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A Forth monitor nucleus has been transported 
personal computer CPC) from an original 8—bi.t P C’ 
primitive words only, for aiming at the cons true 
teractive and distributed mult i-compu te r control

A typical test example of execution speed is 
yield ing in an encouraging result.

Further expansion, i n c l u d i n g  r e a l — n u m b e r  a г 
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system. 
demonstrated,
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Introduction
This paper s terns up f rom the previous w o r k s / 1 ,2/.
Yet ano t he r  area of a c c e l e r a t o r  science and techno logy Is 

n o w  more c l o s e l y  co mi ng  i n t e r w o v e n  w i t h  c o m p u t e r  s c i e n c e  : 
t y p i c a l l y  in compute г一a i de d— de s ign of a c c ѳ le rat ing structures 
with beam b e h a v i o r  s іши1 a 11ons and In a p p l i c a t i o n  for their 
control.

In the latter case, th ere are m a n y  ways how to construct 
c o m p u t e r - b a s e d  co ntrol a n d / o r  da ta — 1 о gg ing sys terns both in 
h a r d w a r e  c o n f i g u r a t i o n s  and in sorts of s о f tware imp 1ешеп te d 
herein. In these applications, a s o m e w h a t  d i f f e r e n t  feature 
may r e a s o n a b l y  be ad e q u a t e  from o r d i n a r y  env i ronmen ts, from 
the v i e w p o i n t s  of h i g h — s p e e d  e x e c u t i o n  a n d p г о g г а ш ш ing 
flexibility which includes the system expandability.

A d i s t r i b u t e d  mu 1 ti-с оm p u t eг system, typically like NODAL 
sys tems/З/, has already proven the ef f ec tiv en ess . A P C -алd — 
intelligent CAMAC system/4/ or a linked s ingle-board-computer 
(SBCs) sys tem/5/ even tually f о rme d themselves a simplest dis
tributed sys tem.

An in t er ac ti ve  p r o g r a m m i n g  env ir onment can be pr ovided by 
use of an interpreter 1anguage instead of compiler languages: 
in NODAL, the B A S I C - like i n t e r p r e t e r  is used. However, the 
execution speed of the task written in the above is not su fii— 
c i e n t . F O R T H  / 6 , 1 /  is t h e n  e x p e c t e d  to o v e r c o m e  the 
d e f i c i e n c y  о f the speed, keep ing oth er  kinds of distinctive 
characteristics; s e l f - r e p r o d u c i n g ,  as a Forth sys tem с an d e 
described in Forth itself Ch i gh expandability) and both in low 
level like an assembler and in h i gh 1e v e 1 (h i gh productivity).

In ad d i t i o n ,  a F o r t h  sys tem i s s i m p l e  and t hen  it ca n 
r at her  e a si ly  be assembled. This s i t u a t i o n  allows births о f 
m a n y  di al ec ts  of F o r t h , just like しISP. N E O N  u sed  in well 
k n o w n  APPLE* s M a c i n t o s h s  and S T O I C  in rumor in E P S O N’S are 
also one о f the dialects.

Fo г th Moni to r
The structure of the m oni tor  is b a s i c a l l y  the same as the 

8-bit P C ’s, whose CPU is Z - 80/4•ふ /. The t r ansp о г t a t i on into 
the 16- bit P C ’s, whose C P U  is 8086 or equivalent, has be en  
performed by rewriting only the kernel, in which several tens 
primitive words have been assembled. A 8086 has been naturally 
developed f r.om a 8085, s i m i l a r  t о a Z ~ 80. A 32-b i t 803 86 is 
then s ішіlar ily developed from a 8068, Fur the г t ransp о r ta t i on 
can then be. in this direc t ion. Some wo rds in the 8086? s can 
be assembled more compact than in the Z - 8 0’s. Newly prepared 
words are due to the differences b e tween the hardwares.



1 . BASI C  N88- o r i g i n a l
2. BASIC  on MS-DOS
3. BASIC  MS，一c o mp i l e d
4. MS-Fo  г t ran
5. FORTH l i s t e d
S. FORTH tuned~up  Cl)
7. FORTH tu n ed -up  C2)

FOR N=1 TO 399 
Y (0) = (X(0)+X  (399))  MOD 2 
PSE  丁（0 , Ю ,  Y(0)
FOR 1=1 TO 399
Y( I )  = CX( I ) +XCI - 1 ) ) MOD 2
PSE  丁（I , N) ,  Y ( I )
NEXT I
FOR 1=0 TO 399 
X ( I ) =Y ( I )
NEXT 1 
NEXT N

In  th e  t u n e  d—up C l ) ,  s e p a r a t e  p r i m i t i v e  wo r d s  a r e  c o n 
c a t e n a t e d  t o g e t h e r ,  c o mp o u n d  p r i m i t i v e  w o r d s ; ” i В木” to 
” ІВ木” , ” + DUP @ SWAP В一 @ +” to ” 十D+ ” and ” 2 /  DROP DUP” to 
"M0D2D” ， r e s p e c  t i v r l y .  In the  tu n ed - up ( 2 ) ， PSET  i n the BASI C ’ s 
o r i g i n a l  s u b r o u t i n e s  i s  r e p l a c e d  by  newl y  p r e p a r e d  one.

F o r  r e a l —number  a r i t h m e t i c ,  a numer i c  dat a  p r o c e s s o r ,  NDP, 
e . g . ,  8087/8/  fo r  8086,  с an e f f e c t i v e l y  be i n c o r p o r a t e d  i n  the
s y s t e m .  The  NDP h a s  t h e  a r c h i t e c t u r e  o f  8 80マb i t  s t a c k
r e g i s t e r s ,  whi ch  i s  thus  the most  s u i t e d  to F o r t h ’ s f u n c t i o n ,  
b e c a u s e  Ко r th f u n c t i o n a l l y  o p e r a t e s  th rough  the s t a c k s ;  p op -

丁he program  c i t e d  above  i s  a k i n d  of  c e l l a r  automaton;  a mode 1 
of  s e l f - r e p r o d u c i n g  mach i nes .

The above  BASIC  pr ogram  can  be c o n v e r t e d  i n  F o r t h  p ro gram :

С Y- X B400H В000Н 4 ООН MOVE 〕

С AUTOS 400 1 do I В木 В000Н  + DUP @ SWAP В-  @ + 2 /

DROP DUP i В木 B400H  + ! B800H @ i PSET  l oop  〕
С AUTO B002H SE T 1 , 4 0 0  1 do В000Н @ B31EH @ + 2 /

DROP DUP B400H ! i DUP B800H ! 0 PSET  AUTOS

to l i n e s  3 20 - 340  i n  B A S I C 1S, 
to 2 5 0 - 3 5 0 ， i n c l u d i n g  AUTOS

Y—X l oop
AUTOS to 
and  Y—X,

where  Y —X c o r r e s p o n d s  
l i n e s  280-310  and  AUTO 
r e s p e c  t i v e l y .

In  F o r t h ， e a c h  s e n t e n c e ,  n e w l y  с ошр І 1e d t a s k ,  i s im — 
m e d i a t e l y  e x e c u t a b l e  and a b 1e to be,  f rom i t s  c h a r a c t e r i s t i c ,  
s ub rou  t i n  i ze d i n  p r o c e e d i n g  s e n t e n c e  c o m p i l a t i o n ;  X—Y, AUTOb 
and AUTO с an run  q u i t e  i n d e p e n d e n t l y .  B400H and В000Н are  
v a r i a b l e  a r e a s  f o r  X СI ) and  Y ( I )  i n  BASIC* s,  r e s p e c t i v e l y ,  
b e i n g  r e p r e s e n t e d  d i r e c t l y  i n  the  a b s o l u t e  a d d r e s s e s  i n  a 
h e x a d e c i ma l  exp ress  i on.

The f о 1l owi ng  l i s t s  the e x e c u t i o n  t i mes  in 
programming： lan guage  pn NEC PC - 9801 ѵш. CIO MHz)

three  k i n d s  of

Speed  T e s t  ЕхашрIe
At  p r e s e n t ,  o n l y  i n  te ge r a r i t h m e t i c s  i s f u l l y  a v a i l a b l e  i n  

the d e v e l o p i n g  F o r t h  s y s t e m.  A h e a r t  o f  a s amp Ie p r o g  ram 
w r i t t e n  in  BASIC  is  then  chosen  a s / 7 / :

( mi n : sec .  XX
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ping data up and pushing data down. New primitive words for 
NDP* s ope rat ion can, therefore, be prepared mo re directly than 
for CPU* s. The intentional separation of function and repre
sentation among C P U’s and NDP* s may later facilitate pro gram — 
m ing, because the NDP* s can be considered as one о f I/ O’s like 
a graphics.

The following is an example, in which a circle area is cu l — 
cu 1 a t e d , ge t ti ng  a value о f its radius in a f l o a t i n g - p o i n t  
number as an input. Then the subroutine-like usage follows for 
the sequential calculation.

R$ С Circle-area FDUP R. SP SP FDUF?- F氺 FLDPIS F氺 D. 
R$ 1.24 Ci rcl e— area 3.456 С i гс 1e_are a
1.2400 4. 83051286
3.4560 37. 52298159

j— а г ѳ a CRCL— A

C R 〕

RS С C R Cし一SR do» 
R$ 10 0 CRCL-SR

i ITOR 0. 2 F木 5. 0 F+ C R C L —A loop 〕
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78. 53981634 
8 4. 9486G545 
91.60884198 
98.52034593

The direc t addre ss  ing r a n g e  of 8 0 8 6 / s is i n t r i n s i c a l l y  
limited to 64 k il o— bytes; this leads to the introduction о f a 
segment. Thus the mu 1 t i-s e g m e n t p r o g r a m m i n g  w i l l  in its 
s t r u c t u r e  become re se mbl e to that of nrn It i-comp liter’s, as in 
NODAL.

A P C - 9801 ѵш p r o v i d e s  10 Б4- K by te  se g me nt  b l oc ks  of RAMs 
with the exp andab i l.i ty of an additional RAMs of up to 4 Mbytes 
in a fo r m of b a n k  se .lection. One b l o c k  area seems ample 
e n o u g h  for a. re s id en t m o n i t o r  w i t h  a s u f f i c i e n t  n u m b  e r of 
s o f t w a r e  tools, wh ile r e m a i n i n g  blo ck s can be appropria te ly  
allotted to application pro gram area accompanied with d a t a’s. 
Eac h bl oc k ass i gne d for app 1 ica t ion is of the same structure 
as the m o n i t o r , s*. e x c e p t  thos e of c o m p i l a t i o n  and tools. 
Prel imi nar y test of in te rs e gmen t p го gramming has yielded in a 
good resul t.

Discuss i o_n
The test of e x e c u t i o n  s p e e d  

tuning—up technique has also been 
к ind of prototyping/9/.

For a distributed control system, 
b e better than a loop’s, because the 
be in a definite hierarchy.

has been 
proved to

s a t i s f a c t o r y .  A 
be effective as a

a st ar -l ik e  
system h a s ,

n e t w o r k  ma y 
a priori, to
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References
1 ) Y . K a w a r a s a k 1 : Proc. 1-st Workshop on Control Systems, 

KEK Report 87- 2 5， p . 106 
Y. Kawaras ak i: to be published
Physics, JAERI
М.C.Cr owley-M i1 1 ing and G.C.She r i n g :
Y.Kawarasaki: J A E R I - M 86-112, p25 
Y.Kawarasaki: Proc. 10-th しINAC MEETING,

)
)
?

)

3
4
5
6
7)
8)
9)

in Annual Report, Dept, о

CERN 78-07

A trademark of FORTH Inc.
H. Takayasu:"Frac talM , p. 110,

p . 19

H. Takayasu :  " F r a c t a l " , p.  11U, Asalcura  P u b l i s h i n g  
J.  F . P a l m e r  and S. P. M o r s e :"The  8087 P r i m e r " , John  
S o n s , I n c . , New Yor k
M. A r i s a w a : f,Sof tware P r o t o t y p i n g”，К inda i-Kagaku Sha

C o .
Wiley &


