a s e  
FXF9 r e s t o r e  
b a s e  

end o f  page  02 
b e g i n  page  03 d i s p l a y  
s u b r o u t i n e s  and symbols 

383 CC OU 00 2C 01 / ~ E ; Z  
388 9F 99 2F 22 22 0 1 30,31 
38D 8 F l F F F F l F l  2 3  3 2 , j 3  
392 2 2 A F F A F l F 8  4 5  34,35 
397 9 F 8 F l F l I F l  6 7  36,37 
3% 9 F g F F F F l F 9  8 9  38,39 
3A1 8 0 8 0 E O 0 2 0 2  : ;  3A,3B 
3A6 2 1 2 C O l O E O E  < =  3C,3D 
3AB 2 C 2 1 8 C F 6 F 1  > ?  3E,3F 
380 07 AF FA OF 
384 F9 30 57 FD e n t r y  p o i n t  t o  
388 39 33 C2 FD g e n e r a t e  hex 
3BC 40 57 30 C2 symbols ,  03BO 
3C0 07 AF 96 BB e n t r y  f o r  ASCII 
3C4 F8 BF AB 9C symbols ,  03CO 
3C8 83 BD EB 07 
3CC FA 3F 58 F4 
3D0 F4 F4 F4 76 
3D4 38 DB FC 10 
3D8 A D  30 E9 FC 
3DC 10 A D  OD FA 
3E0 OF A3 8B FB 
3E4 BA 32 F8 03 
3EE 73 4D F6 F6 
3EC F6 F6 A3 8B 

00 10 20 88 f i r s t  16 b y t e s  



L i s t i n g  2 

L i s t i n g  o f  Editor-Assembler  

Use o f  V a r i a b l e s  i n  E d i t o r  

V(0) p i n t s  t o  messages  
V(1) t h e  d i s p l a y  p o i n t e r  
V(2) .0  number o f  symbols t o  d i s p l a y  

i n  d i s p l a y  s u b r o u t i n e s  
V(3).1 marker ,  s e t  i f  i l l e g a l  move 

o r  a  bad assemble  
V(3) .0  c o u n t e r  i n  r o u t i n e  t o  d i s p l a y  

c u r r e n t  l i n e  (ebbv .  CL) 
V(4)  .0  marker 0 o r d i n a r y  keyboard ,  

1 s p e c i a l  keyboard 
V(4) .1  marker 0 a b s o l u t e  a d d r e s s ,  

1 r e l a t i v e  a d d r e s s  
V(5) s c r a t c h  f o r  keyboard s u b r o u t i n e  
V(6) keyboard b y t e s  a r e  passed  i n  V6 
V(7) s t o r e s  s t a r t i n g  a d d r e s s  o f  

e d i t e d  code (abbv .  SA) 
V(8)  h o l d s  c u r r e n t  l i n e  (abbv .  CL) 
V(9)  h o l d s  end l i n e  (EL) 
V(A) p i n t s  t o  d i s p l e y  b u f f e r  
V(B) t h r o u g h  V(E) ,  s c r a t c h  
V(F) set t o  0002,  much used c o n s t a n t  

To u s e  t h e  e d i t o r - a s s e m b l e r  
e n t e r  a t  t h e  f i r s t  l o c a t i o n  o f  t h e  
e d i t o r - a s s e m b l e r  w i t h  R3 t h e  program 
c o u n t e r ,  and l o c a t e  t h e  i n t e r p r e t e r  
on t h e  f o u r  pages  immedia te ly  
f o l l o w i n g  t h e  e d i t o r - a s s e m b l e r  . 
Abs. Rel .  
add. add.  

000 9 3  BC 
002 B5 F8 
004 06  AC 
006 DC F8 
008 12 A5 
00 A 9C FC 
OOC 04 83 
OOE F8 06 
010 A3 D3 

000 
002 
004 
006 
008 
OOA 
OOC 
OOE 

machine code  t o  
e n t e r  
i n t e r p r e t e r  a t  
an a d d r e s s  
r e l a t i v e  t o  t h e  
0000 h e r e ,  i .e .  
a t  0406 h i g h e r  
i n  memory 

Begin Main Program 

BFOO 
AF 02 
B400 
A400 
FAE2 
4FFE 
326A 
A203 

i n i t i a l i z e  
V(F)=0002 
markerzabs .  add .  
n a r  k e r z s i m p l e  key 
V(A) t o  d i s p l a y  
e r a s e  d i s p l a y  
p t .  t o  message 
3 l e t t e r s  

25 

show S A 
keys  t o  V(6) 
s a v e  a s  SA 
a l s o  a s  CL 
3 l e t t e r s  
show END 
keys  t o  V(6)  
s a v e  a s  EL 
s k i p  V7>V9 
OK go on 
NO s t a r t  o v e r  
13 l e t t e r s  
show CLEAR? C=YES 
1 d i g i t  t o  V(6).0 
V(5) .0  = OC 
s k p  V(b).O=V(5).0 
c a l l  CLEAR 
e r a s e  d i s p l a y  
show >< A o r  X 
p u t  up CL 
e r a s e  b o t ( r e n t r y )  
p o i n t  t o  ?? 
d i s p l a y  ?? 
w a i t  i n  o f f  
1 d i g i t  t o  V(b).O 
1 nlore no. i n s t r .  
s k p  V(4).O>V(6).0 
i l l e g a l ,  do o v e r  
V ( 5 ) . 0  = 05 
V5 = V5*V6 
p o i n t  t o  ?? 
p o i n t  t o  message 
e r a s e  bottom 
show message 
go t o  r i g h t  s u b  
t o  command mode 
t o  REPLACE 
t o  INSERT 
t o  DELETE 
t o  GOT0 
t o  SCAN UP 
t o  SCAN MFIN 
t o  CHANGE MCDE 
t o  EXECmE 
ASSEMBLE ( r d  d i g )  
skp  V(6).0#0 
t o  command mode 
s t a r t  DL s e a r c h  
skp  i f  CL>SA 
go on 
done DL s e e r c h  
c a l l  check  CL 
s k p  l o c  OK 
bad L,  t o  command 
add 0 2  t o  CL 
back t o  do more 
s t a r t  NL s e a r c h  
CL = SA 



096 
098 
09A 
09C 
09E 
OAO 
OA2 
0A 4 
OA6 
OA8 
OAA 
0 AC 
OAE 
OBO 
082 
OB4 
OB6 
OB8 
OEA 
OBC 
OBE 
OCO 
oc2 
OC4 
OC6 
OC6 
OC A 
OCC 
OCE 
OD0 
OD2 
OD 4 
OD 6 
OD 8 
ODA 
ODC 
ODE 
OEO 
OE2 
0E4 
OE6 
OE8 
OEA 
CEC 
OEE 
OF 0 
OF2 
OF4 
OF6 
OF 8 
CF A 
OFC 
OFE 
1 G O  
102 
104 
166 
1 C8 

084 
086 
088 
08A 
oec 
08E 
090 
092 
094 
096 
098 
09A 
09 C 
0 9E 
OA 0 
OA2 
OA 4 
OA6 
OA 8 
OAA 
CAC 
OAE 
OBO 
CB2 
OB4 
OB6 
OB 8 
OB A 
OBC 
OBE 
OC 0 
oc2 
OC4 
OC6 
OC 8 
OCA 
OC C 
OCE 
ODO 
OD2 
OD 4 
OD6 
OD6 
CDA 
CDC 
OGE 
OEO 
OE2 
0E4 
OE6 
OEE 
OE A 
OEC 
OEE 
OF0 
OF2 
OF4 
OF6 

8897 
108A 
1094 
221 6 
73FD 
1032 
88F3 
1084 
C5E9 
109A 
1062 
8870 
6897 
10A6 
02EE 
21C4 
1036 
2240 
88F3 
10% 
21FE 
21E0 
73FE 
0339 
86F3 
2192 
10AC 
21FE 
21E0 
73FE 
2258 
68F3 
2192 
1 OBA 
21F8 
86FE 
1038 
21E0 
73FE 
2252 
2192 
1 OC6 
21FE 
74FD 
6673 
8860 
1032 
BEFF 
AEF E 
1 CEA 
8EFO 
21 74 
66FE 
103k 
02EE 
bbE3 
21BC 
1 OEA 

skp CL>SA 
go on 
chk pass no. 
c a l l  assemble 
skp loc  GK 
t o  con t ro l ,  bad 
+2 t o  CL 
continue 
dec. V(5) ,  skp#0 
done, goto f ix  
back, 2nd pass 
success f i x  l abe l s  
skp i f  CL>SA 
go on 
e rase  top screen 
show CK 
go show CL 
c a l l  f i x  
+2 t o  CL 
re turn  till done 
REPLACE, read keys 
show >< A or X 
skp i l l e g a l  t r y  
do replace 
+2 t o  CL 
show new CL 
do over 
INSERT, read keys 
show >< A or X 
skp i l l e g a l  t r y  
do i n s e r t  
+2 t o  CL 
show new CL 
do over 
DELETE, read keys 
skp unless = 0 
return t o  control 
show >< A or X 
skp i l l e g z l  t r y  
do de le te  
show new CL 
do over 
GOT0 read keys 
skp unless  re1 add 
V(6) = V(6)+V(7) 
CL = V(6) 
show new CL 
SCAN UP 
V ( E )  = -2 

SCAN D C W N  
read keyboard 
skp unless  = 0 
goto command 
e rase  top 
CL = CL + V ( E )  
show new CL 
do over 

2 6 

OF 8 
OFA 
OFC 
OFE 
100 
102 
104 
106 
108 
10A 
10C. 

1 CE 
110 
112 
114 
116 
118 
11A 
1 1 C  
1 1 E  
120 
122 
124 
126 
128 

12A 
12C 
12E 
130 
132 
134 
136 
138 
13A 
13C 
1 3E 
140 
142 

144 
146 
146 
14A 
14C 
l4E 
150 
152 

CMODE 
jmp t o  OFE 
n,arker ,V(6). 1=02 
mark-mark-1 
return t o  control 
EXECUTE, read keys 
skp unless = 0 
return t o  control  
erase display 
base register=SA 
goto SA 

End of Main Program 
Sub t o  Show Messages 

A205 
B11B 
1118 
B lFA 
6106 
AlOC 
FOC8 
DA15 
C267 
6201 
812B 
C2E9 
4000 
11 1A 

5 characters  
V(1).1 = 1 B  
go s e t  V(1).0 
entry point 
entry point 
V(1).0 = 00 
symbol t o  show 
display symbol 
length t o  V(2). 1 
increment V(2). 1 
V1.0=V1.O+V2.1 
dec V2.0, skp.0 
return 
e l s e  do another 

End of Show Messages 
Sub t o  Show Numbers 

FBGA 
A204 
1134 
FBDA 
A202 
FBC4 
5105 
DA15 
C2E9 
1140 
1134 
51F6 
4000 

VB t o  hex buffer 
4 characters  
jmp t o  display 
entry 2 characters  
2 characters  
symbol t o  show 
Vl.O=V1.0+05 
display symbol 
dec, skp unless=O 
goto e x i t  
e l se  do another 
r e s e t  V 1 . C  for  key 
return 

End of Show Numbers 
Keyboard Caller 

A11C s e t  display point 
B11B s e t  display point 
2156 c a l l  f i r s t  byte 
76Ee save in  V(6).1 
510A add OA t o  pointer 
2156 c a l l  second byte 
86E8 save in  V(6).0 
4000 return 



End o f  Keyboard C a l l e r  1C4 
Keyboard S u b r o u t i n e  1C6 

lC8 
2130 show t o  e r a s e  1 CA 
4ED8 e n t r y , k e y s  t o  VE.l 1CC 
FE8A t o  hex b u f f e r  1 CE 

e l s e  d o  a n o t h e r  
RA s u b ,  VD=display 
VDrVD-SA (RA ) 
MC, add RA t o  buf 
r e t u r n  
show ><A o r  X 
go t o  CL 
unused 

2130 c a l l  d i s p l a y  ID0 
75E8 V5.1-VE.l 1D2 
4EC8 keys  t o  VE.l 
75ED s k p  i f  V5.1-VE.l 
1154 else g o  t o  e r a s e  
84FD s k p  i f  V4.O=VF.l 
116E g o  t o  MC r o u t i n e  
40E9 s k p  i f  i n  o n , o f f  
115E s t a y  i n  l o o p  
1172 r e t u r n  
0318 s p e c i a l  MC k e y s  
115E s t a y  i n  l o o p  
4000 r e t u r n  

End o f  Keyboard Rout ine  

End o f  D i s p l z y  Rout ine  
Sub t o  Add >< A o r  X 

32B3 p o i n t  t o  >< 
B1OG s e t  d i s p l a y  p o i n t  
A201 one symbol 
2118 show it 
5130 s e t  d i s p l a y  p o i n t  
A201 one symbol 
211A show it 
5101 s e . t  d i s p l a y  p o i n t  
A201 one symbol 
74FD s k p  RA marker 
5001 p o i n t  X i f  RA 
211A show A o r  X 
4000 r e t u r n  
3287 p o i n t  t o  ?? 
l l C 4  go p u t  it up 

End o f  Rout ine  f o r  >< 
Sub Is Command Legal?  

02EE MC e r a s e  t o p  
8302 V3.1 = 02 
8897 s k p  CL>EL 
63FF V3.1=V3.1-01 
8787 s k p  SA>CL 
63FF V3.1=V3.1-01 
73FE s k p  i f  V3.1-0 
11F4 l e g a l  show ><  
21DC i l l e g a l  show ?? 
4000 r e t u r n  
21C2 show >< 
4000 r e t u r n  

One ~ i g i t -  Keyboard 1 E6 
'1 E8 

e r a s e  keys  
keys  t o  V6.0 
hex symbol t o  buf 
d i s p l a y  p o i n t e r  
d i s p l a y  p o i n t e r  
show one  d i g i t  
V5.0=v6.0 
keys  t o  V6.0 
s k p  i f  V5.O=V6.C 
e r a s e ,  k e y  pushed 
r e t u r n ,  s k p  i n  on 
s t a y  k e y  l o o p  
V5.0=OF 
V6.0=.16.0+V5.0 
r e t u r n  

End One D i g i t  Keyboard 
D i s p l a y  S u b r o u t i n e  

s e t  d i s p l a y  p o i n t  
marker ,  4 l i n e s  
VC = CL 
VC = VC - 02 
VC = VC - 02 
VC = VC + 02 
VC + t o  hex buf 
s k p  on RA mark 
c a l l  RA s u b  
s e t  d i s p l a y  p o i n t  
show 4 symbols 
s e t  d i s p l a y  p o i n t  
show 4 symbols 
p o i n t  n e x t  l i n e  
4 l i n e s ? ,  r e t u r n  

End Legal  Check Sub 
Cne Hex Symbol C a l l e r  

2174 c a l l  one d i g i t  key 
4OED w a i t  i n  o f f  
4000 r e t u r n  

End One Symbol C a l l e r  
Erase  Keys,  Goto Keys 

0308 MC, e r a s e  keys  
1144 g o t o  key c a l l e r  

4000 r e t u r n  End e r a s e  k e y s ,  e t c .  



Register Set  U t i l i t y  

8E80 VE=CL 
8D90 VD=EL 
8D84 VD=EL-CL 
034A MC, RD=VE;RE, RF=VF 
4000 Return 

End Register U t i l i t y  
Sub for  Oouble Label 

E300 s e t  marker 
2202 c a l l  s e t  r e g i s t e r  
O2BB MC DL, sk ips  good 
8301 s e t  mark DL found 
4000 return 

End Couble Label Sub 
Assemble Subroutine 

s e t  marker 
VEzCL 
VD=EL 
VD-EL-SA 
MC, s e t  r e g i s t e r s  
MC, looks fo r  1 ,2  
re tu rn ,  no 1 or 2 
MC no skp found 
no skp found s e l f  
continue MC sub 
go s e t  l abe l  
no, s e t  f l a g  
? 1 s t  o r  2nd pass 
1 s t  re tu rn  
2nd, VE-RA 
c a l l  s e t  r e g i s t e r  
KC s e t  cor rec t  RA 
re turn 
bad, s e t  l abe l  
P!C, r e s t o r e  
return 

End assemble subroutine 
Fix Subroutine 

8EbO VE=CL 
034A MC, s e t  r e g i s t e r s  
03D7 MC look for  E 
4000 r e t u r n ,  no E 
EE74 V E = R A  
eceo VD-CL 
034A s e t  r e g i s t e r s  
03C9 MC s e t  l abe l  
4COO return 

End Fix Subroutine 
Delete Subroutine 

28 

2202 s e t  r e g i s t e r s  
0368 MC d e l e t e  
4000 return 

End k l e t e  subroutine 
I n s e r t  subroutine 

8E90 VE=EL 
2204 s e t  r e g i s t e r s  
0358 MC i n s e r t  
0339 MC replace 
4000 return 

End I n s e r t  Subroutine 
Clear Kenlory Sub 

8E70 VE=SA 
2204 s e t  r e g i s t e r s  
0384 MC c a l l  c lea r  
4000 return 

End Clear Kemory 
Begin Kessages 

1320 
2020 
3F 3F 
1205 
1 OOC 
0109 
OE13 
0512 
0405 
OC 05 
1407 
OF14 
OF20 
1303 
010E 

?(blank)  
C =  
YE 
S(b1ank) 
(blznk) (blank) 
?? 
RE 
PL 
A I 
NS 
ER 



2CO 2AE ODOF MO 
2C2 2B0 OBOl KA 
2C4 282 183E X> 
2C6 284 3C01 <A 
2C8 286 l83F X? 
2CA 288 3F01 ?A 
2CC 2BA 18 X 

End Messages 

Machine Code Routine 
t o  look f o r  DL 

machine code t o  erase 
top of display 

rnzchine code t o  erase 
bottom of display 

m2chine code t o  erase 
key displey 

spec ia l  keys, 
machine code t o  
handle keys t o  command 

machine code replace 

348 339 F6 

machine code t o  s e t  
r e g i s t e r s  



machine code inser t  

36A 358 2F 1E 

machine code delete 

machine code to  skip to  
proper subroutine 

machine code to  clear 
memory 

relat ive address sub 

main machine code 
sub for assemble 

 BE %C 10 32 
3CO 3AE C6 FB 
3C2 380 30 32 
3C4 382 C6 D4 
3C6 384 15 15 
3C8 3B6 F8 EE 
j C A  388 A6 46 
3CC 3BA AF 06 
3CE 3BC BF 2F 
3D0 3BE 2F OE 
3D2 3CO FA OF 
3D4 3C2 F9 EO 
3D6 3C4 5E D4 
3D8 3C6 8B 5E 
3DA 3C8 D4 

machine code assemble 
se t s  labels and junps 

machine code f ix  
(looks for E, skips i f  
found, saves in R(B) .O  



?? (corrrmand mode) 
REPLAce 
INSERt 
DELETe 
GOT0 
SCAN Up 
SCAN b u n  
Change a d d r e s s  MODE 
EXECute 



do machine code subroutine SXYO 
go to  FWl ( r e l a t ive  address) 9XY1 
do interpretive subroutine ( R A )  AXKK 
point VO t o  MEN ( R A )  BXKK 
keyboard (4000 return sub. CXZZ 
VX.0 = VX.0 + KK DXYN 
VX.l = VX.l + KK 
t3 b i t  arithmetic E Z Z  
16 + 8 b i t  arithmetic FXZZ 

4000 return from subroutine 

4XD7 keys = VX.0 
4XD8 keys = VX.l 

4XDB keys = VX.0, wait on, off 
4XDC keys = VX.l, wait on, off 

4XE2 wait on 

4XE5 skip in on 
4XE9 skip in on, wait off  

4XED wait off  

4XFE erase display 

8-bit one variable 
(VX.0 followed by VX.1) 

CX03 hexidecimal to  decimal 
CX04 conversion 

CX43 byte pointed to by VO t o  
CX44 VX.0 or VX.l, VO = VO + 1 

CX56 symbol (hexidecimal) for VX.0 
CX57 or VX.l t o  displny buffer 

CX5B syrnbol (ASCII) for VX. 0 or 
CX5C VX.  1 t o  display buffer 

VX(16) = VX.0 W . 0  
VX.0 = VX.ONY.0, rem. i n  VX.l 
VX.0 = KK 
VX. 1 = KK 
8-bit one variable ins t .  
display, VX = mem. pointer, 
VY = display, Ec = bytes to  show 
ignored, labels  for assembler 
16-bit one variable ins t .  

Result 
X = Y  
X = X and Y 
X = X xor Y 
X = X + Y  
X = X - Y  
skip i f  X = Y 
skip i f  X # Y 
skip i f  X > Y 

16-bit one variable 

FXOA VX t o  the decimal buffer 

FX8A VX t o  the hexidecimal buffer 

FXB3 save VX 
FXB9 restore VX 

FXC4 symbol pointed a t  t o  display 
buffer (hex), increment VX 

FXC8 symbol pointed a t  t o  displsy 
buffer (ASCII), increment VX 

CXE6 symbol length i n  display FXDA point VX t o  hex buffer 
CX67 buffer to VX.0 or VX. 1 FXDE point VX t o  decimal buffer 

FXE2 point VX t o  display buffer 
CXE9 decrcmcnt VX.0 or V X .  1 
CXEA skip i f  r e su l t  not equal 0 FM3 save base register  in VX 

FXF9 restore base reg. from VX 


