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1 . I n t r o d u c t i o n

The cur rent t rend of supply ing "smar t " termina ls for use as access to
cen t ra l compu te r s i s an i n t e r im so lu t i on t o t he econom ic ba lance o f
computer system design. As more and more compute power is placed in
t h e " t e r m i n a l " , i t w i l l b e a b l e t o t a k e o v e r v i r t u a l l y a l l o f t h e
c o m p u t a t i o n a l n e e d s , a n d w i l l b e c o m e t h e c o m p u t e r s y s t e m t h a t t h e
u s e r i n t e r a c t s w i t h . A t t h i s p o i n t , t h e d i s p l a y f u n c t i o n s w i l l
become an integral part of the comput ing environment.

Low pe r fo rmance sys tems o f t h i s t ype a re cu r ren t l y ca l l ed "pe rsona l

c o m p u t e r s . " I n o r d e r t o m a i n t a i n a d i s t i n c t i o n b e t w e e n t h i s t y p e o f
system and higher performance systems being developed, we are call ing
the la t te r ' 'S ing le User Sys tems. "

F o r Te k t r o n i x t o b e a b l e t o m o v e i n t o s i n g l e u s e r s y s t e m s , w e n e e d t o
l e a r n h o w t o d e s i g n , b u i l d , a n d p r o g r a m t h i s t y p e o f c o m p u t e r . A
p r o d u c t t h a t i s s u i t a b l e f o r s e l l i n g t o a c u s t o m e r w i l l h a v e t o h a v e
n o t j u s t t h e h a r d w a r e a n d o p e r a t i n g s y s t e m , b u t a g r e a t d e a l o f
a p p l i c a t i o n s o f t w a r e i n o r d e r t o d e l i v e r t h e f u l l " c a p a b i l i t y " o f t h e
s y s t e m . Te k t r o n i x w i l l n o t o n l y h a v e t o b e c o m p e t i t i v e i n t h e
hardware , bu t in the so f tware to be ab le to compete w i th sys tems o f
t h e f u t u r e .

The bes t way to lea rn what to pu t in such a sys tem is to p rov ide a
Single User System tool. With this we can program and use experimen
tal tools and thereby learn what the st rengths and weaknesses of th is

technology are. Magnolia is a tool that we can use and learn from in
order to bet ter prepare to compete in th is market .

2 * D e s i g n P h i l o s o p h y

The mot ivat ion for th is s tudy is to present a h igh per formance system
t h a t , i f i m p l e m e n t e d , w o u l d p r o v i d e a s i n g l e u s e r c o m p u t i n g t o o l
w h i c h w o u l d e x t e n d t h e r e s o u r c e s a v a i l a b l e o v e r t h a t w h i c h i s a v a i l
ab le on our cu r ren t 11 /70 , o r even a VAX c lass mu l t i -use r sys tem, I
b e l i e v e t h a t i t i s i m p o r t a n t t h a t w e a d d r e s s t h i s c l a s s o f s y s te m i n
order to provide for the needs of computer research in CAD, VLSI,
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i n t e r a c t i v e g r a p h i c s e t c .

It is proposed here that we can not only design a system in this per
formance range, but that i f the archi tecture is r ight , the system
implementa t ion cos t can compete w i th the se l l i ng p r i ce o f the M025.
I b e l i e v e t h a t i t i s i m p o r t a n t t o m a k e t h e r i g h t p e r f o r m a n c e / c o s t
t r a d e o f f s i n o r d e r t o m a k e i t c o s t e f f e c t i v e t o p r o v i d e m o r e t h a n
J u s t a s i n g l e d e m o n s t r a t i o n u n i t w i t h i n C R G .

The major approaches that were considered in this design are summar
i z e d b e l o w :

¥ Use an ava i lab le 16 b i t m ic roprocessor in o rder to avo id des ign

i n g a n e w p r o c e s s o r a n d a s s e m b l y l a n g u a g e .

¥ Al low for performance improvements by developing a system archi
t e c t u r e w h i c h w i l l a l l o w f o r m u l t i p l e / m i x e d p r o c e s s o r s .

¥ P r o v i d e a s o f t w a r e e n v i r o n m e n t w h i c h m i n i m i z e s t h e s t a r t - u p

e f f o r t r e q u i r e d .

¥ P r o v i d e f o r a m a x i m u m p e r f o r m a n c e u s e r i n t e r f a c e i n o r d e r t o

e n c o u r a g e u s e s a n d e x p e r i m e n t s i n t h i s a r e a .

¥ P r o v i d e f o r a s y s t e m w i t h m a x i m u m f l e x i b i l i t y a n d p o t e n t i a l i n
t h e p r o g r a m a r e a s t h a t C R G i s c u r r e n t l y i n v o l v e d o r l i k e l y t o

i n v e s t i g a t e .

T h e p r i m a r y r e s u l t t h a t c o m e s o u t o f t h e a b o v e l i s t i s a d e s i g n t o
p r o v i d e a v a l u a b l e t o o l w i t h i n T e k t r o n i x . T h i s d o e s n o t r u l e o u t
t h e s e c o n d a r y g o a l o f d e m o n s t r a t i n g a n a r c h i t e c t u r e t h a t c o u l d p r o v e
v a l u a b l e t o f u t u r e I D D o r M D P p r o d u c t s .

3 * O Te r a l l H a r d w a r e D e s c r i p t i o n

T h e h a r d w a r e a r c h i t e c t u r e o f M a g n o l i a c a n b e s t b e s e e n b y l o o k i n g a t

F i g . 1 . T h i s d r a w i n g s h o w s a s y s t e m c o n s i s t i n g o f t h r e e m i c r o p r o c e s
s o r s . E a c h o n e h a s a l o c a l " B u s " o n w h i c h p r o g r a m a n d l o c a l d a t a
t r a n s f e r s t a k e p l a c e . I n a d d i t i o n , t h e r e i s a c o m m o n " O b j e c t " b u s
w h i c h i s u s e d f o r c o m m u n i c a t i o n b e t w e e n p r o c e s s o r s . T h e p r o t o c o l o f
t h e o b j e c t b u s i s t a i l o r e d t o " h i g h l e v e l l a n g u a g e " d e s i g n s , a n d i s
d e s c r i b e d i n f u l l d e t a i l l a t e r o n .

T h e t o p p r o c e s s o r s h o w n i n F i g . 1 c a n b e t h o u g h t o f a s t h e " s y s t e m

p r o c e s s o r . " T h i s w o u l d i n i t i a l l y b e a v e r y c o n v e n t i o n a l p r o c e s s o r
w i t h c o n t r o l l e r s f o r a l l t h e I n p u t / O u t p u t d e v i c e s , 1 o r m o r e b o a r d s
o f l o c a l m e m o r y, a n d s o m e f o r m o f m e m o r y m a n a g e m e n t . T h e " o p e r a t i n g
s y s t e m " p r o g r a m w o u l d r u n i n t h i s p r o c e s s o r , a l o n g w i t h m o s t o f t h e
a p p l i c a t i o n p r o g r a m s .

The midd le p rocessor i s shown to represent the poss ib le inc lus ion o f
1 o r m o r e a d d i t i o n a l p r o c e s s o r s . T h e s e w o u l d b e a d d e d w h e n t h e

a p p l i c a t i o n r e q u i r e d e n h a n c e d p e r f o r m a n c e . A " k e r n e l " p r o g r a m w o u l d
b e r e q u i r e d i n t h i s p r o c e s s o r t o i n t e r a c t w i t h t h e O b j e c t B u s , h a n d l e
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p rocedure ca l ls , and manage memory a l locat ion , e tc . Th is code wou ld
b e q u i t e m i n i m a l , l e a v i n g t h e b u l k o f t h e p r o c e s s o r f o r a p p l i c a t i o n
p rog rams . I n t h i s pa r t i cu la r examp le , an add i t i ona l cus tom p rocesso r
has been inc luded which could prov ide enhanced per formance for data

m a n i p u l a t i o n o r ß o a t i n g - p o i n t c a l c u l a t i o n s e t c .

T h e p r o c e s s o r a t t h e b o t t o m o f t h e d r a w i n g i s t h e " d i s p l a y p r o c e s
s o r . " T h e d i s p l a y s y s t e m w i l l c o n s i s t o f a h i g h r e s o l u t i o n i m a g e a n d
a r a s t e r s c a n d i s p l a y p r o c e s s o r t h a t c r e a t e s i t s i m a g e u s i n g a 9 9 0
p i x e l h i g h b y 1 2 8 0 p i x e l w i d e " b i t - m a p " i m a g e . T h e p r o c e s s o r w i l l
imp lemen t d i sp l ay capab i l i t i e s such as i nse r t o r de l e te ob j ec t s such
a s l i n e s o r c h a r a c t e r s o n t h e d i s p l a y . A n a d d i t i o n a l m i c r o p r o g r a m m -
a b l e p r o c e s s o r i s s h o w n i n t h i s p r o c e s s o r i n o r d e r t o e n h a n c e t h e
pe r fo rmance o f do ing b i t man ipu la t i on o f t he d i sp lay memory. I f t h i s
C O - p r o c e s s o r i s n o t i n i t i a l l y i m p l e m e n t e d , t h e n t h e m i c r o p r o c e s s o r
c o u l d p e r f o r m t h i s f u n c t i o n w i t h d e g r a d e d p e r f o r m a n c e . T h e D i s p l a y
C o n t r o l l e r i s i n c l u d e d a s a m i n i m a l c i r c u i t t o p r o v i d e a d d r e s s e s t o

cycle through memory for refresh of the display. If the microcoded
processor i s p resent , th is func t ion cou ld be done there .

A p o s s i b l e " p a c k a g i n g " i m p l e m e n t a t i o n o f t h e h a r d w a r e s y s t e m j u s t
descr ibed is g iven in F ig . 2 . Th is shows a sys tem where the moni tor
and movable keyboard sit on the user's table. The electronics (and
opt iona l d isk ) a re p laced in a separa te enc losure tha t can be p laced
out of the way such as under the desk. This implementat ion minimizes
t h e t a b l e s u r f a c e t h a t i s o c c u p i e d b y t h e s y s t e m .

4 . O y e r a l l S o f t v a r e D e s c r i p t i o n

The initial Magnolia system will be brought up with a version of the
UNIX operat ing system. The two in i t ia l programming languages wi l l be
"C" , w i th a m in ima l re l i ance on the m ic rop rocessor ' s assemb ly
language. This has a number of signiÞcant advantages summarized
b e l o w .

¥ Less r isk is accepted when avoid ing the s imul taneous development
o f b o t h n e w h a r d w a r e a n d n e w s o f t w a r e . T h e c u r r e n t l y p r e d o m i n a n t
s o f t w a r e e n v i r o n m e n t w i t h i n C R G i s U N I X a n d t h e " C " l a n g u a g e . I n
th is case, the cur rent so f tware env i ronment shou ld be brought up
o n a n e w h a r d w a r e e n v i r o n m e n t , a n d i f d e s i r e d i n t h e f u t u r e , a
new so f tware env i ronment can be exper imented w i th on what w i l l
t h e n b e a n e s t a b l i s h e d h a r d w a r e b a s e .

¥ T h e r e i s a l a r g e u s e r c o m m u n i t y w h i c h e x i s t s a r o u n d t h e U N I X

o p e r a t i n g s y s t e m , a n d i t i s i n A R G * s b e s t i n t e r e s t t o r e m a i n a
p a r t o f t h a t c o m m u n i t y .

¥ The re a re a number o f p rog rams a l ready wr i t t en wh ich wou ld be
u s e f u l i n t h i s e n v i r o n m e n t . S c r e e n t e x t e d i t o r s a r e a v a i l a b l e
w h i c h w e c o u l d u s e . I t i s a l s o l i k e l y t h a t V L S I a n d C A D p r o g r a m s
f o r V L S I a n d o t h e r a r e a s w o u l d b e a v a i l a b l e f o r r u n n i n g u n d e r a
U N I X e n v i r o n m e n t .


