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FORTH- 79 STANDARD

A PUBZZCATION OF THE FOR K STANDARDS TEAM

O. FOREWORD

T he comput e r  l anguag e FORTH wa s c r ea t ed by Mr . Cha r l es Moo r e ,  a s an
ext ensi b l e , mu l t i - l evel env i r onment cont ai n i ng element s o f  an opera t i ng system,
a  machi ne nani t o r ,  and f ac i l i t i es fo r pr ogram devel opment and t es t i ng .

Thi s St andar d i s  a  d i r ec t descendant o f FO RK - 77 , a har k o f  t he FORTH
U ser s Group (Europe) .  Th e const i t uency o f  t h e Standards Team has s t eadi l y
b roadened , t o  i ncl ude user s o f an i ncr easi ng var i et y o f host . computer s .

1.  PURPOSE

T he purpose o f  t h i s  KRE8 Standar d i s  t o a l l ow t r anspor t ab i l i t y o f  st andar d
FORTH programs i n sour ce f or m annng s t andar d FOR'IH systems . A st andar d pr ogr am
shal l  execut e equi val ent l y on a l l  s t andar d FORTH systems.

2.  SCOPE

Thi s st andar d shal l  appl y  t o  an y St andar d FORTH program execut i ng on any
Standar d FORTH sy stem, pr ov i ded suf f i c i en t  computer  r esour ces (memory , mass
s t orage ) ar e avai l ab l e .

3. ORGANI ZATI ON

T hi s st andar d cons i s t s o f :

1) Genera l Text
2) D e f i n i t i ons o f Terms
3) Requi r ed Word Set
4 ) E x t ensi on Word Se t s

W ord set s may be subdi v i ded fo r concept ua l purposes by f unc t i on :

Nucleus
Int er pr et er
Compil er
Devices



T radeof f s

When m n f l i c t i ng cho i ces must be made , t he f o l l owi ng order shal l  gu i de t he
Standards Team.

Funct i onal co r r ec t ness
— known bounds , non-ambiguous .

P ort ab i l i t y
repeat abl e  r esul t s when t r anspor t ed armng St andar d sy stems .

3 ) Si mpl i c i t y .

4) N aming cl ar i t y
— uni f or mi t y o f  expr ess i on . Descr i p t i ve names ar e pr ef er r ed ov er
procedur al .  ( i . e . ,  [CCNPILE] r at her t han ' C , and ALLOT r at her
t han DP+ ! . )

5 ) Gener a l i t y .

6) Execut i on speed .

7 ) Memor y compactness .

8  ) Compi l a t i o n speed .

9 ) H i st or i ca l con t i n ui t y .

1 0 ) Pr onounceabi l i t y .

1 1 ) Teachab i l i t y .

4 . D EFI NI TIONS OF ~

T hese def i n i t i ons , when i n  lower case , ar e t erms used wi t h i n t h i s Standar d .
They present t erms as spec i f i ca l l y used wi t h i n FORTH.

a ddr ess , b  e

An unsi gned number t ha t  l ocat es an 8- bi t  by t e i n a st andar d FORTH„addr ess
space over ( 0 . . 65 ,535 ) .  I t may be a na t i ve machi ne addr ess or  a  r epr e
sent at i on on a  v i r t ua l machi ne„- l ocat i ng t he ' addr - t h '  by t e w i t h i n  t he
vi r t ua l by t e addr ess space . Addr ess ar i t hm t i c  i s modul o 65 ,536 wi t hout
over f l ow.

address , com i l a t i on

T he numer i ca l  v a l ue eq u i v al en t  t o  a FORTH wor d d e f i n i t i o n . wh i c h  i s
c ompil ed f o r  t ha t de f i n i t i on .  The addr ess i n t er pr et er uses t h i s val ue t o
locat e t he machi ne cede co r r espondi ng t o  each def i n i t i on .  (Nay al so be
cal l ed  t he code f i el d addr ess . )



address , na t i v e machi ne

T he nat ur a l  addr ess r epr esent a t i on o f  t he hos t comput er .

a ddress ,  ramet er  f i e l d

The addr ess o f  t he f i r s t  by t e o f memor y associ at ed w i t h a wor d def i n i t i on
f o r  t h e s t or age o f  compi l a t i on addr esses ( i n a co l on-def i n i t i on ) , numer i c
d at a and t ex t char ac t er s .

arithmetic

Al l  i n t eger a r i thmet i c  i s  per f ormed wi t h s i gned 16 o r 32 bi t  t wo ' s comple
m ent r esu l t s , un l ess not ed .

bl ock

The un i t  o f  da t a f r om mass st orage , r ef er enced by bl ock number .  A b l ock
must cont ai n 1024 by tes r egar dl ess o f  t h e mi ni mum dat a un i t  r ead/ wr i t t en
fr o m mas s s t o r age .  Th e t r an s l a t i o n f r om b l oc k number t o  dev i c e and
p hysi ca l  r ecor d i s a f unc t i on o f  t he i mplement at i on .

b l ock buf f er

A mer r y area wher e a mass st orage block i s maint ained.

ate
A n assembl y o f  8 b i t s .  I n  r ef er ence t o memory ,  i t  i s  t he st or age capac i t y
f o r 8 b i t s .

c el l

A  16- bi t meaar y l oca t i on .  The n- t h cel l  cont ai ns t he 2n- t h and ( 2n+1)- t h
b yt e o f  t he 83RZH addr ess space . The by t e or de r i s pr esent l y unspec i f i ed .

charact er

A 7- b i t  number wh i ch r epr esent s a t en ni ra l  char act er .  The ASCI I charact er
set i s  consi der ed s t andard . W hen cont ai ned i n a  l a r ge r f i e l d ,  t he hi gher
o rder b i t s ar e zer o .

compi l a t i on

T he a c t i o n o f  ac cep t i n g t ex t wo r d s f r om t h e i npu t  s t r eam and p l a c i ng
c or r espondi ng m mpi l a t i on addr esses i n a new di c t i onar y en t r y .

d ef i n i n w o r d

A  wor d t ha t , when execut ed , cr eat es a new di c t i onar y en t r y .  The new wor d
name i s  t aken f r om t he i nput s t r eam. I f  t h e i nput s t r eam i s exhaust ed
bef o r e t h e new name i s  av a i l a b l e ,  an e r r o r  cond i t i o n ex i s t s .  Common



d ef i n i ng words ar e :

CCSSm e CREE

def i n i t i on

S ee ' ~ r d def i n i t i o n ' .

di c t i ona

A  s t r uct ur e o f wor d d- f i n i t i ons i n a m p ut er mo m ~ . X n sy stems wi t h  a
te x t  i n t e r p r e t e r ,  t h e  a i c t i vnc'LLy e i l u i e s cake  v LQQawas~  ~  v  c a b u l a r i  s
e nabl e l ocat i on by name . The d i c t i onar y i s  ex t ensi b l e ,  growi ng towar d
h i gh ae to r y .

i val en t execut i on

For t h e  e xecuti o n  o f  a  s ta ndard  p ro gram, a  s et  o f  n on -t im e d ependent i n puts
w i l l  pr oduce t he same non- t i me dependent out put s on any FOREH St andar d
System wi t h su f f i c i en t  r esour ces t o  execut e t he pr ogram. O n l y  st andar d
s ource code wi l l  be t r anspor t abl e .

e r ro r condi t i on

An except i ona l cond i t i on whi ch requ i r es ac t i on by t he sy st em ot her t han t he
e xpected f unc t i on . A c t i ons may be :

l.  i gnor e , and cont i nue

2. d i sp l ay a message

+ j  r enal g w  v , n u tC aw'  i

4.  i n t er pr e t a bl ock

5. re t u rn  contr o l to  t h e t e xt  i n te rp re te r

A Standar d Syst em shal l  be pr ov i ded wi t h a  t abul a t i on o f  t he ac t i on t aken
for al l  spec i f i ed er ro r  m ndi t i ons .
G eneral er ro r condi t i ons :

l .  i nput s t r eam exhausted bef or e a r equi r ed (name) .

2 . em pt y s t ack and f u l l  st ack fo r  t he t ex t  i n t er pr et er .

3 . an unknown word , no t a va l i d number fo r  t he t ex t  i nt er pr et er .

4 .  compi l a t i on o f  i ncor r ec t l y nest ed condi t i ona l s .

in t er pr et a t i on of  w ords r e st r i c te d t o  c ompil a t i o n..



6. FORGETi ng w i t h i n  t h e sy s t em t o a po i n t  t hat r emoves a  w ord
requi r ed fo r cor r ec t execut i on .

7 .  i nsuf f i c i en t space remai n i ng i n  t he d i c t i onar y .

false

A zero n umber r epresents  t h e f a ls e c ondi t i o n  f l a g.

A  number t ha t may have two l og i ca l  s t at es , zer o and non- zero .  These ar e
named ' t r ue '  = non- zer o , and '  f a l se '  =  zer o .  St andar d wor d def i n i t i ons
l eave 1 f o r  t r ue , 0 f o r  f a l se .

~l os~scR

A  se t  o f wor d de f i n i t i on s g i ve n i n a na t ur a l  l anguage desc r i b i ng t h e
c or responding computer execut i on ac t i on .

immediat e wor d

A wor d de f i ned t o automat i c a l l y execut e when encount er ed dur i ng compi l a
t i on , w h i c h handl es except i o n cases t o  t he usual compi l a t i on .  Se e I F
L IT1Ã AL . "  e t c .

in u t  s t ream

A sequence o f  char act er s av ai l abl e t o  t he sy stem, f o r  pr ocessi ng by  t he
t ex t  i nt er pr et er .  Th e i nput s t r eam convent i onal l y may be  t aken f r om a
ter mi na l  ( v i a  t h e t er mi na l  i npu t buf f er )  and mass st or age (v i a a bl ock
buf f e r ) .  >I N and BLK spec i f y  t he i nput s t ream. W ords us i ng or  a l t e r i ng
>IN and BLK ar e r esponsi bl e  f o r mai nt ai ni ng and r est or i ng cont r o l  o f  t he
input s t r eam.

int e  r et er , addr ess

The ( se t  o f ) wor d d e f i n i t i on s wh i c h i n t er p r e t s  ( sequences o f ) FORTH
compil at i on addr esses by execut i ng t he wor d de f i n i t i on spec i f i ed f o r  each
one.

int e  r et er ,  t ex t

The (set o f ) wor d def i n i t i ons t hat r epeat edl y accept s a wor d name f r om t he
input s t r eam, l ocat es t he cor respondi ng d i c t i onar y en t r y , and st ar t s  t he
address i n t er pr et er  t o execut e i t .  Tex t  i n  t he i nput s t ream i nt er pr et ed
a s a number l eaves t he co r r espondi ng val ue on t he dat a st ack . W hen i n
t he comp i l e mode ,  t h e addr esses o f FORTH wor d s ar e comp i l ed  i n t o  t h e
d i c t i onar y f o r  l at e r  i n t er pr et at i on by  t he addr ess i nt er pr et er .  I n  t h i s
case , number s ar e compi l ed ,  t o  be p l aced on  t he dat a st ac k when l at er
i nt er pr et ed .  Number s shal l  b e accept ed uns i gned o r  negat i vel y  s i gned ,
accor d i ng t o BASE.



1 nxR

The acceptance o f  t ex t  f r om a mass s t or age dev i c e and execut i on o f  t he
di c t i onar y def i n i t i on o f  t he words encount er ed . T h i s  i s  t he gener al met hod
f or compi l a t i on o f new def i n i t i ons i nt o t he d i c t i onary .

m ass st or a e

D ata i s  read f r om mass st or age i n  t he f orm of 1024 by t e bl ocks . Th i s fa t a
i s hel d i n bl ock buffer s  when i ndi cat ed as 1JpDATF ~ (mode f i ed ) dat a wi 1 1
be ul t i mat el y wr i t t en t o mass st or age .

llU Lllldt .' L.

W hen val ues ex i s t w i t h i n a  l ar ger f i e l d ,  t he hi gh or de r b i t s  ar e zer o .
N hen st or ed i n memor y t he by t e order -o f a number i s unspec i f i ed .

~ran e m inimum f i e l d

b i t 0 . . 1
charact er 0. .127

1 7

b yt e 0. . 255 8
number -32,768 . .32,767 16
po s l t 1 V e nlJllllJCr h 32  f 6 ' 16
unsi gned number 0. . 65,535 16
doubl e number - 2,147,483,648 . .

2,147,483,647 32
posi t i v e doubl e number 0 ~ 2~ 147~483g647 32
unsigned doubl e number 0. . 4,294,967,295 32

W hen represent ed on th e st ack ,  t he hi gher 16- b i t s  (w i t h s i gn ) o f  a doubl e
number ar e most accessi b l e . W hen i n memory t he h i gher 16- b i t s ar e a t  t he
1ntaav add re ss  S to r a ge ex t e nds  r yy er  f o ur P~r4-es ? oc,rard Pi~ + g am er

b yt e order w i t hi n each 16- bi t  f i el d  i s unspec i f i ed .

output ,  ec t ur ed

T he use o f numer i c out pu t pr i m i t i ves , wh i ch conver t numer i ca l v al ues i n t o
t ex t s t r i ngs .  Th e oper at or s ar e used i n  a  sequence wh i ch r esembles a
symknl i c  ' p i ct ur e '  o f  th e des i r ed t ex t  f ormat .  Conver s i on pr oceeds f r om
low di g i t  t o hi gh ,  f r om hi gh memory t o  l ow.

rogr am

A  compl e t e sp ec i f i c a t i o n o f  e ec u t i o n t o ac h i ev e a spec i f i c  f un c t i on
(appl i ca t i on t ask ) expr essed i n FORTH sour ce code f or m.

r et ur n

T he means o f  t er mi nat i ng t ex t  f r om t he i nput s t r eam. (Convent i onal l y  a
nul l  (ASCI I  0 )  i n d i c a t e s end o f  t ex t  i n  t h e i npu t  s t r eam. T h i s  ch ar ac t er
i s  l ef t  by  t he ' r e t ur n '  key act uat i o n o f  t he oper at or ' s  t erminal ,  as an
a bsol ut e st opper t o  t ex t  i nt er pr et a t i on . )



screen

Textual dat a ar r anged fo r ed i t i ng . B y convent i on , a screen consi st s o f 16
l i nes (numbered 0 t hr u 15 ) o f 64 charact er s each . S creens usual l y cont a i n
p rogram source t ex t ,  bu t may be used t o v i ew mass st or age dat a .  Th e f i r s t ,
b yt e o f  a screen occupi es the f i r s t  by t e o f  a mass st or age bl ock , whi ch i s
t he begi nni ng poi n t  f o r  t ex t  i nt er pr et at i on dur i ng a l oad .

source def i n i t i on

T ext consi s t i ng o f wor d names su i t abl e f o r  execut i on by  t he t ex t  i nt er 
pret er .  Such t ex t  i s  usual l y ar ranged i n screens and mai nt ai ned on a mass
s t orage dev i ce .

A l as t  i n ,  f i r s t  ou t  l i s t  consi s t i ng o f 16- bi t  bi nar y val ues . Th i s s t ack
i s pr i mar i l y  used t o ho l d  i n t ermedi at e val ues dur i ng execut i o n o f wor d
def i n i t i ons .  St ack val ue s may r epr esent numbers ,  char act er s ,  addr esses ,
b oolean val ues , et c .

W hen the name ' s t ack '  i s used , i t  i m p l i es t he dat a st ack .

s t ack , r et ur n

A  l as t  i n ,  f i r s t  ou t  l i s t w h i ch cont a i n s t he machi ne addresses o f wor d
d ef i n i t i ons whose execut i on has no t been compl et ed by  t he addr es s i n t er 
p r et er .  As a wor d de f i n i t i on passes cont r o l  t o  another def i n i t i on ,  t he
r et ur n poi n t  i s  pl aced on t he r et ur n st ack .

The r et ur n st ack may caut i ousl y be used f o r  o t he r val ues , such as  l oop
c ont ro l  paramet er s , and fo r po i nt er s f o r  i n t er pr et at i on o f  t ex t .

st r inct

A sequence o f 8- bi t  by t es m nt a i n i ng ASCI I char act er s ,  l ocated i n memor y by
a n i n i t i a l  by t e addr ess and by t e count .

t r anspor t ab i l i t

T hi s t er m i nd i cat es t ha t equi va l en t execut i o n r esul t s when a pr ogram i s
executed on ot her t han t he syst em on whi ch i t was cr eat ed . See ' equi val ent
e xecut i on ' .

t r ue

A non- zer o val ue r epr esent s t he t r ue cond i t i o n f l ag .  Any non- zer o val ue
w il l  be accept ed by a s t andar d wor d as  ' t r ue ' ;  a l l  s t andar d words r e t ur n
o ne when l eav i ng a ' t r ue ' f l ag .

user ar ea

A n area i n memory wh i ch cont ai ns t he s t or age f o r user va r i abl es .



var i abl es , user

So tha t t he wor ds o f  t he FORTH vocabul ar y may be r e-ent r an t  ( t o d i f f er ent
user s ) g a Ã p g  o f  e ach F9 stem v a J 3 abl e 1  s plzI3 nta3 ned 3 24 t h e  u sex  a re a i

v ocabul a

An or dered l i s t  o f wor d def i n i t i ons . Vocabul ar y l i s t s ar e an advant age
i n  r educ i n g d i c t i onar y se ar c h t i m e and i n  separ a t i ng d i f f e r en t wo r d
def i n i t i ons t ha t may car r y t he same name.

A sequence o f  charact er s t er mi nated by a t  l eas t one bl ank (or ' r e tu rn ' ) .
Words ar e usual l y  obt ai ned v i a  t he i nput . s t ream, f r om a t er mi na l o r mass
s t oxage dev i ce .

word def i n i t i on

A  named FORTH exec u t i o n px'ocedur e comp i l ed i n t o  t h e d i c t i o na r y .  I t s
e xec ut i o n ma y be d e f i ned i n  t er ms o f mac h i ne code , a s a sequenc e o f
compi l a t i on addresses or ot he r m m p i l ed woxds .  I f  ~ ,  i t may be l ocat ed
b y spec i f y i ng t h i s nam and t he vocabul ar y i n wh i ch i t  i s  l ocat ed .

word name

The name o f  a wor d def i n i t i on .  St andar d names must , be d i s t i ngui shed by
t hei r  l engt h and f i r s t  t h i r t y -one char act er s , and may no t cont a i n an ASCI I
n ul l ,  bl ank , o r  ' r e t ur n ' .

word set

A. QL  ou p  o f  I' VLCLQ wo r d  Ue L J Jl l  I  J V i l d  J  J d t  CU  I JQ  4 V lklkllLJll Ll l d I  d l  ' I eL  Js  L i l  s  ~

T he st andar d wor d set s cons i s t  o f :

Requi red Wor d Set
Nucleus Words
Int er pr et er Wor ds
Compil er Wor ds
Device Words

E xtensi on Word Set s
32-bi t Wor d Set
Assembler Nor d Set

I ncl uded as r ef er ence mat er i a l  on l y :
Reference Nor d Set

woxd se t ,  c o  i l er

Words whi ch add new pr ocedures t o  t he d i c t i onar y o r  a i d compi l a t i o n by
a ddi ng compi l a t i o n addr esses or dat a s t r uc tux'es t o  t he d i c t i onar y .



word set , dev i ces

Words whi ch a l l ow access t o mass st or age and computer pex i pher al  dev i ces .

word set ,  i nt e  r et er

Words whi ch suppor t  i n t er pr et at i on o f  t ex t  i nput f r om a t erininal o r mass
storage by execut ion of cor responding di c t i onar y ent zi.es , vocabul ar i es , and
t erminal outpu t .

word set , nucl eus

'Ihe FORTH words gener al l y  de f i ned i n machi ne code t ha t cr eat e t he st acks
a nd fundamenta l st ack oper at ox s (v i r t ua l FORTH machi ne ) .

word set ,  r ef er ence

T hi s se t o f wor d s i s  px'ov ided as a  r ef er ence document on l y ,  as a se t of
f or mer l y  s t andar d i zed wo r d s and cand i da t e wor d s f o r  s t andar d i z a t i o n .

word set ,  r  i r ed

The mi nimum word s needed t o  compi l e and execut e al l  S t andar d Programs.

word , st andar d

A named FOIL S pr ocedur e def i n i t i on ,  f ormal l y  r ev iewed and accepted by t he
Standards Team. A ser i a l  number i dent i f i e r  ( 100 . .999 } i nd i cat es a Standard
Nord . A  f unc t i onal a l t er at i on o f  a Standazd Wor d w i l l  r equi r e assignment
o f a new ser i a l  number i dent i f i e r .

T he ser i a l  number i dent i . f i ex has no r equi zed use , ot hez t han t o cor r el at e
t he def i n i t i on name wi t h  i t s un i que Standar d def i.n i t i on .

5. R EFERENCES

The f o l l owi ng document s ar e consi dexed t o be a pozt i on o f  t h i s St andard :

American St andar d Code fo r  I nf ormat i on I nt exchange,
Ameri can Nat i onal St andards I ns t i t u t e , X3. 4- 1968

W ebster ' s Co l l eg i at e Di c t i onar y shal l  b e used t o  r esol v e conf l i c t s
in spel l i ng and Eng l i sh wor d usage.

T he f o l l owi ng document s ax e not ed as per t i nent t o  t he FORTH-79 Standard ,
b ut axe no t par t  o f  t h i s St andar d .

FORTH-77, FORTH User s Group , FST- 780314

FORTH-78, FORTH I nt er nat i ona l St andards Team



F CRE8-79, Experi ment a l Proposal s

REQJT'PFMFhFPg

6 . 1 D o m mnt at i on R i r ~~ n t s

Each St andar d Syst em and Standard Pro gram s tal l  b e  a cmmpani.ed b y a  s ta t~
m ent, o f t he mi nimum (byte j r equi rement s f o r :

1. Syst em di ct i onar y space

2. Appl i cat ion di c t ionar y space

3. D at a st ack

4. R et ur n st ack

5. M ass st or age cont i guous bl ock quant i t y  r equ i r ed

6 . An oper at or ' s  t er mi nal .

Each St andar d Syst em shal l  be  pr ov ided w i t h  a  s t atement o f  t he sy st em
a ct i on upon each o f  t he er r or cond i t i ons as i dent i f i ed i n  t h i s S~ ar d .

6 . 2 Test i n  i rement s

T he f o l l owi ng hos t  comput e r  co n f i g ur a t i on i s spew i f i ed as  a mi ni mum
a t 'R

41 J V J  L V k l k l i 4 I I C j u l  I  CQ  I  1  l a g  C k + C  j i i a  4  i  i i i a J  0  S C ' I  V a i l  W 4 A M ' kM k l i eg

d i f f er en t capac i t i es .

1. 2000 bytes of mentary for appl i cat i on di c t ionar y

2. D at a st ack o f 64 by tes

3. R et ur n st ack o f 48 byt es

4. M ass st or age capac i t y o f 32 bl ocks , numbered 0 t hrough 31

5 . On e ASCI I  i npu t / o ut pu t  dev i c e ac t i ng as an oper a t or ' s t er mi na l .

—  10 —



7. CONPL I M CE AND LABELI NG

The B3R5i St andards Team hereby spec i f i es t he r equi rement s f o r  l abel i ng of
systems and appl i cat i ons so that t he condi t i ons fo r program portabi l i t y may be
est abl i shed.

A sy st em may use the spec i f i ed l abel i ng i f  i t  ccmpl i es wi t h  t he t erms Qf
th i s St andard , and meet s t he par t i cul ar Nord Set  d ef i n i t i o ns.

A  Standar d Program (appl i cat i on ) ma y use t h e speci f i ed l abel i ng i f  i t
ut i l i zes t he spec i f i ed st andar d sy st em accor di ng t o  t h i s St arward , and execut es
equi val ent l y on any such system.

FORTH Standar d

A sy st em may be  l abel ed ' FORTH-79 St andard '  i f  i t  i ncl udes a l l  o f  t he
R equired Word Set i n e i t her sour ce or obj ec t f orm, and campl i es wi t h t he t ex t o f
t h i s St andard .  A f t er execut i ng "79-STANDARD" the d i c t i onar y must cont ai n al l  o f
t he Requi r ed Wor d Se t i n  t he vocabul ar y FORTH, as spec i f i ed ' i n t h i s St andar d .

Standard Sub-set

A  sy s t em may be l ab el ed 'FORTH- 79 St andar d Sub- se t '  i f  i t  i n c l ude s a
p or t i on o f  t he Requi r ed Wor d S et ,  and compl i es w i t h  t he remai ni ng t ex t  o f
t hi s st andard . However , no Requi r ed Nor d may be pr esent w i t h a non- st andar d
d ef i n i t i on .

Standar d wi t h Ex t ensi ons

A sy st em may be  l abel ed 'FORTH-79 St andar d w i t h  ( name> St andar d Ex t en
s i on ( s ) '  i f  i t  compr i ses a FORTH-79 St andar d Sy st em and one or rmr e St andar d
Extension Word Se t ( s ) .  The desi gnat i on woul d be i n  the f orm:

' FORTH-79 St andar d wi t h Doubl e-Number Starwar d Ext ensions '



8 . U SE

A FCRTH St andar d pr ogram may r ef exence onl y t he def i n i t i ons o f  t he Requi r ed
Nard Set ,  and def i n i t i ons wh i ch ax e subsequent l y  def i ned i n  t erms o f  t hese
~~ds . F u r & enva"e , a FORTH S+~~dard program must use the st arward words as
r equ i r ed by any convent i ons o f  t h i s St andard . Equi val en t execut i on must r esul t
from Standard programs

The FORTH syst em may shar e t he d i c t i onar y space wi t h  t he user ' s app l i ca
t i on , and th e na t i v e addr essi ng pr otoco l o f  t he hos t  mv~puter  i s  beyor '  t he
s cope of  t h i s St andar d .

Theref or e ,  i n  a St andar d pr ogram, t he usex may onl y oper at e on dat a wh i ch
w as st oxed by t he app l i ca t i on . N o except i ons !

A  St andar d Progr am may addr ess :

1.  paramet er  f i e l d s o f  v ar i abl es ,  const ant s and DOES> wor ds .  A DOES>
word' s p arameter  f i el d ma y on l y  be addr essed w i t h  r espec t t o  t he
a ddress l e f t , by DOES) ,  i t se l f .

2.  d i c t i onar y space M L lixea.

3.  dat a i n mas s st or age bl ock buf f exs .  (N ot e r es t r i c t i on i n BIQCK on
l at es t buf f e r addr essi ng . )

4.  t he user ar ea and PAD.

A  St andar d Pr ogram may MZ ' address :

0 1r p c KJ v Js l c o  c f l e  c l a L a cJi  i .e  t u r n  v v a v ~  ~

2 . i n t o a de f i n i t i on ' s name f i e l d ,  l i nk f i e l d , or  code f i e l d .

3 .  i n t o a def i n i t i on ' s parameter f i e l d  i f  no t st or ed by t he appl i cat i on .

pl 1%+4er Iusane regni r ements  a re  evwc te d t o  b e a dded f ox' t l  ansport i n g p rograms
between st andar d sy stems .

FORTH Standar d def i n i t i ons have a se r i a l  number as si gned ,  i n  t he r ange
100 t hr u 999 . N e i t he r a St andar d Sy st em nor St andar d Progr am may r edef i ne t hese
w ord names , wi t h i n t he K ETH vocabul ar y .

—  12 —



9. C KDSSARY NOTATION

Order

T he Gl ossar y def i n i t i ons ar e l i st ed i n ASCI I a l phabet i ca l order .

Stack Not at i on

T he f i r s t  l i ne o f  each ent r y descr i bes t he execut i on o f  t he de f i n i t i on :

s t ack paramet er s bef or e execut i on
showing poi n t o f  execut i on

st ack paramet er s af t er ' execut i on

i . e . , bef or e  a f t er

In t h i s not at i on , t he t op o f  t he st ack i s  t o  the r i ght . W ords may al so
b e shown i n cont ex t , when appropr i at e .

At t r i but es

Capi t a l i zed symbol s i nd i cat e at t r i but es of  t he def ined words :

C  The wor d may onl y be used wi t h i n a col on def i n i t i on .

I  I nd i cates that t he wor d i s  IMMEDIATE and wi l l  execut e dur i ng compi l a
t i on , unl ess speci a l  ac t i on i s  t aken .

U  A user var i abl e .

Ca i t a l i zat i on

W ord names as used wi t h i n  t he d i c t i onar y ar e convent i onal l y w r i t t en i n
upper case char act er s . W i t h i n t h i s Standar d lower case wi l l  be used when
r ef erence i s made t o  t he r un- t i me machine code , no t d i r ec t l y accessi b l e ,
i. e . , VARIABZZ i s  t he user wor d t o cr eat e a var i abl e .  Each use o f  t hat
var i abl e makes use o f  a cede sequence ' var i abl e ' wh i ch execut es t he f unc
t i on o f  t he par t i c ul ar v ar i abl e .

Pronunci at i on

The nat ur a l  l anguage pr onunci at i on o f FORE names i s g i ven i n doubl e quot es
(" ) ~

S tack Paramet er s

Unless ot her wi se st at ed , al l  r ef er ences t o numbers appl y t o 16- bi t  s i gned
i nt eger s .

The i mpl i ed r ange o f  v al ues i s  shown as (  f rom.. t o )  .  T he  c onte nt  o f  a n
address i s shown by doubl e cur l y br acket s , par t i cul ar l y  f o r  t he cont ent s of
var i abl es .  i . e . ,  EASE (( 2 . .  70) )



A v al ue r epresent i ng t h e address o f  a  by t e , w i t h i n  t he pORZH standazd
memory space. Th is  a ddre ssed byte  may r e present t h e f i r s t  b yte  o z a  l a zgez
d at a f i el d i n mermr y .

byt e (o..zan}

A val ue r epresent i ng an 8 bi. t by t e . W hen i n  a  l ar gex f i e l d ,  t he hi gher
b i.t s ar e zer o .

A  val ue represent i ng a 7 bi t ASCI I chaxacter code . Nhen i n a l arger f i e l d ,
t he hi gher b i t s ar e zer o .

2 f 147 J 483 ~ 648 ~ 2 ~ 147 g 483 g 647 }

3 2 bi t  s i gned ' doubl e ' number . The most s i gn i f i cant 16- b i t s , w i t h s i gn ,  i s
most accessi bl e on the st ack .

A  numer i ca l  v al ue w i t h  t w o l og i ca l  st at es ;  0=  f a l se , non- zexo = t r ue .

(- 32,768. .32,767}

1 6 bi t , si gned i nt eger number .

Any other sy abol r ef er s t o an ar b i t r ar y s i gned 16- bi t  i nt eger i n  t he r ange
$ -32,768 . . 32,767 } , unl ess ot herwi.se not ed .

In ut Text

<name)

An ar b i t r ar y FGRI.'8 wor d accepted f r om the i.nput s t ream. " Th i s not at i on
x.'cf er s w  t e x I f L v l l l  t h e il 1pLlt st r e a m~ not t o  v a l u es  Q ax  u s e  u a t a  s t a ck i
I f  t h e  i nput s t r eam i s exhausted bef oxe encount er i ng <name) , an er xor
c ondi t i on ex i s t s .



10 ~ REQUIRED WORD SET

T he words o f  t h e Requi red Woxd Se t ax'e grouped t o show l i k e charact er 
i s t i cs . N o  i mplement at i on r equi rement s shoul d be i nf er red f r om t h i s groupi ng .

Nucleus Words

!  *  * /  +/MOD +  + !  +l oop -  /
/ MOD 0< 0 =  0>  1+ 1 -  2 + 2

> R ?DUP 9 AB S AN D begi n C!
C Q col on CLOVE const an t cr eat e D+
D< DEPTH DNEGATE do does>
D ROP DU P e l s e  EXECU!.'E EXI T F I L L  I
i f  J  LEAVE l i t er a l  l oop MA X MI N
MOD MOVE NEGATE NO T O R OVER PI CK
R> R9 r epeat ROLL RO T semi col on
S WAP then U U /  U < un t i l  v a r i abl e
whi l e XO R

{not e t ha t t he lower case ent r i es r ef er  t o  j us t  t he r un- t i me code cor respondi ng
t o a compi l i ng wor d . )

Int e  r et er Words

¹S  '  {  T R AI LI NG
79-STANDARD < ¹  > I N ?  ABORT BASE BLK
CONTEXT CONVERT COUNT C R CURRENT
DECIMAL. EMI T EXPECT FI ND FORTH HERE
HOLD KE Y PAD QUERY Q UI T SI GN SPACE
SPACES TYPE U . WORD

Ccm i l er Wor ds

+ LOOP ,  . "  :  ;  ALLOT BEGI N
C CMPILE CONSTANT CREATE DEFI NI TIONS DO
DOES> ELSE FORGET I F  IMMEDIATE
LI TERAL ZQOP REPEAT STATE THEN UNT1L
V ARIABLE VOCABULARY WHI L E [  [COMPILE ]  ]

Device Words

BLOCK BUFFER EM ET Y-BUFFERS LI ST
ZOAD SAVE-BUFF EB S SC R UPDATE

—  15 



n addr

Stor e n at address . " st or e"

Gener at e f r om an un s i gned doubl e- number d l ,  t h e nex t ASCI I  ch ar ac t er
w hi ch i s  p l aced i n  an out pu t s t r i ng . Resu l t  d 2  i s  t h e quo t i en t  a f t e r
di v i s i on by W ~ and  i s  main ta in ed fo x'  f u xth ex' p ro cessi ~ .  U ~  b eta  e n
<4 and 4> "sharp"

add r I  1 l 9 0

End pi ct ured numer i c output . conver s i on . Dr op d ,  l eavi ng the t ex t address ,
and char ac te r count ,  su i t abl e f o r TYPE. " shar p- gr eat ex "

u d 0  0 209

C onver t a l l  d i g i t s  o f  an unsi gned 32- bi t  number ud , addi ng each t o  t h e
p i c t ur ed numer i c  out pu t  t ext. , un t i l  remai nder i s  zer o .  A  si ng l e zer o
is added t o  t h e ou t pu t  s t r i ng i f  t h e number wa s i n i t i a l l y  ze r o .  Use
o nl y between <4 an d 4> .  " shar p- s "

addx' I, 171

Used i n the f oxm:

<name>

I f  execut i ng ,  l eave t he parametex f i el d addr ess o f  t he nex t wor d accept ed
f r om the i nput s t r eam. I f  compi l i ng , compi l e  t h i s addr ess as a  l i t er a l ;
lat er execut i on w i l l  p l ac e t h i s val ue on t he st ack .  A n er ro r condi t i on

n o t  f o iuiu a f  t e r  a  m ar .u l  v 7  u e Cubi '& ' i  aK I  r v 6i:~ vocabul a r i es
Wit hi n a col on& ef i n i t i on '  <name> i s  i dent i ca l  t o  [  '  <name> ] LITERAL.
" t i ck "

I / 122

Used i n the f or m:

(  ccc )

Accept and i gnor e comment char act er s f r om t he i nput s t r eam, un t i l  t he
next r i gh t parent hes i s .  A s a wor d ,  t he l e f t . parent hesi s must be f o l lowed
W y one bl ank .  I t  ma y be  f r ee l y used wh i l e  exec ut i ng o r  comp i l i ng .
An er r o r  cond i t i on ex i st s  i f  t he i nput s t ream i s  exhausted bef or e t he
ri ght parent hes i s .  "paren " The r i ght parent hesi s  i s  pr onounced " c l ose
paren"

n l n 2  n3 138

Leave the ar i thmet i c pr oduct o f  n l  t i mes n2 .  ' " ti mes"



n l n 2  .  n3 138

Leave the ar i thmet i c pr oduct o f  n l  t i mes n2 .  " t i mes"

n l n 2  n 3  n 4  220

M ult i p l y n l  by n2 ,  d i v i de the r esul t  by n3 and l eave the quot i ent n4 .  n4
is  rounded towar d zero .  The pr oduc t o f  n l  t i mes n2 i s mai nt ai n".d as an
int ermedi at e 32- bi t  v al ue f o r gr eat er pr ec i s i on t han t he ot her wi se equi v
a l ent sequence : n l  n 2  *  n 3  /  " t i ae sM i v i de "

+ /MO D n l  n2 n3  n4 n 5  19 2

Mult i p l y n l S y n2 , d i v i de the r esul t  by n3 and l eave t he remainder n4 and
quot i en t  n5 .  A 32- b i t  i n t exmed i at e pr oduc t  i s  used as f o r  * / .  The
r emainder has t he same si gn as nl .  " t i mes- d i v i de- rx d "

n l n 2  n3 121

Leave the ar i thmet i c sum of n l  p l us n2 .  " p l us "

157

A dd n t o  t he 16- bi t  v al ue a t  t he address , by  t he convent i on gi ven fo r + .
" pl us- st or e"

I,C,141

A dd the si gned i ncrement n  t o  t he l oop i ndex usi ng t he convent i on fo r + ,
and compar e t he t ot a l  t o  t he l i m i t .  R et ur n execut i on t o the cor respondi ng
DO unt i l  t h e new i ndex i s equal t o  o r  gr eat er  t han t he l i mi t  (n>0) , or
unt i l  t he new i ndex i s  l ess t han t he l i mi t  (n<0) . Upon t he ex i t i ng f r om
the l oop , d i scar d t he l oop cont xo l paramet er s ,  cont i nui ng execut i on ahead .
Index and l i mi t ar e s i gned i nt eger s i n  t he r ange { - 32,768 . . 32,767} . " pl us
loop

( Comment :  I t  i s  a  h i s t or i ca l  pr ecedent t ha t  t he l i mi t  f o r  n<0 i s  i r 
r egul ar .  Fur t her m nsi der at i on of  t he chaxact er i s t i c  i s  l i k el y . )

143

Al l o t  t wo by tes i n  t he d i c t i onar y , st o r i ng n t her e .  "cong a"

n l n 2  n3 134

Subtrac t n2 f r om nl and l eave t he d i f f er ence n3 .  " m i nus"

-TRAI LI H G add r n l  add r n 2  148

Adjust t he char act er count n l  o f  a  t ex t s t r i ng begi nn i ng at addr t o excl ude
t r a i l i ng bl anks ,  i . e . ,  t he char act er s a t addx+n2 t o addr+nl - 1 ar e bl anks .
An er ror m nd i t i on ex i s t s i f  n l  i s negat i ve .  "dash- t r a i l i ng"
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Displ ay  n  conver t ed accor di ng t o BASE i n a  f r ee- f i el d f ormat w i t h one
t r a l l l ng bi.GAk Di .spl ay o l y a, nega 1ve 1g .  do t

I,133

Int er pr et ed or used i n a col on-def i n i t i on i n  the f or m:

e c c c c

Ae f o l lowi ng t ex t f r om the i nput s t ream, t er mi nat ed by "  (doubl e
q uot e) .  I f  execut i ng ,  t r ansmi t  t h i s  t ex t  t o  t he sel ected output dev i ce .
I f  compi l i ng , compi l e so t hat l at er execut i on wi l l  t r ansmi t t he t ex t t o  t he
s el ect ed. output dev i ce .  A t  l eas t 127 charact er s ar e a l lowed i n  the t ex t .
I f  t he i nput , st r eam i s exhausted bef or e t he t er mi nat i ng doubl e-quot e , an
e r ror m nd i t i on ex i s t s .  "dot -quot e"

178

D iv ide n l  by n2 and l eave t he quot i en t n3 .  n3  i . s rounded towar d zer o .
"d i v i de"

D iv ide n l  by n2 and l eave t he remai.nder n3 and quot i en t n4 .  n3 has t he
sam si gn as nl .  " d i v i de-mod"

n  f l ag 144

True i f  n  i s  l ess than zer o (negat i ve ) .  " zer o- l ess "

t

L  J .Ca4 l

True i f  n  i s zero . "zero-equals"

n f l ag 118

n  i s great er  t han zero .  " zer o- great er "

n+1 107

I ncrement n  b y one , ac cor d i ng t o  t he oper a t i o n f o r  + .  " one- p l u s "

n  —  r~ l 105

Decrement n  by one , accor di ng t o t he oper at i o n — .  "one- mi nus"

I ncremen t n  b y  t wo , ac cor d i ng t o  t he oper at i o n f o r  + .  " t wo- p l u s "
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n n  2 129

Decrement n  b y  t wo , accor di ng t o  t he oper at i on fo r  - .  " t wo- mi nus"

119

Execut e assur i ng that a FORTH-79 Standard sy st em i s ava i l abl e , ot her wi se an
e r ror condi t i on ex i s t s .

116

A def i n i ng wor d used i n t he f orm:

~ <name> ~  ~  ~  i

S el ec t  t h e CONTEXT vocabul ar y  t o  be  i de n t i ca l  t o CURRENT. C r ea t e a
di c t i onar y ent r y  f o r <name> i n CURRENT, and se t compi l e mode . W ords t hus
def i ned ar e ca l l ed  ' col on-def i n i t i ons ' .  Th e a x p i l a t i on addresses of
s ubsequent words f r om the i nput s t r eam whi ch ar e no t immedi at e words ar e
s t or ed i nt o t h e d i c t i onar y t o be execut ed when <name> i s  l at er execut ed .
I MMEDIATE words ar e executed as encount er ed .

If  a wor d i s  no t  f ound a f t e r  a search o f  t h e CONTEXT' and K)RXH vocabu
l ar i es , conver si on and compi l a t i on o f  a  l i t er a l  number i s a t tempt ed , w i t h
r egar d t o  t h e cu r r en t BASE; t ha t  f a i l i ng ,  an e r r o r  cond i t i on ex i s t s .
"col on"

I,C, 196

Terminat e a col on-def i n i t i on and st op compi l a t i on .  I f  compi l i ng f r om mass
st or age and t he i nput s t r eam i s exhausted bef or e encount er i n g ;  an er r or
condi t i on ex i s t s .  "semi -col on"

n l n 2  f l ag 139

True i f  n l  i s  l ess than n2.

- 32768 32767 < mus t r et ur n t r ue .
-32768 0 must be di s t i ngui shed .  " l ess- t han"

169

I n i t i a l i ze p i c t ured numer i c output .  The wor ds :

gS HOLD SI GN

can be used t o spec i f y  t he conver si on o f  a doubl e- pr ec i s i on number i nt o an
ASCII char act er s t r i ng st ored i n  r i ght - t o - l e f t  or der .  " l ess- sharp"

n l n 2  f l ag 173

T rue i f  n l  i s equal t o n2 .  "equal s"
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n l n2 f l ag

True i f  n l  i s gr eater t han n2 . "gr eat er - t han"

addr U,201

Leave the addr ess of a var i abl e whi ch cont ai ns t he pr esent character i i f f set
w i t hi n t he i nput s t ream ( ( 0 . .1023) }  " t o - i n "

S ee: K E D (  . "  FEK )

>R CF 200

Transfer  n  t o  the r et ur n st ack . Ever y >R must be bal anced by a R> i n t he
s ame cont r o l  s t r uct ur e nest i ng l evel o f  a col on-def i .ni .t i on .  " t o- r "

addr 194

D ispl ay t he number a t  address , us i ng t h e f ormat o f  " . " .  "quest i on-mark "

?DUP n  ( n )

Dupl i cat e n  i f  i t  i s non-zero . "query-dup "

a dd r  .  n

Leave on the st ack t he number cont ai ned a t addr .  " f e t ch"

ABORT 101

VJ . C O L u a  Va C Q  a l a i  L e t  u L i i  a i  C XL AO  i  W  I i  J i h ad C~ C i  ' U l  Ji J i i i i i k k k L "  a LJJ I . I j  L ZJ l j LL  U J .

t o t he t er mi na l .

108

L eave the absol ut e val ue o f a number .  " absol ut e "

A LLO T n  1 5 4

A dd n by t es t o  t he parameter  f i el d o f  t he rms t  r ecent l y  def i ned wor d .

n l n 2  n3 183

Leave the b i t wi se l og i ca l  ' and ' o f n l  and n2 .

addr U,115

Leave t h e addr es s o f  a  v a r i a b l e con t a i n i n g t h e cur r en t  i nput - o ut put
numeri c conver si on base .  ( ( 2.. 70) )
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I,C,147

Used i n a col on-def i n i t i on i n the foxms:

B EGIN . . .  f l ag UNTI L  oz
BEGIN . . .  f l ag WHI LE . . . REPEAT

M GI N mark s t he st ar t  o f  a wor d sequence f o x r epet i t i v e execu:.i on .  A
BEGIN-UNTIL l oop wi l l  be zepeated unt i l  f l ag i s  t r ue .  A BEGIN-WHILE-REPEAT
loop wi l l  be repeated unt i l  f l ag i s  f a l se . The words af t er UNTI L or REPEAT
wi l l  be execut ed when e i t her l oop i s  f i n i shed .  f l ag  i s al ways dr opped
a f t er bei ng t est ed .

Ug132

Leave t he address o f  a var i abl e cont ai n i ng t he number o f  t he mass st or age
bl ock bei ng i nt er pr et ed as t he i nput s t ream.
I f  t h e cont en t  i s  zexo ,  t he i npu t s t r eam i s  t aken f xom t he t er mi na l .
"b- 1- k " f. (unsi gned-number) )

BIDCK n addz 191

Leave t h e addr es s o f  t h e f i r s t  by t e  i n  b l oc k n .  I f  t he b l oc k i s  no t
al ready i n menor y ,  i t  i s  t r ansf erzed f r om mass st or age i nt o wh i chever
mamr y buf f e r  has been l east r ecent l y accessed .  I f  t he bl ock occupyi ng
that bu f f e r  has been UPDATEd ( i . e . mod i f i ed ) ,  i t  i s  rewr i t t en ont o mass
s t or age bef or e bl ock n i s  read i nt o t he buf f er .  n  i s an unsigned number .
I f  cor r ec t mass st or age read or w r i t e  i t  no t possi b l e , an er ror condi t i on
exi st s . O nl y dat a wi t hi n t he l at es t bl ock xef erenced by BLOCK i s val i d by
b yt e address , due t o shaxi ng o f  t he bl ock buf f er s .

BUFFE R n  add r  130

O bt ai n  t h e nex t  b l oc k bu f f ex , as s i gn i ng i t  t o  b l oc k n .  Th e b l oc k i s
not r ead f r om mass s t or age .  I f  t he pr ev i ous cont ent s o f  t h e buf f e r has
been marked as UPDATEd, i t  i s wr i t t en t o mass st oxage .  I f  cor r ec t wr i t i ng
to mass st or age i s no t possi bl e , an er rox condi t i on ex i s t s .  The address
le f t  i s  t he f i r s t  by t e wi t h i n  t h e bu f f e r  f o x d at a s t oxage .  n  i s  an
u nsigned number .

C l n addr 219

S tor e t he l east s i gn i f i cant 8- b i t s o f n a t addr .  " c- st or e"

add r  b y t e  156

L eave on the st ack t he cont ent s o f  t he by t e at addr (w i t h hi gher b i t s zer o ,
in a 16- bi t  f i e l d ) .  " c - f et ch "

a ddr l  addr 2 n 153

M ove n  by t es begi nning a t address addr l  t o addz2 . The content s o f addr l
i s  meed f i r s t  pr oceeding towar d hi gh memoxy .  I f  n  i s  zer o or negat i ve
not hi ng i s moved .  " c- rmve"
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COMPILE p  i $ 0

When a wor d cont a i ni ng COMPILE execut es ,  t he 16- b i t  v al ue f o l l owing t he
c ompil at i on address o f  (& S I LE zs cop~ ed ( c mph led ) ~ nt o t he di et~ on l y .
i. e . , COMPILE DUP wi l l  copy t he compi l a t i on address o f DUP.

C OMPILE [  0 ,  ]  w i l l  copy zero .

CONSTANT

A def i n i ng wor d used i n t he f or m:

n CONSTANT <name>

to creat e a  d i c t i onar y en t r y  f o r <name>, l eav ing n  i n  i t s  paramet er
f i e l d . W hen <name> i s  l at er execut ed ,  n  w i l l  be  l ef t  on t he st ack .

CONTEXT addr U,151

Leave th e address o f  a  va r i abl e spec i f y i ng t he vocabul ar y i n whi ch d i c
ti onar y sear ches ar e t o made , du r i ng i nt er pr et at i on o f  t he i nput . s t ream.

CONVER T d l  addr l  d 2  addr 2  195

C onver t t o  t he equi val en t st ack n~ r  t he t ex t begi nni ng at addr l +1 wi t h
regar d t o BASE. The new val ue i s accumul at ed i nt o doubl e number d l ,  bei ng
l ef t  as d2 .  addr 2 i s  t he address o f  t he f i r s t  non-conver t i b l e char act er .

COUN T add r  addr+1 n  159

Leave th e addr ess addr+1 and t he charact er  count o f  t ex t  begi nning at
addr . The f i r s t  by t e a t addr must cont ai n t he char act er count n .  Range

C  —  '  f h  A C C T
V J  l l  J Q  j V a  o C  J 4  J  ~

160

Cause a ca r r i age- r e t ur n and l i ne - f eed t o occur a t  t h e c u r r en t ou t pu t
d evi ce .  " c - r "

A def i n i ng wor d used i n t he f orm:

CREATE <name>

to creat e a d i c t i onar y ent r y  f o r <name>, wi t hout a l l ocat i ng any parameter
f i e l d memory . W hen <name> i s subsequent l y execut ed ,  t he address o f  t he
f i r s t by t e o f <name>' s parameter f i el d i s  l ef t  on t he st ack .

CURRENT addr U, 1.37

Leave th e address o f  a  var i abl e spec i f y i ng t he vocabul ar y i n t o whi ch new
word def i n i t i ons ar e t o be ent er ed .
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d l d2 241

Leave the ar i thmet i c sum of d l  p l us d2 .  " d- pl us "

D< d l d 2  f l ag 244

True i f  d l  i s  l ess than d2 .  " d - l ess- than"

197

Set the i nput -out put numer i c conver sion base t o t en .

DEF INITIGNS 155

S et CURRENT t o the CONTEXT vocabul ar y so t hat subsequent de f i n i t i ons wi l l
be created i n the vocabul ar y pr ev iousl y sel ect ed as CONTEXT.

238

L eave the number o f  t he quant i t y  o f  16- bi t  v al ues cont ai ned i n  t he dat a
stack , bef or e n was added.

245

L eave the t wo ' s complement o f  a doubl e number .

n l n2 I,C,142

Use i n a col on-def i n i t i on :

DO . .  ~  IOOP or
DO . ~ .  + IDOP

Begin a l oop whi ch wi l l  t er minat e based on cont r o l  paramet er s .  The l oop
index begi ns a t  n2 , and t er mi nat es based on t he l i mi t  n l .  A t  IDOP or
+MOP, the i ndex i s mod i f i ed by a pos i t i ve or negat i ve val ue . The r ange of
a  DO-Q30P i s det er mined by t he t er mi nat i ng word .

DO-IQOP may be nest ed . Capac i t y  f o r  t hr ee l evel s o f nes t i ng i s spec i f i ed
as a mi ni mum for st andar d systems.

DOES> I,C,168

Define t he r un- t i me ac t i on o f  a wor d cr eated by a  h i gh- l evel de f i n i ng
word . Used i n  t he f or m:

~ <name> ~ ~ ~  C REAK ~  ~ ~  DOES > ~  ~  ~

and then <name> <namex>

Marks the t er mi nat i on o f  t he def i n i ng par t  o f  t he def i n i ng wor d <name> and
begins th e de f i n i t i on o f  t he r un t i me ac t i on fo r words t hat w i l l  l a t er be
def i ned by <name>. O n execut i on o f <namex> the sequence of words between
DOES> and ;  w i l l  be execut ed , w i t h  t he addr ess o f <namex>' s paranet er
fi el d on th e st ack .  "does"
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DBOP

Drop the t op number f r om the st ack .

n  n 205

L eave a copy o f  t he top st ack number .

Used i n a col on def i n i t i on i.n t he f or m:

IF . . .  ELSE . ~ .  THEN

E LSE executes a f t e r  t he t r ue par t  f o l lowi.ng I F .  ELSE f or ces execut i on t o
s k i p  t i l l  j us t  a f t e r  THEN. I t  ha s no e f f ec t  o n  t he s t ack .  (See I F )

207

T ransmi t char acter t o  the cur rent out put devi ce .

Mark al l  b l ock buf f er s as empty , w i t hout necessar i l y af f ec t i ng t hei r  ac t ual
content s . UPDATEd bl ocks ar e not wr i t t en t o mass st or age .

addr 163

Execut e t he d i c t i onar y ent r y whose compi l a t i on address i s  on t h e st ack .

C,117

i o m ni  !  ed wl i  h e n a  cw i  cvA — c1&> 'i Ai  i  ' i i > A i ' F, 'r  i i i  i  l i &  i : i .  i  X i  i  " U i  3 . A i l  G i . L i i a  i

defi.n i t i on , a t  t ha t po i nt . May no t be used wi t h i n a DO. . . IDOP.

E XPEC T add r  n 189

Transfer char act er s f r om t he t er minal begi nn i ng a t  addr , upward , un t i l  a
i i ~ e  i - s i v ~ i i  n v  + h a  n e s w n t  e f n

I  I  I J k  l l  V k  ~ A  V V a  W  V has been re ce i v ed  T ake  n o ac t i o n fo r n
l ess t han or  equal t o  zer o . O ne or  t w o nu l l s  ar e added a t  t he end of
t ex t .

FI LL a ddr n  by t e

F i l l memor y begi nni ng a t address wi t h a sequence o f  n copi es o f by t e .  I f
t he quant i t y n i s  l ess t han or equal t o zero ,  t ake no ac t i on .

addr 203

Leave the compi l a t i on address o f  t he next wor d name, wh i ch i s accepted f r om
st r eam. I f  t ha t wor d cannot  b e fo i>rid i n  t h e  d i c t i o na~ a f t e r

s ear ch o f CONTEXT and FORTH l eav e zer o .



186

Execut e i n  t he f orm:

FORGET <name>

D elet e f r om th e d i c t i onar y <name> (whi ch i s  i n  t he CURRENT vocabul ar y )
a nd al l word s added t o  t he d i c t i onar y af t e r <name>, r egar dl ess o f  t he i r
v ocabul ar y .  Fa i l ur e t o  f i nd <name> i n CURRENT or FORTH i s an er r o r
c ondi t i on .

I, 187

The name o f  t he pr imar y vocabul ar y .  Execut i on makes FORTH t he CONTEXT
v ocabul ar y .

N ew def i n i t i ons become a par t o f FORTH unt i l  a d i f f e r i ng CURRENT vocabul ar y
is est ab l i shed .

User vocabul ar i e s concl ude by  ' chai ni ng '  t o FORTH, so  i t  shoul d be con
s idered that FCBTH i s  cont ai ned ' w i t hi n each user ' s vocabul ar y .

addr 188

Return t he address o f  t he next avai l abl e di c t i onar y l ocat i on .

char 175

Inser t  char  i n t o a p i c t ured numeri c out pu t s t r i ng . M ay onl y be used
between <4 and 4>.

C, 136

Copy th e l oop i ndex ont o t he dat a st ack . M a y be onl y used i n  t he f orm:

DO . . .  I  . . .  LOOP o r D O  . . .  I  . . .  +ZQOP

f l ag I, C,210

Used i n a col on-def i n i t i on i n  t he f orms :

f l ag  I F E LSE . . .  THEN o r
f l ag  I F THEN

If  f l ag i s  t r ue ,  t he words f o l lowing I F ar e execut ed and t he words f o l low
i ng ELSE ar e sk i pped . The ELSE par t  i s opt i onal .

If  f l ag i s  f a l se , words between I F and ELSE, or between I F and THEN (when
n o ELSE i s  used ) , ar e sk i pped .  I F- ELSE-THEN condi t i onal s may be nest ed .

103

M ark t h e mos t  r ecen t l y made d i c t i onar y en t r y as a wor d wh i ch w i l l  be
e xecuted when encount ered dur i ng compi l at i on r at her t han ccmpi l ed .
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Retur n the i ndex o f  t he nex t out er  l oop . Ma y be used onl y wi t hi n a nest ed
DO-IXX)P i n the f orm:

DO ~  ~  ~ D D  0  ~  0  J  i  0  0  D K P  i  i  0  & 3 P

Leave the ASCI I  v al ue o f  t he nex t av ai l abl e char act er  f r om the cur r ent
i nput dev i ce .

C, 213

F or ce t er mi n a t i o n o f  a DO-LOOP a t  t h e nex t  LOOP o r +LOOP by se t t i ng
t he l oop l i mi t  equal t o  t he cur r en t val ue o f  t he i ndex . The i ndex i t se l f
remains unchanged, and execut ion proceeds normal l y unt i l  t he loop t er 
minat i ng wor d i s encount er ed .

L i s t  t he ASCI I symbol i c cont ent s o f  screen n on t he cur r ent output dev i ce ,
se t t i n g SCR t o  cv™i l t al Fi no ni  3 .s  u n s i p i i ed ~

I, 215

I f  compi l i ng ,  t hen compi l e  t he st ack val ue n as a 16- bi t .  l i t er al , whi ch
when l at er execut ed , w i l l  l eave n on t he st ack .

202

Begin i nt er pr et at i on o f  screen n bv mak i ng i t  t he i nput , st ream: pr eserve
t he l oc at or s o z  t h e p r esen t  i npu t  s t r eam j f r om ) i '  and ~m j ~ I f  i n t e r 
pr et at i on i s not t er mi nated expl i c i t l y  i t w i l l  be t er mi nated when t he i nput
st r eam i s exhaust ed . Cont r o l  t hen r et ur ns t o  t he i nput s t ream cont ai n i ng
IDAD, det er mined by t he i nput s t ream l ocat or s  ) I N and BLK.

I,C, 124

Increment t he DO- IDOP i ndex by one , t er minat i ng th e l oop i f  t he new i ndex
is equal t o  o r  gr eater  t han t he l i m i t .  The l i mi t  and i ndex ar e si gned
numbers i n the range (- 32,768. . 32,767 } .

n l n 2  n3 218

Leave the greater o f  t wo numbers .  "max"

n l n 2  n3

Leave the l esser o f  t wo numbers .  "m i n"



104

D i v i de n l  by  n2 ,  l eav i ng t h e remai nder n3 , wi t h  t he same s i gn as n l .
mod

a ddr l addr 2 n

M ove the spec i f i ed quant i t y  n  o f  16- bi t memor y ce l l s begi nni ng at addr l
i nt o memory a t  addr 2 .  The content s o f addr'1 i s rmved f i r s t .  I f  n  i s
negat i ve or zero , not h i ng i s rmved .

n  — - n 177

Leave t he t w o ' s complement o f  a number' ,  i . e . ,  t he d i f f er ence o f  0  l ess
n.

fl agl f l ag2 165

R everse t he bool ean val ue o f  f l ag l .  T h i s  i s  i dent i ca l t o 0= .

OR 223

Leave the b i t wi se i nc l us i ve-or o f  two number s .

n l n 2  n l  n 2 nl 170

Leave a copy o f  t he second number on the st ack .

addr 226

T he address o f  a  scr at ch ar ea used t o ho l d character s t r i ngs f o r  i nt er 
mediat e pr ocessi ng .  The mi nimum capac i t y  o f PAD i s 64 charact er s (addr
t hrough addr+63) .

PI CK 240

R etur n th e cont ent s o f  t he n l - t h st ack val ue , no t count i ng n l  i t se l f .  An
error m nd i t i on resul t s  f o r n  l ess than one .

2  PI CK i s equi val ent t o OVER. ( 1  . .  n )

235

Accept i nput o f  up t o 80 charact er s (o r un t i l  a  ' r et ur n ' )  f r om the opera
tor ' s  t er mi nal ,  i nt o t he t er minal i nput buf f er . WORD may be used t o accept
t ex t  f r om t h i s buf f e r  as  t he i nput s t ream, by se t t i ng >I N and BLK t o
zero.

211

Clear t he r et ur n st ack , se t t i ng execut i on mode , and r et ur n cont r o l  t o  t he
terminal .  tW message i s g i ven .



Transfer n f r om the r et ur n st ack t o the dat a st ack .  " r - f rom"

C,228

Copy the number on the top o f  t he r et ur n st ack t o t he dat a st ack .
" r - f et ch "

I,C,120

l ~ ~ e f i n i t i o n i n  t he

BEGIN . . . WHI L E . . . REPEAT

At r un- t i me , REPEAT r e t ur ns t o  j us t  a f t e r  t h e co r r espond i ng BEGI N.

236

E xt r ac t  t he n - t h  s t ac k v a l ue t o  t h e t op o f  t h e s t ac k no t coun t i ng n
it se l f , mov ing t he remai ni ng v al ues i nt o t he vacat ed pos i t i on .  An er r or
condi t i on resu l t s  f o r  n  l ess t han one . ( 1 . . r9

3 BOL L = ROT

1 R3LL =  nul l  oper at i on

n l n 2  n 3  n 2  n3  n l  2 12

Rotat e t he t op t hr ee val ues , b r i ng i ng t he deepest t o  t he t op .  " r ot e"

W ri t e al l  b l ocks t o mass- st or age t hat have been f l agged as UPDATEd. An
err or  m nd i t i on resu l t s  i f mass- st or age wr i t i ng i s no t compl et ed .

SCR addr U,217

Leav e t h e addr ess o f  a va r i a bl e  c on ta i n i n n  t h e  n l itober of t.he sc r ee n most

recent l y  l i s t ed .  " s- c - r "  uns igned-number

C, 140

I nser t  t he ASCI I  " - "  (mi nus s i gn ) i nt o t he p i c t ur ed numer i c output s t r i ng ,
i f  n  i s negat i ve .

SPACE 232

T ransmi t an ASCI I b l ank t o t he cur rent output dev i ce .
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231

T ransmi t n  spaces t o  t he cur ren t out pu t dev i ce .  Take no ac t i on f o r  n
o f zer o or  l ess .

addr U i l 64

L eave t he address o f  t he var i abl e cont ai n i ng t he compi l a t i on st at e .  A
n on-zer o cont en t i nd i cat es compi l a t i on i s  occur r i ng , bu t t he val ue i t se l f
m ay be i nst a l l a t i on dependent .

230

E xchange t he t op two st ack val ues .

I,C,161

Used i n a col on-def i n i t i on ,  i n  t he f orm:

I F  .  .  .  ELSE .  .  .  ' IHEN o r
IF ~  ~ ~ 5 K N

THEN is  t h e  p oin t  w here  e xecuti o n  r e sumes a f t e r  E LSE o r  I F  ( when n o
E LSE i s present ) .

a ddr n 222

T ransmi t n  char act er s begi nning a t address t o  t he cur r ent output dev i ce .
N o act i on t akes pl ace fo r  n  l ess than or equal t o zero .

u nl un 2  u d 3 242

Perform an unsi gned mul t i p l i cat i on o f un l by un2 , l eaving t he doubl e number
product ud3 . A l l  v al ues ar e unsigned . " u - t i mes"

106

D i sp l a y  u n  conver t ed acco r d i n g t o BASE as an un s i gned number ,  i n  a
f r ee- f i el d f ormat , wi t h one t r a i l i ng bl ank .  " u-dot "

udl un2 243

Perfor m t he unsi gned d i v i s i on o f  doubl e number ud l by un2 , l eaving t he
remainder un3 , and quot i ent un4 . A l l  v al ues ar e unsigned .

u& 1 V1 de -I KX l"

u nl un 2  f l ag 150

Leave the f l ag represent i ng t he magni t ude compar i son of un l < un2 wher e unl
and un2 ar e t r eat ed as 16- bi t uns i gned i nt eger s .  " u - l ess- than"
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UNTI L f l a g  I , C, 237

W it h i n a co l oi i- def i n i t l o n i7iar k t he e  o f  BE GI N X ZI L 1  p  w ' h i c h w i l l
t er mi nat e based o n a  f l ag .  I f  f l ag  i s  t r ue ,  t h e l oo p i s  t er mi na t ed .
I f  f l a g  i s  f a l se ,  exec ut i o n r e t ur n s t o  t h e f i r s t wor d a f t e r BEGI N.
BEGIN-UNTIL st r uct ures may be nest ed .

229

M ark t h e mos t  r ecen t l y  r e f er enced b l oc k as mod i f i ed .  Th e b l oc k w i l l
s ubsequent l y  b e automat i ca l l y  t r ans f e r r e d t o mas s s t o r age shoul d i t s memor y
buf fe r be needed f o r  st or age o f  a d i f f er en t b l ock , o r  upon execut i on of
SAVE-BUFFERS.

227

A def i n i ng wor d executed i n  t he f orm:

VARIABLE <name>

t o creat e a d i c t i onar y en t r y  fo r <name> and a l l o t  t wo by t es f or st or age i n
t he parameter  f i e l d .  The app l i c at i on must i n i t i a l i ze t he st ored val ue .
When <name> i s  l at er  execut ed ,  i t  w i l l  p l ace t he st or age address on t he
s t ack .

A def i n i ng wor d executed i n  t he f orm:

VOCABUZdQ& <name>

i . ( )  c x Ba t e  I L n  t n e  i  U K K 4 b l'l'  vo c e  UU L a  K. y I  a  ck3.c i  J  Ui i a i  y  e i  i i-J. v i  o f .  4  i i a i l i e>  ~

whi c h spec i f i e s a new or der ed l i s t  o f wor d de f i n i t i o ns .  Subsequent
execut i on o f  <name> wi l l make i t  t he CONTEXT vocabul ar y . W hen <name>
b ecomes the CURRENT vocabul ar y (see DEFINI TIONS) , new def i ni .t i ons wi l l  be
c reat ed i n t hat l i s t .

In  l i e u o f  an v f u r t he r  soec i f  i c a t i on .  new vocab ul a r i e s  ' cha i n '  t o FORTH
That i s , when a d i c t i onar y search t hrough a vocabul ar y i s exhaust ed , FORTH
wi l l  be searched .

f l ag I, C, 149

U sed i n a co l on- de f i n i t i o n i n  u s e fowi i :

BEGIN . . .  f l a g W HI L E . . .  REPEAT

Selec t cond i t i onal execut i on based on t he f l ag . O n a t r ue f l ag , cont i nue
execut i on t hrough t o REPEAT, whi ch t hen r et ur ns back t o  j us t a f t e r BEGIN.
On a f a l s e  f l ag ,  sk i p  exec ut i o n t o  j us t  a f t e r REPEAT , ex i t i n g  t h e s t r uc
t u r e .
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char add r 181

Receive char act er s  f r om the i nput s t ream unt i l  t he non- zer o del i m i t i ng
charact er  i s encount er ed or  t he i nput s t ream i s exhaust ed , i gnor i ng l ead
ing de l i m i t er s .  The char act er s ar e st ored as a packed s t r i ng w i t h  t he
charact er  count i n  t he f i r s t  charact er pos i t i on .  The actual de l i m i t er
encount er ed ( cha r o r  nu l l )  i s  ' s t or ed a t  t h e end o f  t h e t ex t  bu t not
i n c l uded i n  t h e count .  I f  t h e i nput s t r eam was exhaus t ed as WORD i s
cal l ed ,  t hen a zer o l engt h w i l l  r esu l t .  The address o f  t he begi nni ng of
thi s packed st r i ng i s  l e f t  on t he st ack .

XOR 174

L eave the b i t wi se excl us i ve-or o f  t wo numbers .  " x- or "

I, 125

E nd the compi l a t i on mode . The t ex t  f r om the i nput s t r eam i s subsequent l y
e xecut ed . See ]  " l e f t - br acket "

[COMPILE] I,C, 179

Used i n a colon- def i n i t i on i n  t he f orm:

[COMPILE ] (name)

F orce compi l a t i on o f  t he f o l l owing word .  Th i s a l lows compi l a t i on o f an
IMMEDIATE wor d when i t  woul d other wi se be execut ed .  " br acket -compi l e"

126

S et th e compi l a t i on mode . The t ex t  f r om the i nput s t ream i s subsequent l y
c ompil ed . See [  " r i ght - br acket "



ll .  E V ZENSION WCBD SETS

ll . 1 DOUBLE NOMBER NORD SET

S tor e d i n 4 consecut i ve by tes begi nni ng a t addr , as f o r a doubl e nuneer .
"two- st ore."

Leave on the st ack t he cont ent s o f  t he four consecut i ve by t es begi nni ng at
addr , as f or a doubl e number .  " t wo- f e t ch"

2 CO58TAN T d

A def i ni ng wor d used i n the f orm:

d 2CONS TANT <name>

to creat e a  d i c t i onar y en t r y  f o r <nam >, leavi ng  d  i n  i t s  paranet er
f i e l d .  when <name> i s  l a t ex exec ut ed , 0 w i l l  b e  l e f . t  G n  t h e  s t a c k o
" two-const ant "

Dxop the top doubl e number on the st ack .  " h m -dr op"

d  d  d

aii~ i i  c a t e i-he +nn  rv yw hl  e  n t mhgsr o n she st a ck  " r - ~~

2 0VER d 3  d 2  d l  d 2  dl

L eave a copy o f  t he second doubl e n~ r  on the st ack .  " t wo-over "

d l d 2  d3 d 2 d 3  dl

Rotat e the t h i r d doubl e number t o the t op o f  t he st ack .  " ~ r o t e"

2 SNA P d l  d 2  d 2  d l

Exc~~nge the t op two doubl e m r s  on t he st ack .  " t wo-swap"

A def i n1ng wor d used i n the foxm:

2VAEGABIZ <name>

to creat e a d i c t i onar y ent r y o f <name> and assi gn 4 by t es fo r s to ra ge i n
the parameter  f i e l d . W hen <name> i s  l at ex execut ed ,  i t  w i l l  l eave t he
address o f  t he f i r s t  by t e o f  i t s  parameter  f i el d on t he st ack .  " t wo
var i abl e"



241

Leave t he ar i thmet i c sum of d l  and d2 .  " d- pl us"

d l d 2  d3

Subtr ac t d2 f r om dl and l eave t he d i f f er ence d3 . "d- mi nus"

D. 129

Displ ay  d  m nver t ed accordi ng t o BASE i n a f r ee- f i el d f ormat , w i t h one
t r a i l i ng bl ank . D i spl ay t he s i gn onl y  i f  negat i ve .  "d-do t "

D.R d  n

Displ ay d  m nver t ed according t o BASE, r i gh t a l i gned i n an n  char act er
f i e l d .  D i spl ay t he s i gn onl y i f  negat i ve .  " d- dot ; r "

DO= d  f l ag

L eave t r ue i f  d  i s zero .  " d- zer o- equal s "

d l d 2  f l ag 244

True i f  d l  i s  l ess t han d2 .  " d - l ess"

d l d 2  f l ag

T rue i f  d l  equal s d2 .  " d- equal "

d l  d2

L eave as a po s i t i v e doubl e number d2 ,  t h e abso l u t e v al ue o f  a doub l e
number , d l .  ~ 0 . . 2 ,147,483,647~ "d- abs"

d l d 2  d3

Leave the l arger o f  t wo doubl e numbers .  "d-max"

d l d 2  d3

Leave the smal l er o f  two doubl e numbers .  " d- mi n"

245

Leave t he doubl e number t w o ' s complement o f  a doubl e number ,  i . e . ,  t he
di f f er ence 0 l ess d .  " d-negat e"

udl ud2 f l ag

True o f  ud l  i s  l es s t han ud2 . B ot h number s ar e unsi gned .  " d- u- l ess"

—  33 —



11. 2 ASSEMBLER WORD SET

CODE Cp I ,206

Used i n t he f orm:

: <name> . . . ;CODE

p cooipi l a t l o n cu8 t er mi nat e a def I n lI~g wor d <Pzz e> e ASSBSXaRu b ecvuies
the CCÃKXT vocabul ar y . When <name> i s execut ed i n  t he f orm:

<name> <namex>

t o def i ne t he new <namex>, t he execut i on addr ess o f  <namex> wi l l  cont ai n
the address o f  t he code sequence f o l l owi ng t he ;CODE i n <name>. Execut i on
o f an y <namex> wi l l  cause t h i s mach i ne code sequence t o be execut ed .
"semi-col on- code"

Select assembler as the CCÃZKXT vocabulary.

CODE

A def i n i ng wor d used i n the f orm:

CODE <name> . . .  EN D-CODE

to c r e at e a d i c t i onar y en t r y  f o r <name> t o be de f i ned by a f o l l owi ng
sequence o f  as sembl y  l anguage wor ds .  ASSEMBLER becomes t h e cont ex t
v ocabul ar y .

Ter mi nat e a code de f i n i t i on ,  r ese t t i ng t h e CONTEXT vocabul ar y t o  t he
C URRENT vocabul ar y .  I f  no er r or s have occur r ed ,  t he code def i n i t i on i s
m ade avai l abl e f o r use .

12 . EXPERIMENTAL PBDPQSALS

No Experiment a l Pr oposal s wer e submi t t ed fo r publ i cat i on .



REFEBENCE WORD SET

T hi s wo r d se t  i s  f u r n i shed a s a  r e f er ence document .  I t  i s  a se t  o f
former l y st andar di zed words and candi dat e words f o r s t andar di za t i on .





REFERENCE NORD SET
FORTH-79

The Re f er ence Word S et  c on ta i n s  b oth  S ta ndard  W ord  D ef i n i t i o ns  ( w i t h
S eria l  number i dent i f i er s  i n  t he r ange 100 t hxough 999) , and uncont r o l l ed m r d
defini t i ons.

Uncontr o l l ed de f i n i t i ons ar e i ncl uded fo r publ i c  r ef exence o f words t hat
have present u sage and/or a re  c andidates f or  f u tu re  s ta ndard iz at i o n.

No rest r i ct ions ar e pla ced o n  t h e  d ef i n i t i o n  o r  u sage of  u ncontro l l e d
words. However,  u se  o f th ese n ames f ox'  p roceduxes d i. ff e r i n g from th e  g iv en
defi ni t i ons i s discouraged.

! BZTS -  n l  addr n2

Store th e valu e o f n l  m a sked b y  n 2  i n to  t h e  e quiv ale nt  m asked p art
of t he content s o f  addx , w i t hout a f f ec t i ng b i t s out s i de t he mask .  " st or e
b i t s "

nl n2 n 3

Leave th e valu e of n l  t o  t h e power n 2.  " power"

+BEDCK n l  n 2

Leave th e sum of  n l p lu s t h e n umbex' of  t h e  b lo ck  b ein g i n te rp re te d.  n l
and n2 ar e unsigned. "p lu s-b lo ck"

(  addr ) f l a g

Used i n t he f or m:

-' <name>

Leave t he parameter  f i el d o f <name> beneat h zer o ( f al se ) i f  t he name can
be found i n  t he CCSTEXT vocabul axy ;  l eave onl y t r ue i f  no t found .  "dash
ti ck" .

I, 131

C ont inue i nt er pr et at i on on t he next sequent i a l b l ock . May be used wi t h i n a
colon-def i ni t ion t hat cro sses a  b lo ck b oundary .  " next- b lo ck"

addr l nl a ddx 2 n 2
a ddr 3 f

A t tempt t o  f i nd th e n2m haracter s t r i ng begi nni ng a t  addr 2 somewhere i n
the n l - character s t r i ng begi nni ng a t addr l .  R et ur n t he l as t +1 charact er
address addr 3 o f  t he matc h  p o i n t  a nd a  f l a g  w hi c h  i s  z ero  i f  a  m at c h
exi st s .  "dash-match"



a ddr l  n l  addr 2 n2

C ompare t wo s t r i ng s ove r  t h e l engt h n l  beg i nn i ng a t  ad dr l  and ad dr 2 .
R eturn zer o i f  t he s t r i ng s ar e equal .  i f  unequal ,  r et ur n n2 , the d i f f e r 
ence between the l as t char act er s compared :

addrl ( i ) — addr2 ( i )
I

" dash- t ex t "

P ri nt n l  r i ght a l i gned i n a f i e l d o f  n2 charact er s , accor di ng t o BASE. I f
n 2 i s  l ess t han 1 , no l eadi ng bl anks ar e suppl i ed .  "dot - r "

A DO-LOOP t er minat i ng word . The l oop i ndex i s  i ncremented by t he unsigned
magnitude o f  n .  U n t i l  t he resu l t an t i ndex exceeds t he l i m i t ,  execut i on
r et urns t o  j us t a f t e r  t he cor r espondi ng DO: ot her wi se , t he i ndex and l i m i t
are d i scarded . Nagn i t ude l og i c  i s used .  " up- l oop"

Add one t o the 16- bi t  cont ent s a t addr .  "one- pl us- st or e"

addr

Subtrac t 1 f r om the 16- bi t  cont ent s a t addr .  "one- mi nus- st or e"

n l  n2

i ~ ware i » i o i  i " N M r  ~ i ' 1 ~as

n l  n2

Leave ( n l ) / 2 .  " t wo- d i v i de"

U sed t o spec i f y a new def i ni ng wor d :

<name>
~  ~

g  ~ ~  ~  ~  g

<name> <narrrex>

When <name> i s  execut ed ,  i t  c r eat es an ent r y  f o r  t he new wor d <namex>.
Later execut i on o f <namex> wi l l  execut e t he sequence o f words between
a r d ;  ,  w i t h  t he address o f  t he f i r s t  ( i f  any ) paramet er s associ at ed wi t h
<namex> on the st ack .  " semi - col on- col on"

S top i nt er pr et at i on o f a bl ock . For execut i on or l y .  "semi - s "



nl n2 f l a g

L eave t r ue i f  n l  i s no t equal t o n2 .  "not - equa l "

Used in conjunct ion wit h  DOES> in  d ef i n in g word s,  i n  t h e f o rm:

: <name> . . .  <BUILDS
DOES>

and then <name> <namex>

When <name> execut es , <BUILDS c re ate s  a  d i c t i o nary  e nt r y  f o r  t h e new
<namex>. The sequence of  w ords  b etween < BUILDS and D OES> e stabli shed a
parameter f i el d for <namex>. W hen < namex> i s  l a te r  e xecute d,  t h e s equence
of wor d s f o l lowi ng D OES> w i l l  b e  e xecu te d,  w i t h  t h e  p aramete r  f i e l d
address of <namex> on t h e d ata  s ta ck.  " bu i l d s"

<CNOVE a ddrl  a ddr2  n

Copy n  by tes begi nni ng at addr l  t o addr 2 .  The move proceeds wi t hi n t he
bytes f r om hi gh menar y towar d l ow mer r y .  " r everse- c-move"

nl n2

Swap the hi gh and l ow bytes w it h in  n l.  " byte -swap"

> NOVE < addr l  addr 2  n

Move n by tes begi nni ng a t  addr l  t o  t he memory begi nni ng at addr2 . Du r i n g
thi s rmve, th e order of  e ach b yte  p air  i s  r e versed.  " b y te -swap-rmve"

9 BITS addr n l  n 2

R etur n the 16- bi t s a t addr masked by nl .  " f et ch- bi t s "

ABORT "  f l ag I , C

Used i n a m l on-def i n i t i on i n  t he f orm:

A BCBT" st ack empt y "

I f  t h e f l a g  i s  t r ue , p r i n t  t h e f o l l o wi ng t e x t ,  t i l l  " .  Then execut e
A BORT. "abor t -quot e "

Eff ec t an uncondi t i ona l  jump back t o  t he st ar t  o f  a BEGI N-AGAIN l oop.

ASCII char ( executi n g)
( mmpi l i ng ) I , C

Leave t he ASCI I  char acter val ue o f  t h e nex t non- bl ank charact er  i n  t he
input s t r eam. I f  compi l i ng , compi l e  i t  as a l i t er al , wh i ch wi l l  be l at er
l ef t when execut ed .



ASHI FT

Shi f t  t he val ue n l a r i t hemet i ca l l y n2 bi t s  l ef t  i f  n2 is pos i t i ve , sh i f t i ng
~e v n e  i  a + n S h e  1  ew e +  e 4  n e w  f ' w  re s~ >  h ~ +  ~e  ~  + ~ ~ ~ a  T P
4 1 @ V V  J i l l  V  @ l a  J  ' 4 l k V %  U h ) l 4 4  k 4 4 l 4 E  V J  I  Q U J  4  J V L J V O  J

shi f t ed r i ght .  S i gn extension i.s to  be  c onsis te nt w i t h t he processor ' s
a r i thmet i c sh i f t .

B/BUF

A  constant l eav i ng 1024 , t he number o f  by tes per bl ock buf f e r . "bytes
p er-buf f er "

Act i vat e a t er mi nal bel l  o r noi se-maker as appropr i at e t o t he dev i ce i n use.

176

Leave the ASCI I char acter v al ue f or bl ank (decimal 32 ) .  " b- 1"

a ddr n 152

Fi l l  an are a  o f  memory  o ver  n  b y t e s  w i t h  t h e v a lu e f o r  gk ~ I I  b i e n+  s t a ~
i ng at addr .  I f  n  i s  l ess t han or equal t o zero ,  t ake no ac t i on .

C,

S t or e t he l ow- or de r 8 b i t s  o f  n  a t  t he nex t by t e  i n  t h e d i c t i onar y ,
advancing the d i c t i onar y poi.nt er .  " c- comma"

CHAIN

r ~  a  '  a l
U 1

CHA& <name>

Connect t he CURRENT vocabul ar y t o al l  de f i n i t i ons t hat mi ght be ent er ed
int o t he vocabul ar y <name> i n t he f ut ur e .  The CURRENT vocabul ar y may not

FORTH or ASSEMBLER. An y g i ven vocabul ar y may onl y b  chai ned once,
but ma y be  t he obj ec t o f  any number o f  chai n i ngs .  Fo r example , every
user-def i ned vocabul ar y may i ncl ude t he sequence:

L eave the one ' s complement o f  n l .

C GiVi l luurZ i  n

C ontinue i nt er pr et at i on at bl ock n .



addr

A  var i abl e poi nt i ng t o  t he physi ca l  r ecor d number bef or e whi ch t he t ape i s
current l y pos i t i oned . REWIND set s CUR=1.

d — addr

I dent i ca l  t o  BZDCK bu t w i t h a 32- bi t  b l ock unsi gned number .  " D-k:lock "

addr

A var i abl e conta i ni ng t he number o f  p l aces a f t e r  t he f r ac t i onal po i n t  f or
output conver si on .  I f DPL cont ai ns zero ,  t he l as t chaxactex output w i l l  be
a  decimal poi nt . N o poi n t  i s output i f DPL cont ai ns a negat i ve val ue . DPL
may be se t ex pl i c i t l y ,  o r  by cext ai n out pu t wor ds , bu t i s unaf f ected by
number i nput .  " d- p- 1"

a ddr n 123

Li s t  t he content s o f n addresses st ax t i ng a t addr . Each l i ne o f val ues may
b e preceeded by t he address o f  t he f i r s t  val ue .

EDITOR I, 172

T he name o f t he ed i t o r vocabul ar y . W hen t hi s name i s execut ed , EDITOR i s
e stabl i shed as t he CONTEXT vocabul ar y .

I,C, 224

A  synonym for UNTI L .

ERAS E addr n  1 82

F i l l  an ar ea o f aermr y over n by tes wi t h zer os , s t ax't i ng a t addr .  I f  n
i s zer o or  l ess ,  t ake no ac t i on .

addr

A  v ar i a b l e po i n t i n g t o  t he f i e l d  l engt h r ese r ved f o r a number d ur i ng
output conver si on .  " f - 1- d"

A synonym for SAVE-BUFFERS

H.

Output n as a hexadecimal i nt eger w i t h one t r a i l i ng bl ank . The cur r ent
b ase i s unchanged . " h-dot "

162

Set the numer i c i nput m ut put conver si on base t o s i xt een .



Used wi 4 4 n a  c ol  onMe f in i t i  nn e xecu te d  o nl  v  f r o m w i th i n D A-Tl ap t n

ret ur n the cor responding l oop i ndex .  " i - pr i me"

Terminat e a cond i t i onal i nt er pr et at i on sequence begun by IFTRUE.

f l ag

IFTRUE ~  ~ .  O THERWISE . . .  I F END

c ondi t i onal sequence . These condi t i onal words oper at e l i k e

IF  . .  ELSE ~ .  THEN

e xcept t ha t  t hey cannot be nest ed , and ar e t o be used onl y dur i ng i nt er 
pr et at i on .  I n  conj unct i on wi t h  t he word s [  an d ]  t hey may be used
w i t h i n a co l on- def i n i t i on t o cont ro l  compi l a t i on , a l t hough t hey ar e no t t o
b e mmpi l ed .

n l n2

Pri nt  t he f i r s t  l i ne o f each screen over t he r ange f nl . . n2 ) .  Th i s d i spl ay s
the f i r s t  l i ne o f each screen of source t ex t , wh i ch convent i onal l y cont ai ns
a  t i t l e .

INTEP~~P~T

B egi n i n t e r pr e t a t i o n a t  t he char ac t e r  i ndexed by t he cont ent s o i  ) I N
rel at i v e t o  t he b l ock number cont ai ned i n BLK, cont i.nui ng unt i l  t he i nput
st r eam i s exhaust ed .  I f  BLK cont ai ns zero ,  i n t er pret charact er s f r om t he
t er minal i nput buf f e r .

Wit hi n a nest ed DO-IQOP, r et ur n t he i.ndex o f  t he second out er  l oop .

addr'

rr~vi abl e con t e  i nin n,  t he a ddre ss of  t h e  b ea i nnin g  o f  t h e  l a st  d i c t i o nary
e ntr y made , wh i ch may no t ye t be a complet e or v a l i d ent r y .

n addr

L eave the address o f  t he begi nn ing o f  l i ne n fo r  the screen whose number i s
cont ai ned i n SCR. The range of n i s ~0 . .151.

Begin i n t er pr et at i on at  l i ne n l  o f  screen n2 .



A def i ning word used in th e f o rm:

n IQADS <name>

When <name> is subsequentl y  e xecute d,  b lo ck n  w i l l  b e l oaded.

A var iabl e poi nt ing tu th e  f i r s t  l o cat i o n i n  t h e t a pe map.

n l n2

Leave a m ask o f  n l  m ast sig ni f i c ant b i t s  i f  n l  i s  p osi t i v e., or  n  l e ast
s igni f i cant bi t s i f  n l  i s negat i ve .

Delay for approximat el y  n m i l l i seconds.

n l n 2  n3

The one ' s complement o f  t he l og i ca l and of n l  and n2.

n l n 2  n3

The one ' s m mplement o f  t he l og i ca l ox of  n l  and n2.

N UMBE R add r  n

C onver t t he count and character s t r i ng at addr ,  t o a s i gned 32- bi t  i nt eger ,
using the cur rent base .  I f  numer i c  m nver s i on i s no t possi bl e , an e rr or
condi t i on ex i s t s .  The s t r i n g  m ay  c on ta in  a  p xecedin g n egat i v e  s i g n .

O.

Print n  i n octal fo rmat w i t h  o ne t r a i l i n g  b la nk.  T he  v a lu e in  BASE i s
u naf fect ed .  " o- cb t "

Set t he number convers ion base t o  8 .

OFFSET addr

A var i abl e t ha t cont ai ns t he o f f se t added t o t he bl ock numbex on the st ack
b y BIDCK t o det er mi ne the act ua l physi ca l b l ock number .
The user must add any desi r ed o f f s et  w hen u t i l i z in g BUFFER.

An i nt er pr et er - l evel condi t i ona l word . See IFTRUE.



PAGE

Clear t h e t er mi na l screen o r  per f or m an ac t i on su i t abl e t o  t he output
d evice cur rent l y ac t i ve .

p~ ~ 5 D

Read t o th e next f i l e rrk r k on t ape const r uc t i ng a cor respondence t ab. e i n
memor ) ( the map )re l a t i nn nhvcic al  blo ck  e ns i t  i o n  t o  l o a i c a3 „b lo ck  n umber
T he t ape shoul d normal l y be  rewound t o  i t s  l oad poi n t bef or e execut i ng
~ ~ 7I. ~ % 4 ~ l l

A def i n i ng wor d used i n t he f or m:

REMEMBER <name>

D efi.nes a wor d whi ch , when execut ed , w i l l  cause <name> and al l  subsequent l y
def i.ned wor d s t o  b e de l e t ed f r o m t he d i c t i onar y  < ii uTH> zjiBy b e coH@il e d
i.nto and execut ed f rom a col on def i n i t i on .  Th e sequence

'pppA~~.  I .Q n I cc'lL'pn

provi des a st andar di zed pr ef ace t o any group of  t r ansi ent wor d def i n i t i ons .

Rewind the tape t o i t s  l oad poi nt , se t t i ng C ia =1.

R OTATE n l  n 2  n 3

' i  i  i  —  r l  1 - - ' v ' L  I  ' ' L , ' 1 L ) L k i  i C  i i J I  i t

5U E 4 k l 0  L I C  V 4 J 4 @  l l J  J . C L I  l ' C HA JJ I 4  '  '  '  '  '  v  ~ a  '  v a  v s  g

negat i ve .  B i t s sh i f t ed out o f  one end of  t he cel l  ar e sh i f t ed back i n at
the opposi t e end .

SO addr

Ret ur ns th e  a od re ss  o f  t h e  b ot t o m  o f  t h e  s t a ck q w hen  e u<wty
~  I  »  N

C JC L V I

n addr

A def i n i ng wor d used i n the f or m:

n addr SE T <name>

Defines a wor d <name> whi ch , when execut ed , w i l l  cause t he val ue n t o be
s~wl ed a t  addr ess

S HIFT n l  n 2  n 3

t  t  ' z i .  - t  1 c c  ' 1  1  ' 4  ' 4  ) i  ~ i  w 4  w i ~ ~ w o r t h + na nn a 0' i  t en
LC K J L c a l  S t i l l  I  I l l  J C L I  J J C LP l  I  0  J  J  i l l  J l k  + Q J  I  4V i  f  I  J  a l k i ,  J  J i * i  a v

Zeros ar e sh i f t ed i nt o vacated bi t  pos i t i ons .
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Retur n th e address o f  t he t op o f  t he st ack ,  j us t bef or e SPQ was execut ed .
"s- p- f et ch"

Accept char act er s f r om the i nput s t r eam, as f o r NORD, i nt o pAD, t l ank
f i l l i ng t he remai nder o f PA D t o 64 charact er s .

Load consecut i vel y th e bl acks f r om nl t hrough n2.

216

O utput un l as an unsigned number r i gh t j us t i f i ed i n a f i el d n2 char act er s
wide .  I f  n2  i s  smal l e r  t han the charact er s r equi r ed f o r n l ,  no  l eadi ng
s paces ar e g i ven .  " uM ot - r "

USER

A def i ni ng wor d used i n the f orm:

n USER <name>

which creates a user var i abl e <name>. n  i s  t he cel l  o f f set w i t hi n t he user
a rea wher e t he val ue fo r <name> i s s t or ed . Execut i on o f <name> leaves i t s
absol ut e user ar ea st or age address .

Li s t  t he word  names o f  t h e CONTEXT vocabula ry  s ta r t i n g w it h  t h e most  r e cent
d ef i n i t i on .

Outpu t i n f or mat i o n about t h e s t a t u s o f FORTH, ( e . g . ,  a f t e r  a n er r or
abor t ) .  I nd i c a t e a t  l eas t  t he l as t wor d comp i l ed and t he l as t  b l ock
accessed.

x zoop I , C

A DO- QX P t er mi nat i ng word .  ' Ihe l oop i ndex i s decremented by n and t he
loop t er minated when t he r esul t ant i ndex becomes equal t o o r  l ess than t he
li m i t .  I ' lagni t ude l og i c  i s  used , and n must be pos i t i ve .  "down- loop"





FORTH 79 HANDY REFERENCE
Stack inputs and outputs are shown; top of stack on right. Sss operand key at bottom.

STACK MANIPULATION
DUP ( n  n n ) Duplicate top of stack.
DROP ( n -  ) Discard top of stack.
SWAP ( n1 n2 — n2 n1 ) Exchange top two stack items.
OVER ( n1 n2 — n1 n2 n1 ) Make copy of second item on top.
ROT (n1 n2n3 - n2 n3n1) Rotate third item to top. "rote"
PICK ( n1 n 2 ) C opy n1-th item to top. (Thus 1 PICK = DUP , 2 PICK = OVER )
ROLL ( n -  ) Rotate n-th item to top. (Thus 2 ROLL = SWAP,  3 ROLL ~ R OT )
?DUP ( n - n (n) ) D uplicate only if non-zero. "q u i p "
>R ( n -  ) Move top item to "return stack" for. temporary storage (use caution). "t~
R> (  - n ) Retrieve item from return stack. "r-from"
RQ (  - n ) Copy top of return stack onto stack. "r-fetch"
DEPTH (  - n ) Count number of items on stack.

COI}(IPARISON
( n1 n2 - flag } True it n1 less than n2. "less-than"
(  n1 n2 - flag) True it top two numbers are equaL "equals"
( nl n2 - flag ) True if n1 greater than n2. "greater-than"

0< {n - flag ) True if top number negative. "zealless "
{n - flag ) True if top number zero. (Equivalent to NOT ) "zerrre quaL!"

0> ( n — flag) True if top number greater than zero. "zer~ reater"
O< (d1 d2 - flag ) True if d1 less than d2. "d-less-than"

( un1 un2 — flag) Compare top two items as unsigned integers. "Mess-than"
NOT ( flag - ~flag ) Reverse truth value. (Equivalent to 0= )

ARITHMETIC ANO LOGICAL
+ (n1 n2 — sum) Add. "plus"
0+ (d1 d2 — sum) Add doubl~ ecision numbers. "d-plus"

(nl n2 - diff) Subtract (n1-n2). "minus"
1+ (n — n+1 ) Add 1 to top number. "on~ lus"
1— ( n n - ) Subtract 1 from top number. "one-minus"
2+ ( n — n+2) Add 2 to top number. "two-plus"
2 ( n — n- 2 ) Subtract 2 from tap number. "twi>minus"

( n1 n2 — prod ) Multiply. times"
/ (n1 n2 — quot) Divide (n1/n2). (Quotient rounded toward zero} "divide"
MOO (n1 n2 - rem) Modulo (is., remainder from division n1/n2). Remainder has same sign as n1. "mod"
/MOO (n1 n2 — rem quot ) Divide, giving remainder and quotient. "divide-mod"
' /MOO ( n1 n2 n3 — rsm quot ) Multiply, then divide (nt~n2/n3), with double-precision intermediate. "flmes<ividsmad"
1/ ( n1 n2 n3 - quot ) Like ' /MOO, but give quotient only, rounded toward zero. "times< !vide"
U' ( un1 un2 - ud ) Multiply unsigned numbers, leaving unsigned doubts p recision result "u-times"
U/MOO ( ud un - urem uquot ) Divide double number by single, giving remainder and quotient, all unsigned. "~i vid~o d"
MAX (n1 n2 — max) Leave greater ot two numbers. "max"
MIN (n1 n2 — min) Leave lesser of two numbers. "min"
ABS (n — Inl) Absolute value. "absolute"
NEGATE ( n »  - n ) Leave two's complement.
ONEGATE ( d — - d ) Leave two's complement af doubf~r ecision number. "~a gate"
ANO ( n1 n2 - and ) Bitwise logical ANO.
OR (n1 n2 — or) Bitwise logical OR.
XOR (n1 n2 — xor) Bitwise logical exclusiv+QR. "x~

MEMORY
( addr - n ) Replace address by number at address. "fetch"

i (n addr — ) Store n at addr. "store"
CQ ( addr - byte ) Fetch least significant byte only. "c-fetch"
CI (n addr — ) Store least signflcant byte only. "c-store"
? { addr - ) Display number at address. "question-mark"

(n addr — ) Add n to number at addr. "piuswtore"
HIOVE ( addr1 addr2 n — ) Move n numbers starting at addr1 to memory starting at addr2, if n>0.
C MOVE (  addrt addr2 n — ) Move n bytes starting at addr1 to memory starting at addr2. if n>0. "c-move"
F!LL ( addr n byte — ) Fill n bytes in memory with byte beginning at addr, it n>0.

CQMTROL STRUCTURES
UO.. . LOOP  d o : ( end+1 start— Sst up loop. given index range.
I  (  - index ) Place current loop index on data stack.
J ( — index } Return index of next outer loop in same definition.
LEAVE ( - ) Terminate loop at next LOOP or +LOOP , by setting limit equal to index.
DO .. . +LOOP dtx ( limit s tart -  ) Like DO . . . LOOP, but adds stack value (instead of always 1) to index. Loop terminates when

+loop: ( n — ) index is greater than or equal to limit {n>0), or when index is less than limit (n<0). "pluslo op"
IF.. . (true)... THEN i f: ( flag — ) It top of stack true, execute.
IF.. . (true)... ELSE if: ( flag — ) Same, but if false, execute ELSE clause.

. (false)... THEN
BEGIN . . . UNTIL u ntil: ( flag ) Loop back to BEGIN until true at UNTIL .
BEGIN . . . WHILE w hile: ( flag — ) Loop while true at WHILE; REPEAT loops unconditionally to BEGIN. When false. continue after

.. . REPEAT REPEAT .
EXIT ( - ) Terminate execution of colon definition. (May not be used within DO .  LOOP )
EXECUTE ( addr — ) Execute dictionary entry at compilation address on stack (e.g., address returned by FINO ).

Operand ksy: d. d1..  32-bit signed numbers addr, addr1, . . . addresses char 7+ it ascii character value
n, n1, . . . 16-bit signed numbers u unsigned byte 8-bit byte f lag boolean flag



TERMINAL INPUT-OUTPUT
CR ( - ) Do a carnage return and line teed. "c-r"
EMIT ( char -  ) Type ascii value from stack.
SPACE ( - ) Type one space.
SPACES ( n -  ) Type n spaces, if n>0.
TYPE ( addr n ) Type string of n characters beginning at addr, if n>0.
COUNT ( addr - addr+1 n ) Change address of strmg (prefixed by length byte at addr) to TYPE form.
-TRAIUNG ( sddr n1 — addr n2 ) Reduce character count of string at addr to omit trailing blenks. "dash-trailing"
KEY (  - char ) Read key and leave ascii value on stack.
EXPECT ( addrn -  ) Read n characters (or until carnage return) from terminal to address, with null(s) at sncL
QUERY ( - ) Read fine of up to BO characters from terminal to input buffer.
WORD ( chsr - addr ) Read next word from Input stream using char ss delimiter, or until nulL Leave sddr of lenglh byte.

NUMERIC CONVERSION
B AS E (  ad dr ) System variable containing radix for numeric conversion.
D ECIMA L ( - ) Set deCimal number base.

( n -  ) Print number with one trailing blank and sign if negative. "dot"
U .  { u n -  ) Print top of stack as unsigned number with one trailing blank. "irdat"
C ONVERT ( d l addr1 - d2 addr2 )Convert string at addr1+1 to double number. Add to d1 leaving sum d2 and addr2 of first norvdigit
(4 ( - ) Start numeric output string conversion. "Iesswharp"

( ud1 ud2 ) Convert next digit of unsigned double number and add character to output string. "sharp"
CS ( u d  0 0 ) Convert all significant digits of unsigned double number to output string. "sharir a"
H OLD ( char »  ) Add ascii char to output string.
S IG N ( n -  ) A dd minus sign to output string if n( 0 .

(d — addrn) Drop d and terminate numeric output string, leaving addr and count for TYPE. "shsqrgw'ater"

MASS STORAGE INPUTIOUTPUT
U S T ( n -  ) Ust screen n and set SCR to contain n.
L OA D ( n -  ) krierpret screen n, then resume interpretation of the current input stream.
SCR (  - addr ) System variable containing screen number most recently listed.
BLOCK ( n - addr ) Leave memory address of block, reading from mass storage if necessary.
U PDAT E ( - ) Mark last bkick referenced as modified.
BUFFE R ( n - addr ) Leave addrof a free buffer, assigned to bkick n; write pisvkxm contents to mess storage if UPDATEcL
S AVE-SUFFER S ( -  ) Write all UPDATEd blocks to mass storage.
E MPTY-SUFFERS ( -  ) Mark all black buffers as empty, without writing UPDATEd blocks to mass storage.

DEFINING WORDS
: XXX ( - ) Begin cokm defintfion of xxx . "colon"

( - ) End colon definition. "semhxilon"
V ARIABLE xxx (  ) Create a twobyte variable named xxx; returns address when executed.

xxx ( - addr)
CONSTANT xxx ( n — ) Create a constant named xxx with value n; returns value when executed.

x iac( - n )
V OCABULARY xxx ( -  ) Create a vocabulary named xxx; becomes CONTEXT vocabulary when executed.
CREATE... DOES> does: ( — addr ) Used to create a new defining word, with execution-time routine in high-level FORTH. "does

VOCABULARIES
CONTEXT -  addr ) System vsriable po)nting to vocabulary where word names are searched for.
CURRENT -  addr ) System variable pointing to vocabulary where new definitions are put.
FORTH - ) Main vocabulary, contained in all other vocabulsries. Execution of FORTH sets context vacabuksy.
DEFINITIONS ) Sets CURRENT vocabulary to CONTEXT.

-  addr ) Find address of xxx in dictionary, if used in definition, compile address. "tick"
FIND addr) Leave compilation address of next word in input stream lf not found in CONTEXT or ~ leavso.
FORGET xxx - ) Forget all definitions back to and including xxx , which must be in CURRENT or FORTH.

COMPILER
{ n -  ) Compile a number into ths dictionary. "comma

ALLOT ( n -  ) Add two bytes to the parameter field of the most recent~ efinsd word.
I ( - ) Print message (terminated by "). If used in definition, print when executed. "dot~ te"

IMMEDIATE ( - ) Mark last< efined word to be executed when encountered in a definition, rather than complied.
UTER AL ( n -  ) If compiling, save n in dictionary, to be returned to stack when definition is executed.
STATE -  addr ) System variable whose value is non-zero when compilation is occumng.

- ) Stop compiling input text and begin executing. "IefiM ackst"
1 - ) Stop executing input text and begin compiling. "right~ cket"
COMPILE - ) Compile the address of the next non-IMMEDIATE word into the dictionary.
(COMPILE) - ) Compile the foikrwing word, even if IMMEDIATE "bracket~ pile"

MISCELLANEOUS
(  ( - ) Begin comment, terminated by ) on same line or screen; space after (. "paren". "e l~ sian"
HER E (  — addr ) Leave address of next available dictionary location.
P A D (  - addr ) Leave address of a scratch area of at least 64 bytes.
>IN (  - addr ) System variable containing character offset into input buffer, used, e.g., by WORD. "IcHn"
BL K (  — addr ) System variable containing block number currently being interpreted, or 0 if from terminaL "b+ k
A BOR T ( - ) Clear data and return stacks, set execution mode, return control to tenninaL
Q UI T  ( - ) Uke ABORT , except does not clear data stack or print any message.
7 9-STANDARD (  ) Verify that system conforms to FORTH-79 Standard.
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