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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 fl 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 significant 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 .
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• The "C" language is well suited for implementing operating sys
tems. This language provides most of the High Level Language
(HLL) constructs that are needed, while still providing the low
level operations that allow the system to minimize the amount of
code wr i t ten in assembly language.

The C compiler and loader can enable a program to be written as a
g r o u p o f w e l l o r g a n i z e d m o d u l e s . T h e l o a d e r w i l l n e e d t o h a v e
knowledge of the multiple processors, and implement commands to load
code segments into var ious processors.

The UNIX operating system will need to be tailored to the Magnolia
env i ronment . The por t ions o f code assoc ia ted w i th mul t i -users can be
el iminated, whi le mul t i - task ing wi l l remain. The operat ing system
will need to manipulate "windows" on the bit-map display where dif
ferent tasks will get assigned different "window" areas. UNIX com
mands wi l l have to be added to control the size and locat ion of these
a r e a s .

5 . l l t e r n a t l y e S y s t e a s

I t is important that we look at a l ternat ives to bui ld ing th is com
puter, and recognize the appropriate advantages and disadvantages.
T h e f o l l o w i n g l i s t r e p r e s e n t s s e v e r a l o f t h e a l t e r n a t i v e s t h a t h a v e
b e e n c o n s i d e r e d :

5 . 1 . 4 0 6 1 - T I M A

T h i s i s a a n o b v i o u s c a n d i d a t e i n t h e c l a s s o f a S i n g l e U s e r
Sys tem. As a p roduc t o f Tek , i t wou ld be des i rab le to use th i s
s y s t e m . T h e d r a w b a c k s b e c o m e o b v i o u s a s s o o n a s o n e l o o k s a t
performing experiments with it. The bit map display capabil i ty
is built in to a dedicated display processor, and contemplating
adding to or modi fy ing d isp lay capabi l i t ies is not prac t ica l .
While it does have a microcoded processor underneath, the con
t r o l s t o r e i s n o t w r i t a b l e , a n d i t i s n o t f e a s i b l e t o m a k e i t
wr i tab le. F inal ly, i t does not have i ts own local h igh speed
hard disk, and is not software compatible with the work already
d o n e i n ' C * o n U N I X .

5 . 2 . P B R Q

This is a personal computer that has been "about to be released"
from Three Rivers for some time now. It looks l ike they sti l l
have a lot of work to do. It is a microcoded processor designed
t o r u n P a s c a l c o d e i n a U N I X l i k e e n v i r o n m e n t . I t d o e s h a v e a
flexib le b i t map display and wr i table contro l s tore. The pr i
ma ry d raw backs a re ava i l ab i l i t y and cos t ( a round $20K each ) .
I t i s a l s o i n h e r e n t l y a u n i p r o c e s s o r a n d d o e s n ' t l e n d i t s e l f t o
exper iments in mul t ip rocessor systems.
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5.3. HP Syatea 35, 45B, 300

H e w l e t t P a c k a r d i s p r o b a b l y t h e c l o s e s t p r o d u c t t h a t i s
c u r r e n t l y a v a i l a b l e . T h e s y s t e m s e m p h a s i z e t h e u s e r i n t e r a c t i o n
th rough the d i sp lay, howeve r t he p rocesso r and d i sp lay a re no t
in teg ra ted as t i gh t l y as they shou ld be , and the d isp lay reso lu
t i o n i s q u i t e l o w ( l e s s t h a t 5 1 2 X 5 1 2 p i x e l s ) . T h e l o w e n d
s y s t e m s p r o v i d e B A S I C a s t h e p r o g r a m m i n g l a n g u a g e , w h i l e t h e
h i g h e n d s y s t e m s a r e t o o m u c h f o r a s i n g l e u s e r s y s t e m - H P
i n t e n d s f o r t h e m t o b e u s e d i n a m u l t i - t e r m i n a l i n s t a l l a t i o n .

5 * 4 . A L T O

T h i s i s e s s e n t i a l l y t h e m o d e l w i t h w h i c h a l l S i n g l e U s e r S y s t e m s
a r e c u r r e n t l y c o m p a r e d . I t i s a n i n t e r n a l p r o d u c t o f X E R O X ,
b u i l t f o r i t s o w n u s e . A n u m b e r o f A LT O s a r e n o w b e i n g g i v e n t o
s e l e c t e d u n i v e r s i t i e s , b u t t h e y a r e n o t f o r s a l e .

6 . P o s s i b l e A p p l l e a t i o n s

The uses for a s ingle user system that come immediate ly to mind are
l i s t e d b e l o w . T h e r a n g e o f t a s k s a p p r o p r i a t e a r e q u i t e d i v e r s e
b e c a u s e o f t h e fl e x i b i l i t y i n h e r e n t i n t h e h a r d w a r e / s o f t w a r e c o n fi
g u r a t i o n .

6 * 1 • N l n i a a l C o s t P e r s o n a l C o a p u t e r

T h i s i s t h e c o n fi g u r a t i o n t h a t w i l l fi r s t b e i m p l e m e n t e d i n
b r i n g i n g u p M a g n o l i a . I t c o n s i s t s o f a s i n g l e p r o c e s s o r b o a r d ,
l oca l memory, and an in te r face board . The in te r face board con
t a i n s t w o s e r i a l i n t e r f a c e s , o n e t o c o n n e c t w i t h a l o c a l t e r m i
n a l a n d t h e o t h e r t o c o n n e c t w i t h a h o s t c o m p u t e r .

T h i s c o n fi g u r a t i o n c a n b e o p t i o n a l l y e n h a n c e d w i t h a fl o p p y d i s k
o r W i n c h e s t e r h a r d d i s k . T h e n e x t u p g r a d e w o u l d b e a s e c o n d
p r o c e s s o r t o i m p l e m e n t t h e b i t - m a p d i s p l a y .

I n a l l o f t h e s e h a r d w a r e c o n fi g u r a t i o n s , t h e U N I X o p e r a t i n g s y s
tem and user programs would run in a single microprocessor.

6 . 2 * M u l t i - p r o c e s s o r A p p l i c a t i o n s

I n v e s t i g a t i o n s i n t h e a r e a s o f d a t a b a s e a n d d a t a d r i v e n s y s t e m s
cou ld eas i l y ga in f rom the p resence o f mu l t i p le p rocessors . The
b a s i c a r c h i t e c t u r e a n d p h y s i c a l i m p l e m e n t a t i o n o f M a g n o l i a w i l l
make it practical to build up a system consisting of say 8 or
m o r e p r o c e s s o r s i f s o m e p r o j e c t w o u l d w a r r a n t s u c h a n a p p r o a c h .

6 * 3 « P r o c e s s o r A r c h i t e c t u r e

A p r o j e c t i n v o l v e d i n i m p l e m e n t i n g a n e x p e r i m e n t a l p r o c e s s o r
a r c h i t e c t u r e n e e d s a w a y t o i m p l e m e n t t h e b a s i c h a r d w a r e w i t h o u t
h a v i n g t o p r o v i d e t h e f u l l o p e r a t i n g s y s t e m a n d I / O . P l a c i n g a
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new capabi l i ty on the Object bus, loading in code and running i t
f r o m t h e e x i s t i n g s y s t e m p r o v i d e s a p r a c t i c a l s o l u t i o n .

6 . 4 • O a e r I n t e r f a c e

T h e m o d e o f c o m m u n i c a t i o n w i t h a u s e r f r o m a h i g h p e r f o r m a n c e
S ing le User Sys tem needs to be qua l i ta t i ve ly d i f fe ren t f rom tha t
o f a t i m e - s h a r e d s y s t e m , o r l o w p e r f o r m a n c e p e r s o n a l c o m p u t e r .
T h e r e i s a s t r o n g n e e d t o i n v e s t i g a t e t h i s a r e a c a r e f u l l y, b o t h
in the area of display management as wel l as input point ing dev
i c e s .

6 . 5 * I n t e r a c t i y e E d i t i n g

One of the most powerful advantages of a high performance Single
User System comes from the possibility of providing high qual
i ty, fast response, easy to use interact ions with the user in
a reas such as t ex t ed i t i ng and g raph i cs ed i t i ng . An examp le o f
a system used for graphics editing is the Tek M08l. Its mode of
editing however is directed towards input of a "stable" drawing
which wi l l require only small updates. Systems l ike Magnol ia
have the potential for allowing a user to draw his conceptual
design on a system, updating it as quickly and easily as he does
with paper and pencil. This approach is not appreciated by many
peop le , and i t s p rac t i ca l i t y needs to be demonst ra ted .

6«6. Advanced CAD prograas

Many of the CAD programs which are current ly avai lable are suf
ficiently compute intensive that only a relatively small number
of users can be suppor ted on a t ime-shared system. Magnol ia is
aimed at equaling or exceeding the capacity of a system such as
o u r 11 / 7 0 i n o r d e r t o e f fi c i e n t l y r u n p o w e r f u l a n d l a r g e d e s i g n
p r o g r a m s .

7 * D e t a i l e d D e s c r i p t i o n

T h i s s e c t i o n w i l l fi l l i n a s m u c h d e t a i l o f t h e M a g n o l i a s y s t e m a s I
can at this point. Some areas are fil led in more than others, but
the detai ls presented here wi l l g ive a clear idea of the direct ion
t h e d e s i g n w o u l d f o l l o w .

7 . 1 . P r o c e a a o r

The in t roduct ion o f 16 b i t microprocessors makes poss ib le bu i ld
ing a high performance Single User System without basing the
design on MSI components. The three processors considered were
Intel 8086, Zilog Z8001, and the Motorola 68000. The three pro
cessors were compared based on criterias such as quality of
i n s t r u c t i o n s e t , e a s e o f e l e c t r i c a l i n t e r f a c e , a n d s p e e d .

• The 8086 has a poorly ordered instruction set, and too small
an address space. On the p lus s ide is the ch ip suppor t that
Intel provides around it in terms of interfaces and addition



- 9 -

o f e x t e n d e d i n s t r u c t i o n s s e t ( s ) .

• The Z8001, which is not currently available, has an "almost"
g o o d i n s t r u c t i o n s e t - b u t m a n y o f t h e a d d r e s s i n g m o d e s a r e
m i s s i n g o n m o s t o f t h e i n s t r u c t i o n s . E v e n t h o u g h t h e
address space is large, you have to contend with a segmented
a d d r e s s s c h e m e w h i c h i s a n n o y i n g .

• The 68000 has the best ins t ruc t ion set , i t i s comple te , sym-
» m e t r i c , a n d c o i n c i d e n t a l l y m o s t s i m i l a r t o t h e D E C P D P 1 1

s e r i e s c o m p u t e r s . T h e a d d r e s s s p a c e i s l a r g e a n d c o n t i g u o u s
w h i c h s h o u l d l e a d t o c l e a n e r p r o g r a m s . I n a d d i t i o n , t h e' i n t e r n a l a r c h i t e c t u r e i s e n t i r e l y 3 2 b i t s w i d e , a n d i s t h e
m o s t l i k e l y o f t h e t h r e e t o e x p a n d t h a t c a p a b i l i t y t o i t s
I / O i n t e r f a c e i n t h e f u t u r e .

Based on the above compar ison, the Motoro la 68000 w i l l be the
m i c r o p r o c e s s o r u s e d f o r e a c h o f t h e p r o c e s s o r s i n M a g n o l i a .
N o t e t h a t w i t h t h e u s e o f t h e O b j e c t B u s i n t e r f a c e d i f f e r e n t
p r o c e s s o r c h i p s c o u l d b e u s e d . I a n v e r y c o n c e r n e d w i t h e a s e o f
s o f t w a r e d e v e l o p m e n t , a n d t h e r e f o r e W e u i t i d e n t i c a l p r o c e s s o r s s o
that program modules can easi ly be moved around within the sys
t e m .

Bes ides the bas ic p rocessor, there are a number o f o ther capa
b i l i t i e s t o b e i m p l e m e n t e d o n t h e p r o c e s s o r b o a r d . T h e m o s t
s i g n i fi c a n t i s t h e O b j e c t B u s i n t e r f a c e d e s c r i b e d b e l o w. A p r o
g rammab le t ime ch ip w i l l make t imed i n te r rup t s ava i l ab le t o a l l
p r o c e s s o r s . A p r o g r a m P R O M w i l l b e p r o v i d e d w h i c h c o n t a i n s
e n o u g h c o d e t o " b o o t " t h e p r o c e s s o r a f t e r p o w e r u p a s w e l l a s
p rov ide some bas i c debugg ing a ids . Th i s PROM w i l l be i n i t i a l l y
mapped into address 0 of the 68000, but will later be mapped to
a v e r y h i g h a d d r e s s l o c a t i o n w h e r e i t w i l l b e a v a i l a b l e f o r e x e
c u t i o n a t a n y o t h e r t i m e . F i n a l l y , t h e r e w i l l b e a s i m p l e
m a p p e d m e m o r y r e g i s t e r s u p p l i e d s o t h a t u n f o r e s e e n s l o w a n d
m e d i u m s p e e d I / O d e v i c e s c a n b e e a s i l y a d d e d t o a n y o n e o f t h e
p r o c e s s o r s .

7 * 2 . O b j e c t B u s

T h e O b j e c t B u s r e p r e s e n t s t h e m e c h a n i s m t h r o u g h w h i c h t h e v a r i
o u s p r o c e s s o r s c o m m u n i c a t e w i t h e a c h o t h e r . T h i s i s p r o b a b l y
t h e m o s t u n i q u e f e a t u r e o f M a g n o l i a , a n d h a s e v o l v e d t h r o u g h
n u m e r o u s c o n v e r s a t i o n s w i t h To m C o o k . T h e p r i m a r y o b j e c t i v e i s
t o p r o v i d e a c c e s s t o d a t a s t r u c t u r e s ( O b j e c t s ) w h i c h r e s i d e a t
u n k n o w n l o c a t i o n s o f u n k n o w n p r o c e s s o r s - k n o w i n g o n l y t h e
un ique ID (Ob jec t number ) fo r tha t da ta s t ruc tu re .

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

• The f i r s t i s to g ive each p rocessor a two por t memory, one
p o r t f o r l o c a l r e f e r e n c e s , a n d a n o t h e r f o r r e m o t e r e f e r
e n c e s . A l l m e m o r i e s w o u l d b e a d d r e s s a b l e v i a a s u f fi c i e n t l y
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l a r g e a d d r e s s s p a c e . T h i s i s a v e r y u n s t r u c t u r e d a p p r o a c h
a n d r e q u i r e s a p r o c e s s o r t o k n o w t h e e x a c t s t a t e o f e v e r y
other processor's memory. This gives no memory protection
f r o m e r r a n t w r i t e s f r o m a n y o f t h e o t h e r p r o c e s s o r s . T h i s
is simplest to implement in hardware, simplest to start in
software, hardest to maintain reliably, and is probably the
most common approach used.

• The second approach is to prov ide a "min i network" between
the processors through which messages are passed. This is a
very structured approach, but can result in a lot of data
passing and protocol requirements. While this approach pro
vides the necessary memory protection, I feel it will be too
s l o w a n d i n fl e x i b l e f o r t h e f a s t l o w l e v e l i n t e r a c t i o n s
appropriate within a multiprocessor computer.

The approach described here will allow for random read/write
operations into data structures referenced by an ID (Object
Number). The location (which processor and where in its memory)
wi l l not be known by the request ing processor. Final ly read/
write protection will be provided to maximize memory integrity.

A block diagraun of a processor tied to an Object Bus is shown in
Fig. 3. The hardware is broken down into 2 sections. The first
i s used to i n i t i a te a t rans fe r on to the Ob jec t Bus . The p roces
sor which is in i t ia t ing a t ransfer is referred to as the "Bus
Master", The second section responds to transfer requests on the
Object Bus, and is referred to as the "Bus Slave." The two sec
tions will be implemented to run simultaneously (full duplex) so
that an Object reference by one processor may get a response
from that same processor if the data structure resides in that
p r o c e s s o r s m e m o r y s p a c e .

7 « 2 « 1 * B o s M a s t e r

The Bus Maste r hardware cons is ts o f two Ob jec t reg is te rs ,
bus request logic, address drivers, and data trsmsceivers.
The Object Registers are used to hold the Object Numbers
that wil l be used should an Object Reference be executed by
the 68000 program. An Object Reference is sensed by moni
toring the address range specified by a 68000 memory refer
ence. The 16 megabytes of 68000 address space are divided
u p a s f o l l o w s :

Mbyte 15: Object reference (use Object Reg. 1)
Mbyte 14: Object reference (use Object Reg. 2)
Mbyte 13: Hardware registers 2Uid memories etc.
M b y t e 1 2 , ,
Mbyte 00: Local memory address space

Each Object reference has one megabyte of address range
reserved. This port ion of the address space is used to
specify an address within the object being accessed. This
means that for some purposes ( ie debugging), an ent ire
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local memory could be addressed as an object.

T o u s e t h e O b j e c t B u s , a p r o g r a m m u s t fi r s t l o a d t h e
a p p r o p r i a t e O b j e c t R e g i s t e r w i t h t h e O b j e c t N u m b e r t h a t i t
w a n t s t o a c c e s s . T h e p r o g r a m t h e n m a k e s a m e m o r y r e f e r e n c e
w i t h i n t h e m e g a b y t e r a n g e o f t h e O b j e c t R e g i s t e r . W h e n
t h i s h a p p e n s , l o c a l m e m o r y r e f e r e n c e i s i n h i b i t e d , t h e B u s
M a s t e r l o g i c p l a c e s a r e q u e s t f o r O b j e c t B u s c o n t r o l , a n d
w a i t s u n t i l i t h a s c o n t r o l o f t h e B u s . I t t h e n p l a c e s t h e
O b j e c t N u m b e r ( f r o m t h e r e g i s t e r ) o n t h e O b j e c t B u s a n d
waits for a response from some (unspecified) Bus Slave that
h a s t h e i n d i c a t e d O b j e c t N u m b e r . T h e B u s M a s t e r t h e n s e n d s
t h e 2 2 b i t s o f a d d r e s s i n f o r m a t i o n o n t o t h e a d d r e s s b u s .
This represents the address WITHIN the object, which may be
up to 1 megabyte. Finally, the data is sent or received as
appropr iate and the Object Bus is re leased.

7 . 2 « 2 , B u s S l a v e

T h e B u s S l a v e h a r d w a r e c o n s i s t s o f a " m a p " m e m o r y , D M A
( D i r e c t M e m o r y A c c e s s ) l o g i c , a n d t i m i n g & c o n t r o l l o g i c .
The Map memory is IK words long by 24 bits wide, and con
t a i n s 4 w o r d s o f i n f o r m a t i o n f o r e a c h o f 2 5 6 p o s s i b l e
ob jec t en t r ies . The fo rmat o f a 4 word en t ry i s g iven
b e l o w .

Wd 0; 23, ,16 not defined; 15, fOO: Object Number
Wd 1: 23,,GO: start ing address of object in local memory
W d 2 : 2 3 : I n t e r r u p t ; 2 2 , , 0 0 : n u m b e r o f r e a d a b l e b y t e s
W d 3 : 2 3 : I n t e r r u p t ; 2 2 , , 0 0 : n u m b e r o f w r i t a b l e b y t e s

W o r d s 2 a n d 3 a r e u s e d d u r i n g a r e a d o r w r i t e o p e r a t i o n
r e s p e c t i v e l y t o c h e c k t h a t t h e o b j e c t a d d r e s s r e c e i v e d i s
val id ( less than the maximum specified), and to see whether
t h e l o c a l p r o c e s s o r s h o u l d b e i n t e r r u p t e d a s a r e s u l t o f
t h e o b j e c t r e f e r e n c e . N o t i c e t h a t b y d e fi n i n g t h e d a t a
s t r u c t u r e o f a n O b j e c t c o r r e c t l y, t h e o b j e c t c o u l d p r o v i d e
t h e fi r s t f e w w o r d s a s " r e a d / w r i t e " , w h i l e m a k i n g t h e r e s t
o f t h e o b j e c t r e a d o n l y .

T h e B u s S l a v e l o g i c i s a l w a y s l o o k i n g f o r r e q u e s t s o n t h e
O b j e c t B u s . W h e n i t s e e s a r e q u e s t , i t fi r s t c o m p a r e s t h e
O b j e c t N u m b e r o n t h e b u s w i t h t h e l a s t t w o o b j e c t n u m b e r s
i t p rocessed . I f ne i t he r o f t hese compa re t hen t he con t ro l
l o g i c b e g i n s a s c a n o f t h e M a p , s t o p p i n g i f i t fi n d s a
m a t c h o r r e a c h e s t h e e n d o f t h e m a p . I f a m a t c h i s f o u n d
by any o f the three tes ts descr ibed above then a response
i s s e n t b a c k o v e r t h e O b j e c t B u s r e q u e s t i n g t h e a d d r e s s
p o r t i o n o f t h e O b j e c t R e f e r e n c e . T h e s l a v e l o g i c n e x t
r e a d s t h e o b j e c t b a s e a d d r e s s o u t o f t h e m a p , a d d s t h e
object address then present on the Object Bus and saves the
r e s u l t i n a n a d d r e s s r e g i s t e r . N e x t , a D M A c y c l e i s
requested f rom the local processor. Whi le wai t ing for a
D M A a c k n o w l e d g e m e n t , t h e l o g i c l o o k s u p t h e s i z e o f t h e
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o b j e c t i n t h e M a p a n d c o m p a r e s t h a t v a l u e w i t h t h e a d d r e s s
s e n t o n t h e B u s , I f t h e a d d r e s s i s o u t s i d e t h e r a n g e
a l l o w e d f o r t h e r e f e r e n c e t h e n t h e a c c e s s i s a b o r t e d a n d a n
e r r o r fl a g i s r e t u r n e d t o t h e B u s M a s t e r .

7 * 2 . 3 • O b j e c t B u s P e r f o r a a n o e

S i n c e t h e O b j e c t B u s i s t h e o n e r e s o u r c e t h a t i s s h a r e d ,
t h e p e r f o r m a n c e o f t h e b u s i s c r i t i c a l ( e s p e c i a l l y i f a d d i
t i o n a l p r o c e s s o r s a r e a d d e d f o r p e r f o r m a n c e ) . I n o r d e r t o
m a k e t h e b u s a s p o w e r f u l a s p o s s i b l e , t h e f o l l o w i n g
f e a t u r e s s h o u l d b e i m p l e m e n t e d ;

1) Minimize the Map search time. First off, the Bus Slave
w i l l k e e p t r a c k o f t h e l a s t t w o o b j e c t n u m b e r s
a c c e s s e d , a n d m a t c h i m m e d i a t e l y i f t h e y a r e u s e d a g a i n .
A f t e r t h a t , t h e l o g i c w i l l b e g i n a s e a r c h o f a 2 5 6
e n t r y m a p . R u n n i n g o n a 1 2 5 n s c l o c k , t h i s w o u l d
r e q u i r e 3 2 u s m a x t o s c a n t h e m a p . I n o r d e r t o c u t
th is down, the map wi l l be segmented in to 4 64 ob jec t
e n t r i e s . T h e s e g m e n t i s c h o s e n b a s e d o n t h e t w o l e a s t
s i g n i fi c a n t b i t s o f t h e O b j e c t N u m b e r . T h i s w i l l c u t
the maximum search time down to 8 us max or 4 us typi
c a l .

2) Two priorities of Bus access. The bus will normally be
accessed in low pr io r i ty mode, bu t p rograms may set a
h i g h p r i o r i t y fl a g f o r f a s t e r r e s p o n s e .

3 ) Con t inuous Mode . I f t h i s flag i s se t , t hen the Bus
M a s t e r w i l l n o t r e l e a s e t h e b u s a f t e r a n a c c e s s . A l o w
p r i o r i t y a c c e s s o f t h i s t y p e w i l l l o s e t h e b u s t o a
H I G H p r i o r i t y a c c e s s . T h e l o w p r i o r i t y c o n t i n u o u s m o d e
i s p r o v i d e d t o m i n i m i z e t h e t i m e s p e n t s e a r c h i n g m a p s
f o r l o n g b u s t r a n s f e r s . I n h i g h p r i o r i t y m o d e , t h e b u s
w i l l b e e n t i r e l y l o c k e d u p . T h i s w i l l p r o v i d e f o r
a u t o n o m o u s o p e r a t i o n s o f r e a d i n g ( m u l t i p l e ) w o r d ( s )
w i t h i n a n O b j e c t , a n d s e t t i n g s o m e w o r d ( s ) . T h i s i s
n e c e s s a r y f o r r e l i a b l e h a n d s h a k e o p e r a t i o n s i n a m u l
t i p r o c e s s o r e n v i r o n m e n t .

4 ) Broadcas t Mode. There may be some app l i ca t ions where
s e p a r a t e c o p i e s o f a n o b j e c t a r e m a i n t a i n e d i n m o r e
t h a n o n e p r o c e s s o r . I n t h i s c a s e , o n e w o u l d l i k e t o
wai t for a l l Bus S laves to find a match, and thus a l low
data to be wr i t ten in to the same object address of ALL
copies of the ob ject wi th in the system. This mode does
n o t m a k e s e n s e f o r r e a d i n g .

5 ) I n t e r r u p t i f a c c e s s e d . T h e M a p w i l l h a v e t w o b i t s
w h i c h , i f s e t , w i l l c a u s e a n i n t e r r u p t t o b e g e n e r a t e d
t o t h e l o c a l p r o c e s s o r i f t h e o b j e c t i s w r i t t e n o r r e a d
a s a p p r o p r i a t e .
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7 * 2 * 4 » H o w t o u s e I t

T h e O b j e c t B u s a s d e s c r i b e d a b o v e a l l o w s f o r r a n d o m a c c e s s
o f r e m o t e ( o r l o c a l ) d a t a s t r u c t u r e s w i t h a p p r o p r i a t e
m e m o r y p r o t e c t i o n * W h a t o n e d o e s w i t h t h i s c a p a b i l i t y
e s s e n t i a l l y f a l l s i n t o 2 c a t e g o r i e s : d a t a s t r u c t u r e s a n d
message pass ing. A data s t ruc ture cou ld res ide in one pro
c e s s o r , b u t b e a c c e s s i b l e t o a l l p r o c e s s o r s . P r o c e d u r e
c a l l s c a n b e i m p l e m e n t e d a c r o s s t h e O b j e c t B u s . T h i s i s
d o n e b y d e fi n i n g a n O b j e c t i n w h i c h o n e c a n i n d i c a t e a
request for a code segment to be executed, the parameters
to be used, and the Object Number where the results may be
r e t u r n e d .

In the case o f the b i t map d isp lay, a reques t to d isp lay a
new l ine of text may be done by cal l ing an object procedure
with the appropriate parameters including a pointer back to
t h e s o u r c e t e x t O b j e c t w i t h i n t h e c a l l i n g p r o c e s s o r . A t
the same t ime, the bit-map display, which wil l reside in
the d isp lay processors loca l memory wi l l a lso have an
O b j e c t N u m b e r a s s i g n e d t o i t s o t h a t a n y p r o c e s s o r c a n
d i rec t l y r ead and wr i t e t he d i sp lay b i t -map .

7 . 3 . M e m o r y

The basic memory board for Magnolia will contain one row of 32
memory chips which will be accessible in byte, word, or double
word modes. Configuring the memory this way will allow for full
32 bit microprocessors in the future. The 68000 microprocessor
current ly only uses byte and word accesses to the memory
(double-word instructions cause 2 word accesses to be executed).

7 . 3 . 1 . C h o i c e o f M e a o r y C h i p

There are currently a variety of chips available, and it is
indeed tempting to want to provide for more than one type.

The standau'd memory part will be the 64K dynamic RAM chip.
This wi l l provide for 256K bytes of memory per board.
These chips are currently available, although at a rather
high price - $75 each. I would expect the price to come
down substancially within 6 months to a year, and to $20
w i t h i n 2 y e a r s .

The other opt ion is to provide for current 16K memory
chips. This would provide for 64K bytes of memory per
bOeU'd. This will probably be too small for most applica
tions, but would make a good cost saving option until the
price of 64K chips comes down.

7 . 3 . 2 . E r r o r D e t e c t i o n / C o r r e c t i o n

There are two possible approaches in this area; byte parity
w i t h n o c o r r e c t i o n , o r e r r o r c o r r e c t i o n o n t h e 3 2 b i t
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wo rds . The cho i ce o f imp lemen ta t i on w i l l depend on speed
a n d c o m p l e x i t y .

• B y t e p a r i t y w i l l r e q u i r e U e x t r a b i t s p e r w o r d , o r 3 6
m e m o r y c h i p s p e r b o a r d . T h i s w i l l s i m p l y p r o v i d e e r r o r
d e t e c t i o n a t a m i n i m u m c o s t , a n d w i l l n o t r e q u i r e a d d i
t i o n a l m e m o r y c y c l e t i m e .

• E r ro r co r rec t i on r equ i r es mo re b i t s t han s imp le pa r i t y.
E C C o n b y t e s r e q u i r e s 5 e x t r a b i t s , w o r d s r e q u i r e 6 ,
and double words require 7. Because of the byte opera
t i ons o f t he 68000 , the s t ra igh t fo rward so lu t i on wou ld
r e q u i r e e r r o r c o r r e c t i o n o n b y t e s . T h i s i s t o o c o s t l y,
s o t h e s o l u t i o n i s t o p r o v i d e E C C o n d o u b l e w o r d s a n d
t u r n a l l w r i t e s i n t o R e a d / m o d i f y / w r i t e o p e r a t i o n s .

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

• R e a d a l l 3 2 b i t s f r o m t h e m e m o r y
• C o r r e c t t h e d a t a r e a d i f t h e E C C c o d e i n d i c a t e s a n

e r r o r

• C o m p u t e t h e n e w E C C w i t h t h e n e w b y t e i n s e r t e d
• Wr i t e t h e e n t i r e 3 2 b i t s ( o r j u s t t h e b y te p l u s t h e

E C C b i t s )

W e w i l l h a v e t o l o o k c a r e f u l l y a t m e m o r y t i m i n g s , b u t I
believe that the 65K RAM parts will have enough speed to
a l l o w u s t o d o t h i s *

7 « 3 < 3 » D i s p l a y R e f r e s h O p t i o n

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

A m e m o r y a c c e s s f r o m a " d i s p l a y c o n t r o l l e r " w i l l i n d i c a t e a
s p e c i a l v i d e o r e f r e s h m o d e a c c e s s . I n t h i s c a s e , t h e f u l l
3 2 b i t s o f d a t a a c c e s s e d w i l l b e l o a d e d i n t o a d e d i c a t e d
F I F O , T h e o u t p u t o f t h e F I F O w i l l l o a d a s h i f t r e g i s t e r
w h o s e o u t p u t i s a c o n t i n u o u s b i t s t r e a m o f v i d e o .

I f m u l t i p l e m e m o r y b o a r d s a r e p r e s e n t , t h e n t h e b o a r d
s e l e c t l o g i c w i l l a l w a y s e n a b l e t h e b o a r d . T h u s a s i n g l e
m e m o r y c y c l e w i l l c a u s e 3 2 b i t s f r o m m u l t i p l e b o a r d s t o b e
r e a d . T h i s i s d o n e s o t h a t m u l t i p l e m e m o r y b o a r d s c a n
e a s i l y i m p l e m e n t m u l t i p l e b i t - m a p p l a n e s ( o n e p l a n e p e r
board) for color or grey scale displays.

T h e r e q u i r e m e n t s f o r s c r e e n r e f r e s h ( s e e s e c t i o n 7 . 6 ) w i l l
b e 2 0 n s p e r b i t , o r a m e m o r y c y c l e e v e r y 6 4 0 n s . T h e
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d i s p l a y c o n t r o l l e r d r i v i n g t h i s m e m o r y w i l l h a v e t o b e
carefully designed so as to take only 3 (or 4 at the most)
cycles per access so that the 68000 has sufficient access
to the memory to make responsive changes to the memory,

Meaory Nanageaent

Memory management is used here to indicate hardware assistance
placed between the addresses generated by the 68000 and the
addresses that are presented to the local memory. The amount of
assistance needed is a function of the "type" of software being
run in the 68000. The three levels that wil l be supported on
Magnolia are discussed below.

7 * 4 . 1 • l o n e

I n t h i s c a s e , t h e r e i s n o a d d i t i o n a l h a r d w a r e . T h e
addresses generated by the 68000 program are the addresses
presented to local memory. This is appropriate for single
task programs such as the display controller where all code
is res ident and avai lab le on demand at a l l t imes.

7 * 4 . 2 * B a s e a n d L i s i t R e g i s t e r s .

This is required for a multi-task environment such as UNIX.
It allows multiple "programs" to be dynamically relocated
in real memory. This mechanism requires that all code for
a given process be loaded in memory before running, so that
no "page faults" will occur. The hardware required is very
nominal , say 20 IC*s.

7 . 4 . 3 . V i r t u a l M e a o r y

Virtual memory is a capability that must, at some time, be
addressed for Magnolia. The addressing capability of the
68000 makes very la rge programs poss ib le . Th is la rge
address space will never be implenented in real memory,
hence some form of memory mapping must be provided.

Chosing the most appropriate implementation of virtual
memory is fairly difficult. The basic concept is that of
compromise you can*t have all the memory desired but with
deg raded pe r f o rmance you can s t i l l r un t he p rog ram.
Further decisions of compromise must be made reguarding the
complexity of hardware support. All out support for max
imum performance during paging can involve extensive
hardware. Keeping the implementation costs in balance with
the rest of the system requires careful consideration of
the overall design. Two possible approaches are discussed
b e l o w .

• I n s t r u c t i o n F a u l t i n g a n d R e s t a r t
T h i s i s t h e " s t a n d a r d " a p p r o a c h . I f t h e p r o c e s s o r
makes a reference to an address not in memory, then the
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Virtual Memory hardware aborts the access and flags an
e r r o r . N o t e t h a t t h i s i s n o t n e c e s s a r i l y b e t w e e n
i n s t r u c t i o n s , b u t a t s o m e i n t e r m e d i a t e p o i n t . T h e
68000 would then have to determine what new page is
n e e d e d , w h e r e t o p u t i t , a n d g e n e r a t e t h e d i s k c o m
mands, When the needed page is brought into memory,
t h e 6 8 0 0 0 w o u l d h a v e t o r e - s t a r t t h e a b o r t e d i n s t r u c
t i o n a n d c o n t i n u e n o r m a l l y. T h i s a p p r o a c h i s a l m o s t
i m p o s s i b l e f o r t h e 6 8 0 0 0 ( a s w e l l a s t h e Z 8 0 0 0 a n d
8086) since the processor is not designed to save, or
r e p o r t , i n t e r n a l s t a t e o f a n i n s t r u c t i o n .

• H a n g d u r i n g F a u l t
Th is is an approach proposed by Fores t Basket t (S tan
f o r d U n i v e r s i t y ) i n w h i c h a n 8 b i t p r o c e s s o r i s
i nc luded as pa r t o f t he V i r t ua l Memory ha rdware . Th i s
p rocesso r i s used to se rv i ce the page fau l t s and gen
e r a t e t h e n e e d e d d i s k c o m m a n d s . T h e 6 8 0 0 0 w o u l d b e
t o t a l l y " h u n g " u n t i l t h e n e e d e d p a g e i s l o a d e d a f t e r
which the in i t ia l memory request is comple ted.

The first solution is a requirement in the multi-user large
scale processor environment - the processor can service
other users whi le one process page faul ts .

The second approach will work very effectively in the sin
gle user environment. The VM processor can be programmed to
take care of low level page processing and maintenance of
p a g e t a b l e s . I n m o s t c a s e s , t h e V M p r o c e s s o r w i l l h a v e
d e t e r m i n e d t h e n e x t v i c t i m b e f o r e a p a g e f a u l t o c c u r s s o
t h a t t h e d i s k c a n b e a c t i v a t e d i m m e d i a t e l y. T h e d i s k
selected for use on Magnolia will allow typical page faults
to be comp le ted i n 25 -30 m i l l i seconds . The re la t i ve l y
s m a l l n u m b e r o f t a s k s a v a i l a b l e f o r r u n n i n g m e a n s t h a t i t
would be hard to make good use of the 68000 during page
f a u l t s e v e n i f i t w e r e f r e e t o r u n .

The pr imary imp l ica t ion o f a Vi r tua l Memory tha t hangs the
m a i n p r o c e s s o r i s t h a t a l l r e a l t i m e o p e r a t i o n s ( s u c h a s
t imers and I /O) must be capable of running independent ly of
the 68000, At the least, this means that all I/O must go
t h r o u g h a D M A c h i p . T h e w o r s t w o u l d b e t h a t a n o t h e r 8 b i t
p r o c e s s o r w o u l d b e r e q u i r e d o n t h e I / O b o a r d t o a c t a s a
" s m a r t " D M A c o n t r o l l e r f o r a l l t h e I / O ,

7 * 5 . I / O C a p a b i l i t i e s

One board will be designed to implement as many of the I/O capa
b i l i t i e s a s w e c a n j u s t i f y f o r t h e s y s t e m . A s i n g l e b o a r d
shou ld be su ffic ien t , a l though cab le connec t ions may be a l im i t
i n g f a c t o r ! ,

Most requirements can be met through the use of 6800 peripheral
c o n t r o l l e r c h i p s , A D M A c h i p w i l l b e p r o v i d e d ( w i r e d f o r w o r d
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t rans fe rs ) to hand le H igh speed I /O . A second DMA ch ip (w i red
f o r b y t e t r a n s f e r s ) , o r a n 8 b i t p r o c e s s o r, w i l l b e p r o v i d e d f o r
l o w s p e e d I / O .

The f o l l ow ing l i s t o f capab i l i t i e s r ep resen t s some o f t he t h i ngs
t h a t c o m e t o m i n d . T h e y a r e o r d e r e d b y d e c r e a s i n g i m p o r t a n c e .

7 . 5 * 1 * S e r i a l I n t e r f a c e

T h e r e w i l l b e t w o s e r i a l i n t e r f a c e s , o n e s u i t a b l e f o r d r i v
ing a local terminal, and the other suitable for connection
to a host computer. These could be used in lieu of a local
d i sp lay p rocesso r, l oca l d i sk , o r ne two rk connec t i ons .

7 * 5 . 2 . H a r d D i s k

A local high performance Winchester style disk is the most
appropr ia te for Magnol ia . This c lass of d isk come in a
small package (5" X 10" X 1^"), is quiet, and holds around
20 - 30 megabytes of data. The chosen disk (from Micropo-
l i s ) con ta ins a fo rmat ing processor in te rna l l y and on ly
requires a high speed parallel interface (8 bits wide).
Th i s i n t e r f ace shou ld conve r t t he 8 b i t bus t o t he d i sk t o
a 1 6 b i t 6 8 0 0 0 i n t e r f a c e .

7 . 5 « 3 * F l o p p y D i s k

W i t h t h e a d d i t i o n o f a fl o p p y d i s k c o n t r o l l e r c h i p , w e c a n
have this option. There are a wide range of applications
where a ha rd d i sk i s no t necessa ry (bas i c t ex t ed i t i ng f o r
example) and there is a significant cost differential.

7 * 5 . 4 . l e t v o r k

Magnolia and the CRG network are made for each other! It
i s the h igh per fo rmance commun ica t ion be tween p rocessors
that makes a community of personal machines work. It is the
placing of high performance processors onto a network that
m a k e i t r e a l l y u s e f u l .

I n i t i a l l y, a pa ra l l e l i n te r face i n to t he ex i s t i ng N IBB i s
the most appropriate connection. In the future it might be
m o r e c o n v e n i e n t a n d c o s t e f f e c t i v e t o b r i n g t h e N I B B
software into Magnolia and simply provide a connection to
t h e b a s i c N e t w o r k t a p .

7 . 5 * 5 » A / D c o n T e r t e r

F o u r o r m o r e a n a l o g c h a n n e l s w o u l d b e u s e d f o r p o i n t i n g
d e v i c e i n p u t , a u d i o , e t c .
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7*5*6. D/A Output

Audio feedback for user response, games, music etc. would
c l e a r l y b e u s e d .

7 * 6 . D i s p l a y

The display is the key ingredient which will permit the Magnolia
system to provide qual i tat ively eind quant i tat ively better per
f o r m a n c e o v e r t r a d i t i o n a l t i m e - s h a r e d s y s t e m s . M a g n o l i a w i l l
not be able to equal a VAX or 2020 for computat ional problems.*
It will, however, be able to provide a user interface capability
and responsiveness exceeding any of the time-shared systems
c u r r e n t l y i n u s e .

The display that I propose to implement is based on a high reso
lution 1023 line monitor. Using a 17 inch display, and mounting
the CRT hor izon ta l l y, p rov ides a use fu l sc reen reso lu t ion o f 990
l ines h igh by 1280 b i ts w ide.

• The use of a bit-map display will allow the Magnolia proces
sor to have a large measure of freedom over the images that
a u s e r m i g h t w a n t t o h a v e d i s p l a y e d .

• T h e h i g h r e s o l u t i o n i m a g e w i l l a l l o w t w o t e x t p a g e s t o b e
d isp layed s ide by s ide , p lus some add i t i ona l a rea above o r
b e l o w f o r m e n u a n d s t a t u s i n f o r m a t i o n .

• T h e h i g h r e s o l u t i o n w i l l d e c r e a s e t h e o b j e c t i o n s j a g g i e
l i nes r a i se i n l owe r r eso lu t i on sys tems .

• This screen resolution is well matched to the memory capa
c i t y t h a t w i l l b e a v a i l a b l e t h r o u g h t h e u s e o f 6 4 K R A M s .
The bit-map wil l consume 150K bytes of memory, leaving 100K
bytes of addit ional memory for program code and data tables.

• T h e h o r i z o n t a l f o r m a t w i l l s u p p o r t g r a p h i c a p p l i c a t i o n s i n
the format which is most commonly accepted.

T h e M a g n o l i a a r c h i t e c t u r e o f m u l t i p l e p r o c e s s o r s w i l l a l l o w u s
t o d e v e l o p a s y s t e m d e s i g n w h e r e t h e f u n c t i o n s n e c e s s a r y f o r
s c r e e n m a n i p u l a t i o n a r e w e l l o r g a n i z e d a n d s e p a r a t e d i n t h e
s e p a r a t e " d i s p l a y " p r o c e s s o r . T h e s y s t e m w i l l , a t t h e s a m e
t i m e , p r o v i d e fl e x i b i l i t y f o r a p p l i c a t i o n p r o g r a m s t o l o a d s o m e
o f t h e i r o w n " d i s p l a y r o u t i n e s " i n t o t h e d i s p l a y p r o c e s s o r , o r
simply access the "raw" bi t-map as an Object.

7 • 7 * P o i n t i n g D e r i o e

In te rac t i ve ed i t i ng w i th a compu te r i s l im i ted by the speed w i th
w h i c h t h e u s e r c a n " p o i n t " t o s o m e p l a c e o n t h e s c r e e n . B y

• Unless augmented by special-purpose math processors.
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" i n t e r a c t i v e e d i t i n g " , I m e a n t h e p r o c e s s o f m a k i n g s m a l l
c h a n g e s t o a d o c u m e n t t h a t h a s a l r e a d y b e e n e n t e r e d . T h e e a s e
wi th wh ich the user can po in t w i l l g reat ly influence the way one
u s e s a s y s t e m . F o r e x a m p l e , t h e r e a r e a g r e a t n u m b e r o f c h a n g e s
t h a t I w o u l d l i k e t o m a k e t o t h i s d o c u m e n t i n o r d e r t o c l a r i f y ,
o r g a n i z e , o r j u s t p l a i n i m p r o v e t h e q u a l i t y o f w r i t i n g . T h e
p o i n t a t w h i c h I q u i t m a k i n g c h a n g e s i s d e t e r m i n e d b y h o w h a r d
i t i s t o spec i f y t he changes , i . e . how good (o r bad ) t he po in t
i n g m e c h a n i s m i s .

M a g n o l i a s h o u l d b e a n i d e a l o p p o r t u n i t y t o e x p e r i m e n t w i t h a
v a r i e t y o f p o i n t i n g d e v i c e s . I w o u l d l i k e p e o p l e t o b e a b l e t o
u s e a n d c o m p a r e 4 - f u n c t i o n k e y s , t r a c k - b a l l s , t a b l e t s , m i c e , y
j o y - s t i c k s , e t c . I n o r d e r t o p r o v i d e f o r t h e s e c a p a b i l i t i e s ,
b o t h t h e h a r d w a r e a n d s o f t w a r e m u s t h a v e t h e a p p r o p r i a t e p r o v i
s i o n s b u i l t i n . T h e I / O d e v i c e s m e n t i o n e d a b o v e s h o u l d m a k e i t
easy fo r a l l t he above dev i ces . The ope ra t i ng sys tem w i l l need
t o s e p a r a t e o u t t h e o p e r a t i o n o f t r a c k i n g t h e p o i n t i n g d e v i c e
s u c h t h a t r o u t i n e s f o r a n y d e v i c e c a n b e e a s i l y s u b s t i t u t e d .

7«8 . P rog ramab le ■ l o ro -p roeesso r

O n e o f t h e m o s t s i g n i fi c a n t a d v a n c e m e n t s i n c u r r e n t c o m p u t e r
a r c h i t e c t u r e i s t h e m i c r o - c o d e d p r o c e s s o r . T h e p h i l o s o p h y o f
"programming" a machine 's operat ion has lead to c leaner designs
a s w e l l a s m o r e p o w e r f u l i n s t r u c t i o n s e t s , A s i g n i fi c a n t p r o
g r a m m i n g t o o l f o r a c h i e v i n g p e r f o r m a n c e e n h a n c e m e n t c a n b e p r o
v i d e d a t a r e l a t i v e l y s m a l l c o s t b y m a k i n g t h i s m i c r o
p r o g r a m m i n g a v a i l a b l e t o a r u n n i n g p r o g r a m .

Wh i l e t he 68000 i s a m i c rocoded p rocesso r, i t s i n t e rna l ope ra
t ion i s fixed by the manufac tu rer, and the mic rocode program is
n o t a l t e r a b l e .

I n o r d e r t o e x t e n d t h e a p p l i c a t i o n s o f M a g n o l i a , s o m e f o r m o f o
mic ro -p rogrammable p rocessor shou ld be imp lemented in add i t ion
t o t h e p r i m a r y 6 8 0 0 0 p r o c e s s o r. T h e a d d i t i o n a l p r o c e s s o r w i l l
b e i m p l e m e n t e d a s a " c o - p r o c e s s o r " w h i c h w i l l r u n i n p a r a l l e l t o ^
the 68000 wi th in ter rupt and/or address flag communicat ion.

Th i s m ic ro -p rog rammab le p rocesso r can be a reasonab l y s imp le
design using 2901 bit slice parts or the new AMD29116 micro
p r o c e s s o r. A m i n i m a l w r i t a b l e c o n t r o l s t o r e o f 1 K w o r d s w o u l d
provide a usefu l system. The contro l s tore would be a "hardware
memory" within the 68000 address space, and writable as an
O b j e c t .

T h i s o p t i o n h a s i m m e d i a t e a p p l i c a t i o n f o r b i t - m a p m a n i p u l a t i o n
o f the d isp lay, bu t wou ld a lso be ve ry use fu l fo r p rov id ing p ro
grammable microcode algor i thms for LISP or High Level Language
e x e c u t i o n - f o r e x a m p l e .
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7 . 9 . C o n p l l e r

The C compi ler wi l l be wr i t ten by ut i l i z ing a UNIX program
called PCC (for Portable C Compiler), This program provides the
language syntactic evaluation, and requires only that the code
g e n e r a t i o n f o r t h e s p e c i fi c e n d p r o c e s s o r b e i m p l e m e n t e d .
Because of the s imi lar i ty o f inst ruct ion sets between the PDF 11
and Magnolia's 68000, it should be possible to "copy" much of
the code generation implemented for the PDP 11/70 processor.

Since the C language is somewhat "typed", It would be advanta
geous to add the concept of an Object (accessed over the Object
Bus) to the language so that the code generated is correct
w i thout exp l ic i t code be ing wr i t ten by the programmer.

A l l c o d e g e n e r a t e d b y t h e C c o m p i l e r w i l l b e r e l o c a t a b l e a n d
r e - e n t r a n t . R e l o c a t a b l e m e a n s t h a t a l l a d d r e s s e s n e e d e d w i l l b e
r e l a t i r e t o e i t h e r t h e p r o g r a m c o u n t e r o r s o m e s t r u c t u r e
pointer. The code may be placed at any location within memory
a n d b e e x e c u t e d . R e - e n t r a n t m e a n s t h a t a l l v a r i a b l e s a r e s t o r e d
in some data structure outside of the code being run so that no
memory l oca t i on w i th in the code i s eve r mod ified du r ing execu
t i o n ,

7 . 1 0 * L i n k e r / L o a d e r

This is a standard program which wi l l be needed to cause muJt i -
p le "modules" (or fi les) f rom the C compi ler to be combined and
m a d e a v a i l a b l e f o r l o a d i n g a n d r u n n i n g . A m e c h a n i s m w i l l h a v e
t o b e p r o v i d e d t o a l l o w t h e l i n k e r t o a s s i g n c o d e m o d u l e s t o
d i f fe ren t p rocessors , and to have them loaded appropr ia te ly,

7.11. OHIX Operating Systea

The purpose of implementing the UNIX operating system is to pro
v i d e f a m i l i a r i t y a n d c o m p a t i b i l i t y w i t h t h e t i m e - s h a r e d s y s t e m
c u r r e n t l y i n u s e . T h e p r i n c i p a l a d v a n t a g e w i l l b e i n t h e a b i l
i ty to compi le and run ex is t ing programs such as XED ( l ine edi
tor), FRED (screen editor), NROFF (document formater), etc. The
con t i nued use o f Magno l i a wou ld r esu l t i n new p rog rams be ing
w r i t t e n t h a t w o u l d d e m o n s t r a t e t h e t r u e c a p a b i l i t i e s o f s i n g l e
u s e r s y s t e m s .

M o s t o f t h e U N I X S h e l l c o m m a n d s , a n d a n u m b e r o f U N I X p r o g r a m s
w i l l b e i m p l e m e n t e d . S i m p l i fi c a t i o n s a n d r e d u c t i o n o f s y s t e m
t a b l e s w i l l b e m a d e c o n s i s t e n t w i t h t h e e l i m i n a t i o n o f m u l t i
u s e r c a p a b i l i t y . D e s p i t e i t s h i g h p e r f o r m a n c e , w e m u s t r e s i s t
the urge to make Magnolia support more than one user at a time.

T h e i n i t i a l i m p l e m e n t a t i o n m u s t b e k e p t a s s t r a i g h t f o r w a r d a s
poss ib le . One aspec t o f t h i s i s t o keep the I /O , ope ra t i ng sys
t e m , a n d u s e r c o d e i n o n e p r o c e s s o r . O n l y t h e d i s p l a y c a p a b i l i
t i es w i l l be impJemented in a separa te p rocessor. Fu tu re imp le
m e n t a t i o n s s h o u l d p r o v i d e f o r c o d e r u n n i n g i n m u l t i p l e
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processors, and might even make code p lacement dynamic at run
t i m e .

Magnolia's UNIX should make some use of the large display capa
bility as soon as possible. The display driver should implement
commands that a l low the screen area to be par t i t ioned in to rec
t a n g u l a r " w i n d o w s . " U N I X s h e l l c o m m s m d s w i l l b e p r o v i d e d t o
s p e c i f y t h e s i z e a n d l o c a t i o n o f t h e w i n d o w s , s u c h t h a t d i f
f e r e n t " p r o c e s s e s " c a n c o m m u n i c a t e w i t h t h e u s e r t h r o u g h d i f
f e r e n t w i n d o w s . A n e x a m p l e o f t h i s c a p a b i l i t y w o u l d b e i n i
t ia l ly used for document creat ion. One window would present the
text ed i tor, another w indow would present the formated output o f
MS (alias NROFF), while a third could present interactions with
S P E L L .

M o d i fi c a t i o n s o f t h e s t a n d a r d U N I X c a n a l s o p r o v e a d v a n t a g e o u s
i n t h e i m p l e m e n t a t i o n o f fi l e n a m e l o o k u p a n d a c c e s s b y t h e
o p e r a t i n g s y s t e m . T h e U N I X fi l e s y s t e m i m p l e m e n t s a h i e r a r c h y
o f d i r e c t o r i e s f o r l o c a t i n g fi l e s . O n M a g n o l i a , t h i s h i e r a r c h y
s h o u l d e x t e n d b e y o n d t h e l o c a l d i s k a n d a u t o m a t i c a l l y u s e t h e
N e t w o r k l o l o c a t e r e m o t e fi l e s y s t e m s w h e r e t h e s p e c i fi e d fi l e
m a y r e s i d e . A h i g h s p e e d l o c a l N e t w o r k w i t h a h i g h p e r f o r m a n c e
"fi le se rve r " cou ld make a Magno l i a sys tem fu l l y func t i ona l w i th
n o d i s k a t a l l .

8 . C o s t B s t i a a t e

8 * 1 . C o a p o n e n t C o s t

Th is cost es t imate is based on the const ruct ion o f one Magnol ia
s y s t e m , u s i n g c u r r e n t p a r t s c o s t , a n d i m p l e m e n t i n g t h e l o g i c o n
h i g h q u a l i t y c o m m e r c i a l w i r e - w r a p b o a r d s , c h a s s i s , a n d p o w e r
s u p p l i e s .

A s e c o n d s e t o f n u m b e r s , i n p a r e n t h e s e s , a r e s u p p l i e d a s a c o s t
e s t i m a t e f o r s y s t e m s i n t h e f u t u r e . T h i s s e t o f n u m b e r s a s s u m e s
mul t ip le sys tems, say 10 o r more , to be bu i ld 1 1 /2 to 2 years
f r o m n o w o n E C B s . T h i s i s o b v i o u s l y a r o u g h e s t i m a t e s i n c e i t
e n c o r p o r a t e s a n u m b e r o f I C s t h a t a r e v e r y n e w i n t h e m a r k e t .

8 * 1 . I . P r o c e s s o r B o a r d
68000 processor chip
O b j e c t B u s i n t e r f a c e
M i s c I C S

8 .1 .2 * I npa t /Oa tpu t Board
RS232 (2)
H a r d D i s k I C s

F l o p p y D i s k
N e t w o r k

A / D , D / A
M i s c I C S

$ 1 5 0 ( $ 1 0 0 )
$ 1 0 0 ( $ 7 5 )

$ 5 0 ( $ 5 0 )
To t a l s $ 3 0 0 ( $ 2 2 5 )

$ 2 0 ( $ 2 0 )
$ 4 0 ( $ 4 0 )
$ 4 0 ( $ 4 0 )
$ 4 0 ( $ 4 0 )
$ 4 0 ( $ 2 0 )
$ 2 0 ( $ 2 0 )

To t a l s $ 2 0 0 ( $ 1 8 0 )
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Memory - 2561 Board
RAMs 40 §$75 ea.
S u p p o r t I C S

Meaory - 64K Board
RAMs 40 @$8 ea.
S u p p o r t I C s

H e a o r y M a n a g e a e n t
R e g i s t e r s
M i s o I C s

$ 3 0 0 0 ( $ 8 0 0 )
$ 5 0 ( $ 5 0 )

To t a l = $ 3 0 5 0 ( $ 8 5 0 )

$ 3 2 0 ( $ 1 6 0 )
$ 5 0 ( $ 5 0 )

To t a l s $ 3 7 0 ( $ 2 1 0 )

B a s e / L l a i t r e g i s t e r s
$ 1 2 ( $ 1 2 )
$ 2 0 ( $ 2 0 )

T o t a l s $ 3 2 ( $ 3 2 )

M e a o r y M a n a g e a e n t - V i r t u a l M e m o r y
R A M s 8 € $ 3 0 e a . $ 2 4 0 ( $ 1 2 0 )
P r o c e s s o r ( 6 5 0 2 •♦■P R O M ) $ 3 0 ( $ 2 0 )
M i s c I C S $ 4 0 ( $ 3 0 )

To t a l s $ 3 1 0 ( $ 1 7 0 )

D i s p l a y I n t e r f a c e
M i s c I C S $ 4 0 ( $ 4 0 )

T o t a l s $ 4 0 ( $ 4 0 )

8 . 1 . 8 . P r o g r a a a a b l e M i c r o - P r o c e s s o r
2 9 0 1 A 4 § $ 7 e a . $ 2 8 ( $ 2 0 )
M e m o r y 8 g $ 7 e a $ 5 6 ( $ 4 0 )
M i s c I C S $ 5 0 ( $ 5 0 )

To t a l s $ 1 3 4 ( $ 11 0 )

Processor #1 (128K memory)
P r o c e s s o r

I / O b o a r d
Memory Management
Memory
Memory

Processor #2 (256K memory)
P r o c e s s o r

Memory
M i c r o - P r o c e s s o r

D i s p l a y C o n t r o l l e r

Wire-Wrap boards 8 § $300 ea,
Card cage
P o w e r S u p p l i e s
W i n c h e s t D i s k

D i s p l a y M o n i t o r
K e y b o a r d

$ 3 0 0 ( $ 2 2 5 )
$ 1 8 0 ( $ 1 6 0 )

$ 3 2 ( $ 1 7 0 )
$ 3 7 0 ( $ 2 1 0 )
$ 3 7 0 ( $ 2 1 0 )

T o t a l s $ 1 2 5 2

$ 3 0 0 ( $ 2 2 5 )
$ 3 0 5 0 ( $ 8 5 0 )

( $ 9 7 5 )

( $ 11 0 )
( $ 4 0 )

To t a l s $ 3 3 9 0 ( $ 1 2 2 5 )
$ 2 4 0 0 ( $ 4 0 0 )

$ 3 0 0 ( $ 1 0 0 )
$ 5 0 0 ( $ 3 0 0 )

$3700 ($3000 )
$ 6 8 0 ( $ 5 0 0 )
$ 1 0 0 ( $ 1 0 0 )

TOTALS $12,322 ($6600)
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8 .3 * Labor fo r Imp leae i i t a t i oo

8 . 3 , 1 . H a r d w a r e

Ta s k s n e c e s s a r y t o i m p l e m e n t t h e h a r d w a r e a r e a s f o l l o w s :

P r o c e s s o r

Memory
I / O

D i s p l a y
C o n s t r u c t i o n
C h e c k o u t

2 m o n t h s

3 m o n t h s ( 4 w i t h e r r o r c o r r e c t i o n )
5 m o n t h s
1 m o n t h

3 m o n t h s ( t e c h n i c i a n )
4 m o n t h s

T o t a l 1 8 m o n t h s

T h e m o s t a p p r o p r i a t e n u m b e r o f p e o p l e t o i m p l e m e n t t h e
a b o v e p i e c e s a r e 3 . O n e f o r t h e p r o c e s s o r a n d d i s p l a y , o n e
fo r t he memory, and one fo r I /O con t ro l l e rs . The ha rdware
could be implemented in 6-8 months with 3 engineers working
f u l l t i m e . T h e t i m e t o i m p l e m e n t a t i o n w o u l d e x t e n d p r o p o r
t i o n a l l y i f p e o p l e w o r k o n a p a r t i a l s c h e d u l e . T h e s y s t e m
w o u l d t a k e s a y 9 - 1 2 m o n t h s w o r k i n g 1 / 2 t i m e .

8 « 3 « 2 * S o f t w a r e

Tasks necessary to implement the sof tware are as fo l lows;

C c o m p i l e r 4 m o n t h s
L i n k e r / L o a d e r 2 m o n t h s
U N I X 8 m o n t h s
D i s p l a y r o u t i n e s 3 m o n t h s

T o t a l 1 7 m o n t h s

T h e m o s t a p p r o p r i a t e n u m b e r o f p e o p l e t o i m p l e m e n t t h e
a b o v e p i e c e s a r e 2 o r 3 . O n e c o u l d i m p l e m e n t t h e c o m p i l e r
a n d l i n k e r , w h i l e 1 o r 2 w o u l d w o r k o n U N I X . I d o n o t
a n t i c i p a t e t h a t t h e J o b w o u l d b e m u c h q u i c k e r w i t h t w o
w o r k i n g o n U N I X , b u t t h e s y s t e m i m p l e m e n t e d m i g h t b e
n o t i c e a b l e i m p r o v e d . . T h e t a s k o f i m p l e m e n t i n g U N I X i s
l a r g e e n o u g h t h a t a f u l l t i m e c o m m i t m e n t i s p r e t t y m u c h
necessary, so the software would take 8-10 months to imple
m e n t .

A l l o w i n g 2 m o n t h s f o r c o m b i n e d d e b u g g i n g o f h a r d w a r e /
s o f t w a r e p r o b l e m s , a r u n n i n g s y s t e m c o u l d b e a c h i e v e d i n
t h e 1 2 - 1 8 m o n t h s t i m e f r a m e . T h e r e s u l t i n g s y s t e m w o u l d
h a v e a h i g h r e s o l u t i o n b i t - m a p d i s p l a y a v a i l a b l e t o m u l t i
task UNIX system running already exist ing UNIX programs.
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