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1. Introduction 

We have hard ly begun to understand how to communicate e f fec t i ve ly w i th 
c ompu t e r s . In part , the problem is one of evolut ion. ' As the computer cont inues to 
e v o l v e into more power fu l forms, the resident systems become more ex tens i ve and 
in te l l igent , requ i r ing and support ing more sophist icated dialogs, whi le s imu l taneous ly 
the p o w e r ava i lab le to the act of communication itself increases.- Both requ i rements 
and oppo r tun i t i e s are continual ly new. In part, the problem is one of analys is . Only a 
f e w s tud ies have exp lo red the man-computer interface. There cer ta in ly is no we l l 
d e v e l o p e d theoret i ca l f ramework for evaluating interfaces or understanding how they 
might be improved . In part, the problem is one of invention. We only s low ly get ideas 
fo r new w a y s to communicate. Most ly we have been so bound by techno logy that the 
task has seemed one of removing the obvious glitches and annoyances of ex i s t ing 
i n t e r f a ce s and get t ing the band-width up to some comfortable level , all w i th in bounds 
of e conomy . 

What wou ld be an ideal communication medium between ourse lves and machines? 
No one knows . We have a tendency to reach in two direct ions for the answer . One is 
r e a c t i on to p resent interfaces. Yesterday it was faster card readers and fas te r 
p r i n t e r s . Today, it is 2400 baud terminals with a modicum of " inte l l igence" (meaning 
loca l comput ing power ) and good interact ive command languages. The other sou r ce is 
commun ica t i on wi th our fel low man. We wish to speak and l isten, using natura l 
l anguage . This seems ideal because it is the best we know now, and the product of 
immense b io log ica l and social evolut ion. We also wish to paint and sketch, d raw ing on 
ano the r a rea whe re express i ve skil ls have long natural development. 

If we can d raw any lesson from the development of computers it is that we 
shou l d se i z e on any notion that seems to expand the f ront iers of the poss ib le — that 
o f f e r s to open up our hor izons. Most such efforts will be stil l born, not l iberat ing or 
not techno log i ca l l y feasib le. Even then, if done with some scient i f ic cu r ios i t y and 
a t ten t i on , they can leave a residue that will help later on. Occasional ly, however , such 
p r o b e s can set the stage for new developments. 

We repo r t here on the beginnings of a probe. We descr ibe a part icu lar in te r face 
fo r man-compute r interact ion that seems to us to have quite novel p roper t i es . We cal l 
ou r v e r s i o n of the scheme ZOG (which stands for nothing, but is short , eas i l y 
p r o n o u n c e d and eas i ly remembered). The basic idea is not ours. It is the deve lopment 
of the PROMIS g roup at the Univers i ty of Vermont medical school, who or ig inated the 
idea , de s i gned and implemented a complete system incorporat ing it, and brought it to 
p rac t i ca l use in a major way.* The scheme itself is easi ly stated. Communicat ion is v ia 

/ O u r debt to the P R O M I S s y s t e m will be apparent throughout. It has provided the impetus, the guidance and 

the e v i d e n c e to date f o r the t y p e of s y s t e m w e are considering. W e would like to make a more p e r s o n a l 

a c k n o w l e d g m e n t to the members of the PROMIS group for their help and encouragement, and espec ia l l y to 
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menu se lec t i on on terminals with display capabil i t ies. Select ion is instantaneous and is 
a ccomp l i shed by touching areas of the display screen associated with each opt ion . The 
resu l t of se lec t ion is a frame with further select ions (with knowledge and act ion 
p r o v i d e d in passing). The network of such frames is large enough so that all 
commun ica t i on is by this means; in pract ice this means ve ry large indeed. Thus, 
commun ica t ion f rom man to computer is by discrete select ion of semant ica l ly 
mean ing fu l opt ions , f rom computer to man by visual display of natural language text 
w i t h i n a s t r u c tu red format. 

Menu se lec t ion being a common technique in man-machine communicat ion (Mart in , 
1973) , the potent ia l ly revo lut ionary character of the PROMIS sys tem is not eas i l y 
a pp r e c i a t e d d i rec t l y from a short wr i t ten descr ipt ion. We wil l go into that i ssue 
s ho r t l y . Be f o r e we do, let us br ief ly set out the present ZOG project and the contents 
of th is r epo r t . 

The PROMIS interface system is embedded within a total sys tem, ca l led the 
P r o b l em Or ien ted Medical Information System, which is the main focus of conce rn of* 
the PROMIS group. Though they have had a system running for almost f ive yea r s now 
i t s ' impac t on the development of man-machine i n te r facesgenera l l y has been miniscule. 
We do not know of another system with the same essential features. ' We w e r e 
s en s i t i z e d to their work from an attempt of our own in 1972 to produce a s imi lar 
s y s t e m (the or ig ina l ZOG, this current one is Z0G2). We decided to attempt to ex t rac t 
the scheme f rom its habitat in the PROMIS application so as to study and explo i t it as a 
gene r a l communicat ion interface. Our goal is to find out whether this in ter face does 
i ndeed have the potent ia l it appears to have, to demonstrate it, and to s tudy its 
p a r ame t e r s in o rde r to understand and optimize it. 

Th is paper is our report on the initial work toward this ob ject ive , wh i ch is 
deve l opmen t of a basic system with which to work. In the f irst part of the paper we 
i n t r oduce the basic ideas, and descr ibe and i l lustrate the way ZOG works . In the 
s e c o n d part we descr ibe the system architecture of ZOG. This includes a desc r i p t i on 
of the des ign and implementation of the current vers ion, cal led Z0G2, which runs on a 
P D P 1 0 , but does not yet prov ide support for rapid response and large ne tworks . It 
a l so inc ludes a descr ip t ion of the design for ZOG on C.mmp, which wil l p rov ide rap id 
r e s p o n s e and large network support . Finally, we discuss the potent ia l of th is 
ph i l o sophy , its cost, and some thoughts about the next steps to take. The append i ces 
p r o v i d e deta i l ed summaries of the design specif icat ions for the current sys tem and a 
l ist of te rms used throughout this report. 

Jan S c h u l t z and S t e v e Cantrill . T w o of us (GR and AN) have served on a Technical A d v i s o r y C o m m i t t e e to 

the National C e n t e r for Health Serv i ces Research of HEW in connection with P R O M I S (and GR still s e r v e s 

in that capac i ty) . Our membership in that committee was triggered by our earlier a t tempts at Z O G 1 , w h i c h 

w e r e put aside in part because of a failure to adopt some critical aspec ts of the P R O M I S user in ter face , 

as d e s c r i b e d herein. 
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2. Basic Ideas in ZOG 

Let us f i rst descr ibe the ZOG system and how it operates . The user faces a 
t e rm ina l wh i ch is d isp lay ing a frame. Figure 1 shows a typica l ZOG frame. The re is 
tex t at the top, a list of opt ions below the text, a column of pads at the r ight s ide, an 
a r ea ca l led a wo rk space below the options, and a horizontal line of pads at the v e r y 
bo t t om. The user , at his d iscret ion, selects one of the options or pads. Suppose he 
s e l e c t s op t i on 3. Immediately, the frame on the display is rep laced by a new one w i th 
all the same par ts : text, opt ions, vert ical column of pads, hor izontal l ine of pads and 
w o r k s p a c e . Most of the content will be new except for the hor izonta l pads, wh i ch 
p r o v i d e a cont inuous ly avai lable set of search and help funct ions. For example , 
s e l e c t i ng the "back" pad (b) wil l cause a redisplay of the frame of F igure 1. Se lec t ing 
some pads or opt ions wil l cause var ious actions to happen. If the user had se lec ted the 
PRINT pad, the textual information on this display would have been pr in ted on the 
p r i n t e r . 

G e n e r a l b a c k g r o u n d on 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 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 . 

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

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 in 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 

a - a l t e r b - b a c k d - d i s p l a y h - h e l p m-mark n - n e x t r - r e t u r n z - Z O G T C - e x i t 

Figure 1. Typical ZOG Frame 

That is all there is to ZOG as far as external mechanics are concerned. The user 
t r a v e r s e s a sequence of frames of his own select ion, acquir ing the informat ion the re i n 
and tak ing the act ions o f fe red to him. It stands, at this level , s imply as a menu 
s e l e c t i on scheme, d ist inguished only by its abil ity to take actions in addit ion to p resen t 
k now l edge (a p r ope r t y shared by many other menu select ion schemes). Later in the 
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p a p e r a more ex tended example wil l be given of its operat ion, but it wil l genu ine ly be 
more of the same. 

A p re l im inary not ion of what ZOG can be used for is also needed. Like any 
gene r a l pu r po se interact ive programming language, it can serve in any communicat ive 
c apac i t y wha t soeve r : command language, data base retr ieva l sys tem, CAI s y s t em, 
gu idance sys tem, interrogat ion system, quest ion-answer ing system, etc. A lso, l ike any 
p rog ramming language, what it is good for, as opposed to what it can conce i vab l y be 
u s ed for , is not determined by gross structure, but by more subt le f ea tu res of 
o pe r a t i o n . However , it is important to take ZOG as being used not on ly for init ial 
gu idance or w i th novice users, but also for ski l led operat ion; and not only for exp l o r i ng 
k now l edge bases , but also for taking action. 

In PROMIS, such a system is used as the sole interface in accompl ishing the tota l 
se t of hosp i ta l funct ions on a ward: keeping patient medical records, taking pat ient 
h i s t o r i e s d i rec t l y f rom patients, prescr ib ing drugs and treatments, monitor ing pat ient 
p r o g r e s s , check ing treatments for side reactions, and retr iev ing medical knowledge . It 
is u sed by doctors , pat ients, nurses, paramedics, and administrat ive peop le . It 
p e r f o r m s a ful l range of communicative functions with users who range w ide l y in 
soph i s t i c a t i on and in direct skill with the system. The communication inter face is on l y 
a par t of the total sys tem that accomplishes all these functions, but it is a cent ra l one. 

We can now enumerate the additional basic features of ZOG and fil l in the 
miss ing des ign spec i f icat ions. The central i ty of the features var ies, as does the amount 
of e v i dence for their role. But together they define the Z0G2 system. We list them in 
F i gu r e 2 and then d iscuss each of them. 
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1. Rap id response . Upon select ion the new frame appears instant ly. 

2. S imple se lect ing. The user 's act of making a select ion is a simple un i tary 

ges tu re . 

3. La rge network. The network of frames is large enough to accommodate 
all communicat ion and knowledge-exchange with the user. 

4. Frame s impl ic i ty. The frame display is simple enough to be eas i ly and 
qu ick ly assimilated. 

5. T ranspa rency . The ent ire system is completely open and 
unders tandab le to the user. 

6. Communicat ion agent. The system is usable with exist ing programming 
sys tems to prov ide guidance in how to use the programs and how 
to in te rpre t their resul ts . 

7. Subnet faci l i t ies. There exists a hierarchical data organ izat ion for 
ne tworks . 

8. Pe rsona l i za t ion . The user can modify and augment the network to suit 
himself. 

9. Ex terna l def in i t ion. An external data format exists that complete ly 
def ines a ZOGNET. 

10. Un i form search. A uniform scheme exists for searching and or ient ing 
in the network. 

Figure 2. Basic Features of Z0G2 

2.1. Rapid Response 

Upon se lec t ion the new frame appears instantly. Instantly is de f ined w i th 
r e s p e c t to the user. It means fast enough so the user feels the f low of f rames to be 
l im i ted on ly by his own vol i t ion. If t ravers ing a highly familiar ne twork (as in 
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s p e c i f y i n g some ope rand to be worked on), then he can move through the f rames 
a lmost as a s ingle sk i l led gesture. If he wishes to take a quick gl impse of a next 
u n k n o w n f rame, he feels no hesitat ion because he need only wait for two r e sponse s 
(one down , one back). 

How fast " instant ly" must be in seconds is not ful ly known. PROMIS ope r a t e s 
w i t h .25 seconds 70^ of the time. It is not l ikely to be much s lower than this. ZOG is 
t a r g e t e d for .05 seconds 707o of the time in order to permit exp lo ra t ion of th is 
pa r ame te r . 

2*2. Simple Selecting 

The user ' s act of making a select ion is a simple unitary gesture. The time it 
t akes the user to make a select ion acts in ser ies with the response of the sys tem; it 
must be equa l l y rap id. Its speed has two aspects: learning what the response shou ld 
be (s ince new se lect ions are always occurr ing) and execut ing the response . PROMIS 
uses a touch s c r een which solves both these problems: the user s imply touches the 
d i s p l a y at the local area where the option is stated. ZOG also uses a touch s c r een . In 
add i t i on it uses a s ingle character select ion from a keyboard. 

2.3. Large Network 

The ne twork of frames is large enough to accommodate all communicat ion and 
know l edge - e x change wi th the user. Large enough is again def ined with respec t to the 
use r . It means that at eve r y frame there are options to be taken th$t deal w i th 
w h a t e v e r in format ion, help, e laborat ion and explanation is requi red. The opt ions lead 
t o . o t he r f rames wh ich also prov ide whatever is necessary, and so recu r s i ve l y . The 
use r f inds himself in a wor ld where all of his questions ahd all of the data he requ i r e s 
have a l r eady been laid out in advance in the network of frames - - whe re his needs 
have b een ant ic ipated. (An important except ion to this wil l be taken up in Sec t i on 
2.6.) 

How many frames is "large enough" is not known. The total sys tem of f rames 
cons t i t u t e s a f in i te state system. Consider ing the combinatorial nature of l i fe, the 
conc l u s i on cou ld be that f inite networks are incapable of sat is fy ing this requ i rement 
fo r any in te res t ing task. (Recall Chomsky's (1957) ear ly s tated v iew that no f in i te 
s t a te grammar can adequately por t ray a natural language.) Withoi it doubt this des ign 
f e a t u r e leads to large networks. The PROMIS network appeared to sat i s fy this 
r equ i r emen t w i th about 30,000 frames; it may- eventual ly grow to 100,000 f rames. A s 
w i t h the c r i t e r i a for rap id response, perfect ion is not necessary (i.e., the user need not 
r ema in w i th in the frame system 1007, of the time). In PROMIS the user t y pe s in a 
r e s p o n s e ra ther than select ing an opt ion (indicating the absence of an app rop r i a t e 
p r e c e d e d response ) about 17c of the time. Not much is known about the deta i ls of th is 
c r i t e r i a or good measurements of it. What is known is that PROMIS has p roduced one 
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s y s t e m that c lea r l y is adequate, in a general enough environment to engender some 

op t im i sm. 

2.4. Frame Simplicity 

The frame d isp lay is simple enough to be easi ly and quickly ass imi lated. The 
p o w e r of the technique comes from the fract ionation of the total task into small 
commun i ca t i ve p ieces wi th contro l by the user of which of these he wishes to acqu i re . 
If e a ch f rame we re , say, like ,a textbook page, then substantial assimilat ion wou ld be 
r e q u i r e d , and the user would be thrown back on his own scanning and o rgan i z i ng 
r e s o u r c e s w i thout any help from ZOG. The natural cr i ter ia is that the user shou ld 
n e v e r have to acquire knowledge other than what const itutes his final so lut ion or what 
is n e c e s s a r y to f ind this solut ion (by the nature of the task, not of ZOG). 

What is "s imple enough" is relat ive to the user. Even less is known about it or 
h ow to measure it than about rapid system response or large networks . Pe rhaps it 
c an be measu red s t ructura l ly by amounts of text and options; perhaps by the ave rage 
r e s i d e n c y t ime per frame; perhaps it requires knowing exact ly what knowledge was 
a b s o r b e d . PROMIS frame design, which has evo lved over severa l years , tends t owa r d 
a f e w sen tences of text and no more than half a dozen options. 

Th is des ign constra int is common to all menu select ion systems and does nat 
s e em un ique to ZOG. It is useful to stress it, however, because it implies e ven l a rge r 
n e two r k s , that wou ld o therwise be the case. Faced with the large network p rob lem, a 
na tu ra l eng inee r i ng incl ination is to permit the knowledge per frame to increase. This 
p r i n c i p l e inh ib i ts that incl ination. 

2.5. Transparency 

The en t i r e sys tem is completely open and understandable to the user. It shou ld 
s e em to ta l l y open to him exact ly why the system is doing what it is doing and what it 
t a ke s to ob ta in more information from it or to get it to do something. It shou ld appea r 
c omp l e t e l y cont ro l lab le and non-myster ious. The effect is stated in terms of use r ' s 
p e r c ep t i o n s , s ince what counts is the way the user reacts to it. The ideal user ' s model 
s hou l d be that of the per fect instrument. 

The spec i f i ca t ions a lready laid down go a long way toward meet ing the 
r equ i r emen t of t ransparency : menu select ion, rapid response, large network and s imple 
f r ames . This c rea tes a s t ructure that is simple in concept and complete ly under the 
u se r ' s con t ro l . However , within these constraints it would be easy to rea l i ze ob s cu re 
n e t w o r k s . Thus, the burden of this specif icat ion falls on the detai ls of ne twork and 
f r ame - con t en t des ign. ZOG, like any programming system, creates an a rch i tec tu re 
w i t h i n wh i ch one wr i te programs. The programs for ZOG are networks of f i l l ed - in 
f r ames . Thus this requirement can be taken as a requirement on programming s ty le . 
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Exac t l y how to spel l out this s ty le in concrete terms is not known. The ne t -
bu i l d ing e xpe r i en ce f rom PROMIS has not been well art iculated and no attempts have 
b e e n made to measure this, however crudely. A large number of f rames have been 
bui l t in PROMIS and have undergone substantial pol ishing so that the impression*of the 
s y s t e m tends to accord moderate ly wel l with this v iew. Furthermore, some e xpe c t ed 
c on s equen ce s of achiev ing this requirement have occurred in PROMIS; for example , 
pa t i en t s on admiss ion use the system without any training to take the i r o w n 
b a c k g r o u n d h is tor ies . 

2.6. Communication Agent 

The sy s t em is usable with exist ing programming systems to prov ide gu idance in 
how to use the programs and how to interpret their results. This is not a requ i rement 
that d e r i v e s f rom PROMIS, but from our ear l ier attempt, cal led Z0G1, to bui ld a s imi lar 
s y s t em . PROMIS is an active system in that the select ions can execute programs. But 
it is a c l osed sys tem implemented on dedicated hardware. An ent i re wo r l d of 
app l i ca t i ons is exc luded if all programs for ZOG must be coded spec ia l ly for it. It then 
be comes a part icu lar form of interact ive programming language, though w i th many 
spec i a l f ea tu res . But if it can somehow be integrated with any ex ist ing programming 
s y s t e m , then it becomes a much more f lexible tool. 

Th is requ i rement is rea l i zed by making ZOG be a communication agent. That is, 
ZOG s i ts as t r ide the communication path between the user and a program, ca l led the 
s ub j ob , whe r e it can monitor, interpret and modify the input and output s t reams in 
bo t h d i rec t i ons . There is a communication language associated with ZOG itself, but it 
d oe s not ope ra te as a regular programming language. Rather, it t rans lates the use r ' s 
s e l e c t i on s into messages to send to the subjob. It also monitors the subjob 's output to 
the use r and can translate these into new messages to the user or into se lec t ions , 
wh i c h cause new d isp lays to be shown to the user. 

This language wil l be descr ibed in detail in the sect ion on the arch i tecture; it is 
s imp le in concept and implementation. The essential point here is that ZOG can 
o p e r a t e as a f r on t -end for any program whatsoever. It can prov ide exp lanat ion , 
i n s t r u c t i on and guidance in work ing with a system. Likewise it can in terpret the output 
fo r the user and suggest what to do. To do any of these things, of course, r equ i r e s a 
ZOG p r og r am (i.e., a network) specif ical ly designed to know about the sub job . How 
good a job it does depends on the extent and sophist icat ion of the network. 

A n a l te rnat ive way of descr ib ing this structure is that ZOG is a command 
l anguage . It is th rough ZOG that the user makes contact with all the re sou rces of a 
c ompu te r , execu tes programs, and does his housekeeping (file management, message 
hand l ing , etc.) Its usefu lness as a command language, of course, ar ises not f rom any 
spec i a l logica l character , but in its potential for explaining and guiding. 

The use of ZOG as a communication agent necessar i ly car r ies w i th it the 
po ten t i a l to v io la te t ransparency . ZOG clear ly need not know all about the p rog rams 
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f o r wh i ch it f ronts . In genera l , it cannot do so (e.g., if permitt ing access to another 
p r og r amming language such as ALG0L68 or LISP). Thus, the user wil l genera l l y see a 
m ixed s y s t em in which he wil l be aware when the subjob is running and he is no 
l onge r dea l ing wi th ZOG. 

The abi l i ty to have a system that can interpose between the user and any o ther 
j ob runn ing on the host computer requires certain capabi l i t ies in the res ident 
o p e r a t i n g s y s t em with in which the communication agent and the other job run. Such 
capab i l i t i e s ex ist w i th the TOPS-10 operat ing system on the PDP10 and the HYDRA 
o p e r a t i n g s y s t em on C.mmp, the two computers on which ZOG wil l run, but such 
capab i l i t i e s are not necessar i ly available in all operat ing systems. 

2.7. Subnet Facilities 

The r e is a h ierarchica l data organizat ion for networks. This o rgan i za t ion is* 
ca l l ed the subnet and it operates essentia l ly like a subrout ine. Subnets have names and 
cah be hand led as units. The user can orient himself by subnets, a lways get t ing back 
to the top of a subnet . There can be subnets within subnets recurs ive ly . 

G i ven modern pract ice in data structures, there is nothing str ik ing abou t th is 
r equ i r emen t . Never the less , it is important for the creat ion and modif icat ion of 
n e t w o r k s , and for the eff ic ient implementation of large networks. Its importance fqr 
the use r ' s ope ra t i on in the net is less clear and there are no s t rong grounds for 
i ns i s t i ng on it ( rather than simply having the user see the network as one la rge 
i n teg ra l s t ruc tu re) . 

2.8. Personalization 

The user can modify and augment the network to suit himself. The goal of 
t r a n s p a r e n c y by itself p robab ly requires that a user be able to make small changes 
ea s i l y to any ex is t ing network, represent ing his own understanding and p r e f e r r ed way 
of dea l i ng w i th the material of the net. There are some c losely re la ted addit ional 
r ea sons , such as increas ing eff ic iency. But, as with the communicat ion agent 
r equ i r emen t , addit ional wor lds of appl ication become possible if ne tworks are eas i l y 
c o n s t r u c t e d and modif ied. Users can extend explanations, not just to c lar i fy what is 
t h e r e , but in an appl icat ion centered around the growth of ZOG (e.g., r ep resen ta t i on of 
the i s s ue - ne two r k of some problem). Full retr ieval systems, invo lv ing bo th 
augmenta t i on and access, become possible, as opposed simply to searches of f i xed data 
ba se s . 

The requ i rement for easy modification and augmentation implies that an ed i to r 
fo r f r ames and nets become an integral part of the system. It is cal led ZED (for ZOG 
Ed i to r ) . The r e wou ld be a requirement for an editor in any event, but if it we re v i ewed 
a$ just for some class of profess ional "net bui lders" its faci l it ies and its in tegrat ion into 
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ZOG cou ld be seen as much less crucial . In the current scheme, the alter mode par t of 
ZED is e vokeab l e as a se lect ion from any frame. 

2.9. External Definition 

A n ex te rna l data format exists that completely def ines a ZOGNET. Because 
f r ames are d i sp lay s t ruc tures there is a temptation to define them only as interna l data 
s t r u c t u r e s . In fact this was true of the initial PROMIS system (but not of the cu r r en t 
i t e ra t ion) , and we expect it is true of most menu select ion sys tems. Howeve r , 
c ons i de r a t i on s of ultimate portabi l i ty require that some machine independent def in i t ion 
of a ZOGNET exist . 

Th is requ i rement takes on the status of a system imperat ive as soon as la rge 
n e t w o r k s are contemplated. A network of 50,000 frames represents a great body of 
k now l edge (l ike a 2000 page text book), and becomes extremely valuable. It is eas i e r 
to get a new ZOG sys tem up and running on a new computer than it is to c r ea te 
5 0 , 0 0 0 f rames. Under these condit ions, portabi l i ty of the frame l ibrary is mandatory . 

The r e is an interact ion between this requirement and the spec i f i cat ion of ZOG t6 
be a communicat ion agent. An alternative path is for ZOG to have assoc iated w i th it a 
ful l p rog ramming language. This leads to large amounts of the knowledge in a ZOGNET 
be i ng en coded in p rocedures in this language. Because the operat ing env i ronment of 
th i s p rog ramming language is the display, it is much less persp icuous than most 
s t a nda r d h igher level languages. Documentation of these procedures so that the 
n e t w o r k becomes in fact portable and maintainable is a ser ious issue (and this is 
p r o v i n g so w i th the current PROMIS system). The ZOG communication language is qu i te 
l im i ted and s imple (e.g., it has no conditional or loop control), so that essent ia l l y all of 
the know ledge in the net is encoded in the surface st ructure of f rames and the i r 
connec t i ons . Thus it turns out that a simple data form involv ing s t r ings of 
a lphanumer i c text is quite adequate. 

The so lut ion adopted is to embed our simple format with in a b ib l i ograph ic 
s y s t e m wh i ch is in publ ic use at CMU, cal led BH (Newcomer, 1976). BH p rov ides the 
r equ i s i t e data handl ing and pr int ing facil it ies. It is also or iented towards re l a t i ve l y 
l a rge f i les . It is desc r i bed in the sect ion on system architecture. The point to be made 
h e r e is that the sys tem has a complete external def init ion simple enough to permi t 
e xpo r t a t i o n . 

2.10. Uniform Search 

A un i form scheme exists for searching and or ient ing in the ne twork . 
T r a n s p a r e n c y requ i res that the user find the system extremely easy to unders tand and 
dea l w i th , e v en when work ing in networks new to him (which wil l o f ten occur in 
a cqu i r i ng bod ies of new knowledge). The operat ional aspects of how the user f inds his 
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w a y in the net are as important as the simplicity of the frames themse lves . The 
inc ip ien t d i f f i cu l ty is that the frame provides only a small and local v iew on the wo r l d 
so that the user must move around in the net to acquire knowledge, leaving all but the 
c u r r e n t f rame out of sight. 

The so lu t ion to this would appear to take the form of a set of opera t ions and 
c onven t i on s for how any net is s t ructured, which the user may re ly upon and become 
fami l iar w i th . We have formulated a set of pr inciples and convent ions that seem 
r e a sonab l e based on the exper ience of PROMIS and our own limited exp lora t ions . But 
t h e r e is l i t t le data to support the part icular structure. 

The un i form search requirement is a constraint on network des ign, on the 
con ten t of f rames and their arrangement. No features of the arch i tecture p r ope r 
r e f l e c t it. As a programming system, ZOG is def ined and usable independent of this 
r equ i r emen t , just as a computer is def ined without spec i fy ing an operat ing sy s tem or 
an assemb le r . However , just as with an operat ing system, ZOG cannot be run w i thout 
s ome th i ng that p rov ides tools for searching through the net. Thus, we add this 
r equ i r emen t here , even though it is a pure ZOG-software requirement. 

The so lut ion adopted in ZOG attempts to satisfy the fol lowing pr inc ip les: 

1. No sudden death. No select ion taken by a user produces a change that is 
i r r e ve r s i b l e . This appl ies both to movements in the network and to act ions taken . 
Whe r e this is not poss ib le explicit confirmation will be requ i red. 

2. S t anda rd i z ed pads. There is a set of select ions with standard names that are 
ava i lab le in all frames. (This is the horizontal line of pads cons ist ing of: a l ter , 
back, d isp lay , help, mark, next, return, zog, and exit.) 

3 . An cho r po ints . It is a lways possib le to return to known frames that play the ro le of 
anchor points. Anchor points should be dynamical ly determinable. (This is 
r ea l i z ed in part by the pads: back, mark, return and zog.) 

We have desc r i bed the basic ideas that we are explor ing. Now, let us examine 
an e x t e nded example to see what the exist ing system looks like from the user ' s point 
of v i ew . 
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3. Sample Interaction 

F igu res 3 to 14 show a typical initial interaction. We are able to fit two f rames 
in to a s ing le page of the report with a line of commentary below each. Severa l c r i t i ca l 
a spe c t s of the ZOG des ign can not be i l lustrated by this means, in part icu lar the rap id 
r e s p o n s e and large network. But it should make the format of ZOG and its s t y l e of 
o p e r a t i o n more concrete . 

We wi l l postu late a vis i tor to CMU who wishes to find out about r e sea r ch on 
p r odu c t i o n sys tems. Our v is i tor has never used ZOG or the computer be fo re . He is 
s h o w n a termina l (which is in the monitor state on the CMUA system), and someone 
leans o ve r his shoulder and types "ZOG" <carriage return> for him. T,he f rame in 
F i gu r e 3 comes up on the screen, and the user is on his own. 

ZOG - An I n t e r a c t i v e G u i d e S y s t e m Z O G i 

U e l c o m e to ZOG. 

Y o u a r e a t t h e s t a r t i n g p l a c e f o r the e n t i r e ZOG n e t w o r k . 

ZOG i s a g u i d a n c e s y s t e m w h i c h w i l l h e l p you u n d e r s t a n d some 

s u b j e c t s a n d h e l p y o u to u s e some p r o g r a m s and s y s t e m s . 

Y o u u s e ZOG by s e l e c t i n g the o p t i o n s i t o f f e r s . 

T y p e h ( f o r h e l p ) to f i n d o u t how to u s e ZOG 

o r j u s t e x p l o r e by t y p i n g the c h a r a c t e r in f r o n t o f any o p t i o n . 

T y p i n g z ( f o r ZOG) w i l l a l w a y s b r i n g y o u back h e r e . 

1 . T a b l e o f c o n t e n t s 

2 . U t i l i t i e s f o r ZOG f rame b u i l d i n g 

3 . S e n d i n g a m e s s a g e to the d e s i g n e r s of ZOG 

4 . C l e a r f r a m e b a c k u p l i s t 

5 . Go t o an a r b i t r a r y f rame - p r o m p t s f o r number 

a - a l t e r b - b a c k d - d i s p l a y h - h e l p r - r e t u r n t C - e 

Figure 3. User enters ZOG. He selects T (Option 1). 
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T a b l e o f C o n t e n t s 20G2 

T h e f o l l o w i n g s u b n e t s a r e a v a i l a b l e i n t h i s v e r s i o n o f ZOG. 

1. G e n e r a l b a c k g r o u n d on ZOG 

2 . ZED — T h e f r a m e e d i t o r 

3 . C o m p u t i n g f a c i l i t i e s 

4 . P e o p l e 

5 . P r o j e c t s 

6 . E d u c a t i o n 

a - a l t e r b - b a c k d - d i s p l a y h - h e l p m-mark n - n e x t r - r e t u r n z - Z O G t C - e x i t 

Figure 4. User wishes to Know about a research project. He selects f 5 ' . 

P r o j e c t s i n t h e C o m p u t e r S c i e n c e d e p a r t m e n t P r o j l P r o j i 

R e s e a r c h a c t i v i t y i n t h e d e p a r t m e n t i s o r g a n i z e d and c o n d u c t e d a s ' p r o j e c t s ' . 

P r o j e c t s may be l a r g e , o r s m a l l , g r o u p , o r i n d i v i d u a l - the u s u a l u s e o f t h e 

t e r m d e n o t e s a g r o u p o f p e o p l e Mho meet r e g u l a r l y , d i s c u s s and work on some 

common s y s t e m o r p r o b l e m s . 

C u r r e n t p r o j e c t s a r e d e s c r i b e d b e l o w u n d e r b r o a d s u b j e c t c l a s s i f i c a t i o n s . 

1. A r t i f i c i a l I n t e l l i g e n c e 

2 . P r o g r a m m i n g l a n g u a g e s 

3 . O p e r a t i n g S y s t e m s 

4 . C o m p u t e r s y s t e m d e s i g n 

5 . C o m p u t e r s y s t e m e v a l u a t i o n 

6 . D a t a - b a s e d e s i g n and e v a l u a t i o n 

7 . ( O t h e r p r o j e c t s ) 

a - a l t e r b - b a c k d - d i s p l a y h - h e l p m-mark n - n e x t r - r e t u r n z - Z O G T C - e x i t 

Figure 5. User is interested in an AI project. He selects 
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A r t i f i c i a l I n t e l l i g e n c e - P r o j e c t s P r o j l P r o j 2 

T h e A I c o m m u n i t y h e r e c o m p r i s e s a number o f p e o p l e i n C o m p u t e r S c i e n c e , 

E l e c t r i c a l E n g i n e e r i n g , and P s y c h o l o g y d e p a r t m e n t s a t CMU. T y p i c a l l y , 

t h e p r o j e c t i s t h e work o f a s m a l l number of p e o p l e , t h o u g h a few l a r g e 

p r o j e c t s o c c u p y a l a r g e number o f p e o p l e . 

T h e p r o j e c t s a r e l i s t e d b e l o w , some l a r g e o n e s f i r s t , but o t h e r w i s e n o t v e r y 

s y s t e m a t i c a I l y . 

1 . T h e S p e e c h U n d e r s t a n d i n g S y s t e m p r o j e c t (HARPY, HEARSAY) 

2 . T h e V i s i o n p r o j e c t 

3 . T h e P r o d u c t i o n S y s t e m s W o r k i n g Group ( I P S , OPS) 

4 . A u t o m a t e d M a t h e m a t i c i a n (AM) 

5 . H e u r i s t i c s e a r c h ( C h e s s , CAPS) 

6 . E v a l u a t i o n o f p r o b l e m - s o l v i n g t e c h n i q u e s 

7 . ( O t h e r p r o j e c t s ) 

a - a l t e r b - b a c k d - d i s p l a y h - h e l p m-mark n - n e x t r - r e t u r n z - Z O G t C - e x i t 

Figure 6. User wants to know about Production Systems. He selects '3'. 

T h e P r o d u c t i o n S y s t e m s Workshop P r o j l P r o j i l 

T h e P r o d u c t i o n S y s t e m s g r o u p c o n s i s t s o f p e o p l e f rom C o m p u t e r S c i e n c e a n d 

P s y c h o l o g y who a r e s t u d y i n g the p r o b l e m o f b u i l d i n g and e v a l u a t i n g t h e 

p e r f o r m a n c e o f a l a r g e p r o d u c t i o n s y s t e m ( t h e I n s t r u c t a b l e PS) c a p a b l e 

o f f u n c t i o n i n g i n a c o m p l e x , and u n p r e d i c t a b l e t a s k e n v i r o n m e n t . 

1. What a r e P r o d u c t i o n S y s t e m s ? 

2 . T h e p e o p l e i n the g r o u p 

3 . I n s t r u c t a b l e P r o d u c t i o n S y s t e m (IPS) 

4 . P a p e r s a n d t e c h n i c a l r e p o r t s p u b l i s h e d 

5 . O r g a n i z a t i o n a l a n d p r o c e d u r a l i s s u e s ( m e e t i n g s e t c ) 

6 . O t h e r g r o u p s w o r k i n g w i t h P r o d u c t i o n S y s t e m s 

a - a l t e r b - b a c k d - d i s p l a y h - h e l p m-mark n - n e x t r - r e t u r n z - Z O G T C - e x i t 

Figure 7. User wants a definition. He selects '1'. 
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U h a t a r e P r o d u c t i o n S y s t e m s ? P r o j l P r o j l 6 

P r o d u c t i o n S y s t e m s a r e a s p e c i e s o f a b s t r a c t comput ing. d e v i c e s , w h i c h h a v e 

c e r t a i n i n t e r e s t i n g p r o p e r t i e s f r o m t h e v i e w p o i n t o f c o g n i t i v e p s y c h o l o g y , 

a p p l i c a t i o n o f p r o b l e m - s o l v i n g t e c h n i q u e s , and p r o b l e m - r e p r e s e n t a t i o n i s s u e s . 

1 . A b s t r a c t c o m p u t i n g d e v i c e s - g e n e r a l t h e o r y 

2 . P r o d u c t i o n S y s t e m s a s a c o m p u t i n g d e v i c e 

3 . P r o d u c t i o n S y s t e m s i n p r o b l e m - s o l v i n g 

4 . P r o d u c t i o n S y s t e m s i n c o g n i t i v e p s y c h o l o g y 

5 . P r o d u c t i o n S y s t e m i m p l e m e n t a t i o n s 

a - a l t e r b - b a c k d - d i s p l a y h - h e l p m-mark n - n e x t r - r e t u r n z - Z O G T C - e x i t 

Figure 8. User selects 'n' (which should give him Option 2 from Figure 7). 

T h e p e o p l e i n t h e P r o d u c t i o n S y s t e m s U o r k s h o p P r o j l P r o j i 7 

T h e g r o u p c o n s i s t s o f t h e p e o p l e l i s t e d b e l o w . Some p a r t i c u l a r 

c o n c e r n s o r r e s p o n s i b i l i t i e s a r e i n d i c a t e d . 

D r . N e w e l l i s on s a b b a t i c a l and H i k e R y c h e n e r i s the f o r m a l l e a d e r o f 

t h e g r o u p t h r o u g h t h e summer o f 1977. 

1 . A l i e n N e w e l l : A d a p t a t i o n o f methods to new u s e s 

2 . M i k e R y c h e n e r : D e s i g n and c o n s t r u c t i o n o f t h e K e r n e l f o r IPS 

3 . J o h n M c D e r m o t t : D e s i g n and m a i n t e n a n c e o f t h e Task E n v i r o n m e n t (OTE) 

4 . C h a r l e s F o r g y : D e s i g n a n d c o n s t r u c t i o n o f the O f f i c i a l P r o d u c t i o n S y s t e m 

5 . P a t L a n g l e y : I n d u c t i o n f rom the TE 

6 . K a m e s h R a m a k r i s h n a : T h e o r i e s o f p r o b l e m - s o l v i n g 

a - a l t e r b - b a c k d - d i s p l a y h - h e l p m-mark n - n e x t r - r e t u r n z - Z O G T C - e x i t 

Figure 9. User decides to go back. He selects V . 
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T h e P r o d u c t i o n S y s t e m s Workshop P r o j l P r o j l l 

T h e P r o d u c t i o n S y s t e m s g r o u p c o n s i s t s o f p e o p l e f r o m C o m p u t e r S c i e n c e a n d 

P s y c h o l o g y who a r e s t u d y i n g the p r o b l e m o f b u i l d i n g and e v a l u a t i n g t h e 

p e r f o r m a n c e o f a l a r g e p r o d u c t i o n s y s t e m ( t h e I n s t r u c t a b l e PS) c a p a b l e 

o f f u n c t i o n i n g i n a c o m p l e x , and u n p r e d i c t a b l e t a s k e n v i r o n m e n t . 

1 . What a r e P r o d u c t i o n S y s t e m s ? 

2 . T h e p e o p l e i n the g r o u p 

3 . I n s t r u c t a b l e P r o d u c t i o n S y s t e m (IPS) 

4 . P a p e r s a n d t e c h n i c a l r e p o r t s p u b l i s h e d 

5 . O r g a n i z a t i o n a l and p r o c e d u r a l i s s u e s ( m e e t i n g s e t c . ) 

6 . O t h e r g r o u p s w o r k i n g w i t h P r o d u c t i o n S y s t e m s 

a - a l t e r b - b a c k d - d i s p l a y h - h e l p m-mark n - n e x t r - r e t u r n z - Z O G t C - e x i t 

Figure 10. User wants to know when the group meets. He selects '5'. 

O r g a n i z a t i o n a l and P r o c e d u r a l i s s u e s P r o j l P r o j 2 0 

T h e g r o u p m e e t s o n c e o r t w i c e a week a s t ime p e r m i t s and work a c c o m p l i s h e d 

r e q u i r e s . 

M i k e R y c h e n e r i s t h e p e r s o n who knows the l a t e s t news p n t h i s s u b j e c t . 

1 . - M e e t i n g t i m e s : U s u a l l y Mondays and T h u r s d a y s , a t 3 : 3 0 pm. 

2 . - P l a c e : U s u a l l y 5138 S c i e n c e H a l l 

3 . S e n d i n g m e s s a g e s t o t h e g r o u p 

4 . S e n d a n o t e t o M i k e R y c h e n e r a b o u t the n e x t m e e t i n g 

a - a l t e r b - b a c k d - d i s p l a y h - h e l p m-mark n - n e x t r - r e t u r n z - Z O G TC-e> 

Figure 11. User wants to send note to Rychener. He selects '4'. 
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T y p e i n a m e s s a g e , t e r m i n a t i n g i t w i t h a l t m o d e P r o j l P r o j 3 8 

TH-BACKSPACE 

T U - R E T Y P E L I N E 

$ < a l t > - D 0 N E 

TQ-QUIT 

T C - e x i t 

Figure 12. User types note, then altmode, which takes him back to previous frame. 

O r g a n i z a t i o n a l and P r o c e d u r a l i s s u e s P r o j l P r o j 2 8 

T h e g r o u p m e e t s o n c e o r t w i c e a week a s t ime p e r m i t s and work a c c o m p l i s h e d 

r e q u i r e s . 

M i k e R y c h e n e r i s t h e p e r s o n who knows the l a t e s t news on t h i s s u b j e c t . 

1 . - M e e t i n g t i m e s : U s u a l l y Mondays and T h u r s d a y s , a t 3 : 3 0 pm. 

2 . - P l a c e : U s u a l l y 5138 S c i e n c e M a l l 

3 . S e n d i n g m e s s a g e s to the g r o u p 

4 . S e n d a n o t e t o M i k e R y c h e n e r a b o u t the n e x t m e e t i n g 

a - a l t e r b - b a c k d - d i s p l a y h - h e l p m-mark n - n e x t r - r e t u r n z - Z O G t C - e x i t 

Figure 13. User wants to look at other projects. He types V to get to Proj l . 
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P r o j e c t s i n t h e C o m p u t e r S c i e n c e d e p a r t m e n t P r o j l P r o j l 

R e s e a r c h a c t i v i t y in the d e p a r t m e n t i s o r g a n i z e d and c o n d u c t e d a s ' p r o j e c t s ' . 

P r o j e c t s may be l a r g e , o r smaI I, g r o u p , o r i n d i v i d u a l - t h e u s u a l u s e o f t h e 

t e r m d e n o t e s a g r o u p o f p e o p l e Mho meet r e g u l a r l y , d i s c u s s and work on some 

common s y s t e m o r p r o b l e m s . 

C u r r e n t p r o j e c t s a r e d e s c r i b e d b e l o w u n d e r b r o a d s u b j e c t c l a s s i f i c a t i o n s . 

1. A r t i f i c i a l I n t e l l i g e n c e 

2 . P r o g r a m m i n g l a n g u a g e s 

3 . O p e r a t i n g S y s t e m s 

4 . C o m p u t e r s y s t e m d e s i g n 

5 . C o m p u t e r s y s t e m e v a l u a t i o n 

6 . D a t a - b a s e d e s i g n and e v a l u a t i o n 

7 . ( O t h e r p r o j e c t s ) 

a - a l t e r b - b a c k d - d i s p l a y h - h e l p m-mark n - n e x t r - r e t u r n z - Z O G t C - e x i t 

Figure 14. User continues his exploration. When done, he selects TC to quit. 

This sample interact ion gives you the f lavor of ZOG from the user point of v i ew . 
Let us now examine the internal s t ructure of this system by looking at its des ign and 
imp lementa t ion . 
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4. System Architecture 

In o rde r to descr ibe the architecture of the ZOG system, we must d i s t ingu ish 
b e t w e e n what a user sees and what a bui lder of frames sees. It is important to note 
that any user may become a frame builder; in fact, frame modif ication and augmentat ion 
a re the p r ima ry means of al lowing the user to tailor the system to his needs. 

A s de s c r i bed in the introduction, the user sees a display of a f rame wh i ch 
con ta in s some text and a menu of selections. When the user makes a se lect ion, e i the r 
b y touch ing the s c reen or by typing the appropr iate character, some act ion may occur 
and a new frame may be d isp layed. The user works his way through a ne twork of 
f r ames o r gan i z ed into subsystems, cal led subnets. A subnet 's goal is to guide the user 
to l ea rn someth ing, by reading the text, or to accomplish some action. 

The f rame bui lder sees the same basic system for select ion process ing , but also 
s e e s a communicat ions language that allows him to construct frames and act ions to 
accomp l i sh des i r ed tasks in the frames. The communications language that the f rame 
bu i l de r uses has three basic functional capabil i t ies: (1) network posi t ioning to con t ro l 
w h i c h f rames the user sees, (2) communications control to control interact ions b e tween 
the use r and the frames, and (3) network and frame modif ication to al low ex ist i r lg 
f r ames to be modi f ied and new frames to be added. 

In Sec t ion 4.1, we discuss the design of the mechanisms that suppor t the 
f r ame bu i lder ' s v i ew of ZOG. Since the user's v iew is a subset of the frame bu i lder ' s 
v i ew , we d iscuss those support mechanisms also. In Sect ion 4.2, we discu%s the 
c u r r e n t implementat ion of ZOG on the PDP10,. which does not support rap id r e sponse 
o r a la rge network . Final ly, in Sect ion 4.3, we discuss the adaptat ion of ZOG to 
C.mmp, wh i ch wi l l suppor t rap id response and a large network. 

4.1. Basic System Design 

The ZOG sys tem may be v iewed as a communications mult ip lexor. It has a 
numbe r of logical input devices, each of which may be l inked to an a rb i t ra ry subset of 
the log ica l output dev ices . The basic function of ZOG is to cyc le through the set of 
input dev i ce s and route messages to the appropr iate output devices. Any one of these 
input dev i ce s may invoke the communications language, through escape charac te rs , to 
c on t r o l the pos i t ion in the frame network, control the communications mult ip lexor, or 
man ipu la te f rames. 

The logical input and output devices are l isted in F igure 15. The input dev i ces 
a re on the left and the output devices are on the right. Since an input can be rou ted 
to any set of outputs , no constraints can be placed on the inputs (i.e., a l though output 
d e v i c e s wi l l make formatt ing assumptions, ZOG can make no such assumptions). Fo r 
examp le , if the input fi le is routed to select ion process ing, then the charac te rs be ing 
r e ad f rom the f i le are t reated just as select ion characters t yped from the keyboa rd . If 
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the input f i le is routed to ZQGNET building, then the file being read is assumed to be in 
the ex te rna l f rame format (discussed later). If the input file is routed to the sub job , 
t hen it can be anyth ing at all. It should also be noted that output dev ices are not 
awa r e of the source of the character streams with which they deal. We wi l l b r i e f l y 
d e s c r i b e each of these logical devices before descr ib ing the rest of the sys tem. 

f r o m 
USER 

f r o m 
S u b j o b 

ZOGNET pr int ing 

Sub job output 

Echo f rom Subjob 

User Disp lay 

Context D isp lay 

Frame Disp lay 

-^Output f i le 

Se lect ion p ro ce s s i ng 

ZOGNET bui ld ing 

Sub job Input 

to 

USER 

to 
S u b j o b 

Figure 15. ZOG as a Communication Agent 

Input dev i ces generate character streams. The keyboard is read one cha rac te r 
at a t ime. Each character is sent to all output devices l inked to the keyboa rd , un less 
one of the communicat ions language escape characters is detected. The touch  
s ens i t i v e s c r een produces a pair of coordinates when touched by a f inger. These 
coo rd i na t e s are t rans lated into select ion characters and then processed as though they 
had been en t e r ed f rom the keyboard. The communications language escape cha rac te r s 
cannot be gene ra ted by the touch screen. The action input is p rocessed dur ing 
s e l e c t i on p rocess ing when a select ion is made or when a frame is entered . The act ion 
is s t b r e d as part of the frame, and its format will be discussed below. The input f i le (a 
f i le as de f i ned and suppor ted by the underly ing operat ing system), once opened , is 
p r o c e s s e d unti l the end of file is encountered. The subjob is a separa te job be ing 
c on t r o l l e d by the ZOG job. The subjob may be used to run any arb i t ra ry program, and 
input f rom the sub job is terminal output from the subjob's point of v iew. This job is 
automat i ca l l y logged in when the first character is sent to it and logged out when ZOG 
ex i t s . Sub job echo is produced when characters are sent to the subjob, if the sub job 
i tse l f is echo ing characters . Echo input can not escape to the communicat ions 
l anguage , e v en if it contains the escape characters. Finally, ZOGNET pr int ing resu l t s 
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f r om invok ing one of the ZOGNET modification commands in the communicat ions 
l anguage . The pr in t ing is in an external frame format discussed below. 

The output dev ices accept character streams. The select ion p rocess ing logical 
ou tpu t dev i ce is what the ZOG user sees most often. It takes a character r ep re sen t i ng 
a se l e c t i on f rom a menu and does what is appropr iate with it (d iscussed be low). Th r ee 
log ica l d i sp lay w indows are supported. The frame display is used by se lec t i on 
p r o c e s s i n g ; the user d isp lay has no preass igned use (but would normally be used by a 
sub job ) ; and the context display is a small window used to display a f rame number . 
Each w i ndow may include arb i t rary areas of the screen. A single output f i le can be 
o p e n , and any s t ream of text characters may be sent to it. Output to the sub job 
a p p e a r s as terminal input from the subjob's point of v iew. Finally, ZOGNET bu i ld ing 
c on s t r u c t s new frames or modifies exist ing frames from an external frame format. 

When the user f irst starts interacting with ZOG, there is no fi le or sub job input, 
and the k e yboa r d is l inked to the select ion processor. The sys tem-wide root node, 
f r ame one in subnet one (denoted 1.1), is d isp layed and the user is expec ted to make 
some se lec t i on . 

4.1.1 Frames and Subnets 

Let us examine the content and layout of a frame, and the organ izat ion of the 
s y s t e m into co l lect ions of frames, called subnets. From the user 's point of v i ew, a 
f r ame cons i s t s of some text and a menu of selections. The general format he sees has 
a one l ine t it le on the top line, with the frame number in the upper right hand co rne r . 
He may also see another frame number just to the left of the frame number; this is the 
con tex t d i sp lay . Next, he sees severa l lines of text. Next, he sees some numbered 
se l e c t i ons , ca l led opt ions. Final ly, he sees some select ions along the bottom l ine, and 
po s s i b l y a long the right hand side, which have alphabetic characters instead of d ig i ts in 
f r on t of them. These are cal led pads. The pads along the bottom are genera l l y g loba l 
to the who l e sys tem, are se lected with lower case alphabetics, and are ca l led g loba l  
pads . The pads along the right side, if any, are local to the frame, are se lec ted w i th 
u p p e r case a lphabet ics (or other characters), and are cal led local pads. 

The interna l descr ip t ion for a frame is shown in Figure 16. Each d i sp l ayed item 
has pos i t i on ing informat ion so that the frame builder has maximum f lex ib i l i ty in de f in ing 
his f r ame layout . The frame tit le is speci f ied with its posit ion (vert ical and hor i zonta l 
po s i t i on on a 80 character by 24 line display) and the text to be d isp layed. The f rame 
text is spec i f i ed in the same way. The frame action is a character stream which wi l l be 
f e d to the communicat ions multiplexor when the frame is entered. The opt ion list 
con ta ins a list of se lect ions whose descr ipt ion will be descr ibed below. The local pad 
l ist con ta ins a list of se lect ions in the same form. The global pad list conta ins a list of* 
i nd i ces for g loba l pads, which are s tored global to the system. The accessor list is a 
l ist of f rame numbers which re ference this frame. It is used pr imari ly for maintenance. 
The f rame ident i f i cat ion is the text str ing which appears in the upper r ight co rne r 
w h e n the f rame is d i sp layed. It is constructed by concatenating the subnet name and 
r e l a t i v e f rame number with in the subnet. The subnet index and re lat ive frame number 
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i den t i f y the frame. The vers ion number is used for maintenance purposes . F ina l ly , a 
comment may be s to red with the frame. This comment is not d i sp layed when the f rame 
is d i s p l a y ed . 

- Frame tit le: v (line number), h (character posit ion), text 
- Frame text: v, h, text 
- Frame act ion: text (not displayed) 
- Opt ion list: list of select ions 
- Local pad list: list of select ions 
- Global pad list: list of global pad indices 
- Accesso r list: list of frame numbers (not d isplayed) 
- Frame id: text 
- Subnet index: integer (not displayed) 
- Re lat ive frame number: integer (not displayed) 
- Ve r s i on number: integer (not displayed) 
- Comment: text (not displayed) 

Figure 16. Internal Frame Description 

The desc r i p t i on of a select ion, either an opt ion or a pad, is shown in F igure 17. 
It has pos i t i on informat ion and the text to display. The d isp layed text is e xpec t ed to 
commun ica te to the user how to make the select ion (e.g., by containing the se l ec to r 
c ha r a c t e r as the f i rst character of text). The select ion may have a next f rame, wh i ch 
wi l l be d i sp l a yed when the select ion is made. The select ion may have an act ion, a 
c ha r a c t e r s t ream which is fed to the communications mult iplexor when the se lec t i on is 
made. F ina l ly , a se lec tor character is specif ied. The select ion p rocesso r uses these 
s e l e c t o r cha rac te r s when it t r ies to evaluate a user select ion. 

- Se lec t ion text: v, h, text 
- Next frame: subnet index and relat ive frame number (not d i sp layed) 
- Se lec t ion action: text (not displayed) 
- Se lec tor : character (not displayed) 

Figure 17. Internal Selection Description 
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Ac t i ons are rep resen ted as simple text streams. A select ion may have an act ion 
and a f rame may have an action on entry. The text for the action is sent to each 
log ica l output dev i ce l inked to the action input device. Act ions may invoke the 
commun ica t ions language through appropr iate escape characters. Thus, act ions may 
use any ZOG suppo r t ed faci l i ty through the communications language, and may execu te 
a r b i t r a r y p rog rams by interact ing with the subjob. For example, a set of f rames 
t each i ng how to use ALGOL could have actions which actually run examples for the 
use r . Because of the open-endedness of actions, they are a power fu l means of 
p r og r amming f rames. 

A set of f rames may be organized into a logical network cal led a subnet . Each 
s ubne t has an index (an integer) and may have a print name. The number of subne t s 
a l l owed is an implementat ion dependent parameter, but it is expec ted to be large 
(hundreds ) . The number of frames al lowed in a subnet is also expec ted to be la rge 
( thousands) , but small subnets are not penal ized. Under normal c i rcumstances, a user 
wi l l en t e r a subnet through its root node (relative frame one). The root node wi l l 
u sua l l y have a f rame action which will set the necessary context for the subnet (e.g., 
s t a r t up an app rop r i a te program on the subjob). Also, the root node frame act ion wi l l 
no rma l l y mark the frame (descr ibed in detail later) so that its name appears in the 
con tex t d i sp lay and it can be returned to easi ly. 

4.1.2 External Frame Format 

An init ial des ign object ive was to maintain an external frame format that 
s a t i s f i ed a number of des i red propert ies. The format should be readable, a l lowing 
s omeone wi thout a ZOG system to see what is in the frame l ibrary. The format shou ld 
be eas i l y s uppo r t ed by all ZOG systems (different vers ions and di f ferent machines), so 
that the f rame l ib rary would be transportable. Finally, the format shou ld be 
compa t i b l e w i th some exist ing facil ity to make its external maintenance and 
man ipu la t i on easy . 

The format we have chosen is descr ibed in detail in Append ix III. F igure 
18 is a sample of the BH format defining the frame shown in Figure 3. It is modera te l y 
r eadab l e , is eas i ly suppor ted , and is compatible with the BH b ib l iography sy s t em. 
A l t h ough we have reached our object ives with this external frame format, it does fal l 
s ho r t of p rov id ing total frame l ibrary transportabi l i ty. Frames are t ranspor tab le if 
the i r act ions make no use of the subjob. However, if an action evokes some p rog ram 
on the sub job , then that program must be t ransported as wel l as the frame. S ince 
t ho se p rog rams are complete ly arbi trary, we have no contro l ove r the i r 
t r an spo r t ab i l i t y . Despi te this shortcoming, we feel that this external f rame format is 
r e a sonab l e . 
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+R+ 1-1 2 

+G+ i & 2 n u n n 
+C+ " S y s t e m r o o t n o d e " 

+T+ T "ZOG - fin I n t e r a c t i v e G u i d e S y s t e m " 

+P+ T 1 18 

+T+ F " W e l c o m e to ZOG. 

Y o u a r e a t t h e s t a r t i n g p l a c e f o r the e n t i r e ZOG n e t w o r k . 

ZOG i s a g u i d a n c e s y s t e m w h i c h w i l l h e l p you u n d e r s t a n d some 

s u b j e c t s a n d h e l p y o u to u s e some p r o g r a m s and s y s t e m s . 

Y o u u s e ZOG by s e l e c t i n g the o p t i o n s i t o f f e r s . 

T y p e h ( f o r h e l p ) to f i n d o u t how to u s e ZOG 

o r j u s t e x p l o r e by t y p i n g the c h a r a c t e r in f r o n t o f any o p t i o n . 

T y p i n g z ( f o r ZOG) w i l l a l w a y s b r i n g you back h e r e . " 

+P+ F 3 1 

+T+ 01 " 1 . T a b l e o f c o n t e n t s " 

+P+ 01 13 3 

+F+ 01 1 . 2 

+T+ 02 " 2 . U t i l i t i e s f o r ZOG f rame b u i l d i n g " 

+P+ 02 15 3 

+F+ 02 1 . 1 1 

+T+ 03 " 3 . S e n d i n g a message to the d e s i g n e r s of ZOG" 

+P+ 03 17 3 

+F + 03 1 . 1 3 

+T+ 04 " 4 . C l e a r f rame b a c k u p l i s t " 

+P+ 04 19 3 

+X+ 04 " T A C T A D " 

+T+ 0 5 " 5 . Go to an a r b i t r a r y f rame - p r o m p t s f o r number" 

+P+ 05 21 3 

+X+ 05 " T A G ; " 

Figure 18. Example of BH Format 

4.1.3 Selection Processing 

Now that we have examined the internal and external s t ructure of f rames and 
subne t s , let us take a c loser look at the primary mechanism that the user deals w i th , 
the se l e c t i on p rocesso r (see Figure 19). Let us start with a d isp layed frame. The user 
makes his se lec t ion by touching the screen or typ ing the se lector character . In the 
c a se of the s c r een touch, some immediate feedback is g iven so that the user knows his 
t ouch was success fu l (e.g., a box is drawn around the selection). Then the coo rd ina tes 
a re t r ans l a t ed into a se lector character which is t reated as though it we re t y ped . The 
se l e c t i on p roces so r then scans options, local' pads, and f inal ly global pads t r y i ng to 
match the se lec to r character . If no match is found, it r ings a bel l . If a match is f ound , 
the se l e c t i on is eva luated. 
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1. Get se lec tor character . 

2. F ind se lect ion. If none, r ing bell and back to 1. 

3. In te rpre t se lect ion action, if any. 

4. Set next frame, if any. 

5. D isp lay frame, if changed. 

6. In te rpre t frame action, if any and if changed. 

7. Back to 1. 

Figure 19. Selection Processor Cycle 

To eva luate a se lect ion, the select ion processor f irst checks if the se lec t ion has 
an act ion. If it does, then the character stream from the action is sent to each logical 
ou tpu t dev i ce l inked to the action input device. The select ion p rocesso r hand les 
e s c a p e cha rac te r s to the communications language as wel l . Af ter the act ion has been 
i n t e r p r e t e d , the se lec t ion processor checks if the select ion has spec i f ied a next f rame. 
If so, it s aves the current frame on the frame backup list and sets the spec i f i ed next 
f r ame as cur rent . Final ly, the select ion processor checks if the cur rent f rame is 
d i f f e r en t f rom the last frame. If it is different, it is d isp layed and checked for any 
f r ame act ion. If the frame has an entry action, it is in terpreted. 

4.1.4 Communications Language 

The communicat ions language allows the user and the frame bui lder to maintain 
c on t r o l o ve r the interact ions between the user and the var ious parts of the ZOG 
s y s t e m . It can be invoked with escape characters from the keyboard , input f i le, 
s ub j ob , or act ions. It prov ides three basic faci l it ies: (1) network pos i t ion ing (escape 
c ha r a c t e r TA (contro l -A)); (2) communications control (escape character TB); and (3) 
f r ame modi f i cat ion (escape character TD). This language is v e r y s imple: it has no 
v a r i a b l e s , no condit ionals, and no repeats. It is invoked by one of the th ree e s cape 
c h a r a c t e r s ment ioned. The character fol lowing the escape character is a command. 
Some commands take operands by examining the character stream fo l lowing the 
command . Append i x I descr ibes the language in detail. 
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The ne twork posi t ioning commands (TA) provide support for moving th rough thre 
n e t w o r k in way s other than simple select ion. Whenever a new frame is se lec ted , the 
p r e v i o u s f rame is saved on a backup list. The posit ioning commands al low the user to 
back up to the prev ious frame, mark a framo in the backup list, re turn to the last 
ma r ked f rame, and clear the backup list. There is also a composite command wh i ch 
backs up to the prev ious frame and takes the next option. Finally, there are commands 
to r e - d i s p l a y the cur rent frame and go to an arb i t rary frame. 

The communicat ions control commands (TB) provide support for maintaining and 
mod i f y i ng the rout ing contro l information for the logical input dev ices . These 
commands also suppor t opening and closing the input and output fi les, manipulat ing the 
s ub j ob , ex i t ing f rom or saving a ZOG system, and manipulating the d isp lay in a termina l 
i ndependen t way . 

The f rame modif icat ion commands (TD) provide a basis for an edi t ing s y s t em. 
T h e r e are commands for sending sets of frames, single frames, or par ts of f rames. 
The s e may be used to save frames external ly (e.g., if the ZOGNET pr int ing input is 
r o u t e d to the output fi le) or to send the frames to a more e laborate edi tor runn ing on 
the sub job . Frames may be constructed by routing the appropr ia te input dev i ce 
(usua l l y the input fi le or subjob) to the ZOGNET builder output dev ice. The re are 
commands for sav ing and restor ing frames, to allow for potent ia l ly tempora ry changes 
to f rames . The re are commands to display all or part of an arb i t ra ry frame. The re are 
commands to de le te all or part of an arb i t rary frame. There is a command to move a 
f r ame f rom one part of the network to another. There is a command to enter a f rame 
c r e a t i o n mode that prompts for the most common parts of a new frame. F inal ly, t he r e 
is a command to enter an interact ive alter mode for a frame. The alter mode and 
c r e a t e mode, combined with a set of frames which aid the user in using the o the r 
f r ame modi f i cat ion commands, form the frame editor, cal led ZED. 

4.1.5 F rame Editing — ZED 

The frame editor, cal led ZED (for ZOG Editor), is composed of three major pa r t s : 
(1) a set of f rames that allow you to delete frames, move frames from one subnet to 
ano the r , and c rea te new subnets; (2) a creat ion mode which guides you whi le bu i ld ing 
n ew f rames; and (3) an alter mode for altering a single frame. Append ix II has 
comp l e t e spec i f i ca t ions for ZED. 

The set of f rames simply provides a convenient interface be tween the user and 
the communicat ions language frame modification commands. A l though the f rames are 
not s t r i c t l y part of the basic ZOG system, it is useful to think of ZED (frames, c r ea te 
mode, a l ter mode) as a single system. 

The c rea te mode is used in conjunct ion with a special frame, p resen ted when the 
use r accesses a frame not yet def ined, to make top-down subnet cons t ruc t ion easy . 
On access to a non-ex is tent frame, a frame is d isp layed which tel ls the user he has 
r e a c h e d a non-ex i s ten t frame, and provides him with two pads: back to back up and 
c r e a t e to en te r the create mode. In create mode, the user is prompted for the most 



ZOG System Arch i tecture 27 

common par t s of a new frame, and is shown the target frame as it is be ing cons t ruc ted . 
Once a f rame is const ruc ted, the user may select one of that frame's opt ions wh i ch 
may point to a new undef ined frame. By systematical ly s tepping through the op t i ons 
and c r ea t i ng new frames at each step, subnets can be created in a t op -down fash ion. 

The a l ter mode is accessed through the alter global pad which appears on each 
f r ame . The des ign for alter mode was der ived from extending the alter mode of SOS (a 
l ine o r i e n t ed text ed i tor found on many PDP10 systems (Weiher and Sav i t zky , 1970)) 
f r om one d imens ional line edit ing to two dimensional frame edit ing. The f rame be ing 
ed i t e d is a lways d i sp layed . A l ter mode commands are t yped (but not echoed), and the 
r e su l t s of an ed i t ing operat ion appear as changes to the d isp layed frame. 

4.1.6 User Prof i les 

A user prof i le , in genera l , is a user-def ined body of information that spec i f i e s 
how that par t i cu la r user wil l use a part icular computing system. The pu rpose is to 
a l l ow the user to tai lor the system to meet his own needs or sty le. ' It is most 
common ly implemented as a scr ipt that is executed when the user f i rst en te r s the 
s y s t e m . In ZOG, it is implemented by al lowing users to mpdify any frame in the s y s t em 
(w i th ZED) so that when they enter ZOG, their personal vers ions of modif ied f rames 
wi l l be used. 

Fo r example, when a user makes a lot of use of one part icular path th rough the 
ne two r k , he might like to shor ten that path to make the system easier and fas te r fo r 
him to use. To make this possib le, we allow the user to edit any frame. When he does 
so , his ed i t ed ve r s i on is maintained in a user prof i le file which the sys tem reads w h e n 
it is s t a r t ed . When he next uses the system, his vers ion of a part icular f rame wi l l 
o v e r r i d e the sys tem vers ion , unless the system vers ion has since changed. If it has 
changed , the user wi l l be notif ied. This mechanism allows the user to adapt the* f rame 
l i b r a r y to his pe rsona l needs in a natural and f lexible way. 

It shou ld be noted that the PROMIS system does not have this feature, and t hey 
have r e c e i v ed some cr i t ic ism from their users because of it. The ult imate va lue of 
s u ch a f ea tu re is not c lear in this kind of communications system. It p robab l y depends 
a g rea t deal on the task domain. We include user prof i l ing in ZOG to al low us to 
e va l ua t e its des i rab i l i t y in a number of different task domains. 

4.1.7 Convent ions 

We have adopted a number of conventions which make the sys tem eas ie r to use 
fo r bo th the user and the frame builder. They deal wi th the frame d i sp l ay 
o rgan i z a t i on , se lec t ion format, and commonly used pads. The system does not en fo r ce 
t h e s e conven t i ons in any way. 

The o rgan i za t ion of the d isp layed frame has only two system en fo rced dec i s ions . 
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F i r s t , the f rame ident i f icat ion is a lways d isp layed in the upper right co rner . Second , 
the con tex t d i sp lay is a lways just to the left of the frame identi f icat ion. The contex t 
d i s p l a y shows the frame identif icat ion of the last marked frame. The layout of the 
t i t le , text , opt ions , and pads is completely up to the frame bui lder. 

Our cu r ren t d isp lay format is shown in Figure 20. It assumes a d i sp lay w i th 2 4 
l ines of 8 0 charac te rs . The tit le is restr ic ted to 56 characters on the f i rst l ine. A 
b lank l ine sepa ra tes the title and text; the text is one to nineteen l ines long w i th 8 0 
c ha r a c t e r s per l ine. The number of options is limited to nine so that digits may be 
u sed for se lec to r s . Options share space with the text. That is, the less text y ou have, 
the more opt ions you may have. Each option is preceded by a blank l ine. The op t ions 
may be up to 56 characters long. Space on the right is rese rved for local pads, wh i ch 
may be 13 charac te r s long. The most common pads (global pads) are on the bo t tom 
l ine. Opt ions are se lec ted by digits, local pad> by upper case alphabet ics, and g loba l 
pads by lower case alphabetics. Any select ion which is inert (has no act ion or next 
f r ame) shou ld be pre f i xed with a minus sign to indicate that it is not wo r th se lec t ing . 
F ina l l y , if a f rame needs more than nine options, it should be b roken into s eve r a l 
f r ames w i th the ninth opt ion of each pointing to a frame with the cont inuat ion of the 
l ist. 

[ T I T L E 5 6 . .] [ M a r k l D . l i . ] C F r a m e I D . i l ] 

[ T E X T . 
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Figure 20. Conventions for Display Layout 
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Ano the r unenforced set of convent ions has to do with the global pads. In F igure 
20 , a set of g lobal pads is l isted on the bottom line. The alter pad enters the a l ter 
mode of the frame editor, ZED. The back ptd returns to the prev ious frame. The 
d i s p l a y pad re -d i sp l ays the current frame. This is useful if the d isp lay has been 
d i s t u r b e d by some externa l cause (e.g., a terminal failure). The help pad en te r s a 
subne t wh i ch attempts to descr ibe how to use ZOG. The mark pad marks the cu r ren t 
f r ame. The cur ren t frame identif icat ion will appear in the context d isp lay and the next 
s e l e c t i on of the re tu rn pad will br ing the user back to this frame. The next pad backs 
up to the p rev ious frame and automaticaly selects the next opt ion. If there is no next 
op t i on , then it behaves just as back does. The return pad returns to the last marked 
f rame, whose frame identif icat ion is d isp layed in the context d isplay. The ZOG pad 
goe s to the root node of the whole system without d isturbing your context (i.e., y o u 
can get back). The exit pad forces an exit from ZOG and logs out the sub job if it was 
l ogged in. Note that the exit is done by TC, which is the standard monitor e s cape 
command on the PDP10 (a monitor CONTINUE command will put you back in ZOG w h e r e 
y o u left). 

The root node of a subnet has some special propert ies by convent ion. Its f rame 
ac t ion automat ica ly marks the root node for easy return and to supp ly the user w i th 
con tex t in format ion. It normally does not have mark and return pads. It may or may 
not have the back pad. If the back pad is missing, there will be update and quit pads. 
The quit pad wi l l abort whatever action the subnet is attempting and do the equ iva lent 
of back. The update pad wil l complete the subnet action and then do the equ iva lent of 
back. 

4.2. Current Implementation 

The cur ren t implementat ion of ZOG is wr i t ten in L*(I) and runs on a PDP10 . L*(I) 
is an in te rac t i ve sys tem-bu i ld ing system (Newell, Freeman, McCracken, and Robe r t son , 
1970 ) that has made implementation and exper imentat ion with ZOG v e r y 
s t r a i g h t f o rwa r d . The current implementation fol lows the des ign desc r i bed in the 
p r e v i o u s sec t ion wi th only three except ions: (1) user prof i l ing is not cu r r en t l y 
imp lemented , (2) rap id response has not yet been achieved, and (3) the touch s c r e en 
input and graph ics output are not implemented. 

The cu r ren t implementation does support a number of d isp lay termina ls , 
i nc lud ing th ree kinds of Beehives (SuperBee, MiniBee, and B100) and the Tek t ron ix 
4 0 2 3 . It also suppor t s a mode which may be used on any other kind of termina l 
( inc lud ing a te le type) , but with the display format only approximated. Suppor t for 
o t he r d i sp lay terminals may be easi ly added, assuming the terminal in quest ion has 
c u r s o r address ing , sc reen clear, and backspace functions, and has at least 24 l ines of 
8 0 cha rac t e r s . 

The next sect ion wil l descr ibe a design for the next vers ion of ZOG, wh i ch 
a ch i e ve s the rap id response goals by uti l izing a specia l ized terminal and moving the 
s y s t e m to a d i f fe rent computer. We plan to maintain the PDP10 vers ion of ZOG so that 
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u s e r s who do not have access to the specia l ized ZOG terminals wil l be able to cont inue 

us ing the sys tem. 

4.3. Rapid-response Large-network Design 

Our goal is to prov ide rapid response with large networks on an ex is t ing t ime ­
sha r i n g s y s t em wi th access to the ARPA network (Heart, Kahn, Ornste in, C rowthe r , and 
Wa lden , 1970). Because of the nature of t ime-shar ing, it is not poss ib le to ach ieve 
gua r an t e ed re sponse levels without gett ing into the lowest levels of the ope ra t i ng 
s y s t e m and modi fy ing it. This opt ion is not available to us with our PDP10 ope ra t i ng 
s y s t em . However , we do have that opt ion on another computer in the C M U 
env i r onmen t , C.mmp. In this sect ion, we discuss the design of such a rap id r e sponse 
v e r s i o n of ZOG for C.mmp. 

C.mmp is a mul t i -min i -processor (Wulf and Bell, 1972) being deve loped at CMU . 
It has s i x t een P D P l T s connected through a crosspoint swi tch to a large sha r ed 
memory . The opera t ing system for C.mmp is called Hydra (Wulf et al, 1974). Because 
of the exper imenta l nature of Hydra, it is possible for us to modify the lowest leve l s of 
it to he lp ach ieve our response goals and still l ive within a t ime-shared env i ronment 
w i t h access to the ARPA network. 

T r ans f e r of ZOG from the PDP10 to C.mmp wil l be s t ra ight fo rward s ince ZOG is 
w r i t t e n in L* and there are essent ia l ly compatible vers ions of L* on the PDP10 and 
C.mmp. The major work in t ransferr ing the system will deal wi th adapt ing to the 
s pe c i a l i z e d ZOG terminal , and modifying Hydra and ZOG to cooperate in ach iev ing the 
r a p i d r e s pon se goals. 

4.3.1 ZOG Terminal 

The key to rap id response is the terminal being used. Convent iona l termina ls 
a re l imi ted to re la t i ve ly low bandwidths between processor and terminal. To get the 
k ind of r e sponse we des i re, it is necessary to use terminals that permit t rans fe r ra tes 
of 50 k i l obaud or higher (see below for der ivat ion of this requirement). Our cho ice for 
th i s te rmina l is a graph ics system deve loped at CMU, cal led the GDP (Graphics D isp lay 
P r o c e s s o r , (Rosen, 1974)). The GDP is a vector drawing graphics sys tem wh ich can 
change the en t i re s c reen in less than 16 mill iseconds. To allow full ut i l i zat ion of th is 
s p e e d , the GDP is be ing interfaced direct ly to one of the P D P l l ' s on C.mmp, w i t h 
s o f t w a r e suppo r t for it built into Hydra. 

A ZOG terminal is a combination of a C.mmp GDP, a touch sc reen , and a h igh 
s p e e d d isk for local frame storage. The touch screen is a clear plate of g lass p l aced 
o v e r the face of the GDP. When touched by a human f inger, it p roduces a pair of 
c oo rd i na t e s w i th a 1/10 inch accuracy. Low level sof tware suppor t for the touch 
s c r e e n must also be added to Hydra. 
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F ina l ly , a ZOG terminal has a high speed disk for frame storage. The disk be ing 
u s ed is an IMS disk (.5 megaword capacity), and has a special feature that a l lows rap id 
a c ce s s to pages (4,096 16-bit words). The feature allows page t rans fers to beg in w i th 
z e r o la tency . This feature wil l aid in reaching the rapid response goal whi le a l lowing a 
l a rge f rame ne twork to be s tored on secondary storage. 

4.3.2 Rapid Response 

Rap id re sponse wil l be achieved by augmenting the interrupt se rv i ce for the 
t ou ch s c r e en (part of Hydra) to handle most of select ion process ing. When a touch js 
made, an immediate response is given by drawing a box around the se lect ion. This 
g i v e s the user immediate feedback to confirm that his touch worked . The in te r rup t 
d r i v e n se lec t i on p rocesso r would then find the select ion and evaluate it. If a se lec t i on 
ac t i on or f rame act ion is encountered during evaluation, then the basic ZOG s y s t em 
w o u l d be used -an non- in ter rupt level. However, for a select ion with no act ion, the 
next f rame wou ld be found and d isp layed at interrupt level . This des ign avoids most 
of the o ve rhead s normal ly imposed by an operat ing system. 

In te rp re ta t i on of actions wil l be handled as in the current implementat ion. This 
imp l ies that a ne twork which has a high percentage of actions wil l suf fer and wi l l not 
e n j o y r ap id response . If this becomes too severe a problem, the action i n t e rp re t e r 
cou l d a lso be moved to interrupt level. However, modifications to these in te r rup t 
d r i v e r s are much more diff icult to make than modifications to a user level ZOG sys tem. 
Be c au se of this, we wil l avoid moving action interpretat ion to interrupt level as long as 
po s s i b l e . 

It is usefu l to compare our rapid response requirements and techniques w i th 
t ho se of PROMIS. In PROMIS, the desire is to support about 30 terminals w i th a 
d ed i c a t ed s y s t em so that each user exper iences .25 second response 707* of the t ime. 
The ave rage frame s ize for PROMIS is 800 10-bit characters. The 250 mi l l iseconds is 
b r o k e n down to 125 mil l iseconds for disk accesses, 50 mil l iseconds for p rocess ing t ime 
(to f ind f rame and construct display), 50 mill iseconds to transmit the d isp lay to the 
t e rm ina l , and 25 mil l iseconds to spare. This translates to a requirement of 3 0 0 
k i l obaud peak t rans fer rate between processor and terminal for the PROMIS sys tem. 

In ZOG, the des i re is to support one terminal per processor (because of the 
na tu r e of the Graph ics Display Processor) in a t ime-shared system so that the user 
e x p e r i e n c e s .05 second response 707 of the time. The average frame s ize for ZOG is 
7 0 0 8 -b i t charac ters . The 50 mill iseconds is broken down to 16 mi l l iseconds for a 
cache access (from the IMS disk, discussed below), no time for p rocess ing , 16 
mi l l i seconds to transmit the display to the GDP terminal, and 18 mil l iseconds to spa re . 
Th i s t rans la tes to a requirement of 50 ki lobaud transfer rate be tween p rocesso r and 
GDP, wh i ch is eas i ly met. Note that ZOG frames are p re -p rocessed to el iminate the 
p r o c e s s i n g s tep dur ing the select ion cycle. This design decis ion was made to al low us 
to e x p l o r e the rap id response dimension more freely. It may limit the qual i ty of what 
is d i s p l a y ed in ways that wil l eventual ly force us to use the same kind of f rame 
p r o c e s s i n g that PROMIS current ly uses. The single terminal per p rocessor target for 
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ZOG was de r i v ed f rom equipment and techniques that we have access to, and that 
a l low us to fu l ly exp lo re the response time issues. The issues of how to ex tend to 
more termina ls and more cost -e f fect ive equipment will be ignored until we unde r s tand 
the more bas ic issues. 

4.3.3 Large Network 

In o rde r to suppor t a large frame network, we have des igned a t h r ee - l e ve l 
memo ry h i e ra r chy . At the lowest level is the pr imary memory to wh ich the GDP has 
access . At the second level is the IMS disk which will be used as a cache for f rames . 
At the h ighest leve l is bulk secondary storage. 

Each subnet has a set of tables which indicates where each frame in that subne t 
r e s i d e s (wh ich of the three memory levels). The interrupt dr iven se lect ion p r o ce s so r 
w i l l use these tab les to f ind the frame. If the frame is in pr imary memory, then the 
s e l e c t i on p ro ce s so r s imply needs to change the GDP display. This takes less than 16 
mi l l i seconds . If the frame is in the cache (IMS disk), then a t ransfer is in i t iated. A ful l 
page t r ans fe r takes approximately 16 mill iseconds. When the t ransfer is complete , the 
IMS d isk in te r rupt se rv i ce wil l re turn control to the select ion processor wh ich wi l l t hen 
change the GDP disp lay. The total time in this case is less than 32 mi l l i seconds. 
F ina l l y , if the f rame is on secondary storage, a request wil l be made to t rans fe r the 
page it is in to the cache. This will be fol lowed by a transfer to pr imary memory and 
the GDP d i sp lay . This case may require hundreds of mil l iseconds. 

As sum ing an average frame has 700 characters, about six frames may be s t o r ed 
in a page in the cache. The cache capacity is 128 pages, or about 768 f rames. The 
to ta l f rame l i b ra ry is expected to be as much as 50 times larger than the cache 
( 40 , 000 f rames). Thus, it wil l be important to t ry to organize the pages . to maximize, 
t he cache hit rate. It may also be possible to do some look ahead in t r ans fe r i ng 
b e t w e e n seconda ry s torage and the cache. At the moment, we have no data on these 
ope r a t i o n s , and the success of this memory hierarchy is stil l an open quest ion. 

We have desc r i bed the basic ideas of ZOG, given an extended example of its use, 
and examined its des ign and implementation. Let us now look at the potent ia l and cost 
of th is communicat ion phi losophy. 
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5. The Potential of ZOG 

The most important quest ion is why ZOG (nee PROMIS) has the potent ia l to be a 
n ew communicat ion interface, especia l ly since menu select ion techniques are common 
p rac t i c e . The answer lies in rapid response into a large network ( suppor ted by the 
o t he r p r inc ip les ) . It produces a man-computer interface with qual i tat ive ly d i f fe rent 
p r o p e r t i e s , best summed up by the slogan of " t ransparency with speed" . 

The bas ic advantage of menu select ion is that the user does not have to b r ing to 
the s i tua t ion knowledge ei ther of the functional possibi l i t ies for interact ion or how to 
commun ica te them. Either of these can be a strong barr ier to communicat ion. Menu 
s e l e c t i o n ins t ruc ts whi le operat ing. It is super ior to a manual in two ways . (1) It 
e l im ina tes the jump f rom bare ly acquired knowledge to how to put it into act ion. Wi th 
a manual the user must sti l l decide exact ly what to do after reading the textua l 
mater ia l ; in menu se lect ion he simply does it. (2) It el iminates the search for the 
r e l e van t in format ion by locating the relevant knowledge at the site of act ion. Manua ls 
a re not the on ly a l ternat ives (e.g., there are instruct ion sheets, scr ipts and on- l ine he lp 
fac i l i t ies) ; our pu rpose is only to make clear the essential dimensions of menu se lec t ion . 

Menu se lec t ion has two disadvantages as normally implemented. First, it is s low. 
E x p r e s s e d as channel capacity, in menu select ion the user can select about 1 out of 10 
a l t e rna t i v e s e v e r y 5 seconds (i.e., about 1 bit per second). In typ ing, by contrast , the 
r a te is about 1 wo rd per second for a reasonable typist (Le., about 10 bi ts pe r 
second) . These f igures are exceedingly rough, since they depend on many fac to rs . 
Howeve r , they se r ve to i l lustrate that one can get messages into a computer about an 
o r d e r of magnitude faster by typ ing than by menu select ion. The second d i sadvantage 
is the f o r c ed in terpos i t ion of explanatory text and options. Menu se lect ion becomes 
e spe c i a l l y t r y i ng for sk i l led operators who no longer need the instruct ion that it o f f e r s . 
A manual can be put away after it is learned. This disadvantage compounds the s peed 
d i sadvan tage , s ince, even though the text can be ignored, there are usual ly e x t r a 
op t i on s to wade through. However, the negative reactions probab ly are gene ra ted by 
more than just s lowness , but also by a sense of needless bother and f rus t ra t ion about 
b e i n g f o r c ed to ope ra te ineff ic ient ly. 

These d isadvantages do not prevent menu select ion from being a usefu l 
t e chn ique . They do consp i re to limit its use to applications where the user is a nov i ce 
so that he needs explanat ion and could not communicate rapid ly in any event . The 
r e l e van t domain is b roader than might be thought, ranging from rare s i tuat ions, w h e r e 
e v e r y o n e is a novice, to systems used repet i t ive ly by exper ts who do not w i sh to 
acqu i r e techn ica l ja rgon. 

Rap id response and the use of large networks are des igned to remove both of 
t h e se d i sadvantages . A response time of .5 seconds, as opposed to 5 seconds, g i ves 
back the miss ing factor of 10 in speed. Whether communication speed can be then 
compe t i t i v e w i th t yp ing is not determined simply by such raw f igures, of course . But 
now, at least, the issue is a matter of details and not a foregone conclus ion. Permi t t ing 
avo i dance of unneeded exp lanatory steps is basical ly a quest ion of des ign ing 
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a l t e rna t i ve sequences , so there are "short c i rcuits" for exper ts and "long c i r cu i t s " fo r 
nov i ce s . The re are two enabl ing conditions for this. One of these is the la rge 
ne two r k . P rov id ing many alternat ive paths requires many frames. The other cond i t ion 
is the ab i l i ty to c reate frames and design networks easi ly. 

Grant for the moment the major technical premise, that these two d i sadvantages 
can be e f f ec t i ve l y nul l i f ied. Then rapid select ion, large network menu se lec t i on 
s y s t ems become a dist inct type of man-machine interface. They maintain the i r 
p r o p e r t i e s of ease of use and transparency, but now they permit both expe r t and 
nov i ce ope ra t i on , and in whatever the user's mixture of exper ience and fami l iar i ty w i th 
d i f f e r en t aspects of the system. They become a general purpose interface. 

To date the ent i re ev idence for the claim of a distinct type of in ter face comes 
f r om the expe r i ence of the PROMIS system. This is substantial , however , and a br ie f 
r e coun t i ng of that exper ience is useful at this point. 

PROMIS has g rown out of a long standing effort of its leader, Dr. L. Weed , to 
d e v e l o p and promote a problem or iented approach to health care de l i ve ry (Hurst and 
Wa l ke r , 1972). The basic tenet of this approach is that the patient reco rd shou ld be 
o r g a n i z e d accord ing to patient problems rather than the tradit ional o rgan i za t ion by 
da ta sou r ce . Us ing this di f ferent organizat ion not only reduces wasted time in hea l th 
c a r e de l i v e r y , but also prov ides improvement in care because the doctors , nurses , and 
techn i c i ans all become aware of the pat ients ' problems and what is being done to cope 
w i t h them. This prob lem or iented approach has been in use in many places for many 
y e a r s , qu i te independent of any attempt at computer izat ion. 

Deve lopment of a computer system (PROMIS) as the under ly ing techno logy fo r 
the p r ob l em o r i en ted medical record was initiated about six years ago by Dr. Weed at 
the Un i ve r s i t y of Vermont with support from the Dept. of Health, Educat ion, and 
We l f a r e . The g roup deve loped an integrated system approach that inc ludes as its 
c en t r a l co re a rap id response large network menu select ion technique, such as we 
have de s c r i b ed . The des ign is respons ive to the demands of establ ish ing an automated 
s y s t e m as the sole informational vehicle for hospital medical pract ice. These same 
demands are faced in many computer applications, but are not any less important fo r 
that . A p r imary concern is the range and d ivers i ty of capabi l i t ies, soph is t i ca t ion , 
mot i va t i on and author i ty of the users. PROMIS' solution of avoiding typ ing , p rov i d i ng 
comp l e t e access v ia se l f - expk i n i ng menu selection, and gett ing high enough speed for 
e x p e r t use is radical and requi red the support ing notions of rapid response , touch 
s c r e e n s and large networks to make it feasible. 

A f i rs t ve r s i on of the PROMIS system was designed and implemented us ing a 
C D C 1700 and a spec ia l ly des igned CDC terminal with a f ixed set of touch pads. This 
s y s t e m became operat iona l in 1972 on a gynecology ward, prov id ing the comple te 
pa t ien t r e co rd . About three years of continuous exper ience was obta ined w i th this 
s y s t em . A second complete ly reworked hardware-sof tware system is at an advanced 
s t age of deve lopment , using a network of Varian V75s. The cr it ical spec i f i cat ions fo r 
the user in te r face rap id response, touch screen, large network — have all rema ined. 
The ne two r k of medical knowledge has been converted. The new sys tem is p r imar i l y 
r e s p o n s i v e to the evo lv ing computer technology, and the needs for e f f i c iency , c o s t -
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e f f e c t i v ene s s , re l iab i l i ty , portabi l i ty, etc. It should be reemphas ized that PROMIS is an 
i n t eg r a t ed s y s t em for doing the information tasks of patient care. The user in te r face , 
t hough pe rhaps its most str ik ing novelty from a computer system v iewpo int (and the 
f o cus of our interest) , is only one aspect of the total system. 

The expe r i ence with PROMIS is highly support ive of the claim made above . 
Howeve r , no deta i led analysis of the exper ience with the interface ex ists , ow ing 
p r ima r i l y to the subord inat ion of all aspects of PROMIS to the over r id ing goal of 
d e v e l o p i n g the total system. This is unfortunate, for we are th rown back most ly on 
p e r s ona l and anecdotal exper ience. (We note in passing that other inter face schemes 
a re ha rd l y if at all bet ter ana lyzed in the l iterature.) It can be said wi th some su r e t y 
that the PROMIS inter face works wel l as a pr imary interface at both the nov ice and 
e x p e r t l eve l , that the frame l ibrary provides a wor ld of medical knowledge that is 
l a r ge l y suf f i c ient to the total problem of medical care on the ward , and that the 
i n t e r f a ce s t r i kes one as highly novel and excit ing. We do not need def in i t ive ev i dence 
f r om PROMIS, of course , only enough evidence to support the ser ious exp lo ra t ion into 
the i n te r face scheme. 

In assess ing the ev idence from PROMIS it is legitimate to wonder why, if the 
i n t e r f a ce is so e f fec t ive , it has not been widely cop ied.and adapted. The answer is 
c o m p o s e d of the combinat ion of severa l factors: the technical demands and expense of 
the s y s t em; the expense and novelty of developing large nets; the embedd ing in a 
l a rge r tota l sys tem, making extract ion difficult; and the location of PROMIS iw the 
med ica l wo r l d , outs ide of the computer main stream. None of these affect the int r ins ic 
mer i t s of the communicat ion phi losophy. However, the two cost factors are important 
f o r our pu rposes , s ince they also affect ZOG. They will be taken up be low in a genera l 
d i s cu s s i on of costs . 

The claim just made for ZOG is a minimal one. We will also lay out a much 
s t r o n g e r claim, wh ich might be taken as a maximal claim. In doing so, our interrt is to 
d e s c r i b e the potent ia l i t ies of ZOG. Though convinced of the potent ia l of ZOG and 
d e s i r o u s of exp lo i t ing it, we are strongly motivated by the des i re to unders tand the 
i n t e r f a ce sc ient i f i ca l ly , to d iscover its limits as well as its strengths. The maximal c laim 
is that the ZOG t ype of interface is a p re fe r red mode of man-machine interact ion, e v en 
o v e r the use of natural language dialog with the computer in the role of inte l l igent 
agent . To unders tand this claim, we must step back a little. 

The r e are two polar v iews about how to structure man-machine interact ion. One 
is the compute r as tool. Under this v iew one wishes to make the computer a be t t e r 
too l — more respons i ve , easier to wield, more rel iable in appl icat ion, capable of do ing 
a b i gge r job at a s t roke. Contro l remains with the user. The other v i ew is the 
c ompu te r as intel l igent assistant. In this v iew one wishes to make the computer more 
in te l l igent and communicat ion with it more natural. One does not wie ld an inte l l igent 
ass i s tant , one tel ls it what one wants. Intelligent agents f igure out what is ne ce s sa r y 
and do it themse lves , without bother ing you about it. They tell you the resu l ts and 
e xp l a i n to y ou what you need to know. 

The re is a tens ion between these two views, for in an important sense 
in te l l i gence is obscure . More prec ise ly, intel l igence in oneself is i l luminating and 
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t r an spa r en t . In o thers , it is obscure and inpenetrable. This fo l lows f rom the 
tau ta log i ca l p r inc ip le that to understand another's act of intel l igence requ i re s an act of 
i n te l l i gence . And p rec i se l y what an intell igent assistant is supposed to p rov i de is 
f r e e d o m (of the user) from the effort of understanding. Put one other way, de lega t ion 
r e qu i r e s an act of faith. 

Th is t r ade -o f f - l i ke oppos i t ion between computer as tool and computer as 
in te l l igent agent is a fa i r ly deep affair, certa in ly capable of sustaining more ana lys i s 
than w e can devo te to it here. We wish to use it only to make clear a claim about a 
ZOG- l i ke in ter face . We make no assert ions whether the tension is unreso lvab le o r 
w h e t h e r the computer might not permit combining these two v iews in many as ye t 
u n f o r e s e e n ways . 

ZOG is an evo lut ion in the tool direct ion. It seeks to produce a t r anspa ren t 
d e v i c e wh i ch , in itself, has no intel l igence at all, but is immensely respons i ve to the 
use r . It seeks to do this in the arena where we normally expect to use natura l 
l anguage , namely, deal ing with large bodies of knowledge. Indeed ZOG uses natura l 
l anguage for its output (though arranged in a sort of spatial dialogue), for the user has 
g o o d dev i c e s for assimilat ing it. However, its own internal s t ructure, wh ich gove rn s 
wha t it s a y s and when it choses to say it, is completely open to examinat ion b y the 
use r . In fact, examinat ion takes place as a simple side effect of reques t ing the 
k now l edge f rom the user. 

The maximal claim then is that this mode of communication wil l be subs tant ia l l y 
s u p e r i o r to that of communication with an intell igent agent operat ing wi th in the f rame 
of the usual natura l language dialog. The control exerc ised by the user and the ab i l i ty 
to acqu i re the re levant p ieces at a rate matching the users capabi l i t ies (no matter how 
fas t ) wi l l more than offset the communication capabi l i t ies p rov ided by in te l l igence 
app l i e d to real time dialog. 

This claim does not assert the unimportance of intel l igence. A good ne two rk 
r e su l t s on ly f rom intel l igent analysis of the topic — it is f rozen intel l igence. The c la im 
r e f e r s to the p rocess of communication, to the eff ic iency of knowledge acquis i t ion o r 
comp lex p roces s contro l by a human user. Nor does this claim make an asser t ion about 
the s c ope of its appl icat ion. Dynamic situations sure ly exist in which time to cons t ruc t 
a n e t w o r k must be th rown in the balance against time to communicate by some more 
d i r e c t w a y f rom the natural ly occurr ing situation. 

Th is maximal claim, if sustained, could fair ly be cal led revo lu t ionary . What 
g r ound s are there for thinking the interface might contain the seeds of such an 
even tua l i t y , ra ther than simply the minimal claim of being another (di f ferent and usefu l ) 
va r i an t in the armator ium of all interfaces for computers? The unique p r o pe r t y of 
ZOG- l i ke in te r faces is the rate of change of visual textual (and pictor ia l) in format ion 
unde r user cont ro l . We can think of no other situation where this par t i cu lar h igh 
d e g r e e of informat ional se lect iv i ty is evident. We can expect it to y ie ld some qu i te 
n ew communicat ive phenomena. Other dynamical ly contro l led visual s i tuat ions (as in 
S k e t c hpad (Suther land, 1963)) operate at a lower interact ive rate in fo rmat iona l^ (and 
a re un ique in o ther ways) . The computer, as its speed and memory increases, opens a 
con t inua l sequence of genuinely new interact ive exper iences. The rap id r e sponse 
l a rge ne two r k in ter face is s imply one of these. 
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6. Cost 

We have d i scussed the functional potential of ZOG. It is also neces sa ry to 
d i s cu s s the costs . ZOG (and PROMIS) are expensive systems in two ways : the cost of 
the ha rdwa re , and the cost of prepar ing the networks. The appropr ia te form to d i scuss 
co s t s is in terms of sys tem demands for process ing and memory, and manpower 
demands for ne tworks . Reduction of these to dol lars confounds the issue w i th 
pa r t i cu l a r techno logy and minor design decisions. 

The technica l demand of rapid response ranges from 50 to 300 k i lobaud peak 
t r ansm i s s i on , depend ing on implementation techniques. The unpredictab i l i ty impl ied by 
the la rge ne twork essent ia l ly means this rate must be avai lable f rom large s to rage 
dev i c e s , though of course it can be shared for all terminals. Such a data rate is by no 
means out of the quest ion, but it is like d isk-core transmission rates and is v e r y high 
fo r te rmina ls . The technical demand for the large networks is about 25 megabytes of 
s t o r a ge (700 charac te rs per frame times 35,000 frames). Again, this is not out of the 
ques t i on , but is substant ia l . However it is mostly shared among all terminals. Touch 
s c r e e n capab i l i t y is itself not common on terminals. The CDC terminals we r e v e r y 
e x pen s i v e , re f lec t ing an ear l ier technology; the current technology (from Instron ics , 
Inc.) wh i ch is wedded to a regular alphanumeric terminal is stil l moderate ly expens i ve . 
But he r e demand could no doubt br ing the cost under contro l . In summary, compared 
to c u r r en t l y popular interfaces the PROMIS interface looks unatt ract ive; on ly 
subs tan t i a l conv ic t ion of its useful propert ies and/or a strong change in techno log ica l 
c o s t s wou ld lead to its exploi tat ion. 

The cost of deve lop ing the large network may be by far the largest ba r r i e r to 
the adopt ion of this phi losophy. Under current art (that of PROMIS) each frame must 
be hand c ra f t ed by a profess ional ski l led in the knowledge embedded in the f rames. 
The e x t r a ski l l to be a good frame and net designer is essent ia l ly unknown, for the 
r equ i r emen t s of this skil l are quite unknown. Certainly it is much less than content ski l l 
(i.e., more eas i l y learned). The PROMIS frame l ibrary was built as a rate of about two 
f r ames per man-day of profess ional time. The 35,000 frame l ibrary requ i red about 70 
m a n - y e a r s to generate . There are additional issues of quality contro l , debugg ing, and 
t e s t i ng . They may double the time. PROMIS estimates it has 100 pro fess iona l man 
y e a r s i nves ted in its frame l ibrary. This tremendous cost factor implies that wo r k 
done on machine aided (or semi-automatic) frame generat ion wil l become cr i t ica l to the 
adop t i on of this ph i losophy. 
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7. Next Steps 

F rom the genera l descr ipt ion we have given, the main l ines of s tudy and 
deve l opmen t needed to understand rapid response large network communicat ion ' 
i n t e r f a ce s are apparent : 

(1) Cons t ruc t i on of large networks for severa l domains wi th va r y i ng task 

cha rac t e r i s t i c s . 

(2) Deve lopment of techniques for construct ing large networks . 

(3) Exp lo ra t ion of the human performance as a funct ion of des ign parameters , to 
e nab l e opt im iza t ion of the design and evaluat ion of t rade-of fs against eng inee r i ng 
cos t s . 

(4) Eva luat ion of the total system performance against a l ternat ive schemes fo r 
accomp l i sh ing the same communication goals. 

(5) Des ign studies to exp lore system costs and eff icient implementat ions. 

This is not the place to lay out detai led plans. However, a few genera l r emarks 

a re app rop r i a t e . 

D i f fe rent task domains impose different patterns of demands. Our init ia l 
app l i ca t i on domain is as a guide system to the facil it ies of the Computer Sc ience 
Depa r tmen t at CMU, including the program facil it ies on our computers. This combines 
t o p - d o w n expos i t i on plus guided use of programs plus cross indexing. Poss ib l y it wi l l 
e x e r c i s e user prof i l ing, though that is not certain yet. Another potent ia l app l i cat ion is 
as a command language for C.mmp. This would put more stress on ZOG's abi l i ty to be 
u s ed rou t i ne l y in an operat ional mode. Neither of these involves the g row th of the 
f r ame ne two r k as an essent ia l feature. The use of a ZOGNET to represent a des ign 
spec i f i c a t i on or a project plan where the net is to be built by the par t i c ipants 
t hemse l ve s , wou ld lay s t ress on the net-construct ion activit ies. The point is on ly that 
a r ange of app l icat ions wil l be required in order to uncover the ways a ZOG in te r face 
can be used and unders tand its strengths and weaknesses. 

We noted the large cost of developing the nets. Discover ing aids to this p r o ce s s 
is e s sen t i a l . Nets themselves appear to have much redundant s t ructure, stemming f rom 
the advantage to the user of predictabi l i ty in how to use the net. With the 
deve l opmen t of some pr inc ip les of net construct ion is seems poss ib le to bui ld some 
a ids to cons t ruc t i on . How much of the burden they might lift is hard to know at th is 
po int , e spec i a l l y when the knowledge resides in the net-bu i lder 's head, so must be 
e n t e r e d into the machine by a l inear typ ing process ing in any event. Organ iz ing the 
net is a s igni f icant aspect of net building and here construct ion aids might be qu i te 
u se fu l . This latter could also assure aspects of net qual ity by consistent adherence to 
c e r t a i n o rgan i za t iona l schemes. 
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The next two items joint ly show the need to understand the per fo rmance of the 
to ta l s y s t em cons is t ing of a user+ZOG+ZOGNET. The third item ref lects the in terna l 
c o n c e r n w i t h d i s cover ing the best way to construct a ZOG sys tem (e.g., how important 
is the f rame response time, how should the display be arranged). The four th item 
r e f l e c t s the per fo rmance of the total system. Though some human factors wo r k has 
b e e n done on man-machine interfaces, the current art does not of fer good theo r i e s o r 
da ta for these tasks (it does prov ide good experimental methodology for answer i ng 
spec i f i c quest ions) . Our approach is to try to construct an information p roces s i ng 
mode l of the user ' s behav ior (Newel l , 1977) that would give us some leverage on bo th 
t h e se i ssues . 

The f inal item involves explor ing the implementation space. The high s y s t em 
cos t s a s su res that this is a problem. However, it is probab ly the least of all the 
p r o b l e m s on the list. The ultimate appeal of ZOG-like schemes is in the qual i ty of 
i n t e r a c t i on they of fer , so that establ ishing the performance aspects and deve lop ing an 
app r e c i a t i o n for them wil l be the pr ior i ty issues. 
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Appendix I. ZOG Communications Language 

Under normal c i rcumstances, ZOG routes character streams f rom a number of 
s o u r c e s of input to a number of logical output devices. Any one of these input 
s o u r c e s may invoke the communications language with one of three escape cha rac te r s : 
TA ( con t ro l -A ) , TB, or TD. These escape characters prov ide suppor t for the t h r ee 
bas i c fac i l i t ies that ZOG prov ides: ZOGNET posit ioning, communications cont ro l , and 
ZOGNET modi f icat ion. A f ter the command has been executed, the charac ter s t r eam 
con t i nues to f low as determined by the new state. The fo l lowing is a comp le te 
s ummary of fea tu res of the communications language (with the appropr ia te e s cape 
c h a r a c t e r s hown be fo re each command). 

L I . ZOGNET Positioning Commands 

TATA - Send TA as though no escape occurred. 

TAD - D i sp lay cur rent frame. This command is useful if the d isp lay area becomes 
c l u t t e r ed and the user wishes to redisplay the frame. 

T A M - Ma r k cu r ren t frame for later return. 

TAR - Re tu rn to the last marked frame. 

T A B - Back up one frame. 

TAN - Next opt ion . This command goes to the prev ious frame and se lec ts the op t i on 

fo l l ow ing the one last se lected. It is useful whi le exp lor ing an unfami l iar 

ne two rk . 

TAGm.n; - Go to f rame n in subnet m. 

TAG - C l ea r backup list. Each time the user makes a select ion, the frame he was at is 
s a v ed in a backup list. This list is used by Backup, Mark, Next, and Re tu rn to 
p r e s e r v e state. The Clear command empties this list, w i th the s ide e f fec t of 
r emov ing any "marks". 

L 2 . Communications Control Commands 

TBTB - Send TB as though no escape occurred. 

TBP<input> - Push input route. The current list of outputs to which the spec i f i ed input 
are rou ted is saved. <input> is a single character: F for f i le, K for k e yboa rd , T 
fo r t ouch - s c r een , A for action, Z for ZOGNET pr int ing, J for subjob, and E fo r 
e cho f rom subjob. 
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TBU<input> - Pop input route. Restores the list of outputs for the spec i f i ed input, 
assuming that a TBP<input> was prev ious ly done for that input. O therw i se , it 
does noth ing. 

TBR<input><outputl>...<outputn>; - Route input to outputs. This command es tab l i shes a 
l ist of outputs for a spec i f ied input. <outputm> is a single charac ter : S for 
se l ec t i on process ing , Z for ZOGNET building, J for subjob, F for f i le, U for user 
d i sp lay , D for frame display, and C for context display (are for "marked" f rame 
number) . 

TBI<fi lenam.ext>; - Open input fi le. Once opened, an input fi le wil l be read to its end , 
w i t h eachucharacter being sent to each output devices spec i f ied in the f i le input 
rou te . TBI; wi l l cause a prompt to be pr inted and the fi le name to be ob ta ined 
f rom the keyboa rd . 

TBO<fi lenam.ext>; - Open output fi le. Any output d i rected to the output fi le be fo re it is 
o p e n e d wi l l be ignored. TBO; will cause a prompt to be p r i n t ed and the f i le 
name to be obta ined from the keyboard. If the file a l ready exists, the user wi l l 
be g i ven a chance to abort the open. 

TBC - C l o se output f i le. 

T B M - P lace sub job in monitor mode. This is equivalent to sending a Ser ies of TC's to 
the sub job . 

TBE - Exit f rom ZOG. If a subjob has been logged in, this wil l logout the sub job . If an 
output f i le has been opened, this will close it. TC is t rapped by ZOG and wi l l 
cause a TBE unless the keyboard is routed to the subjob, in which case it wi l l be 
pa s sed on to the subjob. 

TBS<fi lenam.ext>; - Save ZOG. This command will save your current core image on 
spec i f i ed f i le. TBS; wil l prompt for file name. 

TB? - P r in t rout ing information. This command will print a map of where each input is 
c u r r en t l y routed. It also prints information about opened fi les. 

TBDv,h; - Pos i t ion d isp lay cursor . This command takes a vert ica l line number, v, f rom 1 
to 25 , and a hor izonta l character posit ion, h, from 1 to 80, and moves the cu r so r 
to that locat ion. When ZOG is started, it asks the user what kind of termina l he 
is us ing. This al lows actions and subjobs to be terminal independent. 

TB. - C l ea r d i sp lay . 

L 3 . ZOGNET Modification Commands 

TDTD - Send TD as though no escape occurred. 
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TDFm.n; - Send f rame n in subnet m. This command sends the externa l (BH) fo rm of the 
spec i f i ed f rame to outputs l inked to the ZOGNET pr int ing input. The BH fo rm is 
t e rm ina ted by a TZ. 

TDFm.n,<desc> - Send part of frame n in subnet m. This command behaves as TDFm.n; 
e x cep t that it sends only part of the frame. <desc> is: T for f rame t i t le, F fo r 
f rame text, X for frame action, C for frame comment, or S<char> for a se l ec t i on 
(opt ion or pad). 

TDGn; - Send global pad n. This command sends the BH form of the spec i f i ed g loba l 

pad . 

TDSm; - Send subnet m. This command sends the BH form of all f rames in the spec i f i ed 

subnet . 

TDX - Send all g lobal pads. This command sends the BH form for all g lobal pads. 

TDT - Send all subnet descr iptors . This command sends BH descr ip tors for all subne t s . 
A subnet desc r ip to r spec i f ies the subnet index and print name. 

TDW - Send who le ZOGNET. This command sends all subnet descr ip tors , all g lobal pads, 

and all f rames in BH form. 

TDAm.n; - Send accessors to frame n in subnet m. This command sends the BH fo rm 
for each frame which accesses the speci f ied frame. 

TDC - Send cu r ren t frame number. This command sends "m.n;", whe re the cu r ren t 

f rame is number n in subnet m. 

TDNm; - Send new frame number for subnet m. This command sends "m.n;" whe r e n is 
the next f ree frame number in subnet m. It sends "0;" if no room is left. 

TDZ - Send new global pad index. This command sends "n;" or "0;" to spec i f y the next 

f r ee g lobal pad index. 

TDUm; - Send name of subnet m. This command sends "name;". 

TDVname; - Send index of subnet with speci f ied name. This command sends "m;". 

TD?m.n; - Does frame n in subnet m exist? This command sends e i ther "Yes;" or "No;". 

TDPm.n; - P r e s e r v e frame n in subnet m. A copy of the spec i f ied frame is made and . 
p l aced on a centra l list of p rese rved frames. The vers ion number of the f r ame 
is upda ted . 

TDR - Res to re latest p r e se r ved frame. 

TDC - Cance l latest p re se r ved frame. This command wil l e rase the p r e s e r v ed f rame. 
A l s o note that TAC wil l cancel all p reserved frames. 
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TDYm.n; - D isp lay f rame n in subnet m. This command d isp lays the spec i f i ed f rame in 
the same way the se lect ion processor displays frames. 

TDYm.n,<desc> - Disp lay part of frame n in subnet m. This command d i sp lays the 
spec i f i ed part in BH form. <desc> is the same as for TDFm.n,<desc>. 

TDDm.n; - De lete frame n in subnet m. 

TDDm.n,<desc> - Delete part of frame n in subnet m. <desc> is the same as fo r 
TDFm.n <desc>. 

TDMm.n,m.n; - Move f i rst frame to second location. This commands is a des t ruc t i ve 
move; i.e., the source wil l no longer exist, any frame res id ing at the des t ina t ion 
be f o r e the move wil l no longer exist, and the moved frame wi l l have its f rame 
name changed to fit its new location. 

TDIm.n; - Enter ZED create mode for frame n in subnet m. 

TDEm.n; - Enter ZED alter mode for frame n in subnet m. 
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Appendix II. ZED - The Frame Editor 

The f rame edi tor , cal led ZED, is composed of three major par ts : (1) a set of 
f r ames that a l low you to delete frames, move frames from one subnet to another , and 
c r e a t e new subnets ; (2) a creat ion mode which guides you whi le bui ld ing new f rames; 
and (3) an a l ter mode for alter ing a single frame. 

I L L ZED Frames 

The root node of the ZED network provides the fol lowing opt ions. 

1. A l t e r any f rame. If se lected, this opt ion prompts for a frame number and en t e r s 

a l ter mode. 

2. C r e a t e any frame. If se lected, this opt ion prompts for a frame number and en t e r s 

c r ea te mode. 

3 . De f ine a new subnet. If se lected, this opt ion generates the next avai lable subnet , 
asks for its pr int name, and enters create mode for the root node of the new 

subnet . 

4. De le te f rame. Prompts for a frame number. 

5. M o v e f rame. Prompts for source and destination. 

6. Ut i l i t ies . This opt ion goes to a frame which provides a means for read ing and 
wr i t i ng BH f i les (the external format for frames). 

7. M o r e in format ion. This opt ions enters the rest of the ZED subnet and p rov i de s 
de ta i l ed he lp for all opt ions on the root node and in create and alter modes. 

IL2. ZED Create Mode 

C rea t e mode prov ides guidance in building a new frame, whi le a lways d i sp l ay ing 
the cu r r en t s tate of the frame being built. It fol lows the fo l lowing s teps. 

1. A b o r t w i th e r r o r if frame being created already exists. 

2. A s k for subnet pr int name if not already known. 

3 . In i t ia l i ze f rame by copy ing default frame for subnet (frame m.O, whe re m is the 
subne t number). Will use default frame for whole system (frame 1.0) if subne t 
defau l t not def ined. Set frame identif ication and store new frame in subnet . 
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4. C l ea r s c r e en and d isp lay frame being created. 

5. P romp t for t i t le, if not a lready def ined (by default). Assumes tit le pos i t ion is l ine 1, 
co lumn 1. Takes a str ing terminated by an altmode or ca r r i age - re tu rn . 

6. P r omp t for text, if not a lready def ined (by default). Assumes text pos i t ion is l ine 3, 
co lumn 1. Takes a str ing terminated by an altmode. 

7. P romp t for opt ion, if not a lready def ined (by default). Assumes pos i t ion w i th one 
b lank l ine after last line of text. Prompts with the se lector digit ( f rom 1 to 9). 
Takes a s t r ing terminated by an altmode or car r iage- re turn . Prompts for next 
f rame for this opt ion, with default next frame being the next avai lable f rame in 
the subnet . A l lows user to user default next frame, no next f r ame /o r specif ied* 
next f rame. 

8. P rompt for next opt ion up to opt ion 9. An empty str ing on an opt ion wil l te rminate 
the op t ion list. 

IL3 . ZED Alter Mode 

The des ign for alter mode was der ived from extending the one dimensional SOS 
a l te r mode (Weiher and Savi tzky, 1970) to a two dimensional frame alter mode. The 
f r ame is a lways d i sp layed while it is edited. The user types s ingle cha rac te r 
commands ( l is ted below), which are not echoed. The effect of the commands is to a l ter 
the f r ame as d i sp layed . Al l alterat ions are made to a copy of the framC, so that the 
u se r may abort the edit wi th no changes made. 

When alter mode is entered, a check is made to ensure that the frame is a l r eady 
d e f i n ed . If it is not, alter mode aborts with an er ror message. It it is, a copy is made 
of it, and the copy is d isp layed. The cursor is set to the f irst character of the t i t le , 
w h i c h becomes the cur rent item being edited. 

Most of the fo l lowing commands may be preceded by a number ( r ep re sen ted b y 
l o w e r case n), wh ich indicates a repet i t ion of the operat ion. In genera l , uppe r case 
commands are for manipulat ing items (title, text, options, local pads, g lobal pads), and 
l o w e r case commands are for manipulating text (within the current item). 

Gene r a l commands: 
h or H or ? - Pr int alter mode help 
q or Q - Quit alter mode; no change to frame 
e or E - Exit alter mode with altered frame. 

Item commands: 

n<space> - Sk ip n characters in current item 
n<del> - Back up n characters in current item 
I - Back to start of current item 
ns<char> - Search for n'th occurrence of <char> in current item 
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i<char>$ - Insert characters in current item to altmode 
nd - Delete n characters in current item 
^ - Res to re cu r ren t item 
nk<char> - Kill (delete) to n'th occurrence of <char> in current item 
nm<char><chars>$ - Munch (kill and insert) 
t - T r anspose next two characters in item 
nc<n-chars> - Change next n characters in item 

F r ame commands: 
n<l ine-feed> - Sk ip n frame items 
n<altmode> - Backup up n frame items 
L - Back up to tit le (first frame item) 
S<char> - Sea rch for se lect ion with <char> as se lector 
I - Insert item; prompts for arguments 
D - De lete item 
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Appendix III. External Frame Format - BH Files 

The ex te rna l frame format was chosen to provide a means of t ranspor t ing and 
e x p o r t i n g ZOG f rames and nets to other ZOG systems. It was chosen to be compat ib le 
w i t h a b i b l i og raphy maintenance program, called BH (Newcomer, 1976), to al low use of 
the so r t i ng fea tu res of BH if des i red. A BH file contains a ser ies of ent r ies w i th each 
e n t r y conta in ing a number of elements. The first element must be a +A+ element. The 
o t h e r e lements are all label led with +<char>+. The fol lowing BH compat ib le format is 
u s ed for ZOG frames. See Figure 18 for an example of its use. 

+A+ m.n v - Ent ry header. Define frame n in subnet m with vers ion number v. If v is 
less than or equal to an exist ing vers ion number, then bypass this o ld ve r s i on . 
If v is ze ro , then augment the exist ing frame rather than replac ing it. 

+A+ -n - A l t e rna te en t r y header. Define global pad n. 

+A+ 0 - A l t e rna te en t ry header. No frame or pad def ined. This en t ry is used to 
spec i f y informat ion global to a ser ies of entr ies, like comments or subne t 
des c r i p t o r s . 

+G+ n - G loba l pad index. This speci f ies that the frame being def ined should inc lude 
the spec i f i ed global pad. BH allows the use of & to repeat the last +<char>+ 
e lement , so +G+ n l & n2 & n3 & ... & nm can be used to spec i fy a se r i e s of 
g loba l pads for a frame. 

+N+ m "name" - Subnet descr iptor . This specif ies that subnet m can be r e f e r enced b y 
the spec i f i ed pr int name. Subnet descr iptors should appear in a +A+ 0 en t r y 
be f o r e the f i rst frame definit ion for that subnet. This is necessary because the 
f rame ident i f icat ion, which is constructed when the frame is def ined, is built f rom 
the f rame number and the subnet print name. 

+C+ "comment" - Comment. If a frame is being defined, the comment is inc luded as 
par t of the frame, although it is not normally d isp layed. Otherwise, the comment 
is i gnored . 

+F+ <desc> m.n - Next frame number. This specif ies the next frame for e i ther an 
op t i on or a pad. <desc> is descr ibed below. 

+P+ <desc> v h - Pos i t ion. This specif ies the cursor start ing pos i t ion (vert ica l and 
hor i zonta l ) for an opt ion or pad. 

+T+ <desc> "text" - Text. This speci f ies the text which is d i sp layed as part of an 
op t i on or pad. It should include the selector character and some indicat ion of 
whe the r making the select ion would result in any action or next f rame (i.e., if 
not, the se lec tor character should be preceded by a " - " ) . 

+X+ <desc> "ac t ion" - Act ion. This speci f ies the character str ing which wil l be used as 
ac t ion input when the opt ion or pad is selected. 
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+ p + > + p + > +T+, and +X+ are used to character ize a select ion (opt ion or pad). A n y of 
them may be omitted. <desc> speci f ies which opt ion or pad is be ing 
cha ra c t e r i z ed . <desc> = T - frame tit le (for +P+ &nd +T+ only) F - .frame text 
( for +P+ or +T+) - frame action (for +X+) - il legal for +F+ 0<char> - op t ion w i t h 
se l e c to r char. L<char> - local pad with selector char. G<char> - g loba l pad 
(on ly if def in ing a global pad) 

Tex t appea r i ng be tween double quotes may be multiple l ines long. M " wi l l f o r c e a 

s ing le " to be included in the text. Because of BH limitations, + and & must be 

e n t e r e d as ++ and &&. 
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Appendix IV. Terminology 

The fo l low ing is an a lphabet ized list of terms used throughout the paper w i th a 
b r i e f de f in i t i on for each. 

a c c e s so r - If f rame A has a select ion whose next frame is frame B, then f rame A is 
sa id to be an accessor to frame B. Each frame has a list of all its accessors fo r 
maintenance purposes . 

ac t i on - A n act ion is a text str ing which may appear in a se lect ion or a f rame. The 
i n t e rp re ta t i on of an action is to send the characters to the set of logical ou tput 
dev i ce s l inked to the "act ion" logical input device. Escape characters p resen t in 
the text wi l l invoke the communications language. 

BH - A b i b l i og raphy sys tem (Newcomer, 1976). 

BH format - A BH compat ib le format which we use for an external r ep resen ta t i on of 
f rames. 

commun ica t ions language - A language which can be invoked through e s cape 
cha rac t e r s TA, TB, or TD from keyboard, input fi le, subjob, or act ions. It 
s uppo r t s ZOGNET posit ioning, communications control , and ZOGNET modi f icat ion. 

commun ica t ions rout ing - Each logical input device is routed to a set of logical o u t p u t 
dev i ces . The communications language can control this rout ing informat ion. 

c on t ex t d i sp lay - A window near the upper right corner of the d isp lay area wh i ch is 
u sed to show the frame identif ication of the last marked frame. This is the 
f rame to wh ich a re turn would return. 

C.mmp - A mul t i -min i -processor being deve loped at Carneg ie-Me l lon Un ivers i ty . The 
r ap i d - r e s pon se vers ion of ZOG will reside on this computer. 

e s c a p e cha rac te r - A d ist inguished character which forces a specia l i n te rp re ta t i on on 
the next character . In ZOG, the characters TA, TB, and TD are escape cha rac te r s 
to invoke communicat ions language commands. 

f r ame - The basic d isp lay unit. A frame contains some text and a menu of se lec t ions , 
and may conta in an action to be interpreted on entry. 

f r ame act ion - The act ion to be interpreted on entry to a frame. 

f r ame comment - Text which may be included in a frame, but which is not normal ly 
d i sp l a yed . 

frarne d i sp l ay - The d isp lay area used for showing the frame. 
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f r ame ident i f i ca t ion - The print name for a frame. It is normal ly the subnet name 
f o l l owed by the re lat ive frame number (e.g., Z0G36). It is a lways d i sp l a yed in 
the uppe r r ight corner of the display. 

f r ame l i b r a r y - The total set of frames which exist. The total co l lect ion of ex i s t ing BH 

f i les . 

f r ame number - The subnet index and relat ive frame number. The f rame number is 
normal ly in the form "m.n", meaning frame M n " in subnet "m". 

f r ame text - A character str ing included in a. frame and d isp layed when the f rame is 

d i s p l a yed . 

f r ame t i t le - A character s t r ing included in a frame and d isp layed when the f rame is 
d i s p l a yed . By convent ion, the title is one line long and is d i sp layed on the top 
l ine of the d isp lay. 

g l oba l pad - A pad which is common to a large part of the ZOGNET. Global pads are 
s t o r ed g loba l ly and are accessed through global pad indices. 

g l oba l pad index - The number which is used to access a global pad. 

G r aph i c s D isp lay P rocessor - A vector drawing graphics sys tem deve l oped at 
Ca rneg i e -Me l l on Univers i ty . This system is one of the pr imary components in a 
ZOG termina l . 

IMS d isk - A secondary storage device used on C.mmp for paging. This dev i ce has 
page t rans fe r feature which al lows zero latency access to pages. It is one of 
the p r imary components in a ZOG terminal. 

l a r g e - n e t w o r k - A large set of frames is necessary in a rap id - response sys tem. The 
PROMIS sys tem has approximately 40,000 frames. 

loca l pad - A pad which is local to a frame. These normally appear in the r ight co lumn 
of the d i sp lay and are se lected with upper case a lphabet ics. They a re 
d i s t ingu i shed f rom opt ions only by the next ZOGNET posit ioning command. 

log ica l input dev ice - A source of input for ZOG. Current ly , one of: input f i le , 
k e yboa r d , touch screen, actions, ZOGNET print ing, subjob, or echo f rom sub job . 

log ica l output dev ice - A dest inat ion for characters being p rocessed by ZOG. 
Cu r r en t l y , one of: null, select ion processor, ZOGNET bui lder, subjob, output f i le , 
user d i sp lay , frame display, or context display. 

L* - A n in te rac t i ve system-bu i ld ing system deve loped at Carneg ie -Me l lon Un i ve r s i t y 

(Newe l l , F reeman, McCracken, and Robertson, 1970). The language used to 

implement ZOG. 

menu se l ec t i on - The technique of d isplaying a set of a l ternat ives and a l lowing the 
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user to se lect from that set. This technique has a long h is tory of use for man -
machine communicat ion. 

n e t w o r k - A co l lect ion of frames. 

o p t i o n - A se lec t ion which normally conveys information and, if se lected, moves the 
user to a new frame. Options are d isp layed in the middle of the d i sp lay a rea 
and are se lec ted with digits. 

p ad - A se lec t i on which normally performs some action, and may or may not move the 
use r to a new frame. There are two kinds of pads, local and global . 

P D P 1 0 - A 36 -b i t wo rd computer. The current implementation of ZOG is on th is 
machine. 

PROMIS - A medical information system being deve loped at the Un ivers i ty of Ve rmont 
(Hurst and Walker, 1972). The PROMIS system is the f irst sys tem to use a rap id 
r e sponse , large network, menu select ion communication phi losophy. 

r a p i d - r e s p o n s e - When a se lect ion is made, the next frame should be d i sp layed rap id l y 
enough that it appears instantaneous to the user. In pract ice, this means less 
that 1/4 second 707 of the time. 

r e l a t i v e f rame number - Each frame belongs to a subnet and is numbered re la t i ve to 
that subnet . For example, Z0G36 is the 36^11 frame in the ZOG subnet , and its 
r e l a t i ve f rame number is 36. 

s e l e c t i on - A part of a frame which is d isp layed as part of a menu and may be se l e c t ed 
b y the user . A se lect ion is either an option, a local pad, or a global pad. 

s e l e c t i on act ion - An action which associated with a select ion. It is i n te rp re ted if the 
se lec t i on is se lected. 

s e l e c t i o n p roces s i ng - The part of ZOG which takes a character and se lects an opt ion , 
local pad, or global which is then evaluated. To evaluate a se lec t ion , the 
se l ec t i on p rocesso r interprets the select ion action, if any, then gets the next 
f rame, if any, then d isp lays the frame, if new, then in terprets the frame act ion, if 
new. 

s e l e c t o r cha rac te r - A character s tored as part of a se lect ion and used by the 
se l ec t i on p rocessor . 

SOS - A l ine o r i en ted text editor deve loped at Stanford (Weiher and Sav i t zky , 1970). 

s u b j o b - A second job under the control of the ZOG job. It may be used to run an 
a r b i t r a r y program. Communication to it is through the subjob logical input and 
logica l output devices. 

s ubne t - A co l lect ion of frames with a common purpose. Frames wi th in subnet are 
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acces sed re la t ive to the subnet. A subnet is re fe renced by an index and may 
have a pr int name associated with it. 

s ubne t index - The number used to refer to a subnet. 

s ubne t name - The print name associated with a subnet. 

s ubne t root node - Relat ive frame one in a subnet. Entry to and subnet is normal ly 

t h rough its root node. 

t ou ch s c r e en - A c lear glass sc reen placed over a display terminal, wh ich r e sponds to 
the touch of a human f inger with a pair of coordinates. 

u s e r d i sp l ay - The d isp lay area rese rved for arb i t rary user use. On terminals wh i ch 
have small sc reens , this can be anywhere on the display, de termined b y the 
locat ion of the cursor . On large screen graphics, this is a separate w indow. 

u se r p ro f i l e - A user def ined set of modifications to the system which ta i lors the 
s y s t em to the users needs. In ZOG, this is accomplished by a l lowing use r s to 
edi t f rames and maintain their own copies. 

v e r s i o n number - Each frame has a vers ion number s to red wi th it to aid in 

maintenance. 

ZOG - A man-machine interface. The original ZOG was deve loped at Ca rneg i e -Me l l on 
Un i ve r s i t y in 1973 (Newell , Simon, Hayes, and Gregg, 1972), and s t r e s s ed the 
gu idance aspects of the interface. The latest ZOG, Z0G2, is the top ic of th is 
pape r . It s t resses rap id- response and large-network for guidance and o the r 
app l i ca t ions . 

ZOG- l i ke s y s t em - A system which uti l izes rap id- response, l a rge-ne twork , menu 

se l ec t i on for man-machine communication. 

ZOGNET - The set of frames which the user can access through ZOG. 

ZOG termina l - A spec ia l i zed terminal designed for rapid response. This inc ludes a 
G raph i c s Disp lay Processor , an IMS disk, and a touch screen. 

ZED - A f rame ed i tor . This sys tem includes three parts: a create mode, an alter mode, 
and a ZED subnet for delet ing and moving frames. 
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