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ABSTRACT

i.;or«I. ap'l ic«tion o ar, l9I'i P"!>'7 is described for I l ) co l lect;ng. ed i t ino and oenerating inp~ t for

a l «. ge hod2.’ 0! the Norwco: ar, econoa’. used bv the Norweoi an flovernsen!. 2) transferringthi =.

inforaation to a aainfraac. and !.I runnino interactive gobs which checI the input process it further

and «end it on to ariot,’ier sainfraaie where the econoaic aodel equatioris are solved and result table«

are wr itten� . 7re application eaul ate« a per’son operating a coaputer terai nal . Forth techn: ques

i l lustrated include a finite state descric'.icri language extension for cortrol l ing oeneral interactive

i b« cr: o'.h«r aa- h.' nes. Ant: c:: .at C fur’.he. developaents of this concept include controlling arid

logoina the entire code! solution proce«s ori seve al aachines.

The a p p l i c a t i o n

The wor k r e p o r t e d o n h e r e , partly completed and partly still

in developm e nt , sugo est s powe rfu l For th langu a g e e >:tension

u sing the Fin ite stat e mac h i ne conce pt (see for instan ce

L andau , 19 8 2 ) wh i c h s e e m l i ke l y t o b e p a r t i c u l a r l y h e l p f u l i n

c ommuni c a t i o n s a p p l i c a t i o n s .

The Norweg ian Go vern ment has for a qu arter of a cent ury u sed

large com p u ter mo de l s of the e conom y , part icu la r l y the MQD IS

model ( F o r MOd e l o f D I Sa g g r e g a t e d t y p e ) , a s d e c i s i o n mo d e l s i n
"what if " a n alyse s to set mar ket par amet ers such as ta>:es an d

s ubsidies , the e>:change ra t e f or t h e No rweg i a n c urrency „ and

total go v e r n m ent e>:penditure. On m any occa sio ns the m ode ls

have bee n use d for centr a lize d wa ge ba rgai n in g in wh ich the

G overnmen t as a th ird pa rty h as be en act ive in us ing th e

models to neg ot i at e pac kage s invo lvin g j o i nt ta >:ation an d w age

r ate con c e s s io n Th e ma in ch aracte rist i c o f th is de cis io n

process, co mp a r ed w it h s im ila r meth od s u se d in the USA (by th e

C ongressiona l Of f i ce o f the Budge t ), C anad a , F rance , and

Holland , is the ma tur i ty of t he app lica tio n a nd t h e e >:tent to

w hich it h a s b een r e lied upon by th e N orweg i an M in ist er of

Finance an d the re st o f the Cab ine t in ma king quant itativ e



e co n o mi c d e c i s i o n s .

W ith c h a n g i n g m a c h i n e t y p e s a nd th e g e n e r a l m o v e t o w ar d s m o r e

intera c t i v e s y s t e m s w ith i m p r o v e d t u r n - a r o u n d t im e s , a nd w i t h
t h e p a r t i c u l ar a i m o f p i c k i n g u p e r r o r s e ar l i e r i n t h e model
s o l u t i o n p r o c e s s , a mic r o c o m p u t e r a p p l i c a t i o n in F o r t h has
been i n s t a l led f or

c o l l e c t i n g , e d i t i n g a n d g e n e r a t i n g i n p u t f o r MOD I S

transf errin g t h i s in f ormati on to a m a in f rame o v e r a 9 6 0 0

b aud l e a s e d v o i c e - g r a d e l in k , and

r u n n i n g i n t e r a c t i v e j o b s w hich : c h e c k t h e i n p u t , p r o c e s s i t

f urthe r a n d s e n d it o n t o a nothe r m a in f ra m e w h e r e t h e

e cono mi c m o d e l e q u a t i o n s a r e s e t u p a n d s o l v e d a s
p revio u s l y , a n d r e s u l t t a b l e s a r e w r i t t e n .

T his d e v e l o p m e n t i s t h e f ir s t s t e p i n r e n e w i n g t h e c o m p u t e r

m ethods u s e d f o r M O D IS . T h e micro c o m p u t e r p r o g r a m wi 1 1 be
a bl e t o p l a y a r o l e i n c oor d i n a t i n g parallel u se o f n e w a n d
o l d mo d e l i mp l e me n t a t i o n , t o t e s t t h e n e w im p le m e n t a t i o n s on
n ew m a c h i n e s u s i n g i d e n t i c a l i n pu t d a t a .

The mi croco m p u t e r a p p l i cati on can b e m o d i f ied a n d r e c o m p i led

t o co n t r o l i n t e r a c t i ve j o b s o n any m a c h i n e t o w h ic h it c a n b e

c onn e c t e d b y R S — 2 2 C interf a c e , u s i n g a s p e c ia l - p u r p o s e

l anguag e w h i c h h a b e e n i m p le m e n t e d i n i t s f i r s t r u d i me n t a r y
b ut r e l i a b l e v e r s i o n , a s an e ::tens io n o f F o r t h . T h e s e c t i on s

f o l l o wi n g d i s c u s s t h e g e n e r a l g o a l s , r e a s o n s wh y F o r t h i s
p refer a b l e f o r s u c h a p p l ic a t i o n s , a nd th e e >:tens i on s w h i c h a r e

appropri ate. P l an s f or f urther d e v e l opment a r e d i scus s ed w i th

s pecia l r e f e r e n c e t o g u a r a n t e e s o f r e l i a b i 1 i t y

Cont r o l l i n g i n t e r a c t i v e j o b s o n o the r m ac h i n e s

C onven t i o n a l s o f t w a r e f o r using m i c r o c o m p u t e r s as w o r k s t a t i o n s

c onnec te d t o m a i n f r a m e s s uppo rt s t w o m o d e s o f interaction
b et w e e n ma c h i n e s .

d umb t e r mi n a l e mu l a t i o n , and

d own l o a d i n g a n d u p l o a d i n g o f f i l e c o n s i s t i n g o f ASCI I
s t r i n g s .



(In c o n n e c t i o n w i th t h e s e c o n d . b a t c h j o b s c a n s omet i me s b e

s ubm i t t e d a n d t h e i r r e s u l t s v i e w e d a s f i l e s . ) U s u a l l y c o d e d

i n a s s e mb l y l a n g u a g e , s o f t w a r e o f t h i s t y p e i s g e n e r a l l y

u nabl e t o p r o v i de m a c h in e � machin e in t e r a c t io n s r e l a t e d t o

s pe c i f i c f i n a l u s e r a p p l i c a t i o n s . Su c h c o mmu n i c a t i o n s a r e

c onve n t i o n a l l y r e g ar d e d a s a s y s t e m s p r o g r a m m i n g t o p i c . T h e

d ata o b j e c t s d e a l t w i t h ar e t h e k in d s o f d a t a o b j e c t t h a t

o pera t in g s y s t e m s k n o w a b o u t : t e r m i n a l s , f i l e s , j o b qu e u e s a n d

s o o n .

T his c o n c l u s i o n h o l d s a l s o f o r m o r e a d v an c e d c o m m u n i c a t io n s

softwar e u s e d in lo c a l a r e a n e tw o r k s a n d w i d e a r e a n e t w o r k s :

a l l c o mmu n i c a t i o n s i s h a n d l e d a t t he o p er a t i n g s y s t e m l e v e l .

N anv w o u l d s a v t h a t t h i s i s w h e r e it s h o u ld b e h a n d l e d . t h a t

t hings s h o ul d b e f ac t o r e d o u t t h a t w a y . Th e o p e r a t i n g s y s t e m ,

i t i s n o r ma l l y a r g u e d , s h o u l d p r o v i d e f a c i l i t i e s o f t h i s k i n d

t o use r p r o c e s s e s . W h y s h o u ld t h e a p p l i c a t i o n h a v e t o i n c lu d e

d river s f o r t h e c o m m u n i c a t i o n s p o r t s ? B u t w e n e e d t o

d i s t i n g u i s h b e t w e e n r e s p o n s i b i l i t y f o r d r i v i n g t h e p o r t s a n d

t h e h i g h l e v e l p r o t o c o l s , a s i n t h e l a y e r e d OS I mo d e l ( s e e f o r
i ns t a n c e Wi t t , 19 8 .:. ' ) . A s t h e 1 a y e r e d DS I mo d e l r e c o g n i =. e s ,

n ot onl y ope r a t i n g s y s t e m s b u t a l so a p p l i cati ons hav e t o t a k e

account o f t h in g s 1 i ke d e a d l o c k s d u e t o b o t h p a r t ie s w a it i n g

f o r t h e o t h e r t o s p e a k f i r s t . T h e ma i n l o g i c a l i s s u e s o f

c ommun i c a t i o n h a v e t o b e f a c e d a t a l l l a y e r s , in c l u d i ng t h e

applic a t i o n s l a y e r • A n d s o w e n e e d t o a s k : w h a t s o f t w a r e

t ools d o w e h a v e t o m e e t t h i s c h a l le n g e 7

T here i s an a l m o s t t o t a l a b s e n c e o f i n t e r a c t i v e c o m m u n i c a t i o ns

s oftwar e a t t h e a p p l ic a t io n s le v e l . F i n a l u s e r s p r e f e r

intera c t iv e p r o g r a m s f o r d a t a r e t r ie v a l , s p r e a d s h e e t s , a n d

s i m i l a r a p p l i c at i o n s . T h e y w o u l d a l s o l i k e t o b e a b l e t o

interac t w i t h c o m m u n ic a t i o n s s o f t w a r e . It is u s e fu l t o b e

a ble t o s t a r t a p r o g r a m w h i c h w i l l r u n a n in t e r a c t i v e p r o g r a m

on an o t h e r ma chine in a n i n t e l l ig e n t w a y a n d r e p o r t b a c k o n

s e l e c t e d e v e n t s , a s i n t h e a p p l i c a t i o n d e s c r i b e d i n t h i s

p ape r , o r p e r h ap « to r u n t w o i n t e r a c t i v e p r o g r a m s o n t w o

d iffer en t m a c h i n e s a n d p i p e l i n e t h e o u t p u t f r o m o n e t o t h e

other • Th is s o rt of th ing is rare ly do ne b ecau se of t he

absence of ade quate comm un icat ion s protocols a t t h e

app l i c a t i o n l e v e l i n t h e OS I mo d e l . T h i s ab s e n c e l e a d s t o

applications c ommun i c a t i n g b y r e a d in g e a c h o t h e r ’s f i le s .

T his i s t h e w e a k e s t a n d m o s t e r r o r � pron e k in d o f

commun i c a ti on p r o t o c o l t h a t c a n b e im a g in e d � a n d it n o r m a l ly

r equire s h u m a n in t e r v e n t i o n a n d c h e c k i n g t o w o r k , a s w e k n o w



f r o m e > : p e r i e n c e wi t h N OD I S .

U sers w a n t t o d o t h e t h in g s s ugg e s t e d a b o v e . A l s o , t h e r e
e >:ist in t e r a c t i v e p r o g r a m s o n m a in f r a m e s w h ic h d o n o t p r o d u c e

r esult s o n f i l e s s u it a b l e f o r d ow n lo a d i n g . U s e r s w o u l d l i k e

interf a c e s b e t w e e n in t e r a c t i v e p r o g r a m s o n a v a r ie t y o f

m achin e s , w h i c h t h e y a r e u n a b le t o m odify t h e m s e l v e s .

I t is p e r h a p s e a s y t o im a g i n e t h a t a m i c r o c o m p u t e r e m u la t i n g a

s mar t t e r mi n a l mi gh t s i mp l y t a Le a d i s k c o p y o f t h e d i a l o g ,

w hich m ig h t b e e d i t e d l at e r b y h a n d a n d u p lo a d e d t o a

d iffer en t p r o g r a m o n a d i f f e r e n t m a c h in e . T h e r e a r e m a n y

pi tf al 1 s here, h o w e v e r . T h e s e c o n d m a ch i ne m a y n o t w a n t i ts

input i n t h a t f o r m a t . N o r e f u n d a m e n t a l 1 y, a t e r mi n a l

emulating pr ogram n e e d s t o u s e a p r o t o c o l s u c h a s X O N / XO F F t o

s low d ow n t h e m a in f r a m e w h i le t h e m ic r o c o m p u t e r s t o r e s t h i n g s

o n d i s k ( o r a n y wh e r e ) . a n d i t w i 1 1 n o t b e a b l e t o r e s p o n d

n at u r a l 1 y a t 9 6 0 0 b a u d i n a d i a l o g i f i t t r i e s t o d o t h i s .

Ideal ly, t h e m ic r o c o m p u t e r s h o u l d a c t a s a n i n t e r m e d i a r y a n d

b uf f e r a t t h e l e v e l o f t h e i n t e r ac t i v e application.

Forth vs. other methods for co mmunications applications

Assum e f o r t h e m o m e n t t h a t w e a r e g o i n g t o u s e a s s e m b l y

langua ge , c o n v e n t i on a l h i g h le v e l l a n g u ag e s s u c h a s C o r B C F ’L.

o r n e w c 1 a s s i c a l 1 a n g u a g e s s u c h a s OCC AN ( Ma y Kc T a y l o r , 19 8 ~ )

whic h i s s p e c i f i c a l l y s l a n t e d t o wa r d s c o mmu n i c a t i o n s . T h e

a bsence o f a n y t h i n g c o r r e s p o n d i n g t o F o r t h ’s t e >;t in t e r p r e t e r

(Ti n g . 19 8 C)) ma k e 1 i f e v e r y d i f f i c u l t wh e n i mp l e me n t i n g a n d

t e s t i n g t h e p r o t o c o l i n a c o mmu n i c a t i o n s a p p l i c a t i o n . T h i s i s

p er h a p s n o t v e r y i mp o r t a n t i n s ma l l a p p l i c a t i o n s , b u t i n l a r g e

a pplic a t i o n s t a k i n g a v a r i e t y o f u se r n e e d s a n d u s e r - le v e l

e ..:ceptions i n t o a c c o u n t i t is a n i m m e n s e s t u m b l i n g b l o c k .

T esting c o m m u n i c a t i o n s s o f t w a r e u s in g a t o p d o w n t e s t i n g

a pp r o a c h wi t h " stubs " i n s t e ad o f t h e complete c o d e i n t h e

c l a s s i c a l w a y ( s e e f o r i n s t a n c e My e r s , 19 7 9 ) i s n o t p r a c t i c a l ,

a s n e c e s s a r y i n p u t f o r t h e p r o g r a m t o f u n c t io n i s n o t

g ener a ted � F u r t h e r m o r e , i t d o e s n o t h e lp w i t h t h e e s s e n t i a l

t ask o f i n v e s t i g a t i n g t h e t i m i n g o f m e s s a g e s b e t w e e n mach i n e s .
B otto m -u p t e s t in g is d if f ic u lt w i t h c o n v e n t io n a l m e t h o d s

b ecaus e t h e r e i s a n e > :ces s iv e n u m b e r o f m e m o r y v a r i a b l e s t o b e

i n i t i a l i ". e d c o r r e c t l y , b y c omp a r i s o n w i t h a F or t h p r o g r a m.
Fort h p r o g r a m s r u n i n a s i m p le r c o n t e >:t, w hic h t h e s y s t e m

d ev e l o p e r c a n i n i t i a l i =- e ma n u a l l y f o r b o t t o m — up t e s t i n g .



F orth’ s bot t o m - u p i n t e r a c t i v e s u p p o r t f o r t e s t in g a l lo w s m o s t

of the n e c e s s a r y t e s t in p u t t o b e pl ac ed o n t h e d a t a s t a c k

b efore t r y i n g o u t s e le c t e d w o r d s , a n d t h i s a l l o w s e >:peri m e n t s

with t i m i n g . C o r r e c t ha rdw are b e h a v io u r c a n a l so b e v e r i f ie d

by suc h t e s t i n g . In d i v i d u a l m o d u l e s ca n b e c o n s t r u c t e d w i t h a

s mall n u m b e r o f p o s s i b l e p r o g r a m e > ;ecut io n p a t h s , a n d t h e i r

c orrec t f u n c t i on a n d s t a b i l i t y c a n t h e r e f o r e b e v e r if i e d b y

e ;:pe. iment . F u r t h e r m o r e , a t t h e c r u c ia l p o i n t w h e n t h e w h o l e

c ode i s f irs t t r i ed out � a f u n c t i on ke y b r e a k i n g t o F o r t h s

t e : : t i n t e r p r e t e r ( T i n g , 19 8 C > ) a l l o ws u s t o i n v e s t i g a t e b u f f e r s
a nd s t a t e v a r i ab l e s , m a ke a l t e r at i o n s t o b o t h p r o g r a m a n d

d ata, an d r e � run pa r t s o f t h e c o d e .

Whil e s o me o f t h e s e f a c i l i t i e s a r e a v a i l a b l e i n ma c h i n e c o d e

moni t o r s a n d h i g h l e v e l d e b u g g i n g mo n i t o r s , i t i s n o r ma l f o r a

m onitor t o in te r f e r e w i t h i / o f o r k e y b o a r d a n d s c r e e n . U s i n g

F orth s t e:.:t inter p r e t er in s t e a d , s u c h in t e r f e re n c e i s w e l l

d ocume n te d a n d c a n b e m o d if i e d i f n e c e s s a r y .

F or t h i s a p p a r e n t l y u n i q u e i n p r o v i d i n g t h e mu l t i — l e v e l

t e s t i n g e n v i r o n me n t wh i c h i s e s s e n t i a l f o r i mp l e me n t i n g a n d

t e s t i n g c o mmu n i c a t i o n s a p p l i c a t i o n s i n h i g h l e v e l c o d e . Ho s t

c ommu n i c a t i o n s s o f t w a r e h a s u n t i l n o w b e e n w r i t t e n i n a s s e m b l y

l angua ge . R e g a r d l e s s o f w h e t h e r o r n o t a g o o d m a c r o � assemb l e r

h as b e e n u s e d , a D D T - l i k e d e b u g g in g e n v i r o n m e n t i s n o t

p artic u l a r l y h e lp f u l f o r t e s t i n g l ar g e a m o u n t s o f

c ommun i c a t i o n s c o d e . S i n g l e o r mu l t i — s t e p p i n g i g n o r e s t i mi n g

c on s t r a i n t s i n c o mmu n i c a t i o n s . I t i s i n a n y c a s e

t ime-c o n s u m i n g i n la r g e p r o g r a m s . S e t t i n g b r e a k p o in t s ,

r egist er s a n d m e m o r y l o c a t i o n s f o r lo n g e r t e s t r u n s i s le s s

f le::ible an d s l o w e r t h a n u s i n g F o rt h ’ s t e >:t in t e r p r e t e r � w h e r e

f o r e >:ample b uf f ers c a n b e c l e a n e d o u t a n d r e s e t u s i n g

tai 1 ormade comma n d s .

F or t h ' s mu l t i — l e v e l s t r u c t u r e a l s o a l l o w s t i me — c r i t i c a l a n d

m achin e - d e p e n d e n t m o d u l e s t o b e w r i t t e n in a s s e m b l y la n g u a g e .

Forth’ s stan d a r d i z a t i o n a n d p r a c t i c a l p o r t a b i 1 i ty combi ne w i th

the a b o v e f e a t u r e t o m a ke i t t h e i d e a l c o m m u n i cat i ons

language f o r d e v e l o p i n g a p p l i c a t i o n s .

Modifying Forth towards communications

I n t h e ap p l i c a t i o n d e s c r i b e d i n t h i s p a p e r , f i v e d i f f e r e n t

k inds o f p r a c t i c a l e >:tens io n w e r e m a d e . T h r e e o f t h e s e a r e

o bviou s p r a c t i c a l t o o l s r a t h e r t h a n l a n g u a g e e >:tens i o n s, a n d



t hey ar e l i s t e d h e r e w i t h o u t f u r t h e r c o m m e n t :

m achin e c o d e p r i m i t iv e s F o r s e n d in g b y t e s a n d s t r in g s

(using th e X O N / X O F F p r o to c o l ) , a n d f o r r e c e iv i n g b y t e s

m achin e c o d e p r im i t iv e s f o r r e c e iv i ng s t r in g s i n a b u f f e r

( us i n g t h e XON / XO F F p r o t o c o l )

b uffer h o u s e k e e p i n g (c le a r � r e s e t . i n s p e c t , c o p y t e x t t o

b uf f e r ) .

T he tw o r e m a i n i n g d e v e lo p m e n t s a r e c o n c e r n e d w it h

n ew def i ni t i ons speci f ying dat a s t r u c t u r e s a n d a c t i ons f o r

s endin g p a r t ic u l ar s t r in g s a n d m o n it o r i n g a n s w e r s

r eceive d ( r e ga r d i n g t im i n g a n d a p p r o p r ia t e n e s s ) , a n d

f in i t e s t a t e ma c h i n e c o n c e p t s ( d e f i n e d l a t e r , a l t e r n a t i v e l y

known a s t h e f in i t e s t a t e d e s c r ip t i o n m e t h o d , s e e

L andau , 19 8 2 ) f o r u s e a s l a n g u a g e f l o w c o n t r o l

struct u r e s d u r i ng machi ne � machi ne di al og.

B oth t h e a b o v e w e r e im p le m e n t e d u s i n g t h e .B U IL D S D O E S ›

s truct ur e o f F IG � Forth . T h e y c a n presumably b e mo d if i ed t o

t h e F o r t h - 8 .= St a n d a r d .

A s im p l e m e n t e d , t h e e t w o e x t e n s i o n s a r e b o t h w it h in t h e

e x i s t i n g p o s s i b i l i t i e s o f t h e F o r t h l a n g u a g e / o p e r a t i n g s y s t e m .

H owever , t h e l a s t e x t e n s i o n i s o f f u r t h e r in t e r e s t b e c a u s e i t

w as u s e d l a r g e l y i n s t e a d o f ’ t h e u s u a l c o n t r o l s t r u c t u r e s

IF-ELSE - T H E N a n d B E G IN - W H ILE - R E P E A T (D O l o o p s a n d

B EGIN- U N T I L w e r e g e n e r a l l y n o t u s e d . )

T hat is . t h e l a s t e x t e n s i o n r e p r e s e n t s a v a l u a b l e a lt e r n a t i v e

i n ( wh a t wo u l d o t h e r w i s e h a v e b e e n ) l a r g e s l a b s o f a p p l i c a t i o n

code, co mp ar e d w i t h m a j o r c o n t r o l s t r u c t u r e s c o m m o n l y u s e d i n

Forth • It m a y b e r e g a r d e d a s a g e n e r a l iz a t i o n o f b o t h t h e

CASE- s t r u c t u r e a n d F o r t h ’ s a d d r e s s i n t e r p r e t e r (T i n g , 19 8 0 ) •

T he f i n i t e s t a t e m a c h i n e c o n ce p t is t h e t h e o r e t ic a l b a s i s f o r

r ecent a d v a n c e d w o r k o n r e l i a b i l i t y i n c o m m u n ic a t i o n s G o u d a

(1984 ) p r o v e s n e ce s s a r y a n d s u f f i c ie n t c o n d it i o n s f o r

perf ectly r el i able c o m m u n i cati ons b e t w e e n t w o c o m m u n ic a t i n g

f init e s t a t e m a c h i n e s . In c o n n e c t i o n w it h t h e n e w

i mplem e n t a t i o n o f N O D IS , a n a t t e m p t i s b e i n g m a d e t o u s e



Gouda ' s c r i t e r i a f o r v e r i f y i n g r e l i a b l e c o mmu n i c a t i o n s

p roto c o l s b e t w e e n t h e p r o c e s s e s a r i s i n g in s o l v i n g t h e m o d e l .

a t the C e n t r a l B u r e a u o f S t a t i s t i c s i n O s l o .

F inite s t a t e m a ch i n e s m a y b e d e f in e d i n s e v e r a l w a y s . H e r e i t

is c o n v e n i e n t t o p r e s e n t t h e m a s a l t e r n a t i v e s t o t h e u s u a l

b lock � oriented c o n t r o l s t r u c t u r e s s u c h a s IF � ELSE � THEN, a n d

B EGIN � WHILE � REPEAT . f u n c t io n i n g a s d e s c r i b e d b e lo w . F o r t h ’s

a bilit v t o a d d r e s s in d iv id u a l n a m e d m o d u le s t o b e e x e c u t e d

later a l l o w s u s t o c o n s t r u c t ge ner aliz ed s w i t c h i n g a n d lo o p in g

s ystems , w h i c h a r e d r i v e n b y a s m a l l n u m b e r o f s t a t e v a r i a b le s

and described b y e a s i l y r e a d a b l e t a b l e s (s e e L a n d a u , 19 8 2 ) . A

f inite s t a t e m a c h i n e c a n t h e n b e d e f i n e d a s c o n s i s t i n g o f

a table o f n a m e s o r a d d r e s s e s o f n e w m o d u l e s w h i c h ca n b e

e xecu t e d . p o i n t e d t o b y t h e e le m e n t s o f

a nother t a b l e s e le c t i n g a c t io n s t o b e p e r f o r m e d , b a se d o n

t he c o m b in e d v a l u e s o f a l im i t e d n u m b e r o f s t a t e

v a r i a b l e s ( u s u a l l y t wo ) , a n d

a driv in g m e c h a n i s m w h i c h lo o p s r e p e a t e d l y , u s i n g t h e t w o

t ables t o e :. e c u t e a s e q u e n c e o f a c t i o n s b a s e d o n t h e

s tate v a r i a b l e v a lu e s a s t h e s e c h a n g e .

Thi s s c h e m e i s v e r y f 1 ex ibl e, a s a n y e x e c u t e d m o d u l e (F o r t h

w ord) ma y a lt e r t h e v a l u e s o f t h e s t a t e v a r i a b l e s a n d t h u s th e

f lo w o f c o n t r o l . I n g e n e r a l , reliability i s o b t a i n e d b y

s trictl y l i m i t i n g t h e n u m b e r o f s t a t e v a r ia b l e s a n d t h e n u m b e r

o f mo d u le s w h i c h m a y a lt e r t h e ir v a lu e s . W h e n t h is i s d o n e ,

t he p o s s i b l e s i d e e f f e c t s w h i c h e x e c u t i on o f a m o d u l e c a n

g ene r a t e a r e i n s t i l l p r i n c i p l e d r a ma t i c ( a n d p o t e n t i a l l y

u se f u l ) . b u t i n p r a c t i c e n e a r l y a l l p o s i b l e e v e n t s a r e n e a t l y

d ocume n te d i n t h e t a b le s . R e l i a b i l i t y c a n t h e r e f o r e b e

v e r i f i e d b y e x e r c i s i n g t h e l i mi t e d n u mb e r o f p o s s i b l e p r o g r a m

p aths i n s i d e e a c h s e p a r a t e m o d u l e (F o r t h w o r d ) .

Whi l e f i n i t e s t a t e ma c h i n e s a r e me n t i o n e d o f t e n i n t h e

c ompu t e r s c i e n c e l i t e r a t u r e ( p a r t i c u l a r l y i n c o n n e c t i o n w i t h

e valu a t io n o f p a r s e d e x p r e s s i o n s ) , i t i s g e n e r a l l y s t a t e d t h a t

s uch t a b l e s w i l l b e t o o l a r g e f o r t h e m e t h o d t o b e o f a n y

p ract i ca l u s e o n a l a r g e s c a l e , d u e t o t h e n u m b e r o f p o s s i b l e

s tates g e n e r a t e d a s e l e m e n t s o f t h e C a r t e s i a n p r o d u c t o f t h e

s ets o f v a l u e s w h i c h c a n b e t a k e n o n b y t h e s t a t e v a r ia b l e s ›

This is w r o n g , h o w e v e r , a s t h e w r i t e r h a s ve r if ie d b y



c on s t r u c t i n g a n d s e l l i n g a f ul l y o pe r a t i o n a l mu l t i — u s e r

i nvoi ce . o r d e r a n d in v e n t o r y s y s t e m b a s e d t o a l a r g e e x t e n t o n

f i n i t e s t a t e ma c h i n e p r i n c i p l e s . Qu i t e s i mp l e mo d i f i c a t i o n s

s o l v e t h e s i z e p r o b l e m u s u a l l y r e f e r r e d t o . w h i l e r e t a i n i n g

a l mos t a l l t h e b e n e f i t s ( p ar t i c u l a r l y r e l i a b i l i t y ) . I n a

c ommu n i c a t i n g f init e s t a t e m a c h i n e t h e r e i s in a n y c a s e o n l y a

small n u m b e r o f p o s s i b l e s t a t e s , a n d t h e s iz e p r o b l e m c a n i n

a ny c a s e b e i g n o r e d .

T here a r e s e v e r a l a lt e r n a t i v e w a y s o f i m p le m e n t i n g f in i t e

s tate m a c h i n e s i n F o r t h , r e m in i s c e n t o f (a n d p a r t l y d e r i v e d

f rom) th e c o m p e t i t i o n i n t h e j o u r n a l F o r t h D i m e n s io n s f o r t h e

C ASE-s t a t e m e n t . S o f a r in t h e M ODIS i n p u t p r o j e c t d e s c r i b e d

h ere. a s i m p l e m e t h o d h a s b e e n u s e d , in w h ic h t h e f irs t t a b le

i s de f i n e d b y a C A S E � statem en t s im p l y l i s t in g F o r t h w o r d s t o

b e se l e c t e d a n d e x e c u t e d a c c o r d i n g t o t h e v a l u e o f a s i n g l e

s tate v a r i a b l e . T h e s e a r e n o t h o w e v e r e x e c u t e d in n a t u r a l

s equen ce . T h e s t a t e v a r i a b l e i s n or m a l l y g iv e n a n e w v a l u e b y

e ach l i s t e d w o r d i n t h e C A S E � statem en t w h e n i t is e x e c u t e d ,

f ixed a t t h e t i m e t h e w o r d i s c o m p i l e d

T hi s waul d gi ve a f i xed se q u e n c e , e x c e p t f or th e f act t h a t t h e

s i n g l e s t a t e v a r i a b l e i s mo d i f i e d i n s o me o f t h e l i s t e d w o r d s ,

a t run t i m e , a c c o r d i n g t o e v e n t s .

I n t h i s s i mp l e i mp l e me n t a t i o n . t h e s e c o n d t a b l e me n t i o n e d i n

t h e de f i n i t i o n a b o v e o f a f i n i t e s t a t e ma c h i n e c o n s i s t s o f .

d ata e le me n t ~ c o m p i l e d i n t o t h e in d i v id u a l F o r t h w o r d s n a m e d

in the f i r s t t a b l e , s o t h a t it i s s p r e a d b e t w e e n t h e s e w o r d s

r ather t h a n c o l l e c t e d i n o n e F o r t h d e f i n it io n . S in c e t h e s e

words ar e t h e m s e l v e s d e f in e d o n a c o u p l e o f sc reens i n s i n g le

l ines , t h e s o u r c e c o d e d o e s h a v e a r e a d a b le t a b le s t r u c t u r e ,

a s show n l a t e r i n F ig u r e

In Fig ur e 1 , t h e F o r t h s c r e e n s h o w n c o r r e s p o n d s t o t h e f i r s t

t a b l e i n t h e d e f i n i t i o n o f a f i n i t e s t a t e ma c h i n e .

T he n ex t t w o s c r e e n s in F ig u r e s 2 a n d 3 c o r r e s p o n d t o t h e

s econd t a b l e . (T h e e s c r e e n s r e f e r t o s h o r t w o r d s w h o s e

def inition s a r e n o t s h o w n h e r e , r e la t e d t o t h e a p p l ic a t i o n . )



F i g u r e 1

d I:w-08 / 1 6 / 8 5 )( branch f o r o u t e r s h e l l

CASE: c - ACTI ON ( n — )

t t y
send — F I-ST

s en d - ES C

send — S-S — 8

( 4 )

( 6 )

( 8 )

( 10 )

( 12 )

( 14 )

( 16 )

( 18 )

( — 1

( 0

( 1

( 2
( 3

s end - F E R D

INN

TRE

Pred

Open

D xt e s t

De — fi

L ese f i l

)

l og i n e n t r y )
)

e x i t , DON ' T CAL L )
T TY, p as s wo r d )

( 5 )

( 7 )

( 9 )

( 1 1 )

( 1 3

( 1

( 17

( 19

s end - N - N

send - L O GOUT

Name

St r u c t

Data

Eval

C ard s

F i l e n a m e

F i g u r e 2

dkw — 08/ 1 6 / 8 5 )( s e n d i n g a n d r e c e i v i n g s t .r i n g s 1

( def ining q u e s t i o n s , a n s w e r s t o b e t e s t e d f o r . • . )

( ...and n e w s t a t e v a r i a b l e s e t t in g s a f t e r w ar d s )

( o l d n e w . - ST AT ES )

( state s e n d s r e c e i v e s m a >: Vc r )

( 0 ) 1

( 1 ) 17
( 2 )

( 3 ) 0

( 4 ) 13

( 5 ) 6

( 6 ) — 1

ol av
F I-S T

esc
s — s — b

prompt
f i l e :
l o g i n :

p as s w o r d :
d i r e r ' . t i v

prompt
oi..— out:

100 c r

2 0 c r

1 00 0 0
1 0 c r

150 c r

1 00 c r

5 0 c r

S END-S T R I N G

SEND — STRING

SEND — STRING

SEND — STRING

S END-S T R I N G

SEND — STRING
S END-S T R I N G

send - P A S S WORD

s end- F I - S T

send — ESC

s end - S- S- B

send - N — N

s end - F E R D
sen d - L O G OUT

n n

f erd

I ogou t

F igure 4 c o n t a i n s e l abo r ati ons o f t h r e e w o r d s in F i g u r e 3

whic h i l l u s t r a t e t h e f l e x i b i l i t y o f t h e me t h o d , t o s e n d a

var i a b l e s t r i n g f o r t r a n s f e r r i n g d a t a .



F i gur e 3

( s e n d i n g a n d r e c e i v i n g s t r i n g s 2 d I w- 0 8 / 16 / 8 5 )

( 7 ) 8
( 8 ) 9

( 9 ) 10

10 ) 1 1
1 2 ) 1 :

( 1 3 ) 18

( 1 4 ) 15
( 1 5 ) 16

( 1 6 ) — 1

( 1 7 ) 4

( 1 8 ) 19

( 1 9 ) 5

COMBUF

open:

e va l :

dxtest: l tat ."

a st :
de — fi:

i nn :

COMBUF

t r e :

C OMBUF e n g e r e :

o dev i s :

e ndr e s :

e nav n 7 :

d i r e r : t i v

prompt

1 eses :

d i r e k t i v

e nav n 7 :

v a l g 7 :

t per i o d e :

5 0 c r SE ND - S T R I NG

150 c r S END - ST R I NG

50 c r SEN D- S TR I NG

150 c r SE ND- S T R I NG

150 c r SEND - ST R I NG

150 c r S END - S T R I NG

150 c r SEND - ST R I NG
1 50 c r SE ND- ST R I NG

150 c r SEND - ST R I NG

50 c r SE N D — STRING

150 c r SEN D- ST R I NG

150 c r SE ND- S T R I NG

INN
s end- N a me

TRE

s end — Stru c t

s end- P r e d

Open
Eval

Dx tes t

Card s
De — fi

F i l e n a m e

Lesef i ln ul l :

F i g u r e 4

d ew- 0 8 / 16 / 8 5 )( Elaborations , s e nd in g a nd rece ivin g s tate s

Name empt y bu f N — FILE dx 8 n ame 10 - >B uf f text send — Name !

Struct emp tybuf 1 S — >D — >Buf f num ( f requency year I y )

0 vear 8 year 8 S — >D — >Buf f num ( f inal year )
s end — Stru c t !

Y-F I L E 1 y e a r 8 S — >D ->Buf f num ( 1s t y e ar )

P re d e mp t y b u f

P — FILE 0 pred 8 1+ 1 DO I pre d 8 S — >D — >Buf f num LOOP

s end- P r e d

The screen in F igu r e 5 cont ains a simple v er s io n o f t h e dr iv er

ref erred to in th e f ini te s t a t e ma c h i n e d e f i n i t i o n .

T he s i n g l e l i n e d e f i n i t i o n s i n Figure s 2 a nd 3 ut i l i z e t h e
language e x t e n s ion SEND -ST R IN G (imp l e m e n te d u si n g t he d e f ining

words .BU ILDS an d DO E S - in FIG — Forth, n ot s h o wn> . SEND - S T R I N G
a l l o ws u s t o s p e c i f y s end i n g a n d r e c e i v i n g a c t i o n s o f a
g eneral nature (d ef ined el sewhere ) , a nd a n e w v a l u e f o r t h e

10



F i gu r e 5

d kw-0 7 / 3 1 / 8 5 )( o u t e r s h e l l co mmu n i c a t i o n s F D

0 V A R I A B L E o - s t a t e

t est 7 o � state 8 18 = test 8 0 = A N D IF � 1 s t a t e ! E N D IF

B EGIN s t a t e 8 - 1

h lHILE s t a t e 8 o � state !

corn

s tate 8 c � ACTIO N ( . .b r a n c h t o n e > t a c t i o n )

TTYk ( .. look f or F~ f uncti on ke y , —;- TT Y )

t est : . . .switc h t e s t i n g o r p r o d u c t i o n )

REPEAT p l e a s e — sen d " . ( . . t o AVO I D L OCI : : I N G T H E PO R T ! )

COV1 I NI T — CONi 2 s t a t e ! ( t r y t o L OGI N ) cor n !

s tate v a r i a b le (i . e . t h e n e >: t a c t io n t o b e t a ke n in t h e

s equenc e i f n o t o v e r � ridde n ) . W h i le t h e S E N D - S T R I N G c o n c e p t

a pproa c he s t h e c o n c e p t o f a n o d e i n t h e g r a p h o f a

c ommuni ca t i n g f i n i t e s t a t e ma c h i n e a s d e f i n e d b y Go u d a ( 1 9 8 4 ) ,

i t i n o t i d e n t i c a l w i t h i t a n d mo r e w o r k r e ma i n s t o b e d o n e

i n t h i s d i r e c t i o n . S END- ST R I NG i s r e l a t i v e l y s i mp l e - mi n d e d .

It send s a s t r i n g s e v e r a l t i m e s u n t i l i t e it h e r d o e s o r d o e s

n ot r e c e i v e a s p e c i f i e d a p p r o p r i a t e s t r i n g a s a r e s p o n s e . If

it does , i t s e t s t h e s t a t e va ri ab l e t o i t s u s u a l n e w v a l u e ,

a nd r e t u r n t o t h e f in i t e s t a t e m a c h i n e d r iv e r (F ig u r e 5 ) . If

n ot, it s e t s a d i f f erent s t a t e v a r i a b le v a l u e le a d in g t h e

f ini te state m a c h i n e t o b r e a k t o a n e>:ception s t r a t e g y .

A t pre s e n t t h i s c o n s i s t s o f te l l ing t h e o p e r a t o r t o lo g o u t

a nd re s t a r t t h e w h o le m ac h i n e � machine s e q u e n c e , b u t a s n o t e d

in the n e.’. t sect i on, a m a j or poi nt o f in t e r e s t i s to d e v e l op

more s u b t l e e >: c e p t i o n s t r a t e g i e s wh i c h w i I I a l 1 o w t h e p r o c e s s

to t r y o t h e r p o s s i b i l i t i e s t o g e t t h e d i a l o g g o i n g a g a i n .

Fur ther devel opments

It is p l a n n e d t o e >:tend t h i s s c h e m e t o u s e a 2 - w a y t a b le b a s e d

o n t wo s t a t e v a r i a b l e s , o n e o f wh i c h ( a p r e v i o u s l y ) i n d i c a t e s
t he c u r r e n t F o r t h w o r d in t h e C A S E : s t a t e m e n t (F ig u r e 1 ) .bein g

e>:ecuted , w h i le t h e o t h e r i denti f ies a va riety of r e s p o n s e s

f rom t h e o t h e r m a c h in e . T o c o n f o r m w i t h G o u d a ’s (19 8 4 )

d e f i n i t i o n s , t h e e l e me n t a r y c o n c e p t o f a c t i o n w i l l e i t h e r s e n d

o r re c e i v e a m e s s a g e b u t n o t b o t h (S E N D � STRING s e n d s a n d w a i t s
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t o r e c e i v e a p r e d e t e r mi n e d a n s w e r ) T h i w i l l e n a b l e t h e

f inite s t a t e m ac h i n e t o s p e c i f y r e a c t io n s t o m a n y a lt e r n a t iv e

a nswer s (o n e o f w h ic h is a r e s i d u a l c a t e g o r y ) . T h e s e p la n s

are a ls o b a s e d o n t h e w r it e r ’ s e>:perien ce u s i n g 2 � way tab l e s

t o ha n d l e u s e r i n t e r ac t i o n s , i n t h e m u l t i � user o r d e r, i n v o i c e

a nd in v e n t o r y s y s t e m r e f e r r e d t o e a r l ie r .

The b e n e f i t t o b e o b t a i ne d f r o m f o l l owing G o u d a ’ s

g r ap h — the o r e t i c d e f i n i t i o n s i s t h a t i t i s t h e n p o s s i b l e i n

p rinc i p l e (a n d , w e h o p e , in p r a c t i c e ) t o p r o v e p e r f e c t

r e l i a b i l i t y f o r s o me p a r t i c u l a r c o mmu n i c a t i o n s p r o t o c o l

b etwee n t h e v ar i o u s m o d e l s o l u t io n p r o c e s s e s , u s i n g h is

r esul ts , in t h e s e n s e t h a t t h e c o m m u n ic a t i o n p r o c e s s c a n n o t

t hen d e a d l o c k: or t r a n s f e r d a t a i n c o r r e c t l y w it h o u t c o r r e c t i o n

f o l l o wi n g . I n p r a c t i c e , t h e n , a n y c o mmu n i c a t i o n s f a i l u r e w i l l

s how i t s e l f a s e it h e r a n e r r o r r e p o r t f r o m t h e c o m m u n i c a t io n s

p roce ss , o r a v i s i b l e f a i l u r e in t h e c o m m u n ic a t i o ns p r o c e s s

i t s e l f . T h i s i s a n e s s e n t i a l s t e p t o a l l o w d e c e n t r a l i =. a t i o n

o f l a r g e a p p l i c a t i o n s .
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