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MicroProcessor Engineering 9900 FORTH Rev 1.0 October B3 

Introduction 

9900 FORTH is a conversion of the Laboratory Microsystems 
Z-BO FORTH Version 2.00. Without the help and assistance of 

Ray Duncan at Laboratory Microsystems this pro ject would 
never have been started, let alone completed . It is our 
intention to keep this version upgraded as other Laboratory 
Mi crosystems FORTHs are enhanced. 

9900 FORTH history 

This FORTH actually arose out of a desire for a language that 
could easily be put into EPROM on our industrial boards. As 
we had had some experience with the Nautilis Systems range of 
FORTH cross-compilers, it became an obvious idea to write one 
for the 9900 on our Z-BO system. This we actually did more 
easily than we had expected. As we could not quite be 
bothered with blowing EPROMs all the time during testing, and 
the Marinchip 9900 system has a utility to read CP/M files we 
ended up by testi ng the code in RAM on the Marinchip. After 
that it would be so convenient to have a Laboratory 
Microsystems compatible FORTH on the 9900, and so here we 
are. 

As a result we now have not just a disc-based FORTH f or 9900 
family computers running MDEX or NOS, we .also have a 9900 
family cross-compiler with both d isc-based and ROMmable FORTH 
nuclei, and the capability of running any of the Nautilus 

cross-compilers issued through Laboratory Microsystems and 
many othe r sources. 

Variations from Z-BO FORTH 

Compatibility with the Laboratory Microsyst ems FORTHs is not 
1007., as the file handling operations and system calls of 
MDEX and NOS are very different in some areas. In practice 
these diff i culties are usua l ly negligible. Most of the editor 
and utilities were converted without change. 

The version of FORTH for the Powertran Cortex i. supplied 

wi th two ed i tors. EDITBO is the original editor for u ..... s 

with an BO-column terminal an. the serial port, and EDIT40 
uses a 40-column screen such as is prov i ded when using a 
television. In this mod e screens are still lk-bytes long, 
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but are presented as one screen � 32 lines of 32 characters, 

d isplayed in successive halves. The lines are renumbered to 
indicate which half is being displayed .  

2 
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Introduction 

Microprocessor Engineering Limited 
21, Hanley Road, Shirley, Southampton, SOl 5AP 

0703-775482 

9900 FORTH assembler Rev 1.0 October 83 

The 9900 FORTH assembler will cope with the full range of 
9900 instructions. 9995 and 99105 instructions will be added 
in a future release. The assembler has been tested by 
compiling a complete FORTH nucleus. The syntax is modelled on 
that of the Texas Instruments assemblers, but, as is usual in 
FORTH assemblers, operands are presented before the opcode 
mnemonics. 

How FORTH assemblers work 

In this assembler, as in most other FORTH assemblers, the 
mnemonics are FORTH words which are executed at assembly time 
to compile data into the dictionary. Any modification of the 
opcode for addressing mode must be present before the opcode 
word executes, thus the requirement for operands before 
opcodes. For the same reason register values must be present 
before the register mode flags. 

Examination of the source code in ASM99.SCR will show how 
this process is built up, and also shows one of the standard 
uses of the <BUILDS • •  DOES> construct, which is used in 

nearly all modern FORTH assemblers. 

Although this pro�edure appears very clumsy at first it has 
many advantages. The assembler is · completely free form in 
that you can have as many instructions per line as you want, 
so the layout is now completely up to you. Because all the 
assembler words execute at assembly time you can include any 
amount of address arithmetic that is required. Reference to a 
predefined FORTH vaFiable will return its address, so 
allowing that address to be used as an operand within a CODE 
definition. 

Addressing mode syntax 

The order of operands in the 9900 FORTH assembler is source, 
destination, opcode. Register numbers must occur before the 
register addressing mode operator, and addresses must occur 
before their addressing mode operators. 

register addressing 
source: n R where n is the register number. RO through R15 



J 
) 

ii ... j 

)] 

J 
�J 
J 
.,1 

9900 FORTH assembler Rev 1.0 October 83 
by MicroProcessor Engineering Ltd, England, 0703-775482 

are predefined, 
destination. n 
predefined. 
e.g 3 R ,Rll 

as are RA through RF. 
,R ,RO to , R15 and ,RA 

MOV is equivalent to MOV R3,Rll. 

register indirect 
source. n *R 
destination. n ,*R 

to 

e.g 4 *R 5 , *R MOV is equivalent to MOV *R4,*R5 

register indirect with auto-increment 
source. n *R+ 

,RF are 

destinationl n ,*R+ e.g. 6 *R+ 7 ,*R+ A is equivalent to A 

*R6+,*R7+ 

symbolic 
source: addr Gl> 
destination: addr , .> 
e.g FRED .> GEORGE ,.> MOV is equivalent to MOV GlFRED,GlGEORGE 

indexed symbolic 
source: addr reg Gl() 
destination: addr reg ,. () 
e.g. FRED 2 .() GEORGE 3 ,Gl() MOV is equivalent to MOV 
GlFRED(2) ,.GEORGE(3) 

immediate addressing 
For TI processors immediate addressing is indicated by the 
opcode mnemonic, so no addressing mode indicator is required 
for this mode. I 
e.g 1 R 200 LI is equivalent to LI Rl, 200 

CRU instructions 
TB, SBO, and SBl require an offset which lies in the range 
-128 • •  127. 
e.g. 15 SBl is equivalent to SBl 15 

jump instuctions 
All the jump instructions should be given the target address. 
Calculation of the actual a-bit offset is performed within 
the word corresponding to the jump instructi on. Within a CODE 
definition an address may be left on the stack several 
assembler instructions before it is used, as long as it does 
not interfere with the intervening instructions. In general 
jump instuctions are better dealt with by the assembler 
structuring words dealt with below. The pseudo-op $ has been 
defined to mean the current value of the dictionary pointer 
(location counter) . 

e.g $ 10 + JEQ is equivalent to JEQ $+ 10 

Assembly level structures 

Just as it possible to use the FORTH structures BEGIN 
UNTIL, IF • •  ELSE • •  THEN at high level, so we have defined a 
set of identically named structures at assembly level. These 
cope wi th the problem of forward references. They act on a 

-set -- of words which force the construction of a jump 
instruction whose opcode depends on the given status register 
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condition. 
e.g. ?EQ IF • • • •  ELSE • • • •  ENDIF 
The IF clause will be executed if the equal status bit is 
true. Note that this leads to the construction of a JNE 
opcode i.e all the jump opcodes are the logical opposite of 
what is indicated by the condition shown before the IF. As 
the 9900 family does not have a complete set of arithmetic 
jump instructions ?LT and ?GT do not exist, but their 
complements do. 

Condition flags 

?EQ if equal 

?NE if not equal 
?H if logically greater than (higher) 
?HE if logically greater or equal 
?L if logically less 
?LE if logically less or equal 
?NC if no carry 

?C if carry 

?O if overflow set 
?EP if even parity 
?AGE if arithmetically greater or equal 
?ALE if arithmetically less or equal 
UC on no condition 

Structures 

?xx IF • • •  ELSE • • •  ENDIF 
The IF clause is executed if the condition is true, otherwise 
the ELSE clause is executed. 

BEGIN • • •  ?xx UNTIL 
The loop is executed until the given condition is true. Note 
that BEGIN • • •  UC UNTIL gives a loop that never exits. 

BEGIN • • • AGAIN 
An indefinite loop 

BEGIN • • •  ?xx WHILE • • •  REPEAT 
The loop is repeated while the stated condit ion is true. 

Pseudo-ops 

RT 
$ 
NOOP 

compiles OB *R B == B *Rl 1 == RT 
compiles HERE, the location counter value 
compiles $ 2 + JHP == JHP $+2, a no-op 

Using assembly language words 

FORTH words should be defined as assembler words by using 
CODE and END-CODE instead of : and J. Unlike semi-colon ( J 
), END-CODE does not compile a branch back to the FORTH 
interpreter. In M i croProcessor Engineering versions of FORTH, 
this branch is an indirect one through a register which 
contains the address of NEXT. Which register is used is given 
elsewhere in the manual. 
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Cross-compiler version of the asseMbler. 

Users of the version of this assembler for the Nautilus 
cross-compiler should be aware of some differences. The jump 
instructions support forward referencing, and the structuring 
words are not present. The structuring words will be added 
on a later release. 

If you are using the cross-coepiler on a host processor other 
than a 9900 be sure to use the phrase ASSEMBLER EVEN rather 
than just ASSEMBLER when starting a section of code without a 
dict ionary header. This will force the dictionary pointer 
onto an even address before assembling any code remember 
the error checking may be sparser than you like it. 

4 
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9100 FORTH User's Manua l 

C o n te n t s  

User ' s  g u i d e  

1.9 
2.9 
3.9 
4.9 
5.9 
6.9 
7.9 
8.9 
9.9 
19.9 
11.9 
12.9 
13.9 

C on t e n t s  ot d i s tr i b u t i on d i sk 
U s i ng the i n terpr e ter/comp i l e r  
wr i t i n g  p r o g r am s  i n  FORTH 
S c r ee n  F i l e s  

. 

Ac c e s s  t o  HDEX o pe r a t i ng sys tem 
L e a v i ng FORTH 
U ti l i ty p r o g r am s 
Gua r a n teed i n te r p r e ter l o ca t i ons 
U s e  of r eg i s te r s  in q�oo FORTH 
C ons o l e  i npu t and o u tpu t 
S c r een a u t o - l oad a t  co ld s t a r t  
C r ea t i ng c u s t om FORTH appl i ca t i ons  

q:loo FO RTH qu i c k  r e f e r ence 

Con ten t s  o f  d i s t r i bu t i on s cr e e n  f i l e  

L i ne ed i t o r  

S c r e en ed i tor 

MOtX d i s k i n ter face  

qqoo a s s emb l e r  

�oo FO RTH mo de l d e scr i pt i on 

FORTH t u to r i a l  

Cont r o l  s tr u c tu r es 

Flo a t ing po i n t  v o c a b u lary and e xamp l e s  

'l9oo FORTH g l o s s a r y  
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2.0 D i s t r i bu t i on D i ske t te 

qqoo FO RTH i s  d i s tr i bu ted o n  2 s ta nd a rd e ight- i nch , s o f t- sec tored , 
s i ng l e- den s i ty d i s ke t te s  wh i ch c o n t ain the fo l l ow i ng f i l e s : 

f o r th 
f o r th . sc r  
fo r th l e. 

editor . s cr  
a smqcr . s c r  

la test . do c  

Execu tab l e  FO RTH interpreter  
FORTH screen s t o r a g e  
FORTH w i th precomp i l ed l i ne e d i t o r  

S o urce t ex� tor  sc reen edi�or 
S o u r c e  t e x t f o r  qqoOa ssembler 

U se r  n o te s  * 

I n  addit i on ,  i f  the f l oa t i ng po i n t  opt i o n wa s pur cha sed , yo u r  d i s k s  
w i l l  c o n t a i n  s ome o r  a l l  o f  the f o l l o w i ng  f i l e s : 

h fpba se 
hfp for th 
s fpbase 
s fp f o r t h  
f l o a t . s c r  

ha rdwa r e  a s s i s ted nucleus 
h a rdwa r e  a s s i s ted i n terpreter  
s o f twa r e  f l o a t i ng po i n t  nucleus 
s o f twa r e  f l o a t i ng po i n t  i n t e r p r e t e r  
s o u r c e  f o r  f l o a t i ng po i n t  rou t i ne s  

* I f  p r e s ent , th i s  file conta i n s  add i t i o n s  or mod i f i ca t ion s t h a t 
occ u r r ed too lat e t o  be i nc l uded i n  p r i n ted doc umen ta t i o n . 

2.1 I n s tal l a t i o n 

FO RTH User's Guide I-2 
(c ) 19�2 Labo r a t o ry Microsystems 
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3.9 Ge t t i n g  s t a r ted w i th FORTH 

A f te r  boo t i ng up the MDEX ope r a t i ng s y s tem e xecute fotTtt 

• FORTH 

The i n t e r p r e t e r  w i ll load i n t o  memo ry , then p r i n t  the i d e n t i fy ing 
me s s a g e  ( may vary f r om th i s  e x amp l e  d epend i ng o n  type o f  sy s t em and 
amo u n t  o f  memory ) : 

qqoo FO RTH ve r s i on 2 
( c )  1 982  Labo r a to ry M i c r o sy st ems 
Execu t i ng unde r MDEX '"3..x. 
U s i ng f i l e: a: f o r th . sc r  
D i c t i onary space ava i l a b l e: 6532 byte s 

OK 

FO RTH i s  now r eady for  u s e . I� o r d e r  to v i ew the c o n t e nts o f  the  
screen  f i l e ,  yo u c a n  u s e  the INDEX  funct i on to d i splay the  f i r s t  l i n e 
o f  each s c r ee n  a s  f o l lows: 

1 59 INDEX < re tu r n> 

Yo u can als o  v i ew an abbrev i a ted s c r ee n  i nde x , fo rma t t ed f ou r  a c r o s s , 
by e n t e r i ng : 

QX < re tur n >  

T o  v i ew a g i ve n  s c reen o f  t e x t ,  type the numbe r o f  tha t s c r een 
fo llowed by the word  " L I ST " . F o r  e xampl e ,  t o  read the memo r y  MAP 
p r o g r am wh i ch i s  s to red i n  s c r ee n  #1 , yo u wo uld type : 

1 LIST < r e t urn> 

To comp i l e a g i ven s c r e e n  of t e x t ,  type the n umbe r  of t h a t  s c r een 
f o l l owed by the wo rd " LOAD " . F o r  e x amp l e , to  comp i le the  MA P p r o gram 
wh i ch i s  s t o red i n  screen #1 , e n t e r : 

. 

1 LOAD < r etur n > 

Now to  i n voke the func t i on i tse l f , type : 

MAP < r e t u rn> 

I t  i s  o f ten co nvenien t to e n t e r  a n umbe r o f  commands o n  the same line , 
wh i ch a r e  p r o c e s se d  f r om l e f t  t o  r i gh t  by the i n te rpre t e r . For 
example: 

1 L I ST 1 LOAD MAP < r e tu r n> 

FORTH User's Guide 1-3 

(c) l�82 Labora tory Micr o s y s tems 
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3 . 1  Cus tomi z i ng the FORTH i n t e r pr e t e r  

The d i s t r i bu t i o n  F O RTH f i l e u s e s ll. kby tes o f  memory . Sinc e 
MO C-)( occup i e s  about  \l. kby t e s, you w i  1 1  need a t  l e a s t  3.2.. kby t e s  o f  

RAM in  yo ur sys t em . FORTH d o e s no t aut oma t i ca l ly ad j us t  i t s s t ack s a nd 
b u f fe r s  t o  take advantage o f  a dd i t i ona l memory when i t  i s  a v a i l a b l e . 
Yo uc a n  expand the F O RTH r un t ime a r e a  u p  to a ma x im um o f  4� kby t e s  
( l eav i ng Il. kby t e s  f o r  MOCX i n  a be) kbyt e  sys t em )  o r  change  the numb e r  
o f  s c r e e n  bu f fe r s  by u s i ng the u til i ty i n  s c reen 42. 

wa i t  f o r  the sy s tem i de n t i f i ca t i o n  me s s age  and " o k "  p r omp t . T h e n  
e n ter: 

2 LOAD REALLOCAT E 

You  w i l l  be  a sked t o  e n t e r  the t o t a l s ize i n  kbytes o f  the memo r y  
a va i l a b l e  f o r  use b y  FORT H , the n t h e  n umbe r o f  s c r eens  t o  be  b u f f e r ed . 
Remembe r  that each s c r ee n  bu f fe r  s ub t r a cts 1 kbyte f r om t h e  amo u n t  o f  
d i ct i o n a r y  space. E n t r i e s  s ho u l d  b e  i n  the f o rm o f  a dec imal n umbe r  
f o l l owed b y  a c a r r i age r e tur n . T h e  p r og r am w i l l  ca l c ula te  the n ew 
add r e s s e s  o f  the buf fe r s  and s ta ck s, s e t  a l l  neces s a r y  sys tem 
poin t e rs , then a cold s t a rt w i l l  b e  e x ec u ted a nd you w i l l  a g a i n  s e e  
t h e  sys tem iden t i f i ca t i o n mes sa g e . A t  th i s  po i n t  yo u can rewr i t e the  
e x e c u t ab l e  image  and make  the change s p er ma n e n t  s impl y by  e n te ring: 

SAV E F O RTH < r e t u r n > 

3.2 F l o a ting po i n t  systems 

U s e r s  who pur chased the  h a rdwa r e  o r  s o f twa r e  f loa t i ng po i nt e x te n s i o n s  
wi l l  rec e i v e  a n  ext r a  disk e t t e  c o n t a i n i ng the f i l e s  x xXBAS� 
xXXFORT H, and F LOAT . SC R  ( wh e r e  xxx=HF P for h a r dwa r e  a s s i s t  a nd 
xxx= S F P  f or t h e  f u l l  s o f twa r e  ve r s i o n ) . xxxBAS E  i s  the a s s emb l ed 
nuc l e u s, c o n t a i n i ng the appr o p r i a t e  s o f twa r e  o r  ha rdwa r e  f l o a t i ng 
po i n t  pr i m i t i ve s . F LOAT . SC R  c o n ta i n s the h i g h  l evel FORTH s o u r c e  c o d e  
a n d  c o n v e r s i on tab le s . x xxFO RTH i s  the exec u tab l e  
i n te rp r e t e r/comp i l e r , it i s  c r e a ted b y  l oad i n g the app r o p r i a t e s c r e en s 
f r om F LOAT . SC R  o n  t o p  o f  x x xBAS E .  

xx x F O RTH 
t r a n s f e r  
pr o v i de d  
floa t i ng 

is compl ete i n  i t s e l f  
t o  yo u r  work i n g d i sk s . 

f o r  u se r s  w h o  w i sh t o  
po i n t  so ftwa r e  functio n s. 

and . i s  the on l y  f i l e yo u  ne ed  t o  
T h e  x x xBAS E a n d  .SCR f i l e are 

make ba sic changes i n  the way the 

I f  you  p u r cha sed the hardwa r e  a s si s ted f l o a t ing' point so f twa r e  a lone , 

I I 

FORTH User's Guide 1-4 
(c ) 1982 Laboratory Microsystems 
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yo u w i l l  need to modi fy the sys tem va riab l e s  AP -DATA a nd AP-CONT ROL to 
m a t c h  the p o r t  addr e s s e s  of your AMD 9 5 1 1  bo a rd . If you bo ug h t  the 
s o f tware and S-HHiJ b o a r d  a s  a pack a g e  f r om Labo r a tory M i c r o sy s t.ems , 
the  p or t  add r e sses a r e  s e t  up p r o pe r l y  when sh i pped . 

T h e  f l o a t i ng po i n t  n ucleus conta i n s  the nece s s a r y  mach i n e  p r i m itiv e s  
a s  w e l l  a s  mod i f i ca t i ons  t o  E ,  NUMB E R, a nd D L I T E RAL f o r  f l oa t i ng po i n t  
numbe r  conve r s i o n a n d  comp i l at i on . I n  a l l  other  r e spec ts the f l o ati ng 
po i n t  r u n t ime package i s  s o f twa r e  c ompa tib le  w i th the ba s i c  F O RTH . COM 
l oa d  mod u l e . 

4 . 0  Wr i t i ng P r og r am s  i n  F O RTH 

The F O RTH r un t ime package i s  a c t u a l ly a rema rkably c omp a c t  
i n te r p r e ter ,  comp i l e r , a n d  v i r tua l memo ry ma n agemen t  sys tem . Any 
c omma nd or s equence of c ommand s may be  exec� ted d i re c t l y  f r om the 
keybo a r d  or f r om d i sk s torage . P r o g r am s  i n  FORTH are "comp i led " f r om 
comb i na t i on s  o f  ex i s t i ng c omma nd s ( r ep r e s e n ted by vocabula ry " wo r d s" ) , 
new comma nd s a s  d e fined by the user, and c o n t ro l  str uc t u r e s  such a s  
I F  • • •  E L S E  • • •  TH EN o r  D O  • • •  LOO P . Usua l l y new r o u t i ne s  a r e  d e v e l o ped 
i n t e r a c t i ve l y  and i nc r emen ta l l y  a t  the c o n s o l e; the f i na l  ver s i o n i s  
s a v ed on the d i sk whe r e  i t  may be i nvoked f r om the keybo a r d  o r  by 
a n o th e r  p r o g r am .  

The b e a u ty o f  FORTH l i e s  i n  its ex t e n s ibi l i ty and f l ex i bi l i ty .  New 
vocabu l a r y  wo r d s , func t i ons, a nd even data types  can be  added t o  the 
l a ng u a g e  at w i l l  in  e i ther " h i gh- l e ve l " or  mach ine code . P r o g r ams a r e  
b u i l t  u p  i n  t h e  same manne r a s  peo p l e  o r g a n i z e the i r  th i nk i n g; by 
succe s s i ve l y  c r e a t i ng new func t i o n s  i n  te rms o f  prev i ou s l y  de f i ned 
f u nc t i o n s, f o rm i n g  h i e r a r ch i e s  of  i nc r e a s i ng leve l s o f  abs t r a c t i on . 
L a ng u a g e  c omponen t s  wh i ch a r e  unnece s s a r y  f o r  a p a r t i cu l a r  a ppl i ca t i o n 
c an b e  de l e te d  f r om the r unt ime pac k a g e  by the soph i s t i ca ted u s e r  to 
m i n im i ze memo ry r e qu i rement s .  

I f  y o u r  expe r i ence i n  p r ogramm i ng h a s  beeQ r e s t r i c ted t o  suc h  
s eque n t i a l ly o r g a ni z ed l a ng ua g e s  a s  BAS I C  o r  FORTRAN, yo u w i l l  
i n i t i a l ly f i nd both r eading a nd w r i t i ng p r ograms i n  F O RTH r a the r 
o b s c ur e . O n  o n e  ha nd , FORTH can b e  p r ac t i ca l l y se l f-documen t ing : the 
l a nguage  l en d s  i tse l f  we l l  t o  bo t tom- up d e s i gn; name s of func t i o n s  may 
b e  f r ee ly cho s e n  to  de sc r i be wha t they do ; and embedded comme n t s  may 
be l e ng thy s i nce they do n o t e f f e c t  the  s i ze of comp i led code . O n  t he 
o th e r  h a nd , the m o s t e f f i c i e n t  a n d  e l ega n t  FORTH pr og r am s  main t a i n  
m o s t  wo rk i ng var i ab l es  o n  the s t ack, wh i c h  make s  read i ng ( a nd 
deb uggin g )  the code a rea l men t a l exerc i se .  

Yo u may find i t  p r o f i tab l e  t o  s tudy the demon s tra t i on p r og r ams 
s u ppl i ed w i  th qqoo FO RTH a s  a gu i de t o  styl e .  Read the g lo s s a ry 
d o c ume n t a t i o n a na spend a few h o urs try i ng o ut each function a nd 
o bse r v i n g its e f fe c t  on the stack . A numbe r o f  useful  ma nuals may be 
p u r c h a s ed f r om FORTH In t�re st Group ( P .  O. Box 110 5 , Sa n Ca rlo s , 
C a l i fo r n i a, 94 0 7 0) or f rom Mo u n t ain V i ew P r ess (P . O. Box 4 6 56 ,  

FORTH User's Guide 1-5 
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Mo u nt a i n  V i ew, Ca l i f o r n i a, 9 4 0 4 0 ) , The Augu s t  1980 i s sue of BYTE a nd 
the  S ep tember 1981 and S ep tembe r 1982 i s s u e s  o f  D r . Dobb ' s Jo u r nal 
we r e  compl e te l y  d e voted t o  FORTH t u t o r i a l s  and  pr ograms . Add i t i o na l 
h e l p ful a r t i c l e s  may be f o und i n  the F e b r u a r y  1982 issue of D r. D obb ' s 
Jo u r n a l and the Mar ch 1 982 i s su e  o f  IEEE COMPUTER. 

5 . 0  FORTH v i r tu a l  memo ry 

The FORTH i n terpreter  u s e s  a s ta nd a r d  MOt�d i sk f i le to s t o r e  s c r e e n s  
o f  te x t .  The d i s k f i l e a nd RAM b u f f e r  a r e  t r e a ted togethe r a s  a l a rge  
v i r t u a l  memo r y .  P hy s i ca l  sec t o r s  are  r e ad i n  f r om the  d i sk a s  needed 
i n t o  b u ffe r s  tha t a r e  a l l o c a ted on a l e a st- r ecent ly- used ba s i s . The 
u s e r  p r o g r am c a n  ma r k  a s ec t o r  a s  cha nged w i th the UPDATE f u n c t i o n , 
thi s  f o r c e s  the b lo c k  t o  be r ewr i t ten t o  the d i sk before  r e l eas i n g the 
b u f f e r . D i sc I/O i s  per f o rmed v i a  the s ta ndard  MOEX r a ndom acc e s s  
func t i ons, each s uccess i v e  e i g h t  b l o c k s  o f  t h e  d a t a  f i l e co r r e spond s 
t o  one  FORTH screen . I f  the i n t e r p r e t e r  r equests  a sc reen wh i ch h a s  
n o t  b e e n  prev i o u s l y  a l l ocated , t h e  d r i ve r  i n i t i a l i ze s  i t  t o  spa c e s  a nd 
f l a g s i t  f o r  a f o rced d i sk wr i t e be f o r e  p a s s i ng i t  t o  the pr�g r am .  

The  numbe r o f  s c r e e n s  wh i ch can be s t ored i n  the d i s k f i l e i s  u s u a l l y 
l i m i ted by the s i ze o f  the med i a . O n  a n  eight- i nch s i ngle- d e n s i ty 
d i s k e t te , the r e  i s  r oom f o r  s l i g h t l y  mo r e  than 203 screens . On  l a r g e r  
med i a  s uch a s  "w i nche s te r " d i sk d r i ve s , e a ch sc r een fi l e  may c o n t a in 
up t o  a ma x imum o f  40 9 5  sc r eens . 

The s c r ee n  da ta f i l e supp l i ed o n  the d i s t r i bu t i on d i skette i s  n amed 
FORTH . SCR . Th i s  i s  the f i l e  tha t i s  ope ned by defaul t i f  the FORTH 

i n t e r p r e te r  i s  i n vo k ed by the s imp l e  comma nd 

FORTH < re t u r n >  

T h e  u s e r  h a s  the o p t i on o f  spec i fy i ng o ther  f i l e s  for  s c r e e n  s to r a g e . 
Th i s  i s  d o ne by g iv i n g the name o f  the d e s i r e d  f ile i n  the o rig ina l 
comma nd l i ne .  T he screen s t o r ag e  f i l e d o e s  NOT have to r e s ide o n  the 
s ame d r i v e  as the i n terp r e t e r . F o rma t: 

FORTH un i t/ f i l e n ame . e xt < r e tu r n> 

I f  the d a t a  f i l e  can n o t  be l o c a ted , the i n te r pr e t e r  w i l l  a sk y o u  
whe the r you  w i s h  f o r  a n e w  f i le t o  b e  c r e a t ed , a n d  wil l e i t h e r  
e s tab l i s h the f i l e  a n d  pr oceed o r  e x i t  t o  MDEXdepend i ng o n  yo u r  
r e spo n se . I t  i s  sugges ted tha t yo u u s e  t h e  e x tens ion ".SCR" f o r  a ll 
FORTH s c r e e n  s t o r a g e  f i l e s ,  i n  ord e r  to l oca te them eas i l y o n  a 
d i r ecto r y  l i s t ing . 

E x amp l e , to load the FriRTH i n t e r p re t e r  a nd u s e  the file  "MYFILE.SCR" 
o n  d r i v e� f o r  s c r e e n  d a t a  s t o rage , yo u wo u l d  type : 

FORTH J/MYFILE.SCR < r e tu r n > 

FORTH User's Guide 1-6 
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5 . 1  Chang i ng S c r een Fi l e s  

T h e  w o rd USING a l l ows yo u to  change t o  a d i f f e r e n t  screen fil e  f r om 
the o n e  spec i f i ed i n  the or i g i na l  comma nd l i n e w i tho u t  l e av i ng the 
FORTH in t e rpre t er/compi l e r . Th i s  w o rd may o n ly b e  used a s  a n  e n t ry 
from the keyboard ; i t  may no t be compi l ed o r  e x ec u ted whi le LOADing. 
If the d r i ve a s s i gnment i s  no t q i ven, t he "�u�rent " d i sk d r i ve w i l l  b e  
u s ed . The  e x tens i o n  i s  ..... J-- \.,..c..ed. USING's action is a s  
f o l lows : a l l  updated b u f fe r s  a.re w rI t t e n  to  t h e  d i s k and the c u r r e n t  
s c r e e n  f i l e i s  c l o sed. I f  the spec i f i ed s c r e e n  f i le canno t be  l o ca t ed 
a wa r n i ng me s s age is d i splayed a nd t h e  p r evio u s  screen  f i l e i s  
r eope ned, o therwi s e  a s ucc e s s  me s s a g e  i s  d i splayed and all dis k  
b u f fe r s  a r e  clea red . 

Example ( the u s e r ' s  entry i s  unde r l i ned ) :  

5 .2 

USING EDITOR C u r r e n t  s c r ee n  f i l e :  l �d it o r  

OK 

D i sk Transfer E r r o r s 

FO RTH User's Guide I -7 
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9.0 I n te r p r e t e r  l o ca t i o n s  o f  i n te r e s t  t o  u s e r s  

The  FORTH i n te r p r e t e r  l o ca t i o n s  listed be l ow a r e  " g u a r a n t eed " . The i r  
s i gn i f ica nce w i l l  r emain unch a n g ed a s  new ver sions of q�oc FORTH a r e  
r e l ea s ed , a l tho ug h the i r conte n t s  may vary_ 

l o ca t i on 
010 0 
0 1 0 4  
0l08-0l0A 
0 l 0C 

0 l0 E  

0110 
0 112 
0114 
0 l1A 
0 l1C 
0 l 1 E  
0120 
0 l2A 
0 12C 

s i gn i f i c a nce 
jump t o  co l d  s ta r t  
j ump to wa rm s ta r t  
v er s i o n n umbe r 
Add r e s s  o f  topmo s t  word i n  FORTH 

v o c ab u l a ry 
Cha r a c te r  t o  b e  u sed as bac k spa ce 
command ( suppl i ed a s  08H) 
I n i t i a l  u s e r  a r ea po i n t e r  
I n i t i a l  d a t a  s t ack  po i n ter  
In i t i a l  r eturn s tack poin ter 
I n i t i a l  v a l u e  o f  WARNING 
I ni t i a l  v a l u e  o f  F ENCE 
In it i a l  d i c t i o na r y  pointer 
I n i t i a l  VOC-L I NK 
CFA o f  u s e r' s abo r t  r o u t i ne 
CFA o f  u s e r ' s  qui t  r o u t i ne 

FORTH Us er' s  Guide I-II 
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1 0 . 0  Use  o f  CPU  regis te r s  i n  FORTH 

11 . 0  

FORTH 

IP 

RP 
W 

S P 

"Q�\ -...; 
� 
\0 
\ \ 

p r e s e r va t i o n r u l e� 

preser ved a c r o s s  FORTH word s 
p r e s e r ved a c r o s s  FORTH words 
some t imes output from N EXT. 

al tered b e f o r e  JMP ' i ng  t o  
May be 

N EXT . 

Sho uld be u s ed only a s  a da ta s tack 
a c r o s s  FORTH word s . May be u s ed 
wi th i n  FORTH wo r d s  if r e s to red 
before t r a n s ferr i ng to N EXT. 

7 �o-........� � --�\.-

Commen t s  o n  C o n s o l e  I npu t and Outpu t 

1 1.1 S pec i al C o n t r o l  Cha r a c t e r s  

The code controllH (08H) i s  t r e a t ed a s  a c u r s or backspace command, a nd 
c a u s e s  the s equence <B S S P  BS> t o  b e  s e n t  back to the term i nal . 

The b a ckspace command i s  spec i fied by the c o nten ts o f  word 0 l 0EH, and 
may be changed by the u s e r  to a mor e  co nven i ent key . Fo r example , to 
change the backspace c ommand charac ter to 7FH , you wo uld  enter: 

DEC IMAL 1 2 7  14 +ORI G I N  

S AVE FORTH <retu r n> 

res e t s  the bootup literal 

to c reate a new F ORTH file) 

The charac t e r  c o n t r o llC (""C )  cau s e s  FORTH to imrnedia te l y  t ermina te 
execution and retur n  con trol to MDEX via a "warm boo t" .  In ge neral, 
we ad v i s e  that yo u avo i d  u s i ng th i s  con tro l code as a means of exit 
f r om FORTH, a s  the usual s equence of closing the d i sk s creen file is 
bypassed and unpr edic ta ble amo u n t s  of data may be l o st .  

All other c o n t r o l  codes ( i n c l uding AX, AU, and AS) have no special 
s igni f i canc e  unde r Q9CO FORTH at presen t. 

FORTH User's Guide I-12 
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The vocab u l a ry w o r ds CON SOLE a nd P R I NTER have  been added to  a l l ow the  
user  t o  s e l e ct the  pr ima r y  o utpu t dev i ce d u r ing p r o g r am e x ecut i on .  
They a f fect  a ny cha r a ct e r s  t r a n smit ted di r e c t ly o r  i ndir e c t l y  u s i ng 
the func t i o n EMI T .  Fo r e x amp l e , the fo l l ow i n g  c ommand lin e wo u l d  
pr i nt a t r i ad s ta r t i n g  with s c r e e n  # 3  on the l i ne p r i nter , then r et u r n  
c o nt r o l to  t h e  system c o n s o l e : 

PRINT ER 3 T RIAD CONSO L E  < r e tu r n> 

11 . 3  C o n f i g u ra t i o n o f  �oO FORTH f o r  y o u r  te rmi nal 

C u r s o� c o nt r o l f u nc t i on s  f o r  the demo n s tra t i on prog r am s  are l oaded 
from screen #46 . Whe n  y o u  p u r ch a s e  the FO RTH system ,  the s e  f u nc t i o n s  
a r e  s et up f o r  a T e l e v i d e o  950 CRT , a nd mu s t  be mod i f i ed f o r  y o u r  
t e rm i na l  type . p r og r am s c r e e n s  a r e  s upp l i ed in t h e  d i s tr i b u t i o n  f i l e  
FO RTH . SCR f o r  a numbe r of commo n CRT mode l s .  I f  yo ur t e rm i n a l  a ppea r s  
i n  the lis t  below, you c a n  qu i c k l y  c u stom i z e  the sy stem a s  follows: 

A>FORTH L E  ( wa it f o r  system i d  a nd " OK",  t h e n  type) 

ED ITOR n n  46  COPY F L U S H  BYE  < r etur n> 

Whe r e  "nn " i s  the a pp r opr i a t e  s c r ee n  n umbe r  f r om the l i s t below: 

60 
61 
62 
63 
64 
65 
66 
67 
68  
69 
70 
71 
72 
73 
74 

Beehive B-10 0 
Tele v i d e o  f am i ly 
Lear ADM 3 
S o r oq I Q  120 
I n te r t ube 
H a ze l t i ne 1 5 xx 
IBM 3101 
S ynertek KTM 3/80 
DEC VT -52 
M i cr o-Term ACT - I VB 
ADDS Regen t  ser i es 
Xerox P e r s ona l Compu t e r  
Zenith Z-19 o r  H e a th H - 19 
H P  262 1A 
ADD S  V i ewpo i n t  

I f  y o u r  termina l d o e s  not appea r  i n  the table above , yo u may u s e  the 
l i n e ed i t o r  to ma ke the r equ i r ed change s , s ince i t  i s  not t e rmina l 
depende n t . C a r e f u l ly read the l ine ed i t o r  d o c umen ta t i o n , then e n ter 
the FO RTH i nter p r e ter and  fo l l ow the sequence below . 

A )FORTHL E ( wa i t  f o r  system i d  a n d  "OK") 

FORTH U se r' s  Guide 1-13 
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ED I TO R  < r e t u r n> 
4 6  L I S T < re tu r n > 

TOP < re t u r n> 

( s e l e c t ed ito r vocabulary 
( display screen 1 4 6 and ) 
( prepa r e  to ed i t  i t  ) 
( mov e  the c u r s o r  to s ta r t  ) 
( o f  f i r s t  l i ne of s c r e e n  ) 

( now u s e  the P funct i o n o f  ) 
( the ed ito r t o  change  t h e) 
( conte n t s  o f  des i red lin e s  ) 

f o r  e x ampl e ,  to change l i ne 4 so tha t the CLEARSC REEN 
func t i on t r a n sm its  an  AS C I I  fo rmfeed code , yo u en t e r : 

4 P : CLEARSCREEN 1 2  EM I T ; < r eturn > 

when a l l  nece s s a r y  l i ne s  have been changed , type : 

F L U S H  BYE 

The u pd a t ed s ec t o r s  are wr itten to the dis k  a nd the i n t e r pr e te r  e xi t s . 
I f  th i ng s  g o  a wr y  du r i ng ed i t i ng a nd yo u wan t  to s t a r t  o ve r, y o u  c a n  
u s e  the COpy func t i o n to  r es t o r e  s c r ee n  146 from s creen # 61 . 

S i m i l a r  change s  w i l l  have t o  be  made to screen  # 8  i n  the f i l e 
ED I TO R . S C R  f o r  the f u l l s c r e e n  ed i to r  t o  wo rk co rrect l y .  The c u r s o r  
c o nt r o l  functio n s  supp l i ed i n  FORTH . SC R  can b e  u s ed as a mod e l. S ee 
the s e p a r a t e  d oc umentation s ec t i o n f o r  the  s c r een e dit o r . 

�J 1 2 . 0  Scr e e n  Auto- l oad 

:] 
: -, 1 LJ 

Z - 8 0  FO RTH h a s  the capab i l ity o f  a u tomatica l l y load i ng a u s e r  d e f i ne d  
s c r ee n  a t  c o l d  s tar t t ime . T h i s  fac i li ty may be used t o  i�ed i a te ly 
comp ile a n d  s t a r t  up an  appl i cat i o n p r og r am, thereby p r o t ec t i n g. t he 
FO RTH i n te r p r ete r/c omp i l e r  f r om a cces s by the compu te r ope r ator . The  
v a r i ab l e  BOOT- SCREEN must be i n i t i a l i zed t o the des i red s c ree n n umb e r  
a n d  a n e w  FO RTH f i l e  c r e ated u s i n g the SAV E comma nd . If the va l ue 
o f  BOOT- S CREEN is  zero  ( as it i s  o n  the dis tr i bu t i o n  d i sk ) , F O RT H  w i l l  
sk i p  pa s t  the s c r een l o a d , pri n t  the sys tem I D , and p r epa r e  to 
i n te r p r e t  f r om the k eyb o a r d  i n  the u s ua l ma nne r . 

A f t e r  ed i ti n g  yo u r  s ta r tup c omma nd s i n t o the scree n fi l e , yo u c a n  t e st 
them by s ett i ng the value o f  BOOT-SCREEN t o  the s c r ee n  n umb e r  then 
e xe c u t i n g  COLD f rom the keyboa rd . Whe n sa t i s fied with the r e s ult , 
e nte r : SAVE fil e name < r e t u r n > t o  c r eate a new f ile w ith 
BOOT- SCREEN i n itia l i zed t o  the sta r tup s c reen numbe r .  Fo r examp l e, to 
c r e a t e  a FORTH tha t  wi l l  l o ad the con tents o f  scr een #1 6 at cold 
s ta r t  t ime: 

A > FORTH 

D ECIMAL 16  

(wai t  f o r  sy s tem I D  and " OK " ,  then e n t e r) 

BOOT- SCREEN < r e turn> 

FORTH U s e r's Guide I - l4 
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S AVE FORTH < re t u r n> 

1 3 . 0  C r e a t i ng FORTH appl i ca t i on p r o g r am s 

Two g ua r a n teed l ocations  a r e  p ro v i de d  i n  the b o o t-up l i te r a l s  to  he lp 
yo u c r e�te c u s tom precomp i l ed FORTH a p pl i ca t i on p r ogram s . By s tor i ng 
the CFA o f  your ma i n  r o u t i n e  i n t o the va r i able "UQU I T "  a t  locat ion 
0 1 2Ch , FORTH i s  f o r ced d i r ec t l y  in t o  yo u r  appl i c at i on p r o g r am a t  
s ta r t up a n d  w i l l  not i nte r p r e t  f r om the keyboa r d . Y o u  can  a l s o  p l ac e  
the CFA o f  a c us tom e rro r hand l i ng r o ut i ne i n to t h e  l o ca t ion " UABO RT " 
a t  012Ah. F o r  e x amp l e , i f  the s o u r c e  tex t  f o r  your  p r og r am c a n  b e  
comp i l ed by LOAD i n g  screen 1 4 0, a n d  the ma i n  c o n t r ol routine is n amed 
' MY - PROGRAM ' ,  the f o l l o w i ng seque n c e  wo u l d  c r e a t e  a new f i l e tha t 
e x e c u tes  yo ur  appl i ca t i o n  a u toma t i ca l l y .  

D EC I MAL 
40 LOAD 
, MY -P ROGRAM CFA 4 4  +OR I G I N  1 
SAVE FORTH 

( comp i l e u s e r ' s  p r ogram)  
( sto r e  CFA i n to UQU I T  ) 
( c r ea t e  a new f i l e ) 

F o r  an o th e r e x amp l e , s e e  s c r e e n  #1 o f  t h e  f i l e ED I TOR . SCR whi ch u s e s  
th i s  capab i l i ty t o  c reate ED I TO� 

Plea s e  n o t e  that the qqeo FORTH f i l e i s  prop r i e t a r y  s o ftwa r e  and 
is  so l d  for u s e  by a s i ng l e  p u r cha s e r .  H owe ve r , w e  w i s h  to s t r o n g ly 
e n c o u r a g e  the fur ther d ev e l o pmen t  o f  p r o g r altlllli n g  to o l s  wr it t e n  i n  
FO RT H . I f  you  w i sh t o  c rea t e  a nd r e s e l l c u s tom appl i c ation s that 
contain q�oo FORTH a s  pa rt of the run- t ime modul e ,  p l ea s e  con t a c t u s! 
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FORTH Q u i ck Re ference 

n , n l  . . .  1 6  bi t s i g ned n umb e r  
d , d l . . . 3 2 b i t  signed numbe r 
u 1 6  b i t u n s i gned n umber 
add r memo ry add r e s s  
b 8 b i t  byte 
c ASC I I  cha r a c te r  
f boolean f l ag 

S TAC K MANIPULATION 

-D U P  
2 D ROP 
2 DUP 
2SWAP 
> R 
D E PTH 
D ROP 
D U P  
OVE R 
P I C K  
R 
R > 
ROLL 
ROT 
SWAP 

NUMBER BASES 

B I NARY 
D EC I MAL 
H EX 
BAS E 

AR I THMET I C  AND 

n - >  n ? 
d - >  
d - >  d d 
d l  d 2  - >  d 2  d l  
n - >  
- >  n 
n -> 
n ->  n n 
n l  n 2  - >  n1 n 2  
n l  - >  n 2  
- >  n 
- >  n 
n1 - > n 2  
n l  n 2  n 3  - >  n 2  
n1 n 2  -> n 2  n 1  

- >  
- >  
->  
-> add r 

L OGI CAL 

n l 

n3 

* nl n 2  - ) prod uc t 
*/ n l  n 2  n3 - >  n 4  
*/MOD n l  n2 n3 - >  n 4  n5 
+ n l  n 2  - ) sum 
+- n l  n 2  -) n 3  

n1 

nl n 2  - ) d i f fe r ence 

S t ack i np u t s  and o u tpu t s  a r e  
shown , top  o f s_ tack o n  righ t . 
N o t  al l voca b u l a ry i tems a r e  
g i ve n  i n  th i s  s umma ry . S ee the 
manua l ' s  G lo s s a ry sec tio n f o r  
comp l e t e  exp l a n a t i o n s . 

dupl i ca t e n i f  n o t  z ero 
d i s c a r d  doub l e  numbe r 
d upl i ca te doub l e  n umbe r 
reve r s e  t o p  two d o ub l e  n umbe rs 
move to  "retu r n  s ta c k" 
leave # o f  i t ems o n  s t ack 
d i sc a r d  s i ng l e  numb e r  
dup l i c a t e  s i ngle n umbe r  
c o py 2nd i tem to  t o p  
copy nl- th i tem t o  top 
copy f r om " r e t u r n  s t ack"  
mov e  f r om " r etur n  s ta c k" 
r o ta t e  n l-th i tem t o  t o p  
r o t a te 3 rd i tem to  top 
r eve rse t o p  two s i ng l e  

s e t  b i na r y  sys t em ba s e  
s e t  dec i ma l ba s e  

n um b er s  

s e t  hexadec ima l b a s e  
sys t em va r i ab l e  co n ta i n i ng 

c u r r e n t  numb e r  base 

mult i p l y  
n 4  = n l  * n 2  / n 3  
n 4  rema i nder , n5 quo tient 
add i t i o n  
apply s ign o f  n2 to nl 
s u b t r ac t i o n  

FORTH Q u ick Reference 11-1 
(c) 1982 L a bo r a t o r y  M i c r osystems 
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/ 
/MOD 
1+ 
1-
2* 
2+ 
2 -
2/ 
ABS 
AND 
D+ 
D+-
D
DABS 
DMINUS 
M* 
M/ 
M/MOD 
MAX 
MIN 
MINUS 
MOD 
O R  
S->D 
TOGGLE 
U* 
U/ 
XO R 

COMPAR I S ON 

13< 
13= 

13> 

< 
= 

> 

D <  
D= 

D> 
U <  

MEMORY 

+ ! 
+ORIGIN 

, 
21 

n l  n 2  -> quo t i e n t  
nl  n 2  -> n 3  n 4  
n l  -> n 2  
n l  -> n 2  
nl -> n 2  
n l  -> n 2  
nl -> n 2  
n l  -> n 2  
n -> abso l u te 
u l  u 2  -> a n d  
d l  d 2  -> s um 
d l n -> d 2  
d l  d 2  -> d i f fe r e n c e  
d -> abs o l ute  
d -> -d 
nl n 2  -> d 
d n l  -> n 2  n 3  
ud l u 2  -> u 3  u 4  
n l  n 2  -> ma x 
nl n 2  -> m i n  
n -> -n 
n l  n 2  -> mod 
u l  u 2  -> o r  
n -> d 
add r b -> 
ul u 2  -> ud 
ud l ul -> u r em uquo t 
u l  u 2  -> x o r  

n -> f 
n -> f 
n -> f 
n l  n 2  -> 
n l n 2  -> 
n l  n2 -> 

d l  d 2  -> 
dl  d 2  -> 
d l  d 2  -> 
u l  u 2  - > 

n add r - > 
n add r -> 
n -> addr 
n -> 
d addr -> 

f 
f 
f 
f 
f 
f 
f 

d i v i s i on 
n 3  rema i nder , n 4  quo t i e n t  
i nc.reme n t  b y  one 
decreme n t  by o n e  
s i g ned mul t i pl y  by two 
i nc r emen t  by two 
dec r eme n t  by two 
s i gned d i v ide by two 
absolu t e  va l u e  o f  s i n g l e  
b i twi se logic a l  a nd 
do uble p r ec i s i o n  add 
apply s i gn  o f  n to  dl 
d o ubl e prec i s i o n s u b t r a c t  
abso lute v a l u e  o f  d oub l e  
change s i g n  
double  p r ecis i o n p r oduc t 
m i xed magn i tud e d i v i d e  
u n s igned m i xed d i v i d e  
le ave la rge r n umbe r 
leave sma l l e r  n umb e r  
c h a n g e  s i g n  
l eave rema i nd e r o f  n l/n 2 
b i tw ise l ogica l o r  
s i gn  e x tend t o  d o ub l e  
compleme n t  add r by b 
u n s i g ned mul t i p l y  
uns i gned d i v i d e 
b i tw i se e x cl us i ve o r  

t r ue i f  n < zer o  
t r u e  i f n = z e r o  
t r ue i f  n > ze r o  
t r u e  i f  _gl < n2  
t r ue i f  n l  = n 2  
t r u e  i f  n l  > n 2  
t r ue i f  dl < d 2  
tru e  i f  d l  = d 2  
t r ue i f  dl > d 2  
t r u e  i f  ul < u 2 

s t o r e  s i ng l e  a t  addr  
ad� n to wo r d  a t  addr e s s  
o f f set f r om o r ig i n  
s to re word i n t o  dic t i onary 
s t o r e  double  at addr 

FORTH Quick Reference 11-2 
(c) 1982 Laborato ry Micr osysterns 
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DIS K ACC E SS 

--> 
BLK 
BLOCK 
BOOT - S C RE EN 
D I S K- E RRO R  
EMPTY-BU FFER S  
FLU S H  
LOAD 
R/W 
S C R  
SCREEN-FCB 
THRU 
UPDATE 

add r  -> d 
add r - >  n 
n - > 
b addr -> 
b - >  
addr - >  b 

-> 
-> addr 
n -> add r  
-> add r 
-> add r 
-> 
-> 
n -> 
addr b l o c k  
- >  addr 
- >  addr 
n l  n2 - >  
-> 

f - > 

MD�X SYSTE M  I NTERFACE 

?T E RM I NAL 
BYE 
CON SOLE 
CR 
DI R 
EM I T  
::r�� 
KEY 
P R I N T E R  
S AVE 

-> f 
- >  
-> 
-> 
-> 
c - >  
pctro.._JL- I.\c.l cuU� � ��� 
-> c 
-> 
-> 

O U T PUT FO RMATT I NG 

# 
# > 
#S 

" 

. C P U  

. FCB 

. L I N E  

. R  

d -> d 
d -> addr u 
d -> 0 0 
n -> 

-> 
add r -> 
lin e s c r  -> 
n f i e l dw i d th -> 

fe tch d o ub l e  n umbe r 
f e tch single numbe r 
r e s erve d i c t i o n a r y  space 
s to r e  byte at  add r 
s to r e  by te  i n t o  d i c t i o n a r y  
f e tch byte 

c o n t i n u e  w i th ne x t  s c r e e n  
var i ab l e , cur r eht b l ock 
r ead d i sk block  n to  addr  
va r i ab l e , c o l d  bo o t  b l o c k  
var i ab l e , di s k  s t a tu s  
c l e a r  d i s k bu f fe r s  
f o r c e  wr i te upd a ted buffers 
comp i l e/e xec u t e  s c reen  n 
f l ag : 0= read , l =wr i te 
var i abl e , cur r e n t screen  
screen  f i l e c on t r o l  b l o c k  
LOAD s c r e e n s  nl thr o ugh n 2  
ma r k  l a s t  BLOCK f o r  wr i t e 

t r ue i f  key depre s s ed 
r e turn  to 
s e l ec t  v i deo f o r  o u tpu t 
s end CR-LF sequence  
s how d i sk d i r e c t o r y  
s e n d  one cha r ac t e r  
\1oe:x. serv i ce r equ e s t  
r ead o ne ASC I I  cha r 
s e l ect pr i n te r  fo r o u tpu t 
wr i te memor y  image 

c o n ve r t  ne x t  d i g i t  
make s t r i ng r eady for TYPE 
c onver t r e s t  of d ig i t s 
p rin t s i gned number 
p r i n t s t r i ng up to " 
pr i n t  CPU i d e n tity 
pr i n t f i l e name fr om f c b  
pr i n t  l i ne o f  te x t  
p r i n t  r i g h t-jus t i fied 

FORTH Qu i ck Re feren c e  1 1-3 
(c)  1982 Labo rato r y  Microsystems 
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. S TAC K 
<It 
? 
BL 
CIL 
D .  
D . R  
HOLD 
I D . 
I N  
MES S AGE 
OUT  
S I G N  
S PACE 
S PAC E S  
T Y P E  
U .  

- >  
- >  
add r - >  
-> b l a n k  
-> n 
d -> 
d f i e1dw i d th - >  
c - >  
addr - >  
- > add r 
n -> 
-> addr 
n d -> d 
-> 
n -> 
ad d r  u -> 
u - >  

[] CONVERS I ON AND S T RING HAND LING 

!J 
[] 

!J 
),] 
!J 

u 

-T RA I L I NG 
BLANK S  
CMOVE 
COU N T  
D I G I T  
ENCLO S E  
ERAS E 
EXPECT 
FI L L  
MATCH 
NUMBE R 
Q U E R Y  
S= 
WORD 

D I S P LAY 

I ND EX 
L I S T 
QX 
S HOW 
T R I AD 
VLI S T  

addr n 1  - >  add r n 2  
add r n - >  
addr 1 add r 2  l e n  -> 
add r 1 -> add r 2  n 
c n1 -> f f  O R  n2 tf 
a d r  c -> adr  n1 n2  n3  
addr n -> 
add r  c o u n t -> 
add r n b -> 
n 1  n 2  n3 n 4  -> f n 5  
addr - >  d 
-> 
add r 1 add r 2  l e n  -> f 
c ---

n 1  n 2  -> 
n - >  
-> 
n 1  n 2  -> 
n -> 
- > 

dis p l a y  pa r ame te r s tack 
s tar t o u tput s t r i ng 
pri n t  conte n t s  o f  a dd r  
le ave ASC I I  bl a n k  
l e a v e  cha racter s  per line 
p r i n t  d o uble number 
p r i n t d o ub l e  r ig h t  j us t i fied 
i ns e r t char i n  o u tp u t  s t r i ng 
pr i n t  d e f i n i t i on ' s n ame 
var i ab l e , i np u t  s t r e am p oin t e r  
pr i n t  l i ne n o f  screen  4+ 
var i ab l e , o u tpu t c h a r . c o u n t  
inse r t  s i g n  i n t o  o u tput s t ring 
pr i n t a space 
pr i n t n spaces  
type s tr i ng o f  u cha r a c te r s  
pr i n t  u n s i g ned n umb e r  

suppr e s s  t r a i l i ng b lank s 
s t o r e  n b l a nks a t  add r 
mo ve byte s t r i ng 
f o l l owed by T Y P E  
c o n ve r t  c by  b a s e  n 1  
te x t  scan n i n g pr imi t ive 
c l e a r  n bytes to z e r o s  
read s tr i ng f r om te rm i n a l  
s to r e  n bytes of  b a t  addr 
str i ng ma tch i n g f o r  editors 
c onver t to d o ub l e  numb e r  
i npu t s t r i n g  to  T I B 
true i f  s t r i ng s  ident i c a l  
read i npu t t o  de l im i te r  c 

title l i nes f o r  s c r  n1  t o  02 
display screen n 
qu i ck screen i nde x 
s c r  n 1  th r u  n2 o n  p r i n t er  
d i sp lay 3 scree n s  from n 
d i s p l a y  CONTEXT vocab u l ary 

FORTH Quick Re f e r ence I I-4 
( c) 1982 Laboratory Microsysterns 
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C o n t e n t s  o f  f i l e FORTH . S C R  o n  FO RTH d i s tr ibu t i on d i sk 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - -

S c r e e n ( s )  Contents  

1 

2 

4 - 5  

6 

7 

8 

9 

S y s tem i d e nt i f i ca t i o n a n d  c r ed i t s .  

Memo ry a l l o c a t i o n  map d i sp l a y . T o  comp i l e  type : 1 
LOAD < r e t u r n > . Then  t o  v i ew memo ry a dd r e s s e s  o f  
system bu f fe r s  a n d  s ta c k s  type : MAP < r e turn> . 

FORTH sys tem memo r y  a l l o ca t i o n  p r og ram . A l l ows yo u t o  
mod i fy t h e  d i c t i o na r y  s i z e a n d  numbe r o f  d i s k  b u f f e r s . 
T o  comp i l e e n t e r : 2 LOAD < re tur n > . To  r un the p r o g r am 
e n ter : REALLOCATE < r e tu r n> . A f t e r  yo u s e e  the  sys tem 
1 0  aga i n , e n t e r : S AVE F O RTH <re turn> to wr i t e o u t  the  
e xecutab l e  i ma g e  t o  the d i s k and mak e  the cha n g e s  

. pe rmane n t . 

Reser ved f o r  I n te r p r e t e r /Comp i l e r  e r r o r  me s s ag e s .  

Reserved f o r  A s s emb l e r  e r r o r  me s sages . 

Reserved f o r  D a t a  B a s e  Manageme n t  e r r o r  me s s a g e s .  

I n teger I- d ime n s i o na l and 2- d imens i o na l a r ray  
d e f i n i  t i o n s . D u r i ng comp i l a t i on , il n  A RRAY x .x x "  
c r ea te s  a n  a r r a y  o f  n wo r d s  n amed x x x , an4 i n i t i a l i z e s  
i t  t o  z e r o s . D u r i ng e xe cu t i on r " n  x x x "  l e a v e s  the  
i nde xed add r e s s  i n t o  the  a r r ay o n  the t o p  o f  the 
s tac k . Dur i ng comp i l a t i on , " x  y 2 ARRAY x x x " c r e a t e s  
a n  a r r a y  wi th  d imen s i on s  x b y  y named x x x  a nd 
i n i t i a l i ze s  i t  to z e r o s . Dur i ng e xecut i on , " x  y x x x "  
returns a n  i ndexed addr e s s  i n to the a r r ay f o r  
coord i na te s  ( x , y ) . F o r  exampl e ,  " 4  1 0  x x x . @ "  w o u ld 
fetch the c o n t e n t s  o f  c o o rd i na te ( 4 , 1 0 )  i n  a r r ay x x x . 
S ee a l so mul t i -d ime n s i on a l  a r r ay de f i n i t i on i n  s c r e e n s  
5 7-5 9 . 

Ra ndom Numbe r Gene r a t o r , by J .  E .  R i c k enbac k e r . I n  
order  to comp i l e tire r a ndom functi o n  type : 9 L OAD 
< return> . T h e n  a ny n umbe r  f o l l owed by the word RANDOM 
wi l l  r e tur n a r a ndom v a l u e  be tween z e r o  a nd tha t 
numbe r .  F o r  e xamp l e , 5 0  RANDOM w i l l  r e tu r n  a v a l u e  
be tween 0 .  a n d  4 9 . A s ho r t  p r o g r am t o  t e s t t h i s  

D i s t r i b u t i o n  F i l e FORT H . S C R  I I 1- l  
( c )  19 8 2  L a bo r a to ry M i c r o s y s t ems 
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f i g -FO RT H  P o r table  L i ne Ed i t o r  

The E d i t o r  s u ppl i ed w i th �qoo F O RT H  h a s  b e e n  adap ted f r om t h e  p o r t a b l e 
Ed i t o r wr i t te n by W . Ragsda l e  and p l aced i n  the pub l i c  doma i n  thr o ug h  
F O RT H  In t e r es t  G r o up . 

In s c r een- o r i en ted comma nd s  s uch a s  COpy o r  L I S T , I n ' r e f e r s  t o  a 
s c r ee n n umber .  I n  l i ne o r i en ted comma nd s  s uch a s  T or 0 ,  I n '  i s  a l i ne 
n umb e r  0- 1 5 . ' Te x t ' i nd i c a t e s  a s tr i ng o f  a rb i tr a ry l e n g th ,  w i th o r  
w i tho u t  embedded b l ank s , term i n a te d  by a c a r r i ag e  re tur n . ' PAD ' r e fe r s  
t o  a b u f fe r  wh i ch h o l d s  a s i ng l e l i n e  o f  t e x t ,  i t  s e r ve s  a s  a wo r k  
a r e a  f r om wh i ch d a t a  may b e  cop i ed t o  o r  f r om des i r ed loca t i o n s  i n  the 
c u r r e n t  ed i t i ng screen . Each c ommand mu s t  end w i th a c a r r iage r e tu r n , 
when i t  i s  s ucces s f u l l y  e xe c u t e d  the  sys tem r ep l i e s  ' OK ' . 

N o t e  t ha t  a f te r  load i ng t h e  Ed i t o r , the c urr ent s c reen a nd c u r r e n t  
c u r s o r  p o s i t i o n  a r e  unde f i ne d  u n t i l a L I S T  a n d  then a T O P  comma nd a r e  
e x e c u ted . 

Comman d  

1 0  LOAD 

ED I TO R  

FORTH 

n L I S T 

L 

T O P  

n C L E A R  

n l  n 2  C O p y 

n T 

n H 

E xp l ana t i on 

L oad a nd comp i l e Ed i to r comma nds f r om F o r th  s c r een 
f i le .  

S e l ect Ed i t o r  v o c a b u l a ry a nd mak e comma nd s a v a i l a b l e  
f o r  use . 

Leave Ed i t o r  v o c a bu l a ry a nd r e tu r n  t o  n o rma l F o r th 
vocab u l a r y . 

D i splay s c r e e n  I n '  a nd s e l ec t  i t  f o r  f u tu r e  ed i t i ng . 

D i splay c ur r e n t l y  s e l ec t ed p r o g r am screen and l o ca t i on 
o f  cur s o r . 

Home cur s o r  to  uppe r l e f t  c o r ne r  o f  screen . 

C l e a r  screen  I n ' t o  b l a n k s . 

Copy the c o n t e n t s  o f  s c r een ' n 1 '  to s c r e e n  ' n 2 ' .  T he 
c o n t e n t s  o f  s c r e e n  ' n 1 ' a r e  unchanged , the p r e v i o u s  
contents  o f  s c r ee n  ' n 2 '  � r e  l o s t . 

D i sp l ay the c o n te n t s  o f  l i n e ' n '  o f  the cur r e n t  s c r e e n , 
a l s o l e ave a c o py o f  the l i ne i n  PAD . The c u r s o r  i s  
l e f t  a t  the s t a r t  o f  the se lected l i ne .  

Copy the c o n t e n t s  o f  l i ne I n ' to PAD , l e a v e  the l i ne 
unchang ed . 

F O RT H  L i n e E d i t o r  IV- l 
( c )  1 9 8 2  L a bo r a t o r y  M i c r o s y s t em s  
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' 1  

n E 

n D 

n S 

n R 

n P t e x t  

n I 

n M 

B 

F te x t  

N 

X t e x t 

C t e x t  

T I L L t e x t  

FL U S H  

E r a s e  the c o n t e n t s  o f  l i n e I n ' . 

De l e te the c o n t e n t s  o f  l i ne I n ' , a l l  h i gher 
l i ne s  are ' r o l l ed Up l one 1 i ne .  The contents  
1 5  are dupl i ca t ed . I n  a dd i t i o n , the te x t  o f  
tha t wa s d e l e te d  i s  s a ved i n  PAD . 

n umb e r ed 
o f  l i ne 
the l i ne 

S pread the te x t  o f  the c u r r e n t  scree n , mak i ng l i ne I n l 

b l a n k , a n d  r o l l i n g down the r ema i nder  o f  the s c r e e n  by 
one l i ne .  The p r e v i o u s  c o n t e nts  of l i ne 15 are l o s t .  

Rep lace the c o n t e n t s  o f  l i ne I n l wi th the te x t  i n  PAD . 

Repl ace the c o n t e n t s  o f  l i ne I n l wi th the f o l l o w i n g  
tex t .  

I ns e r t  the t e x t  a t  PAD o n to l i ne 
numbered l i n e s  a r e  r o l led down by 
pre v i ous c o n t e n t s  o f  l i ne 15 are los t .  

I n I , 
o n e  

a l l  h i g h e r  
l i ne ,  t h e  

M o v e  the c u r s o r  ac r o s s  t h e  number o f  cha r a c te r s  g i ve n  
b y  t h e  s i gned amo u n t  I n ' . A nega t i ve n umber mo ves  the 
cursor  l ef t , a p o s i t i ve number  moves i t  t o  the r i g h t . 

Back up the c u r s o r  by the t e x t  i n  PAD . 

F i nd the n e x t  occ u r r e n c e  o f  the g i ve n  te x t , types t h e  
l i ne o n  wh i ch the t e x t  w a s  f o und . S e ts the c u r s o r  a t  
t h e  end o f  the  match i n g  t e x t ,  a n d  l eaves a c o p y  o f  t h e  
ma tched te x t  i n  PAD . T he s e a r ch beg i n s a t  the  c u r r e n t  
c u r s o r  pos i t i o n a n d  c o n t i nu e s  un t i l  a ma tch i s  f o und o r  
the end o f  t h e  s cr e e n  i s  e ncoun tered . I f  t he r e  i s  n o 
ma tch , a n  e r r o r  me s s a g e  i s  i s s ued and .  the c u r s o r  i s  
le f t  a t  the s ta r t  o f  the  s c r ee n . 

F i nd the ne x t  ma tch o f  the c u r r e n t  con te n t s  o f  PAD . 
Otherw i s e  wor k s  l i k e  t h e  F c o mmand . C a n  be u sed i n  
c o n j unct i o n  w i th t h e  F command to succes s i ve l y  s e a r c h  
f o r  the s ame w o r d  o r  p h r a s e . 

F i nd and de l e t e  the fo l l o w i n g  te x t , search  i s  l i m i ted 
to the c u r r e n t  l i n e .  L e a v e s  the cur s o r  at the po i n t  o f  
de le t i on . The  r i g h t  end  of the l i ne i s  b l a n k  f i l l ed . 

Spr ead the c u r r e n t  l i ne a t  the cur s o r  a nd c o py i n  t h e  
fo l l ow i n g  t e x t .  Cha r a c t e r s  tha t sp i l l  o f f  the  r i g h t  
end o f  t h e  l i n e a r e  l o s t .  The cu r sor i s  l e f t  a t  t h e  
e n d  o f  the i n s e r ted te x t . 

D e l e tes c o n t e n t s  o f  the c u r rent l i ne up t o  
i nc l ud i n g  the  spec i f i e d  te x t . 

Wr i te a l l u pd a ted  b l o c k s  t o  d i s k . 

a n d  

F O RT H  L i ne E d i t o r  I V- 2  
( c )  1 9 8 2  L a b o r a t o r y  M i c r o s y s t e m s  
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M i n i  S c r ee n  Ed i to r  

T h e  M i n i  S c reen Ed i to r  supp l i ed w i th Z - 8 0 FO RTH i s  d e r i ved f r om a 
s imple  e x ampl e  pub l i s hed i n  F o r th D imen s i on s , Vo l . I I ,  N o . 3 ,  page  
83 . A f u l l s c r ee n  ed i to r  i s  suppl i ed in  the f i l e ED I TOR . SC R  a n d  i s  
de s c r i bed i n  a sepa r a te d o cume n ta t i on s ec t i o n . 

The  s o u r c e  te x t  f o r  the m i n i  s c r ee n  ed i to r  i s  suppl i ed i n  s c r een s # 2 0  
t o  # 2 2 . A l so loaded d u r i ng comp i la t i on a r e  cur s o r  c o n t r o l  f u nc t i o n s  
f r om s c r e e n  # 4 6  a n d  the c a s e  c o n t r o l s t a teme n t  i n  s c r een # 5 2 . A s  
s uppl i ed o n  t h e  d i s t r i bu t i on d i s k , the  cur s o r  func t i o n s  a r e  c o n f i g u r ed 
f o r  a Te l e v i deo 9 5 0  CRT . I n  o r d e r  t o  u s e  the ed i t o r , yo u wi l l  need t o  
mod i fy the r ou t i ne s  CLEAR SCRE E N  ( c l e a r  s c r ee n  a nd home c ur s o r ) , G OTOXY 
( mo v e  cu r s o r  to add r e s s x , y ) , and C L R EOS ( c l ea r  s c r e e n  f r om c u r r e n t  
c u r s o r  p o s i t i on to e nd ) . 

The ed i t o r ' s  cur s o r  mo veme n t  keyboa r d  comma nd s a r e  d e f i ned by 
c o n s ta n t s  i n  screen # 2 0 , a n d  may be read i ly mod i f i ed to ma k e  them mo r e  
conven i en t  o n  your t e rm i na l . 

C omma nd 

2 0  LOAD 

n ED I T  

< E S C )  

< RETURN )  

Exp la na t i on 

L oad a nd c omp i l e m i n i  s c r ee n  ed i tor f r om F o r th s to r a g e  
f i l e . 

Read s c r e e n  I n '  a n d  mak e  i t  ava i l a b l e  f o r  e d i t i n g . 
Whe n  yo u r  c u r s o r  c o n tr o l  funct i o n s  a r e  proper ly s e t  
up , you w i l l  o b s e r ve the f o l l ow i ng s equence o f  e v e n t s : 
- s c r ee n  i s  c l ea r e d  a n d  c u r s o r  j umps t o  home po s i t i o n .  
- t i tle  ' S c r e e n  # n ' i s  p r i n ted i n  u pper l e f t  c o r n e r . 
- c u r r e n t  c o n te n t s  o f  s c r ee n  a r e  d i s p l ayed , w i th l i ne 

numbe r s  0- 1 5  a t  l e f t . 
- cur s o r  j umps to  l i ne 1 8  and f o u r  l i ne s  g i v i ng the 

keyboa r d  comma nd s �e d i�� l aye� . 
� cur sor i s  p l a ced a t  the f i r s t  cha r ac t e r  o n  the f i r s t  

l i ne o f  s c r e e n  c o n t e n t s . 
You may now f r e e l y  mo ve the c u r s o r  thr o ugho u t  the 
screen  u s i n g the comma nd s g i ven be l ow , mod i fy i n g an d 
ente r i ng new t e x t  a s  de s i r ed . The d i s p l ay a l way s 
shows the e x a c t  upd a ted c o n t e n t s  o f  the t e xt b l oc k .  

Pushing t h e  E s c ape key c a u s e s  the ed i to r  t o  e x i t .  T h e  
cu r s o r  wi l l  j ump t o  l i ne 1 8 , the s c r e e n  i s  c l e a r ed 
from l i ne 1 8  to  e nd , and the mes s ag e  ' OK '  i s  
d i sp l ayed . B e  s u r e  t o  u s e  the command ' F L U SH ' to  
ensure  tha t  yo u r  ed i ted t e x t  i s  wr i tten to  the d i sk . 

The Ca r r i a g e R e t u r n  key ( New L i ne key on s ome 
term i na l s )  c a u s e s  the c u rs o r t o j ump f r om i t s c u r r e nt 
po s i t i o n  t o  t he s t a rt of t h e  ne x t  te x t  l i ne .  T h e  

FORTH M i n i  S cre e n  E d it or V a - 1  
( c )  1982 Lab o r at o r y Mi c r o s y s tem s 
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<C t l / R> 

<C t l /L > 

<C t l /D > 

<c t ljU > 

<C t l /E :> 

<DEL > 

<C t l /I > 

c o n ten t s  o f  t h e  s c r e e n  a r e  unchanged . 

C o n t r o l/ R  ( " R )  c a u s e s  th.e c ur s o r  to .mo ve to  the  r i g h t  
o n e  po s i t i o n . I f  the c u r s o r  i s  a t  the end o f  a l i ne ,  
i t  wi l l  b e  moved to the beg i n n i ng o f  the n e x t  l i ne . 
The c o n t e n t s  o f  the s c r een  a r e  unchanged . 

C o n t r o l/L ( " L )  c a u s e s  the cur s o r  to  mo ve to the  l e f t  
o n e  pos i t i o n . I f  the c u r s o r  i s  a t  the s ta r t  o f  a 
l i ne , i t  w i l l  b e  mo ved to  the end o f  the p r e v i o u s  
l i ne .  The c o n ten t s  o f  the s c r e e n  a r e  u nchanged . 

C o n t r o l/D ( " D )  mo ves the c u r s o r  d o wn o n e  l i ne .  
c u r s o r  i s  a l r eady w i th i n  the l a s t  tex t l i ne ,  
be  mo ved t o  the end o f  the l i ne .  The  c o n t e n t s  
s c r ee n  a r e  unchanged . 

I f  the 
i t  w i l l  
o f  the 

C o n tr o l/U ( " U )  moves the c u r s o r  u p  o n e  l i ne .  I f  the 
c u r s o r  i s  a l r eady w i th i ri  the f i r s t  tex t l i ne ,  i t  w i l l  
b e  moved t o  the l e f t  end o f  the l i ne .  The  con t e n t s  o f  
the s c r e e n  a r e  unchanged . 

C o n t r o l/E ( " E )  s e t s  the e n t i r e  t e x t  a r e a  to b l a n k s , 
and l e a v e s  the  c u r s o r  a t  the beg i n n i n g  o f  the f i r s t  
l i n e .  

The de l e t e  k ey b a c k s  up the c u r s o r  ( same e f fe c t  a s  
C t l/L ) . 

C o n t r o l / I  ( " I )  f u nc t i o n s  a s  a h o r i z o n t a l  t a b . 
each dep r e s s i o n o f  th i s  key , the c u r s o r  w i l l  j ump 
the r i g h t  8 space s . I f  the c u r s o r  i s  a l r eady a t  
e nd o f  a l i ne ,  i t  w i l l  be mo ved t o  the beg i nn i n g 
the ne x t  l i ne .  

F o r  
to  

t he 
o f  

. . . ' 

FORTH M i ni S cre e n  E di t o r V a -2 
( c )  1 9 8 2  L a bora t ory M i cr o s y s tems 
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F O RT H  F u l l  S c r een Ed i to r  

T h e  f i l e  ED I TOR . S C R  conta i n s the s o u r c e  tex t  f o r  a powe r f u l  h i g h  l e ve l  
F O RT H  s c r e e n  based ed i to r . T h i s  ed i t o r  i s  compa t i b le w i th F O RT H  
ve r s i on 2 . x x .  The p r o g r am i s  term i na l  depende n t  fo r the C L E A R S C R E E N  
and GOTOXY f unc t i on s  i n  s c r e e n 4 8  of  the s o urce l i s t i ng ,  wh i ch mu s t  b e  
mod i f i ed appr opr i a te l y  f o r  yo u r C R T . 

The capab i l i t i e s  o f  th i s  s c r e e n  ed i to r  i nc l ude : 

* f u l l v i sua l ed i t i n g  w i th  u p  to date 
s cr ee n  con tents  d i s p l a yed at  a l l  t imes 

* i ndepe nde n t  command and ed i t  modes 
* s i ng l e  and mul t i pl e  s c r ee n  c o py u t i l i t i e s  
* s c r e e n  f i l e  a n d  d i s k d i r e c t o r i e s 
* character  i n s e r t  
* cha r a c t e r  de l e te 
* wo rd d e l e te 
* l i n e i ns e r t 
* l i ne d e l e te 
* l i ne e r a s e  
* sepa r a te " l i n e  s t a c k "  f o r  t empo r a ry 

s t orage  o f  tex t 
* s c r een e r a s e  
* f o r wa r d  a nd back tabb i ng t o  t a b  s tops 

or word s , u se r  may set t a b  s to p  w i d th 
* s tr i ng sea r ch and r epl a c e  
* c u r s o r  mo veme n t  i n  a n y  d i r ec t i on 
* pr i n t men u  o f  ava i l a b l e  c o n t r o l  codes 
* go to  ne x t  scr e e n  or p r e v i o u s s cr een 
* wh i l e ed i t i ng a s c r een , a l l  changes 

may be d i scarded at any t ime a nd 
o r i g i na l  c o n t e n t s  o f  s c r e e n  r e s tored 

· ' 0lio.. 
, , 

FO RTH F u l l S c r e e n  E d i t o r  Vb- 1 
( c )  1 9 8 2 L a bo r a t o r y M i c r o s y s t ems 
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S c r e e n  # 8  o f  the f u l l sc r e e n  ed i to r  s o u r c e  tex t co nta i n s  the fu nc t i ons  
C L EARSCREEN and G OTOXY . When  yo u r ec e i ve the  d i s k the s e  a r e  set  u p  
f o r . T e l ev i de o  9 5 9  term i na l . T h e s e  functi o n s  a r e  te rm i na l  d epende nt  
a nd m u s t  b e  mod i f i ed f o r  yo ur pa r t i cul a r  C RT mode l . 

C L EARSCREEN 

GOTOXY 

S ta c k  e f fect : 9 - > 9 
C lea r s  the t e rm i na l  screen 
l eave s  the c u r s o r  in  the 
po s i t i o n  ( uppe r  l e f t  co rner  
s c r e e n ) . O n  s ome mode l s  o f  CRT 

a nd 
home 

o f  
t h i s  

r e qu i r e s  two s epa r a te e s cape 
sequ e n c e s .  I n  add i t i on , s ome 
term i na l s  r equ i r e enough t ime to 
c omp l e te th i s  fun c t i o n  tha t seve r a l  
r ubo u t s  mu s t  b e  s e n t  a f ter  the 
e s c a p e  s equence to pr even t te x t  
cha r a c t e r s  be i ng t r a nsmi tted be f o r e  
t n e  t e rm i na l  i s  r eady . 

S tack e f f e c t : 2 - >  9 
C a l l i ng s equence : x y GOTOXY 
Leaves  the c u r s o r  i n  the po s i t i o n o n  
t h e  s c r e e n  d e f i ned b y  the x ( co l umn ) 
and y ( r ow )  c o o r d i na te on the s t ack . 
( x , y ) = ( 9 , 9 )  i s  a s s umed to be the 
uppe r  l e f t  c o r n e r  o f  the s c r ee n . X 
mu s t  b e  i n  the r a n ge 9- 7 9 , y i n  the 
r a n g e  9 - 2 3 . 

The  f i le F O RT HL E . COM on  the d i s k i s  F O RTH w i th a bu i l t - i n  f i g -FORTH 
l i ne ed i to r . U s e  thi s  ed i t o r  to  mod i fy the term i n a l  d epend e n t  
f u nc t i on s  i n  s c r e e n  # 8  fo r yo u r  t e rm i na l . Deta i l ed i n s t r uc t i o n s  f o r  
the l i n e  ed i to r  a r e  i n  the FORTH u s e r ' s  ma nua l . O f  co u r s e , you 
wo u l d  i n i t i a t e  th i s  p r oce s s  by typ i ng : 

FORTHLE ED I TOR . SC R  < r e tu r n >  

( a f te r  sys tem ID a nd " O K " , type : 

ED I TOR < re t u r n >  ( s e l e c t s  t h e  ed i t o r  vocab u l a ry )  

p r o ceed u s i ng the U p "  f un c t i o n o f  the l i ne ed i to r  t o  
mod i fy the C LEARSCREEN  a nd GOTOXY def i n i t i on s . Be  
sure  to  type FLUSH  a n d  B Y E  when f i n i shed to f o r c e  
yo u r  change s  o u t  t o  the  d i s k f i l e .  

Af t e r  mod i fy i ng the term i na l  depend e n t  f unc t i o n s  app r o p r i a t e l y , yo u 
c a n  c r e a t e  a c u s tomi zed s c r e e n  ed i to r  by typ i ng : 

t=" o ftT H ED I TO R . SC R  < r e tu r n >  

FORTH Fu l l  S c re e n  Ed i t o r  V b-2 
( c )  1 9 8 2  Labo r a t o r y  M i c r o sy s t ems 
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wa i t  • • •  l oad i n g s c r een  ed i tor  

. L I N E  i sn ' t u n i que 

S c r een ed i to r  comp i l a t i on c omp l e ted . 
1 2 1 7 7  by t e s  l e f t  i n  d i c t i o na r y . 
o b :  

Y o u  c a n  n o w  t r a n s f e r  the f i le E D I TO R  o n t o  a l l  o f  yo u r  FO RTH 
wo r k i ng d i sk s . Y o u  w i l l  have n o  f u r the r need for the f i l e s  FORTHL E ,  
ED I T B A S E ,  and ED I TO R . SCR u n l e s s  y o u  c h a ng e  t o  a d i f f e r e n t  type o f  C RT 
te rmi n a l o r  yo u w i sh t o  ma k e  b a s i c  change s  i n  the ope r a t i o n o f  the 
s c r e en  ed i t o r  p r og r am . 

I f  t h e  
ed i t i n g  
t h e  new 

c o mp i l a t i o n  p r o ce s s  a bo r ts , yo u may have made an e r r o r  i n 
the termi na l depende n t  s c r e e n . The mo s t  commo n e r r o r  ma de by 

u s e r  i s  the om i s s i o n  o f  e i the r a s em i co l on " ; " or a f o rwa r d  
a r r ow " _ _  > " . 

u s i n g the  sc r een ed i tor : 

F i r s t  yo u mu s t  i nvo ke  the E D I TO R  l o a d  modul e ,  spec i fy i ng the t a r g e t  
s c r ee n  f i l e name i n  the command l i ne .  I f  no s c r e e n  f i l e  i s  spec i f i.ed , 
i t  w i l l  d e faul t to  the f i l e F O RT H . SC R . E xampl e : 

ED I TOR F L OAT . S C R  < r e t u r n >  

A f t e r  t h e  E d i to r l o c a tes and o pe n s  the screen f i le ,  i t  e n t e r s  c omma nd 
mod e  a n d  wa i t s f o r  i nput  f r om the keyb o a rd . I n  e i the r c omman d  mo de o r  
ed i t  mode , you can  type co n t r o l/V ( AV )  a t  any t ime to d i s p l a y  the  l i s t  
o f  a v a i l a b l e  command o r  c o n t r o l k eys . 

C o n t r o l  c o d es f o r the ed i t  mode a r e d e f i ned by cons t a n t s  i n  s c r e e n s  
# 3 0 - 3 2  o f  t h e  s o u r c e  c o d e  l i s t i ng .  The u s e r  can cha nge  the s e  a t  w i l l  
t o  m a k e  them mo r e  c o n ven i e n t  f o r  h i s  t e rm i na l . The  f u nc t i o n c o d e  me nu 
a u t oma t i c a l ly r e f e r e nces the c o n s t a n t s  f o r  i ts d i s p l ay s o  i n  mo s t  
c a s e s  the menu mod u l e  p r og r am c o d e  w i l l  n o t  need to be mod i f i ed .  T h e  
l i s t  b e l ow g i ve s  t h e  command c o d e s  a s  they a r e  de f i ned i n  th i s  s o u r c e  
l i s t i ng . 

F O RT H  F u l l S cr e e n  E d i t o r V b - 3  
( c )  1 9 8 2  L a bo r a t o r y  M i c r o sy s t em s  
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Comma nd Mod e  C o n tr o l  Codes 

Copy a s i ng l e  s c r ee n  o f  text  w i th i n  the f i l e .  The 
user  i s  pr omp ted f o r  the source  and de s t i na t i o n s c r een 
numbe r .  

D i sp l ay d i r e c t o r y  f o r  s e l e c ted d i sk d r i ve . 

Beg i n  ed i t i ng . T h e  u s e r  i s  pr ompted f o r the n umb e r  o f  
the f i r s t  s c r e e n  t o  b e  ed i ted . 

D is p l ay i nd e x to  c u r r en t  s c r e e n  f i l e .  

Move a s e t  o f  s c r e e n s  w i th i n  the c u r r e n t f i l e . The 
user i s  p r ompted f o r  the  number  of the f i r s t  s o u r ce 
s c reen , the l a s t s o u r c e  s c reen , and  the f i r s t  
d e s t i na t i o n s c r e e n . D epend i ng o n  the d i r ec t i o n  o f  
t r a n s fe r , the  r o ut i ne beg i n s a t  the app r o p r i a te e n d  o f  
the s c r ee n  r a ng e  s o  t h a t when s c r e e n  n umbe r s  o ve r l a p  
n o  d a t a  w i l l  b e  d e s t r oyed . 

S e t  w i d t h  o f  tab  s t ops . 

Change s c r e e n  f i l e s . A l l  upda ted b u f fe r s  a r e  wr i t t en 
to  the d i s k .  The u se r  is  p rompted for  the d r i ve 
a s s i gnme n t  a n d  t h e  name o f  the new s c r e e n  f i l e .  I f  
the new f i l e c a n n o t  be l oca ted , the p r e v i o u s  s c r ee n  
f i l e i s  reope ned . 

L eave the s c r e e n  ed i t o r , enter  
i n terpr e t i ve mo ve . Th i s  can b e  used  t o  
tes t p r og r am t e x t  t h a t  i s  b e i ng ed i ted . 

no rma l FORTH 
c ompi l e  and 

wr i te a l l  upda ted b u f fe r s to d i s k , c l o s e the s c r een 
f i l e , and r e t u r n  c o n t r o l  t o  M C GO: )(  

Whe n  a s c r e e n  number i s  r eq u e s ted i n  command mode , yo u mu s t  e n t e r  a 
d e c ima l  n umbe r  ( any numbe r o f  d i g i t s )  fo l l owed b y  a c a r r i ag e  r e t u r n . 
Y o u  may u s e  the  u s ua l FORTH b a c k s p a c e  code to  d e l e t e  i nc o r r e c t d i g i t s . 

FORT H  F u l l S c r e e n  Ed i t o r  Vb - 4  
( c )  1 9 8 2  La bo r a t o r y M i c r o sy s t ems 
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Ed i t  Mode C o n tr o l  Codes 

[ c u r s o r  c ommand s ]  

.... u 

.... D 

C R  

[ wo r d  c o mma nd s ]  

.... B 

· .... C 

[ l i ne command s ] 

.... x 

Move cur s o r  l e f t . I f  c u r s o r  i s  a l r eady a t  beg i n n i ng 
o f  a l i ne ,  mo ve i t  t o  the e nd o f  the p r ev i o u s  l i ne . 
Con ten t s  o f  s c r e e n  a r e  unchanged . 

Move cur s o r  r i g h t . I f  c u r s o r  i s  a l r eady a t  the end o f  
a l i ne ,  move i t  t o  the s ta r t  o f  the ne x t  l i ne .  
Conten ts o f  s c r e e n  a r e  unchanged . 

Move cur s o r  up . I f  c u r s o r  i s  a l ready i n  the t o p  l i ne 
o f  th e s c r een , mo ve i t  to  the l e f t  marg i n . C o n te n t s  
o f screen a r e  unchang ed . 

Move c u r s o r  down . I f  c u r s o r  i s  a l r eady i n  the b o t tom 
l i ne  of the s c r e e n , mo ve i t  to the r i g h t  ma r g i n .  
Contents  o f  s c r e e n  a r e  unchang ed . 

Move cur s o r t o  h ome p o s i t i o n  ( upper l e f t  c o r ne r  o f  
ed i t i ng a r ea ) . C o n t e n t s  o f  s c r een  a r e  unchanged . 

Move cur s o r  t o  beg i nn i ng o f  n e x t  l i ne .  I f  c u r s o r  i s  
a l r eady i n  the l a s t  l i n e , mov e  i t  to the r i g h t  ma rg i n . 

Move cur s o r  r i g h t  t o  n e x t  tab  po s i t i o n . I f  c u r s o r  i s  
a l r eady i n  the l a s t  tab  po s i t i o n o f  the c u r r e n t  l i ne ,  
mo v e  i t  t o  the beg i nn i ng o f  the n e x t  l i ne .  C o n t e n t s  
o f  screen a r e  unchanged . 

Move cur s o r  l e f t  t o  n e x t  tab po s i t i on .  I f  c u r s o r  i s  
a l r eady a t  the l e f t  ma r g i n ,  mo v e  i t  t o  the l a s t tab 
po s i t ion  o f  the p r ev i o u s  l i ne . C o n t e n t s  o f  s c r e e n  a r e  
unchang ed . 

Move c ur s o r  f o rwa r d  ( r i g h t )  to  beg i n n i ng o f  n e x t  wo r d  • 

Move cur s o r  back ( l e f t ) to beg i nn i ng o f  p r e v i o u s  wo rd . 

D e l ete the word  t o  the r i g ht o f  the c u r s o r . 
any tr a i l i ng spa c e s  and br i ng t h e  n e x t  wo r d  
r ema i nder o f  t h e  l i ne u p  t o  the c u r s o r . 

D i sca rd 
a n d  the 

E ra s e  c u r r e n t  l i ne ( the l i ne c o n t a i n i ng the c u r s o r )  • 

FO RT H F u l l  S c r e e n  E d i t o r  vb - 5  
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D e l e te c u r r e n t  l i ne ( th e  l i ne c o n t a i n i ng the c u r s o r )  , 
mo v i ng a l l  s u b s eque n t  t e x t  l i ne s  up one po s i t i on and 
mak i n g  l i ne 15 b l ank . 

I ns e r t  a b l a n k  l i ne a t  the c u r s o r , mov i ng a l l  l i n e s  
down , c o n te n t s  o f  p r ev i ou s  l i ne 1 5  a r e  l o s t .  

Copy cur r e n t  l i ne ( i . e .  the l i ne c o n t a i n i ng t h e  
c ur s o r ) t o  sepa r a t e  h o l d i n g  a r ea . Once "' y ha s been 
used , the c o n ten t s  of  the e x tr a  l i ne b u f f e r  a r e  
d i splayed a t  the b o t tom o f  the sc r een be tween a pa i r  
o f brace s : { • • • • •  } .  The c o n te n t s  o f  t h e  s c r ee n  a r e  
unchanged . 

Get co n t ent s o f  e x tr a  l i ne bu f f e r  to cur re n t  l i ne ( the 
l i ne conta i n i ng the c u r s o r ) .  T h e  c o n t e n t s  o f  the 
ex t r a  l i ne b u f f e r  a r e  unchanged , the prev i o u s  c o n t e n t s  
o f  the c u r r e n t  l i ne a r e  l o s t . 

[l [ character c o mma nd s ]  

D E L  

1 -]  

D e l e te t h e  cha rac t e r  under  the c u r s o r , mo v i ng t h e  r e s t  
o f  the l i ne l ef t . O th e r  l i ne s  a r e  n o t a f f e c t ed . 

D e l e te the ch a r a c t e r  t o  the l e f t  o f  the c u r s o r , m o v i n g 
the c ur s o r  a nd t h e  r ema i nd e r  o f  t h e  l i ne t o  t h e  l e f t . 
O the r  l i ne s  a r e n o t a f f ec ted . 

I nser t a spac e  a t  the c u r s o r , mo v i ng t h e  r e s t  o f  the 
cur rent l i ne to the r i g h t . C h a r a c te r s  s h i f ted o f f  t h e  
r i g h t  end of  the  l i ne are  l o s t . O ther l i ne s  a r e  n o t 
a f fected . 

Enter  i n se r t  mode . A l l s ub sequen t cha r a c t e r s  . a r e  
i nser ted a t  the c u r r e n t  c u r s o r  pos i t i on and t h e  r e s t  
o f  the l i ne i s  mo ved t o  the r i g h t . C ha r a c te rs s h i f t ed 
o f f  the r i g h t  end of the l i ne are l o s t .  I n s e r t  mo d e  
term i na t e s  o n  a c a r r i a g e  r e t u r n  o r  a n y  c o n t r o l  c o d e . 

FORTH F u l l  S c r e e n  E d i t o r  V b - 6 
( c ) 1 9 8 2  L a b o r a t o r y  M ic r o s y s t e m s  
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[ s c r e e n  comma nd s ]  

"' p  

"'w 

"' z 

E ra s e  en t i r e s c r e e n  a nd l eave cur s o r  i n  the upper l e f t  
c o r n e r  o f  t h e  s c r ee n . 

wr i te cur ren t s c r e e n  to  d i s k a nd g o to  ne x t  screen . 

wr i te cur r e n t  s c r e e n  t o  d i sk and go  t o  p r e v i o u s 
s c r een . 

F o rce the c u r r e n t  s c r e e n  contents to be wr i tt e n  t o  
d i s k ,  the n  r e t u r n  f o r  fur the r edi t i ng .  

D i sc a r d  a l l  cha n g e s  and r es to r e  s c r een a s  i t  wa s 
b e f o r e  any e d i t i ng . 

[ m i s c e l l a n e o u s  comma nd s ] 

"' v 

E S C  

D i sp l ay menu o f  c o n t r o l  code s . 
unchanged . 

S creen  

L eave ed i t  mode , r e tu r n  t o  co��and mode . 

c o n t en t s  a r e  

FOR T H  F u l l S c r e e n  E d i to r  Vb - 7  
( c )  1 9 8 2 Labo r a t o r y  M i c r o s y s tems  
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D i s k F i l e I n te r f ace 

S o u r c e  code for a d i s k f i l e  and r e c o r d  i n te r face is found i n  s c reens  
4 2 3 - 3 0  o f  the  d i s t r i bu t i on f i le F O RT H . S C R  • Th i s  s e t  o f  e x tens i o n s  i s  
p r o v i de d  t o  g i ve the q 't"o F O R T H  u s e r  comple te  cont r o l  o v e r ("\ V E"� 
s t a n d a rd d i sk f i les  and a c ce s s  t o  a ny r ecord w i th i n  s uch f i l e s , 
bypa s s i ng the FO RTH i n te r n a l  d i s k d r i ve r s  and v i r tua l memo ry 
ma n a g emen t . The funct i o n s  are  c ompa t i b l e  o n  the  h i gh l eve l  w i th the  
d i s k f i l e i n te r face prov i ded w i th L ab o r a to r y  M i c r o sys tems PC/FO RTH and  
8 0 8 6  FO RT H  package s . The o p e r a t i on s  have m i n ima l e r r o r  a nd s yn t a x  
c h e c k i n g a nd mus t  b e  u sed w i th c a u t i on ;  they a r e  no t recomme nd e d  f o r  
u s e  b y  beg i nners  i n  F O RTH . 

A s  e a c h  f i l e con t r o l  b l o c k  i s  d e f i ned , i t  i s  a l loca ted a s pec i a l  
c o n t r o l  by t e  and a ded i c a te d  d i s k b u f f e r . Whe n  record ope r a t i o n s  a r e  
pe r f o rmed r e f erenc i ng a g i ve n  f i l e c o n t r o l  b l ock , the b u f f e r  a dd r e s s  
i s  a u toma t i ca l ly passed t o  and  p r o v i ded back  t o  t h e  u s e r  i f  the 
o p e r a t i on i s  succe s s fu l . T he n umbe r o f  f i l e c o n t r o l  b l o c k s  wh i ch may 
b e  d e f i ned ( and consequ en t l y  the ma x imum numb e r  o f  f i l e s  wh i c h  ma y be 
o p e n  a t  any one t ime ) i s  l im i ted o n ly by the amo un t of d i c t i o n a r y  
space  a v a i l a b l e . 

Comp l e te d e s cr i p t i ons  o f  each f i l e a nd r e c o r d  oper a t i on a r e  p r o v i ded 
be l o w  i n  the same fo rma t u s e d  f o r  the man u a l ' s  G l o s s a r y  s ec t i o n . The  
s t a tu s - code re turned by a l l  f i l e o pe r a t i on s  is  in  the  range  0 - 3  i f  
o pe r a t i o n  s ucces s fu l , and 2 5 5  i f  o p e r a t i o n  fa i l ed .  The s ta tu s - code 
r e t u r n ed by a l l  r ecord  ope r a t i o n s  i s  e i the r  the d i sk buf f e r  add r e s s  i f  
o p e r a t i o n  s ucces s fu l , o r  z e r o i f  ope r a t i o n  f a i l ed . 

?BUFFE R-AD D R  fcb-add r e s s  d i sk -bu f fe r - ad d r e s s  
G i ve n  t h e  add r e s s  o f  a f i l e- co n t r o l - b lock , r e t u r n  t h e  add r e s s  
o f  i ts ded i ca ted d i s k t r a n s f e r  a rea . 

C L O S E -F I LE fcb- add r e s s s t a tu s- code 
C l o s e  a� �O � d i sk f i l e ,  upd a t i ng t h e  d i sk d i r ec t o r y  i f  
neces sary . Re l e a s e  the  f i l e c o n tr o l  b l o ck . 

D EL E T E -F I L E fcb-add r e s s  s ta tu s - code 

FCB 

D e l e te the rtQ� d i s k f i l e n amed i n  the f i l e contr o l  b l o c k  f r om 
the d i sk d i r ec tory . 

U sed  i n  the f o rm : 
FCB fcb- name 

A l l o ca te a nd i ni t i a l i z e a f i l e c o n t r o l  b l o ck and d i s k b u f f e r . 
S ub s eque n t  e xecu t i o n  o f  t h e  c o n tr o l - b l ock  name w i l l  l e a v e  the 
add r e s s  o f  the f i l e  c o n t r o l  b l ock o n  t o p  o f  the s t ack  ( see 
e xamp l e s )  • 

F i l e a nd Rec o r d  I n te r f a c e  V I - I 
( c )  1 9 8 2  Labo r a to r y  M i c r o s ys tems 
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F I L ENAME fcb- addr e s s  
U s ed i n  t h e  f o rm : 

( fcb- add r e s s  p l ac e d  o n  s tack ) F I LENAME f i l e - spec 
F o rma t a f i l e  spec i f i c a t i o n  o f  the f o r m  un i t : f i lename . e x t  i n to 
the i nd i ca ted f i l e c o n tr o l  b lock . I f  the d r i ve a s s i gnme n t  i s  
n o t  i n c l uded , the d e f a u l t  d r i ve wi l l  be u s ed . I f  the 
e x te n s i o n  i s  no t spec i f i ed i t  i s  s e t  to  a l l  b l anks . 

I N P UT - F I L ENAME fcb- add r e s s  
Que r i es t h e  con s o l e  o pe r a to r  f o r  i np u t  o f  a d � i ve n ame , f i l e  
name , a nd e x tens i o n  i d en t i fy i ng a spec i f i c  M O EX" d i s k  f i l e .  
Fo rma ts the suppl i ed i n f o rma t i on i n to the i nd i ca t e d  f i le 
c o n tr o l  b l o c k . 

O P E N -F I L E  fcb-add r e s s  s ta tu s-code 
F i nd a nd make ava i l a b l e  the f i l e named i n  the i n d i c a ted f i l e 
co n t r o l  b l ock  f o r  fur ther  r ec o r d  o pe r a t i ons . The f i l e n ame 
mu s t  have been p r e v i o u s ly f o rma t t ed i n to the c on t r o l  b l o c k  
u s i ng F I L ENAME o r  I N P U T -F I L ENAME . 

PAR S E - F I L ENM fcb- add r e s s  f i l e- spec- addr e s s 
P a r s e  a f i l e spec i f i ca t i o n o f  the f o rm un i t : f i l e name . e x t  i n t o 
the i nd i c a ted f i l e  c o n tr o l  bl ock . - I n i t i a l i z e  a l l r e s e r ved 
a r ea s . I f a dr i ve spec i f i c a t i o n  i s  not i nc l ud e d , the 
" c u r r e n t " d r i ve w i l l  be u sed . 

READ-RANDOM fcb-add r e s s  r e c o r d- numbe r 
Read the des igna t e d  r e c o r d  f r om the 
r e t u r n i ng e i the r the memo ry addr e s s  o f  
the record does no t e x i s t .  

READ -S EQ fcb- add r e s s  s ta tu s - code 

s tatus -code 
d i sk i n t o memo r y , 

the record o r  z e r o  i f  

Read the ne x t  seque n t i a l  r e c o r d  i n  t h e  f i l e  i n t o  memo r y , 
r e tu r n i ng e i ther the memo ry add r e s s  o f  the record , o r  ze r o  i f  
end o f  f i l e ha s been rea ched . 

--- ------ ---_. 

F i l e a nd Reco rd I n t e r f a ce V I - 2  
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WRI T E - RANDOM fcb-add r e s s  r e c o r d - n umbe r s ta tu s - code r1 Wr i te the des i gn a ted r e c o r d  f r om memo ry to the d i s k , r e t u r n i ng 

ll� the memo ry addr e s s  o f  the r e c o r d  i f  o pe r a t i o n  succe s s f u l , o r  
z e r o  i f  n o  r o om l e f t  o n  the d i s k .  

f ,  
U 

u 
[1" - " 
1 1  

WR I TE - S EQ fcb-add r e s s  s ta t u s - code 
Wr i t e the sequen t i a l  
the memo ry addr e s s  
z e r o  i f  n o  r oom l e f t  

r e c o r d  f r om memo ry to  the d i s k , r e tu r n i ng 
o f  the r ec o r d  i f  opera t i on s u c c e s s f u l , o r  
o n  the d i s k .  

A s imp l e  e xampl e  us i ng the i nte r f a ce f u nc t i o n s . Open a f i l e n amed 
U S ER . TMP , r ead r eco rd  zero i n t o  memo r y ,  then pr i n t  wo r d  z e r o of  the 
r e c o r d  o n  the t e rm i na l . 

. FCB F I L E l  
F I LE l  F I L ENAME U S E R . TMP 

( e s tab l i s h f i l e c o n t r o l  b l o ck 
( p l ac e  f i lename i n  b l o c k  ) 

: D EMO F I LE l  OPEN-F I L E  
2 5 5  = I F  . "  F i l e n o t  f o und " ABORT 
THEN F I L E l  � READ - RANDOM 
DUP �= IF . " Rec o r d  d o e s  not e x i s t " ABO RT 
THEN @ .  
F I L E l  CLO S E -F I L E  ; 

F i l e a nd Re c o r d  I n t e r f a c e  V I - 3  
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FENCE 

F I LL 

F I RS T  

FLO 

FLU S H  

" r e t u r n " o r  the count o f  cha r a c t e r s  ha s bee n rece i ved . One o r  
mo r e  nu l l s  a r e  added a t  the e n d  o f  the text . 

addr U 
A u s e r  va r i able  conta i n i ng 
i s  t r a pped . T o  f o r g e t  b e l ow 
the contents  o f  FENCE . 

a n  addr es s be l ow wh i ch FO RG E T t i ng 
th i s  po i n t  the u s e r  mu s t  a l t e r  

addr 
F i l l  memo ry 
byt e s  b .  

quan b 
a t  the add r e s s  w i th t h e  spec i f i ed quan t i ty o f  

n 
A cons ta n t  tha t l e aves the add r e s s  o f  the f i r s t  ( l owe s t )  b l o c k  
b u f fe r . 

addr 
A u s e r  v a r i ab l e  for  c o n t r o l  o f  numb e r  o u tpu t 

wr i te a l l  upd a t ed d i s k b u f fe r s  to  the d i s k .  
a f t e r  ed i t i ng ,  be f o r e  d i smount i ng a d i s k ,  o r  
F O RTH . 

U 
f i e l d  w i d th . 

S ho u l d  b e  u s ed 
be f o r e  e x i t i ng 

FORGET E 
E xecu ted i n  the f o rm : 

FORGET c ccc 
D e l e t e s  de f in i t i o n  n amed cccc f r om the d i c t i onary w i th a l l  
e n t r i e s  phys i c a l l y  f o l l o w i n g  i t .  I n  qqClO FORTH a nd f i g -FO RTH , 
a n  e r r o r  mes sage w i l l  occur i f  t h e  CURRENT a nd CONT EXT 
vocabu l a r i e s  are n o t c u r r en t l y  the s ame . 

FORTH P 
The n ame o f  the p r ima ry vocab u l a r y . E xecut i o n  mak e s  FO RT H  the 
CONT EXT vocabu l a r y . U n t i l a dd it i o n a l u s e r  v o cabul a r i e s  a r e  
d e f i ned , new use r d e f i n i t i o n s  become a par t of FORTH . FO RTH 
i s  immed i a t e , so i t  w i l l  e x ecu t e  d u r i ng the c r e a t i o n  o f  a 
c o l o n  d e f i n i t i on ,  to s e l ec t  th i s  voca b u l a r y  a t  c omp i l e - t ime . 

HERE addr 

H EX 

H L D  

L e a ve the addres s o f  the n e x t  a v a i l a b l e  d i c t i on a ry l oca t i o n . 

S e t  the  n u me r i c  conver s i on  b a s e  to s i x t e e n ( he x a d e c i ma l ) . 

a cl d r 

" FO RT H  G l o s s a r y  X I I - 1 6  
( c )  1 9 8 2 Labo r a to r y M i c r o sy s tems 
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S C R  add r 
A u s e r  var i ab l e  c o n ta i n i ng the  s c r e e n  
r e fe r enced b y  L I S T .  

U 
number  mos t  c ecently 

SCR E EN - FCB addr Z 
L e a v e  the addr es s o f  the s t an d a r d  f i l e  con t r o l  b l ock u sed 
by F O RT H  t o  ma n i pu l a te the s c r e e n  f i l e .  

S EC/B L K  n 

S IGN 

SMUDGE 

S P @ 

S P ! 

S P A C E 

C o n s tant  g i v i ng the numb e r  o f  phy s i c a l  d i s k s ec t o r s  pe r FO RTH 
s tandard 1 0 2 4  byte b l ock . 

n d d 
S to r e s  a n  ASC I I " _ "  s i g n  j u s t  be f o r e  a c o n ve r ted n ume r i c  
outpu t s t r i ng i n  the tex t o u tpu t bu f f e r  when n i s  neg a ti ve . n 
i s  d i scar ded , b u t  d o ub le n umb e r  d i s  ma i n ta i n ed . Mu s t  be u sed 
between <. and t > . 

U s ed dur i ng word d e f i n i t i o n  t o  t o g g l e  the " smud g e  b i t "  in a 
de f i n i t i o n ' s name f i e ld . Th i s  p r e ven t s  a n  uncomp l e ted 
de f i n i t i on f rom b e ing found d u r i n g  d i c t i on a ry sea r c he s , u n t i l 
comp i l i n g  i s  comp l e ted w i thout a n  e r r o r . 

addr 
A c ompu ter dependen t  p r ocedure  t o  r e tu r n  the add r e s s  o f  the 
s tack pos i t i o n to the t o p  o f  the s t a c k , a s  i t  wa s befor e S P @  
wa s  e x e c u ted . E .  g .  1 2 S P @  @ • wo u l d  type 2 2 1 • 

A compu ter  depende n t  p r o c ed u r e  t o  i n i t i a l iz-e - t-he s t ack p o i n ter 
r e g i s te r  f r om S 0 . 

'� 
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M i c r op r oc essor Eng i n eer i n g L i mi ted 

2 1 , Han l ey Road , Sh i r l ey ,  South amp ton � SO l SAP 
0703-7800B4 

MPE-FORTH g r aph i c s ex t en s i ons 

1 .  FORTH Gr ap h i c s ex ten s i on 

The g r aph i c s ex tens i on on t he 9900 FORTH r unn i ng on t h e  CORTEX a l l ows 

f u ll u s e  of t he t h e  9928/29 g r ap h i c s ab i I i  tV. The MDEX f i  I e  GFOR TH 

con t a i n s a r e v i sed ver s i on of the 9900 FORTH wh i ch sup por t s  a f u l l s e t  

of g r ap h i c  c ommands , inc l ud i ng l i ne ,  arc and c i rc l e  d r aw i ng wQr d s �  
f u l l sp r i t e man i pu l at i on etc . A l ong w i th the gr ap h i c s ver s i on of t h e  
FORTH you w i l l  f i n d t h e  f i l e GDENO . SCR , wh i ch c ont a i ns a d emon st r a t i o� 

of most o f  the g raph i cs co,nmar:tds ava i  l ab l e , ( Th i s c an be r un b y  t yp i  n g  
GFORTH GDEMO . SCR 7 l oad ) . 

� l l g r ap h i c s wor d s  ex i st i n  t h e  voc abu l ar y  GRAPH I CS .  I t  wi l l  a l so b e  
not I ced wh i l e  u s i ng GFORTH that i t  i s  c ase i n sensi t i ve ,  i . e .  c a se=CASE 

ett: . 

2 .  Gr aph i c  modes . Featl.J!-es an d v i d eo memory map . 

2 . 1 .  Gr aph i c s 1 ( Mode 0 )  

I n  th i s  mode t h e  p at t ern p l ane i s  d i vi d ed i n t o  32* 24 char a c t er 
p O S i t i on s  as f o l l ows : 

------------ 1 "  ------------
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, 
p OS 3 t i 011 :) posi t i on 3 1  

* :  

- ; - - - - -- - -- - - - - - - - - - - - ---- - --- - - - ; -

p o s i t i on 7 35 p os i t i on 767 

I t  i s  p oss i b l e  t o  h ave f u l l use of spr i te� ( q . v . ) i n  t h i s mode and 
ever y seven t h  c h ar ac ter b eg i nn i n g a d i f f er en t  co l our . The on 1 ".,' 
sof t ware supp l i ed f or use i n  th i s  mode i s  G t COL t h i s "ord set s a l l t h e  
c o l Qur s t o  t h e  c ur r en t  tex t c o l our s �s i t  i s  assumed t hat ttle LI S E I'"" 
w i l l  use mode 1 ( Gr aph i cs 2) b ec ause of i t · s  g r e a t �r poss i � l e  
r e �o l ut i on r at h er t h an mode o .  The FORTH ward GRAPH l p l ace s t h e  

sys t em i r- t o  t h i s  mode . 

M��or y map f or Mode 0 

0000 

0400 
0700 

C780 
0800 

Spr- i te p at t ern gen er ator t ab l e  

Name 't ab l e  

Co l our t ab l e 

Spr i t e n ame t ab l e 
Pat t ern gen er at or t ab l e  

I] 2 . 2 ,  Gr aph i  c s  2 ( Mode 1 )  

i -j 

:J 

Th i s  mo�e i s  t he h i g h -r es gr �ph i cs mode a l l ow i ng the user t o  h a ve � u l l 
cor- too-a !  o,,"er a 2�6 ' 1 92 b i t mapped screen . I t  i s  possi b l e  t o  mi x 
gr aph t cs af1d t ex t  i n  t h i s f'tOde wi t h  t h e  tex t I"l av i ng a reso l u t i ":' n 0 +  
32*�4 .::h ar a c t er s ,  t he c h a r ac ter p o s i  t i on s  a r e  the s ame a s  f Clr Iftod� (l , 

------------ . 2 -- -----------
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A l l f uture r ef erences to posi t i on s  on t h e  scr een wh en i n  th i s  mode ar e 
ref er ed to x and y ,  x bei ng across y be i ng down , wi t h  l oc at i on 0 0 a s  
t h e  t op l ef t  h and corner .  

Col Q(.,r d ef i n i  t i on  i n  th i s 
p i x e l s r  The FORTH wor d 
Sof t ware i s  supp l i ed to 
spr i t es , c h ange col Q(.cr 
about t h e  scr een , etc . 

mode i s  any two co l our s per e i ght ho� i z on t al 
GRAPH2 p l aces the system i n  th i s  mode . 

draw l i nes , C i rc l es ,  arc s ,  poi n t s ,  move 
of n ew poi n t s ,  move b l oc k s  of 8 * 8  cf1arac ters 

Memor y map f or Mod e 1 

0000 
1 800 
I BOO 
2000 
3800 
3COO 
3F80 

Pattern gen er at or t ab l e 
Pat ter n  name t ab l e 
ASC I I t ab l e l ower 
Pattern c o l our t ab l e  
Sp r i te p a t t ern t ab l e 
ASC I I t able upp er  

Spr i t e attr i bute t ab l e 

2 . 3 .  Mu l t i co l our ( Mode 2 )  

I n  t h i s  mode t h e  screen i s  sp l i t  i nto 64 
p r ov i d i ng an unrest r i cted c o l our d i sp l ay wi t h  
i s  t h e  same a s  mode 0 and agai n n o  sof t ware i s  
i n  th i s  mod e as i t  assumed mode 1 wi l l  b e  used 

2 . 4 .  Tex t ( Mode 3 )  

b l oc k s b y  24 b l oc k s ,  
sp r i t es .  The memor y map 
supp l i ed f or opera t i on 
i n st ead . 

I n  t ex t  mode the screen i s  d i vi ded i nto 40 char acters by 24 l i n es , two 
col our s  on l y  are d i sp l ayed at any one t i flte . One f or  the t ex t col our 
the second f or the background . No spr i tes are avai l ab l e  i n  t h i s mod e , 
and the memor y map i s  the saMe as that for mode o. It i s  poss i b l e . t o 
h a ve user -def i ned char acters when i n  t h i s MOd e .  

3. Graph i c s 2 Hi -res , 

As has been men t i oned pr i or to th i s  mode 1 ( Gr aph i c s  2 )  has the 
c ap ac i ty to be a 256* 1 92 b i t-mapped gr aph i c MOd e .  

Dur i ng the f o l l owi ng ther e  wi l l  be ref erences to · t he curren t p l ot 
pOS i t i on '  t h i s i s  si mp l y  the l ast poi nt p l otted . Note th i s  w i l l  be 0 0 
to s t a r t  w i th . 

----------- 3 --------
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3 . 1 .  P l ot t i n g modes 

In g r aph i cs 2 mode f our p l ot t i n g  modes are avai l ab l e :  

Pmode 

OVERPLOT 

TOGGLEPLOT 

DESTROY 

NULLPLOT 

Ef f ec t  

I n  t h i s p l ot t i ng mode any po i n t l l i ne p l ot t ed w i l l  
al ways p l ot a poi n t  1 1  i n e  i n  the f oreground c o l  OUf- • 

When a l i ne i s  p l ot ted i n  t h i s mode any p o i nt w i l l  
t ogg l e the con d i t i on of the poi n t  current l y  i n  that 
posi t i on .  
A l i n e  p l ot t ed i n  th i s  mod e  w i l l  p l ot i n  t h e  
b ac kground col our . 
Th i s  i s  the no act i on p l ot t i n g  mode i . e .  any poi n t  
wi l l  not c han ge when i t  i s  p l ot t ed .  

A p l ot t i ng mode i s  en t er ed b y  t h e  FORTH words OVERPLOT , TOOGLEPL O T , 
DESTROY and NULLPLOT . 

3 . 2 .  Po i n t s 

S i n g l e p o i n t s  are p l ot t ed on the sc r een by us i ng the word PO INT , t h e  
st ac k requ i r emen t s  f or  PO INT are ( x y --- ) 

e . g .  1 00 40 PO I NT 
w i l l  p l ot a p o i n t  at 1 00 across 40 down . 
N . B .  r emember wh at: p l ot t i ng mode you are i n .  

3 . 3 .  l i near l i nes 

The are a number of ways to draw a l i ne ,  as f o l l ows : -

FORTH word St ack cDmftlent " Ef f ec t  
PLOT-ABS ( x l  y l  H 2  y 2  --- ) Dr a .. a l i ne f r o. 
PLOT-REL ( dx dy ) Ora .. a l i ne f r om  

p l ot ted cx cy to cx +dx cy+dy 

x l  

the 

PLOT-TO ( x l  y l  -- ) Dr aw a l i ne from the 
p l ot t ed to H I  y l 

y l  t o  x 2  y2 
l ast p o i n t  

l ast p o i n t  

E actl word pr oduces a l i ne that i s  as l i near as poss i b l e ,  not e  that i f  
you r equ i re t o  destroy a l i ne i t  i s  of ten bet ter to p l ot i n  the s a me 
d i rec t i on as you or i g i n a i l y  p l ot t ed i t .  

----------- 4 ------------
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fl 3 . 4 .  Ar c s  and c i r c l e s 

i1 
II I . " 
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iJ 

I t  i s  possi b l e  w i t h i n  the gr aph i c s voc a b u l ary to p l ot c i rcl es and aF- C S  
as f o l l ow s : -

FCRTH word 
ARC X  

ARCY 

C I RCLE 

Stac k commen t & Ef f ec t  
( start -x st ar t -y centre-x centre-y endp o i n t -x 

c w /ccw --- ) Draw an arc f rom st ar t -x star t -v ; 
c en t red at cent r e-x cen tr e-v , i n  a d i rect i o n 

determ i n ed b y  c w / c c w , cw/ccw=O produces a c l oc k w i se 

arc. e l se an ant i c l oc kw i se arc . The posi t i on a t  
wh i ch t h e  a r c  w i l l  stop i s  when th e )( va l LIe o f  t h e  
arc cr osses the endp o i n t-x l i ne .  
( st ar t -x st ar t -y centre-x cen t t- e-y endpo i n t -y 

cw/ccw ) Th i s  i s  the same as ARC X ex c ep t  t h a t  
the end poi n t  i s  det erm i ned b y  t h e  arc c r<j s s i n ,� 
en dpoi n t -y l i n e .  
( x y r ) Dr aw a comp l et e c i r c l e  centre x 
y r ad i us r .  

As wi t. h  I i  p ear 1 i nes i t  i s  advi sed to unp l ot arcs i n  t h e  s a me 
d i r ec t i on as you p l ot t ed t h em .  

3 . 5 .  Poi nt movement 

Ther e ex i st t wo wor d s  wh i ch move the p l ot pos i t i on wi thout p l ot t i n g a 
l i n e  t h ese ar e l  

MOVE-REL 
MOVE-TO 

( dx dy --- ) Move the p l ot posi t i on by dx d y  
( x Y --- ) Move the p l ot posi t i on  t o  x Y 

3 . 6 .  Co l our ch anges 

Th er e are a p ossi b l e 1 6  col our s d i sp l ayed at anyone t i me on t h e  

g r aph i c s t wo scr een , w i th the Max i mum col our def i n i t i on o f  two c o l our s 
p er e i g h t  h or i z on t a l  p i x e l s .  

Co l our s ar � changed b y  the f o l l owi ng meth ods l -

n 1  n 2  COLOUR 

n 1  BACKGROUND 
n 1 FOREGROUND 

Ch anges the f or eground col our t o  n l  and the 
bac kground col our t o  n 2  
Changes the bac kground col our t o  n 1  
Changes the f or eoround col our to n 1  

-- ---------- 5 ------------
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Con s t a n t s  

Code 

are provi ded f or each co l our 

Col our constan t  
TRANSPARENT 

code 0 • •  1 5 .  

o 
1 

3 
4 
5 
6 
7 
8 
9 
1 0  
1 1  
1 2  
1 3  
1 4  
1 5  

BLACK 

MED-GREEN 

L I GHT-GREEN 

DARK-BLUE 

L I GHT-BLUE 

DARK-RED 

CYAN 

MED-RED 

L I GHT-RED 

DARK-YELLOW 
L I GHT-YELLOW 

DARK-GREEN 

MAGENTA 

GRAY 

WH I TE 

3 . 7 .  P l ot t i ng ex amples 

Be l ow i s  an ex amp l e of how the above words can be used to produc e a 
c o l our ed d i sp l ay .  

GRAPH I CS DEF I N I T I ONS 

WH I TE BLACK COLOUR 

SRAPH2 

o 0 255 0 PLOT-ABS 

- 1 28 1 9 1  PLOT-REL 

o 0 PLOT-TO 

1 28  95 9� C I RCLE 

DARK-RED FOREGROUND 

1 00 1 20 1 29 96 1 56 1 ARCX 
1 00 1 20 1 29 B6 1 56  1 ARC X 

5 BACKGROUND 

1 49 40 1 5  C I RCLE 

l OB 40 1 �  C I RCLE 

1 2B 96 1 5  C I RCLE 

Set b ac kground co l our to b l ac k , 
f oreground to wh i t e 

Pl ace system i n  mode 1 an d 
c l earscreen 

. 'Draw a l i ne across the top of t h e  
scr een 

Draw a l i ne to t h e  bottDfR centre of 
the screen 
Draw a l i ne t o  the t op l eft of t h e  
sc reen 

Dr aw a c i rc l e  i n  the cent r e  of the 
screen 
Chang e f oreground col our to d ar k -red 
Draw an arc 
Dr aw a second arc 
Change bac kground col our to c o l our 
5 ,  U i ght-b l ue .  ) 
Draw a c i rc l e  
Draw a c i rc l e 

Draw a c i rc l e  

------------ 6 - - - ---------
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From the l ast t hr ee commands i t  becomes ver y n ot i ceab l e about the l ac k  
of c o l our d ef i n i t i on .  

4 .  Spr i t es 

Spr i tes ar e g r aph i cs t h at can occupy space on the screen i ndependen t l y  
and .i n add i t i on to the charac t er s  wh i ch normal l y  make up t h e  scr een . 
Th i rt y  t wo spr i tes ar e ava i l ab l e on the h i ghest pr i or i t y vi deo p l anes . 
Spr i t es are on l y  v i s i b l e  i n  gr aph i c  1 ,  gr aph i c 2 and mul t i co l our 
modes . 

4 . 1 .  Spr i t e an i mat i on 

The f o l l owi n g  words a l l ow an i mat i on of spr i tes i n  the above modes : -· 

I S-SPR I TE 

MAG 

RSPR I TE 
SHAPE 

SPR I TE-POS 

( col our spr i te-shape£ x -pos y-pos p l ane£ 

Pl ac es a new spr i t e on the screen at pos i t i on x -pas 
y-pos i n  col our � co l our · , the p l ane£ i s  ref er en c e  
t o  the spr i t e pr i or i t y , 0 be i ng t h e  h i gh est 3 1  
b e i ng t h e  l owest . 
( n 1  --- ) n 1  = 0 • •  3 n 1  def i nes the si z e  of a l l t h e  

spr i t es on the screen a s  f o l l ows :  

n 1  
o 
1 

2 
3 

ef f ec t 
a*a spr i te 
a*a spr i te mapped onto a 1 6 * 16 set of 
p i x e l s 

1 6 * 1 6  spr i t e 
1 6 * 1 6  spr i t e mapped onto a 32 *32 set o f  
p i x e l s 

( --- ) Resets a l l spr i tes f rom the screen . 
( nO • •  n7 spr i t e£ ) Def i nes a new spr i t e 

p at t ern . 
( x y p l ane£ --- ) Moves the - spr i t e 

pos i t i on x y 
on p l ane£ t o  

4 . 2 .  Spr i te ex amp l es 

Bel ow f o l l ows an ex amp l e of the use of spr i tes ,  i t  can al so be f oun d 
on sc reen 18 of GDEMO . SCR 

------------ 7 ------------
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GRAPH I CS DEF I N I T I ONS B I NARY 

I SPR I TE-5 1 000 1 1 0 1 1 

000 1 000 1 

000 1 000 1 

000 1 000 1  

000 1 000 1 

000 1 000 1 

000 1 000 1 

000 1 000 1 00 SHAPE ; 

: SPR I TE-S2 0000 1 00 1  

0 1 1 0 1 00 1  

1 00 1 0 1 1 0  

000 1 0000 

000 1 0000 

1 00 1 0000 

0 1 1 00000 

00000000 1 0  SHAPE , 

: SPR I TE-53 00000000 

00000000 

00000000 · 

0 1 00000 1 

1 0 1 0000 1 

1 00 1 000 1  

000 1 000 1 

000 1 0 1 0 1  0 1  SHAPE • , 

U : SPR I TE-S4 00000000 

00000000 

00000000 
00000 1 1 0  

0000 1 000 

0000 1 000 

· 0000 1 1 1 0 

0000 1 00 1  1 1  SHAPE . , 

- - - ---�----- e ------------
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DEC I MAL 

: ON-SPR I TES 

: SDEMO 

SDEMO 

SPR I TE-S l SPR I TE-S2 

SPR I TE-53 SPR I TE-54 

1 0 00 00 0 I S-SPR I TE 

3 0 00 00 1 I S-SPR I TE 

9 0 00 00 2 I S-SPR I TE 

1 3  0 00 00 3 I S-SPR I TE ; 

GRAPH2 RSPR I TE 

5000 0 DO 
3 HAG ON-SPR I TES 

LOOP 

I I 
o I 

60 I 

200 

o SPR I TE-POS 

1 SPR I TE-POS 

+ I 2 SPR I TE-POS 

I 50 I 10  + 3 SPR I TE-POS 

Note . No mor e t h a t  f our spr i tes can ap pear i n  a r ow an th e scr een at 
any one t i me ,  i f  th i s  h appens t hen the l ower pr i or i t y spr i t e ( s )  w i l l  
become i nv i s i b l e  and the Fi f th spr i t e f l ag i n  the status reg i s t er w i l l  
b e  set to · 1 · ,  t h i s  i s  c l eared ONLY when t he status reg i st er i s  r ead 
or the syst em reset . The number of · the f i f th spr i t e i s  p l aced i n to t h e  
l ower f i ve b i t s  of t h e  st atus reg i st er . The status reg i ster c an be 
read by VDP-STAT . Coi n c i dence of spr i tes c an be detec t ed b y  read i ng 
t h e  Coi nc i d en c e  f l ag i n  the VDP-STAT r eg i ster , the co i nc i den c e  f l ag i s  
ag a i n on l y c l eared by read i ng the VDP-STAT reg i ster or by a syst el1\ 
r eset . 

5 .  User Def i ned Ch ar acter s  

I t  i s  p ossi b l e  i n  TE X T  .ade ( mode 3 )  t o  have up to 256 user -def i n ed 

c h a r a c t er s ,  each c h ar ac t er bei ng a 6*8 b l oc k  of p i x e l s .  Thus g i v i ng an 

ef f ec t i ve poss i b l e  p i xel def i n i t i on of 240* 1 92 .  

To def i ne a c h aracter t he word CHAR i s  used . CHAR i s  ver y s i m i l a r t o  
SHAPE , ex c ep t  that t h e  sh apes def i ned ar e t he norma l ASC I I  char a c t er 
set . For ex amp l e 

------------ 9 �- ----------
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B I NARY 

00000000 

1 1 1 1 1 000 

0 1 00 1 000 
0 1 1 1 1 000 

0 1 000000 

0 1 000000 
0 1 000000 

00000000 

DEC I MAL 
qa CHAR 

Wi l l  d ef i ne t h e  " b i g ·  l ower c ase " b "  i nto a r at her p oor p r op er l ower 
c ase b .  Not e that the l ast two b i t s  of each n u.b er i s  a z er o ,  a s  a 
sw i t c h  f r om tex t to gr aph2 mode wi l l  d i sp l ay an y charac t er as an 8 * 8  
c h ar ac t er b l oc k .  CHAR shou l d NOT be used i n  mode 1 ,  as the c h ar ac t er 
5et i s  sp l i t  to a l l ow f or the graph i c s  p at t ern and col our screen . 

6 .  Gr aph i c s g l ossar y 

6 . 1 .  Def i n i t i on s  

ARC X 

ARCY 

BACKGROUND 

CHAR 

C I RCLE 

( st art-x st ar t -y cen tr e-x centre- y  en dp o i n t - x 

cw/ccw --- ) Dr aw an arc f rom st ar t -x st ar t -y ,  
c entre cen tre-x cen tre-y , i n  a d i rec t i on determi ned 
by cw/ccw z ero equal s c l ockwi se none z ero e q u a l s 
coun t er c l oc kwi se , un t i l the ar c crosses a l i n e 
d et ermi ned b y  endpoi nt-x . 

( start-x st ar t -y centre-x centre-y endpoi n t -y 
c w / ccw --- ) Th i s  i s  the saMe as ARC X e x c ep t  t h at 
the endpoi n t i s  determi ned i n  the Y p l an e .  

( b ac k -ground-col ol(r --- ) - Set s a new back-q r oun d 
col our ( see col our ) 

( 00 • •  n7 char£ --- ) Redef i ne5 the ch ar act er sh a p e  
wh en  i n  TEXT mode ( see shape ) 

( centre-x centre-y r ad i us --- ) Dr aws a c i r c l e  i n  
th e current col our . 

------------ 1 0  ------------
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cu; 

COL 

COLOUR 

cos 

DESTROY 

FOREGROUND 

GEM I T  

GRAPH 1 

GRAPH2 

GRAPH I CS-TE X T  

GTYPE 

( --- ) C l ear 5cr een f or an y mode . 

( >f y c o l our ) Retur n s  col our of p i x e l  at t h e  
p o i n t  x y when i n  g r aph2 mode . 

( t ex t -c o l our b ac k -g r ound-c o l our --- ) I n  t ex t  mod e 
set s f or eg r ound and b ac k gr ound c o l our s .  Tex t and 
b ac kgr oun d col our s Must b e  i n  r ange 0 • •  1 5 .  I n  
g r aph2 mode te� t-col our represent s the c o l our t h a t  
a n ew p i x e l w i l l  b e  dr awn i n .  

( n l  --- ( cos-n l ) * 1 000 ) Returns t h e  cos i n e  of 
n l * 1 000 

( --- )  Set s  cur r en t p l ot t i n g  mode to d est r oy i . e . 
any new p i x e l  wi l l  be p l ot t ed as the bac kgr oun d 
col our . 

( tex t -c o l our --- ) Set s  n ew f or eground c o l our ( see 
c o lour ) 

( n l  --- ) Gr aph i c 2 ver s i on of emi t ,  t r an sm i t ASC I I 
c h ar ac t er t o  g r aph i c sc r een . 

( -._- ) Changes mode to g r aph i c l  and c l ears sc reen . 
I n  g r a ph i c 1 mode screen i s  32 c h ar ac t er s  b y  24 
l i nes . 

( --- ) Ch an ges mod e t o  g r aph i c2 an d c l ears sc r een . 
I n  gr aph i c2 mode sc reen i s  256 p i x el s by 1 92 p i >: e l s 
wi t h  possi b le 32*24 char ac t er s .  

( --- ) Set s output dev i ce as graph i c 2 v i deo , an d 
CORTEX /PP95 keyboar d . ( See NORMAL-TE X T )  

( addr ess count --- ) Gr aph i c 2 ver s i on of TYPE ( see 
GEI"II T )  

------------ 1 1 · ------------
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r S-SPR I TE 

MAG 

MOVE-REL 

MOVE-TO 

MUL T I  

NORMAL- TEX T  

NULLPLOT 

OVERPL OT 

( col our spr i t e-sh ap e£ x -pas 'i-pas p l an e£ - - - ) 
P I  aces new spr i t e  on scr een at pos i  t i on ;< -pas 
Y-pos . Sp r i t es are on l y v i s i b l e  i n  GRAPH I GRAPH2 
and MULT I modes . 

( n l  --- ) 

n 1  = 0 • •  3 n 1  def i nes t h e  s i z e  of the sp r i t es 
d i sp l a yed on the screen as f ol l ows : -

ef f ec t  
e * a  spr i te 

n l  
o 
1 8*8 spr i te mapped on t o  a 1 6 * 1 6  

se t of p i x e l s 
1 6* 1 6 spr i t e 2 

3 1 6* 1 6  spr i t e  mapp ed on t o  a 
32*32 set of p i x el s  

( dx dy --- ) Moves c urrent p l ot posi t i on  b y  dx dy  
w i t h ou t  af f ect i ng t h e  g r aph i c s  screen . 

( x Y --- ) Moves p l ot p osi t i on t o  

af f ect i ng the c urrent graph i c s 
MOVE-REL ) 

x .., w i  t h out 

scr een ( See 

( --- ) Set s g r ap h i c s mode to MULT I c o l our an d 
c l ears the screen , i n  Mu l t i c o l our mode t h e  p oss i b l e 
reso l ut i on i s  64* 48 w i t h  no col our rest r i c t i on s .  

Set the i lo 

GRAPH I CS-TEXT ) 

devi ce to a t ermi n a l  ( see 

( --- ) Changes t h e  p l o t t i ng mode to no 
t h i s  mode an y l i ne dr awn w i l l  not 
gr aph i c s screen i n  any way . 

p l ot ,  i n  
c h an g e  t h e  

( --- ) Ch an ges t h e  p l ot t i ng mode t o  over p l ot ,  
i . e .  a l i n e wi l l  a l ways be dr awn no mat t er wh a t  wa s 
on the g r aph i c s scr een pr i or t o  t h e  l i ne b e i n g  
p l aced . 

------------ 1 2  ------------
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PLOT-ABS ( x l  y l  x 2 y2 -- - ) Dr aw a l i ne f r om x l y l  t o  x 2  y 2  
i n  t h e  cur r en t  f or eground col our . 

PLOT-REL 

PLOT-TO 

PO I NT 

REG ! 

RESEED 

RND 

RSPR I TE 

SGET 

( dx dy --- ) Dr aw a l i ne f r oM the curren t  p l ot 
posi t i on c x cy to c x +d x  cy+dy 

( x l  y l  ) Dr aw a l i ne f rom t h e  c ur r en t  p l o t 
pos i t i on t o  x l  y l  

( x y --- ) P l ot s  a s i ng l e  p i x e l  a t  t h e  p o i n t  x y 
i n  t h e  cur r en t f oreground col our . 

( " 1  r eg£ --- ) Stor es n l  i n  VDP reg i st er reg£ 

( n l  --- ) Rese t s  t h e  - r andom ·  n umb er seed t o  n l  

( n l  -- - va l ue  ) Produces a - r andOM - number b etween 
o and n l - 1 

( Resets al l spr i tes . 
I" . � i . e . a l l spr i t es wi l l  

d i sappear f r o.  the screen . 

( c e l l --- dat a ; OR sourc e-c e l l dest -c e l l ) 

Tex t mode 1 -
c e l l = 0 • •  �9 Dat a retur ned wi l l  b e  t h e  asc i i 

va l ue of the sh ape current l y  at that p os i t i on on 
the screen . 

Graph ! cs2 Mode 1 - .' . ". 
source-cel l = 0 • •  767 
dest-cel l = 0 • •  767 Tr an sf ers the c on t en t s  of t h e  

sour ce-ce l l t o  t h at of t h e  dest -c e l l .  

Gr aph i c s l  and Mu l t i c o l our mode 1 - I n  t hese mod es 

the ... essage " Comman d I l l eg a l  i n  current mode " w i l l  
be d i sp l ayed N . B .  I n  mu l t i c o l oltr mode un l ess you 
ar e usi ng a t ermi n a l  you w i l l  not be ab l e  t o  r ea.j 
t h i s message and i t  wi l l  appear as a st r i n g of 

---------- 1 3  . .  -- - ---- -----
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SHAPE 

S I N  

SPR I TE-POS 

SPUT 

TE X T  

randOft' c o l ours . 

( nO • •  n 7  sp r i te£ --- ) Def i nes a spr i t e p a t t er n  i n  
the sh ape of nO • •  n 7 .  Spr i t e£ i s  i n  the r ange 0 • •  255 
e . g .  the f o l l owi ng w i l l  def i ne spr i t e sh ape number 
o as a space i n vader . 

B I NARY 
1 000000 1 

0 1 0000 1 0  
00 1 1 1 1 00 
0 1 1 00 1 1 0  

1 0 1 1 1 1 0 1 
0 1 1 1 1 1 1 0 
00 1 1 1 1 00 
000 1 1 000 o SHAPE 

( n 1 
n 1 * 1 000 

( si n-n l ) * 1 000 ) Ret urns t h e  si n e  of 

( K Y p l ane£ --- ) Moves the spr i t e  on p l an e£ t o  
posi t I on K y ( See I S-SPR I TE )  

( d a t a  cel l £  --- ) TeK t mod e  : -
c e l l = 0 • •  959 Pl aces asc i i c h aracter da t a  on t h e  

screen a t  posi t i on cel l £  

Graph i c s2 mode 1 -
c e l l = 0 • •  767 Pl aces asc i i c h ar ac ter dat a on t h e  

scr een a t  pos i t i on c el l £  N . B .  i n  t h i s mod e e i g h t  
bytes go to mak e u p  a s i n g l e c h ar acter o n  t h e  
scr een . 

Gr aph i c s l  and Mu l t i co l our modes : - I n  t hese m od e s  
the message " Comman d I l l eg a l  i n  curren t  mod e "  ( Se e  
SBET ) 

( 
reso l ut i o  .... 
redef fn ab l e 

Set s 

of 
gr aph i c  

40*24 
char ac t er s ,  

mode t o  t eK t  g i v i ng a 
char act er s  wi t h  u s er 
but on l y  one t ex t  dn d on e 

------------ 1 4  ------------
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b ac k ground c o l our . 

TOGGLEPLOT ( --- ) Ch anges p l ot t i ng mode to togg l e  p l ot ,  t h a t  

I S  i f  a poi n t  i s  p l ot ted over another that poi n t  
w i l l  be turned of f ,  and v i ce a versa . 

V-F I LL 

V-MOVE 

VDP-STAT 

VRAM ! 

VRAM� 

6 . 2 .  Con s t an t s  

( v-address coun t d at a  --- ) Vi deo RAM 
F I LL i . e .  f i l l  the v-r aM f roM 
v-address+c oun t wi th d at a .  

ver s i on 
v-address 

of 
t o  

( v-source v-dest coun t --- ) Vi deo RAM ver s i on of 
MOVE i . e . move c on t en t s  of v-r am from v-sourc e  td 
v-source+count to v-dest . Not e t hat th i s  op er at i on 
uses memor y st ar t i ng at HERE as a wor k sp ace , and 
d oes NOT chec k  f or a va i ab l e  space . 

( --- val ue ) Ret urn s  the st atus of the VDP . Th i s  
c on t a i ns the i n t er rupt p end i ng f l ag ,  the sp r i t e 
c o i n c i dence f l ag ,  the f i f th spr i t e f l ag . The f ormat 
i s  as be l ow . 

B I T  
MEAN I NG  

"SB 
: F : 3S : C 

LSB 
Fi f th Sp r i te Number : 

( d at a  v-address --- ) Vi deo ver s i on of C !  

( v-address --- d a t a  ) Vi d eo versi on of C� 

The bel ow ar e lISed i n  con j unct i on wi th COLOUR,- and I S-SPR I TE f or 
set t i ng new c o l ours i . e DARK-RED CYAN COLOUR set s the f or eg r oun d 

col our to d ar k -r ed and the b ackground c o l our to cyan . 

TRANSPARENT ( 
BLACK ( 
MED-GREEN ( 
L I (;HT-GREEN ( 
DARK-BLUE ( 
L I GHT-BLUE ( 

0 
1 ) 
2 ) 
3 ) 
4 ) 
:5 ) 

------------ 1 3  ------------
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DARK-RED 
CYAN 
ME lI --RE D 
L I GHT -RED 
04RK- '(ELLOw 
l . I GHT-YELLOW 
OARK-GREEN 
MAGENTA 
GRAY 
WH I TE 

CUR COLOUR 

EDOM 

( 6 ) 
( 7 
( 
( 
( 
( 
( 
{ 
( 
( 

8 
Q 
A 
B ) 
C ) 
D 
E ) 
F 

The va l ue hel d i n  t h e  upper n i bb l e of th i s var i ab l e 
con t �.i ns the curren t tex t col our � and i n  the l ower 
n i bb l e  i s  t h e  bac kground col our . 

Con t a I ns the c urrent va l ue of the curren t mod e as � 
f ol l ows : 

o Graph i cs l  mode 
t Gr aph i c s2 mode 
2 Mu l t i col our mode 

3 Tex t mode 
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