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T h e ZOG Approach to Man-Machine Communication 

G . Robertson, D . McCracken and A. Newell 

Carnegie-McLLon University^ Pittsburgh. Pa. 15213, U.S.A. 

Z O G is a r a p i d r e s p o n s e , large n e t w o r k , menu se lect ion s y s t e m u s e d f o r 

m a n - m a c h i n e communicat ion . The ph i losophy behind this s t y l e of communica t ion 

w a s f i r s t d e v e l o p e d b y the PROMIS (Problem Or ien ted Medical In fo rmat ion S y s t e m ) 

L a b o r a t o r y of the U n i v e r s i t y of Vermont . ZOG h a ' b e e n u:>ed in a number c f task 

d o m a i n s to h e l p e x p l o r e the limits and potent ial benef i ts of the communica t ion 

p h i l o s o p h y . T h i s p a p e r d iscusses the b o s k ideas in ZOG, d e s c r i b e s the a r c h i t e c t u r s 

o f a s y s t e m implemented to c a r r y out that e x p l o r a t i o n , and d i scusses o u r init ial 

e x p e r i e n c e . 

!• Introduction 

W e h a v e h a r d l y b e g u n to u n d e r s t a n d how to communicate e f f e c t i v e l y v/ith c o m p u t e r s . I n 

p a r t , t h e p r o b l e m is one of evo lu t ion . As the computer cont inues to e v o l v e in to m e r e 

p o w e r f u l f o r m s , the r e s i d e n t sys tems become more e x t e n s i v e and in te l l igent , r e q u i r i n g a n d 

s u p p o r t i n g m o r e s o p h i s t i c a t e d dialogs. N e v e r t h e l e s s , re la t i ve l y f e w stud ies h a v e e x p l o r e d the 

m a n - c o m p u t e r i n t e r f a c e . T h e r e ce r ta in l y is no wel l d e v e l o p e d theore t i ca l f r a m e w o r k f o r 

e v a l u a t i n g a n d i m p r o v i n g in te r faces . In par t , the prob lem is one of i n v e n t i o n . W e h a v e b e e n 

s o b o u n d b y t e c h n o l o g y ( r e m o v i n g o b v i o u s annoyances of ex ist ing in te r faces and g e t t i n g t h e 

b a n d w i d t h u p , all w i t h i n b o u n d s of economy) , that w e have not a d d r e s s e d s u b s t a n t i v e i s s u e s 

o f m a n - m a c h i n e communicat ion . 

W h a t w o u l d be an ideal communication medium b e t w e e n peop le and machines? No o n e 

k n o w s . W e h a v e a t e n d e n c y to reach in two d i rect ions fo r the a n s w e r . O n e is r e a c t i o n t c 

p r e s e n t i n t e r f a c e s . Y e s t e r d a y it was 1200 baud terminals w i t h a modicum of " i n t e l l i g e n c e " 

( m e a n i n g local c o m p u t i n g p o w e r ) . T o d a y it is persona l comput ing w i t h i n t e g r a t e d g r a p h i c s 

c a p a b i l i t i e s . T h e o t h e r d i r e c t i o n is communication w i th our fe l low man. W e v/ish to s p e a k a n d 
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l i s t e n , u s i n g n a t u r a l language , and also to paint and sketch . T h e s e skil ls of e x p r e s s i o n s e e m 

i d e a l b e c a u s e of the i r long natural deve lopment . 

If w e c a n d r a w a n y l e s s o n f rom the deve lopment of computers it is that w e s h o u l d s e i z e o n 

a n y n o t i o n that seems to e x p a n d the f ron t ie rs of the poss ib le . Most s u c h e f f o r t s v/ill b e 

s t i l l b o r n , no t l i b e r a t i n g o r not technologica l ly feasible. E v e n then , if d o n e w i t h some s c i e n t i f i c 

c u r i o s i t y a n d a t t e n t i o n , t h e y can leave a res idue that wil l he lp later o n . O c c a s i o n a l l y , 

* h o w e v e r , s u c h p r o b e s can set the stage for new deve lopments . 

W e r e p o r t h e r e one s u c h p r o b e , a part icular inter face for m a n - c o m p u t e r i n t e r a c t i o n tha t 

h a s s o m e n o v e l p r o p e r t i e s . T h e basic idea is not ours . It was o r i g i n a t e d b y the P R O M I S 

g r o u p at t h e U n i v e r s i t y o f Vermont Medical School , w h o des igned and implemented a c o m p l e t e 

s y s t e m i n c o r p o r a t i n g the basic scheme, and b rought it to pract ical use. See S c h u l t z and D a v i s 

( 1 9 7 9 ) f o r a d i s c u s s i o n of PROMIS. We call our v e r s i o n of the scheme Z O G (v/hich s t a n d s f o r 

n o t h i n g , b u t is s h o r t , e a s i l y p r o n o u n c e d and easi ly remembered) . 

T h e s c h e m e i tsel f is eas i l y s ta ted . Communication is v ia menu se lec t ion , w h e r e t h e m e n u is 

d i s p l a y e d o n a v i d e o terminal w i t h a touch sc reen . The user toucheS the o p t i o n of his c h o i c e 

a n d is i n s t a n t l y s h o w n 3 n e w d isp lay , called a frame, w i th f u r t h e r o p t i o n s r e l a t i n g t o t h e 

c h o s e n t o p i c . W h e n the u s e r makes a se lect ion, some s y s t e m act ion may b e p e r f o r m e d in 

a d d i t i o n t o d i s p l a y i n g a n e w frame. T h e n e t w o r k of such f rames is la rge e n o u g h so that all 

c o m m u n i c a t i o n is b y this means; in pract ice the nets are v e r y la rge i n d e e d . T h u s , 

c o m m u n i c a t i o n f r o m man to computer is b y d isc rete se lect ion of semant ica l l y m e a n i n g f u l 

o p t i o n s . C o m m u n i c a t i o n f rom compute r to man is b y v isual d isp lay of natura l l a n g u a g e t e x t in 

a s t r u c t u r e d f o r m a t . 

I n P R O M I S . the i n t e r f a c e is embedded wi th in a la rger s y s t e m , cal led the P r o b l e m O r i e n t e d 

M e d i c a l I n f o r m a t i o n S y s t e m , w h i c h is the main concern of the FROMIS g r o u p . T h o u g h t h e y 

h a v e h a d a s y s t e m r u n n i n g f o r almost s e v e n y e a r s , its impact o n the d e v e l o p m e n t o f 

m a n - m a c h i n e i n t e r f a c e s g e n e r a l l y has b e e n small. N e v e r t h e l e s s , w e k n o w of no of o t h e r 

s y s t e m w i t h t h e same essent ia l features . T h e recent , e x t r e m e l y , i n t e r e s t i n g , d e v e l o p m e n t o f 

t h e B r i t i s h Pos t Of f i ce V i e w d a t a s y s t e m , d e s c r i b e d b y F o r d (1979) , d o e s s h a r e s o m e 

c h a r a c t e r i s t i c s , but is t ied to the mass te lev is ion market and its l imitat ions. W e w e r e 
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s e n s i t i z e d i o the P R O M I S Lab w o r k f rom an attempt of our o w n in 1972 to p r o d u c e a s imi lar 

s y s t e m , d e s c r i b e d in N e w e l l , Simon, Hayes , and Gregg (1372) . Since menu s e l e c t i o n is a 

c o m m o n t e c h n i q u e in man-machine communication (see R o b e r t s o n (197S) , M a r t i n ( 1 9 7 3 ) , a n d 

N e w m a n a n d S p r o u l l (1979) ) , the potent ia l of PROMIS is not easi ly a p p r e c i a t e d . We d e c i d e d to 

a t t e m p t to e x t r a c t the scheme f rom its habitat in the PROMIS appl icat ion and to s t u d y a n d 

e x p l o i t it as a g e n e r a l communicat ion inter face. Our ?ca! is to f ind out w h e t h e r this i n t e r f a c e 

d o e s indf.v"d h a v e the potent ia l ii appears to have , to demonst ra te it, and to s t u d y its 

p a r a m e t e r s in o r d e r to u n d e r s t a n d and opt imize it. 

T h i s p a p e r is a r e p o r t on our p r o g r e s s t o w a r d this ob jec t i ve (see R o b e r t s o n , N e w e l ! and 

R a m a k r i s h n a ( 1 9 7 7 ) fo r an e a r l y desc r ip t ion of th»s e f fo r t ) . r h e main sec t ions of the paper 

i n t r o d u c e the bas ic ideas in ZOG and descr ibe the sys tem a r c h i t e c t u r e . In s u b s e q u e n t 

s e c t i o n s w e c o v e r some appl icat ion areas w e have e x p l o r e d , seme initial i ssues that h a v e 

e m e r g e d , t h e p o t e n t i a l of the ZOG ph i losophy , its cost , and some thoughts about n e x t s t e p s . 

2. Basic Ideas in ZOG 

W e w i l l f i r s t d e s c r i b e the Z O G s y s t e m and how it opera tes . T h e user faces a terminal w h i c h is 

d i s p l a y i n g a f rame. F i g u r e 1 s h o w s a typical ZOG frame. T h e r e is text at t h e t o p , a l ist o f 

o p t i o n s b e l o w the t e x t , a column of pads at the r ight s ide, an area cal led a w o r k s p a c e b e l o w 

t h e o p t i o n s , and a h o r i z o n t a l line of pads at the v e r y bottom. T h e u s e r , at his d i s c r e t i o n , 

s e l e c t s o n e of the o p t i o n s o r pads. Suppose he selects op t ion 3.' Immediate ly , the f r a m e o n 

t h e d i s p l a y is r e p l a c e d b y a n e w one w i th all the same par ts : tex t , op t ions , v e r t i c a l c o l u m n o f 

p a d s , h o r i z o n t a l l ine of pads anci w o r k s p a c e . Most of the consent wil l be n e w e x c e p t f o r t h e 

h o r i z o n t a l p a d s , w h i c h p r o v i d e a cont inuous ly available set of search and help f u n c t i o n s . F o r 

e x a m p l e , s e l e c t i n g the "back" pad (b) will cause a red isp lay of the frame of F i g u r e 1. S e l e c t i n g 

s o m e p a d s o r o p t i o n s wi l l init iate va r ious actions. If the user had se lec ted the P R I N T p a d , t h e 

t e x t u a l i n f o r m a t i o n o n this d i sp lay w o u l d have been output on the p r i n t e r . 

T h a t is all t h e r e is to Z O G as far as ex te rna l mechanics are c o n c e r n e d . T h e u s e r t r a v e r s e s 

a s e q u e n c e of f rames of his o w n se lect ion , acquir ing the informat ion t h e r e i n and tak ing t h e 

a c t i o n s o f f e r e d to him. It s tands , at this leve l , simply as a menu se lect ion scheme, d i s t i n g u i s h e d 
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G o n e r A I b a c k g r o u n d o n ZOG Z0G3 

ZOG i s p a r t o f a r e s e a r c h e f f o r t t o u n d e r s t a n d c o m m u n i c a t i o n b e t w e e n humans 
a n d c o m p u t e r s . V a r i o u s a s p e c t s o f t h i s r e s e a r c h e f f o r t a r e d e s c r i b e d b e l o w . 

1. S y s t e m s p e c i f i c a t i o n s o f ZOG 

2 . What i s ZOG u s e d f o r — f u n c t i o n a l c h a r a c t e r i z a t i o n 

3 . S c i e n t i f i c i s s u e s b e h i n d ZOG 

4 . Who i s d o l n q ZOG? Where? When? What s p o n s o r s ? 

5 . P r i o r r e s e a r c h and a n t e c e d e n t s 

S . E x a m p l e s o f ZOG p r o j e c t s ( r e a l and i n p r o g r e s s ) 

7 , D e v e l o p i n g y o u r own ZOG n e t P - P R I N T 

e d i t h e l p b a c k n e x t mark r e t u r n z o g d i s p l a y u s e r comment g o t o f i n d I n f o 

F igure 1: T y p i c a l ZOG Frame 

o n l v b v i ts ab i l i t y to take act ions in addit ion to Dresent ine k n o w l e d g e (a o r o o e r t v s h a r e d b v 

m a n v e t h e r m e n u s e l e c t i o n schemes) . 

A p r e l i m i n a r y n o t i o n of h o w Z O G can be used is also needed at this po int . Like a n y g e n e r a l 

p u r p o s e i n t e r a c t i v e p rogramming language, it can s e r v e in any communicat ion c a p a c i t y : f o r 

e x a m p l e , as a command language , data base re t r ieva l s y s t e m , C A I s y s t e m , g u i d a n c e s y s t e m , 

i n t e r r o g a t i o n s y s t e m , o r q u e s t i o n - a n s w e r i n g sys tem. A lso , like any p r o g r a m m i n g l a n g u a g e , 

w h a t it is g o o d f o r , as o p p o s e d to what it can conce ivab ly be used f o r , is not d e t e r m i n e d b y 

g r o s s s t r u c t u r e , b u t b y more subt le features of opera t ion . H o w e v e r , it is i m p o r t a n t t o 

u n d e r s t a n d that Z O G is u s e d not on l y for initial guidance or w i th nov ice u s e r s , but also f o r 

s k i l l e d o p e r a t i o n ; and not o n l y for exp lo r ing knowledge bases, but also fo r taking ac t ion . 

I n P R O M I S , s u c h a s y s t e m is used as the sole inter face in accompl ishing the to ta l s e t o f 

h o s p i t a l f u n c t i o n s o n a v/ard: keeping patient medical r e c o r d s , taking pat ient h i s t o r i e s d i r e c t l y 

f r o m p a t i e n t s , p r e s c r i b i n g d r u g s and t reatments, monitor ing pat ient p r o g r e s s , c h e c k i n g 

t r e a t m e n t s f o r s ide r e a c t i o n s , and r e t r i e v i n g medical knowledge . It is u s e d b y p h y s i c i a n s , 

p a t i e n t s , n u r s e s , paramedics , and administrat ive peop le . It p e r f o r m s a ful l r a n g e o f 
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c o m m u n i c a t i o n f u n c t i o n s w i t h u s e r s w h o range w i d e l y <n sophis t icat ion and in d i r e c t ski l l w i t h 

. the s y s t e m . T h e communicat ion in ter face is on ly a part of the total s y s t e m that a c c o m p l i s h e s 

all t h e s e f u n c t i o n s , but it is a cent ra l one . 

W e c a n n o w e n u m e r a t e the addit ional basic features of ZOG and fill in the missing d e s i g n 

s p e c i f i c a t i o n s . Some f e a t u r e s are more centra l to the des ign than o t h e r s , and the amount o f 

e v i d e n c e f o r e a c h f e a t u r e ' s ro le v a r i e s . But toge ther t h e y def ine the Z O G s y s t e m . W e l ist 

t h e m in F i g u r e 2 and d iscuss each of them be low. 

1. K a p i d r e s p c n r . e . Upon s e l e c t i o n the now fram»3 a p o e a r s i n s t a n t l y . 

2 . S i m p l e s e l e c t i o n . The u s e r ' s a c t o f making a s e l e c t i o n i s a s i m p l e u n i t a r y 

g o s t u r e . 

3 . L a r g o n e t w o r k . T h o n e t w o r k o f f rames i s l a r g e e n o u g h t o a c c o m m o d a t e a l l 

corv.mun i c a i i o n a n d know I e d g e - e x c h a n g e w i t h the u s e r . 

4 . F r a m e s i m p l i c i t y . The f rame d i s p l a y i s s i m p l e e n o u g h t o be e a s i l y a n d q u i c k l y 

a r . s imi I a t e d . * 

5 . T r a n s p a r p n c y . The e n t i r e s y s t e m i s c o m p l e t e l y o p e n and u n d e r s t a n d a b l e t o t h e 

u s o r . 

6 . C o m m u n i c a t i o n a g e n t . Tho s y s t o m i s u s a b l e w i t h e x i s t i n g p r o g r a m m i n g s y s t e m s t o 

p r o v i d e g u i d a n c e i n how to u s e the p r o g r a m s and how t o i n t e r p r e t t h e i r r e s u l t s . 

7 . R c t i v e r e s p o n s e . The s e l e c t i o n s c a n e v o k e a c t i o n s t h a t a c c o m p l i s h t a s k s o t h e r 

t h a n j u s t movement i n t h e n e t w o r k . 

8 . S u b n e t f a c i l i t i e s . T h e r e e x i s t s a h i e r a r c h i c a l d a t a o r g a n i z a t i o n f o r n e t w o r k s . 

9 . ttad i f t a b i M t y . T h e u s e r c a n m o d i f y and augment t h e n e t w o r k . 

1 0 . E x t e r n a l d e f i n i t i o n . Pn e x t e r n a l d a t a f o r m a t e x i s t s t h a t c o m p l e t e l y d e f i n e s a 

ZOG f r a m e I i b r a r y . 

1 1 . U n i f o r m s e a r c h . fl u n i f o r m scheme e x i s t s f o r s e a r c h i n g , t r a v e r s i n g a n d o r i e n t i n g 

I n t h e n e t w o r k . 

F igure 2 : Basic Featu res o t Z O G 
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2.L Rapid Response 

U p o n s e l e c t i o n the n e w f rame appears instant ly . " Ins tan t l y " is d e f i n e d w i t h r e s p e c t to t h e 

u s e r : fas t e n o u g h so the use r feels the f low of frames to be l imited o n l y b y his o w n v o l i t i o n . 

I f t r a v e r s i n g a h i g h l y familiar n e t w o r k (as in spec i f y ing some o p e r a n d to b e w o r k e d o n ) , h e 

c a n m o v e t h r o u g h the f rames almost as a single skil led g e s t u r e . If he w i s h e s to take a q u i c k 

g l i m p s e o f a n e x t u n k n o w n f rame, he feels no hesi tat ion because he n e e d o n l y w a i t f o r t w o 

r e s p o n s e s ( o n e d o w n , one back) . 

H o w f a s t " i n s t a n t l y " must be in seconds is not fu l ly k n o w n . PROMIS o p e r a t e s w i t h 0 .25 

s e c o n d s r e s p o n s e 7 0 Z of the time. T h e ideal s p e e d is not l ikely to be much s l o w e r t h a n t h i s . 

O n e v e r s i o n of Z O G o p e r a t e s w i t h 0.10 seconds r e s p o n s e in o r d e r to permi t e x p l o r a t i o n o f 

t h i s p a r a m e t e r . 

2.2. Simple Selection 

T h e u s e r ' s act of making a se lect ion is a simple un i ta ry g e s t u r e . T h e time it takes t h e u s e r 

t o make a s e l e c t i o n acts in se r ies w i t h the r e s p o n s e of the s y s t e m ; it must b e e q u a l l y r a p i d . 

I t s s p e e d has t w o a s p e c t s : learn ing what the r e s p o n s e should be (s ince n e w s e l e c t i o n s a r e 

a l w a y s o c c u r r i n g ) , and e x e c u t i n g the response-. PROMIS uses a t o u c h s c r e e n w h i c h s o l v e s 

b o t h t h e s e p r o b l e m s : the u s e r s imply touches the d isp lay at the a r e a . w h e r e the o p t i o n is 

s t a t e d . Z O G also uses a touch s c r e e n , and in addit ion uses single c h a r a c t e r s e l e c t i o n f r o m a 

k e y b o a r d . 

2.3. Large Network 

T h e n e t w o r k of f rames (cal led a ZOGNet) is large e n o u g h to accommodate ail c o m m u n i c a t i o n 

a n d k n o w l e d g e e x c h a n g e w i t h the user . "Large e n o u g h " is again d e f i n e d w i t h r e s p e c t t o t h e 

u s e r . It means that at e v e r y frame t h e r e are opt ions to be taken that deal w i t h w h a t e v e r 

i n f o r m a t i o n , h e l p , e l a b o r a t i o n and exp lanat ion is r e q u i r e d . T h e op t ions lead to o t h e r f r a m e s 

w h i c h a l so p r o v i d e w h a t e v e r is n e c e s s a r y . T h e user f inds himself in a w o r l d w h e r e all o f h is 
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a n y n e t is s t r u c t u r e d , w h i c h the user may r e l y upon and become familiar w i t h . W e h a v e 

f o r m u l a t e d a set of p r i n c i p l e s and convent ions that seem reasonab le b a s e d o n the e x p e r i e n c e 

o f P R O M I S and o u r o w n e x p l o r a t i o n s . But there is little data as y e t to s u p p o r t o u r p a r t i c u l a r 

s e t . 

T h e u n i f o r m s e a r c h r e q u i r e m e n t is a constra int on n e t w o r k s t r u c t u r e , o n the c o n t e n t o f 

f r a m e s a n d t h e i r i n te rna l a r rangement . No features of the a rch i tec tu re p r o p e r r e f l e c t i t . A s a 

p r o g r a m m i n g s y s t e m , Z O G is d e f i n e d and usable independent of this r e q u i r e m e n t , j u s t as a 

c o m p u t e r is d e i i n r d w i t h o u t spec i f y ing an operat ing s y s t e m or an assembler . H o w e v e r , j u s t 

as w i t h an o p e r a t i n g s y s t e m , ZOG cannot be run wi thout something that p r o v i d e s too ls f o r 

s e a r c h i n g t h r o u g h the net . T h u s , w e have included this requ i rement h e r e , e v e n t h o u g h it is a 

p u r e Z O G - s o f t w a r e r e q u i r e m e n t . 

T h e s o l u t i o n a d o p t e d in ZOG attempts to sat is fy the fo l lowing p r i n c i p l e s : 

1. N o s u d d e n d e a t h . No se lec t ion taken b y a user p r o d u c e s a c h a n g e that is 

i r r e v e r s i b l e . T h i s appl ies bo th to movements in the n e t w o r k and to act ions t a k e n , 

' W h e r e this is not p o s s i b l e expl ic i t conf i rmation will be r e q u i r e d . 

2. S t a n d a r d i s e d pads . T h e r e is a set of select ions w i t h s t a n d a r d names that a re 

a v a i l a b l e in all f rames. (Th is is the hor izonta l line of pads in F i g u r e 1 c o n s i s t i n g 

o f : e d i t , h e l p , back, n e x t , mark, r e t u r n , zog , d isp lay , user , comment, g o t o , f i n d , arid 

in fo . ) 

3 . A n c h o r p o i n t s . It is a l w a y s poss ib le to r e t u r n to k n o w n frames that p l a y t h e r o l e 

o f a n c h o r p o i n t s . A n c h o r points should be dynamical ly de te rminab le . ( T h i s is 

r e a l i z e d in p a r t b y the pads : back, mark, r e t u r n and zog . ) 

W e h a v e d e s c r i b e d the basic ideas that we are exp lo r ing . N o w , let us e x a m i n e t h e 

a r c h i t e c t u r e of the s y s t e m w e c o n s t r u c t e d to e x p l o r e these ideas. 

3. System Architecture 

I n o r d e r to d e s c r i b e the a r c h i t e c t u r e of the ZOG sys tem, w e must d i s t ingu ish w h a t a u s e r s e e s 

f r o m w h a t a f r a m e b u i l d e r sees , i i is important to note that any use r may b e c o m e a f r a m e 



14 G. Robertson, D. McCracken and A . Nevsoi l 

b u i l d e r ; in fac t , f rame modif icat ion and augmentat ion are ihe p r i m a r y means of a l l o w i n g t h e 

u s e r t o t a i l o r the s y s t e m to his needs . 

A s d e s c r i b e d in the i n t r o d u c t i o n , the user sees a d isp lay of a frame w h i c h c o n t a i n s s o m e 

t e x t a n d a menu of se lec t ions . W h e n the user makes a se lec t ion , e i t h e r b y t o u c h i n g t h e 

s c r e e n o r b y t y p i n g the a p p r o p r i a t e charac te r , some act ion may o c c u r and a n e w f r a m e m a y 

b e d i s p l a y e d . T h e u s e r w o r k s his w a y t h r o u g h a n e t w o r k of f rames o r g a n i z e d i n t o 

s u b s y s t e m s , ca l l ed s u b n e t s . A subnet ' s goal is to guide the use r to l e a r n s o m e t h i n g , b y 

r e a d i n g the t e x t , o r to accompl ish some action. 

T h e f r a m e b u i l d e r sees the same basic sys tem for se lect ion p r o c e s s i n g , but also s e e s a 

c o m m u n i c a t i o n s l a n g u a g e that al lows him to const ruct frames and act ions to a c c o m p l i s h 

d e s i r e d tasks in the f rames . T h e communications language that the f rame b u i l d e r u s e s has 

f o u r b a s i c f u n c t i o n a l capabi l i t ies : (1) n e t w o r k posit ioning to co n t ro l w h i c h f rames t h e u s e r 

s e e s , ( 2 ) communica t ion* c o n t r o l to cont ro l interact ions b e t w e e n the u s e r and the v a r i o u s 

c o m p o n e n t s o f the s y s t e m , (3) n e t w o r k and frame modif ication to al low e x i s t i n g f r a m e s t o b e 

m o d i f i e d a n d n e w f rames to be added , and (4) h a r d - c o p y output of f rames in v a r i o u s f o r m a t s . 

N e x t , w e d i s c u s s the d e s i g n of the mechanisms that s u p p o r t the f rame b u i l d e r ' s v i e w o f 

Z O G . S i n c e t h e u s e r ' s v i e w is a subset of the frame bui lder 's v i e w , this c o v e r s t h o s e s u p p o r t 

m e c h a n i s m s a lso . W e wi l l then discuss the c u r e n t implementations of ZOG. 

3.1. Basic System Design 

T h e Z O G s y s t e m may be v i e w e d as a communications mult ip lexor . It has a n u m b e r of log ica l 

i n p u t d e v i c e s , e a c h of w h i c h may be l inked to an a r b i t r a r y subset of logical o u t p u t d e v i c e s . 

T h e b a s i c f u n c t i o n of ZOG is to cyc le th ro ugh the set of input d e v i c e s and r o u t e m e s s a g e s to 

t h e a p p r o p r i a t e o u t p u t d e v i c e s . A n y one of these input d e v i c e s may i n v o k e t h e 

c o m m u n i c a t i o n s l a n g u a g e , t h r o u g h escape characters , to co n t ro l the p o s i t i o n in t h e f r a m e 

n e t w o r k , c o n t r o l the communicat ions mult ip lexor , or manipulate f rames. 

T h e log ica l input and o u t p u t dev i ces are l isted in F igure 3. T h e input d e v i c e s a r e o n t h e 

l e f t a n d t h e o u t p u t d e v i c e s are on the r ight . Since an "input can be r o u t e d to a n y s e t o f 

o u t p u t s , no c o n s t r a i n t s can be p laced on the inputs (i .e., a l though o u t p u t d e v i c e s w i l l make 
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f o r m a t t i n g a s s u m p t i o n s , Z O G can make no such assumptions) . For example , if the i n p u t f i le is 

r o u t e d to s e l e c t i o n p r o c e s s i n g , then the characters being read f rom the file a r e t r e a t e d j u s t 

as s e l e c t i o n c h a r a c t e r s i y p e d f rom the k e y b o a r d . If the input file is r o u t e d to Z O G N e t 

b u i l d i n g , t h e n the fi le be ing r e a d is assumed to be in the e x t e r n a l f rame format ( d i s c u s s e d in 

S e c t i o n 3 .1 .2) . If the input file is r o u t e d to the s u b j o b , then it can be a n y t h i n g at al l . It 

s h o u l d a lso b e n o t e d that ou tput dev ices are not aware of the s o u r c e of the c h a r a c t e r 

s t r e a m s w i t h w h i c h t h e y 'deal. We will b r i e f l y desc r ibe each of these logical d e v i c e s b e f o r e 

d e s c r i b i n g the r e s t of {he* s y s t e m . 

C K e y b o a r d 
f r o m ) 

U S E R £ T o u c h - s c r e e n 

A c t i o n s 

I n p u t file 

f r o m 
S u b j o b 

Z O G N F T p r i n t i n g -

Z O G m e s s a g e s 

S u b j o b o u t p u t 

E c h o f r o m S u b j o b 

^ U s e r D i sp lay 

C o n t e x t D isp lay 

Frame D isp lay ^ 

Se lec t ion p r o c e s s i n g 

O u t p u t file 

Log file 

Z O G N E T bui ld ing 

S u b j o b I n p u t — 

to 
U S E R 

to 
S u b j o b 

F i g u r e 3 : ZOG as a Communication Agent 

I n p u t d e v i c e s g e n e r a t e c h a r a c t e r streams. The k e y b o a r d is r e a d one c h a r a c t e r at a t ime . 

E a c h c h a r a c t e r is sent to ail output dev ices l inked to the k e y b o a r d , un less o n e of t h e 

c o m m u n i c a t i o n s language escape characters is detected . The touch s e n s i t i v e s c r e e n p r o d u c e s 

a p a i r of c o o r d i n a t e s w h e n touched b y a f inger . T h e s e coord ina tes are t r a n s l a t e d i n t o 

s e l e c t i o n c h a r a c t e r s and then p r o c e s s e d as though they had b e e n e n t e r e d f rom the k e y b o a r d . 

T h e c o m m u n i c a t i o n s language escape characters cannot be g e n e r a t e d b y the t o u c h s c r e e n . 

T h e a c t i o n input is p r o c e s s e d dur ing se lect ion process ing w h e n a se lec t ion is made o r w h e n a 

f r a m e is e n t e r e d . T h e act ion is s t o r e d as part of the frame, and its format wi l l b e d i s c u s s e d 
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b e l o w . T h e input f i le (a fi le as def ined and s u p p o r t e d b y the u n d e r l y i n g o p e r a t i n g s y s t e m ) , 

o n c e o p e n e d , is p r o c e s s e d unti l the end of file is e n c o u n t e r e d . T h e s u b j o b is a s e p a r a t e j o b 

b e i n g c o n t r o l l e d b y the Z O G j o b . T h e s u b j o b may be used to r u n a n y a r b i t r a r y p r o g r a m , a n d 

i n p u t f r o m t h e s u b j o b is terminal output f rom the s u b j o b ' s point of v i e w . T h i s j o b is 

a u t o m a t i c a l l y l o g g e d in w h e n the f i rst character is sent to it and l o g g e d out w h e n Z O G e x i t s . 

S u b j o b e c h o is p r o d u c e d w h e n charac te rs are sent to the s u b j o b , if the s u b j o b i t se l f is 

e c h o i n g c h a r a c t e r s . Echo input cannot include communications language commands, e v e n if it 

c o n t a i n s the a p p r o p r i a t e escape charac te rs . ZOG Net pr int ing resu l ts f rom i n v o k i n g one of t h e 

Z O G N e t m o d i f i c a t i o n commands in the communications language. T h e pr in t ing is in an e x t e r n a l 

f r a m e f o r m a t d i s c u s s e d b e l o w . F inal ly , ZOG messages result f rom p r o m p t s o r e r r o r s r e p o r t e d 

b y t h e Z O G s y s t e m . 

T h e o u t p u t d e v i c e s accept charac te r streams. T h e se lect ion p r o c e s s i n g logical o u t p u t 

d e v i c e is w h a t the Z O G u s e r sees most o f ten . It takes a character r e p r e s e n t i n g a s e l e c t i o n 

f r o m a m e n u and d o e s what is a p p r o p r i a t e w i t h it (d iscussed b e l o w ) . T h r e e logical d i s p l a y 

w i n d o w s a re s u p p o r t e d . T h e frame d isp lay is used b y se lect ion p r o c e s s i n g ; the u s e r d i s p l a y 

h a s n o p r e a s s i g n e d use (but w o u l d normally be used b y a s u b j o b ) ; and the c o n t e x t d i s p l a y is 

a smal l w i n d o w u s e d to d i sp lay the number of marked f rames. Each w i n d o w may i n c l u d e 

a r b i t r a r y a r e a s of the s c r e e n . A single output file can be o p e n , and a n y s t r e a m of t e x t 

c h a r a c t e r s may b e sent to it. T h e log, file is o p e n e d if the user r e q u e s t s that a d e t a i l e d log o f 

h is t e r m i n a l i n t e r a c t i o n s be maintained. It is also one of the genera l o u t p u t -dev i ces s o t h a t 

t h e u s e r m a y s e n d o t h e r tex t to it. Output to the s u b j o b appears as terminal input f r o m t h e 

s u b j o b ' s p o i n t o f v i e w . F ina l l y , ZOGNet building const ructs new f rames o r modi f ies e x i s t i n g 

f r a m e s f r o m an e x t e r n a l f rame format. 

W h e n the u s e r f i r s t s t a r t s interact ing w i th ZOG, there is no file or s u b j o b i n p u t , and t h e 

k e y b o a r d is l i nked lo the se lect ion p r o c e s s o r . The initial frame is d i s p l a y e d and t h e u s e r is 

e x p e c t e d to make some se lec t ion . T h e initial frame is Z0G1 b y defau l t , bu t the u s e r m a y 

d e c l a r e a n y f rame to be the initial f rame. 
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q u e s t i o n s a n d all of the da ia he r e q u i r e s have a l ready b e e n laid out in a d v a n c e in the n e t w o r k 

o f f r a m e s — w h e r e his n e e d s have b e e n ant ic ipated. ( A n important e x c e p t i o n to th is w i l l b e 

t a k e n u p in S e c t i o n 2.6 o n Z O G as a communication agent. ) 

H o w m a n y f r a m e s c o n s t i t u t e s " large e n o u g h " is not k n o w n . T h e total s y s t e m of f r a m e s is a 

f i n i t e s t a t e s y s t e m . C o n s i d e r i n g the combinator ial nature of l i fe , the c o n c l u s i o n c o u l d b e t h a t 

f i n i t e n e t w o r k s a re incapable of sat is fy ing this requi rement for any i n t e r e s t i n g task. (Reca l l 

C h o m s k y ' s ( 1 9 5 7 ) e a r l y s t a t e d v i e w that no finite state grammar can a d e q u a t e l y p o r t r a y a 

3.1.1. Frames and Subnets 

L e t us e x a m i n e the c o n t e n t and layout of a frame, and the o r g a n i z a t i o n of the s y s t e m i n t o 

c o l l e c t i o n s of f r a m e s , ca l led s u b n e t s . F rom the user 's point of v i e w , a f rame c o n s i s t s of s o m e 

t e x t a n d a m e n u of s e l e c t i o n s . T h e genera l format he sees is d e s c r i b e d in S e c t i o n 2. 

T h e i n t e r n a l d e s c r i p t i o n f o r a frame is s h o w n in F igu re 4. Each d i s p l a y e d i tem has 

p o s i t i o n i n g i n f o r m a t i o n so that the frame bui lder has maximum f lex ib i l i t y in d e f i n i n g his f r a m e 

l a y o u t . T h e f rame tit le is s p e c i f i e d w i th its posi t ion ( ve r t i ca l , v , and h o r i z o n t a l , h, p o s i t i o n o n 

a S O c h a r a c t e r b y 24 line d i s p l a y ) and the iex t to be d i sp layed . The frame text is s p e c i f i e d in 

t h e s a m e w a y . T h e f rame act ion is a character stream that wil l be feci to the c o m m u n i c a t i o n s 

m u l t i p l e x o r w h e n the f rame is e n t e r e d . The opt ion list contains a list of s e l e c t i o n s w h o s e 

d e s c r i p t i o n wi l l b e g i v e n b e l o w . T h e local pad list contains a list of se lec t ions in t h e same 

f o r m . T h e g l o b a l p a d f rame number is the number of a frame w h o s e o p t i o n s a re d i s p l a y e d 

a n d a c c e s s e d as g loba l pads (common to a large part of the n e t w o r k ) . T h e a c c e s s o r l ist is a 

l is t o f f r a m e n u m b e r s w h i c h r e f e r e n c e this frame. T h e frame ident i f icat ion is the t e x t s t r i n g 

w h i c h a p p e a r s in the u p p e r r ight c o r n e r w h e n the frame is d i s p l a y e d . It is c o n s t r u c t e d b y 

c o n c a t e n a t i n g the s u b n e t name and re lat ive frame number w i th in the s u b n e t . T h e 

m a i n t e n a n c e i n f o r m a t i o n inc ludes the subnet number , re lat i ve frame n u m b e r , v e r s i o n n u m b e r , 

n a m e o f o w n e r , da te of c r e a t i o n , name of last modif ier , date and time of last m o d i f i c a t i o n , a n d 

a n - i n d i c a t i o n of w h e t h e r the f rame may be modified or v i e w e d b y u s e r s o t h e r than the o w n e r . 

F i n a l l y , a comment may be s t o r e d w i t h the frame. This comment is not d i s p l a y e d w h e n t h e 

f r a m e is d i s p l a y e d . 

T h e d e s c r i p t i o n of a se lec t ion , e i ther an opt ion or a pad, is s h o w n in F i g u r e 5. It has 
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- F r a m o t i t l e : v ( l i n e n u m b e r ) , h ( c h a r a c t e r p o s i t i o n ) , t e x t 

- F r a m e t e x t : v , h , t e x t 

- F r a m e a c t i o n , t e x t ( n o t d i s p l a y e d ) 

- O p t i o n l i s t t l i s t o f s e l e c t i o n s 

- L o c a l p a d l i s t : l i s t o f s e l e c t i o n s 

- G l o b a l p a d f r a m e number 

- A c c e s s o r l i s t : l i s t o f f rame numbers ( n o t d i s p l a y e d ) 

- F r a m e i d : t e x t 

- M a i n t e n a n c e i n f o r m a t i o n ( n o t d i s p l a y e d ) 

- C o m m e n t : t e x t ( n o t d i s p l a y e d ) 

F i g u r e 4: Internal Frame Descr ip t ion 

t o u c h r e c t a n g l e is i nc luded fo r touch s c r e e n o rocess inq . T h e rec tanq le is s o e c i f i e d b v t h e 

c o o r d i n a t e s of t h e u o o e r left c o r n e r and the coord inates of the l o w e r r ieht c o r n e r . F i n a l l v , a 

s e l e c t o r c h a r a c t e r is s -oecif ied. T h e se lect ion o r o c e s s o r uses the s e l e c t o r c h a r a c t e r ( o r t h e 

t o u c h r e c t a n g l e , if inout is cominq from the touch s c r e e n ) w h e n it t r ies to e v a l u a t e a u s e r 

s e l e c t i o n . 

- S e l e c t i o n t e x t : v , h , t e x t 

- N e x t f r a m e : a b s o l u t e f rame number ( n o t d i s p l a y e d ) 

- S e l e c t i o n a c t i o n : t e x t ( n o t d i s p l a y e d ) 

I . - S o l o c t o r : c h a r a c t o r ( n o t d i s p l a y o d ) 

- T o u c h r e c t a n g l e : X I , Y l , X 2 , Y2 

F i g u r e 5: Internal Select ion Descr ip t ion 
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A c t i o n s a r e r e p r e s e n t e d as simple text streams. A se lect ion may h a v e an a c t i o n , 3nd a 

. f r a m e m a y h a v e an act ion on e n t r y . T h e text for the action is sent to e a c h log ica l o u t p u t 

d e v i c e l i n k e d to the act ion input dev ice . Act ions may invoke the communicat ions l a n g u a g e 

t h r o u g h a p p r o p r i a t e e s c a p e c h a r a c t e r s . T h u s , actions may use a n y Z O G s u p p o r t e d f a c i l i t y 

t h r o u g h t h e communicat ions language, and may execute a r b i t r a r y p r o g r a m s b y i n t e r a c t i n g w i t h 

t h e s u b j o b . F o r e x a m p l e , a set of frames teaching ALGOL could have act ions w h i c h a c t u a l l y 

r u n e x a m p l e s f o r the u s e r . Because of the o p e n - e n d e d n e s s of act ions, t h e y a re a p o w e r f u l 

m e a n s o f p r o g r a m m i n g f rames. 

A se t of f r a m e s may be o r g a n i z e d into a logical n e t w o r k called a s u b n e t . Each s u b n e t has a 

p r i n t name and an in terna l index (an in teger ) . The number of s u b n e t s a l l o w e d is an 

i m p l e m e n t a t i o n d e p e n d e n t parameter , but it is e x p e c t e d to be large ( h u n d r e d s ) . T h e n u m b e r 

o f f r a m e s a l l o w e d in a s u b n e t is also e x p e c t e d to be la rge , but small s u b n e t s a r e n o t 

p e n a l i z e d . U n d e r normal c i rcumstances , a user will en te r a subnet t h r o u g h its r o o t n o d e 

( r e l a t i v e f r a m e o n e ) . T h e root node will usual ly have a frame act ion w h i c h wi l l s e t t h e 

n e c e s s a r y c o n t e x t f o r the subnet (e.g., start up an a p p r o p r i a t e p r o g r a m on the s u b j o b ) . A l s o , 

t h e r o o t n o d e f rame act ion wi l l normal ly mark the frame ( d e s c r i b e d la te r ) so that it c a n b e 

r e t u r n e d to e a s i l y . 

3,1.2. External Frame Format 

A n ini t ia l d e s i g n o b j e c t i v e was to maintain an externa l frame format that sa t i s f ied a n u m b e r 

o f d e s i r e d p r o p e r t i e s . T h e format should be readable , al lowing someone w i t h o u t a Z O G 

s y s t e m t o s e e w h a t is in the frame l i b r a r y . The format should be eas i l y s u p p o r t e d b y all Z O G 

s y s t e m s ( d i f f e r e n t v e r s i o n s and d i f fe rent machines), so that the frame l i b r a r y w o u l d b e 

t r a n s p o r t a b l e . F ina l l y , the format should be compatible w i th some ex is t ing fac i l i t y to make its 

e x t e r n a l m a i n t e n a n c e and manipulat ion easy . 

F i g u r e 6 is a sample of the BH format defining the frame s h o w n in F i g u r e 1. It is 

m o d e r a t e l y r e a d a b l e , is eas i l y s u p p o r t e d , and is compatible w i t h the BH b i b l i o g r a p h y s y s t e m . 

A l t h o u g h w e h a v e r e a c h e d o u r o b j e c t i v e s w i th this ex te rna l frame format , it d o e s fall s h o r t o f 

p r o v i d i n g to ta l f rame l i b r a r y t ranspor tab i l i t y . Frames are t r a n s p o r t a b l e if the i r ac t ions make 

i 
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n o u s e o f the s u b j o b . H o w e v e r , if an action evokes some p r o g r a m on the s u b j o b , t h e n tha t 

p r o g r a m must b e t r a n s p o r t e d as wel l as the frame. Since those p r o g r a m s a re c o m p l e t e l y 

a r b i t r a r y , w e h a v e no c o n t r o l o v e r their t ranspor tab i l i t y . 

+R+ Z0G3 3 
+G+ G P a d s i 
4-T+ T " G e n e r a l b a c k g r o u n d on ZOG" 
•P+ T 1 10 
+ T + F " Z O G I s p a r t o f a r e s e a r c h e f f o r t to u n d e r s t a n d c o m m u n i c a t i o n b e t w e e n humans 
a n d c o m p u t e r s . V a r i o u s a s p e c t s o f t h i s r e s e a r c h e f f o r t a r e d e s c r i b e d b e l o w . " 
+P+ F 3 1 
•fT+ 01 " 1 . S y s t e m s p e c i f i c a t i o n s o f ZOG" 
+P+ 01 & 3 
>F + 01 Z0G4 
+ T + 02 "What i s ZOG u s e d f o r — f u n c t i o n a l c h a r a c t e r i z a t i o n " 
+P + 02 o 3 
+ F + 02 Z0GS 
+ T+ 03 " 3 . S c i e n t i f i c i s s u e s b e h i n d ZOG" 
+P+ 03 10 3 
+ F + 03 Z0G6 
+ T + 04 " 4 . Who i s d o i n g ZOG? Where? When? What s p o n s o r s ? " 
+P + 04 12 3 
+ F + 04 Z0G7 
+ T + OS " 5 . P r i o r r e s e a r c h and a n t e c e d e n t s " 
+ P * 05 14 3 
+ F + Z0G8 
+ T + 06 " 6 . E x a m p l e s o f ZOG p r o j e c t s ( r e a l and i n p r o g r e s s ) " 
+P + 06 I G 3 
+ F + 06 Z0G9 
+ T + 07 " 7 . D e v e l o p i n g y o u r own ZOG n e t " 
+P+ 07 18 3 
+ F + 07 ZOG10 
+ T + L P " P - P R I N T " 
+ X * L P ^ E F . " 

F igure 6 : Example of BH Format 

3.1.3. Selection Processing 

N o w that w e h a v e examined the internal and ex terna l s t r u c t u r e of f rames and s u b n e t s , let 

u s t a k e a c l o s e r look at the p r imary mechanism that the user deals w i t h , the s e l e c t i o n 

p r o c e s s o r ( s e e F i g u r e 7). Lot us start w i th a d isp layed frame. T h e user makes his s e l e c t i o n 

b y t o u c h i n g the s c r e e n o r t y p i n g the se lector character . In the case of the s c r e e n t o u c h , 

s o m e immedia te f e e d b a c k is g i v e n so that the user knows his touch w a s s u c c e s s f u l (a 

c r o s s - h a t c h is p l a c e d o n the s c r e e n w h e r e the touch was d e t e c t e d , and a s t a r is p l a c e d o v e r 

t h e f i r s t c h a r a c t e r of the se lec t ion if the touch fell w i th in the bounds of o n e of the s e l e c t i o n 

t o u c h r e c t a n g l e s ) . T h e n the coord inates are t rans lated into a s e l e c t o r c h a r a c t e r w h i c h is 
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t r e a t e d as t h o u g h it w e r e t y p e d . T h e select ion p r o c e s s o r then scsns o p t i o n s , local p a d s , a n d 

f i n a l l y g l o b a l p a d s t r y i n g to match the se lector character . If no match is f o u n d , it r i n g s a b e l l . 

I f a m a t c h is f o u n d , the s e l e c t i o n is eva luated . 

1. G e t s e l e c t o r c h a r a c t e r . 

2 . F i n d s e l e c t i o n . I f n o n e , r i n g b e l l and bacfc to i « 

3 . I n t e r p r e t s e l e c t i o n a c t i o n , i f a n y . 

4 . S e t n e x t f r a m e , i f a n y . 

5 . D i s p l a y f r a m e , i f c h a n g e d . 

6 . I n t e r p r e t f r a m e a c t i o n , i f any and i f f rame c h a n g e d . 

7 . Bac.< t o 1. 

F i g u r e 7: Select ion P r o c e s s o r C y c l e 

T o e v a l u a t e a s e l e c t i o n , the se lect ion p r o c e s s o r f i rst checks if the se lec t ion has an a c t i o n . 

I f it d o e s , t h e n the c h a r a c t e r s t ream from the action is sent to each logical o u t p u t d e v i c e 

l i n k e d to the ac t ion input d e v i c e . T h e select ion p r o c e s s o r handles e s c a p e c h a r a c t e r s t o t h e 

C o m m u n i c a t i o n s l a n g u a g e as we l l . A f t e r the action has b e e n i n t e r p r e t e d , the s e l e c t i o n 

p r o c e s s o r c h e c k s if the se lec t ion has spec i f ied a next frame. If so , it s a v e s the c u r r e n t f r a m e 

o n t h e f r a m e b a c k u p list and sets the spec i f ied next frame as c u r r e n t . F ina l l y , the s e l e c t i o n 

p r o c e s s o r c h e c k s if the c u r r e n t frame is d i f ferent f rom the last f rame. If it is d i f f e r e n t , it is 

d i s p l a y e d and c h e c k e d fo r any frame action. If the frame has an e n t r y a c t i o n , it is 

i n t e r p r e t e d . 

3.1.4, Communications Language 

T h e c o m m u n i c a t i o n s language al lows the user and the frame bu i lder to maintain c o n t r o l o v e r 

t h e i n t e r a c t i o n s b e t w e e n the user and the var ious parts of the ZOG s y s t e m . It can be i n v o k e d 

w i t h e s c a p e c h a r a c t e r s f rom the k e y b o a r d , input fi le, s u b j o b , o r act ions. It p r o v i d e s f o u r 

b a s i c f a c i l i t i e s : (1 ) n e t w o r k pos i t ioning (escape character ~A ( c o n t r o l - A ) ) ; (2 ) c o m m u n i c a t i o n s 
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c o n t r o l ( e s c a p e c h a r a c t e r " • } ; (3) frame modification (escape charac te r ~D); and ( 4 ) h a r d - c o p y 

o u t p u t ( e s c a p e c h a r a c t e r ~E). Th is language is v e r y s imple: it has no v a r i a b l e s , n o 

c o n d i t i o n a l s , and no r e p e a t s . It is invoked b y one of the four escape c h a r a c t e r s m e n t i o n e d . 

T h e c h a r a c t e r f o l l o w i n g the escape character is a command. Some commands take o p e r a n d s 

b y e x a m i n i n g the c h a r a c t e r s t ream fo l lowing the command. 

T h e n e t w o r k p o s i t i o n i n g commands P A ) p r o v i d e s u p p o r t fo r moving t h r o u g h the n e t w o r k in 

w a y s o t h e r t h a n s imple se lec t ion . W h e n e v e r a new frame is s e l e c t e d , the p r e v i o u s f r a m e is 

s a v e d o n a b a c k u p l ist. T h e posi t ioning commands allow the user to back up to the p r e v i o u s 

f r a m e , m ? r k a f rame in the backup list, r e t u r n to the last marked f rame, and c lear t h e b a c k u p 

l i s t . A c o m p o s i t e command backs up to the p r e v i o u s frame and takes the n e x t o p t i o n . A n 

o r i e n t i n g c o m m a n d lets the use r examine his backup stack, the list of f rames he has m a r k e d , 

a n d t h e l ist o f f r a m e s that point to the frame he is c u r r e n t l y v i e w i n g . A f ind command a l l o w s 

t h e u s e r to s p e c i f y a s e a r c h for an a r b i t r a r y s t r ing , w i th cont ro l o v e r w h i c h p a r t s o f t h e 

f r a m e to s e a r c h and w h i c h frames to search , b y rest r ic t ing the s e a r c h to f rames c r e a t e d o r 

m o d i f i e d b y a p a r t i c u l a r p e r s o n , o r modified since a par t icu lar date and t ime. T h e r e a r e 

c o m m a n d s to c o n t r o l s e v e r a l defaul ts in the s y s t e m : default initial f rame, de fau l t g l o b a l p a d s 

f r a m e , d e f a u l t s e l e c t i o n c h a r a c t e r fo r undef ined se lect ions , defaul t time a n d s e l e c t i o n 

c h a r a c t e r f o r d i s p l a y t imeout ( fo r contro l l ing how long the user is a l l o w e d to v i e w a f r a m e ) . 

F i n a l l y , t h e r e a r e commands to r e - d i s p l a y the c u r r e n t f rame, go to an a r b i t r a r y f r a m e , a n d 

c o n t r o l t h e s ta t i s t i cs g a t h e r i n g package. 

T h e c o m m u n i c a t i o n s c o n t r o l commands CB) p r o v i d e s u p p o r t fo r maintaining and m o d i f y i n g 

t h e r o u t i n g c o n t r o l in fo rmat ion for the logical input dev i ces . T h e s e commands also s u p p o r t 

o p e n i n g and c los ing the input and output f i les, manipulating the s u b j o b , e x i t i n g f r o m a Z O G 

s y s t e m , and manipulat ing the d isp lay in a terminal independent w a y . 

T h e f r a m e modi f i cat ion commands C D ) p r o v i d e a basis for an edi t ing s y s t e m . T h e r e a r e 

c o m m a n d s f o r s e n d i n g indiv idual f rames, subnets , or the who le n e t w o r k . T h e s e may b e u s e d 

t o s a v e f r a m e s e x t e r n a l l y (e.g. , if the ZOGNet pr int ing input is r o u t e d to the o u t p u t f i le ) o r t o 

s e n d t h e f r a m e s to a more e laborate edi tor runn ing - on the s u b j o b . F r a m e s m a y b e 

c o n s t r u c t e d b y r o u t i n g the a p p r o p r i a t e input dev ice (usual ly the input file o r s u b j o b ) t o t h e 
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Z O G N o t b u i l d e r o u t p u t d e v i c e . T h e r e are commands for sett ing p r o t e c t i o n of f rames ( to a l l o w 

a u s e r t o make a f rame modif iable o n l y b y its c reato r , or v i e w a b l e o n l y b y its c r e a t o r ) . T h e r e 

a r e c o m m a n d s to d e j e t e a frame or a subnet . One command moves a frame f r o m o n e p a r t o f 

t h e n e t w o r k to a n o t h e r . One command renames a subnet . F inal ly , one command e n t e r s Z E D , 

t h e i n t e r a c t i v e edi t mode fo r a frame. 

T h e h a r d - c o p y o u t p u t commands P E ) p r o v i d e a means of get t ing h a r d - c o p y of f r a m e s in 

v a r i o u s f o r m a t s . T h ^ r e are commands for gett ing a p ic ture form of a f rame ( h a r d - c o p y s a m e 

as d i s p l a y e d v e r s i o n ) , an index of frames in a subnet , and an index of all s u b n e t s . 

3.1.5. Statistics Gathering 

S i n c e a p r i n c i p a l c o n c e r n w i t h ZOG is understanding how users interact w i t h s u c h s y s t e m s , 

Z O G is i n s t r u m e n t e d f o r ga ther ing va r ious kinds of data about its use. T h e r e are t h r e e k i n d s 

o f s t a t i s t i c s that Z O G deals w i t h : stat ic , dynamic, and iog. T h e static s tat is t ics m e c h a n i s m 

a n a l y s e s Z O G N e t s . F i g u r e S s h o w s such an analysis for a typ ica l s u b n e t . 

S t a t u s : I I I f r a m e s 

3 6 3 o p t i o n s , 3 . 3 p ? ^ f rame 
p e r f r a m e : 22 16 13 10 12 10 4 4 4 7 >9 . 4 

121 p a d s , 1 .1 p e r f r a m e 
p e r f r a m e : 7 93 6 4 1 0 0 0 0 8 >9 : 0 

R e t i o n s : 8 f r a m a , 13 o p t i o n , 2 pad 
N e x t f r a m e s : 95 o p t i o n , 116 p a d 

C h a r a c t e r s : 4S736 T O T A L , 41? 0 P £ R FRQtlE 
3814 t i t l e , 3 4 . 4 p e r f rame 
16699 t f - x t , 1 3 0 . 4 p e r f r a m « 
22316 o p t i o n , 206. S p e r f r a m e , 6 2 . 3 p e r o p t i o n 
2123 p a r i , 1 9 . 1 pnr f r a m * , 17 .6 p e r p<-«d 
182 a c t i o n , 1 .6 p a r f r a m e , 12 .1 p e r a c t i o n 

G l o b a l p a d f r a m e s : G P a d s i 

F i g u r e 8 : Static Statistics for a T y p i c a l Subnet 

D y n a m i c s t a t i s t i c s are g a t h e r e d whi le a user is interact ing w i t h the s y s t e m . T h e y r e c o r d 

a n d s u m m a r i z e all u s e r act ions. F igure 9 shows an example of cho dynamic s ta t i s t i cs f o r a 

t y p i c a l u s e r s e s s ion . T h e s e stat ist ics are ga the red and s t o r e d in a cent ra l s ta t i s t i cs f i le w h e n 
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t h e u s e r e x i t s f r o m ZOG. T h e user may also request such a summary fo r his o w n p e r u s a i 

w h i l e in Z O G . T h e r e are e x t e r n a l statist ics packages that take the c e n t r a l s ta t i s t i cs f i le a n d 

p r o v i d e s u m m a r y and s e a r c h capabi l i t ies for it. 

ZOG ( 7 . 6 . 2 ) : I1F21 u s i n g HNG.NETCX321ZGO0J on 5/8/79 f rom 1882 t o 1841, 
1200 b a u d . 39 j o b s . 

84 f r a m e s a c c e s s e d , 1423 s e e s , 16 .9 s e c / f r a m e , SO s 2 0 . 8 3 
5 s e c i n t e r v a l s : 4 27 26 9 5 5 1 0 3 2 0 0 
1 m i n i n t e r v a l s : 82 1 1 0 0 > 5 m i n : 0 

14 f r a m e s e d i t e d , 360 s e e s , 6 8 , 5 s e c / f r a m e , SO = 86 .54 
1 m i n i n t e r v a l s : 8 5 0 0 0 1 0 0 0 0 > 10 m i n : 0 

98 f r a m e s t o t a l , 2333 s e e s , 2 4 . 3 s e c / f r a m e 

BH f i l e s : 0 new f r a m e s , 0 r e p l a c e d f r a m e s , 0 e r r o r s , 0 f r a m e s o u t p u t 
Z T D : 1043 t e x t c h a r s , 102 c o t ^ a n d c h a r s , 1 e r r o r s 
T o t a i : 1 f r a m e s c r e a t e d , 0 f rames d e l e t e d 

S e l e c t i o n s : 49 o p t i o n s , 20 l o c a l p a d s , 30 g l o b a l p a d s , 2 e r r o r s 
R e t i o n s : 6 f r a m e , 34 s e l e c t i o n 
C o m m a n d s : 0 n e x t s , 15 back*-;, 2 r e t u r n s , 3 g o t o s 

0 f i n d s , 9 o t h e r s , i e r r o r s 
C h a r s : 1433 f r o m k e y b o a r d , 0 f rom s u b j o b , 0 to s u b j o b 

S u b n e t s a c c e s s e d : ZGG: 1 d n q : 7 H e l p : 3 B r o s t a t : 24 
S t a t u s : 21 I s s u e : 12 P e o p l e : 9 f l e e t i n g : 1 Pd tn in : 2 U p d a t e : 4 

F i g u r e 9 : Dynamic Statistics for a T y p i c a l User Sess ion 

L o g s t a t i s t i c s a re g a t h e r e d o n l y if a user speci f ical ly asks for them. T h e y a re much m o r e 

d e t a i l e d t h a n the dynamic stat ist ics s h o w n above . The log file is a h i s t o r y of s p e c i f i c u s e r 

i n p u t ( k e y s t r o k e s ) and s y s t e m r e s p o n s e , w i th a time stamp ( in mi l l iseconds) f o r e a c h a c t i o n . 

S u c h a mechan ism is essent ia l for the s t u d y of user interact ion w i t h a Z O G - l i k e s y s t e m . 

3.1.6. Frame Editing ~ ZED 

T h e f r a m e e d i t o r , ca l led ZED ( for ZOG Edi tor ) , has two major p a r t s : (1) a set of f r a m e s that 

a l l o w t h e u s e r to de le te f rames, move frames from one subnet to a n o t h e r , and c r e a t e n e w 

s u b n e t s ; and ( 2 ) an edit mode for altering a single frame. 

T h e se t of f rames s imply p r o v i d e s a convenient inter face b e t w e e n the u s e r and t h e 

c o m m u n i c a t i o n s language frame modif ication commands. A l t h o u g h the f rames are not s t r i c t l y 

p a r t o f t h e bas ic Z O G s y s t e m , it is useful to think of ZED ( f rames and edit mode) as a s i n g l e 

s y s t e m . 
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T h e r e a r e t w o w a y s to e n t e r the edit mode. T h e f i rst is b y se lect ing a s e l e c t i o n that has 

n o n e x t f r a m e . T h e u s e r is a l lowed to c reate (def ine) a frame at that po in t . If t h e u s e r 

d e c i d e s to c r e a t e that f rame, he is p rompted for a frame to c o p y ( w i t h a defau l t f o r e a c h 

s u b n e t ) . T h e n e w f rame is t h e n d i s p l a y e d , and the edit mode is e n t e r e d to al low t h e u s e r t o 

f i l l i n w h a t e v e r p a r t s of the frame he des i res . Once a frame is c o n s t r u c t e d , the u s e r m a y 

s e l e c t o n e of that f rame's opt ions wh ich may point to a n e w u n d e f i n e d f r a m e . B y 

s y s t e m a t i c a l l y s t e p p i n g t h r o u g h the opt ions and creat ing new frames at each s t e p , the Z O G N o t 

c a n b e c r e a t e d in a t o p - d o w n fashion. 

T h e e t h e r w a y of e n t e r i n g the edit mode is th rougn the edit g lobal pad w h i c h a p p e a r s o n 

e a c h f r a m e . T h e d e s i g n lo r edit mode was d e r i v e d f rom ex tend ing the a l ter mode of S O S (a 

l i n e o r i e n t e d t e x t ed i to r f o u n d on many PDP10 systems, d e v e l o p e d b y W e i h e r and S a v i t z k y 

( 1 9 7 0 ) ) f r o m o n e d imensional line edit ing to two dimensional frame edi t ing . T h e f rame b e i n g 

e d i t e d is a l w a y s d i s p l a y e d . Edit mode commands aro t y p e d (but not e c h o e d ) , and t h e r e s u l t s 

o f a n ' e d i t i n g o p e r a t i o n appear as changes to the d i s p l a y e d f rame. T h u s , v i sua l f i d e l i t y is 

c o n t i n u o u s l y mainta ined to the frame as modif ied. A desc r ip t ion of these ed i t ing too ls may b e 

f o u n d in M c C r a c k e n and R o b e r t s o n (1979) . 

3.1.7. Conventions 

W e h a v e a d o p t e d a number of convent ions that make the s y s t e m eas ie r to use f o r b o t h t h e 

u s e r a n d the f r a m e b u i l d e r . T h e y deal w i t h the frame d isp lay o r g a n i z a t i o n , s e l e c t i o n f o r m a t , 

a n d c o m m o n l y u s e d pads . T h e s y s t e m does not en fo rce these c o n v e n t i o n s in any w a y . 

T h e o r g a n i z a t i o n of the d i s p l a y e d frame has on ly t w o s y s t e m - e n f o r c e d d e c i s i o n s . F i r s t , t h e 

f r a m e i d e n t i f i c a t i o n is a l w a y s d i s p l a y e d in the upper r ight c o r n e r . S e c o n d , the c o n t e x t d i s p l a y 

is a l w a y s j u s t to the left of the frame identi f icat ion. The context d i sp lay s h o w s the n u m b e r of 

m a r k e d f r a m e s (if a n y ) . T h e layout of the t i t le, tex t , opt ions , and pads is c o m p l e t e l y u p to t h e 

f r a m e b u i l d e r . 

O u r c u r r e n t d i s p l a y format is s h o w n in F igure 10. It assumes a d i sp lay w i t h 24 l ines o f 8 0 

c h a r a c t e r s . T h e t i t le is r e s t r i c t e d to 56 characters on the f i rst l ine. A blank l ine s e p a r a t e s 

t h e t i t le a n d t e x t ; the tex t is one to n ineteen lines long w i t h 80 c h a r a c t e r s p e r l ine . T h e 
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n u m b e r of o p t i o n s is l imited to nine so that digits may be used for s e l e c t o r s . O p t i o n s s h a r e 

s p a c e w i t h t h e t e x t ; that is, the less tex t , the more opt ions . Each o p t i o n is p r e c e d e d b y a 

b l a n k l ine f o r b e t t e r r e a d a b i l i t y and ease of touch select ion. T h e o p t i o n s may b e u p to 5 6 

c h a r a c t e r s long . S p a c e on the r ight is r e s e r v e d for local pads, w h i c h may be 13 c h a r a c t e r s 

l o n g . T h e most common pads (g lobal pads) are on the bot tom line. Opt ions are s e l e c t e d b y 

d i g i t s , loca l p a d s b y u p p e r case a lphabet ics , and global pads b y l o w e r case a l p h a b e t i c s . A n y 

s e l e c t i o n w h i c h is ine r t (has no action or next frame) is p r e f i x e d w i t h a minus s ign to i n d i c a t e 

t h a t it is n o ! w o r t h se lec t ing . F inal ly , if a frame needs more than nine o p t i o n s , it is b r o k e n 

i n t o s e v e r a l f rames w i t h the ninth op t ion of each point ing to a frame w i t h the c o n t i n u a t i o n o f 

t h e l i s t . 

[ T I T L E 56 3 M a r k I D . I l l ( F r a m e I D . 1 1 3 

[ T E X T 3 
I T e x t - l i n e s + 2 « N u t n b e r - o f - o p t i o n s + W o r k s p a c e - l i n e s = 19 I 
C 3 

1. [ O P T I O N - T I T L E 56 1 A - [ P A D - T I T L E . 13} 

2 . [ O P T I O N - T I T L E 56 3 B - [ P S Q - T I T L E . 131 

3 . - [ O P T I O N - T I T L E 5 6 . . .3 C - [ P A D - T I T L E . 1 3 3 

a . [ O P T I O N - T I T L E 56 3 H - T P A D - T I T L E . 133 

9. [ O P T I O N - T I T L E 56 3 I - C P R O - T I T L E . 133 

[USER DISPLAY ] 
e d i t h e l p b a c k n e x t mark r e t u r n z o g d i s p l a y u s e r comment g o t o f i n d I n f o 

F i g u r e 10: Convent ions for Display L a y o u t 

A n o t h e r u n e n f o r c e d set of convent ions has to do w i t h the global pads . In F i g u r e 10, a s e t 

o f g l o b a l p a d s is l i s ted o n the bottom line. The edit pad e n t e r s the edit mode of t h e f r a m e 

e d i t o r , Z E D . T h e he lp p a d e n t e r s a subnet wh ich descr ibes how to use Z OG . T h e b a c k p a d 

r e t u r n s t o the p r e v i o u s frame. T h e next pad backs up to the p r e v i o u s f rame a n d 

a u t o m a t i c a l l y s e l e c t s the next o p t i o n wh ich has a next frame. T h e mark pad marks the c u r r e n t 

f r a m e . T h e n u m b e r of marked frames wil l appear in the contex t d i sp lay (if t h e r e a r e a n y ) . 
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T h e r e t u r n p a d e n t e r s a s u b s y s t e m that al lows the user to examine his b a c k u p s tack , l ist o f 

. m a r k e d f r a m e s , and list of f rames wh ich point to the c u r r e n t f rame. F r o m t h e r e t u r n 

s u b s y s t e m , t h e u s e r may g o d i r e c t l y to any frame on any of those l ists. T h e ZOR p a d g o e s t o 

t h e r o o t n o d e of the w h o l e s y s t e m without d is turb ing contex t (i .e., the u s e r may g e t b a c k ) . 

T h e d i s p l a y p a d r e - d i s p l a y s the c u r r e n t frame. Th is is useful if the d i s p l a y has b e e n 

d i s t u r b e d b y some e x t e r n a l cause (e.g., a terminal fai lure o r a message f r o m a n o t h e r u s e r ) . 

T h e u s e r p a d d i s p l a y s the user d isp lay (a full s c r e e n d isp lay w h o s e bot tom line is n o r m a l l y 

d i s p l a y e d in tine 23 of the frame d isp lay ) . The comment pad p r o v i d e s a means fo r the u s e r t o 

s e n d a co.-nrnont to the s y s t e m d e s i g n e r s . T h e go±2 pad allows the user to go to a n y f r a m e in 

t h e n e t w o r k . T h e f jnd pad e n t e r s the f ind s u b s y s t e m , wh ich al lows the u^er to s e a r c h t h e 

n e t w o r k f o r an a r b i t r a r y s t r ing , for frames modified b y a part icu lar p e r s o n , o r f o r f r a m e s 

m o d i f i e d s i n c e a p a r t i c u l a r date and time. The info pad pr ints the maintenance i n f o r m a t i o n f o r 

t h e c u r r e n t f r a m e , inc luding the v e r s i o n nur rber , the name of the c r e a t o r / o w n e r , d a t e of 

c r e a t i o n , name of last modi f ie r , and date and time of last modif icat ion. Exi t f ro m the s y s t e m is 

d o n e b y ' C , w h i c h wi l l log out the s u b j o b if it was logged in, c lose the u s e r ' s log f i le if it w a s 

o p e n e d , c l o s e a n y o p e n e d f i les, and r e c o r d statist ics about this use r s e s s i o n in a c e n t r a l 

s t a t i s t i c s f i le b e f o r e ex i t ing the s y s t e m . 

3.2. Current Implementation 

T h e r e a r e t h r e e c u r r e n t implementat ions of ZOG; one for the DEC PDP10, o n e fo r t h e D E C 

V A X - 1 1 / 7 8 0 , and o n e fo r C.mmp, an exper imental mul t iprocessor compute r s y s t e m . T h e t h r e e 

s y s t e m s a r e b a s i c a l l y compat ib le , a ' though each has some spec ia l ised f e a t u r e s and l imi tat ions 

n o t f o u n d in the o t h e r s . In this sect ion , w e will b r ie f l y c h a r a c t e r i z e the c u r r e n t s ta te of e a c h 

o f t h e s e s y s t e m s . 

3.2.1. ZOG o n t h e POP 10 

T h e c u r r e n t implementat ion of ZOG on the PDP10 is w r i t t e n in L*(I), w h i c h is an i n t e r a c t i v e 

s y s t e m - b u i l d i n g s y s t e m d e s c r i b e d in Newel l , McCracken , and R o b e r t s o n (1977) . L* has made 

i m p l e m e n t a t i o n and e x p e r i m e n t a t i o n w i th ZOG easy and. s t r a i g h t f o r w a r d . T h e c u r r e n t 
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i m p l e m e n t a t i o n f o l l o w s the d e s i g n d e s c r i b e d above except that it does not s u p p o r t r a p i d 

r e s p o n s e . T h e r e are v e r s i o n s fo r T O P S - 1 0 , T O P S - 2 0 , and T E N E X o p e r a t i n g s y s t e m s . T h i s h a s 

b e e n t h e b a s i c s y s t e m and has b e e n operat ional in one form or another for o v e r t w o y e a r s . 

T h e c u r r e n t implementat ion s u p p o r t s 12 t y p e s of d isp lay terminals . It a lso s u p p o r t s a 

m o d e w h i c h may b e u s e d o n any o t h e r kind o f terminal ( including a t e l e t y p e ) , b u t w i t h t h e 

d i s p l a y f o r m a t o n l y a p p r o x i m a t e d . S u p p o r t for o ther d isp lay terminals may b e e a s i l y a d d e d , 

a s s u m i n g t h e termina l in ques t ion has cursor address ing , s c r e e n c lear , and b a c k s p a c e 

f u n c t i o n s , and has at least 24 lines of SO characters . Response ra tes d e p e n d o n the d a t a r a t e 

t o t h e t e r m i n a l and the s y s t e m load. Most w o r k done on ZOG to date has b e e n w i t h 1200 

b a u d t e r m i n a l s o n a m o d e r a t e l y loaded PDP10 (KL10 wi th 40 to 50 u s e r s ) . R e s p o n s e r a t e s 

u n d e r t h o s e c o n d i t i o n s are t yp ica l l y a round 5 seconds p e r f rame, w h i c h is b a r e l y t o l e r a b l e f o r 

Z O G w o r k . T h e c u r r e n t implementat ion s tores the frame n e t w o r k in a s ingle d isk f i le , a n d has 

a c a p a c i t y of 225 ,000 f rames (450 frames per subnet , w i th 500 s u b n e t s ) . W e h a v e r e c e n t l y 

i n t e r f a c e d o n e l e d / p h o t o c e l l touch s c r e e n (Car ro l l Manufactur ing (1979) ) to a s t a n d a r d v i d e o 

t e r m i n a l w i t h p r o m i s i n g resu l t s . 

3.2.2. ZOG on VAX- l i/780 

T h e c u r r e n t implementat ion of Z O G on V A X is w r i t t e n in L*VAX, a dialect o f L*. It has j u s t 

b e c o m e o p e r a t i o n a l , and is c u r r e n t l y d i rec t l y compatible w i th the PDP10 v e r s i o n . V A X Z O G 

r u n s u n d e r the U N I X o p e r a t i n g s y s t e m . 

3.2.3. ZOG on C.mmp 

T h e c u r r e n t implementat ion of ZOG on C.mmp is w r i t t e n in L*C.(D), a d ialect of L*. T h i s 

v e r s i o n d o e s s u p p o r t r a p i d r e s p o n s e on a touch s c r e e n g raph ics terminal , but d o e s no t 

s u p p o r t Z E D ( t h e f rame e d i t o r ) o r s u b j o b interact ions. T h e C.mmp v e r s i o n has b e e n p r i m a r i l y 

u s e d as a v e h i c l e f o r e x p e r i m e n t i n g w i t h ef fects of rap id r e s p o n s e on u s e r b e h a v i o r . 

C .mmp is a m u l t i - m i n i - p r o c e s s o r that was d e v e l o p e d at C M U and is d e s c r i b e d in W u l f a n d 

B e l l ( 1 9 7 2 ) . It has up to s i x t e e n P D P l l ' s connected t h r o u g h a c r o s s p o i n t s w i t c h to a l a r g e 

s h a r e d m e m o r y . T h e o p e r a t i n g s y s t e m for C.mmp is cal led H y d r a and is d e s c r i b e d in W u l f , 
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P i e r s o n , Po l lack , L e v i n , C o r w i n , J one s , and C o h e n (1974). C . rnmp/Hydra was c h o s e n as t h e 

e n v i r o n m e n t fo r t h e r a p i d r e s p o n s e v e r s i o n of ZOG because the e x p e r i m e n t a l n a t u r e of H y d r a 

m a d e it p o s s i b l e f o r us to modi fy the lowest levels of H y d r a to help ach ieve o u r r e s p o n s e 

g o a l s . 

T h e k e y to r a p i d r e s p o n s e is the nature of the terminal being used . C o n v e n t i o n a l t e r m i n a l s 

a r e l im i ted to r e l a t i v e l y low ban dwid ths b e t w e e n p r o c e s s o r and terminal . T o get t h e k i n d o f 

r e s p o n s e w e d e s i r e d , it was n e c e s s a r y to use terminals that permit t r a n s f e r r a t e s o f 5 0 

k i l o b a u d o r h i g h e r . Our choice for (his terminal was a g raph ics s y s t e m d e v e l o p e d at C M U , 

c a l l e d t h e G D P ( G r a p h i c s D isp lay P r o c e s s o r ) and d e s c r i b e d in Rosen (1974) . T h e G D P is a 

v e c t o r d r a w i n g g r a p h i c s s y s t e m wh ich can change the ent i re s c r e e n in less t h a n 16 

m i l l i s e c o n d s . T o a l low full ut i l i zat ion of this s p e e d , the GDP was i n t e r f a c e d d i r e c t l y to o n e o f 

t h e P D P i T s o n C.mmp, w i t h s o f t w a r e s u p p o r t for it built into H y d r a . 

A Z O G te rmina l is a combinat ion of a C.mmp GDP, a touch s c r e e n , and a h igh s p e e d d i s k 

u s e d as a f r a m e c a c h e . T h e touch s c r e e n is a clear plate of glass p laced o v e r t h e face o f t h e 

G D P . W h e n t o u c h e d b y a f i n g e r , it p roduces a pair of coord inates w i t h a 0.1 inch a c c u r a c y 

( u s i n g a s u r f a c e acoust ic w a v e ) . T h e disk being used as a frame cache is an IMS d isk (341 

f r a m e c a p a c i t y ) , w i t h a spec ia l fea tu re that allows z e r o latency access to p a g e s (4 ,096 1 6 - b i t 

w o r d s ) . T h e f r a m e n e t w o r k itself is s t o r e d on an RP06 disk, w i t h a c a p a c i t y of 5 0 , 0 0 0 f r a m e s . 

R a p i d r e s p o n s e is a c h i e v e d b y augmenting the in te r rupt s e r v i c e f o r , t h e t o u c h s c r e e n ( p a r t 

o f H y d r a , w r i t t e n in B L I S S l i ) to handle most of se lect ion p rocess ing . W h e n a t o u c h is m a d e , 

a n i m m e d i a t e r e s p o n s e is g i v e n b y o v e r p r i n t i n g the f i rst c h a r a c t e r of the s e l e c t i o n . T h i s 

g i v e s t h e u s e r immediate feedback to conf i rm that his touch w o r k e d . T h e i n t e r r u p t d r i v e n 

s e l e c t i o n p r o c e s s o r t h e n f inds the select ion and evaluates it. If a se lec t ion act ion o r f r a m e 

a c t i o n is e n c o u n t e r e d d u r i n g eva luat ion ; then the bdsic ZOG s y s t e m is u s e d at n o n - i n i e r r u p i 

l e v e l ( w i t h ac t ions be ing i n t e r p r e t e d just as in the PDP10 v e r s i o n ) . H o w e v e r , f o r a s e l e c t i o n 

w i t h no a c t i o n , the next f rame is found (in p r imary memory , in the cache , o r in s e c o n d a r y 

m e m o r y ) a n d d i s p l a y e d at i n t e r r u p t leve l . This des ign avoids most of the o v e r h e a d s n o r m a l l y 

i m p o s e d b y an o p e r a t i n g s y s t e m . T h e c u r r e n t implementation s u p p o r t s a r e s p o n s e r a t e o f 0.1 

s e c o n d f o r s e l e c t i o n s w i t h o u t act ions (genera l l y about 70Z of ail se lec t ions ) . 
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T h e d e s i g n a n d implementat ion of ZOG, plus the basic p h i l o s o p h y and goa ls , h a v e n o w b e e n 

d e s c r i b e d . Let us n o w look at some of our e x p e r i e n c e to date. 

4. Initial Experience with ZOG 

Z O G has b e e n o p e r a t i o n a l for about th ree y e a r s in the C M U computer sc ience e n v i r o n m e n t . 

D u r i n g most o f th is time it has u n d e r g o n e deve lopment and enhancement , as b e f i t s a n y n o v e l 

c o m p u t i n g s y s t e m . T h e local env i ronment and sys tem goals are suf f i c ient l y d i f f e r e n t f r o m t h e 

s i n g l e - t a s k , h i g h l y s t r u c t u r e d medical env i ronment of PROMIS to r e q u i r e s u c h e v o l u t i o n . T h e 

in i t ia l s t a g e s of d e v e l o p m e n t w e r e more a hi l l -c l imbing e f fo r t on o b v i o u s d e f i c i e n c i e s a n d 

o p p o r t u n i t i e s t h a n a p lace fo r deta i led , cont ro l led psycholog ica l s t u d y . H o w e v e r , v/e p r o v i d e 

s o m e p r e l i m i n a r y assessments and o b s e r v a t i o n s f rom this e a r l y phase b e l o w . 

4.1. Computing Communities 

I n t e r a c t i v e comput ing sys tems requ i re computing communities w i t h i n w h i c h to g r o w a n d 

p r o s p e r . S u c h a v i e w is w i d e l y held , for example, in connect ion w i t h the g r o w t h of t h e 

s o f t w a r e e n v i r o n m e n t in the P D P i O - A R P A N E T community. ZOG a p p e a r s to be no e x c e p t i o n . 

U n t i l r e c e n t l y , t h e r e w e r e t w o ZOG sys tems: the C.mmp v e r s i o n w i t h r a p i d r e s p o n s e , t o u c h 

s c r e e n , b u t a s ing le te rmina l ; the P D P i O v e r s i o n w i th a s low (1200 baud ) r e s p o n s e , no t o u c h 

s c r e e n , b u t ava i lab le at all hours on all terminals in the env i ronment . T h e communi t y ( P D P I O ) 

s y s t e m b e c a m e the main pacing s y s t e m — w h e r e the enhancements o c c u r r e d and w h e r e 

a lmost ail e x p e r i e n c e accumulated. That the C.mmp v e r s i o n was a s u b s t a n t i a l l y l e s s 

c o m f o r t a b l e s o f t w a r e e n v i r o n m e n t no doubt cont r ibu ted to its i n f requent use , but w e b e l i e v e 

it w a s a v a i l a b i l i t y that f o r c e d most use to be on the P D P I O sys tem. 

T h o u g h s l o w ( s e e b e l o w ) , the community v e r s i o n at t racted peop le i n t e r e s t e d in the n e w 

a p p l i c a t i o n s , p e r m i t t e d e x p l o r i n g appl icat ions that i nvo l ved s e v e r a l u s e r s , and p e r m i t t e d t h e 

a c c u m u l a t i o n of e x p e r i e n c e b y casual users . 
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4.2. Speed of Interaction 

T h e in i t ia l v i e w that r a p i d i t y of r e s p o n s e is an essent ial feature of Z O G is c l e a r l y c o n f i r m e d 

b y t h e e x p e r i e n c e to date . T h e 5 second, per frame r e s p o n s e of the PDP10 v e r s i o n p r o d u c e s 

a q u a l i t a t i v e l y d i f f e r e n t in te r face than does the rap id (0.1 second) r e s p o n s e , and i n t e r m e d i a t e 

s p e e d s ( 4 S 0 0 b a u d w i t h about 2 second r e s p o n s e ) are also marked ly d i f f e r e n t . In s o m e 

a p p l i c a t i o n s ( s e e b e l o w ) the s p e e d of r e s p o n s e appears to have b e e n cr i t ica l in k e e p i n g t h e 

a p p l i c £ U i o n f r o m t r a n s f o r m i n g into a rout ine usefu! faci l i ty . 

I n g e n e r a l u s e , the r e s i d e n c e time at a frame is of the o r d e r of 10 to 20 s e c o n d s a n d 

a p p e a r s to b e r e m a r k a b l y constant o v e r nets and users . With such t imes, h i g h l y r a p i d 

r e s p o n s e (0.1 s e c o n d ) a p p e a r s to o f fe r no advantages o v e r , say , 0.5 s e c o n d s y s t e m r e s p o n s e . 

L o n g e r d e l a y s may sti l l be s ignif icant psycho log ica l l y , since the user is wa i t ing d u r i n g t h e 

d e l a y , w h e r e a s he is not wa i t ing dur ing the res idence p e r i o d . T h e p u r p o s e of the v e r y f a s t 

r e s p o n s e (0.1 s e c o n d ) is to make Z O G acceptable to e x p e r t u s e r s w h e n t r a v e r s i n g h i g h l y 

f a m i l i a r p a t h s . In v a r i o u s simple familiar tasks (such as search ing a net r e p e a t e d l y ) , t h e u s e r 

r e s p o n s e t imes o n the r a p i d s y s t e m n e v e r gets much be low 1 s e c o n d . U n d e r t h e s e c o n d i t i o n s 

t h e v e r y fas t r e s p o n s e ( c o m p a r e d to 0.5 second) does not seem cr i t ica l . H o w e v e r , v a r i o u s 

s y s t e m i s s u e s , s u c h as the paral lax of the touch s c r e e n , become limiting f a c t o r s . 

T h e e f f e c t of r e s p o n s e s p e e d is seen c lear ly in another feature of the PDP10 s y s t e m . Z O G 

is an a c t i v e n e t w o r k , i n t e n d e d to w o r k in con junct ion w i t h o t h e r p r o g r a m s that p r o v i d e 

s u b s t a n t i a l amounts of inte l l igent s u p p o r t . A key des ign dec is ion in ZOG is imp lement ing th i s 

n o t v i a an i n t e r n a l p rog ramming s y s t e m but ra ther th ro ugh the s u b j o b communica t ion l ink. 

T h i s k e e p s Z O G s imple and w i d e n s the range of p rograms w h i c h can be c o u p l e d w i t h Z O G . 

H o w e v e r , t h e s u b j o b faci l i ty in the TOPS10 operat ing sys tem of the PDP10 is s u b s t a n t i a l l y 

s l o w e r t h a n the r e g u l a r in te rac t ion rate (1200 baud). In c o n s e q u e n c e , f e w a p p l i c a t i o n s h a v e 

d e v e l o p e d w h i c h d e p e n d o n s u b j o b s u p p o r t . 

T h e r e s u l t is that the PDP10 ZOG sys tem is still located in the w r o n g p lace in the s p a c e o f 

p e r f o r m a n c e p a r a m e t e r s to determine its usefulness and potent ia l . T h e r e c e n t m o v e to a V A X 

v e r s i o n of Z O G is an at tempt to move to a be t te r place in this parameter s p a c e . 
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4.3. Large Nets 

W e h a v e v e r i f i e d w h a t w e k n e w : that it is e x t r e m e l y diff icult to g r o w la rge Z O G n e t w o r k s . 

A b o u t 5 0 n e t s h a v e b e e n built b y the total community and the total n u m b e r o f f r a m e s 

p r o d u c e d is a b o u t 10,000. T h e rate of frame product ion b y hand , using Z E D and t o p - d o w n 

f r a m e c r e a t i o n , is about 5 f rames per hour . Like the typ ica l res idence t ime, this also s e e m s t o 

b e r e m a r k a b l y c o n s t a n t o v e r nets and o v e r net bu i lders . (Our data in b o t h c a s e s c o m e s f r o m 

t h e automat ic g a t h e r i n g of stat ist ics on all ZOG sessions th roughout the communi ty . ) T y p i c a l l y , 

m a n u a l n e t s r a n g e f rom 100 to 300 frames; it takes dedicat ion and p r o j e c t o r g a n i z a t i o n to g e t 

a b o v e 5 0 0 . T h e r e a l l y big nets , wh ich account for the bulk of the 10,000, all h a v e s e m e 

s t r u c t u r e d o r automatic grov/th features . 

T h u s , w e h a v e not y e t p r o d u c e d the rea l ly large nets that seem an essent ia l i n g r e d i e n t o f 

Z O G . In p a r t , th is s tems f rom the lack of machines aids for g r o w i n g nets , and in p a r t f r o m t h e 

i n t e r a c t i o n of the c u r r e n t r e s p o n s e s p e e d w i th the computing community , w h i c h k e e p s Z O G as 

a n i n t e r e s t i n g s y s t e m for e x p l o r a t i o n but not e f fec t i ve e n o u g h to become s e l f - s u s t a i n i n g in 

m a j o r a p p l i c a t i o n s w h i c h w o u l d d r i v e up the s ize of the nets. 

4.4. Applications 

P R O M I S o f f e r s g o o d e v i d e n c e that a large netv/ork, rap id r e s p o n s e menu s e l e c t i o n s y s t e m 

is e f f e c t i v e in the medical domain. H o w e v e r , PROMIS r e p r e s e n t s a h i g h l y e n g i n e e r e d , 

d e d i c a t e d a p p l i c a t i o n . O u r p u r p o s e is to e x p l o r e an o p e n range of appl icat ions . I m m e r s i o n o f 

Z O G in a c o m p u t i n g communi ty has b e e n our s t ra tegy for obtaining d i v e r s e app l i ca t ions . 

W e l ist h e r e a n u m b e r of the appl ications areas that have b e e n e x p l o r e d , e i t h e r b y t h e Z O G 

g r o u p i tse l f o r o t h e r s in the community . We then discuss s e v e r a l that y i e l d i n t e r e s t i n g 

o b s e r v a t i o n s . 

- G u i d a n c e s y s t e m s : (1) Informat ion about peop le , p r o j e c t s , s y s t e m s , e d u c a t i o n , 

a n d o t h e r facets of life in the department for incoming s t u d e n t s in t h e 

C a r n e g i e - M e l l o n U n i v e r s i t y C o m p u t e r Science Department . (2) A t r a n s p a r e n t 

g u i d e to the use of o t h e r programming systems ( o r - e v e n o t h e r c o m p u t e r s y s t e m s 

if t h e r i g h t k ind of local communications n e t w o r k ex is ts ) . (3 ) A n A c a d e m i c 
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A d v i s i n g S y s t e m , u s e d b y the underg raduate student adv isor to he lp a n s w e r 

s t u d e n t s ' q u e s t i o n s about courses and majors, w i t h in format ion about c o u r s e 

o f f e r i n g s and d e g r e e p rograms . (4) A f r o n i - e n d to Pople 's ( 1 9 7 7 ) I n t e r n i s t 

med ica l d i a g n o s i s s y s t e m . 

- D a t a b a s e s : Databases are the most natural appl icat ion for Z O G - l i k e s y s t e m s . W e 

h a v e a n u m b e r of database appl icat ions, including the exper imenta l r e s u l t s in 

C o g n i t i v e P s y c h o l o g y , artif icial intel l igence s y s t e m s , and a p e r s o n a ! 

r e l a t i o n a l - d a t a b a s e . In addit ion, w e have a major p r o j e c t implementing a l i b r a r y 

b r o w s i n g s y s t e m { d e s c r i b e d in Fox and Palay (1979)) . 

- P r o j e c t M a n a f ; e m r n t ; I n fo rmr t ion about p ro jec t goals , p e r s o n n e l , s u b t a s k s , 

r e p o r t i n g r e q u i r e m e n t s , i ssuer , and status. It is a h igh ly dynamic n e t w o r k s h a r e d 

a n d u p d a t e d b y all p r o j e c t p e r s o n n e l . 

- I s s u e A n a l y s i s : A po l i cy analys is toe! for handling large complex i ssues . T h e 

p o i n t s and c o u n t e r p o i n t s of an issue are p r e s e n t e d in a h ie ra rch ica l and 

c o n t r a s t i n g format cal led an issue net. T h e net is dynamic , and u s e r s c a r r y o n a 

d e b a t e us ing this s h a r e d medium. T w o i«.sue nets are d e s c r i b e d in Mante i and 

M c C r a c k e n ( 1 9 7 9 ) . 

- I n t e r a c t i v e D o c u m e n t a t i o n : S e v e r a l complex systems have b e e n d o c u m e n t e d w i t h 

Z O G f rame l i b r a r i e s , including t w o operat ing sys tems. Too ls have b e e n d e v e l o p e d 

t h a t aid the f rame bu i lder b y translat ing machine - readable documents ( in o n e of 

t h r e e d o c u m e n t g e n e r a t i o n formats) into an initial set of f rames. T h e initial se t is 

i n f e r i o r to h a n d - b u i l t f rames, but p rov ides a good star t ing point . 

- I n s t r u c t i o n : A t radi t ional c o m p u t e r - a i d e d inst ruct ion s y s t e m that p r o v i d e s 

i n s t r u c t i o n in o p e n i n g b r i d g e bids. It p rov ides al ternate p a t h w a y s t h r o u g h t h e 

i n s t r u c t i o n n e t w o r k b a s e d on student per fo rmance , b y using a s u b j o b to maintain 

s t a t e i n f o r m a t i o n . 

T h e l i b r a r y b r o w s i n g s y s t e m , implemented b y Fox and Palay (1979) and ca l led B R O W S E , is 

o f s p e c i a l i n t e r e s t b e c a u s e of its s ize and the techniques used for g r o w i n g it. T h e B R O W S E 

n e t is c u r r e n t l y 4000 f rames and cont inues to. g r o w . T h e net is g r o w n b y mainta in ing an 

e x t e r n a l d a t a b a s e of l i b r a r y en t r ies (books , journals , art ic les) and a c a t e g o r i z a t i o n of t h e m . 
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A n e n t r y s y s t e m is u s e d b y the l ibrar ians to augment and modify that e x t e r n a l d a t a b a s e , a n d 

a t r a n s l a t i o n s y s t e m c o n v e r t s it into a ZOGNet. The user of BROWSE then uses Z O G to b r o w s e 

t h r o u g h t h e l i b r a r y co l lec t ion . 

T h e p r o j e c t management ZOGNets are of special in terest because of the i r d y n a m i c n a t u r e . 

S u c h n e t w o r k s e x i s t fo r s e v e r a l p r o j e c t s in the depar tment , including the Z O G p r o j e c t i t s e l f . 

T h e Z O G p r o j e c t management net is about 550 frames, and is j o i n t l y maintained b y e v e r y o n e 

in t h e p r o j e c t ( a b o u t 10 p e o p l e ) . H o w e v e r , the re la t i ve ly s low r e s p o n s e ra te (5 s e c o n d s ) o n 

t h e P D P I O has i n h i b i t e d g e n e r a l use of ZOG management nets in o u r d e p a r t m e n t . E x c e p t f o r 

t h e r e s p o n s e p r o b l e m , management nets have p r o v e n to be a va luable aid f o r modest s i z e d 

p r o j e c t s . 

T h e I n t e r n i s t f r o n t - e n d is of special in terest because of its e f f e c t i v e use of the s u b j o b 

m e c h a n i s m s . E a r l i e r v e r s i o n s of In tern is t , d e s c r i b e d b y Pople (1977) , r e q u i r e d the p h y s i c i a n 

t o e n t e r s y m p t o m s using exact te rmino logy , wh ich was an undes i rab le m e m o r y load f o r t h e 

p h y s i c i a n . T h e Z O G f r o n t - e n d al lows the phys ic ian to select symptomrs f ro m a h i e r a r c h i c a l s e t 

of m e n u s . I n t e r n i s t is w r i t t e n in INTERLISP, and runs on a P D P I O u n d e r the T O P S - 2 0 

o p e r a t i n g s y s t e m . T h e Z O G f r o n t - e n d interacts w i t h In tern is t t h r o u g h the Z O G s u b j o b 

m e c h a n i s m , a n d is the bes t example of the use of ZOG as an act ive communicat ions a g e n t , 

4.5. Major Psychological Issues 

I n s o m e b r o a d s e n s e , all p rob lems w i t h a (debugged ) in ter face must be p s y c h o l o g i c a l . 

C e r t a i n a s p e c t s of p e r f o r m a n c e w i t h ZOG seem to raise issues that are s t r o n g l y p s y c h o l o g i c a l 

a n d cal l f o r i n t e n s i v e p s y c h o l o g i c a l invest igat ion . 

U s e r s r e a d i l y net lost in using ZOG. The user does not know w h e r e he is, h o w to g e t 

w h e r e he w a n t s to g o , or what to do ; ho feels lost and may take e x c e s s i v e l y long to r e s p o n d . 

T h i s h a p p e n s in all s o r t s of nets , espec ia l ly complex nets or nets w i thout r e g u l a r s t r u c t u r e . It 

d o e s not h a p p e n in all , espec ia l l y if the user does not have e x p e c t a t i o n s about the n e t . T h e 

p h e n o m e n a of g e t t i n g lost is not unique to ZOG. T h e r e are many informal r e p o r t s of s imi lar 

p r o b l e m s in o t h e r i n t e r a c t i v e sys tems. It is p r o b a b l y the most important p h e n o m e n o n t o 

u n d e r s t a n d in p s y c h o l o g i c a l terms. Our f i rst substantial psycho log ica l i n v e s t i g a t i o n o n th i s 
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p r o b l e m is b e i n g u n d e r t a k e n b y M a r i l y n Mantei . 

U s e r s fail to r e a d in fo rmat ion on frames. E v e n though frames have o n i y modest a m o u n t s o f 

t e x t a n d t h e u s e r s a re iooking fo r the information that is t h e r e in e x a c t l y the r i g h t f o r m , t h e y 

o f t e n fai l t o p ick it u p . P o s s i b l y the prob lem is in maintaining a state of acute a t t e n t i o n t o 

f r a m e a f t e r f r a m e . T h i s p h e n o m e n o n does not appear to be unique to Z O G ( s e e R o b e r t s o n 

( 1 9 7 7 ) ) . 

T h e l imi tnd s h o r t te rm memory o l th§L U L e X ' s e v e r y w h e r e e v i d e n t in ZOG. T h i s is b e c a u s e 

t h e c u r r e n t d i s p l a y s u r f a c e of 24x80 characters holds so little data that mov ing to a n e w 

f r a m e b e c o m e s an act of total rep lacement . Some part of the phenomena of g e t t i n g lest s u r e l y 

a r i s e s f r o m th is f e a t u r e of ZOG . Like the quest ion of s p e e d , there may be a r e q u i r e m e n t t h a t 

d i s p l a y s b e l a r g e e n o u g h to hold not on l y the cur rent frame, but a fair amount of knov/ Iedge 

a c c u m u l a t e d f r o m many f rames plus va r ious maps and o v e r v i e w s of w h e r e o n e is. 

5. The Potential of ZOG 

T h e *most i m p o r t a n t q u e s t i o n is w h e t h e r ZOG has the potent ial to be a n e w c o m m u n i c a t i o n 

i n t e r f a c e , e s p e c i a l l y s ince menu se lect ion techniques are common prac t i ce . T h e a n s w e r l ies in 

r a p i d r e s p o n s e in to a la rge n e t w o r k ( s u p p o r t e d b y the o ther p r inc ip les ) , w h i c h p r o d u c e s a 

m a n - c o m p u t e r i n t e r f a c e w i t h qua l i ta t i ve ly d i f fe rent p r o p e r t i e s , best summed up b y t h e s l o g a n 

of " t r a n s p a r e n c y w i t h s p e e d " . 

T h e b a s i c a d v a n t a g e of menu se lect ion is that the user does not h a v e to b r i n g t o t h e 

s i t u a t i o n k n o w l e d g e of e i ther the functional possibi l i t ies fo r i n t e r a c t i o n o r h o w t o 

c o m m u n i c a t e . E i t h e r of these can be a s t rong b a r r i e r to communicat ion. M e n u s e l e c t i o n 

i n s t r u c t s w h i l e o p e r a t i n g . It is super io r to a h a r d - c o p y manual in t w o w a y s . F i r s t , it 

e l i m i n a t e s the jump f r o m b a r e l y acqui red knowledge to how to put it into ac t ion . W i t h a 

m a n u a l the u s e r must stil l dec ide exact l y what to do after read ing the t e x t u a l m a t e r i a l ; in 

m e n u s e l e c t i o n he s imply does it. Second , it eliminates the search for the r e l e v a n t i n f o r m a t i o n 

b y l o c a t i n g t h e r e l e v a n t k n o w l e d g e at the site of act ion. Manuals are not t h e o n l y 

a l t e r n a t i v e s (e .g . , t h e r e are ins t ruc t ion sheets , scr ipts and o n - l i n e help fac i l i t ies) ; o u r p u r p o s e 

is o n l y to make c lear the essent ia l dimensions of menu se lect ion . 



3 6 G. Robertson, D. WcCrecken and A . N o w o l l 

i 

M e n u s e l e c t i o n has t w o d isadvantages as normally implemented. F i r s t , it is s l o w . E x p r e s s e d 

.as c h a n n e l c a p a c i t y , in menu se lect ion the user can select about 1 out of 10 a l t e r n a t i v e s 

e v e r y 5 s e c o n d s ( i .e. , about 1 bit p e r second) . In t y p i n g , b y c o n t r a s t , the r a t e is a b o u t 1 

w o r d p e r s e c o n d f o r a reasonab le t yp i s t (i.e., about 10 bits p e r second) . T h e s e f i g u r e s a r e 

e x c e e d i n g l y r o u g h ; h o w e v e r , t h e y i l lustrate that one can get messages into a c o m p u t e r a b o u t 

a n o r d e r o f magn i tude fas te r b y t y p i n g than b y menu se lect ion . T h e s e c o n d d i s a d v a n t a g e is 

t h e f o r c e d i n t e r p o s i t i o n of e x p l a n a t o r y text and opt ions . Menu se lec t ion b e c o m e s e s p e c i a l l y 

t r y i n g f o r sk i l led o p e r a t o r s w h o no longer need the inst ruct ion that it o f f e r s . A manual c a n 

b e p u t a w a y a f t e r it is l e a r n e d . This d isadvantage compounds the s p e e d d i s a d v a n t a g e , s i n c e , 

e v e n t h o u g h the t e x t can be i g n o r e d , there are usual ly e x t r a op t ions to w a d e t h r o u g h . 

H o w e v e r , t h e n e g a t i v e reac t ions p r o b a b l y are g e n e r a t e d b y more than jus t s l o w n e s s , bu t a l s o 

b y a s e n s e of n e e d l e s s b o t h e r and f rus t ra t ion about being f o r c e d to o p e r a t e i n e f f i c i e n t l y . 

T h e s e d i s a d v a n t a g e s do not p r e v e n t menu select ion f rom being a usefu l t e c h n i q u e . T h e y 

d o c o n s p i r e to limit its use to appl icat ions w h e r e the user is a nov ice so that he n e e d s 

e x p l a n a t i o n and c o u l d not communicate rap id ly in any e v e n t . T h e re levant domain is b r o a d e r 

t h a n might b e t h o u g h t , rang ing f rom rare situations w h e r e e v e r y o n e is a n o v i c e , to s y s t e m s 

u s e d r e p e t i t i v e l y b y e x p e r t s w h o do not wish to requi re technical j a r g o n . 

R a p i d r e s p o n s e and the use of large ne tworks are des igned to r e m o v e b o t h o f t h e s e 

d i s a d v a n t a g e s . A r e s p o n s e time of 0.5 seconds, as o p p o s e d to 5 s e c o n d s , g i v e s b a c k t h e 

m i s s i n g f a c t o r o f 10 in s p e e d . W h e t h e r communication s p e e d can be t h e n c o m p e t i t i v e w i t h 

t y p i n g is not d e t e r m i n e d s imply b y such raw f igures , of course . But n o w , at least , the i s s u e is 

a m a t t e r o f deta i l s and not a f o r e g o n e conclusion. Permitt ing a v o i d a n c e of u n n e e d e d 

e x p l a n a t o r y s t e p s is bas ica l ly a quest ion of designing a l ternat ive s e q u e n c e s , so t h e r e a r e 

" s h o r t c i r c u i t s " f o r e x p e r t s and "long c i rcu i ts" for nov ices . 

G r a n t f o r the moment the major technical premise, that these t w o d i s a d v a n t a g e s c a n b e 

e f f e c t i v e l y nu l l i f i ed . T h e n rap id se lect ion , large n e t w o r k menu se lec t ion s y s t e m s b e c o m e a 

d i s t i n c t t y p e of man -mach ine in ter face . T h e y maintain their p r o p e r t i e s of ease of u s e a n d 

t r a n s p a r e n c y , but also permit bo th e x p e r t and nov ice o p e r a t i o n , and in w h a t e v e r t h e u s e r ' s 

m i x t u r e o f e x p e r i e n c e and famil iar i ty w i th d i f ferent aspects of the s y s t e m . T h e y b e c o m e a 
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g e n e r a ! p u r p o s e i n t e r f a c e . 

T h e e v i d e n c e f o r the claim of a distinct t y p e of in ter face comes b o t h f r o m the Z O G 

e x p e r i e n c e d i s c u s s e d a b o v e and the e x p e r i e n c e w i th PROMIS. Th is claim for Z O G is a minimal 

o n e . W e wi l l a lso lay out a much s t r o n g e r claim, wh ich might be taken as a maximal c la im. I n 

d o i n g s o , o u r in tent is to d e s c r i b e the potent ial i t ies of ZOG. T h o u g h c o n v i n c e d o f t h e 

p o t e n t i a l of Z O G and d e s i r o u s of explo i t ing it, wo are s t r o n g l y mot i va ted b y the d e s i r e to 

u n d e r s t a n d the i n t e r f a c e sc ient i f ica l ly , to d i scover its limits as wei l as its s t r e n g t h s . T h e 

max imal c laim is that the ZOG t y p e of interface is a p r e f e r r e d mode of m a n - m a c h i n e 

i n t e r a c t i o n , e v e n o v e r the use of natural language dialog w i t h the c o m p u t e r in the r o l e o f 

i n t e l l i g e n t a g e n t . T o u n d e r s t a n d this claim, w e must s tep back a l itt le. 

T h e r e a r e t w o po la r v i e w s about how to s t ruc tu re man-machine i n t e r a c t i o n . O n e is t h e 

c o m p u t e r as t o o l . U n d e r this v i e w one wishes to make the compute r a b e t t e r too l — m o r e 

r e s p o n s i v e , e a s i e r to w i e l d , more rel iable in appl icat ion, capable of do ing a b i g g e r j o b at a 

s t rokcr . C o n t r o l remains w i t h the user . The o ther v i e w is the compute r as in te l l igent a s s i s t a n t . 

I n t h i s v i e w o n e w i s h e s to make the computer more intel l igent , and communicat ion w i t h it 

m o r e n a t u r a l . O n e d o c s not w ie ld an intel l igent assistant , one tells it w h a t o n e w a n t s . 

I n t e l l i g e n t a g e n t s f i g u r e out what is n e c e s s a r y and do it themselves , w i t h o u t b o t h e r i n g y o u 

a b o u t it. T h e y te l l y o u the resu l t s and exp la in to y o u what y o u need to k n o w . 

T h e r e is a t e n s i o n b e t w e e n these t w o v i e w s , for in an important s e n s e i n t e l l i g e n c e is 

o b s c u r e . M o r e p r e c i s e l y , inte l l igence in oneself is il luminating and t r a n s p a r e n t , but in o t h e r s 

it is o b s c u r e a n d i m p e n e t r a b l e . This fo l lows from the tautalogical p r inc ip le that to u n d e r s t a n d 

a n o t h e r ' s act of in te l l i gence r e q u i r e s an act of intel l igence. And p r e c i s e l y w h a t an i n t e l l i g e n t 

a s s i s t a n t is s u p p o s e d to p r o v i d e is f reedom {of the user ) f rom the e f f o r t of u n d e r s t a n d i n g , 

P u t o n e o t h e r w a y , d e l e g a t i o n r e q u i r e s an act of faith. 

T h i s t r a d e - o f f - l i k e o p p o s i t i o n b e t w e e n computer as tool and compute r as in te l l i gent a g e n t 

is a f a i r l y d e e p a f fa i r , c e r t a i n l y capable of sustaining more analys is than w e can d e v o t e to it 

h e r e . W e w i s h to use it o n l y to make clear a claim about a ZOG- l i ke i n t e r f a c e . W e make n o 

a s s e r t i o n s w h e t h e r the tens ion is unreso l vab le or w h e t h e r the c o m p u t e r might not p e r m i t 

c o m b i n i n g t h e s e t w o v i e w s in many as y e t u n f o r e s e e n w a y s . 
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Z O G is an e v o l u t i o n in the tool d i rec t ion . It seeks to p roduce a t r a n s p a r e n t d e v i c e w h i c h , in 

i t s e l f , has no in te l l i gence at all , but is immensely r e s p o n s i v e to the user . It seeks to d o th is in 

t h e a r e n a w h e r e w e normal l y e x p e c t to use natural language, namely , dea l ing w i t h l a r g e 

b o d i e s o f k n o w l e d g e . I n d e e d ZOG uses natural language for its o u t p u t . H o w e v e r , its o w n 

i n t e r n a l s t r u c t u r e , w h i c h g o v e r n s what it says and w h e n it- choses to s a y it , is c o m p l e t e l y 

o p e n t o e x a m i n a t i o n b y the user . In fact , examination takes place as a s imple s ide e f f e c t o f 

r e q u e s t i n g t h e k n o w l e d g e f rom the sys tem. 

T h e maximal claim t h e n is that this mode of communication will be s u b s t a n t i a l l y s u p e r i o r tb 

t h a t o f c o m m u n i c a t i o n w i t h an intel l igent agent operat ing w i th in the usual na tu ra l l a n g u a g e 

d i a l o g . T h e c o n t r o l e x e r c i s e d b y the user and the abi l i ty to acquire the r e l e v a n t p i e c e s at a 

r a t e m a t c h i n g the u s e r s capabi l i t ies (no matter how fast) wi l l more than o f f s e t t h e 

c o m m u n i c a t i o n capab i l i t ies p r o v i d e d b y intel l igence appl ied to real time dialog. 

T h i s c la im d o e s not asser t the unimportance of intel l igence. A g o o d n e t w o r k r e s u l t s o n l y 

f r o m i n t e l l i g e n t ana lys is of the topic — it is f r o z e n inte l l igence. T h e claim r e f e r s to t h e 

p r o c e s s of communica t ion , to the e f f i c iency of knowledge acquis i t ion o r c o m p l e x p r o c e s s 

c o n t r o l b y a h u m a n u s e r . Nor does this claim make an asser t ion about the s c o p e o f i ts 

a p p l i c a t i o n . Dynamic s i tuat ions s u r e l y exist in wh ich time to cons t ruc t a n e t w o r k must b e 

t h r o w n in the ba lance against time to communicate b y some more d i rec t w a y f r o m t h e 

n a t u r a l l y o c c u r r i n g s i tuat ion . 

W h a t g r o u n d s are t h e r e for thinking the inter face might conta in the s e e d s of s u c h an 

e v e n t u a l i t y , r a t h e r than s imply the minimal claim of being another ( d i f f e r e n t and u s e f u l ) 

i n t e r f a c e ? T h e u n i q u e p r o p e r t y of ZOG- l ike inter faces is the rate of change of v i s u a l t e x t u a l 

( a n d p i c t o r i a l ) i n fo rmat ion under user cont ro l . We can think of no o t h e r s i tuat ion w h e r e th is 

p a r t i c u l a r h i g h d e g r e e of informational se lect i v i t y is ev ident . We can e x p e c t it to y i e l d s o m e 

q u i t e n e w c o m m u n i c a t i v e phenomena. Other dynamical ly c o n t r o l l e d v isua l s i t u a t i o n s (as in 

S u t h e r l a n d ' s ( 1 9 6 3 ) S k e t c h p a d ) o p e r a t e at a lower in teract i ve rate i n f o r m a t i o n a l ^ ( a n d a r e 

u n i q u e in o t h e r w a y s ) . T h e c o m p u t e r , as its speed and memory i n c r e a s e s , o p e n s a c o n t i n u a l 

s e q u e n c e of g e n u i n e l y n e w in te rac t i ve e x p e r i e n c e s . T h e rap id r e s p o n s e l a r g e n e t w o r k 

i n t e r f a c e is s i m p l y o n e of these . 
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S. Cost 

W e h a v e d i s c u s s e d the funct ional potent ia l of ZOG. It is also n e c e s s a r y to d i s c u s s t h e c o s t s . 

Z O G ( a n d P R O M I S ) a re e x p e n s i v e sys tems in two w a y s : the cost of the h a r d w a r e , and t h e c o s t 

of p r e p a r i n g the n e t w o r k s . T h e a p p r o p r i a t e form to discuss costs is in te rms of s y s t e m 

d e m a n d s f o r p r o c e s s i n g and memory , and manpower demands for n e t w o r k s . R e d u c t i o n of 

t h e s e to d o l l a r s c o n f o u n d s the issue w i th part icular techno logy and minor d e s i g n d e c i s i o n s . 

T h e t e c h n i c a l demand of rap id r e s p o n s e ranges from 50 to 300 k i lobaud peak t r a n s m i s s i o n , 

d e p e n d i n g o n implementat ion techniques . The unpred ic tab i l i t y implied b y the ia rge n e t w o r k 

e s s e n t i a l l y means this ra te must be available f rom large s to rage d e v i c e s , t h o u g h of c o u r s e it 

c a n b e s h a r e d f o r all terminals . Such a data rate is b y no means cut of the q u e s t i o n , bu t it is 

l ike c u r r e n t d i s k - c o r e t ransmiss ion rates and is v e r y high for terminals . T h e techn ica l d e m a n d 

f o r t h e l a r g o n e t w o r k s is about 25 megabytes of s to rage (700 c h a r a c t e r s p e r f rame t imes 

3 5 , 0 0 0 f r a m e s ) . A g a i n , this is not out of the quest ion , but is substant ia l . H o w e v e r it is m o s t l y 

s h a r e d among all te rmina ls . T o u c h s c r e e n capabi l i ty is itself not common o n te rmina ls ana is 

s t i l l m o d e r a t e l y e x p e n s i v e . But he re demand could no doubt br ing the cost u n d e r c o n t r o l . I n 

s u m m a r y , c o m p a r e d to c u r r e n t l y popular interfaces the ZOG in ter face looks u n a t t r a c t i v e ; o n l y 

s u b s t a n t i a l c o n v i c t i o n of its useful p r o p e r t i e s and/or a s t rong change in t e c h n o l o g i c a l c o s t s 

w o u l d l e a d to its e x p l o i t a t i o n . 

T h e c o s t of d e v e l o p i n g the large netv/ork may be b y far the largest b a r r i e r to the a d o p t i o n 

o f th i s p h i l o s o p h y . U n d e r c u r r e n t art each frame must be hand c r a f t e d b y a p r o f e s s i o n a l 

s k i l l e d in the k n o w l e d g e e m b e d d e d in the frames. The e x t r a skills to be a g o o d f rame and ne t 

d e s i g n e r a r e not y e t u n d e r s t o o d . PROMIS estimates a total of 100 m a n - y e a r s i n v e s t e d in 

p r o d u c i n g its l i b r a r y of 35,000 frames. As mentioned ear l ie r , our e x p e r i e n c e w i t h Z O G 

i n d i c a t e s a p r o d u c t i o n ra te of about f ive frames per hour . Th is t remendous cos t f a c t o r impl ies 

t h a t w o r k d o n e o n machine aided (or semi-automatic) frame g e n e r a t i o n wi l l b e c o m e c r i t i ca l to 

t h e a d o p t i o n of this p h i l o s o p h y . 

W e a r e e x p l o r i n g t h r e e poss ib le w a y s of reducing the cost of f rame d e v e l o p m e n t w i t h 

m a c h i n e a i d e d f rame g e n e r a t i o n . T h e f i rs t , mentioned in connec t ion w i t h the i n t e r a c t i v e 
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d o c u m e n t a t i o n app l i ca t ions , is to c o n v e r t exist ing mach ine - readab le d o c u m e n t s in to an 

u n p o l i s h e d init ial set of f rames. T h e second is the use an e x t e r n a l l y maintained d a t a b a s e w i t h 

t o o l s f o r automat ic c o n v e r s i o n to ZOG frames. This a p p r o a c h is be ing u s e d b y t h e l i b r a r y 

b r o w s i n g a p p l i c a t i o n ( s e e Fox and Palay (1979)) . T h e th i rd a p p r o a c h is to use c o l l e c t i o n s o f 

f r a m e s , c a l l e d s c h e m a s , w i t h p a r a m e t e r i z e d d isp lay elements. T h e i n v e s t i g a t i o n of the s c h e m a 

a p p r o a c h is b e i n g d o n e b y Kamesh Ramakrishna. All th ree approachs s h o w p r o m i s e , a l t h o u g h 

h o n e a p p e a r s to be u n i v e r s a l l y usefu l . 

7. Next Slops 

F r o m t h e g e n e r a l d e s c r i p t i o n v/e have g i v e n , it should be clear that t h e r e remain a n u m b e r o f 

u n a n s w e r e d q u e s t i o n s about the parameters of ZOG- l ike in ter faces . T h e main l ines of f u r t h e r 

s t u d y a n d d e v e l o p m e n t are as fo l lows . 

T h e u l t imate a p p e a l of Z O Q - l i k e schemes is in the qual i ty of in te rac t ion t h e y o f f e r , s o tha t 

e s t a b l i s h i n g t h e p e r f o r m a n c e aspects and deve lop ing an apprec ia t ion for them v/ill b e t h e 

p r i o r i t y i s s u e s . O u r r e c e n t implementat ion of ZOG on the V A X is a move in this d i r e c t i o n . T h e 

V A X v e r s i o n a p p e a r s to h a v e s igni f icant ly l o w e r (ove rheads on s u b j o b i n t e r a c t i o n s and f a s t e r 

r e s p o n s e r a t e s , w h i c h shou ld e n c o u r a g e exp lo ra t ion of action o r i e n t e d app l i ca t ions . 

D e v e l o p m e n t of t e c h n i q u e s for const ruct ing large n e t w o r k s is essent ia l . A s m e n t i o n e d in 

t h e p r e v i o u s s e c t i o n , w e are e x p l o r i n g three d i f fe rent a p p r o a c h s to machine a i d e d f r a m e 

g e n e r a t i o n . In add i t ion , v/e are s tudy ing a l ternat ive mechanisms for g lobal ed i t ing of f r a m e 

l i b r a r i e s , w h i c h is f u r t h e r d e s c r i b e d in McCracken and R o b e r t s o n (1979) . 

S t u d y i n g h o w u s e r s in teract w i t h ZOG is essent ia l , bo th in the classic human f a c t o r s 

i n v e s t i g a t i o n s of p a r a m e t e r s (such as response time and d isp lay l a y o u t ) and in more c o g n i t i v e 

i s s u e s ( s u c h as s e a r c h s t r a t e g i e s , learning time and s ty le of using ZOGNets ) . O u r a p p r o a c h , 

o r i g i n a l l y d e s c r i b e d in Newe l l (1977) (see also C a r d , Moran and Newel l ( 1 9 8 0 ) ) , is to c o n s t r u c t 

i n f o r m a t i o n p r o c e s s i n g models of user behav io r . Some p r o g r e s s is a l r e a d y u n d e r w a y o n th is 

( s e e M a n t e i ( 1 9 7 9 ) and her w o r k on d isor ientat ion) . We are p a r t i c u l a r l y i n t e r e s t e d in 

d e v e l o p i n g n e w m e t h o d o l o g i e s for using user s tudy exper iments to gu ide the d e v e l o p m e n t o f 

s y s t e m s ( w o r k b e i n g c a r r i e d out w i t h Kamila Rober tson) . 
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It is c l e a r to us that Z O G and PROMIS r e p r e s e n t a nove l and potent ia l l y i m p o r t a n t k ind o f 

m a n - m a c h i n e i n t e r f a c e . O u r e x p e r i e n c e w i th var ious appl icat ions s u p p o r t s that p o s i t i o n . T h e 

a r e a s o f e f f o r t d e s c r i b e d a b o v e r e p r e s e n t the c u r r e n t focus in o u r s t u d y of m a n - m a c h i n e 

c o m m u n i c a t i o n s . 
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Appendix I : ZOG Communications Language 

U n d e r n o r m a l c i r c u m s t a n c e s , Z O G routes character streams f rom a number of s o u r c e s o f i n p u t 

t o a n u m b e r of logical ou tput dev ices . Most of these input s o u r c e s may i n v o k e t h e 

c o m m u n i c a t i o n s language w i t h one of six escape charac te rs : ~A ( c o n t r o l - A ) , X , ^ D , " E , o r 

^L. T w o o f t h e s e e s c a p e c h a r a c t e r s are d i rect commands: X fo rces an ex i t f r o m t h e s y s t e m , 

and ~L f o r c e s a c l e a r of the use r d isp lay . T h e remaining escape c h a r a c t e r s take t h e f o l l o w i n g 

c h a r a c t e r as a command^ w h i c h may in te rp re t characters fo l lowing it as p a r a m e t e r s . T h e s e 

e s c a p e c h a r a c t e r s p r o v i d e s u p p o r t for the four basic facil it ies that Z O G p r o v i d e s : ZOGIMET 

p o s i t i o n i n g , communicat ions c o n t r o l , ZOGNET modif ication, and h a r d - c o p y o u t p u t . A f t e r t h e 

c o m m a n d has b e e n e x e c u t e d , the character stream cont inues to f low as d e t e r m i n e d b y t h e 

n e w s t a t e . T h e f o l l o w i n g is a complete summary of features of the communicat ions l a n g u a g e 

( w i t h t h e a p p r o p r i a t e e s c a p e charac te r s h o w n be f o re each command). 

1.1. ZOGNET Positioning Commands 

^ A ^ A - S e n d ^A as t h o u g h no escape o c c u r r e d . 

^ A D - D i s p l a y c u r r e n t f rame. Th is command is useful if the d i sp lay a rea b e c o m e s c l u t t e r e d 

a n d the u s e r w i s h e s to r e d i s p l a y the frame. 

~ A U - S h o w ful l u s e r d i s p l a y . Normal ly , on ly the last line of the user d i s p l a y is s h o w n (in l ine 

2 3 o f the f rame d i s p l a y ) . Th is command al lows the user to v i e w the e n t i r e u s e r d i s p l a y . 

~ A M - M a r k c u r r e n t f rame fo r later r e t u r n . 

A A R - R e t u r n to the last marked frame. 

" A ~ - R e t u r n a n y w h e r e . Th is command ente rs a s u b s y s t e m that a l lows e x a m i n a t i o n o f t h e 

b a c k u p s tack , the mark stack, and the list of frames point ing to the c u r r e n t f r a m e . T h e 

u s e r may g o to any item on any of these lists. 

~ A 8 - B a c k u p o n e f rame. 

~ A N - N e x t o p t i o n . Th i s command goes to the p r e v i o u s frame and se lects the o p t i o n f o l l o w i n g 

t h e o n e last s e l e c t e d . It is useful whi le exp lor ing an unfamiliar n e t w o r k . 

~ A G < f r a m e i d > ; - Go to f rame. 

~ A F - F i n d s t r i n g . Th is command ente rs a subsys tem that al lows the u s e r to s p e c i f y a n d 

c o n t r o l a s e a r c h of all or part of the ZOGNet. The search spec i f i cat ion inc ludes a s t r i n g , 

t h e name of the last p e r s o n w h o modified the frame, the date of last m o d i f i c a t i o n , 

w h e t h e r to s e a r c h text on ly or the whole frame, and what s u b n e t s to s e a r c h . A l ist o f 

f r a m e s matching the s e a r c h speci f icat ion is c o n s t r u c t e d , and the u s e r is a l l o w e d t o 

e x a m i n e that list and go to any frame on it. 

^ A C - C l e a r b a c k u p l ist. Each time the user makes a se lect ion , the f rame he was at is s a v e d in 

a b a c k u p l ist . Th i s list is used b y Backup, Mark, Next , and R e t u r n to p r e s e r v e s t a t e . T h e 
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C l e a r command empt ies this l ist, w i th the side effect of remov ing any "marks" . 

~ A P i - P o p b a c k u p stack once . 

~ A P < f r a m e i d > ; - U n w i n d b a c k u p stack to f irst o c c u r r e n c e of frame. 

~ A l < f r a m e i d > ; - Set initial f rame (used on e n t r y to the system) . 

~ A * < f r a m e i d > ; - Set defaul t g lobal pad frame. If no global pad frame is r e f e r e n c e d in a f r a m e , 

t h e d e f a u l t is u s e d . 

~ A H H - H o l d s ta t i s t i cs and log. 

~ A H R - R e s u m e stat is t ics and log. T h e hold and resume commands are u s e d if detaMed u s e r 

d a t a is being' r e c o r d e d and some in te r rup t ion forces the user to leave the te rmina l f o r 

a w h i l e . 

~A . - P o r e t s ta t i s t i cs c o u n t e r s . 

~A? - P r i n t d y n a m i c s tat is t ics . 

~ A S < c h ? r > - Set s e l e c t i o n charac te r for undef ined select ions. Normal ly , the s y s t e m s i m p l y 

r i n g s a be l l if the use r t y p e s an undef ined select ion. With this command, a n y u n d e f i n e d 

s e l e c t i o n s wi l l be t rans la ted into the speci f ied character . 

^ A T < t i m o > ; - Set maximum d isp lay time in 100 mill isecond units. 

~ A X < c h a r > % - Set d i s p l a y t imeout se lect ion character . The timeout time and t imeout s e l e c t i o n 

c h a r a c t e r commands enable an exper imente r to cont ro l how long a u s e r s e e s a d i s p l a y 

a n d w h a t h a p p e n s w h e n the user does not r e s p o n d wi th in a g i v e n time p e r i o d . 

I 
1.2. Communications Conttfol Commands 

i 

" B ^ B - S e n d ~B as t h o u g h no escape o c c u r r e d . 

" B X E o r " B X S - Set o u t p u t l e v e l , E for e x p e r t , S for s tandard . 

1 3 ; - C o m m e n t to n e x t c a r r i a g e - r e t u r n . 

^ B P < i n p u t > - P u s h input r o u t e . The c u r r e n t list of outputs to w h i c h the s p e c i f i e d i n p u t a r e 

r o u t e d is s a v e d . <input> is a single charac te r : F for f i le , K fo r k e y b o a r d , T f o r 

t o u c h - s c r e e n , A for act ion , Z for ZOGNET pr int ing, M for ZOG messages , J f o r s u b j o b , a n d 

E f o r e c h o f r o m s u b j o b . 

^ B U < i n p u t > - P o p input r o u t e . Restores the list of outputs for the s p e c i f i e d i n p u t , assuming 

that a '13P<input> w a s p r e v i o u s l y done for that input. O t h e r w i s e , it does no tn ing . 

^ B R < i n p u t > < o u i p u t l> . . .<outputn> ; - Route input lo outputs . This command e s t a b l i s h e s a l ist o f 

o u t p u t s f o r a s p e c i f i e d input . <outputm> is a single c h a r a c t e r : S fo r s e l e c t i o n p r o c e s s i n g , 

Z f o r Z O G N E T bu i ld ing , J for s u b j o b , F for fi le, L for log f i le, U fo r u s e r d i s p l a y , D f o r 

f r a m e d i s p l a y , and C for con tex t d isplay ( for number of "marked" f rames) . 

PB? - P r i n t r o u t i n g in fo rmat ion . This command will pr int a map of w h e r e e a c h i n p u t is 

c u r r e n t l y r o u t e d . It also pr ints information about o p e n e d fi les and the s t a t e o f t h e 

s u b j o b . 
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x v B I < f i t e n a m . e x t > j - O p e n input file. Once o p e n e d , an input file wil l be r e a d to its e n d , w i t h 

e a c h c h a r a c t e r be ing sent to each output dev ices spec i f ied in the file input r o u t e . "Bis 

w i l l c a u s e a p rompt to be p r i n t e d and the file name to be obta ined f rom the k e y b o a r d . 

~ B O < f i l e n a m . e x t > ; - O p e n ou tput fi le. A n y output d i r e c t e d to the o u t p u t file b e f o r e it is 

o p e n e d wi l l be i g n o r e d . ^BO; will cause a prompt to be p r i n t e d and the f i le name to b e 

o b t a i n e d f r o m the k e y b o a r d . If the file a l ready ex is ts , the user wi l l be g i v e n a c h a n c e t o 

a b o r t the o p e n . 

' " B C - C l o s e o u t p u t f i le. 

^ B L < f i l e n ^ m . o x t > ; - O p e n log file. In addit ion to opening the log f i le, this command s t a r t s the 

l o g g i n g o p e r a t i o n . E v e r y Keys t roke and e v e r y frame d i s p l r y is l o g g e d w i t h a time s t a m p . 

^ B M - P lace s u b j o b in monitor mode. This is equivalent to sending a s e r i e s of ^ C s to t h e 

s u b j o b . 

^ B E - Ex i t f r o m ZOG. If a s u b j o b has been logged in, this wil l logout the s u b j o b . If an o u t p u t 

f i le bias b e e n o p e n e d , this wil l close it. ^C is t r a p p e d b y ZOG and wil l cause a ^ B E u n l e s s 

t h e k e y b o a r d is r o u t e d to the s u b j o b , in which case it wil l be p a s s e d o n to the s u b j o b . 

" B D h , v ; - P o s i t i o n d i s p l a y c u r s o r . This command takes a ver t i ca l line n u m b e r , v , f r o m 1 to 2 5 , 

a n d a h o r i z o n t a l c h a r a c t e r pos i t ion , h, from 1 to SO, and moves the c u r s o r to tha t 

l o c a t i o n . W h e n Z O G is s t a r t e d , it asks the user what kind of terminal he is u s i n g . T h i s 

a l l o w s ac t ions and s u b j o b s to be terminal independent . 

~ B T < c h a r > - S e i terminal t y p e . 

" B . - C l e a r d i s p l a y . 

~ B N - No c l e a r o n next f rame d isp lay . This command is used to o v e r l a y f rame d i s p l a y s to g e t 

s p e c i a l e f f e c t s . 

~ B S < s e l e c t i o n - c h a r > < c h a r > - Pr int <char> immediately b e f o r e s e l e c t i o n s p e c i f i e d b y 

< s e l e c t i o n - c h a r > . 

~ B K < i n p u t > < c h a r > - Wait fo r charac te r <char> from input s o u r c e <input>. T h i s c o m m a n d w i l l 

s u s p e n d input f rom the c u r r e n t source until the condit ion is sat is f ied . 

~ B W < s t a t e > - Wait fo r s ta te , w h e r e <state> is F for end of input f i le, J fo r s u b j o b in m o n i t o r 

m o d e , and K f o r c a r r i a g e - r e t u r n from k e y b o a r d . This command wil l s u s p e n d input f r o m 

t h e c u r r e n t s o u r c e unti l the condit ion is sat isf ied. 

1.3/ZOGNET Modification Commands 

~ D ~ D - S e n d " D as t h o u g h no escape o c c u r r e d . 

~ D F < f r a m e i d > ; - S e n d f rame in BH form. This command sends the e x t e r n a l f o r m of t h e 

s p e c i f i e d f rame to o u t p u t s l inked to the ZOGNET pr int ing input . 

" D C < f r a m e i d > ; - S e n d f rame commeni in BH form. 
~ D S < s u b n e t i d > ; - S e n d s u b n e t . Th is command sends the BH form of all f rames in the s p e c i f i e d 
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s u b n e t . 

~ D W - S e n d w h o l e Z O G N E T . Th is command sends all frames in 3H form. 

~D* - S e n d all f rames modi f ied dur ing the cur rent user sess ion . 

~ D N < s u b n e t i d > ; - S e n d nex t f r e e f rameid for subnet . 

/ N D ? < f r a m e i d > ; - S e n d maintenance information for frame. T h e maintenance i n f o r m a t i o n 

i n c l u d e s t h e c r e a t i o n date , name of c rea to r , date and time of last modi f i cat ion , a n d name 

of last m o d i f i e r . 

^D. - S e n d c u r r e n t f rame ident i f icat ion. 

~ D U - S e n d c u r r e n t user ident i f icat ion . 

~ D V - S e n d c u r r e n t Z O G v e r s i o n number . 

^ D T ~ S e n d c u r r e n t log time ( in bi l l iseconds. ; . 

~ D Y < f r a m e i d > ; - D i sp lay f rame. This command d isp lays the spec i f ied frame in the same w a y 

t h e s e l e c t i o n p r o c e s s o r d i s p ' a y s frames. 

^ D O < f r a m e i d > ; - O v e r l a y d i sp lay of frame. 

~ D D < f r a m e i d > ; - De le te f rame. 

~DM<frameid>,<5iibnctid>; - M o v e frame to another subnet . 

~ D R - R en ame a s u b n e t . This command prompts for subnet to rename and n e w name to g i v e 

it . 

ADI<frHmeid>5 - In i t ia l i ze f rame. This command will prompt for the name of a f rame to c o p y , 

t h e n e n t e r ZED. 

~DE<f rameid> ; - Edit f rame ( e n t e r ZED). 

~D R e s u m e e d i t . Th i s command r e e n t e r s ZED edit ing the frame it was last ed i t ing . Z E D has 

1 s e v e r a l w a y s of s u s p e n d i n g state and giv ing the user f r e e d o m to move a b o u t t h e 

Z O G N e t , and this command r e s t o r e s that state. 

" D - - Set i n d i c a t o r marks. Th is command scans the ent i re net and checks all s e l e c t i o n s to 

d e t e r m i n e if t h e y are inert or net. Inert select ions are g i v e n a minus s i g n a f t e r t h e 

o p t i o n n u m b e r to indicate to the user that they go n o w h e r e . 

~DP<f rameid> ; - Set p r o t e c t i o n for frame. This command prompts for the t y p e of p r o t e c t i o n 

r e q u i r e d . T w o t y p e s are c u r r e n t l y s u p p o r t e d : (1) o n l y o w n e r can w r i t e f r a m e , and ( 2 ) 

o n l y o w n e r can v i e w frame. 

~DA - Set d e f a u l t p r o t e c t i o n for all new frames. 

1.4. Hard C o p y Output Commands 

~E~E - S e n d ^E as t h o u g h no escape o c c u r r e d . 

^ E F < f r a m e i d > ; - S e n d p i c t u r e fo rm of frame. Picture form is a hard c o p y image of w h a t t h e 

u s e r s e e s o n his v « d e o d i sp lay . 

~ E S < s u b n e t i d > ; - S e n d p i c t u r e form of all frames in subnet . 
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"^E* - S e n d p i c t u r e fo rm of all frames modified dur ing this u s e r sess ion . 

~ E I < s u b n e t i d > ; - S e n d index fo r subnet . This command will list all f rames that a re d e f i n e d 

t h e s p e c i f i e d s u b n e t . 

~EX - S e n d i n d e x of all s u b n e t s . This commands will list the names of all s u b n e t s . 

^ E A < s u b n e t i d > ; - S e n d stat ic analys is of subnet . 

^E? - S e n d s ta t i c ana lys is of all subnets . 
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Appendix I I : ZED - The Frame Editor 

T h e f r a m e e d i t o r , ca l led ZEO, was based on an ex tens ion of the one d imens ional S O S a l t e r 

m o d e ( W e i h e r and S a v i t z k y , 1970) to a t w o dimensional frame alter mode. T h e f r a m e is 

a l w a y s d i s p l a y e d w h i l e it is ed i ted . The user t y p e s single charac te r commands ( l i s t e d b e l o w ) , 

w h i c h a r e not e c h o e d . T h e ef fect of the commands is to alter the f rame as d i s p l a y e d . A l l 

a l t e r a t i o n s a r e made to a c o p y of the f rame, so that the user may a b o r t the edi t w i t h n o 

c h a n g e s made . 

W h e n a l t e r m o d e - i s e n t e r e d , a check is made to ensure that the frame is a l r e a d y d e f i n e d . If 

it is n o t , a l te r mode a b o r t s w i t h an e r r o r message. It it is, a c o p y is made of it, and the c o p y 

is d i s p l a y e d . T h o c u r s o r is set to the first character of the text , w h i c h b e c o m e s the c u r r e n t 

i t e m b e i n g e d i t e d . 

M o s t of the f o l l o w i n g commands may be p r e c e d e d b y a number ( r e p r e s e n t e d b y i t a l i c i z e d 

n ) f w h i c h i n d i c a t e s a r e p e t i t i o n of the opera t ion . In genera ! , u p p e r case commands a r e *cr 

m a n i p u l a t i n g i tems ( t i t le , t e x t , opt ions , local pads, global pads) , and l o w e r case commands a r e 

f o r m a n i p u l a t i n g tex t ( w i t h i n the c u r r e n t item). 

G e n e r a l c o m m a n d s : 

h o r H o r ? - Pr int c-'ter mode help. 
q o r 0 - Qui t alter mode; no change to frame. 
e o r E - Ex i t a l ter mode w i t h a l te red frame. 

I t e m c o m m a n d s : 

rt<space> - Sk ip n c h a r a c t e r s in cu r ren t item. 
rc<de!> - Back up n c h a r a c t e r s in c u r r e n t item. 
I - B a c k to s t a r t of c u r r e n t item. 
rcs<char> - S e a r c h for n'th o c c u r r e n c e of <char> in c u r r e n t item. 
i<char>S - I n s e r t c h a r a c t e r s in c u r r e n t item to altmode. 
r id - D e l e t e n c h a r a c t e r s in c u r r e n t item. 
~ U - R e s t o r e c u r r e n t item. 
r tk<char> - Kill ( d e l e t e ) to n'th o c c u r r e n c e of <char> in c u r r e n t i tem. 
r im<char><char$>S - Munch (kill and insert ) . 
t - T r a n s p o s e next t w o c h a r a c t e r s in item. 
/ir<chars>S - Replace n charac te rs (same as ndi<chars>S). 
n c < n - c h a r s > - C h a n g e next n characters in item. 
/rv - I n v e r t case of next n charac te rs in item. 
p - A l t e r p o s i t i o n of c u r r e n t item. 
n - A l t e r n e x t f rame of c u r r e n t Mem. 
a - A l t e r ac t ion of c u r r e n t item. 
b - A l t e r b o x ( t o u c h r e c t a n g l e ) for c u r r e n t item. 
x < c h a r s > 8 - E x t e n d item ( inser t at end) . 
z - A l t e r s e l e c t i o n c h a r a c t e r of item. 
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F r a m e c o m m a n d s : 

ft<line-feed> - Skip n frame items. 
n < a l t m o d e > - Backup up n frame items. 
L - Back up to title ( f i rs t frame item). 
S < c h a r > - S e a r c h for se lect ion w i th <char> as se lector . 
I - I n s e r t i tem; p r o m p t s for arguments. 
D - D e l e t e i tem. 
_ - R e p l a c e w h o l e f rame; p rompts for frame to c o p y . 
(R> - Ex i t to net w i t h edit resume enabled . 
A - A l t e r f rame act ion. 
B - D i s p l a y b o x e s ( touch rectang les ) . 
C - A l t e r f rame comment, 
F - Formr . i o p t i o n pos i t ions . 
G - R e p l a c e g loba l frame pad. 
J - J u s t i f y tex t . 
M - A d d mark command to frame action. 
R - R e p l a c e item. 
X - E x t e n d o p t i o n s . 



A p p e n d i x I I I : Ex ternal Frarno Format - BH Files 

T h e e x t e r n a l f r a m e format was c h o s e n to p r o v i d e a means of t r a n s p o r t i n g and e x p o r t i n g 

Z O G f r a m e s a n d n e t s to o t h e r ZOG sys tems. It was c h o s e n to b e c o m p a t i b l e w i t h a 

b i b l i o g r a p h y m a i n t e n a n c e p r o g r a m , cal led BH ( N e w c o m e r , 1976), to a l low use of the s o r t i n g 

f e a t u r e s o f B H if d e s i r e d . A B H file contains a se r ies of e n t r i e s w i t h e a c h e n t r y c o n t a i n i n g a 

n u m b e r o f e l e m e n t s . T h e f i rs t element must be a +A+ e lement . T h e o t h e r e l e m e n t s a r e all 

l a b e l l e d w i t h + < c h a r > + . T h e fo l lowing BH -compat ib le format is u s e d for Z O G f r a m e s . 

+ A + f ra roc ic i v - E n t r y h e a d e r . Def ine frame w i t h v e r s i o n number v . If v is less t h a n o r e q u a l 

t o an e x i t i n g v e r s i o n n u m b e r , then b y p a s s this old v e r s i o n . If v is ?.ero, t h e n a u g m e n t 

t l iO e x i s t i n g f rame r a t h e r than rep lac ing it. 

+ G + f r a m e i d - G l o b a l p « d f rame. 

+ C + " c o ' n m e . n t " - C o m m e n t . If a f rame is being d e f i n e d , the comment is i n c l u d e d as p a r t of t h e 

f r a m e , a l t h o u g h it is not normal ly d i sp layed . O t h e r w i s e , the comment is i g n o r e d . 

+ F + < d e s c > f r a m e i d - N e x t f rame. Th is speci f ies the next f rame f o r e i t h e r an o p t i o n o r a p a d . 

< d e s c > is d e s c r i b e d below. 

+ P + < d e s c > v h - P o s i t i o n . Th is spec ; f . : es the c u r s o r s tar t ing p o s i t i o n ( v e r t i c a l and h o r i z o n t a l ) 

f o r an o p t i o n o r p a d . 

+T-* < d e s c > " t e x t " - T e x t . Th is spec i f ies the text w h i c h is d i s p l a y e d as par t o f an o p t i o n o r 

p a d . It s h o u l d inc lude the se lec to r charac te r and some ind icat ion of w h e t h e r making t h e 

s e l e c t i o n w o u l d r e s u l t in any act ion or next frame (i.e., if not , the s e l e c t o r c h a r a c t e r 

s h o u l d b e p r e c e d e d b y a " - " ) . 

+ X + < d e s c > " a c t i o n " - A c t i o n . Th is spec i f ies the cha rac te r s t r ing w h i c h will be used as a c t i o n 

i n p u i when the o p t i o n o r pad is se lec ted . 

+ F + , + P + , + T + , and +X + a re u s e d to c h a r a c t e r i z e a se lec t ion ( o p t i o n o r p a d ) . A n y o f t h e m 

m a y b e o m i t t e d . < d e s c > s p e c i f i e s w h i c h op t ion or pad is being c h a r a c t e r i z e d as f o l l o w s : T is 

f o r f r a m e t i t le and if v a l i d o n l y fo r +P+ and +T+; F is fo r f rame text f o r +P+ o r + T + , f r a m e 

a c t i o n f o r + X + , a n d i l legal fo r a n y t h i n g e lse ; 0<char> is fo r an o p t i o n w i t h a s p e c i f i e d s e l e c t i o n 

c h a r a c t e r ; a n d L < c h a r > is f o r a local pad. 

T e x t a p p e a r i n g b e t w e e n d o u b l e quotes may be multiple l ines long. S e v e r a l c h a r a c t e r s must 

tJe q u o t e d w i t h i n t e x t s t r i n g s (p lus , ampersand , d o u b l e - q u o t e , and c o n t r c l - Q ) . T h e q u o t e 

c h a r a c t e r is c o n t r o l - Q . 
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