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ABSTRACT 

An I-SPACE is a l a r g e human-machine i n f o r m a ­
t i o n space, designed e s p e c i a l l y f o r env i ronments 
where l a r g e amounts o f d i s t r i b u t e d i n f o r m a t i o n , 
and t o o l s f o r us i ng t h a t i n f o r m a t i o n , must be 
i n t e r f a c e d to a wide v a r i e t y o f users i n r e a l 
t i m e . The i m p o r t a n t c h a r a c t e r i s t i c s of an I-SPACE 
a re t h a t i t p resen ts a p o w e r f u l , but un i f o rm and 
s imp le i n t e r f a c e t o a l l u s e r s , t h a t i t pe rm i t s 
users t o s y n t h e s i z e i n f o r m a t i o n from d i v e r s e p a r t s 
o f the I-SPACE f o r s imu l taneous v i e w i n g and mani -pu l a t i o n v i a t h e i r sc reens , a n d t h a t i t accommo-

a tes a c l u t t e r e d desk top env i ronment , where 
a c t i v i t i e s can be se t as ide ( b u t kept up to date 
by r e a l - t i m e mechanisms), then l a t e r r e tu rned t o . 
We d e s c r i b e the Goddard I-SPACE, a p r o t o t y p e sys ­
tem f o r Goddard Space F l i g h t Center , an a rche type 
o f o r g a n i z a t i o n s in need o f an I-SPACE. Th i s 1-
SPACE is p r e s e n t l y r unn ing on a VAX, and w i l l soon 
i n c o r p o r a t e a l a r g e m u l t i p r o c e s s o r to handle 
r e a l - t i m e s c h e d u l i n g and e v e n t - d r i v e n p a t t e r n 
ma tche rs . 

1- The I-SPACE Concept 

I n f o r m a t i o n growth i n modern s o c i e t y i s o u t ­
pac ing the i n d i v i d u a l human s a b i l i t y to access 
and s y n t h e s i z e i n f o r m a t i o n . Whi le t h i s problem 
a p p l i e s t o a l l segments o f s o c i e t y , i t i s most 
n o t i c e a b l e in l a r g e commerc ia l and governmenta l 
o r g a n i z a t i o n s , where teams of both t e c h n i c a l and 
n o n - t e c h n i c a l p r o f e s s i o n a l s must work coopera­
t i v e l y toward goa l s whose s o l u t i o n s demand the 
c o o r d i n a t i o n o f s u b s t a n t i a l amounts o f i n f o r m a t i o n 
in a t i m e l y f a s h i o n . The ve ry e x i s t e n c e o f such 
l a r g e s o c i e t a l e n t i t i e s and t h e i r o f t e n a m b i t i o u s 
goa ls can be a t t r i b u t e d , in p a r t , to computers and 
advanced s o f t w a r e t o o l s . I t seems a p p r o p r i a t e , 
t h e r e f o r e , t h a t computers be a p p l i e d toward the 
s o l u t i o n o f problems which r e s u l t from t h i s i n f o r ­
mat ion e x p l o s i o n . 

We d e s c r i b e here the I-SPACE p r o j e c t , a 
human-machine system designed to i n t e r f a c e both 
t e c h n i c a l and n o n - t e c h n i c a l p r o f e s s i o n a l s t o „ t h e 
l a r g e , dynamic, and d i f f u s e i n f o r m a t i o n space" i n 
which tney conduct t h e i r d a i l y p r o f e s s i o n a l 
a c t i v i t i e s . T h i s p r o j e c t shares some goa ls w i t h 
the PIE p r o j e c t [ G o l d s t e i n 1960a] and the ZOC p r o ­
j e c t [ N e w e l l 1 9 7 7 ] , bo th advanced human-machine 
i n f o r m a t i o n systems. However, i n our p r o j e c t , 
more emphasis is p laced on the r e a l - t i m e a c q u i s i ­
t i o n and s y n t h e s i s o f i n f o r m a t i o n from d i v e r s e , 
o f t e n g e o g r a p h i c a l l y d i s t r i b u t e d sou rces . 

Goddard Space F l i g h t Cen te r , an example of an 
o r g a n i z a t i o n w i t h needs i n these a reas , i s the 
env i ronment f o r which we are d e s i g n i n g the c u r r e n t 
I-SPACE. . ,At t h i s c e n t e r , as many in 20 da ta p r o -
ceas ing "emp i res " engage i n p r o j e c t - s p e c i f i c 
a c t i v i t i e s i n v o l v i n g the e n g i n e e r i n g , s c i e n c e , and 
a d m i n i s t r a t i o n o f n e a r - e a r t h s a t e l l i t e s . Data i s 
everywhere : sc ience da tabases , e n g i n e e r i n g i n f o r ­
mat ion (some o n - l i n e , some n o t ) , a d m i n i s t r a t i v e 

* T h i s research was suppor ted by the Goddard 
Space F l i g h t Center under c o n t r a c t iNA35-25764. 

schedu le r , system documenta t ion , exper iment 
schedu les , and so f o r t h . Whi le each empire runs 
a d e q u a t e l y , t he re i s no c e n t r a l i n f o r m a t i o n hub 
which a l l o w s , f o r example, a bew i lde red v i s i t i n g 
s c i e n t i s t to g a i n a grasp o f what sc ience da ta i s 
a v a i l a b l e , o r a Goddard a d m i n i s t r a t o r to a s c e r t a i n 
the a d r a i n i s t r a t i v e or t e c h n i c a l s t a t u s o f some 
s u b p r o j e c t . The dynamic na tu re of Goddard s m is ­
s i o n o p e r a t i o n s , and the need f o r t i m e l y access o f 
i n f o r m a t i o n , magni fy the bas ic problem of a 
human's i n a b i l i t y to dea l w i t h massive amounts o f 
i n f o r m a t i o n . 

The I-SPACE is a p r o t o t y p e i n f o r m a t i o n hub 
f o r Goddard. By l o g g i n g i n t o t h i 3 hub, a user 
e n t e r s the Goddard i n f o r m a t i o n space, a po ten ­
t i a l l y vas t c o l l e c t i o n o f frames ( a k i n t o 
S m a l l t a l k ' s c l asses and o b j e c t s [ I n g a l l s 1976 | , as 
used in the PIE system I [ G o l d s t e i n 1980b). 
Regions of the I-SPACE dea l w i t h v a r i o u s aspec ts 
o f Goddard s o p e r a t i o n s ( e . g . , s c i e n c e , e n g i n e e r ­
i n g , s p e c i f i c p r o j e c t s , a d m i n i s t r a t i o n , m a i n t e ­
nance, exper iment s c h e d u l i n g , s p e c i f i c space­
c r a f t ) , and the user roams through t h i s space 
i n t e l l i g e n t l y a s s i s t e d by the system. As he 
proceeds, the c u r r e n t frame genera tes a h i g h reso ­
l u t i o n CRT r e p r e s e n t a t i o n of i t s e l f as a form w i t h 
a c o l l e c t i o n o f s l o t s ( t h e s p e c i f i c c o n t e n t s o f 
the f r ame) . When he reaches a frame. of i n t e r e s t . 
he reques ts t h a t the I-SPACE system " f o c u s ' t h a t 
f rame. As we d e s c r i b e below, a focused frame puts 
the user i n r e a l - t i m e touch w i t h t h a t f r ame ' s con­
t e n t s , p r o v i d i n g i n e f f e c t a c o n s t a n t l y upda ted , 
syn thes i zed v iew o f s e l e c t e d I-SPACE i n f o r m a t i o n 
r e l e v a n t to 3ome t a s k . " I n v o k i n g " a focused 
f r a m e ' s s l o t i s tantamount t o r e q u e s t i n g t h a t some 
compu ta t i on be pe r fo rmed , so t h a t the 1-SPACE is 
in f a c t a programming env i ronment as w e l l as an 
i n f o r m a t i o n sys tem. In e f f e c t , the I-SPACE 
rep laces the c o n v e n t i o n a l o p e r a t i n g sys tem. 

In the s e c t i o n s below, we d e s c r i b e the 
sys tem 's concep tua l d e s i g n , hardware and s o f t w a r e 
a r c h i t e c t u r e s , human-machine i n t e r f a c e , and 
c u r r e n t and p o t e n t i a l q u a l i t i e s as an a r t i f i c i a l l y 
i n t e l l i g e n t manager o f l a r g e amounts o f i n f o r m a ­
t i o n . 

2. Conceptua l Design 

The main goa l of an I-SPACE is to d e l i v e r a 
s imp le i n t e r f a c e th rough which the user ga ins 
screen access t o a l l i n f o r m a t i o n and t o o l s 
a p p r o p r i a t e t o the s o l u t i o n o f h i s task a t hand. 
A second goa l i s t h a t i n f o r m a t i o n be d e l i v e r e d in 
a dynamic f a s h i o n , which o f t e n means r e a l - t i m e . 
The user must be g i v e n the i l l u s i o n of l o o k i n g 
th rough power fu l windows at data t h a t may be 
changing fey the second or m inu te . At Goddard, such 
data cou ld be o r b i t a l or e n g i n e e r i n g data f rom a 
s p a c e c r a f t , data be ing rou ted f rom one 
a d m i n i s t r a t o r ' s screen to a n o t h e r ' s sc reen , newly 
updated sc ience d a t a , a b u l l e t i n about a hardware 
f a i l u r e or schedule change, and so f o r t h . The 
user must be g i v e n d i r e c t c o n d u i t s to and from the 
i n f o r m a t i o n sources w i t h which he must dea l in 
p e r f o r m i n g h i s j o b . 

An i n t e r e s t i n g image comes to mind at God­
d a r d , where the re a re a l ready many poo ls o f i n f o r ­
ma t ion i n d i v i d u a l l y managed by e x i s t i n g equ ipment . 



Suppose t h e r e were a room at Goddard whose w a l l s 
were covered w i t h i n f o r m a t i o n c o n d u i t s f l o w i n g t o 
every reach o f the o r g a n i z a t i o n . Suppose a l s o 
t h a t a user e n t e r s the room and , u s i n g " p a t c h 
c o r d s ' , s i m u l t a n e o u s l y taps i n t o some a r b i t r a r i l y 
chosen s e t o f c o n d u i t s and i n t e r a c t s w i t h the 
i n f o r m a t i o n sources a t the o t h e r ends o f those 
c o n d u i t s i n a w h o l i s t i c f a s h i o n . For example, 
i n f o r m a t i o n rece i ved f rom v a r i o u s c o n d u i t s migh t 
be combined to d e r i v e c e r t a i n s y n t h e s i z e d i n f o r m a ­
t i o n , o r i n f o r m a t i o n m igh t be sen t t o s e v e r a l con ­
d u i t s to e f f e c t a complex t a s k . F u r t h e r suppose 
t h a t each s p e c i f i c se tup o f pa tch cords i s named, 
saved, and l a t e r r e i n s t a l l e d a u t o m a t i c a l l y t o 
b r i n g the user back to the same i n f o r m a t i o n con­
t e x t when he nex t e n t e r s the room. F i n a l l y , ima-
? i n e t h a t many use rs a re i n t h i s room, a l l s i m u l -

aneously p a t c h i n g to and s h a r i n g se ta o f c o n d u i t s 
w i t h m in ima l i n t e r f e r e n c e . 

Would not such a system be a f o u n d a t i o n f o r a 
ve ry i n t e l l i g e n t d i s t r i b u t e d i n f o r m a t i o n system? 
And would not such a system r e p r e s e n t an inc remen­
t a l advance i n i n t e r f a c i n g humans t o l a r g e 
computer-based i n f o r m a t i o n systems? We, of cou rse , 
b e l i e v e t h a t b o t h answers a re y e s ! 

The I-SPACE concep tua l d e s i g n f o l l o w s t h i s 
image c l o s e l y ( F i g . 1 ) . The " r o o m ' i s the c e n t r a l 
I-SPACE computer , c u r r e n t l y our Depar tmenta l 
VAX 11/780 r u n n i n g C and LISP under UNIX. The 
w a l l s f i l l e d w i t h i n f o r m a t i o n c o n d u i t s , which w e 
c a l l the I-BANK, w i l l be r e a l i z e d by ZMOB [ R i e g e r 
1981] ( A p p e n d i x ) , a 256 p rocesso r research com­
pu te r under c u r r e n t c o n s t r u c t i o n by our A I group 
(ZMOB is c u r r e n t l y be ing s i m u l a t e d by UNIX 
p r o c e s s e s ) . The c o l l e c t i o n s o f pa t ch cords t h a t 
r o u t e , s y n t h e s i z e , and p resen t i n f o r m a t i o n from 
the c o n d u i t s a re the I-SPACE f rames . The a b i l i t y 
f o r many use rs to use the room s i m u l t a n e o u s l y 
t r a n s l a t e s to ou r i m p l e m e n t a t i o n o f the I-SPACE as 
a UNIX s h e l l wh ich c o o r d i n a t e s s e v e r a l UNIX 
processes per u s e r . 

2 . 1 . I-SPACE Frames 

I-SPACE frames a re LISP da ta s t r u c t u r e s t h a t 
c o n t a i n a l l t he i n f o r m a t i o n r e q u i r e d t o se t up , 
m a i n t a i n , s y n t h e s i z e , and d i s p l a y i n f o r m a t i o n f rom 
a s e t o f i n f o r m a t i o n " c o n d u i t s " on r e g i o n s o f the 
user s s c r e e n . S t r u c t u r a l l y , a frame is a c o l l e c ­
t i o n o f named s l o t s . Each frame cor responds to an 
a c t i v i t y , o r l o c a l env i ronmen t , upon which a user 
m igh t w ish t o focus h i s a t t e n t i o n . Each s l o t 
r e p r e s e n t s an aspec t o f the f r a m e ' s env i ronmen t , 
and g e n e r a l l y w i l l be r e s p o n s i b l e f o r b r i n g i n g a 
t o o l , s e r v i c e , o r i n f o r m a t i o n t o the user v i a a 
r e g i o n o f h i s d i s p l a y s c r e e n . V i s u a l l y , a frame 
resembles a f o r m - l i k e d e s c r i p t i o n o f an a s s o c i a t e d 
I-SPACE a c t i v i t y . I t i s p resen ted b y d i s p l a y i n g 
a l l i t s s l o t s a t a n a p p r o p r i a t e l e v e l o f a c t i v a ­
t i o n f o r t h a t u s e r . Each s l o t i s p resented as a 
t h r e e window d i s p l a y : the s l o t name, the s l o t 
va lue or work a r e a , and a s t a t u s r e g i o n . The 

shapes and locat ions of windows on the screen, and 
whether or not a l l three are displayed at the 
current leve l of ac t i va t i on are i n i t i a l l y deter­
mined by information in the frame's representa­
t i o n . 

Categor ica l ly , I-SPACE frames include: 
MENU FRAMES: Frames whose s lo ts w i l l move 

the user to other frames in the re­
gion of the I-SPACE where the user 
is presently s i tua ted . 

REAL-TIME CONTROL FRAMES: Frames whose 
s lo ts give the user access to real-
time information about dynamic re­
gions of the I-SPACE. 

INFORMATION FRAMES: Frames whose s lo ts 
provide windows in to external data­
bases. 

DOCUMENTATION FRAMES: Frames that docu­
ment Features and capab i l i t i e s of 
the I-SPACE i t s e l f . 

SYSTEM TOOL FRAMES: Frames that give the 
user access to standard system 
too ls , such as ed i to rs , higher leve l 
languages, and u t i l i t y packages. 

I-SPACE DEVELOPMENT FRAMES: Frames that 
allow the use? to" extend, modify, 
and create new I-SPACE frames and 
procedures, and that de l i ve r 1-SPACE 
status and user informat ion. 

Within each category there is considerable d iver ­
s i t y . For example, adminis t rat ive plans and 
schedules, science data, engineering schedules, 
and bu i ld ing and grounds maintenance are a l l exam­
ples of information frames, found in d i f f e ren t 
regions of the I-SPACE. Real-time interpersonal 
communications, s a t e l l i t e science and engineering 
control channels, and ground-based equipment moni­
tors and sensors are a l l examples of real - t ime 
contro l frames that reside in various reaches of 
the I-SPACE. Furthermore, most frames w i l l have 
charac ter is t i cs of several of these categor ies, 
since the s l o t s which comprise the frame may 
address d i f f e ren t needs. For example, one user may 
f ind it convenient to define a frame whose s lo ts 
are: (1) a screen-screen l i nk with a col league, 
(2) a real - t ime conduit to a s a t e l l i t e , (3) a win­
dow to an external database, (4) a FORTRAN pro-
f ramming environment, and (5) a window in to a 

ocal piece of documentation. Focusing such a 
frame would set up a l l the necessary communica­
t ions channels, then present the user wi th t h i s 
miniature world, which keeps him in touch with 
several parts or h is environment simultaneously. 

Slots 

The logic of a s l o t depends upon the nature 
of the task it is designed to perform. The s lo ts 
of a menu frame are generally descr ipt ions of 
other frames to which the user can move. The s lo ts 
of a rea l - t ime frame associated wi th the a t t i t u d e 
contro l of a s a t e l l i t e would have names l i k e 
"Current A t t i t u d e " . "A l te r Current A t t i t u d e " , and 
so f o r t h . The s lo ts of an informat ion frame about 
an administ rator s weekly schedule would have 
names l i k e "Person For Whom Schedule Desired", 
"Week Desired", and "The Schedule". Slots in a 
system tool frame for a class of u t i l i t i e s , might 
be such things as Run F i l e Transporter , Rewind 
Tape", and so f o r t h . Slots of a higher leve l 
language too l such as LISP might be "Run The 
In te rp re te r , Debug Some Code . Load Saved 
Code , and so f o r t h . Generally, s l o t s w i l l fo l low 
an imperative s ty le of programming, and the invo­
cat ion of a s l o t always means "do your th ing fo r 
me' . 
Frame and Slot Act iva t ion Levels 

Three leve ls of f rame/slot activation are 
poss ib le : browse", "focus. ,, and invoke . Up to 

hree "ac t i va t i on procedures" can be associated 
wi th each s lo t of a frame, each procedure 
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co r respond ing to one o f the t h r e e l e v e l s o f 
a c t i v a t i o n . When the user i n i t i a l l y b r i n g s a frame 
t o h i s s c r e e n , the e n t i r e frame i s a c t i v a t e d a t 
the browse l e v e l by i n d i v i d u a l l y e x e c u t i n g each 
s l o t ' s browse l e v e l p rocedure ( i f a n y ) , which then 
per fo rms a compu ta t i on ( t y p i c a l l y one which 

i s p l a y s the name of the s l o t In the name window 
and, perhaps , o t h e r i n f o r m a t i o n i n the va lue w i n ­
dow.) S ince a c t i v a t i o n procedures can a l s o be sen­
s i t i z e d to the user s p r i o r i t y and c l e a r a n c e l e v ­
e l s , d i f f e r e n t even ts may occur f o r d i f f e r e n t 
users when an a c t i v a t i o n procedure i s a p p l i e d . 
T y p i c a l l y , browse l e v e l p rocedures w i l l a t tempt t o 
p resen t on l y enough i n f o r m a t i o n to g i v e the user 
an overv iew of the frame s con ten t s or c a p a b i l i ­
t i e s , under the assumpt ion t h a t the user i s not 
i n t e r e s t e d i n f rames he passes th rough in r each ing 
h i s t a r g e t frame in the 1-SPACE. 

When he reaches a frame in the 1-SPACE with 
which he wishes to i n t e r a c t , the user f o c u s e s ' 
t h a t f rame. T h i s causes a l l browse l e v e l a c t i v a ­
t i o n procedures superceded by focus l e v e l p r o ­
cedures to be t e r m i n a t e d , and a l l superced ing 
focus l e v e l procedures to be a p p l i e d . Conceptu­
a l l y , t h i s r e s u l t s i n more d e t a i l e d o r accu ra te 
s e r v i c e s be ing run a t each s l o t . 

In e i t h e r browse or focus mode, t he user can 
move to a c e r t a i n s l o t and invoke i t . I f the 
invoke l e v e l a c t i v a t i o n procedure e x i s t s f o r t h a t 
s l o t and i f i t i s determined t h a t the user i s 
q u a l i f i e d t o invoke t h a t s l o t , the invoke l e v e l 
p rocedure supercedes the r unn ing browse or focus 
l e v e l p rocedure a t the s l o t , t y p i c a l l y r e s u l t i n g 
i n some c o n t r o l o r sens ing event w i t h i n the I -
SPACE. When the invoke procedure r e l i n q u i s h e s con­
t r o l , the s l o t i s r e t u r n e d t o i t s p r e v i o u s a c t i v a ­
t i o n l e v e l . When the e n t i r e frame i s l e f t , i t may 
be l e f t e i t h e r in a focused o r defocused s t a t e 
( i . e . , l e f t a c t i v e , o r d i s c a r d e d ) , p e r m i t t i n g the 
user t o i n t e r a c t s e q u e n t i a l l y w i t h s e v e r a l focused 
frames (wh ich are v i s u a l l y o v e r l a i d and r e s t o r e d 
on the s c r e e n ) . As in PIE, the I-SPACE user i n t e r ­
face p r o v i d e r f o r the ' c l u t t e r e d desk top ' d i s p l a y 
c o n t r o l , where p a r t i a l l y occ luded frames may a c t u ­
a l l y s t i l l be runn ing in focus mode and keep ing 
themselves up to date v i s u a l l y even though they 
are no t a t the top o f the p i l e . 

I n v o k i n g an I-SPACE f rame 's 3 l o t i s t a n ­
tamount t o comput ing . S ince a l l a c t i v a t i o n p r o ­
cedures a re u n r e s t r i c t e d LISP f u n c t i o n s , the 
e f f e c t B on the I-SPACE of an invoked s l o t can be 
a r b i t r a r y . Simple examples o f i n v o c a t i o n r e s u l t s 
a re such t i l i n g s as one- t ime data a c q u i s i t i o n and 
d i s p l a y ( e . g . . a thermal va lue f o r a s a t e l l i t e , a 
f a c t from a aata base ) , and frame changing ( e . g . , 
by i n v o k i n g a "menu" f r a m e ' s s l o t , the user runs a 
procedure which moves to ano the r f r a m e ) . More com­
p lex examples i n c l u d e such a c t i v i t i e s as r e p e t i ­
t i v e r e a l - t i m e data a c q u i s i t i o n and d i s p l a y upda t ­
i n g , and the r unn ing o f an e n t i r e p rocessor w i t h i n 
the s l o t ' s va lue window. I n t h i s l a s t case, i n v o k ­
i n g , say , the Run the E d i t o r ' s l o t o f the c u r r e n t 
frame can cause the system e d i t o r to be invoked 
w i t h i n the s l o t ' s va lue window. Hence, conven­
t i o n a l comput ing i s cons ide red a subset o f the 
l a r g e r 1-SPACE o r g a n i z a t i o n . 

2.2. Example Scenar io 

I n the c o n t e x t o f the a p p l i c a t i o n s a t God-
d a r d , a sample sess ion o f a v i s i t i n g s c i e n t i s t 
employ ing the I-SPACE to o b t a i n da ta o r e f f e c t 
exper iments would proceed as f o l l o w s . S ince the 
s c i e n t i s t is not an exper ienced I-SPACE use r , he 
depends on the system s e x p e r t i s e to a s s i s t him in 
l o c a t i n g the d e s i r e d i n f o r m a t i o n and accomp l i sh ing 
h i s t a s k s . The f l a v o r o f a sess ion w i t h an e x p e r i ­
enced user d i f f e r s f rom the f o l l o w i n g s c e n a r i o i n 
t h a t users f a m i l i a r w i t h the I-SPACE can move 
q u i c k l y from one frame to ano ther w i t h o u t pass ing 
th rough i n t e r m e d i a t e f rames. 

I n i t i a l l y the system p resen ts t o the s c i e n ­
t i s t a s e r i e s of MENU frames which d e s c r i b e the 
i n f o r m a t i o n a v a i l a b l e in the Goddard 1-SPACE. When 
each frame i s browsed the t i t l e o f an a v a i l a b l e 
ca tego ry o f i n f o r m a t i o n i s d i s p l a y e d . Focus ing 
the s l o t a s s o c i a t e d w i t h a ca tegory produces a 
b r i e f , but more d e t a i l e d d e s c r i p t i o n o f the 

c a t e g o r y . When a s l o t in a MENU frame ia i n v o k e d , 
the s c i e n t i s t moves through the I-SPACE to ano the r 
f rame, presumably more s p e c i f i c than the p r e v i o u s 
one, wh ich i s then browsed. Our s c i e n t i s t i s 
i n t e r e s t e d i n expe r imen t i ng w i t h the Space T e l e ­
scope. He t r a v e r s e s the I-SPACE from g e n e r a l 
f rames d e s c r i b i n g Goddard a t l a r g e th rough 
3 c i e n c e - s p e c i f i c frames to the "Near E a r t h S a t e l ­
l i t e s frame and a r r i v e s a t the "Space Te lescope" 
f rame. Browsing t h i s frame he d i s c o v e r s thart the 
f o l l o w i n g c a t e g o r i e s o f i n f o r m a t i o n about the 
Space Telescope are . , a v a i l a b l e : " D o c u m e n t a t i o n " , 

S a t e l l i t e S t a t u s , "Exper iment Data Base , Con­
t r o l Ope ra t i ons , and Personnel Con tac ts . Focus­
i n g o n the ' S a t e l l i t e S t a t u s " s l o t o f t h i s frame 
produces the i n f o r m a t i o n t h a t the Space Te lescope 
i s o p e r a t i o n a l and a v a i l a b l e f o r e x p e r i m e n t a t i o n . 
The s c i e n t i s t then invokes the "Exper iment Date 
Base" s l o t t o browse through the r e s u l t s o f p r e v i ­
ous ex pe r i m en t s , d i s c o v e r s t h a t the r e s u l t s he i s 
i n t e r e s t e d i n are not a v a i l a b l e and dec ides t o 
p e r f o n n the exper iment h i m s e l f . He r e t u r n s to the 
Space Telescope frame to examine the a v a i l a b l e 

documenta t ion and then moves f rom the Documenta­
t i o n frame to the C o n t r o l Ope ra t i ons f rame. The 
s c i e n t i s t then invokes the a p p r o p r i a t e s l o t i n the 
C o n t r o l Ope ra t i ons frame i n t e n d i n g to accompl i sh 
h i s g o a l , u n f o r t u n a t e l y the exper iment doe3 not 
r u n , perhaps because s c i e n t i s t d i d not s p e c i f y the 
task c o r r e c t l y . Re tu rn i ng aga in to the Space 
Te lescope" f rame, he invokes the "Pe rsonne l Con­
t a c t " s l o t c r e a t i n g a s c r e e n - t o - 3 c r e e n conve rsa ­
t i o n w i t h the p r o j e c t manager, de te rm ines h i s i n i ­
t i a l e r r o r i n o p e r a t i n g the Space Telescope and 
r e t r i e s h i s expe r imen t . Now s u c c e s s f u l i n h i s 
q u e s t , our s c i e n t i s t movea on to o t h e r uses o f the 
I-SPACE, perhaps i n v e s t i g a t i n g t o p i c s ment ioned i n 
o t h e r frames t h a t were v i s i t e a d u r i n g t h i s ses ­
s i o n . 

A few p o i n t s of i n t e r e s t shou ld be made. At 
n o p o i n t i n the s c e n a r i o d i d our s c i e n t i s t r e a l i z e 
t h a t the i n f o r m a t i o n he r e q u e s t e d , o r the ope ra ­
t i o n s he i n v o k e d , migh t have been accompl ished on 
remote h o s t s . Encoded in the p rocedures con ta i ned 
i n the i n d i v i d u a l frames o f the 1-SPACE i s the 
e x p e r t i s e t o accompl ish any a c t i v i t y , b e i t l o c a t ­
i n g p e r t i n e n t da ta o r p e r f o r m i n g s p e c i f i c c a l c u l a ­
t i o n s . Our s c i e n t i s t ' 8 s c r e e n - t o - s c r e e n conversa ­
t i o n may have been w i t h a p r o j e c t manager l o c a t e d 
in the next o f f i c e or an i n d i v i d u a l on a remote 
h o s t . I n f o r m a t i o n d e s c r i b i n g the c u r r e n t s t a t u s 
of the t e l escope may have been s t o r e d in a da ta 
base, or i t may have been the r e s u l t o f an a c t u a l 
request to the s a t e l l i t e v i a a c o n t r o l l i n g com­
pu te r t o r e p o r t i t s c u r r e n t s t a t u s . The i n d i v i d u a l 
I-SPACE frames de te rm ine the source o f the i n f o r ­
ma t ion and v i a the I-SHELL schedu le reaues t s to 
r e t r i e v e the i n f o r m a t i o n o r execute p rocedures t o 
produce the r e s u l t . 

<L'2.' I-SPACE hea l -T ime Schedu l i ng and Processes 

Cons ider the genera} c h a r a c t e r of an I-SPACE 
sess ion from one user s p o i n t of v i ew . At any 
g i v e n moment, the user w i l l have a c u r r e n t l y 
browsed or focused frame (some of whose s l o t s may 
have been i n v o k e d ) , and p o s s i b l y a c o l l e c t i o n of 
o t h e r focused and p a r t i a l l y i nvoked f rames i n the 
background. Each s l o t o f each of these f rames has 
been a c t i v a t e d a t some l e v e l . I f the s l o t s 
a c t i v a t i o n p rocedure i s one which i s concerned 
w i t h r e p e t i t i v e o r r e a l - t i m e u p d a t i n g , o r i s o n 
the l o o k o u t f o r c e r t a i n events o r data i n the I -
SPACE a t - l a r g e , then i t w i l l be making demands on 
the I-SPACE f o r p e r i o d i c a t t e n t i o n . For t h i s r e a ­
son , the system must i n c l u d e a schedu le r process 
per use r , as w e l l as a s y s t e m - l e v e l s chedu le r f o r 
m e d i a t i n g the user s c h e d u l e r s ' reques ts o f the I -
BANK ( i . e . , ZMOB). 

The a r c h i t e c t u r e of the I-SPACE s c h e d u l i n g 
system is shown in F i g . 2 . As the I-SPACE s h e l l 
i n t e r p r e t s user d e s i r e s , and s l o t s become 
a c t i v a t e d , s l o t a c t i v a t i o n procedures run and send 
s c h e d u l i n g tasks to the O-SCHEDULfR, a sepa ra te 
process t h a t manages i t s one user s s c h e d u l i n g 
needs. The U-SCHEDULEH in t u r n de termines the f r e ­
quency by which a procedure shou ld be run and 
makes a p p r o p r i a t e demands on the S-SCHEDULER. The 
S-SCHEDULER is a system-wide process which syn ­
t h e s i z e s a l l U-SCHEDULER reques ts to the I-BANK, 
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p r i o r i t i z e s them ( f r om user p r i o r i t y and r e a l - t i m e 
requ i r emen ts o f the scheduled e v e n t ) , then passes 
them to the I-BANK. which f i n a l l y c a r r i e s out the 
reques ted i n t e r a c t i o n s w i t h the o u t s i d e . Re s u l t s 
a re r e t u r n e d as named message p a c k e t s , which a re 
s o r t e d ou t by the S-SChEDULER and sent to the 
v a r i o u s r e q u e s t i n g U-SCHEDULERS, wh ich i n t u r n 
r ou te r e s u l t s t o t h e i r I-SHELLs. 

S t a t u s I n f o r m a t i o n D i s p l a y 

Because o f the des ign goa l o f p r e s e n t i n g a 
user i n t e r f a c e t h a t has appearances of bo th a 
P I E - l i k e p rogramming /persona l env i ronment and 
r e a l - t i m e windows i n t o dynamic r eg ions o f the I -
SPACE, the I-SHELL must take ca re in how i t 
processes responses. F i r s t , a s s o c i a t e d w i t h any 
s l o t t h a t d i s p l a y s r e a l - t i m e i n f o r m a t i o n , o r that 
se rves as a user comnand window to a r e a l - t i m e 
d e v i c e somewhere in the I-SPACE, is a separa te 
s t a t u s o r s y n c h r o n i z a t i o n window. Us ing in fo r rna-
t i o n — f r o m the U-SCHEDULER, t h i s § window is 
i l l u m i n a t e d when the main w indow's r e a l - t i m e 
s c h e d u l i n g f a l l s b e h i n d , and a r e a l t ime c l o c k 
beg ins d i s p l a y i n g the de lay t ime u n t i l the 
c u r r e n t l y scheduled event i s comp le ted . For exam­
p l e , i f the U-SCHEDULER has been i n s t r u c t e d to 
a c q u i r e updated therma l i n f o r m a t i o n from a space­
c r a f t every 30 seconds, and t he re has been a de lay 
beyond t h i s p e r i o d , the s y n c h r o n i z a t i o n window 
i l l u m i n a t e s and beg ins d i s p l a y i n g the ove r run t ime 
u n t i l the da ta becomes a v a i l a b l e . On o u t p u t , i f , 
say , the u s e r ' h a s requested t h a t t e x t be sent to 
ano the r h o s t , and t he re a re I-SPACE de lays in g e t ­
t i n g the i n f o r m a t i o n ou t (and r e t u r n i n g the con­
f i r m a t i o n t h a t i t was s e n t ) beyond the t ime deemed 
reasonab le by the send ing s l o t , t he s t a t u s window 
w i l l a l s o b e a c t i v a t e d . 

M u l t i p l e A c t i v e Frames 

Another t o p i c o f i n t e r e s t t h a t a r i s e s because 
of the I-SPACE's b lend of a P I E - l i k e env i ronment 
w i t h r e a l - t i m e s c h e d u l i n g i s t h a t o f r o u t i n g 
incoming r e a l - t i m e r e s u l t s to the user s d i s p l a y 
in mean ing fu l ways. Because the user may have 
focused a frame t h a t has g i v e n r i s e to r e c u r r i n g 
r e a l - t i m e schedu l i ng e v e n t s , then moved to ano the r 
frame w i t h o u t hav ing defocused the c u r r e n t one, 
the I-SHELL must p r o p e r l y manage the a r r i v a l o f 
scheduled i n f o r m a t i o n a s s o c i a t e d w i t h the s e t -

a s i d e , bu t no t defocuaed frame ( o r f r a m e s ) . T h i s 
requ i remen t demands t h a t the l o g i c o f each frame 
be i s o l a t e d f rom i t s d i s p l a y m a n i f e s t a t i o n , so 
t h a t the I-SHELL can m a i n t a i n a poo l o f c u r r e n t l y 
r unn ing and u p - t o - d a t e f rames, even i f not a l l a re 
comp le te l y v i s i b l e on the d i s p l a y s c r e e n , because 
o f t h i s s e p a r a t i o n o f frame l o g i c and frame 
d i s p l a y in the I-SHELL, the user i s f ree to focus 
or invoke s l o t s of a f rame, then move on to 
ano the r frame be fo re those e f f e c t s are f u l l y f e l t . 
V i s u a l l y , the e f f e c t i s a c l u t t e r e d screen o f the 
c u r r e n t frame and o t h e r p a r t i a l l y occ luded f rames, 
a l l o f whose v i s i b l e p a r t s may be chang ing to 
r e f l e c t r e a l - t i m e updates from completed scheduled 
e v e n t s . A d d i t i o n a l l y , comp le t i ons o f invoked s l o t s 
f o r s e t - a s i d e frames^ w i l l be noted by a f l a s h e d 
message i n the d i s p l a y ' s s t a t u s a r e a . 

S ince the l o g i c o f I-SPACE frames is what 
b inds t o g e t h e r the s c h e d u l i n g and user i n t e r f a c e 
aspec ts of the I-SPACfc, we t u r n nex t to a d e s c r i p ­
t i o n o f the s t r u c t u r e and c o n t e n t s o f I-SPACk 
f rames. 

1' O r g a n i z a t i o n of j the 1-SPACE 

2.'L' Frame Log ic and Schedu l i ng 

A frame in the 1-SPACE is a LISP data s t r u c ­
t u r e c o n t a i n i n g a s e t o f s l o t s which cor respond to 
each s u b a c t i v i t y of a task in the 1-SPACE. A s l o t 
is a d e s c r i p t i o n of a p a r t i c u l a r aspect o f a frame 
and c o n t a i n s the s l o t ' s name, v a l u e , d i s p l a y 
d e s c r i p t o r , a c t i v a t i o n p rocedures , and access 
channe l s . Assoc ia ted w i t h each s l o t a re t h r e e l e v ­
e l s o f a c t i v a t i o n which correspond to the t h ree 
■m~o"aes~o"f p rocess ing in the 1-SPACE. 

For each a c t i v a t i o n l e v e l (b rowse, focus o r 
i n v o k e ) , a s l o t s p e c i f i e s ( l ) the channel to be 
used, (2 ) the procedure to be run on t h a t c h a n n e l . 
( 3 ) the parameters passed to the p rocedu re , (4 ) 
the schedu le by which the procedure is r u n . (5 ) 
the consumers t h a t handle the r e s u l t s r e t u r n e d 
f rom tne p rocedu res , and (6 ) the p r i o r i t y r e q u i r e d 
t o a c t i v a t e the s l o t a t t h i s l eveT : SToT s p e c i f i ­
c a t i o n s may be e x p l i c i t l y i n c l u d e d in the frame or 
i m p l i c i t l y r e f e r t o system d e f a u l t s . For 
i n s t a n c e , the absence o f a channel i n d i c a t e s t h a t 
the 3 l o t i s to be executed by the I-SHELL i t s e l f 
( w i t h o u t i n t e r a c t i o n w i t h the I-BANK). An example 
o f t h i s i s the s l o t d e s c r i p t i o n f o r b rows ing the 
Space Telescope frame v i s i t e d by OUT s c i e n t i s t 
d u r i n g the s c e n a r i o . 

s l o t o r b i t 
browse n u l l , 

consume ■ L>isplay( name, va lue ) ; 

T h i s s l o t s p e c i f i c a t i o n causes tf je c o n t e n t s o f the 
name and va lue < windows of the o r b i t " s l o t to be 
s e n t t o the u s e r ' s t e r m i n a l f o r D i s p l a y . (The 
n u l l p rocedure i s used to i n d i c a t e t h a t no compu­
t a t i o n i s necessary b e f o r e e x e c u t i n g the consumer 
f u n c t i o n . ) Another common s l o t p rocedure i s 
MoveToFrame, the mechanism which moves the user to 
a d i f f e r e n t frame as the r e s u l t o f i n v o k i n g H s l o t 
of a ilEMJ f rame. 

An 1-SPACE i n f o r m a t i o n c o n d u i t is c a l l e d a 
c h a n n e l . Channels access v a r i o u s o b j e c t s i n the 
e x t e r n a l w o r l d ( e . g . , mainframe computers , s a t e l ­
l i t e c o n t r o l l e r s , a d m i n i s t r a t o r ' s desk top comput­
e rs and so f o r t h ) as w e l l as the i n t e r n a l comput­
i n g env i ronment ( e . g . , UiJIX t o o l s , such a s , e d i ­
t o r s , h i g h l e v e l languages and program development 
t o o l s ) . C u r r e n t l y channels r e f e r t o s p e c i f i c 
resources ( o r connec t i ons ) in the I-LAi\K, and have 
a s s o c i a t e d c a p a b i l i t i e s ( o r s e t s o f p rocedures 
t h a t can be executed on the c h a n n e l ) . We are 
c u r r e n t l y d e v e l o p i n g p lans f o r d e c o u p l i n g the 
r e l a t i o n s h i p o f channel and procedure and r e p l a c ­
i n g s p e c i f i c r e fe rences to a channel w i t h d e s c r i p ­
t i o n s o f the i n f o r m a t i o n requ i remen ts o f the chan­
n e l . T h i s i n t u r n w i l l change the n a t u r e the S -
SCHEDULEH to resemble more a p r o b l e m - s o l v e r than a 
resource s c h e d u l e r . 

Each s l o t c o n t a i n s t h r e e window d e s c r i p t o r s 
t h a t s p e c i f y the v i s u a l p r e s e n t a t i o n o f the s l o t ' s 
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name, value, and status windows to the user. This 
descr ip t ion includes each window's locat ion (two-
dimension subregion) w i th in the frame and, possi­
b ly , the i n i t i a l contents of the window. Typi­
c a l l y , the name window contains only the s lo t s 
name. e . g . , Near Earth Sa te l l i t es , or Orbi t of 
S a t e l l i t e , the value window contains the s lo t s 
value as obtained by running one of the s l o t ' s 
procedures, and the status window contains i n f o r ­
mation describing the current status of the run­
ning procedure. This includes messages such as: 
"Connecting to Remote Host", "Remote Host is 
Down', or Result Late, 5 sec". Both the value 
window and the status window of a s lo t are 
op t iona l . The value window is not specif ied fo r 
s lo ts that correspond to a c t i v i t i e s in the I-SPACE 
that do not return spec i f ic values, but are exe­
cuted for the i r s ide-ef fec ts ( e . g . , s lo ts in MENU 
frames). The status window is optional fo r s lo ts 
that do not monitor recurr ing events. 

The arguments passed to s l o t procedures are 
constants, values taken from a s l o t ' s value f i e l d 
in the I-SPACE, or supplied by the user. If an 
argument is used from a s l o t ' s value f i e l d , it may 
be taken from the current s l o t , or another s l o t in 
the current frame, or a s l o t in a d i f f e r e n t frame. 
This supports a form of communication between 
s l o t s s i tuated in d i f f e r e n t frames and can be 
employed to form complicated s lo t procedures that 
synthesize in format ion from varying sources. 

Each resu l t of a procedure execution is 
passed to the consumers spec i f ied in the s l o t -
Consumers are taken from a l i b r a r y of consumers, 
which includes procedures that update the contents 
of f i e l d s in a s l o t , that send requests to the U-
TERMINAL to d isplay the contents of a f i e l d , or 
that pass the new resu l t s to other s lo t s in the 
frame or to s l o t s in other frames. This, too, 
supports communication to other sections in the 
I-SPACE. 
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As an i l l u s t r a t i o n of the frame-to-scheduler 
l ink suppose the fo l lowing s lo t from the Spa-
ceTeleControlOper frame above is focused: 

focus Ge tOrb i t l n fo , 
channel - SpaceTeleChan, 
schedule ■ 10 sec, 
consume = Update(value) 

& Display(value) 

This leads to scheduling a c t i v i t i e s that resu l t in 
running CetOrbi t lnfo on SpaceTeleChan every 10 
seconds by the S-SCHEDULED each time the —the o r b i t 
information is returned, the consumers are run. 
Update stores the value in the value window of the 
s l o t , and Display t e l l s the U-TERMINAL to display 
the value window. The user then sees the o r b i t 
pos i t ion updated every 10 seconds. If the o r b i t 
information is delayed or cannot be obtained the 
s lo t s real- t ime window is act ivated informing the 
user of the d i f f i c u l t y . In general, numerous 
scheduled s lo ts such as th is one w i l l be running 
simultaneously as the resu l t of user browse, 
focus, and invoke requests. 

3.2. Frame Creation and Edi t ing 
At various times, the user may decide that he 

would l i ke to create a new frame to perform a d i f ­
ferent set of operations or to synthesize and 
display a new set of informat ion, or he may want 
to modify an ex is t ing frame (by making a copy of 
the frame and then changing it to meet h is own 
needs). These operations are done through a spe­
c i a l set of I-SPACE development frames which allow 
the user to ed i t frames and add new frames to the 
I-SPACE. 

The I-SPACE ed i to r accepts new frame d e f i n i ­
t ions v ia a special descr ip t ion language akin to 
KRL [Bobrow 1977] cal led ISFL (the I-SPACE Frame 
Language [A l len 1981], the examples in t h i s paper 
are wr i t t en in ISFL). The ed i tor aids the user by 
providing templates of the various types of frames 
in the I-SPACE. These templates contain defaul t 
s lo t values as well as variables whose values are 
supplied by the user when he creates a new frame. 
The ISFL templates allow the user to enter frames 
in to the system without undue concern wi th the 
ISFL d e t a i l s . This method of creat ing frames is 
s imi la r to the one used in the BROWSE system of 
ZOG [Palay 1980]. The frame ed i tor also provides 
access to l i b r a r i e s of procedures with channels 
and consumers from which the user may choose in 
creat ing hi3 frame. The ed i to r also knows the 
syntax of the language and can d i rec t the user in 
designing a frame without the use of a template. 
Thus, the user may create a frame completely from 
scratch or create a frame using one of the given 
templates. He may also create his own templates, 
speci fy ing var iables that w i l l be supplied when a 
frame is created using the template. In order to 
ed i t an ex is t ing frame, the Reverse Parser 
automatical ly t ranslates the LISP frame st ructure 
in to ISFL and then invokes the I-SPACE ed i to r . If 
a template was used in creat ing the frame, th i s 
template is once again used to aid the user in 
modifying the frame. Af ter the user is f in ished 
ed i t i ng a frame, the ISFL spec i f i ca t ion is 
translated by a special parser in to i t s 
corresponding LISP st ructure and the frame is 
added to the 1-SPACE frame l i b r a r y . 

3.3. The F-SPACE and Frame L ib rar ian 
The repository of a l l I-SPACE frames is 

cal led the F-SPACE. This l i b r a r y of frames and 
associated procedures i s , in e f f ec t , the knowledge 
base for the 1-SPACE. The F-SPACE is managed by a 
separate process which is responsible fo r coordi ­
nating the inser t ion and modi f icat ion of I-SPACE 
frames, and for overseeing the "checking out" of 
frames by ind iv idua l user 1-ShELLs as the i r users 
roam the space. As the central I-SPACE l i b r a r i a n , 
the F-SPACE manager must also be responsible fo r 
coordinating information flow among mul t ip le users 
of a checked out frame, in case several I-SHELLa 
are ac t ive ly manipulating i t , and for performing 
global F-SPACE searches for users looking for fast 
access to a relevant frame by descr ip t ion rather 
than normal local browsing ( i . e . , global F-SPACE 



b r o w s i n g ) . 

There a re t h r e e ways a user can "check o u t " a 
frame from t h i s l i b r a r y : by copy , by upda te , and 
by command. The user a u t o m a t i c a l l y accesses a 
frame by copy when he is b rows ing s i n c e b rows ing 
r e t u r n s e s s e n t i a l l y no new i n f o r m a t i o n . A l s o , the 
user on ly needs a copy of a frame i f he is on l y 
u s i n g i t t o accomp l i sh c e r t a i n tasks ( e . g . , e d i t ­
i n g ) t h a t do not genera te any new i n f o r m a t i o n t h a t 
shou ld be s t o r e d back i n t o the F-SPACE f o r l a t e r 
use . I f , however, the user i s g e n e r a t i n g new 
i n f o r m a t i o n to be s t o r e d back i n t o the F-SPACE, 
then he w i l l have to access the frame by upda te . 
In update mode, ano the r user sees the upda tes , but 
i s no t a l l owed t o man ipu la te the frame h i m s e l f . 
I f the user needs t o run c e r t a i n p rocedures t h a t 
r e q u i r e e x c l u s i v e use ( e . g . , p rocedures t o c o n t r o l 
a s a t e l l i t e a t 3odda rd ) , he w i l l have to access 
the frame by command. In t h i s mode, ano the r user 
can see the f rame as the f i r s t man ipu la tes i t , bu t 
he cannot run the procedures t h a t r e q u i r e access 
by command. 

4 . U s e r I n t e r f a c e 

4.1. The I-SHELL 
The I-SHELL is the main p e r - u s e r o p e r a t i n g 

system i n the I-SPACE, and i s r e s p o n s i b l e f o r p r o ­
c e s s i n g user commands and c o o r d i n a t i n g the system 
responses . The main f u n c t i o n s in the I-SHELL a re 
browsef rame, f o c u s f r a m e , f o c u s s l o t , and i n v o k e s l o t 
which are run in response to user r e q u e s t s . When 
the user f i r s t s i g n s onto the system or moves to 
ano the r f rame. two f u n c t i o n s a re c a l l e d . The 
f i r s t i s d i s p l a y f r a m e which sends the i n i t i a l 
v i s u a l d e s c r i p t i o n of " the frame to the U-TERMINAL. 
T h i s d e s c r i p t i o n i n c l u d e s a l i s t o f the s l o t s and 
where the windows a s s o c i a t e d w i t h the s l o t s shou ld 
be l o c a t e d . A f t e r d i s p l a y f r a m e i s r u n , the second 
f u n c t i o n , browsef rame, I s c a l l e d . For each s l o t 
in the f rame, browserrame runs the browse p r o ­
cedure assoc ia ted w i th " tha t s l o t . When the user 
focuses a f rame , focus f rame i s c a l l e d . I t f i r s t 
checks which s lo t 's" nave focus p rocedu res . For a l l 
o f t h o s e , i t checks i f t h e r e a re a l r e a d y a c t i v e 
p rocedures r u n n i n g i n the s l o t . A n a c t i v e p r o ­
cedure i s any r e c u r r e n t procedure o r any p rocedure 
t h a t i s o n l y run once but has not y e t completed 
i t s t a s k . I f focus frame f i n d s n o a c t i v e p r o ­
cedu res , i t runs the focus p rocedu re . I f i t f i n d s 
a n a c t i v e browse p rocedu re , i t t e r m i n a t e s t h a t 
p rocedure and runs the focus p rocedu re . I f i t 
f i n d s and a c t i v e focus p rocedu re , i t w i l l a l l o w 
the procedure t o c o n t i n u e . I f i t f i n d s a n a c t i v e 
invoke p r o c e d u r e , i t w a i t s and focuses the s l o t 
when the invoke procedure is done. 

In an unfocused f rame, the user may focus 

Pa r t i c u l a r s l o t s . When he focuses a s l o t , 
f o c u s s l o t i s c a l l e d . Focuss l o t checks t o be sure 

the re i s a focus p rocedure fo r t h a t s l o t , and , i f 
t h e r e i s . s t ops any a c t i v e browse o r invoke p r o ­
cedure f o r the s l o t and runs the focus p rocedu re . 
When the user i nvokes a 3 l o t , i n v o k e s l o t i s c a l l e d 
which s tops any a c t i v e browse or l ocus procedure 
f o r the s l o t and runs the invoke p rocedu re . When 
the invoke procedure t e r m i n a t e s , the browse or 
focus procedure w i l l b e r e s t a r t e d i f i t was a c t i v e 
a t the t ime o f i n v o c a t i o n . I n every case, these 

?rocedures a r e - t r e a t e d as i f they were no t t h e r e 
f the p r i o r i t y o f the user i s not h i g h enough to 

a l l o w him to run them. 
Browseframe, f ocus f rame , f o c u s s l o t , and 

i n v o k e s l o t c a l l a n i n t e r n a l f u n c t i o n t h a t a c t u a l l y 
taxes tne a c t i o n necessary to run the p rocedures . 
T h i s f u n c t i o n f i r s t g e t s any u s e r - s u p p l i e d a r g u ­
ments, and then e v a l u a t e s the o t h e r arguments . I f 
t h e r e is a channel f o r the p rocedu re , the I-SHELL 
sends a request to the U-SCHEDULER to run the p r o ­
cedure . The I-SHELL is i n t e r r u p t e d whenever the 
U-SCHEDULER has a r e s u l t . The 1-SHELL takes t h i s 
r e s u l t and runs the consumers f o r the 3 l o t and 
a c t i v a t i o n l e v e l . I f t h e r e i s not a c h a n n e l , t he 
I-SHELL runs the procedure l o c a l l y and then c a l l s 
the consumers. I f t he p rocedure i s t o b e run i n 
the window, the I-SHELL passes the p rocedure to 
the U-TERMINAL t o p rocess i t t h e r e . 

The consumers f o r a g i v e n s l o t and a c t i v a t i o n 
l e v e l are run every t ime the p rocedure f o r the 
s l o t and a c t i v a t i o n l e v e l r e t u r n s a r e s u l t o r f i n ­
i shes e x e c u t i o n . When they a re r u n , they know the 
f rame , the s l o t , and the a c t i v a t i o n l e v e l i n f o r m a ­
t i o n t h a t caused them to be c a l l e d . They a l s o 
know what v a l u e , i f any, was r e t u r n e d f rom e x e c u t ­
i n g the p rocedure . Wi th t h i s i n f o r m a t i o n , they 
a re ab le to update the I-SPACE and t e l l the U-
TERMINAL to d i s p l a y the new r e s u l t s . 

4.2. The D i s p l a y Screen 

Given the power of the I-SHELL to c o o r d i n a t e 
the access ing o f i n f o r m a t i o n from the d i v e r s e 
resources o f the I-SPACE, i t i s c r u c i a l t h a t t h i s 
i n f o r m a t i o n be presented to the user i n an e f f i ­
c i e n t manner. The U-TERMINAL i s an i n t e l l i g e n t 
t e r m i n a l hand le r t h a t has s i m i l a r c h a r a c t e r i s t i c s 

o the d i s p l a y systems of [ L a n t z 1979] and 
T e i t e l m a n 1977 ] . I t suppo r t s the modes o f ope ra -
ions o f the I-SHELL by p r o v i d i n g s o p h i s t i c a t e d 

d i s p l a y s , c a l l e d v i e w p o r t s , th rough which the user 
examines a s e c t i o n of the ' I -SPACE. Each v i e w p o r t 
is a two -d imens iona l s u b s e c t i o n of the t o t a l CRT 
screen area and cor responds to a s p e c i f i c a c t i v e 
frame in the I-SPACE. For each s l o t in a f rame, 

the co r respond ing v i e w p o r t c o n t a i n s t h r e e windows 
o r sub reg ions ) t h a t a re a s s o c i a t e d w i t h the t h ree 
i e l d s o f a s l o t [ i . e . , Name, Va lue , and S t a t u s ) 

Each of the windows of a v i e w p o r t may be manipu­
l a t e d i ndependen t l y o f the o t h e r windows on the 
CRT and suppo r t s a f u l l spectrum of o p e r a t i o n s 
no rma l l y a s s o c i a t e d w i t h a computer t e r m i n a l 
( e . g . , p a r t i a l and t o t a l c l e a r i n g , s c r o l l i n g ) . 
Each window can be d i s p l a y e d w i t h a v a r i e t y of 
g r a p h i c a l r e n d i t i o n s , which a re no rma l l y employed 
t o i n d i c a t e the s t a t u s o f the a s s o c i a t e d s l o t 
( i . e . , whether i t i s browsed, f ocused , o r 
i n v o k e d ) . 

V iewpo r t s may be man ipu la ted in a manner a k i n 
to sheets of paper on a desk. They can be s tacked 
on top of one a n o t h e r , moved to v a r i o u s l o c a t i o n s 
on tne s c r e e n , e t c . Th is a l l o w s a user to p lace 
i n t e r e s t i n g i n f o r m a t i o n i n d i f f e r e n t l o c a t i o n s o n 
the s c r e e n , much l i k e a s c i e n t i s t spreads the 
s e v e r a l j o u r n a l s he i s c u r r e n t l y r ead ing over the 
s u r f a c e o f h i s desk. I n f o r m a t i o n addressed t o 
v i e w p o r t s whose windows are covered by o t h e r 
v i e w p o r t s w i l l be s t o r e d i n i n d i v i d u a l window 
b u f f e r s so t h a t when the o v e r l a p p i n g windows are 
removed, the v i e w p o r t t h a t was p a r t i a l l y obscured 
i s r e f r e s h e d w i t h o u t l o s s o f i n f o r m a t i o n . 

The user o p e r a t i o n of the U-TERMINAL has been 
s i m p l i f i e d and uses s h o r t ( n o r m a l l y a s i n g l e keys ­
t r o k e ) commands to i ssue reques ts to the I-SHELL. 
Graphic enhancements o f the d i s p l a y windows p r o ­
v i d e the user w i t h i n s t a n t a n e o u s s t a t u s i n f o r m a ­
t i o n about p r e v i o u s l y i ssued r e q u e s t s . I n f o r m a ­
t i o n addressed to obscured v i e w p o r t s updates the 
covered windows w i t h o u t caus ing undue i n t e r f e r e n c e 
w i t h the u s e r ' s o p e r a t i o n s on ano the r f rame. 

F i n a l l y a panic f a c i l i t y i s p rov ided t h a t 
d i s p l a y s the c u r r e n t l y a v a i l a b l e o p t i o n s t o the 
use r , as w e l l as the c a p a b i l i t y to invoke a system 
HELP frame f o r more complex p rob lems. The U-
TERMINAL has been i n t e g r a t e d i n t o the I-SPACE sys ­
tem and s p e c i f i c t e r m i n a l d r i v e r s f o r low r e s o l u ­
t i o n CRT and T e k t r o n i x t e r m i n a l s have been 
i n s t a l l e d . Whi le adequate f o r use d u r i n g the 
development of the 1-SPACE these dev i ces w i l l be 
rep laced by memory-mapped h igh r e s o l u t i o n d i s p l a y s 
i n the f i n a l development phase o f the p r o j e c t . 

I-SHELL to U-TERMINAL I n t e r f a c e 

The communicat ion p r o t o c o l s between the I -
SHELL and U-TERMINAL p a r a l l e l s the i n t e r f a c e 
between the I-SPACE and tne use r . From the 1-
SUELL p e r s p e c t i v e i n f o r m a t i o n co r respond ing to 
events o c c u r r i n g in the I-SPACE must be communi­
ca ted to the use r . These a c t i v i t i e s i n c l u d e 
o p e r a t i o n s such as b r o w s i n g , f o c u s i n g , o r i n v o k i n g 
a s l o t in a frame as w e l l as r e t u r n i n g the r e s u l t s 
o f user i n i t i a t e d r e q u e s t s . A d d i t i o n a l l y , the I -
SHELL must have a mechanism f o r o b t a i n i n g va lues 
from the user t h a t a re needed by the f u n c t i o n s 
used by the 3 l o t s . 
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The user on the other hand wishes to communi­
cate his requests for speci f ic frame manipulation 
operations to the I-SHELL. This includes focusing 
the current frame or speci f ic 3lots wi th in the 
frame, invoking an in terest ing s lo t in a frame, or 
moving to u d i f fe ren t point of in terest wi th in the 
I-SPACE. This could be ei ther a previously 
activated frame, or an untouched area in the I-
SPACE. Addi t ional ly the user wants local control 
over the way that the information is displayed on 
his terminal , including the a b i l i t y to dynamically 
modify the arrangement of active frames. 

The U-TERMINAL and the I-SHELL communicate 
using a message passing, paradigm (Implemented 
using the IPC f a c i l i t y of [Rashid 1980] in which 
requests to the I-SHELL are constructed by the U-
TERMINAL as a response to a user command in terms 
of frame manipulation functions. Information 
directed from the I-SHELL to the U-TERMINAL is 
f i r s t napped to the corresponding viewports and 
windows and then sent to the CUT where, the in fo r ­
mation nay be displayed, determined by whether the 
window is covered or not. 

5. Global Event-Driven Pattern Matching 

Longer range I-SPACE research ca l ls for the 
inclusion of a g loba l , event-driven pattern match­
ing system which w i l l more f u l l y automate the flow 
and dissemination of information throughout the 
I-SPACE. This system w i l l have access to both the 
F-SPACE manager s a c t i v i t y queues ( to watch the 
flow of frames to and from the F-SPACE), and 
selected 1-BANK channels. Users wishing to define 
personal or group-related event patterns w i l l do 
so bv running special I-SPACE frames which are 
experts at th i3 a c t i v i t y . Event patterns w i l l make 
reference to frame-checking-out events in the F-
5PACE, to s l o t - f i l l i n g events bv indiv idual users, 
to general announcements from the 1-BANK (e .g . , an 
I-BANK processor report ing that i t s remote host 
has jus t come up or gone down, or that a real-t ime 
s a t e l l i t e event of community-wide interest has 
just occurred), and to a real-t ime clock. This 
event-driven layer w i l l enhance the character of 
the I-SPACE as expert assistant, by watching for 
i t s user in o f f moments, and by automatically i n i ­
t i a t i n g a c t i v i t i e s for i t s user. 

6. Summary 

An I-SPACE is a new form of i n t e l l i g e n t 
o p e r a t i n g system and human-machine i n t e r f a c e 
wn i ch . we b e l i e v e , ho lds promise f o r l a r g e 3 c a l e , 
r e a l - t i m e i n f o r m a t i o n systems. Wi thou t the a b i l i ­
t i e s t o l o c a t e , access , m a n i p u l a t e , and s y n t h e s i z e 
i n f o r m a t i o n f ragments e f f i c i e n t l y and i n user -
i d i o s y n c r a t i c ways, managers and " techn ica l s t a f f 
i n l a r g e o r g a n i z a t i o n s , and programmers i n l a r g e 
teams, w i l l become i n c r e a s i n g l y l e s s p r o d u c t i v e as 
members of t h e i r l a r g e o r g a n i z a t i o n . An I-SPACE 
g i v e s these a b i l i t i e s to a wide user p o p u l a t i o n by 
a l l o w i n g a user to b r i n g to h i s screen a number of 
c o n d u i t s to what would o the rw i se be u n r e l a t e d 
i n f o r m a t i o n sources o r s e r v i c e s . The r e s u l t f o r 
the user i s a he igh tened a b i l i t y to syn thes i ze 
i n f o r m a t i o n r e l e v a n t t o d e c i s i o n making i n complex 
t a s k s , o r c r i t i c a l t o l a r g e 3ca le development p r o ­
j e c t s . The I-SPACE concept is p r o v i n g to he a 
workab le one, and e s t a b l i s h e s a framework in which 
more advanced t o o l s , i n c l u d i n g advanced even t -
d r i v e n p a t t e r n matchers and more i n t e l l i g e n t d a t a ­
base s e a r c h e r s , can be deve loped . 

APPENDIX: A B r i e f Overview of ZKOB 

ZMOB is a 256 p rocessor m u l t i p r o c e s s o r 
research computer under c u r r e n t c o n s t r u c t i o n w i t h 
f u n d i n g from AFOSR. A r c h i t e c t u r a l l y i t i s 256 Z8OA 
m i c r o p r o c e s s o r s , each hav ing G4K. ,by tes of memory, 
and a l l connected as m a i l s tops . ,around a 257 
s t a g e , 4 8 b i t wide "conveyor b e l t " ( s h i f t r e g i s ­
t e r ) which s h i f t s a t 10 mhz. Each p rocessor i s 
comp le te l y autonomous and i s . , g i ven the i l l u s i o n o f 
n o n - b l o c k i n g , i n s t a n t a n e o u s " communicat ion w i t h 
ano the r a r b i t r a r y p rocesso r o r ( subse t o f p roces ­
so r s ) by the h i g h da ta s w i t c h i n g c a p a c i t y o f the 
conveyor b e l t . A t l a r g e , the machine w i l l have an 
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